
Case 3:14-cv-08079-~..;iAS-LHG Docurnent 3 Filed 12/30/14 Page 1 of 1 Page!D: 46 

AO 120 fRev. 08/10) 

Mail Stop 8 REPORT ON THE Director of the U.S. Patent and Trademark FILING OR DETERMINATION OF AN TO: Office 
P.O. Box 1450 ACTION REGARDING A PATENT OR 

Alexandria, VA 22313-1450 TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 
filed in the U.S. District Court for the District of New Jersey on the following: 

__ Trademarks or X Patents. ( __ the patent action involves 35 U.S.C. § 292.) 

DOCKET NO. [dDATE FILED U.S. DISTRICT COURT 
3:14-cv-08079-MAS-LH 12/30/2014 TRENTON NJ 
PLAINTIFF DEFENDANT 
SANOFI-AVENTIS U.S. LLC ACCORD HEALTHCARE, INC. 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

15,847170 12/8/1998 AVENTIS PHARMA S.A. 

2 

3 

4 

5 

In the above--entitled case the followimr natent( s )/trademark( s) have been included: 
DATE INCLUDED INCLUDED BY 

- Amendment - Answer - Cross Bill _ Other Pleading 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above--entitled case the followin!l decision has been rendered or iud!lement issued: 
DECISION/JUDGEMENT 

CLERK (BY) DEPUTY CLERK DATE 
William T. Walsh s/ JAWEIA CAMPBELL 12/30/2014 

Copy 1--Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2--Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 
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Case 3:14-cv-08082-~..;iAS-LHG Docurnent 3 Filed 12/29/14 Page 1of1 Page!D: 51 

AO 120 fRev. 08/10) 

Mail Stop 8 REPORT ON THE Director of the U.S. Patent and Trademark FILING OR DETERMINATION OF AN TO: Office 
P.O. Box 1450 ACTION REGARDING A PATENT OR 

Alexandria, VA 22313-1450 TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 
filed in the U.S. District Court for the District of New Jersey on the following: 

__ Trademarks or X Patents. ( __ the patent action involves 35 U.S.C. § 292.) 

DOCKET NO. [dDATE FILED U.S. DISTRICT COURT 
3:14-cv-08082-MAS-LH 12/29/2014 TRENTON. NJ 
PLAINTIFF DEFENDANT 
SANOFI-AVENTIS U.S. LLC FRESENIUS KABI USA, LLC 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

15,847170 12/8/1998 Aventis Pharma S.A. 

2 7,241,907 7/10/2007 Aventis Pharma S.A. 

3 

4 

5 

In the above--entitled case the followimr natent( s )/trademark( s) have been included: 
DATE INCLUDED INCLUDED BY 

- Amendment - Answer - Cross Bill _ Other Pleading 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above--entitled case the followin!l decision has been rendered or iud!lement issued: 
DECISION/JUDGEMENT 

CLERK (BY) DEPUTY CLERK DATE 
William T. Walsh s/ Melissa M. Haneke 12/29/2014 

Copy 1--Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2--Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 
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Case 3:15-cv-00287-~..;iAS-LHG Docurnent 3 Filed 01/15/15 Page 1of1 Page!D: 55 

AO 120 fRev. 08/10) 

Mail Stop 8 REPORT ON THE Director of the U.S. Patent and Trademark FILING OR DETERMINATION OF AN TO: Office 
P.O. Box 1450 ACTION REGARDING A PATENT OR 

Alexandria, VA 22313-1450 TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 
filed in the U.S. District Court for the District of New Jersey on the following: 

X Trademarks or __ Patents. ( __ the patent action involves 35 U.S.C. § 292.) 

DOCKET NO. IDATE FILED U.S. DISTRICT COURT 
3:15-cv-00287-MAS-LHG 1/15/2015 TRENTON NJ 
PLAINTIFF DEFENDANT 
SANOFI-AVENTIS U.S. LLC APOTEX CORP. 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

15847170 12/8/99 Aventis Pharma S.A. 

2 7,241,907 7/10/2007 Aventis Pharma S.A. 

3 

4 

5 

In the above--entitled case the followimr natent( s )/trademark( s) have been included: 
DATE INCLUDED INCLUDED BY 

Amendment Answer Cross Bill - - - _ Other Pleading 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above--entitled case the followin!l decision has been rendered or iud!lement issued: 
DECISION/JUDGEMENT 

CLERK (BY) DEPUTY CLERK DATE 
William T. Walsh s/ BETH JONIAK 1/15/2015 

Copy 1--Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2--Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 

NEPTUNE GENERICS  EX. 00003



Case 3:15-cv-00290-~..;iAS-LHG Docurnent 4 Filed 01/15/15 Page 1of1 Page!D: 55 

AO 120 fRev. 08/10) 

Mail Stop 8 REPORT ON THE Director of the U.S. Patent and Trademark FILING OR DETERMINATION OF AN TO: Office 
P.O. Box 1450 ACTION REGARDING A PATENT OR 

Alexandria, VA 22313-1450 TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 
filed in the U.S. District Court for the District of New Jersey on the following: 

__ Trademarks or X Patents. ( __ the patent action involves 35 U.S.C. § 292.) 

DOCKET NO. IDATE FILED U.S. DISTRICT COURT 
3:15-cv-00290-PGS-LHG 1/15/2015 TRENTON NJ 
PLAINTIFF DEFENDANT 
SANOFI-AVENTIS U.S. LLC ONCO THERAPIES LIMITED 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

15,847170 12/8/1998 AVENTIS PHARMA S.A. 

2 7,241,907 7/10/2007 AVENTIS PHARMA S.A. 

3 

4 

5 

In the above--entitled case the followimr natent( s )/trademark( s) have been included: 
DATE INCLUDED INCLUDED BY 

Amendment Answer Cross Bill - - - _ Other Pleading 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above--entitled case the followin!l decision has been rendered or iud!lement issued: 
DECISION/JUDGEMENT 

CLERK (BY) DEPUTY CLERK DATE 
William T. Walsh s/ JAWEIA CAMPBELL 1/15/2015 

Copy 1--Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2--Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 
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Case 3:15-cv-00776-~..;iAS-LHG Docurnent 3 Filed 02/02/15 Page 1of1 Page!D: 56 

AO 120 fRev. 08/10) 

Mail Stop 8 REPORT ON THE Director of the U.S. Patent and Trademark FILING OR DETERMINATION OF AN TO: Office 
P.O. Box 1450 ACTION REGARDING A PATENT OR 

Alexandria, VA 22313-1450 TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 
filed in the U.S. District Court for the District of New Jersey on the following: 

__ Trademarks or X Patents. ( __ the patent action involves 35 U.S.C. § 292.) 

DOCKET NO. IDATE FILED U.S. DISTRICT COURT 
3:15-cv-00776-MAS-LHG 2/2/2015 TRENTON.NJ 
PLAINTIFF DEFENDANT 
SANOFI-AVENTIS U.S. LLC ACTAVISLLC 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

15,847170 12/8/1998 AVENTIS PHARMA S.A. 

2 7,241,907 7/10/2007 AVENTIS PHARMA S.A. 

3 

4 

5 

In the above--entitled case the followimr natent( s )/trademark( s) have been included: 
DATE INCLUDED INCLUDED BY 

Amendment Answer Cross Bill - - - _ Other Pleading 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above--entitled case the followin!l decision has been rendered or iud!lement issued: 
DECISION/JUDGEMENT 

CLERK (BY) DEPUTY CLERK DATE 
William T. Walsh s/ JAWEIACAMPBELL 2/2/2015 

Copy 1--Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2--Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 
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Case 3:16~cv-0567fHv1AS-U-IG Document 3 Filed 09/19/16 Page 1of1 PagelD: 68 

AO 120 (Rev. 08/10) 

Mail Stop8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § l 116 you are hereby advised that a court action has been 

filed in the U.S. D.istrict Court for the District of New Jersey on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
If;-..$~ 'f ~ 9/16/2016 for the District of New Jersev 

PLAINTIFF DEFENDANT 

SANOFI-AVENTIS U.S. LLC, AVENTIS PHARMA S.A. SANDOZ INC. 
and SANOFI 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 5,847,170 12/8/1998 Aventis Pharma S.A. 

2 8,927,592 1/6/2015 Aventis Pharma S.A. 

3 

4 

5 

In the above----entitled c.ase, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D CrossBill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

In the above--entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

CLERK DATE 

WILLIA 
Copy 1-Upon initiation of action, mail this copy to Director Copy 3.-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4----Case file copy 
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Trials@uspto.gov 
Tel: 571-272-7822 

Paper 10 
Entered: August 23, 2016 

UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE PATENT TRIAL AND APPEAL BOARD 

MYLAN LABO RA TORIES LIMITED, 
Petitioner, 

v. 

AVENTIS PHARMA S.A., 
Patent Owner. 

Case IPR2016-00627 
Patent 5,847,170 

Before: BRIAN P. MURPHY, TINA E. HULSE, and CHRISTOPHER M. 
KAISER, Administrative Patent Judges. 

MURPHY, Administrative Patent Judge. 

DECISION 
Denying Institution of Inter Partes Review 

37 C.F.R. § 42.108 
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IPR2016-00627 
Patent 5,847,170 

I. INTRODUCTION 

Mylan Laboratories Limited ("Petitioner") filed a Petition requesting 

an inter partes review of claims 1 and 2 of U.S. Patent No. 5,847,170 (Ex. 

1001, "the '170 patent"). Paper 3 ("Pet."). Aventis Pharma S.A. ("Patent 

Owner"), filed a Preliminary Response to the Petition. Paper 8 ("Prelim. 

Resp."). We have statutory authority under 35 U.S.C. § 314(a), which 

provides that an inter partes review may not be instituted "unless ... there is 

a reasonable likelihood that the petitioner would prevail with respect to at 

least 1 of the claims challenged in the petition." 

Petitioner challenges claims 1 and 2 of the '170 patent as unpatentable 

under 35 U.S.C. § 103(a). Pet. 13-14. Based on the arguments and 

evidence presented in the Petition and Preliminary Response, we are not 

persuaded there is a reasonable likelihood Petitioner would prevail with 

respect to at least one of the claims challenged in the Petition. Therefore, we 

decline to institute inter partes review. 

A. Related Proceedings 

Petitioner identifies the following as related district court proceedings 

in the District of New Jersey regarding the' 170 patent: Sanofi-Aventis US. 

LLC, Aventis Pharma SA. and Sanofi v. Mylan Laboratories Ltd., C. A. No. 

3: l 5-cv-00290 (MAS)(LHG); Sanofi-Aventis US. LLC et al. v. Fresenius 

Kabi USA, LLC, C. A. No. 14-07869 (MAS)(LHG); Sanofi-Aventis US. 

LLC et al. v. Accord Healthcare, Inc., C. A. No. 14-08079 (MAS)(LHG); 

Sanofi-Aventis US. LLC et al. v. BPI Labs, LLC et al., C. A. No. 14-08081 

(MAS)(LHG); Sanofi-Aventis US. LLC et al. v. Fresenius Kabi USA, LLC, 

C. A. No. 14-08082 (MAS)(LHG); Sanofi-Aventis US. LLC et al. v. Apotex 

Corp. et al., C. A. No. 15-0287 (MAS)(LHG); Sanofi-Aventis US. LLC et 

2 
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IPR2016-00627 
Patent 5,847,170 

al. v. Breckenridge Pharmaceutical, Inc., C. A. No. 15-0289 (MAS)(LHG); 

Sanofi-Aventis US LLC et al. v. Mylan Laboratories Limited, C. A. No. 15-

0290 (MAS)(LHG); and Sanofi-Aventis US. LLC et al. v. Actavis LLC et al., 

C. A. No. 15-0776 (MAS)(LHG). Pet. 12-13. 

B. Proposed Grounds of Unpatentability 

Petitioner advances two grounds of unpatentability under 35 U.S.C. 

§ 103( a) in relation to the challenged claims in the '170 patent: 

Reference[s] Statutory Challenged 
Basis Claims 

Kant (Ex. 1005)1 in view of Klein (Ex. § 103 1 and2 
1006)2 

Colin (Ex. 1007)3 in view of Klein and § 103 1and2 
Kant 

Pet. 13-14. Petitioner supports its challenge with a Declaration by Eric N. 

Jacobsen, Ph.D. ("Jacobsen Deel."). Ex. 1002. 

C. The '170 Patent 

The '170 patent, titled "Taxoids, Their Preparation and 

Pharmaceutical Compositions Containing Them," issued December 8, 1998, 

1 Kant et al., A Chemoselective Approach to Functionalize the C-10 
Position of 10-Deacetylbaccatin Ill Synthesis and Biological Properties of 
Novel C-10 Taxol®Analogues, Tetrahedron Letters, 35 (31), 5543-46 
(1994) ("Kant"). Ex. 1005. 
2 Klein et al., Ch. 20 Chemistry and Antitumor Activity of 9(R)
Dihydrotaxanes in Taxane Cancer Agents, ACS Symposium 
Series Vol. 58, 276-287 (Georg et al., eds., 1994). Ex. 1006. 
3 U.S. Patent No. 4,814,470 issued March 21, 1989 to Colin et al. ("Colin"). 
Ex. 1007. 

3 
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IPR2016-00627 
Patent 5,847,170 

from an application filed March 26, 1996. Ex. 1001.4 The '170 patent is 

directed to new taxoids of general formula (I): 

(C) 

Z-0111 
0 

in which: 
Z represents a hydrogen atom or a radical of general 

formula (II): 

(H) 

OH 

Ex. 1001, 1 :7-28. The '170 patent discloses and claims, in particular, a 

compound known as cabazitaxel, pharmaceutical compositions containing 

cabazitaxel, and processes to prepare cabazitaxel. Id. at 12:52-13:33. The 

compounds of the '170 patent, including cabazitaxel, inhibit abnormal cell 

proliferation and have "antitumour properties, and more especially activity 

against tumours which are resistant to Taxol® or to Taxotere®."5 Id. at 

11:59-61, 26:32-37. Cabazitaxel is indicated for treatment of certain types 

of prostate cancer. Ex. 2002. 

4 The '170 patent claims priority to a provisional application dated January 
17, 1996 and to French applications 95 03545 and 95 15381, dated March 
27, 1995 and December 22, 1995, respectively. Ex. 1001, [60], [30]. 
5 Taxol® is the brand name for paclitaxel. Taxotere® is the brand name for 
docetaxel. We also refer to "Taxol" and "Taxotere" in this Decision. 

4 
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IPR2016-00627 
.Patent 5,847, 170 

- . . 
The chemical name for cabazitaxel is 4a-acetoxy-2a-benzoyloxy-

5P,20-epoxy-lp-hydroxy-7p, 1 op-dimethoxy-9-oxo-11-taxen-13a-yl(2R,3 S)-
. I 

3-tert-butoxycarbonylamino-2-hydroxy-3-phenylpro~ionate. Id. at 13:9-12, 
I 

28:57-60. The chemical structure of cabazitaxel is: 

~ rhCO 

·o~~H O· 

~o"' v 6H I 

\ 

Pet. 3. Of particular interest in cabazitaxel are the presence of a methoxy 

group ( OCH3) at both the C-7 position (Rs in formula I) and C-10 position 

(R4 in formula I), and a carbonyl (C=O) at the C-9 position. Ex. 1001, 2:40-
' I • 

42, 3:1-3. 

The prior art paclitaxel and docetaxel compound structures are.shown 

below. 

CJ· 
O:ZH - 0 

1~~0'" 
V 6H . 

Paclltaxel 
(Taxol®) 

AcO 

·, ~o. 
OHo 6Ac 00 

~ 
0 

OANH 

dio·" ··. , o 

· (Col~~:~~e 1; . c°)-;Ac 
Taxotere®) u 

Pet. 9; Ex. 1002 ~~ 36-38. Paclitaxel and docetaxel are synthesized from a 

key "advanced precursor" known as 10-deacetyl baccatin III ("10-DAB"). 

5 
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IPR2016-00627 
Patent 5,847,170 

Ex. 1002 ifif 37-38. Paclitaxel has a different synthetic side chain (left side 

of molecule) than docetaxel, attached to the C-13 position of the core taxoid 

structure, and an acetyl (CH3CO or "Ac") group rather than a hydroxyl (OH} 

group at C-10. In contrast to cabazitaxel, neither paclitaxel nor. docetaxel 

has a ~ethoxy group at C-7 or C-10, although both have a carbonyl at C-9 ., 

Id. Cabazitaxel has a docetaxel side chain (i.e., 3'_-NHBOC or(3-tert

butoxycaronylamino)). Id. ifif 11, 38. 

D. Challenged Claims 

Petitioner challenges claims 1 and 2 of the '170 patent, which are 

reproduced below: . 
1. 4a-acetoxy-2a-benzoyloxy-5~,20-epoxy-l~-hydroxy-7~,1 O~-
dimethoxy-9-oxo-ll-taxen-13a-yl(2R,3S)-3-tert
butoxycarbonylamino-2-hydroxy-3-phenylpropionate. 

2. A pharmaceutical composition comprising at least the product 
according to claim 1 in combination with one or more 
pharmaceutically acceptable diluents or adjuvants and optionally one 
or more compatible and pharmacologically active compounds. 

II. ANALYSIS 

A. Claim Cunstruction 

We determine that no claim terms require express construction for 

purposes of this Decision. See, e.g, Wellman, Inc. v. Eastman Chem. Co., 

642 F.3d 1355, 1361 (Fed. Cir. 2011) ("[C]laim ~erms need only be 

construed 'to the extent necessary to·resolve the controversy."') (quotation 

omitted). 

B. Asserted Obviousness of Claims 1 and 2,over Kant and Klein 

Petitioner asserts that the subject matter of claims 1 and 2 of the '170 

. patent would have ·been obvious to a person of or~inary skill in th,e art . 

6 
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IPR2016-00627 
Patent 5,847,170 

("POSA") based on the combined teachings of Kant and Klein. Pet. 29-38. 

Patent Owner opposes. Prelim. Resp. 18-38. We address the parties' 

arguments below. 

1. Kant 

Kant discloses a "chemoselective approach to functionalize the C-10 

. position of 10-deacetyl baccatin III [ 10-DAB ], a key intermediate for the 

semi-synthesis of paclitaxel." Ex. 1005, 5543 (Abstract). Kant selects 10-

DAB as "the ideal starting material" for synthesizing analogues of paclitaxel 
j 

with the ''aim of obtaining drugs having more desirable properties." Id. 

~~ 2-3. Kant's reasoning is that "with the more reactive C-7 hydroxyl 

protected, an opportunity was available to selectively deprotonate the C-10 

hydroxyl." Id. at 5544. Thus, Kant selectively introduced a variety of , 

substituents at the C-10 position of 10-DAB to synthesize "a variety of C-10 

paclitaxel analogues" shown in our annotated Table II, below. 

r 

·7 

NEPTUNE GENERICS  EX. 00013



IPR2016-0062 7 
Patent 5,847,170 

Pndltnel 
A..a-e 

Taxol• 
lS 
16 

17 

18 

19 

20 

21 

22 

23 

24 

Ri 

Pb 

COMc 
<X>Bu 

co<J 
CONt'Meh 

Me 

Me 

CO., Mc 
~Ml!!. 

OOPh 

COPh 

TableD 

Ri 9& Yll!ld 

Pb . 
OSut go 

Pb 78 

Ph SS 

Pb 88 

Pb 73 
OBut 83 

Pb 76 
OBut 83 

Ph 82 
OBut 74 

-&ulo of°"""'"" rdlillhc to pocl/Mx.d <ECo.01 @S µ/ttl). 

l"Ubulln IC.(ll'M)il 

Rafloll BCl'l16 

1.0 l.O 

0.7 2.0 

1.S 3.4 
1.1 2.3 

1.0 1.1 

1.0 12.0 

0.3 1.3 

l.l 3.0 

0.8 1.S 

19 2.2 
2.1 2.0 

b•Drug t:OllU111N1111Nt rllqlllrd ro ll!/llbll Ct1U proll/mslliHI ro $Q'K, n. 11/fW-.il ct"6 (iltalbalted ill 17-C /Of' n II). 

Id. at 5545. Kant Compound 20 contains a methoxy group at C-10 (R1 is 

"Me" (methyl)), a hydroxyl group at C-7, a carbonyl at C-9, and a docetaxel 

side chain (R2 is "OBut" (tert-butoxy)). Id. Kant concludes "it is reasonable 

to suggest that the functional group present at the C-10 position does 

modulate the antitumor activity, which is quite contrary to some of the 

earlier predictions." Id. at 5546. 1 

2. Klein 

Klein discloses 9(R)-dihydrotaxanes, ~new family of compounds 

having "increased water solubility and stability as compared to taxol 

[paclitaxel] and also exhibit[ing] excellent activity in tumor models." Ex. 

1006, 276 (Abstract). Klein highlights several advantages of replacing the 

C-9 carbonyl with a hydroxyl in both Taxol (paclitaxel) and Taxotere 

8 
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Patent 5,847,170 

( docetaxel): 1) the C-9 hydroxyl "serves as an additional site for 

modifications," 2) the C-9 hydroxyl "increase[s] the water solubility of these 

analogs," and 3) the absence of a C-9 carbonyl "stabilize[s] the system." Id. 

at 277. Klein discloses the synthesis of 9(R)-dihydrotaxol and 9(R)

dihydrotaxotere, which exhibit enhanced stability and aqueous solubility 

compared to paclitaxel and docetaxel due to the C-9 hydroxyl replacing the 

C-9 carbonyl, while maintaining "good efficacy." Id. at 279-280 (Table I). 

Klein also experiments with substituting the C-7 and/or the C-9 

hydroxyl groups with various alkylating substituents. Id. at 281. The 

experimental compounds include a methoxy group at C-9 (entry 7) or at C-7 

(entries 8 and 10, with a hydroxyl at C-9), and all have an acetyl at C-10, as 

shown in our annotated Table III, below. 

9 
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C-l<lco C-9 
o OR1 

,.,·"'NH o ~R2 c-7 
n.~o- .... 

HO 

HO I II 

lllO """ 0 

Table Ill. Tumor Cell Cytotoxicity or C-7,9 Analogs 
Compound Tumor cell tines, ICso (ng/mL) 

Entry R1 C-9 R1 C-7 A549 Hl·29 BJ6FlQ P388 

1. H H 16-22 6.4-9.6 25 4§.57 
S>·Dihyd.-otaxol 12 

2. H CH20lCOH)CH:zQH >100 >100 >100 >100 

3. H 

4. 

5. 

6. 

7. CH3 

8. H 

9. H 

10. H 

OH *OM 
H 

CH3 

CH2CH--oI2 

CH3 (3' -NBoc) 

>100 

25 

19 

4.7 

1.2 

1 

0.21 

>100 

79 

26 

11 

3.1 

1.4 

1.2 

0.15 

>100 

90 

34 

20 

4.8 

1.5 

2.7 

0.2 

>100 

>100 

42 

35 

7.8 

3.9 

5.3 

0.6 

Id. at 281. Klein observes that the methylated C-7 analog in entry 10 

exhibits "extremely potent cytotoxicity." Id. at 282. 

3. Analysis 

Petitioner acknowledges that "Kant does not describe the C-7 

methoxy substitution needed to form" cabazitaxel. 6 Pet. 28. Petitioner 

further acknowledges that "Klein does not disclose the C-10 methoxy 

substitution" in cabazitaxel. Id. Petitioner argues, however, that a POSA 

would have selected Kant's Compound 20 "for further modification" (a so-

6 Petitioner refers to cabazitaxel as 7, 10-dimethoxy docetaxel. Pet. 28. 

10 
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, . . 
called "lead compound") because of its superior binding ability and 

cytotoxicity among the chemical analogues having the docetaxel side chain. 

Pet. 31 (citing Ex. 1002 ~~ 79-81). Petitioner reaso~s that a POSA would 
. ' 

have modified Kant Compound 20 in view of Klein's Table III (compounds 

8 and 10), teaching increased anti-tumor potency by s,t:tbstituting a methoxy 

group for a hydroxyl group at C-7, which would have led to the synthesis of 

cabazitaxel. Id. at 32-33. 

We agree with Patent Owner that Petitioner's evidence is insufficient 

to establish a sufficient motivation for a POSA to have selected Kant's 

Compound 20 as a lead compound for further modification in view of 

Klein's Table III (compounds 8 and 10), to synthesize cabazitaxel with a 

reasonable expectation of success. Prelim. Resp. 20-37. For compositions 

containing new chemical compounds, there must have been a reason for a 
' 

POSA to: (1) select the prior art "most promising to modify" (referred to as 

the "lead compound"), and (2) make all of the necessary modifications to 

arrive at tlie claimed invention. Otsuka Pharm. ·co., Ltd. v. Sandoz, Inc., 

678 F.3d 1280, 1291-92 (Fed. 'cir. 2012); see also Daiichi Sankyo Co. v. 

Matrix Labs., Ltd., 619 F.3d 1346, 1354 (Fed. Cir. 2010) ("[T]he attribution 

of a compound as a lead compound after the fact must avoid hindsight bias; 

it must look at the state of the art at the time the invention was made to find 

a motivation to select and then modify a lead compound to arrive at the 
. " 

claimed invention."). There also must have been a "reasonable expectation" 

"" both of making the new compound, and of its advantageous properties. 

Otsuka Pharm., 678 F.3d at 1292 (cit~ng Takeda Chem. Indus., Ltd. v. 

Alphapharm Pty., Ltd., 492 F.3d 1350, 1357 (Fed. Cir. 2007)). 
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a. Kant Compound 20 as a lead compound 

We begin by observing that Kant uses IO-DAB as ''the ideal starting 
~ . 

material" to synthesize paclitaxel analogues by selective substitution at only 
' 
the C-10 position. Ex. 1005, 5543 ~ 3. Kant does not teach or suggest 

additional structural modifications to Compound 20 or docetaxel, which cuts 
( 

against the notion of selecting"K~t Compound 20 as a lead compound for . 

further modification of this docetaxel analogue. Kant itself indicates the 

authors chose to use 10-DAB as the starting material for making selective C-

10 substitutions in order to synthesize "novel paclitaxel analogues." Id. 

We agree with Patent Owner that Petitioner also errs by starting with a 

hinqsight-biased structural comparison of docetaxt:l, Kant Compound 20, 

and cabazitaxel in side-b~-side fashion .. Prelim. Resp. 31-34 (citing Pet. 

31 ). As noted by Patent Owner, without a docetaxel control, Kant does not 

provide any information as to whether a particular compound performs 

better or worse than docetaxel. Id. at 33. Kant inakes clear that the authors 

wer~ synthesizing paclitaxel analogues and using paclitaxel, not docetaxel, 

as a control. Ex. 1005, 5545 Table II n.a (ICso cytotoxicity measured as a 

"[r]atio of analogue relative to paclitaxel"). In addition to Compound 20, 

Kant also identifies Compound 22, which has a methyl carbonate group 

rather than a methoxy group at C-10, as more cytotoxic than paclitaxel or C

l 0 acetyl taxotere ( docetaxel). Ex. 1005, 5546. Kant does not otherwise 
\ 

analyze the significance of the structural differences between Compounds 20 

and 22 or the other synthesized compouhds, apart from generally 

recognizing that the functional group at C-10 modulates antitumor activity. 

Id. 
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Kant also does not teach or suggest the possibility of simultaneous , 

substitution of both the C-7 and C-10 positions, whether to increase potency 

and lipophilicity (cell membrane permeability) as argued by Petitioner (Pet. 

21-22, 33), or for some other reason. Prelim. Resp. 20-26. Rat~er, Kant 

focuses on the possibility of improving anti-tumor cyto~oxicity of paclitaxel 

analogues by selective substitution and functionalization of only the C-10 

position, a point aptly made in the title, abstract, and text of Kant's article. 

Ex. 1005, 5543 ("a chemoselective approach to functionalize the C-10 

position of 10-deacetyl baccatin III'.'), 5544 ("with the more reactive C-7 

hydroxyl protected, an opportunity was available to selectively deprotonate 

the C-10 hydroxyl'~), 5545 ("a variety of C-10 paclitaxel analogues were 

synthesized"). 

Patent Owner persuasively argues that Petitioner does not address 

why a POSA would have ~imultaneously moqified the C-7 and C-10 

positions in Kant Compound 20 to optimize lipophilicity, thereby 

minimizing aqueous solubility, when a POSA would have known docetaxel 

and paclitaxel were highly lipophilic and insoluble in water, which made 

their commercial formulatioi;i challenging. Prelim. Resp. 21-24 (citing Ex. 

1006; Ex. 1011, 495 ("[Paclitaxel] is highly lipophilic and insoluble in 

water, but soluble in Cremophor EL, polyethylene glycols 300 and 400, 

chloroform, acetone, ethanol and methanol. For dinical use paclitaxel is 

formulated in 50% Cremophor EL and 50% dehydrated alcohol .... 

[Docetaxel] is insoluble in water . . . . The formulation used in the most 

recent clinical studies consists of 100% polysorbate 80."); Ex. 1015; Ex. 

1019, 1:64-67; Ex. 1020, 206 ("Taxol is a promising antitumor agent with 

poor water solubility. Intravenous administration of a current taxol 

13 
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formulation in a non-aqueous vehicle containing Cremophor EL may cause 

allergic reaction and precipitation upon aqueous dilution. . . . The purpose 

of this study was to develop an aqueous based i.v. formulation oftaxol that 

did not cause precipitation of the drug upon dilution and did not contain 

Cremophor EL."); Ex. 2004, 2:42-44; Ex. 2015, 648 ("Because of its limited 

aqueous solubility, it was necessary to formulate taxol in a vehicle 

consisting of 50% ethanol and 50% Cremophor EL (polyoxyethlated castor 

oil), a vehicle with known toxicity in dogs."); Ex. 2024, 45 ("Docetaxel ... 

is practically insoluble in water but freely soluble in alcohol, and is currently 

formulated in polysorbate 80"); Ex. 2025, 91 ("[Paclitaxel's] poor water 

solubility poses delivery problems that have not been adequately resolved."); 

Ex. 2026, 996. Petitioner recognizes that alkylating the C-7 and C-10 

functional groups would optimize lipophilicity (Pet. 22) but does not address 

the well-known problems with lipophilicity and limited aqueous solubility of 

intravenously administered paclitaxel and docetaxel. Therefore, we are not 

persuaded by Petitioner's argument that a POSA would have been motivated 

to optimize lipophilicity in a paclitaxel or docetaxel analogue via 

simultaneous substitution of the C-7 and C-10 positions. 

For the reasons given above, there is insufficient evidence for us to 

conclude that a POSA would have selected Kant Compound 20 as a lead 

compound for further modification of both the C-7 and C-10 positions. 

b. Rationale for further modifYing Kant Compound 20 based 
on the teachings of Klein 

We also are not persuaded by Petitioner's rationale and supporting 

evidence that a POSA would have modified Kant Compound 20 in view of 

Klein to make the required substitutions at C-7 and C-10 to synthesize 
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'· 

cabazitaxel. According to Petitioner, after selecting ·Kant Compound 20 for 

further modi~cation, a POSA would have needed to make at least three more 

significant decisions to achieve the cabazitaxel structure from the teachings 

of Klein: 1) S?bstitute Kant Compound 20's protected c.:.7 hydroxyl group 

with Klein's methoxy group, 2) retain KantCompound 20's methoxy group 

at C-10 inste~d of Klein's C-10 acetyl group, and 3) retain Kant's carbonyl 

~t C-9 instead of using Klein's C-9 hydroxyl to improve chemical stability 

and aqueous solubility of the compound. Pet. 32-34. Petitioner represents 
• 

the proffered structural teachings below. 

More potent 
than-OAC 

l 
HaCOL 0 OH //±1 ;{10 '. i'/ 

10-Methoxy , 
Docctaxcl 

(Kant, Compound 20) 

More potent 
than-OH 

~ 
fl.Co~~ OCf-la \ 

-x10 -1~'/ 
""r" 

7-Methoxy-9-dihydro-
10-acetyl Oooctaxcl 

(Klein, Table Ill, Entry 10) 

Id. at 32-33. The Petition, however, does not explain persuasively why a 

POSA would have disregarded two key teachings of Klein - i) increase 

aqueous solubility and chemical stability by reducing the C-9 carbonyl to a 

hydroxyl, and ii) maintain the c-·10 acetyl (9-dihydrotaxol) to modulate 

activify while retaining go<?d efficacy - in order to synthesize cabazitaxel 

from Kant Compc;mnd 20: Prelim. Resp.'27-30, 34-38 (citing Ex. 1006, 

276-77);Ex. 1006,279-280. 

Klein expressly teaches the reduction of the C-9 carbonyl to a C-9 

hydroxyl to increase aqueous solubility and chemical stability of the 

compounds, while maintaining "excellent in vivo activity in several solid 
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tumor models." Ex. 1006, 276; Prelim. Resp. 28 (citing Ex. 1006, 276-77). 

Petitioner argues that Klein teaches a "reduction at C-9 results in reduced 

potency" when compared to docetaxel (Pet. 34, 42-43), but the cytotocity 

data in Klein Table I shows that 9-Dihydrotaxotere (docetaxel with a C-9 

hydroxyl) has comparable activity to docetaxel (Table I) and compound 10 

(Table III) in at least 3 out of 4 cell lines. Ex. 1006, 280 (Table I), 281 

(Table III). Klein, moreover, clearly teaches that "[t]hese products [i.e., 

those with a C-9 hydroxyl] were shown to have excellent tubulin assembly 

activity and similar in vitro activity as compared to taxol and taxotere; 

therefore, these preliminary results establish that the C-9 carbonyl is not 

required for activity." id. at 279 (emphasis added). Contrary to Petitioner's 

argument, Klein teaches that a C-9 carbonyl was not required to maintain 

anti-tumor activity and that reducing the C-9 carbonyl to a hydroxyl 

improves aqueous solubility and chemical stability of these notoriously 

insoluble compounds. Id. at 277, 279. Thus, we are not persuaded a POSA 

would have disregarded the improved aqueous solubility and stability 

provided by a C-9 hydroxyl, a key teaching in Klein, when considering 

possible modifications to Kant Compound 20. 

We reach the same conclusion with respect to Klein's C-10 acetyl. 

Petitioner argues that a POSA would have retained Kant Compound 20's 

C-10 methoxy group over Klein's C-10 acetyl, because Kant teaches 

increased cytotoxicity of Compound 20 having a methoxy group at C-10 

when compared to the C-10 acetyl of docetaxel (compound 15). Pet. 32-33 

(citing Ex. 1005, 5546; Ex. 1002 ~ 89). Klein, however, states that "facile 

deacety lation of the C-10 acetate is not trivial in the C-9 carbonyl series and 

reflects the greater stability of the 9(R)-dihydro series." Ex. 1006, 279. 
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Klein, therefore, does not necessarily teach or suggest replacing the'C-10 
; 

acetyl unless the C-9 carbonyl is reduced to a hydroxyl group, such as in 

9(R)-dihydrotaxotere. Id. We also are persuaded by Patent Owner's 

argument that Petitioner's analysis reflects improper hindsight by having a 

POSA select the C~7 methyl from compound 10 in Klein's Table III but 

reject the other teachings of Klein, as reflected in Patent Owner's diagram, 

reproduced below. 

May 
modulate 

·T~ 
H3CO 0 , OH 

~~j 
' .JVV'\ 

Kant Compound 20 

Prelim. Resp. 29. 

May 
modulate 
activity 

l 

../\IV\ ' 

Klein Entry 1 O 

Therefore, for the reasons given above, we are not persuaded 

Petitioner has established a reasonable likelihood of prevailing in its 

assertion that the subject matter of claims 1 and 2 of the '170 patent would 

have been obvious to a POSA over Kant and Klein; 

C. Asserted Obviousness of Claims 1 and 2 over Colin, Klein, and · 
Kant ..., '" 

Petitioner asserts that the subject matter of claims 1 and 2 of the '170 

patent would have been obvious to a POSA based on the combined 

t~achings of Colin, Klein, and Kant. Pet. 3 8-49. Patent Owner opposes. 

I 17 

I 

NEPTUNE GENERICS  EX. 00023



IPR2016-00627 
P~tent 5,847,170 

Prelim. Resp. 3 8-43. We incorporate our findings with ·respect to Klein and 

·Kant and address the parties' arguments below. 

1. Colin 

. Colin discloses four taxane compounds that are "useful anti-tumor 

agents." Ex. 1 OO?~ Abstract. Colin specifically describes docetaxel as 

having "valuable biological activities". and the four taxane compounds as 

being "approximately twice as active~ taxol." Id. at 3:19-23, 3:29-30. The 

Docetaxel 
(Colin, Example 1; 

. Taxotere®) 

Pet. 9; Ex. 1002 if 71. As can be seen, docetaxel has a different side chain 

(3-tertbutoxycarbonylamino) from paclitaxel. Docetaxel has 'a hydroxyl 

group at C-7 and at C-10, and paclitaxel has a hydroxyl group at C-7 and an 

acetyl at C-10. Both have a carbonyl group at C-9. Colin discloses 

formulating docetaxel (the product of Example 1) for intravenous 

administration by dissolying it in_ Emulphor EL 620 (an emulsifier) and 

ethanol. Id. at 10:5-11. 

2. Analysis· 

Petitioner argues that Colin discloses docetaxel and a reason for a 

POSA to select docetaxel as ~-lead compound for "further optimization," 
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becaus'e docetaxel was known to have greater activity against various tumor 

cell lines and a longer elimination half-life when compared to paclitaxel. 

Pet. 8-9 (citing Ex. ·1002 ~~ 70-71), 38-40 (citing Ex. 1011, 496 [497]; Ex. 

1002 ~~ 98-103). Petitioner further argues that Klein and Kant provide 

sufficient reasons for a POSA to substitute the C-7 and C~ 10 hydroxyl 

groups in the docetaxel structure with methoxy groups, to achieve 

cabazitaxel with a reasonable expectation of success. Pet. 40-45 (citing Ex. 

1002 ~~ 66, 84, 87-89, 102-117). Regardless of whether Colin's docetaxel 

would have been selected as a lead compound for further optimization, 

Petitioner's argument is insufficient for the same reasons articulated above. 

For example, Petitioner repeats the argument that a POSA would have 

sought to optimize docetaxel's cell membrane pertneability by r~placin¥ the 

C-7 and C-10 hydroxyl groups with more lipophilic groups, without 

addressing the well-known difficulties of formulating highly lipophilic, 

water-insoluble paclitaxel and docetaxel into a useful intravenous dosage 

form. Pet. 40. 

Petitioner further argues that Klein teaches methylation of the C-7 

hydroxyl and acetylation of the C-10 hydroxyl to improve potency over a 

hydroxy lated docetaxel analogue, but acknowledges that Klein compound 10 

in Table III still contains "two minor" structural differences from 

cabazitaxel. Id. at 41-42. As explained above in section II.B.3.b. of this 

Decision, Petitioner does not address persuasively the question of why a 

POSA would have disregarded Klein's teachings to reduce the C-9 carbonyl 

to a hydroxyl group to improve aqueous solubility and chemical stability of 

the modified docetaxel compound, and to maintain a C-10 acetyl group with 

a hydroxylated C-9 to modulate biological activity of the compound. Id. at 
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42-43. Nor does Petitioner persuasively rationalize Kant's teaching of 

selective substitution at only the C-10 position to increase cytotoxicity, with 

Klein's teaching to functionalize the C-7 and/or C-9 positions, particularly 

given the absence in Kant of a docetaxel control. Id. at 44-45 (citing Ex. 

1002ifif91,97, 107-108, 113-115, 117). 

Weighing the evidence as a whole, Petitioner's argument that a 

POSA would have selectively methylated both the C-7 and C-10 positions of 

docetaxel to create a more potent analogue (cabazitaxel) based on the 

teachings of Klein and Kant, is not persuasive.7 

III. CONCLUSION 

Petitioner has not demonstrated a reasonable likelihood of prevailing 

with respect to its assertions of obviousness of claims 1 and 2 of the '170 

patent. 

IV. ORDER 

Accordingly, it is 

ORDERED that the Petition is denied. 

7 In view of our Decision, we need not consider the parties' arguments and 
evidence regarding secondary considerations of nonobviousness. Pet. 49-
50; Prelim. Resp. 44-53; see Transocean Offshore Deepwater Drilling, Inc., 
v. Maersk Drilling USA, Inc., 699 F.3d 1340, 1349 (Fed. Cir. 2012) 
("objective evidence of nonobviousness ... may be sufficient to disprove or 
rebut a prima facie case of obviousness"). 
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In the above--entitled case the following decision has been rendered or iudP-ement issued: 
DECISION/JUDGEMENT 

CLERK (BY) DEPUTY CLERK DATE 
William T. Walsh s/ JA WEIA CAMPBELL 2/2/2015 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 
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Case 1:14-cv-01496-UNA Document 4 Filed 12/18/14 Page 1of1 PagelD #: 50 

AO 120 (Rev 08/10) 

REPORT ON THE ~ TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF' AN 

Alexandria, VA 22313-1450 
ACTION REGARDING A PA TENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court for the District of Delaware on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
12/18/2014 for the District of Delaware 

PLAINTIFF DEFENDANT 

SANOFI-AVENTIS U.S. LLC, et al. FRESENIUS KASI USA, LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 5,847,170 12/8/1998 Aventis Pharma S.A. 

2 7 ,241,907 82 7/10/2007 Aventis Pharma S.A. 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer 0 Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy I-Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2-t:pon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 
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John D. Conway 
sanofi-aventis U.S. Inc. 
US Patent Operations 
Route #202-206/P.0. Box 6800 
MAILCODE: BWD-303A 
Bridgewater, NJ 08807-0800 

Dear Mr. Conway: 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313·1450 

www.uspto.gov 

In Re: Patent Term Extension 
Application for 

U.S. Patent No. 5,847,170 
'FEB ~--. 4 2014 

A certificate under 35 U.S.C. § 156 is enclosed extending the term of U.S. Patent 
No. 5,847,170 for a period of 5 years. While a courtesy copy of this letter is being forwarded to 
the Food and Drug Administration (FDA), you should directly correspond with the FDA 
regarding any required changes to the patent expiration dates set forth in the Patent and 
Exclusivity Data Appendix of the Orange Book (Approved Drug Products with Therapeutic 
Equivalence Evaluations) or in the Patent Information set forth in the Green Book (FDA 
Approved Animal Drug Products). Effective August 18, 2003, patent submissions for 
publication in the Orange Book and Docket *95S-0117 need to be submitted on form FDA-3542 
which may be downloaded from FDA's Electronic Forms Download Website: 
http://www.fda.gov/opacom/morechoices/fdaforms/default.html 
(http://www.f da. gov I opacom/morechoices/f datorms/FD A-3 54 2. pdf). 

Inquiries regarding this communication should be directed to the undersigned by telephone at 
(571) 272-7755, or by e-mail at mC}f)'.~ill@uspto.gov. 

Mary C. Till 
Senior Legal ~avisor 
Office of Patent Legal Administration 
Office of the Associate Commissioner 
for Patent Examination Policy 

cc: Office of Regulatory Policy 
Food and Drug Administration 

I 

10903 New Hampshire Ave., Bldg. 51, Rm. 6284 
Silver Spring, MD 20993-0002 

Attention: Beverly Friedman 

RE: JEVTANA® (cabazitaxel) 
Docket No.: FDA-E-2010-0661 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

(12) CERTIFICATE EXTENDING PATENT TERM 
UNDER 35 U.S.C. § 156 

(68) PATENT NO. 5,847,170 

( 45) ISSUED December 8, 1998 

(75) INVENTOR Herve Bouchard et al. 

(73) PATENT OWNER 

(95) PRODUCT 

Aventis Pharma S.A. 

JEVTANA® (cabazitaxel) 

This is to certify that an application under 35 U.S.C. § 156 has been filed in the United 

States Patent and Trademark Office, requesting extension of the term of U.S. Patent No. 

5,847,170 based upon the regulatory review of the product JEVTANA® (cabazitaxel) by 

the Food and Drug Administration. Since it appears that the requirements of the law have 

been met, this certificate extends the term of the patent for the period of 

(94) . 5 years 

from March 26, 2016, the original expiration date of the patent, subject to the payment of 

maintenance fees as provided by law, with all rights pertaining thereto as provided by . 

35 u.s.c. § 156. 

I have caused the seal of the United States Patent and 

Trademark Office to be affixed this 30th day of January 2014. 

Michelle K. Lee 
Deputy Under Secretary of Commerce for Intellectual Property and 
Deputy Director of the United States Patent and Trademark Office 
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Sanofi Docket No. ST95019G 1-US-PTE 1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: U.S. Patent No. 5,847,170 Issue Date: December 8, 1998 

Application No. 08/622,011 

Patentees: Herve Bouchard, Jean-Dominique Bourzat, Alain Commerc;on 

Title: TAXOIDS, THEIR 
PREPARATION AND 
PHARMACEUTICAL 
COMPOSITIONS 
CONTAINING THEM 

I hereby certify that the correspondence below 1s 
being transmitted via the USPTO' s electronic 
filing SY.Stem in accordance with 1.6(a)(4), on the 
date mdicated below. 

Date of November 20. 2013 
Printed Name of 
Person Signing Marijke W. Abbes 
Certificate 

Signature /Marijke W. Abbes/ 

Mail Stop Hatch-Waxman PTE 
Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

RESPONSE TO REQUIREMENT FOR ELECTION OF APPLICATION FOR 
EXTENSION OF PATENT TERM 

UNDER 35 U.S.C. § 156 AND PURSUANT TO 37 C.F.R. § 1.785(b) 

This is in response to the Notice of Final Determination and Requirement for Election 

mailed on October 30, 2013, by the United States Patent and Trademark Office, setting a one 

month period for response set to expire on November 30, 2013. This response is timely filed. 

Pursuant to 37 C.F.R. § 1.785(b), Applicant elects U.S. Patent No. 5,847,170 for patent 

term extension based upon the regulatory review of JEVTANA ® (cabazitaxel). For clarity, 

Applicant does not elect U.S. Patent No. 6,331,635. 
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Sanofi Docket No. ST95019G 1-US-PTE 1 

It is believed that no fees are due in connection with this submission. However, should 

it be determined that fees are due, the Commissioner is authorized to charge any necessary fees 

to Deposit Account No. 18-1982, upon which the undersigned is authorized to draw. 

November 20 2013 
Date 

sanofi-aventis U.S. Inc. 
U.S. Patent Operations 
55 Corporate Drive 
Mail Stop - 55A-505A 
Bridgewater, New Jersey 08807 
Telephone (617) 768-1879 
Telefax (908) 981-7832 

Respectfully submitted, 

I Brian R. Morrill I 
Brian R. Morrill, Reg. No. 42,908 
Attorney for Applicants 
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Electronic Acknowledgement Receipt 

EFSID: 17452204 

Application Number: 08622011 

International Application Number: 

Confirmation Number: 1663 

Title of Invention: 
NEWTAXOIDS, THEIR PREPARATION AND PHARACEUTICAL COMPOSITIONS 
CONTAINING THEM 

First Named Inventor/Applicant Name: HERVE BOUCHARD 

Customer Number: 5487 

Filer: Brian Raymond Morrill/marijke abbes 

Filer Authorized By: Brian Raymond Morrill 

Attorney Docket Number: 3806.0367-00 

Receipt Date: 20-NOV-2013 

Filing Date: 26-MAR-1996 

Time Stamp: 13:29:45 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

95299 

1 Transmittal Letter 
ST95019Gl US_20131120_COT. 

pdf 
no 1 

6c73cb6b763d 1 a06de919ab2589be022f37 
d5ae7 

Warnings: 

Information: NEPTUNE GENERICS  EX. 00038



93432 

2 Miscellaneous Incoming Letter 
ST95019G1US_20131120_Resp 

no 2 
onseToElectionOfPatent.pdf 

2887905 Bf cf8c6 71 7 485 346bce89c0ba6d 6f 
7d4a 

Warnings: 

Information: 

Total Files Size (in bytes) 188731 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Sanofi Docket No. ST95019Gl-US-PTE1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: Patentees: Herve Bouchard, Jean-Dominique 
Bourzat, Alain Commen;on 

U.S. Patent No. 5,847,170 

Application No.: 
08/622,011 

Issue Date: 
December 8, 1998 

Title: TAXOIDS, THEIR PREPARATION AND PHARMACEUTICAL COMPOSITIONS CONTAINING 
THEM 

CERTIFICATE OF EFS-WEB TRANSMISSION 
I hereby certify that the correspondence below is being transmitted via the 
USPTO's electronic filing system in accordance with l.6(a)(4), on 

November 20 2013 
Date of Deposit 

S1 ature 
/Marijke W. Abbes/ 

TO: Commissioner for Patents 

P. 0. Box 1450 

Alexandria, VA 22313-1450 

Attached are the following documents: 

D Application Data Sheet 

D Declaration 

D Drawings 

D Extension of Time 

D Information Disclosure Statement and Form 1449 

D Response to 

D Specification, Claims and Abstract Specification 

Claims 

Abstract 

D Transmittal Letter: 

~ Other (specify): RESPONSE TO NOTICE OF FINAL 
DETERMINATION AND REQUIREMENT FOR 
ELECTION 

D Other (specify): 

D Other (specify): 

Number of Pages 

2 

Sanofi, 55 Corporate Drive, Mail Code 55A-505A, Bridgewater, New Jersey 08807, U.S.A. :c_y_w_w_,;?_<}J_l:lf.L\i!lffi 

NEPTUNE GENERICS  EX. 00040



UNITED ST ATES PA TENT AND TRADEMARK OFFICE 

John D. Conway 
sanofi-aventis U.S. Inc. 
US Patent Operations 
Route #202-206/P.O. Box 6800 
MAILCODE: BWD-303A 
Bridgewater, NJ 08807-0800 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

In Re: Patent Term Extension 
Application for 
U.S. Patent No. 5,847,170 

NOTICE OF FINAL DETERMINATION 
AND 

REQUIREMENT FOR ELECTION 

A determination has been made that U.S. Patent No. 5,847,170, which claims the xxx human 
drug product JEVTANA® (cabazitaxel), is eligible for patent term extension under 35 U.S.C. § 
156. The period of extension has been determined to be 5 years. 

A single request for reconsideration of this final determination as to the length of extension of the 
term of the patent may be made if filed within one month of the date of this notice. Extensions 
of time under 37 CFR § 1.136(a) are not applicable to this time period. 

Applicant also has applied for patent term extension of U.S. Patent No. 6,331,635 based on the 
regulatory review period for the human drug product, JEVT ANA® ( cabazitaxel). 

When patent term extension applications are filed for extension of the terms of different patents 
based upon the same regulatory review period for a product, the certificate of extension is issued 
to the patent having the earliest date of issuance unless applicant elects a different patent. In the 
absence of an election by applicant within one month of the date of this notice, and in accordance ~ 

with 37 CFR l.785(b), the application for patent term extension in U.S. Patent No. 6,331,635 
will be denied. Accordingly, the application for patent term extension of the patent having the 
earlier date of issuance will be granted. A certificate of extension will be issued to U.S. Patent 
No. 5,847,170. In the absence of such request for reconsideration and if U.S. Patent No. 
5,847,170 is elected, the Director will issue to the applicant a certificate of extension, under seal, 
for a period of 5 years in U.S. Patent No. 5,847, 170. 

The period of extension, if calculated using the Food and Drug Administration determination of 
the length of the regulatory review period published in the Federal Register of May 4, 2012 (77 
Fed. Reg. 26558), would be 2,145 days. Under 35 U.S.C. § 156(c): 

Period of Extension RRP - PGRRP - DD - Yi (TP - PGTP) 1 

1 Consistent with 35 U.S.C. § 156( c ), "RRP" is the total number of days in the regulatory 
review period, "PGRRP" is the number of days of the RRP which were on and before the date on 
which the patent issued, "DD" is the number of days of the RRP that the applicant did not act 
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U.S. Patent No. 5,847,170 

= 
= 

4,250 - 40 - 0 - Y2 (4171 days - 40) 
2145 days (5.9 years) 

Page 2 

Since the regulatory review period began October 30, 1998, before the patent issued (December 8, 
1998), only that portion of the regulatory review period occurring after the date the patent issued 
has been considered in the above determination of the length of the extension period 35U.S.C. § 
156( c ). (From October 30, 1998, to and including December 8, 1998, is 40 days; this period is 
subtracted for the number of days occurring in the testing phase according to the FDA 
determination of the length of the regulatory review period.) No determination of a lack of due 
diligence under 35 U.S.C. § 156(c)(l) was made. 

However, the five year limitation of 35 U.S.C. § 156(g)(6)(A) applies in the present situation, 
because the patent was issued after the date of enactment of 35 U.S.C. § 156. Since the period of 
extension calculated under 35 U.S.C. § 156(c) for the patent cannot exceed five years under 
35 U.S.C. § 156(g)(6)(A), the period of extension will be for five years. 

The 14 year limitation of 35 U.S.C. § 156(c)(3) does not operate to further reduce the period of 
extension determined above. 

Upon issuance of the certificate of extension, the following information will be published in the 
Official Gazette: 

U.S. Patent No.: 

Granted: 

Original Expiration Date2
: 

Applicant: 

Owner of Record: 

Title: 

Product Trade Name: 

5,847,170 

December 8, 1998 

March 26, 2016 

Herve Bouchard et al. 

Aventis Pharma S .A. 

New Taxoids, Their Preparation and Pharmaceutical 
Compositions Containing Them 

JEVTANA® ( cabazitaxel) 

with due diligence, "TP" is the testing phase period described in paragraphs (1 )(B)(i), (2)(B)(i), 
(3)(B)(i), ( 4)(B)(i), and (5)(B)(i) of subsection (g) of 35 U.S.C. § 156, and "PGTP" is the number 
of days of the TP which were on and before the date on which the patent issued, wherein half 
days are ignored for purposes of the subtraction of Yi (TP - PGTP). 

2Subject to the provisions of 35 U.S.C. § 41(b). 

I 
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U.S. Patent No. 5,847,170 Page 3 

Term Extended: 5 years 

Expiration Date of Extension: March 26, 2021 

Any correspondence with respect to this matter should be submitted via the USPTO's EFS-Web 
system and should be addressed as follows: 

By mail: Mail Stop Hatch-Waxman PTE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450. 

Telephone inquiries related to this determination should be directed to the undersigned at (571) 
272-7755. 

Mary C. Til 
Senior Legal Advisor 
Office of Patent Legal Administration 
Office of the Deputy Commissioner 
for Patent Examination Policy 

cc: Office of Regulatory Policy 
Food and Drug Administration 
10903 New Hampshire Ave., Bldg. 51, Rm. 6222 
Silver Spring, MD 20993-0002 

Attention: Beverly Friedman 

RE: JEVT ANA® ( cabazitaxel) 
Docket No.: FDA-E-2010-0661 
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Public Health Service 

Food and Drug Administration 

Rockville, MD 20857 

DEC 1 8 2012 
Re: JEVTANA 

U.S. Patent Nos. 5,847,170 and 6,331,635 
Docket Nos. FDA-2010-E-0661 

FDA-2010-E-0662 
The Honorable David J. Kappas 
Under Secretary of Commerce for Intellectual Property 
Director of the United States Patent and Trademark Office 
Mail Stop Hatch-Waxman PTE 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Director Kappas: 

This is in regard to the.patent term extension applications for U.S. Patent Nos. 5,847,170 and 
6,331,635 filed by Aventis Pharma S.A. under 35 U.S.C. § 156. The patents claim JEVTANA, 
which was assigned new drug application 201023. 

In the May 4, 2012, issue of the Federal Register (77 Fed. Reg. 26558), the Food and Drug 
Administration published its determination of this product's regulatory review period, as required 
under 35 U.S.C. § 156(d)(2)(A). The notice provided that on or before October 31, 2012, 180 
days after the publication of the determination, any interested person could file a petition with 
FDA under 35 U.S.C. § 156(d)(2)(B)(i) for a determination of whether the patent term extension 
applicant acted with due diligence during the regulatory review period. 

The 180-day period for filing a due diligence petition pursuant to this notice has expired and 
FDA has received no such petition. Therefore, FDA considers the regulatory review period 
determination to be final. 

Please let me know if we can provide further assistance. 

cc: John D. Conway . 
Sanofi-A ventis U.S. Inc. 
US Patent Operations 

Sincerely yours, 

Associate Director for Policy 
Center for Drug Evaluation and Research 

Route #202-206/ P.O. Box 6800 
Bridgewater, NJ 08807-0800 
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review by FDA before the item was 
marketed. Under these acts, a product's 
regulatory review period forms the basis 
for determining the amount of extension 
an applicant may receive. 

A regulatory review period consists of 
two periods of time: A testing phase and 
an approval phase. For human drug 
products, the testing phase begins when 
the exemption to permit the clinical 
investigations of the drug becomes 
effective and runs until the approval 
phase begins. The approval phase starts 
with the initial submission of an 
application to market the human drug 
product and continues until FDA grants 
permission to market the drug product. 
Although only a portion of a regulatory 
review period may count toward the 
actual amount of extension that the 
Director of Patents and Trademarks may 
award (for example, half the testing 
phase must be subtracted as well as any 
time that may have occurred before the 
patent was issued), FDA's determination 
of the length of a regulatory review 
period for a human drug product will 
inch,1de all of the testing phase and 
approval phase as specified in 35 U.S.C. 
156(g)(l)(B). 

FDA recently approved for marketing 
the human drug product FERAHEME 
(ferumoxytol). FERAHEME is indicated 
for the treatment of iron deficiency 
anemia in adult patients with chronic 
kidney disease. Subsequent to this 
approval, the Patent and Trademark 
Office received a patent term restoration 
application for FERAHEME (U.S. Patent 
No. 6,599,498) from AMAG 
Pharmaceuticals, Inc., and the Patent 
and Trademark Office requested FDA's 
assistance in determining this patent's 
eligibility for patent term restoration. In 
a letter dated May 2, 2011, FDA advised 
the Patent and Trademark Office that 
this human drug product had undergone 
a regulatory review period and that the 
approval of FERAHEME represented the 
first permitted commercial marketing or 
use of the product. Thereafter, the 
Patent and Trademark Office requested 
that FDA determine the product's 
regulatory review period. 

FDA has determined that the 
applicable regulatory review period for 
FERAHEME is 3,680 days. Of this time, 
3,120 days occurred during the testing 
phase of the regulatory review period, 
while 560 days occurred during the 
approval phase. These periods of time 
were derived from the following dates: 

1. The date an exemption unaer 
section 505(i} of the Federal Food, Drug, 
and Cosmetic Act (the FD&C Act) (21 
U.S.C. 355(i)) became effective: June 5, 
1999. The applicant claims June 4, 1999, 
as the date the investigational new drug 
application (IND) became effective. 

However, FDA records indicate that the 
IND effective date was June 5, 1999, 
which was 30 days after FDA receipt of 
the IND. 

2. The date the application was 
initially submitted with respect to the 
human drug product under section 
505(b) of the FD&C Act: December 19, 
2007. The applicant claims December 
18, 2007, as the date the new drug. 
application (NDA) for FERAHEME 
(NDA 22-180) was initially submitted. 
However, FDA records indicate that 
NDA 22-180 was submitted on 
December 19, 2007. 

3. The date the application was 
approved: June 30, 2009. FDA has 
verified the applicant's claim that NDA 
22-180 was approved on June 30, 2009. 

This determination of the regulatory 
review period establishes the maximum 
potential length of a patent extension. 
However, the U.S. Patent and 
Trademark Office applies several 
statutory limitations in its calculations 
of the actual period for patent extension. 
In its application for patent extension, 
this applicant seeks 1,209 days of patent 
term extension. 

Anyone with knowledge that any of 
the dates as published are incorrect may . 
submit to the Division of Dockets 
Management (see ADDRESSES) either 
electronic or written comments and ask 
for a redetermination by July 3, 2012. 
Furthermore, any interested person may 
petition FDA for a determination 
regarding whether the applicant for 
extension acted with due diligence 
during the regulatory review period by 
October 31, 2012. To meet its burden, 
the petition must contain sufficient facts 
to merit an FDA investigation. (See H. 
Rept. 857, part 1, 98th Cong., 2d sess., 
pp. 41-42, 1984.) Petitions should be in 
the format specified in 21 CFR 10.30. 

Interested persons may submit to the 
Division of Dockets Management (see 
ADDRESSES) electronic or written 
comments and written petitions. It is 
only necessary to send one set of 
comments. However, if you submit a 
written petition, you must submit three 
copies of the petition. Identify 
comments with the docket number 
found in brackets in the heading of this 
document. 

Comments and petitions that have not 
been made publicly available on 
http://www.regulations.gov may be 
viewed in the Division of Dockets 
Management between 9 a.m. and 4 p.m., 
Monday through Friday. 

Dated: April 16, 2012. 
Jane A. Axelrad, 
Associate Director for Policy, Center for Drug 
Evaluation and Research. 
[FR Doc. 2012-10849 Filed 5-3-12; 8:45 am) 

BILLING CODE 416CHl1-P 

DEPARTMENT OF HEAL TH AND 
HUMAN SERVICES 

Food and Drug Administration 

(Docket Nos. FDA-201 O-E-0661 and FDA-
201 O-E-0662] 

Determination of Regulatory Review 
Period for Purposes of Patent 
Extension; JEVTANA 

AGENCY: Food and Drug Administration, 
HHS. 
ACTION: Notice. 

SUMMARY: The Food and Drug 
Administration (FDA) has determined 
the regulatory review period for 
JEVT ANA and is publishing this notice 
of that determination as required by 
law. FDA has made the determination 
because of the submission of 
applications to the Director of Patents 
and Trademarks, Department of 
Commerce, for the extension of a patent 
which claims that human drug product. 
ADDRESSES: Submit electronic 
comments to http:// 
www.regulations.gov. Submit written 
petitions along with three copies and 
written comments to the Division of 
Dockets Management (HFA-305), Food 
and Drug Administration, 5630 Fishers 
Lane, rm. 1061, Rockville, MD 20852. 
FOR FURTHER INFORMATION CONTACT: 
Beverly Friedman, Office of Regulatory 
Policy, Food and Drug Administration, 
10903 New Hampshire Ave., Bldg. 51, 
rm. 6284, Silver Spring, MD 20993-
0002, 301-796-3602. 
SUPPLEMENTARY INFORMATION: The Drug 
Price Competition and Patent Term 
Restoration Act of 1984 (Pub. L. 98-417) 
and the Generic Animal Drug and Patent 
Term Restoration Act (Pub. L. 100-670) 
generally provide that a patent may be 
extended for a period of up to 5 years 
so long as the patented item (human 
drug product, animal drug product, 
medical device, food additive, or color 
additive) was subject to regulatory 
review by FDA before the item was 
marketed. Under these acts, a product's· 
regulatory review period forms the basis 
for determining the amount of extension 
an applicant may receive. 

A regulatory review period consists of 
two periods of time: A testing phase and 
an approval phase. For human drug 
products, the testing phase begins when 
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the exemption to permit the clinical 
investigations of the drug becomes 
effective and runs until the approval 
phase begins. The approval phase starts 
with the initial submission of an 
application to market the human drug 
product and continues until FDA grants 
permission to market the drug product. 
Although only a portion of a regulatory 
review period may count toward the 
actual amount of extension that the 
Director of Patents and Trademarks may 
award (for example, half the testing 
phase must be subtracted as well as any 
time that may have occurred before the 
patent was issued), FDA's determination 
of the length of a regulatory review 
period for a human drug product will 
include all of the testing phase and 
approval phase as specified in 35 U.S.C. 
156(g)(1)(B). 

FDA recently approved for marketing 
the human drug product JEVTANA 
(cabazitaxel). JEVTANA, in combination 
with prednisone, is indicated for 
treatment of patients with hormone
refractory metastatic prostate cancer 
previously treated with a docetaxel
containing treatment regimen. 
Subsequent to this approval, the Patent 
and Trademark Office received patent 
term restoration applications for 
JEVTANA (U.S. Patent Nos. 5,847,170 
and 6,331,635) from Aventis Pharma 
S.A., and the Patent and Trademark 
Office requested FDA's assistance in 
determining this patent's eligibility for 
patent term restoration. In a letter dated 
February 11, 2011, FDA advised the 
Patent and Trademark Office that this 
human drug product had undergone a 
regulatory review period and that the 
approval of JEVT ANA represented the 
first permitted commercial marketing or 
use of the product. Thereafter, the 
Patent and Trademark Office requested 
that FDA determine the product's 
regulatory review period. 

FDA has determined that the 
applicable regulatory review period for 
JEVTANA is 4,250 days. Of this time, 
4, 171 days occurred during the testing 
phase of the regulatory review period, 
while 79 days occurred during the 
approval phase. These periods of time 
were derived from the following dates: 

1. The date an exemption under 
section 505(i) of the Federal Food, Drug, 
and Cosmetic Act (the FD&C Act) (21 
U.S.C. 355(i)) became effective: October 
30, 1998. FDA has verified the 
applicant's claim that the date the 
investigational new drug application 
became effective was on October 30, 
1998. 

2. The date the application was 
initially submitted with respect to the 
human drug product under section 
505(b) of the FD&C Act: March 31, 2010. 

FDA has verified the applicant's claim 
that the new drug application (NDA) for 
JEVTANA (NDA 201023) was submitted 
on March 31, 2010. 

3. The date the application was 
approved: June 17, 2010. FDA has 
verified the applicant's claim that NDA 
201023 was approved on June 17, 2010. 

This determination of the regulatory 
review period establishes the maximum 
potential length of a patent extension. 
However, the U.S. Patent and 
Trademark Office applies several 
statutory limitations in its calculations 
of the actual period for patent extension. 
In its applications for patent extension, 
this applicant seeks 1,591 days and 5 
years of patent term extension. 

Anyone with knowledge that any of 
the dates as published are incorrect may 
submit to the Division of Dockets 
Management (see ADDRESSES) either 
electronic or written comments and ask 
for a redetermination by July 3, 2012. 
Furthermore, any interested person may 
petition FDA for a determination 
regarding whether the applicant for 
extension acted with due diligence 
during the regulatory review period by 
October 31, 2012. To meet its burden, 
the petition must contain sufficient facts 
to merit an FDA investigation. (See H. 
Rept. 857, part 1, 98th Cong., 2d sess., 
pp. 41-42, 1984.) Petitions should be in 
the format specified in 21 CFR 10.30. 

Interested persons may submit to the 
Division of Dockets Management (see 
ADDRESSES) electronic or written 
comments and written petitions. It is 
only necessary to send one set of 
comments. However, if you submit a 
written petition, you must submit three 
copies of the petition. Identify 
comments with the docket number 
found in brackets in the heading of this 
document. 

Comments and petitions that have not 
been made publicly available on http:// 
www.regulations.gov may be viewed in 
the Division of Dockets Management 
between 9 a.m. and 4 p.m., Monday 
through Friday. 

Dated: April 16, 2012. 
Jane A. Axelrad, 

Associate Director for Policy, Center for Drug 
Evaluation and Research. 
[FR Doc. 2012-10828 Filed 5-3-12; 8:45 am] 

BILLING CODE 416o--01-P 

DEPARTMENT OF HEAL TH AND 
HUMAN SERVICES 

Substance Abuse and Mental Health 
Services Administration 

Agency Information Collection 
Activities: Submission for OMB 
Review; Comment Request 

Periodically, the Substance Abuse and 
Mental Health Services Administration 
(SAMHSA) will publish a summary of 
information collection requests under 
OMB review, in compliance with the 
Paperwork Reduction Act (44 U.S.C. 
Chapter 35). To request a copy of these 
documents, call the SAMHSA Reports 
Clearance Officer on (240) 276-1243. 

Project: 2012 National Mental Health 
Services Survey (N-MHSS) (OMB No. 
0930-0119)-Revision 

The Substance Abuse and Mental 
Health Services Administration 
(SAMHSA), Center for Behavioral 
Health Statistics and Quality (CBHSQ), 
is requesting approval for a revision to 
the National Mental Health Services 
Survey (N-MHSS) (OMB No. 0930-
0119), which expires on February 28, 
2013. The N-MHSS provides national 
and state-level data on the number and 
characteristics of mental health 
treatment facilities in the United States. 

An immediate need under N-MHSS 
in 2012 is to update the information 
about facilities on SAMHSA's online 
Mental Health Facility Locator (see: 
http://store.samhsa.gov/mhlocator), 
which was last updated with 
information from the 2010 N-MHSS. A 
full N-MHSS is anticipated within 
about two years, and a separate request 
for OMB approval will be submitted for 
that collection. However, until then, an 
abbreviated version of the N-MHSS will 
be conducted to collect only the 
information needed to update the 
Locator, such as the facility name and 
address, specific services offered, and 
special client groups served. The data 
on the Locator are becoming outdated 
and need an update method. Other 
fields in the full N-MHSS not needed 
for updating the Locator, such as client 
counts and client demographics, will 
·not be collected in the Locator survey. 
In addition to the data collection for 
updating facilities on the Locator, a data 
collection in conjunction with adding 
new facilities to the Locator is being 
requested. Both activities will use the 
same abbreviated N-MHSS-Locator 
instrument. 

This requested revision seeks io 
change the content of the currently 
approved full-scale N-MHSS survey 
instrument into an abbreviated survey 
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DEPARTMENT OF HEALTH&. HUMAN SERVICES 

APR 1 8 2012 

The Honorable David J. Kappos 
Undersecretary of Commerce for Intellectual Property 
Director of the United States Patent and Trademark Office 
Mail Stop Hatch-Wax.man PTE 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear L>irector Kappos: 

Food and Drug Administration 
Rockville MO 20857 

Re: JEVTANA 
Patent Nos. 5,847,170 and 6,331,635 

Docket Nos.: FDA-2010-E-0661 
and FDA-2010-E-0662 

This is in regard to the applications for patent term extension for U.S. Patent Nos. 5,847,170 and 
6,331,635, filed by Aventis Pharma S.A., under 35 U.S.C. section 156 et seq. We have reviewed 
the dates contained in the application and have determined the regulatory review period for 
JEVTANA (cabazitaxel), the human drug product claimed by the patents. 

The total length of the regulatory review period for JEVT ANA ( cabazitaxel) is 4,250 days. Of 
thi~ time, 4, 17 i days occurred during the testing phase and 79 days occurred during the approval 
phase. These periods of time were derived from the following dates: 

1. The date an exemption under subsection 505(i) of the Federal Food, Drug, and Cosmetic 
Act involving this drug product became effective: October 30, 1998. 

FDA has verified the applicant's claim that the date the investigational new drug 
application became effective was on October 30, 1998. 

2. The date the application was initially submitted with respect to the human drug product 
. under section 505 of the Federal Food. Drug. and Cosmetic Act: March 31, 2010. 

FDA has verified the applicant's claim that the new drug application (NDA) for 
JEVTANA (NDA 201023) was submitted on March 31, 2010. 

3. The date the application was approved: June 17, 2010. 

FDA has verified the applicant's claim that NDA 201023 was approved on June 17, 2010. 

This determination of the regulatory review period by FDA does not take into account the 
effective date of the patent, nor does it exclude one-half of the testing phase as required by 35 
U.S.C. section 156(c)(2). 
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Kappas - JEVT ANA 
Patent Nos. 5,847, 170 and 6,331,635 
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Please let me know if we can be of further assistance. 

cc: John D. Conway 
Sanofi-Aventis U.S. Inc. 
US Patent Operations 
Route #202-206/ P.O. Box 6800 
Bridgewater, NJ 08807-0800 

Sincerely yours, 

h-a. --'"""""" ..... .__--
Jane A. Axelrad 
Associate Director for Policy 
Center for Drug Evaluation and Research 
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AUG 1 2011 
Office of Regulatory Policy 
Food and Drug Administration 
10903 New Hampshire Ave., Bldg. 51, Rm. 6222 
Silver Spring, MD 20993-0002 

Attention: Beverly Friedman 

Dear Ms. Axelrad: 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

Transmitted herewith is a copy of the application for patent term extension of U.S. Patent No. 
5,847,170. The application was filed on August 10, 2010, under 35 U.S.C. § 156. Please note 
that a patent term extension application for U.S. Patent No. 6,331,635 for NDA 201023 for the 
human drug product JEVT ANA® ( cabazitaxel) was filed concurrently, pursuant to the 
provisions of 37 C.F.R. § 1.785. 

The patent claims a product that was subject to regulatory review under the Federal Food, Drug 
and Cosmetic Act. Subject to final review, the subject patent is considered to be eligible for 
patent term extension. Thus, a determination by your office of the applicable regulatory review 
period is necessary. Accordingly, notice and a copy of the application are provided pursuant to 
35 U.S.C. § 156(d)(2)(A). 

Inquiries regarding this communication should be directed to the undersigned at (571) 272-7755 
(telephone) or (571) 273-7755 (facsimile). 

Senior Legal Advisor 
Office of Patent Legal Administration 

· Office of the Associate Commissioner 
for Patent Examination Policy 

cc: John D. Conway 
sanofi-aventis U.S. Inc. 
US Patent Operations 
Route #202-206/P .0. Box 6800 
MAILCODE: BWD-303A 

RE: JEVT ANA® ( cabazitaxel) 
Docket No. FDA-2010-E-0662 
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FEB l 1 2©11m 

The Honorable David J. Kappos 

Food and Drug Administration 
Rockville MD 20857 

Re: JEVTANA 
Patent Nos. 5,847,170 and 6,331,635 

Docket Nos. FDA-2010-E-0662 
FDA-2010-E-0661 

Under Secretary of Commerce for Intellectual Property 
Director of the United States Patent and Trademark Office 
Mail Stop Hatch-Waxman PTE 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Director Kappos: 

This is in regard to the applications for patent term extension for U.S. Patent Nos. 
5,847,170 and 6,331,635 filed by Aventis Pharma S.A., under 35 U.S.C. § 156. The 
human drug product claimed by the patents is JEVT ANA ( cabazitaxel), which was 
assigned new drug application (NDA) No. 201023. 

A review of the Food and Drug Administration's official records indicates that this 
product was subject to a regulatory review period before its commercial marketing or use, 
as required under 35 U.S.C. § 156(a)(4). Our records also indicate that it represents the 
first permitted commercial marketing or use of the product, as defined under 35 U.S.C. § 
l 56(f)(l ). 

The NDA was approved on June 17, 2010, which makes the submission of the patent 
term extension applications on August 10, 2010, timely within the meaning of 35 U.S.C. 
§ 156(d)(l) . 

. Should you conclude that the subject patents are eligible for patent term extension, please 
advise us accordingly. As required by 35 U.S.C. § 156(d)(2)(A) we will then determine 
the applicable regulatory review period, publish the determination in the Federal 
Register, and notify you of our determination. 

Please let me know if we can be of further assistance. 

Sincerely yours, 

rv_ t1:. U;uk-/ 
Jane A. Axelrad 
Associate Din~ctor for Policy 
Center for Drug Evaluation and Research 
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cc: John D. Conway 
Sanofi-Aventis U.S. Inc. 
US Patent Operations 
Route #202-206/ P.O. Box 6800 
Bridgewater, NJ 08807-0800 

I 
I 

I 
i 
I·· 
I 

I 
I 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Office of Regulatory Policy 
Food and Drug Administration 

OCT 1 3 2010 

10903 New Hampshire Ave., Bldg. 51, Rm. 6222 
Silver Spring, MD 20993-0002 

Attention: Beverly Friedman 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

The attached application for patent term extension of U.S. Patent No. 5,847,170 was filed on 
August 10, 2010, under 35 U.S.C. § 156. Please note that Applicant has also applied for patent 
term extension for U.S. Patent No. 6,331,635, pursuant to 37 C.F.R. § 1.785, for NDA No. 20-
1023 approved on June 17, 2010. 

The assistance of your Office is requested in confirming that the product identified in the 
application, JEVTANA® (cabazitaxel), has been subject to a regulatory review period within the 
meaning of 35 U.S.C. § 156(g) before its first commercial marketing or use and that the 
application for patent term extension was filed within the sixty-day period beginning on the date 
the product was approved. Since a determination has not been made whether the patent in 
question claims a product which has been subject to the Federal Food, Drug and Cosmetic Act, 
or a method 9f manufacturing or use of such a product, this communication is NOT to be 
considered as notice which may be made in the future pursuant to 35 U.S.C. § 156(d)(2)(A). 

Our review of the application to date indicates that the subject patent would be eligible for 
extension of the patent term under 35 U.S.C. § 156. 

Inquiries regarding this communication should be directed to the undersigned at (571) 272-7755 
(telephone) or (571) 273-7755 (facsimile). 

cc: John D. Conway 
sanofi-aventis U.S. Inc. 
US Patent Operations 
Route #202-206/P.O. Box 6800 
MAILCODE: BWD-303A 
Bridgewater, NJ 08807-0800 
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IN THE UNITED ST A TES PATENT AND TRADEMARK OFFICE 

In re: U.S. Patent No. 5,847,170 Attorney Docket No. ST95019Gl US NP 

Application No. 08/622,011 Issue Date: December 8, 1998 

Patentees: Herve Bouchard, Jean-Dominique Bourzat, and Alain Commeryon 

Title: TAXOIDS, THEIR PREPARATION AND PHARMACEUTICAL 
COMPOSITIONS CONTAINING THEM 

Mail Stop Hatch-Waxman PTE 

Commissioner for Patents 
United States Patent and Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

RECEIVED. 

AUG l 0 2010 
PATENT EXTEr-.;-··oN 

OPLA ::.i 

APPLICATION FOR PATENT TERM EXTENSION UNDER 35 U.S.C. §156 

Pursuant to 35 U.S.C. §156 and 37 C.F.R. §§1.710-1.791, Applicant, Aventis 

Pharma S.A., the address of which is 20 Avenue Raymond Aron, Antony FRANCE 

92160 (hereinafter referred to as "Applicant,") represents that it is the owner and assignee 

of the entire interest in and to United States Patent No. 5,847,170 (Exhibit 1, "the' 170 

patent"), granted to Herve Bouchard, Jean-Dominique Bourzat, and Alain Commen;on 

(hereinafter referred to as the "Inventors") for "T AXOIDS, THEIR PREPARATION 

AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM" on December 8, 

1998, by virtue of a name change from Rhone-Poulenc Rorer S.A. to Applicant, recorded 

June 7, 2001 at Reel 011641, Frame 0962. Rhone-Poulenc Rorer S.A. became assignee 

of record by virtue of assignment from all of the inventors :~~~/aiY' t\-g6~~4;.0f@JlJ~ht1~~M 08622811 
01 fC:14S7 11~8.08 DA 

007959, Frame 0343 (See Exhibit 2). 

The '170 patent matured from Application No. 08/622,011, filed March 26, 1996. 
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The approved product that is relevant to this application is JEVT ANA® 

(cabazitaxel) Injection, 60 mg/1.5 mL, referred to herein as "JEVTANA ®,,or "Approved 

Product". 

The Marketing Applicant for JEVT ANA® is sanofi-aventis U.S. LLC of 55 

Corporate Drive, Bridgewater, New Jersey 08807, USA. A letter on behalf of the 

Marketing Applicant authorizing the patent owner to rely upon the activities of the 

Marketing Applicant, its predecessors, and affiliates is attached hereto as Exhibit 3. 

The following information is submitted by Applicant, through its duly authorized 

attorney, in accordance with 35 U.S.C. §156 and the rules for extension of patent term 

issued by the USPTO at 37 C.F.R. Subpart F, §§ 1.710 to l.791, and follows the 

numerical format set forth in 37 C.F.R. §1.740. The undersigned is authorized to act on 

behalf of Applicant and proper Power of Attorney has been submitted to and accepted by 

the USPTO (see Exhibit 4). 

(1) A complete identification of the approved product as by appropriate chemical and 

generic name, physical structure or characteristics: 

The approved product is JEVTANA ® ( cabazitaxel) Injection. Cabazitaxel has the 

chemical name (2a,5p,7p, 1op,13a)-4-acetoxy-13-( { (2R,3S)-3-[(tertbutoxycarbonyl) 

amino ]-2-hydroxy-3-phenylpropanoyl }oxy)-1-hydroxy-7, 1 O-dimethoxy-9-oxo-5,20-

epoxytax-1 l-en-2-yl benzoate - propan-2-one( 1: 1 ). The chemical structure of 

cabazitaxel is: 
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0 

~o)lNH 

OH 

0 

I 
0 0 

Cabazitaxel alternatively has the chemical name 4a-acetoxy-2a-benzoyloxy-5~,20-

epoxy-I ~-hydroxy-7~, 1 O~-dimethoxy-9-oxo-l l-taxen- l 3a-yl(2R,3S)-3-tert-

butoxycarbonylamino-2-hydroxy-3-phenylpropionate - propan-2-one(l: 1 ). 

The approved product, JEVT ANA® ( cabazitaxel), is a concentrate for solution for 

injection. The approved dosage form is a single-use vial containing 60 mg cabazitaxel 

(anhydrous and solvent free) in 1.56 g polysorbate 80 and is supplied with a 

separate diluent vial containing approximately 5.7 ml of 13% (w/w) ethanol in water for 

injection. 

JEVTANA ®is currently indicated in combination with prednisone for treatment 

of patients with hormone-refractory metastatic prostate cancer previously treated with a 

docetaxel-containing treatment regimen (A copy of the approved labeling is attached to 

the FD A's letter of approval, Exhibit 5). 

(2) A complete identification of the Federal statute including the applicable provision of 
law under which the regulatory review period occurred: 

The approved product is a drug product and the submission was approved under 

Section 505(b) of the Federal Food, Drug, and Cosmetic Act ("FFDCA") (21 U.S.C. § 

355(b)). 
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{3) An identification of the date on which the product received permission for 
commercial marketing or use under the provision oflaw under which the applicable 
regulatory review period occurred: 

Regulatory approval for JEVTANA ® ( cabazitaxel) Injection, based on NDA No. 

201023, was received on June 17, 2010. A copy of the letter from FDA setting forth such 

approval is attached hereto as Exhibit S. 

{ 4) An identification of each active ingredient in the product and as to each active 
ingredient a statement that it has not been previously approved for commercial marketing 
or use under the Federal Food, Drug, and Cosmetic Act or the Virus-Serum-Toxin Act: 

The sole active ingredient in the Approved Product is cabazitaxel, having the 

chemical structure: 

I 
0 0 

0 

y 
OH 0 0 

Neither cabazitaxel nor any salt or any ester thereof has previously been approved 

for commercial marketing or use under the Federal Food, Drug, and Cosmetic Act or the 

Virus-Serum-Toxin Act. 

(5) A statement that the application is being submitted within the sixty day period 
permitted for submission pursuant to 3 7 CFR 1. 720(f) and an identification of the date of 
the last day on which the application could be submitted: 
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This application is timely filed, pursuant to 35 U.S.C. § 156(d)(l), within the 

permitted sixty-day (60-day) period that began on June 17, 2010 when the product 

received permission under 21 U.S.C. § 355(b) and that will expire on August 16, 2010. 

Applicant understands that, pursuant to 37 C.F.R. § 1.720(f), the USPTO may deem this 

period to expire one day earlier, on August 15, 2010. 

( 6) A complete identification of the patent for which an extension is being sought by the 
name of the inventor, the patent number, the date of issue, and the date of expiration: 

1. United States Patent Number: 5,847,170 

2. Inventors: Herve Bouchard, Jean-Dominique Bourzat, and Alain Commen;on 

3. Issued: December 8, 1998 

4. Expiration Date: March 26, 2016 

The expiration date of United States Patent No. 5,847,170 is March 26, 2016 

based on the following: The '170 patent matured from Application No. 08/622,011, filed 

March 26, 1996, and claims the benefit of U.S. Provisional Application No. 60/010,144, 

filed January 17, 1996, and claims foreign priority to French Patent Application No. 

9503545, filed March 27, 1995 and French Patent Application No. 9515381, filed 

December 22, 1995. Thus, the earliest filing date under 35 U.S.C. §§ 120, 121or365(c) 

for the '170 patent is March 26, 1996. The '170 patent term is 20 years from the earliest 

filing date under 35 U.S.C. §§ 120, 121 or 365(c) (i.e., March 26, 2016)). Therefore, the 

'170 patent will expire on March 26, 2016, in the absence of an extended term. 
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(7) A copy of the patent for which an extension is being sought: 

A copy of the patent for which extension is sought, including the entire 

specification and claims, is attached hereto as Exhibit 1. 

(8) A copy of any disclaimer, certificate of correction, receipt of maintenance fee 
payment, or reexamination certificate issued in the patent: 

United States Patent No. 5,847, 170 is not subject to a terminal or statutory 

disclaimer. 

United States Patent No. 5,847,170 has not been reexamined, and, thus, no 

reexamination certificate has been issued. 

A copy of a Request for Certificate of Correction under 37 C.F.R. § 1.322, filed 

May 12, 1999, and a copy of a Certificate of Correction issued by the U.S. Patent and 

Trademark Office on September 7, 1999 are attached hereto as Exhibit 6. 

The first (four year) maintenance fee for the '170 patent was paid April 22, 2002. 

The second (eight year) maintenance fee was paid February 14, 2006. The third (twelve 

year) maintenance fee was paid May 12, 2010. 

Attached as Exhibit 7 are maintenance fee records for the payment of all 

maintenance fees, a copy of a USPTO record showing that the 41
\ 81

h, and l21
h year 

maintenance fees have all been paid for the '1 70 patent, and a copy of a USPTO record 

confirming that no further fees are due. All records were downloaded from the USPTO 

website. 

(9) A statement that the patent claims the approved product, a method of using the 
approved product, or a method of manufacturing the approved product and a showing 
which lists each applicable patent claim and demonstrates the manner in which at least 
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one such patent claim reads on the approved product, method of using the approved 
product. or method of manufacturing the approved product: 

The patent claims the approved product and a method of manufacturing the 

approved product. Specifically, claims 1 and 2 claim the approved product, and at least 

claims 6 to 8, l 0, 11 to 15, 18, 19, 21 and 22 claim a method of manufacturing the 

approved product. 

· Pursuant to 37 C.F.R. § 1.740(a)(9), a showing which demonstrates the manner in 

which one product claim and one method of manufacturing claim read on the approved 

product is set forth herein below. 

Claim I claims 4a-acetoxy-2a-benzoyloxy-5p,20-epoxy-1 P-hydroxy-

7p, 1 OP-dimethoxy-9-oxo-l l-taxen-l 3a-yl(2R,3S)-3-tert-

butoxycarbonylamino-2-hydroxy-3-phenylpropionate. 

Claim 1 covers the approved product, JEVT ANA® ( cabazitaxel) Injection, as the active 

ingredient of JEVT ANA®, cabazitaxel, is a propan-2-one solvate of 4a-acetoxy-2a-

benzoyloxy-5p,20-epoxy-l P-hydroxy-7p, 1 OP-dimethoxy-9-oxo-l l-taxen-13a-yl(2R,3S)-

3-tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate. 

Claim 6 claims a process for the preparation of 4a-acetoxy-2a-benzoyloxy-5p,20-

epoxy-I P-hydroxy-7p, 1 OP-dimethoxy-9-oxo-l l-taxen-l 3a-y1(2R,3S)-3-tert-

butoxycarbonylamino-2-hydroxy-3-phenylpropionate, said process comprising: 

converting 4a-acetoxy-2a-benzoyloxy-5p,20-epoxy-l P-hydroxy-7p, I OP-

bis(methylthiomethoxy)-9-oxo-l 1-taxen-13a-yl(2R,4S,5R)-3-tert-butoxycarbonyl-2-( 4-

methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylate to said 4a-acetoxy-2a-

benzoyloxy-5p,20-epoxy-1P-hydroxy-7p, 1 OP-dimethoxy-9-oxo-11-taxen-13a-yl(2R,3 S)-

3-tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate. 
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Claim 6 claims a method of manufacturing the approved product JEVT ANA® 

( cabazitaxel) Injection as the active ingredient of JEVT ANA®, cabazitaxel, is a propan-2-

one solvate of 4a-acetoxy-2a-benzoyloxy-5p,20-epoxy-l P-hydroxy-7p, I op-dimethoxy-9-

oxo- l l-taxen-13a-y1(2R,3S)-3-tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate, 

which can be made by converting 4a-acetoxy-2a-benzoyloxy-5p,20-epoxy-1 P-hydroxy-

7p, I OP-bis(methylthiomethoxy)-9-oxo-11-taxen-13a-yl(2R,4S,5R)-3-tert

butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylate to 4a

acetoxy-2a-benzoyloxy-5p,20-epoxy-1P-hydroxy-7p, I OP-dimethoxy~9-oxo-11-taxen-

13a-yl(2R,3S)-3-tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate. 

[CONTINUED ON NEW PAGE] 
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(10) A statement beginning on a new page of the relevant dates and information 

pursuant to 35 U.S.C. §156(g) 

(i) For a patent claiming a human drug, antibiotic, or human biological product, 
the effective date of the Investigational New Drug application (IND) and the IND 
number, the date on which a New Drug Application (NDA) or a Product License 
Application (PLA) was initially submitted. and the NDA or PLA number; and the 
date on which the NDA was approved or the Product License Issued 

An investigational new drug application ("IND") was submitted on September 30, 

1998, and assigned IND No. 56,999. A copy of the letter acknowledging receipt of the 

IND on September 30, 1998 is attached as Exhibit 8. Accordingly, IND No. 56,999 

became effective 30 days from September 30, 1998, which is October 30, 1998. 

A new drug application ("NDA") was submitted on March 31, 2010 and 

acknowledged as received on March 31, 2010, in a letter from FDA dated June 9, 2010. 

(Exhibit 9). The NDA number assigned to the application for-cabazitaxel was NOA 

201023. Accordingly, NOA 201023 was submitted on March 31, 2010. The NDA was 

approved on June 17, 2010. (Exhibit 5). 

[CONTINUED ON NEW PAGE] 
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(11) A brief description beginning on a new page of the significant activities undertaken 
by the marketing applicant during the applicable regulatory review period with respect to 
the approved product and the significant dates applicable to such activities: 

In accordance with 37 C.F.R. § l.740(a)(l l), a list of communications between 

the FDA and the Marketing Applicant, its predecessor, and affiliates, in IND No. 56,999 

and NDA No. 201023 during the applicable regulatory review period with respect to the 

approved product is provided at Exhibits 10 and 11. 

The original sponsor of IND No. 56,999 was Rhone-Poulenc Rorer 

Pharmaceuticals, Inc. Following a series of name changes and mergers, Rhone-Poulenc 

Rorer Pharmaceuticals, Inc. has become sanofi-aventis U.S. LLC. 

The IND was filed on September 30, 1998, and became effective on October 30, 

1998. A clinical hold was imposed on December 23, 1998, and Rhone-Poulenc Rorer 

Pharmaceuticals, Inc. worked diligently to address the clinical hold, which was lifted on 

April 14, 1999. 

Clinical trials were begun shortly thereafter. An End of Phase II meeting with the 

FDA was held on or about June 28, 2006. The first Phase III protocols were submitted to 

the FDA on or about July 27, 2006. 

The NDA was filed on March 31, 2010 and was assigned Application No. NDA 

201023. From March 31, 2010 through approval on June 17, 2010, sanofi-aventis U.S. 

LLC replied to multiple queries from the FDA. 

[CONTINUED ON NEW PAGE] 
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(12) A statement that in the opinion of the applicant the patent is eligible for the 
extension and a statement as to the length of extension claimed including how the length 
of extension was determined: 

(a) Statement of the eligibility of the patent for extension under 35 U.S.C. 
§156(a): 

Section l 56(a) provides, in relevant part, that the term of a patent which claims a 

product, a method of using a product, or a method of manufacturing a product shall be 

extended if (1) the term of the patent has not expired before an application for extension 

is submitted; (2) the term of the patent has never been extended under 35 U.S.C. 

§ 156(e)(l); (3) the application for extension is submitted by the owner ofrecord of the 

patent or its agent in accordance with 35 U.S.C. §156(d); (4) the product has been subject 

to a regulatory review period before its commercial marketing or use; and (5) the 

permission for the commercial marketing or use of the product after such regulatory 

review period is the first permitted commercial marketing or use of the product using the 

provision of law under which such regulatory review period occurred. 

As described below by corresponding number, each of these elements is satisfied 

here: 

(1) Pursuant to 35 U.S.C. §154 and 35 U.S.C. §251, and for reasons 

discussed above, the term of United States Patent No. 5,847,170 is currently set to expire 

on March 26, 2016. This application is, therefore, being submitted prior to the expiration 

of the term of United States Patent No. 5,847,170. 

(2) The term of this patent has never been extended under 35 U.S.C. 

§ 156( e)(l ). 

(3) This application is being submitted by Applicant, Aventis Pharma 

S.A., the owner ofrecord of United States Patent No. 5,847,170. (See Exhibit 2). 
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Aventis Pharma S.A. is the owner of record by virtue of duly recorded assignments 

discussed above. This application is submitted in accordance with 35 U.S.C. §156(d) in 

that it is submitted within the sixty-day period beginning on June 17, 2010, the date the 

product received permission for marketing under Section 505 of the FFDCA [21 U.S.C. 

§355], and ending on August I 6, 2010. Moreover, this application contains the 

information required under 35 U .S.C. § 156( d). 

(4) As evidenced by the June 17, 2010 letter from the FDA to sanofi-

aventis U.S. LLC submitted as Exhibit 5, the product was subject to a regulatory review 

period under Section 505(b) of the FFDCA before its commercial marketing or use. 

(5) The permission for the commercial marketing of the JEVTANA ® 

( cabazitaxel) product is the first permitted commercial marketing and use under Section 

505 of the FFDCA [21 U.S.C. §355] of the product, as defined in 35 U.S.C. § 156(£). 

(See Section 4, above). 

(b) Statement as to length of extension claimed. 

The term of U.S. Patent No. 5,847,170, now expiring March 26, 2016, should be 

extended to March 26, 2021, in accordance with 35 U.S.C. §156. 

As set forth in 35 U.S.C. §156(g)(l), the regulatory review period equals the 

length of time between the effective date of IND No. 56,999 of October 30, 1998 and the 

submission of the NDA 201023 on March 31, 2010 (i.e., the "testing phase"), a period of 

4, 170 days, plus the length of time between the submission of the NDA 201023 on March 

31, 2010 to NDA approval on June 17, 2010 (i.e., the "approval phase"), a period of 78 

days. These two periods added together equal 4,248 days. 
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Pursuant to 37 C.F.R. § 1.775(d), the term of the patent as extended is determined 

by subtracting from the 4,248 day regulatory review period the following: 

(i) 39 days, which is the number of days in the IND and NDA periods on 

or before the issuance of original United States Patent No. 5,847,170 on December 8, 

1998;and 

(ii) 2,065 days, which is one-half the number of days remaining in the 

IND period after the subtraction of 39 days above (wherein half days are ignored for 

purposes of this subtraction, as provided by 37 C.F.R. § 1.775(d)(l)(iii)). 

From the foregoing calculation, an extension of 2, 144 days results, i.e., the 

remaining period under 35 U.S.C. 156(g)(l)(B)(i) (2,066 days) plus the remaining period 

under 35 U.S.C. §156(g)(l)(B)(ii) (78 days). This length of an extension would provide a 

new expiration date for U.S. Patent No. 5,847,170 of February 7, 2022. However, this 

extension period is subject to two further potential limitations under 35 U.S.C. § 156. 

First, under 35 U.S.C. §156(g)(6)(A), a maximum extension of five years is 

permitted. In this case, since the current expiry date of U.S. Patent No. 5,847,170 is 

March 26, 2016, no patent term extension could extend the term of the patent beyond 

March 26, 2021. Consequently, this provision limits the possible extension available to 

U.S. Patent 5,847,170 to March 26, 2021. 

Second, under 35U.S.C.§156(c)(3), if the calculated extension period would lead 

to a patent term that would result in a patent term exceeding 14 years after the date of 

approval, that is, a patent term expiring after June 17, 2024, the period of extension 

would be limited so that this period does not exceed 14 years. In this case, this provision 

does not operate to limit the possible extension available to U.S. Patent No. 5,847,170. 
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Accordingly, United States Patent No. 5,847,170 is eligible for the maximum five 

year extension allowable under 35 U.S.C. § 156(g)(6)(A), namely an extension to March 

26, 2021. 

(13) A statement that Applicant acknowledges a duty to disclose to the Director of the 
United States Patents and Trademark Office and the Secretary of Health and Human 
Services any information which is material to the determination of entitlement to the 
extension sought (See 37 C.F.R. §1.765) 

Applicant acknowledges a duty to disclose to the Director of the United States 

Patents and Trademark Office and the Secretary of Health and Human Services any 

information which is material to the determination of entitlement to the extension sought. 

In accordance with the duty of disclosure described in 37 C.F.R. § 1.765 and 

acknowledged under 37 C.F.R. § 1.740(13), the Applicant wishes to formally inform the 

Office that two patent term extension applications are being filed concurrently with 

respect to the regulatory review period for JEVT ANA® ( cabazitaxel). Such patent term 

extension applications pertain to U.S. Patent Nos. 5,847,170 (i.e., the present application) 

and 6,331,635. It is requested that the Office examine these applications concurrently so 

that a meaningful election can be made upon the receipt of a Notice of Final 

Determination and Requirement of Election as to which patent to ultimately extend in 

accordance with 37 C.F.R. § 1.785. 

(14) The prescribed fee for receiving and acting upon the application for extension (See 
37 C.F.R. § 1.20(j)) 
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The Director is hereby authorized to charge any fees due to this submission to our 

Deposit Account No. 18-1982, under Docket No. ST95019Gl US NP, for any deficiency 

in the fees filed, asserted to be filed or which should have been filed herewith (or with 

any paper hereafter filed in this application by or on behalf of Applicant), to prevent this 

application from being inadvertently abandoned. A duplicate of this Request (without 

Exhibits 1 to 11) is attached. 

[CONTINUED ON NEW PAGE] 
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(15) The name, address, and telephone number of the person to whom inquiries and 
correspondence relating to the application for patent term extension are to be directed 

John D. Conway 
sanofi-aventis U.S. Inc. 
US Patent Operations 
Route #202-206 /P.O. Box 6800 
MAIL CODE: BWD-303A 
Bridgewater, NJ 08807-0800 
Telephone: 908-231-3800 
Telefax: 908-231-2626 · 

Pursuant to 37 C.F.R. §1.740(b), this Request for Extension of Patent 

Term Under 35 U.S.C. §156, including Exhibits 1-11, is accompanied by two additional 

copies, for a total submission of three copies. 

Respectfully submitted, 

By~~-..... 
Kelly L. Bender 

List of Exhibits Attached: 

Registration No. 52,610 
Attorney for Applicant 

Exhibit 1 A copy of the U.S. Patent No. 5,847,170 for which extension is sought 
Exhibit 2 A copy of the Patent Assignment Abstract 
Exhibit 3 A letter of authorization from the NDA Holder, sanofi-aventis U.S. LLC 
Exhibit 4 A copy of the Power of Attorney and Notice of Acceptance thereof 
Exhibit 5 A copy of the NDA Approval Letter from the FDA 
Exhibit 6 A copy of the Certificate of Correction and corresponding request 
Exhibit 7 A copy of Patent Maintenance Fees Statement 
Exhibit 8 A letter of acknowledgment of IND Submission 
Exhibit 9 A letter of acknowledgement of NDA Submission 
Exhibit 10 IND 65,999 History Log 
Exhibit 11 NDA 201023 History Log 

sanofi-aventis U.S. Inc. 
US Patent Operations 
Route #202-206 /P.O. Box 6800 
MAIL CODE: BWD-303A 
Bridgewater, NJ 08807-0800 
Telephone: 908-231-3800; Telefax: 908-231-2626 
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TAXOIDS, THEm PREPARATION AND 
PHARMACEUTICAL COMPOSITTONS 

CONTAINING THEM 

This application claims the priority of U.S. provisional 
application 60/010,144 filed Jan. 17, 1996. 

The present invention relates to new taxoids of general 
formula (I) 

(I) 10 

z-o .. 
0 

in which: 
Z represents a hydrogen atom or a radical of general 

formula (II): 

(II) 

in which: 

15 

20 

25 

R1 represents 30 

a benzoyl radical optionally substituted with one or more 
identical or different atoms or radicals selected from 
halogen atoms, alkyl radicals containing 1 to 4 carbon 
atoms, alkoxy radicals containing 1 to 4 carbon atoms 
and triftuorornethyl radicals, 35 

a thenoyl or furoyl radical or 
a radical R2-0-CO- in which R2 represents: 

an alkyl radical containing 1 to 8 carbon atoms, 
an alkenyl radical containing 2 to 8 carbon atoms, 
an alkynyl radical containing 3 to 8 carbon atoms, 40 

a cycloalkyl radical containing 3 to 6 carbon atoms, 
a cycloalkenyl radical containing 4 to 6 carbon atoms 

or 
a bicycloalkyl radical containing 7 to 10 carbon atoms, 
these radical-; being optionally substituted with one or 45 

more substituents selected from halogen atoms, 
hydroxyl radicals, alkoxy radicals containing 1 to 4 
carbon atoms, dialkylamino radicals in which each 
alkyl portion contains 1 to 4 carbon atoms, piperi
dino radicals, morpbolino radicals, 1-piperazinyl 50 

radicals, said piperazinyl radicals being optionally 
substituted at position 4 with an alkyl radical con
taining 1 to 4 carbon atoms or with a phenylalkyl 
radical in which the a lky 1 portion contains 1 to 4 
carbon atoms, cycloalkyl radicals containing 3 to 6 55 

carbon atoms, cycloalkenyl radicals containing 4 to 
6 carbon atoms, phenyl radicals, said phenyl radicals 
being optionally substituted with one or more atoms 
or radicals selected from halogen atoms, alkyl radi
cals containing 1 to 4 carbon atoms, and alkoxy 60 

radicals containing 1 to 4 carbon atoms, cyano 
radicals, carboxyl radicals and alkoxycarbonyl radi
cals in which the alkyl portion contains 1 to 4 carbon 
atoms, 

a phenyl or a- or P-naphthyl radical optionally substi- 65 

luted with one or more atoms or radicals selected 
from halogen atoms, alkyl radicals containing 1 to 4 

2 
carbon atoms, and alkoxy radicals containing 1 to 4 
carbon atoms, 

a 5-membered aromatic heterocyclic radical preferably 
selected from fury! and thienyl radicals, 

or a saturated heterocyclic radical containing 4 to 6 
carbon atoms, optionally substituted with one or 
more alkyl radicals containing 1 to 4 carbon atoms, 

R3 represents 
an unbranched or branched alkyl radical containing 1 to 8 

carbon atoms, 
an unbranched or branched alkenyl radical containing 2 to 

8 carbon atoms, 
an unbranched or branched alkynyl radical containing 2 to 

8 carbon atoms, 
a cycloalkyl radical containing 3 to 6 carbon atoms, 
a phenyl or a- or P-naphthyl radical optionally substituted 

with one or more atoms or radicals selected from 
halogen atoms, alkyl, alkenyl, alkynyl, aryl, aral.kyl, 
alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, 
hydroxyalkyl, mercapto, formyl, acyl, acylamino, 
aroylamino, alkoxycarbonylamino, amino, alkylamino, 
dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, 
alkylcarbamoyl, dialkylcarbamoyl, cyano, nitro and 
trifiuoromethyl radicals, 

or a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen, oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms, alkyl, aryl, 
amino, alkylamino, dialkylamino, 
alkoxycarbonylamino, acyl, arylcarbonyl, cyano, 
carboxyl, carbamoyl, alkylcarbamoyl, dialkylcarbam
oyl and alkoxycarbonyl radicals, 

with the understanding that, in . the substituents of the 
phenyl, a- or P-naphthyl and aromatic heterocyclic 
radicals, the alkyl radicals and the alkyl portions of the 
other radicals contain 1 to 4 carbon atoms, the alkenyl 
and alkynyl radicals contain 2 lo 8 carbon atoms, and 
the aryl radicals are phenyl or o.- or ~-naphthyl radicals, 

R4 represents 
an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain, 
an alkenyloxy radical containing 3 lo 6 carbon aloms in an 

unbranched or branched chain, 
an alkynyloxy radical containing 3 to 6 carbon atoms in 

an unbranched or branched chain, 
a cycloalkyloxy radical containing 3 to 6 carbon atoms or 
a cycloalkenyloxy radical containing 4 to 6 carbon atoms, 
these radicals being optionally substituted with one or 

more substituents selected from halogen atoms, an 
alkoxy radical containing 1 to 4 carbon atoms, an 
alkylthio radical containing 1 to 4 carbon atoms, a 
carboxyl radical, an alkyloxycarbonyl radical in which 
the alkyl portion contains 1 to 4 carbon atoms, a cyano 
radical, a carbamoyl radical, an N-alkylcarbamoyl radi
cal and a N,N-dialkylcarbamoyl radical in which each 
alkyl portion contains 1 to 4 carbon atoms, or both alkyl 
portions, together with the nitrogen atom to which they 
are linked, form a saturated 5- or 6-membered hetero
cyclic radical optionally containing a second hetero 
atom selected from oxygen, sulphur and nitrogen 
atoms, said saturated 5- or 6-membered heterocyclic 
radical optionally being substituted with a substituent 
selected from an alkyl radical containing 1 to 4 carbon 
atoms, a phenyl radical, and a phenylalkyl radical in 
which the alkyl portion contains 1 to 4 carbon atoms, 
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Rs represents 
an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain, 
an alkenyloxy radical containing 3 to 6 carbon atoms, 
an alkynyloxy radical containing 3 to 6 carbon atoms, 
a cycloalkyloxy radical containing 3 to 6 carbon atoms or 
a cycloalkenyloxy radical containing 3 to 6 carbon atoms, 
these radicals being optionally substituted with at least 

one substituent selected from halogen atoms, an alkoxy 
radical containing 1 to 4 carbon atoms, an alkylthio 
radical containing 2 to 4 carbon atoms, a carboxyl 
radical, an alkyloxycarbonyl radical in which the alkyl 
portion contains 1 to 4 carbon atoms, a cyano radical, 
a carbamoyl radical, an N-alkylcarbamoyl radical, and 
a N,N-dialkylcarbamoyl radical in which each alkyl 
portion contains 1 to 4 carbon atoms or, with the 
nitrogen atom to which it is linked, forms a saturated S-
or 6-membered heterocyclic radical optionally contain
ing a second hetero atom selected from oxygen, sulphur 
and nitrogen atoms, optionally substituted with a sub
stituent selected from an alkyl radical containing 1 to 4 
carbon atoms, a phenyl radical and a phenylalkyl 
radical in which the alkyl portion contains 1 to 4 carbon 
atoms. 

Preferably, the aryl radicals which can be represented by 
R3 are phenyl or o.- or ~-naphthyl radicals optionally sub
stituted with one or more atoms or radicals selected from 
halogen atoms (Huorine, chlorine, bromine, iodine) alkyl, 
alkenyl, alkynyl, aryl, arylalkyl, alkoxy, alkylthio, aryloxy, 
arylthio, hydroxyl, hydroxyalkyl, mercapto, formyl, acyl, 
acylamino, aroylamino, alkoxycarbonylamino, amino, 
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl, 
carbamoyl, dialkylcarbamoyl, cyano, nitro and triftuorom
ethyl radicals, on the understanding that the alkyl radicals 
and the alkyl portions of the other radicals contain 1 to 4 
carbon atoms, Iha! the alkenyl and alkynyl radicals contain 
2 to 8 carbon atoms and that the aryl radicals are phenyl or 
a- or ~-naphthyl radicals. 

4 
di rn et h y lea rb am o yl, N ,N-d ie t by le a rb a moyl, 
N-pyrrolidinocarbonyl or N-piperidinocarbonyl radical. 

More particularly, the present invention relates to the 
products of general formula (I) in which Z represents a 
hydrogen atom or a radical of general formula (II) in which 
R1 represents a benzoyl radical or a radical R2--0-CO
in which R2 represents a tert-butyl radical and R3 represents 
an alkyl radical containing 1 to 6 carbon atoms, an alkenyl 

10 radical containing 2 to 6 carbon atoms, a cycloalkyl radical 
containing 3 to 6 carbon atoms, a phenyl radical optionally 
substituted with one or more identical or different atoms or 
radicals selected from from halogen atoms (fluorine, 
chlorine), alkyl (methyl), alkoxy (methoxy), dialkylamino 

15 (dimethylamino), acylamino (acetylamino), alkoxycarbony
lamino (tert-butoxycarbonylamino), trifiuoromethyl, a 
2-furyl radical, a 3-furyl radical, a 2-thienyl radical, a 
3-thienyl radical, a 2-thiazolyl radical, a 4-thiazolyl radical, 

20 and a 5-thiazolyl radical, and R4 and Rs, which may be 
identical or different, each represent an unbranched or 
branched alkoxy radical containing 1 to 6 carbon atoms. 

Still more particularly, the present invention relates to the 
products of general formula (I) in which Z represents a 

25 hydrogen atom or a radical of general formula (II) in which 
R1 represents a benzoyl radical or a radical R2-0-CO
in which R2 represents a tert-butyl radical and R3 represents 
an isobutyl, isobutenyl, butcnyl, cyclohexyl, phenyl, 2-furyl, 

30 
3-furyl, 2-thienyl, 3-thienyl, 2-thiazolyl, 4-thiazolyl or 
5-thiazolyl radical, and R4 and R5 , which may be identical 
or different, each represent a methoxy, ethoxy or propoxy 
radical. 

The products of general formula (1) in which Z represents 
35 a radical of general formula (II) display noteworthy antitu

mour and antileukaemic properties. 
According to the present invention, the new products of 

general formula (1) in which Z represents a radical of general 

40 
formula (II) may be obtained by esterification of a product 
of general formula (III): 

Preferably, the heterocyclic radicals which can be repre
sented by R3 are 5-membered aromatic heterocyclic radicals 
containing one or more identical or different atoms selected 
from nitrogen, oxygen and sulphur atoms, optionally sub
stituted with one or more identical or different substituents 
selected from halogen atoms (fluorine, chlorine, bromine, 45 

iodine), alkyl radicals containing 1 to 4 carbon atoms, aryl 
radicals containing 6 or 10 carbon atoms, alkoxy radicals 
containing 1 to 4 carbon atoms, aryloxy radicals containing 

(Ill) 

0 

6 or 10 carbon atoms, amino radicals, alkylamino radicals 
containing 1 to 4 carbon atoms, dialkylamino radicals in 50 

which each alkyl portion contains 1 to 4 carbon atoms, 
acylamino radicals in which the acyl portion contains 1 to 4 
carbon atoms, alkoxycarhonylamino radicals containing 1 lo 
4 carhon atoms, acyl radicals containing I lo 4 carbon atoms, 
arylcarbonyl radicals in which the aryl portion contains 6 or 55 

10 carbon atoms, cyano radicals, carboxyl radicals, carbam
oyl radicals, alkylcarbamoyl radicals in which the alkyl 
portion contains 1 to 4 carbon atoms, dialkylcarbamoyl 
radicals in which each alkyl portion contains 1 to 4 carbon 
atoms, and alkoxycarbonyl radicals in which the alkoxy 60 

portion contains 1 to 4 carbon atoms. 
Preferably, the radicals R4 and R5, which may be identical 

or different, represent unbranched or branched alkoxy radi
cals containing 1 to 6 carbon atoms, optionally substituted 
with a methoxy, ethoxy, ethylthio, carboxyl, 65 
methoxycarbonyl, ethoxycarbonyl, cyano, carbamoyl, 
N-methylcarbamoyl, N-ethylcarbamoyl, N,N-

OCQ4Hs 

in which R4 and R5 are defined as ahove, by means of an 
acid of general formula (IV): 

(IV) 

in which R1 and R3 are defined as above, and either R6 

represents a hydrogen atom and R7 represents a group 
protecting the hydroxyl function, or R6 and R7 together form 
a saturated 5- or 6-membered heterocycle, or by means of a 
derivative of this acid, to obtain an ester of general formula 
(V): 

NEPTUNE GENERICS  EX. 00071



5,847,170 
5 6 

(V) H (VI) 

0 

0 

OCOC'--6Hs 

in which R1, R3 , R4, R5 , R6 and R7 are defined as above, 
followed by replacement of the protective groups repre
sented by R7 and/or R6 and R7 by hydrogen atoms. 

The esterification by means of an acid of general formula 
(IV) may be performed in the presence of a condensing 
agent (carbodiimide, reactive carbonate) and an activating 
agent (aminopyridines) in an organic solvent (ether, ester, 
ketones, nitriles, aliphatic hydrocarbons, halogenated ali
phatic hydrocarbons, aromatic hydrocarbons) at a tempera
ture from -10° to 90° C. 

in which R1 is defined as above and R6 and R9, which may 
be identical or different, represent a hydrogen atom or an 
alkyl radical containing 1 to 4 carbon atoms, or an aralkyl 

10 
radical in which the alkyl portion contains 1 to 4 carbon 
atoms and the aryl portion preferably represents a phenyl 
radical optionally substituted with one or more alkoxy 
radicals containing 1 to 4 carbon atoms, or an aryl radical 
preferably representing a phenyl radical optionally substi-

15 tuted with one or more alkoxy radicals containing 1 to 4 
carbon atoms, or alternatively Rs represents an alkoxy 
radical containing 1 to 4 carbon atoms or a trihalomethyl 
radical such as trichloromethyl or a phenyl radical substi
tuted with a trihalomethyl radical such as trichloromethyl 

The esterification may also be carried out using the acid 
of general formula (IV) in the form of the symmetrical 
anhydride, working in the presence of an activating agent 
(aminopyridines) in an organic solvent (ethers, esters, 
ketones, nitrites, aliphatic hydrocarbons, halogenated ali
phatic hydrocarbons, aromatic hydrocarbons) at a tempera
ture of from 0° to 90° C. 

20 and R9 represents a hydrogen atom, or alternatively Ra and 
R9, together with the carbon atom to which they are linked, 
form a 4- to 7-membered ring, replacement of the protective 
group formed by R6 and R7 by hydrogen atoms may be 
performed, depending on the meanings of Rl' R8 and R9, in 

25 the following manner: 

The esterification may also be carried out using the acid 
of general formula (IV) in halide form or in the form of a 

30 mixed anhydride with an aliphatic or aromatic acid, option
ally prepared in situ, in the presence of a base (tertiary 
aliphatic amine), working in an organic solvent (ethers, 
esters, ketones, nitriles, aliphatic hydrocarbons, halogenated 
aliphatic hydrocarbons, aromatic hydrocarbons) at a tem-
perature of from 0° to 80° C. 35 

Preferably, R6 represents a hydrogen atom and R7 repre
sents a group protecting the hydroxyl function, or alterna
tively R6 and R7 together form a saturated 5- or 6-membered 
heterocycle. 

When R6 represents a hydrogen atom, R7 preferably 40 
represents a methoxymethyl, 1-ethoxyethyl, 
benzyloxymethyl, trimethylsilyl, triethylsilyl, 
~-trimethylsilylethoxymetbyl, benzyloxycarbonyl or tet
rahydropyranyl radical. 

When R6 and R7 together form a heterocycle, the latter is 45 
preferably an oxazolidine ring optionally monosubstituted 
or gem-disubstituted at position 2. 

Replacement of the protective groups R7 and/or R6 and R7 

a) when R1 represents a tert-butoxycarbonyl radical and 
R8 and R9 , which may be identical or different, repre
sent an alkyl radical or an aralkyl (benzyl) or aryl 
(phenyl) radical, or alternatively Ra represents a triha
lomethyl radical or a phenyl radical substituted with a 
trihalomethyl radical and R9 represents a hydrogen 
atom, or alternatively RR and ~ together form a 4- to 
7-membered ring, treatment of the ester of general 
formula (V) with an inorganic or organic acid, where 
appropriate in an organic solvent such as an alcohol, 
yields the product of general formula (VII): 

(Vil) 

0 

OcOC.Hs 

in which R3 , R4 and R5 are defined as above, which is by hydrogen atoms may be performed, depending on their 
nature, in the following manner: 

1) when Rs represents a hydrogen atom and R7 represents 
a group protecting the hydroxyl function, replacement 

50 acylated by means of benwyl chloride in which the phenyl 
ring is optionally substituted or by means of thenoyl 
chloride, of furoyl chloride or of a product of general 
formula: of the protective groups by hydrogen atoms is per

formed by means of an inorganic acid (hydrochloric 
add, sulphuric acid, hydrofluoric acid) or organic acid 55 
(acetic acid, methanesulphonic acid, trifiuoromethane
sulpbonic acid, p-toluenesulpbonic acid) used alone or 
mixed, working in an organic solvent chosen from 
alcohols, ethers, esters, aliphatic hydrocarbons, halo
genated aliphatic hydrocarbons, aromatic hydrocarbons 60 
or nitriles at a temperature of from -10° to 60° C., or 
by means of a source of fluoride ions such as a 
hydrofluorine acid/triethylamine complex, or by cata
lytic hydrogenation, 

2) when R6 and R7 together form a saturated 5- or 65 

6-membered heterocycle, and more especially an 
oxazolidine ring of general formula (VI): 

R2--0--CO-X (Vlll) 

in which R2 is defined as above and X represents a halogen 
atom (fluorine, chlorine) or a residue -0-R2 or 
-O-CO-O-R2, to obtain a product of general formula 
(I) in which Z represents a radical of general formula (U). 

Preferably, the product of general formula (V) is treated 
with formic acid at a temperature in the region of 20° C. to 
yield the product of general formula (VII). 

Preferably, the acylation of the product of general formula 
(VII) by means of a benzoyl chloride in which the phenyl 
radical is optionally substituted or by means of thenoyl 
chloride, of furoyl chloride or of a product of general 
formula (VIII) is performed in an inert organic solvent 
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chosen from esters such as ethyl acetate, isopropyl acetate or 
n-butyl acetate and halogenated aliphatic hydrocarbons such 
as dichloromethane or 1,2-dichloroethane, in the presence of 
an inorganic base such as sodium bicarbonate or an organic 
base such as triethylamine. The reaction is performed al a 
temperature of from 0° to 50° C., and preferably at about 20° 
c. 

b) when R1 represents an optionally substituted benzoyl 
radical, a thenoyl or furoyl radical or a radical R20-CO-

8 
ester residue such as a sulphuric or sulphonic ester residue 
or a halogen atom, to obtain a product of general formula 
(XIII): 

(XIII) 

in which R2 is defined as above, R8 represenlS a hydrogen 
10 

atom or an alkoxy radical containing 1 to 4 carbon atoms or 
(R),Si-0" 

a phenyl radical substituted with one or more alkoxy radicals 
containing 1 to 4 carbon atoms and R9 represents a hydrogen 
atom, replacement of the protective group formed by R6 and 

15 in which R and R4 are defined as above, the silyl protective 
groups of which are replaced by hydrogen atoms to obtain 
a product of general formula (XIV): 

R7 by hydrogen atoms is performed in the presence of an 
inorganic acid {hydrochloric acid, sulphuric acid) or organic 
acid (acetic acid, methanesulphonic acid, lriffuoromethane
sulphonic acid, p-toluenesulphonic acid) used alone or 
mixed in a stoichiometric or catalytic amount, working in an 
organic solvent chosen from alcohols, ethers, esters, ali
phatic hydrocarbons,· halogenated aliphatic hydrocarbons 20 

and aromatic hydrocarbons at a temperature of from -10° to 
60° C., and preferably from 15° to 30° C. 

(XIV) 

0 
According to the invention, the products of general for

mula (Ill), that is to say the producL<i of general formula (I) 
in which Z represents a hydrogen atom and R4 and Rs are 25 

defined as above, may be obtained from 10-deacetylbaccatin 
III of formula (IX): 

OC04Hs 

HO 0 (IX) in which R4 is defined as above, which is etherified selec-
3o lively al position 7 by the action of a product of general 

formula: 

0 

OC04Hs 

It can be especially advantageous to protect the hydroxyl 
functions al the positions 7 and 13 selectively, for example 
in the form of a silyl cliether which may be obtained by the 
action of a silyl halide of general formula: 

(R),-Si-Hal (X) 

in which the symbols R, which may be identical or different, 
represent an alkyl radical containing 1 to 6 carbon atoms, 
optionally substituted with a phenyl radical, or a cycloalkyl 
radical containing 3 to 6 carbon atoms or a phenyl radical, 
on 10-deacetylbaccatin III, to obtain a product of general 
formula (XI): 

HO 0 (XI) 

(R)lSi-Ou• 
0 

OCQ4Hs 

in which R is defined as above, followed by the action of a 
product of general formula: 

(XV) 

in which R's represents a radical sucb that R's--0 is 
35 identical to Rs defined as above and X2 represents a halogen 

atom or a reactive ester residue such as a sulphuric or 
sulphonic ester residue, to give the product of general 
formula (III). 

Generally, the action of a silyl derivative of general 
40 formula (X) on 10-deacetylbaccatin III is performed in 

pyridine or triethylamine, where appropriate in the presence 
of an organic solvent such as an aromatic hydrocarbon, for 
instance benzene, toluene or xylenes, at a temperature 
between 0° C. and the reHuxing temperature of the reaction 

45 mixture. 
Generally, the action of a product of general formula (XII) 

on a product of general formula (XI) is performed, after 
metalation of the hydroxyl function at position 10 by means 
of an alkali metal hydride, such as sodium hydride, an alkali 

so metal amide, such as lithium amide, or an alkali metal 
alkylide, such as butyllithium, working in an organic 
solvent, such as dimethylformamide or letrahydrofuran, al a 
temperature of from 0° to 50° C. 

Generally, the replacement of the silyl protective groups 
ss of the product of general formula (XIII) by hydrogen atoms 

is performed by means of an acid such as hydrofluoric acid 
or trifluoroacetic acid in the presence of a base such as 
triethylamine or pyridine optionally substituted with one or 
more alkyl radicals containing 1to4 carbon atoms, the base 

60 optionally being combined with an inert organic solvent 
such as a nitrile, for instance acetonitrile, or a halogenated 
aliphatic hydrocarbon, such as dichloromethane, at a tem
perature of from 0° to 80° C. 

(XII) 65 
Generally, tbe action of a product of general formula (XV) 

on a product of general formula (XIV) is performed under 
the conditions described above for the action of a product of 
general formula (XII) on a product of general formula (XI). 

in which R'4 represents a radical such that R'4-0 is 
identical to R4 defined as above and X1 represents a reactive 
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According to the invention, the products of general for
mula (I) in which Z represents a radical of general formula 
(II), R4 is defined as above and R5 is defined as above may 
be obtained from a product of general formula (XVI): 

HO 0 (XVI) 

0 

OCOc,;Hs 

in which Ri> R3 , R6 and R7 are defined as above, by 
silylation at position 7 by means of a product of general 
formula (X), to obtain a product of general follDula (XVII): 

HO 0 

0 

OCOc,;Hs 

in which R, R1, R3 , R6 and R7 are defined as ahove, which 
is functionalized at position 10 by means of a product of 
general formula (XII) to give a product of general formula 
(XVIII): 

0 

OCOC-oHs 

10 
The products of general formula (XVI) may be obtained 

under the conditions described in European Patent EP0,336, 
841 and international Applications PCT WO 92/09589 and 
WO 94/07878, the disclosures of which are hereby incor
porated by reference in their entirety, or from the products of 
general formula (XX): 

HO 0 (XX) 

10 R1 H ,N"... 0 

15 

R3~0••• 
0-H 

OCOC,,Hs 

0 

in which R1 and R3 are defined as above, according to 
known methods for protecting the hydroxyl function of the 
side chain without affecting the remainder of the molecule. 

According to the invention, the products of general for-
25 mula (I) in which Z represents a hydrogen atom or a radical 

of general formula (II) may be ohtained hy the action of 
activated Raney nickel, in the presence of an aliphatic 
alcohol containing 1 to 3 carbon atoms or an ether such as 
tetrahydrofuran or dioxaae, on a product of general formula 

30 (XXI): 

(XXI) 

40 

in which R, R1 , R3 , R4 , R6 and R7 are defined as above, the 45 
silyl protective group of which is replaced by a hydrogen 
atom to give a product of general formula (XIX): 

in which R4 is defined as above and R' and R", which may 
be identical or different, represent a hydrogen atom or an 
alkyl radical containing 1 lo 6 carbon atoms, an alkenyl 
radical containing 2 to 6 carbon atoms, an alkynyl radical 

0 (XIX) 

R,, /R-o 
N 0 

R3~0••• 
O-R1 

0 

50 containing 2 to 6 carbon aloms, a cycloalkyl radical con
taining 3 to 6 carbon atoms or a cycloalkenyl radical 
containing 3 to 6 carbon atoms, optionally substituted, or 
alternatively R' and R", together with the carbon atom to 

55 
which they are linked, form a cycloalkyl radical containing 
3 to 6 carbon atoms or a cycloalkenyl radical containing 4 
lo 6 carbon atoms, and Z1 repre.>ents a hydrogen atom or a 
radical of general formula (XXJI): 

which, by the action of a product of general formula (XV), 
yields the product of general formula (V), the protective 60 

groups of which are replaced by hydrogen atoms to give a 
product of general formula (I) in which Z repre.>ents a 
radical of general formula (II). 

The reactions used for silylation, functionalization and 
replacement of the protective groups by hydrogen atoms are 65 

performed under conditions similar to those described 
above. 

R1'°N/R6 
0 

(XXII) 

R3~ 
O-R1 

in which Rl' R3 , R~ and R7 are defined as above, and, to 
obtain a product of general formula (XXIII): 
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(XXIII) 

0 

OCOC,,Hs 

followed, when Z1 represents a radical of general formula 
(XXJI), that is to say when the product of general formula 
(XXJII) is identical to the product of general formula (V), by 
replacement of the protective groups represented by R6 
and/or R6 and R7 by hydrogen aLoms under the conditions 
described above. 

Generally, the action of activated Raney nickel in the 
presence of an aliphatic alcohol or an ether is performed at 
a temperature of from -10° to 60° C. 

According to the invention, the product of general for
mula (XXI) in which Z1 and R4 are defined as above may be 
obtained hy the action of a sulphoxide of general formula 
(XXJV): 

12 
cell line selected for its resistance to doxorubicin (DOX) 
which expresses mdr 1. 

The examples whicb follow illustrate the present inven
tion. 

EXAMPLE 1 

126 mg of dicyclobexylcarbodiimide and tben 14 mg of 
4-(N,N-dimethylamino)pyridine were added successively at 
a temperature in the region of 20° C. to a suspension 

lO containing 217.8 mg of 4a-acetoxy-2a-benzoyloxy-5p,20-
epoxy-1~.13a-dihydroxy-1p ,1 op -dimethoxy-9-oxo-11-
taxene, 200 mg of (2R,4S,5R)-3-tert-butoxycarbonyl-2-(4-
me thoxyphen yl )-4-pheny 1-1,3-oxazo lidine -5 -carboxylic 
acid and 50 mg of powdered 4 A molecular sieve in 2 cm3 

JS of ethyl acetate. The suspension obtained was stirred at a 
temperature in the region of 20° C. under an argon atmo
sphere for 16 hours, and then concentrated to dryness under 
reduced pressure (0.27 kPa) at a temperature in the region of 
40° C. The residue obtained was purified hy chromatography 

2o al atmospheric pres.sure on 50 g of silica (0.063-0.2 mm) 
contained in a column 2 cm in diameter (elution gradient: 
ethyl acetateldichloromethane from 10:90 to 40:60 by 
volume), collecting 10-cm3 fractions. Fractions containing 
only the desired product were pooled and concentrated to 

25 dryness under reduced pressure (0.27 kPa) at 40° C. for 2 
R' R' (XXIV) hours. 271.8 mg of 4a-acetoxy-2a-benzoyloxy-5p,20-

w--l_ )-R· epoxy- 1 P-hydroxy-7~,lOP-dimethoxy-9-oxo-11-taxen-
so 13a-yl(2R ,4S ,5 R)-3-tert-bu toxycarbonyl -2-( 4 · 

in which R' and R" are defined as above, on a product of metboxyphenyl}-4-phenyl-1,3-oxazolidine-5-carboxylate 
general formula (XIX). 30 were thereby obtained in the form of a white solid, the 

Generally, the reaction of the sulphoxide of general for- characteristics of wbich were as follows: 
mula (XXJV), preferably dimethyl sulphoxide, with the 1 H NMR spectrum ( 400 MHz; CDC13 witb a few drops of 
product of general formula (XIX) is performed in the CD30D-d4; chemical shifts & in ppm; coupling constants 1 
presence of a mixture of acetic acid and acetic anhydride or in Hz): 1.02 (s, 9H: C(CH3) 3); 1.10 (s, 3H: CH3); 1.17 (s, 
a derivative of acetic acid such as a haloacetic acid at a 35 3H: CH3); 1.63 (s, 3H: CH3); from 1.65 to 1.85 and 2.60 (2 
temperature of from 0° to 50° C., and preferably at about 25° mts, lH each; CH2 at position 6); 1.78 (unres. comp., 3H: 
C. CH3); 2.02 and 2.15 (2 dd, J=14 and 9, 1H each: CH2 at 

The new products of general formula (I) obtained by position 14); 2.14 (s, 3H: CH3}; 3.22 and 3.35 (2 s, 3H each: 
carrying out the processes according to the invention may be OCH3); 3.64 (d, Ja7, 1 H: H al position 3); 3.73 (ml, lH: H 
purified according to known methods such as crystallization 40 at position 7); 3.76 (s, 3H: ArOCH3); 4.06 and 4.16 (2 d, 
or chromatography. 1=8.5, lH each; CH2 at position 20); 4.53 (d, 1=5, lH: H at 

The products of general formula (I) in which Z represents position 2'); 4.67 (s, lH: H at position 10); 4.85 (broad d, 
a radical of general formula (II) display noteworthy biologi- 1=10, lH: H at position 5); 5.36 (mt, lH: H at position 3'); 
cal properties. 5.52(d,1=7, ill: Hat position 2); 6.07 (mt, lH: Hat position 

In vitro, measurement of the biological activity is per- 45 13); 6.33 (unres. comp., lH: H at position 5'); 6.88(d,1=8, 
formed on tubulin extracted from pig's brain by the method 2H: aromatic Hal tbe ortho position with respect to OCH3); 

of M. L. Shelanski et al., Proc. Natl. Acad. Sci. USA, 70, from 7.25 lo 7.40 (ml, 7H: aromatic H at position 3' and 
765-768 (1973). Study of the depolymerization of micro- aromatic Hat the meta position witb respect lo OCH3); 7.43 
tubules to tubulin is performed according to the method of (t, 1=7.5, 2H: OCOC6H5 H at the meta position); 7.58 (t, 
G. Chauviere et al., C.R. Acad. Sci., 293, series II, 501-503 so 1=1.5, lH: OCOC6 H5 Hat tbe para position); 7.96(d,1=7.5, 
(1981). In this study, the products of general formula (I) in 2H: OCOC6 H5 H at the ortho position). 
wbich Z represents a radical of general formula (II) were A solution of 446.3 mg of 4a-acetoxy-2a.-henzoyloxy-
shown Lo he at least as active as Laxol and Taxotere. 5p,20-epoxy-lp-hydroxy-7~,10P-dimethoxy-9-oxo-11-

ln vivo, the pmducls of general formula (I) in which Z taxen-13a-yl(2R,4S,5R)-3-tert-butoxycarbonyl-2·( 
represents a radical of general formula (II) were shown to be 55 4-methoxyphenyl}-4-phenyl-1,3-oxazolidine-5-carboxylate 
active in mice grafted with B16 melanoma at doses of from in 11.6 cm3 of a O.lN solution of hydrogen chloride in 
1 to 30 mg.lkg administered intraperitoneally, as well as on ethanol was stirred constantly at a temperature in the region 
other liquid or solid tumours. of 0° C. for 16 hours under an argon atmosphere. The 

The new products have antitumour properties, and more reaction mixture was then diluted with 40 cm3 of dichlo-
especially activity against tumours which are resistant to 60 romethane and 5 cm3 of distilled water. After settling had 
Taxol® or to Taxotere®. Such tumours comprise colon taken place, the aqueous phase was separated and extracted 
tumours which have a high expression of the mdr l gene with 5 cm3 of dichloromethane. The organic phases were 
(multiple drug resistance gene). Multiple drug resistance is combined, dried over magnesium sulphate, filtered through 
a customary term relating to the resistance of a tumour lo sintered glass and then concentrated to dryness under 
different products having different structures and mecha- 65 reduced pressure (0.27 kPa) at a temperature in the region of 
nisms of action. Taxoids are generally known to be strongly 40° C. 424.2 mg of a pale yellow solid were obtained, which 
recognized by experimental tumours such as P388/DOX, a product was purified by preparative thin-layer chromatog-
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raphy (12 Merck preparative silica gel 60F254 plates, thick
ness 1 mm, application in solution in a methanol/ 
dichloromethane (5:95 by volume) mixture, eluting with a 
methanol/dichloromethane (5:95 by volume) mixture). After 
elution of the zone corresponding to the main product with 
a melhanol/dichloromethane (15:85 by volume) mixture, 
filtration through sintered glass and evaporation of the 
solvents under reduced pressure (0.27 kPa) at a temperature 
in the region of 40° C., 126 mg of 4a-acetoxy-2a
benzoyloxy-5~,20-epoxy-1~-hydroxy-7~,10~-dimethoxy-
9 - ox o - 11 - tax en - 13 a - y 1 ( 2R,3 S) - 3 - t er t -
butoxycarbonylamino-2-hydroxy-3-phenylpropionate were 
obtained in the form of an ivory-coloured foam, the char
acteristics of which were as follows: 

optical rotation [ah0°=-32.9 (c=0.5; methanol) 
1H NMR spectrum (400 MHz; CDC13 ; chemical shifts & 

in ppm; coupling constants J in Hz): 1.23 (s, 3H: CH3); 1.25 
(s, 3H: CH3); 1.39 (s, 9H: C(CH3)~; 1.70 (s, lH: OH at 
position 1); 1.75 (s, 3H: CH3); 1.82 and 2.72 (2 mis, 1H 
each: CH2 at position 6); 1.91 (s, 3H: CH3); 2.31 (limiting 
AB, 2H: CH2 at position 14); 2.39 (s, 3H: COCH3); 3.33 and 
3.48 (2 s, 3H each: OCH3 ); 3.48 (mt, lH: OH at position 2'); 
3.85 (d, J=7, lH: H 3); 3.88(dd,1=11 and 7, lH: H 7); 4.20 
and 4.33 (2 d, J=8.5, HI each: CH2 at position 20); 4.65 (mt, 
lH: H at position 2'); 4.83 (s, lH: H at position 10); 5.00 
(broad d, J=lO, lH: H at position 5); 5.30 (broad d, J=lO, 
llH: H at position 3'); 5.47 (d, J=lO, lH: CONH); 5.66 (d, 
1=1, lH: H at position 2); 6.24 (broad I, 1=9, lH: H at 
position 13); from 7.30 to 7.50 (mt, SH: aromatic H at 
position 3'); 7.52 (t, J-7.5, 2H: OCOC6 H5 H at the meta 
position); 7.63 (1, 1=1.5, lH: OCOC6H5 H at the para 
position); 8.12 (d, J=7.5, 2H: OCOC6H5 H at the ortho 
position). 

4a-Acetoxy -2a-be nzoy loxy-5~,20-epoxy-1 ~ ,13a
dihydroxy-7~,10~-dimethoxy-9-oxo-11-taxene (or 7~,10~
dimelhoxy-10-deacetoxybaccatin lll) was prepared in the 
following manner: 

86 mg of sodium hydride at a concentration of 50% by 
weight in liquid paraffin were added portionwise to a 
solution, maintained under an argon atmosphere, at a tem
perature in the region of 0° C., of 500 mg of 4a-aceloxy-
2a-benzoyloxy-5~,20-epoxy-l ~, 7~,13a-lrihydroxy-10~
methoxy-9-oxo- 11-taxene in 5 cm3 of iodomethane and 0.5 
cm3 of dimethylformamide. After 45 minutes at a tempera
ture in the region of 0° C., the reaction mixture was diluted 
with 50 cm3 of ethyl acetate and 8 cm3 of distilled water. 
After settling had taken place, the organic phase was sepa
rated and washed with twice 8 cm3 of distilled water and 
then 8 cm3 of saturated aqueous sodium chloride solution, 
dried over magnesium sulphate, filtered through sintered 
glass and concentrated to dryness under reduced pressure 
(0.27 kPa) at a temperature in the region of 40° C. 570 mg 
of a pale yellow solid were thereby obtained, which product 
was purified by chromatography at atmospheric pressure on 
50 g of silica (0.063-0.2 mm) contained in a column 2.5 cm 
in diameter, eluting with a methanol/dichloromethane (2:98 
by volume) mixture and collecting 10-cm3 fractions. Frac
tions containing only the desired product were pooled and 
concentrated to dryness under reduced pressure (0.27 kPa) at 
40° C. for 2 hours. 380 mg of 4a-acetoxy-2a-benzoyloxy-
5 p ,20-epoxy- l ~.13a-dihydroxy-7~ ,1 op-dimetboxy-9-oxo-
11-taxene were thereby obtained in the form of a pale yellow 
solid, the characteristics of which were as follows: 

1H NMR spectrum (400 MHz; CDCl3 ; with a few drops 
of CD30D-d4 , chemical shifts & in ppm; coupling constants 
Jin Hz): 1.03 (s, 3H: CH3); 1.11 (s, 3H: CH3); 1.65 (s, 3H: 

14 
CH3); 1.72 and 2.67 (2 mts, lH each: CH2 at position 6); 
2.05 (s, 3H: CH3): 2.21 (limiting AB, J=14 and 9, 2H: CH2 
at position 14); 2.25 (s, 3H: COCH3); 3.26 and 3.40 (2 s, 3H 
each: OCH3); 3.85 (d, 1•7, lH: H at position 3); 3.89 (dd, 

s J=11 and 6.5, lH: Hat position 7); 4.12 and 4.25 (2 d, J=8.5, 
1H each: CH2 at position 20); 4.78 (broad t, 1=9, lH: H at 
position 13); 4.83 (s, lH: H al position 10); 4.98 (broad d, 
J=lO, lH: Hat position 5); 5.53 (d, J=7, lH: Hat position 
2); 7.43 (t, J=7.5, 2H: OCOC6H5 H at the meta position); 

10 7.56 (t, J=7.5, lH: OCOC6H5 H at the para position); 8.05 
(d, J=7.5, 2H: OCOC6H5 Hat the ortho position). 
4a-Acetoxy-2a-benzoyloxy-Sp,20-epoxy·l~,7~,13a

trihydroxy-10~-methoxy-9-oxo-11-taxene (or lOP
methoxy-10-deacetoxybaccatin III) was prepared in the fol-

15 lowing manner: 
50 cm3 of hydrogen fiuoride/triethylamine complex 

(3HF.Et3N) were added slowly to a solution, maintained 
under an argon atmosphere, at a temperature in the region of 
0° C., of 3.62 g of 4a-acetoxy-2a-benzoyloxy-5~,20-epoxy-

20 1 ~-h ydroxy-10~ -me th oxy -9-oxo- 7~.13a-b is 
(trielhylsilyoxy)-11-taxene in 30 cm3 of dichloromethane. 
After 48 hours at a temperature in the region of 20° C., the 
reaction mixture was poured into a suspension of 100 crn3 of 
supersaturated aqueous sodium hydrogen carbonate solution 

25 maintained at a temperature in the region of 0° C. After 
settling had taken place, the aqueous phase was separated 
and re-extracted with three times 80 cm3 of dichloromethane 
and then twice 80 cm3 of ethyl acetate. The organic phases 
were combined, dried over magnesium sulphate, filtered 

30 through magnesium sulphate and concentrated to dryness 
under reduced pressure (0.27 kPa) at a temperature in the 
region of 40° C. 3.45 g of a yellow foam were thereby 
obtained, which product was purified by chromatography at 
atmospheric pressure on 150 g of silica (0.063-0.2 mm) 

35 contained in a column 3.5 cm in diameter, eluting with a 
metbanol/dichloromethane (5:95 by volume) mixture and 
collecting 35-cm3 fractions. Fractions containing only the 
desired product were pooled and concentrated to dryness 
under reduced pressure (0.27 kPa) at 40° C. for 2 hours. 1.97 

40 g of 4a-acetoxy-2a-benzoyloxy-5~,20-epoxy-1~,7~,13a
trihydroxy-10~-methoxy-9oxo-11-taxene were thereby 
obtained in the form of a white solid, the characteristics of 
which were as follows: 

45 
1 H NMR spectrum ( 400 MHz; CDCl3; chemical shifts o 

in ppm: coupling constantsJ in Hz): 1.10 (s, 3H: CH3); 1.19 
(s, 3H: CH3); 1.48 (d, 1=8.5, lH: OH at position 13); 1.70 
(s, 3H: CH3); 1.81 and 2.61 (2 mts, 1H each: CH2 at position 
6); 2.09 (d, 1=5, lH: OH at position 7); 2.11 (s, 3H: CH3); 

50 
2.30 (s, 3H: COCH3); 2.32(d,1=9, 2H: CH2 at position 14); 
3.48 (s, 3H: OCH3); 3.97 (d, 1=1, lH: Hat position 3); 4.18 
and 4.33 (2d,1=8.5, 1H each: CH2 at position 20); 4.31 (mt, 
lH: H at position 7); 4.93 (mt, lH: H al position 13); 4.99 
(s, lH: H at position 10); 5.01 (broad d, 1=10, lH: H at 

55 
position 5); 5.66(d,1=1, lH: Hat position 2); 7.49(t,1=7.5, 
2H: OCOC6H5 H at the meta position); 7.63 (t, J=7.5, lH: 
OCOC8H5 H at the para position); 8.12 (d, 1=7.5, 2H: 
OCOC8H5 H at the ortbo position). 

4a-Aceloxy-2a-benzoyloxy-5~,20-epoxy-lj3-hydroxy-
60 1 Oj3-methoxy-9-oxo-7~,130.-bis(triethylsilyloxy )-11-taxene 

(or 10~-methoxy-10-deacetoxy-7 ,13-bis(triethylsilyl) 
baccatin Ill) was prepared in the following manner: 

375 mg of sodium hydride at a concentration of 50% by 
weight in liquid paraffin were added portionwise to a 

65 solution, maintained under an argon atmosphere, at a tem
perature in the region of 0° C., of 5 g of 4a-acetoxy-2a
benzoyloxy-5~,20-epoxy-1 ~.10~ -dihydroxy-9-oxo-7~,13a-
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bis(triethylsilyloxy)-11-taxene in 25 cm3 of iodomethane. 
The solution was stirred constantly for 45 minutes at a 
temperature in the region of 0° C., and then for 5 hours 30 
minutes at a temperature in the region of 20° C. The reaction 
mixture was cooled again to a temperature in the region of 5 
0° C., and 125 mg of sodium hydride at a concentration of 
50% by weight in liquid paraffin were added portionwise. 
After 1 hour at 20° C. and then 18 hours at 5° C., the reaction 
mixture was diluted by adding SO cm3 of dichloromethane 
and poured into 50 cm3 of saturated aqueous ammonium 10 
chloride solution, and sellling was allowed to take place. The 
aqueous phase was separated and extracted with twice 30 
cm3 of dichloroemethane, and the organic phases were then 
combined, washed with 10 cm3 of distilled water, dried over 
magnesium sulphate, filtered through sintered glass and 15 
concentrated to dryness under reduced pressure (0.27 kPa) at 
a temperature in the region of 40° C. 5.15 g of a yellow foam 
were thereby obtained, which product was purified by chro
matography at atmospheric pressure on 300 g of silica 
(0.063-0.2 mm) contained in a column 5 cm in diameter 20 
(elution gradient: ethyl acetate/dichloromethane from 0:100 
to 10:90 by volume), collecting 30-cm3 fractions. Fractions 
containing only the desired product were pooled and con
centrated to dryness under reduced pressure (0.27 kPa) at 
40° C. for 2 hours. 3.62 g of 4a-acetoxy-2a-benzoyloxy- 25 
5 ~,20-epoxy-1 ~-hydroxy-10~-methoxy-9-o xo-7~ ,13a-bis 
(triethylsilyloxy)-11-taxene were thereby obtained in the 
form of a pale yellow foam, the characteristics of which 
were as follows: 

1H NMR spectrum (600 MHz; CDC13; chemical shifts a 30 

in ppm; coupling constants J in Hz): 0.58 and 0.69 (2 mis, 
6H each: ethyl CH2); 0.97 and 1.04 (2 t, Ja7.5, 9H each: 
ethyl CH3); 1.15 (s, 3H: CH3); 1.18 (s, 3H: CH3); 1.58 (s, 
HI: OH at position 1); 1.68 (s, 3H: CH3); 1.89 and 2.48 (2 
mts, 1H each: CH2 at position 6); 2.04 (s, 3H: CH3); 2.15 35 
and 2.23 (2 dd, 1=16 and 9, lH each: CH2 at position 14); 
2.29 (s, 3H: COCH3 ); 3.40(s, 3H: OCH3 ); 3.83 (d, J=7, lH: 
H: H at position 13); 4.15 and 4.30 (2d,1=8.5, 1H each: CH2 

at position 20); 4.43 (dd, J=ll and 7, lH: H at position 7); 
4.91 (s lH: H at position 10); 4.96 {broad d, 1=10, 1H at 40 
position 5); 5.01 (broad t, Ja9, lH: H at position 13); 5.62 
(d, Jco7, lH: Hat position 2); 7.46 (t, J .. 7.5, 21-1: OCOC6 1-15 

Hat the meta position); 7.60 (t, 1=7.5, lH: OCOCJI5 Hat 

16 
region of 40° C. 63.1 g of a brown oil were thereby obtained, 
which product was purified by chromatography at atmo
spheric pressure on 800 g of silica (0.063-0.2 mm) con
tained in a column 7 cm in diameter (elution gradient: ethyl 
acetale/dichloromethane from 0:100 to 5:95 by volume), 
collecting 60-cm3 fractions. Fractions containing only the 
desired product were pooled and concentrated to dryness 
under reduced pressure (0.27 kPa) at 40° C. for 2 hours. 9.77 
g of 4a-acetoxy-2o.-benzoyloxy-5p,20-epoxy-lp,10~
dihydroxy-9-oxo-7~,13a-bis( triethylsilyloxy)-11-taxene 
were thereby obtained in the form of a cream-coloured foam, 
the characteristics of which were as follows: 

1H NMR spectrum (400 MHz; CDCl3 ; chemical shift<; fi 
in ppm; coupling constants J in Hz): 0.55 and 0.68 (2 mis, 
6H each: ethyl CH2); 0.94 and 1.03 (2 t, 1=7.5, 9H each: 
ethyl CH3 ); 1.08 (s, 3H: CH3); 1.17 (s, 3H: CH3); 1.58 (s, 
lH: OH at position 1); 1.73 (s, 3H: CH3); 1.91 and 2.57 (2 
mis, lH each: CH2 at position 2); 2.04 (s, 3H: CH3); 2.12 
and 2.23 (2 dd, Jal6 and ·9, 1H each: CH2 at position 14); 
2.30 (s, 3H: COCH3); 3.88(d,1=7, lH: Hat position 3); 4.16 
and 4.32 (2 d, J .. 8.5, 1 H each: CH2 at position 20); 4.27 (d, 
J=l, lH: OH at position 10); 4.40 (dd, J .. 11 and 7, lH: Hat 
position 7); 4.95 (broad d, J=lO, lH: H at position 5); 4.95 
(mt, lH: H at position 13): 5.16 (d, Jal, lH: H at position 
10); 5.60 (d, 1=7, lH: Hat position 2); 7.46 (t, 1=7.5, 2H: 
OCOC6H5 H at the meta position); 7.60 (t, 1=7.5, lH: 
OCOC6H5 H at the para position); 8.09 (d, 1=7.5, 2H: 
OCOC6H5 H at the ortho position). 

EXAMPLE 2 

340 mg of 4a-acetoxy-2a-benzoyloxy-5~,20-epoxy-1~-
hydroxy-7~, 1 O~-dimethoxy-9-oxo-11-taxen-13a-y1(2R,4S, 
SR)-3-tert-butoxycarbonyl-2-( 4-methoxypheny l)-4-pheny 1-
1,3-oxazolidine-5-carboxy late were dissolved in 8 cm3 of a 
0.1 N ethanolic solution of hydrochloric acid containing l % 
of water. The solution thereby obtained was stirred for 13 
hours at a temperature in the region of 20° C. and then for 
80 hours at 4° C., and 20 cm3 of dichloromethane were 
added. The organic phase was separated after settling had 
taken place and washed successively with 3 times 5 cm3 of 
saturated aqueous sodium hydrogen carbonate solution, 
dried over magnesium sulphate, filtered and concentrated to 
dryness under reduced pressure (2.7 kPa) at 40° C. 300 mg the para position); 8.09 (d, 1=7.5, 2H: OCOC8H5 H at the 

ortho position). 
4a-Ace toxy-2a-benzoyloxy-5 ~ ,20-epoxy -1p,1 O~ -

dihydroxy-9-oxo-7~,13a-bis(triethylsily loxy )-11-taxene (or 
10-deacetyl-7,13-bis(triethylsilyl)baccatin III) was prepared 

45 of a white foam were obtained, which product was purified 
by chromatography on silica gel deposited on plates [gel 1 
mm thick, plates is 20x20 cm, eluent: dichloromethane/ 
methanol (95:5 by volume)] in 80-mg fractions (4 plates). 

in the following manner: 
10.8 cm3 oftriethylsilyl chloride were added to a solution, 50 

maintained under an argon atmosphere, at a temperature in 
the region of 20° C., of 14 g of 4a-acetoxy-2o.-benzoyloxy-
5~,20-epoxy-1 ~.1p,1 o~,13a-tetrahydroxy-9-oxo-11-1axene 
(10-deacetylbaccatin III) in 50 cm3 of anhydrous pyridine. 
After 17 hours at a temperature in the region of 20° C., the 55 
reaction mixture was brought to a temperature in the region 
of 115° C. and 10.8 cm3 of triethylsilyl chloride were then 
added. After 3 hours 15 minutes at a temperature in the 
region of 115° C., the reaction mixture was brought back to 
a temperature in the region of 20° C. and diluted with 30 cm3 60 

of ethyl acetate and 100 cm3 of distilled water. After settling 
took place, the aqueous phase was separated and extracted 
with twice 50 cm3 of ethyl acetate. The organic phases were 
combined, washed with 50 cm3 of saturated aqueous sodium 
chloride solution, dried over magnesium sulphate, filtered 65 

through sintered glass and then concentrated to dryness 
under reduced pressure (0.27 kPa) at a temperature in the 

After localization with UV rays of the zone corresponding to 
the adsorbed desired product, this zone was scraped off, and 
the silica collected was washed on sintered glass with 10 
times 5 cm3 of ethyl acetate. The filtrates were combined and 
concentrated to dryness under reduced pressure (2.7 kPa) at 
40° C. A white foam was obtained, which was repurified 
according to the same technique (3 plates; 20x20xl mm; 
eluent: dichloromethane/ethyl acetate (90:10 by volume)]. 
205 mg of 4a-acetoxy-2a-benzoyloxy-5~,20-epoxy-1~
hydroxy-7~,10~ -dimetboxy-9-oxo-ll-taxen-13a-yl(2R,3S) 
-3-terl-bu to x ycarbon yla mi no-2-h ydro xy-3-
phenylpropionate were thereby obtained in the form of a 
white foam, the characteristics of which were as follows: 

optical rotation: [a)20n=-33 (c=0.5; methanol). 
1H NMR spectrum (400 MHz; CDCl3 ; chemical shifts a 

in ppm; coupling constants J in Hz): 1.23 (s, 3H: -CH3); 

1.25 (s, 3H: -CH3); 1.39 [s, 91-J: -C(CH3) 3 ]; 1.70 (s, HI: 
-OH at position 1}; 1.75 (s, 3H: -CH3); 1.82 and 2.72 (2 
mis, 1H each: -CH2 at position 6); 1.91 (s, 3H: -CH3); 
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2.31 (limiting AB, 2H: -CH2 at position 14); 2.39 (s, 3H: 
-COCH3); 3.33 and 3.48 (2 s. 3H eacb: -OCH3 ); 3.48 
(mt, lH: OH at position 2'); 3.8S (d, 1=7, lH: -Hat position 
3); 3.88 (dd, 1=11 and 7, lH: -H at position 7); 4.20 and 
4.33 (2d, 1=8.5,. t.H each: -CH2 at position 20); 4.65 (mt, 5 
lH: -H at pos1hon 2'); 4.83 (s, lH: -H at position 10); 
S.00 (broad d, 1=10, lH: -H at position 5); S.30 (broad d, 
J=lO, HI: -H at position 3'); 5.47 (d, 1=10, 11-1: 
-CONH-); 5.66 (d, 1=7, lH: -H at position 2); 6.24 
(broad t, 1=9, lH: -Hat position 13); from 7.30 to 7.50 (mt, 
SH: -C6Hs at position 3'); 7.52[t,1=7.5, 2H: -OCOC8H5 

10 

(-H at position 3 and H at position 5)]; 7.63[t,1=7.5, lH: 
-OCOC6H5 (-H al position 4)]; 8.12 [d, J=7.5, 2H: 
-OCOC8 H5 (-Hat position 2 and Hat position 6)]. 

4a-Acetoxy-2a-benzoyloxy-5p,20-epoxy-1~-hydroxy- 15 
7p,lOP-dimethoxy-9-oxo-11-taxen-13a-yl(2R,4S,5R)-3-
lert-hu.to.xycarbonyl-2-( 4-methoxyphenyl)-4-pheny 1-1,3-
oxazohdme-5-carboxylate was prepared in the following 
manner: 

100 cm3 of an ethanolic suspension of activated nickel 20 
according to Raney (obtained from 80 cm3 of the approxi
matel.Y SO% commercial aqueous suspension by successive 
wasbmg, to a pH in tbe region of 7, with 15 times 100 cm3 

of distilled water and with 5 times 100 cm3 of ethanol) were 
add.ed ~t a temperature in the region of 20° C. to a solution, 25 
mamtamed under an argon atmosphere and kept stirring, of 
1 g of 4a-acetoxy-2a-benzoyloxy-5p,20-epoxy-1~
hydroxy-7p, 1 O~-bis( methyllhiomethoxy )-9-oxo-11-taxen-
1 3 a - y 1 ( 2 R,4S,5 R)-3-tert-bu toxycarbonyl-2-( 4-
methoxyphenyl)-4-phenyl-1,3-oxa7.0lidine-5-carboxylate in 30 
100 crn3 of anhydrous ethanol. The reaction medium was 
kept stirring for 24 hours at a temperature in the region of 
20° C. and then filtered through sintered glass. The sintered 
glass was washed with 4 times 80 cm3 of ethanol, and the 

. filtrates were combined and concentrated to dryness under 35 
reduced pressure (2.7 kPa) at 40° C. 710 mg of a yellow 
foam were obtained, which product was purified by chro
matography on 60 g of silica (0.063-0.2 mm) contained in 
a column 2.5 cm in diameter [eluent: dichloromethane/ethyl 
acetate (90:10 by volume)], collecting 6-cm3 fractions. 40 
Fractions containing only the desired product are pooled and 
concentrated to dryness under reduced pressure (2.7 kPa) at 
40° C. 350 mg of 4a-acetoxy-2a-benzoyloxy-5~,20-epoxy-
l P-hydroxy-7~, 10~-dimethoxy-9-oxo-l l-taxen-13a-y 1(2R 
4S,5R)-3-tert-butoxycarhonyl-2-(4-methoxyphenyl)-4: 45 
phenyl-1,3-oxazolidine-5-carboxylate were thereby 
obtained in the form of a white foam. 

4a-Acetoxy-2a-benzoyloxy-5p,20-epoxy-l~-hydroxy-
7~,l O~-bis(metbyltbiomethoxy )-9-oxo-l 1-taxen-l 3a-yl 
(2R,4S,SR)-3-tert-butoxycarbonyl-2-(4-methoxy-phenyl)- 50 
4-phenyl-1,3-oxazolidine-5-carboxylate was prepared in the 
following manner: 

2.3 cm 3 of acetic acid and 7.55 cm3 of acetic anhydride 
were added at a temperature in the region of 20° C. Lo a 
~lu~ion, maiatained under an argon atmosphere and kept ss 
strrnng, of 3.1 g of 4a-acetoxy-2a-benzoyloxy-5~,20-
epoxy-l~, 7~,1op-trihydroxy-9oxo-l1-taxen-13a-y1(2R,4S, 
5R)-3-tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-pheny 1-
1,3-oxazolidine-5-carboxy late dissolved in 102 cm3 of 
dimethyl sulphoxide. The reaction mixture was kept stirring 60 

for 7 days at a temperature in the region of 20° C., and then 
poured into a mixture of 500 cm3 of distilled water and 250 
crn3 of dichloromethane. 30 cm3 of saturated aqueous potas
sium carbonate solution were then added with efficient 
stirring to a pH in the region of 7. After 10 minutes of 65 

stirring, the organic phase was separated after settling had 
taken place and the aqueous phase was re-extracted with 

18 
twice .250 cm3 of dichloromethane. The organic phases were 
combined, washed with 250 cm3 of distilled water dried 
over magnesium sulphate, filtered and concentrated io dry
ness under reduced pressure (2.7 kPa) at 40° C. 5.2 g of a 
pale yellow oil were obtained, which product was purified 
by ch_romat~grapby on 200 g of silica (0.063-0.4 mm) 
c?ntarned m a column 3 cm in diameter [eluent: 
d1chloromethane/methanol (99:1 by volume)], collecting 
50-cm3 fractions. Fractions containing only the desired 
product were pooled and concentrated to dryness under 
reduced pressure (2.7 kPa) at 40° C. 1.25 g of 4a-acetoxy-
2a-benz~yloxy-5 ~ ,20-epoxy-l ~-hydroxy-7~, I OP-bis 
(methylth10methoxy)-9-oxo-11-taxen-13a-y1(2R,4S,5R)-3-
tert-bu.to.xycarbony 1-2-( 4-methoxypbeny 1)-4-phenyl-1,3-
oxazolidrne-5-carboxylate were thereby obtained in the 
form of a white foam. 

4a-Ace toxy-2a-benzoy loxy-5 ~.20-epoxy- l ~. 1p ,1 o~ -
trihydroxy-9-oxo- l 1-taxen-13a-y I(2R,4S,SR )-3-tert
butoxycarbon y 1-2-( 4-methoxypheny 1)-4-pheny 1-1,3-
oxazolidine-5-carboxylate was prepared in the following 
manner: 

A solution of S.l g of 4a-acetoxy-2a-benzoyloxy-5~,20-
e po xy-1~-hydroxy-9-oxo-7~'1 o~ -b is(2,2,2-
trichloroe thoxycarbony loxy)-11-taxen-13a-y 1(2R,4S,5R)-
3-tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-pbenyl-l ,3-
oxazolidine-5-carboxylate in a mixture of 100 cm3 of 
methanol and 100 cm3 of acetic acid was heated, with 
stirring and under an argon atmosphere, to a temperature in 
the region of 60° C., and 10 g of powdered zinc were then 
added. The reaction mixture was then stirred for 15 minutes 
at 60° C., thereafter cooled to a temperature in the region of 
20° C. and filtered through sintered glass lined with Celite. 
The sintered glass was washed with twice lS cm3 of 
methanol. The filtrate was concentrated to dryness under 
reduced pressure (2.7 kPa) at a temperature in the region of 
40° C. SO cm3 of ethyl acetate and 25 cm3 of saturated 
aqueous sodium hydrogen carbonate solution were added to 
the residue. The organic phase was separated after settling 
had taken place and washed successively with 25 cm3 of 
saturated aqueous sodium hydrogen carbonate solution and 
with 25 cm3 of distilled water, then dried over magnesium 
sulphate, filtered through sintered glass and concentrated to 
dryness under reduced pressure (2.7 kPa) al 40° C. 3.1 g of 
4a-acetoxy-2a-benzoy loxy-5 fj ,20-epoxy-1fj,7p, 1 op
trih ydrox y-9-oxo-1l-laxen-13a-y1(2R,4S,S R )-3-terl
bu toxrc.a rbon y 1-2-( 4-methoxypheny 1)-4-pheny 1-1,3-
oxazolidme-5-carboxylate were thereby obtained in the 
form of a white foam. 

4a-Acetoxy-2a-benzoyloxy-5fj,20-epoxy-1~-hydroxy-9-
oxo-7fj,1 Ofj-bis(2,2,2-trichloroethoxy-carbon ylo xy )-1 l
laxe n-13a-yl (2R,4S,5R)-3-tert-butoxy-carbonyl-2-(4-
metboxyphen y 1)-4-pheny l-1,3-oxazolidine-S-carbo xy late 
was prepared under the conditions described in Patent WO 
94/07878, the disclosure of which is specifically incorpo
rated by reference herein. 

EXAMPLE 3 

76 mg of dicyclobexylcarbodiimide and then 8.5 mg of 
4-N,N-dimethylamino)pyridine were added successively at 
a temperature in the region of 20° C. to a suspension 
containing 135 mg of 4a-acetoxy-2a-benzoyloxy-Sfj,20-
epoxy-10~-ethoxy-l p,13a-dihydroxy-7fj-rnethoxy-9-oxo
ll-laxene, 120 mg of (2R,4S,5R)-3-lert-butoxycarbonyl-2-
( 4~methoxyphenyl)-4-phenyl-1,3-oxazolidine-S-carboxylic 
acid and SO mg of powdered 4 A molecular sieve in 1 cm3 

of anhydrous toluene. The suspension obtained was stirred at 
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a temperature ia the region of 20° C. under aa argon 
atmosphere for 1 hour, and then purified by direct applica
tion to a column for chromatography at atmospheric pres
sure oa 30 g of silica (0.063--0.2 mm) contained in a column 
2.5 cm in diameter (elution gradient: ethyl acetate/ 5 
dichloromethane from 2:98 to 10:90 by volume), collecting 
10-cm3 fractions. Fractions containing only the desired 
product were pooled and concentrated to dryness under 
reduced pressure (2.7 kPa) at 40° C. for 2 hours. 320.6 mg 
of a white solid were thereby obtained, which product was 10 
purified by preparative thia-layer chromatography: 10 
Merck preparative silica gel 60F254 plates, thickness 0.5 
mm, application in solution in dichloromethane, eluting with 
a methanoVdichloromethane (3:97 by volume) mixture. 
After elution of the zoaes corresponding to the main prod- 15 
ucts with a methanol/dichloromethane (15:85 by volume) 
mixture, filtration through cotton wool and then evaporation 
of the solvents under reduced pressure (2.7 kPa) at a 
temperature in the region of 40° C., 47.7 mg of 4a-acetoxy-
2a-benzoyloxy-5~,20-epoxy-10~-ethoxy-l ~. l 3a- 20 
dihydroxy-7~-methoxy-9-oxo-11-taxene were obtained in 
the form of a cream-coloured solid and 37 mg of 
4a-acetoxy-2a-benzoyloxy-5~,20-epoxy-10~-ethoxy-1~
hydroxy-7~-methoxy-9-oxo- l 1-taxen-13a-yl{2R,4S,5R)-3-
tert-butoxycarbon y l-2-( 4-methoxyphenyl)-4-phenyl-1,3- 25 
oxazolidine-5-carboxylate were obtained in the form of a 
white foam, the characteristics of which 5-carboxylate prod-
uct were as follows: 

1H NMR spectrum (600 MHz; CDC13 ; at a temperature of 
333 K; chemical shifts I'> in ppm; coupliag constants Jin Hz): 30 

1.09 (s, 9H: C(CH:;)3 ; 1.19 (s, 3H: CH3}; 1.21 (s, 3H: CH3}; 

1.27 (t, J~7, 3H: ethyl CH3); 1.43 (s, lH: OH at position 1); 
1.62 (s, 3H: CH3 ); 1.68 (s, 3H: CH3); 1.77 and 2.63 (2 mt~, 
lH each: CH2 at position 6); 1.86 (s, 3H: COCH3); 2.13 and 
2.22 (2 dd, 1-16 and 9, lH each: CH2 at position 14); 3.27 35 

(s, 3H: OCH3); 3.45 and 3.68 (2 mts, lH each: ethyl CHJ; 
3.76(d,1=7, lH: H3); 3.81(s,3H: ArOCH3}; 3.85(dd,1=11 
and 7, lH: H at position 7); 4.13 and 4.23 (2 d, 1=8.5, 1H 
each: CH2 at position 20); 4.58 (d, 1=4.5, lH: H at position 
2'); 4.83 (s, lH: H at position 10); 4.90 (broad d, 1=10, lH: 40 

H at position 5); 5.46 (d, 1=4.5, 1 H: H at position 3'); 5.60 
(d, 1=7 Hz, tH: H2); 6.13 (broad I, 1=9 H1,, lH: Hl3); 6.38 
(s, lH: HS~; 6.92 (d, 1=8.5, 2H: aromatic H at the ortho 
position with respect to OCH3); from 7.30 to 7.50 (ml, 9H: 
aromatic H at position 3'-aromatic H at the meta position 45 

with respect to OCH3 and OCOC6H5 H at the meta 
position); 7.59 (t, 1=7.5, lH: OCOC8H5 H at the para 
position); 8.03 (d, 1=7.5, 2H: OCOC8H5 H at the ortho 
position). 

A solution of 48 mg of 4a-acetoxy-2a-benzoyloxy-5p, so 
20-epoxy- lOp-ethoxy- l p -hydroxy-7~-methoxy-9-oxo- l l-
t axe n-13a-y 1(2R,4S,5R )-3-tert-butoxycarbon y 1-2-( 4-
methoxyphenyl)-4-phenyl-l ,3-oxazolidine-5-carboxylale in 
0.5 cm3 of ethyl acetate and 0.004 cm3 of concentrated 37% 
hydrochloric acid was kept stirring at a temperature in the ss 
region of 20° C. for 1.5 hours under an argon atmosphere. 
The reaction mixture was then purified by preparative thin
layer chromatography: application of the crude reaction 
mixture to 5 Merck preparative silica gel 60F254 plates, 
thickness 0.5 mm, eluting with a methanoVdichloromethane 60 

(4:96 by volume) mixture. After elution of the zone corre
sponding to the main product with a methanol/ 
dichloromethane (15:85 by volume) mixture, filtration 
through cotton wool and then evaporation of the solvents 
under reduced pressure (2.7 kPa) at a temperature in the 65 

region of 40° C., 28.5 mg of 4a-acetoxy-2a-benzoyloxy-
5 ~,20-epoxy-10~ -ethoxy-1 ~-hydroxy-7~ -methoxy-9-oxo-

20 
11-taxen-13a-y1(2R,3S)-3-tert-butoxycarbonylamino-2-
hydroxy-3-pbenylpropionate were obtained in the form of an 
ivory-coloured foam, the characteristics of which were as 
follows: 

1 H NMR spectrum (400 MHz; CDC13 ; chemical shifts I'> 
in ppm; coupling constants 1 in Hz): 1.22 (s, 3H: CH3); 1.25 
(s, 3H: CH3); 1.32 (t, 1=7, 3H: ethyl CH3); 1.38 (s, 9H: 
C(CH3 ) 3 ; 1.64 (s, lH: OH at position 1); 1.73 (s, 3H: CH3); 

1.80 and 2.70 (2 mt<;, 1H each: CH2 at position 6); 1.88 (s, 
3H: CH3); 2.30 (ml, 2H; CH2 at position 14); 2.38 (s, 3H: 
COCH3); 3.31 (s, 3H: OCH3); 3.44 (unres. comp., lH: OH 
at position 2'); 3.50 and 3. 70 (2 mts, 1H each ethyl OCHJ; 
3.84(d,1=7.5, lH: Hat position 3); 3.87(dd,1=11 and 6.5, 
lH: Hat position 7); 4.18 and 4.32 (2d,1=8.5, 1H each: CH2 
at position 20); 4.64 (mt, lH: H at position 2'); 4.90 (s, lH: 
H at position 10); 4.98 (broad d, 1=10, lH: Hat position 5); 
5.28 (broad d, l= 10, lH: H al position 3'); 5.42(d,1=10, lH: 
CONH); 5.64(d,1=7.5, lH: Hat position 2); 6.22 (broad t, 
1=9, lH: H at position 13); from 7.25 to 7.45 (mt, SH: 
aromatic H at position 3'); 7.50(d,1= 7.5, 2H: OCOC6H5 H 
at the meta position); 7.62(t,1= 7.5, ll-1: OCOC6H5 Hat the 
para position); 8.12(d,1=7.5, 2H: OCOC6H5 Hat the ortho 
position). 

4a-Acetoxy-2a-benzoyloxy-5p,20-epoxy-1 OP-ethoxy-
1~,13a-dihydroxy-7P-methoxy-9-oxo-11-taxene (or 10P
ethoxy-7p-methoxy-10-deacetoxybaccatin III) may be pre
pared in the following manner: 

43 mg of sodium hydride at a concentration of 50% by 
weight in liquid paraffin were added portionwise to a 
solution, maintained under an argon atmosphere, at a tem
perature in the region of 0° C., of 235 mg of 4a-acetoxy-
2a-benzoyloxy-5p,20-epoxy-l ~. 7~,l 3a-trihydroxy-10p
ethoxy-9-oxo-1 l-laxene in 2.5 cm3 of iodomelhane and 1 
crn3 of dimethylformamide After 30 minutes at a tempera
ture in the region of 0° C., the reaction mixture was diluted 
with 40 cm3 of ethyl acetate, 6 cm3 of distilled water and 8 
cm3 of saturated aqueous ammonium chloride solution. 
After settling had taken place, the organic phase was sepa
rated and washed with three times 8 cm3 of distilled water 
and then 8 cm3 of saturated aqueous NaCl solution, dried 
over magnesium sulphate, filtered through sintered glass and 
concentrated to dryness under reduced pressure (2.7 kPa) at 
a temperature in the region of 40° C. 268 mg of a yellow 
solid were thereby obtained, which product was purified by 
chromatography at atmospheric pressure on 30 g of silica 
(0.063--0.2 mm) contained in a column 2.5 cm in diameter 
(elution gradient: ethyl acetate/dichloromethane from 0:100 
to 15:85 by volume), collecting 10-cm3 fractions. Fractions 
containing only the desired product were pooled and con
centrated to dryness under reduced pressure (0.27 kPa) at 
40° C. for 2 hours. 380 mg of 4a-acetoxy-2a-benzoyloxy
sp,20-epoxy-10~-e thoxy-1~.13a-dihydroxy-7~ -metboxy-
9-oxo-11-taxene are thereby obtained in the fonn of a white 
powder, the characteristics of which were as follows: 

1H NMR spectrum (300 MHz; CDCl3 with the addition of 
a few drops of cbpD-d4 ; chemical shifts I'> in ppm, 
coupling constants 1 in Hz): 0.99 (s, 3H: CH3); 1.09 (s, 3H: 
CH3); 1.22 (t,1=7, 3H: ethyl CH3); 1.62 (s, 3H: CH3); 1.68 
and 2.66 (2 mts, lH each: CH26); 2.03 (s, 3H, CH3); 2.13 
and 2.22 (2 dd, 1=16 and 9, lH each: CH2 at position 14); 
2.23 (s, 3H: COCH3); 3.23 (s, 3H: OCH3); from 3.40 to 3.65 
(mt, 2H: ethyl CHJ; 3.84 (d, 1=1.5, lH: Hat position 3); 
3.88 (dd, 1=10 and 6.5, lH: Hat position 7); 4.10 and 4.23 
(2 d, J=8.5, lH each: CH2 20); 4.75 (broad t, 1=9, lH: H at 
position 13); 4.90 (s, lH: H at position 10); 4.97 (broad d, 
1=10, HI: Hat position 5); 5.51(d,1=7.5, lH: Hat position 
2); 7.42 (t, 1=7.5, 2H: OCOC6H5 H at the meta position); 
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7.53(t,1=7.5, lH: OCOC6H5 at the para position); 8.03 (d, mixture was diluted with 100 cm3 of ethyl acetate and 10 
J= 7.5, 2H: OCOC6H5 H at the ortho position). cm3 of saturated aqueous ammonium chloride solution. The 

4a-Acetoxy-2a-benzoyloxy-5~,20-epoxy-1~,7~,13a- organic phase was separated after settling had taken place 
trihydroxy-10~-ethoxy-9-oxo-11-taxene (or 10~-ethoxy-10- and washed with six times 10 crn3 of distilled water and then 
deacetoxybaccatin Ill) was prepared in the following man- 5 10 cm3 of saturated aqueous sodium chloride solution, dried 
ner: over magnesium sulphate, filtered through sintered glass and 

9 cm3 of hydrogen fiuoride/triethylamine complex concentrated to dryness under reduced pressure (2.7 kPa) at 
(3HF.Et

3
N) were added to a solution, maintained under an a temperature in the region of 40° C. 1.2 g of a yellow foam 

argon atmosphere, at a temperature in the region of 20° c., were thereby obtained, which product was purified by chro-
of 591 mg of 4a.-acetoxy-2a-benzoyloxy-5~,20-epoxy-1~, JO matography at atmospheric pressure on 150 g of silica 
hydroxy-10~-ethoxy-9-oxo- 7~,13a-bis(triethylsilyloxy)- (0.06~.2 mm) contained in a column 3.5 cm in diameter, 
11-laxene in 6 cm3 of dichloromelhane. After 21 hours al a eluting with an ethyl acetateldichloromethane (2:98, then 
temperature in the region of20° C., the reaction mixture was 5:95 by volume) mixture and collecting 15-cm

3 
fractions. 

diluted with 40 cm3 of dichloromethane and poured into a Fractions containing only the desired products were pooled 
suspension of 40 cm3 of supersaturated aqueous sodium 15 and concentrated to dryness under reduced pressure (0.27 
hydrogen carbonate solution maintained at a temperature in kPa) at 40° C. for 2 hours. 379.2 mg of 4a.-acetoxy-2a-
Lhe region of 0° C. After dilution with 10 cm3 of distilled benzoyloxy-5~,20-epoxy-l~,10~-dihydroxy-9-oxo-7~,13a-
water and when settling had taken place, the aqueous phase bis(trielhylsilyloxy)-11-Laxene were thereby obtained in the 
was separated and re-extracted with twice 20 cm3 of diethyl form of a pale yellow foam and 430 mg of 4a.-acetoxy-2a-
ether. The organic phases were combined, washed with 20 20 benzoyloxy-5~,20-epoxy-lp-hydroxy-10~-ethoxy-9-oxo-
cm3 of distilled waler and 20 cm3 of saturated aqueous 7~,13a-bis(triethylsilyloxy)-11-taxene were thereby 
sodium chloride solution, dried over magnesium sulphate, obtained in the form of a white foam, the characteristics of 
filtered through magnesium sulphate and concentrated to which 10-~-ethoxy product were as follows: 
dryness under reduced pressure (2.7 kPa) at a temperature in 

1
H NMR spectrum (400 MHz, CDCI3; chemical shifts Ii 

the region of 40° C. 370 mg of a pale yellow foam were 25 in ppm, coupling constants 1 in Hz): 0.57 and 0.70 (2 mts, 
thereby obtained, which product is purified by chromatog- 6H each; ethyl CH:J; 0.97 and 1.03 (2 t, 1=7.5, 9H each: 
raphy al atmospheric pressure on 35 g of silica (0.06~.2 ethyl CH3); 1.13 (s, 3H: CH3); 1.20 (s, 31-1: CH3); 1.29 (t, 
mm) contained in a column 2.5 cm in diameter, eluting with 1=7.5, 3H: CH3 of ethoxy at position 10); 1.58 (s, lH: OH 
a methanoUdichloromethane (2:98 by volume) mixture and at position 1); 1.66 (s, 3H: CH3 ); 1.89 and 2.58 (2 mts, 1H 
collecting 15-cm3 fractions. Fractions containing only the 30 each: CH2 at position 2); 2.03 (s, 3H: CH3); 2.13 and 2.23 
desired product were pooled and concentrated to dryness (2 dd, Jal6 and 9, 1 H each CH2 al position 14); 2.30 (s, 3H: 
under reduced pressure (2.7 kPa) at 40° C. for 2 hours. 236.2 COCH:J; 3.53 (mt, 2H: CH2 of ethoxy at position 10); 3.84 
mg of 4a-acetoxy-2a-benzoyloxy-5p,20-epoxy-l~,7~,13a- (d, 1=7, lH: Hal position 3); 4.15 and 4.30 (2 d, J=S.5, 1H 
trihydroxy-10~-ethoxy-9-oxo-11-taxene were thereby each: CH2 al position 20); 4.43 (dd, J=ll and 6.5, lH: Hat 
obtained in the form of a white solid, the characteristics of 35 position 7); from 4. 90 to 5.00 (mt, 2H: H at position 13 and 
which were as follows: Hat position 5), 5.01 (s, lH: Hat position 10); 5.61(d,1=7, 

1H NMR spectrum (400 MHz; CDCJ
3

: chemical shifts Ii lH: Hat position 2); 7.48 (t, J=7.5, 2H: OCOCJi5 Hat the 
in ppm, coupling constants J in Hz): 1.08 (s, 3H: CH

3
); 1.19 meta position); 7.61 (t, J= 7.5, lH: OCOC6H5 H at the para 

(s, 3H: CH
3
); 1.29 (t, J=7.5, 3H: ethyl CH

3
); 1.38 (d, 1=9, 

40 
position); 8.10 (d, 1=7.5, 2H: OCOC6H5 H at the ortho 

lH: OH at position 7); 1.59 (s, lH: OH at position 1); 1.69 position). 
(s, 3H: CH3); 1.82 and 2.62 (2 mis, 1H each: CH2 at position EXAMPLE4 
6); 2.02(d,1=5, lH: OH at position 13); 2.08 (s, 3H: CH3); 
2.30 (s, 3H: COCH

3
),; 2.32(d,1=9, 2H: CH2 at position 14); 65 mg of dicyclohexylcarbodiimide and then 7 mg of 

3.56 and 3.67 (2 mts, lH each: ethyl OCH:J; 3.98 (d, 1=7, 4-(N,N-dimethylaminopyridine were added successively at 
1 H: H at position 3); 4.18 and 4.33 (2 d, J-8.5 Hz, 1 H each: 45 a temperature in the region of zoo C. lo a suspension 
CH220); 4.30 (mt, lH: H7); 4.90 (mt, lH: Hat position 13); containing 115 mg of 4a.-acetoxy-2a-benwyloxy-5~,20-
4.99 (dd, J=lO and 1.5, lH: Hat position 5); 5.05 (s, lH: H epoxy-10~-(1-propyl)oxy-1~,13a-dihydroxy-7p-methoxy-
at position 10); 5.66 (d, J=7, lH: Hat position 2); 7.49 (t, 9-oxo-11-taxene and 100 mg of (2R,4S,5R)-3-tert-
J=7.5, 2H: OCOCaHs Hat the meta position); 7.63 (t, J=7.5, 50 butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1,3-
lH: OCOC6Hs Hat the para position); 8.12 (d, J=7.5, 2H: oxazolidine-5-carboxylic acid in 1 cm3 of anhydrous 
QCOC

6
H

5 
H at the ortho position). toluene. The suspension obtained was stirred at a tempera

ture in the region of 20° C. under an argon atmosphere for 
4a-Acetoxy-2a-benzoyloxy-5~,20-epoxy-1~-hydroxy- 1 hour, and then purified by direct application to a column 

1OP-ethoxy-9-oxo-7~,13n-bis(triethy lsilyloxy)-11-taxene for chromatography at atmospheric pressure on 30 g of silica 
(or lOP-ethoxy-10-deacetoxy-7,13-bis(triethylsilyl}baccatin 55 (0.063--0.2 mm) contained in a column 2.5 cm in diameter 
!II) was prepared in the following manner: (elution gradient: ethyl acetate/dichloromethane from 2:98 

93 mg of sodium hydride at a concentration of 50% by to 10:90 by volume), collecting 10-cm3 fractions. Fractions 
weight of liquid paraffin were added portionwise to a containing only the desired product were pooled and con-
solution, maintained under an argon atmosphere, at a tern- centrated to dryness under reduced pressure (2.7 kPa) at 40° 
perature in the region of 20° C., of 1 g of 4a-acetoxy-2a- 60 C. for 2 hours. 276.2 mg of a white solid were thereby 
benzoyloxy-5p,20-epoxy-1p,1op-dihydroxy-9-oxo-7~,13a- obtained, which product was purified by preparative thin-
bis~triethrlsilyloxy)-11-t~xene in 3 cm~ ofiodoethane and 4 layer chromatography: 10 Merck preparative silica gel 
cm of d1methylformam1de. The solut10n was kept stirring 60F254 plates, thickness 0.5 mm, application in solution in 
for 17 hours at a temperature in the region of 20° C., and 93 dichloromethane, eluting with a rnethanoVdichlorornethane 
mg of sodium hydride at a concentration of 50% by weight 65 (3:97 by volume) mixture. After elution of the zones corre-
in liquid paraffin was then added portionwise. After 50 spending to the main products with a methanolldichlo-
minutes at a temperature in the region of20° C., the reaction romethane (15:85 by volume) mixture, filtration through 
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cotton wool and then evaporation of the solvents under 
reduced pressure (2.7 kPa) at a temperature in the region of 
40° C., 84.8 mg of 4a-acetoxy-2a-benzoyloxy-5p,20-
epoxy-1 op-(l-propyl)oxy-1p-hydroxy-7p-methoxy-9-oxo-
11-ta xen-13a-y 1(2R,4S,5 R )-3-terl-bu toxycarbony l-2-( 4- 5 
methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylate 
were obtained in the form of a white foam, the character
istics of which were as follows: 

1H NMR spectrum (300 MHz; CD03; chemical shifts Ii 
in ppm; coupling constants 1 in Hz): 0.97(t,1=1, 3H: propyl 10 
CH3); 1.07 (s, 9H: C(CH3M; 1.19 (s, 6H: CH3); from 1.50 
to 1.80 (mt, 3H: OH at position 1 and central CH2 of propyl); 
1.60 (s, 3H: CH3); 1.70 (s, 3H: CH3); 1.78 and 2.63 (2 mts, 

24 
at position 10); 4.98 (broad d, 1=10, lH: H at position 5); 
5.28 (broad d, 1=10, lH: Hat position 3'); 5.42(d,1=10, lH: 
CONH); 5.64 (d, J=7.5, lH: Hat position 2); 6.22 (broad I, 
J=9, lH: H at position 13); from 7.25 to 7.45 (ml, SH: 
aromatic Hat position 3'); 7.50(d,1=1.5, 2H: OCOC6H5 H 
at the meta position); 7.61(t,1=1.5, lH: OCOC6 H5 Hat the 
para position); 8.12(d,1=1.5, 2H: OCOC8 H5 Hat the ortho 
position). 

4a-Aceto xy-2a-ben zoy lo xy-5 p ,20-epoxy-1Op-(1-
propyl)oxy-1p,l3a-dihydroxy-7 P-methoxy-9-oxo-11-
ta x e ne (or 10P-(1-propyl)oxy-7p-metboxy-10-
deacetoxybaccatin III) was prepared in the following 
manner: 

lH each: CH2 at position 6); 1.82 (unres. comp. 3H: 
COCH3); 2.07 and 2.19 (2 dd, J=16 and 9, 1H each: CH2 at 

15 
30 mg of sodium hydride at a concentration of 50% by 

position 14); 3.26 (s, 3H: OCH
3
); 3.30 and 3.58 (2 mts, 1H weight in liquid paraffin were added portionwise to a 

each: propyl OCHJ; 3.73 (d, J=7.5, lH: H al position 3); solution, maintained under an argon atmosphere, at a tem-
3.81 (s, 3H: Ar0CH

3
); 3.81 (mt, lH: Hat position 7); 4.09 peralure in the region of 0° C., of 165 mg of 4a-acetoxy-

and 4.23 (2d,1=8.5, 1H each: CH
2 

at position 20); 4.57 (d, 2a-benzoyloxy-5p,20-epoxy-lp,7p,13cr.-trihydroxy-10P-
J=4.5, lH: H at position 2'); 4.79 (s, lH: Hat position 10); 

20 
(1-propyl)oxy-9-oxo-11-taxene in 1.7 cm

3 
of iodometbane 

4.90 (broad d, 1=10, lH: Hat position 5); 5.40 (unres. comp. and 1 cm
3 

of dimethylformamide. After 30 minutes at a 
HI: Hat position 3'); 5.58 (d, J=7.5, 11-1: Hat position 2); temperature in the region oro° C., the reaction mixture was 
6.13 (broad t, J=9, lH: Hat position 13); 6.40 (spread unres. diluted with 40 cm

3 
of ethyl acetate, 5 cm

3 
of distilled water 

comp IH: Hat position 5'); 6.92 (d, Ja8.5, 2H: aromatic H and 7 cm
3 

of saturated aqueous ammonium chloride solu-
at the ortho position with respect to OCH

3
); from 7.30 to 

25 
tion. After settling had taken place, the organic phase was 

7.60 (mt, !JH: aromatic H at position 3'-aromatic H at the separated and washed with three times 7 cm
3 

of distilled 
meta position with respect to OCH

3 
and OCOC

6
H

5 
meta H); water and then 7 cm

3 
of saturated aqueous sodium chloride 

7.63 (t, J=7.5, lH: OCOC
6
H

5 
Hat the para position); 8.03 solution, dried over magnesium sulphate, filtered through 

(d, J=7.5, 2H: OCOC
6
H

5 
Hat the ortho position). sintered glass and concentrated to dryness under reduced 

4a-Acetoxy-2a-benzoyloxy-5f3,20-epoxy-10f3-(1- 30 pressure (2.7 kPa) at a temperature in the region of 40° C. 
propyl)oxy-lp-hydroxy-7p-methoxy-9-oxo-ll-taxen-13a- 224 mg of the yellow solid were thereby obtained, which 
yl(2R,3S)-3-tert-butoxycarbonylamino-2-hydroxy-3- product was purified by chromatography at atmospheric 
phenylpropionate was prepared in the following manner: pressure on 20 g of silica (0.063--0.2 mm) contained in a 

A solution of 84 mg of 4cr.-acetoxy-2cr.-benzoyloxy-5p, column 2.5 cm in diameter (elution gradient: ethyl acetate/ 
20-epoxy-10f3-(1-propyl)oxy-lf3-hydroxy-7f3-methoxy-9. 35 dichloromethane from 0:100to15:85 by volume), collecting 
oxo-11-taxen-13a-yl(2R,4S,5R)-3-tert-butoxy-carbonyl-2- lO-cm

3 
fractions. Fractions containing only the desired 

(4-methoxyphenyl)-4-phenyl-1,3-oxazolidine-5- product were pooled and concentrated to dryness under 
carboxylate in 0.84 cm3 of ethyl acetate and 0.0071 crn3 of reduced pressure (0.27 kPa) al 40° C. for 2 hours. 117.5 mg 
concentrated 37% hydrochloric acid was kept stirring at a of 4cr.-acetoxy-2a.-benzoyloxy-5p,20-epoxy-10f3-(1-propyl) 
temperature in the region of20° c. for 1 hour under an argon 

40 
oxy-lf3,13a-dihydroxy-7p-methoxy-9-oxo-ll-taxene were 

atmosphere. The reaction mixture was then purified by thereby obtained in the form of a white foam, the charac-
preparative thin-layer chromatography: application of the teristics of which were as follows: 
crude reaction mixture to 6 Merck preparative silica gel 

1
H NMR spectrum (300 MHz; CDC13 ; chemical shifts Ii 

60F
254 

plates, thickness 0.5 mm, eluting with a methanoV in ppm, coupling constants Jin Hz): 0.98 (t, J=7, 3H: propyl 
acetonitrile/dichloromethane (3:7:90 by volume) mixture. 45 CH3); 1.05 (s, 3H: CH3), 1.19 (s, 3H: CH3); from 1.60 to 
After elution of the zone corresponding to the main product 1.80 (mt, 2H: central CH2 of propyl); from 1.65 to 1.85 and 
with a metbanol/dichloromethane (15:85 by volume) 2.66 (2 mis, 1H each: CH2 at position 6); 1.72 (s, 3H: CH3); 

mixture, filtration through cotton wool and then evaporation 2.10 (s, 3H: CH3); from 2.05 to 2.35 (mt, 2H: CH2 at 
of the solvents under reduced pressure (2.7 kPa) at a position 14); 2.28 (s, 3H: COCH3); 3.32 (s, 3H: OCH3); 3.45 
temperature in the region of 40° C., 27 mg of 4a.-acetoxy- 50 and 3.65 (2 mts, 1H each: propyl OCHz); 3.92 (d, J=7.5, HI: 
2a-benzoyloxy-5p,20-epoxy-10p-(l-propyl)oxy-lp- H3); 3.93 (dd, J=ll and 6, lH: H at position 7); 4.16 and 
hydroxy-7f3-methoxy-9-oxo-l 1-taxen-13a-y1(2R ,3S)-3tert- 4.32 (2 d, J=8.5, 1H each: CH2 at position 20); 4. 90 (mt, lH: 
butoxycarbonylamino-2-hydroxy-3-phenyl-propionate were Hat position 13); 4.94 (s, lH: Hat position 10); 5.03 (broad 
obtained in the form of a white foam, the characteristics of d, 1=10, lH: H at position 5); 5.60 (d, 1=1.5, lH: H at 
which are as follows: 55 position 2); 7.48 (t, Jm7.5, 2H: OCOC6H5 H at the meta 

1H NMR spectrum (400 MHz; CDC1
3

; chemical shifts Ii position); 7.62 (t, J=7.5, lH: OCOC6 H5 H at the para 
in ppm; coupling constants 1 in Hz): 0.99 (t, J=7, 3H: propyl position); 8.11 (d, 1=1.5, 2H: OCOC8H5 H at the ortho 
CH3); 1.22 (s, 3H: CH3); 1.25 (s, 3H: CH3); 1.38 (s, 9H: position). 
C(CH

3
)J; 1.64 (s, lH: OH al position l); 1.69 (mt, 2H: 4cr.-Acetoxy-2a-benzoyloxy-5p,20-epoxy-lp,7p,13cr.-

central CH2 of propyl); 1.73 (s, 3H: CH3); 1.80 and 2.70 (2 60 trihydroxy-10f3-(1-propyl)oxy-9-oxo-11-taxene (or 10f3-(1-
mts, lH each: CH

2 
at position 6); 1.88 (s, 3H: CH

3
); 2.30 propyl)oxy-10-deacetoxybaccatin Ill) was prepared in the 

(ml, 2H: CH2 at position 14): 2.38 (s, 3H: COCH:i); 3.31 (s, following manner: 
3H: OCH3); 3.36 and 3.64 (2 mts, 1H each: propyl OCHJ; 8.75 cm3 of hydrogen lluoride/triethylamine complex 
3.44 (unres. comp. lH: OH at position 2'); 3.84 (d, 1=1.5, (3HF.Et3N) were added to a solution, maintained under an 
Hz, lH: H at position 3); 3.87 (dd, J=ll and 6.5, lH: H at 65 argon atmosphere, at a temperature in the region of 20" C., 
position 7); 4.18 and 4.30 (2 d, J=8.5, HI each: CH2 at of 585 mg of 4a-aceloxy-2o.-benzoyloxy-5p,20-epoxy-1P-
position 20); 4.64 (mt, lH: Hat position 2'); 4.89 (s, IH: H hyd rox y-10~-( 1-pro pyl)oxy-9 -oxo- 7p, 13a-bis 
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(triethylsilyloxy)-11-taxene in 6 cm3 of dichloromethane. 
After 24 hours at a temperature in the region of 20° C., the 
reaction mixture was diluted with 30 cm3 of dichlo
romethane and poured into a suspension of 30 cm3 of 
supersaturated aqueous sodium hydrogen carbonate solution 
maintained at a temperature in the region of 0° C. After 
dilution with 10 cm3 of distilled water and when settling had 
taken place, the aqueous phase was separated and 
re-extracted with twice 20 cm3 of diethyl ether. The organic 
phases were combined, washed with ZO cm3 of distilled 
water and 20 cm3 of saturated aqueous sodium chloride 
solution, dried over magnesium sulphate, filtered through 
magnesium sulphate and concentrated to dryness under 
reduced pressure (2.7 kPa) at a temperature in the region of 
40° C. 500 mg of a pale yellow foam were thereby obtained, 
which product was purified by chromatography at atmo
spheric pressure on 40 g of silica (0.063-0.2 mm) contained 
in a column 2.5 cm in diameter, eluting with a methanol/ 
dichloromethane (2:98 by volume) mixture and collecting 
15-cm3 fractions. Fractions containing only the desired 
product were pooled and concentrated to dryness under 
reduced pressure (2.7 kPa) at 40° C. for 2 hours. 373.8 mg 
of 4a-acetoxy-2a.-benzoyloxy-5p,20-epoxy- lp, 7p,13a
tr ihydroxy-1 OP-(l-propyl)oxy-9-oxo-11-taxene were 
thereby obtained in the form of a white solid, the charac
teristics of which were as follows: 

1H NMR spectrum (300 MHz; CDC13; chemical shifts I'> 
in ppm, coupling constants Jin Hz): 0.95 (t, J= 7, 3H: propyl 
CH3); 1.06 (s, 3H: CH3); 1.22 (s, 3H: CH3); 1.45 (d, J~7.5, 
1 H: OH at position 7); from 1.60 to 1.80 (mt, 2H: central 
CH2 of propyl); 1.67 (s, 3H: CH3); 1.83 and 2.62 (2 mts, 1H 
each: CH2 at position 6); 2.05 (s, 3H: CH3); 2.05 (mt'. ~H: 
OH at position 13); 2.27 (limiting AB, 2H: CH2 at position 
4); 2.28 (s, 3H: COCH3); 3.40 and 3.57 (2 mts, lH each: 
propyl OCH2); 3.97(d,1=7.5, lH: H at position 3); 4.15 and 
4.30 (2 d, J=8.5, 1H each: CH2 at position ZO}; 4.28 (mt, lH: 
Hat position 7); 4.90 (mt, lH: Hat position 13); 4.98 (broad 
d, J-10, lH: Hat position 5); 5.03 (s, lH: Hat position 10); 
5.65 (d, J-7.5, lH: H at position 2); 7.50 (t, J=7.5, 2H: 
OCOC8 H5 H at the meta position); 7.60 (t, J=7.5, lH: 
OCOC6 H5 H at the para position); 8.00 (d, 1=7.5, 2H: 
OCOC6H5 H at the ortho position). 

4a-Acetoxy-2a-benzoy loxy-Sp ,20-epoxy-l f3 -hydroxy-
10f3-(1-propy l)oxy-9-oxo-7f3,13a-bis( triethyl-silyloxy )-11-
ta xene (or lOP-(1-propyl)oxy-10-deacetoxy-7,13-bis 
(triethylsilyl)baccatin 111) was prepared in the following 
manner: 

93 mg of sodium hydride at a concentration of 50% by 
weight in liquid paraffin were added portionwise to a 
solution, maintained under an argon atmosphere, at a tem
perature in the region of Z0° C., of 1 g of 4a-acetoxy-2a
benzoyloxy-5 f3,20-epoxy-1p,10f3-dihydroxy-9-oxo-7f3,13a
bis(triethylsil yloxy)-11-laxene in 3 cm3 of iodoethane and 4 
cm3 of dirnethylformarnide. The solution was kept stirring 
for 19 hours at a temperature in the region of20° C., and 93 
mg of sodium hydride al a concentration of 50% by weight 
in liquid paraffin were then added portionwise. After 3 hours 
at a temperature in the region of Z0° C., the reaction mixture 
was diluted with 100 cm3 of ethyl acetate and 10 cm3 of 
saturated aqueous ammonium chloride solution. The organic 
phase was separated after settling had taken place and 
washed with six times 10 cm3 of distilled water and then 10 
cm3 of saturated aqueous sodium chloride solution, dried 
over magnesium sulphate, filtered through sintered glass and 
concentrated to dryness under reduced pressure (2.7 kPa) at 
a temperature in the region of 40° C. 1.32 g of a pale yellow 
foam were thereby obtained, which product was purified by 

26 
chromatography at atmospheric pressure on 150 g of silica 
(0.063-0.2 mm) contained in a column 3.5 cm in diameter, 
eluting with an ethyl acetate/dichloromethane (2:98, then 
5:95 by volume) mixture and collecting 15-cm3 fractions. 
Fractions containing only the desired producl'I were pooled 
and concentrated to dryness under reduced pressure (0.27 
kPa) at 40° C. for 2 hours. 376.3 mg of 4a.-acetoxy-2a
beozoyloxy-5 p,20-epoxy- l p,10f3-dihydroxy-9-oxo-7f3,13a
bis(triethylsilyloxy)-11-taxene were thereby obtained in the 

10 form of a pale yellow foam and 395.3 mg of 4a-acetoxy-
2a.-benzoyloxy-5 p,20-epoxy-1 P-hydroxy-1 Of3-(1-propy l} 
oxy-9-oxo-7f3,13a-bis(triethylsilyloxy)-1 l-taxene were 
thereby obtained in the form of a pale yellow foam, the 
characteristics of which were as follows: 

1s 1 H NMR spectrum (400 MHz; CDCl3; chemical shifts I'> 

in ppm, coupling constants Jin Hz); 0.57 and 0.70 (2 mts, 
6H each: ethyl CH2); 0.94 and 1.03 (2 t, 1=7.5, 9H each: 
ethyl CH3); 0.94 (t, 1=7.5, 3H: propyl CH3); 1.14 (s, 3H: 
CH3); 1.21 (s, 3H: CH:J; 1.67 (s, 3H: CH3); 1.69 (mt, 2H: 

20 central CH2 of propyl); 1.88 and 2.48 (2 mts, lH each: CH2 
at position 6); 2.03 (s, 3H: CH3}; 2.13 and 2.23 (2dd,1=16 
and 9, lH each: CH2 at position 14); 2.30 (s, 3H: COCH3); 

3.40 (mt, 2H: propyl OCH2 ); 3.84 (d, 1=7.5, lH: H at 
position 3); 4.16 and 4.30 (2 d, J=8.5, lH each: CH2 at 

25 position 20); 4.44 (dd, J=ll and 6.5, UI: H at position 7); 
4.96 (broad d, 1=10 Hz, lH: HS); 4.97 (s, lH: H 10), 4.99 
(broad t, 1=9 Hz, lH: H at position 13); 5.62 (d, 1=7.5, lH: 
H at position 2); 7.48 (t, 1= 7.5, 2H: OCOC6H5 H at the meta 
position); 7.60 (t, .1=7.5, lH: OCOC6H5 H at the para 

30 position); 8.10 (d, 1=7.5, 2H: OCOC6H5 H at the ortho 
position). 

The new products of general formula en in which z 
represents a radical of general formula (II) manifest signifi
cant inhibitory activity with respect to abnormal cell 

35 proliferation, and possess therapeutic properties permitting 
the treatment of patients baving pathological conditions 
associated with ahnormal cell proliferation. The pathologi
cal conditions include the abnormal cell proliferation of 
malignant or non-malignant cells of various tissues and/or 

40 organs, comprising, without implied limitation, muscle, 
bone or connective tissue, the skin, brain, lungs, sex organs, 
the lymphatic or renal systems, mammary or blood cells, 
liver, the digestive system, pancreas and tbyroid or adrenal 
glands. These pathological conditions can also inclu?e 

45 psoriasis, solid tumours, cancers of the ovary, breast, bram, 
prostate, colon, stomach, kidney or testicles, Kaposi's 
sarcoma, cholangiocarcinoma, choriocarcinoma, 
neuroblastoma, Wilms' tumour, Hodgkin's disease, 
melanoma, multiple myeloma, chronic lymphocytic leu-

5o kaemia and acute or chronic granulocytic lymphoma. 

The new products according to the invention are espe
cially useful for the treatment of cancer of the ovary. The 
products according to the invention may be used to prevent 
or delay the appearance or reappearance of the pathological 

55 
conditions, or to treat these pathological conditions. 

The products according to the invention may be admin
istered to a patient according to different dosage forms suited 
to the chosen administration route, which is preferably the 

60 parenteral route. Parenteral administration comprises 
intravenous, intraperitooeal, intramuscular or subcutaneous 
administration. Intra peritoneal or intravenous administration 
is more especially preferred. 

The present invention also comprises pharmaceutical 
65 compositions containing at least one product of general 

formula (!), in a sufficient amount suitable for use in human 
or veterinary therapy. The compositions may be prepared 
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ethynyloestradiol, antioestrogens such as tamoxifen, and 
androgens such as testosterone propionate and fluoxyrnes
terone. 

The doses used for carrying out the methods according to 
the invention are those which permit a prophylactic treat
ment or a maximum therapeutic response. The doses vary 
according to the administration form, the particular product 

according to the customary methods, using one or more 
pharmaceutically acceptable adjuvants, vehicles or excipi
ents. Suitable vehicles include diluents, sterile aqueous 
media and various non-toxic solvents. Preferably, the com
positions take the form of aqueous solutions or suspensions, 
injectable solutions which can contain emulsifying agents, 
colourings, preservatives or stabilizers. However, the com
positions can also take the form of tablets, pills, powders or 
granules which can be administered orally. 

The choice of adjuvants or excipients may be determined 
by the solubility and the chemical properties of the product, 
the particular mode of administration and good pharmaceu
tical practice. 

10 selected and features distinctive to the subject to be treated. 

For parenteral administration, sterile, aqueous or non
aqueous solutions or suspensions are used. For the prepa- 15 

ration of non-aqueous solutions or suspensions, natural 
vegetable oils such as olive oil, sesame oil or liquid 
petroleum, or injectable organic esters such as ethyl oleate, 
may be used. The sterile aqueous solutions can consist of a 
solution of a pharmaceutically acceptable salt dissolved in 20 

water. The aqueous solutions are suitable for intravenous 
administration provided the pH is appropriately adjusted and 
the solution is made isotonic, for example with a sufficient 
amount of sodium chloride or glucose. The sterilization may 
be carried out by beating or by any other means which does 25 

not adversely affect the composition. 
It is clearly understood that all the products participating 

in the compositions according to the invention must be pure 
and non-toxic in the amounts used. 

The compositions can contain at least 0.01 % of therapeu
tically active product. The amount of active product in a 
composition is such that a suitable dosage can be prescribed. 
Preferably, the compositions are prepared in such a way that 

30 

a single dose contains from 0.01 to 1000 mg approximately 35 
of active product for parenteral administration. 

The therapeutic treatment may be performed concurrently 
with other therapeutic treatments including antineoplastic 
drugs, monoclonal antibodies, immunotherapy or radio
therapy or biological response modifiers. The response 40 
modifiers include, without implied limitation, lymphokines 
and cytokines such as interleukins, interferons (a, ~ or b) 
and TNF. 

Other chemotherapeutic agents which are useful in the 
treatment of disorders due to abnormal cell proliferation 45 

include, without implied limitation, alkylating agents, for 
instance nitrogen mustards such as mechlorethamine, 
cyclophosphamide, melphalan and chlorambucil, alkyl sul
pbonates such as busulfan, nitrosoureas such as carmustine, 
lomustine, semustine and streptozocin, triazenes such as 50 

dacarbazine, antimetabolites such as folic acid analogues, 
for instance methotrexate, pyrimidine analogues such as 
lluorouracil and cytarabine, purine analogues such as mer
captopurine and thioguanine, natural products, for instance 
vinca alkaloids such as vinblastine, vincristine and 55 

vindesine, epipodophyllotoxins such as etoposide and 
teniposide, antibiotics such as dactinomycin, daunorubicin, 
doxorubicin, bleomycin, plicamycin and mitomycin, 
enzymes such as L-asparaginase, various agents such as 
coordination complexes of platinum, for instance cisplatin, 60 

substituted ureas such as hydroxyurea, methylbydrazine 
derivatives such as procarbazine, adrenocortical suppres
sants such as mitotane and aminoglutethimide, hormones 
and antagonists such as adrenocorticosteroids such as 
prednisone, progestins such as hydroxyprogesterone 65 
caproate, methoxyprogesterone acetate and megestrol 
acetate, oestrogens such as diethylstilboestrol and 

In general, the doses are those which are therapeutically 
effective for the treatment of disorders due to abnormal cell 
proliferation. 

The products according lo the invention may be admin
istered as often as necessary to obtain the desired therapeutic 
effect. Some patients may respond rapidly to relatively high 
or low doses, and then require low or zero maintenance 
doses. Generally, low doses will be used at the beginning of 
the treatment and, if necessary, increasingly stronger doses 
will be administered until an optimum effect is obtained. 

For other patients, it may be necessary to administer 
maintenance doses 1 to 8 times a day, and preferably 1 to 4 
times, according to the physiological requirements of the 
patient in question. It is also possible that some patients may 
require the use of only one to two daily administrations. 

In man, the doses generally range from 0.01 to 200 mg/kg. 
For intraperitoneal administration, the doses will generally 
range from 0.1 to 100 mg/kg, preferably from 0.5 to 50 
mg/kg and still more specifically from 1 to 10 mg/kg. For 
intravenous administration, the doses generally range from 
0.1 to 50 mg/kg, preferably from 0.1 to 5 mg/kg and still 
more specifically from 1 to 2 mg/kg. It is understood that, in 
order lo choose !he most suitable dosage, account should be 
taken of the administration route, the patient's weight, 
general state of health and age and all factors which may 
influence the efficacy of the treatment. 

The example which follows illustrates a composition 
according to the invention. 

EXAMPLE 

40 m~ of the product obtained in Example 1 are dissolved 
in 1 cm of Emulphor EL 620 and 1 cm3 of ethanol, and the 
solution is then diluted by adding 18 cm3 of physiological 
saline. The composition is administered by perfusion over 1 
hour by introduction in physiological solution. 

We claim: 
1. 4a-Acetoxy-2a-benzoyloxy-5~ ,20-epoxy-1 ~

hydroxy-7~ ,10~-dime tboxy-9-oxo- ll-taxen-13a-yl(2R,3S} 
-3-te rt-bu toxyc arbon yl am ino-2-h yd roxy-3-
phenylpropionate. 

2. A pharmaceutical composition comprising at least the 
product according to claim I in combination with one or 
more pharmaceutically acceptable diluents or adjuvants and 
optionally one or more compatible and pharmacologically 
active compounds. 

3. A method comprising the step of etherifying selectively 
at position 7 a compound of the formula (XIV): 
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(XIV) 

0 

OC<X'-oHs 

wherein R4 represents an alkoxy radical containing 1 to 6 
carbon atoms in an unbranched or branched chain, 

with a compound of the formula (XV): 

(XV) 

wherein R's represents a radical such !hat R'5-0 repre
sents an alkoxy radical containing 1 to 6 carbon atoms 

10 

15 

in an unbranched or branched chain and X:i represents 20 

a reactive ester residue or a halogen atom, to produce 
a compound of the formula (I): 

(I) 

25 

0 
30 

OCOC'.,;Hs 

wherein Z is hydrogen, R4 is as defined above, and R5 is 
identical to R'5 as defined above. 35 

4. A method comprising the step of reacting a product of 
the formula (XV): 

R',-X2 (XV) 

wherein R's represents a radical such that R's-0 repre- 40 

seats an alkoxy radical containing 1 to 6 carbon atoms 
in an unbranched or branched chain, and X2 represents 
a reactive ester residue or a halogen atom, 

with a compound of the formula (XIX): 
45 

(XIX) 

50 

0 

OCOC.SHs 55 

wherein R1 represents a benzoyl radical optionally sub
stituted with one or more identical or different atoms or 
radicals selected from halogen atoms, alkyl radicals 
containing 1 to 4 carbon atoms, alkoxy radicals con- 60 
taining 1 to 4 carbon atoms, and trifiuoromethyl 
radicals, 

a thenoyl radical, 
a furoyl radical, or 
a radical R2-0-CO- in which R2 represents: 65 

an alkyl radical containing 1 lo 8 carbon atoms, an 
alkenyl radical containing 2 to 8 carbon atoms, an 

30 
alkynyl radical containing 3 to 8 carbon atoms, a 
cycloalkyl radical containing 3 to 6 carbon atoms, a 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 
atoms, these radicals being optionally substituted 
with one or more substituents selected from halogen 
atoms; hydroxyl radicals; alkoxy radicals containing 
1 to 4 carbon atoms; dialkylamino radicals in which 
each alkyl portion contains 1 to 4 carbon atoms; 
piperidino radicals; morpholino radicals; 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 lo 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; 
cycloa!kyl radicals containing 3 to 6 carbon atoms; 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl radicals containing 1 to 4 carbon atoms and 
alkoxy radicals containing 1 to 4 carbon atoms; 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms, 

a phenyl or a- or ~-naphthyl radical optionally substi
tuted with one or more atoms or radicals selected 
from halogen atoms; alkyl radicals containing 1 to 4 
carbon atoms; and alkoxy radicals containing 1 to 4 
carbon atoms, 

a 5-membered aromatic heterocyclic radical, or 
a saturated heterocyclic radical containing 4 to 6 carbon 

atoms, optionally substituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms, 

R3 represents an unbranched or branched alkyl radical 
containing 1 to 8 carbon atoms, an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 
atoms, an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms, a cycloalkyl radical 
containing 3 to 6 carbon atoms, a phenyl or a- or 
~-naphthyl radical optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl, alkenyl, alkynyl, aryl, aralkyl, alkoxy, alkylthio, 
aryloxy, arylthio, hydroxyl, hydroxyalkyl, mercapto, 
formyl, acyl, acylamino, aroylamino, 
alkoxycarbonylamino, amino, alkylamino, 
dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, 
alkylcarbamoyl, dialkylcarbamoyl, cyano, nilro and 
lrifiuoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen, oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms, alkyl, aryl, 
amino, alkylamino, dialkylamino, 
alkoxycarbonylamino, acyl, arylcarbonyl, cyano, 
carboxyl, carbamoyl, alkylcarbamoyl, dialkylcarbam
oyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a
or ~-naphthyl and aromatic heterocyclic radicals in the 
definitions of R2 and R3, the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 
atoms, and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms, and the aryl radicals are phenyl or a
or ~-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain 

either R6 represents a hydrogen atom and R7 represents a 
group protecting the hydroxyl function, or R6 and R7 
together form a saturated 5- or 6-membered 
heterocycle, 
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to form a compound of the formula (V): 

0 

OcoC6Hs 

wherein R5 represents an alkoxy radical containing 1 to 6 
carbon atoms in an unbranched or branched chain and RJ, 

10 

R3 , R4 , R6 , and R7 are as defined above. 15 
5. A method comprising the step of replacing with hydro

gen atom(s) group(s) R6 and R7 in a compound of the 
formula (V): 

0 20 

0 25 

OCOC<;Hs 

w~~ m 
R1 represents a benzoyl radical optionally substituted with 

one or more identical or different atoms or radicals 
selected from halogen atoms, alkyl radicals containing 
1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 

35 
carbon atoms. and triftuoromethyl radicals, 

a thenoyl radical, 
a furoyl radical, or 
a radical R2-0-CO- in which R2 represents: 

an alkyl radical containing l to 8 carbon atoms, an 40 

alkenyl radical containing 2 to 8 carbon atoms, an 
alkynyl radical containing 3 to 8 carbon atoms, a 
cycloalkyl radical containing 3 to 6 carbon atoms, a 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 45 

atoms, these radicals being optionally substituted 
with one or more substituents selected from halogen 
atoms; hydroxyl radicals; alkoxy radicals containing 
1 to 4 carbon atoms; dialkylamino radicals in which 
each alkyl portion contains 1 to 4 carbon atoms; so 
piperidino radicals; morpholino radicals; 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; ss 
cycloalkyl radicals containing 3 to 6 carbon atoms; 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl radicals containing 1 lo 4 carbon atoms and 60 

alkoxy radicals containing 1 to 4 carbon atoms; 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms, 

a phenyl or a- or P-naphthyl radical optionally substi- 65 

luted with one or more atoms or radicals selected 
from halogen atoms; alkyl radicals containing 1 to 4 

32 
carbon atoms; and alkoxy radicals containing 1 to 4 
carbon atoms, 

a 5-membered aromatic heterocyclic radical, or 
a saturated heterocyclic radical containing 4 to 6 carbon 

atoms, optionally substituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms, 

R3 represents an unbranched or branched alkyl radical 
containing 1 to 8 carbon atoms, an unbranched or 
branched alkenyl radical containing 2 lo 8 carbon 
atoms, an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms, a cycloalkyl radical 
containing 3 to 6 carbon atoms, a phenyl or a- or 
~-naphthyl radical optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl, alkenyl, alkynyl, aryl, aralkyl, alkoxy, alkylthio, 
aryloxy, aryllhio, hydroxyl, hydroxyalkyl, mercapto, 
formyl, acyl, acylamino, aroylamino, 
alkoxycarbonylamino, amino, alkylamino, 
dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, 
alkylcarbamoyl, dialkylcarbamoyl, cyano, nitro and 
trifluoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen, oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituenL'i selected from halogen atoms, alkyl, aryl, 
amino, alkylamino, dialkylamino, 
alkoxycarbonylamino, acyl, arylcarbonyl, cyano, 
carboxyl, carbamoyl, alkylcarbamoyl, dialkylcarbam
oyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a
or ~-naphthyl and aromatic heterocyclic radicals in the 
definitions of R2 and R3 , the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 
atoms, and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms, and the aryl radicals are phenyl or a.
or ~-naphthyl radicals, 

R4 represents an alkoxy radical containing l to 6 carbon 
atoms in an unbranched or branched chain 

R5 represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain and 

either R6 represents a hydrogen atom and R7 represent'> a 
group protecting the hydroxyl function, or R6 and R7 

together form a saturated 5- or 6-membered 
heterocycle, 

by treating the compound of formula (V) with an organic 
or inorganic acid, optionally in an organic solvent to 
obtain a compound of the formula (VII): 

OCOC.SHs 

wherein R3, R4 , and R5 are as defined above. 

0 

(VII) 

6. A process for the preparation of 4a-acetoxy-2a
benzoyloxy-5 ~,20-epo xy-1P-hydroxy-7~ ,1 O~-dimethoxy-
9 - ox o - 11 - tax en - 13 n - y I (2R,3S)-3-terl
butoxycarbonylamino-2-hydroxy-3-pheaylpropionate, said 
process comprising: 

converting 4a-acetoxy-2a.-benzoyloxy-5~,20-epoxy-1~
hydroxy-7~,l O~-bis(methylthiomethoxy)-9-oxo-11-
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taxen-13a-yl (2R,4S,5R)-3-tert-butoxycarbonyl-2-( 4-
m e thoxyphe ny 1)-4-p hen y 1-1,3 -oxazolidine-5-
carboxylate to said 4a-acetoxy-2a-benzoyloxy-5j3,20-
epoxy-113-hydroxy-7j3,10j3-dirnethoxy-9-oxo-11-
taxen-13a-yl (2R,3S)-3-tert-butoxycarbonylamino-2-
hydroxy-3-phenylpropionate. 

7. A process for the preparation of 4a-acetoxy-2a
benzoyloxy-513,20-epoxy-113-hydroxy-713, 10j3-dimethoxy-
9 -ox o -11 - ta xe n-13a-yl (2R ,3S )-3 -tert
butoxycarbonylamino-2-hydroxy-3-phenylpropionate, said 10 

process comprising: 
(a) reacting 4a-acetoxy-2a-benzoyloxy-5j3,20-epoxy-lj3-

7j3, lOP-lrihydroxy-9-oxo-t 1-taxen-13a-yl (2R,4S,5R) 
-3-tert-butoxyca rbony 1-2-( 4-me thoxypheny 1)-4-
phenyl-l,3-oxazolidine-5-carboxylate with dimethyl JS 

sulfoxide in the presence of acetic anhydride and acetic 
acid to obtain 4a-acetoxy-2a-benzoyloxy-5p,20-
epoxy-113-bydroxy-7p, 1 Oj3-bis(methyltbiomethoxy)-9-
o x o - 11 - ta xen-13a- yl (2R ,4S ,SR )-3-tert -
butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1,3- 20 

oxazolidine-5-carhoxylate; 
(b) reacting the product obtained in (a) with activated 

Raney nickel to obtain 4a-acetoxy-2a-benzoyloxy-5j3, 
20-epoxy- l 13-hydroxy-7P ,10p-di methoxy-9-oxo-11-
taxen-13a-yl (2R,4S,5R)-3-tertbutoxy-carbonyl-2-( 4- 25 

me th oxyphenyl)-4-pheny 1-1,3-oxazolidine-5-
carboxylate; and 

(c) reacting the product obtained in (b) with an acid to 
obtain 4a-acetoxy-2a-beozoyloxy-5j3,20-epoxy-lj3-

30 
hydroxy-7j3, 1 Oj3-dimethoxy-9-oxo- ll-taxeo-13a-y I 
(2R,3S)-3-tert-butoxycarbonylamino-2-hydroxy-3-
pheoylpropionate. 

8. A process for preparing a taxoid of the following 
formula (I): 35 

(I} 

40 

0 

45 

in which: 
Z represents a radical of formula (II): 

R1NH 0 

RJ~ 
(II) 50 

OH 

in which: 
R1 represents a benzoyl radical optionally substituted with 

one or more identical or different atoms or radicals 
selected from halogen atoms, alkyl radicals containing 
1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 
carbon atoms, and trifluoromethyl radicals, 

a thenoyl radical, 
a furoyl radical, or 
a radical R2-0-CO- in which R2 represents: 

55 

60 

an alkyl radical containing 1 to 8 carbon atoms, an 
alkenyl radical containing 2 to 8 carbon atoms, an 65 

alkynyl radical containing 3 to 8 carbon atoms, a 
cycloalkyl radical containing 3 to 6 carbon atoms, a 

34 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 
atoms, these radicals being optionally substituted 
with one or more substituents selected from halogen 
atoms; hydroxyl radicals; alkoxy radicals containing 
1 to 4 carbon atoms; dialkylamino radicals in which 
each alkyl portion contains 1 to 4 carbon atoms; 
piperidino radicals; morpholino radicals; 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; 
cycloalkyl radicals containing 3 to 6 carbon atoms; 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl radicals containing 1 to 4 carbon atoms and 
alkoxy radicals containing 1 to 4 carbon atoms; 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms, 

a phenyl or a- or ~-naphthyl radical optionally substi
tuted with one or more atoms or radicals selected 
from halogen atoms; alkyl radicals containing 1 to 4 
carbon atoms; and alkoxy radicals containing 1 to 4 
carbon atoms, 

a 5-membered aromatic heterocyclic radical, or 
a saturated heterocyclic radical containing 4 to 6 carbon 

atoms, optionally suhstituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms, 

R3 represents an unbranched or branched alkyl radical 
containing 1 to 8 carbon atoms, an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 
atoms, an unbranched or branched alkynyl radical 
containing 2 lo 8 carbon atoms, a cycloalkyl radical 
containing 3 to 6 carbon atoms, a phenyl or a- or 
~-naphthyl radical optionally suhslituted with one or 
more identical or different atoms or radicals selected 
from halogen atoms, alkyl, alkenyl, alkyoyl, aryl, 
aralkyl, alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, 
hydroxyalkyl, mercapto, formyl, acyl, acylamino, 
aroylamino, alkoxycarbonylamino, amino, alkylamino, 
dialkylamino, carboxyl, alkoxycarbonyl, carbarnoyl, 
alkylcarbamoyl, dialkylcarbamoyl, cyano, nitro and 
trifluoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen, oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms, alkyl, aryl, 
amino, alkylamino, dialkylamino, 
alkoxycarbonylamino, acyl, arylcarbooyl, cyano, 
carboxyl, carbamoyl, alkylcarbamoyl, dialkylcarbam
oyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a
or P-naphthyl and aromatic heterocyclic radicals in the 
definitions ofR2 and R3, the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 
atoms, and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms, and the aryl radicals are phenyl or a
or ~-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain and 

R5 represents an alkoxy radical containing 1 lo 6 carbon 
atoms in an unbranched or branched chain, 

said process comprising: 
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esterifying a product of formula (111): 

OC04Hs 

in which R4 and Rs are defined as above 

with an acid of fonnula (JV): 

R1"N/~ 0 

Rj~~OH 
OR, 

(III) 

0 

10 

15 

(IV) 

20 

in which R1 and R3 are defined as above, and either R6 

represents a hydrogen atom and R7 represents a group 
protecting the hydroxyl function, or R6 and R7 together form 25 

a saturated 5- or 6-membered heterocycle, or 

with a derivative of said acid, to obtain an ester of formula 
(V): 

(V) 30 

0 

in which R1, R3 , R4 , Rs, R6 and R7 are defined as above, 
and 

replacing the protective group(s) of said ester of formula 
(V), represented by R7 or R6 and R7 together, by 
hydrogen atoms. 

9. A process for preparing a new taxoid of the following 
formula (I): 

35 

40 

45 

36 
treating 10-deacetylbaccatin Ill of formula (IX): 

OH 0 (IX) 

0 

OCQ4Hs 

with a silyl halide of formula: 

(R),-Si-Hal (X) 

in which the symbols R, which may be identical or 
different, represent an alkyl radical containing 1 to 6 
carbon atoms, optionally substituted with a phenyl 
radical, a cycloalkyl radical containing 3 to 6 carbon 
atoms or a phenyl radical, to obtain a product of 
formula (XI): 

OH 0 (XI) 

0 

in which R is defined as above, 

treating said product of formula (XI) with a product of 
formula: 

(XII) 

in which R'4 represents a radical such that R'4-0 is 
identical to R4 defined above and X1 represents a halogen 
atom or a reactive ester residue, to obtain a product of 

(I) 50 formula (Xlll): 

0 

OCOC•Hs 

in which: 

Z represents a hydrogen atom, 

R4 represents an alkoxy radical containing 1 lo 6 carbon 
atoms in an unbranched or branched chain and 

55 

60 

R5 represents an alkoxy radical containing 1 to 6 carbon 65 
atoms in an unbranched or branched chain, 

said process comprising: 

(Xlll) 

0 

in which R and R4 are defined as above, 

replacing the silyl protective groups of said product of 
formula (XIII) by hydrogen atoms to obtain a product 
of formula (XIV): 
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(XIV) 

0 

OCOC;Hs 

in which R4 is defined as above, and 

etherifying said compound of formula (XIV) selectively 
al position 7 with a product of formula (XV): 

(XV) 

10 

JS 

in which R's represents a radical such that R'5-0 is 
identical to Rs defined as above and X2 represents a reactive 
ester residue or a halogen atom, to give the product of 20 

formula (I) in which Z represents a hydrogen atom. 
10. A process for preparing a taxoid of the following 

formula (I): 

(I) 25 

0 30 

in which: 35 

Z represents a radical of formula (II): 

R1NH 0 (II) 

R~ 4() 

OH 

in which: 
R1 represents a benzoyl radical optionally substituted with 

one or more identical or different atoms or radicals 45 
selected from halogen atoms, alkyl radicals containing 
1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 
carbon atoms, and trifiuoromethyl radicals, 

a thenoyl radical, 
a furoyl radical, or 
a radical R2-0-CO- in which R2 represents: 

50 

an alkyl radical containing 1 to 8 carbon atoms, an 
alkenyl radical containing 2 lo 8 carbon atoms, an 
alkynyl radical containing 3 to 8 carbon atoms, a 

55 
cycloalkyl radical containing 3 to 6 carbon atoms, a 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloa1kyl radical containing 7 to 10 carbon 
atoms, these radicals being optionally substituted 
with one or more substituents selected from halogen 

60 
atoms; hydroxyl radicals; alkoxy radicals containing 
1 to 4 carbon atoms; dialkylamino radicals in which 

38 
each alkyl portion contains 1 to 4 carbon atoms; 
piperidino radicals; morpholino radicals; 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; 
cycloalkyl radicals containing 3 to 6 carbon atoms; 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl radicals containing 1 to 4 carbon atoms and 
alkoxy radicals containing 1 to 4 carbon atoms; 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms, 

a phenyl or a- or ~-naphthyl radical optionally substi
tuted with one or more atoms or radicals selected 
from halogen atoms; alkyl radicals containing 1 to 4 
carbon atoms; and alkoxy radicals containing 1 to 4 
carbon atoms, 

a 5-rnembered aromatic heterocyclic radical, or 
a saturated heterocyclic radical containing 4 to 6 carbon 

atoms, optionally substituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms, 

R3 represents an unbranched or branched alkyl radical 
containing 1 lo 8 carbon atoms, an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 
atoms, an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms, a cycloalkyl radical 
containing 3 to 6 carbon atoms, a phenyl or a- or 
P-naphthyl radical optionally substituted with one or 
more identical or different atoms or radicals selected 
from halogen atoms, alkyl, alkenyl, alkynyl, aryl, 
aralkyl, alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, 
hydroxyalkyl, mercapto, formyl, acyl, acylamino, 
aroylamino, alkoxycarbonylamino, amino, alkylamino, 
dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, 
alkylcarbamoyl, dialkylcarbamoyl, cyano, nitre and 
trifiuoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen, oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms, alkyl, aryl, 
amino, alkylamino, dialkylamino, 
alkoxycarbonylamino, acyl, arylcarbonyl, cyano, 
carboxyl, carbamoyl, alkylcarbamoyl, diaJkylcarbam
oyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a
or ~-naphthyl and aromatic heterocyclic radicals in the 
definitions of R2 and R3, the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 
atoms, and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms, and the aryl radicals are phenyl or a
or ~-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain and 

R5 represents an alkoxy radical containing t to 6 carbon 
atoms in an unbranched or branched chain, 

said process comprising: 
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treating a product of formula (XVI): 

(XVI) 

0 

lO 

Oc04Hs 

in which R1 , R3 , R6 and R7 are defined as above, with a 
product of formula (X): 15 

(R),Si-Hal (X) 

in which the symbols R, which may be identical or different, 
represent an alkyl radical containing 1 to 6 carbon atoms, 
optionally substituted with a phenyl radical, or a cycloalkyl 
radical containing 3 to 6 carbon atoms or a phenyl radical, 
to obtain a product of formula (XVII): 

(XVII) 

20 

25 

40 

(XIX) 

0 

Oc04Hs 

in which R1, R3, R4 , R6 and R7 are defined as above which, 
when reacted with a product of formula (XV): 

R'5-X2 (XV) 

in which R'5 represents a radical such that R'50 is identical 
to R5 defined above and X2 represents a reactive ester 
residue or a halogen atom, 

yields the product of formula (V): 

(V) 

0 

30 OCOCoHs 

0 
in which R1 , R3 , R4, R5, R6 and R7 are defined as above 
and replacing the protective group(s) of formula (V) with 

one or two hydrogen atoms to give a product of formula 

OcOCoHs 
35 (I) in which Z represents a radical of formula (11). 

in which R, R1 , R3, R6 and R7 are defined as above, 

40 
functionalizing said compound of formula (XVII) at posi-

tion 10 with a product of formula: 

R',-X, (XII) 

45 

in which R'4 represents a radical such that R'4-0 is 
identical to R4 defined as above and X1 represents a halogen 
atom or a reactive ester residue, to give a product of formula 
(XVIII): 

50 

(XVIII) 

55 

0 

60 

in which R, R1 , R3, R4 , R6 and R7 are defined as above, 

replacing the silyl protective group of said product of 65 

formula (XVIII) by a hydrogen atom to give a product 
of formula (XIX): 

11. A process for preparing a taxoid of the following 
formula (I): 

(I) 

0 

in which: 
Z represents a hydrogen atom or a radical of formula (II): 

(II) 

in which: 
R1 represents a benzoyl radical optionally substituted with 

one or more identical or different atoms or radicals 
selected from halogen atoms, alkyl radicals containing 
1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 
carbon atoms, and trifluoromethyl radicals, 

a thenoyl radical, 
a furoyl radical, or 
a radical R2-0-CO- in which R2 represents: 

an alkyl radical containing 1 to 8 carbon atoms, an 
alkenyl radical containing 2 to 8 carbon atoms, an 
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alkynyl radical containing 3 to 8 carbon atoms, a 
cycloalkyl radical containing 3 to 6 carbon atoms, a 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 
atoms, lhe.<;e radicals heing optionally substituted 
with one or more substituents selected from halogen 
atoms; hydroxyl radicals; alkoxy radicals containing 
1 to 4 carbon atoms; dialkylamino radicals in which 
each alkyl portion contains 1 to 4 carbon atoms; 
piperidino radicals; morpholino radicals; 

10 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains l to 4 carbon atoms; 
cycloalkyl radicals containing 3 to 6 carbon atoms; 

15 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl radicals containing 1 to 4 carbon atoms and 
alkoxy radicals containing 1 to 4 carbon atoms; 

20 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms, 

a phenyl or a- or P-naphthyl radical optionally substi
tuted with one or more atoms or radicals selected 

25 
from halogen atoms; alkyl radicals containing 1 to 4 
carbon atoms; and alkoxy radicals containing 1 to 4 
carbon atoms, 

a 5-membercd aromatic heterocyclic radical, or 
a saturated heterocyclic radical containing 4 to 6 carbon 

30 
atoms, optionally substiluted with one or more alkyl 
radicals containing 1 to 4 carbon atoms, 

R3 represents an unbranched or branched alkyl radical 
containing 1 to 8 carbon atoms, an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 35 
atoms, an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms, a cycloalkyl radical 
containing 3 to 6 carbon atoms, a phenyl or a- or 
P-naphthyl radical optionally substituted with one or 
more identical or different atoms or radicals selected 

40 
from halogen atoms, alkyl, alkenyl, alkynyl, aryl, 
aralkyl, alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, 
hydroxyalkyl, mercapto, formyl, acyl, acylamino, 
aroylamino, alkoxycarbonylamino, amino, alkylamino, 
dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, 45 
alkylcarhamoyl, dialkylcarbamoyl, cyano, nitrn and 
trifluoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or 
more identical or different betero atoms selected from 
nitrogen, oxygen and sulphur atoms and optionally 50 
substituted with one or more identical or different 
substituents selected from halogen atoms, alkyl, aryl, 
amino, alkylamino, dialkylamino, 
alkoxycarbonylamino, acyl, arylcarbonyl, cyano, 
carboxyl, carbamoyl, alkylcarbamoyl, dialkylcarbam- 55 
oyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a-
or P-naphtbyl and aromatic heterocyclic radicals in the 
definitions of R2 and R3 , the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 60 
atoms, and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms, and the aryl radicals are phenyl or a-
or ~-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain and 65 

Rs represents an alkoxy radical containing l to 6 carbon 
atoms in an unbranched or branched chain, 

42 
said process comprising reacting activated Raney nickel, 

in the presence of an aliphatic alcohol containing 1 to 
3 carbon atoms or an ether, with a product of formula 
(XXI): 

(XX!) 

0 

OCOC.SH$ 

in which R4 is defined as above, and R' and R", which may 
be identical or different, 

represent a hydrogen atom or an alkyl radical containing 
1 to 6 carbon atoms, an alkenyl radical containing 2 to 
6 carbon atoms, an alkynyl radical containing 3 to 6 
carbon atoms, a cycloalkyl radical containing 3 to 6 
carbon atoms or a cycloalkenyl radical containing 3 to 
6 carbon atoms, optionally substituted, or alternatively 

R' and R ",together with the carbon atom to which they are 
linked, form a cycloalkyl radical containing 3 to 6 
carbon atoms or a cycloalkenyl radical containing 4 to 
6 carbon atoms, and Z1 represents a hydrogen atom or 
a radical of formula (XXII): 

(XX!!) R1, /R6 
N 0 

R{'~ 
OR1 

in which R1 and R3 are defined as above and either R6 

represents a hydrogen atom and R7 represents a group 
protecting the hydroxyl function, or R6 and R7 together form 
a saturated 5- or 6-membered heterocycle, to obtain a 
product of formula (XXIII): 

(XXlll) 

0 

OCOC.SHs 

followed, when Z1 represents a radical of formula (XXII), 
by replacing the protective group(s) represented by R6 or R6 

and R7 together by hydrogen atoms under the following 
conditions: 

1) when R6 represents a hydrogen atom and R7 represents 
a group protecting the hydroxyl function, said replacing 
the protective groups by hydrogen atoms is accom
plished 

with at least one inorganic or organic acid in an organic 
solvent selected from alcohols, ethers, esters, aliphatic 
hydrocarbons, halogenated aliphatic hydrocarbons, 
aromatic hydrocarbons and nitrites at a temperature 
from -10° to 60° C., or 
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with a source of fluoride ions, or 
with catalytic hydrogenation, or 
2) when R6 and R7 together form a saturated 5- or 

6-membered heterocycle of formula (VJ): 

......_..,__ __ --;'/ 
I I 

(VI) 

/( 
Rs R9 

in which R1 is defined as above and R8 and R9 , which may 
be identical or different, 

represent a hydrogen atom or an alkyl radical containing 
1 to 4 carbon atoms, or an aralkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms, or an aryl 
radical, or 

alternatively Rs represents an alkoxy radical containing 1 
to 4 carbon atoms or a trihalomethyl radical or a phenyl 
radical substituted with a trihalomethyl radical and ~ 
represents a hydrogen atom, or 

alternatively Rs and R0 , together with the carbon atom to 
which they are linked, form a 4- to 7-rnembered ring, 
and further wherein when: 
a) R1 represenL-; a lerl-butoxycarbonyl radical and Rs 

and R9 , which may be identical or different, repre
sent an alkyl radical or an aralkyl or aryl radical, or 

alternatively Rs represents a trihalomethyl radical or a 
phenyl radical substituted with a trihalomethyl radi
cal and R9 represents a hydrogen atom, or 

alternatively Rs and R9 together form a 4- to 
7-membered ring, said replacing the protective 
groups hy hydrogen atoms is accomplished 

by treating the ester of formula (V) with an inorganic or 
organic acid, and optionally, with an organic solvent, to 
obtain the product of formula (VII): 

(VII) 

H2N 0 

~ 
RJ : Ou 

OH 0 

OCOC;Hs 

44 
which R2 is defined as above, Rs represents a hydrogen 
atom or an alkoxy radical containing l to 4 carbon 
atoms or a phenyl radical substituted with one or more 
alkoxy radicals containing 1 to 4 carbon atoms and ~ 
represents a hydrogen atom, 

said replacing of the protective group formed by R6 and 
R7 together by two hydrogen atoms is accomplished 

in the presence of at least one inorganic or organic acid in 
a stoichiometric or catalytic amount, and in an organic 

10 solvent selected from alcohols, ethers, esters, aliphatic 
hydrocarbons, halogenated aliphatic hydrocarbons and 
aromatic hydrocarbons 

at a temperature of from -10° to 60° C. 
12. A process according to claim 8, wherein said esteri-

1 s fying step is performed with an acid of formula (IV) in the 
presence of a condensing agent and an activating agent in an 
organic solvent at a temperature of from -10° to 90° C. 

13. A process according to claim 8, wherein said esteri-
fying step is performed with an acid of formula (IV) in the 

20 form of the symmetrical anhydride thereof, in the presence 
of an activating agent in an organic solvent at a temperature 
of from 0° to 90° c. 

14. A process according to claim 8, wherein said esteri
fying step is performed with the acid of formula (IV) in 

2s halide form or in the form of a mixed anhydride with an 
aliphatic or aromatic acid, optionally prepared in situ, in the 
presence of a base, in an organic solvent at a temperature of 
from 0° to 80° C. 

15. A process according to claim 8, further comprising 
30 replacing the protective group(s) R7 or R6 and R7 together 

by hydrogen atoms, wherein: 
1) when R6 represents a hydrogen atom and R7 represents 

a group protecting the hydroxyl function, said replacing 
the protective groups by hydrogen atoms is aocom-

35 plished 
with at least one inorganic or organic acid in an organic 

solvent selected from alcohols, ethers, esters, ali
phatic hydrocarbons, halogenated aliphatic 
hydrocarbons, aromatic hydrocarbons and nitrites al 

40 a temperature from -10° to 60° C., or 

45 

with a source of fluoride ions, or 
with catalytic hydrogenation, 

2) when R6 and R7 together form a saturated 5- or 
6-membered heterocycle of formula (VI). 

(VI) 

in which R3 , R4 and R5 are defined as in claim 1, and 
acylating said product of formula (VII) with benzoyl chlo
ride in which the phenyl ring is optionally substituted; 
thenoyl chloride; furoyl chloride; or a product of formula so 
(VIII): 

H 
0 

/( 
Rs R9 

in which R 1 is defined as in claim 8 and Rs and R9 , 

which may be identical or different, R2-0-CO-X (VII) 

in which R2 is defined as above and X represents a 
halogen atom or a residue -O-R2 or -0-CO- 55 

O-R2 , 

to obtain a product of formula (I) in which Z represents a 
radical of formula (II), 

{!I) 60 

or e 
b) R1 represents an optionally substituted benzoyl radical, 

a thenoyl or furoyl radical or a radical R20-CO- in 

represent a hydrogen atom or an alkyl radical contain
ing I to 4 carbon atoms, or an aralkyl radical in which 
the alkyl portion contains 1 lo 4 carbon atoms, or an 
aryl radical, or 
alternatively R8 represents an alkoxy radical containing 
1 to 4 carbon atoms or a trihalornethyl radical or a 
phenyl radical substituted with a trihalomethyl radical 
and R9 represents a hydrogen atom, or 
alternatively Rs and R9 together with the carbon atom 
to which they are linked, form a 4- to 7-membered ring, 

and further wherein when: 
a) R1 represents a tert-butoxycarbonyl radical and Rs and 
~ which may be identical or different, represent an 
alkyl radical or an aralkyl or aryl radical, or 
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alternatively R6 represents a trihalomethyl radical or a 
phenyl radical substituted with a trihalomethyl radi
cal and R9 represents a hydrogen atom, or 

alternatively R8 and R9 together form a 4- to 
7-membered ring, 

the ester of formula (V) is treated with an inorganic or 
organic acid, and optionally, in an organic solvent, to 
obtain the product of formula (VII): 

5 

46 
the protective group formed by R6 and R7 is replaced by 

hydrogen atoms in the presence of at least one inor
ganic or organic acid in a stoichiometric or catalytic 
amount, and in an organic solvent selected from 
alcohols, ethers, esters, aliphatic hydrocarbons, halo
genated aliphatic hydrocarbons and aromatic hydrocar-
bons at a temperature of from -10° to 60° C. 

(VII) JO 

16. A process according to claim 15, wherein when R6 and 
R7 together form a saturated 5- or 6-membered heterocycle 
of formula (YI), and R8 and R9 which may be identical or 
different, represent an aralkyl radical in which the alkyl 
portion contains 1 to 4 carbon atoms, the aryl portion of said 
aralkyl radical represents a phenyl radical optionally sub-

H2N 0 

Rl~o .. 
OH 0 

in which 
R3 , R4 and R5 are defined in claim 8, and 

said product of formula (VII) is acylated with benzoyl 
chloride in which the phenyl ring is optionally substi
tuted or thenoyl chloride, or furoyl chloride or a prod
uct of formula (VIII): 

R2----0-CO-X (VIII) 

15 stituted with one or more alkoxy radicals containing 1 to 4 
carbon atoms. 

17. A process according to claim 15, wherein when R6 and 
R7 together form a saturated 5- or 6-membered heterocycle 
of formula (YI), and R8 and R9 , which may be identical or 

20 different, represent an aryl radical, said aryl radical is a 
phenyl radical optionally substituted with one or more 
alkoxy radicals containing 1 to 4 carbon atoms. 

25 

18. A process according to claim 15. wherein said tem-
perature ranges from 15° to 30° C. 

19. A process according to claim 15, wherein said source 
of fluoride ions is a hydrofluoric acid/triethylamine com
plex. 

in which R2 is defined in claim 8 and X represents a 
halogen atom or a residue -O-R2 or -O-CO
O-R2, to obtain a product of formula (1) in which Z 30 

represents a radical of formula (11), 

20. A process according to claim 15, wherein said triha
lomethyl radical is trichloromethyl. 

21. A process according to claim 15, wherein when said 
ester of formula M is treated in an organic solvent, said 
organic solvent is an alcohol. b) when R1 represents an optionally substituted benzoyl 

radical, a thenoyl or furoyl radical or a radical R20-
CO- in which R2 is defined as above, R6 represents a 
hydrogen atom or an alkoxy radical containing 1 to 4 
carbon atoms or a phenyl radical substituted with one 
or more alkoxy radicals containing 1 to 4 carbon atoms 
and R9 represents a hydrogen atom, 

22. A process according to claim 7, wherein said activated 
Raney nickel is present in step (b) in an ethanolic suspension 

35 and forther wherein said acid in step (c) is an ethanolic 
solution of hydrochloric acid. 

* * • 
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UNITED STA TES PA TENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : .5,847, 170 Page 1 of 2 

DATED : Dec. 8, 1998 
INVENTOR($} : Bt>rve Bouchard, et al 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Claim 4, Column 29, Line 42, after "chain", delete", 11
; 

Claim 4, Column 30, Line 63, after "chain", insert-and-; 

Claim 4, Column 31, Lines 3-12, to the upper right of the formula, 
insert -(v)--; 

Claim 5, Column 31, Lines 20-29, to the upper right of the formula, 
insert -M--; 

Claim 8, Column 33, Line 34, 11(1)" should read -(I); 

Claim 11, Column 42, Line 66, "nitrites" should read -nitrites-; 

Claim 15, Column 44, Line 39, "nitrites" should read --nitriles-; 

Claim 15, Column 44, Line 44, "(VI)." should read -(VI):--; 

Claim 15, Column 44, Line 66, after "R9", insert-,-; 

Claim 15, Column 45, Line 21, after "defined", insert --as-; and 
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It is certified that error appears in the above-Identified patent and that said Letters Patent Is hereby 
corrected as shown below: 

Claim 15. Column 45, Line 34, "R6" should read -R6--. 
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Signed and Scaled th is 

Seven th Day of September, 1999 
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John D. CONWAY, Esq. 
Vke PrF.sident and Global H~r.d 
::·.ncv;Jtive Hea!~h(~re Patent Support 

Aventis Pharma S.A. 
20 Avenue Raymond Aron 
Antony, FRANCE 92160 

sanoFi aventis . ~- ., 

Because health matrers 

Re : Application for Extension of U.S. Patent No. 5,847, 170 

To Whom It May Concern: 

On behalf of sanofi-aventls U.S. LLC. Marketing Applicant for New Drug Application No. 
201023 for JEVTANA® (cabazitaxel) Injection, I hereby authorize the patent owner of record, Aventis 
Pharma S.A., in connection with its application for extension of U.S. Patent No. 5,847.170, to rely upon 
the activities of sanofi-aventis U.S. LLC, and its predecessors and affiliates, undertaken in connection 
with seeking approval by the Food and Drug Administration of NOA No.201023. Sanofi-aventis U.S. 
LLC is an affiliate of Aventis Pharma S.A. and henceforth the activities of the marketing applicant are 
permitted under the patent. 

Sincerely yours, 

4 hn D. Conway ·· .. "--· 
ice President and Global Head 

Innovative Healthcare Patent Support 
sanofl-aventis U.S. LLC 
1041 Route 202-206 
Bridgewater, NJ 08807 

Sanofi-aventis U.S., -1041 Route 202·206, P.O. Box 6800, Mail Code 0303-A, Bridgewater. N.J. 08807-0800 
Tel: 908 Bl 561'1 • r•• WS 2311626 .. Email: il'.~~;;onwav@sanOM~ · www.sancti·av\'"11s ... ~~ 
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APPLICATION NUMBER 

08/622,01] 

5487 
ANDREA Q. RYAN 
SANOFI-AVENTIS U.S. LLC 
1041 ROUTE 202-206 
MAIL CODE: D303A 
BRIDGEWATER, NJ 08807 

FILING OR 371(C) DATE 

03/26/1996 

Ul'\TTF.TJ STl\'l'F.S OF.PA R'l'Ml'NT OF COMMF.RCF. 
United States Patent and Trademark Office 
Addrn" COMMISSIO~R FOR PATENTS 

P.O. Box 1450 
Al-.andria, Vugini• lllll-1450 
WViW, uspto.gov 

FIRST NAMED APPLICANr AITY. DOCKET NO.ITITI..E 

HERVE BOUCHARD 3806.0367-00 
CONFIRMATION N0.1663 

POA ACCEPTANCE LETTER 

Date Mailed: 07/13/2010 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/02/2010. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

· /stlarn/ 

Office of Data Management, Application Assistance Unit {571) 272-4000, or {571) 272-4200, or 1-888-786-0101 

page 1of1 
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PTOl.501!!2 (0~·05) 
i>.P.Pl'O".t<lli·fOr-usl> !hrough f11:J012~&. OMB QG5T·003~ 

U.S: f'irt.>nt and Trademark Oflk&; lJ:S,.OEP.'\RTMEt4T OF CCMMERCE 

, lln<for l!Ul Pauerwt>•1< R&<luuioo Act of 1995 nl> ®r!iO!lS ilrl> i~9'l!rell 10 rosnnn'n ·~" c<lll<>r.llM 0Hnfnrm•llon.i1nl9s.q il i.list>! .. v$. a Ya1Jd OMB conifol.ll.!!!l1Ja2!:· 

0816220·11 
REVOCATION OF POWER OF 

~pollcation N(1mber _ ..... ..,_. ____ 
Flllng Date Ma<cl'l 26, 1996 

ATTORNEY WITH 
............ u 

f_!!'st N~-~~-~-)-~Y.~:.!~~I_ .. ~£!.Yt't ~OUCHARO el al. 
NEW POWER OF ATTORNEY Art Unit. 1612 AND Examiiier Name I TRiNH.Bail-· 

CHANGE OF CORRESPONDENCE ADDRESS ... 
·\.._ Attornev D.ockel Number I ST95019G·1 us NP ~ 

I herebv revoke all Previous Powers ofattorne11 CJiv()ll in tha above-Identified app!lcatfon. 

D A Power of Attorney is submitted he<evJllh. 

OR 

lZl I here~y appoint the practitioners associated with lhe Customer Number: [~~=:~~~~5487-···-·· I 
[Z) Please change the correspondence address far the above-identified application fo: 

ill The .address associated With 

I 
···-···-·-·--------] 

Customer Number: 005487 

OR 

[] Fir'm or 
lndivklual Name _ ............. 

Address 

c1w---···--- f Stale f Zip 
----·U-0440000000 .... ....._._. 

Coi.mtry 
...... _ .. , ................ _ ...... nn•nU""''""H•••"'•""""..,•"" .. .,..,..., ......... -............ - ... -

Telephone I Em~il 
lam the: 

D App!icantllnventor. 

0 Assignee ofrecord of the entire interest See 37 CFR3.71. 
$tale1i1' Jt 1.mcler 37 CFR3; 7$(b)is e11cfosed. (Pom1PTO!SfJ196) 

I A ("\ SIGNATURE of. Atn:il1Cai1t orASsliJnee of Re<:orci 
~ 

Signature I 1 J u l.~ l'"'"'"--, .A ~ 
........ .__ ...... h .. Hn 

Name Josli:in~.:M-en!~r-···-N"·'· 
Date "2~d- july 2010 I Telephone I 

--· .. -. .. -.. 
.............................. ... 33 1557·112559 

ffi5i'E: Signatures of all ms invan!onror assi.unee~ or r•l<1<1td ori11a S1'1fre interest or their reprosordative(t) are req~irod. $i1bmH rli1i!U(>!a. f0<ins II inoni thsn.<ina 
&Glfato1.a 1s. raGt1iie~1. s~ b&lolv'. 

D 'Tc.i.U·ol i0rm5 '"e sulJ1nilh•<i. 
' .. ,, . 

ih1s r.ol:ocUvn oi informa~or. Is required by '-17 CFR t.:i6. Tns rnf<')<)naU~-0 1s (equ!rod.\o o.l;!a:n.ot roi~ln a benol1t by the put~•C whi"1!1ls10 ''!"'{and by: tha USPTO 
t<> prooe,...) an app~~Noi<. Con!idenfiaU1)".:is goyemed by 3tr U:S.C. 122 ano 37 Cl'R 1. 11 a11µ :1.:N·. 1his ailtedioi) is'cstirrmjad te 131.:~ ·3 ·minules to compietG, 
lnci»dlng >f<llhsr!ng. pr~paring. Qnd $llbmllling llia .comple1ed awl<wl.lion .fwm ·10. lha USPJff, Tim11 wm·v~1)' tiepemilng ·upon tho· inUiv:<fu.lil case. '"'''I oomments 
·oo· 11ie allioonl or «1.110 Y-0<• ·raq(llro In r.on\pUite this, rnmi s•W/or 1iu99ss!it>1>s,for ro<Juclilg lhis. l!<;rden; sMts!d be :&<>nl !om~ C!)ief !nf<irsfiP.llo;i· Off..:w, 4.s ... P11te<1t 
and ·r rad;itniHY,.()ff,....a. U.S. ttap;irVllMI <>f CIUnm~tcc. P.O. nox: 14.60, ~l<ll<<JnC!ria, \!A UJ13,145~. DO l'jq'CSENl>,FH;S OR COMPfETEO.FORMS TO 1H!lr 
1\00RESS. SEND TO! Commlil!floner far Patents, P.O. SO>< 145{), Al&:<.1ndr!;i,.V.A .2231 ~·l450. 
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sanofi,avenlls ref; ST950HKll US NP PTO/S0/96 (03-09) 
,t.pprovM fr.;t use through 04/30/2009. OMO OO~:i.-0031 

U.S. Patefll ano.T<<Jdetn{ill< Offiee: u:s. OF.PAA"IME'NTOF COMMERCE 
\l•<l~t the P&oor.<'<•r~ Retfu<;lion Act of· 1995. n<> pe:son~ are'raqw1"1! \0 res fllf11>11 co11ec!!on ~f infQrn>atlM un1os:~ It !$!11>'3..S" wlllu OMB eon11on1urnoor. 

STATEMENT UNDER37 CFR 3,73{b) 

Ppplicantf Parent Owners: BOUCHARD, Herve, et al. 
• ....... ••• ooo .. HO•••••• O o O ooooH~ oooo•HO OOOOoo-O 

fopp!icalicn ~'o./Patent No.: 081622011 A:edllssua Date: Mamh 26; 1996 
···---···-----·· ---_.--~----··----~~----~---

Titled: NEW TAXOIOS, THEIR PREPARATION AND PHARMACEUTICAL COMPOSITIONS CONTAINING 
THEM 

Aventis Pha1rna SA. , a ----................................. £9.!P.Q!:!l!ion ---,---,..----
nwea Assfgri<», e~ .• !X>')X!'a~. P.~. r;n.\.<e!m,<. (jO'Xlll\n'OOI !!ij811Cy, ®} 

states that it Is 

1. ~ the assignee ofti1$ entire iighl lit!e, and interest lrl; 

2- D <3i1 assignee ofless lhan the entire right; tlt!e , and !n!erestln 
{The extent {tt-/ perren!age) of its cr.'lne1w1ip in!etest is %): or 

3 D the as..<:fgnee of an undMded interest in the entirety of {a coriipl-3te assignmentfrorh one of the joint i_nventora was made) 

1he patent appli<:atioo!paterit identified above: by virtue of either. 
A D An ass.ignn1antfrom the inventoi{s) of 1he p1'!terit.appllcatiorilpatent ictenlffied above. The asslgriment was recon:il:i<Jin 

OR 

the Unf.ed &"tateS Pateiit and Tn:ldemat1< Offk:e al Reel 
copythere.'ore IS attached. 

, Fraine , or for \\ltiich a 

B. cg} A thafrt.Of lit!efrom the lhVe!~tor(s), \A the patentapplk:atio."Jpatentldentffied above, to the a.Jrrent assignee as·lo!lovvs: 

l. From: fnventom To: Rhone-Poulenc Rorer S.A. 
----·----------------H•••••••·--~-----------

The doa.Jment was recorded intha iJriitoo States Patent and Trademark Office at 

Reel 007959 F!'ame 0343 orforwhichacopythereorisattached 

2. From: Rhone-Poulenc RorarS.A. To: Aventis Pharma SA 
The dOO.imert was rocatiocl.ln 1he United states Patent and Trademark Office at 

Reel 011641 Frame 0962 or for 'htlk:.h a copy thereof is.al!ad"led 

3. Fr01n: To: 
·nie doo1ment was recorded k1 the Un!k.-...i .Stales Paten! arid Ttat.~w~ Office et 

Reel Frame ·······-············ .. ·····- or fur \~)lch a o:'lj))' t11ereol is a.ltached 

O Additional. doo.1ments inltle chain of We are fisted on a supplemetillll sheei(s) 

D As required by bel37 CFRubtn~b00Xll{1). the d<lctd-"~'.roonmiy ~t· .e~ice7 ,~t1~h;1ct11ain oftillefrom ti"ie Oligfi1<il 01N1'lertc:lhe assignee was .. or 
oooetlm>.nlty is · ng, s mitt .Vr re;-cor .,wn ptirsuar.-. o ,, Cr , :,, · . 

[NOTE: A separate OOffY (i.e., a lrur:i copy of tl18 orlg~1al as..~nnient doo.mient{s)) must be sdb~d !o 1\Sslg!'trne11t OM.~ Jn 
ao:ordance ¥.~'111 37 CFR Part 3, to record !he assignment in t.>ie records of\he USPTO. see MPEP 302.08] 

The underst~ed (V.Al7'1i'lla is SUPPliad below} is aulhoozea tO act oo behalf of the assignee: 

-·······---·Si9i1atlire]-lu~ JI_ ~ -~ ~~~10 \.. . )llA.'"\ " . 
Josiana Merlfe .......................... - ..... --....... Dlteotor, Patent Administration 

···············p·,·············:p····~~anw ............. ,ritie 
This o;J m11tkm i~ r..,quir<sd ts)' 37 Cl'R 3:73(~1- Tha Jnro1mauon is re-.ulre'<I !Q Q!Jfuln or retalll a.benefit b;dha· pub!lc.vlhk:h is lo lile (and !iy lhi! USFTO 
to proce$s) an appHCil\lM. ·Ctmf."flt>11ll11iily 111 govarl':.ld by 3 HU~. c; 1n. anc 37 Cf R i.; 1 a11<11 :1<1. 11,1s- ca~Gclicm iii u·a~mamd t"Ktake· 1?. minv\a$to ovmplete; 
inc!<ldlng. ga!l\e1<n11. 11fept1r.lng; and subm;1U119 1h<t <>omp!etad a1>pil~.:aii<>11 fcrm lo·!he:USPTO •. limo wm Y&ry »pon tn·e indiVk!ual """"'· """' t:l>rn>"&!>\s on th<h:irnol!lll· 
of. !lrne you iequire \()comp!.:; la this fom1 a nd/0< su9gasuo11a tr.r. rnnucin11 thl9 tnir®11. s!lould ilr. senj to the:Ctitel Information Olfi<'R.r, llA'). Paten! and Tr.a<lem;irk 
Offx:e, l(S. 09p~rlm~11t:of Ccmmorce. f'.O: Bo~ 14ll0. A!axan<ina. VA /.2:1l3-\45a. 00 NOT. SENO FEES OR COMPLeT.IW'FOHM TO T}ilS AODRESS. St:tm. 
TO; Commlse1¢n~r filr l>atollti; P, o. aox ~~o. Ale><andtJo; VA 223 l 3·1'1SO. SsnolJ.<1vont!is· l!.$. lomplato 

fl yew r111ctltui$islmr.o In comp!M;,g the tom1, ci111 1-soa.pro;rn 99 ;;11d s!f!&oticn qfitlon 2. 
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.~·~ .. '\ ( 4-DEPARTMENT OF HEALTH AND HUMAN SERVICES 

~~ -.~~~~~~~~~~~~~~~~~~~~~~F-o_o_d-an_d_D_r_u_g_A_d_m_in-is-t-ra-ti-on
Silver Spring MD 20993 

NDA 201023 

sanofi-aventis U.S., LLC 
c/o sanofi-aventis U.S., Inc. 
200 Crossing Boulevard, Mailstop: BX2-712B 
Bridgewater, NJ 08807 

Attention: Linda M. Gustavson 
Director, U.S., Associate Therapeutics Head, Oncology 

Dear Ms. Gustavson: 

NDA APPROVAL 

Please refer to your New Drug Application (NOA) dated March 31, 2010, received 
March 31, 2010, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act 
(FDCA) for Jevtana® (cabazitaxel) Injection, 60 mg/1.5 mL. 

We acknowledge receipt of your submissions dated April 16 (2), May 5, 7, 10, 18, 21, 24, 
25 (2), 28, June I, 4 (2), 8, 14, 16, and 17, 2010. 

This new drug application provides for the use of Jevtana® (cabazitaxel) Injection in 
combination with prednisone for the treatment of patients with hormone-refractory metastatic 
prostate cancer previously treated with a docetaxel-containing treatment regimen. 

We have completed our review of this application, as amended. It is approved, effective on the 
date of this letter, for use as recommended in the enclosed agreed-upon labeling text. 

CONTENT OF LABELING 

As soon as possible, but no later than 14 days from the date of this letter, submit, via the FDA 
automated drug registration and listing system ( eLIST), the content of labeling 
[21 CFR 314.50(1)] in structured product labeling (SPL) format, as described at 
http://www.f da. gov IF orlndustry/DataStandards/StructuredProductLabel ing/ defau lt.htm, that is 
identical to the enclosed labeling (text for the package insert, text for the patient package 
insert). Information on submitting SPL files using eLIST may be found in the guidance for 
industry titled "SPL Standard for Content of Labeling Technical Qs and As" at 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/ 
UCM072392.pdf. 

The SPL will be accessible via publicly available labeling repositories. 
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CARTON AND IMMEDIATE CONTAINER LABELS 

Submit final printed carton and container labels that are identical to the enclosed carton and 
immediate container labels as soon as they are available, but no more than 30 days after they 
are printed. Please submit these labels electronically according to the guidance for industry 
titled "Providing Regulatory Submissions in Electronic Format - Human Pharmaceutical 
Product Applications and Related Submissions Using the eCTD Specifications (October 
2005)". Alternatively, you may submit 12 paper copies, with 6 of the copies individually 
mounted on heavy-weight paper or similar material. For administrative purposes, designate 
this submission "Final Printed Carton and Container Labels for approved NDA 201023." 
Approval of this submission by FDA is not required before the labeling is used. 

Marketing the product with FPL that is not identical to the approved labeling text may render 
the product misbranded and an unapproved new drug. 

ADVISORY COMMITTEE 

Your application for Jevtana® ( cabazitaxel) Injection was not referred to an FDA advisory 
committee because taking this NDA to an advisory committee would result in a several month 
delay in making this advance in prostate cancer therapy available to patients for whom there is 
currently no available therapy. 

REQUIRED PEDIATRIC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication(s) in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

We are waiving the pediatric study requirement for this application because necessary studies 
are impossible or highly impracticable since prostate cancer does not occur in children. 

POSTMARKETING REQUIREMENTS UNDER 505(0) 

Section 505( o) of the FDCA authorizes FDA to require holders of approved drug and 
biological product applications to conduct postmarketing studies and clinical trials for certain 
purposes, if FDA makes certain findings required by the statute (section 505(o)(3)(A)). 

We have determined that an analysis of spontaneous postmarketing adverse events reported 
under subsection 505(k)(l) of the FDCA will not be sufficient to identify an unexpected 
serious risk of intravenous infusion of particulate matter into the blood stream. 
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Furthermore, the new pharmacovigilance system that FDA is required to establish under 
section 505(k)(3) of the FDCA has not yet been established and is not sufficient to assess these 
serious risk(s). 

Therefore, based on appropriate scientific data, FDA has determined that you are required to 
conduct the following: 

PMR 1649-1: 
To evaluate the potential for a serious risk of intravenous infusion of particulate matter into the 
blood stream, it is necessary to better understand and characterize the supersaturated pre-mix. 
Conduct a study to provide data which address particulate nucleation and kinetic factors of 
precipitation in the pre-mix. Conduct this study using multiple samples drawn from multiple 
batches so as to more fully support an in-use life of the pre-mix. 

Study considerations include (but are not necessarily limited to); interior surface properties of 
the container closure (e.g., treatments, roughness, scratches, etc.), initial mixing agitation force 
(vigorous shaking), physical shock on standing (e.g., vigorous shaking during in-use storage), 
needle sticks, syringe use, temperature (and temperature changes during in-use storage), and 
additional time point sampling beyond the proposed duration of in-use storage of the pre-mix 
solution (e.g., 1 to 4 hours). 

Collect and provide photographs of the precipitate as it appears in the container and isolated 
photomicrographs of the particles, as feasible, in the final report. 

Provide by mass balance, the mass of precipitated drug as precipitated mass and as mass 
percent of the total cabazitaxel content, in the final report. 

The timetable you submitted on June 16, 2010, states that you will conduct this study 
according to the following schedule: 

Final Protocol Submission: 
Study Completion Date: 
Final Report Submission: 

PMR 1649-2: 

September 2010 
March 2011 
June 2011 

To evaluate the potential for a serious risk of intravenous infusion of particulate matter into the 
blood stream, it is necessary to better understand and characterize the supersaturated infusion 
solution. Conduct a study which addresses particulate nucleation and kinetic factors of 
precipitation from the infusion solution. Conduct this study using multiple samples drawn for 
at least three additional batches in the containers (bags and sets) which you propose to label for 
this use so as to more fully support an in-use life of the infusion solution. 

Study factors include (but are not necessarily limited to); interior surface properties of the 
container (e.g., treatments, roughness, plasticizers, etc.), initial mixing agitation force (vigorous 
shaking), physical shock on standing (e.g., vigorous shaking during in-use storage), needle 
sticks, temperature (and temperature changes during in-use storage), and additional time point 
sampling beyond the proposed duration of in-use storage of the infusion solution. 
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Collect and provide photographs of the precipitate as it appears in the container and isolated 
photomicrographs of the particles, as feasible, for each observed precipitation or evidence of 
precipitation (e.g., clogged filters, impeded infusion flow, etc.), in the final report. 

Provide by mass balance, the mass of precipitated drug as precipitated mass and as mass 
percent of the total cabazitaxel content in the final report. 

The timetable you submitted on June 16, 2010, states that you will conduct this study 
according to the following schedule: 

Final Protocol Submission: 
Study Completion Date: 
Final Report Submission: 

September 2010 
March 2011 
June 2011 

Finally, we have determined that only a clinical trial (rather than a nonclinical or observational 
study) will be sufficient to assess the known serious risks of the unusuall~ high incidence and 
severity of the entire toxicity spectrum observed in your Phase 3 Jevtana (cabazitaxel) 
Injection trial in metastatic hormone refractory prostate cancer, with special concern for 
neutropenia, febrile neutropenia, infection, diarrhea, renal and cardiac toxicities and the 
increased incidence of drug-related death. A lower Jevtana® ( cabazitaxel) Injection dose may 
be equally effective with less toxicity. We have also determined that only a clinical trial 
(rather than a nonclinical or observational study) will be sufficient to assess the signals of the 
serious risks of hepatic impairment, Q-T prolongation and drug-drug interaction with Jevtana® 
( cabazitaxel) Injection. 

Therefore, based on appropriate scientific data, FDA has determined that you are required to 
conduct the following: 

PMR 1649-3: 
Conduct a Phase 3 randomized controlled trial in patients with hormone-refractory metastatic 
prostate cancer comparing 75 mg/m2 docetaxel with prednisone with cabazitaxel 25 mg/m2 

with prednisone and cabazitaxel 20 mg/m2 with prednisone as first-line therapy. The primary 
endpoint should be overall survival to evaluate the incidence of drug-related death as well as 
efficacy. The trial should be powered to detect a 25% difference in overall survival. The trial 
will include interim analyses for evaluation of efficacy based on overall survival and safety of 
the 25 mg/m2 with prednisone arm versus the 20 mg/m2 with prednisone arm to potentially 
drop one of the cabazitaxel arms. Submit the protocol for agency review prior to commencing 
the trial. 

The timetable you submitted on June 16, 2010, states that you will conduct this trial 
according to the following schedule: 

Final Protocol Submission: 
Trial Completion Date: 
Final Report Submission: 

November 2010 
December 2017 
June 2018 
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PMR 1649-4: 
Conduct a Phase 3 randomized controlled trial in 1222 patients with hormone-refractory 
metastatic prostate cancer previously treated with docetaxel comparing cabazitaxel 20 mg/m2 

with prednisone versus cabazitaxel 25 mg/m2 with prednisone and powered to preserve 50% of 
the treatment effect of cabazitaxel 25 mg/m2

• The study will include interim analyses for 
evaluation of drug-related deaths and safety as well as overall survival of the cabazitaxel 25 
mg/m2 with prednisone arm versus the cabazitaxel 20 mg/m2 with prednisone arm to potentially 
discontinue the trial. Submit the protocol for agency review prior to commencing the trial. 

The timetable you submitted on June 16, 2010, states that you will conduct this trial 
according to the following schedule: 

Final Protocol Submission: 
Trial Completion Date: 
Final Report Submission: 

PMR 1649-5: 

November 20 I 0 
September 2017 
June2018 

Complete and submit the final report of trial TES10884, along with a thorough review of 
cardiac safety data, for the potential of cabazitaxel to cause QTc interval prolongation in 
patients. 

The timetable you submitted on June 16, 2010, states that you will conduct this trial 
according to the following schedule: 

Final Protocol Submission: 
Trial Completion Date: 
Final Report Submission: 

PMR 1649-6: 

January 2010 
December 2011 
June 2012 

Conduct the trial POP6972 to determine the pharmacokinetics and safety of cabazitaxel in 
patients with hepatic impairment. 

The timetable you submitted on June 16, 2010, states that you will conduct this trial 
according to the following schedule: 

Final Protocol Submission: 
Trial Completion Date: 
Final Report Submission: 

March 2010 
May 2012 
November 2012 
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PMR 1649-7: 
Conduct a drug interaction trial to evaluate the effect of a strong CYP3A4 inhibitor 
(e.g., ketoconazole) on the pharmacokinetics of cabazitaxel in cancer patients. 

The timetable you submitted on June 16, 2010, states that you will conduct this trial 
according to the following schedule: 

Final Protocol Submission: 
Trial Completion Date: 
Final Report Submission: 

PMR 1649-8: 

October 2010 
April 2012 
December 2012 

Conduct a drug interaction trial to evaluate the effect of a strong CYP3A inducer 
(e.g., rifampin) on the pharmacokinetics of cabazitaxel in cancer patients. 

The timetable you submitted on June 16, 2010, states that you will conduct this trial 
according to the following schedule: 

Final Protocol Submission: 
Trial Completion Date: 
Final Report Submission: 

PMR 1649-9: 

October 2010 
April 2012 
December 2012 

Organize a group of renal experts to review and analyze renal toxicity from all currently 
available cabazitaxel clinical trials to identify etiologies and to provide recommendations for 
toxicity mitigation by patient selection or other measures and for trials needed to delineate the 
mechanism of toxicity. This group's findings and recommendations should be submitted 
within 9 months of the cabazitaxel approval date. 

Final Report Submission Date: March 2011 

PMR 1649-10: 
Submit integrated analyses of renal toxicity from two randomized trials in patients with 
metastatic hormone refractory prostate cancer every 6 months for 3 years from the initiation of 
the clinical trial. These trials have been described in PMR 1649-3 and PMR I 649-4. 

The timetable you submitted on June 16, 20 l 0, states that you will conduct this trial 
according to the following schedule: 

Final Protocol Submission: 
Interim Report Submission: 

Final Report Submission: 

November 20 l 0 
May 2011 
November 2011 
May 2012 
November 2012 
May 2013 
November 2013 
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Submit the protocols to your IND, with a cross-reference letter to this NOA. Submit all final 
report(s) to your NOA. Prominently identify the submission with the following wording in 
bold capital letters at the top of the first page of the submission, as appropriate: 

• REQUIRED POSTMARKETING PROTOCOL UNDER SOS(o) 
• REQUIRED POSTMARKETING FINAL REPORT UNDER SOS(o) 
• REQUIRED POSTMARKETING CORRESPONDENCE UNDER SOS(o) 

Section 505(o)(3)(E)(ii) of the FDCA requires you to report periodically on the status of any 
study or clinical trial required under this section. This section also requires you to periodically 
report to FDA on the status of any study or clinical trial otherwise undertaken to investigate a 
safety issue. Section 506B of the FDCA, as well as 21 CFR 314.81 (b )(2)(vii) requires you to 
report annually on the status of any postmarketing commitments or required studies or clinical 
trials. 

FDA will consider the submission of your annual report under section 506B and 
21 CFR 314.81 (b )(2)(vii) to satisfy the periodic reporting requirement under section 
505(o)(3)(E)(ii) provided that you include the elements listed in 505(0) and 
21CFR314.81(b)(2)(vii). We remind you that to comply with 505(0), your annual report must 
also include a report on the status of any study or clinical trial otherwise undertaken to 
investigate a safety issue. Failure to submit an annual report for studies or clinical trials 
required under 505(0) on the date required will be considered a violation of FDCA section 
505(o)(3)(E)(ii) and could result in enforcement action. 

CHEMISTRY, MANUFACTURING, AND CONTROLS 

Based on the available primary and supportive drug substance stability data, an 18-month 
retest date for the drug substance is granted when stored under the long term storage conditions 
of 5° C. 

Based on the provided stability data, an 18-month expiration dating period for the drug product 
is granted when stored under the following long term storage conditions: 

• Store at 25° C (77° F); excursion permitted between I 5° C - 30° C (59° F - 86° F) 
• Do not refrigerate 

METHODS VALIDATION 

We have not completed validation of the regulatory methods. However, we expect your 
continued cooperation to resolve any problems that may be identified. 

NEPTUNE GENERICS  EX. 00106



NDA 201023 
Page 8 

PROMOTIONAL MATERIALS 

You may request advisory comments on proposed introductory advertising and promotional 
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the 
proposed materials in draft or mock-up form with annotated references, and the package insert 
to: 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Drug Marketing, Advertising, and Communications 
5901-B Ammendale Road 
Beltsville, MD 20705-1266 

As required under 21 CFR 314.8 l(b)(3)(i), you must submit final promotional materials, and 
the package insert, at the time of initial dissemination or publication, accompanied by a 
Form FDA 2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. 
For more information about submission of promotional materials to the Division of Drug 
Marketing, Advertising, and Communications (DDMAC), see 
http://www.fda.gov/AboutFDA/CentersOffices/CDER/ucm090142.htm. 

Please submit one market package of the drug product when it is available. 

LETTERS TO HEALTH CARE PROFESSIONALS 

If you decide to issue a Jetter communicating important safety-related information about this 
drug product (i.e., a "Dear Health Care Professional" letter), we request that you submit, at 
least 24 hours prior to issuing the letter, an electronic copy of the letter to this NDA, to 
CDERMedWatchSafetyAlerts@fda.hhs.gov, and to the following address: 

Med Watch 
Food and Drug Administration 
Suite 128-05 
5600 Fishers Lane 
Rockville, MD 20857 

REPORTING REQUIREMENTS 

We remind you that you must comply with reporting requirements for an approved NDA 
(21CFR314.80 and 314.81). 
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MEDW ATCH-TO-MANUFACTURER PROGRAM 

The Med Watch-to-Manufacturer Program provides manufacturers with copies of serious 
adverse event reports that are received directly by the FDA. New molecular entities and 
important new biologics qualify for inclusion for three years after approval. Your firm is 
eligible to receive copies of reports for this product.· To participate in the program, please see 
the enrollment instructions and program description details at 
http://www.fda.gov/Safety/MedWatch/HowToReport/ucm 166910.htm. 

POST-ACTION FEEDBACK MEETING 

New molecular entities and new biologics qualify for a post-action feedback meeting. Such 
meetings are used to discuss the quality of the application and to evaluate the communication 
process during drug development and marketing application review. The purpose is to learn 
from successful aspects of the review process and to identify areas that could benefit from 
improvement. If you would like to have such a meeting with us, call the Regulatory Project 
Manager for this application. 

If you have any questions, call Christy Cottrell, Regulatory Project Manager, at 
(301) 796-4256. 

ENCLOSURE(S): 
Content of Labeling 
Carton and Container Labeling 

Sincerely, 

{See appended electronic signarure page} 

Richard Pazdur, M.D. 
Director 
Office of Oncology Drug Products 
Center for Drug Evaluation and Research 
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HIGHLIGHTS OF PRESCRIBING INFORMATION 
These highlights do not include all the information needed to use 
JEVTANA safely and effectively. See full prescribing information for 
JEVTANA. 

JEVTANA (cabazitaxel) Injection, 60 mg/1.5 mL, 
for intravenous Infusion only 
Initial U.S. Approval: 2010 

WARNING 
See full prescribing Information for complete boxed warning. 

• Neutropenic deaths have been reported. Obtain frequent blood counts 
to monitor for neutropenia. Do not give JEVT ANA if neutrophil counts 
are ~1,500 cells/mm3

• (2.2)(4) 
• Severe hypersensitivity can occur and may include generalized 

rash/erythema, hypotension and bronchospasm. Discontinue 
JEVTANA immediately if severe reactions occur and administer 
appropriate therapy. (2.3)(5.2) 

• Contraindicated if history ofsevere hypersensitivity reactions to 
JEVTANA or to drugs formulated with polysorbate 80. (4) 

------------------INDICATIONS AND USA GE-----------------·--
JEVT AN A is a microtubule inhibitor indicated in combination with 
prednisone for treatment of patients with hormone-refractory metastatic 
prostate cancer previously treated with a docetaxel-containing treatment 
regimen. (I) 

----------DOSAGE AND ADMINISTRATION----·--------
Recommended dose: JEVTANA 25 mg/m2 administered every three weeks 
as a one-hour intravenous infusion in combination with oral prednisone I 0 mg 
administered daily throughout JEVT ANA treatment (2. l) 

JEVT ANA requires~ dilutions prior to administration (2.5) 
Use the entire contents of the accompanying diluent to achieve a 
concentration of 10 mg/mL JEVTANA. (2.5) 
PVC equipment should not be used (2.5) 
Premedication Regimen: Administer intravenously 30 minutes before 
each dose of JEVTANA: 

o Antihistamine (dexchloropheniramine 5 mg or 
diphenhydramine 25 mg or equivalent antihistamine) 

o Corticosteroid ( dexamethasone 8 mg or equivalent steroid) 
o H2 antagonist (ranitidine 50 mg or equivalent H1 antagonist) 

(2.3) 
Antiemetic prophylaxis (oral or intravenous) is recommended as needed. 
(2.3) 
Dosage Modifications: See full prescribing information (2.2) 

--------------DOSAGE FORMS AND STRENGTHS---------------
Single use vial 60 mg/1.5 mL, supplied with diluent (5.7 mL) for 
JEVTANA (3) 

FULL PRESCRIBING INFORMATION: CONTENTS* 

WARNING 
I INDICATIONS AND USAGE 
2 DOSAGE AND ADMINISTRATION 

2. l General Dosing Information 
2.2 Dose Modifications 
2.3 Premedication 
2.4 Administration Precautions 
2.5 Instructions for Preparation 
2.6 Administration 

3 DOSAGE FORMS AND STRENGTHS 
4 CONTRAINDICATIONS 
5 WARNINGS AND PRECAUTIONS 

5.1 Neutropenia 
5.2 Hypersensitivity Reactions 
5 .3 Gastrointestinal Symptoms 
5.4 Renal Failure 
5.5 Elderly Patients 
5.6 Hepatic lmpairment 
5.7 Pregnancy 

-----------------CONTRAINDICA TJONS-----------------
Neutrophil counts of:Sl ,500/mm3 (2.2)(4) 
History of severe hypersensitivity to JEVTANA or polysorbate 80 (4) 

-----------WARNINGS AND PRECAUTIONS------------
Neutropenia, febrile neutropenia: Neutropenic deaths have been 
reported. Monitor blood counts frequently to determine if initiation of 
G-CSF and/or dosage modification is needed. Primary prophylaxis with 
G-CSF should be considered in patients with high-risk clinical features. 
(2.2X4)(5.I) 
Hypersensitivity: Severe hypersensitivity reactions can occur. 
Premedicate with corticosteroids and H2 antagonists. Discontinue 
infusion immediately if hypersensitivity is observed and treat as 
indicated. (4)(5.2) 
Gastrointestinal symptoms (nausea, vomiting, diarrhea): Mortality 
related to diarrhea has been reported. Rehydrate and treat with anti
emetics and anti-diarrheals as needed. If experiencing Grade:;:: 3 
diarrhea, dosage should be modified. (2.2)(5.3) 
Renal failure, including cases with fatal outcomes, has been reported. 
Identify cause and manage aggressively. (5.4) 
Elderly patients: Patients ;:: 65 years of age were more likely to 
experience fatal outcomes not related to disease progression and certain 
adverse reactions, including neutropenia and febrile neutropenia. 
Monitor closely (5.5)(6)(8.5). 
Hepatic impairment: Patients with impaired hepatic function were 
excluded from the randomized clinical trial. Hepatic impairment is likely 
to increase the cabazitaxel concentrations. JEVT ANA should not be 
given to patients with hepatic impairment. (5.6)(8.7) 
JEVT AN A can cause fetal harm when administered to a pregnant 
woman. (5.7)(8.1) 

-------------------ADVERSE REACTIONS-----------------
Most common all grades adverse reactions('=: I 00/o) are neutropenia, anemia, 
leukopenia, thrombocytopenia, diarrhea, fatigue, nausea, vomiting, 
constipation, asthenia, abdominal pain, hematuria, back pain, anorexia, 
peripheral neuropathy, pyrexia, dyspnea, dysgeusia, cough, arthralgia, and 
alopecia. (6) 

To report SUSPECTED ADVERSE REACTIONS, contact sanoli-aventis 
U.S. LLC at 1-800-633-1610 or FDA at 1-800-FDA-1088 or 
www.fda.gov/medwatch. 

-------------DRUG INTERACTIONS-------------
Use with caution in patients taking concomitant medicines that induce or 
inhibit CYP3A. (7) 

See 17 for PATIENT COUNSELING INFORMATION and FDA
approved patient labeling. 

6 ADVERSE REACTIONS 
6. l Clinical Trial Experience 

7 DRUG INTERACTIONS 

Revised: 06/2010 

7.1 Drugs That May Increase Cabazitaxel Plasma Concentrations 
7.2 Drugs That May Decrease Cabazitaxel Plasma Concentrations 

8 USE IN SPECIFIC POPULATIONS 
8. l Pregnancy 
8.3 Nursing Mothers 
8.4 Pediatric Use 
8.5 Geriatric Use 
8.6 Renal Impairment 
8.7 Hepatic Impairment 

10 OVERDOSAGE 
11 DESCRIPTION 
12 CLINICAL PHARMACOLOGY 

12. l Mechanism of Action 
12.2 Pharmacodynarnics 
12.3 Pharmacokinetics 

13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
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14 CLINICAL STUDIES 
15 REFERENCES 
16 HOW SUPPLIED/STORAGE AND HANDLING 

16. l How Supplied 
16.2 Storage 

16.3 Handling and Disposal 
17 PATIENT COUNSELING INFORMATION 
*Sections or subsections omitted from the full prescribing information are not 
listed. 
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FULL PRESCRIBING INFORMATION 

WARNING 

Neutropenic deaths have been reported. In order to monitor the occurrence of neutropenia, 
frequent blood cell counts should be performed on all patients receiving JEVT ANA. 
JEVTANA should not be given to patients with neutrophil counts of ~1,500 cells/mm3

• 

Severe hypersensitivity reactions can occur and may include generalized rash/erythema, 
hypotension and bronchospasm. Severe hypersensitivity reactions require immediate 
discontinuation of the JEVT ANA infusion and administration of appropriate therapy {see 
Warnings and Precautions (5.2)/. Patients should receive premedication {see Dosage and 
Administrations (2.3)/. JEVT ANA must not be given to patients who have a history of 
severe hypersensitivity reactions to JEVT ANA or to other drugs formulated with 
polysorbate 80 {see Contraindications (4)]. 

1 INDICATIONS AND USAGE 

JEVTANA ® is a microtubule inhibitor indicated in combination with prednisone for the 
treatment of patients with hormone-refractory metastatic prostate cancer previously treated with 
a docetaxel-containing treatment regimen. 

2 DOSAGE AND ADMINISTRATION 

2.1 General Dosing Information 

• The individual dosage of JEVTANA is based on calculation of the Body Surface Area (BSA) 
and is 25 mg/m2 administered as a one-hour intravenous infusion every three weeks in 
combination with oral prednisone 10 mg administered daily throughout JEVTANA 
treatment. 

• Premedication is recommended prior to treatment [see Dosage and Administration (2.3)]. 
• JEVTANA should be administered under the supervision of a qualified physician 

experienced in the use of antineoplastic medicinal products. Appropriate management of 
complications is possible only when the adequate diagnostic and treatment facilities are 
readily available. 

• JEVTANA Injection single-use vial requires two dilutions prior to administration [see 
Dosage and Administration (2.5)). 

• Do not use PVC infusion containers and polyurethane infusions sets for preparation and 
administration of JEVTANA infusion solution [see Dosage and Administration (2.5)). 

• Both the JEVTANA Injection and the diluent vials contain an overfill to compensate for 
liquid loss during preparation. 
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2.2 Dose Modifications 

The JEVT ANA dose should be reduced to 20 mg/m2 if patients experience the following adverse 
reactions. 

Table 1: Recommended Dosage Modifications for Adverse Reactions in Patients Treated 
with JEVT ANA 

Toxici 
Prolonged grade 2: 3 neutropenia (greater than 
I week) despite appropriate medication 
including G-CSF 

Febrile neutropenia 

Dosa e Modification 
Delay treatment until neutrophil count is 
> 1,500 cells/mm3

, then reduce dosage of 
JEVTANA to 20 mg/m2

• Use G-CSF for 
seconda ro h Jaxis. 
Delay treatment until improvement or 
resolution, and until neutrophil count is 
> 1,500 cells/mm3

, then reduce dosage of 
JEVTANA to 20 mg/m2

• Use G-CSF for 
seconda ro h !axis. 

Grade 2: 3 diarrhea or persisting diarrhea 
despite appropriate medication, fluid and 
electro! es re lacement 

Delay treatment until improvement or 
resolution, then reduce dosage of JEVTANA to 
20 m /m2

• 

Discontinue JEVT ANA treatment if a patient continues to experience any of these reactions at 
20 mg/m2

• 

2.3 Premedication 

Premedicate at least 30 minutes prior to each dose of JEVTANA with the following intravenous 
medications to reduce the risk and/or severity of hypersensitivity: 
• antihistamine (dexchlorpheniramine 5 mg, or diphenhydramine 25 mg or equivalent 

antihistamine), 
• corticosteroid ( dexamethasone 8 mg or equivalent steroid), 
• H2 antagonist (ranitidine 50 mg or equivalent H2 antagonist). 

Antiemetic prophylaxis is recommended and can be given orally or intravenously as needed. 

2.4 Administration Precautions 

JEVT ANA is a cytotoxic anticancer drug and caution should be exercised when handling and 
preparing JEVTANA solutions, taking into account the use of containment devices, personal 
protective equipment (e.g., gloves), and preparation procedures. Please refer to Handling and 
Disposal (16.3). 

If JEVTANA Injection, first diluted solution, or second (final) dilution for intravenous infusion 
should come into contact with the skin, immediately and thoroughly wash with soap and water. 

4 

NEPTUNE GENERICS  EX. 00112



If JEVTANA Injection, first diluted solution, or second (final) dilution for intravenous infusion 
should come into contact with mucosa, immediately and thoroughly wash with water. 

2.5 Instructions for Preparation 

Do not use PVC infusion containers or polyurethane infusions sets for preparation and 
administration of JEVT ANA infusion solution. 

Read this entire section carefully before mixing and diluting. JEVTANA requires two dilutions 
prior to administration. Please follow the preparation instructions provided below. Note: Both 
the JEVTANA Injection and the diluent vials contain an overfill to compensate for liquid loss 
during preparation. This overfill ensures that after dilution with the entire contents of the 
accompanying diluent, there is an initial diluted solution containing 10 mg/mL JEVTANA. 

The following two-step dilution process must be carried out under aseptic conditions to prepare 
the second (final) infusion solution. 

Set aside the JEVT ANA Injection and supplied diluent vials. The JEVT ANA Injection is a clear 
yellow to brownish-yellow viscous solution, if appropriately stored. 

Step 1 - First Dilution 

Each vial of JEVTANA (cabazitaxel) 60 mg/1.5 mL must first be mixed with the entire contents 
of supplied diluent. Once reconstituted, the resultant solution contains 10 mg/mL of JEVTANA. 

When transferring the diluent, direct the needle onto the inside wall of JEVTANA vial and inject 
slowly to limit foaming. Remove the syringe and needle and gently mix the initial diluted 
solution by repeated inversions for at least 45 seconds to assure full mixing of the drug and 
diluent. Do not shake. 

Let the solution stand for a few minutes to allow any foam to dissipate, and check that the 
solution is homogeneous and contains no visible particulate matter. It is not required that all 
foam dissipate prior to continuing the preparation process. 

The resulting initial diluted JEVTANA solution (cabazitaxel 10 mg/mL) requires further dilution 
before administration. The second dilution should be done immediately (within 30 minutes} to 
obtain the final infusion as detailed in Step 2. 

Step 2 - Second (Final) Dilution 

Withdraw the recommended dose from the JEVT ANA solution containing I 0 mg/mL as 
prepared in Step 1 using a calibrated syringe and further dilute into a sterile 250 mL PVC-free 
container of either 0.9% sodium chloride solution or 5% dextrose solution for infusion. If a dose 
greater than 65 mg of JEVTANA is required, use a larger volume of the infusion vehicle so that 
a concentration of0.26 mg/mL JEVTANA is not exceeded. The concentration of the JEVTANA 
final infusion solution should be between 0.10 mg/mL and 0.26 mg/mL. 
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JEVT ANA should not be mixed with any other drugs. 

Remove the syringe and thoroughly mix the final infusion solution by gently inverting the bag or 
bottle. 

JEVTANA final infusion solution (in either 0.9% sodium chloride solution or 5% dextrose 
solution) should be used within 8 hours at ambient temperature (including the one-hour infusion) 
or within a total of24 hours if refrigerated (including the one-hour infusion). 

As the final infusion solution is supersaturated, it may crystallize over time. Do not use if this 
occurs and discard. 

Inspect visually for particulate matter, any crystals and discoloration prior to administration. If 
the JEVTANA first diluted solution or second (final) infusion solution is not clear or appears to 
have precipitation, it should be discarded. 

Discard any unused portion. 

2.6 Administration 

The final JEVT ANA infusion solution should be administered intravenously as a one-hour 
infusion at room temperature. 

Use an in-line filter of 0.22 micrometer nominal pore size during administration. 

The final JEVTANA infusion solution should be used immediately. However, in-use storage 
time can be longer under specific conditions, i.e., 8 hours under ambient conditions (including 
the one-hour infusion) or for a total of24 hours if refrigerated (including the one-hour infusion) 
{see Dosage and Administration (2.5)]. 

3 DOSAGEFORMSANDSTRENGTHS 

JEVTANA (cabazitaxel) Injection 60 mg/1.5 mL is supplied as a kit consisting of the following: 

- JEVT ANA Injection 60 mg/1.5 mL: contains 60 mg cabazitaxel in I .5 mL 
polysorbate 80, 

- Diluent for JEVTANA Injection 60 mg/1.5 mL: contains approximately 5.7 mL of 
13% (w/w) ethanol in water for injection. 

4 CONTRAINDICATIONS 

JEVTANA should not be used in patients with neutrophil counts of~ l,500/mm3
• 

JEVTANA is contraindicated in patients who have a history of severe hypersensitivity reactions 
to cabazitaxel or to other drugs formulated with polysorbate 80. 
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5 WARNINGS AND PRECAUTIONS 

5.1 Neutropenia 

Five patients experienced fatal infectious adverse events (sepsis or septic shock). All had grade 4 
neutropenia and one had febrile neutropenia. One additional patient's death was attributed to 
neutropenia without a documented infection. 

G-CSF may be administered to reduce the risks of neutropenia complications associated with 
JEVT ANA use. Primary prophylaxis with G-CSF should be considered in patients with high-risk 
clinical features (age> 65 years, poor performance status, previous episodes of febrile 
neutropenia, extensive prior radiation ports, poor nutritional status, or other serious 
comorbidities) that predispose them to increased complications from prolonged neutropenia. 
Therapeutic use of G-CSF and secondary prophylaxis should be considered in all patients 
considered to be at increased risk for neutropenia complications. 

Monitoring of complete blood counts is essential on a weekly basis during cycle 1 and before 
each treatment cycle thereafter so that the dose can be adjusted, if needed [see Dosage and 
Administration (2.2)]. 

JEVTANA should not be administered to patients with neutrophils :5 1,500/mm3 [see 
Contraindications (4)]. 

If a patient experiences febrile neutropenia or prolonged neutropenia (greater than one week) 
despite appropriate medication (e.g., G-CSF), the dose of JEVT ANA should be reduced [see 
Dosage and Administration (2.2)). Patients can restart treatment with JEVTANA only when 
neutrophil counts recover to a level> 1,500/mm3 [see Contraindications (4)]. 

5.2 Hypersensitivity Reactions 

All patients should be premedicated prior to the initiation of the infusion of JEVTANA [see 
Dosage and Administration (2.3)]. Patients should be observed closely for hypersensitivity 
reactions, especially during the first and second infusions. Hypersensitivity reactions may occur 
within a few minutes following the initiation of the infusion of JEVTANA, thus facilities and 
equipment for the treatment of hypotension and bronchospasm should be available. Severe 
hypersensitivity reactions can occur and may include generalized rash/erythema, hypotension 
and bronchospasm. Severe hypersensitivity reactions require immediate discontinuation of the 
JEVT ANA infusion and appropriate therapy. Patients with a history of severe hypersensitivity 
reactions should not be re-challenged with JEVTANA [see Contraindications (4)]. 

5.3 Gastrointestinal Symptoms 

Nausea, vomiting and severe diarrhea, at times, may occur. Death related to diarrhea and 
electrolyte imbalance occurred in the randomized clinical trial. Intensive measures may be 
required for severe diarrhea and electrolyte imbalance. Patients should be treated with 
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rehydration, anti-diarrheal or anti-emetic medications as needed. Treatment delay or dosage 
reduction may be necessary if patients experience Grade~ 3 diarrhea [see Dosage and 
Administration (2.2)]. 

5.4 Renal Failure 

Renal failure, including four cases with fatal outcome, was reported in the randomized clinical 
trial. Most cases occurred in association with sepsis, dehydration, or obstructive uropathy [see 
Adverse Reactions (6.1)]. Some deaths due to renal failure did not have a clear etiology. 
Appropriate measures should be taken to identify causes of renal failure and treat aggressively. 

5.5 Elderly Patients 

In the randomized clinical trial, 3of131 (2%) patients< 65 years of age and 15of240 (6%) 
~ 65 years of age died of causes other than disease progression within 30 days of the last 
cabazitaxel dose. Patients~ 65 years of age are more likely to experience certain adverse 
reactions, including neutropenia and febrile neutropenia [see Adverse Reactions (6) and Use in 
Specific Populations (8.5)}. 

5.6 Hepatic Impairment 

No dedicated hepatic impairment trial for JEVTANA has been conducted. Patients with impaired 
hepatic function (total bilirubin ~ ULN, or AST and/or ALT~ 1.5 x ULN) were excluded from 
the randomized clinical trial. 

Cabazitaxel is extensively metabolized in the liver, and hepatic impairment is likely to increase 
cabazitaxel concentrations. 

Hepatic impairment increases the risk of severe and life-threatening complications in patients 
receiving other drugs belonging to the same class as JEVTANA. JEVTANA should not be given 
to patients with hepatic impairment (total bilirubin ~ ULN, or AST and/or ALT~ 1.5 x ULN). 

5. 7 Pregnancy 

Pregnancy category D. 

JEVTANA can cause fetal harm when administered to a pregnant woman. In non-clinical studies 
in rats and rabbits, cabazitaxel was embryotoxic, fetotoxic, and abortifacient at exposures 
significantly lower than those expected at the recommended human dose level. 

There are no adequate and well-controlled studies in pregnant women using JEVTANA. If this 
drug is used during pregnancy, or if the patient becomes pregnant while taking this drug, the 
patient should be apprised of the potential hazard to the fetus. Women of childbearing potential 
should be advised to avoid becoming pregnant during treatment with JEVTANA [see Use in 
Specific Populations (8.1)}. 
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6 ADVERSE REACTIONS 

The following serious adverse reacti.ons are discussed in greater detail in another section of the 
label: 
• Neutropenia [see Warnings and Precautions (5.1)]. 
• Hypersensitivity Reactions [see Warnings and Precautions (5.2)]. 
• Gastrointestinal Symptoms {see Warnings and Precautions (5.3)]. 
• Renal Failure [see Warnings and Precautions (5.4)]. 

6.1 Clinical Trial Experience 

Because clinical trials are conducted under widely varying conditions, the adverse reaction rates 
observed cannot be directly compared to rates in other trials and may not reflect the rates 
observed in clinical practice. 

The safety of JEVTANA in combination with prednisone was evaluated in 371 patients with 
hormone-refractory metastatic prostate cancer treated in a single randomized trial, compared to 
mitoxantrone plus prednisone. 

Deaths due to causes other than disease progression within 30 days oflast study drug dose were 
reported in 18 (5%) JEVTANA-treated patients and 3 (< 1 %) mitoxantrone-treated patients. The 
most common fatal adverse reactions in JEVTANA-treated patients were infections (n=5) and 
renal failure (n=4). The majority (4of5 patients) of fatal infection-related adverse reactions 
occurred after a single dose of JEVTANA. Other fatal adverse reactions in JEVTANA-treated 
patients included ventricular fibrillation, cerebral hemorrhage, and dyspnea. 

The most common (2: I 0%) grade 1-4 adverse reactions were anemia, leukopenia, neutropenia, 
thrombocytopenia, diarrhea, fatigue, nausea, vomiting, constipation, asthenia, abdominal pain, 
hematuria, back pain, anorexia, peripheral neuropathy, pyrexia, dyspnea, dysguesia, cough, 
arthralgia, and alopecia. 

The most common (2: 5%) grade 3-4 adverse reactions in patients who received JEVTANA were 
neutropenia, leukopenia, anemia, febrile neutropenia, diarrhea, fatigue, and asthenia. 

Treatment discontinuations due to adverse drug reactions occurred in 18% of patients who 
received JEVT ANA and 8% of patients who received mitoxantrone. The most common adverse 
reactions leading to treatment discontinuation in the JEVTANA group were neutropenia and 
renal failure. Dose reductions were reported in 12% of JEVT ANA-treated patients and 4% of 
mitoxantrone-treated patients. Dose delays were reported in 28% of JEVTANA-treated patients 
and 15% of mitoxantrone-treated patients. 
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Table 2 - Incidence of Reported Adverse Reactions1 and Hematologic Abnormalities in 
;::: 5% of Patients Receiving JEVTANA in Combination with Prednisone or Mitoxantrone in 

Combination with Prednisone 

JEVT ANA 25 mg/m2 every 3 Mitoxantrone 12 mg/m2 every 3 
weeks with prednisone 10 mg daily weeks with prednisone 10 mg daily 

n=371 n=371 
Grade 1-4 Grade 3-4 Grade 1-4 Grade3-4 

n {%} n (%} n {%} n (%) 
Any Adverse Reaction 

Blood and Lymphatic System Disorders 
Neutropenia2 347 (94%) 303 (82%) 325 (87%) 215 (58%) 
Febrile Neutropenia 27 (7%) 27 (7%) 5 (1%) 5 (1%) 

Anemia2 361 (98%) 39 (11%) 302 (82%) 18 (5%) 
Leukopenia2 355 (96%) 253 (69%) 343 (93%) 157 (42%) 
Thrombocytopenia2 176 (48%) 15 (4%) 160 (43%) 6(2%) 

Cardiac Disorders 

Arrhythmia3 18 (5%) 4(1%) 6(2%) 1(<1%) 

Gastrointestinal Disorders 
Diarrhea 173 (47%) 23 (6%) 39(11%) 1(<1%) 
Nausea 127 (34%) 7 (2%) 85 (23%) 1(<1%) 
Vomiting 83 (22%) 6 (2%) 38 (10%) 0 
Constipation 76 (20%) 4 (1%) 57 (15%) 2 {< 1%) 
Abdominal Pain4 64 (17%) 7 (2%) 23 (6%) 0 
Dyspepsia5 36 (10%) 0 9(2%) 0 

General Disorders and Administration Site Conditions 
Fatigue 136 (37%) 18 (5%) 102 (27%) 11 (3%) 
Asthenia 76 (20%) 17 (5%) 46 (12%) 9(2%) 
Pyrexia 45 (12%) 4 (1%) 23 (6%) 1(<1%) 
Peripheral Edema 34 (9%) 2(< 1%) 34 (9%) 2 (< 1%) 

Mucosa! Inflammation 22 (6%) l (< 1%) 10 (3%) 1(<1%) 
Pain 20 (5%) 4 (1%) 18 (5%) 7 (2%) 

Infections and Infestations 

Urinary Tract lnfection6 29 (8%) 6 (2%) 12 (3%) 4(1%) 

Investigations 

Weight Decreased 32 (9%) 0 28 (8%) 1(<1%) 

Metabolism and Nutrition Disorders 

Anorexia 59 (16%) 3 (< 1%) 39(I1%) 3(<1%) 

Dehydration 18 (5%) 8 (2%) 10 (3%) 3 (< 1%) 

Musculoskeletal and Connective Tissue Disorders 
Back Pain 60 (16%) 14 (4%) 45 (12%) 11 (3%) 
Arthralgia 39 (11%) 4 (1%) 31 (8%) 4 (1%) 
Muscle Spasms 27 (7%) 0 10 (3%) 0 

Nervous System Disorders 

Peripheral Neuropathy7 50 (13%) 3 (< 1%) 12 (3.2%) 3 (< 1%) 

Dysgeusia 41 (11%) 0 15 (4%) 0 

Dizziness 30 (8%) 0 21 (6%) 2 (< 1%) 

Headache 28 (8%) 0 19 (5%) 0 

Renal and Urinary Tract Disorders 
Hernaturia 62 (17%) 7(2%) 13 (4%) l (< 1%) 
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Dysuria 25 (7%) 
Respiratory, Thoracic and Mediastinal Disorders 

Dyspnea 43 (12%} 
Cough 40 (11%) 

Skin and Subcutaneous Tissue Disorders 
Alopecia 37 (10%} 

Vascular Disorders 
Hypotension 20 (5%) 

Median Duration of 6 cycles 
Treatment 
Graded using NCI CTCAE version 3 

0 

4 (1%) 
0 

0 

2 (<I%) 

2Based on laboratory values, cabazitaxel: n =369, mitoxantrone: n = 370. 

5 (1%) 

16 (4%) 
22 (6%) 

18 (5%) 

9 (2%) 

4 cycles 

0 

2 (< 1%) 
0 

0 

I{< 1%) 

3Jncludes atrial fibrillation, atrial flutter, atrial tachycardia, atrioventricular block complete, bradycardia, 
palpitations, supraventricular tachycardia, tachyarrhythmia, and tachycardia. 
4Jncludes abdominal discomfort, abdominal pain lower, abdominal pain upper, abdominal tenderness, and GI pain. 
5Includes gastroesophageal reflux disease and reflux gastritis. 
6Jncludes urinary tract infection enterococcal and urinary tract infection fungal. 
7Jncludes peripheral motor neuropathy and peripheral sensory neuropathy. 

Neutropenia and Associated Clinical Events: 
Five patients experienced fatal infectious adverse events (sepsis or septic shock). All had grade 4 
neutropenia and one had febrile neutropenia. One additional patient's death was attributed to 
neutropenia without.a documented infection. Twenty-two (6%) patients discontinued JEVTANA 
treatment due to neutropenia, febrile neutropenia, infection, or sepsis. The most common adverse 
reaction leading to treatment discontinuation in the JEVTANA group was neutropenia (2%). 

Hematuria: 
Adverse events of hematuria, including those requiring medical intervention, were more 
common in JEVTANA-treated patients. The incidence of grade 2: 2 hematuria was 6% in 
JEVTANA-treated patients and 2% in mitoxantrone-treated patients. Other factors associated 
with hematuria were well-balanced between arms and do not account for the increased rate of 
hematuria on the JEVT ANA arm. 

Hepatic Laboratory Abnormalities: 
The incidences of grade 3-4 increased AST, increased ALT, and increased bilirubin were each 
:::; 1%. 

Elderly Population: 
The following grade 1-4 adverse reactions were reported at rates 2: 5% higher in patients 65 years 
of age or greater compared to younger patients: fatigue (40% vs. 30%), neutropenia 
(97% vs. 89%), asthenia (24% vs. I 5%), pyrexia (15% vs. 8%), dizziness (10% vs. 5%), urinary 
tract infection (10% vs. 3%) and dehydration (7% vs. 2%), respectively. 

The incidence of the following grade 3-4 adverse reactions were higher in patients 2: 65 years of 
age compared to younger patients; neutropenia (87% vs. 74%), and febrile neutropenia 
(8% vs. 6%) [see Use in Specific Populations (8.5)}. 
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7 DRUG INTERACTIONS 

No formal clinical drug-drug interaction trials have been conducted with JEVTANA. 

Prednisone or prednisolone administered at l 0 mg daily did not affect the pharmacokinetics of 
cabazitaxel. 

7.1 Drugs That May Increase Cabazitaxel Plasma Concentrations 

CYP3A4 Inhibitors: Cabazitaxel is primarily metabolized through CYP3A [see Clinical 
Pharmacology (12.3)}. Though no formal drug interaction trials have been conducted for 
JEVTANA, concomitant administration of strong CYP3A inhibitors (e.g., ketoconazole, 
itraconazole, clarithromycin, atazanavir, indinavir, nefazodone, nelfinavir, ritonavir, saquinavir, 
telithromycin, voriconazole) is expected to increase concentrations of cabazitaxel. Therefore, co
administration with strong CYP3A inhibitors should be avoided. Caution should be exercised 
with concomitant use of moderate CYP3A inhibitors. 

7 .2 Drugs That May Decrease Cabazitaxel Plasma Concentrations 

CYP3A4 Inducers: Though no formal drug interaction trials have been conducted for 
JEVTANA, the concomitant administration of strong CYP3A inducers (e.g., phenytoin, 
carbamazepine, rifampin, rifabutin, rifapentin, phenobarbital) is expected to decrease cabazitaxel 
concentrations. Therefore, co-administration with strong CYP3A inducers should be avoided. In 
addition, patients should also refrain from taking St. John's Wort. 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Pregnancy category D. See 'Warnings and Precautions' section. 

JEVTANA can cause fetal harm when administered to a pregnant woman. There are no adequate 
and well-controlled studies of JEVT ANA in pregnant women. 

Non-clinical s.tudies in rats and rabbits have shown that cabazitaxel is embryotoxic, fetotoxic, 
and abortifacient. Cabazitaxel was shown to cross the placenta barrier within 24 hours of a single 
intravenous administration of a 0.08 mg/kg dose (approximately 0.02 times the maximum 
recommended human dose-MRHD) to pregnant rats at gestational day 17. 

Cabazitaxel administered once daily to female rats during organogenesis at a dose of 
0.16 mg/kg/day (approximately 0.02-0.06 times the Cmax in patients with cancer at the 
recommended human dose) caused maternal and embryo fetal toxicity consisting of increased 
post-implantation loss, embryolethality, and fetal deaths. Decreased mean fetal birth weight 
associated with delays in skeletal ossification were observed at doses 2: 0.08 mg/kg 
(approximately 0.02 times the Cmax at the MRHD). In utero exposure to cabazitaxel did not 
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result in fetal abnormalities in rats or rabbits at exposure levels significantly lower than the 
expected human exposures. 

If this drug is used during pregnancy or if the patient becomes pregnant while taking this drug, 
the patient should be apprised of the potential hazard to the fetus. Women of childbearing 
potential should be advised to avoid becoming pregnant while taking JEVT ANA. 

8.3 Nursing Mothers 

Cabazitaxel or cabazitaxel metabolites are excreted in maternal milk of lactating rats. It is not 
known whether this drug is excreted in human milk. Within 2 hours of a single intravenous 
administration of cabazitaxel to lactating rats at a dose of 0.08 mg/kg (approximately 0.02 times 
the maximum recommended human dose), radioactivity related to cabazitaxel was detected in 
the stomachs of nursing pups. This was detectable for up to 24 hours post-dose. Approximately 
1.5% of the dose delivered to the mother was calculated to be delivered in the maternal milk. 
Because many drugs are excreted in human milk and because of the potential for serious adverse 
reactions in nursing infants from JEVTANA, a decision should be made whether to discontinue 
nursing or to discontinue the drug, taking into account the importance of the drug to the mother. 

8.4 Pediatric Use 

The safety and effectiveness of JEVT ANA in pediatric patients have not been established. 

8.5 Geriatric Use 

Based on a population pharmacokinetic analysis, no significant difference was observed in the 
pharmacokinetics of cabazitaxel between patients< 65 years (n=l 00) and older (n=70). 

Of the 371 patients with prostate cancer treated with JEVTANA every three weeks plus 
prednisone, 240 patients (64.7%) were 65 years of age and over, while 70 patients (18.9%) were 
75 years of age and over. No overall differences in effectiveness were observed between patients 
~ 65 years of age and younger patients. Elderly patients (~ 65 years of age) may be more likely 
to experience certain adverse reactions. The incidence of neutropenia, fatigue, asthenia, pyrexia, 
dizziness, urinary tract infection and dehydration occurred at rates~ 5% higher in patients who 
were 65 years of age or greater compared to younger patients [see Adverse Reactions (6.1)). 

8.6 Renal Impairment 

No dedicated renal impairment trial for JEVTANA has been conducted. Based on the population 
pharmacokinetic analysis, no significant difference in clearance was observed in patients with 
mild (50 mL/min.:::; creatinine clearance (CLcr) < 80 mL/min) and moderate renal impairment 
(30 mL/min.:::; CLcr< 50 mL/min). No data are available for patients with severe renal 
impairment or end-stage renal disease [see Clinical Pharmacology (12.3)). Caution should be 
used in patients with severe renal impairment (CLcr < 30 mL/min) and patients with end-stage 
renal diseases. 
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8. 7 Hepatic Impairment 

No dedicated hepatic impairment trial for JEVTANA has been conducted. The safety of 
JEVT ANA has not been evaluated in patients with hepatic impairment [see Warnings and 
Precautions (5.6)]. 

As cabazitaxel is extensively metabolized in the liver, hepatic impairment is likely to increase 
the cabazitaxel concentrations. Patients with impaired hepatic function (total bilirubin 2: ULN, or 
AST and/or ALT 2: 1.5 x ULN) were excluded from the randomized clinical trial. 

10 OVERDOSAGE 

There is no known antidote for JEVT ANA overdose. Anticipated complications of overdose 
include exacerbation of adverse reactions such as bone marrow suppression and gastrointestinal 
disorders. 

In case of overdose, the patient should be kept in a specialized unit where vital signs, chemistry 
and particular functions can be closely monitored. Patients should receive therapeutic G-CSF as 
soon as possible after discovery of overdose. Other appropriate symptomatic measures should be 
taken, as needed. 

11 DESCRIPTION 

JEVT ANA ( cabazitaxel) is an antineoplastic agent belonging to the taxane class. It is prepared 
by semi-synthesis with a precursor extracted from yew needles. 

The chemical name of cabazitaxel is (2a,5p, 7p, I op, I 3a.)-4-acetoxy-l 3-( { (2R,3S)-3-
[(tertbutoxycarbonyl) amino ]-2-hydroxy-3-phenylpropanoyl }oxy)-1-hydroxy-7, 1 O-dimethoxy-9-
oxo-5,20-epoxytax-11-en-2-yl benzoate - propan-2-one( I: I). 

Cabazitaxel has the following structural formula: 

o I 
- I )l o o o.....-

?"--o NH 0 ~ 
0"" - . 'y 

- 0 0 
. H = 

H~ O Oy 

O' 
Cabazitaxel is a white to off-white powder with a molecular formula of C4sHs1N014·C3H60 and a 
molecular weight of 894.01 (for the acetone solvate) I 835.93 (for the solvent free). It is 
Iipophilic, practically insoluble in water and soluble in alcohol. 
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JEVTANA ( cabazitaxel) Injection 60 mg/1.5 mL is a sterile, non-pyrogenic, clear yellow to 
brownish-yellow viscous solution and is available in single-use vials containing 60 mg 
cabazitaxel (anhydrous and solvent free) and 1.56 g polysorbate 80. Each mL contains 40 mg 
cabazitaxel (anhydrous) and 1.04 g polysorbate 80. 

DILUENT for JEVT ANA is a clear, colorless, sterile, and non-pyrogenic solution containing 
13% (w/w) ethanol in water for injection, approximately 5.7 mL. 

JEVTANA requires two dilutions prior to intravenous infusion. JEVTANA injection should be 
diluted only with the supplied DILUENT for JEVTANA, followed by dilution in either 
0.9% sodium chloride solution or 5% dextrose solution. 

12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 

Cabazitaxel is a microtubule inhibitor. Cabazitaxel binds to tubulin and promotes its assembly 
into microtubules while simultaneously inhibiting disassembly. This leads to the stabilization of 
microtubules, which results in the inhibition of mitotic and interphase cellular functions. 

12.2 Pharmacodynamics 

Cabazitaxel demonstrated antitumor activity against advanced human tumors xenografted in 
mice. Cabazitaxel is active in docetaxel-sensitive tumors. In addition, cabazitaxel demonstrated 
activity in tumor models insensitive to chemotherapy including docetaxel. 

12.3 Pharmacokinetics 

A population pharmacokinetic analysis was conducted in 170 patients with solid tumors at doses 
ranging from 10 to 30 mg/m2 weekly or every three weeks. 

Absorption 
Based on the population pharmacokinetic analysis, after an intravenous dose of cabazitaxel 
25 mg/m2 every three weeks, the mean Cmax in patients with metastatic prostate cancer was 
226 ng/mL (CV I 07%) and was reached at the end of the one-hour infusion (T max). The mean 
AUC in patients with metastatic prostate cancer was 991 ng•h/mL (CV 34%). 

No major deviation from the dose proportionality was observed from 10 to 30 mg/m2 in patients 
with advanced solid tumors. 

Distribution 
The volume of distribution (Vss) was 4,864 L (2,643 L/m2 for a patient with a median BSA of 
1.84 m2

) at steady state. 

15 

NEPTUNE GENERICS  EX. 00123



In vitro, the binding of cabazitaxel to human serum proteins was 89 to 92% and was not 
saturable up to 50,000 ng/mL, which covers the maximum concentration observed in clinical 
trials. Cabazitaxel is mainly bound to human serum albumin (82%) and lipoproteins (88% for 
HDL, 70% for LDL, and 56% for VLDL). The in vitro blood-to-plasma concentration ratio in 
human blood ranged from 0.90 to 0.99, indicating that cabazitaxel was equally distributed 
between blood and plasma. 

Metabolism 
Cabazitaxel is extensively metabolized in the liver(> 95%), mainly by the CYP3A4/5 isoenzyme 
(80% to 90%), and to a lesser extent by CYP2C8. Cabazitaxel is the main circulating moiety in 
human plasma. Seven metabolites were detected in plasma (including the 3 active metabolites 
issued from 0-demethylation), with the main one accounting for 5% of cabazitaxel exposure. 
Around 20 metabolites of cabazitaxel are excreted into human urine and feces. 

Based on in vitro studies, the potential for cabazitaxel to inhibit drugs that are substrates of other 
CYP isoenzymes (IA2,-2B6,-2C9, -2C8, -2C19, -2El, -2D6, and 3A4/5) is low. In addition, 
cabazitaxel did not induce CYP isozymes in vitro. 

Elimination 
After a one-hour intravenous infusion [14C]-cabazitaxel 25 mg/m2

, approximately 80% of the 
administered dose was eliminated within 2 weeks. Cabazitaxel is mainly excreted in the feces as 
numerous metabolites (76% of the dose); while renal excretion of cabazitaxel and metabolites 
account for 3.7% of the dose (2.3% as unchanged drug in urine). 

Based on the population pharmacokinetic analysis, cabazitaxel has a plasma clearance of 
48.5 L/h (CV 39%; 26.4 L/h/m2 for a patient with a median BSA of 1.84 m2

) in patients with 
metastatic prostate cancer. Following a one-hour intravenous infusion, plasma concentrations of 
cabazitaxel can be described by a three-compartment pharmacokinetic model with a-, 13-. and y
half-lives of 4 minutes, 2 hours, and 95 hours, respectively. 

Renal Impairment 
Cabazitaxel is minimally excreted via the kidney. No formal pharmacokinetic trials have been 
conducted with cabazitaxel in patients with renal impairment. The population pharmacokinetic 
analysis carried out in 170 patients including 14 patients with moderate renal impairment 
(30 mL/min ~ CLcr < 50 mL/min) and 59 patients with mild renal impairment (50 mL/min ~ 
CLcr < 80 mL/min) showed that mild to moderate renal impairment did not have meaningful 
effects on the pharmacokinetics of cabazitaxel. No data are available for patients with severe 
renal impairment or end-stage renal disease [see Use in Special Populations (8.6)). 

Hepatic Impairment 
No formal trials in patients with hepatic impairment have been conducted. As cabazitaxel is 
extensively metabolized in the liver, hepatic impairment is likely to increase the cabazitaxel 
concentrations [see Warnings and Precautions (5.6), and Use in Special Populations (8. 7)). 
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Drug interactions 
As cabazitaxel is mainly metabolized by CYP3A in vitro, strong CYP3A inducers or inhibitors 
are expected to affect the pharmacokinetics of cabazitaxel. 

Prednisone or prednisolone administered at 10 mg daily did not affect the pharmacokinetics of 
cabazitaxel. 

In vitro, cabazitaxel did not inhibit the multidrug-resistance protein 1 (MRPI) or 2 (MRP2). /n 
vitro cabazitaxel inhibited the transport of P-gp and BRCP, at concentrations at least 38 fold 
what is observed in clinical settings. Therefore, the in vivo risk of cabazitaxel to inhibit MRPs, P
gp, or BCRP is unlikely at the dose of25 mg/m2

• 

In vitro, cabazitaxel is a substrate of P-gp, but not a substrate ofMRPI, MRP2, or BCRP. 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Long-term animal studies have not been performed to evaluate the carcinogenic potential of 
cabazitaxel. 

Cabazitaxel was positive for clastogenesis in the in vivo micronucleus test, inducing an increase 
of micronuclei in rats at doses~ 0.5 mg/kg. Cabazitaxel increased numerical aberrations with or 
without metabolic activation in an in vitro test in human lymphocytes though no induction of 
structural aberrations was observed. Cabazitaxel did not induce mutations in the bacterial reverse 
mutation (Ames) test. The positive in vivo genotoxicity findings are consistent with the 
pharmacological activity of the compound (inhibition of tubulin depolymerization). 

Cabazitaxel may impair fertility in humans. In a fertility study performed in female rats at 
cabazitaxel doses of 0.05, 0.1, or 0.2 mg/kg/day there was no effect of administration of the drug 
on mating behavior or the ability to become pregnant. There was an increase in pre-implantation 
loss at the 0.2 mg/kg/day dose and an increase in early resorptions at doses~ 0.1 mg/kg/day 
(approximately 0.02-0.06 times the human clinical exposure based on Cmax). In multi-cycle 
studies following the clinically recommended dosing schedule, atrophy of the uterus was 
observed at the 5 mg/kg dose level (approximately the AUC in patients with cancer at the 
recommended human dose) along with necrosis of the corpora lutea at doses~ I mg/kg 
(approximately 0.2 times the AUC at the clinically recommended human dose). 

Cabazita"Xel did not affect mating performances or fertility of treated male rats at doses of 0.05, 
0.1, or 0.2 mg/kg/day. In multiple-cycle studies following the clinically recommended dosing 
schedule, however, degeneration of seminal vesicle and seminiferous tubule atrophy in the testis 
were observed in rats treated intravenously with cabazitaxel at a dose of I mg/kg (approximately 
0.2-0.35 times the AUC in patients with cancer at the recommended human dose), and minimal 
testicular degeneration (minimal epithelial single cell necrosis in epididymis) was observed in 
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dogs treated with a dose of 0.5 mg/kg (approximately one-tenth of the AUC in patients with 
cancer at the recommended human dose). 

14 CLINICAL STUDIES 

The efficacy and safety of JEVT ANA in combination with prednisone were evaluated in a 
randomized, open-label, international, multi-center study in patients with hormone-refractory 
metastatic prostate cancer previously treated with a docetaxel-containing treatment regimen. 

A total of755 patients were randomized to receive either JEVTANA 25 mg/m2 intravenously 
every 3 weeks for a maximum of 10 cycles with prednisone I 0 mg orally daily (n=378), or to 
receive mitoxantrone 12 mg/m2 intravenously every 3 weeks for IO cycles with prednisone 
I 0 mg orally daily (n=377) for a maximum of 10 cycles. 

This study included patients over 18 years of age with hormone-refractory metastatic prostate 
cancer either measurable by RECIST criteria or non-measurable disease with rising PSA levels 
or appearance of new lesions, and ECOG (Eastern Cooperative Oncology Group) performance 
status 0-2. Patients had to have neutrophils > 1,500 cells/mm3

, platelets> 100,000 cells/mm3
, 

hemoglobin> 10 g/dL, creatinine < 1.5 x upper limit of normal (ULN), total bilirubin < l xULN, 
AST< 1.5 x ULN, and ALT < 1.5 x ULN. Patients with a history of congestive heart failure, or 
myocardial infarction within the last 6 months, or patients with uncontrolled cardiac arrhythmias, 
angina pectoris, and/or hypertension were not included in the study. 

Demographics, including age, race, and ECOG performance status (0-2) were balanced between 
the treatment arms. The median age was 68 years (range 46-92) and the racial distribution for all 
groups was 83.9% Caucasian, 6.9% Asian, 5.3% Black, and 4% Others in the JEVTANA group. 

Efficacy results for the JEVTANA arm versus the control arm are summarized in Table 3 and 
Figure l. 

Table 3 - Efficacy of JEVTANA in the Treatment of Patients with Hormone Refractory 
Metastatic Prostate Cancer (Intent-to-Treat Analysis) 

Overall Survival 

JEVT ANA+ Prednisone 
n=378 

Number of deaths(%) 234 (61.9 %) 
Median survival (month) (95% CI) 15.l (14.1-16.3) 

Mitoxantrone + Prednisone 
n=377 

279 (74%) 
12.7(I1.6-13.7) 

Hazard Ratio1 (95% Cl) 0.70 (0.59-0.83) 
-value <0.0001 

1Hazard ratio estimated using Cox model; a hazard ratio of less than I favors JEVT ANA 
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Investigator-assessed tumor response of 14.4% (95%CI: 9.6-19.3) was higher for patients in the 
JEVTANA arm compared to 4.4% (95%CI: 1.6-7.2) for patients in the mitoxantrone arm, 
p=0.0005. 
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16 HOW SUPPLIED/STORAGE AND HANDLING 

16.1 How Supplied 

JEVTANA is supplied as a kit containing one single-use vial of JEVTANA (cabazitaxel) 
Injection (clear glass vial with a grey rubber closure, aluminum cap and light green plastic flip
off cap) and one vial of Diluent for JEVTANA (13% (w/w) ethanol in water for injection) in a 
clear glass vial with a grey rubber closure, gold-color aluminum cap and colorless plastic flip-off 
cap. Both items are in a blister pack in one carton. 
NDC 0024-5824-11 

16.2 Storage 

JEVTANA Injection and Diluent for JEVTANA: 
Store at 25°C (77°F); excursions permitted between 15°-30°C (59°-86°F). 
Do not refrigerate. 

Stability of the First Diluted Solution in the Vial: 
First diluted solution of JEVTANA should be used immediately (within 30 minutes). Discard 
any unused portion [see Dosage and Administration (2.5)]. 

Stability of the Second (Final) Dilution Solution in the Infusion Bag: 
Fully prepared JEVTANA infusion solution (in either 0.9% sodium chloride solution or 
5% dextrose solution) should be used within 8 hours at ambient temperature (including the one
hour infusion), or for a total of24 hours (including the one-hour infusion) under the refrigerated 
conditions. 

In addition, chemical and physical stability of the infusion solution has been demonstrated for 24 
hours under refrigerated conditions. As both the first diluted solution and the second (final) 
infusion solution are supersaturated, the solutions may crystallize over time. If crystals and/or 
particulates appear, the solutions must not be used and should be discarded [see Dosage and 
Administration (2.5)]. 
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16.3 Handling and Disposal 

Procedures for proper handling and disposal of antineoplastic drugs should be followed. Several 
guidelines on this subject have been published [see References (15)]. Any unused product or 
waste material should be disposed of in accordance with local requirements. 

17 PATIENT COUNSELING INFORMATION 

See FDA-Approved Patient Labeling 

• Educate patients about the risk of potential hypersensitivity associated with JEVTANA. 
Confirm patients do not have a history of severe hypersensitivity reactions to cabazitaxel or 
to other drugs formulated with polysorbate 80. Instruct patients to immediately report signs 
of a hypersensitivity reaction. 

• Explain the importance ofroutine blood cell counts. Instruct patients to monitor their 
temperature frequently and immediately report any occurrence of fever to the treating 
oncologist. 

• Explain that it is important to take the oral prednisone as prescribed. Instruct patients to 
report if they were not compliant with oral corticosteroid regimen. 

• Explain to patients that severe and fatal infections, dehydration, and renal failure have been 
associated with cabazitaxel exposure. Patients should immediately report fever, significant 
vomiting or diarrhea, decreased urinary output, and hematuria to the treating oncologist. 

• Inform patients about the risk of drug interactions and the importance of providing a list of 
prescription and non-prescription drugs to the treating oncologist [see Drug Interactions (7)]. 

• Inform elderly patients that certain side effects may be more frequent or severe. 

Patient Information 
JEVTANA® (JEV-TA-NA) 
(cabazitaxel) 
Injection 

Read this Patient Information before you start receiving JEVTANA and each 
time before you receive your infusion. There may be new information. This 

information does not take the place of talking to your doctor about your 
medical condition or your treatment. 

What is the most important information I should know about JEVTANA? 
JEVTANA may cause serious side effects including: 

1. Low white blood cells. Low white blood cells can cause you to get serious 
infections, and may lead to death. People who are 65 years or older may be 
more likely to have these problems. Your doctor: 

• will do blood tests regularly to check your white blood cell counts during 
your treatment with JEVTANA. 
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• may lower your dose of JEVTANA, change how often you receive it, or 
stop JEVTANA until your doctor decides that you have enough white blood 
cells. 

• may prescribe a medicine for you called G-CSF, to help prevent 
complications if your white blood cell count is too low. 

Tell your doctor right away if you have any of these symptoms of 
infection while receiving JEVTANA: 
• fever. Take your temperature often during treatment with JEVTANA. 
• cough 
• burning on urination 
• muscle aches 

Also, tell your doctor if you have any diarrhea during the time that your 
white blood cell count is low. Your doctor may prescribe treatment for you as 
needed. 

2. Severe allergic reactions. Severe allergic reactions can happen within a 
few minutes after your infusion of JEVTANA starts, especially during the first 
and second infusions. Your doctor should prescribe medicines before each 
infusion to help prevent severe allergic reactions. 

Tell your doctor or nurse right away if you have any of these symptoms of a 
severe allergic reaction during or soon after an infusion of JEVTANA: 

• rash or itching 
• skin redness 
• feeling dizzy or faint 
• breathing problems 
• chest or throat tightness 
• swelling of face 

3. Gastrointestinal symptoms. Vomiting and diarrhea can happen when you 
take JEVTANA. Severe vomiting and diarrhea with JEVTANA can lead to loss 
of too much body fluid (dehydration), or too much of your body salts 
(electrolytes). Death has happened from having severe diarrhea and losing 
too much body fluid or body salts with JEVTANA. Tell your doctor if you have 
vomiting or diarrhea. Your doctor will prescribe medicines to prevent or treat 
vomiting and diarrhea, as needed with JEVTANA. Tell your doctor if your 
symptoms get worse or do not get better. You may need to go to the hospital 
for treatment. 

4. Kidney failure. Kidney failure may happen with JEVTANA, because of 
severe infection, loss of too much body fluid (dehydration), and other 
reasons, which may lead to death. Your doctor will check you for this 
problem and treat you if needed. Tell your doctor if you develop: 

• swelling of your face or body 

• decrease in the amount of urine that your body makes each day. 
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What is JEVTANA? 
JEVTANA is a prescription anti-cancer medicine used with the steroid medicine 
prednisone. JEVTANA is used to treat people with prostate cancer that has 
worsened (progressed) after treatment with other anti-cancer medicines, including 
docetaxel. 

It is not known if JEVTANA is safe and works in children. 

Who should not receive JEVTANA? 
Do not receive JEVTANA if: 

• your white blood cell (neutrophil count) is too low 
• you have had a severe allergic reaction to cabazitaxel or other medicines that 

contain polysorbate 80. Ask your doctor if you are not sure. 

What should I tell my doctor before receiving JEVTANA? 
Before receiving JEVTANA, tell your doctor if you: 

• had allergic reactions in the past 

• have kidney or liver problems 
• are over the age of 65 
• have any other medical conditions 
• if you are a female and: 

• are pregnant or plan to become pregnant. JEVTANA can harm your 
unborn baby. Talk to your doctor about the best way for you to prevent 
pregnancy while you are receiving JEVTANA. 

• are breastfeeding or plan to breastfeed. It is not known if JEVTANA passes 
into your breast milk. You and your doctor should decide if you will take 
JEVTANA or breastfeed. You should not do both. 

Tell your doctor about all the medicines you take, including prescription and 
non-prescription medicines, vitamins, and herbal supplements. JEVTANA can 
interact with many other medicines. Do not take any new medicines without asking 
your doctor first. Your doctor will tell you if it is safe to take the new medicine with 
JEVTANA. 

How will I receive JEVTANA? 
• JEVTANA will be given to you by an intravenous (IV) infusion into your vein. 
• Your treatment will take about 1 hour. 
• -JEVTANA is usually given every 3 weeks. Your doctor will decide how often you 

will receive JEVTANA. 
• Your doctor will also prescribe another medicine called prednisone, for you to 

take by mouth every day during treatment with JEVTANA. Your doctor will tell 
you how and when to take your prednisone. , 

It is important that you take prednisone exactly as prescribed by your doctor. If 
you forget to take your prednisone, or do not take it on schedule, make sure to tell 
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your doctor or nurse. Before each infusion of JEVTANA, you may receive other 
medicines to prevent or treat side effects. 

What are the possible side effects of JEVTANA? 

JEVTANA may cause serious side effects including: 
• See "What is the most important information I should know about 

JEVTANA?" 

Common side effects of JEVTANA include: 

• Low red blood cell count (anemia). Your doctor will regularly check your red 
blood cell count. Symptoms of anemia include shortness of breath and tiredness. 

• Low blood platelet count. Tell your doctor if you have any unusual bruising 
or bleeding. 

• tiredness • fever 
• nausea • shortness of breath 
• constipation • stomach (abdominal) pain 
• weakness • change in your sense of taste 
• blood in the urine. Tell your • cough 

doctor or nurse if you see blood in • joint pain 
your urine. • hair loss 

• back pain • numbness, tingling, burning or 
• decreased appetite decreased sensation in your 

hands or feet 

Tell your doctor if you have any side effect that bothers you or that does not go 
away. 

These are not all the possible side effects of JEVTANA. For more information, ask 
your doctor or pharmacist. 

Call your doctor for medical advice about side effects. You may report side effects 
to FDA at 1-800-FDA-1088. 

General information about JEVTANA 

Medicines are sometimes prescribed for purposes other than those listed in a 
Patient Information leaflet. 

This leaflet summarizes the most important information about JEVTANA. If you 
would like more information, talk with your doctor. You can ask your pharmacist or 
doctor for information about JEVTANA that is written for health professionals. 

For more information, go to www.sanofi-aventis.us or call 1-800-633-1610. 
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What are the ingredients in JEVTANA? 
Active ingredient: cabazitaxel 
Inactive ingredient: polysorbate 80 

sanofi-aventis U.S. LLC 
Bridgewater, NJ 08807 

Issued June 2010 

JEVTANA® is a registered trademark of sanofi-aventis 

©2010 sanofi-aventis U.S. LLC 
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Application 
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Submission 
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ORIG-1 

Submitter Name Product Name 
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U.S. 

FINNEGAN, HENDERSON, FARABOW, GARRETT S DUNNER, L. L. P. 

Commissioner of Patents 
and Trademarks 

Washington, D.C. 20231 

1300 r STREET, N. W. 

WASHINGTON, OC 20005-3315 

202 • 400 • 4000 
FACSIMIL.E 202 • <108 • 4<!00 

TOKYO 

011•813 •3431•6943 
llRUUtcLl!!!I 

Olt•322• 846• 0.353 

CEITif1CAT£ Attorney Docket No. 03806.0367 

MAY 2 4 1999 

Patent for Taxolds, Their Preparat1o.llf~t Compositions J.k n 1J. j . l 
Containing Them lf cf-_} p---

lnventors: ~rve Bouchard, Jean-Bominique Bourzat, Alain Commer9on ..... ; .. ·# \ 

Issued: o4e~ o~~O / 
t>!)G I ?. 1'11 ~ ;J. J 

REQUEST FOR CERTIFICATE OF CORBEC;~~~ 
Pursuant to 35 u.s.c. 254 and 37 C.F.R. 1.322, this is a n:quest foe.the issoance of ' 

Patent No: 5,847,170 

Sir: 

a Certificate of Correction in the above-identified patent. Two\2) copi~~·of Form PTO 

1050 are attach~. The complete Certificate of Correction involves ONE (1l page. 

The mistakes identified in the attached form occurred through the fault of the Office, 

as clearly disclosed by the records of the application which matured into this patent 

Issuance of the Certificate of Correction containing the correction is earnestly 

requested. 

If it should be determined that any of the mistakes resulted from an error made in 

good faith by the applicants, then, pursuant to 35 U.S.C. 255 and 37 C.F.R. 1.323, it is 

requested that a Certificate of Correction be issued correcting such mistakes. Under 
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FINNEGAN, HENDERSON, FARABOW, GARRETT~ DUNNER, LL. P. 

such circumstances, it is requested that the fee set forth in 37 C.F.R. 1.20(a) and any 

additional fees needed, be charge to our Deposit Account No. 06-0916, for which 

authorization is hereby given. 

Dated: MAY 12, 1999 

Respectfully submitted 

FINNEGAN, HENDERSON, FARABOW 
GARRETT & DUNNER, L.L.P 

By: (!_ 
Carol P. 
Reg. No. 
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UNITED STA TES PA TENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO. 

DATED 

INVENTOR(S) : 

5,847,170 
December 08, 1998 

Herve Bouchard et al. 

It Is certified that error appears In the above-Identified patent and that said Letters Patent la ~ 
corrected as shown below: ( ~ AJ 

Claim 4, Column 29, Line 42, after "chafn", delete " , "; OnwJje/C.K... 

Clalm 4, Column 30, Line 63, after "chain", insert -and--; f 
Claim 4, Column 31, Lines 3-12, to the upper right of the formula, p 
insert -(v)-; 

Claim 5, Column 31, Lines 20-29, to the upper right of the formula, 
insert -(V)-; 

Claim 8, Column 33, Line 34, "(1}" should read --(I}; f 
Claim 11, Column 42, Line 66, "nitrites" should read -nitriles--; r 
Claim 15, Column 44, Line 39, "nitrites" should read -nitriles-; p 
Claim 15, Column 44, Line 44, "(VI)." should read -(VI):-; f 
Claim 15, Column 44, Line 66, after "R9", insert--,-; p 

I 
Claim 15, Column 45, Line 21, a~er "defined", insert -as-; and f 
Claim 15, Column 45, line 34, "RS" should read -·R8-. p 

~ 

MAILING ADDRESS OF SENDER! 
. 5,847,170 

PATFM"NO. -------

FINNEGAN, HENDERSON, FARABOW. 
GARRETT & DUNNER, L.L.P. 

1300 I Street, N.W. 
Washington, D.C. 20005 

NEPTUNE GENERICS  EX. 00140



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,847, 170 Page 1 of 2 

DATED : Dec. 8, 1998 
INVENTOR($) : Bt'"rve Bouchard, et al 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Claim 4, Column 29, Line 42, after "chain", delete","; 

Claim 4, Column 30, Line 63, after "chain", insert -and-; 

Claim 4, Column 31, Lines 3-12, to the upper right of the formula, 
insert --(v)--; 

Claim 5, Column 31, Lines 20-29, to the upper right of the formula, 
insert -M--; 

Claim 8, Column 33, Line 34, "(1)" should read -(I); 

Claim 11, Column 42, Line 66, "nitrites" should read -nitriles-; 

Claim 15, Column 44, Line 39, "nitrites" should read --nitriles-; 

Claim 15, Column 44, Line 44, "(VI)." should read -(VI}:--; 

Claim 15, Column 44, Line 66, after "R9", insert-,-; 

Claim 15, Column 45, Line 21, after "defined", insert --as-; and 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. 5, 84 7 • 170 Page 2 of 2 

DATED Dec. 8, 1998 
INVENTOR($) : He.rve Bouchard, et al 

It is certified that error appears in the above-Identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Claim 15, Column 45, Line 34, "R6" should read --R8--. 

/i//t'SI: 

M1e.\'/i11g 0,{/icl'I' 

Signed and Scaled th is 

Seventh Day of Sept.ember, 1HH9 

Q. TOl>I> lllCKIN.'>ON 
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Customer No 000000 

FINNEGAN HENDERSON FARABOW GARRETT 
AND DUNNER 
1300 I STREET NW 
WASHINGTON DC 20005-3315 

ISTMT 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 223 13-1450 

www.uspto.gov 

DATE PRINTED 
06/17/2010 

MAINTENANCE FEE STATEMENT 
According to the records of the U.S.Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge 
have been timely paid for the patent listed below. The "PYMT DA TE" column indicates the payment date (i.e., the date the 
payment was filed). 

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the 
payment will be void and the maintenance fee and any necessary surcharge unpaid. 

Direct any questions about this statement to: Mail Stop M Correspondence, Director of the USPTO, P.0.Box 1450, Alexandria, 
VA 22313-1450. 

PATENT 
NUMBER FEE AMT 
5,847,170 $880.00 

PTOL-439 (Rev. 09n006) 

SUR 
CHARGE 

$0.00 

PYMT 
DATE 

04/22/02 

U.S. 
APPLICATION 

NUMBER 
08/622,011 

PATENT 
ISSUE 
DATE 

12/08/98 

APPL. 
FILING 
DATE 

03/26/96 

PAYMENT SMALL 
YEAR ENTITY? 

04 NO 

ATTYDKT 
NUMBER 

3806.0367-00 
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Customer No 000000 

FINNEGAN HENDERSON FARABOW GARRETT 
AND DUNNER 
1300 I STREET NW 
WASHINGTON DC 20005-3315 

ISTMT 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

DATE PRINTED 
06/17/2010 

MAINTENANCE FEE STATEMENT 
According to the records of the U.S.Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge 
have been timely paid for the patent listed below. The "PYMT DATE" column indicates the payment date (i.e., the date the 
payment was filed). 

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the 
payment will be void and the maintenance fee and any necessary surcharge unpaid. 

Direct any questions about this statement to: Mail Stop M Correspondence, Director of the USPTO, P.O.Box 1450, Alexandria, 
VA 22313-1450. 

PATENT 
NUMBER FEE AMT 

5,847, 170 $2,300.00 

PT0!,.439 (Rev. Q9/l006) 

SUR 
CHARGE 

$0.00 

PYMT 
DATE 

02/14/06 

U.S. 
APPLICATION 

NUMBER 

08/622,011 

PATENT 
ISSUE 
DATE 

12/08/98 

APPL. 
FILING 
DATE 

03/26/96 

PAYMENT SMALL 
YEAR ENTITY? 

08 NO 

ATTYDKT 
NUMBER 

3806.0367-00 
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Customer No 000000 

FINNEGAN HENDERSON FARABOW GARRETT 
AND DUNNER 
1300 I STREET NW 
WASHfNGTON DC 20005-3315 

ISTMT 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

DATE PRINTED 
06/17/2010 

MAINTENANCE FEE STATEMENT 
According to the records of the U.S.Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge 
have been timely paid for the patent listed below. The "PYMT DATE" column indicates the payment date (i.e., the date the 
payment was filed). 

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the 
payment will be void and the maintenance fee and any necessary surcharge unpaid. 

Direct any questions about this statement to: Mail Stop M Correspondence, Director of the USPTO, P.0.Box 1450, Alexandria, 
VA 22313-1450. 

PATENT SUR PYMT 
NUMBER FEE AMT CHARGE DA TE 

5,847,170 $4,110.00 $0.00 05/12/10 

PTOL-439 (Rev. 0912006) 

U.S. 
APPLICATION 

NUMBER 

08/622,011 

PATENT 
ISSUE 
DATE 

12108/98 

APPL. 
FILING PAYMENT SMALL 
DA TE YEAR ENTITY? 

03/26/96 12 NO 

ATTYDKT 
NUMBER 

AVENTIS 
PHARMA SA 
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• 
• 

United States 
Patent and 
Trade1nark Office 

Patent Bibliographic Data 06/17/2010 06:25 PM 
Patent Number: 5847170 Application Number: 08622011 

Issue Date: 1210811998 Filing Date: 0312611996 

Title: NEW TAXOIDS, THEIR PREPARATION AND PHARACEUTICAL COMPOSITIONS CONT AINI 

Status: 4th, 8th and 12th year fees paid Entity: Large 

Window Opens: NIA Surcharge Date: NIA Expiration: NIA 

FeeAmt Due: Window not open Surchg Amt Due: Window not open Total Amt Due: Window not open 

Fee Code: 

Surcharge Fee Code: 

Most recent events (up to 7): 0511212010 Payment of Maintenance Fee, 12th Year, Large Entity. 
02114/2006 Payment of Maintenance Fee, 8th Year, Large Entity. 
04122/2002 Payment of Maintenance Fee, 4th Year, Large Entity. 

- End of Maintenance History -

Address for fee purposes: FINNEGAN HENDERSON FARABOW GARRETT 
AND DUNNER 
1300 I STREET NW 
WASHINGTON, DC 
200053315 

( Run Another Query ) 

Need Help? I USPTO Home Page I Finance Online Shopping Page I Alerts Page 
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II 

• 

U 11ited States 
a Patent and 

Trade1nark Office 

Patent Maintenance Fees 
Patent Number: 5847170 

Issue Date: 12/08/1998 

Window Opens: 

Window Closes: 

Entity Status: LARGE 

Customer Number: 000000 

06/17/2010 06:24 PM EDT 
Application Number: 08622011 

Filing Date: 03/26/1996 

Surcharge Date: 

Payment Year: 

Street Address: 
FINNEGAN HENDERSON FARABOW GARRETT 
AND DUNNER 

City: WASHINGTON 

State: DC 
Zip Code: 200053315 

Phone Number: cooo) ooo~oooo 
Currently there are no fees due. 

Need Help? I USPTO Home Page I Finance Online Shopping Page I Alerts Page 
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DEPARTMENT OF HEALm & HUMAN SERVICES 

IND 56,999 

Rhone Poulenc Rorer Pharmaceuticals, Inc. 
500 Arcola Road, H14- P.O. Box 1200 
Collegeville, PA 19426-0107 

ATTN: Anne-Margaret Martin 
Associate Director, Regulatory Affairs 

Dear Ms. Martin: 

Public Health Service 

Food and Drug Administration 
Rockville MD 20857 

OCT 6 1998 

We acknowledge receipt of your Investigational New Drug Application (IND) submitted 
pursuant to section 505(i) of the Federal Food, Drug, and Cosmetic Act. Please note the 
following identifying data: 

IND Number Assigned: 56,999 

Sponsor: Rhone Poulenc Rorer Pharmaceuticals, Inc. 

Name of Drug: RPR 116258A 

Date of Submission: September 30, 1998 

Date of Receipt: September 30, 1998 

Studies in humans may not be initiated until 30 days after the date of receipt shown above. If, 
within the 30-day waiting period, we identify deficiencies in the IND that require correction 
before human studies begin or that require restriction of human studies until correction, we 
will notify you immediately that the study may not be initiated ("clinical hold") or that certain 
restrictions must be placed on it. Jn the event of such notification, you must continue to 
withhold, or to restrict, such studies until you have submitted material to correct the 
deficiencies, and we have notified you that the material you submitted is satisfactory. 

It has not been our policy to object to a sponsor, upon receipt of this acknowledgement letter, 
either obtaining supplies of the investigational drug or shipping it to investigators listed in the 
IND. However, if the drug is shipped to investigators, they should be reminded that studies 
may not begin under the IND until 30 days after the IND receipt date or later if the IND is 
placed on clinical hold. 
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IND 56,999 
Page2 

As sponsor of this IND, your are responsible for compliance with the Federal Food, Drug, and 
Cosmetic Act and the implementing regulations (Title 21 of the Code of Federal Regulations). 
Those responsibilities include (1) reporting any unexpected fatal or life-threatening adverse 
experience associated with use of the drug by telephone or fax no later than 7 calendar days 
after initial receipt of the information (21 CFR 312.32(c)(2)); (2) reporting any adverse 
experience associated with use of the drug that is both serious and unexpected in writing no 
later than 15 calendar days of initial receipt of the information (21 CFR 312.32(c)(l)); and (3) 
submitting annual progress reports (21 CFR 312.33). 

Please forward all future communications concerning this IND in triplicate, identified by the 
above IND number, and addressed as follows: 

(If via U.S. Postal Service) (If via courier) 

FDA/CD ER 
Division of Oncology Drug Products 
HFD-150 
5600 Fishers Lane 
Rockville, Maryland 20857 

FDA/CD ER 
Division of Oncology Drug Products 
HFD-150 
1451 Rockville Pike 
Rockville, Maryland 20852 

Should you have any questions concerning this submission, please contact: tJ..Y\.111 t;fo.../u,_ 
3':-,1. s·tt4- 5 710 

Sincerely yours, 

Dottie Pease 
Chief, Project Management Staff 
Division of Oncology Drug Products, HFD-150 
Office of Drug Evaluation- I 
Center of Drug Evaluation and Research 
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sanofi-aventis U.S., LLC 
c/o sanofi-aventis U.S., Inc. 
200 Crossing Boulevard, Mailstop: BX2-712B 
Bridgewater, NJ 08807 

Attention: Linda M. Gustavson 

Food and Drug Administration 
Sliver Spring MD 20993 

NDAACKNOWLEDGMENT 

RECEIVED 
JUN 1·5 2010 

Unda Gustavson. Ph.D .. RAC 
Director, U.S., Associate Therapeutics Head, Oncology 

Dear Ms. Gustavson: 

We have received your New Drug Application (NDA) submitted under section 505(b) of the 
Federal Food, Drug, and Cosmetic Act (FDCA) for the following: 

Name of Drug Product: Jcvtana® (cabazitaxcl) Injection, 60 mg/1.5 mL 

Date of Application: March 31, 20 l 0 

Date of Receipt: March 3 l, 20 I 0 

Our Reference Number: NDA 201023 

Unless we notify you within 60 days of the receipt date that the application is not sufficiently 
complete to permit a substantive review, we will file the application on May 30, 20 I 0, in 
accordance with 21 CFR 314. l01(a). 

If you have not already done so, promptly submit the content of labeling 
[21CFR314.50(1)(1)(i)] in structured product labeling (SPL) format as described at 
h.:l.m:/ /\vww. fda.£!ov /For! ndust rv/DataStandards/Structured Prod\)ctLabel irigld..efaui t.htm. 
Failure to submit the content of labeling in SPL fonnat may result in a refusal-to-file action 
under 21 CFR 314.10 I ( d)(3). The content of labeling must conform to the content and format 
requirements of revised 21CFR201.56-57. 

The NDA number provided above should be cited at the top of the first page of all submissions 
to this application. Send all submissions, electronic or paper, including those sent by overnight 
mail or courier. to the following address: 
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Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Drug Oncology Products 
5901-B Ammendalc Road 
Beltsville, MD 20705-1266 

All regulatory documents submitted in paper should be three-hole punched on the left side of the 
page and bound. The left margin should be at least three-fourths of an inch to assure text is not 
obscured in the fastened area. Standard paper size (8-1/2 by 11 inches) should be used; however, 
it may occasionally be necessary to use individual pages larger than standard paper size. 
Non-standard, large pages should be folded and mounted to allow the page to be opened for 
review without disassembling the jacket and refolded without damage when the volume is 
shelved. Shipping unbound documents may result in the loss of portions of the submission or an 
unnecessary delay in processing which could have an adverse impact on the review of the 
submission. For additional information, please see 
h11p://www.fda.govtnrugsiDcvclo™1J.!.61211rova.lProcess/f:.QrmsSubJnissionRequircmc11!s/Drug_MasterFil 
csDMFs!ucm073080.htm. 

rr you have any questions. call me at (301) 796-4256. 

Sincerely, 

Christy Cottrell 
Regulatory Project Manager 
Division of Drug Oncology Products 
Office of Oncology Drug Products 
Center for Drug Evaluation and Research 
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17-FEB-2009 E-mail and Controls Correspondence 

Chemistry, Manufacturing General 
18-FEB-2009 E-mail and Controls Correspondence 
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i. 

General 
23-FEB-2009 E-mail Pre-Clinical Correspondence 

Adverse Drug S-
03-APR-2009 Submission Report I Follow-up 0169 IND safety report(s} 

S- IND protocol 
06-APR-2009 Submission New 1nvestioator I Clinical 0170 amendment 

Active 
Comparator I Adverse Drug General 

01-MAY-2009 Letter Report Correspondence 

Adverse Drug S-
01-MAY-2009 Submission Report I Follow-up 0172 IND safety report(s} 

Adverse Drug S-
01-MAY-2009 Submission Report I Original 0171 IND safety report(s) 

S- IND protocol 
05-MA Y-2009 Submission New Investigator I Clinical 0173 amendment 

Adverse Drug S-
07-MAY-2009 Submission Report I Follow-up 0174 IND safety report(s) 

S-
27 -MA Y-2009 Submission Pre-Clinical 0175 IND safety report(s) 

S- IND protocol 
05-JUN-2009 Submission New Investigator I Clinical 0176 amendment 

S- IND protocol 
08-JUN-2009 Submission New Protocol I Clinical 0177 amendment 

S- IND protocol 
10-JUL-2009 Submission New lnvestioator I Clinical 0178 amendment 

S-
30-JUL-2009 Submission Clinical 0179 Waiver request 

S- IND protocol 
13-AUG-2009 Submission New lnvestioator I Clinical 0180 amendment 

Chemistry, Manufacturing S- Information 
27-AUG-2009 Submission and Controls I Labeling 0181 amendment 

S- General 
14-SEP-2009 Submission Other I Clinical 0182 Correspondence 

S- IND protocol 
17-SEP-2009 Submission New Investigator I Clinical 0183 amendment 

Change in S- IND protocol 
19-0CT-2009 Submission Protocol I Clinical 0184 amendment 

S- Information 
21-0CT-2009 Submission Clinical 0185 amendment 

S- IND protocol 
23-0CT-2009 Submission Clinical I New lnvestioator 0186 amendment 
30-0CT-2009 E-mail Other Contact Report 

S- Information 
30-0CT-2009 Submission Pharm/Tox 0187 amendment 

S-
02-NOV-2009 E-mail Clinical I Other 0182 Request information 
02-NOV-2009 Telephone Clinical I Other Contact Report 
02-NOV-2009 E-mail Other Contact Report 

S- General 
03-NOV-2009 Submission Clinical 0188 Correspondence 

General 
09-NOV-2009 Letter Clinical I Other Correspondence 
09-NOV-2009 E-mail Clinical I Other S- Contact Report 
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S-

09-NOV-2009 Submission Other 0190 Briefinq Document 
S- Information 

09-NOV-2009 Submission Pharm/Tox 0189 amendment 
20-NOV-2009 E-mail Other Contact Report 

S- Information 
20-NOV-2009 Submission Pharm/Tox 0191 amendment 

General 
01-DEC-2009 E-mail Other Correspondence 

S- IND protocol 
02-DEC-2009 Submission Clinical I New Investigator 0192 amendment 
17-DEC-2009 E-mail Other Contact Report 
17-DEC-2009 E-mail Other Contact Report 

General 
17-DEC-2009 Submission Other Correspondence 

S-
18-DEC-2009 Submission Annual 0193 Annual report 

FDA 
acknowledgement of 

22-DEC-2009 Letter Other submission 

General 
05-JAN-2010 Submission Other Correspondence 

s- IND protocol 
06-JAN-2010 Submission Clinical 0194 amendment 

S- IND protocol 
07-JAN-2010 Submission New Protocol 0195 amendment 
26-JAN-2010 E-mail Other Contact Report 

General 
27-JAN-2010 E-mail Other Correspondence 

S-
29-JAN-2010 Submission Other 0196 Briefing Document 

General 
21-FEB-2010 E-mail Other Correspondence 

General 
17-MAR-2010 E-mail Other Correspondence 

S- IND protocol 
23-MAR-2010 Submission New Investigator 0197 amendment 

S- IND protocol 
29-MAR-2010 Submission New Protocol 0198 amendment 

S- IND protocol 
02-APR-2010 Submission New Protocol 0199 amendment 

General 
13-APR-2010 Submission Other Correspondence 

Chemistry, Manufacturing S- Information 
14-APR-2010 Submission and Controls 0200 amendment 

s- IND protocol 
23-APR-2010 Submission Chanqe in Protocol 0202 amendment 

S- General 
26-APR-2010 Submission Other 0203 Correspondence 

Chemistry, Manufacturing 
27-APR-2010 E-mail and Controls IND Amendment 

General 
27-APR-2010 E-mail Correspondence 
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S- Information 
29-APR-2010 Submission Clinical 0204 amendment 

S- IND protocol 
29-APR-2010 Submission New Protocol 0205 amendment 

General 
11-MAY-2010 Letter Corresoondence 

Chemistry, Manufacturing 
12-MAY-2010 Telephone and Controls Contact Report 

Chemistry, Manufacturing S- Information 
13-MAY-2010 Submission and Controls 0206 amendment 

IND protocol 
27-MAY-2010 Letter amendment 

S- IND protocol 
27-MAY-2010 Submission New lnvestioator 0207 amendment 

S- IND protocol 
03-JUN-2010 Submission Change in Protocol 0208 amendment 
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c. 

NDA 201023 History Log 

Date 
Contact Initial -Contact Description Type contact 

3/18/2010 Email s-a General Correspondence 

3/19/2010 Telephone FDA Contact Report 

3/19/2010 Email FDA General Correspondence 

3/19/2010 Email s-a General Correspondence 
3/23/2010 Email FDA General Correspondence 
3/29/2010 Email s-a General Correspondence 
3/30/2010 Email FDA General Correspondence 
3/30/2010 Email s-a General Correspondence 
3/31/2010 Telephone FDA Contact Report 
3/31/2010 Email s-a General Correspondence 
3/31/2010 Email s-a General Correspondence 
4/1/2010 Email FDA General Correspondence 
4/1/2010 Email s-a General Correspondence 
4/1/2010 Telephone s-a Contact Report 
4/1/2010 Email s-a General Correspondence 
4/1/2010 Email FDA General Correspondence 
4/1/2020 Email s-a General Correspondence 
4/7/2010 Telephone s-a Contact Report 
4/7/2010 Email FDA General Correspondence 

4/8/2010 Email s-a General Correspondence 

4/9/2010 Email s-a General Correspondence 
4/19/2010 Email s-a General Correspondence 
4/22/2010 Email s-a General Correspondence 
4(23/2010 Email FDA General Correspondence 
4/27/2010 Email s-a General Correspondence 
4/27/2010 Email s-a General Correspondence 
4/27/2010 Email FDA General Correspondence 
5/3/2010 Email s-a General Correspondence 

5/3/2010 Email FDA General Correspondence 
5/12/2010 Letter FDA General Correspondence 
5/19/2010 Email FDA General Correspondence 
5i25/2010 Email FDA General Correspondence 
5/26/2010 Email FDA General Correspondence 
5/26/2010 Letter FDA General Correspondence 
5/26/2010 Letter FDA General Correspondence 
6/1/2010 Telephone s-a Contact Report 
6/2/2010 Email FDA General Correspondence 
6/8/2010 Telephone s-a Contact Report 

>.' 
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6/9/2010 Letter FDA General Correspondence 
6/9/2010 Letter FDA General Correspondence 

6/10/2010 Email FDA General Correspondence 
6/14/2010 Email FDA General Correspondence 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

08/622,011 03/26/1996 

FINNEGAN HENDERSON FARABOW GARRETT 
AND DUNNER 
1300 I STREET NW 
WASHINGTON, DC 200053315 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

HERVE BOUCHARD 3806.0367-00 
CONFIRMATION N0.1663 

POWER OF ATTORNEY NOTICE 

111111111111111111111111]~!l]~~1~~1~~11~HHHt111111111111111111111111 
Date Mailed: 07/13/2010 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/02/2010. 

•The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/stlam/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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APPLICATION NUMBER 

08/622,011 
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ANDREA Q. RYAN 
SANOFI-AVENTIS U.S. LLC 
1041 ROUTE 202-206 
MAIL CODE: D303A 
BRIDGEWATER, NJ 08807 

FILING OR 3 71 (C) DATE 

03/26/1996 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
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FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

HERVE BOUCHARD 3806.0367-00 
CONFIRMATION N0.1663 

POA ACCEPTANCE LETTER 

111111111111111111111111]~!l]~~1~~1~~11~HHHt111111111111111111111111 

Date Mailed: 07/13/2010 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/02/2010. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/stlam/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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ltS. ?:at~mt and Tfiiti:&rnar~ O~fli::e~ iJ~S: OEPARTt.:1ENT OF C.t)Mf'.,1ERCE 
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REVOCATION OF POWER OF 
ATTORNEY WffM 

NEW POWER OF ATTORNEY 

j~[:~ation Number 08/62201 I _________________ _ 
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i First Named Inventor Herve BOUCHARD et al. !Artun-ft-- -------------------------- -i-612____ -·----~ 

AND t-------------------------------. -- --~--------------------< 
CHANGE OF CORRESPONDENCE ADDRESS ! Examiner Name ! TRINH, Bak _ _ ______________________ _ 
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OR 

1:::::~:~::::::~~::::~~~-=~~-~---------~ [i] ! hereby appoint the practitioners associated with lhe Custorner Number: 
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OR 
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Customer Number: 
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-fere1;11one_________________ ------------~~~====~~~~~~=~~=~=~=~~~~~~~~~~~=~~~~~=~~~~~~~I~:~:~~-------~~~~=----~=~---~----~~~~~~~~~~~~=~----------------= 
l am ihe: 

D AppUcant/!nventor. 

[{] Ass~gnee. of recor~ of the entlr~ fr~tsres~, Seo T? CF~ ~:r1_: _ 
· Statemmn under 31 CFR 3. 73(b}1s eo<..:!Osed. (f-ormP 10.1$B!f.J6) 
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·rn:s c~:~~i!(•n oi informa'3~r. l; ... ~;q~~~-;dbY"'~l?. ... CFfT1~36:-y;;1~~t;~;1ua~~{1 ts ~eqwtrect ~o ~tui5n _(tr rGtatn ab~~ .... ~11ti;Yth""e°'"f.~;t~iC""t;:}}kJ'i'"i:~t;~T;l~i;Jb7U1e USP.To 
~o_prrn.:es.s} an ~.ppX<..~a~h}i"i_ C..:nfk;'-en-tla!J!y ~s g_·:Y·,n,.;-rned by 35 U;S.C. 12:tand 37.CFR LH an!J ·1.11. This cct:ection j~ esHrrmted to·13}..i! j. tnh'>Ui~·s le compie.t-s, 
!ncid(fa~!:l ga!h€:ring. ~~·!.!pari-:1y, ~f!:f~ s:ubmiUing m~ ccm~etet1 ap-p?-:c.?,iic:n f.::.•·;•n tfJ flie US~3TO. 11rn.n \',r;u vary Uepen,::Ung up<::1fi ~h&· intHv'i<fo_?l f"_ • .a~e. ~~!>')'comments 
®~he amvtint of ii~nv you req:.ilr-.:; tr} t'::,{)H1~}1f!h"?· ~hiB- ff:~"f:1 anZ:J-vr s:.:{itJ.f::"st!ons fo~- red:~.dng ~his »Ll:f .. :1en~ sh~·"i*fd b_e :;-::r:I ft:.:. th~ Chief ~nfrJfm?.::~vn O·ffter:{, i3: S . .P<)tent 
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ADl)f<ESS. SEND TO: Comm>ssi(;mef for Pater.ts,. P.O. Bnx 1450, Ai&:<midri3, VA 22313·1450. 
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sanofi-aven!ls rnt STfJ-50HiG 1 US NP PTO/SB/% {03-09) 
Approv<:d fc:r tise Uirnugh 04/30/2009. OMB C!3.5:l.-002.1 

U.S, Pal.-em and Ttaderr:mk Oft1c0: U.S. DEPA~HMENT Oi' COMMERCE 
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"' ...................... '"'Ol,.,~'~'"Ot..'"'iX'l...'X'l.. ..... ~~~~"«"i..'X'l.."00...~~~ -M_~---~~ .:0:: 

;\pplicantlPatent Owners: 

fovpiicatiori No.1Fatent No.: 

BOUCHARD, Herve, et al. 
-~~~~~--~ 

081622011 Fliedi1ssue Date: March 26, 1996 

T.i!ed: NEWTAXOlDS., THEIR PREPARATION AND PHARMACEUTICAL COMPOSITIONS CONTAINING 
THEM 

stales ltmt it is: 

1. 

2 D 

3 D 

the assign..~ of the entire right, fa!e, and interest in; 

an assigrn*! of less lhan the en!ire fight title , and interest in 

{The extent (by perrent~-<e} of its O'hnersfiip interest is 'Ve): or 

the patent appfa::at,'<:-n/pat~mi fdentffied above. by ·:Artue of ef!:her: 

A D Ari ass.lgnment from tf:-e inventor{s) ct the patent.appf;c;~tic>'Ypatent kien@ed above. TJ-ie as.-:;~gnment 'A>as rc<:co:ded in 

OR 

lhe Uniieri st>:1tes Patent snd Tra.riernarl< OffJCe at Ree! 
copy there.'are is <>1t.act1ed. 

, Frame . or for l/llt1ich a 

B. t2j A chain of till.a from the lnvenlor(s), of the pate.nt appl:catior'/patentidenfuied above,. to ihe crnrent assignee as fo!lows: 
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t rrom: Inventors 

The &x:umentwas rer..;0rded in the United States Potent and Trademark Office at 

Reel 007959 Frame 0343 
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cona.me.n!Jy is being, submitted for r:;;-co:datior; pursuar:t to 37 GFR 3. 11. 

[NOTE A sepcmte copy (i.e,, a trrn~ c·opy oHhs o:igina! ass!gnn"mnt do..c<..<mer)t {s)) must h~ sutm:'tted t:) i\ssinnrnent Olv~sbn in 
am:xclslx:E: v.~61 37 Cfl'{ Pait 3, to record the assignment in the rHrords of the USPTO. Q~ MF'EP 302. 00) 
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j j ,,,,, ~-,, 1 

---------------s;9;1~0ie--f-17l\·.. f~.ii- i ~ '~t",, ___ _?:~__!~~~~~1E~--
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,Joslune Mer!iel "'"""'·"""'""'-·"""'"""'' ---~~!t~~!?r, f~!ent Administration 
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insert --(V)--; 

Claim 8, Column 33, line 34, "(1)" should read -(I); f 
Claim 11, Column 42, line 66, "nitrites" should read --nitriles-; f-
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I EXHIBIT 1 1 · 
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Superieure de Chimie de Toulouse). 
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Laboratory of Professor Jean Franc;ois Normant (University Paris VI). 
1976: Docteur-es-Sciences (PhD), from "Universite Pierre et Marie 
Curie" (Paris VI). Thesis: "Substitution reactions of 1-halo-alkenes and -
alkynes, ethylenic ethers and ketals using organocopper derivatives in 
stoechiometric or catalytic amount". 
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Research Scientist in the French institute called IRCHA (lnstitut National 
de Recherche Chimique Appliquee). Asymmetric synthesis, fluorine 
chemistry, drug substance synthesis. 

1979-present 

At Rhone-Poulenc (and then Rhone-Poulenc Rorer) since 1979 
1979-1988: Senior Research Scientist 
1988-1991: Senior Research Fellow 
1990-1991: Visiting Scientist at the University of Rochester in the 
laboratory of Prof. R. K. Beeckman (total synthesis of natural products) 
1991: Department Manager (Oncology Chemistry) 
1992-present: Rhone-Poulenc Group Senior Research Advisor 
1995: Director (Oncology Chemistry) 
1996-present : Director New Lead Generation 
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Our research programs dealt with medicinal chemistry in oncology. 
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In re RUSCHIG, AUMULLER, KORGER, 
WAGNER, SCHOLZ, AND BANDER 

Court of Customs and Patent Appeals 

Appl. No. 7254 

Decided Apr. 22, 1965 

United States Patents Quarterly Headnotes 

PATENTS 
(1] Patent grant-Intent of patent laws (§ 
50.15) 
Patentability-Composition of matter (§ 
51.30) 

35 U.S.C. 103 is applicable to claimed 
chemical compounds; it is court's duty to so 
apply section 103 as to carry out fundamental 
congressional intent, expressed in 
Constitutional mandate to Congress, to make 
patent laws adapted to promote progress in 
the useful arts; Congress points out the 
general direction and leaves detailed 
application to specific problems to court; 
court's solution should be in terms that Patent 
Office, the bar, and other courts can 
understand and which also appear to make 
practical as well as legal and logical sense. 

PATENTS 
[2] Interference-In general (§ 41.01) 

Interferences are set up only on allowable 
applications. 

PATENTS 
[3] Patentability -- Anticipation - In 
general(§ 51.201) 
To say that prior art compounds are "within 

the scope of' rejected claims is to say that 
claims are "anticipated." 

PATENTS 
[4] Claims-In general (§ 20.01) 

Inclusion in· compound claim of statement of 
inherent property adds nothing to claim 
definition of named compound where balance 
of claim fully identifies compound and the 
property is inherent. 

PATENTS 

• Page 1 

[5] Patentability-Composition of matter (§ 
51.30) 

Court did not intend In re Petering, 133 
USPQ 275, to become a precedent for 
mechanistic dissection and recombination of 
components of the specific illustrative 
compounds in eveey chemical reference 
containing them, to create hindsight 
anticipations with the guidance of applicant's 
disclosures, on the theoey that such 
reconstructed disclosures describe specific 
compounds within meaning of 35 U.S.C. 102; 
In re Petering does not apply where a small 
recognizable class with common properties is 
not obtained after dissection and 
recombination of components of prior 
compounds. 

PATENTS 
[6] Patentability-Composition of matter (§ 
51.30) 

Claims to compounds are not rejected as 
obvious over the next lower homologue thereof 
since claimed compounds have unexpected 
advantageous properties not possessed by 
homologue. 

PATENTS 
[7] Patentability-Composition of matter (§ 
51.30) 
Patentability -- Invention - In general (§ 
51.501) 

Use of "obvious" in 35 U.S.C. 103, a section 
intended to ameliorate effect of certain harsh 
court decision on patentability, does not make 
unpatentable chemical compounds which 
would have been patentable under decisions 
antedating enactment of that section. 

PATENTS 
[8] Patentability-Composition of matter (§ 
51.30) 

On issue of obviousness of claimed 
compounds, vague "basket" disclosure of 
possible uses in prior patents is unimportant; 
what is important is fact that utility 
discovered by applicants is not disclosed in 
prior art; claims are allowed. 

PATENTS 
[9] Claims-In general (§ 20.01) 

COPR. © 1998 The Bureau of National Affairs, Inc. 
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Claims--Process (§ 20.80) 
Recognizing the practical advantages which 

product claims have over process claims from 
standpoint of protection, court allow product 
claims covering new compounds in which 
unobvious inherent properties have been 
found; balancing alternatives of providing 
adequate protection to applicants' limited 
group of anti-diabetic agents against the mere 
possibility that someone might wish to use 
some of them for some such purpose as making 
a textile size, court favors the former. 

PATENTS 
[10] Patent grant--Intent of patent laws (§ 
50.15) 

Basic principle of patent system is to protect 
inventions which meet statutory 
requirements; valuable inventions should be 
given protection of value in the real world of 
business and the courts. 

PATENTS 
Particular patents-Ure as 

Ruschig, Aumuller, Korger, Wagner, Scholz, 
and Bander, New Benzene Sulfonyl Ureas and 
Process for Their Preparation, claims 1 to 6 
and 8 to 13 of application allowed. 

*275 Appeal from Board of Appeals of the 
Patent Office. 

Application for patent of Heinrich Ruschig, 
Walter Aumuller, Gerhard Korger, Hans 
Wagner, Josef Scholz, and Alfred Bander, 
Serial No. 601,107, filed July 31, 1956; Patent 
Office Group 120. From decision rejecting 
claims 1 to 6 and 8 to 13, applicants appeal. 
Reversed; Martin, Judge, concurring with 
opinion. 

GEORGE E. FROST, Chicago, Ill., HENRY 
W. KOSTER, New York, N.Y., and EUGENE 
REITER and JOHN KEKICH, both of 
Kalamazoo, Mich., for appellants. 

CLARENCE w. MOORE (JOSEPH 
SCHIMMEL of counsel) for Commissioner of 
Patents. 

Before WORLEY, Chief Judge, and RICH, 
MARTIN, SMITH, and ALMOND, Associate 

• Page 2 

Judges. 

RICH, Judge. 

This appeal is from the decision of the Patent 
Board of Appeals affirming the examiner's 
rejection of claims 1-6 and 8-13 of application 
serial No. 601,107, filed July 31, 1956, for a 
patent on "New Benzene Sulfonyl Ureas and 
Process for their Preparation." All appealed 
claims are directed to compounds. The appeal 
from the examiner to the board was on claims 
1-13 but in his answer before the board the 
examiner said, "upon reconsideration claim 7 
is deemed allowable." 

The board's opinion recites the fact that 
there were other claims, 17 and 19- 25, 
referred to as the "non-elected" claims herein, 
"directed to the process of lowering blood 
sugar in the treatment of diabetes by the oral 
administration of, and to pharmaceutical 
tablets containing, compounds recited in 
substantially the same manner as in 
compound claims 1, 2, 3 and 13" (our 
emphasis) but that the examiner required 
restriction as between those claims and the 
claims here on appeal, as a result of which "A 
divisional application containing claims 17 
and 19 to 25 as claims 1 to 8 thereof has been 
filed and is pending." [FNl] We see no 
relevancy of these facts to the issue of the 
patentability of the claims to the compounds 
before us but recite them because the board, 
possibly the examiner, and certainly the 
solicitor for the Patent Office seem to have 
had them in mind in stating their reasons for 
rejection, as will appear. 

The Invention 

The invention here is more than the making 
of new compounds in the abstract. The field of 
endeavor in which the claimed invention is 
found is the production of an oral medication 
for the control of diabetes mellitus, the 
common type of diabetes long treated by daily 
injections of insulin. As is well known, a 
characteristic of the disease is an abnormal 
amount of sugar in the blood due to insulin 
deficiency. 

COPR. © 1998 The Bureau of National Affairs, Inc. 
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The obvious practical disadvantages of the 
hypodermically injected insulin *276 gave rise 
to research to discover and develop an oral 
medication to take its place and as a result of 
this research of recent years a few such oral 
pharmaceuticals have become available. One 
of them is sold under the trademark 
"Orinase," which has the descriptive name 
tolbutamide [FN2] and is N-(4-
methy lbenzenesulfony 1)-N' -n-buty 1 urea. 
Another one developed later and approved for 
marketing by the Federal Food and Drug 
Administration in November 1958, is sold 
under the trademark "Diabinese," which has 
the descriptive name chlorpropamide and is N
(4-chloro-benzenesulfonyl)-N'-n-propyl urea. 
This compound is the subject matter of claim 
13 on appeal of the application at bar where it 
is designated "N-(P-chlorobenzenesulfonyl) -
N' - propylurea," the graphic formula of which 
is 

c1-()-sos: -NH-CO-NH-C3B, 

We have marked the "4" position of the 
chlorine, which is also the para or "p" 
position. It is interesting to compare this with 
allowed claim 7, which reads: 

7. The compound of the formula 

0 -SOa-NH-CO-NH-Re 
R: 

It will be useful in this discussion to bear in 
mind the basic nomenclature of such 
compounds as the above. They are of the 
general class of sulfonyl ureas. The sulfonyl 
group is the -SO sub2 -. Urea is NH sub2 -CO
NH sub2 and these compounds are substituted 
urea. It will be noted that urea has two N 
(nitrogen) atoms and to distinguish them in 
substitution products they are conventionally 
referred to as N and N'. We will hereafter 
refer to the nitrogen atom bearing the sulfonyl 
group as N. In the above claims it will be seen 
that one of the H {hydrogen) atoms attached to 
N has been replaced or substituted by the 

• Page 3 

chlorobenzene-sulfony 1 group. In claim 13, 
above, one of the hydrogens attached to N' has 
been substituted by the propyl group -C sub3 
H sub7 , an alky 1 group having 3 carbon 
atoms. In claim 7 the same H has been 
substituted by a cycloalkylalkyl radical, 
cyclohexymethyl, -CH sub2 - or methylene 
attached to the hexagon containing "H" 
representing a cyclohexyl or -C sub6 H subll 
ring, not to be confused with the benzene ring. 
Thus there is always the urea group -NH-CO
NH-, preceded by the benzene-sulfonyl group, 
on the ring of which there may be one or more 
additional substituents like Cl-, and followed 
by an N' -substituent. 

Claims 7 and 13, above, are two of ten 
species claims in the application, the other 
claims being generic (claims 1 and 2) or 
subgeneric (claims 8 and 9). Of the broad 
claims the board selected claim 2 for purposes 
of its analysis of the patentability issue. It 
reads: 

2. Benzenesulphonylureas of the formula 

Cl-o-SOa-NH-CO-NH-C~-0 

wherein R is chorine and R super2 is alkyl of 
2 to 7 carbon atoms. 

Claim 1 is the broadest, generic to all species 
claimed but still defining a limited class, and 
it reads: 

1. Compounds selected from the group 
consisting of (1) benzenesulphonyl ureas of 
the formula 

P.,. 'D-000 -NH-CO-NH-R,, 

R 

wherein R is selected from the group 
consisting of hydrogen, chlorine, bromine, 
methy 1 and methoxy, R subl is selected from 
the group consisting of chlorine and bromine 
and R sub2 is of 2 to 7 carbon atoms selected 
from the group consisting of alkyl-, alkenyl-, 
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cycloalkyl- and cycloalkyl-alkyl atoms [sic] 
and (2) non-toxic basic addition salts thereof. 
[FN31 

The board put some emphasis on the fact 
that the claims on appeal define compounds 
"without limitation," which we presume 
adverts to the lack of any reference in these 
compound claims to a use for them, though it 
would not seem that reference to a use in a 
compound claim would in law be a 
"limitation," on the question of patentability, 
a point we need not go into. See In re Thuau, 
30 CCPA 979, 135 F.2d 344, 57 USPQ 324, 
and In re Jones, 32 CCPA 1020, 149 F.2d 501, 
65 USPQ 480. Perhaps the board's observation 
was stimulated by the following statement in 
*277 the concluding paragraph of the 
examiner's answer before the board: 

The claims are directed to compounds and 
not to the use of these compounds in any 
particular manner. Appellants do not, 
however, recognize the necessity for this 
conjunction of utility and product in the 
claims presented but seek a patent on the 
compounds per se. [Emphasis ours.] 

We confess a failure to grasp what the 
examiner intended by that observation, made 
as part of his insistence that the compounds 
are unpatentable because they would be 
obvious from the prior art, under 35 U.S.C. 
103, unless it be that in his view applicants 
are entitled only to claims for a process of 
treating diabetes. Would a statement in the 
claims of what the compounds are useful for 
convert them into claims to compounds which 
are any less obvious? It is the compounds the 
examiner says are obvious, not the claims, and 
it is compounds which the claims define. 

To return to our consideration of the place of 
this invention in the useful arts, these 
compounds, as here defined in generic and 
specific claims, have been discovered to have a 
particular utility which is extensively 
described in the specification and further 
expounded in five of the nine affidavits of 
record. 

The claimed compounds fall into the general 
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class of sulfony lure as, which the Patent Office 
admits may number in the millions. Those 
singled out here for patenting have been 
discovered by appellants, as a result of their 
systematic, extensive, and presumably 
expensive research, to possess the ability to 
lower the level of blood sugar (known as 
hypoglycemic activity), for which reason they 
are useful in treating diabetes, but 
particularly because of other desirable 
properties they possess in connection with 
such use. We quote relevant passages from the 
specification: 

As has been demonstrated by experiments 
on animals and in clinical tests, the products 
of the invention produce a substantial 
lowering of the blood sugar level. They may 
be used as such or in the form of their salts, 
or in the presence of substances that cause 
salt formation. * * * These salts have the 
same blood sugar lowering properties. * * * 
The compounds can be made up, inter alia, 
into preparations suitable for oral 
administration and lowering the blood sugar 
in the treatment of diabetes. 

In animal tests the action on the blood sugar 
level has been demonstrated, for example, 
on mice, rats, guinea pigs, rabbits, cats and 
dogs.*** 

The testing of the compounds on dogs has 
the advantage that the resorption conditions 
in the alimentary canal are similar to those 
of human beings, and that the blood sugar 
level exhibits smaller individual variations 
than in rabbits. * * * 

As compared with compounds of similar 
constitution of the sulphanilyl series the 
compounds of the present invention are 
distinguished, on one hand, in that they are 
more resistant to external oxidising 
influences, such as atmospheric oxygen, 
which is of importance to their shelf-life and 
handling, and, on the other, in that they 
have no bacteriostatic action. 

Furthermore, the new compounds do not 
produce the secondary effects of 
sulphonamides on the blood (Heinz bodies) or 
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on the thyroid gland, nor the digestive 
disturbances caused by action on the 
bacterial flora of the alimentary tract. * * * 

Together with these general statements 
there are included two tables, the first giving 
the specific blood sugar level reduction 
produced in rabbits by ten specific compounds 
here claimed, the second showing the lowering 
of blood sugar in the dog at various periods 
after administration, the showing being that 
the hypoglycemic activity of the compounds of 
species claims 3 and 5, at least, is long lasting. 
To illustrate, the figures for N-(4-chloro
benzenesulfonyl) - N' - n - butyl - urea, the 
claim 3 compound, are: 

Page 5 

% sugar level lowering .... 27 40 40 32 15 0 

after stated hours....... 1 3 24 48 72 96 

An affidavit of record by Dr. Dumas, Director 
of Clinical Research for Chas. Pfizer & Co., 
Inc., which sells the "Diabinese" 
(chlorpropamide) product of claim 13, which is 
the same as the claim 3 compound except that 
instead of the butyl (4 carbon) radical it has a 
propyl (3 carbon) radical, indicates by 
reference to published clinical studies [FN4] 
that the here claimed chlorpropamide 
sometimes has advantages over tolbutamide 
("Orinase") in that *278 human patients who 
lost responsiveness to tolbutamide were 
satisfactorily managed with chlorpropamide in 
62% of 84 cases studied and that of another 
group of 118 cases treated for from 2 to 14 
months with chlorpropamide it was successful 
in 79% of the cases, in a number of which the 
disease was either poorly controlled by 
tolbutamide or in which secondary failure 
occurred, that is the patient had originally 
been treated with tolbutamide and 
subsequently become unresponsive to the 
drug. 

It should be explained why it is significant 
that, as the specification states, supra, the 
claimed compounds do not have bacteriostatic 
action, the inhibition of the growth of 
bacteria, also herein termed "sulfa-drug 
action." Such action is present in a closely 
related anti-diabetic drug "BZ-55," [N-(4-

aminobenzenesulfony 1) - N' - n - butl urea, also 
named N subl -sulfanilyl-N sub2 -n-butyl 
carbamide], its disadvantage being that it 
produces in a diabetic, who must have drug 
therapy continuously, bacteria strains which 
are resistant to sulfa-drug therapy. This is 
medically recognized as disadvantageous, as is 
suppression of intestinal flora which interferes 
with the digestive process. 

To summarize as to the invention, appellants 
Ruschig, Aumuller, Korger, Wagner, Scholz 
and Bander, assignors to the firm of 
Farbwerke Hoechst AG, vormals Meister 
Lucius & Bruning at Frankfurt/Main, Federal 
Republic of Germany, which conducts 
pharmaceutical research laboratories, working 
in the vast field of sulfonylurea compounds for 
the purpose of finding or developing improved 
oral diabetic control medications, have 
succeeded in prepacing and delimiting a 
restricted group of sulfony lureas, prepared by 
reactions of a type known to the art, between 
known materials, which have the desirable 
properties, necessary to the purpose, of (1) 
lowering the level of blood sugar, (2) non
toxicity, (3) no bacteriostatic or "sulfa-drug" 
action, (4) prolonged action, (5) the ability to 
control some diabetics who have shown 
inadequate response to other quite similar 
oral drugs. 
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Claims Tabulated 

The sulfony lureas claimed are relatively few 
in number. First we will list those of the 
specific claims. 

N-benzene N' 

Claim Substituent Substituent 

3 4-chloro -benzenesulfonyl -n-butyl urea 

4 3-chloro " -n-butyl " 

5 4-bromo II -n-butyl " 

6 4-chloro " -cyclohexyl " 

(7) 4-chloro " -cyclohexylmethyl II 

all'd. 

10 3-chloro-4-methyl II -isobutyl " 

11 3-chloro-4-methyl II -n-butyl II 

12 6-chloro-2-meythl II -n-butyl II 

13 4-chloro II -propyl II 

The generic and subgeneric claims may be summarized thus: 

1 a chloro or a bromo with " alkyl, alkenyl, II 

which there may be a cycloalkyl, or 

methyl or a methoxy or cycloalkylalkyl; 

another chloro or bromo with 2-7 carbon 

atoms 

2 a chloro in any position II alkyl, 2-7 carbon II 

on the ring atoms 

8 both chloro and methyl in " alkyl, 2-7 carbon " 

any positions on the atoms 

ring 
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9 [same as claim 8] 

For the reason appearing in the first column, 
we treat claim 9 as subgeneric though it 
appears to have been treated by the parties as 
specific; it includes more than one compound. 

Claim, 2, it will be seen, is even narrower 
than the specific claims taken collectively 
except for the position of the -chloro. 
Appellants state that, neglecting insomers it 
covers only six compounds. Claim 8, and 
certainly claim 9, are likewise of quite limited 
scope. Claim 1 is of not much greater scope 
than the specific claims taken collectively, is 
in accord with the broad statement of the 
invention in the specification *279 and 
appears to us to be only such a generic claim 
as would be drafted to include all of the 
disclosed species and obvious variants thereof 
to meet the Patent Office requirement for a 
generic claim. See Rule 141. In any event, this 
is the group of compounds disclosed as having 
the properties above referred to so as to be 
useful as an oral anti -diabetic medication. 

Before leaving our discussion of the 
invention, we make the observation that in a 
case of this character, chemists do not merely 
puddle about in their laboratories making new 
compounds which any competent chemist 
possibly could make, given some purpose for 
making them. They proceed according to some 
plan and having made new compounds they 
still have laboriously to test out their 
biological properties on mice, rats, rabbits, 
dogs, and humans, in order to locate those 
compounds of therapeutic use to mankind and 
to determine the principle, if there is one, or 
the group classification, if there is one, related 
to that utility. We are quite aware that in 
such situations there is always the 
philosophical question, susceptible of various 
theoretical answers, of just who invented 
what? Is the "invention"in the new 
compounds, in the determination of their 
utility, or in some pill made according to 
known pill- making techniques? Or is it in the 
administering or the swallowing of the pill? Is 
it not self-evident that the "invention" in such 
cases is in the nature of a legal abstraction? 
And is it not also evident that a patent system 

" 
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-butyl II 

must be related to the world of commerce 
rather than to the realm of philosophy? 

The most recent thinking on these problems 
to come to our attention--which has not a little 
to say about our recent decisions--is entitled, 
"Is 35 U.S.C. 103 Applicable to Chemical 
Compounds?," by Marion Wayne Western, 
IDEA, Vol. 8, No. 3, Fall 1964, published by 
the Patent, Trademark and Copyright 
Institute of the George Washington 
University, pages 443-454. 

[1] We do not have the freedom of the author 
to speculate as to whether section 103 is 
applicable to claimed chemical compounds, as 
Congress has told us that it is; and it is our 
duty to so apply it as to carry out the 
fundamental congressional intent, expressed 
in the Constitutional mandate to Congress, to 
make patent laws adapted to promote 
progress in the useful arts. This is often a 
difficult task; Congress points the general 
direction and leaves the detailed application 
to specific problems to us. Our solution should 
be in terms that the Patent Office, the bar, 
and other courts can understand and which 
also appear to make practical as well as legal 
and logical sense. To that task we now 
specifically apply ourselves. Hopefully, it will 
also make sense to chemists, biologists, and 
pharmacologists. 

The Rejection 

The examiner and the board rely on three 
references, all patents issued to the firm of J. 
R. Geigy A. G., Basel, Switzerland: 

Martinet al. U.S., 2,371,178, Mar. 13, 1945. 

Swedish Patent, 120,428, Dec. 16, 1947. 

French Patent, 919,464, Nov. 25, 1946. 
[FN5] 

However, the examiner explained that "The 
Geigy (French Patent) teaches essentially the 
same subject matter as the Swedish Patent," 
the board agreed that the two are "substantial 
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duplicates except that the Swedish patent has 
two examples not in the French patent" and 
said "Only the French patent will be discussed 
as our study of this reference has been with 
the French text." (We have only its English 
translation of record.) The solicitor, after 
naming the references, said "no need is seen to 
make any further reference here to the 
Swedish patent." The two added examples of 
the Swedish patent are not relied on. In effect, 
therefore, we are concerned with the 
disclosures of but two patents, which we shall 
refer to as the Martin and French patents. 

The examiner's final rejection, on February 
13, 1962, was that claims 1-5 and 8-13 were 
"unpatentable over" Martin, and 
"unpatentable over" each of the French and 
Swedish patents, and claims 6-7 were 
"unpatentable over" the French patent. "To 
reiterate," he said, "the claimed compounds 
are deemed clearly obvious to one of ordinary 
skill in the art." 

The examiner's answer before the board, on 
August 14, 1962, said, "upon reconsideration 
claim 7 is deemed allowable," no reason being 
stated. The examiner also expressly withdrew 
the rejection of claims 8-12 on Martin, no 
reason being stated. He added the Swedish 
*280 patent to the rejection of claim 6. This 
left the situation as reported in the board 
opinion, April 30, 1963: claims 1-5 and 13 
rejected on Martin and claims 1-6 and 8-13 
rejected on the French or Swedish patent. 

We mention the dates because our decision in 
In re Papesch, 50 CCPA 1084, 315 F.2d 381, 
137 USPQ 43, which we think has a bearing 
on this case, was handed down March 20, 
1963. It was, therefore, not considered by the 
examiner but was considered by the board, to 
the extent of summarily distinguishing it on 
its facts, in ten lines. The solicitor also 
suggests that the Papesch case is factually 
distinguishable from the situation here. 

The board opinion states at the outset, and 
the solicitor in his oral argument said it is 
"significant history," that claim 3 was the 
count in an interference, No. 89,009, and 
claim 13 was the count in another 
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interference, No. 89,010, [FN6J both 
interferences having been dissolved by the 
examiner on his own motion on the ground of 
unpatentability over the references used 
here. While this is of interest, we fail to see 
that it has any bearing on the patentability 
issue before us except to emphasize its 
importance and the possible effect of this 
decision on others than the appellants. It does 
incidentally explain the presence in our 
record of Dr. Dumas' affidavit (from 
Interference No. 89,010) and other 
interference papers. [2J Since interferences 
are set up only on allowable applications 
(Rule 203), it would also indicate that at one 
time the examiner must have considered 
claims 3 and 13 to be patentable, subsequent 
to which (on July 20, 1961) fourteen new 
references were cited including the three 
relied on here. This may be more interesting 
to those who know the situation than it is to 
us. We do sense, however, that we are 
participating in but one scene of a much 
larger drama. 

The examiner and the solicitor, on the one 
hand, took a somewhat more restricted view of 
the ground of rejection on the Geigy 
company's patents than did the board, on the 
other hand. The examiner restricted himself to 
the view that appellants' claimed compounds 
are unpatentable because they are obvious 
under section 103. The solicitor took the same 
view, which he summed up in his brief as 
follows: 

Clearly, then the compounds defined by 
subgeneric claim 2 are obvious as compounds 
in view of the French patent disclosure. The 
sole issue, then is whether such compounds 
are obvious within the meaning of 35 U.S.C. 
103, as that term in that section of the 
statute has been interpreted by this Court in 
In re Papesch, 50 CCPA 1084, 315 F.2d 381, 
137 USPQ 43; In re Petering, supra, [49 
CCPA 993, 301 F.2d 676, 133 USPQ 2751, 
and In re Lambooy, 49 CCPA 985, 300 F.2d 
950, 133 USPQ 270. 

The board position, however, goes beyond 
that of the examiner, and beyond what the 
solicitor chose to argue in this court, in that 
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its opinion makes the following statement: 

ff the specific examples exemplifying the 
generic disclosure [of the French patent] are 
looked to, the possible combinations are 
quite small and include several compounds 
disclosed by appellants and within the scope 
of claims 1 and 2. Following In re Petering, 
133 USPQ 275, these claims can even be 
said to be anticipated. [Emphasis ours.] 

Speaking of the Martin patent, the board 
opinion includes this statement: 

Thus there are disclosed the making of 
several compounds which [within?] the scope 
of claims 1 and 2 and over which claims 3 to 
5 and 13 are considered obvious. [Emphasis 
ours.] 

[3] To say that prior art compounds are 
"within the scope of'' appealed claims is to 
say that those claims are "anticipated" and 
the board, therefore, appears to have taken 
the position that, "Following In re Petering," 
claims 1 and 2 read on the prior art and are 
unpatentable for want of novelty under 35 
U.S.C. 102, though the board made no 
reference to that section of the statute. In 
Petering, however, we did, expressly resting 
the rejection on section 102(b) on the ground 
the disclosure was such that it described the 
compound claimed. In "Following In re 
Petering," the intent of the board to rely on 
section 102 seems clear. 

In this situation we have two different issues 
to deal with, anticipation under section 102 
and obviousness under section 103. To keep 
matters clear, we shall deal with them 
separately. 

*281 Opinion 

Notwithstanding the two statements of the 
board just quoted, counsel for appellants made 
three statements, both in their brief and at 
oral argument, which the Patent Office has 
not controverted and which we find to accord 
with the record. They are: 

"There is no specific example in any 
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reference of the making of any compound 
within even the broadest claim here sought." 

"There is no disclosure in any reference of 
any blood sugar lowering action or any 
compound that is said to have blood sugar 
lowering action." 

"No reference contains a specific utility 
disclosure of any sort, or states that any 
particular compound or compounds have any 
particular utility." 

In regard to the last statement, we will quote 
what the references say about utility from 
which it will be seen that the disclosures are 
very general. Martin refers to "valuable 
sulphonamide derivatives" and contains the 
statement that "The claimed new 
sulphonamide derivatives are remarkably 
suitable for therapeutical purposes." [FN7] 
Each of the four product or compound claims 
ends with the phrase, "being a colorless 
compound of therapeutical properties." 
(Perhaps that is what the examiner had in 
mind in his reference to "the necessity for this 
conjunction of utility and product in the 
claims," but if he did, we fail to see the point 
of it. [FN8]) We note in passing that these 
compounds claimed by Martin, said to have 
unidentified "therapeutical" suitability are all 
sulf ony 1 urethanes, not ureas, and are not in 
the class claimed by appellants. It is suggested 
by appellants that perhaps they have "sulfa" 
drug antibacterial activity, since they contain 
the amino-benzene- sulfonyl-NH-structural 
unit of sulfanilamide, an early "sulfa" drug, 
which is the activity appellants specifically 
wish to avoid in oral anti-diabetic drugs. 

The French (and corresponding Swedish) 
patent contains a "basket" statement of utility 
as follows: 

The said procedure [for making N
substituted ureas] has general applications 
and furnishes products utilizable for the 
preparation of auxiliary products in the 
textile industry, for preservatives, 
disinfectants, anti-parasite agents such for 
example as anti-mite [moth in Swedish 
patent] products, or again the products can 
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be used as plasticizers in the lacquer 
industry, and in the synthetic plastics 
industry. Some of these materials have 
therapeutic properties or they can be used in 
the industry as intermediate products. 

We agree with appellants' statement that 
"There is no indication of which of the endless 
[meaning at least 130) possible products have 
which of these possible uses." 

Our concept of appellants' invention, as 
gathered from their specification and the 
surrounding supporting evidence from the 
prosecution history, is central to our thinking. 
What appellants invented, discovered, found 
out, or developed through research, is a group 
of particular substituted benzenesulfony l 
ureas having hypoglycemic activity without 
antibacterial activity and which are non-toxic, 
so that they have superior properties as oral 
anti-diabetic drugs. They are, perforce, 
chemical compounds in which the aforesaid 
useful properties inhere. 

Certain it is, and it has not been argued to 
the contrary, that this invention is not even 
hinted at in any reference. Nevertheless the 
Patent Office has refused a patent on this 
invention (which, indeed, is a "conjunction of 
utility and product," though claimed as new 
compounds found to have the desired 
biological effect) because the examiner and the 
board thought the compounds, looked upon as 
mere chemical formulae, would have been 
obvious; and the board, "Following in re 
Petering," additionally thought claims 1 and 2 
would be "anticipated." 

The Board's Own Anticipation Rejection 

We shall first consider the board's view of 
claims 1 and 2 as "anticipated." The board 
opinion makes quite clear what it meant by 
the expression "Following In re Petering" in 
the passage quoted supra, namely, to take the 
specific illustrative examples of the French 
patent, dissect them into their chemical *282 
R subl , R sub2 , and R sub3 components, and 
reassemble those components in all possible 
combinations to see whether any such 
combination, thus synthesized, falls within an 
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appealed claim. This game is called 
"Following In re Petering," and that it is. But 
we disagree with the board since our view is 
that In re Petering should not be followed in 
this case because Petering involved a very 
special situation which we do not consider 
comparable to the situation at bar. 

In Petering we came to the conclusion that a 
specific compound, 6,7,- dimethyl- 9 - [beta -
monohydroxethyl] - isoalloxazine, named in 
claim 10 and included in four other claims the 
rejection of which we affirmed, was actually 
described in the Karrer reference patent by 
reason of the particular disclosure of that 
patent which we felt would be recognized by 
those of ordinary skill in the art as a 
description of some 20 compounds in a limited 
class, the members of which were very similar 
to one another in structure and all of which 
possessed the same properties. The class was 
isoalloxazines, three-ring compounds on which 
there were, in the small class, three variable 
substituents, Y, Z, and R. But both Y and Z 
were limited to variation only as between 
hydrogen (H) and methyl (CH sub3 ), giving 
the four possible combinations H,H; H,CH 
sub3 ; CH sub3 ,H; and CH sub3 ,CH sub3 . R 
in every case was a hydroxyalky 1 radical 
which might vary in length from -CH sub2 OH 
to -CH sub2 (CHOH) suM CH sub2 OH, a 
total of only five members of that series being 
included in the small class description, 
disregarding isomerism. The four possible Y 
and Z combinations times the five 
hydroxyalkyl possibilities made a total of 20 
possible compounds. Furthermore, the patent 
attributed the vitamin activity of these 
compounds to the presence of a hydroxyalky 1 
radical at R and showed that the vitamin 
activity was the same whether Y and Z were 
hydrogen or methyl. On these facts we 
concluded, 133 USPQ at 280: 

It is our opinion that one skilled in this art 
would, on reading the Karrer patent, at once 
envisage each member of this limited class, 
even though this skilled person might not at 
once define in his mind the formal 
boundaries of the class as we have done 
here. 
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We put great emphasis in that opinion on the 
total circumstances in the case "including 
such factors as the limited number of 
variations for R, only two alternatives for Y 
and Z, no alternatives for the other ring 
positions, and a large unchanging parent 
structural nucleus." 

[5] We did not intend our Petering opinion or 
decision to become a precedent for the 
mechanistic dissection and recombination of 
the components of the specific illustrative 
compounds in every chemical reference 
containing them, to create hindsight 
anticipations with the guidance of an 
applicant's disclosures, on the theory that 
such reconstructed disclosures describe 
specific compounds within the meaning of 
section 102. Furthermore, we do not find the 
present case to be of the type we had before 
us in Petering. Even if we take the 10 
examples of the Franch or the 12 examples of 
the Swedish reference, take them apart and 
recombine them into different compounds 
than those named, we do not get a small 
recognizable class with common properties. 
We would apparently get from the French 
patent some 130 and from the Swedish some 
156 compounds. And in doing this we are not 
dealing with such closely related units as the 
H and CH sub3 and the five hydroxyalkyl 
components in Petering but with such widely 
differing R superl choices as p-
acy laminobenzene, diphenyl, beta-
naphthalene and dimethylbenzene, to name a 
few from the thirteen possible choices. And 
for the R super3 choices there are such 
diverse radicals as ethyl, dodecyl, benzyl, and 
alpha- naphthyl. We will not apply the 
Petering type of analysis to such a situation. 
We therefore disagree with the view of the 
board (which the solicitor has not urged on 
us) that claims 1and1 "can even to said to be 
anticipated." We note that the board seems to 
have originated its use of Petering. Although 
the examiner specifically considered that case 
on another point for which appellants cited it, 
his only comment about it was that it was 
"not deemed controlling." We also note that 
the board gave no indication that it intended 
to make a new ground of rejection (under 
section 102, for example, pursuant to Rule 
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196(b)) different from the ground relied on by 
the examiner which was limited to 
obviousness, a section 103 rejection. 

We hold similar views as to the board's 
indication that a specific description of 
compounds within claims 1 and 2 can be made 
out of the Martin disclosure. To do this the 
board selects p-chloro- and p-bromo- for R (as 
used in appellants' claim 2, supra) and ethyl 
or isoamyl for R sub2 to create, ex post facto, 
four undisclosed specific compounds out of a 
possible 259, according to appellants' 
apparently valid calculations. This is not the 
kind of description we found in Petering and 
we do not find here any "anticipation" by the 
Martin patent of claims 1 and 2. 

*283 The Obviousness Rejection 

This leaves for consideration the original 
examiner's rejection of all claims on appeal as 
unpatentable over the references because of 
obviousness. As to this rejection, we proceed 
on the correlative postulate that none of 
appellants' claimed compounds is in the prior 
art and on the basis that the Patent Office 
contends that the "differences between the 
subject matter sought to be patented and the 
prior art are such that the subject matter as a 
whole would have been obvious * * * to a 
person having ordinary skill in the art * * *." 
35 u.s.c. 103. 

To make out the case most favorable to the 
Patent Office, in which the structural 
differences between the appealed claims and 
the prior art are as small as possible, the 
solicitor takes for comparison a compound 
within appellants' claims 1 and 2 (not 
specifically claimed) which he finds in the 
affidavit of Dr. Dorzbach, who made 
pharmacological tests on various compounds 
for appellants. Using the affidavit numbering, 
he calls this compound "(2)" and first compares 
it with compound "(7)", also from the affidavit. 
To these he then adds examples 8, 9, and 10 of 
the French patent and, with the same 
numbering, we name these five compounds as 
follows (our emphasis): 

(2) N-(4-chloro-benzenesulfonyl)-N'-ethyl urea 
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(claimed) 

(7) N-( 4-chloro-benzenesulfony 1)-N' -methyl 
urea (affidavit) 

(8) N-{4-chloro-benzenesulfonyl)-N'-benzyl 
urea (prior art) 

(9) N-{4-methyl -benzenesulfonyl)-N'-phenyl 
urea (prior art) 

(10) N-{4-methyl -benzenesulfonyl}-N'-dodecyl 
urea (prior art) 

For varying reasons, none of the above 
compounds listed, other than (2), is within 
appellants' claims: (7) because the N' - methyl 
has only one carbon, (8) because N' - benzyl is 
excluded, (9) because the claims require a 
chloro- or bromobenzene group and there is 
none and also because N' - phenyl is excluded, 
and (10) because there is no chloro- or 
bromobenzene and N' - dodecyl is excluded, 
having 12 carbons, the limit being 7. Some of 
these differences which distinguish the 
claimed group of compounds from the prior art 
may appear small but they are significant. 

Compound (7) occupies a unique position. We 
have noted that it is from an affidavit. That 
affidavit indicates that it is from the French 
patent but it is not; the affidavit was simply in 
error in that assumption but lists it as a 
"known" compound and thus the solicitor's 
brief lists it. The solicitor took some pains at 
the oral argument to point out that (7) is not 
to be found in the French patent and is not 
derivable from it for want of any disclosed 
reactant that would produce an N' - methyl. 
Though (7) is not statutory "prior art" in this 
case, it illustrates an important fact. 
Compound (2), here claimed, was shown by 
tests on rabbits to have hypoglycemic (blood 
sugar lowering) activity, though not as much 
as the second higher homolog with N' - butyl 
instead of ethy 1. Compound (7), the next lower 
homolog, having an N'-methyl, was found by 
Dr. Dorzbach to have no hypoglycemic 
activity. And we here note that the compound 
which is the same except for having N' -
propyl, intermediate ethyl and butyl in the 
series, described in claim 13, is effective 
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enough to be on the market as "Diabinese." 

[6) We think that, by his own admissions, the 
solicitor does not have the right to rely on 
compound (7) as prior art but according to our 
views it would make no difference if he could. 
He relies on it as a "next lower homologue" 
of claimed compounds and appellants have 
shown unexpected advantageous properties it 
does not possess. His next reliance is on 
compound (8) as one "analogous to the 
compounds, within the scope of claim 1, 
where the R sub2 substituent is a cyclo
group," the reference being to such 
compounds as those named in claim 6 and 
allowed claim 7 where the N' substituent is 
cyclohexyl or cyclohexyl- methyl, which are 
cyclo-alkyl, saturated substituents, not 
unsaturated aromatic substituents. The 
analogy is not close, in general; but the 
record here shows, as to compounds identical 
except that one has N' - cyclohexyl and the 
other N' - phenyl (compound (9) supra), that 
the latter has very high toxicity so as to be 
wholly unusable as a drug whereas the 
former has hypoglycemic activity and is non
toxic. (We have found no test of record on 
compound (8). We know nothing specific of its 
properties.) 

The solicitor does not place any particular 
reliance on compound (10) beyond displaying 
its formula. Notwithstanding its structural 
similarities to the claimed compounds, the 
evidence is that upon test it proved to have no 
hypoglycemic activity at all. 

Summarizing on the French and Swedish 
patents, the Patent Office position is that they 
disclose compounds which are homologs of or 
analogous to appellants' compounds, 
wherefore the latter are obvious. At the same 
time it *284 is admitted that these references 
do "not teach that any of the compounds have 
the property of lowering blood sugar," to quote 
the board. 

The Patent Office also urges that appellants' 
compounds, though not named in the Martin 
patent, would be obvious therefrom, insofar as 
they are defined in claims 1-5 and 13. That 
position is based on the contention that there 
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is enough in Martin to teach one how to make 
compounds of the formula, R- benzenesulfonyl
R' -urea (to paraphrase the examiner) where R 
is p-chloro and p- bromo and R' is ethyl or 
isoamyl, which would fall within the claims 
aforesaid, through no such compounds are 
shown in Martin. This reference from 
beginning to end is concerned with compounds 
wherein R is a nitrogen-containing group in 
para position, p-nitro (NO sub2 ), p-amino (NH 
sub2 ), or p-acetylamino (CH sub3 -CO-NH), 
all outside of appellants' claims. The patent 
shows how to convert nitro to amino by 
catalytic reduction and acetylamino to amino 
by hydrogenation. All specific examples end 
up with, and all product claims are directed to, 
amino compounds. 

One of Martin's processes is to cause "salts of 
sulphonamides of the benzene series, which 
contain in the p-position a nitrogen-containing 
group or a substituent replaceable by such a 
group, to react with carbonic acid derivatives 
capable of reaction." (Emphasis ours.) As 
examples of sulfonamides, salts of which may 
be used, he includes among four named salts 
"p-chloro- or bromobenzene sulphonamide." It 
is this disclosure which the Patent Office 
relies on. This appears from the record before 
us to be an anomalous disclosure for the 
reason that Martin expressly states, twice, 
that he wants a substituent in the para 
position replaceable by a nitrogen-containing 
group if it is not one, and the proofs here 
show, what the examiner expressly admitted, 
that p- chloro and p-bromo cannot be converted 
to a nitrogen-containing group, "by any of the 
known processes available in the prior art." 
The examiner felt this fact was immaterial 
and so did the board. Strictly speaking, 
perhaps it is; but we think one skilled in the 
art trying to follow Martin's processes to 
obtain his products would not be likely to use 
p-chloro- or bromobenzene sulfonamide salts. 
Martin did not in any of the 24 reactions he 
describes. 

Summarizing on the Martin patent, there is 
no disclosure or description in it of any of 
appellants' compounds and, a fortiori, no 
description of their properties but at most 
disclosures of processes by which some of them 
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might be made. As we understand this record, 
it is not contended that those skilled in the art 
would not know how to make the claimed 
compounds. Appellants' specification says, 
"The compounds of the above general formula 
[as in claim 1) are made by methods known for 
making sulphonyl-ureas." The Martin 
disclosure, therefore, is no closer to appellants' 
compounds than a next adjacent homolog or 
an analogous compound would be and contains 
no more information about properties of the 
compounds it does disclose than the French or 
Swedish patents. 

As to all references, the solicitor, when asked 
at oral argument whether they contain 
anything that would help in the treatment of 
diabetes, replied, "No. I unhesitatingly say 
no." 

[7] For a score of years a consistent line of 
decisions has emanated from this court 
refusing to sustain rejections in fact 
situations essentially like that here. In the 
passage we quoted above from the solicitor's 
brief he correctly stated that the issue is 
obviousness as we have propounded the 
nature of that issue in the Lambooy, 
Petering, and Papesch cases. In Papesch we 
tried to make it clear that in our opinion the 
use of the term "obvious" in section 103, a 
section whose history shows it was intended 
to ameliorate the effect of certain harsh court 
decisions on patentability, does not make 
unpatentable chemical compounds which 
would have been patentable under decisions 
antedating the enactment of that section, 
reviewed in Papesch. We also dealt with the 
contention that a compound was so obvious 
that we should pay no attention to its 
unforeseeable beneficial or advantageous 
properties in determining patentability, 
rejecting that proposition, saying: "From the 
standpoint of patent law, a compound and all 
of its properties are inseparable; they are one 
and the same thing." 

The board and the solicitor (the examiner did 
not have the case before him) attempt to 
distinguish this case from Papesch. The board 
said: 
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The situation here is not considered to be the 
same, in particular, it is pointed out that 
there are no comparative tests, or ·even 
allegations, that the compounds of the 
reference used as the basis of rejection do not 
possess the property involved, nor did the 
reference in Papesch disclose the variety of 
uses disclosed by the reference here, in fact 
it did not report any biological tests or 
disclose any use. 

[8] *285 We cannot positively identify what 
the board had in mind as the compounds 
"used as the basis of rejection" but if we look 
to those selected by the solicitor for inclusion 
in his brief as the closest prior art, the board 
would seem to be in error in saying there 
were no comparative tests and that there is 
no evidence they "do not possess the property 
involved * * *." We discussed above 
comparative tests which do show that the 
prior art compounds relied on do not possess 
the properties we find to be an integral part 
of appellants' invention. If, perchance, the 
board is referring to the compounds within 
the appealed claims which it was able to 
reconstruct from the dissected examples of 
the references, our answer is that we rejected 
that approach and also that the board is 
patently asking for proof of the impossible. 
As to what the Robins et al. reference in 
Papesch may or may not have disclosed by 
way of uses, we think that is no ground of 
distinction because our decision in that case 
rested on what the appellant disclosed which 
was not disclosed in the reference. Our deci
(8] sion here rests on similar ground. On the 
obviousness issue, the vague "basket" 
disclosure of possible uses in the French and 
Swedish patents and the equally vague 
disclosure of the Martin patent are 
unimportant. What is important is the fact 
that the utility discovered by appellants is 
not disclosed in the prior art. We see no 
factual ground on which to distinguish the 
Papesch case. This is also our answer to the 
solicitor's attempt to distinguish that case in 
saying: 

In the instant case, the French patent 
discloses utilities for the compounds 
disclosed therein, and to this extent, the 

• Page 14 

factual situation here differs from that of the 
Papesch case * * *. 

He went a bit further, however, in asserting 
that the compound of Example 9 of the French 
patent was shown by evidence in the Dorzbach 
affidavit to have the utility "described for 
appellants' compounds * * *." While the 
evidence does show that the compound had a 
blood sugar level lowering property, it also 
disclosed that it was lethal, a fact omitted 
from the solicitor's argument. Very high 
toxicity, in our view, cancels out any notion of 
anti- diabetic "tuility." Furthermore, it was 
appellants who disclosed the property to which 
the solicitor refers. It was not known to the 
prior art. 

For the foregoing reasons, we think this case 
is clearly within the principles of the Papesch 
case and we see no need to repeat anything 
there stated. That is not a case that stands 
alone, having been predicated on the ten or so 
cases reviewed therein. We have also followed 
it or applied the same principles without 
referring to it in In re Riden, Jr., 50 CCPA 
1411, 318 F.2d 761, 138 USPQ 112, 114, 
where Judge Almond, speaking for the court, 
said: 

Chemical cases should not be decided solely 
on the basis of homology or analogy in 
structural formulae. The determination of 
obviousness is not the mechanistic 
overlaying of chemical formulae to observe 
whether a difference greater than a 
methylene group or a chlorine atom exists. 

and in In re Lunsford, 51 CCPA 1000, 327 
F.2d 526, 140 USPQ 425, 427, wherein Judge 
Martin, speaking for the court, finding an 
"unobvious property inherent in the claimed 
compounds" sufficient to overcome a showing 
of very close structural obviousness, said 
"there is no basis in law for ignoring any 
property," and in In re Ward, 51 CCPA 1132, 
329 F.2d 1021, 141 USPQ 227, 228, wherein 
the court said: 

* * * claims to chemical compounds are 
drawn to more than structural formulae. 
They define the compounds themselves and 
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compounds possess properties which must be 
considered along with the formulae. 

Here the esters might appear to be obvious 
in terms of the concept of their structure but 
that is only half the game. There remains 
the consideration of the properties of the 
esters. * * * That unexpected property 
cannot be ignored in the determination of 
obviousness of the claimed esters as 
substances and not as structural formulae. 

Of course, we made the same sort of holding 
in the Lambooy case and in the Petering case 
as to some claims, yet the Patent Office has 
continued to present the identical issue to us. 
We hope our view of the law has now become 
clear. 

There remains one point to consider. The 
board opinion presents an argument as to why 
our view of the law is wrong, in the following 
passage: 

The French patent mentions textile treating 
agents, disinfectants, parasiticides, 
plasticizers and intermediates. If someone 
made compounds coming within the scope of 
the claims for any such purposes or used 
them for such purposes, the claims would be 
infringed, but what would lowering blood 
sugar have to do with the matter? The 
argument based on this property would of 
course be germane to at least some of the 
non*286 -elected claims [process of lowering 
blood sugar in the treatment of diabetes?] 
which are so restricted that this property has 
significance, but to allow any claim by 
reason of this property when it will 
dominate activity wholly unrelated to the 
property argued does seem somewhat 
irrational. 

We have given full consideration to the 
foregoing. We do not think our holdings are 
irrational and we have made them with our 
eyes open. The solicitor put the question flatly 
before us at the conclusion of his oral 
argument saying that, while he did not deny 
that appellants had made an important 
invention in the field of diabetic medication, 
the question for this court is, "Is this the way 
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to claim it in this case? Should it be claimed so 
that the property or the invention or the 
discovery that the appellants made here is 
defined in the claim and not merely set forth 
in the record? That's our position." 

[9] Again, we considered the same position in 
Papesch and answered it by approving claims 
to compounds, recognizing the practical 
advantages product claims have from the 
standpoint of protection. As we have 
indicated above, where we are concerned with 
new compounds in which unobvious 
properties have been found, the properties 
being inherent in the compounds, one could 
even say it is "somewhat irrational" to say 
the "invention" is not in the compounds. 
Semantics aside, the hard facts were stated 
by ·appellants' counsel in response to court 
questioning at the end of his argument: 

The process claims that the Patent Office 
would like to drive us to are of very, very 
little value as a real live honest-to-goodness 
matter. We all know that. So we simply 
have to ask for product claims and that's 
why we're here. * * * The difficulty is this: 
section 271 of the Patent Code helped out 
immensely with respect to this problem of 
misuse but it does not make a method claim 
the equivalent of a product claim, and that is 
the fundamental difficulty. 

[10] Our view, in brief, is that the basic 
principle of the patent system is to protect 
inventions which meet the statutory 
requirements. Valuable inventions should be 
given protection of value in the real world of 
business and the courts. We do not share the 
board's theoretical fear that allowing the 
compound claims on appeal will "dominate 
activity" with respect to the use of the 
claimed compounds for purposes such as those 
disclosed in the French patent, or any 
purposes other than the treatment of 
diabetes, to put it as broadly as possible. For 
one thing, the claims here will give no 
domination whatever over the compounds 
disclosed in the references. For another, 
balancing the alternatives of providing 
adequate protection to appellants' limited 
group of anti-diabetic agents against the 
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mere possibility that someone might wish to 
use some of them for some such purpose as 
making a textile size, we favor the former. 

For the foregoing reasons and others stated 
in Papesch and later cases following its 
principles, the decision of the board is 
reversed. 

FN l This application is not of record here and we 
know nothing more about it. 

FN2 Appellants' brief states that this was another of 
their developments and that they have obtained U.S. 
patent 2,968, 158 thereon, not of record. 

FN3 The corresponding broad description of the 
specification says that Rsub2 stands for the various 
named radicals, rather than "atoms• and the use of 
the latter term in claim l would appear to be 
inadvertent error. 

FN4 Article by Samuel J. N. Sugar, M.D., et al. in 
AMA Archives of Internal Medicine for September, 
1959, pages 360-364; article by L. L. Pennock, 
M.D., in the Pennsylvania Medical Journal for 
October, 1959, pages 1537-1539. 

FN5 The examiner and the board give this patent a 
date of Dec. 27, 1945, but according to the 
translation of record that was the filing date of the 
French application. The patent was granted 25 Nov. 
1946 and published IO March 1947. We state this 
merely for accuracy. No one has made a point of it. 

FN6 The record shows that claim 13 was suggested 
to appellants under Rule 203 in an office action of 
July 25, 1957, and was made by them on September 
25, 1957. This probably explains why claim 13 does 
not correspond to any specific example in appellants' 
application. The other party to the interference, now 
dissolved, was William M. McLarnore of Chas. 
Pfizer and Co. Another party was added later, 
Frederick J. Marshall and Max V. Sigal, but was 
dissolved out Dec. 2, 1959, before the interference 
was dissolved on June 20, 1960. 

FN7 "Therapeutic" per Webster's 7th New 
Collegiate Dictionary, means "of or relating to the 
treatment of disease or disorders by remedial agents 
or methods." Gould's Medical Dictionary (5th ed.), 
says: "therapeutics. The branch of medical science 
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dealing with the treatment of disease. n 

FN8 [4] We are aware that attorneys often write 
compound claims including a statement of some 
inherent property, general or specific, for example 
the product claims of the Martin patent just quoted 
from, or the claims of the Karrer patent quoted in 
our opinion in the Petering case. Where the balance 
of the claim fully identifies the compound, as is true 
in both instances, and the property is inherent, we 
fail to see that such statements add anything to the 
claim definition of the named compound. 

MARTIN, Judge, concurring. 

I agree with the majority opm1on except 
insofar as it finds a section 102 rejection in the 
board's decision. I do not think the board's 
passing reference to In re Petering, 49 CCPA 
993, 301 F.2d 676, 133 USPQ 275, i.e., by 
following Petering claims 1 and 2 "can even 
be said to be anticipated," can properly be 
taken as a section 102 rejection. If the board 
meant such a passing comment to be a 
rejection under section 102, it should have so 
stated. 

As the majority opinion notes, the examiner 
and solicitor restrict themselves to the view 
that the rejection is one of obviousness under 
section 103. In connection with the 
obviousness rejection, In re Petering, supra, is 
correctly cited by the majority since the second 
issue in that case was one of obviousness. The 
board affirmed "the decision of the examiner 
rejecting the claims * * *." Appellants did not 
notify this court in their reasons of appeal of 
any appeal from an afirrmance of a rejection 
based on section 102. 

Thus as the author of the Petering case, I 
must view as dictum the discussion in the 
majority opinion, under the heading "The 
Board's Own Anticipation Rejection," of that 
portion of In re Petering which relates to the 
section 102 issue. The appeal before us does 
not present a clear opportunity to indicate 
either the limits of the Petering case or its 
place within the scope of enabling disclosures 
of section 102. 

Cust. & Pat.App. 
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Schering Corporation 
v. 

Precision-Cosmet Co., Inc. 

District Court, D. Delaware 

No. 83-829 

Decided July 2, 1985 

United States Patents Quarterly Headnotes 

PATENTS 
[1] Pleading and practice in courts -
Motions - For summary judgment - Issues 
determined (§ 53.6335) 
Trial court, when considering motion for 

judgment n.o.v. concerning jury verdict of 
patent validity, may not review issue of 
validity de novo, but is limited by standard of 
review and guidelines set forth in Connell v. 
Sears, Roebuck & Co., 220 USPQ 193, and 
Weiner v. Rollform, Inc., 223 USPQ 369. 

PATENTS 
[2] Patentability -- New use or function -
Composition of matter(§ 51.555) 

Use of tertiary butyl styrene (TBS), which is 
old composition, to create gas permeable hard 
contact lens constitutes significant 
modification and thus precludes assertion that 
claim is invalid as simply new use for old 
substance. 

PATENTS 
[3] Accounting - Increased or treble 
damages or profits (§ 11.35) 

Double damages, rather than treble 
damages, should be awarded against infringer, 
in view of evidence which demonstrated 
willful infringement but which also 
demonstrated that infringing product had 
been, to significant degree, developed 
independently, and which demonstrated that 
infringer had not litigated in bad faith. 

*278 Action by Schering Corporation, 
against Precision-Cosmet Co., Inc., for patent 
infringement. On plaintiff's motion for award 
of prejudgment interest, increased damages, 
and attorney's fees, and on defendant's motion 
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for judgment n.o.v. or for new trial. Plaintiff's 
motion granted. 

Bruce M. Stargatt, Richard H. Morse, and 
Young, Conaway, Stargatt & Taylor, all of 
Wilmington, Del., and John 0. Tramontine, 
Eric C. Woglom, Jesse J. Jenner, Richard M. 
Barnes, Douglas J. Gilbert, and Fish & Neave, 
all of New York, N.Y., for plaintiff. 

Paul E. Crawford, and Connolly, Bove, Lodge 
& Hutz, both of Wilmington, Del., and 
Douglas J. Williams, Mark J. DiPietro, and 
Merchant, Gould, Smith, Edell, Welter & 
Schmidt, all of Minneapolis, Minn., for 
defendant. 

Stapleton, Circuit Judge. [FNl] 

This is a patent infringement action brought 
by plaintiff Schering Corporation against 
defendant Precision-Cosmet Co., Inc. ("P-C"). 
On March 11, 1985, a jury returned a general 
*279 verdict for Schering in the amount of 
$1,263,482, along with answers to a number of 
interrogatories. Currently before the Court 
are motions by both parties. P-C has moved for 
Judgment Notwithstanding the Verdict 
("JNOV") and, in the alternative, for a new 
trial. Schering has moved for an award of 
prejudgment interest, increased damages, and 
reasonable attorney's fees. 

I. MOTION FOR JNOV 
The moving party is entitled to a JNOV 

when the Court is convinced: 

(1) that reasonable persons could not in light 
of ... [the] evidence have found the facts 
necessary to support the jury's verdict; or (2) 
that the facts properly found cannot in law 
support that verdict. If, on the other hand, 
the court is convinced that reasonable persons 
could have found in light of ... [the] evidence 
the facts necessary to support in law the 
jury's verdict, denial of the motion for JNOV 
is required. 

Weinar v. Rollform, Inc., 744 F.2d 797, 805, 
223 USPQ 369, 373 (Fed. Cir. 1984) (citing 
Connell v. Sears, Roebuck & Co., 722 F.2d 
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1542, 220 USPQ 193 (Fed. Cir. 1983) ). 

The Federal Circuit has also set forth 
guidelines that a court must follow in 
considering a motion for JNOV. Under these 
guidelines, a court must: 

(1) consider all the evidence; (2) in a light 
most favorable to the non- mover; (3) drawing 
reasonable inferences favorable to the 
nonmover; (4) without determining credibility 
of witnesses, and (5) without substituting its 
choice for that of the jury between conflicting 
elements in the evidence. 

Connell v. Sears, 722 F.2d at 1546, 220 USPQ 
at 197. Further, where as here the issue raised 
is validity, "the true question is whether 
[defendant], which bore the burden, 35 U.S.C. 
§282, submitted such evidence as would 
preclude a reasonable jury from reaching a 
verdict of validity."Weinar v. Rollform, 744 
F.2d at 805, 223 USPQ at 373. In this regard, 
it is well to note that the question presented 
by a motion for JNOV is not whether the 
district court would have found the invention 
obvious as though there had been no trial 
before a jury. Id. Rather, the question is 
whether the jury's verdict that the Schering 
patent is valid (i.e. has not been proved 
invalid) is supported by substantial evidence. 
Id. (citing Bio-Rad Laboratories, Inc. v. Nicolet 
Instrument Corp., 739 F.2d 604, 222 USPQ 
654 (Fed. Cir. 1984) ). 

[1] Notwithstanding these principles, P-C 
argues that the trial court may review the 
issue of validity de novo. In so doing, P-C 
relies upon the Federal Circuit's recent 
statement in E.W.P. Corp. v. Reliance 
Universal, Inc., 755 F.2d 898, 905, 225 USPQ 
20, 24 (Fed. Cir. 1985), that validity "is a 
question of law and that question is freely 
reviewable by this court."E.W.P. Corp., 
however, was not tried before a jury. In 
Connell v. Sears, the court explained that 
though obviousness is indeed a question of 
law, it is an issue that may properly be 
submitted to a jury, in the same manner that 
other legal questions, such as negligence, are 
regularly submitted to juries in personal 
injury cases. 722 F .2d at 154 7, 220 USPQ at 

• Page 2 

197; Railroad Dynamics, Inc. v. A. Stucki Co., 
727 F.2d 1506, 1514-15, 220 USPQ 929, 937 
(Fed. Cir. 1984). Thus, though P-C is clearly 
correct that obviousness is a question of law, 
it is equally clear that when faced with a 
motion for JNOV concerning a verdict of 
validity, consideration of that motion by the 
trial court is limited by the standard of 
review and guidelines set forth in Connell v. 
Sears and Weinar v. Rollform. 

A. The Obviousness Issue 

The parties agree, for purposes of the motion 
for JNOV and a new trial, that the claimed 
invention is a gas permeable hard contact lens 
made principally of tertiary butyl styrene 
("TBS"). P-C contends that such an invention 
would have been obvious to one with ordinary 
skill in the art in light of seven items of prior 
art, only one of which was before the Patent 
Examiner: (1) the Fatt article (DX-212AG); (2) 
Larke & Tighe U.K. Patent No. 1,394,056 
(DX-212M); (3) Gaiser U.S. Patent No. 
2,674,743 (DX-212B); (4) the Salame article 
(DX-212ID; (5) Lundberg U.S. Patent No. 
4,057 ,598 (DX-212C); (6) the Dow brochures 
(DX- 212AH, DX-212AI), and (7) Larke U.K. 
Patent No. 1,395,501 (DX-212N). 

Defendants contend that the above prior art 
paved a clear path to the inventor's decision to 
substitute the higher alkyl styrenes, including 
TBS, in a hard contact lens formulation, in 
order to provide improved gas permeability. 

I conclude, however, that there is substantial 
evidence in the record supporting the 
conclusion that the subject matter of the 
invention of the Schering patent taken as a 
whole would not have been obvious at the 
time the invention was made to a person of 
ordinary skill in the art. 

A principal contention made by P-C with 
respect to the question of obviousness is that 
the high gas permeability of a TBS lens would 
be predicted in 1977 on the theory that the 
addition of bulkier side groups to a polymer 
creates a more "open structure" {lower 
density) for the passage of oxygen. P-C 
presented *280 the testimony of Dr. Salame 
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for purposes of explicating this theory. Both of 
Schering's experts, however, expressly opined 
that the higher permeability of TBS would not 
have been predictable and provided reasons 
for their opinions. Dr. Hoehn expressly stated 
that the permeability of TBS was not 
predictable. (Tr. 1620). He explained that, 
contrary to Dr. Salame's theory, permeability 
of a material is not a property of the polymer; 
it is instead a property of the article made 
from the polymer. (Tr. 1618). According to Dr. 
Hoehn, predicting permeability with any 
degree of success depends on whether one has 
studied the article made from the polymer. Id. 

Dr. Fatt testified that he would not be able to 
predict increased permeability of a polymer 
merely on the basis that bulkier side groups 
were added. (Tr. 343). Dr. Fatt opined that gas 
permeability was predicted upon two 
components -- the speed at which the molecule 
traveled through the plastic and the solubility 
of the gas in the plastic -- and that these 
components could offset one another with the 
result that addition of a bulkier group would 
not necessarily lead to increased permeability. 
(Tr. 343). He also indicated that the lower 
density of a polymer did not always lead to 
increased permeability. (Tr. 342). 

Dr. Fatt further testified that the increased 
permeability of ethyl, isopropyl and tertiary 
butyl styrene over stryene and methyl styrene 
was unexpected. (Tr. 270-71). Mr. Deichert of 
Bausch & Lomb also acknowledged that the 
permeability of TBS was "surprising and 
unexpected". (Tr. 1093). 

P-C contends that the Larke & Tighe patent 
(DX-212M) teaches one skilled in the art that 
the addition of bulkier side groups, by 
providing more open space, will improve 
oxygen permeability. P-C's reference here is 
not to any teaching concerning the 
compositions claimed in the Schering patent 
but, rather, to the following language of the 
Larke & Tighe patent: 

Although the invention is not limited to any 
particular theory, it is believed that the 
bulky side groups attached to the polymer 
chain disrupt the chain symmetry and 
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regularity of the polymer giving a more open 
structure having increased gas permeability. 

Given the contrary testimony of Dr. Fatt and 
Dr. Hoehn as to the understanding of those 
working in the art at the relevant time, the 
jury was not bound to conclude that the 
artisan of ordinary skill would take this 
theoretical speculation at face value. 
Testimony to the contrary by Drs. Hoehn and 
Fatt represented substantial evidence that 
increased permeability was not predictable. 

Dr. F att further testified that the use of TBS 
in a hard contact lens would not have been 
obvious to him from the Lundberg patent (DX-
212C). He explained that the patent disclosed 
TBS as one of 25 to 30 monomers for the 
hydrophobic block of a copolymer and that one 
of the 25 possible uses for the copolymer was a 
soft, not hard, contact lens. He indicated that 
there was no mention of gas permeability in 
Lundberg. (Tr. 279-293). He explained that out 
of the many possible combinations of uses with 
different monomers, disclosed by Lundberg, it 
would not have been obvious to pick out the 
use of TBS in a soft lens, let alone in a hard 
one. (Tr. 292). 

As to the Gaiser patent (DX-212B), Dr. Fatt 
indicated that neither TBS nor any other alkyl 
styrene claimed in the Schering patent is 
mentioned in Gaiser. (Tr. 297). Moreover, both 
Drs. Fatt and Salame testified that the 
substituted styrenes referred to by Gaiser 
constituted a class of more than one hundred 
compounds. (Fatt Tr. 297-98; Salame Tr. 1271-
72). Most significantly, Fatt testified that 
Gaiser did not mention anything with respect 
to the improved gas permeability that resulted 
from the use of certain substituted styrenes. 
(Tr. 297). 

While Dr. Salame testified that the increased 
permeability of TBS would have been obvious, 
the jury was entitled to reject his testimony if 
they did not find it credible. And it is not the 
province of this Court to weigh the credibility 
of Salame's testimony against the testimonies 
of Hoehn and Fatt. Connell v. Sears, 722 F.2d 
at 1546-47, 220 USPQ at 196-97. 
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The question here is whether P-C, in light of 
its burden to prove invalidity by clear and 
convincing evidence, submitted such evidence 
as would preclude a reasonable jury from 
reaching a verdict of validity. I conclude that 
it did not and that the jury's conclusion on 
obviousness was supported by substantial 
evidence. 

B. Anticipation 

P-C argues that the Gaiser patent, which 
teaches that contact lenses can be made of 
styrene or substituted styrenes, anticipates a 
number of the asserted claims of the Schering 
patent. P-C points to the testimony of Dr. Fatt 
and Dr. Loshaek. Dr. Fatt testified that he 
would have understood the reference to 
substituted styrenes in the Gaiser patent to 
mean divinyl benzene. (Tr. 295- 296). He also 
indicated that a contact lens of divinyl 
benzene, having a substantial amount of ethyl 
styrene as an impurity, would come within the 
language of claim 1 of the patent-in-suit. Dr. 
Loshaek testified that the term "substituted 
styrenes" could mean the styrenes he had been 
testifying about, including TBS. (Tr. 1460-61). 

*281 Dr. Fatt also testified, however, that 
neither TBS, isopropyl styrene, ethyl styrene, 
nor any other substituted styrene are 
mentioned in the Gaiser patent. (Fatt 295-
297). Dr. Fatt also stated that Gaiser did not 
mention gas permeability with respect to 
substituted styrenes. (Tr. 297). In addition, 
both Drs. Fatt and Salame testified that the 
class of substituted styrenes includes more 
than one hundred compounds. (Fatt Tr. 297-
298; Salame Tr. 1271- 72). 

As recently stated by the Federal Circuit: 

A party asserting that a patent claim is 
anticipated under 35 U.S.C. 102 must 
demonstrate . . . identity of invention. In 
cases like this, identity of invention is a 
question of fact, and one who seeks such a 
finding must show that each element of the 
claim in issue is found, either expressly 
described or under principles of inherency, in 
a single prior art reference, or that the 
claimed invention was previously known or 
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embodied in a single prior art device or 
practice .... (citations omitted). 

Kalman v. Kimberly-Clark Corp., 713 F.2d 
760, 771-72, 218 USPQ 781, 789 (Fed. Cir. 
1983), cert. denied, --·······--- U.S. ------------, 224 
USPQ 520 (1984). 

The general rule is that a prior genus does 
not anticipate a later species. I Chisum, 
Patents§ 3.02[2] (1985); see In re Ruschig, 343 
F.2d 965, 145 USPQ 274 (C.C.P.A. 1965). If, 
however, it is possible to derive a class of 
compounds of lesser scope than the genus 
disclosed in a prior art reference on the basis 
of preferences ascertainable from the 
remainder of the reference, anticipation may 
be found. E.g., Application of Schaumann, 572 
F.2d 312, 316, 197 USPQ 5, 9 (C.C.P.A. 1978); 
In re Petering, 301 F.2d 676, 681, 133 USPQ 
275, 279-80 (C.C.P.A. 1962). The anticipating 
reference must contain within its four corners 
a sufficient description to enable one to 
practice the invention without 
experimentation or inventive skill. Phillips 
Elec. & Pharmaceutical Indus. Corp. v. 
Thermal & Elec. Indus., Inc., 450 F.2d 1164, 
1169, 171 USPQ 641, 644-45 (2d Cir. 1971); 
Dewey & Almy Chem. Co. v. Mimex Co., 124 
F.2d 986, 990, 52 USPQ 138, 142-43 (2d Cir. 
1942); I Chisum, Patents § 3.04[1][6] (1985). 
See CBS v. Sylvania Electric Prod., Inc., 415 
F.2d 719, 725, 162 USPQ 577, 581 (1st Cir. 
1969) (test is whether the prior art reference 
"describes the invention with sufficient clarity 
and specificity so that one skilled in the art 
may practice the invention without assistance 
from the patent claimed to have been 
anticipated.") 

Based on these principles, I conclude that 
there was substantial evidence in the present 
case from which a reasonable jury could 
conclude that Gaiser did not anticipate the 
various claims of the Schering patent. Indeed, 
given the text of the Gaiser patent and the 
undisputed evidence with respect to the 
number of compounds coming within the class 
of substituted styrenes, it is difficult to 
understand how the jury could have concluded 
otherwise. Gaiser does not mention any 
particular substituted styrene, makes no 
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references to the permeability of specific 
substituted styrenes, and provides no basis 
whatever for preferring any sub-group of 
substitute styrenes over other substituted 
styrenes for use in making contact lenses. 
Given the fact that substituted styrenes 
comprise a class in excess of one hundred 
compounds, it seems clear that the elements of 
the claimed invention, namely TBS, were not 
adequately described by Gaiser for purposes of 
identification; and that one of ordinary skill in 
the art would have had to engage in extensive 
experimentation to get from Gaiser to the 
Schering invention. 

In re Petering and In re Schaumann, cases 
relied on by P-C, both involved situations 
where a reference disclosing a broader group 
of compounds was narrowed to a small, 
definite and limited class of compounds by 
preferences expressed in the remainder of the 
disclosure. In the present case, there was 
evidence indicating that Gaiser would not 
have pointed one toward a more limited class 
of substituted styrenes, such as, for example, 
the alkyl styrenes disclosed by the patent-in
suit. 

C. New Use For Old Substance Issue 

P-C argues that as a matter of law claims 1, 
15, 18, 21, 25 and 27 are invalid as reading on 
a homopolymer of TBS, which is admittedly 
an old composition. P-C predicates its 
argument upon the well-established doctrine 
that a new use for an old substance is not 
patentable. In re Thuau, 135 F.2d 344, 57 
USPQ 324 (C.C.P.A. 1943). Thus, P-C argues 
that the terms "contact lens" and "buttons" 
appearing in the preambles of the various 
challenged claims merely describe a new use 
for TBS. 

[2] I conclude, however, that rather than 
merely claiming a new use for TBS, the 
Schering patent discloses a new composition 
made from TBS, i.e., a hard gas permeable 
contact lens or button. In Thuau, the 
applicant attempted to claim a compound 
that he had failed to "change in any way. "Id. 
at 347, 57 USPQ at 326. Here, the Schering 
patent discloses more than the mere chemical 
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composition TBS; it claims contact lenses that 
have been cut and shaped from the raw 
compound itself. Such a modification is 
legally significant and prevents the 
challenged claims from falling under the 
doctrine of In re Thuau. 

"The rule that no product patent may issue 
for discovery of a new use for an old product or 
*282 process is tempered by the 'doctrine of 
slight changes.' " Chisum, I Patents § 1.03[8] 
[b] at 1-171 (1985). The doctrine of slight 
changes extends to the area of chemical 
compounds. Id. at 1-174. That the modification 
of an old compound into a new patentable one 
may indeed be slight is illustrated by 
Application of Wiggins, 397 F.2d 356, 158 
USPQ 199 (C.C.P.A. 1968). 

Wiggins sought to patent a compound 
(referred to by the court as Osub2 ) because of 
its analgesic and pain relieving activity in 
humans. One of Wiggins' claims rejected by 
the examiner and Board of Appeals prescribed 
a dosage of Osub2 from "about 10 milligrams 
to about 1000 milligrams. "Id. at 358, 158 
USPQ at 201. The prior art consisted of an 
article by Wolf describing the exact same 
compound and its use in protecting mice from 
x-ray radiation. Wolf did not suggest the use 
for Osub2 discovered by Wiggins, nor did Wolf 
suggest administering Osub2 in the 10 to 1000 
milligram range disclosed by Wiggins. The 
Board of Appeals rejected the application on 
the ground that Wiggins had "discovered a 
new use for an old composition. "Id. at 359 n.5, 
158 USPQ at 201-02 n.5 (emphasis supplied by 
Board). The court disagreed, finding that 
Wiggins had discovered a few composition 
since the amounts of Osub2 employed by 
Wiggins in his composition were different 
from the amounts that Wolf had administered 
in his experiments. Id. at 359-60, 158 USPQ at 
201-02. 

In light of Wiggins, wherein a mere change 
in the amount of a compound was deemed 
sufficient to change an old composition into a 
new one, it would appear to follow that the 

· transformation of TBS into a contact lens 
involves the creation of a new composition. 
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In arguing to the contrary, defendants rely 
heavily upon Application of Benner, 174 F.2d 
938, 82 USPQ 49 (C.C.P.A. 1949). In that case, 
the applicant argued that he had changed the 
shape of the compound at issue. The court 
rejected this argument because the applicant 
had failed to describe the purported change in 
shape in the claims of the patent. Id. at 942-
43, 82 USPQ at 54. Moreover, the court 
refused to recognize the introductory phrases 
of the challenged claims -- which recited a 
·"ball mill lining element" -- for purposes of 
showing that the compound described in the 
claims had been shaped into a particular 
article, i.e., a new composition. P-C similarly 
argues that the challenged claims of the 
Schering patent, as distinct from their 
preambles, merely describe TBS, and that 
Schering cannot use the preambles, which 
describe contact lenses and buttons, to further 
limit what is already defined by the claims 
themselves. 

After Benner, the Court of Claims and 
Patent Appeals in Kropa v. Robie, 187 F.2d 
150, 88 USPQ 478 (C.C.P.A. 1951), set down 
guidelines for determining when the 
introductory phrase of a claim would be 
permitted to limit the claim itself. The court 
indicated that the preamble would be 
permited to limit a claim where it "was 
deemed essential to point out the invention 
defined by the claim or count," that is, where 
"the preamble was considered necessary to 
give life, meaning and vitality to the claims or 
counts. "Id. at 152, 88 USPQ at 481. The court 
performed an exhaustive analysis of prior 
precedent and found inter alia: 

The preamble is a limitation where it 
specifies an article or composition in which 
there inheres a field of specific use, and the 
constituents of the article which are recited 
in the portion of the count following the 
preamble are old compounds not theretofore 
known to be useful in such an article. 

Id. at 159, 88 USPQ at 487. The Court of 
Appeals for the Federal Circuit has continued 
to look to the preamble when "necessary to 
give meaning to the claim and properly define 
the invention. "Perkin-Elmer Corp. v. 
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Computervision Corp., 732 F.2d 888, 896, 221 
USPQ 669, 675 (Fed. Cir. 1984), cert. denied, 
53 U.S.L.W. 3239, 225 USPQ 795 (October 1, 
1984). 

In the present case, the words "contact lens" 
and "button" are essential to point out the 
invention defined by the claims. It is only by 
reference to the introductory phrase of the 
challenged claims that it can be known that 
the subject matter defined by the claims is 
comprised as a contact lens or as a button 
adapted to be formed into a lens. In so 
holding, I note that "claims should be so 
construed, if possible, as to sustain their 
validity. "ACS Hosp. Systems, Inc. v. 
Montifiore Hosp., 732 F.2d 1572, 1577, 221 
USPQ 929, 932 (Fed. Cir. 1984). 

D. Structural Similarity 

P-C contends that a hard contact lens of TBS 
was obvious because TBS is an "isomeric 
homolog" of the prior art styrene or methyl 
styrene hard contact lenses. 

While it is true that close structural 
similarity between prior art compounds and 
those that are claimed may be an indicia of 
obviousness, the subject matter of the 
invention as a whole may be non-obvious if 
the claimed compound has unexpected 
properties. Application of Payne, 606 F.2d 
303, 314, 203 USPQ 245, 255 (C.C.P.A. 1979); 
In Re Papesch, 315 F .2d 381, 137 USPQ 43 
(C.C.P.A. 1963). 

In the present case, the jury was presented 
with substantial evidence upon which it could 
*283 reasonably have concluded that a lens of 
TBS had such unexpected properties as to 
rebut any inference that might be drawn from 
structural similarity. Dr. Fatt, for example, 
testified that the two alky 1 styrenes preferred 
by the Schering patent, TBS and isopropyl 
styrene, as well as ethyl styrene, all 
demonstrated unexpected increases in gas 
permeability over the prior art styrene and 
methyl styrene. (Fatt Tr. 270-71). 

II. MOTION FOR A NEW TRIAL 
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P-C moves in the alternatives for a new trial 
on the grounds that (1) the verdict with 
respect to a number of issues is against the 
weight of the evidence; (2) the damages are 
excessive; and (3) errors in certain of the jury 
instructions prejudiced defendant's case. 

A motion for a new trial differs from a 
motion for JNOV in that: 

A motion for a directed verdict or for 
judgment n.o.v. raises the legal sufficiency 
of the evidence, and is to be sharply 
distinguished form a motion for a new trial 
on the ground that the verdict is against the 
weight of the evidence. The latter motion is 
addressed to the sound discretion of the trial 
court, which may set aside the verdict as 
contrary to the preponderance of the 
evidence although a directed verdict or 
judgment n.o. v. is not justified (footnote 
omitted). 

6A J. Moore, Moore's Federal practice § 
59.08(5) (2d ed. 1984) (hereinafter Moore, 
supra). The standard of review in considering 
a motion for a new trial is most often 
formulated in one of three ways. Thus, a new 
trial will be granted if the verdict is against 
the clear weight of the evidence, Shatterproof 
Glass Corp. v. Libbey-Owens Food Co., 758 
F.2d 613, 626, 225 USPQ 634, 643 (Fed. Cir. 
1985); 6A Moore, supra, § 59.08(5) (emphasis 
added), or if the court is convinced the jury has 
reached a "seriously erroneous result," 
Herman v. Hess Oil Virgin Islands Corp., 379 
F.Sup. 1268, 1271 (D.V.I. 1974), aff'd, 524 
F.2d 767 (3d Cir. 1975), 6A Moore, supra, § 
59.08(5), or if there has been a miscarriage of 
justice. Parsons v. Doctors For Emergency 
Services, 81 F.R.D. 660, 662 (D.Del. 1979); 
Moore, supra § 59.08(5). 

A. Infringement By Saturn II Lens 

P-C contends that the jury's finding of 
infringement of the Schering patent by the 
Saturn II lens is against the weight of the 
evidence. P-C argues that the Saturn II, 
because of its soft skirt, is fundamentally 
different from the hard contact lens claimed 
by the Schering patent and could not have 
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infringed the Schering patent either literally 
or under the doctrine of equivalents. I 
conclude, however, that the clear weight of the 
evidence does not warrant overturning the 
jury's finding of infringement with respect to 
the Saturn II. 

P.C. admits that the Saturn II lens is 
characterized by a hard center. Dr. Fatt 
testified that the portion of the Saturn lens 
that its wearer looks through is hard, and 
that, as far as vision is concerned, the Saturn 
II is a hard contact lens. (Fatt Tr. 385). P-C 
admits (Def. Br. 36) that the hard portion of 
the Saturn II functions to correct astigmatism 
and there was testimony during trial that one 
of the advantages of the hard lens over the 
soft is that the hard lens corrects astigmatism. 

Since the asserted claims of the Schering 
patent are not closed, the addition of the soft 
skirt to the hard center of Saturn II did not 
preclude a finding of literal infringement by 
the jury. In addition, the jury was entitled to 
conclude that Saturn II infringed under the 
doctrine of equivalents -- especially in light of 
Dr. Fatt's testimony. 

I am not persuaded that the verdict of 
infringement was clearly not based upon a 
preponderance of the evidence, or that there 
has been a miscarriage of justice with respect 
to this issue. 

B. The Question Of Validity 

P-C submits that for the same reasons it is 
entitled to a JNOV on the issues of 
obviousness and anticipation, it is 
alternatively entitled to a new trial on those 
issues on the ground that the jury's verdict is 
against the weight of the evidence. Having 
already discussed much of the relevant 
testimony and evidence with respect to this 
matter, I need not repeat it here. 

Suffice it to say that I am unable to conclude 
that the jury's determination respecting 
validity was contrary to the clear weight of 
the evidence. 

C. Damages 
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P-C contends that Schering failed to satisfy 
its burden of showing what a reasonable 
royalty would be, and that the jury's award is 
excessive and against the weight of the 
evidence. 

Schering introduced evidence as to what 
would be a reasonable royalty for P- C's 
infringement through the testimony of Dudley 
Smith, an expert on patent licensing. 
Basically, Mr. Smith concluded that after a 
hypothetical licensing negotiation, the parties 
would have agreed to a 50/50 split of profits 
which he translated into a royalty based upon 
30% of the *284 gross projected sales prices for 
all lenses made by P-C. P-C did not challenge 
Mr. Smith's credentials or experience at trial 
and he is clearly a well qualified expert on 
licensing. Notably, P-C did not offer the expert 
testimony of any licensing witness of its own. 

Mr. Smith provided extensive testimony 
explaining how he arrived at his 
recommended reasonable royalty. He 
explained that the procedure for determining 
a reasonable royalty is to assume a 
hypothetical negotiation between a willing 
licensor and willing licensee who are 
attempting to agree on a reasonable royalty 
rate for a license under the patent-in-suit. 
Smith constructed the hypothetical 
negotiation by using what he considered a 
generally recognized royalty rate for patent 
licenses and then considering the effect of 
numerous factors that might increase or 
decrease the initially chosen rate. Smith 
evaluated the effect of approximately 
seventeen factors in forming his opinion as to 
an appropriate royalty. (Tr. 584-618). 

Defendant argues essentially that Smith's 
opinion is unsupportable when viewed against 
the evidence relating to (1) other licenses in 
the contact lens field; (2) established royalty 
rates in the optical and chemical industries; 
and (3) other gas permeable lenses on the 
market. 

P-C's first argument is that it produced 
uncontroverted evidence of royalty rates 
currently in place in the contact lens industry, 
i.e., the Erickson agreement {DX-256), [FN2] 
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which provides a royalty rate of 5% on net 
sales, and the Bausch & Lomb agreement, 
which provides a 10% royalty of net sales on 
the sale of Saturn II lenses by B & L (5% to P
C and 5% to Erickson). (DX-135). P-C further 
points to a number of statements by Smith 
that P-C claims undermine his opinion 
concerning the royalty that ought to apply to 
the present case. According to P-C, Smith 
allegedly agreed with a statement from the 
Finnegan article that most royalty rates are 5 
to 6% based on net sales, he admitted that 
seldom do licensees use profit as a basis for 
calculating royalties, and also agreed with a 
statement that in the optics and chemical 
fields royalties are based upon net sales., not 
gross profits, and that royalties range from 2% 
to 5%. 

With respect to the Erickson agreement, 
upon which P-C particularly relies in pressing 
its motion for a new trial on the issue of 
damages, Smith testified that it was not 
"analogous" to the agreement that would have 
been hypothetically negotiated between 
Schering and P-C. Smith indicated that under 
the Georgia Pacific analysis the patent at 
issue is assumed valid and infringed during 
negotiations. The consequence of this 
assumption is that the royalty tends to 
increase. (Tr. 587, 687). Smith distinguished 
Erickson on the ground that it did not involve 
a patent presumed to be "invalid and 
infringed." (Tr. 687). 

Moreover, while the Erickson agreement 
licensed P-C under Erickson's patent, it did so 
at a time (1977) when the Saturn lens had a 
PMMA center and was years away from being 
ready for submission to the FDA with a TBS 
center (which P-C did not do until 1984), and 
thus was far less valuable to P-C than a 
license in July 1981 under Schering's patent. 
In addition, the royalty under the Erickson 
agreement was accompanied by a substantial 
fixed payment (DTX-256), and there is no 
evidene that Erickson was ever a gas 
permeable hard contact lens supplier so that 
P-C would be a competitor of Erickson. Smith 
indicated that each of these factors would have 
a substantial impact on the royalty rate. 
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P-C's claims that Smith agreed with actual 
statements from the Finnegan article relating 
to the rate of typical industry royalties and 
the rate of royalties in the field of optics and 
chemicals are belied by the record. Smith 
testified that he could not agree with the 
proposition that common industry royalty 
rates were 5-6% of net sales for two reasons. 
First, he had not seen the survey on which the 
statement was based, and second he explained 
that the statement of typical rates does not 
show whether a patent license is involved "let 
alone a patent that had been held valid and 
infringed." (Tr. 272). Smith was also unable to 
agree with the statement concerning typical 
royalty rates in the chemical and optics 
industries. He explained that the statement 
was too broad, and that he would need to 
know what type of license was being referred 
to, since royalty rates varied according to the 
nature of the license. (Tr. 677-78). 

Moreover, there was testimony by Smith 
relating to the Finnegan article that actually 
supported his calculations of a reasonable 
royalty. He indicated that the 5% royalty 
rates based on net sales referred to in the 
Finnegan article related to "commercial cases 
where . . . none of the patents have been held 
valid and infringed." He pointed out on the 
other hand that Finnegan described a case 
where "the Court awarded a reasonable 
royalty which equalled forty-eight percent of 
the patent infringer's profits." (Tr. 714). 

Smith also testified at several points 
explaining why he calculated his royalty 
based *285 on projected gross sales of all 
manufactured lenses rather than net sale of 
units sold as advocated by P-C. (Tr. 706-709; 
1805- 1807). 

Finally, P-C argues that the rate 
recommended by Smith was unjustifiably high 
since the Airlens did not constitute an 
extraordinarily unique product giving a 
competitive advantage to the licensee. This 
factor was, of course, one of many that the 
jury was free to consider in determining the 
appropriate royalty. But even if, as P-C 
contends, the value of the Airlens to a 
hypothetical license was reduced in 1981 
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because the lens market was occupied by 
numerous competitors, I am not persuaded 
that this factor, alone or in combination with 
any others cited by P-C, constituted evidence 
that clearly rebutted Smith's testimony. 

Thus, while the burden was on Schering to 
prove damages by a "reasonable probability", 
Gyromat Corp. v. Champion Spark Plug Co., 
735 F.2d 549, 555, 222 USPQ 4, 8 (Fed. Cir. 
1984), I conclude from the foregoing that 
Schering successfully and persuasively carried 
this burden. Virtually all of the arguments 
that P-C now raises with respect to the 
evidence were addressed and rebutted by 
Smith. The jury was free to credit his 
testimony and it is not surprising that it did so 
given the fact that no expert testimony was 
offered to contradict his views. [FN3] 

D. Jury Instructions 

In support of its motion for a new trial, P-C 
asserts that there were a number of errors of 
omission and commission in the instructions 
given to the jury. I remain of the view that the 
jury was adequately and correctly instructed 
regarding the applicable law and further 
conclude that, in the one area open to 
reasonable debate, any error that may have 
crept into the charge would not warrant a new 
trial. 

The parties are in agreement as to the 
standard of review of jury instructions on a 
motion for a new trial: 

Instructions must be viewed in their entirety. 
A new trial is permissible when it is clear 
that error in the instructions as a whole was 
such as to have misled the jury. 

Railroad Dynamics, Inc. v. A Stucki Co., 727 
F.2d 1506, 1518, 220 USPQ 929, 940 (Fed. Cir. 
1984). In addition, the error must prejudice 
the defendant's case. Shatterproof Glass, 758 
F.2d at 627, 225 USPQ at 642. 

1. "Likely To Carry Burden" 
I declined to give the following instruction 

requested by P-C: 
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If you find that the additional prior art 
relied on by defendants is more pertinent 
than the prior art referred to by the Patent 
Office during the consideration of the 
application for the Schering patent, then 
defendants are more likely to carry their 
burden of proof that the patent is invalid. 

This requested instruction takes a comment 
of the Federal Circuit regarding what juries 
are likely to do in certain situations and 
attempts to convert it into a proposition of 
law. In my judgment, it would have been more 
likely to confuse the jury than to help it 
understand the applicable law. 

In addition to being given an explanation of 
the patent system and what happens in the 
Patent Office, the jury was correctly instructed 
that it was required to determine, with respect 
to each claim, whether the evidence as a 
whole showed clearly and convincingly that 
the subject matter of the invention would have 
been obvious to one of ordinary skill in the art 
given the prior art. The vast majority of the 
evidence tendered at trial was relevant to this 
issue. One piece of such evidence was that 
certain of defendant's prior art references 
were not before the Patent Office when it 
decided that the statutory requirement of 
nonobviousness had been met. While P-C 
chose not to do so, it was free to stress this 
particular fact to the jury in closing argument. 
It was not entitled, however, to have the judge 
single this fact out and tell the members of the 
jury that it meant that P-C was "more likely" 
to have carried its burden of proving 
obviousness. The relevance and importance in 
any particular case of evidence tending to 
show that some prior art references were not 
before the PTO will depend upon the jury's 
view of the other evidence bearing on the 
obviousness issue. 

2. Presumed Knowledge 

P-C complains that the Court failed to charge 
the jury regarding a presumption that "a 
hypothetical ordinary person skilled in the art 
has knowledge of all the art relied on at trial 
even if the patentees were actually unaware of 
that art." One problem with this contention is 
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that it does not appear that P-C actually 
requested an instruction to this effect. 

Defendant's "Request For Instruction 19A" 
requested the following: "You must presume 
the inventors were aware of all the art, 
whether or not they were in fact aware of it at 
*286 that time." In a letter to the Court dated 
March 7, 1985, P-C requested a slightly 
different construction: "You must presume 
that the inventors were aware of all of the 
relevant art which existed at the time they 
made the invention, irrespective of whether 
they personally knew of it." The presumption 
that the inventor has knowledge of all the art 
has been rejected by the Court of Appeals for 
the Federal Circuit. Kimberly-Clark v. 
Johnson & Johnson, 745 F.2d 1437, 1454, 223 
USPQ 603, 614 (Fed. Cir. 1984) ("We hereby 
declare the presumption that the inventor has 
know ledge of all material prior art to be 
dead.") There can, therefore, be no error in 
this Court's failure to adopt the above two 
requested instructions. 

Second, at the prayer conference P-C failed to 
make any request with regard to knowledge of 
the ordinary person skilled in the art. Under 
F.R. Civ. P. 51, P-C has waived any objection 
based on that omitted instruction. 

Finally, even if the instruction had been 
properly requested and improperly denied, I 
would be unable to conclude that the error was 
such as to mislead the jury and prejudice the 
defendant. P-C is specifically concerned about 
Salame's Permachor System, since there was 
testimony from some of Schering witnesses 
that persons in the art may not have been 
aware of that system. (Tr. 176-77, 1613). 
However, the jury was specifically instructed 
that Salame's Permachor system was part of 
the "stipulated or agreed upon prior art." 
(Charge to the Jury, p. 16). The jury was 
further instructed that, on the issues of 
obviousness and anticipation, they were to 
"consider each patent or publication which has 
been agreed to be prior art." (Charge to the 
Jury, p. 25). Finally, the Court defined prior 
art for the jury as "the know ledge that was 
previously available to the public" (id. at 15) -
not art available to only certain individuals. 
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[FN4] 

Based on the above, I am confident that the 
jury was not misled as to the scope and 
content of the prior art or as to their duty to 
compare each claim of the patent-in-suit with 
all of P-C's prior art references. 

3. Old Composition For New Use 

In addition to claiming as a matter of law 
that six claims of the Schering patent are 
invalid because they merely disclose a new use 
for an old compound, see section I.C., supra, P
C also contends that it was entitled to an 
instruction submitting this defense to the jury. 

I have already concluded, however, that as a 
matter of law the Schering claims disclose a 
new composition. Therefore, P-C was not 
entitled to an instruction submitting this 
defense to the jury. 

4. Deichert's Work 
In support of its motion for a new trial, P-C 

complains of the instruction of the Court 
regarding claims 18, 27 and 29 of the Schering 
patent and the issues of whether they were 
anticipated by Mr. Deichert's work at Bausch 
& Lomb during August and September of 
1977. In support of this contention, P-C relies 
upon the assertion that "an inventor need only 
appreciate the existence of the subject matter 
of his invention, but need not fully appreciate 
all of the functions or advantages that make it 
patentable." I do not disagree with this 
proposition; I do not think it applicable, 
however, to the issues of whether Deichert's 
work anticipates claims 18, 27 and 29. 

The subject matter of claims 18, 27 and 29 is 
"an optically clear, non- hydrophilic contact 
lens" (or a "button adapted to machine" such a 
lens) having "a gas permeability constant of at 
least about lOxl0-11" and being made of a 
polymer produced by polymerizing 70% to 
100% TBS monomer, 0% to 10% "compatible 
cross-linking monomer" and 0% to 20% 
"compatible plasticizer." [FN5] While I 
acknowledge, in retrospect, that the matter is 
not free from doubt, I charged as I did with 
respect to these claims because, on the record 
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before me, I regarded the presence of a DK 
value of at least 10 as well as the presence of 
at least 70% TBS to be part of the definition of 
the subject matter of these claims and not an 
inherent characteristic of an invention defined 
by the other portions of the claims. From this 
perspective, in *287 order to find the 
inventions of these claims anticipated by 
Deichert, the jury would have to conclude not 
only that Deichert made a lens coming within 
the scope of the claims, but also that he 
appreciated that he had done so. This would 
include an appreciation that his 70% plus TBS 
lens had a DK value in excess of 10. This was 
significant because there was evidence that 
Deichert had never tested his lens for gas 
permeability. 

The charge as given was intended to comport 
with the teachings of Silvestri v. Grant, 496 
F.2d 593, 181 USPQ 706 (C.C.P.A. 1974) and 
Knorr v. Pearson, 671 F.2d 1368, 213 USPQ 
196 (C.C.P.A. 1982). If the gas permeability 
constant of lOxl0-11 be regarded as an 
inherent characteristic of the invention 
otherwise defined in claims 18, 27 and 29 and 
these cases are to be distinguished on that 
basis, it still wold not follow, however, that P
C is entitled to a new trial with respect to 
these claims. I say this because if the jury 
found, as it did, that P-C- had not carried its 
burden of proving that Deichert's work 
anticipated the broader subject matter of the 
other claims-in- suit, it follows, a fortiori, that 
it did not carry its burden with respect to 
claim 18, 27 and 29. In this connection, it 
seems to me that the jury's finding of no 
anticipation of the other claims strongly 
suggests, and perhaps requires, a finding that 
the subject matter of the claims of the 
Schering patent are limited to hard contact 
lenses and that Deichert was found by the jury 
to have worked solely with soft contact lenses. 

5. Infringement 

P-C's final objection to the Court's charge is 
that it was erroneous to permit the jury to 
consider the performance characteristics of 
Schering AIR.lens. 

The Court's charge stated that Schering had 
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the burden of proving that the accused lenses 
and buttons infringe the claims of the 
Schering patent. (Tr. 1901). The Court further 
instructed the jury at least four times that 
they should detennine infringement by 
comparing the claims with the accused 
product. (Tr. 1896, 1901, 1902 and 1904.) 

With regard to the doctrine of equivalents, 
the Court instructed the jury: 

In order for the doctrine of equivalents to 
apply, however, each element of the claimed 
invention or its substantial equivalent must 
be found in the accused product. And the 
claimed invention and the accused product 
must perform substantially the same 
function in substantially the same way to 
yield substantially the same result. 

Now, as I have already explained to you, the 
test of infringement is whether the claims of 
the patent cover the accused device so that 
the accused products are to be compared 
with the claims of the Schering patent and 
not with the plaintiff's product, the AIR.lens. 

However, if you reach this issue of whether 
the accused product and the claimed 
invention perform substantially the same 
function in substantially the same way to 
yield substantially the same result, and if 
you believe that the AIR.lens, the plaintiff's 
product, comes within the scope of the claims 
of the patent, you may consider the evidence 
of Schering which compared the performance 
characteristics of the AIR.lens with those of 
the Opus III and Saturn II. 

Id., p. II, Tr. 1904-05. 

In this context, it was not error to give the 
jury pennission to consider the performance 
characteristics of the AIR.lens on the issue of 
equivalents in the event it concluded that the 
AIR.lens was an embodiment of the invention 
described in the claims of the Schering patent. 

III. SCHERING'S MOTIONS 

A. Increased Damages 

• Page 12 

In addition to its general verdict for 
Schering, the jury answered a number of 
interrogatories and found, inter alia, that P-C 
had willfully infringed each of the asserted 
patent claims. Schering now moves for an 
award of increased damages pursuant to 35 
U.S.C. §284. 

In Underwater Devices, Inc. v. Morrison
Knudson Co., 717 F.2d 1380, 1389- 90, 219 
USPQ 569, 576 (Fed. Cir. 1983), the court 
upheld a treble damage award based on a 
finding of willful infringement and stated: 

Where, as here, a potential infringer has 
actual notice of another's patent rights, he 
has an affrrmati ve duty to exercise due care 
to detennine whether or not he is infringing. 
Such an affirmative duty includes, inter alia, 
the duty to seek and obtain competent legal 
advice from counsel before the initiation of 
any possible infringing activity. (Citations 
omitted). 

More recently, the Federal Circuit has 
recognized that while counsel's opinion with 
respect to a patent is evidence of good faith, it 
is not dispositive, and it is necessary to look at 
the totality of circumstances presented by a 
case in detennining whether infringement is 
willful. Central Soya Co., Inc. v. Geo. A. 
Hormel & *288 Co., 723 F.2d 1573, 1577, 220 
USPQ 490, 492 (Fed. Cir. 1983). The Federal 
Circuit has also indicated that "willfulness 
may include a detennination that the 
infringer had no reasonable basis for believing 
it had a right to do the acts. "Rosemount, Inc. 
v. Beckman Instruments, Inc., 727 F.2d 1540, 
1548, 221 USPQ 1, 8 (Fed. Cir. 1984) (citing 
Stickle v. Heublein, Inc., 716 F.2d 1550, 1565, 
219 USPQ 377, 388 (Fed. Cir. 1983) ). 

In the present case, the jury had before it the 
following evidence of willfulness. P-C knew of 
Schering's patent prior to P-C's application to 
the FDA in July 1981 for approval to sell the 
Opus III contact lenses. (Tr. 898- 899). P-C had 
consulted with counsel concerning the 
question of infringement of the Schering 
patent prior to the July 1981 FDA application. 
(Tr. 432-435). The issue of infringement was 
discussed at the July 1981 meeting of 
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Frigitronic's Board of Directors and is 
reflected in the following statement taken 
from the minutes of that meeting: 

Mr. West presented an article stating the 
opinion that gas permeable hard lenses are 
the product of the future. Our OP346[**] has 
the highest oxygen permeability of all lenses 
aside from the silicones. It can be 
manufactured in our present facility. 
However, we may be infringing a patent 
application. 

(PI'X-84, p.4). Mr. Ralph E. Crump, President 
of Frigitronics, Inc., testified that he 
"assume[d]" that the patent application 
referred to in these minutes was the Wesley -
Jessen (Schering) patent. (Tr. 437-39). [FN6] 
There was also evidence that in May-June 
1981, P-C made a "blind inquiry" to determine 
whether Schering would be willing to grant a 
license under its patent. To conceal its identity 
while making this inquiry, P-C hired a lawyer 
from Chicago to contact Schering, so that 
Schering would not suspect that the call came 
from P-C to P- C's counsel, both of whom were 
located in Minneapolis. (PX-51, 52, 53; 
Schmidt Tr. 1700; West Tr. 1699). Finally, 
there was evidence that as of May 1984, P-C 
continued to receive advice from counsel that 
it was infringing the patent-in- suit. As stated 
in the May 15, 1984 minutes of the Board of 
Directors: 

Our attorneys have said we must invalidate 
the Schering patent in order to win this case, 
since otherwise we would be infringing. They 
say we have a 60- 70% chance based on prior 
art. (PX-88). 

Notwithstanding this evidence that P-C 
knew it might be infringing Schering's patent, 
P-C tendered no evidence that it had obtained 
an opinion from competent counsel analyzing 
and evaluating the validity of the Schering 
patent. 

In light of the foregoing, my views are in 
accordance with those of the jury respecting 
the issue of willful infringement. P-C was on 
notice from mid-1981 that it was probably 

·infringing the Schering patent. Yet, P-C came 
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forward with little in the way of 
demonstrating that it relied in good faith upon 
competent opinion of counsel as to the 
invalidity of the Schering patent. While P-C 
apparently had been advised by its attorneys 
that there was a "60-70% chance" of 
invalidating Schering's patent, this opinion 
does not satisfy the criteria for reasonable 
reliance spelled out in Underwater Devices, 
717 F.2d at 1390, 219 USPQ at 577 
(Memorandum containing "only bold, 
conclusory, and unsupported remarks 
regarding validity" is inadequate). 
Additionally, the May 1984 Statement would 
appear to have come too late for purposes of 
demonstrating good faith. An organization on 
notice that it is infringing another's patent 
should inquire into the validity of the patent 
before rather than after the alleged infringing 
activities begin. Underwater Devices, 717 
F.2d at 1390, 219 USPQ at 576 (emphasis 
supplied by court). 

[3] Since I am in agreement with the jury 
that Schering made out its case of willful 
infringement, I will award Schering double 
damages. I have decided to double the 
damages rather than treble them for three 
reasons. First, this is not a case where a 
successful patented product. is introduced to 
the market and is later copied by the alleged 
infringer. P-C presented testimony that it 
had been developing its contact lenses for 
approximately two years before becoming 
aware of the Schering patent. The same 
testimony indicated that P-C began working 
with TBS without knowledge that TBS had 
ever been used in a contact lens. (Tr. 823-
836). "Multiplication of damages depends 
upon the degree of bad faith exhibited by the 
defendant, "Trio Process Corp. v. L. 
Goldstein's Sons, Inc., 638 F.2d 661, 662-63 
(3d Cir. 1981), and the fact that P-C 
developed its lenses independently 
significantly diminishes the degree of its 
culpability. 

Second, while P-C did not satisfy its 
affirmative duty to obtain some reasonable 
basis for believing in the invalidity of the 
Shering patent before commencing production 
of its lenses, it has not litigated this case in 
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bad faith. By the time of trial, counsel for P-C, 
based upon the prior art and the testimony of 
a highly qualified *289 expert, Mr. Salame, 
had developed litigable issues with respect to 
validity and I am confident that P-C and its 
counsel believed in the merits of its defense at 
trial. 

Finally, while wholly justified given the 
record before it, I believe the jury's evaluation 
of damages was on the high side of the 
permissible range. 

B. Attorney's Fees 

Schering moves for an award of reasonable 
attorney's fees pursuant to 35 U.S.C. §285. 
Such an award is appropriate where, as here, 
there . has been a finding of willful 
infringement. E.G., Kori Corp. v. Wilco Marsh 
Buggies & Draglines, Inc., 761 F.2d 649, 225 
USPQ 985, 989, Appeal No. 84-1143 (Fed. Cir. 
1985); Central Soya Co., Inc.· v. Geo. A. 
Hormel & Co., 723 F.2d 1573, 1577-78, 220 
USPQ 490, 493 (Fed. Cir. 1983); Rosemount, 
Inc. v. Beckman Instruments, Inc., 727 F.2d 
1540, 221 USPQ 1 (Fed. Cir. 1984). 

C. Prejudgment Interest 

Schering has moved pursuant to 35 U.S.C. § 
284 for an award of prejudgment interest. 

There can be little doubt that Schering is 
entitled to such an award. The Supreme Court 
has recently construed 35 U.S.C. § 284 to 
require that prejudgment interest ordinarily 
be awarded: 

The standard governing the award of 
prejudgment interest under §284 should be 
consistent with Congress' overriding purpose 
of affording patent owners complete 
compensation. In light of that purpose, we 
conclude that prejudgment interest should 
ordinarily be awarded. In the typical case an 
award of prejudgment interest is necessary 
to ensure that the patent owner is placed in 
as good a position as he would have been in 
had the infringer entered into a reasonable 
royalty agreement. An award of interest 
from the time that the royalty payments 
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would have been received merely serves to 
make the patent owner whole, since his 
damages consist not only of the value of the 
royalty payments but also of the foregone 
use of the money between the time of 
infringement and the date of the judgment. 
(footnote omitted) 

General Motors Corp. v. Devex Corp., 461 U.S. 
648, 655-56, 217 USPQ 1185, 1188 (1983). P-C 
has not alleged any facts demonstrating that a 
prejudgment award would be inappropriate in 
this case. 

Schering relies upon Lam, Inc. v. Johns
Manville Corp., 718 F.2d 1056, 1066, 219 
USPQ 670, 676 (Fed. Cir. 1983) for the 
proposition that this Court may adopt for 
prejudgment interest a rate above the 
Treasury bill rate set by 28 U.S.C. § 1961 for 
post-judgment, namely the prime interest rate 
or the corporate bond rate. However, the court 
in that case stated: 

The district court may "fix" the interest and 
select an award above the statutory rate, or 
select an award at the prime rate. Once the 
claimant has affirmatively demonstrated that 
a higher rate should be used, the district 
court may fix the interest or that higher rate. 
(citations omitted). 

718 F.2d at 1066, 219 USPQ at 676 (emphasis 
added). In the present case, Schering offered 
no evidence which would support an award 
above the statutory rate. In Lam, Inc. v. 
Johns-Manville Corp., the claimant 
'affirmatively demonstrated and the district 
court found that Lam borrowed money at or 
above the prime rate in order to continue its 
operations. "Id. A comparable showing has not 
been made by Schering here. Accordingly, an 
award of prejudgment interest will be made at 
the Treasury bill rate as set forth in 28 U.S.C. 
§ 1961, compounded annually. I also endorse 
the method by which Schering has calculated 
the prejudgment interest which it seeks. 

N. CONCLUSION 

P-C's motion for a JNOV or a new trial will 
be denied. Schering will promptly submit an 
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amended form of final judgment which will 
double the damages found by the jury and will 
include interest from the time each reasonable 
royalty payment would have been made until 
the date of judgment. This final judgment will 
also award counsel fees in an amount to be 
hereafter agreed upon or fixed by the Court. 

FNl Honorable Walter K. Stapleton, United States 
Circuit Judge for the Third Circuit, sitting by 
designation. 

FN2 This agreement provided for the transfer to PC 
of the Saturn lens technology from Erikson. 

FN3 See Hanson v. Alpine Valley Ski Area, Inc., 
718 F.2d 1075, 1079, 219 USPQ 679, 682-83 (Fed. 
Cir. 1983) (discussing the failure of defendant to 
counter plaintiffs expert license witness with one of 
its own). 

FN4 The Court had previously instructed the jury at 
the outset of the trial as follows: 

So when we ask ourselves whether the 
invention described in the patent is new and 
whether it was obvious, given what had been 
learned earlier by others, we compare the 
patent with the prior art, we compare the 
patent with the pre-existing patents and 
publications in the same area that reflect 
what others had learned and discovered 
before. 

The prior part is what was previously 
available to the public and those practicing 
this art, and this is what is important. It does 
not matter whether or not it is shown that the 
inventor of a patent knew about or received 
aid from the prior art and what others had 
discovered. 

In order to have a valid patent, somebody 
has to be able to show that they added 
something of value to what was previously 
available to the public. 

FN5 As is clear from the wording of the claims, the 
percentage of TBS and cross-linking monomer are 
based on the total weight of the polymer and the 
percentage of plasticizer is based on the total weight 
of the polymer and plasticizer. 
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FN6 The parties agreed that any statement or 
admission made by Frigitronics would be binding on 
P-C as if it had been made by P-C itself (see Charge 
To The Jury, March 11, 1985, p. 2). 

D.Del. 

227 U.S.P.Q. 278 
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Allied Chemical Corporation et al. 

District Court, S.D. New York 

No. 76 Civ. 2744 

Decided July 31, 1979 

United States Patents Quarterly Headnotes 

PATENTS 
[1] Patentability -- In general (§ 51.01) 

Inventions that are useful, novel, and non
obvious are patentable. 

PATENTS 
[2] Pleading and practice in courts -
Burden of proof-- Validity(§ 53.138) 
Presumption from patent grant - In 
general (§ 55.1) 
Presumption from patent grant - Patent 
Office consideration of prior art (§ 55.5) 

Court's inquiry into patent's validity begins 
with statutory "presumption of validity" of 
patents granted by Patent Office; parties 
alleging invalidity have burden to overcome 
presumption by clear and convincing evidence, 
and every reasonable doubt should be decided 
in favor of patent's validity; presumption is 
strongest where Patent Office has granted 
patent with knowledge of prior art; on other 
hand, presumption does not apply to novelty 
issue that was not considered by examiner; as 
to this claim, burden rests upon patentees to 
establish de novo validity of their patents. 

PATENTS 
[3] Patentability -- Anticipation - In 
general(§ 51.201) 
Patentability -- Anticipation -- Combining 
references (§ 51.205) 
Patentability - Composition of matter (§ 
51.30) 

Invention that was known or used by others 
in this country, or patented or described in 
printed publication in this or foreign country, 
before its invention by patent applicant is 
"anticipated," and therefore is not patentable, 
since it is not novel; anticipation is narrow 
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and technical attack on patentability; as 
consequence, standards of anticipation are 
strict; invention must be disclosed within four 
corners of single reference; in case of chemical 
compounds, mere recitation of structural 
formula is insufficient to be anticipation, as 
disclosure must also recite means of preparing 
compound and at least one significant useful 
property. 

PATENTS 
[4] Patentability - Anticipation - In 
general (§ 51.201) 
Patentability - Anticipation - Combining 
references(§ 51.205) 
Patentability - Anticipation - Modifying 
references (§ 51.217) 
It is not anticipation where one would have 

to experiment with large number of possible 
intermediates referred to in allegedly 
anticipatory foreign patent and successfully 
piece together necessary ones to come up with 
one generic formula out of total of twenty
seven generic formulae and then would have 
to experiment further to discover specific 
formula of claimed compound. 

PATENTS 
[5] Patentability Anticipation 
Combining references(§ 51.205) 
Patentability Anticipation 
Publications -- In general (§ 51.2271) 

Legal accuracy of argument that description 
in printed publication that imparts to person 
of ordinary skill sufficient information that, 
coupled with disclosures of prior art, would 
enable him to devise invention without 
further genuine inspiration or undue 
experimentation anticipates patented product 
is dubious. 

PATENTS 
[6] Patentability -- Anticipation - Patents -
Foreign (§ 51.2215) 
Patentability - Anticipation - Patents -
Old patents (§ 51.2217) 

Common sense, which is not altogether 
irrelevant even in patent cases, generates 
doubts that relatively obscure one-hundred 
year old foreign patent that only indirectly 
discloses composition of food dye compound 
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and does not clearly disclose its properties 
describes that compound to dye chemist 
skilled in art in 1965. 

PATENTS 
[7] Evidence - Expert testimony(§ 36.10) 
Foreign patents (§ 38) 
Patentability - Evidence of -- In general (§ 
51.451) 
Prior adjudication - In general (§ 56.01) 
Both German and Dutch Patent Offices are 

strict in enforcing rule that anticipation by 
prior patent or publication precludes 
patentability; while decisions of these two 
foreign patent offices are in no way controlling 
upon U.S. court considering same issue, they 
are valuable as opinions of trained experts in 
inventor's country and where art is best 
understood; opinions of such men, learned, 
able, and disinterested, officially expressed 
after thorough examination, are persuasive to 
say least; their expert judgment is considered 
since it is recognized that in applying 
standards of novelty and nonobviousness, 
patent offices of Germany and Holland are 
among strictest in world, on par with, if not 
superior to, American office. 

PATENTS 
[8] Patentability -- Evidence of - In general 
(§ 51.451) 
Patentability - Invention - In general (§ 
51.501) 
Patentability -- Tests of -- In general (§ 
51.701) 

Invention is "obvious," and therefore not 
patentable, if differences between subject 
matter sought to be patented and prior art are 
such that subject matter as whole would have 
been obvious at time invention was made to 
person having ordinary skill in art to which 
that subject matter pertains; although test 
laid down is indeed misty enough, Supreme 
Court has given direction by setting forth 
"primary factors" always relevant to inquiry 
into obviousness, which are scope and content 
of prior art, differences between prior art and 
claims at issue, and level of ordinary skill in 
pertinent art, as well as certain secondary 
considerations, which are, commercial success, 
long felt but unsolved needs, failure of others, 
etc., that might be utilized to give light to 
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circumstances surrounding ongm of subject 
matter sought to be patented. 

PATENTS 
(9) Patentability - Composition of matter ( 
§ 51.30) 

Obvious molecular modification coupled with 
showing of novel properties or superiority over 
known properties can establish patentability. 

PATENTS 
(10] Patentability - Evidence of - State of 
art (§ 51.467) 
Patentability - Invention - Specific cases -
- Chemical(§ 51.5093) 

State of food dye art in 1965 was such that 
nontoxicity was essentially not predictable in 
azo dye compound; and nontoxicity would only 
be established by trial and error and animal 
testing. 

PATENTS 
(11) Patentability - Composition of matter 
(§ 51.30) 
Patentability - Evidence of - In general (§ 
51.451) 

Patents meet standards for patentability 
where essential unpredictability of most 
important properties negates claim of 
obviousness; various secondary considerations 
noted by Supreme Court can tip scales in favor 
of patentability in close cases. 

PATENTS 
(12] Def ens es - Fraud (§ 30.05) 
Defenses - Unclean hands(§ 30.25) 
Patent grant -- Nature of patent rights -- In 
general (§ 50.201) 
Pleading and practice in courts 
Judgments (§ 53.53) 
Pleading and practice in Patent Office -
In general(§ 54.1) 

Declaration of "unenforceability" of patents 
would not prejudice patent owners' ability to 
reapply to Patent Office and acquire new 
patent; declaration of invalidity would 
preclude reapplication; court shares concern of 
party that contends that where nondisclosures 
are serious, material, and reckless, 
subsequently granted patents should be 
declared invalid or, at least, unenforceable; 
since Patent Office, flooded with applications 
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and at times lacking adequate resources, is 
unable to check all facts and investigate all 
relevant prior art, it must rely on applicants 
for many of facts upon which its decisions are 
based; highest standards of honesty and 
candor on part of applicants in presenting such 
facts to Office are thus necessary elements in 
working patent system; accordingly, "unclean 
hands" occasioned by failure to disclose such 
facts can operate to invalidate patent or 
render it unenforceable. 

PATENTS 
[13) Defenses - Fraud (§ 30.05) 
Patentability - Tests of - Skill of art (§ 
51.707) 
Pleading and practice in Patent Office -
In general(§ 54.1) 
Specification -- Sufficiency of disclosure (§ 
62.7) 

Finding that patentee acted in good faith in 
disclosing best method does not conclude 
matter when disclosure is so generalized or 
unhelpful as to withhold effective use of 
patented discovery from public; proper test is 
one indicated by statute's words -- would 
person skilled in art, be able, with reasonable 
effort, to synthesize patented compound?; 
ordinary dye chemist would automatically 
know to use alcohol-wash step to guarantee 
requisite dye purity. 

PATENTS 
[14] Defenses - Fraud (§ 30.05) 
Defenses - Unclean hands (§ 30.25) 
Pleading and practice in Patent Office -
In general(§ 54.1) 
Patents procured where misrepresentations 

are made in atmosphere of gross negligence as 
to their truth will not be enforced, even where 
there is no finding that withheld material 
would have caused Patent Office to deny 
application; public interest demands that all 
facts relevant to such matters be submitted 
formally or informally to Patent Office, which 
can then pass upon evidence's sufficiency; 
applicant has duty to disclose matters that are 
relevant. 

PATENTS 
[15) Pleading and practice in Patent Office 
- In general (§ 54.1) 
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Applicant who knows of prior art that plainly 
describes his claimed invention or comes so 
close that reasonable man would say that 
invention was not original but had been 
anticipated will not be excused for failure to 
disclose his knowledge. 

PATENTS 
[16) Misuse of patents - In general (§ 45.01) 

Patent grant - Nature of patent rights -- In 
general (§ 50.201) 
Title - Licenses .. Royalty provisions - In 
general (§ 66.4231) 
Patent empowers owner to exact royalties as 

high as he can negotiate with leverage of that 
monopoly; 17 1/2 percent royalty does not 
alone constitute patent misuse. 

PATENTS 
[17) Misuse of patents - In general (§ 45.01) 

Fact that delisting of competitive food dye by 
FDA, almost year after parties agreed upon 
royalty rate, had made patented food dye only 
major red food color on market, is no ground 
upon which to charge patent owners with 
patent misuse. 

PATENTS 
[18] Misuse of patents - In general (§ 45.01) 

Patent licensee's decision not to absorb but to 
pass on testing surcharge to their customers 
by including it in their billings of patented 
product falling under license agreement that 
pegged 17 1/2 percent rate to invoice price at 
which licensee sold product does not constitute 
patent misuse. 

PATENTS 
[191 Estoppel - As to validity - Licensor or 
license (§ 35.156) 
Infringement - In general (§ 39.01) 
Title - Licenses - In general (§ 66.401) 

Patent owners' claim of infringement fails in 
case in which settlement agreements under 
which accused infringers pay royalties are in 
effect and accuseds have paid royalty from 
time agreements were made to present and 
thus are authorized licensees; provision in 
license agreement that patent owners shall 
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not commence another litigation in less than 
two years may, by itself present question of 
enforceability in light of Lear Inc. v. Adkins, 
162USPQ1. 

PATENTS 
[201 Costs - Attorney's fees (§ 25.5) 

Maneuvering by parties, each of which is at 
fault for involving courts second time with 
their hard-fought controversy when it could 
have been resolved in first action, does not 
create "exceptional case" warranting 
allowance of counsel fees. 

PATENTS 
Particular patents - Food Dyes 

3,519,617, Rast and Steiner, Red Phenyl-Azo
N aphthol Dyestuff for Edible Compositions, 
valid and not infringed. 

3,640,733, Rast and Steiner, Edible 
Substrates Colored with Monoazo Dyestuffs, 
valid and not infringed. 

*839 On remand from Court of Appeals, 
Second Circuit; 193 USPQ 753. 

Action by Warner-Jenkinson Company, a 
Division of The Seven-Up Company, and H. 
Kohnstamm & Company, Inc., against Allied 
Chemical Corporation and Buffalo Color 
Corporation, for declaratory judgment of 
patent invalidity, noninfringement, and 
unenforceability, in which defendant 
counterclaims for infringement and breach of 
contract. Claims and counterclaims dismissed. 

Francis T. Carr, Paul Lempel, Edwin 
Baranowski, and Kenyon & Kenyon, all of 
New York, N.Y., (Donald G. Leavitt, and 
Koenig, Senniger, Powers & Leavitt, both of 
St. Louis, Mo., of counsel for Warner
Jenkinson Company, and Patrick J. Joyce, 
Stamford, Conn., of counsel for H. Kohnstamm 
& Company, Inc.) for plaintiffs. 

William K. Kerr, William J. Gilbreth, John 
E. Nathan, Hugh C. Barrett, David J. Lee, 
Alan M. Gordon, and Fish & Neave, all of 
New York, N.Y. (Battle, Fowler, Lidston, 
Pierce & Kheel, of counsel for Buffalo Color 
Corporation) for defendants. 
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Weinfeld, District Judge. 

Plaintiffs Warner-Jenkinson Co. ("Warner") 
and H. Kohnstamm & Co. "'Kohnstamm"), 
two commercial manufacturers *840 of 
synthetic food colors, brought this action 
against defendants . Allied Chemical 
Corporation ("Allied" or "Allied Chemical") 
and Buffalo Color Corporation ("Buffalo 
Color"), the patentee and assignee, 
respectively, [FNl] of two patents relating to a 
red food dye known as FD & C No. 40 ("Red 
40"), the leading red food color now on the 
market. This is the second such action 
commenced by plaintiffs. The first lawsuits 
were brought against Allied Chemical in 
January 1972 (and were subsequently 
consolidated for trial purposes), seeking a 
declaratory judgment of invalidity, 
noninfringement, and unenforceability of 
Allied's patents for Red 40. [FN2] Allied 
counterclaimed for infringement. 

After extensive pretrial discovery over a 
three-year period, during which twenty-seven 
witnesses were deposed and more than 30,000 
pages of documents were produced, the trial 
commenced before Judge William Conner of 
this Court, with each side prepared to proceed 
with an array of fact and expert witnesses. On 
the second day of trial, after cross-examination 
of plaintiffs' first witness, settlement 
negotiations were initiated; discussions 
continued over a period of four months. The 
settlement reached by the parties provided for 
a $200,000 payment by plaintiffs to Allied; 
release of plaintiffs by Allied from all liability 
for infringement based upon their activities 
prior to March 1, 1975; release of Allied by 
plaintiffs from charges of unfair competition 
prior to March 1, 1975; and the grant to each 
plaintiff of a manufacturing license by Allied 
Chemical, with provision for a royalty charge 
of 17- 112 % of the sales price of all quantities 
of Red 40 manufactured and sold by plaintiffs. 
Based on the parties' stipulation, an order was 
entered on July 23, 1975 by Judge Conner, 
dismissing the plaintiffs' claims of patent 
invalidity without prejudice, their unfair 
competition claims with prejudice, and 
defendants' infringement claims without 
prejudice. 
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The instant complaint was filed shortly after 
another, competing, red food dye was banned 
by the Food & Drug Administration ("FDA"} 
in February 1976. Plaintiffs again request a 
declaratory judgment that the Red 40 patents 
are invalid, unenforceable, and not infringed 
by plaintiffs and as a consequence further seek 
invalidation of the licensing agreements, 
restitution of royalties paid to defendants 
under those agreements, and damages 
resulting from defendants' alleged unfair 
competition subsequent to March 1, 1975. 
Defendants deny plaintiffs' averments and 
counterclaim against each plaintiff for patent 
infringement in the event that plaintiffs are 
held to be unlicensed because the existing 
agreements are void. In addition, Allied 
alleges a counterclaim against plaintiffs for 
breach of the settlement agreement. After a 
line-by-line review and study of the 2500-page 
trial record, the several thousands of pages of 
exhibits received into evidence, and the 
Court's daily trial notes, which include a 
contemporaneous appraisal of each witness 
and his demeanor, the Court finds that 
plaintiffs have failed to sustain their burden of 
proof on the claims asserted in their complaint 
and, similarly, that defendants have not 
established their counterclaims. 

I. 

The patents in suit, numbered 3,519,617 
('617) and 3,640,733 ('733), were granted by 
the United States Patent Office to Allied for 
an invention, the main object of which was to 
provide "highly soluble non-toxic monoazo dye 
combinations which are useful in the coloring 
of edible substrates." [FN3] "Manifestly, the 
validity of each of these patents turns on the 
facts"; [FN4] background facts bearing on the 
issues in this case include the history of the 
food dye industry, the circumstances under 
which the chemical compositions were 
synthesized and patented, and the impact of 
the patent on the industry. 

A. 

At least since the 1880s, the marketplace has 
recognized the usefulness of artificial *841 
color in foods, primarily to correct for natural 
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variations in food color and to make edibles 
more visually appealing and palatable. [FN5] 
By 1900 most of the food dyes used in this 
country were synthetic "coal-tar dyes," that is, 
dyes prepared from derivatives of compounds 
recovered in the distillation of coal 
(particularly benzene and naphthalene). [FN6] 
Among the most common coal-tar dyes were 
the simplest -- "phenyl-azonaphthol dyes" 
having the following general chemical 
structure: [FN7] 

I I OH 

~N=Nro 
!O I 

Phenyl Azo Naphthol 

Such dyestuffs are prepared by diazotizing 
the "phenyl intermediate" and then bonding it 
with the "naphthol intermediate," a process in 
use for over 100 years. [FN8] 

At the turn of the century, Dr. Bernhard C. 
Hesse, a German dye expert, was retained by 
the United States Department of Agriculture 
to investigate the safety of coaltar dyes. In his 
classic study, Dr. Hesse described several 
desired characteristics of coal-tar food dyes: (1) 
nontoxicity and safety for human 
consumption; (2) desirable shade and 
brightness, together with high tinctorial 
strength; (3) stability of the color when 
subjected to great heat, light, reducing agents, 
and acids that are used in the preparation of 
foods; (4) solubility in water and other liquids; 
(5) suitability for mixing or blending with 
other colors; and (6) lack of taste, odor, or 
other potentially offensive characteristics. 
[FN9] Hesse's research focused on the first 
desideratum, safety and nontoxicity, and 
sifted through dozens of coal-tar dyes to select 
seven that were certified for general food use 
under the Pure Food and Drug Act of 1906. 
[FNlO] Hesse's choices -- including three red 
dyes, Ponceau 3R (now known as "Red l "), 
Amaranth ("Red 2"), Erythrosine ("Red 3") 
[FNll] -- were made only after extensive 
physiological testing on dogs, rabbits, humans, 
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since "[i]t has been known since 1888 that it is 
unsafe to attempt to predict the harmfulness 
or the harmlessness of coal-tar colors by 
analogy" to other, chemically similar, dyes. 
[FN12] 

Accordingly, what the food color industry 
strives for, and indeed must seek to achieve 
under exacting statutory standards, is, first 
and foremost, nontoxicity and safety of the 
product for human consumption. But to 
achieve commercial success other properties 
are also of importance. Between 1907 and 
1938, due to industry demand for additional 
shades and further safety testing, other new 
colors were added to the approved list. One 
such dye, now known as "Red 4" (a scarlet 
color slightly less blue than Red 1), was 
developed by plaintiff Warner and added to 
the list in 1929. [FN13] At the same time, 
continued concern over the safety of food 
colors *842 led to the passage of the Food, 
Drug and Cosmetic Act of 1938, which made 
certification mandatory and required 
toxicological data based on animal tests for 
continued or new listings of food colors. [FN14] 
As of 1951 there were nineteen coal-tar colors 
authorized for unrestricted food use, after 
public hearings required by the Act. 

In the 1950s, however, the FDA, after 
conducting animal tests to reassess the 
toxicity of food colors, "delisted," or removed 
from the certified lists, no less than seven 
colors. Pursuant to the Color Additive 
Amendment of 1960, [FN15J the FDA in 1963 
promulgated stringent and detailed 
regulations outlining the type of 
experimentation and other data to be 
submitted to establish grounds for permanent 
listing of food colors. [FN16] Concomitant with 
the FDA's heightened concern over toxicity, 
the red dye industry faced a "crisis" because of 
the delistment of Red 1 in 1960 (on the ground 
that it produced liver damage in test animals) 
and Red 4 in 1964 (on the ground of adverse 
pathological findings). [FNl 7) The 
delistments, which considerably narrowed the 
approved coal-tar additives, created an urgent 
need in the industry for a bright scarlet food 
color that could pass the FDA's ever more 
stringent toxicity tests and that had the vital 
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"application properties" of a good food dye -
useful shade and tinctorial strength, stability, 
solubility, suitability for blends, tastelessness 
and odorlessness. [FN18] 

B. 

Defendant Allied and plaintiffs Warner and 
Kohnstamm were in the early 1960s major 
manufacturers of food dyes, and red dyes 
constituted a large segment of their business. 
The crisis in red dyes produced an immediate 
reaction. In August or September 1964, 
Raymond Leary, Allied's Food Colors Product 
Manager, requested the Company's Analytical 
Laboratory to determine whether "any foreign 
food reds or any present as well as obsolete 
D&C or Ext. D&C colors might offer a suitable 
substitute" for Red 4. [FN19J The laboratory 
was unable to find such a substitute, and 
Leary turned to Allied's Research 
Department, specifically to Dr. Russell 
Steiner, a noted organic chemist with 
substantial theoretical and practical 
knowledge of coal-tar dye synthesis; [FN20J 
Steiner selected as his assistant Gustav Rast, 
a senior dye chemist. The object of their 
research, which extended over a period of two 
and one-half years, was to find a red food color 
dye that had a shade between that of Red 1 
and Red 4, was nontoxic, and had the many 
specific application properties necessary for 
general food use. [FN21J 

Upon synthesis and testing of existing 
compounds, Steiner and Rast in December 
1964 realized that no existing food color would 
meet the need; a new dye would have to be 
invented. Prior to returning to the laboratory, 
Steiner and Rast discussed certain empirical 
criteria which they believed might bear on the 
toxicological acceptability of such compounds: 
the dye should (1) have water-solubilizing 
groups (such as sulfonic acid groups, -SOsub3 ) 
on both sides of the azo linkage, (2) not contain 
exotic groups or be prepared from 
intermediates which were known carcinogens; 
(3) and substitute methoxy groups (-OCHsub3 ) 
for methyl groups *843 (-CHsub3 ) wherever 
possible. These "guidelines" represented the 
state of the art of food dye chemistry in 1964 
and early 1965 [FN22J and were, by and large, 
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reaffirmed in a conference with Kelly Ferber 
of Allied Chemical's Production Department. 
[FN23] On the other hand, the history of FDA 
delistments through 1964 suggested that such 
criteria were not reliable in predicting 
nontoxicity; [FN24] so, too, it was all but 
impossible to predict most application 
properties of dye compounds based solely upon 
an analysis of their structures, except that 
sulfonic acid groups made a compound water 
soluble and methy 1 and methoxy groups 
shifted dye shade in a "batho-chromic" (toward 
bluer hues) direction. Accordingly, the 
researchers did not follow the guidelines 
dogmatically but, instead, synthesized a wide 
range of azo compounds, followed by further 
experimentation and comparison testing. 

Steiner and Rast actually began synthesizing 
dyes in December 1964 -- first, existing dyes 
and, then, new ones that they hypothesized. 
Each dye was applied to a wool swatch for 
shade comparison with swatches dyed with 
Red 1 and Red 4; of the more than 90 colors 
synthesized, nine were found close enough in 
color to justify application testing in early 
1965. One of the nine was a compound 
synthesized by Steiner and Rast in December; 
it was prepared by coupling para- cresidine 
monosulfonic acid (the phenyl intermediate) 
with Schaeffer's Salt (the naphthol 
intermediate): 

This dye, later to be approved by the FDA as 
Red 40 and patented by Allied, was at first not 
considered a leading candidate to replace Red 
1 and Red 4, because it had a methyl group, 
which was questionable on toxicity grounds; 
an initial application test (stability to sulfur 
dioxide) was disappointing; it did not have the 
exact shade desired; and there were potential 
difficulties in preparing the compound because 
paracresidine monosulfonic acid was not 
available commercially. [FN25] 
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After synthesizing further dyes and 
conducting numerous application tests, 
[FN26] the researchers narrowed the list of 
promising candidates to five by July 1965, and 
Allied engaged Hazelton Laboratories 
("Hazelton") to conduct toxicological tests on 
these "finalists." Upon reviewing Hazelton's 
results of short-term feeding of large doses of 
the dyes to dogs, Allied in December 1965 
eliminated one of the five compounds from 
consideration. In February 1966 it sent 
Hazelton ten-pound samples of the remaining 
four finalists for six-week feeding tests with 

. dogs and rats and commenced a new series of 
application tests. Two of the dyes were 
eliminated from consideration after the tests 
revealed liver and thyroid abnormalities in 
animals, leaving two potential dyes. For 
purposes of Allied's internal identification, the 
compounds were denoted as "Z-4576" and "Z-
4578," the latter being a disazo compound. 

During 1966 the Company subjected the two 
remaining candidates (Z-4576 and Z- 4578) to 
side-by-side comparison tests with ~ed 4, 
including solubility in water, ethyl alcohol, 
and glycerine; stability as to heat, pH, acid, 
sugar, and sodium hydroxide; tinctorial 
strength as applied to sugar patties, milk 
tints, wool; the effect of metals on shade; and 
fastness and substantivity (resistence to 
"bleeding" off of the food). The "[c]onsensus 
was that Non-Toxic Red Z-4576 was superior 
in most properties and is most similar to the 
delisted FD & C Red #4" [FN27] Accordingly, 
Z-4576 was selected for *844 long-term 
toxicological testing by Hazelton, consisting 
mainly of feeding studies on rats and dogs, 
dermal application tests on rabbits and mice, 
and reproduction studies. In March 1970 
Hazelton reported that the compound was 
entirely nontoxic, and on April 22 Allied 
petitioned the FDA for listing the color 
additive as suitable and safe for use in foods 
and drugs. The FDA listed the dye as FD & C 
No. 40 on April 10, 1971, based in part on 
animal studies conducted by the agency that 
established that the dye did not have the 
toxicity exhibited by Red 4. Indeed, the FDA's 
toxicologist found that "[t]he slight differences 
in structures of [Red 40] from that of FD & C 
Red No. 4 apparently are responsible for the 
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difference in toxicity." [FN28) 

c. 

Because of its proven nontoxicity and 
superior application properties, Z-4576 was 
viewed as a desirable successor color to Red 4 
and, therefore, a valuable project for Allied 
Chemical. To protect its heavy investment in 
the development and testing of the dye over 
an extended period, Allied took steps to obtain 
a patent, especially since those persons at 
Allied who were engaged in the project 
considered that the product had a good chance 
of being patented. As a result, an "invention 
record" was prepared by M.D. Edelman of 
Allied's Industrial Chemicals Division for "a 
novel monoazo dyestuff obtained by coupling 
diazolitized 3-methoxy-6-methyl sulfonic acid 
in alkaline media, into Schaeffer's Salt," to be 
used "as a satisfactory substitute for FD&C 
Red #4" since it had analogous properties and 
was surprisingly more soluble in water than 
Red 4. [FN29] In his thorough search of 
American and foreign patent records, 
Edelman found that a German patent, D.R.P. 
12,451, was, "perhaps, the most pertinent 
reference" to the prior art. 

This German patent concerned "the 
preparation of red and violet azo dyes which 
are formed by the reaction of diazoanisoles 
and their sulfonic acids with naphthols and 
their sulfonic acids." [FN30] Among the 
dozens of generic formulae disclosed in the 
patent is the one derived from combining the 
methyl ether of amino cresol sulfonic acid with 
beta-naphthol monosulfonic acid which 
theoretically would embrace Z-4576. [FN31] 
But Edelman concluded that since "[t]his art 
which was published in 1879, does not 
particularly identify the components" of the 
various generic formulae, and "no mention is 
made of their lack of toxicity and suitability 
for coloring edible substrate," it was no 
barrier to patentability. [FN32] 

The invention record prepared by Edelman 
was forwarded to Dr. A. Victor Erkkila, the 
Chief Patent Liaison Officer of the Industrial 
Chemicals Division, in February 1967. Dr. 
Erkkila -- who received his doctorate in 
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physical chemistry from the Technical 
University in Stuttgart, Germany in 1935 -
studied the German patent and the other 
patented chemicals cited by Edelman's report. 
He, too, concluded that Z-4576 was not 
specifically disclosed in any of the references 
and that it was patentable. [FN33] Erkkila 
thereupon forwarded the invention record to 
Michael S. Jarocz, Patent Counsel for the 
laboratories of the National Aniline Division 
of Allied, who also studied the German Patent 
thoroughly. He felt that the "shotgun 
disclosure" of D.R.P. 12,451 could in "no 
possible way * * * be construed as disclosing 
Red 40 unless [by] resort[ing] to incredible 
hindsight." [FN34) In particular, he 
considered the unique properties of Z-4576 -
nontoxicity, surprisingly high solubility, and 
other excellent application properties -- to be 
the basis for patentability, and these were in 
no way disclosed by the arcane teutonic 
patent. 

*845 On May 18, 1967, Jarocz filed Allied's 
application with the United States Patent 
Office. The "Abstract of Disclosure" provided, 
in part, as follows: 

Monoazo compounds of this invention, which 
may be termed 1-([2-alkoxy-5- alkyl-4-
sulfophe-nyl]azo) -2-naphthol-6-sulfonic acids 
and physiologically acceptable salts thereof 
are prepared by conventional procedures, 
e.g. coupling diazotized 5-alkoxy-2-
alky lsulfanilic acid, in alkaline media, into 
2-naphthol-6-sodium sulfonate. The monoazo 
compounds of the invention are useful as 
dyestuffs for various substrates and 
especially for edible substrates, such as 
foodstuffs or pharmaceutical compositions. 

This invention relates to the production of 
novel red monoazo dyestuffs. More 
particularly, the present invention is 
directed to highly soluble red monoazo 
dyestuffs and to their use as colorants, 
especially in dyeing of edible substrates. 

Certain red dyes have found use in the past 
in various coloring or dyeing applications, 
especially in the coloring of foodstuffs or 
other edible substrates. One such dyestuff 
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(F.D. & C. Red No. 4) recently has been 
delisted for essentially all edible uses by the 
Food and Drug Administration, thereby 
creating a need for a red dye particularly 
useful in the coloring of edible substrates. 

Accordingly, one object of the present 
invention is to provide new and useful dye 
compositions. 

A further object of the present invention is 
to provide highly soluble non- toxic monoazo 
dye compositions which are useful in the 
coloring of edible substrates. 

Relying on his own prior experience as a 
Patent Examiner (1960 to 1964), Jarocz did 
not cite D.R.P. 12,451 as the most pertinent 
prior art because he believed, in good faith, 
that the German Patent was irrelevant and 
would only confuse the Examiner; as prior art, 
he cited Red 4: 

One year later, in May 1968, Allied filed 
applications for a "use" patent with the Dutch 
Patent Office and a "composition" patent with 
the German Patent Office, based on 
substantially the same claims. 

On April 9, 1969, the American Patent 
Examiner made an initial determination 
rejecting the claims asserted in the 
application, primarily because the applicants 
did not sufficiently describe the utility of their 
invention and because a prior patent was 
structurally so similar that the invention was 
obvious to the ordinary dye chemist. The 
latter is the "Elley Patent": [FN35] 
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Allied petitioned for a reconsideration of the 
Examiner's decision on the ground that the 
invention's usefulness in coloring edible 
substrates and its surprising properties, 
including nontoxicity and high solubility, 
justified patentability. The applicant also 
distinguished the Elley Patent as a red to 
bluish-red water-insoluble color useful for 
dyeing petroleum products, which had never 
been noted for food dye uses and was 
particularly unsuitable therefor because of its 
undesirable "bronzy fluorescence." These 
arguments were apparently persuasive to the 
Patent Office, since it granted the '617 patent 
on July 7, 1970, and the '733 patent on 
February 8, 1972. [FN36] 

Allied also encountered problems in its 
foreign applications. Thus in 1973, Dr. 
Muhlbauer, the German Examiner, 
questioned "the existence of inventive level" 
because of the large number of red dyes of 
excellent solubility already on the market and 
requested the applicant to submit a more 
complete statement of the prior art. In 
response, Allied narrowed its application 
somewhat but defended the inventive 
contribution: "The advance of the art 
represented by the new dyestuffs results 
primarily from their lack of toxicity. ***The 
inventive level of the object of the application 
results from the fact that dyes of similar 
structure * * * are toxic and/or have other 
undesired properties. * * * It is surprising that 
by such a slight change in the chemical 
structure the toxicity could be so strongly 
reduced." [FN37] Also included in the response 
*846 was a list of "literature references," 
including citations to the Elley Patent, D.R.P. 
12,451, the "Widmer Patent," [FN38] and the 
"Baum Patent." [FN39] The German 
Examiner obtained and examined the 
references and concluded that none rendered 
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Red 40 unpatentable. Hence, on October 11, 
1974, the German Patent Office announced 
that Allied's application would be published 
for opposition; as no opposition was filed, the 
Office granted the patent on June 16, 1975. 

Of all the authorities passing upon Allied 
Chemical's application, the most stringent 
scrutiny was carried out by the Dutch Patent 
Office, which in 1973 had been the first to 
mention, after its own search, the relevance of 
D.R.P. 12,451. Allied in 1975 narrowed its 
claims before the Dutch Office to embrace the 
use of the compounds only for dyeing foods, 
drugs, and beverages. [FN40] Although the 
Office found that a patentable invention did 
reside in the more circumscribed claim, it 
raised further questions to distinguish the use 
of Red 40 from that ofD.R.P. 12,451 and other 
red dyes listed in the various indices. On 
November 30, 1978, the Application 
Department announced that the application 
was acceptable and would be published for 
opposition; no opposition has been received as 
of the date of this opinion, with the prospect 
that the Dutch patent will issue in due course. 

D. 

Allied began manufacture of Red 40 in 1971, 
at which time there was only one other major 
red food dye on the market, Red 2. Red 40 was 
an immediate and enormous commercial 
success: the dye certified by the FDA rose from 
26,000 pounds in the third quarter of 1971 to 
an average in excess of 160,000 pounds per 
quarter in the years 1973 to 1975. [FN41] 

Although Red 2 continued to hold a sizeable 
share of the market, the established 
nontoxicity (combined with FDA publicized 
doubts about the nontoxicity of Red 2), bright 
scarlet hue, surprisingly high solubility, and 
other application properties of Red 40 made it 
more than just a replacement for Red 4. For 
example, in 1973 Allied's development of Red 
40 received "Top Honors" in the "Ingredients 
Category" of the Putman Food Awards, based 
on Red 40's novelty, breadth of application, 
and significance to the food color industry. 
This success, moreover, stimulated 
competitors to try to develop new red food 
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dyes, though without result as of this date. 
Indeed, Warner, a plaintiff in this action, 
contracted with St. Louis University for 
research "to synthesize purified laboratory 
quantities of novel water-soluble dyes * * * for 
possible use as food colors" [FN42] and entered 
into a three-year $3,000,000 contract with 
Dynapol Corporation for the latter to invent a 
new red dye using advanced polymer 
technology. [FN43] 

Recognizing the utility of Red 40, and not 
having a suitable alternative at hand, Warner 
and Kohnstamm, after failing to obtain 
licenses from Allied, commenced manufacture 
of the dye. In 1972 they instituted the 
lawsuits, discussed above, to declare the 
patents invalid. Upon settlement of that 
litigation, plaintiffs entered into "License 
Agreements" with Allied, pursuant to which 
the licensees were to pay a royalty of 17 1/2 % 
on the "net sales price," or invoice price, of 
Red 40 sold and were precluded from 
terminating the Agreements at any time 
before the second anniversary of the licenses 
on March 1, 1977. However, before that date, 
on February 12, 1976, the FDA delisted Red 2, 
leaving Red 40 as the only significant red food 
color on the market; the immediate result was 
an increase in the sales (to an average of over 
400,000 pounds per quarter for the years 1976 
through 1978) and corresponding increases in 
the total royalties collected by Allied. 

*847 In June 1976, plaintiffs instituted this 
second action to declare the patents invalid or 
unenforceable and to recover royalty 
payments made under the License 
Agreements. Judge Marvin Frankel, to whom 
the case was assigned, dismissed the 
complaint on the ground that the License 
Agreements precluded suit before the 
termination of the two-year period, but the 
Court of Appeals reversed and remanded, 
holding that the two-year nontermination 
period did not bar the action. [FN44] Upon 
Judge Frankel's resignation from the Bench, 
the case was assigned to this Court and 
proceeded to trial. 

II. 
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While contractual and other ancillary claims 
are advanced by both sides, the hard core of 
the case is whether the '617 and '733 patents 
are valid and enforceable. To determine these 
issues, the Court must assess, first, the 
inventive contribution made by Allied's red 
dye and, second, the substantial accuracy and 
completeness of disclosures made in its patent 
application and the use defendants have made 
of the patents in suit. 

A. 
[1] Inventions that are useful, novel, and 
nonobvious are patentable. Plaintiffs contend 
that the patents in suit are invalid because 
they fail the latter two litmus tests for 
patentability. Defendants, on the other hand, 
argue, in the unadorned language of their 
counsel, that what Steiner and Rast did -
"what lies at the heart of their inventive 
contribution" -- was "to invent a novel and 
unobvious scarlet red food color ·· a specific 
monoazo dye (bearing particular substituents 
in precise locations) and one which possessed 
the myriad of unpredictable application and 
toxicological properties demanded of a safe, 
general use, food color." [FN45] 

[2] The Court's inquiry begins with the 
statutory "presumption of validity" of the 
patents granted by the Patent Office. 
Plaintiffs have the burden of proof to 
overcome the presumption by clear and 
convincing evidence, and every reasonable 
doubt should be decided in favor of the 
patents' validity. [FN46] The presumption is 
strongest where the Patent Office has 
granted the patent with knowledge of the 
prior art [FN 4 7] -- here, the Elley Patent, the 
Baum Patent, and FD & C Yellow No. 6 
("Yellow 6") were considered by the Patent 
Examiner, and plaintiffs' remaining citations 
to the prior art are largely cumulative. 
[FN48] On the other hand, the presumption 
does not apply to the issue of novelty, since 
plaintiffs' attack focuses on the German 
Patent -- D.R.P. 12,451 -- not considered by 
the Examiner. As to this claim, the burden 
rests upon defendants to establish de novo the 
validity of their patents. [FN49] Based on the 
recent intensive refresher course in organic 
chemistry afforded by the charts and written 
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submissions prepared by the parties, its 
assessment of the credibility and study of the 
testimony of the expert witnesses presented 
by each side, and an exhaustive review of the 
record, the Court is persuaded that the 
patents are valid. 

1. 
[3] An invention is "anticipated," and 
therefore not patentable because not novel, if 
"the invention was known or used by others 
in this country, or patented or described in a 
printed publication in this or a foreign 
country, before the invention thereof by the 
applicant for patent." [FN50] Anticipation is 
a narrow and technical attack on 
patentability; as a consequence, "the *848 
standards of anticipation are strict. The 
invention must be disclosed within the four 
corners of a single reference." [FN51] In the 
case of chemical compounds, the mere 
recitation of a structural formula is 
insufficient to be an anticipation: the 
disclosure must also recite means of 
preparing the compound and at least one 
significant useful property. [FN52] 

[4] Plaintiffs argue that Claim 3 of D.R.P. 
12,451 (the "German Patent") anticipates the 
patents in suit. Claim 3 reads: "The above 
described processes for the production of 
yellow and red dyes by action * * * of diazo 
anisole sulfonic acids from the anisoles 
named under [Claims] 1 and 2 on naphthols, 
naphthol monosulfonic acids, and naphthol 
disulfonic acids." Claims 1 and 2 list no less 
than nine diazoanisole sulfonic acids; three 
separate naphthol sulfonic acids are possible. 
Claim 3 thus embraces over twenty-seven 
generic formulae, one of which is produced by 
the action of "methyl ether of amino cresol 
sulfonic acid on betanaphthol monosulfonic 
acid." The structural formula for this product 
is [FN53] 
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This structure theoretically embraces over 
100 separate isomers [compounds having the 
same elemental composition (the same 
number of carbon, hydrogen, etc., atoms in the 
compound) but different structures], each 
having different properties. Plaintiffs' own 
expert conceded that the German Patent 
contained no description of Red 40 either in 
specific words or by specific structure, which 
in this instance was in accord with the views 
of defendants' experts. Accordingly, an initial 
response to plaintiffs' argument is that the 
German Patent does not disclose Red 40 with 
the requisite specificity; one would have to 
experiment with a large number of possible 
intermediates referred to in the German 
Patent and successfully piece together the 
necessary ones to come up with the one 
generic formula out of a total of twenty-seven 
generic formulae and then would have to 
experiment further to discover the specific 
structure of Red 40. This is not anticipation. 
[FN54] 

*849 The argument, however, is more 
complex and relies on other references. Thus 
counsel for plaintiffs contend that (1) if "the 
description in the printed publication 
impart[s] to the person of ordinary skill 
sufficient information which, coupled with the 
disclosures of the prior art, would enable him 
to devise the invention without further 
genuine inspiration or undue 
experimentation," then the description 
anticipates the patented product, [FN55] and 
(2) the "person of ordinary skill" in the food 
dye industry would be aware of the editor's 
comment on D.R.P. 12,451 in the Friedlander 
edition of German patents and the Colour 
Index and would deduce from these references 
that a dyestuff having the same structural 
formula as Red 40 was the most natural 
disclosure of that patent. The "Friedlander 
Comment" reads in relevant part: [FN56] 

The aminophenol ethers stated in the patent 
to be used for the preparation of azo dyes 
came chiefly from ortho- and para-anisidine 
and their sulfonic acids, as well as amino 
cresol ether. The ortho compound yields in 
combination with B-naphthol and its sulfonic 
acids, yield essentially yellower derivatives, 
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as contrasted to the corresponding para 
compounds. 

One prepared from o-anisidine and Schaefer
B-naphthol monosulfonic acid, gives a 
scarlet red dye which falls under the 
designation "Anisole red"; one somewhat 
yellower from anisidine sulfonic acid and B
naphthol is known as "Ponceau 3G" (3J or 
Scarlet 3J) in the Trade. 

In more detail, plaintiffs' argument runs 
thus: The German Patent describes scarlet red 
dyestuffs produced by the action of 
"diazoanisole sulfonic acids" on "betanaphthol 
monosulfonic acid." A diazoanisole sulfonic 
acid described in the German Patent and 
highlighted in the Friedlander Comment is 
"methy 1 ether of amino cresol sulfonic acid," 
and the only "methyl ether of amino cresol 
sulphonic acid" shown in the 1956 edition of 
the Colour Index is orthotoluene sulfonic acid, 
4-amino-5-methoxy, which is the same 
intermediate used to make Z-4576. The 
argument continues: The only beta-naphthol 
monosulfonic acid mentioned in the 
Friedlander reference is Schaeffer's Salt, the 
same naphthol coupling intermediate used to 
make Z-4576. Thus plaintiffs by this three
reference process argue that one skilled in the 
art would have been led to and known of Red 
40. While this convoluted argument appears to 
have a surface logic, in fact it is reconstructed, 
brilliant hindsight that is not convincing on 
the issue to anticipation. [FN57] 

[5] To begin with, given Judge Learned. 
Hand's admonition that "a prior patent or 
other publication to be an anticipation must 
bear within its four corners adequate 
directions for the practice of the patent 
invalidated," the Court is dubious of the legal 
accuracy of step one in the general argument. 
[FN58] But even if the anticipatory *850 
reference could be pieced together from 
several sources as suggested by plaintiffs, the 
Court finds that the patents in suit would not 
have been disclosed to a cognizant artisan in 
the field of dye chemistry in 1964. 

[6] One is led to inquire if, as plaintiffs 
contend, the German Patent together with 
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the Friedlander Comment so obviously 
describes Red 40, why Warner did not come 
across it in 1929 when it sought and created a 
new scarlet red food color -- the now delisted 
Red 4. Common sense, not altogether 
irrelevant even in patent cases, generates 
doubts that a relatively obscure one-hundred 
year old foreign patent, which only indirectly 
discloses the composition of Red 40 and does 
not clearly disclose its properties, describes 
the compound to a dye chemist skilled in the 
art in 1965. [FN59] This common sense view 
is confirmed by the reliable expert testimony 
in this case. Thus Dr. Erkkila, a highly 
experienced dye chemist, testified upon his 
deposition that although the German Patent 
theoretically embraced Red 40, it was not 
even a pertinent prior art reference because 
Red 40 was only one of several hundred 
compounds described. "If a person had to 
devise a molecule which had these [food color] 
properties, even if he knew about the German 
patent," it was the view of Dr. Erkkila that 
the patent would in no way "lead him to that 
at all. It was such a broad disclosure. This is 
something like telling you that there is oil in 
Texas, but you go, and find where it is. * * * 
The German patent did not specifically 
disclose it and its teaching was so broad that 
it would encompass hundreds, if not, who 
knows how many, possible structures." 
[FN60J 

Dr. Kenneth Freeman, an analytical food 
color chemist who, after many years service 
with the FDA, was the Director of its Division 
of Color Certification and Evaluation, testified 
that within the "generic terminology" of 
D.R.P. 12,451 are included "several thousand 
dyes." More important, Dr. Freeman, who 
impressed the Court with his knowledge of dye 
chemistry and his candor, stated that he found 
no specific description of Red 40 in the 
German patent, as read with the Friedlander 
Comment. Dr. Freeman's parsing of the 
language of the Comment as it would be read 
by a dye chemist rebuts the testimony of 
plaintiffs' expert witness, Dr. Bernard 
Rottschaefer, that the Comment describes Red 
40 with particularity. Thus he pointed out 
that the Friedlander Comment mentions 
Schaeffer's Salt only as a coupler with ortho-
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anisidine and anisidine sulfonic acid, both of 
which lack methyl groups, and nowhere does 
Friedlander suggest Red 40' s pheny 1 
component, the closest reference being amino 
cresol ether, without any mention of its 
sulfonic acids, which Dr. Freeman interpreted 
as excluding the amino cresol ether sulfonic 
acid component of Red 40. [FN61] Moreover, 
he testified that there is no indication that 
Friedlander meant to key the reader to a 
combination of Schaeffer's Salt in the second 
paragraph and the phenyl components listed 
in the first paragraph of the Comment, nor 
would a dye chemist so interpret. 

Defendants' contention that the ordinary dye 
chemist would be confused, rather than 
enlightened, by the German Patent is 
supported too by incidents involving plaintiffs' 
own expert Dr. Rottschaefer. His declarations 
about the clarity of the German Patent's 
disclosures were delivered with an air of 
result-oriented assurance, and so it is not 
without significance that despite Dr. 
Rottschaefer' s intense study of the patent, he 
too was sometimes confounded by its broadside 
mode of disclosure. For example, when he was 
asked to circle sections of the German Patent 
that defined the two moieties of Red 40, and 
after a recess to afford him the opportunity to 
reflect, Dr. Rottschaefer circled the wrong 
sections. Later, he erred in stating that Claim 
2, not Claim 3, of the patent embraces the 
patents in suit. [FN62] The Court would find 
itself strained *851 to accept plaintiffs' theory 
that D.R.P. 12,451 discloses the structure of 
Red 40 when their own expert is so easily 
tripped up in its teutonic maze. 

[7] A final factor supports the Court's 
judgment that the D.R.P. 12,451 does not 
anticipate Red 40. The German and Dutch 
Patent Offices had the German Patent before 
them when they allowed the Red 40 patents 
to be published for opposition. Trial evidence 
abundantly establishes that both offices are 
strict in enforcing the rule that anticipation 
by prior patent or publication precludes 
patentability, [FN63] and the issue of 
anticipation was directly considered by each. 
Indeed, in a lengthy letter to the German 
Office, Allied raised the same argument it 
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now presses before the Court, that "[i]t would 
require informed hindsight to select the 
single relevant structural formula * * * from 
the 40 to 60 broad and generalized structural 
formulae of the German patent." [FN64] 
While the decisions of the two foreign patent 
offices "are in no way controlling upon this 
court, * * * they are valuable as opinions of 
trained experts in the country of the inventor 
and where the art is best understood. The 
opinions of such men, learned, able and 
disinterested, officially expressed after 
thorough examination, are persuasive to say 
the least." [FN65] Their expert judgment is 
considered probative since it is recognized 
that in applying standards of novelty and 
nonobviousness, the patent offices of 
"Germany and Holland are among the 
strictest in the world," on a par with, if not 
superior to, the American office. [FN66] They 
found no anticipation by D.R.P. 12,451; this 
Court finds none. 

2. 
[8] The Court next considers plaintiffs' 
contention that the subject matter of the 
claims was obvious to a dye chemist of 
ordinary skill in 1964·68. An invention is 
"obvious," and therefore not patentable, "if 
the differences between the subject matter 
sought to be patented and the prior art are 
such that the subject matter as a whole would 
have been obvious at the time the invention 
was made to a person having ordinary skill in 
the art to which said subject matter 
pertains." [FN67] Though the "test laid down 
is indeed misty enough," [FN68] the Supreme 
Court has given direction by setting forth 
"primary factors" always relevant to an 
inquiry into obviousness ·· "the scope and 
content of the prior art," "differences between 
the prior art and the claims at issue," and 
"the level of ordinary skill in the pertinent 
art" as well as certain secondary 
considerations ·· "commercial success, long 
felt but unsolved needs, failure of others, 
etc." ·· that "might be utilized to give light to 
the circumstances surrounding the origin of 
the subject matter sought to be patented." 
[FN69) 

[9] Because "the enormous number of known 
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organic compounds gives rise to a situation in 
which absolutely unique and *852 unknown 
groupings of atoms in a completely new 
chemical compound is a rare occurrence," 
courts have generally held that such 
compounds are patentable even though 
similar compounds or isomers are well-known 
in the field. "Obvious molecular modification 
coupled with a showing of novel properties or 
superiority [over) known properties can 
establish patentability." [FN70] Since Judge 
Rich's celebrated decision of In re Papesch, 
[FN71] courts have been moving to a test of 
"essential predictability," balancing the 
significance of unexpected properties 
resulting from minor chemical manipulations 
of existing compounds against the desirable 
properties that would be expected from such 
alterations. [FN72) 

At trial, plaintiffs mounted a technically 
powerful case in support of their claim that 
any one of several well-known dyestuffs could, 
with certain minimal changes, be transformed 
into Red 40 and that a dye chemist of ordinary 
skill would have known to make those 
alterations to achieve the desirable properties 
of Red 40. It may be accepted that a dye 
chemist in 1965 would have been aware of the 
appropriate literature and the main patents 
on which plaintiffs rely: the Elley Patent, 
which covers a compound which is reddish to 
bluish-red in shade; the Widmer Patent, a 
deep or bluish-red hue; the Baum Patent, a 
cherry red tint; and Yellow 6, a reddish-yellow 
(or yellowish-orange) color. Plaintiffs are also 
correct that such a chemist would have been 
familiar with certain molecular modifications 
and their effects on properties: sulfonation is 
highly desirable because it increases solubility 
in water and may decrease dangers of toxicity, 
and methy 1 and methoxy groups will shift the 
shade of the dye in a bathochromic direction, 
though for toxicity purposes methoxy groups 
should be preferred over methy 1 ones. 
According to plaintiffs' theory, a few simple 
changes in existing dyes, checked by routine 
experimentation in a laboratory available to 
our hypothetical chemist, [FN73] would yield 
a nontoxic scarlet red color having the 
structure of Red 40. 
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Thus plaintiffs stress that by merely adding 
sulfonic acid groups to the Elley Patent, 

or shifting one sulfonic acid group of the 
Baum Patent from the naphthol to the phenyl 
component, 

~-=·--8"'' 
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Red 40's structure would be created and that 
these manipulations would have been obvious 
to a dye chemist who wanted a nontoxic *853 
water soluble red dye because addition of 
sulfonic acid groups guarantees water 
solubility and reduces risks of toxicity. As to 
the Widmer Patent, the only shift would be to 
replace a methoxy group with a methyl one, 

And Yellow 6 is claimed to render the 
patents in suit obvious since the addition of 
methyl and methoxy groups would shift its 
shade from reddish yellow to a deeper shade of 
red, 

·~.~·=·-b 
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Thus by these simple changes plaintiffs 
argue that a dye chemist in 1965, after 
consultation with one skilled in the toxicology 
of food colors, would know that a food color 
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should be monoazo and sulfonated on both 
sides, and that change from methy 1 to 
methoxy auxochrome groups reduced toxicity · 
- all of which would lead him to the structure 
of a scarlet red food color. 

Again, plaintiffs' logical step-by-step 
argument relies on retrospective brilliance. 
Yet their analysis does not satisfactorily 
explain why the United States Patent Office, 
whose own careful search embraced the Elley 
and Baum Patents and Yellow 6, nonetheless 
granted the patents in suit. [FN74] Nor does it 
explain how these structural similarities 
failed to prevent the German and Dutch 
Patent Offices from giving their imprimatur, 
after an even more searching scrutiny of the 
prior art. The conclusion is warranted that, 
relying on the case law progeny of Papesch, 
these offices found the structural changes to be 
nonobvious ones in the light of Red 40's 
surprising and unexpected properties -- proven 
and unquestioned nontoxicity, very high water 
solubility, and excellent application 
properties. 

Indeed the state of the art in 1965 indicates 
that the molecular manipulations suggested 
by plaintiffs were not necessarily the most 
obvious ones to make in order to produce a 
nontoxic scarlet food dye. Thus the Elley 
Patent "relates to the production of colored 
gasolines and petroleum distillates, such as 
motor fuels, which are reddish to bluish-red in 
shade, have a bronzy fluorescence and are 
stable to the action of sunlight." [FN75] From 
the point of view of a food dye chemist in 
1965, any variation of this compound would 
appear undesirable, since the patent not only 
suggests gasoline and other petroleum uses, 
but the "bronzy fluorescence" property would 
be highly undesirable in a food color; the Elley 
Patent would, if anything, "lead away" from 
the structure of Red 40 as a potential food dye. 
Even if the patent were itself more inviting, 
the direction of the prior art would not result 
in Red 40. Based on the nontoxicity principles 
that sulfonation is desirable and methoxy 
groups should substitute for methyl groups, 
the "obvious" alterations would be to replace 
the methyl group in Elley's phenyl moiety 
with a methoxy group and then experiment 
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with different arrangements of sulfonic acid 
groups. This would tend, also, to lead away 
fromRed40. 

The Baum Patent, differing from the patents 
in suit only in the placement of a sulfonic acid 
group, is a dye "which will give to wool and 
silk a deep crimson shade." [FN76] The Colour 
Index indicates that the Baum dyestuff is 
"cherry red," arguably the same hue as Red 4, 
the desired shade in the Steiner and Rast 
search. But neither reference mentions any 
use of the dye to color food. More importantly, 
to maximize the probability of nontoxicity 
based on the state of the art in 1965, the 
obvious manipulations would be to add one or 
more sulfonic groups to the left-hand moiety, 
without subtracting one from the right-hand 
moiety, and to strike the methyl group on the 
right-hand side. Again, the established 
principles of the art in 1965 would not have 
led the dye chemist ineluctably to Red 40. In 
addition, the credible expert evidence 
establishes that adding or shifting the position 
of sulfonate substituents would have a *854 
definite but unpredictable effect on the color of 
the resulting dye. Thus the manipulation 
suggested by plaintiffs (shifting the position) 
or that suggested by the prior art (adding a 
third group) would likely yield an 
unacceptable shade. 

Likewise, the Widmer Patent describing 
"complex chromium compounds of monoazo 
dyestuffs" for wool and other fibers, appears 
entirely inapposite to the 1965 search for a 
nontoxic food dye. [FN77] Moreover, the state 
of the art would militate against substituting 
a methyl for a methoxy group (which would be 
necessary to lead the chemist to Red 40), since 
such substitution would increase risks of 
toxicity, rather than reduce them. 

From the perspective of a food dye chemist in 
1965, and not from the wisdom bred of 
hindsight, the most relevant prior art on 
which plaintiffs rely is Yellow 6, which was 
extensively used as a water-soluble food color. 
An initial problem with reliance on Yellow 6, 
however, is that there was in 1965 some 
concern that it, like Red 4 and Red 1, might 
run into toxicity problems with the FDA. 
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[FN78] Such a concern, even though it has 
proven unfounded in retrospect, would not 
have made Yellow 6 the obvious starting point 
for synthesizing a safe red dye. To the 
contrary, the uncertainty in the industry 
growing out of the FDA's numerous delistings 
in the late 1950s and early 1960s and the 
prospect of future delistings of existing colors, 
well-known in the trade and to food dye 
chemists, justifies the approach taken by 
Steiner and Rast -- to seek out new structures 
and make their choice based on extensive 
chemical and pharmacological 
experimentation. Indeed, the approach pressed 
by plaintiffs making structural 
manipulations in the myriad reddish dyes 
whose nontoxicity was far from established 
under the crisis circumstances in 1965 -- would 
not have been the prudent, or obvious, means 
of discovering a safe food dye such as Red 40. 

[10] Moreover, if the chemist did start with 
Yellow 6, the obvious changes he would make 
would be to add one, two, or three methoxy 
groups to the left- hand moiety to shift the 
shade in a bathochromic direction; the prior 
art would lead away from .the structure of 
Red 40 because of the belief prevailing in 
1965 that methoxy groups were preferred 
over methyl ones. The fact is that in 1965 dye 
chemists had scarce and unreliable 
information upon which to make predictions 
about toxicity. Many of their basic 
assumptions, in fact, have been cast into 
doubt. For example, the view that 
substituting methoxy groups for methy 1 
groups as a way to reduce the risk of toxicity, 
accepted by dye chemists and toxicologists in 
1964 and 1965, was severely questioned by 
an article published in 1965-66 by Dr. Jack 
Radomski, one of plaintiffs' own expert 
witnesses. [FN79] Similarly, the assumed 
wisdom that azo dyes that were bilaterally 
sulfonated would be nontoxic [FN80] is 
undermined by the delisting of Red 2, which 
has the following structure: 

*855 
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The Court finds that the state of the art in 
1965 was such that nontoxicity was essentially 
not predictable in an azo dye compound. 
Nontoxicity would only be established by trial 
and error and animal testing, which is 
precisely what Allied engaged in over an 
extended period. 

Not only was Red 40' s nontoxicity essentially 
unpredictable, but so too were its excellent 
application properties. While plaintiffs 
vigorously contend that Red 40 is quite an 
ordinary dyestuff having few qualities to 
recommend it other than its monopoly of the 
market, their position is belied by the 
testimony and documentation produced by one 
of their own witnesses, Dr. Samuel 
Zuckerman, the Vice~President of plaintiff 
Kohnstamm and General Manager of its Color 
Di vision. In a pamphlet on food colors 
published by the National Academy of 
Sciences and verified by Dr. Zuckerman as a 
reliable source on the subject, is a table of 
"Physical and Chemical Properties of Certified 
Food Colors," which yields the following 
information: [FN81] 

Properties Red 40 Red 2 

Stability to 

Yellow 6 

Light very good moderate moderate 

Oxidation fair fair fair 

pH change good good good 

Compatibility with 

Good Components very good good moderate· 

Tinctorial strength very good good good 

Solubility 

• 
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(g/100 ml) 

Water 25 20 19 

Et OH 9.5 7 10 

Glycerin 3 18 20 

Overall Rating good moderate moderate 

Plaintiffs have offered no evidence to refute 
the information in this chart, nor any 
explanation why in 1965 a dye chemist would 
have expected such superior application 
properties for Red 40. Indeed, plaintiffs' 
expert, Dr. Rottschaefer, acknowledged that, 
except for shade and solubility, he "wouldn't 
have enough knowledge from their structures 
to predict * * * at least on a tentative basis, 
the relative chemical properties" of Red 40 
and Yellow 6. [FN82] In general, plaintiffs' 
argument with respect to the Elley, Widmer, 
and Baum Patents and Yellow 6, that with 
slight manipulation those with ordinary skill 
in the art of color research would have known 
of Red 40, utterly ignores an item of prime 
consideration in the search for a food dye -- its 
application properties. Although they do refer 
to toxicity, water solubility, and shade, they 
ignore these other essential matters. 

[11) Even if the Court were to accept 
plaintiffs' position that the general shade of 
Red 40 was moderately predictable, with 
routine experimentation, its important 
application properties and nontoxicity were 
not. The patents in suit clearly meet the 
standards for patentability, since the 
essential unpredictability of the most 
important properties negates the claim of 
obviousness. This conclusion is bolstered by 
the various secondary considerations noted by 
the Supreme Court, which can tip the scales 
in favor of patentability in cases where the 
issue is closer than in the instant case. 
[FN83] Red 40 was developed to fill the 
serious void created by the delistment of Red 
4; on filling this void, it has been a 
phenomenal commercial success; although in 
some measure it is due to the delisting of Red 
2in1976, Red 40's success independent of the 
demise of Red 2 cannot be disputed. [FN84] 

The compound has also been acclaimed by the 
industry, winning the Putman Food Award 
for its inventive contribution. Warner itself 
paid tribute to Allied for its "bravado" in 
paying all the expenses for the pharmacology 
and testing for the development of Red 40 
and thereby "scooping the rest of the 
industry." [FN85] Most compelling is the fact 
that despite plaintiffs' confident assertions 
that a safe red dye could easily be derived by 
performing certain simple manipulations on 
the structure of Yellow 6 (adding methoxy 
*856 radicals), no such dyestuff has been 
forthcoming despite their concentrated efforts 
to develop a safe substitute red food color, 
and the leaders in the industry have tacitly 
acknowledged the uniqueness of Red 40 by 
entering into licensing agreements with 
Allied. 

B. 

The Court's finding that the patents in suit 
were not anticipated or obvious at the time of 
the invention does not end the inquiry, for 
plaintiffs argue that the patents are invalid or 
unenforceable on policy grounds, because of (1) 
Allied's failure to disclose pertinent prior art 
and the best mode of preparation in 
prosecuting its application before the Patent 
Office and (2) defendants' misuse of the 
"patent monopoly" to extort unreasonable 
sums from plaintiffs or drive them out of the 
dye market. The Court finds their claims to be 
without substance. 

1. 
[12) The first set of collateral attacks on the 
validity or enforceability of the patents is 
that Allied Chemical failed to disclose 
material matters in prosecuting its 
application before the Patent Office: (a) the 
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"best mode" for preparing the dyes and (b) 
the most relevant prior art. While stopping 
short of alleging fraud on the Patent Office, 
plaintiffs contend that where nondisclosures 
are serious, material, and reckless the 
subsequently granted patents should be 
declared invalid or, at least, unenforceable. 
[FN86] The Court shares this concern. 
Because a patent grants a monopoly, and 
because the Patent Office, flooded with 
applications and at times lacking adequate 
resources, is unable to check all facts and 
investigate all relevant prior art, "it must 
rely on applicants for many of the facts upon 
which its decisions are based. The highest 
standards of honesty and candor on the part 
of applicants in presenting such facts to the 
office are thus necessary elements in a 
working patent system." [FN87] Accordingly, 
"unclean hands" occasioned by failure to 
disclose such facts can operate to invalidate a 
patent or render it unenforceable. [FN88] 
Although Allied's disclosures were not all
inclusive, the Court finds that they were 
presented in good faith and without reckless 
disregard of the applicant's duties of 
disclosure. 

The first challenge is that Allied failed to 
meet the statutory requirement that "[t]he 
specification shall contain a written 
description of the invention, and of the 
manner and process of making and using it, in 
such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it 
pertains* * *to make and use the same, and 
shall set forth the best mode contemplated by 
the inventor of carrying out his invention." 
[FN89] Plaintiffs do not dispute that the Red 
40 specification clearly and accurately 
describes a mode that will yield the compound 
but charges that it is not the "best mode" 
because it omits an "alcohol-wash" 
purification step that is necessary to produce a 
batch with the 85% dye purity mandated by 
the FDA. As a result, the argument goes, the 
inventive contribution of the patent is 
insufficiently revealed to the public. 

[13) Defendants, acknowledging that "[a] 
patentee must disclose the best method 
known to him to carry out the invention," 
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contend that "[i]t is enough that [the 
applicant] act in good faith in his patent 
disclosure." [FN90] Although Allied did act in 
good faith, such a finding does not conclude 
the matter when the disclosure is so 
generalized or unhelpful so as to withhold 
effective use of the patented discovery from 
the public; the more recent case law sternly 
counsels that "[u]nintentional obtuseness or 
obfuscation might be a reason not to penalize 
someone; *857 we do not see it as a reason for 
granting a seventeen year monopoly." [FN91] 
The proper test is the one indicated by the 
words of the statute: would a person skilled 
in the art be able, with a reasonable effort, to 
synthesize the patented compound? 

While it appears that there were several 
possible means of increasing dye purity, the 
evidence before the Court conclusively 
establishes that the ordinary dye chemist 
would automatically know to use the alcohol
wash step to guarantee the requisite purity. 
This fact was dramatically demonstrated on 
defendants' examination of chemists employed 
by the two plaintiff companies. Fred Hope, a 
chemist at Kohnstamm, testified that he had 
no difficulty preparing Red 40 and used the 
alcohol-wash technique to increase the purity; 
he stated that the procedure was "something 
that almost any organic chemist should 
know." [FN92] More important, Richard Falk, 
Warner's Manager of Color Production, 
conclusively testified that a chemist of 
ordinary skill in the manufacture of food 
colors could pick up the Red 40 patents, read 
the disclosed method of preparation, and have 
no problem in preparing the product with the 
degree of purity required for FDA 
certification. [FN93] Although it would have 
been better to have included the alcohol-wash 
step in the patent's specification, its omission 
was neither reckless nor uninformed, but 
rather based on the correct perception that dye 
chemists would utilize the method in any 
event. 

[14] Plaintiffs' second challenge is that 
Allied's failure to cite D.R.P. 12,451 and 
Yellow 6 to the Patent Office as relevant 
prior art constitutes unclean hands that 
should equitably estop it from enforcing its 
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patents. [FN94] Courts have agreed that 
where "misrepresentations [are] made in an 
atmosphere of gross negligence as to their 
truth," patents thereby procured will not be 
enforced, even where there is no finding that 
the withheld material would have caused the 
Patent Office to deny the application. 
[FN95]"Public interest demands that all facts 
relevant to such matters be submitted 
formally or informally to the Patent Office, 
which can then pass upon the sufficiency of 
the evidence": (FN96] the applicant has a 
duty to disclose matters that are relevant. 

Though the Court is persuaded that Allied 
and its agents did not act in bad faith in 
failing to make these disclosures and there 
was no purpose to deceive, the issue remains 
as to whether Allied acted with a reckless 
disregard of its duty of full disclosure. 
Defendant's disclosure in its application was, 
arguably, self-serving, since the only citation 
to prior art was to Red 4, which was unlikely 
to render the patents in suit obvious in the 
light of applicant's representation that Red 4 
"recently has been delisted for essentially all 
edible uses by the Food and Drug 
Administration, thereby creating a need for a 
red dye particularly useful in the coloring of 
edible substrates." But its failure to disclose 
Yellow 6 was not wrongful conduct, since 
there is no evidence that anyone associated 
with the patent application -- attorney Jarocz, 
expert Erkkila, inventor Steiner, or researcher 
Edelman -- found Yellow 6 relevant to 
patentability. 

[15] The issue is sharper with respect to the 
failure to disclose D.R.P. 12,451. It is clear 
that "[i]f an applicant knows of prior art 
which plainly describes his claimed invention. 
or comes so close that a reasonable man 
would say that the invention was not original 
but had been anticipated, he will not be 
excused for failure to disclose his knowledge." 
[FN97] And Edelman's invention *858 record 
listed the German Patent as "perhaps, the 
most pertinent reference." Nonetheless, the 
Court is persuaded that Allied's failure to 
disclose was not purposeful or designed to 
mislead nor did it constitute gross or reckless 
disregard of its duty of disclosure. 
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From an objective perspective, of course, 
Jarocz's judgment was the correct one, since 
this Court, and both the German and Dutch 
Patent Offices, carefully considered D.R.P. 
12,451 in affirming the novelty of the Red 40 
patents. And the judgment of Jarocz, a former 
Patent Examiner, that the antiquated German 
Patent might prove confusing was not without 
substance. His decision not to cite the patent 
came only after much study and discussion 
with others more knowledgeable than he, 
primarily Dr. Erkkila, whose characterization 
of D.R.P. 12,451 as an impossibly broad 
generic disclosure is probative. In sum, even 
assuming that the German Patent would have 
been pertinent in the proceedings before the 
United States Patent Office, Allied was 
reasonably diligent and not reckless in not 
citing the German Patent as prior art or as a 
possible anticipation. [FN98] 

2. 

Plaintiffs' further argument is that 
defendants have misused their patents (a) by 
charging an exhorbitant royalty rate that has 
allegedly priced Kohnstamm out of the 
market and is oppressive to Warner and (b) by 
applying the rate to the "testing surcharge" 
that since December 1976 has been included 
in the invoice price of food colors sold by both 
plaintiffs. [FN99] Plaintiffs' charge that the 17 
1/2 % rate is exhorbitant, rests upon two 
events that took place after the parties had 
agreed upon the royalty rate: the delisting of 
Red 2 in February 1976 gave defendants a 
unique monopoly position by in effect closing 
the market to all other red food colors, and in 
December 1976 industry members agreed to 
share among themselves the expense of a 
testing program. As a result, it is urged that 
the patents are unenforceable and that 
defendants are engaged in unfair competition. 

[16] With respect to the broader charge that 
the 17 1/2 % rate constituted patent misuse, 
the legal authorities on which plaintiffs rely 
in no way support their far-fetched position. 
The main cases cited by plaintiffs support the 
proposition that "conditioning the grant of a 
patent license upon payment of royalties on 
products which do not use the teaching of the 
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patent does amount to patent misuse." 
[FNlOO] There is no such tie-in product in 
this case. Instead, the facts of the case fall 
squarely under the equally established 
principle that "[a] patent empowers the owner 
to exact royalties as high as he can negotiate 
with the leverage of that monopoly," [FN101] 
and rates well in excess of 17 1/2 % charged 
here have been upheld against charges of 
patent misuse. [FN102] 

Plaintiffs' position is further undermined, if 
not conclusively rebutted, by the fact that the 
17 112 % rate was the result of bargaining 
among giants in the food dye industry. Of the 
six leading food color manufacturers four -- the 
two plaintiff companies, the Hilton-Davis 
Chemical Company, and defendant Buffalo 
Color -- manufacture and sell Red 40; the first 
three are licensed at the 17 1/2 % rate, 
pursuant to agreements freely negotiated and 
entered. [FN103] Plaintiffs engaged in arm's 
length bargaining with Allied over a four
month period, after the *859 first trial was 
underway. One of the bargained- for 
provisions of the License Agreement was the 
royalty of 17 1/2 % of the invoice price charged 
to customers; if plaintiffs were dissatisfied 
with the provision, they were under no 
compulsion to accept the contract -- the door of 
the courthouse was open for them to continue 
the trial and seek a final determination of the 
validity of the patents, and if successful they 
would have been free of any royalty payment. 
Their choice to agree to the 17 112 % rate 
binds them now. 

[17] The fact that the delisting of Red 2, 
almost a year after the parties agreed upon 
the royalty rate, had made Red 40 the only 
major red food color on the market, is no 
ground upon which to charge defendants with 
patent misuse. This was a result of the action 
of the FDA, which acted under a public duty 
to guard against potentially hannful food 
components. This action by an official agency 
did not convert the previously agreed upon 
royalty rate into an exhorbitant or coercive 
rate. More important, the likely delisting of 
Red 2 was known to plaintiffs, as it was to 
the entire industry, almost four years before 
entry into the Licensing Agreements. 
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Finally, it is not without sigiiificance that 
Hilton-Davis entered into its licensing 
agreement, containing the same 17 112 % 
royalty provision, after the FDA's action in 
February 1976. 

Plaintiffs make the further claim that 
Kohnstamm was forced to give up the · 
manufacture of Red 40 because the royalty 
rate was too high. The fact is that Kohnstamm 
manufactured and sold Red 40 under its 
license from March 1975 to November 1978 
and paid almost $500,000 in royalties. 
Kohnstamm's decision not to manufacture Red 
40 was a calculated business judgment based 
on its view that it was more profitable to 
concentrate on and expand production of 
another dye, Red 3, in which it had a strong 
market position and to buy Red 40 rather than 
to make it under the royalty license. 
Moreover, Kohnstamm's claim that the 
royalty rate forced it to discontinue the 
manufacture of Red 40 is seriously 
undermined by a study specifically 
undertaken by its cost accountant to evaluate 
whether it was cheaper to buy Red 40 at 
prevailing market prices or to manufacture it 
under the License Agreement from Allied at 
the 17 112 % royalty rate. The cost 
accountant's conclusion based upon a study 
and analysis of significant factors was that it 
was more profitable to manufacture Red 40 
even after the royalty payment than to 
purchase the product in the market. However, 
Kohnstamm's executives decided otherwise. 
But whatever influenced their decision it was 
a deliberate business judgment. The claim 
here advanced that Kohnstamm was 
foreclosed from the market because of the 
royalty rate borders on the frivolous. 

Any suggestion that the rate of royalty is 
excessive or excludes competitors from the 
market is also negated by the continued 
viability of Warner, Kohnstamm's co-plaintiff 
in this action, and Hilton-Davis as competitors 
in the Red 40 market which includes Buffalo 
Color. The evidence establishes that Warner 
has made a profit on its sale and manufacture 
of the patented item, on which it has paid 
(through February 1979) royalties of 
$2,500,000. Hilton- Davis, from the time it 
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was licensed through February 1979, has paid 
almost $1,500,000 in royalties. Plaintiffs' 
contention that because of the ban on Red 2 
and the increased sales of Red 40 with the 
consequent dollar increase in royalty 
payments the stipulated 17 1/2 % royalty rate 
thereby became "economically oppressive, 
unreasonable and excessively high," stands 
economics on its head. 

[18) With respect to the further claim that the 
royalty is unfairly applied to the testing 
surcharge, plaintiffs' argument is equally 
weak. The License Agreements expressly 
pegged the 17 1/2 % rate to the "invoice price 
at which Licensed Food Color was sold by 
Licensee," for the business convenience of the 
parties. [FN104] The plaintiffs' decision not 
to absorb but to pass on the surcharge to their 
customers by including it in their billings of 
Red 40 should not deprive defendants of their 
claimed right to receive royalties based upon 
the billings. [FN105] Defendants' calculation 
of the royalty from the full invoice price, 
including the surcharge, is based upon an 
assertion of their right to receive 17 1/2 % as 
royalty as defined in the agreement. [FN106] 
Accordingly, the Court holds that defendants 
have engaged in no unfair business conduct 
constituting misuse of their patents, unfair 
competition, or violation of the antitrust 
laws, since defendants' royalties are fully 
justified under the terms of the Licensing 
Agreements, which were *860 fully 
negotiated and entered into without coercion. 

[19] The Court next considers defendants' 
counterclaims of infringement of the patents 
and breach of contract of the settlement 
agreements. These are somewhat 
interrelated. If the settlement agreements 
under which the plaintiffs pay the 17 1/2 % 
royalty are in effect, then defendants' claim 
of infringement must fail since plaintiffs 
have paid the royalty from the time the 
agreements were made to the present and 
thus are authorized licensees. Thus the 
primary thrust of the breach of contract claim 
is that plaintiffs' commencement of this 
action within fifteen months after the first 
action had been settled, in the face of a 
provision in the agreement that the "licensee 

• Page 22 

[plaintiffs] shall have the right to terminate 
this agreement at any time after the second 
anniversary thereof," violated the agreement. 
The defendants contend that the two-year 
provision was a period of mandatory "repose" 
from litigation and that the commencement 
of this suit prior thereto was a material 
breach which terminated the agreement; as a 
consequence, defendants assert that plaintiffs 
no longer were licensees and their continued 
manufacture of Red 40 makes them 
infringers. While defendants' desire for a 
period of repose is understandable, the simple 
fact is that the settlement agreements do not 
contain any specific provision that plaintiffs 
shall not commence another litigation in less 
than two years -- a provision which by itself 
may present a question of its enforceability in 
the light of Lear Inc. v. Adkins. [FN107] 

But, more important, the matter appears to 
have been put at rest by the decision of the 
Court of Appeals in this very case, where the 
basis of the defendants' motion to dismiss this 
action is the alleged breach here advanced to 
support defendants' claim. The majority of the 
Court, based in large measure upon the 
underlying rationale of Lear of the public 
interest in challenges to alleged invalid patent 
monopolies, held that "[t]he plaintiffs should 
not be barred from declaratory relief simply 
because the licensing agreement is not 
terminable by the licensee for two years" and 
that "a two-year moratorium on litigation is 
not implicit in every two-year nontermination 
provision." [FN108] Thus the commencement 
of this action before the two-year period did 
not constitute a breach of the parties' 
agreement, and since plaintiffs admittedly are 
current in meeting the royalty payments 
under the Licensing Agreements, there is no 
basis for the infringement claim. 

One final matter remains to be decided. 
Defendants, the prevailing party in this 
lawsuit, strongly urge the Court to grant it 
counsel fees for its defense of this action. They 
argue that this is an "exceptional case" in 
which courts are empowered to grant such fees 
because of what they term are "extraordinary 
circumstances" surrounding the case, to wit: 
[FN109] plaintiffs "slavishly" copied the 

COPR. © 1998 The Bureau of National Affairs, Inc. 

WEST LAW 
® 

NEPTUNE GENERICS  EX. 00234



• 206 U.S.P.Q. 837 
(Cite as: 206 U.S.P.Q. 837, *860) 

patented item before instituting their first 
action in this Court, disregarded the period of 
repose of the Licensing Agreements when they 
commenced this second action attacking 
defendants' patents, attempted to avoid 
payment of royalties during the litigation by 
petitioning the Court to place all such funds in 
an escrow account, and stubbornly persisted in 
their contention that unlicensed manufacture 
of Red 40 would not infringe the patents in 
suit, even if they were held to be valid. 

The Court concurs that, depending upon 
one's point of view, this case has been 
"exceptional," in that it has arisen out of 
"extraordinary circumstances." There is no 
doubt that both parties have engaged in 
extensive and burdensome litigation and that 
each has incurred very substantial legal and 
other expenses in the course of the two sharply 
contested lawsuits. But this has been of their 
own choosing. Each had the opportunity for a 
binding judicial determination of their 
respective claims four years ago when the first 
case actually proceeded to trial. The parties 
opted instead for a settlement which their 
very experienced lawyers knew would not 
conclusively and finally resolve their 
controversy. Plaintiffs, instead of pressing 
their claims of invalidity, noninfringement, 
and unenforceability of the patents, preferred 
to pay the agreed-upon royalty with a right of 
termination after a two-year period. 

[20) Defendant Allied had a similar 
opportunity to present its counterclaim for 
infringement for judicial and binding 
determination but decided to settle for the 
royalty payments to it plus a payment of 
$200,000. Moreover, Allied could have cut off 
the *861 prospect of a second lawsuit by 
insistence upon a consent decree of validity 
and enforceability of its patents (plaintiffs 
refused to enter into such a decree), failing 
which it was still free to continue the still
pending trial and secure an adjudication of its 
counterclaim upon the merits which would 
have had res judicata force. [FNllO] That 
renewal of litigation was a distinct 
likelihood, whether openly stated or not, is 
evident from the order of dismissal without 
prejudice of plai:qtiffs' claims in the first 
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action. Thus each party, defendants no less 
than plaintiffs, shares the responsibility for 
this second action with its consequent 
burdens and expenses. Indeed, each is at fault 
for involving the Courts a second time with 
their hard-fought controversy when it could 
have been resolved in the first action. While 
settlement of actions is to be encouraged, 
those which are but a temporary truce in the 
parties' continued warfare and present only 
the facade but not the reality of settlement 
should not be encouraged. Such maneuvering 
does not create the "exceptional case" 
warranting the allowance of counsel fees. 
Each litigant will bear its own fees. 

In sum, judgment may be entered dismissing 
upon the merits plaintiffs' claims of invalidity, 
noninfringement and unenforceability of the 
patents and their other claims; dismissing 
upon the merits defendants' counterclaims of 
breach of contract and infringement and 
denying defendants' application for attorneys' 
fees. 

The foregoing shall constitute the Court's 
Findings of Fact and Conclusions of Law. 

So ordered. 

FNl In June 1977, Allied assigned to Buffalo Color 
all its right, title, and interest to each of the patents 
in suit. Buffalo, under a supplemental complaint, is 
named as a defendant and asserts a counterclaim for 
infringement from the time it acquired the patents. 

FN2 Jurisdiction in these cases is based on 28 
u.s.c. §1338. 

FN3 Exh. 3. Initially, Allied applied for only one 
patent, but after the Patent Examiner required 
separation of dyestuff claims and claims directed to 
edible substrates colored with such dyestuffs, a 
second application was filed, based on the same 
disclosures. The '617 "composition of matter" patent 
embraces nine claims, and the subsequently issues 
'733 "use" patent includes ten claims. Defendants' 
averments of infringement at trial were limited to 
claim 6 of the '617 patent and claim 7 of the '733 
patent (describing the structure of Red 40); plaintiffs' 
averments of invalidity, noninfringement, and 
unenforceability were directed to all claims of both 

COPR. © 1998 The Bureau of National Affairs, Inc. 

WESTLAW 
® 

NEPTUNE GENERICS  EX. 00235



• 206 U.S.P.Q. 837 
(Cite as: 206 U.S.P.Q. 837, *861) 

patents. The Court's opinion focuses on claims 
relating to Red 40. 

FN4 Graham v. John Deere Co. of Kansas City, 383 
U.S. 1, 5, 148 USPQ 459, 462 (1966). 

FN5 National Academy of Sciences (Committee on 
Food Protection, Food & Nutrition Board, Division 
of Biology & Agriculture, National Research 
Council), Food Colors 9 (1971) (Exh. BB) 
[hereinafter cited as Food Colors Study]. 

FN6 The basic building block of coal-tar dyes is 
benzene, which is an organic compound consisting 
of six carbon atoms ("C") and six hydrogen atoms 
("H") in a molecular ring containing three alternating 
double bonds: 

I\ ;r 

H-f)-H or 0 
i( \H 

Naphthalene is an aromatic organic 
compound composed of two benzene rings 
conjoined at one of the double bonds. 

FN7 The phenyl group is a benzene ring absent one 
of its hydrogen atoms; the naphthol group is a 
naphthyl group absent two of its hydrogen atoms, 
one of which has been replaced by a hydroxyl 
radical ("OH"). The azo group is the main 
chromophoric component of the compound and 
consists of two nitrogen atoms ("N"). 

FN8 An "intermediate" is any one of the starting 
materials in a chemical reaction to make another 
compound. 

FN9 B. Hesse, Coal-Tar Colors Used in Food 
Products 2-3, 25-30 (1912) (Exh. AZ). These same 
properties are the ones considered to be the essential 
desiderata today, see Food Colors Study, supra note 
5, at 36-37. 

FNlO Act of June 30, 1906, ch. 3915, 40 Stat. 273. 
In Food Inspection Decision 76, issued on July 13, 
l 907, the Federal Government listed the seven colors 
chosen by Hesse and provided that use of other dyes 
would be grounds for prosecution. Calvery, Coal
Tar Colors: Their Use in Foods, Drugs & 
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Cosmetics, 114 Am. J. Pharmacology l, 4-5 (1942) 
(Exh. BA) (quoting from F.l.D. 76). 

FN l l The shorthand notations derive from the 
subsequent listing of these compounds by the FDA 
as "FD & C" ("Food, Drug & Cosmetic") Color 
Nos. l, 2, and 3. 

FN12 B. Hesse, supra note 9, at l l. 

FN13 The structural formula for Red 4 is as follows: 

The naphthol component for Red 4 is an 
"alpha - naphthol," not the "beta- naphthol" 
used in the prototype in the text at note 7 
supra. 

Alpha-U.iph'thOl 

110-0 
0 

FN14 Act of June 25, 1938, ch. 675, 52 Stat. 1040, 
codified at 21 U.S.C. §§301-392. For the impact of 
the Act on the dye industry, see Calvery, supra note 
10. 

FN15 Pub. L. No. 86-618, tit. I, 74 Stat. 397 
(1960), codified at 21 U.S.C. §§321, 331, 333, 342, 
343, 346, 351, 361, 362, 371, 376. 

FN16 28 Fed. Reg. 6439 (June 23, 1962). 

FN 17 Red 4 was relisted in 1965 for the limited use 
of dying maraschino cherries but in 1976 was 
delisted for all food use purposes. 

FN18 See Exh. D (1965 Steiner request for research 
authorization: "Thus there is an urgent need for a 
bright yellowish-red to replace Reds #1 and #4. "); 
Exh. EZ (December 1964 letter from Warner's 
Director of Sales: "Unfortunately there is no entirely 
satisfactory single replacement for FD & C Red No. 
4. ") 
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FN 19 Exh. 50 l (laboratory report evaluating various 
possibilities). 

FN20 Dr. Steiner received his Ph.D. in organic 
chemistry in 1956. Since 1974, he has been on the 
Editorial Board of the Colour Index, a prestigious 
position held by few American chemists. His 
reputation in the dye chemist community was 
acknowledged by all witnesses. 

FN21 Trial Record ("T.R. ") 2122. 

FN22 See T .R. 754-60 (testimony of Dr. Jack 
Radomski, plaintiffs' expert); id. 2158-59, 2179-80 
(testimony of Dr. Steiner); Exhs. 102-104, 106 
(scholarly articles); Exh. 505 (1965 Progress Report 
on Steiner & Rast research); Exh. 540 (1967 Allied 
memo); Exh. 603(6). 

FN23 Exh. 503. But cf. T.R. 2163-67 (Steiner 
testimony that some of Ferber's suggestions were 
self-contradictory). 

FN24 Thus dyes, including Red 1 and Red 4, that 
had been long accepted as nontoxic through the 
1950s suddenly. in the 1960s, were subject to 
delistment as unsafe. Food dye chemists in the 1960s 
were, moreover, unsure as to the reasons some 
compounds, such as beta-naphthylamine, were toxic 
and others, such as the structurally similar alpha
naphthylamine, were not. See notes 79-80 infra. 

FN25 See T.R. 2152-55, 2158-59, 2178-82 
(testimony of Dr. Steiner); Exh. 603(6) (Rast 
memorandum, Jan. 7, 1965). 

FN26 These included tests with respect to solubility; 
tinctorial strength on various types of foodstuffs, 
including cherries and wieners; stability to sulfur 
dioxide, heat, pH changes, ascorbic acid. Exh. 513 
(Progress Report of Steiner & Rast research, Aug. 
1965). 

FN27 Exh~ 531 P4.3 (minutes of Allied Industrial 
Chemicals meeting Feb. 2, 1967). As indicated in a 
report by Dr. Steiner written in late 1966 or early 
1967, Exh. AB, the researchers found Z-4576 to be 
substantially more soluble in water and glycerine 
than either of the other two dyes, stronger than Z-
4578 in sugar platting tests, and considerably less 
inclined to "bleed" from cherries than Red 1, Red 4, 
or Z-4578. See also T.R. 2202-10 (testimony of Dr. 

., 
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Steiner). 

FN28 Exh. FI, at 20. 

FN29 Exh. 533 (invention record, Feb. 13, 1967). 

FN30 Exh. IOT. 

FN31 Amino cresol is methyl-amino-benzene, and 
the term methyl ether denotes a methoxy radical. 
Thus the "methyl ether of amino cresol sulfonic 
acid," has the following formula, 

CH3~'-lm, 
CH3 

One specific formula included in that 
generic formula is that of the pheny 1 
component of Red 40: the methyl group is 
fixed in the II 5 position, the sulfonic acid 
group in the II 4 position, and the methoxy 
group in the II 2 position (numbered 
counterclockwise from the azo linkage). 
Similarly, the naphthol component of Red 40 
is one of the variations on the general formula 
denoted in "beta-naphthol monosulfonic acid," 
with the sulfonic acid group in the II 6 position 
on the naphthol ring (if numbered clockwise 
from the azo linkage). 

FN32 Exh. 533 P6.3 (invention record). 

FN33 See T.R. 1688-93 (testimony of Dr. Erkkila). 

FN34 T.R. 1224-25. 

FN35 United States Patent No. 2,224,904 (Dec. 17, 
1940) ("Coloring of Petroleum Distillates") (Exh. 
49). 

FN36 Allied disclaimed the "terminal portion" of the 
'733 patent -- the portion which would have extended 
beyond the expiration of the '617 patent -- so that 
both patents will expire on the same date (July 6, 
1987). 

FN37 Exh. GE, at 42-43. In response to Examiner 
Muhlbauer's citation to many red dyes listed in the 
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Colour Index, the letter stated that "none of the 
above-mentioned known red dyes is sufficiently 
suitable for use as a food dye. In particular none of 
these dyes has the combination of properties that it is 
nontoxic, stable to sulfur dioxide and of yellowish
red color. Some of them are furthermore precipitated 
by acid or not completely fast to light." Id. at 48-49. 
See also Exh. 575 (letter of Oct. 30, 1973 to German 
Patent Office). 

FN38 United States Patent No. 2,606,184 (Aug. 5, 
1952) ("Chromiferous Monoazo-Dyestuffs") (Exh. 
51). 

FN39 United States Patent No. 250,038 (Nov. 22, 
1881) ("Manufacture of Crimson Coloring Matter") 
(Exh. 44) The Baum Patent is identical to Colour 
Index No. 16160. 

FN40 Exh. GC, at 89 (new claim: "A method of 
coloring foods, beverages and pharmaceutical and 
cosmetic preparations as well as labels coming into 
contact with the same, characterized by the use as 
coloring substance of a compound of (claim 1 of the 
'617 patent]***.") 

FN41 Exhs. DS & 405. Although plaintiffs contend 
that Red 40's success was entirely contingent on the 
misfortunes of Red 2, the Court's examination of the 
FDA's statistics persuades it that Red 40 had 
consumer appeal independent of the demand for Red 
2. 

FN42 Exh. EA Pl (agreement between Warner and 
University). 

FN43 T.R. 1099-1102, 1130, 1721-22, 1729-30. 

FN44 Warner-Jenkinson Co. v. Allied Chem. Corp., 
567 F.2d 184, 187- 88, 193 USPQ 753, 755-757 (2d 
Cir. 1977). 

FN45 Defendants' Brief after Trial, at 34. 

FN46 35 U.S.C. §282; Santa Fe-Pomeroy, Inc. v. 
P&Z Co., 569 F.2d 1084, 1091, 197 USPQ 449, 
454-455 (9th Cir. 1978). 

FN47 Champion Spark Plug Co. v. Gyromat Corp., 
No. 78-7556, slip op. at 3584 n.11, 202 USPQ 785, 
788 n.11 (2d Cir. July 2, 1979); Georgia- Pacific 
Corp. v. United States Plywood Corp., 258 F.2d 
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124, 133, ll8 USPQ 122, 129-130 (2d Cir. 1958); 
Dennison Mfg. Co. v. Ben Clements & Sons, Inc., 
467 F.Supp. 391, 406-07 (S.D.N.Y. 1979); Lerner 
v. Child Guidance Prods., Inc., 406 F.Supp. 560, 
563, 189 USPQ 83, 86-87 (S.D.N.Y. 1975), affd, 
547 F.2d 29, 193 USPQ 329 (2d Cir. 1976); cf. 
Merck & Co. v. Olin Mathieson Chem. Corp., 253 
F.2d 156, 164, 116 USPQ 484, 490 (4th Cir. 1958) 
(Haynsworth, J.) ("That presumption of validity, 
however, should not be disregarded especially in a 
case of this sort where the intricate questions of bio
chemistry involved are peculiarly within the 
particular competence of the experts of the Patent 
Office.") 

FN48 See note 74 infra. 

FN49 Cathodic Protection Serv. v. American 
Smelting & Refining Co., 594 F.2d 499, 505, 203 
USPQ 102, 106-107 (5th Cir. 1979); Republic 
Indus., Inc. v. Schlage Lock Co., 592 F.2d 963, 
972, 200 USPQ 769, 779 (7th Cir. 1979) (even one 
prior art reference not considered by Patent Office 
may undermine presumption of validity); Julie 
Research Laboratories, Inc. v. Guildline Instruments, 
Inc., 501F.2d1131, 183 USPQ I (2d Cir. 1974). 

FN50 35 U.S.C. §l02(a); see id. §l02(b). 

FN5 l General Tire & Rubber Co. v. Firestone Tire 
& Rubber Co., 349 F.Supp. 345, 356, 174 USPQ 
427, 442-443 (N.D. Ohio 1972), affd in relevant 
part, 489 F.2d 1105, 180 USPQ 98 (6th Cir. 1973), 
cert. denied, 417 U.S. 932, 182 USPQ I (1974) 
(citing cases); accord, General Elec. Co. v. United 
States, 572 F.2d 745, 768, 198 USPQ 65, 84-85 (Ct. 
CL 1978) ("To anticipate a claim, a prior art 
reference must show each and every element 
claimed."); Tights, Inc. v. Acme-McCrary Corp., 
541 F.2d 1047, 1056, 191 USPQ 305, 310-311 (4th 
Cir.), cert. denied, 429 U.S. 980, 192 USPQ 64 
(1976); Saf-Gard Prods., Inc. v. Service Parts, Inc., 
532 F.2d 1266, 1270, 190 USPQ 455, 457-458 (9th 
Cir.), cert. denied, 429 U.S. 896 (1976) (quoting 
and following Stauffer v. Slenderella Sys. of Calif., 
254 F.2d 127, 128, 115 USPQ 347, 348- 349 (9th 
Cir. 1957)); Shanklin Corp. v. Springfield Photo 
Mount Co., 521 F.2d 609, 616-17, 187 USPQ 129, 
133-135 (1st Cir.), cert. denied, 424 U.S. 914, 188 
USPQ 720 (1975); In re Royka, 490 F.2d 981, 984, 
180 USPQ 580 (C.C.P.A. 1974); Shelco, Inc. v. 
Dow Chem. Co., 466 F.2d 613, 614, 173 USPQ 
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451, 452 (7th Cir.), cert. denied, 409 U.S. 876, 175 
USPQ 385 (1972) (quoting and following Illinois 
Tool Works, Inc. v. Sweetheart Plastics, Inc., 436 
F.2d 1180, 1182-83, 168 USPQ 451, 453- 454 (7th 
Cir. 1971)); Ling-Temco-Voght, Inc. v. Kollsman 
Instrument Corp., 372 F.2d 263, 267, 152 USPQ 
446, 449-450 (2d Cir. 1967) (Medina, J.) 

FN52 In re Samour, 571 F.2d 559, 197 USPQ 
(C.C.P.A. 1978) (citing cases); E.I. DuPont de 
Nemours & Co. v. Ladd, 328 F.2d 547, 140 USPQ 
297 (D.C. Cir. 1964). 

FN53 For the chemical explanation of this formula, 
see note 31 supra. 

FN54 Cf. Rich Prods. Corp. v. Mitchell Foods, Inc., 
357 F.2d 176, 180, 148 USPQ 522, 524-525 (2d 
Cir. 1966); Taussig v. Jack & Jill One Hour 
Cleaners, No. 12, Inc., 462 F.Supp. 1026, 1035-36, 
200 USPQ 579, (N.D. Ohio 1978); Technical Tape 
Corp. v. Minnesota Mining & Mfg Co., 143 F.Supp. 
429, 435-36, 110 USPQ 260, 265-266 (S.D.N.Y. 
1956), affd, 247 F.2d 343, 114 USPQ 422 (2d Cir. 
1957). 

A similar argument was squarely rejected 
in E.I. DuPont de Nemours & Co. v. Ladd, 328 
F.2d 547, 140 USPQ 297 (D.C. Cir. 1964), 
which involved the patent for the chemical 
tetracyanoethy lene, 

NC"'-. ,-QN' c-c,. 
NC/ - '-..._CN 

The validity of the patent was attacked as 
anticipated by the following patent, 

:R.'-..... /R1 
/ c = c ""-._ 

lh ~ 

"wherein Rsubl and Rsub2 stand for a 
member of the group consisting of CN, acyl 
and an esterified carboxylic acid group, 

Rsub3 stands for a member of the group 
consisting of hydrogen, CN, acyl and an 
esterified car boxy lie acid group and 

Rsub4 stands for a member of the group 
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consisting of alkyl, oxalkyl, aryl, CN, acyl and 
an esterified carboxylic acid group." 

The testimony at trial was to the effect 
that a trained expert would have chosen 
tetracyano-ethylene as one of the most evident 
disclosures of that generic patent. Yet the 
Court held nonetheless that the earlier patent, · 
"allowing as it did an infinite number of 
possibilities, would be minimally described as 
an 'implicit' publication of theoretical lists of 
hundreds or thousands of possible compounds; 
and thus would not be an appropriate 
anticipation of a later patent application for a 
specific compound." Id. at 553, 140 USPQ at 
302. 

FN55 Struthers Scientific & Int'l Corp. v. Rappl & 
Hoenig Co., 453 F.2d 250, 255, 172 USPQ 257, 
260-261 (2d Cir. 1971). 

FN56 Exh. llT, at 9 (emphasis added by plaintiffs' 
expert witness). The Friedlander edition was a 
leading collection of German patents earlier in this 
century; the editor reported various patents and then 
commented upon their most useful applications. 

FN57 See General Tire & Rubber Co. v. Firestone 
Tire & Rubber Co., 349 F.Supp. 345, 356, 174 
USPQ 427, 442-443 (N.D. Ohio 1972), affd in 
relevant part, 489 F.2d 1105, 180 USPQ 98 (6th 
Cir. 1973), cert. denied, 417 U.S. 932, 182 USPQ I 
(1974) ("An anticipating reference must teach the 
invention; it is not sufficient to point to its silence or 
ambiguity after the invention and argue that the 
invention could be made out from the reference * * 
*. A patented combination cannot be anticipated 
piecemeal by finding individual features separately in 
the prior art.") 

FN58 Dewey & Almy Chem. Co. v. Mimex Co., 
124 F.2d 986, 989, 52 USPQ 138, 141-142 (2d Cir. 
1942); see cases cited in notes 51 & 54 supra. The 
portion of the Struthers opinion quoted by plaintiffs, 
see text as note 55 supra, cites only one case in 
support of the proposition, In re Palmquist, 319 F .2d 
547, 138 USPQ 234 (C.C.P.A. 1963), a case 
analyzing standards of "obviousness" under 35 
U.S.C. §103, not "anticipation" under id. §102. 
Palmquist, moreover, has been overruled by the 
Court of Customs & Patent Appeals, see In re 
Foster, 343 F.2d 980, 989, 145 USPQ 166, 173-174 
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(C.C.P.A. 1965), and no court in this or other 
circuits has ever cited or followed the Struthers case. 
Plaintiffs' citation to In re Samour, 571 F.2d 559, 
197 USPQ l (C.C.P.A. 1978), is inapposite, for that 
case involved publication of a precise structural 
formula, and the Court found the patent anticipated 
even though one would have to turn to a second 
source for a method of preparing the disclosed 
structure. See In re Marshall, 578 F.2d 301, 304, 
198 USPQ 344, 346- 347 (C.C.P.A. 1978). 

FN59 Cf. Imhaeuser v. Buerk, IOI U.S. 647, 660 
(1880) (patented combination cannot be anticipated 
piecemeal); Duplan Corp. v. Deering Milliken, Inc., 
444 F.Supp. 648, 708, 197 USPQ 342, 394-395 
(D.S.C. 1977). 

FN60 T.R. 1688-89. 

FN61 Id. 1561: 

A. * * * Then the final part of the sentence 
[in paragraph one of the Friedlander 
Comment] appears to me to exclude the 
aminocresol ether sulfonic acids. 

Q. And on what do you base that 
conclusion, that latter conclusion? 

A. Well, because in the first portion he is 
talking about the ortho- and para-anisidine 
and their sulfonic acids but in the next phrase, 
he just mentions aminocresol ether without 
any reference at all to their sulfonic acids. 

FN62 See T.R. 448-51, 113, 1558-59, 2229-2300; 
cf. Exh. l IT, at 4 (copy of German Patent on which 
Dr. Rottschaefer circled wrong portion). 

FN63 See T.R. 1958-60 (expert testimony of 
Delvalle Goldsmith, international patent attorney) 
(Dutch standards of novelty are, if anything, stricter 
than those in America); id. 1967-68 (German 
standards of novelty similar to those in United States 
and applied at least as strictly). See also American 
Infra-Red Radiant Co. v. Lambert Indus., Inc., 360 
F.2d 977, 991-94, 149 USPQ 722, 731-734 (8th Cir. 
1966), cert. denied, 385 U.S. 920, 151 USPQ 757 
(1966). 

FN64 Exh. 575, at 5. 
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FN65 Badische Anilin & Soda Fabrik v. Kalle, 94 F. 
163, 176 (S.D.N.Y. 1899) (Coxe, J.), affd, 104 F. 
802 (2d Cir. 1900) (relying on decision of German 
Patent Office); see American Infra-Red Radiant Co. 
v. Lambert Indus., Inc., 360 F.2d 977, 987, 149 
USPQ 722, 731-734 (8th Cir. 1966), cert. denied, 
385 U.S. 920, 151 USPQ 757 (1966); Faraday, Inc. 
v. Audio Devices, Inc., 165 USPQ 634, 637 
(S.D.N.Y. 1970). 

FN66 T.R. 1660. Thus the Court finds Timely 
Prods. Corp. v. Arron, 523 F.2d 288, 295-96, 187 
USPQ 257, 261-263 (2d Cir. 1975), relied upon 
heavily by plaintiffs, to be distinguishable. There, 
Judge Conner upheld the exclusion of evidence of 
foreign patent grants, since there was no evidentiary 
basis to indicate that similar standards were applied 
to patentability in the foreign offices relied upon by 
appellant: "the standards of patentability vary widely 
from country to country; some countries, including 
France, one of the nine countries here, have only 
what amounts to a registration system with no 
examination given as to novelty, much less to level 
of ingenuity." Id. at 295, 187 USPQ at 262. 

FN67 35 U.S.C. §103. 

FN68 Reiner v. I. Leon Co., 285 F.2d 501, 503-04, 
128 USPQ 25, 27- 28 (2d Cir. 1960) (L. Hand, J.), 

cert. denied, 366 U.S. 939, 129 USPQ 502 (1961). 

FN69 Graham v. John Deere Co. of Kansas City, 
383 U.S. 1, 17-18, 148 USPQ 459, 466-467 (1966); 
see Dann v. Johnston, 425 U.S. 219, 226-30, 189 
USPQ 257, 260-262 (1976); Eltra Corp. v. Basic, 
Inc., No. 77-3364, 202 USPQ 630 (6th Cir. May 21, 
1979); Cathodic Protection Serv. v. American 
Smelting & Refining Co., 594 F.2d 499, 505-07, 
203 USPQ 102, 107-108 (5th Cir. 1979) (reviewing 
Supreme Court cases); Digitronics Corp. v. New 
York Racing Ass'n, 553 F.2d 740, 745, 193 USPQ 
577, 581- 582 (2d Cir.), cert. denied, 434 U.S. 860 
(1977) ("the court must look, in light of both the 
training of the patentee and the elements in the 
claimed invention which give it its novel quality, at 
what arts the patentee could reasonably be expected 
to consult in doing the inventing"). 

FN70 Commissioner of Patents v. Deutsche Gold
und-Silber Scheideanstalt Vormals Roessler, 397 
F.2d 656, 661, 157 USPQ 549, 553-554 (D.C. Cir. 
1968) (Burger, J.) (footnotes omitted). 
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FN71 315 F.2d 281, 137 USPQ 43 (C.C.P.A. 1963) 
(courts have determined the nonobviousness and 
patentability of new chemical compounds by taking 
into consideration their biological or pharmacological 
properties). 

FN72 The test of essential predictability has been 
developed primarily in the Court of Customs & 
Patent Appeals, see In re May, 574 F.2d 1082, 
1092, 197 USPQ 601, 608-609 (C.C.P.A. 1978); In 
re Wilder, 563 F.2d 457, 460, 195 USPQ 426, 429-
430 (C.C.P.A. 1977); In re Albrecht, 514 F.2d 
1389, 185 USPQ 590 (C.C.P.A. 1975); In re Hoch, 
428 F.2d 1341, 166 USPQ 406 (C.C.P.A. 1970), but 
has also been favorably received by several circuit 
courts analyzing patentability of chemical 
compositions. See Eli Lilly & Co. v. Generix Drug 
Sales, Inc., 460 F.2d 1096, 1101, 174 USPQ 65, 68-
69 (5th Cir. 1972); Commissioner of Patents v. 
Deutsche Gold-und-Silber Scheideanstalt Vormals 
Roessler, 397 F.2d 656, 661, 157 USPQ 549, 553-
554 (D.C. Cir. 1968) (Burger, J.); Note, Standards 
of Obviousness & the Patentability of Chemical 
Compounds, 87 Harv. L. Rev. 607 (1974); cf. 

· General Tire & Rubber Co. v. Jefferson Chem. Co., 
497 F.2d 1283, 1287-88, 182 USPQ 70, 72-74 (2d 
Cir. 1974) (Friendly, J.), cert. denied, 419 U.S. 968, 
183 USPQ 513 (1974) (reserving question but citing 
Harvard Law Review Note with approval). Two 
district courts have expressed reservations with the 
Court of Patent Appeals' approach, but their 
judgments have been affirmed on other grounds in 
decisions citing and discussing Papesch with 
approval. See Carter-Wallace, Inc. v. Davis-Edwards 
Pharmacal Corp., 341 F.Supp. 1303, 173 USPQ 65 
(E.D.N.Y.), affd sub nom. Carter-Wallace, Inc. v. 
Otte, 474 F.2d 529, 540, 176 USPQ 452 (2d Cir. 
1972) (Friendly, J.), cert. denied, 412 U.S. 929, 178 
USPQ 65 (1973); Monsanto Co. v. Rohm & Haas 
Co., 312 F.Supp. 778, 164 USPQ 556 (E.D. Pa. 
1971), affd, 456 F.2d 592, 599-600, 172 USPQ 
323, 327- 329 (3d Cir.), cert. denied, 407 U.S. 934, 
174 USPQ 129 (1972). 

FN73 Cf. Indiana General Corp. v. Krystinel Corp., 
421 F.2d 1023, 1030-31, 164 USPQ 321, 326-327 
(2d Cir. 170), cert. denied, 398 U.S. 928, 165 
USPQ 609 (1970) (Medina, J.) (routine degree of 
experimentation is part of ordinary skill in the art). 

FN74 It is clear from his initial rejection that the 
Examiner had carefully examined the Elley Patent; 
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that he also considered Yellow 6 and the Baum 
Patent is apparent from his "Searched" notation, 
which embraced portions of the Colour Index that 
included Yellow 6 (C.I. 15985) and the Baum Patent 
(C.I. 16160). The thoroughness of the Examiner's 
search is attested to by the fact that he noted an error 
in the 1956 edition of the Colour Index, upon which 
Allied had relied, that had been corrected in the 
1963 Supplement. 

FN75 Exh. 49. 

FN76 Exh. 44. 

FN77 Exh. 5 l. 

FN78 Thus in public memorandum of December 14, 
1964, the very time when Steiner and Rast were 
conducting their early experiments, Warner's 
Director of Sales stated that seven-year dog studies 
were in progress to evaluate Red 2 and Yellow 6. 
Though the report to Warner's customers was 
understandably optimistic, it does indicate at least a 
temporary FDA cloud over these two colors, one of 
which was later delisted. Exh. EZ. 

FN79 T .R. at 755 (testimony of Dr. Radomski): 

Q. At any time in the past was it thought 
that methoxy groups were less toxic, the 
methoxy groups on the pheny 1 moiety, were 
less toxic than methy 1 groups? 

A. Yes. It was thought that when FD & C 
Red No. 32 was found to be toxic and 
cathartic, a substitute dye, Citrus Red No. 2, 
was developed. 

Citrus Red No. 2 is exactly the same dye 
as Red 32 except it has two methoxy groups on 
it instead of two methyl groups. 

And when this dye was first developed and 
in the initial testing it seemed to be less toxic 
than Red 32. However, certain long term 
testing, which is the most critical thing, 
showed it to be a very toxic and acid 
substance. 

FN80 The accepted view in the science of dye 
chemistry in the 1950s was "that all water-soluble 
sulphonated azo colourings should be free from 
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carcinogenic activity," a view that was undermined 
when Red l and Red 4 proved to have toxic effects. 
In its place a new hypothesis took form: "It may be 
that sulphonation on both sides of the azo linkage 
reduces the chance of carcinogenic effect by 
permitting more rapid elimination of the metabolites 
formed by the reductive cleavage of the monoazo 
colourings." Mannell, Further Investigations on 
Production of Liver Tumours in Rats by Ponceau 
3R, 2 Food Cosmetics Toxicology 169, 173 (1964) 
(Exh. 107); see Daniel, The Excretion & Metabolism 
of Edible Food Colors, 4 Toxicology & Applied 
Pharmacology 572, 589-90 (l 962) (Exh. 106) 
(indicating uncertain state of art); Radomski & 
Deichmann, Cathartic Action & Metabolism of 
Certain Coal Tar Food Dyes, ll8 J. Pharmacology 
& Experimental Therapeudics 322, 327 (1956) (Exh. 
103) ("[C]atharsis seems to be associated with 
derivation from beta-naphthylamine or alpha- or 
beta-naphthol. Sulfonation of the naphthalene ring 
destroys the cathartic properties.") 

FN81 Food Colors Study, supra note 5, at 38 (Table 
16). 

FN82 T.R. 610-11. 

FN83 See United States v. Adams, 383 U.S. 39, 148 
USPQ 479 (1966); Photo Electronics Corp. v. 
England, 581 F.2d 772, 781-82, 199 USPQ 710, 
718-720 (9th Cir. 1978) (secondary considerations 
especially helpful where evidence is highly 
technical); Dennison Mfg. Co. v. Ben Clements & 
Sons, Inc., 467 F.Supp. 391, 416-19, 203 USPQ 
895, 915-921 (S.D.N.Y. 1979) (examining 
commercial success, failure of others, industry 
recogmtmn as important factors supporting 
patentability); cf. Safety Car Heating & Lighting Co. 
v. General Elec. Co., 155 F.2d 937, 939, 69 USPQ 
401, 402-403 (2d Cir. 1946) (L. Hand, J.) 

FN84 See note 41 supra. 

FN85 Exh. EM. 

FN86 A declaration of "unenforceability" of the 
patents in suit would not prejudice defendants' ability 
to reapply to the Patent Office and acquire a new 
patent; a declaration of invalidity would preclude 
reapplication. Cf. Timely Prods. Co. v. Arron, 523 
F.2d 288, 297-98, 187 USPQ 257, 263- 265 (2d Cir. 
1975) (distinguishing between two terms but 
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questioning practical difference). 

FN87 Norton v. Curtiss, 433 F.2d 779, 793-94, 167 
USPQ 532, 543- 544 (C.C.P.A. 1970). 

FN88 See True Temper Corp. v. CF & I Steel 
Corp., Nos. 76-2106, 76-2107, 202 USPQ 412 (10th 
Cir. May 31, 1979); Union Carbide Corp. v. Borg
Warner Corp., 550 F.2d 355, 363 n.8, 193 USPQ 1, 
8 n.8 (6th Cir. 1977); Turzillo v. P&Z Mergentime, 
532 F.2d 1393, 189 USPQ 783 (D.C. Cir. 1976), 
cert. denied, 429 U.S. 897, 191 USPQ 655 (1977); 
Frantz Mfg Co. v. Phenix Mfg Co., 457 F.2d 314, 
325, 173 USPQ 266, 274-275 (7th Cir. 1972); cf. 
Kingsland v. Dorsey, 338 U.S. 318, 319, 83 USPQ 
330, 330-331 (1949) ("By reason of the nature of an 
application for patent, the relationship of attorneys to 
the Patent Office requires the highest degree of 
candor and good faith .... ") 

FN89 35 U.S.C. §112. 

FN90 Benger Laboratories Ltd. v. R.K. Laros Co., 
209 F.Supp. 639, 644, 135 USPQ 11, 15-16 (E.D. 
Pa. 1962), affd per curiam, 317 F.2d 455, 137 
USPQ 693 (3d Cir.), cert. denied, 375 U.S. 833, 
139 USPQ 566 (1963); accord, Illinois Tool Works, 
Inc. v. Solo Cup Co., 179 USPQ 322, 366-69 (N.D. 
Ill. 1973). 

FN9l Dale Electronics, Inc. v. R.C.L. Electronics, 
Inc., 488 F.2d 382, 389, 180 USPQ 225, 229-230 
(lst Cir. 1973); accord, Union Carbide Corp. v. 
Borg-Warner Corp., 550 F.2d 355, 363, 193 USPQ 
l, 7-8 (6th Cir. 1977); Frantz Mfg Co. v. Phenix 
Mfg Co., 457 F.2d 314, 325, 173 USPQ 266, 274-
275 (7th Cir. 1972). 

FN92 T.R. 1915; see id. 1912-14; Exh. NA. 

FN93 T .R. 2071-72. 

FN94 Plaintiffs appear to have abandoned their claim 
that Allied misrepresented the "surprisingly high 
solubility" of Red 40 in its application. Indeed, the 
credible evidence introduced at trial fully supported 
Allied's claims. See Exh. BB, at 38 (table 
reproduced in text at note 81 supra). 

FN95 Norton v. Curtiss, 433 F.2d 779, 796, 167 
USPQ 532, 545-546 (C.C.P.A. 1970); accord, True 
Temper Corp. v. CF & I Steel Corp., Nos. 76-
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2106, 76-2107, 202 USPQ 412 (10th Cir. May 31, 
1979); Turzillo v. P&Z Mergentime, 532 F.2d 1393, 
1400, 189 USPQ 783, 788-789 (D.C. Cir. 1976). 
cert. denied, 429 U.S. 897, 191 USPQ 655 (1977); 
Monsanto Co. v. Rohm & Haas Co., 456 F.2d 592, 
597-600, 172 USPQ 323, 326-329 (3d Cir. 1972), 
cert. denied, 407 U.S. 934, 174 USPQ 129 (1973); 
Carter- Wallace, Inc. v. Davis-Edwards Pharmacal 
Corp., 443 F.2d 867, 881, 169 USPQ 625, 634-635 
(2d Cir. 1971) (Friendly, J .), cert. denied, 412 U.S. 
929 (1973); Beckman Instruments, Inc. v. 
Chemtronics, Inc., 428 F.2d 555, 565, 165 USPQ 
355, 363-364 (5th Cir.), cert. denied, 400 U.S. 956, 
168 USPQ 1 (1970). 

FN96 Precision Instrument Mfg Co. v. Automotive 
Maintenance Mach. Co., 324 U.S. 806, 818, 65 
USPQ 133, 139 (1945). 

FN97 True Temper Corp. v. CF & I Steel Corp., 
Nos. 76-2106, 76-2107, 202 USPQ 412 (10th Cir. 
May 31, 1979). 

FN98 Cf. Walker Process Equip., Inc. v. Food 
Mach. & Chem. Corp., 382 F.2d 172, 177, 147 
USPQ 404, 407 (1965) ("honest mistake as to the 
effect of prior [art} on patentability" will not strip 
patentee of its patent); Xerox Corp. v. Dennison Mfg 
Co., 322 F.Supp. 963, 968-69, 168 USPQ 700, 704-
706 (S.D.N.Y. 1971) (applicant justified in relying 
on reasonable and good faith judgment "in deciding 
what matters are and are not of sufficient relevance 
and materiality to require disclosure"). 

FN99 Plaintiffs, defendants, and other members of 
the industry agreed, with the approval of the FDA, 
to share among themselves the cost of a temporary 
program of toxicological testing for FD & C colors. 
Exh. 202. 

FNIOO Zenith Radio Corp. v. Hazeltine Research, 
Inc., 395 U.S. 100, 135, 161 USPQ 577, 591 
(1969); see Morton Salt Co. v. G.S. Suppiger Co., 
314 U.S. 488, 493, 52 USPQ 30, 33 (1942); Glen 
Mfg, Inc. v. Perfect Fit Indus., 420 F.2d 319, 164 
USPQ 257 (2d Cir. 1970); Duplan Corp. v. Deering 
Milliken, Inc., 444 F.Supp. 648, 693-705, 197 
USPQ 342, 382-393 (D.S.C. 1977). 

FN!Ol Brulotte v. Thys Co., 379 U.S. 29, 33, 143 
USPQ 264, 266 (1964). 
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FN102 E.g., W.L. Gore & Assocs., Inc. v. Carlisle 
Co., 529 F.2d 614, 623, 189 USPQ 129, 136-137 
(3d Cir. 1976) (30% royalty); Georgia-Pacific Corp. 
v. United States Plywood-Champion Papers Inc., 446 
F.2d 295, 170 USPQ 369 (2d Cir. 1971) (22% 
royalty). 

FN 103 The record does not disclose any objection of 
Hilton-Davis to the royalty payments, though it has 
paid approximately $1,500,000 in royalties over the 
last three years. There is trial testimony that Hilton
Davis, invited by plaintiffs to join in this action, 
declined to do so and that its counsel was of the view 
that the Red 40 patents were valid and would be 
infringed if the dye were manufactured without a 
license. T.R. 1068-69. In addition, to secure the 
license Hilton-Davis paid Allied $100,000. 

FN104 Exh. CH PPl.6, 3.l(a). 

FN 105 T .R. 1105-07. Defendant Buffa1o Color does 
not include the testing charge in its invoice price; on 
its sales of Red 40, it invoices the "temporary testing 
surcharge" as a separate invoice item. 

FN 106 Plaintiffs were free to challenge defendants' 
interpretation by a declaratory judgment suit but 
have failed to do so. 

FN107 395 U.S. 653, 162 USPQ l (1967). 

FN108 Warner-Jenkinson Co. v. Allied Chemical 
Corp., 567 F.2d 184, 188, 193 USPQ 753, 756-757 
(2d Cir. 1977). 

FN109 35 U.S.C. §285; see Kahn v. Dynamics 
Corp. of Am., 508 F.2d 939, 945, 184 USPQ 260, 
264 (2d Cir. 1974), cert. denied, 421 U.S. 930, 185 
USPQ 505 (1975); Louis Marx & Co. v. Buddy L 
Corp., 453 F.Supp. 392, 398, 202 USPQ 277, 281-
282 (S.D.N.Y. 1978). 

FN 110 Wallace Clark & Co. v. Acheson Indus., 394 
F.Supp. 393, 399- 400, 186 USPQ 138, 141-143 
(S.D.N.Y. 1975), affd, 532 F.2d 846, 190 USPQ 
321 (2d Cir.), cert. denied, 425 U.S. 976 (1976); 
Addressograph-Multigraph Corp. v. Cooper, 156 
F.2d 483, 70 USPQ 272 (2d Cir. 1946). 

S.D.N.Y. 
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E. I. DU PONT DE NEMOURS AND 
COMPANY 

v. 
LADD, Comr. Pats., et al. 

Court of Appeals, District of Columbia 

No. 17883 

Decided Jan. 30, 1964 

United States Patents Quarterly Headnotes 

PATENTS 
[1] Evidence-Expert testimony(§ 36.10) 
Patentability - Anticipation - Patents-In 
general (§ 51.2211) 
It is significant, in determining whether 

prior art patent included tetracyanoethylene, 
that abstract of patent, which was prepared by 
chemist and which appeared in Chemical 
Abstracts, did not mention tetracyanoethylene 
but described family of compounds in 
language which would not include 
tetracyanoethylene within its scope. 

PATENTS 
[2] Patentability--Composition of matter (§ 
51.30) 

Patent which implicitly discloses theoretical 
list of hundreds or thousands of possible 
compounds is not anticipation of application 
for a specific compound; latter compound is 
patentable since it differs in kind, rather than 
degree, from general formula of patent or any 
of its possible substituent combinations. 

PATENTS 
[3] Claims--Indefinite-Chemical (§ 20.553) 

Claim, reading "tetracyanoethylene," defines 
an invention within meaning of 35 U.S.C. 112 
since "tetracyanoethy lene" is little more than 
structural formula of compound converted into 
utterable combination of letters; chemical 
formula would adequately describe claimed 
compound; since "tetracyanoethylene" is 
equally descriptive of compound as a line-and
symbol formula, it is sufficient for purposes of 
statutory particularity. 

PATENTS 

• Page 1 

[4] Prior adjudication - Applications for 
patent (§ 56.05) 
In determining whether claim complies with 

35 U.S.C. 112, court is persuaded somewhat 
by history of Patent Office in granting patents 
for claims having same descriptive nature as 
instant claim. 

PATENTS 
[5] Claims-Indefinite -- Chemical (§ 20.553) 
Specification - Sufficiency of disclosure (§ 
62.7) 
It is important, in determining whether 

name of compound, as stated in claim, 
complies with 35 U.S.C. 112 that expert 
testimony establishes that name does describe 
compound and that one skilled in the art 
would understand what was indicated by use 
of name. 

PATENTS 
Particular patents--Nitrile 

Cairns and Graef, Polymerizable Nitrile and 
Polymer Product Therefrom, claims 1 and 3 of 
application allowed. 

*298 Appeal from District Court for District 
of Columbia, Jackson, J. 

Action under 35 U.S.C. 145 by E. I. du Pont 
de Nemours and Company (assignee of 
Theodore Le Seuer Cairns and Edith M. Graef, 
Serial No. 382,842, filed Sept. 28, 1953; 
Patent Office Division 50) against David L. 
Ladd, Commissioner of Patents, and Luther H. 
Hodges, Secretary of Commerce. From 
judgment for defendants, plaintiff appeals. 
Reversed; Edgerton, Senior Circuit Judge, 
dissenting without opinion. 

M. PHILIP CHURCHILL, New York, N.Y. 
(C. HAROLD HERR, Wilmington, Del., and 
FREDERICK SCHAFER, Washington, D.C., 
on the brief) for appellant. 

J. SCHIMMEL (CLARENCE W. MOORE on 
the brief) for appellees. 

Before EDGERTON, Senior Circuit Judge, 
and MILLER and BASTIAN, Circuit Judges. 
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BASTIAN, Circuit Judge. 

In September 1952, two employees of 
appellant, E. I. Du Pont de Nemours and 
Company, filed with the United States Patent 
Office a patent application entitled 
"Polymerizable Nitrile and Polymeric Product 
Obtained Therefrom." [FNl] Subsequently, Du 
Pont, applicants' assignee, duly prosecuted the 
application in accordance with the 
requirements of law and the rules of the 
Patent Office. On September 27, 1957, the 
Primary Examiner of the Patent Office 
entered a Final Rejection of all claims 
included in the application. Du Pont 
thereupon appealed the final rejection of claim 
1 and, in amended form, claims 3 and 4, to the 
Board of Appeals of the Patent Office, which, 
on October 17, 1960, rendered a decision 
affirming the Primary Examiner's rejection of 
claims 1, 3 and 4. The Board subsequently 
denied Du Font's petition for reconsideration. 

Appellant then filed its complaint against 
the Commissioner of Patents and the 
Secretary of Commerce, appellees here, in the 
United States District Court for the District of 
Columbis pursuant to 35 U.S.C. § 145, [FN2] 
seeking a decree authorizing the 
Commissioner of Patents to issue Letters 
Patent on the rejected claims of the patent 
application. A trial on the merits was had and, 
on March 20, 1963, the District Court entered 
an order dismissing the complaint, finding 
that appellant was not entitled to a patent 
containing claims 1 and 3. [FN3] This appeal 
followed. 

Essentially, two issues are presented: (1) 
whether the compound represented by claims 
1 and 3 is unpatentable under *299 35 U.S.C. 
§ 102; [FN4] and (2) whether claim 1 is further 
unpatentable for failure to meet the standards 
of particularity and distinctness required by 
35 U.S.C. § 112. [FN5J 

I 
The claims involved here read as follows: 

"Tetracyanoethy lene. 

"3. White crystalline monomeric 

• Page 2 

tetracyanothylene characterized (1) by 
melting within the range of 195-200 degrees 
C. in a sealed tube, (2) by being sublimable 
in air at 120-150 degreesC., (3) by having 
infrared absorption spectrum with a divided 
band characteristic of conjugated 
unsaturated nitriles, and (4) by formation 
with toluene of an orange-colored 1:1 
complex having a light absorption maximum 
4060A when dissolved therein." 

Tetracyanoethylene is described as an 
organic chemical compound having 
extraordinary properties. As indicated by the 
application, the substance reacts with certain 
other chemicals to produce strong permanent 
dyes for synthetic fibers, and its polymers and 
co-polymers are highly useful as insecticides, 
as well as motor coil and transformer wire 
insulation where high temperatures are 
encountered. The compound itself has the 
following structural formula: 
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NC CN 

C=C 

NC CN 

The tribunals of the Patent Office rejected 
both claims 1 and 3 on the ground that they 
had been anticipated, and hence precluded 
from patentability, by a prior patent (No. 
2,264,354) issued to Alder et al. in 1941 
entitled "Addition Products of Dienes and 
Unsaturated Esters, Ketones, or Nitriles." 
Included in that patent was the following 
formula: 

Rsub4 Rsubl 

C=C 

Rsub3 Rsub2 

"wherein R subl and R sub2 stand for a 
member of the group consisting of CN,acyl 
and an esterified carboxylic acid group, 

R sub3 stands for a member of the group 
consisting of hydrogen, CN, acyl and 
anesterified carboxy lie acid group and 

R sub4 stands for a member of the group 
consisting of alkyl, oxalkyl, aryl, CN,acyl and 
an esterified carboxylic acid group." 

A second reference in the Alder patent found 
to be significant by the District Court, and 
indicated on appeal is the following sentence: 

"Examples for the other reaction components 
falling within the above definition are the 
products of the condensation of aldehydes 
and acety 1 acetic acid esters or malonic acid 
esters, furthermore, ethylene-tetra
carboxylic acid esters, the corresponding 
nitriles, and furthermore, the products of the 
condensation of aldehydes and 1.3-diketones 
such as acetylacetone." 

The Patent Office argued, and the District 
Court agreed, that the disclosures made by the 
earlier Alder patent "would clearly teach a 
person of ordinary skill in the art that certain 
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chemical structures would be obtained by 
making directed substitutions in a general 
formula specifically disclosed" and that, 
consequently, the disclosures of the Alder 
patent were "sufficient under the law to bar a 
later applicant from *300 obtaining a claim to 
said chemical structure." Accordingly, on the 
basis of Application of Baranauckas, 43 CCPA 
727, 228 F.2d 413, 108 USPQ 226 (1955), the 
District Court held that appellant was not 
entitled to a patent on claim 1. Further, while 
noting that the "pure compound" of claim 3 
was not suggested by the Alder patent, the 
court reasoned that its unique properties could 
be ascertained only after having successfully 
produced the compound of claim 1. Thus, 
claim 1 having been determined to be implicit 
in the Alder patent, claim 3 was considered 
merely "an increase in knowledge of a prior 
disclosure," and therefore unpatentable under 
National Lead Co. v. Marzall, 91 
U.S.App.D.C. 63, 198 F.2d 296, 93 USPQ 353 
(1952). 

Claim 1 

In Shell Development Co. v. Watson, 102 
U.S.App.D.C. 297, 252 F.2d 861, 116 USPQ 
428 (1958), this court adopted the District 
Court holding that, in order to defeat a patent 
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application on the basis of 35 U.S.C. § 102(a), 
[FN6J a prior publication must "exhibit the 
thing claimed in such an intelligible manner 
as to enable persons skilled in the art to which 
the invention is related to comprehend it." 
Moreover in Application of LeGrice, 49 CCPA 
1124, 1138, 301 F.2d 929, 939, 133 USPQ 365, 
37 4 (1962), it was said: 

"[T]he proper test of a description in a 
publication as a bar to a patent as the clause 
is used in section 102(b) requires a 
determination of whether one skilled in the 
art to which the invention pertains could 
take the description of the invention in the 
printed publication and combine it with his 
own knowledge of the particular art and 
from this combination be put in possession of 
the invention on which a patent is sought. 
Unless this condition prevails, the 
description in the printed publication is 
inadequate as a statutory bar to 
patentability under section 102(b)." 

In the case before us, three of the four expert 
witnesses who testified regarding the 
anticipation of claims 1 and 3 by the earlier 
Alder patent [Theodore L. Cairns, Louis F. 
Fieser and Arthur C. Cope] stated that the 
general R subl , R sub2 , R sub3 , R sub4 , 
formula gives rise to an infinite number of 
possible compounds inasmuch as the acyl, 
alkyl, aryl, ox-alkyl and esterified carboxylic 
acid groups mentioned in the formula 
represent classes or groups of substituents, 
within each of which are an infinite (or at 
least an indefinite) number of specific 
elements. Hence, even if one were to pick and 
hold constant a substituent for R subl , R sub2 
and R sub3 in the general formula, an infinite 
number of specific compounds would be 
suggested each time one of the above-named 
substituents was substituted for R sub4 . The 
unequivocal testimony of these three 
witnesses was that, as a consequence of the 
vast scope of the general formula, this 
disclosure in the Alder patent would not 
suggest tetracyanoethylene to one skilled in 
the art of organic chemistry. As graphically 
stated by Dr. Cope: 

"Taking all of the possible combinations and 
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permutations of R subl and R sub2 , and R 
sub3 and R sub4 , and recognizing how many 
of them may be of infinite scope, that 
formula is just about as broad as the 
universe; and, in my opinion, it is so broad 
that it would lead no chemist to the selection 
of any specific compound falling within that 
area. * * * I would say that this is so broad 
that for a chemist to be led to any specific 
compound by this formula would be just 
about the same as being led to a specific 
Chinese baby being born at this moment." 

The District Court, however, based its 
decisions on the cross-examination testimony 
of Donald J. Cram, the fourth of appellant's 
experts to testify regarding the scope of the 
Alder patent. The court stated: 

"It appears in the record that Dr. Cram, an 
expert testifying on behalf of plaintiff stated 
that if the directions shown by the reference 
for making the substitutions in the general 
formula are made 'you would encounter 
tetracyanoethylene as the eighth compound', 
and, accordingly, it would appear that the 
holding of the Baranaukas case, supra, is 
clearly pertinent and would teach a person 
of ordinary skill in the art that a structure 
would be obtained by making directed 
substitutions, which is exactly equivalent to 
one in which compounds are actually 
illustrated." 

The court was therefore of the view that 
since the formula for tetracyanoethylene could 
be arrived at by a mechanical application of 
the named substituents in the Alder formula, 
the earlier patent was an anticipation under 
35 U.S.C. § 102, and the present application 
was properly rejected. 

*301 We are of the op1mon that a close 
reading of the entire deposition of Dr. Cram 
clearly indicates a contrary conclusion. On 
direct examination, Dr. Cram was shown the 
Alder patent and asked whether, as a chemist, 
he would find in the general formula and 
language of that patent "any description of 
tetracyanoethylene that is meaningful to you 
as a chemist?" His answer was: 
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"If I had never heard the term 
'tetracyanoethylene' or seen its formula 
written down and I read this patent I would 
not consider that I had heard of 
tetracyanoethylene." 

He further testified: 

"I don't see anything here that would lead 
me to the structure of tetracyanoethylene in 
reading of this. 

*** 
"I can't conceive of predicting the properties 
of tetracyanoethy lene as I know them today 
from anything that is written down in this 
patent." 

Under cross-examination by counsel for the 
Patent Office, Dr. Cram testified that 
although the cyano (CN) group was the first 
one mentioned for R subl and R sub2 , it did 
not stand out from the other groups also 
mentioned by Alder for R subl and R sub2 . 
His testimony continued: 

"Q. Isn't it reasonable to assume that one 
skilled in the art would select the first one 
mentioned? 

"A. Not necessarily. I think he might well 
pick the one with which he had had the most 
experience." 

Dr. Cram was then directed by the cross
examiner to assume first that R subl , R sub2 
of the general formula were both CN groups, 
and then to make the substitutions for R sub3 
and R sub4 in the order mentioned in the 
patent. [FN7] It was only in answer to this 
restrictive question, relating more to 
statistical probabilities than to a chemist's 
usage of the Alder formula, that Dr. Cram 
testified: 

"Then I believe that you would encounter 
tetracyanoethylene as the eighth 
compound." 

Dr. Cram's testimony on re-direct 
examination is explanatory of that statement. 
When asked how many different organic 
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chemical compounds would be be covered if he 
started with CN groups substituted for R subl 
, R sub2 and R sub3 , and then went through 
all the possible variations for R sub4 he 
stated: 

"You could conceive of arnvmg at this 
tetracyano compound after listing an infinite 
number of--almost an infinite number of 
other compounds, but you would arrive at 
the tetracyano compound eighth if you are 
willing to use family structures of 
compounds and not particular compounds; 
and that is a thought that my questioner on 
cross-examination was referring to classes of 
organic compounds when I arrived at that 
number eight or eighth, and not to 
particular compounds." [Emphasis added.] 

It seems clear, therefore, that Dr. Cram's 
testimony, viewed in its entirety, indicates his 
complete accord with the other three expert 
witnesses regarding the infinite breadth of the 
Alder formula and the resultant impr.obability 
of a skilled chemist being led by that formula 
to tetracyanoethy lene as a specific compound. 

A second reference in the Alder patent, 
"ethylene-tetra-carboxylic acid esters, the 
corresponding nitriles," was also urged as a 
disclosure sufficient to preclude patentability 
inasmuch as one of the corresponding nitriles 
of ethylene-tetra-carboxylic acid esters would 
be tetracyanoethylene. On this point all the 
expert testimony was uniform that the entire 
sentence (set forth supra in full) was 
ambiguous, and that the words "corresponding 
nitriles" referred not only to ethylene-tetra
carboxy lie acid esters, but to all the prior 
references in the sentence. In the words of Dr. 
Cope: 

"I have read this sentence many times, and I 
find it completely ambiguous. I do not know 
what is meant by 'corresponding nitriles.' * 
* * I don't know what a nitrile is 
corresponding to in any of these classes. 
That is not a chemically precise definition 
and my conclusion would be that, whatever 
it means, it is of the same infinite scope 
essentially as the R subl , R sub2 , R sub3, 
R sub4 formula." 
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Based on this ambiguity, and the fact that 
this reference, like the general formula, 
allows of innumerable possibilities, the expert 
testimony indicated clearly that 
tetracyanoethy lene would *302 not be 
suggested to one skilled in the art. 

[1] Additional testimony established that a 
scientific article published in 1939 by Alder 
and Rickert, covering essentially the same 
subject-matter at the 1941 patent and using 
many of the same examples, did not include 
tetracyanoethy lene directly, indirectly, by 
implication or otherwise. Moreover, in 1942 
an abstract of the Alder patent, prepared by a 
trained chemist, appeared in Chemical 
Abstracts (a publication of the American 
Chemical Society) summarizing for chemists 
what the Alder patent described. It is 
significant that, according to Dr. Cairns's 
testimony, this abstract not only did not 
mention tetracyanoethylene, but described 
the ethylene family of compounds used in the 
Alder process in language which would not 
even include tetracyanoethylene within its 
scope. 

It seems clear to us, therefore, from a reading 
of the entire record, that the disclosures in the 
Alder patent would not have taught one 
skilled in the art the subject-matter of claim 1. 
It follows that claim 1 is not rendered 
unpatentable by 35 U.S.C. § 102. 

The cases of Shell Development Co. v. 
Watson, supra, and Application of 
Baranauckas, supra, are cited by appellee as 
authority compelling a contrary result. We 
disagree. 

In Shell Development, the prior publication, 
unlike the Alder patent, gave in detail the 
specific formula of the specific compound in 
question and was part of the standard 
chemical literature understood to describe 
already known compounds. Also, there was 
testimony in that case that one skilled in the 
art could easily have arrived at the claimed 
compound from a reading of the earlier 
publication. 

In Baranauckas, the prior publication relied 
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upon was one of the standard authoritative 
German publications of chemical literature. 
This publication described a bromine 
compound which exactly corresponded to the 
chlorine compound claimed by the applicant 
except for the difference between bromine and 
chlorine atoms. In addition, the publication 
described how to make these compounds and 
stated that chlorine and bromine behaved 
identically in the process of making the 
compound. The court reasoned there that it 
was a simple procedure to substitute chlorine 
for bromine in the process set out in the prior 
publication, and hence "would clearly teach a 
person of ordinary skill in the art" the claimed 
compounds. 

Contrasting with the two cases cited by 
appellees, the testimony in the case before us 
is clear and specific that one skilled in the art 
would not be led to tetracyanoethylene by the 
Alder patent. Hence those cases are inapposite 
to the facts here. 

It should be noted also that the court in 
Baranauckas stated: 

"* * * though our decision is compelled by 
the existing law, we feel constrained to point 
out that there are limits to the doctrine of 
those cases. What the precise boundary lines 
are, we are unable to discern. Certainly they 
do not extend so far as to permit publication 
of theoretical lists of hundreds or thousands 
of possible compounds to deny patent 
protection on such compounds to those who 
actually discovered them later. * * *" 43 
CCPA at 731, 228 F.2d at 416, 108 USPQ at 
228. 

[2] Even if there were some doubt that the 
Alder patent was not an implicit disclosure of 
tetracyanoethylene, within the meaning of 
the Baranauckas holding, the policy 
considerations suggested by that court would 
compel the same result. Certainly the Alder 
patent, allowing as it did an infinite number 
of possibilities, would be minimally described 
as an implicit "publication of theoretical lists 
of hundreds or thousands of possible 
compounds," and thus would not be an 
appropriate anticipation of a later patent 
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application for a specific compound. 

Finally, the following language of the 
District Court in Phillips Petroleum Co. v. 
Ladd, 219 F.Supp. 366, 369, 138 USPQ 421, 
423 {D.D.C. 1963), is singularly applicable: 

"When, by reason of a combination of 
properties and characteristics, a new product 
constitutes a substantial improvement, 
providing unforeseen uses and results, the 
product represents a difference in kind and 
not merely in result. [Citing cases.] As 
distinguished from difference in degree, 
difference in kind exists when a product 
possesses a unique combination of 
extraordinary and novel properties and 
characteristics of which the prior art was not 
aware." [Citing cases.] 

In the present case, the expert testimony 
established tetracyanoethylene as an organic 
chemical compound having extraordinary 
properties. The substance exhibits an unusual 
stability to oxidation but, when it does burn, 
produces an extremely hot flame. It reacts 
uniquely with certain aromatic solvents to 
produce various color complexes. *303 The 
compound enters into substitution reactions 
with nucleophiles, evidences an unusually 
stable radical anion, and is possessed of many 
other unusual characteristics. Perhaps most 
striking is the fact that the compound is 
composed entirely of carbon and nitrogen 
atoms, unlike ninety-nine per cent or more of 
the known organic compounds, which contain 
hydrogen. 

Dr. Cairns stated that tetracyanoethy lene 
possessed properties shared by none of the 
other chemical groupings included in the 
Alder substituents. Similarly, Dr. Fieser 
testified: 

"Q. Do you consider that this was a material 
the properties or characteristics of which 
could have been predicted by skilled 
chemists from looking at the formula or the 
name on a piece of paper? 

"A. No, I certainly don't think so at that 
time without any knowledge of the 
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compound or even closely related 
compounds. I don't think one could have 
predicted the substance was capable of 
existence. * * *" 

It seems clear, therefore, that 
tetracyanoethy lene differs in kind, rather than 
merely in degree, from the general Alder 
formula or any of its other possible substituent 
combinations. Consequently, on this 
additional ground, the prior patent would not 
be an anticipation sufficient to preclude the 
granting of letters patent on the instant 
application. [FN8] 

Claim3 

While claims 1 and 3 were dealt with jointly 
by the Patent Office tribunals, the District 
Court correctly considered the claims 
separately, noting that claim 1 was the 
broader, while claim 3 was limited to an 
"essentially pure compound." The court went 
on: 

"Counsel [for the Patent Office] admits that 
the Alder et al. patent does not suggest the 
claimed properties set out in claim 3. 
Furthermore, both parties agree that the 
properties expressed in claim 3 are not 
predictable, and that such properties could 
be ascertained only after successfully 
producing the compound." 

Notwithstanding, the court held: 

"[l]n accordance with the holding in 
National Lead Co. v. Marzall, 91 
U.S.App.D.C. 63, 198 F.2d 296, 93 USPQ 
353, an increase in knowledge of a prior 
disclosure or the discovery of new properties 
thereof does not justify the grant of a 
patent." 

While we do not dispute the District Court's 
interpretation of the National Lead decision, 
we feel that case is not applicable here. In the 
National Lead case, the patent applicant was 
seeking to patent a drilling fluid having a 
certain combination of chemical ingredients 
which would determine its viscosity. In 
affirming the denial of letters patent, this 
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court pointed out that well-drilling fluid 
containing the ingredients included in the 
application was known, and that the mere 
novel proportion of the chemical additives was 
insufficient to warrant a patent. Roberts v. 
Ryer, 91U.S.150 (1875), cited in the National 
Lead opinion, dealt with a slight modification 
of the design of a refrigerator, also a well
known product. 

Hence those cases are not controlling where, 
as here, a novel or unique product is involved. 
It is significant that, while the Primary 
Examiner stated that the properties recited in 
claim 3 were inherent in the compound 
suggested by Alder, the District Court found 
as a fact that there was not the slightest 
suggestion of these properties in the Alder 
patent. We hold that the District Court's 
finding on this point compelled a result 
contrary to that which the court reached, for 
the same reasons set forth supra relating to 
claim 1. 

II 
[3] The second major issue, raised by 
appellees after the trial and urged on appeal, 
is that claim 1 does not meet the standard of 
particularity required by 35 U.S.C. § 112, 
[FN9J and hence is not patentable. In short, 
appellees argue that the word 
"tetracyanoethylene" does not define an 
invention within the meaning of the statute. 
We think that a contrary conclusion is 
compelled. 

Preliminarily it should be noted that the so
called "Geneva" system of nomenclature, from 
which the name tetracyanoethylene is derived, 
is a standard system of identification for 
various chemical compounds. The compound 
here involved is called an ethylene, or . 
derivative of ethylene, because of the central 
nucleus of the two carbonation (C-C); the 
tetracyano part of part of the name means 
that four cyano (CN) groups are attached to 
the ethylene nucleus. It seems, therefore, that 
the word tetracyanoethylene is little more 
than the structural formula *304 of the 
compound converted into an utterable 
combination of letters. We do not understand 
appellees to assert that a chemical formula 

• Page 8 

would not adequately describe a compound 
claimed in a patent application, and since it 
seems apparent that the name here is as 
equally descriptive of the compound as a line
and-symbol formula, it is as sufficient for 
purposes of statutory particularity. [FNlOJ 

More important, however, the ultimate factor 
controlling a question of the sufficiency of a 
claim is well stated in Application of Nelson, 
47 CCPA 1031, 1045, 280 F.2d 172, 181, 126 
USPQ 242, 251 (1960): 

"The descriptions in patents are not 
addressed to the public generally, to lawyers 
or to judges, but, as section 112 says, to 
those skilled in the art to which the 
invention pertains or with which it is most 
nearly connected. The sufficiency of a 
specification must be tested in the light of 
this fact and judged by what it conveys to 
those who are skilled in the art." 

[5] In the District Court proceedings, 
uncontroverted expert testiinony established 
that the name of the compound 
tetracyanoethy lene did describe the 
compound, and that one skilled in the art 
would understand what was indicated by the 
use of the name. [FNll] Consequently, we 
are of the opinion that claim 1 is not 
defective for lack of statutory particularity. 

For the above reasons, the order of the 
District Court must be reversed, and the case 
remanded to that court with instructions to 
enter an order authorizing the Commissioner 
of Patents to issue a patent to appellant on 
Claims 1 and 3. 

So ordered. 

FNl Serial No. 311,544, subsequently Serial No. 
382,842 as a continuation-in-part application. 

FN2 66 Stat. 803 (1952), 35 U.S.C. § 145 (1958). 

FN3 Claim 4 was likewise dismissed, appellant 
having abandoned that claim at the trial. 

FN4 66 Stat. 797 (1952), 35 U.S.C. § 102 (1958): 
"Conditions for patentability; novelty and loss of 
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right to patent. A person shall be entitled to a patent 
unless(a) the invention was known or used by others 
in this country, or patented or described in a printed 
publication in this or a foreign country, before the 
invention thereof by the applicant for patent, or(b) 
the invention was patented or described in a printed 
publication in this or a foreign country or in public 
use or on sale in this country, more than one year 
prior to the date of the application for patent in the 
United States * * *." 

FN5 66 Stat. 798 (1952), 35 U.S.C. § ll2 (1958): 
"Specification. " The specification shall contain a 
written description of the invention, and of the 
manner and process of making and using it, in such 
full, clear, concise, and exact terms as to enable any 
person skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and use 
the same, and shall set forth the best mode 
contemplated by the inventor of carrying out his 
invention. "The specification shall conclude with one 
or more claims particularly pointing out and 
distinctly claiming the subject matter which the 
applicant regards as his invention." An element in a 
claim for a combination may be expressed as a 
means or step for performing a specified function 
without the recital of structure, material, or acts in 
support thereof, and such claim shall be construed to 
cover the corresponding structure, material, or acts 
described in the specification and equivalents 
thereof." 

FN6 Note 4, supra. 

FN7 Significant is the testimony of Dr. Fieser 
concerning the substitution of more than two cyano 
groups in the general Alder formula: "* * * I feel 
that as a chemist I couldn't interpret this general 
formula with a cyano-hydrocarbon beyond those 
containing l and 2 cyano groups, because there are 
no other examples but those included in the patent, 
and in Alder's original paper no mention is made of 
anything having more than two cyano groups and I 
think I would have to stop at that point." 

FN8 Cf. Application of Papesch, 50 C.C.P.A. 1084, 
315 F.2d 381, 137 USPQ 43 (1963); Mathieson 
Alkali Works, Inc. v. Coe, 69 App.D.C. 210, 99 
F.2d 443, 39 USPQ 96 (1938); Rem-Cru Titanium, 
Inc. v. Watson, 147 F.Supp. 915, ll2 USPQ 88 
(D.D.C. 1956). 

• Page 9 

FN9 Note 5, supra. 

FNlO [4] We are also persuaded somewhat by the 
history of the Patent Office in granting letters patent 
for application claims having the same descriptive 
nature as claim l herein. 

FNII E.g., by Dr. Fieser:"Q. ***In your opinion, 
is the naming of a compound per se and only that a 
sufficient and proper identification of that 
compound?* * *"A. Well, it depends. Are you 
talking about tetracyanoethylene?"Q. I will ask you 
that question directly. Is that a sufficient and 
complete definition of a new product?" A. Either the 
name or the formula in that case, it seems to me, is a 
sufficient description. 

EDGERTON, Senior Circuit Judge, dissents. 

C.A.D.C. 

140 U.S.P.Q. 297 

END OF DOCUMENT 
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Chapter 18: the Chen presentation 

P. 257: Acetyl chloride (Lewis acid) opens the oxetane ring 
and leads to A-ring contraction (related to Greene conditions 

·• 9-11 ): this shows that using conditions 9-11 to try to remove 
methoxy from the claimed compounds would dramatically 
alter the structure and lead to inactive compounds, based on 
prior research 

P. 258: Hcl/trifluoroacetic acid: similar, unavoidable A ring 
contraction (related to Greene condition 5); oxetane ring . e opening 

'--

P. 258: Boron tribromide or trimethylsilyl bromide (Lewis 
acid:nuceleophiles): A ring contracted products (related to 
Greene conditions 2-11 ): oxetane ring opening. 

7 I 
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Discussion of Greene Conditions: See the Taxane Literature 

Taxane Anticancer Agents: March 1994 ACS Symposium 

Presentations: made by Professors Kingston and Holton 

Also presentations: Dr. Commer9on and Dr. Chen (BMS) 

Dr. Commer9on will explain how Dr. Chen's presentation 
demonstrates the unacceptableness of the Greene 
conditions for removing alkoxy groups from taxanes of the 
type claimed. 

6 
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Greene's Eleven Conditions: Unacceptable for Taxanes 

Would Disturb: 

The Ester Linkage 

Other Substituents of the Taxane Intermediate 

Break Rings (Rearrangements) and/or 

Generate Epimerization 

5 
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Greene's Teachings (15-17) on Methoxy Protecting Group 

Dr. Commer9on _will discuss the conditions Greene reports 
• for cleavage (deprotection) of a methoxy in general. 

Eleven conditions are reported. 

Require: the presence of a nucleophile and, if necessary, 
e Lewis acid assistance. 

4 
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THE HOLTON PATENT 

Col. 6, lines 23-40: discusses hydroxyl protecting groups 

Lines 35-40: The hydroxyl protecting group selected should 
be easily removed under conditions that are sufficiently mild, 
e.g., in 48o/o HF, acetonitrile, pyridine, or 0.5% 
Hcl/water/ethanol and/or zinc, acetic acid so as not to disturb 
the ester linkage or other substituents of the taxol 
intermediate (emphasis added). 

3 
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The purpose of today's interview: have Dr. Commerc;on 

-- an inventor, 

--one of the world's leading taxane chemists, with about 
60 paper/patents on the subject and a frequent lecturer, and 

--the Director of New Lead generation for the assignee, 
Rhone-Poulenc Rorer, 

discuss in detail with you the teachings of Holton and 
Kingston to demonstrate although alkoxy radicals can be 
hydroxy protecting groups in certain molecules, the alkoxy 
radicals at the 7 and 1 O position of the claimed compounds 
are not hydroxy protecting groups. 

2 
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INTERVIEW SN 08/622,011: OCTOBER 2, 1997 

As discussed in the first interview, all "product" claims will be 
e· amended to recite that R4 ( 10-Position) and R5 (7-position) 

represent a C1_6 alkoxy radical. 

• 

Although not required, it has been decided to narrow the 
allowed process claims to be commensurate in scope with 
the "product" claims . 

An open issue: are the 7- and 10-position alkoxys hydroxy 
protecting groups? 

1 

NEPTUNE GENERICS  EX. 00260



'· 

PTOUTIUTY~ 
Paper Number __ _ 

, .. JJ1e Commissioner of Patents 
· ;,·O'>~f'"· and Trademarks 

.r,~Jtu'-lvtdanappllcailonforapatmtfora 
:"'.·; iitw and -.ftd llfmlllon. ~ tiik and de
'1 ICrlptlon of the Invention a,_ enclosed. ~ 
· ·~ui~1of/awhavebemcompllldwith, 

· . "and it has been dttenniMd that a patent on 
' ... Iii• hMntlon shall be sranted under the law. 

V;:. =· "rii.etefoie; thil 

United States Patent 

· ~Grants to the ptrson(s) havins tltk to this 
'patent the rls/rJ to exclude.others from mak· 
Ing, uslilg, ojfuins for sale, or selllns the in· 

:. v~ntion throughout the Unlted.Statu of 
. : Am.rtca: or importing the Invention into the 

':«';~ . ..:: UnitedSlatesoflinurlcaforthetennsetfonh 
: ,;,.:-;.,:beloll\ subject to the payment of maintenance 
· '. . feu as provided by law. 

"!- If this applicalion was filed prior to June 8. 
' 1995, the tenn of this patent Is the longer of 

seventeen year1 from the date of grant of this 
patent or twenl)' years from the earliell tffec
liw U.S. filing date of the application, sub
. Jtct to any Jlatutory extension. 

".·-. / lfthil applU:ation was filed. on or cfter June 
. ; '. .. 8. 1995, thetenn of this patent Is twenty years 
. ./..;'''from the U.S. filing date, subjectto an statu
: ' " 1 'tory mens/on. ·If the application contains .a 

· SP.«lftc reference to an earlier filed applica· 
-. · · tionorapplicationslUllUr 35 U.S.C. /20, 121 

0, .·~· '0r36S(c).thetennofmepatentisrwen1yyean 
~·1• • from the date on which the ear/itll applica· 

.. \:.c. ' tion was filed, subjectto any Jtatutory ext en· 
slon. 

e.u~ 
Comminicnwr of Pattnu and Tradtmarb 

NEPTUNE GENERICS  EX. 00261



.. United States Patent [19] 

Bouchard et al. 

[54] TAXOIDS, THEIR PREPARATION AND 
PHARMACEUTICAL COMPOSITIONS 
CONTAINING THEM 

[75] Inventors: Herve Bouchard. Ivry-sur-Seine; 
Jean-Dominique Boul"7.8t. Vincennes; 
Alain Commer~on. Vitry-sur-Seine. all 
of France 

[73] Assignee: Rhone-Poulenc Rorer, S.A .. Antony 
Cedex. France 

[21] Appl. No.: 622,011 

[22] Filed: Mar. 26, 1996 
I 

Related U.S. Application Data 

[60] Provisional application No. (i()/010,144, J:u{: l.7/r9%: · 
" . 

[30] Foreign Application Priority Data 

Mar. 27, 1995 (FR] France ......••....................... : ... 95 03545 
Dec. 22, 1995 (FR] France ............................. : ..... 95 15381 

[51] Int. Cl.6 ................................................... C07D 305/14 
[52] U.S. Cl .............................................. 549/510; 549/511 
[58] Field of Search .................................... ::· 549/510. 511 

[56] 

5,229,526 
5,319,112 
5,486,(i()I 
5,739,362 

References Cited 

U.S. PPJENT DOCUMENTS 

7/1993 Holton et al ............................ 5491213 
611994 Kingston et al ........................ 549/510 
1/1996 Holton et al ............................ 514/337 
4/1998 Holton et al ............................ 549/510 

FOREIGN PPJENT DOCUMENTS 

0 336 841 
604910 

0 639 577 
694539 

WO 92/09589 
WO 94/07878 
WO 94/18164 
W096/00724 

10/1989 
7/1994 
2/1995 
1/1996 
6/1992 
4/1994 
8/1994 
1/1996 

European Pat. Off .. 
European Pat. Off .. 
European Pat. Off .. 
European Pat. Off .. 
WIPO. 
WIPO. 
WIPO. 
WIPO. 

111 llll Ill Ill Ill II lllll 111111111111111111111111111111 
US005847170A 

[lll Patent Number: 

[45] Date of Patent: 

5,847,170 
Dec. 8, 1998 

OTHER PUBLIC.fillONS 

Greene et al, "Protective Groups in Organic Synthesis". pp. 
10-14. zna edition. 1991. 
M.L. Shelanski et al.. "Microtubule Assembly in the 
Absence of Added Nucleotides". Proc. Natl. Acad. Sci. vol. 
70. No. 3.pp. 765-768 (1973). 
G. Chauviere et al .. "Analyse structurable et etude bio
chimique de produits isoles de l'if: Taxus baccata L (Tax
aces)", C.R. Acad. Sc. Paris. t.293. pp. 501-503 (1981). 
J. Kant et al .. "A Chemoselective Approach to Functionalize 
the C-10 Position of 10-Deacetylbaccatin ill. Synthesis and 
Biological Properties of Novel C-10 Taxol Analogues", 
Tetrahedron Letters. vol. 35. No. 31. pp. 5543-5546. 1994. 

Primary Examiner-Ba K. Trinh 
Attorney, Agent, or Finn-Finnegan. Henderson. Farabow. 
Garrett: & Dunner. L.L.P. 

.. -.. )t. . .• 

[57] . ABSTRACT 

New taxoids of general formula (I): 

(I) 

z-o .. 
0 

OC04Hs 

their preparation and pharmaceutical compositions contain
ing them. and the new products of general formula (I) in 
which Z represents a radical of general formula (m: 

(11) 

OH 

display noteworthy antitumour and antileukaemic proper
ties. 
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TAXOIDS, THEIR PREPARATION AND 
PHARMACEUTICAL COMPOSITTONS 

CONTAINING THEM 

This application claims the priority of U.S. provisional s 
application 60/010.144 filed Jan. 17. 1996. 

The present invention relates to new taxoids of general 
formula (I) 

(I) 10 

z-o .. 
0 

OC04ffs 

in which: 
Z represents a hydrogen atom or a radical of general 

formula (II): 

(Il) 

OH 

in which: 

15 

20 

25 

R1 represents 30 

a benzoyl radical optionally substituted with one or more 
identical or different atoms or radicals selected from 
halogen atoms. alkyl radicals containing 1 to 4 carbon 
atoms. alkoxy radicals containing 1 to 4 carbon atoms 
and trifluoromethyl radicals. 35 

a thenoyl or furoyl radical or 
a radical R2-0-CO- in which R2 represents: 

an alkyl radical containing 1 to 8 carbon atoms. 
an alkenyl radical containing 2 to 8 carbon atoms, 
an alkynyl radical containing 3 to 8 carbon atoms. 40 

a cycloalkyl radical containing 3 to 6 carbon atoms. 
a cycloalkenyl radical containing 4 to 6 carbon atoms 

or 
a bicycloalkyl radical containing 7 to 10 carbon atoms. 
these radicals being optionally substituted with one or 45 

more substituents selected from halogen atoms. 
hydroxyl radicals. alkoxy radicals containing 1 to 4 
carbon atoms. dialkylarnino radicals in which each 
alkyl portion contains 1 to 4 carbon atoms. piperi
dino radicals. morpholino radicals. 1-piperazinyl 50 
radicals. said piperazinyl radicals being optionally 
substituted at position 4 with an alkyl radical con
taining 1 to 4 carbon atoms or with a phenylalkyl 
radical in which the alkyl portion contains 1 to 4 
carbon atoms. cycloalkyl radicals containing 3 to 6 55 

carbon atoms. cycloalkenyl radicals containing 4 to 
6 carbon atoms, phenyl radicals. said phenyl radicals 
being optionally substituted with one or more atoms 
or radicals selected from halogen atoms. alkyl radi
cals containing 1 to 4 carbon atoms. and alkoxy 60 

radicals containing 1 to 4 carbon atoms. cyano 
radicals. carboxyl radicals and alkoxycarbonyl radi
cals in which the alkyl portion contains 1 to 4 carbon 
atoms. 

a phenyl or ex- or ~-naphthyl radical optionally substi- 65 
tuted with one or more atoms or radicals selected 
from halogen atoms. alkyl radicals containing 1 to 4 

2 
carbon atoms. and alkoxy radicals containing 1 to 4 
carbon atoms. 

a 5-membered aromatic heterocyclic radical preferably 
selected from furyl and thienyl radicals. 

or a saturated heterocyclic radical containing 4 to 6 
carbon atoms. optionally substituted with one or 
more alkyl radicals containing 1 to 4 carbon atoms. 

R3 represents 
an unbranched or branched alkyl radical containing 1 to 8 

carbon atoms. 
an unbranched or branched alkenyl radical containing 2 to 

8 carbon atoms. 
an unbranched or branched alkynyl radical containing 2 to 

8 carbon atoms. 
a cycloalkyl radical containing 3 to 6 carbon atoms. 
a phenyl or a- or j3-naphthyl radical optionally substituted 

with one or more atoms or radicals selected from 
halogen atoms, alkyl. alkenyl. alkynyl. aryl. aralkyl. 
alkoxy. alkylthio. aryloxy, arylthio. hydroxyl. 
hydroxyalkyl. mercapto. formyl. acyl. acylamino. 
aroylarnino. alkoxycarbonylarnino, amino. alkylamino. 
dialkylarnino. carboxyl. alkoxycarbonyl. carbamoyl. 
alkylcarbamoyl. dialkylcarbamoyl. cyano. nitro and 
trifluoromethyl radicals. 

or a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen. oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms. alkyl. aryl. 
amino. alkylamino, dialkylamino. 
alkoxycarbonylamino. acyl. arylcarbonyl, cyano. 
carboxyl. carbamoyl. alkylcarbamoyl. dialkylcarbam
oyl and alkoxycarbonyl radicals, 

with the understanding that, in the substituents of the 
phenyl. a- or j3-naphthyl and aromatic heterocyclic 
radicals. the alkyl radicals and the alkyl portions of the 
other radicals contain 1 to 4 carbon atoms, the alkenyl 
and alkynyl radicals contain 2 to 8 carbon atoms. and 
the aryl radicals are phenyl or a- or j3-naphthyl radicals. 

R4 represents 
an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain. 
an alkenyloxy radical containing 3 to 6 carbon atoms in an 

unbranched or branched chain. 
an alkynyloxy radical containing 3 to 6 carbon atoms in 

an unbranched or branched chain. 
a cycloalkyloxy radical containing 3 to 6 carbon atoms or 
a cycloalkenyloxy radical containing 4 to 6 carbon atoms. 
these radicals being optionally substituted with one or 

more substituents selected from halogen atoms, an 
alkoxy radical containing 1 to 4 carbon atoms. an 
alkylthio radical containing 1 to 4 carbon atoms. a 
carboxyl radical. an alkyloxycarbonyl radical in which 
the alkyl portion contains 1 to 4 carbon atoms. a cyano 
radical. a carbamoyl radical. an N-alkylcarbamoyl radi
cal and a N.N-dialkylcarbamoyl radical in which each 
alkyl portion contains 1 to 4 carbon atoms. or both alkyl 
portions. together with the nitrogen atom to which they 
are linked. form a saturated 5- or 6-membered hetero
cyclic radical optionally containing a second hetero 
atom selected from oxygen. sulphur and nitrogen 
atoms. said saturated 5- or 6-membered heterocyclic 
radical optionally being substituted with a substituent 
selected from an alkyl radical containing 1 to 4 carbon 
atoms. a phenyl radical. and a phenylalkyl radical in 
which the alkyl portion contains 1 to 4 carbon atoms. 

• 
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R5 represents 
an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain, 
an alkenyloxy radical containing 3 to 6 carbon atoms, 
an alkynyloxy radical containing 3 to 6 carbon atoms. 

5 

a cycloalkyloxy radical containing 3 to 6 carbon atoms or 

4 
dimethylcarbamoyl. N .N-diethylcarbamoyl. 
N-pyrrolidinocarbonyl or N-piperidinocarbonyl radical. 

More particularly. the present invention relates to the 
products of general formula (I) in which Z represents a 
hydrogen atom or a radical of general formula (II) in which 
R 1 represents a benzoyl radical or a radical R2-0-CO-
in which R2 represents a tert-butyl radical and R3 represents 
an alkyl radical containing I to 6 carbon atoms, an alkenyl 

a cycloalkenyloxy radical containing 3 to 6 carbon atoms. 
these radicals being optionally substituted with at least 

one substituent selected from halogen atoms. an alkoxy 
radical containing 1 to 4 carbon atoms. an alkylthio 
radical containing 2 to 4 carbon atoms. a carboxyl 
radical, an alkyloxycarbonyl radical in which the alkyl 
portion contains 1 to 4 carbon atoms. a cyano radical. 
a carbamoyl radical. an N-alkylcarbamoyl radical, and 
a N.N-dialkylcarbamoyl radical in which each alkyl 
portion contains 1 to 4 carbon atoms or. with the 
nitrogen atom to which it is linked. forms a saturated 5-

10 radical containing 2 to 6 carbon atoms. a cycloalkyl radical 
containing 3 to 6 carbon atoms. a phenyl radical optionally 
substituted with one or more identical or different atoms or 
radicals selected from from halogen atoms (fluorine. 
chlorine). alkyl (methyl). alkoxy (methoxy). dialkylarnino 

l5 (dimethylamino), acylamino (acetylamino). alkoxycarbony
larnino (tert-butoxycarbonylamino). tritluoromethyl. a 
2-furyl radical, a 3-furyl radical, a 2-thienyl radical, a 
3-thienyl radical. a 2-thiazolyl radical. a 4-thiazolyl radical. or 6-membered heterocyclic radical optionally contain

ing a second hetero atom selected from oxygen. sulphur 20 

and nilrogen atoms. optionally substituted with a sub
stituent selected from an alkyl radical containing 1 to 4 
carbon atoms. a phenyl radical and a phenylalkyl 
radical in which the alkyl portion contains 1 to 4 carbon 
atoms. 

and a 5-thiazolyl radical, and R4 and· R5 • which may be 
identical or different, each represent an unbranched or 
branched alkoxy radical containing 1 to 6 carbon atoms. 

Still more particularly, the present invention relates to the 
products of general formula (I) in which Z represents a 

Preferably. the aryl radicals which can be represented by 
25 hydrogen atom or a radical of general formula (II) in which 

R1 represents a benzoyl radical or a radical Ri-0--CO
in which R2 represents a tert-butyl radical and R3 represents 
an isobutyl. isobutenyl. butenyl. cyclohexyl. phenyl. 2-furyl. 

R3 are phenyl or a.- or j}-naphthyl radicals optionally sub
stituted with one or more atoms or radicals selected from 
halogen atoms (fluorine. chlorine. bromine. iodine) alkyl. 
allrenyl. alkynyl. aryl. arylalkyl. alkoxy. alkylthio. aryloxy. 30 

arylthio, hydroxyl. hydroxyalkyl. mercapto. formyl. acyl. 
acylamino. aroylamino. alkoxycarbonylamino. amino, 
alk:ylamino. dialkylamino. carboxyl. alkoxycarbonyl. 
carbamoyl. dialkylcarbamoyl. cyano, nitro and trifluorom
ethyl radicals, on the understanding that the alkyl radicals 
and the alkyl portions of the other radicals contain 1 to 4 
carbon atoms, that the alkenyl and alkynyl radicals contain 

3-furyl. 2-thienyl. 3-thienyl. 2-thiazolyl. 4-thiazolyl or 
5-thiazolyl radical. and R4 and Rs. which may be identical 
or different. each represent a methoxy. ethoxy or propoxy 
radical. 

The products of general formula (I) in which Z represents 
35 a radical of general formula cm display noteworthy antitu

mour and antileukaernic properties. 

2 to 8 carbon atoms and that the aryl radicals are phenyl or 
a.- or j}-naphthyl radicals. 

Preferably, the heterocyclic radicals which can be repre- 40 

sented by R3 are 5-membered aromatic heterocyclic radicals 
containing one or more identical or different atoms selected 
from nilrogen, oxygen and sulphur atoms. optionally sub
stituted with one or more identical or different substituents 
selected from halogen atoms (fluorine, chlorine. bromine, 45 
iodine). alkyl radicals containing 1 to 4 carbon atoms. aryl 
radicals containing 6 or 10 carbon atoms. alkoxy radicals 
containing 1 to 4 carbon atoms, aryloxy radicals containing 
6 or 10 carbon atoms. amino radicals. alkylamino radicals 
containing 1 to 4 carbon atoms. dialkylamino radicals in 50 

which each alkyl portion contains 1 to 4 carbon atoms. 
acylarnino radicals in which the acyl portion contains 1 to 4 
carbon atoms, alkoxycarbonylamino radicals containing 1 to 
4 carbon atoms. acyl radicals containing 1to4 carbon atoms. 
arylcarbonyl radicals in which the aryl portion contains 6 or 55 
10 carbon atoms. cyano radicals. carboxyl radicals. carbam
oyl radicals. alkylcarbamoyl radicals in which the alkyl 
portion contains 1 to 4 carbon atoms. dialkylcarbamoyl 
radicals in which each alkyl portion contains 1 to 4 carbon 
atoms. and alkoxycarbonyl radicals in which the alkoxy 60 

portion contains 1 to 4 carbon atoms. 
Preferably. the radicals R4 and R5, which may be identical 

According to the present invention. the new products of 
general formula (I) in which Z represents a radical of general 
formula (II) may be obtained by esterification of a product 
of general formula (III): 

(Ill) 

H011 
0 

in which R4 and Rs are defined as above. by means of an 
acid of general formula (IV): 

(IV) 

in which R 1 and R3 are defined as above, and either ~ 
represents a hydrogen atom and R, represents a group 
protecting the hydroxyl function. or Rt; and R7 together form 

or different. represent unbranched or branched alkoxy radi
cals containing 1 to 6 carbon atoms. optionally substituted 
with a methoxy. ethoxy. ethylthio, carboxyl. 
methoxycarbonyl. ethoxycarbonyl. cyano, carbamoyl. 
N-methylcarbamoyl. N-ethylcarbamoyl. N.N-

65 a saturated 5- or 6-mernbered heterocycle. or by means of a 
derivative of this acid. to obtain an ester of general formula 
(V): 
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(V) 

0 

in which Rl' R3 • R4 • R5 • ~and R7 are defined as above. 
followed by replacement of the protective groups repre
sented by R, and/or ~ and R, by hydrogen atoms. 

The esterification by means of an acid of general formula 
(IV) may be performed in the presence of a condensing 
agent (carbodiimide. reactive carbonate) and an activating 
agent (aminopyridines) in an organic solvent (ether. ester. 
ketones. nitriles. aliphatic hydrocarbons. halogenated ali
phatic hydrocarbons. aromatic hydrocarbons) at a tempera
ture from -10° to 90° C. 

The esterification may also be carried out using the acid 
of general formula (IV) in the form of the symmetrical 
anhydride. working in the presence of an activating agent 
(aminopyridines) in an organic solvent (ethers. esters. 
ketones. nitrites. aliphatic hydrocarbons. halogenated ali
phatic hydrocarbons. aromatic hydrocarbons) at a tempera
ture of from 0° to 90° C. 

The esterification may also be carried out using the acid 

6 

H (VI) 

0 

in which R1 is defined as above and~ and Rg. which may 
be identical or different. represent a hydrogen atom or an 
alkyl radical containing 1 to 4 carbon atoms. or an aralkyl 

10 radical in which the alkyl portion contains 1 to 4 carbon 
atoms and the aryl portion preferably represents a phenyl 
radical optionally substituted with one or more alkoxy 
radicals containing 1 to 4 carbon atoms, or an aryl radical 
preferably representing a phenyl radical optionally substi-

15 tuted with one or more alkoxy radicals containing 1 to 4 
carbon atoms. or alternatively Rs represents an alkoxy 
radical containing 1 to 4 carbon atoms or a trihalomethyl 
radical such as trichloromethyl or a phenyl radical substi
tuted with a ttihalomethyl radical such as trichloromethyl 

20 and Rg represents a hydrogen atom. or alternatively Rs and 
Rg. together with the carbon atom to which they are linked. 
form a 4- to 7-membered ring. replacement of the protective 
group formed by ~ and R, by hydrogen atoms may be 
performed, depending on the meanings of R1• Rs and Rg. in 

25 the following manner: 
a) when R 1 represents a tert-butoxycarbonyl radical and 

of general formula (IV) in halide form or in the form of a 
30 mixed anhydride with an aliphatic or aromatic acid. option

ally prepared in situ. in the presence of a base (tertiary 
aliphatic amine). working in an organic solvent (ethers. 
esters. ketones. nitriles. aliphatic hydrocarbons. halogenated 
aliphatic hydrocarbons, aromatic hydrocarbons) at a tem-

Rs and Rg. which may be identical or different. repre
sent an alkyl radical or an aralkyl (benzyl) or aryl 
(phenyl) radical. or alternatively Rs represents a triha
lomethyl radical or a phenyl radical substituted with a 
trihalomethyl radical and Rg represents a hydrogen 
atom. or alternatively Rs and Rg together form a 4- to 
7-membered ring. treatment of the ester of general 
formula 01) with an inorganic or organic acid. where 
appropriate in an organic solvent such as an alcohol. 
yields the product of general formula (VII): 

perature of from 0° to 80° C. 35 

Preferably. ~ represents a hydrogen atom and R, repre
sents a group protecting the hydroxyl function. or alterna
tively ~ and R7 together form a saturated 5- or 6-membered 
heterocycle. 

When ~ represents a hydrogen atom. R, preferably 40 
represents a methoxymethyl. 1-ethoxyethyl. 
benzyloxymethyl. trimethylsilyl. triethylsilyl. 
~trimethylsilylethoxymethyl. benzyloxycarbonyl or tet
rahydropyranyl radical. 

When ~ and R, together form a heterocycle. the latter is 45 
preferably an oxazolidine ring optionally monosubstituted 
or gem-disubstituted at position 2. 

Replacement of the protective groups R7 and/or~ and R7 

(VIl) 

H2N 0 

RJVlo .. 
0 

OH 

in which R3 , R4 and R5 are defined as above. which is by hydrogen atoms may be performed. depending on their 
nature. in the following manner: 

1) when R8 represents a hydrogen atom and R7 represents 
a group protecting the hydroxyl function. replacement 

50 acylated by means of benzoyl chloride in which the phenyl 
ring is optionally substituted or by means of thenoyl 
chloride. of furoyl chloride or of a product of general 
formula: of the protective groups by hydrogen atoms is per

formed by means of an inorganic acid (hydrochloric 
acid. sulphuric acid. hydrofluoric acid) or organic acid 55 
(acetic acid. methanesulphonic acid, triftuoromethane
sulphonic acid. p-toluenesulphonic acid) used alone or 
mixed. working in an organic solvent chosen from 
alcohols. ethers. esters. aliphatic hydrocarbons, halo
genated aliphatic hydrocarbons. aromatic hydrocarbons 
or nitriles at a temperature of from -10° to 60° C., or 
by means of a source of fluoride ions such as a 
hydrofluorine acid/triethylamine complex. or by cata
lytic hydrogenation, 

2) when ~ and R7 together form a saturated 5- or 
6-membered heterocycle, and more especially an 
oxazolidine ring of general formula (VI): 

(VIII) 

in which R2 is defined as above and X represents a halogen 
atom (fluorine, chlorine) or a residue -O-R2 or 
-O-CO-O-R2• to obtain a product of general formula 
(I) in which Z represents a radical of general formula (II). 

60 Preferably. the product of general formula (V) is treated 
with formic acid at a temperature in the region of 20° C. to 
yield the product of general formula (VII). 

Preferably. the acylation of the product of general formula 
(VII) by means of a benzoyl chloride in which the phenyl 

65 radical is optionally substituted or by means of thenoyl 
chloride. of furoyl chloride or of a product of general 
formula (VIII) is performed in an inert organic solvent 
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chosen from esters such as ethyl acetate. isopropyl acetate or 
n-butyl acetate and halogenated aliphatic hydrocarbons such 
as dichloromethane or 1.2-dichloroethane. in the presence of 
an inorganic base such as sodium bicarbonate or an organic 
base such as triethylarnine. The reaction is performed at a 5 
temperature of from 0° to 50° C.. and preferably at about 20° 
c. 

b) when R1 represents an optionally substituted benzoyl 
radical. a thenoyl or furoyl radical or a radical R20-CO-
in which R2 is defined as above. Ra represents a hydrogen 
atom or an alkoxy radical containing 1 to 4 carbon atoms or 10 

a phenyl radical substituted with one or more alkoxy radicals 
containing 1 to 4 carbon atoms and ~represents a hydrogen 
atom. replacement of the protective group formed by ~ and 

8 
ester residue such as a sulphuric or sulphonic ester residue 
or a halogen atom. to obtain a product of general formula 
(Xll): 

0 

(R)JSi-0•" 
0 

R7 by hydrogen atoms is performed in the presence of an 
inorganic acid (hydrochloric acid. sulphuric acid) or organic 
acid (acetic acid. methanesulphonic acid. trifluoromethane
sulphonic acid. p-toluenesulphonic acid) used alone or 
mixed in a stoichiometric or catalytic amount. working in an 
organic solvent chosen from alcohols. ethers. esters. ali
phatic hydrocarbons. halogenated aliphatic hydrocarbons 
and aromatic hydrocarbons at a temperature of from -10° to 
60° C .• and preferably from 15° to 30° C. 

15 in which R and R4 are defined as above. the silyl protective 
groups of which are replaced by hydrogen atoms to obtain 
a product of general formula (XIV): 

According to the invention. the products of general for
mula (ill). that is to say the products of general formula (I) 
in which Z represents a hydrogen atom and ~ and Rs are 
defined as above. may be obtained from 10-deacetylbaccatin 
m of formula (IX): 

20 

25 

HOn 

0 (XIV) 

0 

OC04Hs 

HO 0 (lX) in which R4 is defined as above. which is etherified selec-
30 tively at position 7 by the action of a product of general 

formula: 

(XV) 

0 in which R's represents a radical such that R'~ is 
35 identical to Rs defined as above and X2 represents a halogen 

atom or a reactive ester residue such as a sulphuric or 
sulphonic ester residue. to give the product of general 

OC04Hs fonnula (ill). 

It can be especially advantageous to protect the hydroxyl Generally, the action of a silyl. deriv~tive of gener:U 
functions at the positions 7 and 13 selectively. for example 40 fon;n~ (X). on lO-~eacetylbaccatin 11:1 ts. performed ID 
in the form of a silyl diether which may be obtained by the pyndine or !1fethylamine. where appropr_iate m the presence 
action of a silyl halide of general formula: ?f an orgaruc solvent such as an aromatic hydrocarbon. for 

(R),-Si-Hal (X) 

in which the symbols R. which may be identical or different. 
represent an alkyl radical containing 1 to 6 carbon atoms. 
optionally substituted with a phenyl radical, or a cycloalkyl 
radical containing 3 to 6 carbon atoms or a phenyl radical. 
on 10-deacetylbaccatin m. to obtain a product of general 
formula (XI): 

HO 0 (XI) 

(R)3Si-011 
0 

mstance benzene. toluene or xylenes. at a temperature 
between 0° C. and the refluxing temperature of the reaction 

45 mixture. 
Generally. the action of a product of general formula (XII) 

on a product of general formula (XI) is performed. after 
metalation of the hydroxyl function at position 10 by means 
of an alkali metal hydride. such as sodium hydride. an alkali 

50 metal amide. such as lithium amide. or an alkali metal 
alkylide, such as butyllithium. working in an organic 
solvent. such as dimethylformamide or tetrahydrofuran. at a 
temperature of from 0° to 50° C. 

Generally. the replacement of the silyl protective groups 
55 of the product of general formula (Xll) by hydrogen atoms 

is performed by means of an acid such as hydrofluoric acid 
or trifluoroacetic acid in the presence of a base such as 
triethylamine or pyridine optionally substituted with one or 
more alkyl radicals containing 1 to 4 carbon atoms. the base 

60 optionally being combined with an inert organic solvent 
such as a nitrile. for instance acetonitrile. or a halogenated 
aliphatic hydrocarbon. such as dichloromethane. at a tem
perature of from 0° to 80° C. 

in which R is defined as above. followed by the action of a 
product of general formula: 

Generally. the action of a product of general formula (XV) 
(XII) 65 on a product of general formula (XIV) is performed under 

in which R'4 represents a radical such that R'4-0 is the conditions described above for the action of a product of 
identical to R4 defined as above and X1 represents a reactive general formula (XII) on a product of general formula (XI). 
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According to the invention. the products of general for-· 
mula (I) in which Z represents a radical of general formula 
(Il). R4 is defined as above and R5 is defined as above may 
be obtained from a product of general formula (XVI): 

HO 0 (XVI) 

0 

OC04ff.s 

in which R1• R3 • ~ and R7 are defined as above. by 
silylation at position 7 by means of a product of general 
formula (X). to obtain a product of general formula (XVII): 

10 
The products of general formula (XVI) may be obtained 

under the conditions described in European Patent EP 0336. 
841 and international Applications PCT WO 92/09589 and 
WO 94/07878. the disclosures of which are hereby incor-

5 porated by reference in their entirety. or from the products of 
general formula (XX): 

10 R1 ..,.H 
'-N' 0 

15 

RJ~O•• 
0-H 

HO 0 (XX) 

0 

HO 0 (XVIl) 
20 

in which R1 and R3 are defined as above. according to 
known methods for protecting the hydroxyl function of the 
side chain without affecting the remainder of the molecule. 

0 

OC04Hs 

According to the invention, the products of general for-
25 mula (I) in which Z represents a hydrogen atom or a radical 

of general formula (Il) may be obtained by the action of 
activated Raney nickel. in the presence of an aliphatic 
alcohol containing 1 to 3 carbon atoms or an ether such as 
tetrahydrofuran or dioxane, on a product of general formula 

in which R, R1 • R3 • ~and R7 are defined as above. which 30 (XXI): 
is functionalized at position 10 by means of a product of 
general formula (XII) to give a product of general formula 
(XVIII): 

OC04H.s 

40 

in which R. R1• R3• ~. Rt; and R7 are defined as above. the 45 
silyl protective group of which is replaced by a hydrogen 
atom to give a product of general formula (XIX): 

(XXI) 

0 

OC04ff.s 

in which R4 is defined as above and R' and R". which may 
be identical or different, represent a hydrogen atom or an 

(XIX) alkyl radical containing 1 to 6 carbon atoms. an alkenyl 
radical containing 2 to 6 carbon atoms, an alkynyl radical 

50 containing 2 to 6 carbon atoms, a cycloalkyl radical con
taining 3 to 6 carbon atoms or a cycloalkenyl radical 
containing 3 to 6 carbon atoms, optionally substituted. or 
alternatively R' and R", together with the carbon atom to 0 

OcOColfs 

55 
which they are linked, form a cycloalkyl radical containing 
3 to 6 carbon atoms or a cycloalkenyl radical containing 4 
to 6 carbon atoms, and Z1 represents a hydrogen atom or a 
radical of general formula (XXII): 

which. by the action of a product of general formula (XV). 
yields the product of general formula (V), the protective 60 

groups of which are replaced by hydrogen atoms to give a 
product of general formula (I) in which Z represents a 
radical of general formula (Il). 

The reactions used for silylation, functionalization and 
replacement of the protective groups by hydrogen atoms are 65 

performed under conditions similar to those described 
above. 

R1"°N/!4 O (XXIl) 

RJ~ 
O-R7 

in which R1, R3• Rt; and~ are defined as above, and, to 
obtain a product of general formula (XXIll): 
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0 (XXIIl) 

0 

followed. when Z1 represents a radical of general formula 
(XXII). that is to say when the product of general formula 
(XXIIl) is identical to the product of general fonnula (V). by 
replacement of the protective groups represented by ~ 
and/or ~ and R7 by hydrogen atoms under the conditions 
described above. 

Generally. the action of activated Raney nickel in the 
presence of an aliphatic alcohol or an ether is performed at 
a temperature of from -10° to 60° C. 

According to the invention. the product of general for
mula (XXI) in which Z1 and R4 are defined as above may be 
obtained by the action of a sulphoxide of general formula 
(XXIV): 

5 

12 
cell line selected for its resistance to doxorubicin (DO:X) 
which expresses mdr 1. 

The examples which follow illustrate the present inven
tion. 

EXAMPLE 1 

126 mg of dicyclohexylcarbodiimide and then 14 mg of 
4-(N.N-dimethylamino)pyridine were added successively at 
a temperature in the region of 20° C. to a suspension 

10 containing 217.8 mg of 4a-acetoxy-2a-benzoyloxy-5jj.20-
epoxy-ljj.13a-dihydroxy-7 jl.1 Ojl-dimethoxy-9-oxo-11-
taxene. 200 mg of (2R.4S.5R)-3-tert-butoxycarbonyl-2-(4-
methoxypheny l)-4-phenyl-13-oxazolidine-5-carboxy lie 
acid and 50 mg of powdered 4 A molecular sieve in 2 cm3 

15 of ethyl acetate. The suspension obtained was stirred at a 
temperature in the region of 20° C. under an argon atmo
sphere for 16 hours. and then concentrated to dryness under 
reduced pressure (0.27 kPa) at a temperature in the region of 
40° C. The residue obtained was purified by chromatography 

20 at atmospheric pressure on 50 g of silica (0.063-0.2 mm) 
contained in a column 2 cm in diameter (elution gradient: 
ethyl acetateldichloromethane from 10:90 to 40:60 by 
volume), collecting 10-cm3 fractions. Fractions containing 
only the desired product were pooled and concentrated to 

25 dryness under reduced pressure (0.27 kPa) at 40° C. for 2 
R' R' (XXIV) hours. 271.8 mg of 4a-acetoxy-2a-benzoyloxy-5jj.20-

R" -l_ )-R· epoxy- 1~-hydroxy-7jl.10jl-dimethoxy-9-oxo-ll-taxen-
so 13a-y1(2R.4S.5R)-3-tert-butoxycarbonyl-2-( 4-

in which R' and R" are defined as above. on a product of methoxyphenyl)-4-phenyl-1.3-oxazolidine-5-carboxylate 
general formula (XIX). 30 were thereby obtained in the form of a white solid. the 

Generally. the reaction of the sulphoxide of general for- characteristics of which were as follows: 
mula (XXIV). preferably dimethyl sulphoxide. with the 1HNMRspectrum(400MHz;CDC13 withafewdropsof 
product of general formula (XIX) is performed in the CD3 0D-d4 ; chemical shifts o in ppm; coupling constants 1 
presence of a mixture of acetic acid and acetic anhydride or in Hz): 1.02 (s. 9H: C(CH3h); 1.10 (s. 3H: CH3); 1.17 (s. 
a derivative of acetic acid such as a haloacetic acid at a 35 3H: CH3); 1.63 (s. 3H: CH3); from 1.65 to 1.85 and 2.60 (2 
temperatureoffrom0° to 50°C.. and preferably at about 25° mts. lH each; CH2 at position 6); 1.78 (unres. comp .. 3H: 
C. CH3 ); 2.02 and 2.15 (2 dd. 1=14 and 9. 1H each: CH2 at 

The new products of general formula (I) obtained by position 14); 2.14 (s. 3H: CH3); 3.22 and 3.35 (2 s. 3H each: 
carrying out the processes according to the invention may be OCH3); 3.64 (d. 1=7, lH: H at position 3); 3.73 (mt. lH: H 
purified according to known methods such as crystallization 40 at position 7); 3.76 (s. 3H: ArOCH3); 4.06 and 4.16 (2 d, 
or chromatography. 1=8.5. 1H each; CH2 at position 20); 4.53 (d. 1=5. lH: H at 

The products of general formula (I) in which Z represents position 2'); 4.67 ( s. lH: H at position 10); 4.85 (broad d. 
aradical of general formula (II) display noteworthy biologi- 1=10. lH: H at position 5); 5.36 (mt. lH: Hat position 3'); 
cal properties. 5.52(d.1=7, lH: Hat position 2); 6.07 (mt. lH: Hat position 

In vitro. measurement of the biological activity is per- 45 13); 6.33 (unres. comp .• lH: Hat position 5'); 6.88 (d. 1=8. 
fonned on tubulin extracted from pig's brain by the method 2H: aromatic H at the ortho position with respect to OCH3 ); 

of M. L. Shelanski et al .• Proc. Natl. Acad. Sci. USA, 70. from 7.25 to 7.40 (mt. 7H: aromatic H at position 3' and 
765-768 (1973). Study of the depolymerization of micro- aromatic Hat the meta position with respect to OCH3); 7.43 
tubules to tubulin is performed according to the method of (t. 1=7.5. 2H: OCOC6H5 H at the meta position); 7.58 (t. 
G. Chauviere et al.. C.R. Acad. Sci .• 293. series II. 501-503 so 1=7.5. lH: OCOC6"s Hat the para position); 7.96(d.1=7.5. 
(1981). In this study. the products of general formula (I) in 2H: OCOC6H5 Hat the ortho position). 
which Z represents a radical of general formula (II) were A solution of 446.3 mg of 4a-acetoxy-2a-benzoyloxy-
shown to be at least as active as taxol and Taxotere. 5ft20-epoxy-lj3-hydroxy-7jl.10jl-dimethoxy-9-oxo-11-

In vivo. the products of general formula (I) in which Z taxen-13a-yl(2R.4S.5R)-3-tert-butoxycarbonyl-2-( 
represents a radical of general fonnula (II) were shown to be 55 4-methoxyphenyl)-4-phenyl-13-oxazolidine-5-carboxylate 
active in mice grafted with B16 melanoma at doses of from in 11.6 cm3 of a O.lN solution of hydrogen chloride in 
1 to 30 mg/kg administered intraperitoneally. as well as on ethanol was stirred constantly at a temperature in the region 
other liquid or solid tumours. of 0° C. for 16 hours under an argon atmosphere. The 

The new products have antitumour properties. and more reaction mixture was then diluted with 40 cm3 of dichlo-
especially activity against tumours which are resistant to 60 romethane and 5 cm3 of distilled water. After settling had 
Taxol@ or to Taxotere@. Such tumours comprise colon taken place. the aqueous phase was separated and extracted 
tumours which have a high expression of the mdr 1 gene with 5 cm3 of dichloromethane. The organic phases were 
(multiple drug resistance gene). Multiple drug resistance is combined. dried over magnesium sulphate. filtered through 
a customary term relating to the resistance of a tumour to sintered glass and then concentrated to dryness under 
different products having different structures and mecha- 65 reduced pressure (0.27 kPa) at a temperature in the region of 
nisms of action. Taxoids are generally known to be strongly 40° C. 424.2 mg of a pale yellow solid were obtained. which 
recognized by experimental tumours such as P388/DOX. a product was purified by preparative thin-layer chromatog-
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raphy [12 Merck preparative silica gel 60F254 plates. thick- CH3); 1.72 and 2.67 (2 mts. lH each: CH2 at position 6); 
ness 1 mm. application in solution in a methanol/ 2.05 (s. 3H: CH3): 2.21 (limiting AB. J=14 and 9. 2H: CH2 
dichloromethane (5:95 by volume) mixture. eluting with a at position 14); 2.25 (s. 3H: COCH3); 3.26 and 3.40 (2 s. 3H 
methanol/dichloromethane (5:95 by volume) mixture]. After each: OCH3 ); 3.85 (d. J=7. lH: Hat position 3); 3.89 (dd. 
elution of the zone corresponding to the main product with 5 J=ll and 6.5. lH: Hat position 7); 4.12 and 4.25 (2 d. J=8.5. 
a methanol/dichloromethane (15:85 by volume) mixture. lH each: CH2 at position 20); 4.78 (broad t. J=9. lH: Hat 
filtration through sintered glass and evaporation of the position 13); 4.83 (s. lH: H at position 10); 4.98 (broad d. 
solvents under reduced pressure (0.27 kPa) at a temperature J=lO. lH: H at position 5); 5.53 ( d. J=7. lH: H at position 
in the region of 40° C.. 126 mg of 4a-acetoxy-2a- 2); 7.43 (t. J=7.5. 2H: OCOC6H5 H at the meta position); 
benzoyloxy-5~.20-epoxy-l~hydroxy-7~.10~-dimethoxy- 10 7.56 (t. J=7.5. lH: OCOC6H5 Hat the para position); 8.05 
9 - ox o - 11 - tax en - 13 a - y l ( 2 R. 3 S) - 3 - t er t - (d. J=7.5. 2H: OCOC6"5 H at the ortho position). 
butoxycarbonylamino-2-hydroxy-3-phenylpropionate were 4a-Acetoxy-2a-benzoyloxy-5 ~.20-epoxy-1~-7~.13a-
obtained in the form of an ivory-coloured foam. the char- trihydroxy-10~-methoxy-9-oxo-11-taxene (or 10~-
acteristics of which were as follows: methoxy-1 O-deacetoxybaccatin ill) was prepared in the fol-

optical rotation lal2<>D~32.9 (c=0.5; methanol) 15 lowing manner: 
1H NMR spectrum (400 MHz; CDCI3 ; chemical shifts o 50 cm3 of hydrogen fluoride/triethylamine complex 

in ppm; coupling constants Jin Hz): 1.23 (s. 3H: CH3); 1.25 (3HEEt3N) were added slowly to a solution. maintained 
(s. 3H: CH3); 1.39 (s, 9H: C(CH3h); 1.70 (s. lH: OH at underanargonatmosphere.atatemperatureintheregionof 
position l); 1.75 (s. 3H: CH3); 1.82 and 2.72 (2 mts. 1H 0°C .. of3.62gof4a-acetoxy-2a-benzoyloxy-5~.20-epoxy-
each: CH2 at position 6); 1.91 (s. 3H: CH3); 2.31 (limiting 20 1 ~ -h ydrox y-10 ~-methoxy-9-ox o- 7 ~ .13 a- bis 
AB. 2H: CH2 at position 14); 2.39 (s. 3H: COCH3); 3.33 and (triethylsilyoxy)-11-taxene in 30 cm3 of dichloromethane. 
3.48 (2 s. 3H each: OCH3 ); 3.48 (mt. lH: OH at position 2'); After 48 hours at a temperature in the region of 20° C.. the 
3.85 (d. J=7. lH: H 3); 3.88 (dd. J=ll and 7. lH: H 7); 4.20 reaction mixture was poured into a suspension of 100 cm3 of 
and 4.33 (2 d. J=8.5. lH each: CH2 at position 20); 4.65 (mt. supersaturated aqueous sodium hydrogen carbonate solution 
lH: Hat position 2'); 4.83 (s. lH: Hat position 10); 5.00 25 maintained at a temperature in the region of 0° C. After 
(broad d. J=lO. lH: Hat position 5); 5.30 (broad d. J=lO. settling had taken place. the aqueous phase was separated 
llH: Hat position 3'); 5.47 (d. J=lO. lH: CONH); 5.66 (d. andre-extracted with three times 80 cm3 of dichloromethane 
J=7. lH: H at position 2); 6.24 (broad t, J=9. lH: H at and then twice 80 cm3 of ethyl acetate. The organic phases 
position 13); from 7.30 to 7.50 (mt. 5H: aromatic H at were combined. dried over magnesium sulphate. filtered 
position 3'); 7.52 (t. J=7.5. 2H: OCOC6H5 H at the meta 30 through magnesium sulphate and concentrated to dryness 
position); 7.63 (t. J=7.5. lH: OCOC6H5 H at the para under reduced pressure (0.27 kPa) at a temperature in the 
position); 8.12 (d. J=7.5. 2H: OCOC6"5 H at the ortho region of 40° C. 3.45 g of a yellow foam were thereby 
position). obtained. which product was purified by chromatography at 
4a-Acetoxy-2a-benzoyloxy-5~.20-epoxy-1~.13a- atmospheric pressure on 150 g of silica (0.063--0.2 mm) 

dihydroxy-7~.lO~dimethoxy-9-oxo-11-taxene (or 7j3.10~ 35 
contained in a column 3.5 cm in diameter. eluting with a 

dimethoxy-10-deacetoxybaccatin ill) was prepared in the methanol/dichloromethane (5:95 by volume) mixture and 
following manner: collecting 35-cm3 fractions. Fractions containing only the 

86 mg of sodium hydride at a concentration of 50% by desired product were pooled and concentrated to dryness 
weight in liquid paraffin were added portionwise to a under reduced pressure (0.27 kPa) at 40° C. for 2 hours. 1.97 
solution. maintained under an argon atmosphere, at a tern- 40 g of 4a-acetoxy-2a-benzoyloxy-5~.20-epoxy-1~.7j3.13a.-
perature in the region of oo c.. of 500 mg of 4a-acetoxy- trihydroxy-10~-methoxy-9oxo-ll-taxene were thereby 
2a-benzoyloxy-5~.20-epoxy-llt713.13a-trihydroxy-l0~- obtained in the form of a white solid. the characteristics of 
methoxy-9-oxo- 11-taxene in 5 cm3 of iodomethane and 0.5 which were as follows: 
cm3 of dimethylformarnide. After 45 minutes at a tempera- 45 

1H NMR spectrum (400 MHz; CDC13 ; chemical shifts o 
ture in the region of 0° C.. the reaction mixture was diluted in ppm: coupling constants Jin Hz): 1.10 (s. 3H: CH3); 1.19 
with 50 cm3 of ethyl acetate and 8 cm3 of distilled water. (s. 3H: CH3); 1.48 (d. J=8.5. lH: OH at position 13); 1.70 
After settling had taken place. the organic phase was sepa- (s. 3H: CH3 ); 1.81and2.61 (2 mts. lH each: CH2 at position 
rated and washed with twice 8 cm3 of distilled water and 6); 2.09 (d. J=5. lH: OH at position 7); 2.11 (s. 3H: CH3); 

then 8 cm3 of saturated aqueous sodium chloride solution. 50 2.30 (s. 3H: COCH3); 2.32 (d. J=9: 2H: CH2 at position 14); 
dried over magnesium sulphate. filtered through sintered 3.48 (s. 3H: OCH3); 3.97 (d. J=7. lH: Hat position 3); 4.18 
glass and concentrated to dryness under reduced pressure and 4.33 (2 d. J=8.5. lH each: CH2 at position 20); 4.31 (mt. 
(0.27 kPa) at a temperature in the region of 40° C. 570 mg lH: H at position 7); 4.93 (mt. lH: H at position 13); 4.99 
of a pale yellow solid were thereby obtained. which product (s. lH: H at position 10); 5.01 (broad d. J=lO. lH: H at 
was purified by chromatography at atmospheric pressure on 55 position 5); 5.66 (d. J=7.1H: Hat position 2); 7.49(t.J=7.5. 
50 g of silica (0.063-0.2 mm) contained in a column 2.5 cm 2H: OCOCgH5 Hat the meta position); 7.63 (t. J=7.5. lH: 
in diameter. eluting with a methanol/dichloromethane (2:98 OCOC8 H5 H at the para position); 8.12 (d. J=7.5. 2H: 
by volume) mixture and collecting 10-cm3 fractions. Frac- OCOC8H5 Hat the ortho position). 
tions containing only the desired product were pooled and 4a-Acetoxy-2a.-benzoyloxy-5~.20-epoxy-1~-hydroxy-
concentrated to dryness under reduced pressure (0.27 kPa) at 60 10~-methoxy-9-oxo-7~.13a-bis(triethylsilyloxy)-ll-taxene 
40° C. for 2 hours. 380 mg of 4a-acetoxy-2a-benzoyloxy- (or 10~-methoxy-10-deacetoxy-7.13-bis(triethylsilyl) 
5i3.20-epoxy-1~.13a-dihydroxy-713.10~dimethoxy-9-oxo- baccatin ill) was prepared in the following manner: 
11-_iaxene were ther~b~ obtainec:1 in the form of a pale yellow 375 mg of sodium hydride at a concentration of 50% by 
solid. the charactenstics of which were as follows: weight in liquid paraffin were added portionwise to a 

1H NMR spectrum (400 MHz; CDC13 ; with a few drops 65 solution. maintained under an argon atmosphere. at a tem-
of CD30D-d4 • chemical shifts o in ppm; coupling constants perature in the region of 0° C .. of 5 g of 4a-acetoxy-2a.-
J in Hz): 1.03 (s. 3H: CH3); 1.11(s.3H: CH3); 1.65 (s. 3H: benzoyloxy-5~.20-epoxy-1~.10~dihydroxy-9-oxo-7~.13a-
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region of 40° C. 63.1 g of a brown oil were thereby obtained. 
which product was purified by chromatography at atmo
spheric pressure on 800 g of silica (0.063-0.2 mm) con-
tained in a column 7 cm in diameter (elution gradient: ethyl 
acetate/dichloromethane from 0:100 to 5:95 by volume). 
collecting 60-cm3 fractions. Fractions containing only the 
desired product were pooled and concentrated to dryness 
under reduced pressure (0.27 k:Pa) at 40° C. for 2 hours. 9.77 
g of 4a-acetoxy-2o:-benzoyloxy-5J3.20-epoxy-1~.10!3-
dihydroxy-9-oxo-713.13a-bis(triethylsilyloxy )-11-taxene 
were thereby obtained in the form of a cream-coloured foam. 
the characteristics of which were as follows: 

1H NMR spectrum (400 MHz; CDCl3 ; chemical shifts o 
in ppm; coupling constants J in Hz): 0.55 and 0.68 (2 mts. 

bis(triethylsilyloxy)-11-taxene in 25 cm3 of iodomethane. 
The solution was stirred constantly for 45 minutes at a 
temperature in the region of 0° C .. and then for 5 hours 30 
minutes at a temperature in the region of 20° C. The reaction 
mixture was cooled again to a temperature in the region of 5 
0° C.. and 125 mg of sodium hydride at a concentration of 
50% by weight in liquid paraffin were added portionwise. 
After 1 hour at 20° C. and then 18 hours at 5° C .. the reaction 
mixture was diluted by adding 50 cm3 of dichloromethane 
and poured into 50 cm3 of saturated aqueous ammonium 10 
chloride solution. and settling was allowed to take place. The 
aqueous phase was separated and extracted with twice 30 
cm3 of dichloroemethane. and the organic phases were then 
combined. washed with 10 cm3 of distilled water. dried over 
magnesium sulphate. filtered through sintered glass and 
concentrated to dryness under reduced pressure (0.27 k:Pa) at 15 6H each: ethyl CH2); 0.94 and 1.03 (2 t. J=7.5. 9H each: 

ethyl CH3); 1.08 (s. 3H: CH3 ); 1.17 (s. 3H: CH3 ); 1.58 (s. 
lH: OH at position 1); 1.73 (s. 3H: CH3); 1.91 and 2.57 (2 
mts. 1H each: CH2 at position 2); 2.04 (s. 3H: CH3); 2.12 
and 2.23 (2 dd. J=16 and 9. lH each: CH2 at position 14); 

a temperature in the region of 40° C. 5.15 g of a yellow foam 
were thereby obtained. which product was purified by chr~ 
matography at atmospheric pressure on 300 g of silica 
(0.063-0.2 mm) contained in a column 5 cm in diameter 
(elution gradient: ethyl acetate/dichloromethane from 0: 100 20 2.30(s.3H: COCH3 ); 3.88(d,J=7.1H: Hat position 3);4.16 

and 4.32 (2 d. J=8.5. 1H each: CH2 at position 20); 4.27 (d. 
l=l. lH: OH at position 10); 4.40 (dd. J=ll and 7, lH: Hat 
position 7); 4.95 (broad d. J=lO. lH: H at position 5); 4.95 

to 10:90 by volume). collecting 30-cm3 fractions. Fractions 
containing only the desired product were pooled and con
centrated to dryness under reduced pressure (0.27 k:Pa) at 
40° C. for 2 hours. 3.62 g of 4a-acetoxy-2a-benzoyloxy- 25 
5 Jt20-epoxy-1jl-hydroxy-1013-methoxy-9-oxo-7 J3.13a-bis 
(triethylsilyloxy)-11-taxene were thereby obtained in the 
form of a pale yellow foam. the characteristics of which 
were as follows: 

(mt. lH: Hat position 13): 5.16 (d. J=l. lH: Hat position 
10); 5.60 (d. J=7. lH: H at position 2); 7.46 (t. J=7.5. 2H: 
OCOC6H5 H at the meta position); 7.60 (t J=7.5. lH: 
OCOC6H5 H at the para position); 8.09 (d. J=7.5. 2H: 
OCOC6H5 H at the ortho position). 

EXAMPIE2 
1H NMR spectrum (600 MHz; CDC13; chemical shifts o 30 

in ppm; coupling constants J in Hz): 0.58 and 0.69 (2 mts. 
6H each: ethyl CH2); 0.97 and 1.04 (2 t J=7.5. 9H each: 340 mg of 4a-acetoxy-2a.-benzoyloxy-5J3.20-epoxy-ljl-
ethyl CH3); 1.15 (s. 3H: CH3 ); 1.18 (s. 3H: CH3 ); 1.58 (s. hydroxy-7J3JOJ3-dimethoxy-9-ox~ll-taxen-13a-yl(2R.4S. 
lH: OH at position 1); 1.68 (s. 3H: CH3); 1.89 and 2.48 (2 5R)-3-tert-butoxycarbonyl-2-(4-methoxyphenyl)-4-phenyl-
mts. lH each: CH2 at position 6); 2.04 (s. 3H: CH3); 2.15 35 1.3-oxazolidine-5-carboxylate were dissolved in 8 cm3 of a 
and 2.23 (2 dd. J=16 and 9. lH each: CH2 at position 14); O.lN ethanolic solution of hydrochloric acid containing 1% 
2.29 (s. 3H: COCH3 ); 3.40 (s. 3H: OCH3); 3.83 (d. J=7, lH: of water. The solution thereby obtained was stirred for 13 
H: Hat position 13); 4.15 and 430 (2 cL J=8.5. lH each: CH2 hours at a temperature in the region of 20° C. and then for 
at position 20); 4.43 (dd. J=ll and 7. lH: Hat position 7); 80 hours at 4° C .• and 20 cm3 of dichloromethane were 
4.91 (s lH: H at position 10); 4.96 (broad d. J=lO. lH at 40 added. The organic phase was separated after settling had 
position 5); 5.01 (broad t. J=9. lH: H at position 13); 5.62 taken place and washed successively with 3 times 5 cm3 of 
(d. J=7. lH: Hat position 2); 7.46 (t. J=7.5. 2H: OCOC6 H5 saturated aqueous sodium hydrogen carbonate solution. 
Hat the meta position); 7.60 (t. J=7.5. lH: OCOC6H5 Hat dried over magnesium sulphate. filtered and concentrated to 
the para position); 8.09 (d. J=7.5. 2H: OCOC8H5 Hat the dryness under reduced pressure (2.7 k:Pa) at 40° C. 300 mg 
ortho position). 45 of a white foam were obtained. which product was purified 

4a-Acetoxy-2a-benzoyloxy-5J3.20-epoxy-1J3.10!3- by chromatography on silica gel deposited on plates [gel 1 
dihydroxy-9-oxo-7J3.13a-bis(triethylsilyloxy)-ll-taxene (or mm thick. plates is 20x20 cm. eluent: dichloromethane/ 
10-deacetyl-7.13-bis(triethylsilyl)baccatin Ill) was prepared methanol (95:5 by volume)] in 80-mg fractions (4 plates). 
in the following manner: After localization with UV rays of the zone corresponding to 

10.8 cm3 of triethylsilyl chloride were added to a solution. 50 the adsorbed desired product. this zone was scraped off. and 
maintained under an argon atmosphere. at a temperature in t?e silica <;<>llected was washed on sintered glass .with 10 
the region of 20° C.. of 14 g of 4a-acetoxy-2a-benzoyloxy- times 5 cm of ethyl acetate. The filtrates were combmed and 
5J3.20-epoxy-1J3.7J3.1013.13a-tetrahydroxy-9-oxo-11-taxene concentrated to dryness under reduced pressure (2.7 k:Pa) at 
(10-deacetylbaccatin Ill) in 50 cm3 of anhydrous pyridine. 40° c .. A white foam was ot_:>tained. which was repurified 
After 17 hours at a temperature in the region of 200 c .. the 55 accordin~ to the same techmque [3 plates; 20x20xl mm; 
reaction mixture was brought to a temperature in the region eluent: dichloromethane/ethyl acetate (90:10 by volume)]. 
of 115° C. and 10.8 cm3 of triethylsilyl chloride were then 205 mg of 4a-a~etoxy-2a-benzoyloxy-5J3.20-epoxy-ljl-
added. After 3 hours 15 minutes at a temperature in the hydroxy-7J3.10Jl-dimethoxy-9-oxo-11-taxen-13a-yl(2R3S) 
region of 115° C .• the reaction mixture was brought back to -3-tert-~utoxy carbonylami~o-2.-hydrox y-3-
a temperature in the region of 20° c. and diluted with 30 cm3 60 phenylprop10nate were thereby obtained m the form of a 
of ethyl acetate and 100 cm3 of distilled water. After settling white foam. the characteristics of which were as follows: 
took place, the aqueous phase was separated and extracted optical rotation: [a]20D=-33 (c=0.5; methanol). 
with twice 50 cm3 of ethyl acetate. The organic phases were 1H NMR spectrum (400 MHz; CD03; chemical shifts o 
combined. washed with 50 cm3 of saturated aqueous sodium in ppm; coupling constants J in Hz): 1.23 (s. 3H: -CH3); 

chloride solution, dried over magnesium sulphate. filtered 65 1.25 (s. 3H: -CH3); 1.39 fs. 9H: -C(CH3)3]; 1.70 (s. lH: 
through sintered glass and then concentrated to dryness -OH at position l); 1.75 (s, 3H: -CH3); 1.82 and 2.72 (2 
under reduced pressure (0.27 k:Pa) at a temperature in the mts. lH each: -CH2 at position 6); 1.91 (s. 3H: -CH3); 
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2.31 (limiting AB. 2H: --CH2 at position 14); 2.39 (s, 3H: twice 250 cm3 of dichloromethane. The organic phases were 
--COCH3); 3.33 and 3.48 (2 s. 3H each: -OCH3); 3.48 combined. washed with 250 cm3 of distilled water. dried 
(mt. lH: OH at position 2'); 3.85 ( d. J=7. lH: -Hat position over magnesium sulphate. filtered and concentrated to dry-
3); 3.88 (dcl. J=ll and 7. lH: -Hat position 7); 4.20 and d 
4.33 (2d, J=8.5. lH each: --CH2 at position 20); 4.65 (mt. ness un er reduced pressure (2.7 kPa) at 400 C. 5.2 g of a 
lH: -H at position 2'); 4.83 (s. lH: -H at position 10); 5 pale yellow oil were obtained. which product was purified 
5.00 (broad d. J=lO. lH: -H at position 5); 5.30 (broad cl. by chromatography on 200 g of silica (0.063-0.4 mm) 
J=lO. lH: -H at position 3'); 5.47 (d. J=lO. lH: contained in a column 3 cm in diameter Leluent: 
--CONH-); 5.66 (d. J=7. lH: -H at position 2); 6_24 dichloromethane/methanol (99:1 by volume)]. collecting 
(broadt.J=9.1H:-Hatposition 13);from 7.30to 7.50(mt. 50-cm

3 
fractions. Fractions containing only the desired 

SH: -CJis at position 3'); 7.52 (t, J=7.5. 2H: -OCOCsHs 10 product were pooled and concentrated to dryness under 
(-Hat position 3 and Hat position 5)]; 7.63 Lt. J=7.5. lH: reduced pressure (2.7 kPa) at 400 C. 1.25 g of 4a-acetoxy-
--OCOC6H5 (-H at position 4)]; 8.12 [d, J=7.5• 2H: 2a-benzoyloxy-5j3.20-epoxy-lj3-hydroxy-7j3.10jl-bis 
-OCOCsHs (-Hat position 2 and Hat position 6)]. (methylthiomethoxy)-9-oxo-ll-taxen-13a-yl(2R.4S.5R)-3-

4a-Acetoxy-2a-benzoyloxy-Sj3.20-epoxy-113-hydroxy- tert-butoxycarbonyl-2-(4-methoxyphenyl)-4-phenyl-1.3-
713.10jl-dimethoxy-9-oxo-ll-taxen-13a-yl(2R.4S.5R)-3- 15 oxazolidine-5-carboxylate were thereby obtained in the 

form of a white foam. 
tert-butoxycarbony I-2-( 4-methoxypheny l)-4-phenyl-1.3-
oxazolidine-5-carboxylate was prepared in the following 4a-Acetoxy-2a-benzoyloxy-5j3.20-epoxy-lj3,7jl.10j3-
manner: trihydroxy-9-oxo- l l-taxen-13a-yl(2R.4S.5R)-3-tert-

100 cm3 of an ethanolic suspension of activated nickel butoxycarbonyl-2-(4-methoxyphenyl)-4-phenyl-l.3-
according to Raney (obtained from 80 cm3 of the approxi- 20 oxazolidine-5-carboxylate was prepared in the following 
mately 50% commercial aqueous suspension by successive manner: 
washing. to a pH in the region of 7. with 15 times 100 cm3 A solution of 5.1 g of 4a-acetoxy-2a-benzoyloxy-5f3.20-
of distilled water and with 5 times 100 cm3 of ethanol) were epoxy-1 j3-hy droxy-9- ox o- 713.1013- bis( 2 ,2. 2-
ad~ed ~ta temperature in the region of 20° c. to a solution. 

25 
trichloroethoxycarbonyloxy)- ll-taxen-13a-yl(2R.4S.5R)-

mamtained under an argon atmosphere and kept stirring. of 3-tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1.3-
1 g of 4a-acetoxy-2a-benzoyloxy-5j3.20-epoxy-lj3- oxazolidine-5-carboxylate in a mixture of 100 cm

3 
of 

hydroxy-7jl.10f}-bis(methylthiomethoxy)-9-oxo-11-taxen- methanol and 100 cm
3 

of acetic acid was heated, with 
13a-yl(2R.4S.5R)-3-tert-butoxycarbonyl-2-(4- stirring and under an argon atmosphere. to a temperature in 
methoxyphenyl)-4-phenyl-1.3-oxazolidine-5-carboxylate in the region of 60° C .• and 10 g of powdered zinc were then 
100 cm3 of anhydrous ethanol. The reaction medium was 

30 
added. The reaction mixture was then stirred for 15 minutes 

kept stirring for 24 hours at a temperature in the region of at 60° C.. thereafter cooled to a temperature in the region of 
20° C. and then filtered through sintered glass. The sintered 20° C .. and filtered through sintered glass lined with Celite. 
glass was washed with 4 times 80 cm3 of ethanol. and the The smtered glass was washed with twice 15 cm

3 
of 

filtrates were combined and concentrated to dryness under methanol. The filtrate was concentrated to dryness under 
reduced pressure (2.7 kPa) at 40° c. 710 mg of a yellow 

35 
reduced pressure (2.7 kPa) at a temperature in the region of 

foam were obtained. which product was purified by chro- 40° C. 50 c.m
3 

of ethyl acetate and 25 cm
3 

of saturated 
matography on 60 g of silica (0.063-0.2 mm) contained in aqueous sodium hydrogen carbonate solution were added to 
a column 2.5 cm in diameter [ eluent: dichloromethane/ethyl the residue. The organic phase was separated after settling 
acetate (90:10 by volume)]. collecting 6-cm3 fractions. had taken place and washed successively with 25 cm

3 
of 

Fractions containing only the desired product are pooled and 
40 

sa.turated a~ueous. s?1ium hydrogen ~onate solution and 
concentrated to dryness under reduced pressure (2.7 kPa) at with 25 cm of distilled water. then dried over magnesium 
40° C. 350 mg of 4a-acetoxy-2ct-benzoyloxy-5~.20-epoxy- sulphate. filtered through sintered glass and concentrated to 
113-hydroxy-7JUOj3-dimethoxy-9-oxo-ll-taxen-13a-yl(2R. dryness under reduced pressure (2.7 kPa) at 40° C. 3.1 g of 
4S.5R)-3-tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-

45 
4~-acetoxy-2a-benzoyloxy-5 jl,20-epoxy-1jl.7 jl.l 013-

pheny l- l .3-oxazolidine-5-carboxylate were thereby tnhydroxy-9-oxo-11-taxen-13a-yl(2R.4S.5R)-3-tert-
obtained in the form of a white foam. butoxycarbonyl-2-(4-methoxyphenyl)-4-phenyl-L3-

4a-Acetoxy-2ct-benzoyloxy-5jl.20-epoxy-ll3-hydroxy- oxazolidine-5~carboxylate were thereby obtained in the 
713.10f}-bis(methylthiomethoxy)-9-oxo-11-taxen-13a-yl form of a wlute foam. 
(2R.4S.5R)-3-tert-butoxycarbony l-2-( 4-methoxy-phenyl)- 50 4a-Acetoxy-2a-benzoyloxy-5~.20-epoxy-1 j3-hydroxy-9-
4-phenyl-13-oxazolidine-5-carboxylate was prepared in the oxo-7~.1 Oj3-bis(2.2.2-trichloroethoxy-carbonyloxy )-11-
following manner: taxen-13a-yl (2R.4S.5R)-3-tert-butoxy-carbonyl-2-( 4-

2.3 cm3 of acetic acid and 7.55 cm3 of acetic anhydride methoxyphenyl)-4-phenyl-1.3-oxazolidine-5-carboxylate 
were added at a temperature in the region of 20° c. to a was prepared under the conditions described in Patent WO 
solution. maintained under an argon atmosphere and kept 55 94/07878. the disclosure of which is specifically incorpo-
stirring. of 3.1 g of 4a-acetoxy-2a-benzoyloxy-5~.20- rated by reference herein. 
epoxy-1~.7jl.10f}-trihydroxy-9oxo-ll-taxen-13a-yl(2R.4S, 
5R)-3-tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl- EXAMPIE 3 
13-oxazolidine-5-carboxylate dissolved in 102 cm3 of 76 mg of dicyclohexylcarbodiimide and then 8.5 mg of 
dimethyl sulphoxide. The reaction mixture was kept stirring 60 4-N.N-dimethylamino)pyridine were added successively at 
for 7 days at a temperature in the region of 20° C.. and then a temperature in the region of 20° C. to a suspension 
poured into a mixture of 500 cm3 of distilled water and 250 containing 135 mg of 4a-acetoxy-2a-benzoyloxy-5jl.20-
C:U3 of dichloromethane. 30 cm3 of saturated aqueous potas- epoxy-10~-ethoxy-lj3.13a-dihydroxy-7j3-methoxy-9-oxo-
s1~ carbonate ~olution were then added with efficient 11-taxene. 120 mg of (2R.4S.5R)-3-tert-butoxycarbonyl-2-
s~g to a pH i.n the region of 7. After 10 minutes of 65 (4-methoxyphenyl)-4-phenyl-1.3-oxazolidine-5-carboxylic 
stirring. the orgarnc phase was separated after settling had acid and 50 mg of powdered 4 A molecular sieve in I cm3 

taken place and the aqueous phase was re-extracted with of anhydrous toluene. The suspension obtained was stirred at 
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a temperature in the region of 20° C. under an argon 11-taxen-13a-yl(2R3S)-3-tert-butoxycarbonylamino-2-
atmosphere for 1 hour. and then purified by direct applica- hydroxy-3-phenylpropionate were obtained in the form of an 
tion to a column for chromatography at atmospheric pres- ivory-coloured foam. the characteristics of which were as 
sure on 30 g of silica (0.063-0.2 mm) contained in a column follows: 
2.5 cm in diameter (elution gradient: ethyl acetate/ 5 1H NMR spectrum (400 MHz; CDC13 ; chemical shifts o 
dichloromethane from 2:98 to 10:90 by volume). collecting in ppm; coupling constants Jin Hz): 1.22 (s. 3H: CH3); 1.25 
10-cm3 fractions. Fractions containing only the desired (s. 3H: CH3); 1.32 (t. J=7. 3H: ethyl CH3); 1.38 (s. 9H: 
product were pooled and concentrated to dryness under C(CH3h; 1.64 (s. lH: OH at position 1); 1.73 (s. 3H: CH3); 

reduced pressure (2.7 kPa) at 40° C. for 2 hours. 320.6 mg 1.80 and 2.70 (2 mts. lH each: CH2 at position 6); 1.88 (s. 
of a white solid were thereby obtained. which product was 10 3H: CH3); 2.30 (mt. 2H; CH2 at position 14); 2.38 (s. 3H: 
purified by preparative thin-layer chromatography: 10 COCH3); 3.31(s.3H: OCH3 ); 3.44 (unres. comp .• lH: OH 
Merck preparative silica gel 60F254 plates. thickness 0.5 at position 2'); 3.50 and 3.70 (2 mts. lH each ethyl OCH2); 

mm. application in solution in dichloromethane. eluting with 3.84 (d. J=7.5. lH: Hat position 3); 3.87 ( dd. J=ll and 6.5. 
a methanol/dichloromethane (3:97 by volume) mixture. lH: Hat position 7);4.18 and4.32 (2 d.1=8.5. lHeach: CH2 

After elution of the zones corresponding to the main prod- 15 at position 20); 4.64 (mt. lH: H at position 2'); 4.90 (s. lH: 
ucts with a methanol/dichloromethane (15:85 by volume) H at position 10); 4.98 (broad d. 1=10. lH: Hat position 5); 
mixture. filtration through cotton wool and then evaporation S.28(broadd.1=10. lH: Hat position 3'); S.42(d.1=10. lH: 
of the solvents under reduced pressure (2.7 kPa) at a CONH); S.64(d.1=7.5. lH: Hat position 2); 6.22 (broad t. 
temperature in the region of 40° C.. 47.7 mg of 4a-acetoxy- 1=9. lH: H at position 13); from 7.25 to 7.45 (mt. SH: 
2a-benzoyloxy-5 Jl.20-epoxy-10Jl-ethoxy-1 Jl.13a- 20 aromatic Hat position 3'); 7.50(d.1=7.S. 2H: OCOC6H5 H 
dihydroxy-7Ji-methoxy-9-oxo-11-taxene were obtained in at the meta position); 7.62(t.1=7.5. lH: OCOC6H5 Hat the 
the form of a cream-coloured solid and 37 mg of para position); 8.12 (d. 1=7.S. 2H: OCOC6H5 Hat the ortho 
4a-acetoxy-2a-benzoyloxy-S Jl.20-epoxy-1 OJl-ethoxy-1 Jl- position). 
hydroxy-7Ji-methoxy-9-oxo-1 l-taxen-13a-yl(2R.4S.5R)-3- 4a-Acetoxy-2a-benzoyloxy-S Jl.20-epoxy-1 OJl-ethoxy-
tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1.3- 25 1!l.13a-dihydroxy-7Ji-methoxy-9-oxo-ll-taxene (or 10Jl-
oxazolidine-S-carboxylate were obtained in the form of a ethoxy-7Jl-methoxy-10-deacetoxybaccatin ID) may be pre-
white foam. the characteristics of which 5-carboxylate prod- pared in the following manner: 
uct were as follows: 43 mg of sodium hydride at a concentration of SO% by 

1 H NMR spectrum ( 600 MHz; CDC13 ; at a temperature of weight in liquid paraffin were added portionwise to a 
333 K; chemical shifts o in ppm; coupling constants I in Hz): 30 solution. maintained under an argon atmosphere. at a tem-
1.09 (s. 9H: C(CH3) 3 ; 1.19 (s, 3H: CH3); 1.21(s,3H: CH3 ); perature in the region of 0° C .• of 23S mg of 4a-acetoxy-
1.27(t,1=7. 3H: ethyl CH3); 1.43 (s, lH: OH at position l); 2a.-benzoyloxy-5!i.20-epoxy-1Jl.7Jl.13a.-trihydroxy-10Jl-
1.62 (s. 3H: CH3); 1.68 (s. 3H: CH3); 1.77 and 2.63 (2 mts, ethoxy-9-oxo-11-taxene in 2.5 cm3 of iodomethane and 1 
lH each: CH2 at position 6); 1.86 (s. 3H: COCH3); 2.13 and cm3 of dimethylformamide After 30 minutes at a tempera-
2.22 (2 dd. 1=16 and 9, lH each: CH2 at position 14); 3.27 35 ture in the region of 0° C.. the reaction mixture was diluted 
(s. 3H: OCH3); 3.45 and 3.68 (2 mts. lH each: ethyl CH2); with 40 cm3 of ethyl acetate, 6 cm3 of distilled water and 8 
3.76(d.1=7. lH: H3); 3.81(s.3H: ArOCH3); 3.8S (dclJ=ll cm3 of saturated aqueous ammonium chloride solution. 
and 7. lH: Hat position 7); 4.13 and 4.23(2d.1=8.S. 1H After settling had taken place. the organic phase was sepa-
each: CH2 at position 20); 4.58(d.1=4.5. lH: Hat position rated and washed with three times 8 cm3 of distilled water 
2'); 4.83 (s. lH: H at position 10); 4.90 (broad d. 1=10, lH: 40 and then 8 cm3 of saturated aqueous NaCl solution. dried 
H at position 5); 5.46 ( d. 1=4.S. lH: H at position 3'); S.60 over magnesium sulphate. filtered through sintered glass and 
(d. 1=7 Hz. lH: H2); 6.13 (broad t. J=9 Hz. lH: H13); 6.38 concentrated to dryness under reduced pressure (2.7 kPa) at 
(s. lH: HS'); 6.92 (d. 1=8.S. 2H: aromatic H at the ortho a temperature in the region of 40° C. 268 mg of a yellow 
position with respect to OCH3); from 7.30 to 7.50 (mt. 9H: solid were thereby obtained. which product was purified by 
aromatic H at position 3'-aromatic H at the meta position 45 chromatography at atmospheric pressure on 30 g of silica 
with respect to OCH3 and OCOC6H5 H at the meta (0.063-0.2 mm) contained in a column 2.S cm in diameter 
position); 7.59 (t. 1=7.S. lH: OCOCgH5 H at the para (elution gradient: ethyl acetate/dichloromethane from 0:100 
position); 8.03 (d. 1=7.5. 2H: OCOC8H5 H at the ortho to 15:85 by volume). collecting 10-cm3 fractions. Fractions 
position). containing only the desired product were pooled and con-

A solution of 48 mg of 4a-acetoxy-2a.-benzoyloxy-5Jl. 50 centrated to dryness under reduced pressure (0.27 kPa) at 
20-epoxy-10[:}-ethoxy-1~-hydroxy-7[:}-methoxy-9-oxo-11- 40° C. for 2 hours. 380 mg of 4a-acetoxy-2a.-benzoyloxy-
taxen-13a.-yl(2R.4S .5R)-3-tert-butoxycarbonyl-2-( 4- 5 ll.20-epoxy-10[:}-ethoxy-1Jl.13a.-dihydroxy-7[:}-methoxy-
methoxyphenyl)-4-phenyl-13-oxazolidine-S-carboxylate in 9-oxo-11-taxene are thereby obtained in the form of a white 
O.S cm3 of ethyl acetate and 0.004 cm3 of concentrated 37% powder. the characteristics of which were as follows: 
hydrochloric acid was kept stirring at a temperature in the 55 1H NMR spectrum (300 MHz; CDC13 with the addition of 
region of 20° C. for LS hours under an argon atmosphere. a few drops of CD30D-d4 ; chemical shifts o in ppm. 
The reaction mixture was then purified by preparative thin- coupling constants I in Hz): 0.99 (s. 3H: CH3); 1.09 (s. 3H: 
layer chromatography: application of the crude reaction CH3); 1.22 (t, 1=7. 3H: ethyl CH3); 1.62 (s. 3H: CH3); 1.68 
mixture to S Merck preparative silica gel 60F254 plates, and 2.66 (2 mts. lH each: CH26); 2.03 (s. 3H. CH3); 2.13 
thickness 0.5 mm. eluting with a methanol/dichloromethane 60 and 2.22 (2 dd. J=16 and 9. lH each: CH2 at position 14); 
(4:96 by volume) mixture. After elution of the zone corre- 2.23 (s. 3H: COCH3); 3.23 (s. 3H: OCH3); from 3.40 to 3.6S 
sponding to the main product with a methanol/ (mt. 2H: ethyl CHJ; 3.84 (d. 1=7.5. lH: H at position 3); 
dichloromethane (15:8S by volume) mixture. filtration 3.88(dd.1=10 and 6.5, lH: Hat position 7); 4.10 and 4.23 
through cotton wool and then evaporation of the solvents (2 d. 1=8.5. lH each: CH2 20); 4.75 (broad t. 1=9, lH: Hat 
under reduced pressure (2.7 kPa) at a temperature in the 65 position 13); 4.90 (s. lH: H at position 10); 4.97 (broad d. 
region of 40° C.. 28.5 mg of 4a.-acetoxy-2a.-benzoyloxy- 1=10. lH: Hat position 5); 5.51(d.1=7.5. lH: Hat position 
5Jl.20-epoxy-10Ji-ethoxy-1Jl-hydroxy-7[:}-methoxy-9-oxo- 2); 7.42 (t, 1=7.5, 2H: OCOC~5 Hat the meta position); 
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7.53 (t. J=7.5. lH: OCOC6 H5 at the para position); 8.03 (d. mixture was diluted with 100 cm3 of ethyl acetate and 10 
J=7.5. 2H: OCOC6H5 Hat the ortho position). cm3 of saturated aqueous ammonium chloride solution. The 

4a-Acetoxy-2a-benzoyloxy-5j3.20-epoxy-lll7j3.13a- organic phase was separated after settling had taken place 
trihydroxy-101}-ethoxy-9-oxo-l l-taxene (or 10!}-ethoxy-10- and washed with six times 10 cm

3 
of distilled water and then 

deacetoxybaccatin III) was prepared in the following man- 5 10 cm3 of saturated aqueous sodium chloride solution. dried 
ner: over magnesium sulphate. filtered through sintered glass and 

9 cm3 of hydrogen ftuoride/triethylamine complex concentrated to dryness under reduced pressure (2.7 kPa) at 
(3HF.E~N) were added to a solution. maintained under an a temperature in the region of 40° C. 1.2 g of a yellow foam 
argon atmosphere. at a temperature in the region of 200 c.. were thereby obtained. which product was purified by chro-
of 591 mg of 4a-acetoxy-2a-benzoyloxy-5j3.20-epoxy-lj3. 10 matography at atmospheric pressure on 150 g of silica 
hydroxy-10J3-ethoxy-9-oxo-7ll13a-bis(triethylsilyloxy)- (0.063-0.2 mm) contained in a column 3.5 cm in diameter. 
11-taxene in 6 cm3 of dichloromethane. After 21 hours at a eluting with an ethyl acetateldichloromethane (2:98. then 
temperature in the region of 20° C .. the reaction mixture was 5 :95 by volume) mixture and collecting 15-cm

3 
fractions. 

diluted with 40 cm3 of dichloromethane and poured into a Fractions cont'lilling only the desired products were pooled 
suspension of 40 cm3 of supersaturated aqueous sodium 15 and concentrated to dryness under reduced pressure (0.27 
hydrogen carbonate solution maintained at a temperature in kPa) at 40° C. for 2 hours. 379.2 mg of 4a-acetoxy-2a-
the region of 0° C. After dilution with 10 cm3 of distilled benzoyloxy-5j3.20-epoxy-lf3.10f}-dihydroxy-9-oxo-7J3.13a-
water and when settling had taken place. the aqueous phase bis(triethylsilyloxy)-11-taxene were thereby obtained in the 
was separated and re-extracted with twice 20 cm3 of diethyl form of a pale yellow foam and 430 mg of 4a-acetoxy-2a-
ether. The organic phases were combined. washed with 20 20 benzoyloxy-5f3.20-epoxy-lf3-hydroxy-10J3-ethoxy-9-oxo-
cm3 of distilled water and 20 cm3 of saturated aqueous 7f3.13a-bis(triethylsilyloxy)-11-taxene were thereby 
sodium chloride solution. dried over magnesium sulphate, obtained in the form of a white foam. the characteristics of 
filtered through magnesium sulphate and concentrated to which 10-J3-ethoxy product were as follows: 
dryness under reduced pressure (2.7 kPa) at a temperature in 

1
H NMR spectrum (400 MHz. CD03 ; chemical shifts o 

the region of 40° C. 370 mg of a pale yellow foam were 25 in ppm. coupling constants J in Hz): 0.57 and 0.70 (2 mts. 
thereby obtained, which product is purified by chromatog- 6H each; ethyl CH:J; 0.97 and 1.03 (2 t J=7.5. 9H each: 
raphy at atmospheric pressure on 35 g of silica (0.063-0.2 ethyl CH3); 1.13 (s. 3H: CH3); 1.20 (s, 3H: CH3); 1.29 (t. 
mm) contained in a column 2.5 cm in diameter. eluting with J=7.5. 3H: CH3 of ethoxy at position 10); 1.58 (s. lH: OH 
a methanoVdichloromethane (2:98 by volume) mixture and at position 1); 1.66 (s. 3H: CH3); 1.89 and 2.58 (2 mts. 1H 
collecting 15-cm3 fractions. Fractions containing only the 30 each: CH2 at position 2); 2.03 (s. 3H: CH3); 2.13 and 2.23 
desired product were pooled and concentrated to dryness (2 dd. J=16 and 9. lH each CH2 at position 14); 2.30 (s. 3H: 
under reduced pressure (2.7 kPa) at40° C. for 2 hours. 236.2 COCH3); 3.53 (mt. 2H: CH2 of ethoxy at position 10); 3.84 
mg of 4a-acetoxy-2a-benzoyloxy-5f3.20-epoxy-lf3.7J3.13a- (d. J=7. lH: Hat position 3); 4.15 and 4.30 (2 d. J=8.5. 1H 
trihydroxy-10J3-ethoxy-9-oxo-ll-taxene were thereby each: CH2 at position 20); 4.43 (dd. J=ll and 6.5. lH: Hat 
obtained in the form of a white solid. the characteristics of 35 position 7); from 4.90 to 5.00 (mt, 2H: Hat position 13 and 
which were as follows: Hat position 5). 5.01 (s. lH: Hat position 10); 5.61 (d. J=7. 

1H NMR spectrum (400 MHz; CD0
3

: chemical shifts 0 lH: Hat P?sition 2); 7.48 (t. J=7.5. 2H: OCOC8H5 Hat the 
in ppm. coupling constants Jin Hz): 1.08 (s. 3H: CH3); 1.l9 me~.pos1tion); 7.61 (t. J=7.5. lH: OCOC6H5 Hat the para 
(s. 3H: CH

3
); 1.29 (t J=7.5. 3H: ethyl CH3); 1.38 (d, J=9. 

40 
pos~~on); 8.10 (d. J=7.5. 2H: OCOC6H5 H at the ortho 

lH: OH at position 7); 1.59 (s. lH: OH at position l); 1.69 position). 
(s. 3H: CH3); 1.82 and 2.62 (2 mts. 1H each: CH2 at position EXAMPIE 4 

65 mg of dicyclohexylcarbodiimide and then 7 mg of 
4-(N.N-dimethylaminopyridine were added successively at 

6); 2.02(d.1=5. lH: OH at position 13); 2.08 (s, 3H: CH3); 

2.30 (s. 3H: COCH3).; 2.32(d.1=9. 2H: CH2 at position 14); 
3.56 and 3.67 (2 mts. 1H each: ethyl OCH:J; 3.98 (d. J=7. 
lH: H at position 3); 4.18 and 4.33 (2 d. J=8.5 Hz. 1H each: 
CH220); 4.30 (mt. lH: H7); 4.90 (mt. lH: Hat position 13); 
4.99 (dd. 1=10 and 1.5. lH: Hat position 5); 5.05 (s. lH: H 

45 a temperature in the region of 20° C. to a suspension 
containing 115 mg of 4a-acetoxy-2a-benzoyloxy-5ll20-
epoxy-10~-( 1-propyl)oxy-1~.13a-dihydroxy-7 f}-methoxy-
9-oxo-11-taxene and 100 mg of (2R.4S.5R)-3-tert-

at position 10); 5.66 (d. J=7. lH: Hat position 2); 7.49 (t 
J=7.5. 2H: OCOCgH5 Hat the meta position); 7.63 (t. J=7.5. 

50 
lH: OCOCJI5 Hat the para position); 8.12 (d. J=7.5. 2H: 
OCOC6H5 Hat the ortho position). 

butoxycarbonyl-2-( 4-methoxyphenyl)-4-pheny 1-1.3-
oxazolidine-5-carboxylic acid in 1 cm3 of anhydrous 
toluene. The suspension obtained was stirred at a tempera-
ture in the region of 20° C. under an argon atmosphere for 
1 hour. and then purified by direct application to a column 
for chromatography at atmospheric pressure on 30 g of silica 

4a-Acetoxy-2a-benzoyloxy-5~.20-epoxy-1~-hydroxy-
10f3-ethoxy-9-oxo-7 f3.13et-bis(triethylsilyloxy )-11-taxene 
(or 1Of}-ethoxy-10-deacetoxy-7 .13-bis(triethylsilyl)baccatin 
III) was prepared in the following manner: 

55 (0.063-0.2 mm) contained in a column 2.5 cm in diameter 
(elution gradient: ethyl acetate/dichloromethane from 2:98 
to 10:90 by volume). collecting 10-cm3 fractions. Fractions 
containing only the desired product were pooled and con
centrated to dryness under reduced pressure (2. 7 kPa) at 40° 

93 mg of sodium hydride at a concentration of 50% by 
weight of liquid paraffin were added portionwise to a 
solution, maintained under an argon atmosphere, at a tem
perature in the region of 20° C .• of 1 g of 4a-acetoxy-2a
benzoyloxy-5j3.20-epoxy-lj3.10f}-dihydroxy-9-oxo-7J3.13a
bis(triethylsilyloxy)-11-taxene in 3 cm3 of iodoethane and 4 
cm3 of dimethylformamide. The solution was kept stirring 
for 17 hours at a temperature in the region of 20° C .. and 93 
mg of sodium hydride at a concentration of 50% by weight 65 

in liquid paraffin was then added portionwise. After 50 
minutes at a temperature in the region of 20° C .. the reaction 

60 C. for 2 hours. 276.2 mg of a white solid were thereby 
obtained. which product was purified by preparative thin
layer chromatography: 10 Merck preparative silica gel 
60F254 plates, thickness 0.5 nun. application in solution in 
dichloromethane. eluting with a methanoVdichloromethane 
(3:97 by volume) mixture. After elution of the zones corre
sponding to the main products with a methanolldichlo-
romethane (15:85 by volume) mixture. filtration through 
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cotton wool and then evaporation of the solvents under at position 10); 4.98 (broad d. J=lO. lH: H at position 5); 
reduced pressure (2.7 kPa) at a temperature in the region of 5.28 (broad d. J=lO. lH: Hat position 3'); 5.42 (d. J=lO. lH: 
40° C .. 84.8 mg of 4a-acetoxy-2a-benzoyloxy-5~.20- CONH); 5.64 (d. J=7.5. lH: Hat position 2); 6.22 (broad t. 
epoxy-10~-(l-propyl)oxy-lj3-hydroxy-7~-methoxy-9-oxo- J=9. lH: H at position 13); from 7.25 to 7.45 (mt. SH: 
11-taxen-13a-yl(2R.4S.5R)-3-tert-butoxycarbonyl-2-(4- 5 aromatic Hat position 3'); 7.50 (d. J=7.5. 2H: ococ6 H5 H 
methoxyphenyl)-4-phenyl-1.3-oxazolidine-5-carboxylate at the meta position); 7.61 (t. J=7.5. lH: ococ

6
tt

5 
Hat the 

were obtained in the form of a white foam. the character-
istics of which were as follows: para position); 8.12 (d. J=7.5. 2H: OCOCsHs Hat the ortho 

1H NMR spectrum (300 MHz; CDC13; chemical shifts() position). 
in ppm; coupling constants J in Hz): o. 97 (t. J=7• 3H: propyl 4a-Acetoxy-2a-benzoy loxy-5 ~.20-epoxy-1O~-(1-
CH) 107 ( 9H C(CH)) 119 ( 6H CH) fr 

10 propyl)oxy-1R.13a-dihydroxy-7R-methoxy-9-oxo-11-
3 ; · s. : 3 3 ; • s. : 3 ; om 1.50 1-' I-' 

to l.80(mt. 3H: OH at position 1 and central CH
2 

ofpropyl); taxene (or 10~-( 1-propyl)oxy-7~-methoxy-10-
1.60 (s. 3H: CH3); 1.70 (s. 3H: CH3); 1.78 and 2.63 (2 mts. deacetoxybaccatin Ill) was prepared in the following 
lH each: CH2 at position 6); 1.82 (unres. comp. 3H: manner: 
COCH3); 2.07 and 2.19 (2 dd. J=16 and 9. lH each: CH2 at 

15 
30 mg of sodium hydride at a concentration of 50% by 

position 14); 3.26 (s. 3H: OCH3); 3.30 and 3.58 (2 mts. 1H weight in liquid paraffin were added portionwise to a 
each: propyl OCH

2
); 3.73 (d. J=7.5. lH: Hat position 3); solution. maintained under an argon atmosphere. at a tem-

3.81(s.3H: ArOCH
3
); 3.81 (mt. lH: Hat position 7); 4.09 perature in the region of 0° C .. of 165 mg of 4a-acetoxy-

and 4.23 (2 d. J=8.5. 1H each: CH
2 

at position 20); 4.57 (d. 2a-benzoyloxy-5j3.20-epoxy-1~.7~.13a-trihydroxy-10~-
J=4.5. lH: Hat position 2'); 4.79 (s. lH: Hat position 10); (l-propyl)oxy-9-oxo-11-taxene in 1.7 cm

3
.of iodomethane 

4.90 (broad d. J=lO. lH: Hat position 5); 5.40 (unres. comp. 
20 

and 1 cm
3 

of dimethylformamide. After 30 minutes at a 
lH: Hat position 3'); 5.58 (d. J=7.5. lH: Hat position 2); temperature in the region of 0° C .. the reaction mixture was 
6.13 (broad t, J=9.1H: Hat position 13); 6.40 (spread unres. diluted with 40 cm

3 
of ethyl acetate. 5 cm

3 
of distilled water 

comp lH: Hat position 5'); 6.92 (d. J=8.5. 2H: aromatic H and 7 cm
3 

of saturated aqueous ammonium chloride solu-
at the ortho position with respect to OCH

3
); from 7.30 to tion. After settling had taken place. the organic phase was 

7.60 (mt. 9H: aromatic H at position 3'-aromatic H at the 
25 

separated and washed with three times 7 cm3 of distilled 
meta position with respect to OCH

3 
and OCOC

6
H

5 
meta H); water and then 7 cm

3 
of saturated aqueous sodium chloride 

7.63 (t. J=7.5. lH: OCOC6"s Hat the para position); 8.03 solution, dried over magnesium sulphate. filtered through 
(d, J=7.5. 2H: OCOC

6
H

5 
Hat the ortho position). sintered glass and concentrated to dryness under reduced 

4a-Acetoxy-2a-benzoyloxy-5~.20-epoxy-10~-(l- pressure (2.7 kPa) at a temperature in the region of 40° C. 
propyl)oxy-lj3-hydroxy-7J3-methoxy-9-oxo-11-taxen-13a-

30 
224 mg of the yellow solid were thereby obtained. which 

yl(2R.3S)-3-tert-butoxycarbonylamino-2-hydroxy-3- product was purified by chromatography at atmospheric 
phenylpropionate was prepared in the following manner: pressure on 20 g of silica (0.063--0.2 mm) contained in a 

A solution of 84 mg of 4a-acetoxy-2a-benzoyloxy-5~. column 2.5 cm in diameter (elution gradient: ethyl acetate/ 
20-epoxy-lQR-( 1-propyl)oxy-1R-hydroxy-7 A methoxy-9- dichloromethane from 0: 100 to 15 :85 by volume). collecting 

....- I-' ....- 35 10-c 3 fr ct. F . . . nl 
oxo-ll-taxen-13ci-yl(2R.4S.5R)-3-tert-butoxy-carbonyl-2- m a 10ns. ractions containing o y the desired 
(4-methoxyphenyl)-4-phenyl-1.3-oxazolidine-5 - product were pooled and concentrated to dryness under 
carboxylate in 0.84 cm3 of ethyl acetate and 0.0071 cm3 of reduced pressure (0.27 kPa) at 400 C. for 2 hours. 117.5 mg 
concentrated 37% hydrochloric acid was kept stirring at a of 4a-acetoxY_-2a-benzoyloxy-5~.20-epoxy-10j3-(l-propyl) 
temperature in the region of zoo C. for 1 hour under an argon 40 oxy-1~.13a-~y~oxy-7J3-methoxy-9:oxo-ll-taxene were 
atmosphere. The reaction mixture was then purified by th~e?y obtain~ m the form of a white foam. the charac-
preparative thin-layer chromatography: application of the tenstics of which were as follows: 
crude reaction mixture to 6 Merck preparative silica gel . 

1
H NMR s~ctrum (300 ~Hz; CD03; chemical shifts () 

60F 
254 

plates. thickness 0.5 mm. eluting with a methanol/ Ill ppm. coupling constants J m Hz): 0.98 (t. J=7. 3H: propyl 
acetonitrile/dichloromethane (3:7:90 by volume) mixture. 45 CH3); 1.05 (s. 3H: CH3). 1.19 (s. 3H: CH3); from 1.60 to 
After elution of the zone corresponding to the main product 1.80 (mt. 2H: central CH2 of propyl); from 1.65 to 1.85 and 
with a methanoVdichloromethane (15:85 by volume) 2.66 (2 mts. lH each: CH2 at position 6); 1.72 (s. 3H: CH3); 
mixture. filtration through cotton wool and then evaporation 2.1? _<s. 3H: CH3); from 2.05 to 2.35 (mt. 2H: CH2 at 
of the solvents under reduced pressure (2.7 kPa) at a position 14); 2.28 (s. 3H: COCH3 ); 3.32 (s. 3H: OCH3); 3.45 
temperature in the region of 40° C .• 27 mg of 4a-acetoxy- 50 and3.65 (2 mts. lH each: propyl OCH2); 3.92 (d,J=7.5.1H: 
2a-benzoyloxy-5~.20-epoxy-10j3-(l-propyl)oxy-lj3- HJ); 3.93 (dd. J=ll and 6. lH: Hat position 7); 4.16 and 
hydroxy-7J3-methoxy-9-oxo-11-taxen-13a-yl(2R 3S)-3tert- 4.32 (2 ~ !=8.5. 1H each: CH2 at position 20); 4.90 (mt. lH: 
butoxycarbonylamino-2-hydroxy-3-phenyl-propionate were Hat position 13); 4.94 (s. lH: Hat position 10); 5.03 (broad 
obtained in the form of a white foam. the characteristics of d. I=lO. lH: H at position 5); 5.60 (d. J=7.5. lH: H at 
which are as follows: 55 position 2); 7.48 (t. J=7.5. 2H: OCOC6H5 H at the meta 

1H NMR spectrum (400 MHz; CD0
3

; chemical shifts() pos~~on); 7.62 (t. J=7.5. lH: OCOC6"s H at the para 
inppm;couplingconstantsJinHz):0.99(t.J=7.3H:propyl po~~on); 8.11 (d. J=7.5. 2H: OCOC8H5 Hat the ortho 
CH3); 1.22 (s. 3H: CH3); 1.25 (s, 3H: CH3 ); 1.38 (s. 9H: position). 
C(CH3)3 ; 1.64 (s. lH: OH at position l); 1.69 (mt. 2H: 4a-Acetoxy-2a-benzoyloxy-5~.20-epoxy-1~.7j3.13a-
central CH

2 
ofpropyl); 1.73 (s. 3H: CH3); 1.80 and 2.70 (2 60 trihydroxy-10~-(l-propyl)oxy-9-oxo-11-taxene (or 10j3-(1-

mts. lH each: CH
2 

at position 6); 1.88 (s. 3H: CH
3
); 2.30 propyl)oxy-10-deacetoxybaccatin ID) was prepared in the 

(mt. 2H: CH2 at position 14): 2.38 (s. 3H: COCH3); 3.31 (s. following manner: 
3H: OCH3); 3.36 and 3.64 (2 rots. ~~ each: propyl OCH2); 8.75 cm3 of hydrogen fiuorideltriethylarnine complex 
3.44 (unres. comp. lH: OH at position 2'); 3.84 (d. J=7.5, (3HF.Et3N) were added to a solution. maintained under an 
Hz .. ~H: Hat position 3); 3.87 (dd. J=ll and 6.5. lH: Hat 65 argon atmosphere. at a temperature in the region of20° C .• 
pos~~on 7); 4.18 and 4.30 (2 d. J".'~.5. ~H each: CH2 at of 585 mg of 4a-acetoxy-2a-benzoyloxy-5~.20-epoxy-lj3-
positton 20); 4.64 (mt. lH: Hat position 2 ); 4.89 (s. lH: H hydroxy- IO~-( 1-propyl)oxy-9-oxo-7 ~.13a-bis 
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(triethylsilyloxy)-11-taxene in 6 cm3 of dichloromethane. chromatography at atmospheric pressure on 150 g of silica 
After 24 hours at a temperature in the region of 20° C .. the (0.063-0.2 mm) contained in a column 3.5 cm in diameter, 
reaction mixture was diluted with 30 cm3 of dichlo- eluting with an ethyl acetate/dichloromethane (2:98. then 
romethane and poured into a suspension of 30 cm3 of 5:95 by volume) mixture and collecting 15-cm3 fractions. 
supersaturated aqueous sodium hydrogen carbonate solution 5 Fractions containing only the desired products were pooled 
maintained at a temperature in the region of 0° C. After and concentrated to dryness under reduced pressure (0.27 
dilution with 10 cm3 of distilled water and when settling had kPa) at 40° C. for 2 hours. 376.3 mg of 4u-acetoxy-2u-
taken place. the aqueous phase was separated and benzoyloxy-5(3.20-epoxy-lj3.10~dihydroxy-9-oxo-7(3.13u-
re-extracted with twice 20 cm

3 
of diethyl ether. The organic bis(triethylsilyloxy)-11-taxene were thereby obtained in the 

phases were combined. washed with 20 cm3 of distilled 10 form of a pale yellow foam and 395.3 mg of 4a-acetoxy-
water and 20 cm

3 
of saturated aqueous sodium chloride 2u-benzoyloxy-5j3.20-epoxy-lj3-hydroxy-10~(1-propyl) 

solution. dried over magnesium sulphate. filtered through oxy-9-oxo-7(3.13a-bis(triethylsilyloxy)-ll-taxene were 
magnesium sulphate and concentrated to dryness under thereby obtained in the form of a pale yellow foam. the 
reduced pressure (2.7 kPa) at a temperature in the region of characteristics of which were as follows: 
40° C. 500 mg of a pale yellow foam were thereby obtained. 15 iH NMR spectrum (400 MHz; CDC13; chemical shifts o 
which product was purified by chromatography at atmo- in ppm. coupling constants Jin Hz); 0.57 and 0.70 (2 mts. 
spheric pressure on 40 g of silica (0.063-0.2 mm) contained 6H each: ethyl CH:J; 0.94 and 1.03 (2 t. J=7.5. 9H each: 
in a column 2.5 cm in diameter. eluting with a methanol/ ethyl CH3); 0.94 (t. J=7.5. 3H: propyl CH

3
); 1.14 (s. 3H: 

dichloromethane (2:98 by volume) mixture and collecting CH
3
); 1.21 (s, 3H: CH3); 1.67 (s. 3H: CH3); 1.69 (mt. 2H: 

15-cm
3 

fractions. Fractions containing only the desired 20 central CH
2 

of propyl); 1.88 and 2.48 (2 mts. lH each: CH
2 

product were pooled and concentrated to dryness under at position 6); 2.03 (s. 3H: CH3); 2.13 and 2.23 (2 dd, J=16 
reduced pressure (2.7 kPa) at 40° C. for 2 hours. 373.8 mg and 9. 1H each: CH

2 
at position 14); 2.30 (s. 3H: COCH3); 

of 4u-acetoxy-2a-benzoyloxy-5j3.20-epoxy-ljt7j3.13a- 3.40 (mt. 2H: propyl OCHi); 3.84 (d. J=7.5. lH: H at 
trihydroxy-10(3-(1-propyl)oxy-9-oxo-11-taxene were position 3); 4.16 and 4.30 (2 d. J=8.5. 1H each: CH

2 
at 

thereby obtained in the form of a white solid. the charac- 25 position 20); 4.44 (dd. J=ll and 6.5. lH: H at position 7); 
teristics of which were as follows: 4.96 (broad d. J=lO Hz. lH: HS); 4.97 (s. lH: H 10). 4.99 

1
H NMR spectrum (300 MHz; CDCl3; chemical shifts o (broad t. J=9 Hz. lH: Hat position 13); 5.62 (d. J=7.5. lH: 

in ppm. coupling constants Jin Hz): 0.95 (t. J=7. 3H: propyl Hat position 2); 7.48 (t. J=7.5. 2H: OCOC6Hs H atthe meta 
CH3); 1.06 (s. 3H: CH3); 1.22 (s. 3H: CH3); 1.45 (d. J=7.5. position); 7.60 (t. J=7.5. lH: OCOC~5 H at the para 
lH: OH at position 7); from 1.60 to 1.80 (mt. 2H: central 30 position); 8.10 (d. J=7.5. 2H: OCO~H5 H at the ortho 
CH2 of propyl); 1.67 (s. 3H: CH3); 1.83 and 2.62 (2 mts. 1H position). 
each: CH2 at position 6); 2.05 (s. 3H: CH3); 2.05 (mt. lH: The new products of general formula (I) in which Z 
OH at position 13); 2.27 (limiting AB. 2H: CH2 at position represents a radical of general formula (Il) manifest signifi-
4); 2.28 (s. 3H: COCH3); 3.40 and 3.57 (2 mts. lH each: cant inhibitory activity with respect to abnormal cell 
propyl OCHi); 3.97 (d. J=7.5.1H: Hat position3); 4.15 and 35 proliferation. and possess therapeutic properties permitting 
4.30 (2 d. J=8.5. 1H each: CH2 at position 20); 4.28 (mt. lH: the treatment of patients having pathological conditions 
H at position 7); 4.90 (mt. lH: H at position 13); 4.98 (broad associated with abnormal cell proliferation. The pathologi-
d. J=lO. lH: Hat position 5); 5.03 (s. lH: Hat position 10); cal conditions include the abnormal cell proliferation of 
5.65 (d. J=7.5. lH: H at position 2); 7.50 (t. 1=7.5. 2H: malignant or non-malignant cells of various tissues and/or 
OCOCaHs H at the meta position); 7.60 (t. J=7.5. lH: 40 organs. comprising. without implied limitation. muscle, 
OCOC6Hs H at the para position); 8.00 (d, J=7.5• 2H: bone or connective tissue. the skin, brain. lungs. sex organs. 
OCOC~s H at the ortho position). the lymphatic or renal systems. mammary or blood cells. 

4a-Acetoxy-2u-benzoyloxy-5j3.20-epoxy-lj3-hydroxy- liver. the digestive system. pancreas and thyroid or adrenal 
10j3-(l-propyl)oxy-9-oxo-7j3.13a-bis(triethyl-silyloxy)-ll- glands. These pathological conditions can also include 
taxene (or 10(3-(1-propyl)oxy-10-deacetoxy-7.13-bis 45 psoriasis. soli.d tumours. cancers of the ovary. breast, brain. 
(triethylsilyl)baccatin Ill) was prepared in the following prostate. colon. stomach. kidney or testicles, Kaposi's 
manner: sarcoma. cholangiocarcinoma. choriocarcinoma. 

93 mg of sodium hydride at a concentration of 50% by neuroblastoma, Wilms' tumour. Hodgkin's disease, 
weight in liquid paraffin were added portionwise to a melanoma. multiple myeloma. chronic lymphocytic leu-
solution. maintained under an argon atmosphere. at a tern- so kaemia and acute or chronic granulocytic lymphoma. 
perature in the region of 20° C .. of 1 g of 4a-acetoxy-2u- The new products according to the invention are espe-
benzoyloxy-5J3,20-epoxy-1J3.10J3-dihydroxy-9-oxo-713.13u- cially useful for the treatment of cancer of the ovary. The 
bis(triethylsilyloxy)-11-taxene in 3 cm

3 
of iodoethane and 4 products according to the invention may be used to prevent 

cm
3 

of dimethylforrnamide. The solution was kept stirring or delay the appearance or reappearance of the pathological 
for 19 hours at a temperature in the region of 200 C.. and 93 55 conditions. or to treat these pathological conditions. 
mg of sodium hydride at a concentration of 50% by weight 
in liquid paraffin were then added portionwise. After 3 hours The products according to the invention may be admin-

. istered to a patient according to different dosage forms suited 
at a temperature in the region of 200 C.. the reaction IDJXture to the chosen administration route. which is preferably the 
was diluted with 100 cm3 of ethyl acetate and 10 cm3 of 
saturated aqueous ammonium chloride solution. The organic 60 parenteral route. Parenteral administration comprises 
phase was separated after settling had taken place and intravenous, intraperitoneal. intramuscular or subcutaneous 
washed with six times 10 cm3 of distilled water and then 10 administration. lntraperitoneal or intravenous administration 
cm3 of saturated aqueous sodium chloride solution. dried is more especially preferred 
over magnesium sulphate. filtered through sintered glass and The present invention also comprises pharmaceutical 
concentrated to dryness under reduced pressure (2.7 kPa) at 65 compositions containing at least one product of general 
a temperature in the region of 40° C. 1.32 g of a pale yellow formula (I). in a sufficient amount suitable for use in human 
foam were thereby obtained. which product was purified by or veterinary therapy. The compositions may be prepared 
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ethynyloestradiol. antioestrogens such as tamoxifen. and 
androgens such as testosterone propionate and fluoxymes
terone. 

The doses used for carrying out the methods according to 
the invention are those which permit a prophylactic treat
ment or a maximum therapeutic response. The doses vary 
according to the administration form. the particular product 

according to the customary methods. using one or more 
pharmaceutically acceptable adjuvants. vehicles or excipi
ents. Suitable vehicles include diluents. sterile aqueous 
media and various non-toxic solvents. Preferably. the com
positions take the fonn of aqueous solutions or suspensions. 5 

injectable solutions which can contain emulsifying agents. 
colourings. preservatives or stabilizers. However. the com
positions can also take the form of tablets. pills. powders or 
granules which can be administered orally. 

10 selected and features distinctive to the subject to be treated. The choice of adjuvants or excipients may be determined 
by the solubility and the chemical properties of the product. 
the particular mode of administration and good pharmaceu
tical practice. 

For parenteral administration. sterile. aqueous or non
aqueous solutions or suspensions are used. For the prepa- 15 

ration of non-aqueous solutions or suspensions. natural 
vegetable oils such as olive oil. sesame oil or liquid 
petroleum.. or injectable organic esters such as ethyl oleate. 
may be used. The sterile aqueous solutions can consist of a 
solution of a pharmaceutically acceptable salt dissolved in 20 

water. The aqueous solutions are suitable for intravenous 
administration provided the pH is appropriately adjusted and 
the solution is made isotonic, for example with a sufficient 
amount of sodium chloride or glucose. The sterilization may 
be carried out by heating or by any other means which does 25 

not adversely affect the composition. 
It is clearly understood that all the products participating 

in the compositions according to the invention must be pure 
and non-toxic in the amounts used. 

The compositions can contain at least 0.01 % of therapeu
tically active product. The amount of active product in a 
composition is such that a suitable dosage can be prescribed. 
Preferably, the compositions are prepared in such a way that 

30 

a single dose contains from 0.01to1000 mg approximately 35 
of active product for parenteral administration. 

The therapeutic treatment may be performed concurrently 
with other therapeutic treatments including antineoplastic 
drugs. monoclonal antibodies. irnmunotherapy or radio
therapy or biological response modifiers. The response 40 

modifiers include. without implied limitation. lymphokines 
and cytokines such as interleukins. interferons (a. 13 or O) 
andTNF. 

In general. the doses are those which are therapeutically 
effective for the treatment of disorders due to abnormal cell 
proliferation. 

The products according to the invention may be admin
istered as often as necessary to obtain the desired therapeutic 
effect. Some patients may respond rapidly to relatively high 
or low doses. and then require low or zero maintenance 
doses. Generally. low doses will be used at the beginning of 
the treatment and. if necessary. increasingly stronger doses 
will be administered until an optimum effect is obtained. 

For other patients. it may be necessary to administer 
maintenance doses 1 to 8 times a day. and preferably 1 to 4 
times. according to the physiological requirements of the 
patient in question. It is also possible that some patients may 
require the use of only one to two daily administrations. 

In man. the doses generally range from 0.01to200 mg/kg. 
For intraperitoneal administration. the doses will generally 
range from 0.1 to 100 mg/kg. preferably from 0.5 to 50 
mg/kg and still more specifically from 1 to 10 mg/kg. For 
intravenous administration. the doses generally range from 
0.1 to 50 mg/kg. preferably from 0.1 to 5 mg/kg and still 
more specifically from 1 to 2 mg/kg. It is understood that. in 
order to choose the most suitable dosage. account should be 
taken of the administration route. the patient's weight. 
general state of health and age and all factors which may 
influence the efficacy of the treatment. 

The example which follows illustrates a composition 
according to the invention. 

EXAMPLE 

40 ~ of the product obtained in Example 1 are dissolved 
in 1 cm of Emulphor EL 620 and 1 cm3 of ethanol. and the 
solution is then diluted by adding 18 cm3 of physiological 
saline. The composition is administered by perfusion over 1 
hour by introduction in physiological solution. 

We claim: 

Other chemotherapeutic agents which are useful in the 
treatment of disorders due to abnormal cell proliferation 45 
include, without implied limitation. alkylating agents. for 
instance nitrogen mustards such as mechlorethamine. 
cyclophosphamide. melphalan and chlorambucil, alkyl sul
phonates such as busulfan, nitrosoureas such as carmustine. 
lomustine. semustine and streptozocin. triazenes such as so 
dacarbazine. antimetabolites such as folic acid analogues. 
for instance methotrexate. pyrimidine analogues such as 
fiuorouracil and cytarabine. purine analogues such as mer
captopurine and thioguanine. natural products. for instance 
vinca alkaloids such as vinblastine. vincristine and 55 
vindesine. epipodophyllotoxins such as etoposide and 
teniposide. antibiotics such as dactinomycin. daunorubicin. 
doxorubicin. bleomycin, plicamycin and mitomycin. 
enzymes such as L-asparaginase. various agents such as 
coordination complexes of platinum. for instance cisplatin. 
substituted ureas such as hydroxyurea. methylhydrazine 
derivatives such as procarbazine. adrenocortical suppres
sants such as mitotane and aminoglutethimide. hormones 
and antagonists such as adrenocorticosteroids such as 
prednisone. progestins such as hydroxyprogesterone 
caproate. methoxyprogesterone acetate and megestrol 
acetate, oestrogens such as diethylstilboestrol and 

1. 4a-Acetoxy-2o.-benzoyloxy-S j3.20-epoxy-lj3-
hydroxy-7j3.1 Oj3-dimethoxy-9-oxo-1 l-taxen-13a-yl(2R.3S) 
-3-tert-bu tox y carbon ylami n o-2- h ydrox y-3-

60 phenylpropionate. 
2. A pharmaceutical composition comprising at least the 

product according to claim 1 in combination with one or 
more pharmaceutically acceptable diluents or adjuvants and 
optionally one or more compatible and pharmacologically 

65 active compounds. 
3. A method comprising the step of etherifying selectively 

at position 7 a compound of the formula (XIV): 
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(XIV) 

0 

OCOCoffs 

wherein R4 represents an alkoxy radical containing 1 to 6 
carbon atoms in an unbranched or branched chain, 

with a compound of the formula (XV): 

(XV) 

wherein R's represents a radical such that R's--0 repre
sents an alkoxy radical containing 1 to 6 carbon atoms 

5 

IO 

15 

in an unbranched or branched chain and X2 represents 20 

a reactive-ester residue or a halogen atom. to produce 
a compound of the formula (I): 

(I) 

25 

0 

30 

OCOCoffs 

wherein Z is hydrogen. R4 is as defined above. and Rs is 
identical to R's as defined above. 35 

4. A method comprising the step of reacting a product of 
the formula (XV): 

(XV) 

/

wherein R's represents a radical such that R'5--0 repre- 40 

sents an alkoxy radical containing 1 to 6 carbon atoms 
in an unbranched or branched chain, and X2 represents 
a reactive ester residue or a halogrn" atom. 

with a compound of the formula (XIX): 

R1'°N/Ro O 

RJ~O•• 
OR7 

OCOCoffs 

0 

45 

(XIX) 

50 

55 

wherein R1 represents a benzoyl radical optionally sub
stituted with one or more identical or different atoms or 
radicals selected from halogen atoms. alkyl radicals 
containing 1 to 4 carbon atoms, alkoxy radicals con- 60 
taining 1 to 4 carbon atoms, and trifiuoromethyl 
radicals. 

a thenoyl radical. 
a furoyl radical, or 
a radical R2--0-CO- in which R2 represents: 65 

an alkyl radical containing 1 to 8 carbon atoms. an 
alkenyl radical containing 2 to 8 carbon atoms. an 

30 
alkynyl radical containing 3 to 8 carbon atoms. a 
cycloalkyl radical containing 3 to 6 carbon atoms. a 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 
atoms, these radicals being optionally substituted 
with one or more substituents selected from halogen 
atoms; hydroxyl radicals; alkoxy radicals containing 
1 to 4 carbon atoms; dialkylamino radicals in which 
each alkyl portion contains 1 to 4 carbon atoms; 
piperidino radicals; morpholino radicals; 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; 
cycloall.-yl radicals containing 3 to 6 carbon atoms; 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms. 
alkyl radicals containing 1 to 4 carbon atoms and 
alkoxy radicals containing 1 to 4 carbon atoms; 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms. 

a phenyl or a- or j3-naphthyl radical optionally substi
tuted with one or more atoms or radicals selected 
from halogen atoms; alkyl radicals containing 1 to 4 
carbon atoms; and alkoxy radicals containing 1 to 4 
carbon atoms. 

a 5-membered aromatic heterocyclic radical, or 
a saturated heterocyclic radical containing 4 to 6 carbon 

atoms. optionally substituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms, 

R3 represents an unbranched or branched alkyl radical 
containing 1 to 8 carbon atoms, an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 
atoms. an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms. a cycloalkyl radical 
containing 3 to 6 carbon atoms. a phenyl or a- or 
13-naphthyl radical optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl. alkenyl. alkynyl. aryl. aralkyl. alkoxy. alkylthio, 
aryloxy. arylthio. hydroxyl. hydroxyalkyl. mercapto. 
formyl. acyl. acylamino, aroylamino. 
alkoxycarbonylamino. amino. alkylamino. 
dialkylamino, carboxyl. alkoxycarbonyl. carbamoyl. 
alkylcarbamoyl. dialkylcarbamoyl. cyano. nitro and 
trifiuoromethyl radicals. or 

a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen, oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms. alkyl. aryl, 
amino, alkyl amino, dialkylamino. 
alkoxycarbonylamino. acyl. arylcarbonyl. cyano, 
carboxyl. carbamoyl. alkylcarbamoyl. dialkylcarbam
oyl and alkoxycarbonyl radicals. 

with the proviso that. in the substituents of the phenyl. «
or 13-naphthyl and aromatic heterocyclic radicals in the 
definitions ofR2 and R3 • the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 
atoms. and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms, and the aryl radicals are phenyl or a-
or 13-naphthyl radicals. j 
~ represents an alkoxy radical containing 1 to 6 carbon 

atoms in an unbranched or branched chain -
either ~ represents a hydrogen atom and R, represents a 

group protecting the hydroxyl function. or ~ and R7 
together form a saturated 5- or 6-membered 
heterocycle. 
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to form a compound of the formula (V): 

OC04Hs 

wherein Rs represents an alkoxy radical containing 1 to 6 
carbon atoms in an unbranched or branched chain and R1• 

R3 • R4 , Ri;. and R7 are as defined above. 
5. A method comprising the step of replacing with hydro

gen atom(s) group(s) Ri; and R7 in a compound of the 
formula (V): 

0 

wherein: 
R 1 represents a benzoyl radical optionally substituted with 

one or more identical or different atoms or radicals 
selected from halogen atoms. alkyl radicals containing 

5 

10 

15 

20 

25 

30 

1 to 4 carbon atoms. alkoxy radicals containing 1 to 4 
35 

carbon atoms. and trifluoromethyl radicals, 
a thenoyl radical. 
a furoyl radical. or 
a radical R2--0-CO- in which R2 represents: 

an alkyl radical containing 1 to 8 carbon atoms. an 40 

alkenyl radical containing 2 to 8 carbon atoms. an 
alkynyl radical containing 3 ,to 8 carbon atoms. a 
cycloalkyl radical containing 3 to 6 carbon atoms, a 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 45 

atoms. these radicals being optionally substituted 
with one or more substituents selected from halogen 
atoms; hydroxyl radicals; alkoxy radicals containing 
1 to 4 carbon atoms; dialkylamino radicals in which 
each alkyl portion contains 1 to 4 carbon atoms; 50 

piperidino radicals; morpholino radicals; 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; 55 

cycloalkyl radicals containing 3 to 6 carbon atoms; 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms. 

32 
carbon atoms; and alkoxy radicals containing 1 to 4 
carbon atoms. 

a 5-membered aromatic heterocyclic radical. or 
a saturated heterocyclic radical containing 4 to 6 carbon 

atoms. optionally substituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms. 

R3 represents an unbranched or branched alkyl radical 
containing 1 to 8 carbon atoms. an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 
atoms. an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms. a cycloalkyl radical 
containing 3 to 6 carbon atoms. a phenyl or a- or 
13-naphthyl radical optionally substituted with one or 
more atoms or radicals selected from halogen atoms. 
alkyl. alkenyl. alkynyl. aryl. aralkyl. alkoxy. alkylthio. 
aryloxy. arylthio. hydroxyl. hydroxyalkyl. mercapto. 
formyl. acyl. acylamino. aroylamino. 
alkoxycarbonylamino. amino. alkylamino. 
dialkylamino. carboxyl. alkoxycarbonyt carbamoyl. 
alkylcarbamoyl. dialkylcarbamoyl. cyano. nitro and 
trifluoromethyl radicals. or 

a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen, oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms. alkyl. aryl. 
amino. alkylamino. dialkylamino. 
alkoxycarbonylamino. acyl. arylcarbonyl. cyano. 
carboxyl. carbamoyl. alkylcarbamoyl. dialkylcarbam
oyl and alkoxycarbonyl radicals. 

with the proviso that. in the substituents of the phenyl. a
or 13-naphthyl and aromatic heterocyclic radicals in the 
definitions of R2 and R3 • the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 
atoms. and the alkenyl and alkynyl radicals contain 2 to 
8 caroon atoms. and the aryl radicals are phenyl or n
or 13-naphthyl radicals. 

R4 represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain 

Rs represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain and 

either Ri; represents a hydrogen atom and R7 represents a 
group protecting the hydroxyl function. or Ri; and ~ 
together form a saturated 5- or 6-membered 
heterocycle, 

by treating the compound of formula (V) with an organic 
or inorganic acid. optionally in an organic solvent to 
obtain a compound of the formula (VIl): 

0 (VIl) 

0 
OH 

alkyl radicals containing 1 to 4 carbon atoms and 60 wherein R3 • R4 , and Rs are as defined above. 
alkoxy radicals containing 1 to 4 carbon atoms; 6. A process for the preparation of 4cx-acetoxy-2a-
cyano radicals; carboxyl radicals; and alkoxycarbo- benzoyloxy-5j3.20-epoxy-lj3-hydroxy-7j3.10j3-dimethoxy-
nyl radicals in which the alkyl portion contains 1 to 9-oxo-11-tax en-13 a-yl ( 2R .3 S )-3-tert-
4 carbon atoms. butoxycarbonylarnino-2-hydroxy-3-phenylpropionate. said 

a phenyl or a- or 13-naphthyl radical optionally substi- 65 process comprising: 
tuted with one or more atoms or radicals selected converting 4a-acetoxy-2a-benzoyloxy-5j3.20-epoxy-113-
from halogen atoms; alkyl radicals containing 1 to 4 hydroxy-7j3.10j3-bis(methylthiomethoxy )-9-oxo-11-
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taxen-13a-yl (2R.4S.5R)-3-tert-butoxycarbonyl-2-(4~ 
methoxyphenyl)-4-phenyl-1.3-oxazolidine-5-
carboxylate to said 4a-acetoxy-2a-benzoyloxy-5ll.20-
epoxy-I 13-hydroxy-7 l3.1013-dimethoxy-9-oxo-11-
taxen-13a-yl (2R.3S)-3-tert-butoxycarbonylamino-2- 5 

hydroxy-3-phenylpropionate. 
7. A process for the preparation of 4a-acetoxy-2a

benzoyloxy-513.20-epoxy-113-hydroxy-713.1013-dimethoxy-
9-oxo-l l-taxen-13a-yl (2R.3S)-3-tert
butoxycarbonylamino-2-hydroxy-3-phenylpropionate. said 10 

process comprising: 
(a) reacting 4a-acetoxy-2a-benzoyloxy-513.20-epoxy-ll3-

713.1013-trihydroxy-9-oxo-11-taxen-13a-yl (2R.4S.5R) 
-3-tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-
phenyl-1.3-oxazolidine-5-carboxylate with dimethyl 15 

sulfoxide in the presence of acetic anhydride and acetic 
acid to obtain 4a-acetoxy-2a-benzoyloxy-513.20-
epoxy-113-hydroxy-713.10l3-bis(methylthiomethoxy)-9-
oxo-11-taxe n-13a-y 1 ( 2R.4S .5 R)-3-tert
butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1.3- 20 

oxazolidine-5-carboxylate; 
(b) reacting the product obtained in (a) with activated 

Raney nickel to obtain 4a-acetoxy-2a-benzoyloxy-513. 
20-epoxy-113-hydroxy-713.1013-dimethoxy-9-oxo-1 l
taxen-13a-yl (2R,4S.5R)-3-tertbutoxy-carbonyl-2-( 4- 25 

methox yphen y l )-4-pheny 1-1.3-oxa zolidine-5-
carboxylate; and 

(c) reacting the product obtained in (b) with an acid to 
obtain 4a-acetoxy-2a-benzoyloxy-513.20-epoxy-113-

30 
hydroxy-113.1 Ol3-dimethoxy-9-oxo-11-taxen-13a-yl 
(2R.3S)-3-tert-butoxycarbonylamino-2-hydroxy-3-
phenylpropionate. 

8. A process for preparing a taxoid of the following 
formula (1): - 35 

(I) 

40 

0 

oc~ 45 

in which: 
Z represents a radical of formula (II): 

(JI) so 

in which: 
R 1 represents a benzoyl radical optionally substituted with 

one or more identical or dilferent atoms or radicals 
selected from halogen atoms. alkyl radicals containing 
1 to 4 carbon atoms. alkoxy radicals containing 1 to 4 
carbon atoms. and trifluoromethyl radicals, 

a thenoyl radical, 
a furoyl radical, or 
a radical R2-0-CO- in which R2 represents: 

55 

60 

an alkyl radical containing 1 to 8 carbon atoms. an 
alkenyl radical containing 2 to 8 carbon atoms, an 65 
alkynyl radical containing 3 to 8 carbon atoms. a 
cycloalkyl radical containing 3 to 6 carbon atoms. a 

34 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 
atoms. these radicals being optionally substituted 
with one or more substituents selected from halogen 
atoms; hydroxyl radicals; alkoxy radicals containing 
1 to 4 carbon atoms; dialkylarnino radicals in which 
each alk-yl portion contains 1 to 4 carbon atoms; 
piperidino radicals; morpholino radicals; 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing I to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; 
cycloalkyl radicals containing 3 to 6 carbon atoms; 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms, 
alkyl radicals containing 1 to 4 carbon atoms and 
alkoxy radicals containing 1 to 4 carbon atoms; 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms. 

a phenyl or a- or 13-naphthyl radical optionally substi
tuted with one or more atoms or radicals selected 
from halogen atoms; alkyl radicals containing 1 to 4 
carbon atoms; and alkoxy radicals containing 1to4 
carbon atoms, 

a 5-membered aromatic heterocyclic radical. or 
a saturated heterocyclic radical containing 4 to 6 carbon 

atoms. optionally substituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms. 

R3 represents an unbranched or branched alkyl radical 
containing 1 to 8 carbon atoms. an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 
atoms. an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms. a cycloalkyl radical 
containing 3 to 6 carbon atoms. a phenyl or a- or 
13-naphthyl radical optionally substituted with one or 
more identical or dilferent atoms or radicals selected 
from halogen atoms. alkyl. alkenyl. alkynyl. aryl. 
aralkyl. alkoxy. alkylthio, aryloxy. arylthio, hydroxyl, 
hydroxyalkyl. mercapto, formyl. acyl. acylamino. 
aroylarnino. alkoxycarbonylamino. amino. alkylamino, 
dialkylarnino, carboxyl. alkoxycarbonyl. carbamoyl, 
alkylcarbamoyl. dialkylcarbamoyl. cyano. nitro and 
trifluoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or 
more identical or dilferent hetero atoms selected from 
nitrogen. oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms. alkyl. aryl. 
amino. alkylamino. dialkylamino. 
alkoxycarbonylarnino. acyl. arylcarbonyl. cyano, 
carboxyl. carbamoyl. alkylcarbamoyl. dialkylcarbam
oyl and alkoxycarbonyl radicals. 

with the proviso that. in the substituents of the phenyl. a
or 13-naphthyl and aromatic heterocyclic radicals in the 
definitions ofR2 and R3 , the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 
atoms. and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms. and the aryl radicals are phenyl or a
or 13-naphthyl radicals. 
~ represents an alkoxy radical containing 1 to 6 carbon 

atoms in an unbranched or branched chain and 
R5 represents an alkoxy radical containing 1 to 6 carbon 

atoms in an unbranched or branched chain, 
said process comprising: 
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esterifying a product of formula (III): 

in which R4 and Rs are defined as above 

with an acid of formula (IV): 

R1"N/Ro O 

RJ~OH 
OR1·· 

0 

(1Il) 

5 

IO 

15 

(IV) 

20 

in which R1 and R3 are defined as above. and either Ri; 
represents a hydrogen atom and R7 represents a group 
protecting the hydroxyl function. or Ri; and R7 together form 25 

a saturated 5- or 6-membered heterocycle. or 

with a derivative of said acid. to obtain an ester of formula 
(V): 

M 30 

0 

OC04Hs 

in which R1• R3 • R4 • R5• Ri; and R, are defined as above. 
and 

replacing the protective group(s) of said ester of formula 
(V), represented by R7 or Ri; and R7 together. by 
hydrogen atoms. 

9. A process for preparing a new taxoid of the following 
formula (I): 

(I) 

0 

in which: 

Z represents a hydrogen atom. 
~ represents an alkoxy radical containing 1 to 6 carbon 

atoms in an unbranched or branched chain and 

35 

40 

45 

50 

55 

60 

Rs represents an alkoxy radical containing 1 to 6 carbon 65 
atoms in an unbranched or branched chain. 

said process comprising: 

36 
treating 10-deacetylbaccatin m of formula (IX): 

(IX) 

0 

with a silyl halide of formula: 

(R),-Si-Hal (X) 

in which the symbols R. which may be identical or 
different. represent an alkyl radical containing 1 to 6 
carbon atoms. optionally substituted with a phenyl 
radical. a cycloalkyl radical containing 3 to 6 carbon 
atoms or a phenyl radical. to obtain a product of 
formula (XI): 

(XI) 

0 

in which R is defined as above. 

treating said product of formula (XI) with a product of 
formula: 

(XII) 

in which R'4 represents a radical such that R'4-0 is 
identical to R4 defined above and X1 represents a halogen 
atom or a reactive ester residue, to obtain a product of 
formula (XIII): 

(XIII) 

0 

in which R and ~ are defined as above. 

replacing the silyl protective groups of said product of 
formula (XIII) by hydrogen atoms to obtain a product 
of formula (XIV): 
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(XIV) 

0 

OCoc,,Hs 

in which R4 is defined as above. and 
etherifying. said compound of formula (XIV) selectively 

at position 7 with a product of formula (XV): 

(XV) 

5 

10 

15 

in which R's represents a radical such that R's-0 is 
identical to Rs defined as above and X2 represents a reactive 
ester residue or a halogen atom. to give the product of 20 

formula (I) in which Z represents a hydrogen atom. 
10. A process for preparing a taxoid of the following 

formula (I): 

(I) 25 

0 30 

OCoc,,Hs 

in which: 35 

Z represents a radical of formula (II): 

R1NH 0 (Il) 

R~ 40 

OH 

in which: 
R1 represents a benzoyl radical optionally substituted with 

one or more identical or different atoms or radicals 45 

selected from halogen atoms. alkyl radicals containing 
1 to 4 carbon atoms. alkoxy radicals containing 1 to 4 
carbon atoms. and trifluoromethyl radicals, 

a thenoyl radical. 
a furoyl radical. or 
a radical R2-0-CO- in which R2 represents: 

so 

an alkyl radical containing 1 to 8 carbon atoms. an 
alkenyl radical containing 2 to 8 carbon atoms. an 
alkynyl radical containing 3 to 8 carbon atoms. a 

55 cycloalkyl radical containing 3 to 6 carbon atoms. a 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 
atoms. these radicals being optionally substituted 
with one or more substituents selected from halogen 

60 atoms; hydroxyl radicals; alkoxy radicals containing 
1to4 carbon atoms; dialkylamino radicals in which 

38 
each alkyl portion contains 1 to 4 carbon atoms; 
piperidino radicals; morpholino radicals; 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; 
cycloalkyl radicals containing 3 to 6 carbon atoms; 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms. 
alkyl radicals containing 1 to 4 carbon atoms and 
alkoxy radicals containing l to 4 carbon atoms; 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms. 

a phenyl or a.- or 13-naphthyl radical optionally substi
tuted with one or more atoms or radicals selected 
from halogen atoms; alkyl radicals containing 1 to 4 
carbon atoms; and alkoxy radicals containing 1 to 4 
carbon atoms. 

a 5-membered aromatic heterocyclic radical. or 
a saturated heterocyclic radical containing 4 to 6 carbon 

atoms. optionally substituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms. 

R3 represents an unbranched or branched alkyl radical 
containing 1 to 8 carbon atoms. an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 
atoms. an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms. a cycloalkyl radical 
containing 3 to 6 carbon atoms. a phenyl or ex- or 
jl-naphthyl radical optionally substituted with one or 
more identical or different atoms or radicals selected 
from halogen atoms. alkyl. alkenyl. alkynyt aryl. 
aralkyl. alkoxy. alkylthio. aryloxy. arylthio, hydroxyl. 
hydroxyalkyl. mercapto. formyl. acyl. acylamino. 
aroylamino. alkoxycarbonylamino. amino. alkylarnino. 
dialkylamino. carboxyl. alkoxycarbonyl. carbamoyl. 
alkylcarbamoyl. dialkylcarbamoyl, cyano. nitro and 
trifluoromethyl radicals. or 

a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen. oxygen and sulphur atoms and optionally 
substituted with one or more identical or different 
substituents selected from halogen atoms. alkyl. aryl. 
amino. alkylamino, dialkylamino. 
alkoxycarbonylamino. acyl. arylcarbonyl, cyano. 
carboxyl. carbamoyl. alkylcarbamoyl. dialkylcarbam
oyl and alkoxycarbonyl radicals. 

with the proviso that. in the substituents of the phenyl, cx
or 13-naphthyl and aromatic heterocyclic radicals in the 
definitions of R2 and R3 • the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 
atoms. and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms. and the aryl radicals are phenyl or a.
or jl-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain and 

Rs represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain. 

said process comprising: 
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39 
treating a product of formula (XVI): 

(XVI) 

0 

in which R1• R3 • Rt; and R, are defined as above. with a 
product of formula (X): 

(R),Si-Hal (X) 

in which the symbols R. which may be identical or different. 
represent an alkyl radical containing 1 to 6 carbon atoms. 
optionally substituted with a phenyl radical. or a cycloalkyl 
radical containing 3 to 6 carbon atoms or a phenyl radical, 
to obtain a product of formula (XVII): 

OH 0 (XVII) 

5 

10 

15 

20 

25 

40 

(XIX) 

0 

OC04Hs 

in which R1 • R3 • ~. Rt; and R7 are defined as above which. 
when reacted with a product of formula (XV): 

(XV) 

in which R'5 represents a radical such that R'50 is identical 
to Rs defined above and X2 represents a reactive ester 
residue or a halogen atom. 

yields the product of formula (V): 

(V) 

R1, ...... ~ 

~ d 
RJ~O•• 

0 
OR1 

30 OC04ffs 

0 
in which R1 • R3 • R4 • Rs. R6 and R, are defined as above 
and replacing the protective group( s) of formula (V) with 

one or two hydrogen atoms to give a product of formula 
35 (I) in which Z represents a radical of formula (Il). 

in which R. R1• R3 • Rt; and R7 are defined as above. 

40 
functionalizing said compound of formula (XVII) at posi-

tion 10 with a product of formula: 

(XII) 

45 

11. A process for preparing a taxoid of the following 
formula (I): 

(I) 

0 

OC04ffs 

in which: 

in which R'4 represents a radical such that R'4~ is 
identical to R4 defined as above and X1 represents a halogen 
atom or a reactive ester residue. to give a product of formula 
(XVIIT): 

50 Z represents a hydrogen atom or a radical of formula (Il): 
(XVlil) 

55 

0 

60 

in which R. R1• R3• ~-Rt; and R7 are defined as above. 

replacing the silyl protective group of said product of 65 

formula (XVIII) by a hydrogen atom to give a product 
of formula (XlX): 

(II) 

in which: 
R1 represents a benzoyl radical optionally substituted with 

one or more identical or different atoms or radicals 
selected from halogen atoms. alkyl radicals containing 
1 to 4 carbon atoms. alkoxy radicals containing 1 to 4 
carbon atoms. and trifluoromethyl radicals, 

a thenoyl radical. 
a furoyl radical. or 
a radical R2--0-CO- in which R2 represents: 

an alkyl radical containing 1 to 8 carbon atoms. an 
alkenyl radical containing 2 to 8 carbon atoms. an 
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alkynyl radical containing 3 to 8 carbon atoms. a 
cycloalkyl radical containing 3 to 6 carbon atoms. a 
cycloalkenyl radical containing 4 to 6 carbon atoms 
or a bicycloalkyl radical containing 7 to 10 carbon 
atoms. these radicals being optionally substituted 5 
with one or more substituents selected from halogen 
atoms; hydroxyl radicals; alkoxy radicals containing 
I to 4 carbon atoms; dialkylamino radicals in which 
each alkyl portion contains I to 4 carbon atoms; 
piperidino radicals; morpholino radicals; 

10 
1-piperazinyl radicals optionally substituted at posi
tion 4 with an alkyl radical containing 1 to 4 carbon 
atoms or with a phenylalkyl radical in which the 
alkyl portion contains 1 to 4 carbon atoms; 
cycloalkyl radicals containing 3 to 6 carbon atoms; 

15 
cycloalkenyl radicals containing 4 to 6 carbon atoms; 
phenyl radicals optionally substituted with one or 
more atoms or radicals selected from halogen atoms. 
alkyl radicals containing 1 to 4 carbon atoms and 
alkoxy radicals containing 1 to 4 carbon atoms; 

20 
cyano radicals; carboxyl radicals; and alkoxycarbo
nyl radicals in which the alkyl portion contains 1 to 
4 carbon atoms. 

a phenyl or a.- or ~-naphthyl radical optionally substi
tuted with one or more atoms or radicals selected 

25 
from halogen atoms; alkyl radicals containing 1 to 4 
carbon atoms; and alkoxy radicals containing I to 4 
carbon atoms. 

a 5-membered aromatic heterocyclic radical. or 
a saturated heterocyclic radical containing 4 to 6 carbon 

30 
atoms. optionally substituted with one or more alkyl 
radicals containing 1 to 4 carbon atoms. 

42 
said process comprising reacting activated Raney nickel. 

in the presence of an aliphatic alcohol containing 1 to 
3 carbon atoms or an ether. with a product of formula 
(XXI): 

(XXI) 

0 

OC<>C,;Hs 

in which R4 is defined as above, and R' and R", which may 
be identical or different. 

represent a hydrogen atom or an alkyl radical containing 
1 to 6 carbon atoms, an alkenyl radical containing 2 to 
6 carbon atoms. an alkynyl radical containing 3 to 6 
carbon atoms. a cycloalkyl radical containing 3 to 6 
carbon atoms or a cycloalkenyl radical containing 3 to 
6 carbon atoms. optionally substituted. or alternatively 

R' and R", together with the carbon atom to which they are 
linked. form a cycloalkyl radical containing 3 to 6 
carbon atoms or a cycloalkenyl radical containing 4 to 
6 carbon atoms. and Z 1 represents a hydrogen atom or 
a radical of formula (XXII): 

(XXII) 

in which R1 and R3 are defined as above and either ~ 

R3 represents an unbranched or branched alkyl radical 
containing I to 8 carbon atoms. an unbranched or 
branched alkenyl radical containing 2 to 8 carbon 35 
atoms. an unbranched or branched alkynyl radical 
containing 2 to 8 carbon atoms. a cycloalkyl radical 
containing 3 to 6 carbon atoms, a phenyl or a.- or 
J3-naphthyl radical optionally substituted with one or 
more identical or different atoms or radicals selected 
from halogen atoms, alkyl alkenyl. alkynyl. aryl. 
aralkyl. alkoxy. alkylthio, aryloxy. arylthlo. hydroxyl. 
hydroxyalkyl. mercapto. formyl. acyl. acylamino, 
aroylamino. alkoxycarbonylamino. amino, alkylarnino. 
dialkylamino. carboxyl. alkoxycarbonyl. carbamoyl. 45 
alkylcarbamoyl. dialkylcarbamoyl. cyano. nitro and 
trifluoromethyl radicals, or 

40 represents a hydrogen atom and ~ represents a group 
protecting the hydroxyl function, or~ and R7 together form 
a saturated 5- or 6-membered heterocycle. to obtain a 
product of formula (XXIll): 

a 5-membered aromatic heterocycle containing one or 
more identical or different hetero atoms selected from 
nitrogen. oxygen and sulphur atoms and optionally 50 
substituted with one or more identical or different 
substituents selected from halogen atoms, alkyl. aryl. 
amino. alkylamino. dialkylamino. 
alkoxycarbonylamino. acyl. arylcarbonyl. cyano, 
carboxyl. carbamoyl. alkylcarbamoyl. dialkylcarbam- 55 
oyl and alkoxycarbonyl radicals, 

with the proviso that. in the substituents of the phenyl. a.-
or ~-naphthyl and aromatic heterocyclic radicals in the 
definitions of R2 and R3 • the alkyl radicals and the alkyl 
portions of the other radicals contain 1 to 4 carbon 60 
atoms. and the alkenyl and alkynyl radicals contain 2 to 
8 carbon atoms. and the aryl radicals are phenyl or a.-
or J3-naphthyl radicals. 

R4 represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain and 

Rs represents an alkoxy radical containing 1 to 6 carbon 
atoms in an unbranched or branched chain, 

65 

(XXIII) 

0 

OC04ffs 

followed. when Z1 represents a radical of formula (XXII). 
by replacing the protective group( s) represented by ~ or ~ 
and R7 together by hydrogen atoms under the following 
conditions: 

1) when ~represents a hydrogen atom and~ represents 
a group protecting the hydroxyl function, said replacing 
the protective groups by hydrogen atoms is accom
plished 

with at least one inorganic or organic acid in an organic 
solvent selected from alcohols. ethers. esters. aliphatic j 
hydrocarbons. halogenated aliphatic hydrocarbons. 
aromatic hydrocarbons and nitrites at a temperature 
from -10° to 60° C .. or -
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with a source of fluoride ions, or 
with catalytic hydrogenation, or 
2) when Rt; and R7 together form a saturated 

6-membered heterocycle of formula (VI): 

...... ./ 
.... ,---, 

R1N 0 

)( 
Rs R9 

5- or 

(VI) 

in which R1 is defined as above and Rs and Rg. which may 
be identical or different. 

represent a hydrogen atom or an alkyl radical containing 
1 to 4 carbon atoms. or an aralkyl radical in which t!le 
alkyl portion contains 1 to 4 carbon atoms. or an aryl 
radical. or 

alternatively Rs represents an alkoxy radical containing 1 
to 4 carbon atoms or a trihalomethyl radical or a phenyl 
radical substituted with a trihalomethyl radical and Rg 
represents a hydrogen atom. or 

alternatively R8 and Rg. together with the carbon atom to 
which they are linked. form a 4- to 7-membered ring. 
and further wherein when: 
a) R1 represents a tert-butoxycarbonyl radical and Rs 

and Rg. which may be identical or different. repre
sent an alkyl radical or an aralkyl or aryl radical. or 

alternatively Rs represents a trihalomethyl radical or a 
phenyl radical substituted with a trihalomethyl radi
cal and Rg represents a hydrogen atom. or 

alternatively Rs and Rg together form a 4- to 
7-membered ring. said replacing the protective 
groups by hydrogen atoms is accomplished 

by treating the ester of formula (V) with an inorganic or 
organic acid, and optionally. with an organic solvent. to 
obtain the product of formula (VII): 

5 

10 

44 
which R2 is defined as above. R8 represents a hydrogen 
atom or an alkoxy radical containing 1 to 4 carbon 
atoms or a phenyl radical substituted with one or more 
alkoxy radicals containing l to 4 carbon atoms and Rg 
represents a hydrogen atom. 

said replacing of the protective group formed by Rt; and 
R7 together by two hydrogen atoms is accomplished 

in the presence of at least one inorganic or organic acid in 
a stoichiometric or catalytic amount. and in an organic 
solvent selected from alcohols. ethers. esters. aliphatic 
hydrocarbons. halogenated aliphatic hydrocarbons and 
aromatic hydrocarbons 

at a temperature of from -10° to 60° C. 
12. A process according to claim 8. wherein said esteri

l5 tying step is performed with an acid of formula (N) in the 
presence of a condensing agent and an activating agent in an 
organic solvent at a temperature of from -10° to 90° C. 

13. A process according to claim 8. wherein said esteri-
fying step is performed with an acid of formula (N) in the 

20 form of the symmetrical anhydride thereof. in the presence 
of an activating agent in an organic solvent at a temperature 
of from 0° to 90° C. 

14. A process according to claim 8. wherein said esteri
fying step is performed with the acid of formula (N) in 

25 halide form or in the form of a mixed anhydride with an 
aliphatic or aromatic acid. optionally prepared in situ. in the 
presence of a base. in an organic solvent at a temperature of 
from 0° to 80° C. 

15. A process according to claim 8. further comprising 
30 replacing the protective group(s) ~or Rt; and~ together 

by hydrogen atoms. wherein: 

35 

1) when Rt; represents a hydrogen atom and~ represents 
a group protecting the hydroxyl function. said replacing 
the protective groups by hydrogen atoms is accom
plished 
with at least one inorganic or organic acid in an organic 

(Vil) 

HiN 0 

solvent selected from alcohols. ethers. esters. ali
phatic hydrocarbons. halogenated aliphatic / 
hydrocarbons. aromatic hydrocarbons and~ at 
a temperature from -10° to 60° C .. or 40 

~ 
RJ : 011 

0 OH 

45 
OCOC.slfs 

in which R3 • R4 and R5 are defined as in claim 1. and 
acylating said product of formula (VII) with benzoyl chlo
ride in which the phenyl ring is optioncllly substituted; 
thenoyl chloride; furoyl chloride; or a product of formula 50 

(VIlI): 

R2--0-CO-X (Vil) 

in which R2 is defined as above and X represents a 
halogen atom or a residue -O-R2 or -0--CO- 55 

O-R2. 
to obtain a product of formula (I) in which Z represents a 
radical of formula <m. 

or 

(Il) 60 

b) R1 represents an optionally substituted benzoyl radical. 
a thenoyl or furoyl radical or a radical R20-CO- in 

65 

with a source of fluoride ions. or 
with catalytic hydrogenation. / 

2) when Rt; and ~ together form a saturated 5- or 
6-membered heterocycle of formula (VI). 

H (VI) 

in which R 1 is defined as in claim 8 and Rs and Rg. 
which may be identical or different. 
represent a hydrogen atom or an alkyl radical contain
ing 1 to 4 carbon atoms. or an aralkyl radical in which 
the alkyl portion contains 1 to 4 carbon atoms. or an 
aryl radical. or 
alternatively R8 represents an alkoxy radical containing 
1 to 4 carbon atoms or a trihalomethyl radical or a 
phenyl radical substituted with a trihalomethyl radical 
and Rg represents a hydrogen atom. or 
alternatively Rs and Rg together with the carbon atom 
to which they are linked. form a 4- to 7-membered ring. 

and further wherein when: 
a) R1 represents a tert-butoxycarbonyl radical and Rs and 

Rg which may be identical or different. represent an 
atkYl radical or an aralkyl or aryl radical. or 

j 
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alternatively ~ represents a trihalomethyl radical or a 
phenyl radical substituted with a trihalomethyl radi
cal and ~ represents a hydrogen atom. or 

alternatiyely Rs and ~ together form a 4- to 
7-membered ring. 

the ester of formula (V) is treated with an inorganic or 
organic acid. and optionally. in an organic solvent. to 
obtain the product of formula (Vll): 

5 

46 
the protective group formed by ~ and R7 is replaced by 

hydrogen atoms in the presence of at least one inor
ganic or organic acid in a stoichiometric or catalytic 
amount. and in an organic solvent selected from 
alcohols. ethers. esters. aliphatic hydrocarbons. halo
genated aliphatic hydrocarbons and aromatic hydrocar-
bons at a temperature of from -10° to 60° C. 

16. A process according to claim 15. wherein when~ and 
(VII) R7 together form a saturated 5- or 6-membered heterocycle 

10 of'forrnula (VI). and Rs and~ which may be identical or 
di.fi'erent. represent an aralkyl radical in which the alkyl 
poition contains 1 to 4 carbon atoms. the aryl portion of said 
ar;tlkyl radical represents a phenyl radical optionally sub-

0 15 stituted with one or more alkoxy radicals containing 1 to 4 
carbon atoms. 

in which 

17. A process according to claim 15. wherein when~ and 
~ together form a saturated 5- or 6-membered heterocycle 
of formula (VI). and Rs and ~ which may be identical or 

20 different. represent an aryl radical. said aryl radical is a 
phenyl radical optionally substituted with one or more 
alkoxy radicals containing 1 to 4 carbon atoms. 

f 

R3 • R4 and Rs are defined in claim 8. and 
said product of formula (Vii) is acylated with benzoyl 

chloride in which the phenyl ring is optionally substi
tuted or thenoyl chloride. or furoyl chloride or a prod
uct of formula (VIll): 

R2-0-CO-X (VIIl) 

in which R2 is defined in claim 8 and X represents a 
halogen atom or a residue -O-R2 or -O-C0-
0-R2. to obtain a product of formula (I) in which Z 
represents a radical of formula (II). 

b) when R1 represents an optionally substituted benzoyl 
radical, a thenoyl or furoyl radical or a radical R20-
CO- in which R2 is defined as above. ~represents a 
hydrogen atom or an alkoxy radical coiiiaining 1 to 4 
carbon atoms or a phenyl radical substituted with one 
or more alkoxy radicals containing 1 to 4 carbon atoms 
and ~ represents a hydrogen atom. 

18. A process according to claim 15. wherein said tem
perature ranges from 15° to 30° C. 

25 19. A process according to claim 15. wherein said source 
of fluoride ions is a hydrofluoric acid/triethylamine com
plex. 

20. A process according to claim 15. wherein said triha
lomethyl radical is trichloromethyl. 

30 21. A process according to claim 15. wherein when said 
ester of formula (V) is treated in an organic solvent. said 
organic solvent is an alcohol. 

22. A process according to claim 7. wherein said activated 
Raney nickel is present in step (b) "in an ethanolic suspension 

35 and further wherein said acid in; step (c) is an ethanolic 
solution of hydrochloric acid. 

* * * * * 
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Inclusion of assignee data is only appropiate when an assignment has been previously submitted to !XI issue Fee the PTO or is being submitted under separate cover. Completion of this fonn is NOT a subsititue for 
filing an assignment. D Advance Order - # of Copies 

(A)NAMEOFASSIGNEE Rhone-Poulenc Rorer, S .A. 
4b. The following lees or deficiency In these fees should be charged to: 

(B) RESIDENCE: (CITY &STATE OR COUNTRY) Antony Cedex, FRANCE DEPOSIT ACCOUNT NUMBER 06-0916 
(ENCLOSE AN EXTRA COPY OF THIS FORM) 

Please check the appropriate assignee category indicated below (will not be printed on the patent) D lssueFee 
0 Individual IE coiporatlon or ott1er private group entity Ogovemment D Advance Order - # of Copies 

The COMMISSIONER OF PATENTS AND TRADEMARKS IS requested to apply the Issue Fee to the application identified above. 

(Authorized Slgnatu (Date) 

07 21 98 
NOTE; The Issue Fee will not be accepted from anyone other than the applicant; a registered attorney 
or agent; or the assignee or other party in interest as shown by the records of the Patent and 
Trademark Offtce. 

Burden Hour Statement: This form· is estimated to take 0.2 hours to complete. Time will vary 
depending on the needs of the individual case. Any comments on the amount of time required 
to complete this form shoold be sent to the Chief Information Officer, Patent and Trademark 
Office, Washington, D.C. 2023J. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND FEES AND. THIS FORM TO: Box Issue Fee, Assistant Commissioner for 
Patents, Washington D.C. 20231 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid OMB control number. 

07/23/1998 ASEAFORT 00000194 08622011 

01 FC:142 1320.00 OP 

TRANSMIT THIS FORM WITH FEE 

PTOL-858 (REV.10-96) Approved for use through o6t30/99. OMB 0651-0033 Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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8 DUNNER,L.L.P. 
1300 I STREET, N. W. 

WASHINGTON, DC 20005 

202-406-4000 

9oJli'·. PAJ~~T .. 
Attorney Docket No~:1.Q.3.806.036·7-1 

v IJ. 

GRn 1-;l//;. 
IN THE UNITED STATES PATENT AND TRADEMA~K 0Fr't0:Eleo . 45 

In reApplication of: ) 

Herve BOUCHARD et al. 

Serial No_: 08/622,011 

Filed: March 26, 1.996 

) 
) 
) 
) 
) 
) 
) 

For: NEW TAXOIDS, THEIR PREPARA- ) 
TION, AND PHARMACEUTICAL ) 
COMPOSITIONS CONTAINING THEM ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Notice of Allowance 
Dated June 9, 1998 
Batch No. F17 

Group Art Unit: 1612 

Examiner: B. Trinh 

pr:~E~VED 

J\J\\l 2 2 ~~8 . 

\ \'~::~:,~(~;}:!?: 
AMENDMENT AFTER ALLOWANCE UNDER 37 C.F .R. § 1. 312 

AND REQUEST FOR RETURN OF INITIALED PT0-1449's 

Pursuant to 37 C.F.R. § 1.312 and subject to the recommendation of the 

Examiner and the approval of the Commissioner, and without withdrawing the case 

from issue, kindly ame·nd this application as follows: 

/ 
In the Claims:/ 

Please cancel claim 16 without prejudice or disclaimer. 

( i)l'J·i,j 0 e(:M..._ 1 & ) Remarks 

The above-identified applicationwas allowed in the Office Action mailed 

June 9, 1998. The issue fee has not yet been paid. 

Subsequent to allowance, Applicants noted that because the October 29, 

1997, amendment to claim 15 (later rewritten as claim 39 in the April 23, 1998, 
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FINNEGAN, HENDERSON, 
FARABOW, GARRETT, 

S DUNNER,LL.P. 
1300 I STREET, N. W. 

WASHINGTON, DC 20005 

202-408-4000 

Attorney Docket No. 380ft0367 
Serial No.: 08/622,011 •. ,... 

amendment) incorporated the temperature range "-10 to 60°C" into claim 15, 

dependent claim 16 no longer further limited claim 15, and was thus redundant. 

Accordingly, Applicants propose to cancel claim 16. No new matter is 

introduced by this amendment, and no new issues are raised. 

Thus, since they are in compliance with 37 C.F.R. § 1.312 and M.P.E.P. 

§ 714.16, Applicants respectfully request that this Amendment be entered. 

In addition. Applicants respectfully request that the Examiner initial 

and return to Applicants the PT0-1449 forms filed with the Information\ 

Disclosure Statements llDS's) of 11) April 24. 1998. (2) May 21. 1998. and 

(3) May 28. 1998. The Notice of Allowability (PTOL-37) indicated that the 

PT0-1449's for both of the May IDS's were attached thereto: however. there 

were no attachments to the PTOL-37. Applicants accordingly await the 

receipt of all three initialed PT0-1449 forms from the Examiner. 

Conclusion 

In light of the above, pending claims 17, 40, 26-34, 36-39, and 6-12 are in 

condition for allowance. An early and favorable action is earnestly solicited. 

To the extent any extension of time under 37 C.F.R. § 1.136 is required to 

obtain entry of this Amendment, such extension is hereby requested. If there are 

2 
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fl DUNNER,L.L.P. 
1300 I STREET, N. W. 

WASHINGTON, DC 20005 

202-408-4000 

Attorney Docket No. 3806.0367 
Serial No.: 08/622,011 ·___,. 

any fees due under 37 C.F.R. § 1.16 or 1.17 which are not enclosed, including 

any fees required for an extension of time under 37 C.F.R. § 1.136, please 

charge those fees to our Deposit Account No. 06-916. 

Date: June 18, 1998 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By: ( !lzakL v. w~ 
Thalia V. Warnement 
Reg. No. 39,064 
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~UNITED STATES DEPARTMENT OFCOMMERCE 
Patent and Trademark Office 

NOTICE OF ALLOWANCE AND ISSUE FEE DUE 

HM42/0E.09 
FINNEGAN HENDERSON FARABOW GARRETT 
AND DUl\INEF.: 
1:300 I STHEET NW 
WASHINGTON DC 20005-3315 

1 
.~ 

APPLICATION NO. 1, FILING DATE. I TOTAL CLAIMS · . ·;.· I EXAMINER ANO GROUP ART UNIT I 
I 

08/622, 011 03/26/·:.r6 0}2:3 TRINH, B . 1612 

First Named 
Applicant BOUCl-iP1Rl:1 , HERVE 

TITLE OF 
INVENTION NEL.J T f'.'.iXO I vs, THE IF\ PREPr~t;:AT I ON ANf:• PHAHACEUT I Cr:.'.tL CC:WIPOS IT I ONf?. 

CONT t\ IN I NGi THEM 

ATTY'S DOCKET NO. APPLN. TYPE SMALL ENTITY FEE DUE 

F17 UTILITY NO $1320.00 

DATE MAILED 

06/09/98 

DATEOUE 

THE APPLICA'T/ONIDENTIFIED ABOVE HAS.BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A-PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. 

THE ISSUE FEE MUST BE.PAID WITHIN .THREE MONTHS· FROM THE MAILING DATE OF THIS NOTICE OR THIS .. 
APPLICATION SHALL BE.REGARDED AS ABANDONED •. : THIS STATUTORY PERIOD CANNOT-BE EXTENDED:, · · 

HOW TO RESPOND TO THIS NOTICE: 
I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your 
current SMALL ENTITY status: 

A. If the status is changed, pay twice the amount of the · 
FEE DUE shown above and notify the Patent and 
Trademark Office of the change in status, or 

If the SMALL ENTITY is shown as NO: 

A. Pay FEE DUE shown above, or 

B. If the status is the same, pay the FEE DUE shown 
above. B. File verified statement of Small Entity Status before, or with, 

payment of 1/2 the FEE DUE shown above. 

II. Part B-lssue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your 
ISSUE FEE. ·Even if the ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal 
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section "4b" of Part 
B-lssue Fee Transmittal should be completed and an extra copy of the form should be submitted. 

Ill. All communications regarding this application'must give application nu111ber and batch number. 
Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary .. · 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. it is patentee's responsibility to ensure timely payment of maintenance 
fees when due. · · 

PATENT AND TRADEMARK OFFICE COPY 
PTOL-85 (REV. 10-96) Approved for use through 06130/99. (0651-0033) 

·u.s. GPO: 1998-437-039/60023 
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UNITED STATE-. .:JEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: COMMISSIONER OF 'pA TENTS AND nlADEMARKS 

WBshingtOll. 0.C. 20231 

HATTORNEY~·n:<6-il-oo 

HM42/0609 
Fil~NEOAN HENI>ERSON FARABOW G;ARRETT 
AND [:olJNNER 
1300 I STREET NW 
WASHINGTON DC 20005-3315 

This Is a communication lrom lhe examiner In charge ol your application. 
COMMISSIONER OF PATENTS AND TRADEMARKS 

NOTICE OF ALLOWABILITV 

PAPER NUMBER I 

DATE MAILED: 

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED In this appllcatlon. If not Included herewith (or 
previously malled), a Notice of Allowance and Issue Fee Due or other '1propriate communicatl?" will be mailed In due course. 

C\t This communication is responsive to ~ f tut. l-~ i 1 - ~ 3- 1 ,r_ 1...1 - ? ~. 
@'Theallowedclaim(s)lslare17."to,:i4-1',h-Jf (-1216 if-1/--' J<fr '1.C.~ ~ c.e..,. I- l.j 

0 The drawings filed on are acceptabla. 

lid" Acknowled9ement Is made of a clal;,, for foreign priority under 35 U.S.C. § 119(a)-(d). 

efAll 0 Some• 0 None of the CERTIFIED coples·of Iha priority documents have been 

10" received. 

0 received in Application No. (Sarles Code/Serial Number) ________________ . 

o received In this national stage application from the International Bureau (PCT Rule 17.2{a)). 

·certified copies not received:----------------------------

53' Acknowledgement is made of a claim for domastlc prlorlty under 35 U.S.C. § 111l(e). 

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below Is set to EXPIRE THREE MONTHS 
FROM THE "DATE MAILED" of this OHice action. Failure to timely comply wlll result in ABANDONMENT o! this application. Extensions of 
time may be obtained under the provisions of 37 CFR 1.136(a). 

0 Nole Iha attached EXAMINER'S AMENDMENT Of NOTICE OF INFORMAL APPLICATION, PT0-152, which dlsclosesthat the oath Of 
deciarstion is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED. 

0 Applicant MUST submit NEW FORMAL DRAWINGS 

0 because the origlnaOy filed drawings were declared by applicant to be informal. 

0 including changes required by the Notice of Draftperson's Patent Drawing Review, PT0-948, attached hereto or to Paper No. __ • 

0 including changes required by the proposed drawing correction filed on-----------• which has been approved 
by the examiner. 

0 Including changes required by the attached Examiners Amendment/Comment. 

ldenUfylng lndlcla such aa the application number (see 37 CFR 1.84(c)) ahould be written on the naverse alde'ol the drawings. 
The drawings should be !lied as a aapenate paper with a transmittal letter addnassed to the Official Draf1person. 

0 Note the attached Examiner's comment regarding REOUIREMENT·FOR THE DEPOSIT OF BIOLOGICAL MATERIAL 

Any response to this letter should Include, in the upper right hand corner, the APPLICATION NUMBER (SERIES CODE/SERIAL NUMBER). 
If appltcant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER and DATE of the NOTICE OF 
ALLOWANCE should also be Included. 

Attechment(s) 

0 Notice of Relerences Cited, PT0-892 .C· " 1 • f I 
121'1n1ormation Olsclosure State~ent(s), PT0-1449, Paper No(s). _i 6.L'-'-7,__..c;..>_-_~_11_· <...c'I ~ 
0 Notice~ Drafisperson~t~Ql'a~iil!l'Ra>lle"!,P'I'&~-; ,_:_,~-. · _:J~ 
0 Notice oi' i;;'rormal>Patsnt Application, PT0-152 ·- . - ....____:._ 
G 1nierviewSummary,PT0-413 BAK. TRINH 

0 ~.-· mlnefs Amandment1Cominen1 PRIMARY EXAMINER 
~ GROUP 12911 

O Examinefs Commfni Regar~ing !~e.;.,iiffoi·o~~I of Blol09icOI. Material 

O ExaminW.• S1a1ament of Re~.for Allowance • 

PTOL-37 (lloY· 10l95) 
---~---

"f'l __ 

~· 
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PATENT 

Attorney Docket No. 3806.0367 

IN THE UNITED STATES. PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

Herve BOUCHARD et al. ) 
) 

Serial No.: 08/622,011 ) 
) 

Filed: March 26, 1996 ) 
) 

For: NEWT AXOIDS, THEIR PREPARATION, ) 
AND PHARMACEUTICAL COMPOSITIONS ) 
CONTAINING THEM ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Group Art Unit: 1612 

Examiner: B. Trinh 

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicants bring to the attention of 

the Examiner the document listed on the attached PTO 1449. This Information 

Disclosure Statement is being filed after the events recited in Section 1.97(b) but, to the 

undersigned's knowledge, before the mailing date of either a Final Action or a Notice of 

Allowance. Under the provisions of 37 C.F.R. § 1.97{c), this Information Disclosure 

Statement is accompanied by a fee of $240.00 as specified by Section 1.17{p). 

A copy of the listed document is attached. Applicant respectfully requests that 

the Examiner consider the listed document and indicate that it was considered by 

making appropriate notation on the attached form. 

LAW omcEs This submission does not represent that a search has been made or that no 
FINNEGAN, HENDERSON, 

fARABOW, GARRETT, 
s DuNNER,L.L.P. better art exists and does not constitute an admission that each or all of the listed 

1300 I STREET, N. W. 

WASHINGTON, DC 20005 

202-408-4000 
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FINNEGAN, HENDERSON, 
FARABOW, GARRETI, 

S DUNNER,LL.P. 
1300 I STREET, N. W. 

WASHINGTON1 DC 20005 

202-408-4000 

• • 
Serial No.: 08/622,011 

Attorney Docket No.: 3806.0367 

better art exists and does not constitute an admission that each or all of the listed 

documents are material or constitute "prior art." If the Examiner applies any of the 

documents as prior art against any claims in the application and Applicants determine 

that the cited document does not constitute "prior art" under United States law, 

Applicants reserve the right to present to the office the relevant facts and law regarding 

the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the 

patentability of the disclosed invention over the listed documents, should the document 

be applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please 

charge the fee to our Deposit Account No. 06-0916. 

Date: May 28, 1998 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By: vlzakiU. lU~ 

- 2 -

Thalia V. Warnement 
Reg. No. 39,064 
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PATENT 
Attorney Docket No.: 03806.0367 

IN THE UNITED STATES PATENT AND TRADEMARK OFFIC~,,4 
In re Application of: ) ~ ~ 
Herve BOUCHARD et al. 

Serial No.: 08/622,011 

Filed: March 26, 1996 

) 
) 
) 
) 
) 
) 
) 

For: NEW TAXOIDS, THEIR PREPARA- ) 
TION, AND PHARMACEUTICAL ) 
COMPOSITIONS CONTAINING THEM ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Group Art Unit: 1612 

?!Examiner: B. Trinh 
1i 
f~ i 

RECEl\(ED 

MAY 2 8 1998 

MATRrx CUSTOMER 
SERVICE CENTER 

FURTHER SUPPLEMENTAL REMARKS 

In response to the Office Action dated February 25, 1998, Applicants filed an 

Amendment on April 23, 1998. Following the interview with Examiner Trinh and 

Supervisory Primary Examiner Kight held on May 21, 1998, Applicants 

prepared and filed a Supplemental Amendment and an Information Disclosure 

Statement, also on May 21, 1998. The discussion in the Supplemental Amendment 

demonstrates that the methyl groups at the 7- and 10-position of the compo~nd recited 

in claim 17 are not hydroxy protecting groups. 

In view of the above-mentioned papers and in view of the Supplemental 

Remarks set forth below, Applicants respectfully request reconsideration of this 

application. The purpose of the Supplemental Remarks is two-fold: 
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(1) To bring additional evidence to the Examiner's attention to further support 

Applicants' position that the methyl groups at the 7- and 10-position of the compound 

recited in claim 17 are not hydroxy protecting groups; and 

(2) To complete the record reflecting a summary of the interview by providing 

further detail from the interview that demonstrates the patentability of compound claim 

17 and pharmaceutical composition claim 40. 

Additional Evidence 

After the interview and after the Supplemental Amendment under 37 C.F.R. § 

1.115 was filed on May 21, 1998, Applicants considered the issues in this case further. 

As a result of that consideration, Applicants file the accompanying Information 

Disclosure Statement citing two published European patent applications: EP 684 539 

A1 (EP '539) and EP 604 910 A1 (EP '910). The disclosures of these two EP 

applications are quite similar to the disclosures of EP 639 577 (EP '577) and the Kant 

article in Tetrahedron Letters which were cited in an Information Disclosure Statement 

on June 26, 1996. These EP applications are also quite similar to the Upjohn 

publication, W096/00724, cited in the May 21, 1998, Supplemental Amendment in 

support of Applicants' position that the methyl groups at the 7- and 10-position of the 

compound recited in claim 17 are not hydroxy protecting groups. EP '539 and EP '910 

are brought to the Examiner's attention because, like the disclosures of EP 639 577, 

2 

NEPTUNE GENERICS  EX. 00299



LAW OFFICES 

FINNEGAN, HENDERSON, 
FARABOW, GARRETT, 

8 DUNNER, L. LP. 
1300 I STREET, N. W. 

WASHINGTON, DC 20005 

202 -408-4000 

•• • 
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

the Kant article in Tetrahedron Letters, and the Upjohn publication previously cited, they 

further support Applicants' position that the methyl groups at the 7- and 10-position of 

the compound recited in claim 17 are not hydroxy protecting groups.1 

EP '539 and EP '910 

The disclosure of EP '539, like that of Upjohn, contains no suggestion that 

methyl at the 7-position, i.e., when R1 is H, is a hydroxy protecting group. In fact, the 

contrary is suggested. At page 3, line 40 et seq., "hydroxy protecting group" is defined 

broadly to include methyl ether. However, when EP '539 deems a group to be a 

hydroxy protecting group, the symbol "P" is used. See, e.g., page 5, structures (IV) and 

(V) considered in view of page 7, line 1, which expressly defines "P" as a hydroxy 

protecting group. 

The EP '910 disclosure relates to phosphonoxymethyl ethers of taxane 

derivatives and pharmaceutically acceptable salts thereof. There is a disclosure at 

page 5, lines 20-25 of a formula wherein there could be a methyl at the 10-position. As 

1 Even if it they are prior art, EP '539 and EP '910, just like the Upjohn 
application (WO 96/00724) raise no issues under 35 U.S.C. §§ 102 and 103 with 
respect to claims 17 and 40. Neither of these applications, nor any other art of record, 
remotely teaches or suggests the compound recited in present claim 17 which recites 
methoxy groups at both the 7- and 10-positions. In these references, the 7- and 10-
positions are defined in a mutually exclusive way, i.e., the substituents recited at the 7-
and 10-positions do not overlap. Thus, there is no suggestion in these applications that 
the substituents at the 7- and 10-positions can be the same, let alone that they can 
both be methoxy. Indeed, these documents are very similar to the teachings of EP 
'577 and the Kant article, which have been before the Examiner for almost two years. 

3 

NEPTUNE GENERICS  EX. 00300



LAW OFFICES 

• 
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

in EP '539, at page 5, line 43 et seq. of EP '910, "hydroxy protecting group" is defined 

broadly to include methyl ether. However, the ?-position is expressly defined so as to 

exclude the possibility of a methyl. As with EP '539, when EP '910 deems a group to 

be a hydroxy protecting group, the symbol "P" is used. See, e.g., page 9, lines 35-38, 

Scheme 4, considered in view of page 9, lines 40-41, which expressly defines "P" as a 

hydroxy protecting group. 

Further, both EP '539 and EP '910 (as well as EP '577) expressly recognize that 

a particular moiety may or may not be a hydroxy protecting group in a taxane molecule 

depending on the circumstances. For example, at page 7, line 24 et seq., EP '539 

points out that the suitable carbonates might be either hydroxy protecting groups or part 

of the final product. The critical distinction is explained by EP '539 at page 7, lines 25-

27: 

... thus, when a carbonate is used as a hydroxy protecting 
group, it is intended to be removed in a later step to 
generate the free hydroxy group; otherwise, the carbonate 
moiety remains as part of the final product. 

This explanation appears in identical language at page 10, lines 19-22 of EP 

'910 and at page 11, lines 8-12 of EP '577. 

As explained in the May 21, 1998, Supplemental Amendment and numerous 

other places in this record, the methyl groups at the 7- and 10-positions of the 

compound recited in claim 17 are not intended to be removed, i.e., converted to an H. 

FINNEGAN, HENDERSON, 
FARABow, GARRErr, Moreover, Dr. Commen;on, in his Declarations filed in October 1997 and April 1998, 

S DUNNER,LL.P. 
1300 I STREET, N. W. 

WASHINGTON, OC 20005 4 
202-408-4000 
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has proven that under the traditional deprotection conditions of the taxane art 

previously relied on by the Examiner, as well as of the Holton '362 patent, the methyl 

groups at the 7- and 10-positions of the compound recited in present claim 17 are not 

removed, i.e., are not converted to an H. 

Therefore, EP '539 and EP '910 support Applicants' position that the methyl 

groups at the 7- and 10-positions of the compound of claim 17 are not hydroxy 

protecting groups. The foregoing clearly establishes that there are at least five 

documents of record, two of which have been of record for almost two years, that 

support Applicants' position.2 

Holton '362 

Similarly, Holton '362, discussed in the May 21, 1998, Supplemental 

Amendment, raises no issues under 35 U.S.C. § 102or103. Although Holton '362 

generally teaches that methyl ether can be present at the 7- and 10-positions, the 

methyl ether is solely described as a hydroxy protecting group. Because Applicants 

have established that the methoxy groups in the 7- and 10-positions of the claimed 

compound are not hydroxy protecting groups, Holton '362 in no way teaches or prima 

facie suggests the claimed invention. Further, based on the disclosure of Holton '362, 

there is no predictability that any group generally described as a hydroxy protecting 

2 The five documents are EP '539, EP '577, EP '910, the Kant article, and the 
Upjohn application all of which are discussed above. 
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group would be a hydroxy protecting group in a specific taxane molecule, let alone at 

any specific position thereof. 

CONCLUSION 

In view of the foregoing remarks and those set forth in the May 21, 1998, 

Supplemental Amendment, it is urged that all of the pending claims are in condition for 

allowance. An early and favorable action is earnestly solicited. 

To the extent any extension of time under 37 C.F .R. § 1.136 is required to obtain 

entry of these Remarks, such extension is hereby requested. If there are any fees due 

under 37 C.F.R. § 1.16 or 1.17 which are not enclosed, including any fees required for 

an extension of time under 37 C.F.R. § 1.136, please charge those fees to our Deposit 

Account No. 06-916. 

Dated: May 28, 1998 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 

~wt.~ 
By: ~./\/o. l/l,,lft/f 
~Thalia V. Warnement 
-() Reg. No. 39,064 

fldM.~ 
David M. Maiorana 
Reg. No. 41,449 
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Attorney Docket No.: 0380~1 /~· 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE t;/; /4 
In re Application of:.. · ) 

Herve BOUCHARD et al. 

Serial No.: 08/622,011 

Filed: March 26, 1996 

) 
) 
) 
) Group Art Unit: 1612 
) 
) Examiner: B. Trinh 
) 

For: NEW TAXOIDS, THEIR PREPARA- ) 
TION, AND PHARMACEUTICAL ) 
COMPOSITIONS CONTAINING THEM ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

SUPPLEMENTAL AMENDMENT UNDER 37C.F.R.§1.115 

In response to the Office Action dated February 25, 1998, Applicants filed 

an Amendment on April 23, 1998. After further consideration and an interview 

with Examiner Trinh and Supervisory Primary Examiner Kight held on May 21, 

1998, Applicants respectfully request reconsideration of this application in view 

of the amendment and remarks below. 

IN THE CLAIMS: 

Please add new claim 40 as follows: 

2. 
-~. A pharmaceutical composition comprising at least the product 

I 

according to claim 9 in combination with one or more pharmaceutically 

acceptable diluents or adjuvants and optionally one or more compatible and 

pharmacologically active compounds.--

202-408-4000 ~~/ ~~-~~ 
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REMARKS 

Applicants thank Examiner Trinh and Supervisory Primary Examiner Kight 

for the helpful interview conducted with Mme. Magali Le Pennec and their other 

representatives, Thalia Warnement, Tom Irving, Charlie Van Horn, and David 

Maiorana on May 21, 1998. The following remarks reflect the substance of the 

interview. 

Status of Claims 

Claims 6-12, 16-17, 26-34, 36-39 and new claim 40 are now pending. 

Claim 40 is identical to original claim 21, which was inadvertently previously 

canceled without prejudice or disclaimer. As explained at the interview, claim 40 

is drawn to the pharmaceutical composition containing the compound of claim 

17, so Applicants take the position that it should be considered together with the 

compound claim. No new matter has been added by this amendment. 

Summary of the Interview 

At the interview, it was stated that the Office is withdrawing reliance on 

Holton '526, Kingston '112, and Holton '601. Although there is no rejection of 

record, Applicants discussed in detail at the interview Holton '362 which was filed 

LAW OFFICES 

FINNEGAN, HENDERSON, in an Information Disclosure Statement in April 1998, and W096/00724 
FARABOW, GARRETT, 

S DUNNER,L.LP. 
1300 I STREET, N. W. 

WASHINGTON, CC 20005 

202 ·408 ·4000 
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("Upjohn") which is filed in an Information Disclosure Statement submitted 

herewith. 

As reflected in the Examiner Interview Summary Record, Applicants 

provided evidence and argument that the methyl groups at the 7- and 10-

positions of the compound in claim 17 are not hydroxy protecting groups. 

Applicants have no desire for those methyl groups to be hydroxy protecting 

groups. Exhibit 1 shows the structures of the compound in claim 17 and of the 

Taxotere® product, which is a commercial product approved by the FDA for 

cancer treatment and marketed by the assignee, Rhone-Poulenc Rorer . As 

established in the April 1998 declaration of Dr. Commen;:on, which is of record, 

the compound of claim 17 appears to have improved multi-drug resistance 

properties as compared to the Taxotere® product. Therefore, conversion of the 

compound of claim 17 to the Taxotere® product would defeat the purpose of the 

claimed invention. 

A central discussion at the interview involved the proposition that just 

because a group is recited generally to be a hydroxy protecting group does not 

necessarily mean that the group will be a hydroxy protecting group at any 

specific position in a specific taxane molecule. Examiner Trinh has recognized 

this unpredictability in an Office Action dated December 1, 1994, during the 

prosecution history of the Holton '362 patent, stating: 

3 
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Due to the bulky and complex structure of the tetracyclic ring, to remove 
or to attach a chemical group to the ring is unique, it can only be carried 
out by a specific reaction, not by assertion or assumption and is not within 
the capacity of an artisan in the absence of the prior art teachings. Each 
modification on a specific position of the baccatin ring must be supported 
by a representative working example, not by mere allegation. 

The evidence of record supports this unpredictability. It is true that the 

Holton '362 patent generally identifies methyl ethers, benzoyl esters and acetyl 

esters as hydroxy protecting groups. Column 4, lines 4-10. However, as clearly 

established at the interview, the Holton '362 patent itself supports the proposition 

that this general disclosure does not mean that any particular group identified is 

a hydroxy protecting group at a particular position in a particular taxane 

molecule. Exhibit 2, which was discussed at the interview, summarizes hydroxy 

protecting groups and removal conditions of the patent art discussed at the 

interview. 

As seen therein, even though Holton '362 has 121 synthetic examples, 

the only real hydroxy protecting group at either the 7- or 10-position was 

triethylsilyl (TES). In Example 1, a 7-TES protected taxol compound was 

exposed to acetonitrile, pyridine and HF, which as explained in Holton '526, is 

one of the three classic conditions for deprotection of the hydroxy group in the 

type of taxane molecules disclosed in these patents. The structure of the 

resultant product is shown in Example 1. The TES was converted to hydrogen to 
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result in a hydroxy group at the 7-position. However, at each of the 4- and 10-

positions, the acetyl (Ac) group was not removed, and the benzoyl group was not 

removed at the 2 position. Yet, in his general discussion, Holton identified acetyl 

and benzoyl as hydroxy protecting groups. Clearly, he understood, as 

evidenced by Example 1, that acetyl and benzoyl will not be hydroxy protecting 

groups in every taxane molecule or at every position of a taxane molecule. A 

similar analysis can be applied to Examples 2-121 of Holton '362. Therefore, 

one skilled in the art could not reasonably predict that a known hydroxy 

protecting group will be a taxane hydroxy protecting group, let alone a hydroxy 

protecting group at any specific taxane position. Rather, as in Holton '362, 

experimentation must be conducted to make the determination. 

In fact, as established at the interview, a methyl group is not a hydroxy 

protecting group at the 7- and 10-positions of the compound of claim 17. At the 

interview, Applicants presented the Upjohn publication which contains taxane 

molecules that can have methoxy at the 7-position and either hydrogen, hydroxy 

or acetyloxy at the 10-position. See page 9, line 21 and see compounds 47 and 

56 at pages 99 and 102, respectively. 

There is no suggestion in Upjohn that at the 7-position, methyl is a 

hydroxy protecting group. In fact, the contrary is suggested because Upjohn 

distinguishes the Holton '526 compounds as using 7-0 protecting groups, 
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whereas Upjohn calls its compounds "7-ether taxol analogs."1 It is implicit from 

this statement that Upjohn does not consider its 7-ether substituents to be 

hydroxy protecting groups at the 7-position. 

In addition, Applicants have proven, via the October 1997 Commerc;on 

declaration, that the methyl groups at the 7- and 10-positions of the claimed 

molecule are not hydroxy protecting groups. Exhibit 2 demonstrates that the 

conditions for removing hydroxy protecting groups taught by the '362 patent and 

by all of the patents relied on by the Office include the following: 

(1) HF, acetonitrile, pyridine; 

(2) HCl/water/ethanol; and/or 

(3) zinc, acetic acid. 

Dr. Commerc;on tested the claimed compound under each of these 

conditions. In each case, analyses of the results were consistent with the 

claimed compound being the only taxane compound present. Commerc;on, 

October 1997 declaration, 1f 8. These results demonstrate that when the claimed 

1 Even if it is prior art, Upjohn raises no issues under 35 U.S.C. §§ 102 and 103 
with respect to claims 17 and 21. As noted above, the only possibilities at the 
10-position are hydrogen, hydroxy and acetyloxy. There is not even the 
remotest suggestion of using methoxy. Further, the 7- and 10-positions are 
defined in a mutually exclusive way. Thus, there is not even a remote 
suggestion of a compound such as the compound of claim 17, which recites 
methoxy at both the 7- and 10-positions. 

6 

NEPTUNE GENERICS  EX. 00309



l..AW OFFICES 

FINNEGAN, HENDERSON, 
FARABOW, GARRETT, 

0 DUNNER, L. L.P. 
1300 I STREET, N. W. 

WASHINGTON, DC 20005 

202-408-4000 

• 
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

compound is subjected to the deprotection conditions described in the four 

patents recited in Exhibit 2, no conversion of the methyl groups to hydrogens is 

observed. Accordingly, one skilled in the art would conclude that the methyl 

groups in the 7- and 10-positions of the claimed compound cannot be 

considered to be hydroxy protecting groups under the art recognized conditions 

for removal of hydroxy protecting groups from taxane compounds. 

Applicants have thus shown that the methyl groups at the 7- and 10-

positions of the claimed compound are not hydroxy protecting groups. 

Accordingly, Holton '362 in no way teaches or prima facie suggests the claimed 

invention nor is there predictability that any group generally described as a 

hydroxy protecting group would be a hydroxy protecting group in a specific 

taxane molecule, let alone at any specific position thereof. Applicants 

respectfully submit that the present claims are in condition for allowance and 

request the Office to specifically enter into the record that Applicants have 

proven that methyl groups are not hydroxy protecting groups at the 7- and 10-

positions in the claimed compound. 

CONCLUSION 

In view of the foregoing, it is urged that all of the pending claims are in 

condition for allowance. An early and favorable action is earnestly solicited. If 
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the Examiner has any questions or concerns, the he is requested to contact the 

undersigned. 

To the extent any extension of time under 37 C. F .R. § 1.136 is required to 

obtain entry of this amendment, such extension is hereby requested. If there are 

any fees due under 37 C.F.R. § 1.16 or 1.17 which are not enclosed, including 

any fees required for an extension of time under 37 C.F.R. § 1.136, please 

charge those fees to our Deposit Account No. 06-916. 

Dated: May 21, 1998 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 

By: 
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Washington, D.C. 20231 

SERIAL NUMBER I FILING DATE I FIRST NAMED APPLICANT I ATTORNEY DOCKi;;T NO. 

r EXAMINER 

ART UNIT 

DATE MAILED: 

EXAMINER INTERVIEW SUMMARY RECORD 

All participants (applicant, applicant's representative, PTO personnel): 

111 &. r. ..._ r,,...,,-';1-()6....? 
121 fvfs /~~·- WAil.-~~ 

Date of interview _____ f"_-__ 2 __ /_-_ _._j_~--------

/l-il't. ~ 
/111. ))~ NM1d 'L~ 

(3) 

l4l Ex. T rvi·.Jl 
7 

h--

Type: D Telephonic ~ersonal (copy is given to 0 applicant 0 applicant's representative). 

I PAPER NUMBER 

l r-. 

Exhibit shown or demonstration conducted: D Yes 0 No. If yes, brief description: _______________________ _ 

Agreement 0 was reached with respect to some or all of the claims in question. ~as not reached. 

Claimsdiscussed: ____________ _;_/__L ____________________________________ _ 

~~tificatioo~~~and~~~ed=~~~~-~~~~i~~~~-~~~~~~~~~~~~~~~~~~'-7~3~z~,~~~'~-~~~~-

Description of the general nature of what was agreed to if an agreement was reached, or any other comments: ~~ ~ ~!4 
e,.r!k.CIL ~ ~ , ~~ ~ ill_,_ l/./3 ~ r J ~ 

7 .,,./. {t_ ('~ ~ ~~ ~ Ffetl:. 'J'f ( E~ 
wdL c.K>Y>i-lv..... d.ti. fi""-4' ~ ~'4->4,,...,.___ 

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be 
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.) 

Unle~ the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS 
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this forml. If a response to the 
last Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview. 

D It is not necessary for applicant to provide a separate record of the substance of the interview. 

0 Since the examiner's interview summary above !including any attachments) reflects a complete response to each of the objections, rejections and 
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the 
response requirements of the last Office action. 

PTOL·413(REV.1-84) 
Examiner's Sig!i'ture 

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER 
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PATENT 
Attorney Docket No. 3806.0367 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

Herve BOUCHARD et al. ) 
) 

Serial No.: 08/622,011 ) Group Art Unit: 1203 
) 

Filed: March 26, 1996 ) Examiner: B. Trinh 
) 

For: NEW TAXOIDS, THEIR PREPARATION, ) 
AND PHARMACEUTICAL ) 
COMPOSITIONS CONTAINING THEM ) 

TRANSMITTAL LETTER 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

RECEIVED 

MAY 2 1 1998 

MATBIX CUSTOMER 
SERvaCE CENTER 

- .... '.-.··. 

Enclosed is a response to the Office Action of February 25, 1998. The items 
checked below are appropriate: 

[ 1 Applicants hereby petition for a three~month extension of time to respond to the 
above Office Action. The fee of $950.00 for the Extension is enclosed. 

The claims are calculated below: 

I Claims Remaining I Highest Number 
I After Amendment I Previously Paid 

Total I 23 I - 31 
lndep. I 1 o I - I 9 
[ ] First Presentation of Multiple Dep. Claim(s) 

Present 
Extra 

0 
1 

I I Additional 
I Rate I Fee 
jx $ 22 1$ 00.00 
Ix $ 82 I 82.00 
I+ $270 I 

Subtotal 1$ 
Reduction by % if small entity I-

TOTAL 1$ 82.00 

FINNEGAN, HENDERSON, [ ] 
FARABOW, GARRETT, 

A fee of $ to cover the cost of the additional claims added by this 

13 DUNNER,L.L.P. 
1300 I STREET, N. W. 

WASHINGTON, CC 20005 

202-408-4000 

response is enclosed. 
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[X] Please charge our Deposit Account No. 06-0916 to cover the cost of 

additional claims added by this response. 

To the extent any further extension of time under 37 C.F.R. § 1.136 is 
required to obtain entry of this response, such extension is hereby respectfully 
requested. If there are any fees due under 37 C.F.R. §§ 1.16 or 1.17 which are not 
enclosed herewith, including any fees required for an extension of time under 37 
C.F.R. § 1.136, please charge such fees to our Deposit Account No. 06-0916. 

Date: May 21, 1998 By:_\....,,.../;~aki~· ~V .......... W=-=c:-....:.:;;__,.:=...::o.;:_J __ 

Thalia V. Wamement 
Registration No. 39,064 
FINNEGAN, HENDERSON, FARABOW, 

GARRETT & DUNNER, L.L.P. 
1300 I Street, N.W. 
Washington, D.C. 20005-3315 
(202) 408-4000 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

Herve BOUCHARD et al. ) 
) 

Serial No.: 08/622,011 ) 
) 

Filed: March 26, 1996 ) 
) 

For: NEWTAXOIDS, THEIR PREPARA- ) 
TION, AND PHARMACEUTICAL ) 
COMPOSITIONS CONTAINING THEM ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 
LETTER 

Group Art Unit: 1203 

Examiner: B. Trinh 

MATRIX CUSTO~IER 
SBMOE CENTER 

Further to the telephone conference between Examiner Trinh and 

Applicants' representative, Tom Irving, on April 30, 1998, Applicants hereby 

submit, as requested by the Examiner, copies of the court cases discussed with 

respect to anticipation of species by a genus, along with a copy of M.P.E.P. § 

2144.08, which sets forth guidelines regarding obviousness of species when 

prior art teaches a genus. 

Dated: April 30, 1998 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 

By: 
,:JhoPLvw~ .. 
Thalia V. Warnement 
Reg. No. 39,064 
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2144.08 Obviousness of Species When 
Prior Art Teaches Genus [R-3] 

**>I. Interim Guidelines for the Examination 
of Claims Directed to Species of Chemical 
Compositions Based Upon a Single Prior 
Art Reference 

These "Genus-Species Guidelines" are to assist 
Office personnel in the examination of applications 
which contain claims to species or a subgenus of chemical 
compositions for compliance with 35 U.S.C. 103 based 
upon a single prior art reference which discloses a genus 
encompassing the claimed species or subgenus but does 
not expressly disclose the particular claimed species or 
subgenus. Office personnel should attempt to find addi
tional prior art to show that the differences between the 
prior art primary reference and the claimed invention as 
a whole would have been obvious. Where such addition
al prior art is not found, Office personnel should follow 
these guidelines to determine whether a single reference 
35 U.S.C. 103 rejection would be appropriate. The 
guidelines are based on the Office's current understand
ing of the law and are believed to be fully consistent with 
binding precedent of the Supreme Court, the Federal 
Circuit, and the Federal Circuit's predecessor courts. 

The analysis of the guidelines begins at the point 
during examination after a single prior art reference is 
found disclosing a genus encompassing the claimed spe
cies or subgenus. Before reaching this point, Office per
sonnel should follow normal examination procedures. 
Accordingly, Office personnel should first analyze the 
claims as a whole in light of and consistent with the writ
ten description, considering all claim limitations. When 
evaluating the scope of a claim, every limitation in the 
claim must be considered. See, e.g., In re Ochiai, 71 F.3q 
1565, 1572, 37 USPQ2d 1127, 1133 (Fed. Cir. 1995). 
However, the claimed invention may not be dissected 
into discrete elements to be analyzed in isolation, but 
must be considered as a whole. See, e.g., WL. Gore 
& Assoc., Inc. v. Garlock, Inc., 721F.2d1540, 1548, 220 
USPQ 3'03, 309 (Fed. Cir. 1983), cert. denied, 469 U.S. 
851 (1984); Jones v. Hardy, 727 F.2d 1524, 1530, 
220 USPQ 1021, 1026 (Fed. Cir. 1983) ("treating the ad
vantage as the invention disregards the statutory re
quirement that the invention be viewed 'as a whole' "). 
Next, Office personnel should conduct a thorough 
search of the prior art and identify all relevant refer
ences. Both claimed and unclaimed aspects of the inven-

tion should be searched if there is a reasonable expecta
tion that the unclaimed aspects may be later claimed. If 
the most relevant prior art consists of a single prior art 
reference disclosing a genus encompassing the claimed 
species or subgenus, Office personnel should follow the 
guidelines set forth herein. 

These guidelines do not constitute substantive rule
making and hence do not have the force and effect of 
law. Rather, they are to assist Office personnel in analyz
ing claimed subject matter for compliance with substan
tive law. Thus, rejections 'must be based upon the sub
stantive Jaw, and it is these rejections which are appeal
able, not any failure by Office personnel to follow these 
guidelines. 

Office personnel are to rely on these guidelines in 
the event of any inconsistent treatment of issues between 
these guidelines and any earlier provided guidance from 
the Office. 

II. Determine Whether the Claimed Species or 
Subgenus Would Have Been Obvious to One of 
Ordinary Skill in the Pertinent Art at the Time 
the Invention Was Made 

The patentability of a claim to a specific compound 
or subgenus embraced by a prior art genus should be ana
lyzed no differently than any other claim for purposes of 
35 U.S.C. 103. "The section 103 requirement of unob
viousness is no different in chemical cases than with 
respect to other categories of patentable inventions." 
In re Papesch, 315 F.2d 381, 385, 137 USPQ 43, 47 (CCPA 
1963). A determination ofpatentability under 35 U.S.C. 
103 should be made upon the facts of the particular case 
in view of the totality of the circumstances. S.ec, e.g., In re 
Dillon, 919 F.2d 688, 692-93, 16 USPQ2d 1897, 1901 
(Fed. Cir. 1990) (in bane), cert. denied, 500 U.S. 904 
(1991). Use ofperse rules by Office personnel is improp
er for determining whether claimed subject matter 
would have been obvious under 35 U.S.C. 103. See, e.g., 
In re Brouwer, 77 E3d 422, 425, 37 USPQ2d 1663, 1666 
(Fed. Cir. 1996); In re Ochiai, 71 F.3d 1565, 1572, 
37 USPQ2d 1127, 1133 (Fed. Cir. 1995); In re Baird, 
16 F.3d 380, 382, 29 USPQ2d 1550, 1552 (Fed. Cir. 1994). 
The fact that a claimed species or subgenus is encom
passed by a prior art genus is not sufficient by itself to es
tablish a prima facie case of obviousness. In re Baird, 
1.6 F.3d 380, 382, 29 USPQ2d 1550, 1552 (Fed. Cir. 1994) 
("The fact that a claimed compound may be encom
passed by a disclosed generic formula does not by itself 
render that compound obvious."); Jn re Jones, 958 F.2d 
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347, 350, 21 USPQ2d 1941, 1943 (Fed. Cir. 1992) 
(Federal Circuit has "decline[d] to extract from Merck 
[& Co. v. Biocraft Laboratories Inc., 874 F.2d 804, 
10 USPQ2d 1843 (Fed. Cir. 1989)] the rule that ... re
gardless of how broad, a disclosure of a chemical genus 
renders obvious any species that happens to fall within 
it."). See also In re Deuel, 51 F.3d 1552, 1559, 34 USPQ2d 
1210, 1215 (Fed. Cir. 1995). 

A proper obviousness analysis involves a three- step 
process. First, Office personnel should establish a prima 
facie case of unpatentability considering the factors set 
out by the Supreme Court in Graham v. John Deere. See, 
e.g., Jn re Bell, 991 F.2d 781, 783, 26 USPQ2d 1529, 1531 
(Fed. Cir. 1993) ("The PTO bears the burden of estab
lishing a case of prima facie obviousness."); In re 
Rijckaert, 9 F.3d 1531, 1532, 28 USPQ2d 1955, 1956 (Fed. 
Cir.1993);/nre Oetiker, 977F.2d 1443, 1445, 24 USPQ2d 
1443, 1444 (Fed. Cir. 1992). Graham v. John Deere Co., 
383 U.S. 1, 17-18 (1966), requires that to make out a 
case of obviousness, one must: (1) determine the scope 
and contents of the prior art; (2) ascertain the differ
ences between the prior art and the claims in issue; (3) 
determine the level of skill in the pertinent art; and (4) 
evaluate any evidence of secondary considerations. If a 
prima facie case is established, the burden shifts to appli
cant to come forward with rebuttal evidence. or argument 
to overcome the prima facie case. See, e.g., Bell, 991 F.2d 
at 783-84, 26 USPQ2d at 153l;Rijckaert, 9 F.3d at 1532, 
28 USPQ2d at 1956; Oetiker, 977 F.2d at 1445, 
24 USPQ2d at 1444. Finally, Office personnel should 
evaluate the totality of the facts and all of the evidence to 
determine whether they still support a conclusion that 
the claimed invention would have been obvious to one of 
ordinary skill in the art at the time the invention was 
made. Id. 

A. Establishing a Prima Facie Case of Obviousness 

To establish a prima facie case of obviousness in a ge
nus- species chemical composition situation, as in any 
other 35 U.S.C. § 103 case, it is essential that Office per
sonnel find some motivation or suggestion to make the 
claimed invention in light of the prior art teachings. See, 
e.g., In re Brouwer, 77 F.3d 422, 425, 37 USPQ2d 1663, 
1666 (Fed. Cir. 1996) ("[T]he mere possibility that one of 
the esters or the active methylene group-containing 
compounds . . . could be modified or replaced such 
that its use wouid lead to the specific sulfoalkylated resin 
recited in claim 8 does not make the process recited in 
claim 8 obvious "unless the prior art suggested the desir-

abilityof[such a] modification' or replacement.") (quot
ing/n re Gordon, 733 F.2d 900, 902, 221USPQ1125, 1127 
(Fed. Cir. 1984); Jn re Vaeck, 947 F.2d 488, 493, 
20 USPQ2d 1438, 1442 (Fed. Cir. 1991) ("[A] proper 
analysis under§ 103 requires, interalia, consideration of 
... whether the prior art would have suggested to those of 

ordinary skill in the art that they should make the 
claimed composition or device, or carry out the claimed 
process."). In order to find such motivation or sugges
tion there should be a reasonable likelihood that the 
claimed invention would have the properties disclosed 
by the prior art teachings. The prior art disclosure may 
be express, implicit, or inherent. Regardless of the type 
of disclosure, the prior art must provide some motivation 
to one of ordinary skill in the art to make the claimed in
vention in order to support a conclusion of obviousness. 
See, e.g.,, Vaeck, 947 F.2d at 493, 20 USPQ2d at 1442 

(A proper obviousness analysis requires consideration 
of "whether the prior art would also have revealed that in 
so making or carrying out [the claimed invention], those 
of ordinary skill would have a reasonable expectation of 
success."); Jn re Dow Chemical Co., 837 F.2d 469, 473, 5 
USPQ2d 1529, 1531 (Fed. Cir. 1988) ("The consistent 
criterion for determination of obviousness is whether 

the prior art would have suggested to one of ordinary 
skill in the art that this process should be carried out and 
would have a reasonable likelihood of success, viewed in 
the light of the prior art."); Hodosh v. Block Dmg Co., 

786 F.2d 1136, 1143 n.5, 229 USPQ 182, 187 n.5 (Fed. 
Cir.), cert. denied, 479 U.S. 827 (1986). These disclosed 
findings should be made with a complete understanding 
of the first three "Graham. factors." When evidence of 
secondary considerations such as unexpected results is 

initially before the Office, for example in the specifica
tion, that evidence should be considered in deciding 
whether there is a prima facie case of obviousness. The 
determination as to whether a prima facie case exists 

should be made on the full record before the Office at 

the time of the determination. Thus, Office personnel 

should (1) determine the "scope and content of the prior 
art"; (2) ascertain the "differences between the prior art 

and the claims at issue"; and (3) determine "the level of 
ordinary skill in the pertinent art." Graham v. John 

Deere, 383 U.S.1, 17, 148 USPQ 459, 467 (1966). Accord, 

e.g., In re Paulsen, 30 F.3d 1475, 1482, 31 USPQ2d 1671, 

1676 (Fed. Cir. 1994). 
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1. Determine The Scope and Content 
of the Prior Art 

As an initial matter, Office personnel should deter
mine the scope and content of the relevant prior art. 
Each reference must qualify as prior art under 35 U.S.C. 
102 (e.g., Panduit Corp. v. Dennison Mfg. Co.,..,810 F.2d 
1561, 1568, 1 USPQ2d 1593, 1597 (Fed. Cir.) ("Before 
answering Graham's 'content' inquiry, it must be known 
whether a patent or publication is in the prior art under 
35 U.S.C. § 102."), cert. denied, 481 U.S. 1052 (1987)), 
and should be in the field of applicant's endeavor, or be 
reasonably pertinent to the particular problem with 
which the inventor was concerned. In re Oetiker, 977 F.2d 
1443, 1447, 24 USPQ2d 1443, 1445 (Fed. Cir. 1992). 
Accord; e.g., In re Clay, 966 F.2d 656, 658-59, 23 
USPQ2d 1058, 1060 (Fed. Cir. 1992). 

In the case of a prior art reference disclosing a genus, 
Office personnel should make findings as to (1) the 
structure of the disclosed prior art genus and that of any 
expressly described species or subgenus within the ge
nus; (2) any physical or chemical properties and utilities 
disclosed for the genus, as well .as any suggested limita
tions on the usefulness of the genus, and any problems 
alleged to be addressed by the genus; (3) the predictabil
ity of the technology; and ( 4) the nun:iber of species 
encompassed by the genus taking into consideration all 
of the variables possible. 

2. Ascertain The Differences Between 
the Prior Art Genus and the Claimed 
Species or Subgenus 

Once a relevant prior art genus is identified, Office 
personnel should compare it to the claimed species or 
subgenus to determine the differences. Through this 
comparison, the closest disclosed species or subgenus in 
the prior art reference should be identified and\ 
compared to that claimed. Office personnel should make 
explicit findings on the similarities and differences be
tween the closest prior art reference and the claimed 
species or subgenus including findings relating to simi
larity of structure, chemical properties and utilities. In 
Stratoflex, Inc. v. Aeroquip Corp., 713 F.2d 1530, 1537, 
218 USPQ 871, 877 (Fed. Cir. 1983), the Court noted 
that "the question under 35 U.S.C. § 103 is not whether 
the differences [between the claimed invention and the 

prior art] would have been obvious" but "whether the 
claimed invention as a whole would-have been obvious." 
(emphasis in original). 

3. Determine the Level of Skill in the Art 

Office personnel should evaluate the prior art from 
the standpoint of the hypothetical person having ordi
nary skill in the art at the time the claimed invention was 
made. See, Ryko Manufacturing Co. v. Nu-Star Inc., 
950 F.2d 714, 718, 21 USPQ2d 1053, 1057 (Fed. Cir. 
1991) ("The importance of resolving the level of ordi
nary skill in the art lies in the necessity of maintaining 
objectivity in the obviousness inquiry."); Uniroyal Inc. 
v. Rudkin-Wiley Corp., 837 F.2d 1044, 1050, 5 USPQ2d 
1434, 1438 (Fed. Cir.), cert. denied, 488 U.S. 825 {1988) 
(evidence must be viewed from position of ordinary skill, 
not of an expert). In most cases, the only facts of record 
pertaining to the level of skill in the art will be found 
within the prior art reference. However, any additional 
evidence presented by applicant should be evaluated. 

4. Determine Whether One of Ordinary 
Skill in the Art Would Have Been Motivated 
to Select the Claimed Species or Subgenus 

In light of the findings made relating to the three 
Graham factors, Office personnel should determine 
whether one of ordinary skill in the relevant art would 
have been motivated to make the claimed invention as a 
whole, i.e., to select the claimed species or subgenus from 
the disclosed prior art genus. Sec, e.g., Ochiai, 71 F.3d at 
1569-70, 37 USPQ2d at 1131; Deuel, 51 F.3d at 1557, 
34 USPQ2d at 1214 ("[A] prima facie case of unpatent
ability requires that the teachings of the prior art suggest 
the claimed compounds to a person of ordinary skill in the 
art." (emphasis in original)); Jones, 958 F.2d at 351, 
21 USPQ2d at 1943-44 (Fed. Cir. 1992); Dillon, 919 F.2d 
at 692, 16 USPQ2d at 1901; In re Lalu, 747 F.2d 703, 705, 
223 USPQ 1257, 1258 (Fed. Cir. 1984) ("The prior art 
must provide one of ordinary skill in the art the motiva
tion to make the proposed molecular modifications 
needed to arrive at the claimed compound."). Sec also 
In re Kemps, 97 F.3d 1427, 1430, 40 USPQ2d 1309, 1311 
(Fed. Cir. 1996) (discussing motivation to combine). To 
address this key issue, Office personnel should consider 
all relevant prior art teachings, focusing on the following, 
where present. 

(a) Consider the Size of the Genus 

Consider the size of the prior art genus, bearing in 

mind that size alone cannot support an obviousness re
jection. See, e.g., Baird, 16 F.3d at 383, 29 USPQ2d at 
1552 (observing that "it is not the mere number of 
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compounds in this limited class which is significant here 
but, rather, the total circumstances involved"). There is 
no absolute correlation between the size of the prior art 
genus and a conclusion of obviousness. Id. Thus, the 
mere fact that a prior art genus contains a small number 
of members does not create a per se rule of obviousness. 
Some motivation to select the claimed species or subge
nus must be taught by the prior art. See, e.g, Deuel, 

51 F.3d at 1558-59, 34 USPQ2d at 1215 ("No particular 
one of these DNAs can be obvious unless there is some
thing in the prior art to lead to the particular DNA and 
indicate that it should be prepared."); Baird, 16 F.3d at 
382-83, 29 USPQ2d at 1552; Bell, 991 F.2d at 784, 
26 USPQ2d at 1531 ('~bsent anything in the cited prior 
art suggesting which of the 1036 possible sequences sug
gested by Rinderknecht corresponds to the IGF gene, 
the PTO has not met its burden of establishing that the 
prior art would have suggested the claimed sequences."). 
However, a genus may be so small that it would antici
pate the claimed species or subgenus. For example, it has 
been held that a prior art genus containing only 20 com-

. pounds inherently anticipated a claimed species within 
the genus because "one skilled in [the] art would ... envi
sage each member" of the genus. In re Petering, 301 F.2d 
676, 681, 133 USPQ 275, 280 (CCPA 1962) (emphasis in 
original). Accord In re Schaumann, 572 f.2d 312, 316, 
197 USPQ 5, 9 (CCPA 1978) (prior art genus encompas
sing claimed species which disclosed preference for low
er alkyl secondary amines and properties possessed 
by the claimed compound constituted description of 
claimed compound for purposes of 35 U .S.C. § 102(b )). 
C.f, In re Ruschig, 343 F.2d 965, 974, 145 USPQ 274, 282 
(CCPA 1965) (Rejection of claimed compound in light of 
prior art genus based on Petering is not appropriate 
where the prior art does not disclose a small recognizable 
class of compounds with common properties.). 

(b) Consider the Express Teachings 

l f the prior art reference expressly teaches a particu
lar reason to select the claimed species or subgenus, Of
fice personnel should point out the express disclosure 
which would have motivated one of ordinary skill in the 
art to select the claimed invention. An express teaching 
may be based on a statement in the prior art reference 
such as an art recognized equivalence. For example, see 
lvlerck & Co. v. Biocraft Labs., 874 F.2d 804, 807, 
10 USPQ2d 1843, 1846 (Fed. Cir.), cert. denied, 493 U.S. 
975 ( 1989) (holding claims directed to diuretic composi-

tions comprising a specific mixture of amiloride and hy
drochlorothiazide were obvious over a prior art refer
ence expressly teaching that amiloride was a pyrazinoyl
guanidine which could be coadministered with potas
sium excreting diuretic agents, including hydrochloro
thiazide which was a named example, to produce a di
uretic with desirable sodium and potassium eliminating 
properties). See also, In re Kemps, 91 F.3d 1427, 1430, 
40 USPQ2d 1309, 1312 (Fed. Cir. 1996) (holding there is 
sufficient motivation to combine teachings of prior art to 
achieve claimed invention where one reference specifi
cally refers to the other). 

(c) Consider the Teachings of Structural Similarity 

Consider any teachings of a "typical," "preferred," 
or "optimum" species or subgenus within the disclosed 
genus. If such a species or subgenus is structurally similar 
to that claimed, its disclosure may motivate one of ordi
nary skill in the art to choose the claimed species or sub
genus from the genus, based on the reasonable expecta
tion that structurally similar species usually have similar 
properties. See, e.g., Dillon, 919 F.2d at 693, 696, 
16 USPQ2d at 1901, 1904. See also Deuel, 51 F.3d at 
1558, 34 USPQ2d at 1214 ("Structural relationships may 
provide the requisite motivation or suggestion to modify 
known compounds to obtain new compounds. For exam
ple, a prior art compound may suggest its homologs be
cause honiologs often have similar properties and there
fore chemists of ordinary skill would ordinarily contem
plate making them to try to obtain compounds with im
proved properties."). The utility of such properties will 
normally provide some motivation to make the claimed 
species or subgenus. See Id. 

In making an obviousness determination, Office 
personnel should consider the number of variables which 
must be selected or modified, and the nature and signifi
cance of the differences between the prior art and the 
claimed invention. Sec, e.g., In re Jones, 958 F.2d 347, 
350, 21USPQ2d1941, 1943 (Fed. Cir. 1992) (reversing 
obviousness rejection of novel dicamba salt with acyclic 
structure over broad prior art genus encompassing 
claimed salt, where disclosed examples of genus 
were dissimilar in structure, lacking an ether linkage 
or being cyclic); In re Susi, 440 F.2d 442, 445, 169 USPQ 
423, 425 (CCPA 1971) (the difference from the particu
larly preferred subgenus of the prior art was a hydroxyl 
group, a difference conceded by applicant "to be oflittle 
importance."). In the area of biotechnology, an exempli
fied species may differ from a claimed species by a 
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conservative substitution ("the replacement in a protein 
of one amino acid by another, chemically similar, amino 
acid ... [which] is generally expected to lead to either no 
change or only a small change in the properties of the 
protein." Dictionary of Biochemistry and Molecular Biol
ogy 97 (John Wiley & Sons, 2d ed. 1989)). The effect of a 
conservative substitution on protein function depends 
on the nature of the substitution and its location in the 
chain. Although at some locations a conservative sub
stitution may be benign, in some proteins only one amino 
acid is allowed at a given position. For example, the gain 
or loss of even one methyl group can destabilize the 
structure if close packing is required in the interior of do
mains. James Darnell et al., Molecular Cell Biology 51 
(2d ed. 1990). 

The closer the physical and chemi~al similarities be
tween the claimed species or subgenus and any exempla
ry species or subgenus disclosed in the prior art, the 
greater the expectation that the claimed subject matter 
will function in an equivalent manner to the genus. See, 
e .. g., Dillon, 919 F.2d at 696, 16 USPQ2d at 1904 (and 
cases cited therein). C.f. Baird, 16 F.3d at 382-83, 
29 USPQ2d at 1552 (disclosure of dissimilar species can 
provide teaching away). 

Similarly, consider any teaching or suggestion in the 
reference of a preferred species or subg<:?nus that is sig
nificantly different in structure from the claimed species 
or subgenus. Such a teaching may weigh against select
ing the claimed species or subgenus and thus against a 
detennination of obviousness. Baird, 16 F.3d at 382-83, 
29 USPQ2d at 1552 (reversing obviousness rejection of 
species in view of large size of genus and disclosed "opti
mum" species which differed greatly from and were 
more complex than the claimed species);Jones, 958 F.2d 
at 350, 21 USPQ2d at 1943 (reversing obviousness rejec
tion of novel dicamba salt with acyclic structure over 
broad prior art genus encompassing claimed salt, where 1 

disclosed examples of genus were dissimilar in structure, 
lacking an ether linkage or being cyclic). For example, 
teachings of preferred species of a complex nature within 
a disclosed genus may motivate an artisan of ordinary 
skill to make similar complex species and thus teach away 
from making simple species within the genus. Baird, 
16 F.3d at 382, 29 USPQ2d at 1552. See also Jones, 958 
F.2d at 350, 21 USPQ2d at 1943 (disclosed salts of genus 
held not sufficiently similar in structure to render 
claimed species prima facie obvious). 

Concepts used to analyze the structural similarity of 
chemical compounds in other types of chemical cases are 
equally useful in analyzing genus-species cases. For ex-

ample, a claimed tetra -orthoester fuel composition was 
held to be obvious in light of a prior art tri-orthoester 
fuel composition based on their structural and chemical 
similarity and similar use as fuel additives. Dillon, 
919 F.2d at 692-93, 16 USPQ2d at 1900-02. Likewise, 
claims to amitriptyline used as an antidepressant were 
held obvious in light of the structural similarity to imipra
mine, a known antidepressant prior art compound, 
where both compounds were tricyclic dibenzo com
pounds and differed structurally only in the replacement 
of the unsaturated carbon atom in the center ring of ami
triptyline with a nitrogen atom in imipramine. In re 
Merck & Co., 800 F.2d 1091, 1096-97, 231 USPQ 375, 
378-79 (Fed. Cir. 1986). Similarly, a claimed protein 
compound having an amino acid sequence including 
Met-Phe-Pro-Leu-(Asp)4-Lys-Y was held to be 
obvious in light of structural similarities to the prior art. 
One reference provided motivation to create fusion pro
teins in the forms X -(Asp )4- Lys- Y. Other references 
taught positioning Met at the start of the amino acid se
quence and that the sequences Phe-Pro-Ile or 
Leu-Pro-Leu could serve as X in the basic formula. 
The known structural similarity of Ile and Leu meant 
that appellants merely substituted one element known in 
the art for a known equivalent. Thus, the substitution 
was held to be obvious. In re Mayne, 104 F.3d 1339, 
1342-43, 41 USPQ2d.1451, 1454-55 (Fed. Cir. 1997). 
Other structural similarities have been found to sup
port aprimafacie case of obviousness; e.g., In re May, 574 
F.2d 1082, 1093-95, 197 USPQ 601, 610-11 (CCPA 
1978) (stereoisomers); In re Wilder, 563 F.2d 457, 460, 
195 USPQ 426, 429 (CCPA 1977) (adjacent homologs 
and structural isomers); In re Hoch, 428 F.2d 1341, 1344, 
166 USPQ 406, 409 (CCPA 1970) (acid and ethyl ester); 
In re Druey, 319 F.2d 237, 240, 138 USPQ 39, 41 (CCPA 
1963) (omission of methyl group from pyrazole ring). 
Generally, some teaching of a structural similarity will be 
necessary to suggest selection of the claimed species or 
subgenus. Id. 

(d) Consider the Teachings of Similar 
Properties or Uses 

Consider the properties and utilities of the structur
ally similar prior art species or subgenus. It is the proper
ties and utilities that provide real world motivation for a 
person of ordinary skill to make species structurally simi
lar to those in the prior art. Dillon, 919 F.2d at 697, 
16 USPQ2d at 1905; In re Stemniski, 444 E2d 581, 586, 
170 USPQ 343, 348 (CCPA 1971). Conversely, lack of 
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any known useful properties weighs against a finding of 
motivation to make or select a species or subgenus. In re 
Albrecht, 514 F.2d 1389, 1392, 1395-96, 185 USPQ 585, 
587, 590 (CCPA 1975) (The prior art compound so irri
tated the skin that it could not be regarded as useful 
for the disclosed anesthetic purpose, and therefore a 
person skilled in the art would not have been motivated 
to make related compounds.); Stemniski, 444 F.2d at 586, 
170 USPQ at 348 (close structural similarity alone is not 
sufficient to create a prima facie case of obviousness 
when the reference compounds lack utility, and thus 
there is no motivation to make related compounds.). 
However, the prior art need not disclose a newly discov
ered property in order for there to be a prima facie case of 
obviousness. Dillon, 919 F.2d at 697, 16 USPQ2d at 
1904-05 (and cases cited therein). If the claimed inven
tion and the structurally similar prior art species share a 
useful property, that will generally be sufficient to moti
vate an artisan of ordinary skill to make the claimed spe
cies: e.g., id. For example, based on a finding that a tri
orthoester and a tetra-orthoester behave similarly in 
certain chemical reactions, it has been held that one of 
ordinary skill in the relevant art would have been moti
vated to select either structure. Id. at 692, 16 USPQ2d at 
1900-01. In fact, similar properties may .normally be 
presumed when compounds are very close in structure. 
Dillon, 919 F.2d at 693, 696, 16 USPQ2d at 1901, 1904. 
See also In re Grabiak, 769 F.2d 729, 731, 226 USPQ 870, 
871 (Fed. Cir. 1985) ("When chemical compounds have 
'very close' structural similarities and similar utilities, 
without more a prima facie case may be made."). Thus, 
evidence of similar properties weighs in favor of a con
clusion that the claimed invention would have been ob
vious. Dillon, 919 F.2d at 697-98, 16 USPQ2d at 1905; 
In re Wilder, 563 E2d 457, 461, 195 USPQ 426, 430 
(CCPA 1977); In re Linter, 458 F.2d 1013, 1016, 
l 73 USPQ 560, 562 (CCPA 1972). 

( e) Consider the Predictability of the Technology 

Consider the predictability of the technology. See, 
e.g., Dillon, 919 F.2dat 692-97, 16 USPQ2d at 1901-05; 

In re Grabiak, 769 F.2d 729, 732-33, 226 USPQ 870, 872 
(Fed. Cir. 1985). If the technology is unpredictable, it is 
less likely that structurally similar species will render a 
claimed species obvious because it may not be reason
able to infer that they would share similar properties. 
See, e.g., In re May, 574 F.2d 1082, 1094, 197 USPQ 601, 

611 (CCPA 1978) (prima facie obviousness of claimed an
algesic compound based on structurally similar prior art 
isomer was rebutted with evidence demonstrating that 
analgesia and addiction properties could not be reliably 
predicted on the basis of chemical structure); In re 
Schechter, 205 F.2d 185, 191, 98 USPQ 144, 150 (CCPA 
1953) (unpredictability in the insecticide field, with ho
mologs, isomers and analogs of known effective insecti
cides having proven ineffective as insecticides, was con
sidered as a factor weighing against a conclusion of ob
viousness of the claimed compounds). However, ob
viousness does not require absolute predictability, only 
a reasonable expectation of success; i.e., a reasonable 
expectation of obtaining similar properties. See, e.g., In 
re O'Farrell, 853 F.2d 894, 903, 7 USPQ2d 1673, 1681 
(Fed. Cir. 1988). 

(f) Consider Any Other Teaching to Support 
the Selection of the Species or Subgenus 

The categories of relevant teachings enumerated 
above are those most frequently encountered in a ge
nus-species case, but they are not exclusive. Office per
sonnel should consider the totality of the evidence in 
each case. In unusual cases, there may be other relevant 
teachings sufficient to support the selection of the spe
cies or subgenus and, therefore, a conclusion of obvious
ness. 

5. Make Express Fact-Findings And Determine 
Whether They Support A Prima Facie Case 
of Obviousness 

Based on the evidence as a whole (In re Bell, 991 F.2d 
781,784, 26 USPQ2d 1529; 1531 (Fed. Cir. 1993); In re 
Kulling, 897 F.2d 1147, 1149, 14 USPQ2d 1056, 1057 

1 (Fed. Cir. 1990)), Office personnel should make express 
fact-findings relating to the Graham factors, focusing 
primarily on the prior art teachings discussed above. The 
fact-findings should specifically articulate what teach
ings or suggestions in the prior art would have motivated 
one of ordinary skill in the art to select the claimed spe
cies or subgenus. Kulling, 897 F.2d at 1149, 14 USPQ2d 
at 1058; Panduit Corp. v. Dennison Mfg. Co., 810 F.2d 
1561, 1579 n.42, 1 USQP2d 1593, 1606 n.42 (Fed. Cir.), 
cert. denied, 481 U.S. 1052 (1987). Thereafter, it should 
be determined whether these findings, considered as a 
whole, support a prima facie case that the claimed inven
tion would have been obvious to one of ordinary skill in 
the relevant art at the time the invention was made. 
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B. Determining Whether Rebuttal Evidence Is 
Sufficient To Overcome the Prima Facie Case 
of Obviousness 

If a prima facie case of obviousness is established, the 
burden shifts to the applicant to come foiward with argu
ments and/or evidence to rebut the prima facie case. See, 
e.g., Dillon, 919 F.2d at 692, 16 USPQ2d at 1901. Rebut
tal evidence and arguments can be presented in the spec
ification, In re Soni, 54 F.3d 746, 750, 34 USPQ2d 1684, 
1687 (Fed. Cir. 1995), by counsel, In re Chu, 66 F.3d 292, 
299, 36 USPQ2d 1089, 1094-95 (Fed. Cir. 1995), or by 
way of an affidavit or declaration under 37 CFR 1.132, 
e.g., Soni, 54 F.3d at 750, 34 USPQ2d at 1687; In re 
Piasecki, 745 F.2d 1468, 1474, 223 USPQ 785, 789-90 
(Fed. Cir. 1984 ). However, arguments of counsel cannot 
take the place of factually supported objective evidence. 
See, e.g., In re Huang, 100 F.3d 135, 139-40, 40 USPQ2d 
1685, 1689 (Fed. Cir. 1996); In re De Blauwe, 736 F.2d 
699, 705, 222 USPQ 191, 196 (Fed. Cir. 1984). 

Office personnel should consider all rebuttal argu
ments and evidence presented by applicants. See, e.g., In 
re Soni, 54 F.3d 746, 750, 34 USPQ2d 1684, 1687 (Fed. 
Cir. 1995) (error not to consider evidence presented in 
the specification). C.f, In re Alton, 76 F.3d 1168, 
37 USPQ2d 1578 (Fed. Cir. 1996) (error ~ot to consider 
factual evidence submitted to counter a 35 U.S.C. 112 
rejection); In reBeattie, 974 F.2d 1309, 1313, 24 USPQ2d 
1040, 1042-43 (Fed. Cir. 1992) (Office personnel should 
consider declarations from those skilled in the art prais
ing the claimed invention and opining that the art 
teaches away from the invention.); Piasecki, 745 F.2d at 
1472, 223 USPQ at 788 ("[Rebuttal evidence] may relate 
to any of the Graham factors including the so-called 
secondary considerations."). Rebuttal evidence may in
clude evidence of "secondary considerations," such as 
" . \ commercial success, long felt but unsolved needs, rand] 
failure of others." Graham v.John Deere Co., 383 U.S. at 
17, 148 USPQ at 467. See also, e.g., In re Piasecki, 
745 F.2d 1468, 1473, 223 USPQ 785, 788 (Fed. Cir. 1984) 
(commercial success). Rebuttal evidence may also in
clude evidence that the claimed invention yields unex
pectedly improved properties or properties not present 
in the prior art. Rebuttal evidence may consist of a show
ing that the claimed compound possesses unexpected 
properties. Dillon, 919 F.2d at 692-93, 16 USPQ2d at 
1901. A showing of unexpected results must be based on 
evidence, not argument or speculation. In re Mayne, 
104 E3d 1339, 1343-44, 41 USPQ2d 1451, 1455 (Fed. 

Cir. 1997) (conclusory statements that claimed com
pound posesses unusually low immune response or unex
pected biological activity that is unsupported by compar
ative data held insufficient to overcome prima fade case 
of obviousness ).Rebuttal evidence may include evidence 
that the claimed invention was copied by others. See, 
e.g., In re GPAC, 57 F.3d 1573, 1580, 35 USPQ2d 1116, 
1121 (Fed. Cir. 1995); Hybritech Inc. v. Monoclonal Anti
bodies, 802 F.2d 1367, 1380, 231USPQ81, 90 (Fed. Cir. 
1986), cert. denied, 480 U.S. 947 (1987). It may also 
include evidence of the state of the art, the level of skill 
in the art, and the beliefs of those skilled in the art. 
See, e.g., In re Oelrich, 579 F.2d 86, 91-92, 198 USPQ 
210, 214 (CCPA 1978) (Expert opinions regarding the 
level of skill in the art were probative of the nonobvious
ness of the claimed invention.); Piasecki, 745 F.2d at 
1471, 1473-74, 223 USPQ at 790 (Evidence of non
technological nature is pertinent to the conclusion of ob
viousness. The declarations of those skilled in the art re
garding the need for the invention and its reception by 
the art were improperly discounted by the Board); 
Beattie, 974 F.2d at 1313, 24 USPQ2d at 1042-43 (Seven 
declarations provided by music teachers opining that the 
art teaches away from the claimed invention must be 
considered, but were not probative because they did not 
contain facts and did not deal with the specific prior art 
that was the subject of the rejection.). 

Consideration of rebuttal evidence and arguments 
requires Office personnel to weigh the proffered evi
dence and arguments. Office personnel should avoid giv
ing evidence no weight, except in rare circumstances. 
Id. See also In re Alton, 76 F.3d 1168, 1174-75, 
37 USPQ2d 1578, 1582-83 (Fed. Cir. 1996). However, 
to be entitled to substantial weight, the applicant should 
establish a nexus between the rebuttal evidence and the 
claimed invention, i.e., objective evidence of non ob
viousness must be attributable to the claimed invention. 
The Federal Circuit has acknowledged that applicant 
bears the burden of establishing nexus, stating: 

In the .!<JI ~ process of examining a patent application, 
however, the PTO lacks the means or resources to gather 
evidence which supports or refutes the applicant'sassertion that 
the sales constitute commercial success. CJ. Ex pane Remark, 
15 USPQ2d 1498, 1503 ((BPAI] 1990) (evidentiary routine of 
shifting burdens in civil proceedings inappropriate in ex parte 
prosecution proceedings because examiner has no available 
means for adducing evidence). Consequently, the PTO must 
rely upon the applicant to provide hard evidence of commercial 
success. 
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In re Huang, 100 F.3d 135, 139-40, 40 USPQ2d 1685, 
1689 (Fed. Cir. 1996). See also GPAC, 57 F.3d at 1580, 
35 USPQ2d at 1121; In re Paulsen, 30 F.3d 1475, 1482, 
31 USPQ2d 1671, 1676 (Fed. Cir. 1994) (Evidence of 
commercial success of articles not covered by the claims 
subject to the 35 U.S.C. 103 rejection was not probative 
of nonobviousness). Additionally, the evidence must be 
reasonably commensurate in scope with the claimed in
vention. See also, e.g., In re Kulling, 897 F.2d 1147, 1149, 
14 USPQ2d 1056, 1058 (Fed. Cir. 1990); In re Grasse/Ii, 
713 E2d 731, 743, 218 USPQ 769, 777 (Fed. Cir. 1983). 
In re Soni, 54 F.3d 746, 34 USPQ2d 1684 (Fed. Cir. 1995) 
does not change this analysis. In Soni, the Court declined 
to consider the Office's argument that the evidence of 
nonobviousness was not commensurate in scope with the 
claim because it had not been raised by the Examiner 
(54 E3d at 751, 34 USPQ2d at 1688). 

When considering whether proffered evidence is 
commensurate in scope with the claimed invention, 
Office personnel should not require the applicant to 
show unexpected results over the entire range of proper
ties possessed by a chemical compound or composition. 
See, e.g., In re Chupp, 816 F.2d 643, 646, 2 USPQ2d 1437, 
1439 (Fed. Cir. 1987). Evidence that the compound or 
composition possesses superior and unexpected proper
ties in one of a spectrum of common properties can be 
sufficient to rebut a prima facie case of obviousness. Id. 

For example, a showing of unexpected results for a 
single member of a claimed subgenus, or a narrow por
tion of a claimed range would be sufficient to rebut a 
prima facie case of obviousness if a skilled artisan "could 
ascertain a trend in the exemplified data that would al
low him to reasonably extend the probative value there
of." In re Clemens, 622 F.2d 1029, 1036, 206 USPQ 289, 
296 (CCPA 1980) (Evidence of the unobviousness of a 
broad range can be proven by a narrower range when one 
skilled in the art could ascertain a trend that would allow 
him to reasonably extend the probative value thereof.). 
But see, Grasselli, 713 F.2d at 743, 218 USPQ at 778 (evi
dence of superior properties for sodium containing com
position insufficient to establish the non-obviousness 
of broad cfaims for a catalyst with "an alkali metal" 
where it was well known in the catalyst art that different 
alkali metals were not interchangeable and applicant 
had shown unexpected results only for sodium contain
ing materials); In re Greenfield, 511 F.2d 1185, 1189, 
197 USPQ 227, 230 (CCPA 1978) (evidence of superior 
properties in one species insufficient to establish the 
nonobviousness of a subgenus containing hundreds of 

compounds); In re Lindner, 457 F.2d 506, 508, 173 USPQ 
356, 358 (CCPA 1972) (one test not sufficient where 
there was no adequate basis for concluding the other 
claimed compounds would behave the same way). How
ever, an exemplary showing may be sufficient to establish 
a reasonable correlation between the showing and the 
entire scope of the claim, when viewed by a skilled arti
san. See, e.g., Chupp, 816 F.2d at 646, 2 USPQ2d at 1439; 
Clemens, 622 F.2d at 1036, 206 USPQ at 296. On the oth
er hand, evidence of an unexpected property may not be 
sufficient regardless of the scope of the showing. Where 
the claims are not limited to a particular use, and where 
the prior art provides other motivation to select a partic
ular species or subgenus, a showing of a new use may not 
be sufficient to confer patentability. See Dillon, 919 F.2d 
at 692, 16 USPQ2d at 1900-01. Accordingly, each case 
should be evaluated individually based on the totality of 
the circumstances. 

Office personnel should not evaluate rebuttal evi
dence for its "knockdown" value against the prima facie 
case, Piasecki, 145 F.2d at 1473, 223 USPQ at 788, or 
summarily dismiss it as not compelling or insufficient. If 
the evidence is deemed insufficient to rebut the prima 
facie case of obviousness, Office personnel should specif
ically set forth the facts and reasoning that justify this 
conclusion. 

III. Reconsider All Evidence and Clearly 

Communicate Findings and Conclusions 

A determination under 35 U.S.C. 103 should rest on 

all the evidence and should.not he influenced by any ear

lier conclusion. Sec, e.g., Piasecki, 745 F.2d at 1472-73, 
1 223 USPQ at 788; In re Eli Lilly & Co .. 902 F.2d 943, 945, 

14 USPQ2d 1741, 1743 (Fed. Cir. 1990). Thus, once the 

applicant has presented rebuttal evidence, Office per

sonnel should reconsider any initial obviousness deter

mination in view of the entire record. See, e.g., Piasecki, 
745 F.2d at 1472, 223 USPQ at 788; Eli Lilly, 902 F.2d at 

945, 14 USPQ2d at 1743. All the proposed rejections and 

their bases should be reviewed to confirm their correct

ness. Only then should any rejection be imposed in an 

Office action. The Office action should clearly commu

nicate the Office's findings and conclusions, articulating 

how the conclusions are supported by the findings. 
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Where applicable, the findings should clearly articu
late which portions of the reference support any rejec
tion. Explicit findings on motivation or suggestion to se
lect the claimed invention should also be articulated in 
order to support a 35 U.S.C.103 ground of rejection. Dil-

Ion, 919 F.2d at 693, 16 USPQ2d at 1901; In re Mills, 916 
F.2d 680, 683, 16 USPQ2d 1430, 1433 (Fed. Cir. 1990). 
Conclusory statements of similarity or motivation, with
out any articulated rationale or evidentiary support, do 
not constitute sufficient factual findings. 
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If the closest prior art Is a single reference disclosing a genus, determine whether the claimed 
species or subgenus would have been obvious to one of ordinary skill In the pertinent art at the 

time the invention was made by performing the following analysis .•• 

Determine Whether a Prima Fec/e Case of Obviousness Exists 
Based on Entire Record Initially Before PTO 

• Consider the Graham Factors 

• Determine Whether There Would Have Been Motivation to 
Select the Claimed Species or Subgenus 

I 
I~ ;.. 

Is Genus So Small That No Are There Express No 
Each Member Is 

Teachings That .- Is There a Teaching of 

Inherently Disclosed? 
Would Have Motivated Structural Similarity? 

the Selection? 

Yes Yes 
Yes 

Are There Teachings of 
Similar Properties or 

Uses? 

Yes 
, No No 

la the Art Predictable Is There Any Other 
Such That Similar No Teaching to Support the 
Properties or Uaea ----- Selection of the Species 

Would be Expected? or Subi enua? 

Yes 

, iYes No 

Claim Is Anticipated Claim Would Have Been Prima Facle 
Claim Would Have 

Under§ 102 Obvious Under§ 103 
Been Nonobvious 

Under§ 103 

l 
. Determine Whether Rebuttal Evidence Is 

Sufficient to Overcome Prima Facle Case 

• Reconsider All Evidence and Clearly Commun~te Findings and Conclusions 
< 
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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 
<ii

SUPPLEMENTAL RESPON 
. ~ 

In response to the Office Action dated February 25,·1998,·Applicants 

filed an Amendment, along with a Declaration of Dr. Commer90'2: on A~ 

1998, following an interview of the same date. Since the Examiner suggested 

hand delivery of the papers during the afternoon of April 23, Applicants 

diligently prepared the same on an expedited basis following the interview. 

Although it is believed to be 9lear from the April 23 papers, Applicants wish to 

emphasize one point discussed at the interview just to make sure the record is 

complete. 

Specifically, Applicants made clear at the interview that, in accord with 

their position of record, referenced in the April 23 papers and particularly as set 

forth in the Amendment filed October 28, 1997, and Dr. Commer9on's 

_I 
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Declaration, submitted therewith, an alkoxy group, such as methoxy, is not, in 

view of the teachings as a whole of the art of record, a hydroxy-protecting 

group at the 7- and 10-positions of the claimed compound recited in pending 

product claim 17 or in any of the other compound claims that have been 

canceled without prejudice or disclaimer. This conclusion is dictated by the 

requirement of the art of record that hydroxy protecting groups are groups that 

can be "hydrolyzed under mild conditions so as not to disturb the ester linkage 

or the taxane substituents." See, e.g., Col. 9, lines 19-21 of the '601 patent. 

Dr. Commen;:on's October 1997 declaration demonstrated that in the claimed 

compound, the methoxy group at each of the 7- a~d 10- positions is not 

removed by the mild conditions described in the art of record. As explained at 

the interview, the comparative testing presented in the Commeryon declaration 

of April 23, 1998, is simply in support of an alternative argument that assumes 

arguendo the correctness of the statement in Holton '601 that such a methoxy 

group is a hydroxy protecting group. Neither the Commeryon declaration of 

April 23, 1998 nor the remarks in the accompanying amendment in any way 

constitutes an admission that in the context of the claimed compound and the 

compounds in the canceled claims, an alkoxy group at the 7- and 10-positions 

is a hydroxy protective group. For the reasons presented in the papers hand-

FrNNEGAN, HENDERsoN, delivered to the Examiner or, independently, for the reasons presented in 
FARABOW, GARRETT, 

8 DUNNER,LL.P. 
1300 I STREET, N. W. 2 

WASHINGTON, OC 20005 

202-408-4000 

NEPTUNE GENERICS  EX. 00327



LAW OF"F'ICES 

FINNEGAN, HENDERSON, 
fARABOW, GARRETT, 

S DUNNER,L.L.P. 
1300 I STRECT, N. W. 

WASHINGTON, DC 20005 

202-408-4000 

• ·-
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

papers filed in October 1997, the claimed compound is patentable over all the 

art of record. 

To the extent any extension of time under 37 C.F.R. § 1.136 is required 

to obtain entry of this response, such extension is hereby requested. If there 

are any fees due under 37 C.F.R. § 1.16or1.17 which are not enclosed, 

including any fees required for an extension of time under 37 C.F.R. § 1.136, 

please charge those fees to our Deposit Account No. 06-916. 

Dated: April 24, 1998 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 

By: 

3 
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"tlllEMMl~·UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

Herve BOUCHARD et al. ) 
) 

Serial No.: 08/622,011 ) 
) 

Filed: March 26, 1996 ) 
) 

For: NEW TAXOIDS, THEIR PREPARATION, ) 
AND PHARMACEUTICAL COMPOSITIONS ) 
CONTAINING THEM ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 
.. 

Group Art Unit: 1203 

Examiner: B. Trinh 

.. ; : l-

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicants bring to the attention of 

the Examiner the document listed on the attached PTO 1449. This Information 

Disclosure Statement is being filed after the events recited in Section 1.97(b) but, to the 

undersigned's knowledge, before the mailing date of either a Final Action or a Notice of 

Allowance. Under the provisions of 37 C.F.R. § 1.97(c), this Information Disclosure 

Statement is accompanied by a fee of $240.00 as specified by Section 1.17(p). 

A copy of the listed document is attached. Applicant respectfully requests that 

the Examiner consider the listed document and indicate that it was considered by 

making appropriate notation on the attached form. 

This submission does not represent that a search has been made or that no 
IP*i0039 08622011 

240.00 IP 
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better art exists and does not constitute an admission that each or all of the listed 

documents are material or constitute "prior art." If the Examiner applies any of the 

documents as prior art against any claims in the application and Applicants determine 

that the cited document does not constitute "prior art" under United States law, 

Applicants reserve the right to present to the office the relevant facts and law regarding 

the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the 

patentability of the disclosed invention over the listed documents, should the document 

be applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please 

charge the fee to our Deposit Account No. 06-0916. 

Date: April 24, 1998 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~tiA~,74~~~ ... ...L...L.J/~lc~24a~7=----/-
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Thalia V. Warnement 
Reg. No. 39,064 
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7-ETHER-TAXOL ANALOGS, 
ANTINEOPLASTIC USE AND PHARMACEUTICAL 

COMPOSITIONS CONTAINING THEM 

BACKGROUND OF THE INVENTION 

Taxol is a member of the taxane family of diterpenes, having the structure 

shown below: 

0 
;lNH 0 H3C 

0):3· ~o--
1 

H"' 

,H 

The numbering system shown for taxol is that recommended by IUPAC (IUPAC, 

Commission on the Nomenclature of Organic Chemistry, 1978). 

The chemistry of the potent anticancer diterpenoid taxol and analogs thereof 

is reviewed, with an emphasis on isolation and analysis, structural modifications, 

25 partial synthesis, and structure-activity relationships by David G.I. Kingston, The 

Chemistry ofTaxol, Pharmac. Tber., Vol 52, pp 1-34, 1991. 

The clinical pharmacology of taxol is reviewed by Eric K. Rowinsky and Ross 

C. Donehower, The Clinic8I Pharmacology and Use of Antimicrotubule Agents in 

Cancer Chemotherapeutics, Pharmac. Ther., Vol 52, pp 35-84, 1991. Clinical and 

30 preclinical studies with taxol are reviewed by William J. Slichenmyer and DQniel D. 

Von Hoff, Taxol: A New and Effective Anti-cancer Drug, Anti-Cancer Drugs, Vol. 2, 

pp 519-530, 1991. 

Taxol and analogs thereof are the subject of various patents including, for 

example, U.S. Patent Nos. 4,814,470; 4,857,653; 4,942,184; 4,924,011; 4,924,012; 

35 4,960,790; 5,015,744; 5,157,049; 5,059,699; 5,136,060; 4,876,399; 5,227,400; 

5,248, 796 as well as PCT Publication No. WO 92109589, European Patent 

Application 90306845.1 (Publication No. A2 0 400 971), 90312366.9 (Publication No. 
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Al O 428 376), 89400935.6 (Publication No. Al 0 366 841) and 90402333.0 

(Publication No. 0 414 610 Al), 87401669.4 (Al 0 253 739), 92308608.6 (Al 0 534 

708), 92308609.4 (Al 534 709) and PCT Publication Nos. WO 91117977, WO 

91117976, WO 91113066, WO 91113053. 

5 Various processes for the preparation of taxol (and intermediates and analogs 

thereof) are described in Tetrahedron Letters, 1992, QQ., 5185; J. Org. Chem., 1991, 

.Q§., 1681 and J. Org. Chem., 1991, .Q§., 5114. 

Chen et al., Serendipitous Synthesis of a Cyclopropane-Containing Taxol 

Analog via Anchimeric Participation of an Unactivated Angular Methyl Group, 

10 Advance ACS Abstracts, Vol 1, No. 2., July 15, 1993 reported the treatment of a 7-

epi taxol derivative with DAST in dichloromethane led to an unexpected reaction 

involving participation of the C-19 methyl group and clean formation of a 

cyclopropane ring. See also J. Org. Chem., 1993, .Qft, 4520 (August 13, 1993) and 

U.S. Patent 5,254,580 (granted 19 October 1993). 

15 U.S. Patent 5,248,796 (granted 28 September 1993) relates to 10-desacetoxy-

ll,12-dihydrotaxol-10,12(18)-diene derivatives and the preparation of 10-

desacetoxytaxol. 

EP Application 0 558 959 Al discloses various phosphonooxy and carbonate 2' 

taxol derivatives of taxol with increased water solubility. 

20 Water-soluble pro-taxol analogs are disclosed in Nicolaou, K.C.; Riemer, C.; 

Kerr, MA; Rideout, D.; Wrasidlo, W., Nature 364:464-66 (1993). 

J. Am. Chem. Soc., Vol. 116, No. 4, 1599-1600 (1994) decribes the production 

of 7-BOM baccatin III. The 7-BOM baccatin III was treated with lithium 

hexamethyl disilazide and the resulting alkoxide reacted with (3R,4S)-N-benzoyl-3-

25 O-TES-4-phenyl-2-azetedinone to give 7-BOM-2'-TES-taxol. This was reacted with 

HF-pyridine to give 7-BOM-taxol. 

At the 207 Annual Meeting of the American Chemical Society, L. Klein 

described the "surprisingly good activity" of 7-ether analogs of 9-0H-taXotere, in 

particular the 7-0Me and the 7-allyl analogs. No method of synthesis was . 

30 described. 

U.S. Patent 5,229,526 (Holton) describes the use of 7-0-protecting groups 

(namely T1, including triethylsilyl and ethoxyethyl) in the the preparation of various 

biologically active derivatives ofbaccatin III and 10-deacetyl baccatin ill wherein 

the C-7 and C-2' hydroxyl protecting groups are hydrolyzed under mild conditions so 

35 as not to disturb the ester linkage or the taxane substituents. 
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SUMMARY OF THE INVENTION 

This invention provides taxol analogs of Formula I: 

I 

PCT/US9S/06595 

The compounds of Formula I are useful for the treatment of the same cancers 

for which taxol has been shown active, including human ovarian cancer, breast 

15 . cancer, and malignant melanoma as well as lung cancer, gastric cancer, colon 

cancer, head and neck cancer, and leukemia. 

CONVENTIONS FOR FORMULAS AND DEFINITIONS OF VARIABLES 

The chemical formulas representing various compounds or molecular fragme-

20 nts in the specification and claims may contain variable substituents in addition to 

expressly define~ structural features. These variable substituents are identified by 

a letter or a letter followed by a numerical subscript, for example, 11Z1
11 or ''Ri" where 

"i" is an integer. These variable substituents are either monovalent or bivalent, that 

is, they represent a group attached to the formula by one or two chemical bonds. 

25 For example, a group z1 would represent a bivalent variable if attached to the 

formula CH8-C(=Z1)H. Groups Ri and ~ would represent monovalent variable 

substituents if attached to the formula CH3-CH2-C(~)~)-H. When chemical 

formulas are drawn in a linear fashion, such as those above, variable substituents 

contained in parentheses are bonded to the atom immediately to the left of the 

30 variable substituent enclosed in parenthesis. When two or more consecutive 

variable substituents are enclosed in parentheses, each of the consecutive variable 

substituents is bonded to the immediately preceding atom to the left which is not 

enclosed in parentheses. Thus, in the formula above, both ~ and ~ are bonded to 

the preceding carbon atom. Also, for any molecule with an established system of 

35 carbon atom n~bering, such as taxol, these carbon atoms are designated as Ci, 

where "i" is the integer corresponding to the carbon atom number. For example, c6 
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represents the 6 position or carbon atom number in the nucleus as traditionally 

designated by those skilled in the art. 

Chemical formulas or portions thereof drawn in a linear fashion represent 

atoms in a linear chain. The symbol "-" in general represents a bond between two 

5 atoms in the chain. Thus CH3-0-CH2-CH(Ri)-CH3 represents a 2-substituted-1-

methoxypropane compound. In a similar fashion, the symbol "=" represents a double 

bond, e.g., CHrCC~)-0-CH3, and the symbol "e" represents a triple bond, e.g., 

HCsC-CH(Ri)-CH2-CH3• Carbonyl groups are represented. in either one of two 

ways: -CO- or -C(=O)-, with the former being preferred for simplicity. 

10 Chemical formulas of cyclic (ring) compounds or molecular fragments can be 

represented in a linear fashion. Thus, the compound 4-chloro-2-methylpyridine can 

be represented in linear fashion by N* =C(CH3)-CH=CC1-CH=C*H with the 

convention that the atoms marked with an asterisk (*) are bonded to each other 

resulting in the formation of a ring. Likewise, the cyclic molecular fragment, 4-

15 (ethyl)-1-piperazinyl can be represented by -N* -(CH2)2-N<C2H5)-CH2-c*H2. 

Similarly, 2-furyl can be represented by -C*-0-CH=CH-C*H= and 2-thienyl 

represented by -C*-S-CH=CH-C*H=. 

A rigid cyclic (ring) structure for any compounds herein defmes an orientation 

with respect to the plane of the ring for substituents attached to each carbon atom of 

20 the rigid cyclic compound. For saturated compounds which have two substituents 

attached to a carbon atom which is part of a cyclic system, -CCX1 ~)- the two sub-

. stituents may be in either an axial or equatorial position relative to the ring and 

may change between axial/equatorial However, the position of the two substituents 

relative to the ring and each other remains fixed. While either substituent at times 

25 may lie in the plane of the ring (equatorial) rather than above or below the plane 

(axial), one substituent is always above the other. In chemical structural formulas 

depicting such compounds, a substituent CX1> which is "below" another substituent 

~)will be identified as being in the alpha (a) configuration and is identified by a 

broken, dashed or dotted line attachment to the carbon atom, i.e., by the symbol"- -

30 -"or 11 
... ". The corresponding substituent attached 11above" ~)the other CX1) is 

identified as being in the beta (8) configuration and is indicated by an unbroken line 

attachment to the carbon atom. 

When a variable substituent is bivalent, the valences may be taken together 

or separately or both in the definition of the variable. For example, a variable ~ 

35 attached to a carbon atom as -C(=~)- might be bivalent and be defined as oxo or 

keto (thus forming a carbonyl group (-CO-) or as two separately attached monovalent 
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variable substituents a-Ri-j and B-Ri-k· When a bivalent variable, Ri• is defined to 

consist of two monovalent variable substituents, the convention used to define the 

bivalent variable is of the form "a-Ri-fB-Ri-k" or some variant thereof. In such a 

case both a.-Ri-j and 13-Ri-k are attached to the carbon atom to give -C(a.-Ri-j)(B-Ri-k). 

5 For example, when the bivalent variable R6, -C(=R6)- is defined to consist of two 

monovalent variable substituents, the two monovalent variable substituents are a.

R6_1 :B-R6_2, .... a-R6_9:B-R6_10, etc, giving -C(a.-R6_1)(13-Rs_2)-, .... -C(a-R6_9XB-R6_10)-, 

etc. Likewise, for the bivalent variable R11, -C(=R11)-, two monovalent variable 

substituents are a-R11_1:B-R11_2. For a ring substituent for which separate a and B 

10 orientations do not exist (e.g. due to the presence of a carbon double bond in the 

ring), and for a substituent bonded to a carbon atom which is not part of a ring the 

above convention is still used, but the a and B designations are omitted. 

Just as a bivalent variable may be defined as two separate monovalent 

variable substituents, two separate monovalent variable substituents may be defined 

15 to be taken together to form a bivalent variable. For example, in the formula 

-C1(~)H-C2CR:i)H- (C1 and c2 define arbitrarily a first and second carbon atom, 

respectively)~ and R:i may be defmed to be taken together to form (1) a second 

bond between c1 and c2 or (2) a bivalent group such as oxa (-0-) and the formula 

thereby describes an epoxide. When Ri and R:i are taken together to form a more 

20 complex entity, such as the group -X-Y-, then the orientation of the entity is such 

that C1 in the above formula is bonded to X and C2 is bonded to Y. Thus, by 

convention the designation " ... ~ and R:i are taken together to form -CH2-C~-O
CO- ... " means a lactone in which the carbonyl is bonded to c2. However, when 

designated 11 
... R:i and ~ are taken together to form -CO-O-C~-CH2-the convention 

25 means a lactone in which the carbonyl is bonded to C1. 

The carbon atom content of variable substituents is indicated in one of two 

ways. The first method uses a prefix to the entire name of the variable such as 11C1-

c 411, where both "1" and "4" are integers representing the minimum and maximum 

number of carbon atoms in the variable. The prefix is separated from the variable 

30 by a space. For example, "CrC4 alkyl" represents alkyl of 1through4 carbon 

atoms, (including isomeric forms thereof unless an express indication to the contrary 

is given). Whenever this single prefix is given, the prefix indicates the entire carbon 

atom content of the variable being defined. Thus C2-C 4 alkox:ycarbonyl describes a 

group CH3-(CH2>n·O-CO- where n is zero, one or two. By the second method the 

35 carbon atom content of only each portion of the definition is indicated separately by 

enclosing the "Ci-Cj 11 designation in parentheses and placing it immediately (no 
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intervening space) before the portion of the definition being defined. By this 

optional convention (C1-C3)alkoxycarbonyl has the same meaning as C2-C4 alkoxy

carbonyl because the "Ci-Ca" refers only to the carbon atom content of the alkoxy 

group. Similarly while both C2-C6 alkoxyalkyl and (CrC3)alkoxy(CrC3)alkyl defme 

5 alkoxyalkyl groups containing from 2 to 6 carbon atoms, the two definitions differ 

since the former definition allows either the alkoxy or alkyl portion alone to contain 

4 or 5 carbon atoms while the latter definition limits either of these groups to 3 

carbon atoms. 

When the claims contain a fairly complex (cyclic) substituent, at the end of 

10 the phrase naming/designating that particular substituent will be a notation in 

(parentheses) which will correspond to the same name/designation in one of the 

CHARTS/FIGURES which will also set forth the chemical structural formula of that 

particular substituent. 

The term 11Boc11 refers to C(O)O-t-butyl, "Troe" refers to C(0))CH2CC13, TES 

15 refers to Si(Et)3, Ph refers to phenyl, Ac refers to C(O)CH3, Bz refers to C(O)Ph, and 

Cbz refers to C(0)0CH2C6H5• 

DETAILED DESCRIPTION OF THE INVENTION 

More specifically, this invention provides 7-ether-taxol analogs of general 

20 Formula I 

25 

30 

35 

I 

wherein: 

R1 is selected from the group consisting of 

-CH3, 

-C6H5 or phenyl substituted with one, 2 or 3 CrC 4 alkyl, Ci-Ca 

alkoxy, halo, Ci-Ca alkylthio, trifluoromethyl, C2-c6 dialkylamino, 
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hydroxy or nitro, 

-2-furyl, 2-thienyl, 1-naphthyl, 2-naphthyl or 

3,4-methylenedioxyphenyl; 

PCT/US9S/06S9S 

~ is selected from the group consisting of -H, -NHC(O)H,-NHC(O)Cr 

5 C10alkyl {preferably -NHC(O)C4-C6alkyl), -NHC{O)phenyl, -NHC(O)phenyl 

substituted with one, 2 or 3 C1-C4 alkyl, Ci-C3 alkoxy, halo, C1-C3 alkylthio, 

trifluoromethyl, C2-C6 dialkylamino, hydroxy or nitro, -NHC(O)C(CH3)=CHCH3, 

-NHC(0)0C(CH3)3, -NHC(0)0CH2phenyl, -NH2, -NHS02-4-methylphenyl, -

NHC(O)(CH2)3COOH, -NHC(0}-4-(S03H)phenyl, -OH, -NHC(0)-1-adamantyl, 

10 -NHC(0)0-3-tetrahydrofuranyl, -NHC(0)0-4-tetrahydropyranyl, 

-NHC(O)CH2CCCH3)3. -NHC(O)C(CH3)3, -NHC(O)OCrC1oalkyl, -NHC(O)NHCr 

C10alkyl, -NHC(O)NHPh, -NHCCO)NHPh substituted with one, 2 or 3 Crc4 alkyl, 

Ci-C3 alkoxy, halo, Ci-C3 alkylthio, trifluoromethyl, c2-c6 dialkylamino, or nitro, 

-NHC(O)C3-C8cycloalkyl, -NHC(O)OCCC~CH3)2CH3, -NHC(0)0C(CH3}2C~Cl, 
15 -NHC(0)0C(CH3)2C~CH3, -NHC(0)-1-phenyl-l-cyclopentyl, -NHC(0)-1-methyl-l

cyclohexyl, -NHCCS)NHC(CH3)3 or -NHC(O)NHC(CH8)3; 

· Rg is selected from the group consisting of -H, -NHC(O)phenyl or 

-NHC(0)0C(CH3)3, with the overall proviso that one of~ and R3 is -H but R2 and 

R3 are not both -H; 

20 R4 is-Hor selected from the group consisting of-OH, -OAc (-0C{O)CH8), 

-OC(O}OCH2CCCl)3, -OCOCH2CH~3 + HCoo·, -NHC(O)phenyl, 

-NHC(0)0C(CH3)3, -OCOCH2CH2COOH and pharmaceutically acceptable salts 

thereof, -OCOCCH2>3COOH and pharmaceutically acceptable salts thereof, and 

-OC(O)-Z-C(O)-R' [where Z is ethylene (-C~CH2-), propylene (-C~C~CH2-), 
25 -CH=CH-, 1,2-cyclohexane or 1,2-phenylene, R' is -OH, -OH base, -NR·~·8, -OR's• 

-SR'3, -OCH2CCO)NR'4R'5 where R'2 is -H or-CH8, R'3 is -(CH2>nNR'sR'7 or 

(C~)nN'"R'sR'7R'8 X- where n is 1-3, R'4 is-Hor -Ci-C4alkyl, R'5 is -H, -CrC4alkyI, 

benzyl, hydroxyethyl, -CH2COaH or dimethylaminoethyl, R's and R'7 are -CH3, 

-CH2CH3, benzyl or R's and R'7 together with the nitrogen ofNR'sR'7 form~ 

30 pyrrolidino, piperidino, morpholino, or N-methylpiperizino group; R' 8 is -CH3, 

-CH2CH3 or benzyl , x· is halide, and base is NH3, (HOCaH4>3N, N(CH3)3, 

CH3NCCaH4>2NH, NH2CCH2>sNH2, N-methylglucamine, NaOH or KOH], 

-OC(0)(CH2>nNR2R3 [where n is 1-3, R2 is -H or -CrC3alkyl and R3 -H or -Cr 

C3alkyl], -OC(O)CH(R11)~ [where R" is selected from the group consisting of -H, 

35 -CH3, -CH2CH(CH3>2, -CH(CH3)CH2CH3, -CH(CH3)2, -C~phenyl, -(CH2)4NH2, 

-CH2CH2COOH, -(CH2>3NHCC=NH>NH2J, the residue of the amino acid proline, 
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~0C( O )CH=CH2, -C(O)CH2CH2C(O)NHCH2C~S03" y+, 

-OC(O)CH2CH2C(O)NHCH2C~CH2S03 -y+ wherein y+ is Na+ or W(Bu)4, 

-OC(O)CH2CH2C(O)OCH2 CH20H; 

R5 is -H or -OH, with the overall proviso that when R5 is -OH, R4 is -H and 

5 with the further proviso that when R5 is -H, R4 is other than -H; 

Jls is -H:-H; 

&, is a-Rgi=~Rg2 where one of Rg1 and Rg2 is -H and the other of Rg1 and 

Rg2 is -W where W is selected from the group consisting of 

-O-C1-c10alkyl, 

10 -O-C3-C10 unsaturat.ed alkyl (preferably allyl and crotyl}, 

-O-C5-C15 het.eroalkyl [e.g. -OCH2{2- or 3-furyl), -OCH2C2- or 3-pyrrolyl), 

-OCH2C2-, 3- or 4-pyridyl), -OCH2C2-, 3-, 4-, 5-, 6, 7- or 8-quinolinyl), -OCH2(1-, 3-, 

4-, 5-, 6, 7- or 8-isoquinolinyl), -OCH2(2-, 4- or 5-imidazoyl), -OCH2(3-, 4- or 

5-pyrazolyl), -OCH2(2-pyrazinyl), -OCH2(2-, 4-, 5- or 6-pyrimidinyl), -00~(2-, 3-, 4-, 

15 5-, 6- or 7-indolyl), -OC~(3-, 4- or 5-isoxazolyl); preferably -OCH2(2- or 3-furyl), 

-OCH2C2- or 3-pyrrolyl), -OC~(2-, 3- or 4-pyridyl), -OCH2(2-, 4- or 5-imidazoyl} or 

20 

25 

30 

35 

-OCH2(3-, 4- or 5-isoxazolyl)], 

-O-CHCR21)0R22 where. 

R21 is -H or -CrCs alkyl, and 

R22 is -CrC10alkyl, -C3-C10 unsaturat.ed alkyl (preferably ally! and 

crotyl ), -C5-C15 het.eroalkyl (e.g. CH2-C2- or 3-furyl}, C~(2- or 3-

pyrrolyl), CH2(2-, 3, or 4-pyridyl), CH2C2-, 3-, 4-, 5-, 6, 7- or 8-

quinolinyl), C~(l-, 3-, 4-, 5-, 6, 7- or 8-isoquinolinyl), C~(2-, 4- or 5-

imidazoyl}, C~(3-, 4- or 5-pyrazolyl), CH2C2-pyrazinyl), C~(2-, 4-, 5-

or 6-pyrimidinyl), CH2(2-, 3-, 4-, 5-, 6- or 7-indolyl), CH2{3-, 4- or 5-

isoxazolyl); preferably CH2-(2- or 3-furyl), CH2(2- or 3-pyrrolyl), 

C~{2-, 3, or 4-pyridyl), CH2C2-, 4- or 5-imidazoyl), CH2(3-, 4- or 5.

isoxazolyl); preferably CH2-(2- or 3-furyl), CH2(2- or 3-pyrrolyl), 

CH2(2-, 3, or 4-pyridyl), CH2C2-, 4- or 5-imidazoyl) or C~(3-, 4- or 5-

isoxazolyl} ], 

or when R21 and R22 are taken together to form a ring with 4 

to 6 carbon atoms (preferably a ring with 5 or 6 carbon atoms), 

-CHCR28}S(0)mAr 

where Ar is phenyl or phenyl substitut.ed with one, 2 or 3 

CrC4 alkyl, CrCs alkoxy, halo, CrCa alkylthio, trifluoromethyl, c 2-

C6 dialkylamino, or nitro, 
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-CH(R28)S( 0} CH R28 where .R28 is m 2 . 

CrCs alkyl, 

-C3-C10 unsaturated alkyl (preferably allyl and crotyl), 

-(C~)qphenyl where q is 0-6, 

-(CH2)qphenyl where q is 0-6 and substituted with one, 2 or 3 CrC4 

alkyl, Ci-Ca alkoxy, halo, CrC3 alkylthio, trifluoromethyl, c2-c6 

dialkylamino, or nitro, 

-naphthyl, 

-naphthyl substituted with one, 2 or 3 CrC4 alkyl, CrCa alkoxy, halo, 

Ci-Ca alkylthio, trifluoromethyl, C2-c6 dialkylamino, or nitro, 

-C5-C15 heteroalkyl [e.g. -(2- or 3-furyl), (2- or 3-pyrrolyl), (2-, 3, or 4-

pyridyl), (2-, 3-, 4-, 5-, 6, 7- or 8-quinolinyl), (1-, 3-, 4-, 5-, 6, 7- or 8-

isoquinolinyl), (2-, 4- or 5-imidazoyl), (3-, 4- or 5-pyrazolyl), (2-

pyrazinyl), (2-, 4-, 5- or 6-pyrimidinyl), (2-, 3-, 4-, 5-, 6- or 7-indolyl), 

(3-, 4- or 5-isoxazolyl); preferably -(2- or 3-furyl), (2- or 3-pyrrolyl), (2-, 

3, or 4-pyridyl), .<2-, 4- or 5-imidazoyl), (3-, 4- or 6-isoxazolyl)J, 

or when R28 and R28 are taken together to form a ring with 4 

to 6 carbon atoms (preferably a ring with 5 or 6 carbon atoms); 

mis 0 to2; 

20 Rs is -CH3; 

Rao is -H, OH, or -OC(O)CH3; and 

pharmaceutically acceptable salts thereof when the compound contains either 

an acidic or basic functional group. 

An embodiment of the subject invention are compounds of Formula I where 

25 position 2 is -OR40 (where R40 is -C(O)phenyl substituted with one, 2 or 3 azido, 

cyano, methoxy, or halo; preferably-C(0)-3-azidophenyl) rather than -0-C(O)phenyl. 

A preferred embodiment of the subject invention is compounds of Formula I 

where R1 is phenyl or phenyl substituted with halo, ~ is -NHC(O)C6H5, Rg and R5 
are -H, R4 is -OH, and Rao is -OH or -OC(O)CH3. Another preferred embodiment of 

30 the subject invention is compounds of Formula I where R1 is preferably phenyl or 

phenyl substituted with halo, ~ is -NHC(O)OC(CH3>3, Rg and R5 are -H, R4 is. -

OH, and Rao is -H or -COCH3. A preferred embodiment of the subject invention is 

compounds of Formula I where R1 is preferably phenyl or phenyl substituted with 

halo, ~ is -NHC(O)NHC(CH3)3, Rg and R5 are -H, R4 is -OH, and Rao is -OH or 

35 -OCOCH3. 

W is preferably selected from the group consisting of: 
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-O-C1-c10alkyl (more preferably -O-CrC10alkyl); 

-O-C3-c10 unsaturated alkyl (more preferably -O-C3-C4 unsaturated alkyl); 

-O-CHCR21)0R22 where 

R21 is Hor CrC6 alkyl, and 

R22 is preferably -CrC6alkyl or -C3-c10 unsaturated alkyl (more 

preferably -O-C3-C 4 unsaturated alkyl); · 

-CH(R28)S(O)mAr where Ar is phenyl or phenyl substituted with one, 2 

or 3 CrC4 alkyl, C1-C3 alkoxy, halo, CrC3 alkylthio, 

trifluoromethyl, C2-C6 dialkylamino, or nitro; 

10 -CH(R28)S(O)mCH2R28 

15 

mis 0. 

where R28 is 

CrC6 alkyl, 

-C3-c10 unsaturated alkyl (more preferably-O-C3-c4 unsaturated 

alkyl), or 

-(CH2)qphenyl where q is 0-3; and 

An embodiment of the subject invention are compounds of Formula I where 

R2 is -NHC(O)C6H5, R4 is hydroxy, R3 and R5 are -H, R1 is phenyl or substituted 

phenyl, and-Wis selected from the group consisting of: 

20 -O-CrC10alkyl (more preferably-0-CrC10a1kyl); 

-O-C3-c10 unsaturated alkyl (more preferably-O-C3-C4 unsaturated alkyl); 

-O-CHCR21)0R22 where 

R21 is H or C1-C6 alkyl, and 

R22 is preferably -CrC6alkyl or -C3-C10 unsaturated alkyl {more 

25 · preferably-O-C3-C4 unsaturated alkyl); 

-CH(R28)8(0)mAr where Ar is phenyl or phenyl substituted with one, 2 

or 3 CrC4 alkyl, CrC3 alkoxy, halo, CrC3 alkylthio, trifluoromethyl, 

C2-C6 dialkylamino, or nitro; 

-CH(R28)S(O)mC~R28 

30 where R28 is 

CrC6 alkyl, 

35 mis 0. 

-C3-c10 unsaturated alkyl (more preferably-O-C3-C4 unsaturated 

alkyl), or 

-(C~)qphenyl where q is 0-3; and 

Another embodiment of the subject invention are compounds of Formula I 
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where~ is -NHC(0)0C(CH3)3, R1 is phenyl or substituted phenyl, R4 is hydroxy, 

R3 and R5 are -H, and-Wis selected from the group consisting of: 

-O-Ci-C10alkyl (more preferably -O-CrC10alkyl); 

-O-C3-c10 unsaturated alkyl {more preferably -O-C3-C4 unsaturated alkyl); 

5 -O-CH(R21)0R22 where 

R21 is H or Ci-Cs alkyl, and 

R22 is preferably -CrC6alkyl or -C3-C10 unsaturated alkyl (more 

preferably -O-C3-C 4 unsaturated alkyl); 

-CH(R28)S(O)mAr where Ar is phenyl or phenyl substituted with one, 2 

10 or 3 CrC4 alkyl, Ci-Ca alkoxy, halo, CrC3 alkylthio, 

15. 

trifluoromethyl, C2-C6 dialkylamino, or nitro; 

-CH(R28)8(0)m CH~28 

misO. 

where R28 is 

CrC6 alkyl, 

-C3-c10 unsaturated alkyl (more preferably -O-C3-C4 unsaturated 

alkyl), or 

-(CH2\phenyl where q is 0-3; and 

An embodiment of the subject invention are compounds of Formula I where 

20 R1 is selected from the group consisting of -CH3, -C6H5 or phenyl substituted with 

one, 2 or 3 CrC4 alkyl, CrCa alkoxy, halo, CrCa alkylthio, trifluoromethyl, c2-c6 
dialkylamino, hydroxy or nitro and ~ is selected from the group consisting of -H, 

-NHC(O)H,-NHC(O)CrC10alkyl (preferably -NHCCO}C4-C6alkyl), -NHC(O}phenyl, 

-NHC(O}phenyl substituted with one, 2 or 3 CrC4 alkyl, CrC3 alkoxy, halo, CrCa 

25 alkylthio, trifluoromethyl, C2-C6 dialkylamino, hydroxy or nitro, 

-NHC(O)C(CH3)=CHCH3, -NHC(O)O~CCH8)3, -NHC{O)OCH2phenyl, -~. 

-NHS02-4-methylphenyl, -NHCCOXCH2)8COOH, -NHC(0)-4-{S03H}phenyl, -OH, 

-NHC(0)-1-adamantyl, -NHC(0)0-3-tetrahydrofuranyl, -NHC(0)0-4-tetrahydro-

pyranyl, -NHC(O)CH2CCCH3)3, -NHC<O)C(CH3>8, -NHC(O)OCrC10a1kyl, 

30 -NHC(O)NHCrC10alkyl, -NHC(O)NHPh substituted with one, 2 or 3 CrC4 alkyl, 

Ci-Ca alkoxy, halo, Ci-Ca alkylthio, trifluoromethyl, c2-c6 dialkylamino, or nitro, 

-NHC(O)C3-C8cycloalkyl, -NHC(O)OC(~CH8)2CH3, -NHC(O)OC(CH3>2C~Cl, 
-NHC(0)0C(CH8>2CH2CH3, -NHC(0)-1-phenyl-1-cyclopentyl, -NHC(0)-1-methyl-1-

cyclohexyl, -NHC(S)NHC(CH8)3 or -NHC(O)NHC(CH3)8. 

35 Additional preferred embodiment.a of Formula I include: 

7-(0-ethoxymethyl)-13-(N-Boc-P-phenyl isoserinyl}-baccatin III (4), 
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7-(0-methoxyethoxymethyl)-13-(N-Boc-fi-phenyl isoserinyl)-baccatin III ( 6), 

7-(0-methoxymethyl}-13-(N-Boc-2'-P..phenyl isoserinyl)-baccatin III (8), 

7-{0-benzyloxymethyl)-13-(N-Boc-P..phenyl isoserinyl)-baccatin III (10), 

7-[0-(2,2,2-trichloroethoxy)methyl]-13-(N-Boc-P..phenyl isoserinyl}-baccatin III 

7-[0-(2,2,2-trichloroethoxy)methoxymethyl]-13-(N-Boc-P-phenyl isoserinyl)

baccatin III (22), 

7-(0-methylthiomethyl) taxol (42), 

7-{0-methylthiomethyl)-13-(N-Boc-P..phenyl isoserinyl)-baccatin III (44) and 

10 7-(0-phenylthiomethyl) taxol (46); 

7-0-methyl Taxol (47) 

7-[0-ethyl(l-thioethyl)] Taxol (49) 

13-(N-(t-butylaminocarbonyl)-h-phenyl isoserinyl)-baccatin III 7-0-

methylthiomethyl ether (55) 

15 13-(N-(t-butylaminocarbonyl)-b-phenyl isoserinyl)-baccatin m 7-0-methyl 

ether (56) 

13-{N-Boc-2'-TES-b-phenyl isoserinyl)-baccatin III 7-0-methyl ether (58) 

more preferably: 

7-(0-ethoxymethyl)-13-(N-(t-butylaminocarbonyl)-P.,phenyl isoserinyl)-baccatin 

20 III(l4)and 

7-{0-methoxymethyl)-13-(N-{t-butylaminocarbonyl)-P-phenyl isoserinyl)

baccatin III (27). 

A preferred embodiment of the subject invention are compounds of Formula I 

where R1 is preferably phenyl or phenyl substituted with halo, ~ is 

25 -NHC(O)NHC(CH3J3, R3 and R5 are -H, R4 is -OH, and R30 is -OH or -OCOCH3. 

The compounds of Formula I include both the 7-a. and 7-P configuration of the 

7-ether substitution. 

Preferred members of the moiety-O-C5-C15 heteroalkyl include: 

OC~-(2- or 3-furyl}, OCH2C2- or 3-pynolyl), OC~(2-, 3, or 4-pyridyl),. 

30 OCH2(2·, 4- or 5-imidazoyl) and OCH2C3-, 4- or 5-isoxazolyl). 

An embodiment of the present invention are 7-deoxy-7-W-taxol analogs of 

general Formula I wherein: 

R1 is selected from the group consisting of -CH3, -C6H5 or phenyl substituted 

with one, 2 or 3 CrC4 alkyl, CrCs alkoxy, halo, CrC3 alkylthio, trilluoromethyl, 

35 C2-c6 dialkylamino, hydroxy or nitro; 

~is selected from the group consisting of-H, -NHC(O>CrC1oa1kyl 
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(preferably -NHC(O)C4-C6alkyl), -NHC(O)phenyl, -NHC(O)phenyl substituted with 

one, 2 or 3 CrC4 alkyl, CrCa alkoxy, halo, CrCa alkylthio, trifluoromethyl, c2-c6 
dialkylamino, hydroxy or nitro, -NHC(O)C(CH3)=CHCH3, -NHC(0)0C(CH3)3, -NH2, 

-NHS02-4-methylphenyl, -NHC(0)(CH2)3COOH, -NHC(0)-4-(S03H)phenyl, -OH, 

5 -NHC(0)-1-adamantyl, -NHC(0)0-3-tetrahydrofuranyl, -NHC(0)0-4-

tetrahydropyranyl, -NHC(O)CH2CCCH3)3, -NHC(O)C(CH3)3, -NHC(0)0CrC10alkyl, 

-NHC(O)NHCrC10alkyl, -NHC(O)NHC(CH3)3, -NHC{O)NHPh substituted with one, 

2 or 3 CrC4 alkyl, CrC3 alkoxy, halo, CrC3 alkylthio, trifluoromethyl, C2-Cs 

dialkylamino, or nitro, -NHC(O)C3-C8cycloalkyl; 

10 Ra is selected from the group consisting of -H, -NHC(O)phenyl or 

-NHC(0)0C(CH3)3; with the overall proviso that one of~ and R3 is -H but~ and 

R3 are not both -H; 

R4 is-Hor selected from the group consisting of-OH, -OAc (-0C(O)CH3), 

-OC{O)OC~C(Cl)3, -OCOCH2CH~3 + HCoo·, -NHC(O)phenyl, 

15 -NHC(0)0C(CH3)3, -OCOCH2CH2COOH and pharmaceutically acceptable salts 

thereof, -OCO(CH2)3COOH and pharmaceutically acceptable salts thereof, and 

-OC(O)-Z-C(O)-R' [where Z is ethylene (-C~CH2-), propylene {-CH2C~CH2-), 
-CH=CH-, 1,2-cyclohexane or 1,2-phenylene, R' is -OH, -OH base, -NR·~·8, -OR' 8, 

-SR'3, -OCH2C(O)NR'4R•5 where R'2 is-Hor -CH3, R'3 is -CCH2)nNR'6R•7 or 

20 (C~)nWR'6R'7R•8 x· where n is 1-3, R'4 is-Hor -CrC4a1kyl, R'5 is -H, -CrC4alkyl, 

benzyl, hydroxyethyl, -C~CO~ or dimethylaminoethyl, R's and R'7 are -CH3, 

-C~CH3, benzyl or R's and R'7 together with the nitrogen ofNR'6R•7 form a 

pyrrolidino, piperidino, morpholino, or N-methylpiperizino group; R's is -CH3, 

-CH2CH3 or benzyl , X- is halide, and base is NH3, (HOC~4)3N, N(CH3)3, 

25 CH3NCC2H4)~, NH2CCH2>6NH2, N-methylglucamine, NaOH or KOH), ;.OC(O) 

(C~)nNR2R8 [where n is 1-3, R2 is -H or -CrC3alkyl and R3. -Hor -CrC3alkyl], 

-OC(O)CH(R"}NH2 [where R" is selected from the group consisting of-H, -CH3, 

-C~CH (CH3)2, -CH(CH3)C~CH3, -CHCCH3)2, -CH2Phenyl, -{C~)4~, 
-CH2C~COOH, -(CH2)3 NHC(=NH)~], the residue of the amino acid proline, 

30 -OC(O)CH=CH2, -C(O)CH2C~C(O)NHCH2CH2S08-y+, -OC(O)CH2 
CH2C(O)NHCH2CH2CH2so3 -y+ wherein y+ is Na+ or W(Bu)4, 

-OC(0)CH2CH2C(0)0~ C~OH; 
R5 is -H or -OH, with the overall proviso that when R5 is -OH, R4 is -H and 

with the further proviso that when R5 is -H, R4 is other than -H; 

35 Rao is -H, -OH or -OC(O)CH3; and 

pharmaceutically acceptable salts thereof when the compound contains either an 
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acidic or basic functional group. 

Another embodiment of the present invention are 7-deoxy-7-W-taxol analogs 

of general Formula I wherein: 

R1 is selected from the group consisting of -CH3, -C6H5 or phenyl substituted 

5 with one, 2 or 3 CrC4 alkyl, CrCa alkoxy, halo, CrC3 alkylthio, trifluoromethyl, 

C2-C6 dialkylamino, hydroxy or Ditro; 

~is selected from the group consisting of-H, -NHC(O)CrC10alkyl 

(preferably -NHC(O)C4-C6alkyl), -NHC(O)phenyl, -NHC(O)phenyl substituted with 

one, 2 or 3 CrC4 alkyl, CrCs alkoxy, halo, CrC3 alkylthio, trifluoromethyl, c2-c6 
10 dialkylamino, hydroxy or nitro, -NHC(O)C(CH3)=CHCH3, -NHC{0)0C(CH3)8, -NH2, 

-NHS02-4-methylphenyl, -NHC(O){CH2)3COOH, -NHC(0)-4-(S03H)phenyl, -OH, 

-NHC(0)-1-adamantyl, -NHC(0)0-3-tetrahydrofuranyl, -NHC(0)0-4-

tetrahydropyranyl, -NHC(O)CH2CCCH3)3, -NHC(O)C(CH3)3, -NHC(0)0CrC10alkyl, 

-NHC(O)NHCrC1~1, -NHC(O)NHC(CH3)3, -NHC(O)NHPh substituted with one, 

15 2 or 3 c1-c4 alkyl, CrCa alkoxy, halo, CrC3 alkylthio, trifluoromethyl, c2-c6 
dialkylamino, or nitro, -NHC(O)C3-C8cycloalkyl; and 

20 

25 

W is selected from the group consisting of 

0-methyl; 

0-propyl; 

0-allyl; 

0-methoxymethyl; 

0-ethoxymethyl; 

0-methoxyethoxymethyl; 

0-benzyloxymethyl; 

0-(2,2,2-trichloroethoxy)methyl; 

0-(2,2,2-trichloroethoxy)methoxymethyl; 

0-methylthiomethyl; and 

0-phenylthiomethyl 

R3, R4, R5 and R80 are as defined above. 

30 A further preferred embodiment of the present invention are 7-deoxy-7-W-· 

taxol analogs of general Formula I wherein: 

R1 is selected from the group consisting of -CH3, -C6H5 or phenyl substituted 

with one, 2 or 3 CrC4 alkyl, CrCa alkoxy, halo, CrCa alkylthio, trifluoromethyl, 

C2-C6 dialkylamino, hydroxy or nitro; 

35 ~ is selected from the group consisting of -H, -NHCCO>CrC1~1 
(:1>referably -NHC(O)C4-C6alkyl), -NHC(O)phenyl, -NHC(O)phenyl substituted with 
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one, 2 or 3 C1-C4 alkyl, CrC3 alkoxy, halo, CrC3 alkylthio, trifluoromethyl, C2-C6 
dialkylamino, hydroxy or nitro, -NHC(O)C(CH3)=CHCH3, -NHC(0)0C(CH3)3, -NH2, 

-NHS02-4-methylphenyl, -NHC(O)(CH2>3COOH, -NHC(0)-4-(S03H)phenyl, -OH, 

-NHC(0)-1-adamantyl, -NHC(0)0-3-tetrahydrofuranyl, -NHC(0)0-4-

5 tetrahydropyranyl, -NHC(O)CH2CCCH3)3, -NHC(O)C(CH3)3, -NHC(0)0CrC10alkyl, 

-NHC(O)NHCrC10alkyl, NHC(O)NHC(CH3)3, -NHC(O)NHPh substituted with one, 

2 or 3 CrC4 alkyl, C1-c3 alkoxy, halo, CrC3 alkylthio, trifluoromethyl, c2-c6 
dialkylamino, or nitro, -NHC(O)C3-C8cycloalkyl; 

W is selected from the group consisting of 

10 0-ethoxymethyl; 

15 

and 

0-methoxyethoxymethyl; 

0-benzyloxymethyl; 

0-(2,2,2-trichloroethoxy)methyl; 

0-(2,2,2-trichloroethoxy)methoxymethyl; 

0-methylthiomethyl; and 

0-phenylthiomethyl; 

R3, R4, R5 and R30 are as defined above. 

In compounds of Formula I, W is preferably selected from the group 

20 consisting of 

25 

30 

85 

0-methyl; 

0-propyl; 

0-allyl; 

0-methoxymethyl; 

0-ethoxymethyl; 

0-methoxyethoxymethyl; 

0-benzyloxymethyl; 

0-(2,2,2-trichloroethoxy)methyl; 

0-(2,2,2-trichloroethoxy)methoxymetbyl; 

0-metbylthiometbyl; and 

0-phenylthiomethyl; 

more preferably 

0-metboxymethyl; 

0-etboxymetbyl; 

0-metboxyetboxymetbyl; 

0-benzyloxymetbyl; 
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0-(2,2,2-trichloroethoxy)methyl; 

0-(2,2,2-trichloroethoxy)methoxymethyl; 

0-methylthiomethyl; and 

0-phenylthiomethyl. 

PCT/US95/06595 

5 Examples of -O-C5-c15 beteroalkyl include: -OCH2(2- or 3-furyl), -OCH2(2-

or 3-pyrrolyl), -OCH2{2-, 3- or 4-pyridyl), -OCH2C2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl), 

-OCH2(1-, 3-, 4-, 5-, 6-, 7- or 8-isoquinolinyl), -OCH2(2-, 4- or 5-imidazoyl), -OC~(3-, 

4- or 5-pyrazolyl), -OCH2(2-pyrazinyl), -OCH2{2-, 4-, 5- or 6-pyri.midinyl), -OC~(2-, 

3-, 4-, 5-, 6- or 7-indolyl) and -OCH2(3-, 4- or 5-isoxazolyl). 

10 . Examples of CrC6 alkyl include straight and branched alkyl chains, 

including for example methyl, ethyl, isopropyl, t-butyl, isobutyl and 2-methyl-pentyl. 

Examples of CrC3 alkoxy are methoxy, ethoxy, propoxy and isomeric forms 

thereof. 

The present invention also provides a process for preparing oxazolidines of 

15 Formula 5 

20 

in which 

R1 is as defined above; 

Rg is selected from C1-C6alkyl; R11 is phenyl substituted with -(OCr 

C2alkyl)n where n is 1 to 3; 

25 R12 is selected from the group consisting of -C(O}H, -C(O>CrC10alkyl 

(preferably-C(O)C4-C6a1kyl), -C(O}phenyl, -C(O}phenyl substituted with one, 2 or 3 

CrC4 alkyl, CrCa alkoxy, halo, CrCs alkylthio, trifluoromethyl, c2-c6 
dialkylamino, hydroxy or nitro, -C(O)C(CH3)=CHCH3, -C(O)OC(CH3)8, 

-C{O )0CH2phenyl, -802-4-methylphenyl, -CCOXCH2>8COOH, -C(0)-4-(S03H)phenyl, 

30 -C( 0 )-1-adamantyl, -C(0)0-3-tetrahydrofuranyl, -C(0)0-4-te~ydropyranyl, 

-C(O}C~C(CH3)3, -C(O}C(CH3)3, -C(O}OCrC1oalkyl, -C(O}NHOrC1oalkyl, 

-C{O)NHPh substituted with one, 2 or 3 CrC4 alkyl, Ci-Cs alkoxy, halo, Ci-Ca 

alkylthio, trifluoromethyl, C2-c6 dialkylamino, or nitro, or -C(O)C3-C8cycloalkyl, 

-C(O)C(CH2CH3)2CH3, -C(O)C(CH3>2C~Cl, -C(O)C(CH3)2C~CH3, -C(O)-l-phenyl-

35 1-cyclopentyl, -C(0)-1-methyl-1-cyclohexyl, -C(S)NHC(CH8)3, -C(O}NHC(CH8)3 or 

-C(O)NHPh; 
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which comprises reacting a hydroxy-amine of Formula 3 

in which R1 and Ra are as defmed above and ~ is selected from the group 

consisting of -NHC(O}H,-NHC(O)CrC10alkyl (preferably -NHC(O)C4-C6alkyl), 

-NHC(O)phenyl, -NHC(O)phenyl substituted with one, 2 or 3 CrC4 alkyl, CrC3 
10 alkoxy, halo, CrCs alkylthio, trifluoromethyl, C2-c6 dialkylamino, hydroxy or nitro, 

-NHC(O)C(CH3)=CHCH3, -NHC(O)OC(CH3)3, -NHC(0)0CH2phenyl, -NHS02-4-

methylphenyl, -NHC(O)(CH2)3COOH, -NHC(0)-4-(S03H)phenyl, -NHC(0)-1-

adamantyl, -NHC(0)0-3-tetrahydrofuranyl, -NHC(0)0-4-tetrahydropyranyl, 

-NHC(O)C~C(CH3)3, -NHC(O)C(CH3)3. -NHC(O)OCrC1oalkyl, -NHC(O)NHCr 

15 C10alkyl, -NHC(O)NHPh substituted with one, 2 or 3 CrC4 alkyl, CrCs alkoxy, 

halo, CrC3 alkylthio, trifiuoromethyl, C2-c6 dialkylamino, or nitro, or -NHC(O)C3-

C8cycloalkyl, -NHC(O)C(CH2CH3>2CH3, -NHC(O)C(CH3)2CH2CI, 

-NHC(O)C(CH3)2CH2CH8, -NHC(0)-1-phenyl-1-cyclo-pentyl, -NHC{0)-1-methyl-l

cyclohexyl, -NHC(S)NHC(CH3)3, -NHC{O)NHC(CH8)3 or -NHC(O)NHPh; 

20 with ( 1) an electron rich benzaldehyde of Formula 4A 

25 

30 

35 

or (2) an electron rich acetal of Formula 4 

where n is 1-3. 

~CB(OC1-Ci•lkyl):i 
(OC1-Czalky1)11 
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In addition, the present invention provides a process of preparing 

which comprises reacting an oxazolidine free acid of Formula 7 

with a baccatin compound of Formula 8 

in the presence of a dehydrating agent. Wherein R10 and R14, being the same or 

different, are selected from the group consisting of -C(O)CrC6alkyl (preferably 

-C(O)CH8), -C(O)OC1-C6alkyl, -C(O)OC~CX3 where Xis Halo, 

-C(0)0CH2C~S~0 (where ~0 is CrC6 alkyl), or -Si(~)3 or R 14 is is sel~cted 

30 from the group consisting of 

-C1-C1~l, 

-C3-c10 unsaturated alkyl (preferably allyl, crotyl), 

-C5-c15 heteroalkyl [e.g. -CH2(2- or 3-furyl), -CH2C2- or 3-pyrrolyl), -CH2(2-, 

3, or 4-pyridyl), -CH2(2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl), -C~(l-, 3-, 4-, 6-, 6-, 7- or 

35 8-isoquinolinyl), -CH2(2-, 4- or 5-imidazoyl), -CH2(3-, 4- or 5-pyrazolyl). -CH2(2-

pyrazinyl), -CH2(2-, 4-, 5- or 6-pyrimidinyl), -CH2(2-, 3-, 4-, 5-, 6- or 7-indolyl), 
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-CH2(3-, 4- or 5-isoxazolyl); preferably -CH2(2- or 3-furyl), -CH2(2- or 3-pyrrolyl), 

-CH2(2-, 3- or 4-pyridyl), -CH2(2-, 4- or 5-imidazoyl), -CH2(3-, 4- or 5-isoxazolyl)], 

-O-CH{R21)0R22 where 

R21 is -H, -C1-C6 alkyl, and 

5 R22 is -CrC10alkyl, -C3-C10 unsaturated alkyl (preferably allyl, 

crotyl ), -C5-C15 heteroalkyl [e.g. -CH2(2- or 3-furyl), -CH2(2- or 3-pyrrolyl), -CH2(2-, 

3, or 4-pyridyl), -CH2C2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl), -CH2Cl-, 3-, 4-, 5-, 6-, 7- or 

8-isoquinolinyl), -CH2(2-, 4- or 5-imidazoyl), -CH2(3-, 4- or 5-pyrazolyl), -CH2(2-

pyrazinyl), -CH2(2-, 4-, 5- or 6-pyrimidinyl), -CH2(2-, 3-, 4-, 5-, 6- or 7-indolyl), 

10 -CH2(3-, 4- or 5-isoxazolyl); preferably -CH2(2- or 3-furyl), -CH2(2- or 3-pyrrolyl), 

-CH2(2-, 3, or 4-pyridyl), -CH2(2-, 4- or 5-imidazoyl), -CH2C3-, 4- or 5-isoxazolyl)] 

or when R21 and R22 are taken together to form a ring with 4 to 6 carbon 

atoms, 

15 

or 

-CHCR28)S(O)mAr 

where Ar is phenyl or phenyl substituted with one, 2 or 3 

CrC4 alkyl, Ci-Cs alkoxy, halo, Ci-Cs alkyltbio, trifluoromethyl, c2-

c6 dialkylamino, or nitro, 

-CH(R28)S(O)m CH2R28 

20 where R28 is 

CrC6 alkyl, 

25 

30 

-Cs-C10 unsaturated alkyl (preferably allyl, crotyl), 

-(CH2)qphenyl where q is 1-6, 

-<CH2)qphenyl where q is 1-6 and substituted with one, 2 or 3 CrC4 
alkyl, CrCs alkoxy, halo, c1-Cs alkyltbio, 

trifluoromethyl, C2-C6 dialkylamino, or nitro, 

-naphthyl, 

-naphthyl substituted with one, 2 or 3 CrC4 alkyl, Ci-Cs alkoxy, halo, 

CrCs alkyltbio, trifluoromethyl, C2-C6 dialkylamino, or .nitro, 

-C5-c15 heteroalkyl [e.g. -(2- or 3-furyl), -(2- or 3-pyrrolyl), -(2-, 3, or 4-

pyridyl), -(2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl), ·(1-, 3-, 4-, 5-, 6-, 7- or 8-

isoquinolinyl), -(2-, 4- or 5-imidazoyl), -(3-, 4- or 5-pyrazolyl), • (2-

pyrazinyl), (2-, 4-, 5- or 6-pyrimidinyl), ~(2-, 3-, 4-, 5-, 6- or 7-indolyl), 

-(3-, 4- or 5-isoxazolyl}; preferably -{2- or 3-furyl), -(2- or 3-pyrrolyl), 

35 -(2-, 3, or 4-pyridyl}, -(2-, 4- or 5-imidazoyl), -(3-, 4- or 5-isoxazolyl)] 

or when R28 and R28 are taken together to form a ring with 4 to 6 carbon 
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atoms; 

m is 0 to 2; and 

R11 and R12 are as defmed above. 

The compounds of this invention (Formula I) may be prepared by the 

5 procedure(s) as shown in Charts A', A", A'" and B. 

As used in Charts 2-20, the terms ~O• ~. ~4• ~5• ~6 and ~ are 

defined as follows: 

~0 is selected from the group consisting of 

-CrC1oalkyl, 

10 -C3-c10 unsaturated alkyl {preferably allyl, crotyl), 

-C5-c15 heteroalkyl [e.g. -CH2(2- or 3-furyl}, -CH2(2- or 3-pyrrolyl), -CH2(2-, 

3, or 4-pyridyl), -CH2(2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl), -C~(l-, 3-, 4-, 5-, 6-, 7- or 

8-isoquinolinyl), -CH2(2-, 4- or 5-imidazoyl), -CH2(3-, 4- or 5-pyrazolyl), -CH2C2-

pyrazinyl), -C~(2-, 4-, 5- or 6-pyrimidinyl), -CH2(2-, 3-, 4-, 5-, 6- or 7-indolyl), 

15 -CH2(3-, 4- or 5-isoxazolyl); preferably -CH2(2- or 3-furyl), -CH2(2- or 3-pyrrolyl), 

-CH2(2-, 3- or 4-pyridyl), -CH2C2-, 4- or 5-imidazoyl), -CH2(3-, 4- or 5-isoxazolyl)], 

-O-CHCR21)0R22 where 

R21 is -H, -CrC6 alkyl, and 

R22 is -CrC10alkyl, -C3-C10 unsaturated alkyl (preferably allyl, 

20 crotyl), -C5-c15 heteroalkyl [e.g. -C~(2- or 3-furyl), -C~(2- or 3-pyrrolyl), -C~(2-, 

3, or 4-pyridyl). -CH2C2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl), -CH2Cl-, 3-, 4-, 5-, 6-, 7- or 

8-isoquinolinyl), -CH2C2-, 4- or 5-imidazoyl), -CH2(3-, 4- or 5-pyrazolyl), -CH2(2-

pyrazinyl), -CH2(2-, 4-, 5- or 6-pyrimidinyl), -CH2(2-, 3-, 4-, 5-, 6- or 7-indolyl), 

-C~(3-, 4- or 5-isoxazolyl); preferably -CH2C2- or 3-furyl), -CH2(2- or 3-pyrrolyl), 

25 -CH2(2-, 3, or 4-pyridyl), -C~(2-, 4- or 5-imidazoyl), -CH2(3-, 4- or 5-isoxazolyl)] 

or when R21 and R22 are taken together to form a ring with 4 to 6 carbon 

atoms, 

30 

or 

35 

-CH(R28)S(O)mAr 

where Ar is phenyl or phenyl substituted with one, 2 or 3 

CrC4 alkyl, CrCa alkoxy, halo, CrCa alk:ylthio, trifluoromethyl, c2-

c6 dialkylamino, or nitro, 

-CH(R28)S(O)m CH2R28 

where R28 is 

CrCs alkyl, 
-C3-C10 unsaturated alkyl (preferably allyl, crotyl), 
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-(CH2)qphenyl where q is 1-6, 

-(CH2)qphenyl where q is 1-6 and substituted with one, 2 or 3 

CrC4 alkyl, CrCs alkoxy, halo, CrCs alkylthio, 

trifluoromethyl, c2-C6 dialkylamino, or nitro, 

-naphthyl, 

-naphthyl substituted with one, 2 or 3 CrC4 alkyl, CrCs alkoxy, 

halo, CrC3 alkylthio, trifluoromethyl, C2-C6 dialkylamino, or 

-C5-c15 heteroalkyl [e.g. -(2- or 3-furyl), -(2- or 3-

pyrrolyl), -(2-, 3, or 4-pyridyl), -(2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl), -{1-, 

3-, 4-, 5-, 6-, 7- or 8-isoquinolinyl), -(2-, 4- or 5-imidaioyl), -(3-, 4- or 5-

pyrazolyl), - (2-pyrazinyl), (2-, 4-, 5- or 6-pyrimidinyl), -(2-, 3-, 4-, 5-, 6-

or 7-indolyl), -(3-, 4- or 5-isoxazolyl); preferably -(2- or 3-furyl), -(2- or 

3-pyrrolyl), -(2-, 3, or 4-pyridyl), -(2-, 4- or 5-imidazoyl), -(3-, 4- or 5-

isoxazolyl)] 

15 or when R28 and R28 are taken together to form a ring with 4 to 6 carbon 

atoms; 

mis 0 to 2; 

~3 is selected from the group consisting of-H, -CrC10alkyl (preferably -C4-

c6alkyl), -phenyl, -phenyl substituted with one, 2 or 3 CrC4 alkyl, CrCa alkoxy, 

20 halo, CrCa alkylthio, trifluoromethyl, C2-c6 dialkylamino, hydroxy or nitro, -

C(CH3}=CHCH3, -OC(CH3)3, -OCH2phenyl, -802-4-methylphenyl, -(CH2)3COOH, 

-4-(S03H)phenyl, -1-adamantyl, -0-3-tetrahydrofuranyl, -0-4-tetrahydropyranyl, -

CH2C(CH3}3. -C(CH3)3. -OCrC1oalkyl, -NHCrC1oalkyl, -NHPh substituted with 

one, 2 or 3 CrC4 alkyl, CrC3 alkoxy, halo, CrCa alkylthio, trifluoromethyl, 

25 C2-C6 dialkylamino, or nitro, or -C8-C8cycloalkyl, -C(CH2CH3)2CH3, 

-C( CH3)2C~Cl, -C(CH3)2CH2CH3, --1-phenyl-1-cyclopentyl, -1-methyl-1-cyclohexyl, 

-C(S)NHC(CH3)3, -NHC(CH3)3 or -NHPh. 

~ is preferably Troe and TES. 

~5 is phenyl substituted with -(0CrC2alkyl)n where n is 1to3; 

30 ~6 is -H; and 

~7 is selected from the group consisting of-C(O)CrC6alkyl (preferably 

-C(O)CH3), -C(0)0CrC6alkyl, -C(0)0CH2CX3 where Xis Halo, 

-C(O)OCH2C~S~0 (where ~o is CrC6 alkyl), or -Si~0>8, preferably Troe and 

TES. 

35 The preparation of 3-azido-2-hydroxy-carboxylic acid esters 1 may be 

prepared as described in the literature (see Denis, J-N.; Correa, A; Greene, A E. J. 
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Org. Chem., 1990, 55, 1957). These materials are readily hydrogenated to the free 

amines 2, even though the literature intentionally avoids this intermediate by 

preparing the hydroxy-acylated intermediate prior to the reduction of the azide. The 

amine 2 is sufficiently stable that no problem is encountered in isolating it and 

5 directly using it to prepare the N-acylated free hydroxy compounds 3. Compounds 3 

have been utilized by protection of the hydroxy group, hydrolysis of the ester to the 

acid, and condensation directly with a baccatin III derivative or after conversion to 

the oxazinone (European Patent 0 428 376 Al, US 436235). These procedures are 

distinctly inferior because they require large excesses of the acylating agent and 

10 generally do not proceed beyond about 60% completion. Procedures have also been 

described using a beta-lactam intermediate but these also require large excesses of 

reagent or the introduction of very strong bases such as LDA which makes them 

more difficult to perform and unsuitable for certain analogs (Ojima, I.; Habus, I.; 

Zhao, M.; George, G. I.; Jayasinghe, L. R. J. Org. Chem., 1991, 56, 1681, EP 0 400 

15 971 A2). A very effective condensation procedure involving the conversion of the 

hydroxy-amine derivative 3 to an oxazolidine with 2 non hydrogen substituents at 

the 2 position was described by Comm~n, A; Bezard, D.; Bernard, F.; Bourzat, J. 

D. in Tetrahedron Lett., 1992, 33, 5185 and Patent WO 92/09589. The condensation 

proceeds in very high yield but the removal of the protecting group requires 

20 sufficiently strong acid that sensitive taxol analogs are destroyed under the 

deprotection conditions. We have modified and improved this procedure by 

formation of the oxazolidines 5 not with a ketone, as the above workers have used 

but, with an electron rich benzaldehyde 4. 

Such chemistry was recently described by Didier, E.; Fouque, E.; Taillepied, I, 

25 Commercon, A Tetrahedron Lett. 1994, 35, 2349. The oxazolidines derived from the 

benzaldehyde 4 are produced as a mixture of diastereomers but these have been 

separated in some cases and the diastereomers have been shown to be equally useful 

when carried on in the synthesis. The oxazolidines 5 are readily hydrolyzed to the 

salts 6 and the acids 7. The acid is labile and needs to be used shortly after . 

30 preparation. Both oxazolidine isomers are equally effective in the condensation 

reaction with the protected baccatins 8 giving an excellent yield of the oxazolidine 

protected taxol analogs 9. More importantly, both oxazolidine isomers from these 

electron rich benzaldehydes are readily hydrolyzed under very mild acid conditions 

allowing deprotection without causing undesired transformations of highly acid 

35 sensitive taxol derivatives such as 10 which are the subject of this invention. There 

are references to the use of electron rich aldehydes for the protection of 1,2-diols as 
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dioxolanes but no previous reference to the use of such aldehydes for the protection 

of 2-hydroxy protected amines except for the Didier reference cited above. The 

deprotection may be carried out such that both the oxazolidine and the 7 protected 

hydroxyl of 9 are removed at the same time or each may be removed independently. 

5 Additionally described is the deprotection of selected urethane analogs 10 to the free 

amine 11 (Chart B). These are then reconverted to a variety of amine acylated 

analogs 10. 

The conversion of azide l to the amine 2 is effected by reduction as is known 

in the art. Thus, the reaction may be carried out by hydrogenation in the presence 

10 of a variety of hydrogenation catalysts such as palladium, platinum, rhodium, or 

ruthenium .. Alternatively, the azide may be reduced by treatment with a phosphine 

such as triphenyl or tributyl phosphine or by an acid such as hydrochloric, sulfuric, 

trifluoroacetic or hydrobromic in the presence of a metal such as zinc, iron, or tin. 

These reactions may be effected in a solvent such as ethanol, methanol, ethyl 

15 acetate, methyl t-butyl ether or tetrahydrofuran and the like. The conversion of 

amine 2 to its acylated derivative 3 is effected by treatment of the amine in pyridine 

or a non basic solvent such as methylene chloride or tetrehydrofuran containing a 

tertiary amine such as triethyl amine or ethyl diisopropyl amine with an acylation 

agent. If 3 is a urethane, 2 is treated with an agent such as benzylchloroform.ate, 

20 2,2,2-trichloroethoxycarbonyl chloride, di-tert-butyldicarbonate, or other urethane 

forming agent as is known in the art. If 3 is an amide, 2 is treated with an 

acylating agent such as an acyl halide, and acyl anhydride, or other acylating agent 

as is known in the art. If 3 is a urea or a thiourea, 2 is treated with an agent such 

as alkyl or aryl isocyanate, alkyl or aryl isothiocyanate, or other urea or thiourea 

25 forming agent as is known in the art. 

An alternate method for the preparation of compounds of formula 3 (where 

~ = R~-. Rs = -H, and Rg = -H) is shown in Chart A". The penultimate 

compound shown in Chart A" is a compound of formula 3 wherein ~ = R12NH-, Rs 
= -H, and Rg = -t-Bu. In Chart A", TMS is a trimethylsilyl group, TMSCI is . 

30 chlorotrimethylsilane, and LDA is lithium diisopropyl amide. 

Another alternate method for the preparation of compounds of formula 3 

(where~= R12NH-, R3 = -H, and Rg = -H) is shown in Chart A'". In Chart N", Ts 

is a p-toluenesulfonyl (tosyl) group. 

The hydroxy acids prepared in Charts A" and A'" may further be converted to 

35 compounds of formula S where ~ = R~-. Rs = -H, and Rg = -CH3 by reaction 

with diazomethane or esterification by other methods known in the art. 
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The hydroxy amide or urethane 3 is converted to the oxazolidine 5 by 

treatment with an electron rich benzaldehyde or its acetal such as dimethyl or 

diethyl acetal 4 and an acid catalyst such as p-toluene sulfonic acid, pyridinium p

toluene sulfonate or other acid catalysts known in the art in a solvent such as 

5 tetrahydrofuran, toluene, methylene chloride, or other aprotic solvent. Examples of 

electron rich benzaldehydes include but are not limited to 2-, 3-, 4-

methoxybenzaldehyde; 2,4-, 3,5-, 2,5-dimethoxybenzaldehyde; 2,4,6-

trimethoxybenzaldehyde; and 4-ethoxybenzaldehyde. The preferred benzaldehyde is 

2,4-dimethoxybenzaldehyde. The oxazolidine formation is generally carried out by 

10 heating to reflux to distill both the solvent and to carry off the evolved water or 

alcohol. The ester of 5 is hydrolyzed to the salt 6 by treatment with an alkali or 

quatemerary amine hydroxide or by an alkali carbonate or other base as known in 

the art in a solvent such as water, methanol, ethanol, or other protic solvent. The 

reaction may by carried out from -78°0 to 100°0. The product 6 is stable and may 

15 be isolated by evaporation of the solvents and stored as a solid or the reaction may 

be used directly to convert 6 to the acid 7 by treatment with acid. Generally, 7 is 

obtained by treating an aqueous solution of 6 in a separatory funnel wi~ sufficient 

acid such as hydrochloric, sulfuric, potassium hydrogen sulfate, or the like, and 

partitioning the desired acid into an organic solvent such .as ethyl acetate, 

20 methylene chloride, ether, or the like and evaporation of the solvent. The resultant 

acid 7 is sufficiently pure and stable for use in the next reaction but in general is 

not sufficiently stable for long term storage. The acid 7 is condensed with the 

baccatin derivative 8 to form the ester 9 with a dehydrating agent. Most preferred 

for this procedure is a carbodilmide such as dicyclohexyl carbodilmide, diisopropyl 

25 carbodiimide, di-p-tolyl carbodilmide, ethyl dimethylaminopropyl carbodilmide 

hydrochloride salt, or the like, and a basic catalyst, preferably 4-dimethylamino

pyridine. The reaction is generally carried out in an aprotic solvent such as toluene, 

benzene, tetrahydrofuran, dioxane, or the like at 25°0 to 100°0. Other dehydration 

procedures for the formation of 9 may be used such as conversion of 7 to its mixed 

30 ester with a sulfonic acid such as with toluenesulfonyl chloride or benzenesulfonyl 

chloride, or formation of the acid halide from the dried 6 in the presence of oxalyl 

chloride as is known in the art for acid sensitive carboxylic acids. The oxazolidines 9 

may be deprotected so that the protecting oxazolidine and the groups blocking the 

hydroxyl at the baccatin 7 position are individually removed in either order or both 

35 removed together depending on the protecting group at the 7 position and on the 

reaction conditions. If R14 is an acid labile group such as a silyl ether, then 
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hydrolysis of the oxazolidine may be run under mild acid conditions and leads to the 

7 position deprotection as well, giving ioMZ directly. Conditions for such 

conversions include hydrolysis in aqueous acetic acid, aqueous alcoholic acid of O.Oi 

to 0.1 Nat 0°C to 50°C, or alcoholic acid of 0.01 to 0.1 Nat 0°C to 50°C. 

5 Alternatively, the protection at the 7 position could be removed at a second step if it 

is not acid labile. For example, the trichloroethoxycarbonyl group at position 7 could 

be removed from lOMY (Chart B) by reduction as is known in the art to give lOMZ. 

Depending on the nature of the protecting group on the nitrogen (i.e. ~ or Rg) of 

lOMZ (Chart B) the protecting group can be removed to give llZ. For example, 

10 when ~ is PhCH20C(O)NH, it may be removed by mild hydrogenolysis. Conditions 

for such conversions include reduction with hydrogen over a metal catalyst such as 

palladium in a solvent such as ethanol or ethyl acetate at room temperature and 

from one to three atmospheres of pressure. Other methods are known in the art. 

The resultant amine llZ may be reconverted to a anlide or urethane ioMZ (Chart 

15 B) by acylation procedures as described for the conversion of 2 to 3 above. The 

product lOMZ may be protected on the 2' hydroxyl to give 12MZ (Chart B). For 

example, the 2' hydroxyl may be acylated with trichloroethoxycarbonyl chloride in 

pyridine or other aromatic amine solvents, or in a non basic solvent such as toluene, 

methylene chloride, or tetrahydrofuran containing a tertiary amine base. The 

20 reaction may be run at -50°C to 100°C. Other methods for such acylations are well 

known in the art. 

The reaction of taxol, taxol analogs lOMZ CR10 is acetate or other suitable 

acyl moiety), baccatin m, or baccatin III analogs 8 CR10 is acetate or other suitable 

acyl moiety) with hydrazine comprises a particularly advantageous method for 

25 preparation of 10-deacetyl taxol, 10-deacyl taxol analogs (lOMZ, Rio= H), 10-

deacetyl baccatin III, and 10-deacyl baccatin ID analogs (8, Rio = H). Whereas the 

reported method (Samaranayake, G.; et. al., J. Org. Chem.,1991, 56, 5114) for 

removal of the acyl group from this position of taxol and baccatin structures, i.e., 

zinc bromide in methanol, gives a number of other products in addition to the 

30 desired deacylation product, the reaction with hydrazine gives almost exclusively the 

desired deacylation product. The reaction may be performed at room temperature in 

an organic solvent and usually requires as little time as 15 min or as much as 24 hr, 

depending on the substrate. The preferred solvent for the reaction is 95% ethanol 

and 98% hydrazine is the preferred form of the reagent. 

35 The compounds Formula I of this invention [where R40 is not equal to 

-C(O)C6H5)] can be prepared by the procedure shown in Chart D according to the 
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method of Chaudhary, A. G.; et.al., J. Am. Chem. Soc., 1994, 116, 4097-8.) 

A general procedure for synthesizing the compounds of Formula I is set forth 

below. 

The taxol analog III of chart 2 may be converted to a 2' - protected derivative 

5 IV by reaction with a trialkylchlorosilane in an aprotic solvent such THF, pyridine 

or DMF in the presence of a base such as imidazole or pyridine or with an alkoxy

carbonylchloride such as trichloroethylchloroformate, benzyloxychloroformate or 

allyloxychloroformate in an aprotic solvent such as methylene chloride or pyridine 

and an added base such as pyridine, triethyl amine or diisopropyl ethyl amine. A 

10 taxol analog m may be converted to a 2',3'-oxazolidine derivative Vas described in 

Chart A' for the conversion of 3 to 5. 

The baccatin analog VI of chart 3 may be converted to the 7-protected 

baccatin VII by reaction with a trialkylchlorosilane in an aprotic solvent such THF, 

pyridine or DMF in the presence of a base such as imidazole or pyridine or with an 

15 alkoxycarbonylchloride such as trichloroethylchloroformate, benzyloxychloroformate 

or allyloxychloroformate in an aprotic solvent such as methyle~e chloride or pyridine 

and an added base such as pyridine, triethyl amine or diisopropyl ethyl amine. The 

7 -protected baccatin VII of chart 3 may condensed with the oxazolidine acid VIII to 

form the ester IX with a dehydrating agent. Most preferred for this procedure is a 

20 carbodiimide such as dicyclohexyl carbodiimide, diisopropyl carbodiimide, di-p-tolyl 

carbodilmide, ethyl dimethylaminopropyl carbodiimide hydrochloride salt, or the 

like, and a basic catalyst, preferably 4-dimethylaminopyridine. The reaction is 

generally carried out in an aprotic solvent such as toluene, benzene, tetrahydro

furan, dioxane, or the like at 25°C to 100°C. Other dehydration procedures for the 

25 formation of IX may be used such as conversion of VIII to its mixed ester with a 

sulfonic acid such as with toluenesulfonyl chloride or benzenesulfonyl chloride, or 

formation of the acid halide from an dried alkali metal salt of VIII in the presence of 

oxalyl chloride as is known in the art for acid sensitive carboxylic acids. The 7-

protected oxazolidine IX may be selectively deprotected to the 7 -hydroxy oxazolidine 

30 V. If R27 is a trialkyl silyl group the conversion of IX to V may be effected with a 

fluoride such as tetrabutyl ammonium fluoride, pyridinium fluoride or triethyl 

ammonium trihydrofluoride in an inert solvent such as THF or methylene chloride. 

If R27 is a protecting group such as trichloroethoxycarbonyl it may be removed by 

reduction with zinc or other metal in the presence of a weak acid such a acetic acid 

35 or ammonium chloride in an solvent such as acetic acid or methanol or aqueous 

mixtures of such solvents. 
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A 2'-protected taxol analog X of Chart 4 with R20 as an alkoxymethyl- or 

aryloxymethyl ether may be made from an 2'-protected-7-hydroxy-taxol IV by 

reaction with a chloromethyl alkyl or chloromethylaryl ether as is known in the art 

(Braun, H.; Hild, W. Angew. Chem. Int. Ed. Eng. 1984, 23, 723; Danishefsky, S.; 

5 Barbachyn, M. J. Am. Chem. Soc. 1985, 107, 7761; McCarvey, G. J.; Bajiva, J. S. J. 

Org. Chem. 1984, 49, 409; Falck, J. R.; Yadageri, P. J. Org. Chem. 1989, 54, 5851; 

Andreev, V. M.; Fonchenko, Z. V.; Cherkayev, G. V.; Mochalin, V. B.; Kheifits, L. A. 

Khim. Farm. Zh. 1990, 24, 50; Swindel, C. S.; Kraus, N. E.; Horwitz, S. B.; Ringel, I. 

J. Med. Chem. 1991, 34, 1176; Wu, Z. F.; Fraserreid, B.; Mootoo, D. R. Tetrahedron 

10 Lett. 1988, 29, 6549). A 2'-protected taxol analog X of Chart 4 with R20 as an alkyl

' allyl, or alk.arylether may be made from an 2'-protected-7-hydroxy-taxol IV by the 

methods shown is charts 7-20 or by reaction with a diazo alk.ane or aryl diazo 

compound in the presence of a transition metal catalyst such as rhodium, ruthenium 

or palladium in an aprotic solvent such as THF, dioxane, or DMF at a temperature 

15 of-20 °c to 150 °C. A taxol analog XI may be prepared from the 2'-protected analog 

X by deprotection of the 2'-protecting group as is known in the art. 

An oxazolidinyl-taxol analog XII of Chart 5 with R20 as an alkoxymethyl- or 

aryloxymethyl ether may be made from an oxazolidinyl-7-hydroxy-taxol V by 

reaction with a chloromethyl alkyl or chloromethylaryl ether as is known in the art 

20 (Braun, H.; Hild, W. Angew. Chem. Int. Ed. Eng. 1984, 23, 723; Danishefsky, S.; 

Barbachyn, M. J. Am. Chem. Soc. 1985, 107, 7761; McCarvey, G. J.; Bajiva, J. S. J. 

Org. Chem. 1984, 49, 409; Falck, J. R.; Yadageri, P. J. Org. Chem. 1989, 54, 5851; 

Andreev, V. M.; Fonchenko, Z. V.; Cherkayev, G. V.; Mochalin, V. B.; Kheifits, L. A. 

Khim. Farm. Zh. 1990, 24, 50; Swindel, C. S.; Kraus, N. E.; Horwitz, S. B.; Ringel, I. 

25 J. Med. Chem. 1991, 34, 1176; Wu, Z. F.; Fraserreid, B.; Mootoo, D. R. Tetrahedron 

Lett. 1988, 29, 6549.). An o:xazolidinyl taxol or analog m of Chart 5 with R20 as an 

alkyl-, allyl, or alkarylether may be made from an o:xazolidinyl-7-hydro:xy-taxol V by 

the methods shown in charts 7-20 or by reaction with a diazo alkane or aryl diazo 

compound in the presence of a transition metal catalyst such as rhodium, ruthenium 

30 or palladium in an aprotic solvent such as THF, dioxane, or DMF at a temperature 

of -20 °c to 150 °c. A taxol analog XI may be prepared from an o:xazolidinyl analog 

XII by hydrolysis in aqueous acetic acid, aqueous alcoholic acid of 0.01to0.1 Nat 

0°C to 50°C, or alcoholic acid of 0.01 to 0.1 Nat 0°C t.o 50° C or other method as is 

known in the art. 
35 The baccatin analog VI of chart 6 may be converted to the 7-ether baccatin 

XIII in the same manner that IV of chart 4 is converted to X. The 7-ether baccatin 
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XIII of chart 6 may condensed with the oxazolidine acid VIII to form the ester XII 

with a dehydrating agent as described for the condensation of VII with VIII of chart 

3. The oxazolidine XII may be deprotected to the analog XI as described for Chart 5. 

A 2'-protected taxol 7-ether XIV of chart 7 can be prepared from a 2-

5 protected taxol analog IV by reaction with a dialkyl sulfide and benzoyl peroxide 

(Medina, J.C.; Soloman, M.; Kyler, KS. Tetrahedron Lett. 1988, 29, 3773.) or by 

reaction with a chloroalkylthioalkyl ether in the presence of a strong base such as 

sodium hydride or silver nitrate and a tertiary base such as triethyl amine or 

diisopropyl ethyl amine in an aprotic solvent such as THF, dioxane, or methylene 

10 chloride (Holton, R. A; Davis, R. G. Tetrahedron Lett. 1977, 533, Srizuki, K; 

Inanaga, J.; Yamaguchi, M. Chem. Lett. 1979, 1277). Similarly, a 2'-protected taxol 

7-arythioalkyl ether XV of chart 7 can be prepared from a 2-protected taxol analog 

IV by reaction with a aryl alkyl sulfide and benzoyl peroxide (Medina, J.C.; 

Soloman, M.; Kyler, KS. Tetrahedron Lett. 1988, 29, 3773.) or by reaction with a 

15 chloroalkylthioaryl ether in the presence of a strong base such as sodium hydride or 

silver nitrate and a tertiary base such as triethyl amine or diisopropyl ethyl &mine 

in an aprotic solvent such as THF, dioxane, or methylene chloride {Holton, R. A; 

Davis, R. G. Tetrahedron Lett. 1977, 533, Suzuki, K; Inanaga, J.; Yamaguchi, M. 

Chem. Lett. 1979, 1277). 

20 A 2'-protected taxol 7-alkylthioalkyl XIV of Chart 8 may be oxidized to a 

sulfoxide XVI by sodium metaperiodate and alcoholic solvent or by other method 

known in the art (Carrasco, M.; Jones, R. J.; Kamel S.; Rapoport, H.; Truong, T. Org. 

Syn. 1991, 20 29; Johnson, C.; Keiser, L. Org. Syn. Coll Vol V, 1973, 791) or by 

other methods known in the art. Similarly, a 2'-protected taxol 7-arythioalkyl ether 

25 XV of Chart 9 may be oxidized to a sulfoxide XVIII by sodium metaperiodate and 

alcoholic solvent or by other method known in the art (Carrasco, M.; Jones, R. J.; 

Kamel S.; Rapoport, H.; Truong, T. Org. Syn. 1991, 20 29; Johnson, C.; Keiser, L. 

Org. Syn. Coll Vol V, 1973, 791) or by other methods known in the art. 

A 2'-protected taxol 7-alkylthioalkyl ether XIV of Chart 8 may be oxi~ed to 

30 a sulfone XVII by meta chloroperbenzoic acid in aprotic solvents such as methylene 

chloride or THF or by hydrogen peroxide in aprotic or protic solvents such as 

methylene chloride, methanol, or ethanol (Carpino, L. A; McAdams, L. V. Org. Syn. 

Coll. Vol. VI, 1988, 403; Paquette, L. A; Carr, R. V. C. Org. Syn, 1985, 64, 157) or 

by other methods known in the art. Similarly, a 2'-prot.ected taxol 7-arylthioalkyl 

35 XV of Chart 9 may be oxidized to a sulfone XIX by meta chloroperbenzoic acid in 

aprotic solvents such as methylene chloride or THF or by hydrogen peroxide in 
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aprotic or protic solvents such as methylene chloride, methanol, or ethanol (Carpino, 

L. A.; McAdams, L. V. Org. Syn. Coll. Vol. VI, 1988, 403; Paquette, L. A; Carr, R. V. 

C. Org. Syn, 1985, 64, 157) or by other methods known in the art. 

A 2'-protected taxol 7-a.rylthiooxomethylether XVIII (R28 = H) of Chart 10 

5 may be alkylated to a 2'-protected taxol 7-a.rylthiooxoalkylether XVIII (R28 =alkyl) 

by treatment with a strong base such as sodium hydride, lithium diethyl amide, 

lithium hexamethyl disilazide or similar strong base in an aprotic solvent such as 

THF, ether, dioxane or 1,2-dimethoxyethane followed by treatment with an 

alkylating agent such as an alkyl iodide, alkyl bromide, or alkyl alcohol sulfonate 

10 ester. Similarly, a 2'-protected taxol 7-a.rylthiodioxomethylether XIX (R28 = H} of 

· Chart 11 may be alkylated to a 2'-protected taxol 7-a.rylthiodioxoalkylether XIX (R28 

= alkyl} by treatment with a strong base such as sodium hydride, lithium diethyl 

amide, lithium hexamethyl disilazide or similar strong base in an aprotic solvent 

such as THF, ether, dioxane or 1,2-dimethoxyethane followed by treatment with an 

15 . alkylating agent such as an alkyl iodide, alkyl bromide, or alkyl alcohol sulfonate 

ester. 

A 2' ,3'-oxazolidine protected taxol 7-ether XXII of chart 12 can be prepared 

from a 2',3'-oxazolidine protected taxol analog V by reaction with a dialkyl sulfide 

and benzoyl peroxide (Medina, J.C.; Soloman, M.; Kyler, K. S. Tetrahedron Lett. 

20 1988, 29, 3773.) or by reaction with a chloroalkylthioalkyl ether and a tertiary base 

such as triethyl amine or diisopropyl ethyl amine in an aprotic solvent such as THF, 

dioxane, or methylene chloride. Similarly, a 2',3' -oxazolidine protected taxol 7-

a.rythioalkyl ether XXIII of.chart 12 can be prepared from a 2',3'-oxazolidine 

protected taxol analog V by reaction with a a.ryl alkyl sulfide and benzoyl peroxide 

25 (Medina, J. C.; Soloman, M.; Kyler, K. S. Tetrahedron Lett. 1988, 29, 3773.) or by 

reaction with a chloroalkylthioaryl ether and a tertiary base such as triethyl amine 

or diisopropyl ethyl amine in an aprotic solvent such as THF, dioxane, or methylene 

chloride. A 2' ,3'-oxazolidine taxol 7-alkylthioalkyl XXII of Chart 13 may be oxidized 

to a sulfoxide XXIV by sodium metaperiodate and alcoholic solvent or by other 

30 method known in the art (Carrasco, M.; Jones, R. J.; Kamel S.; Rapoport, H.; 

Truong, T. Org. Syn. 1991, 20 29; Johnson, C.; Keiser, L. Org. Syn. Coll Vol V , 

1973, 791) or by other methods known in the art. Similarly a 2',3'-oxazolidine taxol 

7-a.rythioalkyl ether XXXIII of Chart 14 may be oxidiZed to a sulfoxide XXVI by 

sodium metaperiodate and alcoholic solvent or by other method known in the art 

35 (Carrasco, M.; Jones, R. J.; Kamel S.; Rapoport, H.; Truong, T. Org. Syn. 1991, 20 

29; Johnson, C.; Keiser, L. Org. Syn. Coll Vol V, 1973, 791) or by other methods 
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known in the art. 

A 2',3'-oxazolidine protected taxol 7-alkylthioalkyl ether XXII of Chart 13 may 

be oxidized to a sulfone XXV by meta chloroperbenzoic acid in aprotic solvents such 

as methylene chloride or THF or by hydrogen peroxide in aprotic or protic solvents 

5 such as methylene chloride, methanol, or ethanol (Carpino, L.A.; McAdams, L. V. 

Org. Syn. Coll. Vol. VI, 1988, 403; Paquette, L. A; Carr, R. V. C. Org. Syn, 1985, 

64, 157) or by other methods known in the art. Similarly, a 2',3'-oxazolidine 

protected taxol 7-arylthioalkyl XXIII of Chart 14 may be oxidized to a sulfone 

XXVII by meta chloroperbenzoic acid in aprotic solvents such as methylene chloride 

10 or THF or by hydrogen peroxide in aprotic or protic solvents such as methylene 

chloride, methanol, or ethanol (Carpino, L. A; McAdams, L. V. Org. Syn. Coll. Vol. 

VI, 1988, 403; Paquette, L. A.; Carr, R. V. C. Org. Syn, 1985, 64, 157) or by other 

methods known in the art. 

A 2' ,3' -oxazolidine protected taxol 7-arylthiooxomethylether XXVI (R28 = H) of 

15 Chart 15 may be alkylated to a 2' ,3'-oxazolidine protected taxol 7-arylthio

oxoalkylether XXVI (R28 = alkyl) by treatment with a strong base such as sodium 

hydride, lithium diethyl amide, lithium hexamethyl disilazide or similar strong base 

in an aprotic solvent such as THF, ether, dioxane or 1,2-dimethoxyethane followed 

by treatment with an alk.ylating agent such as an alkyl iodide, alkyl bromide, or 

20 alkyl alcohol sulfonate ester. Similarly, a 2',3'-oxazolidine protected taxol 7-

arylthiodioxomethylether XXVII CR28 = H) of Chart 16 may be alkylated to a 2',3'

oxazolidine protected taxol 7-arylthiodioxoalkylether XXVII (R28 = alkyl) by 

treatment with a strong base such as sodium hydride, lithium diethyl amide, lithium 

hexamethyl disilazide or similar strong base in an aprotic solvent such as THF, 

25 ether, dioxane or 1,2-dimethoxyethane followed by treatment .with an alkylating 

agent such as an alkyl iodide, alkyl bromide, or alkyl alcohol sulfonate ester. 

A 2'-protected taxol 7-alk.ylthioalk.yl XIV (Chart 17), 2'-protected taxol 7-

arythioalk.yl ether XV (Chart 18), 7-methylthiooxomethylether XVI (Chart St R28 = 

H), 7-alk.ylthiooxoalk.ylether XVI (Chart 8, R28 =alkyl), 7-methylthiodioxo- . 

30 methylether XVII (Chart St R28 = H), 7-alkylthiodioxoalkylether XVII (R28 = alkyl), 

7-arylthiooxomethylether XVIII (Chart 9, R28 = H), 7-arylthiooxoalkylether XVIII 

(Chart 10, R28 = alkyl) , 7-arylthiodioxomethylether XIX (Chart 9, R28 = H), or a 7-

arylthiodioxoalk.ylether XIX (Chart 11, R28 = alkyl) may be desulfurized with Raney 

Ni (Pettit, G. R.; Van Tamelen, E. E. Organic Reactions, 1962, 12, 356) to the 

35 respective 2-protected taxol ethers XX. The 2'-protected taxol ethers XX may be 

deprotected to the taxol 7 ether analogs as described earlier for the conversion of XII 
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to XI (Chart 5). 

A 2',3'-oxazolidine protected taxol 7-alkylthioalkyl XXII (Chart 19), 2',3'

oxazolidine protected taxol 7-arythioalkyl ether Xx.III (Chart 20), 2',3'-oxazolidine 

protected taxol 7-methylthiooxomethylether Xx.IV (Chart 13, R28 = H), 2',3'-

5 oxazolidine protected taxol 7-alkylthiooxoalkylether XXIV {Chart 13, R28 =alkyl), 

2',3'-oxazolidine protected taxol 7-methylthiodioxomethylather XXV (Chart 13, R28 = 

H), 2',3'-oxazolidine protected taxol 7-alkylthiodioxoalkylether XXV (Chart 13, R28 = 
alkyl), 2',3'-oxazolidine protected taxol 7-arylthiooxomethylether XXVI (Chart 14, 

R28 = H), 2',3'-oxazolidine protected taxol 7-arylthiooxoalkylether XXVI (Chart 15, 

10 R28 =alkyl), 2',3'-oxazolidine protected taxol 7-arylthiodioxomethylether XXVII 

(Chart 14, R28 = H), or a 2',3'-oxazolidine protected taxol 7-arylthiodioxoalkylether 

XXVII (Chart 16, R28 =alkyl) may be desulfurized with Raney Ni (Pettit, G. R.; Van 

Tamelen, E. E. Organic Reactions, 1962, 12, 356) to the respective 2',3'-oxazolidine 

protected taxol ethers XXVIII. The 2',3'-oxazolidine protected taxol ethers XXVIII 

15 may be deprotected to a 7-ether analog XXI as described earlier for the conversion of 

XII to XI (Chart 6). 

Example 1 Preparation of 13-(N-Boc-2'-TES-~-phenyl isoserinyl)-baccatin ID (2) 

13-{N-Boc-~phenyl isoserinyl)-baccatin ID (1, 1.36 g, 1.6 mmol) is dissolved 

20 in dry pyridine (16 mL) and the solution cooled to o0c. To this is added 

chlorotriethylsilane (0.3 mL, 1.76 mmol). The reaction is allowed to stir at o0c for 2 

hrs. After stirring overnight at room temperature TLC still shows the presence of 

some starting material. The reaction is recooled to 0°C and chlorotrietbylsilane (0. 3 

mL, 1. 76 mmol) is added again. After each of three more two h periods additions of 

25 chlorotrietbylsilane (0.2 mL, 0.25 mL, and 0.20 mL) is repeated. The reaction is 

then warmed to room temperature and stirred overnight. TLC then shows no 

starting material remaining. The solution is extracted twice with saturated CuSO 4. 

The aqueous layers are re-extracted with ethyl acetate. The organic layers are 

combined, filtered through sodium sulfate, and concentrated in vacuo. The residue 

30 is chromatographed over a column of silica gel (150. g) packed in 1:9 EtOAc: Hexane. 

The column is eluted with (1:9) EtOAc: Hexane (300 mL), (1:4) EtOAc: Hexane (1 L), 

(1:3) EtOAc: Hexane (500 mL), and (1:1) EtOAc: Hexane (1 L) collecting 70 mL 

fractions. 13-<N-Boc-2'-TES-~phenyl isoserinyl)-baccatin ID (2, 1.24 g 80% yield) as 

a white solid is found on evaporation of fractions 53-69. 

35 Proton NMR (CDC13; TMS): 8 0.39 (m, 6H); 0. 78 (m, 9H); 1.90 (m, 4H); 2.25 

(s, SH); 2.39 (m); 2.53 (s); 2.50-2.63 (m); 3.83 (d, lH); 4.20 (d, lH); 4.34 (d, lH); 4.47 
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(m, lH); 4.55 s, lH); 5.00 (d, lH); 5.28 (m, lH); 5.49 (m, lH); 5.68 (d, lH); 6.30 (m, 

2H); 7.28 (m); 7.37 (m, 2H); 7.50 (m, 2H); 7.61 (m, lH); 8.12 (d, 2H) 

Mass Spec (FAB-High Res.) Theory: 964.4514 Found: 964.4528 

5 Example 2 Preparation of 7-{0-ethoxymethyl)-13-(N-Boc-2'-TES-~phenyl isoserinyl)

baccatin III (3} 

13-(N-Boc-2'-TES-~phenyl isoserinyl)-baccatin Ill (2, lOOmg, 0.104mM) is 

stirred at RT under nitrogen in methylene chloride (1 mL). To the solution are 

added chloromethyl ethyl ether (58 mL, 0.624 mM) and diisopropylethyl amine {109 

10 mL, 0.624 mM). After 2 days the reaction is found to be complete by TLC. The 

reaction is then partitioned between methylene chloride-water. The layers ere 

separated and the water layer re-extracted with methylene chloride. The organic 

layers are dried over sodium sulfate, combined and evaporated under vacuum. 

The crude product is chromatographed over silica gel (10 g), eluting with (20-80) 

15 acetone-hexane. Fractions of 3 mL are collected, analyzing them by TLC. The 

product is found in fractions 13-28, which upon combining and evaporating under 

vacuum leave 7-(0-ethoxymethyl)-13-(N-Boc-2'-TES-P-phenyl isoserinyl)-baccatin III 

(3, 104 mg, 98% yield) as a white solid. 

TLC (silica gel): (30-70) acetone-hexane; Re: 0.48 

20 Proton NMR (CDCI3; TMS): o 0.3-0.50 (m, 6H); 0.74-0.84 (t, 9H); 1.10-1.20 

(t, 3H); 1.21 (s, 3H); 1.26 (s, 3H); 1.33 (s, 9H); 1.76 (s, 3H); 1.96 (s, SH); 2.21 (s, SH); 

2.33-2.46 (m, lH); 2.52 (s, 3H); 2.78-2.94 (m, lH); 3.35-3.48 (m, lH); 3.60-3.74 (m, 

lH); 3.85-3.94 (d, lH); 4.10-4.20 (m, lH); 4.15-4.23 (d, lH); 4.30-4.37 (d, lH); 4.56 

(s, lH); 4. 76 (s, 2H); 4.92-5.00 (d, lH); 5.20-5.33 (bd, lH); 5.43-5.55 (bd, lH); 5.64-

25 5.73 (d, lH); 6.20-6.31 (t, lH); 6.37 (s, lH); 7.14-7.34 (m, 3H); 7.34-7.43 (t, 2H); 7.43-

7.55 (t, 2H); 7.65-7.64 (t, lH); 8.08-8.16 (d, 2H). 

Example 3 Preparation of 7-(0-ethoxymethyl)-13-CN-Boc-~phenyl isoserinyl)

baccatin m ( 4) 

30 7-(0-ethoxymethyl)-13-(N-Boc-2'-TES-~-phenyl isoserinyl)-baccatin ill (3, 104 

mg, 0.102mM) is stirred at RT under nitrogen in O.lN HCI in MeOH (1 mL, 

prepared from 71 mL acetyl chloride and 10 mL MeOH). TLC after 15 min shows no 

starting material to be present. The reaction is then partitioned between ethyl 

ecetate-5% sodium bicarbonate. The layers are separated and the water layer re-

35 extracted with ethyl acetate. The organic layers are dried over sodium sulfate, 

combined and evaporated under vacuum. The crude product is chromatographed 
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over lOg silica gel, eluting with (30-70) acetone-hexane. Fractions of 3 mL are 

collected, analyz!ng them by TLC. The product is found in fractions 17-29, which 

upon combining and evaporating under vacuum leave 7-(0-ethoxymethyl)-13-(N-Boc

j3-phenyl isoserinyl)-baccatin III (4, 7lmg, 77% yield) as a white solid. 

5 TLC (silica gel): 40-60 acetone-hexane; Rf 0.64 

Proton NMR (CDCI3; TMS): S 1.10-1.20 (t, 3H); 1.21 (s, 3H); 1.22 (s, 3H); 

1.35 (s, 9H); 1.75 (s, 3H); 1.88 {s, 3H); 2.21 (s, 3H); 2.36 (s, 3H); 2.76-2.90 (m, lH); 

3.33-3.49 (m, lH); 3.55 (bs, lH); 3.59-3.73 (m, lH); 3.80-3.90 (d, lH); 4.03-4.22 (m, 

2H); 4.24-4.34 (d, lH}; 4.61 (bs, lH); 4.73 (s, 2H); 4.86-4.96 (d, lH); 5.19-5.31 (bd, 

10 lH); 5.41-5.54 (bd, lH); 5.60-5.70 (d, lH); 6.09-6.23 (t, lH); 6.34 (s, lH); 7.25-7.43 

(m, 5H); 7.43-7.54 (t, 2H); 7.54-7.65 (t, lH); 8.00-8.13 (d, 2H). 

Mass Spec (FAB, m/z) (M+H)+ measured at 908.4089; theory for 

C48Hs2N10 16 is 908.4068; 908, 627, 585, 105, 59, 57. 

15 Example 4 Preparation of 7-(0-methoxyethoxymethyl)-13-{N-Boc-2'-TES-j3-phenyl 

isoserinyl)-baccatin III (5) 

13-{N-Boc-2'-TES-j3-phenyl isoserinyl)-baccatin ill (2, lOOmg, 0.104mM) is 

stirred at RT under nitrogen in methylene chloride ( 1 m.L) and the solution treated 

with MEM chloride (71mL,0.624 mM) and diisopropylethyl amine (109 mL, 0.624 

20 mM). The reaction is allowed to react for 2 days, at which point it is still incomplete. 

Additional MEM chloride (71 mL, 0.624 mM) and disopropylethyl amine (109 mL, 

0.624 mM) is added. The reaction is allowed to react for 3 more days, when reaction 

is found to be complete. The reaction is partitioned between methylene chloride

water. The layers are separated and the water layer re-extracted with methylene 

25 chloride. The organic layers are dried over sodium sulfate, combined and evaporated 

under vacuum. The crude product is chromatographed over silica gel (11 g}, eluting 

with 20-80 acetone-hexane. Fractions of 3 mL are collected, analyzing them by TLC. 

7 .( O-methoxyethoxymethyl)-13-(N-Boc-2'-TES-P-phenyl isoserinyl)-baccatin ill (5, 

101 mg, 93% yield) as a white solid is found in fractions 17-37 after combining and 

30 evaporating under vacuum. 

TLC (silica gel): (30-70) acetone-hexane; .Rr: 0.44 

Proton NMR (CDCI3; TMS): 8 0.3-0.51 (m, 6H); 0. 75-0.85 (t, 9H); 1.21 (s, 3H); 

1.26 (s, 3H); l.SS (s, 9H); 1.76 (s, 3H); 1.95 (s, SH); 2.20 (s, SH); 2.31-2.45 (m, 

lH); 2.52 (s, SH); 2.80-2.95 (m, lH); 3.35 (s, SH); 3.47-3.60 (m, lH); 3.51 (s, 2H); 

35 3.70-3.82 (m, lH); S.86-3.95 (d, lH); 4.13-4.24 (m, 2H); 4.29-4.37 (d, lH); 4.55 (s, 

lH); 4.75-4.87 (q, 2H}; 4.92-5.00 {d, lH); 5.20-5.34 (bd, lH); 5.44-5.56 (bd, lH); 5.65-

NEPTUNE GENERICS  EX. 00365



W096/00724 PCT/US95/06S9S 

-34-

5.73 (d, lH); 6.19-6.33 (t, IH); 6.36 (s, lH); 7.23-7.43 (m, 5H); 7.44-7.54 (t, 2H); 7.54-

7.64 (t, 1H); 8.06-8.16 (d, 2H). 

Example 5 Preparation of 7-( 0-methoxyethoxymethyl)-13-{N-Boc-P,.phenyl 

5 isoserinyl)-baccatin III (6) 

7-( 0-methoxyethoxymethy l)-13-(N-Boc-2': TES-P-phenyl isoserinyl)-baccatin III 

(5, 101 mg, 0.096mM) is stirred at RT under nitrogen in (80-20) HOAc-water (2 mL). 

The reaction is found to be complete by TLC in 5 hours. The reaction mixture is 

then freeze-dried. The crude product is chromatographed over silica gel (lOg), 

10 eluting with (30-70) acetone-hexane. Fractions of 3 mL are collected, analyzing 

them by TLC. 7-{0-methoxyethoxymethyl)-13-(N-Boc-P,.phenyl isoserinyl)-baccatin 

III (6, 90 mg, 100 % yield) as a white solid is found in fractions 23-48 upon 

combining and evaporating under vacuum. 

TLC (silica gel): (30~70) acetone-hexane; Re: 0.27 

15 Proton NMR (CDC13; TMS): o 1.20 (s, 3H); 1.24 (s, 3H); 1.35 (s, 9H); 1. 75 (s, 

3H); 1.87 (s, 3H); 2.21 (s, 3H); 2.36 (s, 3H); 2.81-2.96 (m, 1H); 3.34 (s, SH); 3.50 (s, 

2H); 3.46-3.60 (m, 1H); 3.66 (bs, 1H); 3.72-3.82 (m, lH); 3.82-3.91 (d, lH); 4.08-4.23 

(m, 2H); 4.26-4.36 (d, 1H); 4.63 (bs, 1H}; 4.73-4.85 (m, 2H); 4.88-4.98 (d, lH); 5.21-

5.34 (~d, 1H); 5.52-5.62 (bd, 1H); 5.62-5.71 (d, 1H); 6.14-6.26 (t, lH); 6.33 (s, lH); 

20 7.28-7.43 (m, 5H); 7.43-7.55 (t, 2H}; 7.56-7.68 (t, 1H); 8.02-8.16 (d, 2H). 

Mass Spec (FAB, m/z) (M+Ht measured at 938.4166; theory for 

C49H64N10 17 is 938.4174; 938, 882, 878, 657, 105, 89, 59, 57. 

Example 6 Preparation of 7-(0-methoxymethyl)-13-{N-Boc-2'-TES-P-phenyl 

25 isoserinyl)-baccatin III (7) 

13-(N-Boc-2'-TES-P.phenyl isoserinyl)-baccatin Ill (2, 100 mg, 0.104mM) is 

stirred at RT under nitrogen in dry THF {1 mL) and the solution treated with 

chloromethyl methyl ether (47 mL, 0.624 mM) and diisopropylethyl amine (109 mL, 

0.624 mM). The reaction is allowed to stand at RT overnight, during which the THF 

30 evaporates to about one half volume and a precipitate forms. The precipitate is 

redissolved by the addition of methylene chloride (0.5 mL). The reaction is found to 

be incomplete at this point by TLC, so it is concentrated to one half volume and 

treated with chloromethyl methyl ether (47 mL, 0.624 mM) and diisopropylethyl 

amine (109 mL, 0.624 mM). The reaction is then allowed to proceed an additional 4 

35 days, when reaction is complete. The reaction is partitioned between methylene 

chloride-water. The layers are separated and the water layer re-extracted with 
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methylene chloride. The organic layers are dried over sodium sulfate, combined and 

evaporated under vacuum. The crude product is chromatographed over silica gel (10 

g), eluting with (20-80) acetone-hexane. Fractions of 3 mL are collected, analyzing 

them by TLC. The product is found in fractions 15-26, which upon combining and 

5 evaporating under vacuum leave 7-{0-methoxymethyl)-13-{N-Boc-2'-TES-P-phenyl 

isoserinyl}-baccatin III (7, 76 mg, 72 % yield) as a white solid. 

TLC (silica gel): (30-70) acetone-hexane; Rf 0.44 

Proton NMR (CDCI3; TMS): o 0.3-0.52 (m, 6H); 0.74-0.85 (t, 9H); 1.22 (s, SH); 

1.26 (s, 3H); 1.33 (s, 9H); 1. 77 (s, 3H); 1.97 (s, 3H); 2.21 (s, 3H); 2.32-2.47 (m, 1H); 

10 2.53 (s, 3H); 2. 75-2.90 (m, 1H); 3.30 (s, SH); 3.86-3.94 (d, 1H); 4.10-4.20 (m, 1H); 

4.15-4.24 (d, lH); 4.30-4.36 (d, 1H); 4.56 (s, 1H); 4.63-4.70 (d, lH); 4.70-4.79 (d, lH); 

4.92-5.02 (d, lH); 5.22-5.34 (bd, lH); 5.44-5.56 (bd, lH); 5.67-5.74 (d, lH); 6.20-6.30 

(t, lH); 6.39 (s, lH); 7.24-7.34 (m, 3H); 7.34~7.44 (t, 2H); 7.45-7.55 (t, 2H); 7.56-7.65 

(t, lH); 8.07-8.16 (d, 2H). 

15 

Example 7 Preparation of 7-(0-methoxymethyl)-13-(N-Boc-2'-(J-phenyl isoserinyl)

baccatin III (8) 

7-{0-Methoxymethy)-13-(N-Boc-2'-TES-~phenyl isoserinyl)-baccatin III (7, 76 

mg, 0.075mM) is dissolved at RT under nitrogen in (80-20) HO.Ac-water (2 mL). 

20 After a few minutes, a precipitate forms. The precepitate is redissolved by the 

addition ofTHF (2 ml). The reaction is allowed to stand for 1.5 days, some of the 

THF evaporating. At this point the reaction if found to be complete by TLc. The 

reaction mixture is then freeze-dried. The crude product is chromatographed over 

silica gel (10 g) silica gel, eluting with (30-70) acetone-hexane. Fractions of 3 mL 

25 are collected, analyzing them by TLC. The product is found in fractions 15-29, 

which upon combining and evaporating under vacuum leave 7-(0-methoxymethyl)-

13-(N-Boc-2'-~phenyl isoserinyl)-baccatin III (8, 63 mg, 94 % yield) as a white solid. 

TLC (silica gel): (30-70) acetone-hexane; Rf 0.28 

Proton NMR (CDC13; TMS): o 1.21 (s, SH); 1.23 (s, SH); 1.85 (s, 9H); 1. 76 (s, 

30 SH); 1.90 (s, SH); 2.21 (s, SH); 2.S7 (s, 3H); 2. 72-2.87 (m, lH); 3.29 (s, 3H); 3.56 (bs, 

1H); 3.80-3.90 (d, lH); 4.04-4.20 (m, 2H); 4.25-4.34 (d, 1H); 4.64-4.68 (d, lH); 4.58 

(bs, lH); 4.68-4.75 (d, lH>; 4.87-4.96 (d, lH); .5.20-5.31 (bd, 1H); 5.42-5.56 (bd, 1H); 

5.62-5.70 (d, lH); 6.10-6.23 {t, lH); 6.36 (s, 1H); 7.24~7.44 (m, 5H); 7.44-7.54 (t, 2H); 

7.54-7.66 (t, lH); 8.01-8.13 (d, 2H). 

35 Mass Spec (FAB, m/z) (M+H)+ measured at 894.3943; theory for 

c47HaoN10 16 is 894.3912; 894, 838, 613, 571, 553, 105, 57. 
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Example B Preparation of 7-Benzyloxymethyl-13-(N-Boc-2'-TES-P-phenyl isoserinyl)

baccatin III (9) 

13-(N-Boc-2'-TES-l)-phenyl isoserinyl)-baccatin III (2, lOOmg, 0.104mM) is 

stirred at RT under nitrogen in methylene chloride (1 ML) and the solution treated 

5 with benzyl chloromethyl ether (104 mL, 0.624 mM, 80% pure) and diisopropylethyl 

amine (109 mL, 0.624 mM). The reaction is allowed to stand for 2 days, when it is 

complete as found by TLC. The reaction is then partitioned between methylene 

chloride-water. The layers are separated and the water layer re-extracted with 

methylene chloride. The organic layers are dried over sodium sulfate, combined and 

10 evaporated under vacuum. The crude product is chromatographed over silica gel ( 15 

g), eluting with (20-80) acetone-hexane. Fractions of 3 mL are collected, analyzing 

them by TLC. The product is found in fractions 19-33, which upon combining and 

evaporating under vacuum leave 7-(0-benzyloxymethyl)-13-(N-Boc-2'-TES-P-phenyl 

isoserinyl)-baccatin III (9, 92 mg, 81 % yield) as a white solid. 

15 TLC (silica gel): (30-70) acetone-hexane; Rf 0.50 

Proton NMR {CDC13; TMS): o 0.3-0.53 (m, 6H); 0. 70-0.85 (t, 9H); 1.22 (s, 3H); 

1.26 (s, 3H); 1.33 (s, 9H); 1. 79 (s, 3H); 1.95 (s; SH); 2.20 (s, 3H}; 2.3S-2.46 (m, lH); 

2.51 (s, SH); 2.83-2.98 (m, lH); 3.88-3.96 (d, lH); 4.15-4.29 (m, 2H); 4.S0-4.38 (d, 

lH); 4.40-4.49 (d, lH); 4.55 (s, lH}; 4.64-4.74 (d, lH); 4.86 (s, 2H); 4.90-5.00 (d, lH); 

20 5.21-5.34 (bd, lH); 5.44-5.58 (bd, lH); 5.67-5.76 (d, lH); 6.21-6.32 (t, lH); 6.40 (s, 

lH); 7.20-7.44 (m, 5H); 7.44-7.54 (t, 2H); 7.54-7.64 (t, lH); 8.06-8.15 (d, 2H). 

Example 9 Preparation of 7-(0-benzyloxymethyl)-13-(N-Boc-P-phenyl isoserinyl)

baccatin III (10) 

25 7-(0-benzyloxymethyl)-13-(N-Boc-~'-TES-P-phenyl isoserinyl)-baccatin III (9, 

92 mg, 0.085mM) is dissolved at RT under nitrogen in (80-20) HOAc-water (2 mL). 

A precipitate forms after a few minutes, md this is redissolved by the addition of 

THF (2 mL). The reaction is allowed to stand at RT for 1.5 days and at 45° C for 3 

days. The reaction is found to be nearly complete at this point by TLC. The . 

30 reaction mixture is then freeze-dried. The crude product is chromatographed over 

silica gel (10 g), eluting with (30-70) acetone-hexane. Fractions of 3 mL are 

collected, analyzing them by TLC. The product is found in fractions 15-26, which 

upon combining and evaporating under vacuum leave 7-(0-benzyloxym.ethyl)-13-(N

Boc-P-phenyl isoserinyl)-baccatin III (10, 70 mg, 85 % yield) as a white solid. 

35 TLC (silica gel): (30-70) acetone-hexane; Rf 0.30 

Proton NMR (CDC18; TMS}: o 1.22 (s, 3H); 1.23 (s, 3H); 1.35 (s, 9H); 1. 78 (s, 
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3H); 1.87 (s, 3H); 1.95-2.10 (m, lH); 2.21 (s, 3H); 2.36 (s, 3H); 2.82-2.96 (m, lH); 

3.48-3.58 (bd, lH); 3.82-3.92 (d, lH); 4.13-4.24 (m, 2H); 4.28-4.36 (d, lH); 4.39-4.48 

(d, lH); 4.64 (bs, lH); 4.65-4. 72 (d, lH); 4.81-4.90 (m, 2H); 4.90-4.98 (d, lH); 5.22-

5.32 (bd, lH); 5.42-5.54 (bd, lH); 5.62-5.71 (d, lH); 6.12-6.24 (t, lH); 6.37 (s, lH); 

5 7.21-7.43 (m, lOH); 7.43-7.54 (t, 2H); 7.55-7.65 (t, lH); 8.04-8.15 {d, 2H). 

Mass Spec (FAB, m/z) (M+H)+ measured at 970.4242; theory for 

C53l1a4N10 16 is 970.4225; 970, 914, 689, 647, 105, 57, 43. 

Example 9a Preparation of 7-TES-Baccatin IIl-(48,5R)-N-t-buylurea-2-(2,4 

10 dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (11) 

Crude (48,5R)-N-t-butyl urea-2..(2,4 dimethoxyphenyl)-4-phenyl-5-

oxazolidinecarboxylic acid methyl ester (475mg,l.07mM) is dissolved in methanol 

(lOmL}, water (0.4mL) and ~C03 (190mg} is added; After stirring overnight TLC 

shows only a spot at the origin. The solution is concentrated in vacuo and the 

15 residue partitioned between CH2C~ and 5% NaHSO 4 solution. The layers are 

separated and the aqueous layer extracted with EtOAc. The combined organic 

layers are filtered through anhydrous sodium sulfate and concentrated in vacuo 

leaving (48,5R)-N-t-butyl urea-2-(2,4 dimethoxyphenyl)-4-phenyl-5-oxazolidine

carboxylic acid. 7-TES-baccatin III (500mg, 0.71 mM) is dissolved in toluene (7ml). 

20 All of the (48,5R)-N-t-butyl urea-2-(2,4 dimethoxyphenyl}-4-phenyl-5-oxazolidine

carboxylic acid from above is added in a solution of CH2C~. The solution is heated 

to 80° C driving off the C~C~ after which DCC (240mg, 1.15 mM) and DMAP 

(45mg, 0.36mM) are added. After 0.5 hr TLC shows little starting material so the 

slurry is cooled. The reaction is filtered through Celite and the filtrate concentrated 

25 in vacuo and chromatographed over a column of silica gel (80 g) in (1:3) 

EtOAc:hexane. The column is eluted with (1:3) EtOAc:hexane (200ml) and (1:2) 

EtOAc:hexane (lL) collecting 40 ml fractions. 7-TES-Baccatin fil-(4S,5R)-N-t

buylurea-2-(2,4 dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (11, 

906 mg) is found in fractions 28-4 7. 

80 Mass Spec: Theory 1111.5198 Found 1111.5189 

35 

Proton NMR (CDC13; TMS): S 0.59 (m, 6H); 0.92 (m,9H); 1.20 (m); 1.92 (s, 

3H); 2.13 (s, SH); 2.19 (s, 3H); 2.50 (m, lH); 3.84 (m); 3.92 (s, SH); 4.13 (d, lH); 4.26 

~~~~~~~~~~~~~~~~~~~ 

6.72 (m); 7.27-7.64 (m, lOH); 8.06 (d, 2H) 

Example 10 Preparation ofbaccatin ID-13-(48,5R)-N..(t-butylaminocarbonyl)-2-(2,4-
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dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester ( 12) and 7-epi-baccatin 

III-13-( 4S,5R)-N-(t-butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-phenyl-5-

oxazolidinecarboxylic acid ester 

Baccatin IIl-13-( 4S,5R)-N-( t-butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-

5 phenyl-5-oxazolidinecarboxylic acid ester (11, 198 mg, 0.178mM) is stirred at RT 

under nitrogen in dry THF (3 mL). To this solution is added tetra-n..:butyl 

ammonium fluoride (56 mg, 0.178 mM). The reaction is followed by TLC which 

indicates the starting material is consumed in 45 minutes, giving two more polar 

products. The reaction mixture is then partitioned between ethyl acetate-5% sodium 

10 bicarbonate-brine. The aqueous layer is re-extracted with ethyl acetate. The 

organic layers are combined, dried over sodium sulfate and evaporated under 

vacuum. The crude product is chromatographed over silica gel (20 g), eluting with 

(50-50) ethyl acetate-hexane. Mixed fractions are rechromatographed. Fractions of 

3 mL are collected, analyzing them by TLC. Baccatiri Ill-13-(4S,5R)-N-(t-

15 butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid 

ester (12, 61 mg, 34 % yield) is found as a white solid on evaporation of fractions 42-

56 and 7-epi-baccatin IlI-13-(4S,5R)-N-(t-butylaminocarbonyl}-2-(2,4-

dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (68 mg, 38 % yield) is 

found as a white solid on evaporation of fractions 24-31. 

20 Data for 7-epi-baccatin fil-1S-(4S,5R}-N-(t-butylaminocarbonyl)-2-(2,4-

dimethoxyphenyl}-4-phenyl-5-oxazolidinecarboxylic acid ester: 

TLC (silica gel): (50-50) ethyl acetate-hexane; Hr= 0.39 

Proton NMR CCDC13; TMS): S 1.16 (s, 12H); 1.2S (s, SH); 1.65 (s, SH); 2.00 (s, 

SH); 2.04 (s, SH); 2.22 (s, SH); 3.65-S.74 (bd, lH); 3.86 (s, SH); S.90 (s, SH);4.34 (s, 

25 2H); 4.57 (s lH); 4.80-4.92 (m, 2H}; 4.94-4.98 (d, lH); 5.58-5.61 (d, lH}; 5. 7S-5. 78 (d, 

lH}; 6.23-6.SS (t, lH); 6.49-6.56 (d, lH); 6.53 (s, lH); 6.70 (s, lH); 6.86 (s, lH); 7.26-

7.58 (m, SH); 7.58-7.66 (t, lH); 8.01-8.09 (d, 2H). 

Data for baccatin III-13-( 4S,5R)-N-( t-butylaminocarbonyl}-2-(2,4-

dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (12): 

30 TLC (silica gel): (50-50) ethyl acetate-hexane; Rf: 0.24 

Proton NMR (CDCI3; TMS): S 1.16 (s, 12H); 1.28 (s, SH); 1.66 (s, SH); 1.90 

(s, SH); 1.98 (s, SH); 2.26 (s, SH); 2.4S-2.55 (m, 2H); S.73-3.81 (d, lH); 3.84 (s, SH); 

8.91 (s, SH); 4.11-4.16 (d, lH); 4.21-4.27 (d, lH); 4.36-4.47 (m, lH); 4.50 (s lH); 4.82- · 

4.92 (bd, lH}; 4.92-4.96 (d, lH); 5.50-5.55 (d, lH); 5.61-5.68 (d, lH); 6.25-6.37 (m, 

35 2H); 6.47-6.55 (m, 2H); 6.71 (s, lH); 7.23-7.57 (m, SH); 7.57-7.64 (t, lH); 8.00-8.07 (d, 

2H). 
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Preparation of baccatin III-13-{4S,5R)-N-(t-butylaminocarbonyl)-2-(2,4-

dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (12) 

Baccatin III-13-( 4S,5R)-N-( t-butylaminocarbonyl)-2-(2,4-dimethoxyphenyl}-4-

phenyl-5-oxazolidinecarboxylic acid ester (11, 3.41 g, 3.07 mM) is stirred at RT 

5 under nitrogen in dry acetonitrile (30 mL) and the solution treated with triethyl 

amine trihydrofluoride (5 mL), resulting in a thick slurry which dissolves over a 7 h 

period. The reaction is followed by TLC and found to be essentially finished in 7 .5 

hr. At this point the reaction is diluted with ethyl acetate and washed with 5% 

sodium bicarbonate, 5% sodium bisulfate and brine. The organic layer is dried over 

10 sodium sulfate and evaporated under vacuum. The crude product is 

chromatographed over silica gel (300 g), eluting with (25-75, 1.5 L), (30-70, 1 L), and 

(40-60, 2 L) acetone-hexane. Fractions of 40 mL are collected, analyzing them by 

TLC. Fractions 74-92 were combined and evaporated under vacuum to give 

baccatin III-13-{4S,5R)-N-(t-butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-phenyl-5-

15 oxazolidinecarboxylic acid ester (12, 2.26 g, 74% yield) as a white solid. 

TLC (silica gel): (50-50) ethyl acetate-hexane; Rf 0.24 

Proton NMR (CDCI3; TMS): 8 1.16(s,12H); 1.28 (s, SH); 1.66 (s, 3H); 1.90 (s, 

3H); 1.98 (s, 3H); 2.26 (s, 3H); 2.43-2.55 (m, 2H); 3. 73-3.81 (d, lH); 3.84 (s, 3H); 3.91 

(s, 3H); 4.11-4.16 (d, lH); 4.21-4.27 (d, lH); 4.36-4.47 (m, lH}; 4.50 (s lH}; 4.82-4.92 

20 {bd, lH); 4.92-4.96 (d, lH); 5.50-5.55 (d, lH); 5.61-5.68 (d, lH); 6.25-6.37 (m, 2H); 

6.47-6.55 (m, 2H);, 6.71 (s, lH); 7.23-7.57 (m, SH); 7.57-7.64 (t, lH); 8.00-8.07 (d, 

2H). 

Example 11 Preparation of 7-(0-ethoxymethyl)-baccatin ill-13-(48,5R)-N-(t-

25 butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid 

ester (13) 

Baccatin III-13-( 4S,5R)-N-(t-butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-

phenyl-5-oxazolidinecarboxylic acid ester (12, 61 mg, 0.061 mM) is stirred at RT 

under nitrogen in methylene chloride ( 1 m.L). To this solution is added chlorQmethyl 

30 ethyl ether (28 mL, 0.306 mM) and diisopropyl ethyl amine (53 mL, 0.306 mM). The 

reaction is followed by TLC which shows the reaction to be incomplete in two days. 

At this time chloromethyl ethyl ether (28 mL, 0.306 mM) and diisopropyl ethyl 

amine (53 mL, 0.306 mM) are again added. After 5 days, the reaction is partitioned 

between methylene chloride-water. The aqueous layer is re-extracted with methylene· 

85 chloride. The organic layers are combined, dried over sodium sulfate and evaporated. 

The crude product is chromatographed over silica gel (10 g), eluting with a gradient 
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of (20-80) to (30-70) acetone-hexane .. Fractions of 3 mL are collected, analyzing them 

by TLC. Fractions 35-57 are combined and evaporated under vacuum to give 7-(0-

ethoxymethyl)-baccatin lll-13-( 4S,5R)-N-( t-butylaminocarbonyl)-2-(2,4-

dimethoxyphenyl}-4-phenyl-5-oxazolidinecarboxylic acid ester (13, 44 mg, 69% yield) 

5 as a white solid. 

TLC (silica gel): (30-70) acetone-hexane; R.r: 0.67 

Proton NMR (CDC13; TMS): o 1.08-1.18 (t, 3H); 1.18 (s, 9H); 1.21 (s, 3H); 

1.26 (s, 3H); 1.74 (s, SH); 1.98 (s, SH); 2.06 (s, SH); 2.26 (s, SH); 2.74-2.88 (m, lH); 

3.38-3.48 (m, lH); 3.62-3.73 (m, lH); 3.82-3.94 (d, lH); 3.84 (s, 3H);3.92 (s, 3H);4.10-

10 4.21 (m 2H); 4.21-4.30 (d, lH); 4.58 (s lH); 4.74 (s, 2H); 4.82-4.92 (d, lH); 4.94-4.98 

(d, lH); 5.55-5.59 (d, lH); 5.62-5.70 (d, lH); 6.26-6.37 (t, lH); 6.37 (s, lH); 6.47-6.56 

(m, 2H); 6.75 (s, lH); 7.25-7.66 {m, 9H}; 8.02-8.11 (d, 2H). 

Example 12 Preparation of 7-(0-ethoxymethyl)-13-(N-(t-butylaminocarbonyl)-P-

15 . phenyl isoserinyl)-baccatin m (14) 

7-(0-ethoxymethyl)-baccatin ID-13-( 4S,5R}-N-(t-butylaminocarbonyl}-2-(2,4-

dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (lS, 44 mg, 0.042 mM) 

is stirred at RT under nitrogen in (80-20) acetic acid-water (2 mL). The reaction is 

followed by TLC and found to be complete in 4 hours. The reaction is then freeze-

20 dried. The crude product is purified by chromatography over silica gel (10 g), 

eluting with (30-70) acetone-hexane. Fractions of 3 mL are collected, analyzing them 

by TLC. The product is found in fractions 17-32, which are combined and 

evaporated under vacuum to give 7-(0-ethoxymethyl)-13-{N-(t-butylaminocarbonyl)

~-phenyl isoserinyl)-baccatin m (14, 26 mg 68 % yield) as a white solid. 

25 TLC (silica gel): (30-70) acetone-hexane; R.r: 0.39 

Proton NMR (CDC13; TMS): o 1.09-1.17 (t, SH); 1.20 (s, 3H); 1.21 (s, 3H); 

1.23 (s, 9H); 1. 75 (s, 3H); 1.87 (s, 3H); 1.88-2.01 (t, lH); 2.20 (s, SH}; 2.23-2.32 (d, 

2H); 2.39 (s, SH); 2.75-2.88 (m, lH); 3.34-3.45 (m, lH}; 3.58-3.70 (m, lH); 3.81 (s, 

lH); 3.81-3.87 (d, lH); 4.05-4.15 (dd, lH); 4.15-4.20 (d, lH); 4.27-4.31 (d, lH);.4.59-

30 4.65 (m, 2H); 4.72 (s, 2H); 4.89-4.97 (d, lH); 5.17-5.22 (d, lH); 5.80-5.36 (dd, lH); . 

5.63-5.70 (d, lH); 6.09-6.19 (t, lH); 6.33 (s, lH); 7.27-7.41(m,5H); 7.43-7.54 (t, 2H); 

7.57-7.65 (t, 1H); 8.06-8.12 (d, 2H). 

35 

Mass Spec (FAB, m/z) (M+H)+ measured at 907.4240; theory for 

c48H~2o15 is ~07.4228; 907, 627, 567, 281, 263, 235, 205, 136, 105, 59, 43. 

Example 17 Preparation of 7-(0-(2,2,2-trichloroethoxy)methyl]-13-{N-Boc-P.phenyl 
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isoserinyl)-baccatin III (21) and 7-[0-(2,2,2-trichloroethoxy)methoxymethyl)-13-(N

Boc-P-Phenyl isoserinyl)-baccatin III (22) 

13-(N-Boc-2'-TES-P-phenyl isoserinyl}-baccatin III (2, 95 mg, 0.099mM) is 

stirred at RT under nitrogen in methylene chloride (1 mL) and the solution treated 

5 with a {1-1)-mixture of chloromethyl-(2,2,2-trichloroethyl) ether and chloromethyl

(2,2,2-trichloroethoxy)methyl ether (98 mL) and diisopropyl ethyl amine (109 mL, 

0.624 mM). The reaction is followed by TLC, which shows the reaction not to be 

complete after 22 days. Thus, additional (1-1)-mixture of chloromethyl-(2,2,2-

trichloroethyl) ether and chloromethyl-(2,2,2-trichloroethoxy)methyl ether (98 mL) 

10 are added as well as 1,2-dichloroethane (1 m.L). . The reaction is then heated in a 4 

day cycle to 75"C for 8 h and allowed to stand at RT for 16 h. The reaction is then 

heated to 75"C continuously for 24 hours. The reaction mixture is then 

chromatographed over silica gel (15 g), eluting with (25-75) acetone-hexane. 

Fractions of 3 mL are collected, analyzing them by TLC, which indicates the 

15 presence of four compounds. The two less polar compounds are found in fractions 

10-13 and the two more polar compounds in fractions 14-33. Evaporation of 

fractions 10-13 leaves a residue which is treated with (80-20) acetic acid water (3 

mL). This reaction is then freeze dried. TLC shows the products of this reaction to 

be the same as the products found in fractions 14-33 above. Thus, all the residues 

20 are combined and chromatographed over an E. Merck size A HPLC silica gel column, 

eluting with a gradient of {20-80) to (40-60) ethyl acetate-hexane. 7-[0-(2,2,2-

trichloroethoxy)methyl]-13-(N-Boc-P-phenyl isoserinyl)-baccatin III (21, 23mg, 23% 

yield) is found on evaporation of fractions 52-66 as a white solid and 7-(0-(2,2,2-

trichloroethoxy)methoxymethyl]-13-CN-Boc-P-phenyl isoserinyl)-baccatin ill (22, 23 

25 mg, 22% yield) is found on evaporation of fractions 68-88 as a white solid. 

Data for 7-(0-(2,2,2-trichloroethoxy)methyl]-13-(N-Boc-P-phenyl isoserinyl)

baccatin m (21): 

TLC (silica gel): (25-75) ethyl acetate-hexane; Re: 0.25 

Proton NMR {CDC13; TMS): 8 L20.(s, SH); 1.24 (s, SH); 1.35 (s, 9H); 1.76 (s, 

SO 3H); 1.87 (s, 3H); 1.92-2.03 (t, lH); 2.22 (s, SH); 2.26-2.S4 (d, 2H); 2.37 (s, SH); 2.85-

2.99 (m, lH); 3.37-3.53 (bs, lH); 3.80-3.89 (d, lH); S.97-4.06 (d, lH); 4.12-4.25 (m, 

3H); 4.27-4.34 (d, lH); 4.63 (bs, lH); 4.87-5.03 (m, SH); 5.18-5.30 (bd, lH); 5.37-5.47 

(bd, lH); 5.61-5.70 (d, lH); 6.12-6.23 (t, lH); 6.32 (s, lH); 7.27-7.45 (m, 5H); 7.45-

7.54 (t, 2H); 7.57-7.65 Ct, lH); 8.05-8.15 (d, 2H). 

35 Mass Spec (FAB, m/z) (M+H)+ measured at 908.4089; theory for 

c48H62N1o16 is 908.4068; 908, 627, 585, 105, 59, 57. 
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Data for 7-[0-(2,2,2-trichloroethoxy)methoxymethyl]-13-(N-Boc-f>-phenyl 

isoserinyl)-baccatin Ill (22): 

TLC (silica gel): (25-75} ethyl acetate-hexane; Rf 0.17 

Proton NMR (CDC13; TMS): o 1.22 (s, SH); 1.35 (s, 9H); 1.75 (s, 3H); 1.91 (s, 

5 3H); 2.21 (s, SH); 2.25-2.32 (d, 2H); 2.37 (s, 3H); 2.69-2.82 (m, lH); 3.35-3.48 (bs, 

lH); 3.80-3.86 (d, lH); 4.13-4.26 (m, 4H); 4.26-4.34 (d, lH); 4.63 (bs, lH); 4. 73-4.80 

(d, lH); 4.83-5.04 (m, 4H); 5.21-5.32 (d, lH); 5.40-5.47 (d, lH); 5.64-5.70 (d, lH); 

6.14-6.24 (t, lH); 6.39 (s, lH); 7.30-7.45 (m, 5H); 7.45-7.57 (t, 2H); 7.57-7.66 (t, lH); 

8.07-8.15 (d, 2H). 

10 Mass Spec (FAB, m/z) (M+H)+ measured at 908.4089; theory for 

C48Hs2N10 16 is 908.4068; 908, 627, 585, 105, 59, 57. 

Example 21 Preparation of 7-(0-methoxymethyl)-baccatin lli-13-(4S,5R)-N-(t

butylaminocarbonyl)-2-(2,4-dimethoxyphenyl}-4-phenyl-5-oxazolidinecarboxylic acid 

15 ester (26) 

Baccatin IIl-13-( 4S,5R)-N-(t-butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-

phenyl-5-oxazolidinecarboxylic acid ester (12, 610 mg, 0.612 mM) is stirred at RT 

under nitrogen in methylene chloride (8 mL) and the solution treated with 

chloromethyl methyl ether (282 mL, 3.06 mM) and diisopropyl ethyl amine (530 mL, 

20 3.06 mM). The reaction is followed by TLC. After 24 hours the reaction is found to 

be complete. The reaction is then diluted with methylene chloride and washed with 

5% sodium bisulfate and 5% sodium bicarbonate, dried over sodium sulfate and 

evaporated under vacll.um. The crude product is chromatographed over silica gel {70 

g), eluting with a gradient of (26-75) to (30-70) acetone-hexane. Fractions of 20 mL 

25 are collected, analyzing them by TLC. 7-(0-methoxymethyl)-baccatin ill-13-(4S,5R)

N-{t-butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-phenyl-5-oxazolidmecarboxylic 

acid ester Gess polar isomer 26a, 532 mg, 84% yield) is found on evaporation of 

fractions 31-47 as a white solid and methoxymethyl-baccatin ID-13-(4S,5R)-N-(t

butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxyijc acid 

30 ester (more polar isomer 26b, 62 mg, 10% yield) is found on evaporation of fractions 

48-57 as a white solid. 

Data for 7-(0-methoxymethyl)-baccatin ID-13-( 4S,5R)-N-(t-butylaminocarbonyl)-2-

(2,4-dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (26a): 

TLC (silica gel): (30-70) acetone-hexane; Rf 0.42 

35 Proton NMR (CDC13; TMS): o 1.17 (s, 12H); 1.23 (s, SH); 1.75 (s, SH); 1.93 {s, 

3H); 2.07 (s, 3H); 2.21 (s, 3H); 2.66-2.83 (m, lH); 3.29 (s, 3H); 3. 78-3.90 (m, lH); 
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3.82 (s, SH); S.91 (s, SH); 4.06-4.30 (m, 3H); 4.56-4.76 {m, 3H); 4.81-4.91 (d, lH); 4.97 

(s, lH); 5.58 (s, lH); 5.62-5. 70 (d, lH); 6.24-6.36 (t, lH); 6.39 (s, lH); 6A5-6.57 (m, 

2H); 6.75 (s, lH); 7.24-7.64 (m, 9H); 7.96-8.08 (d, 2H). 

Data for 7-(0-methoxymethyl}-baccatin III-13-( 4S,5R)-N-( t-butylaminocarbonyl)-2-

5 (2,4-climethoxyphenyl}-4-phenyl-5-oxazolidinecarboxylic acid ester (26b): 

TLC (silica gel): (30-70) acetone-hexane; Rr: 0.35 

Proton NMR (CDC13; TMS): o 0.96 (s, 9H); 1.16 (s, 3H); 1.20 (s, 3H); 1.66 (s, 

3H); 1.70 (s, SH); 1.81 (s, 3H); 2.20 (s, 3H); 2.67-2.82 (m, lH); 3.28 (s, 3H); 3.72-3.78 

(d, lH); S.82 (s, SH); 3.90 (s, 3H); 4.03-4.17 (m, 2H); 4.20-4.25 (d, lH); 4.50-4.54 (d, 

10 IH); 4.58-4.65 (d, lH); 4.65-4. 70 (d, lH); 4.80-4.88 (d, lH); 5.40-5.46 (d, lH); 5.58-

. 5.64 (d, lH); 6.03-6.13 (t, lH); 6.27 (s, lH); 6.48-6.58 (m, 2H); 6.73 (s, lH); 7.33-7.58 

(m, SH); 7.58-7.65 (t, lH); 7.99-8.05 (d, 2H). 

Example 22 Preparation of 7-(0-methoxymethyl)-13-(N-(t-butylaminocarbonyl)-~ 

15 phenyl isoserinyl)-baccatin III (27) 

7-(0-Methoxymethyl)-baccatin III-13-( 4S,5R)-N-(t-butylaminocarbonyl)-2-(2,4-

dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (594 mg, 26a and 26b 

from example 21, 0.57 mM) is stirred at RT under nitrogen in (80-20) acetic acid

water (25 mL). The reaction is followed by TLC and found to be complete in 4 hours. 

20 The reaction is then freeze-dried. The crude residue is purified over a silica gel 

column (60 g), eluting with (35-65) acetone-hexane. Fractions of 15 mL are 

collected, analyzing them by TLC. The product is found in fractions 27-45 which are 

combined and evaporated under vacuum to give 7-{0-methoxymethyl)-13-(N-{t

butylami.nocarbonyl)-~phenyl isoserinyl)-baccatin III (27, S85 mg, 75% yield) as a 

25 white solid. 

TLC (silica gel): (30-70) acetone-hexane; Rr= 0.23 

Proton NMR {CDC13; TMS): o L22 (s, SH); 1.24 (s, 12H); 1.76 {s, SH); 1.89 {s, 

3H); 2.20 (s, SH); 2.25-2.S4 (d, 2H); 2.40 (s, SH); 2. 72-2.86 (m, lH); 3.29 (s 2H); 3.68 

(bs, lH); S.81-3.88 (d, lH); 4.07-4.15 (dd, lH); 4.15-4.22 {d, lH); 4.26-4.34 (d, lH); 

30 4.55 (bs, lH); 4.60-4.74 (m, SH); 4.89-4.96 (d, lH); 5.06-5.16 (bd, lH); 5.S0-5.37 (dd, 

35 

lH); 5.64-5.70 (d, lH); 6.10-6.20 (t, lH); 6.S6 (s, lH); 7.27-7.40 (m, 5H); 7.45-

7.55 Ct, 2H); 7.58-7.66 (t, lH); 8.06-8.14 (d, 2H). 

Mass Spec (FAB, m/z) {M+H)+ measured at 893.4095; theory for 

C47H61N2o15 is 893.4072; 969, 893, 61S, 281, 263, 2S5, 205, 136, 105. 

Example 35 Preparation of 2'-TES-7-{0-methylthiomethyl) taxol (41). 
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2'-TES-taxol (40, 100 mg, 0.103 m.M) is stirred at o° C under nitrogen in 0.4 

mL of dry acetonitrile and the solution treated with dimethyl sulfide (58 mL) and 

benzoyl peroxide (25 mg) 4 times at 5 minute intervals. The reaction is allowed to 

proceed at 0° C for 3.5 hours. It is then diluted with ethyl acetate and washed with 

5 5% sodium bicarbonate, dried over sodium sulfate and evaporated under vacuum. 

The crude product is chromatographed over silica gel (lOg), eluting with (30-70) 

ethyl acetate-hexane. Fractions of 3 mL are collected analyzing them by TLC. 

Fractions 24-46 contained the pure product and are combined and evaporated, 

leaving 2'-TES-7-methyl thiomethyl taxol (41, 54 mg, 51%) as a white solid. 

10 TLC (silica gel): (30-70) ethyl acetate-hexane; Rf: 0.31 

Proton NMR (CDC13; TMS): o 0.34-0.58 (m, 6H); 0.77-0.85 (t, 9H); 1.26 (s, 

3H); 1.27 (s, 3H); 1.78 (s, 3H); 1.80-1.94 (m, 2H); 2.08 (s, 3H); 2.12 (s, 3H); 2.19 (s, 

3H); 2.35-2.50 (m, lH); 2.56 (s, 3H); 2. 76-2.90 (m, lH); 3.86-3.96 (d, lH); 4.18-4.39 

(2d+lm, 3H); 4.68 (s, 2H); 4.70-4.75 (d, lH); 4.93-5.03 (d, lH); 5.68-5.79 (m, 2H); 

15 6.20-6.32 (t, lH); 6.58 (s, lH); 7.13:-7.23 (d, lH); 7.30-7.60 (m, lOH); 7.71-7.80 (d, 

2H); 7.90-7.97 (d, lH); 8.06-8.17(d, 2H). 

Example 36 Preparation of 7-(0-methylthiomethyl) taxol (42)' 

2'-TES-7-(0-methylthiomethyl) taxol (41, 54 mg, 0.053mM) is stirred at RT 

20 under nitrogen in (80-20) acetic acid-water (6 m.L) for 3 hours, when it is found to 

be complete by TLC. The reaction is then freeze-dried. The crude produ~ is 

chromatographed over 5g silica gel, eluting with 50-50 ethyl acetate-hexane. 

Fractions of 1 mL are oollected analyzing them by TLC. Fractions 11-35 contained 

the pure product and are combined and evaporated, leaving 7-(0-methylthiomethyl) 

25 taxol ( 42, 42 mg, 88% yield) as a white solid. 

TLC (silica gel): (40-60) ethyl acetate-hexane; Rf: 0.23 

Proton NMR CCDC1s; TMS): 8 1.10 (s, 3H); 1.14 (s, 3H); 1.68 (s, SH); 1.85 (s, 

3H); 2.04 (s, SH); 2.11 (s, SH); 2.20-2.28 (d, 2H); 2.30 (s, 3H); 2.64-2.80 (m, lH); 

3.74-3.82 (d, lH); 4.07-4.15 (d, lH); 4.15-4.SO (d+m, 2H); 4.58 (s, 2H); 4.70-4.'75 (d, 

30 lH); 4.82-4.92 (d, lH); 5.55-5.64 (d, lH); 5.68-5.76 (d, lH); 6.04-6.15 (t, lH); 6.44 (s, 

S5 

lH); 6.99-7.09 (d, lH); 7.23-7.49 (m, lOH); 7.64-7.74 (d, 2H); 8.00-8.08(d, 2H). 

Mass Spec (FAB, m/z) (M+H)+ measured at 914.3429; theory for 

C49H56N10 14S1 is 914.8421; 990, 914, 8S6, 629, 286, 268, 240, 210, 121, 105, 61, 

43. 

Example 37 Preparation of 7-(0-methylthiomethyl)-13-(N-Boc-2'-TES-~-phenyl 
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isoserinyl)-baccatin III ( 43). 

13-(N-Boc-2'-TES-~-phenyl isoserinyl)-baccatin III (2, 287 mg, 0.298 mM) is 

stirred at 0° C under nitrogen in dry acetonitrile (1.2 mL) and the solution treated 

with dimethyl sulfide (170 mL) and benzoyl peroxide (73 mg) 4 times at 5 minute 

5 intervals. The reaction is allowed to proceed at 0° C for 4 hours, when TLC shows it 

to be complete. It is then diluted with ethyl acetate and washed with 5% sodium 

bicarbonate-brine, dried over sodium sulfate and evaporated under vacuum. The 

crude product is chromatographed over silica gel (35g). eluting with (30-70) ethyl 

acetate-hexane. Fractions of 4 mL are collected analyzing them by TLC. Fractions 

10 26-51 contained the pure product and are combined and evaporated leaving 7-( O

methylthiomethyl)-13-(N-Boc-2'-TES-f3-phenyl isoserinyl)-baccatin Ill (43, 273 mg, 

90% yield) as a white solid. 

TLC (silica gel): (30-70) ethyl acetate-hexane; Rf: 0.46 

Proton NMR (CDCI3; TMS): S 0.30-0.49 (m, 6H); 0.71-0.84 (t, 9H); 1.26 (s, 

15 3H); 1.32 (s, 9H); 1.77 (s, 3H); 1.80-1.93 (t, 2H); 2.05 (s, 3H); 2.12 (s, 3H); 2.15 (s, 

SH); 2.19 (s, 3H); 2.33-2.44 (m, lH); 2.53 (s, 3H); 2.78-2.89 (m, lH); 3.87-3.95 (d, 

lH); 4.16-4.23 (d, H); 4.25-4.35 (d+m, 2H); 4.57 (s, lH); 4.67 (s, lH); 4.93-5.01 (d, 

lH); 5.23-5.35 (bs, lH); 5.46-5.56 (d, lH); 5.67-5.75 (d, lH); 6.23-6.32 (t, lH); 6.57 (s, 

lH); 7.23-7.33 (m, 3H); 7.33-7.41 (t, 2H); 7.43-7.53 (t, 2H); 7.53-7.63 {t, lH); 8.06-

20 8.14(d, 2H). 

Example 38 Preparation of 7-{0-methylthiomethyl)-13-CN-Boc-13-phenyl isoserinyl)

baccatin m (44). 

7-(0-Methylthiomethyl)-13-(N-Boc-2'-TES-13-phenyl isoserinyl)-baccatin m 
25 (43, 273 mg, 0.267mM) is stirred at RT under nitrogen in (80-20) acetic acid-water 

(30 mL) for 4.5 hours, when it is found t.o be complete by TLC. The reaction is then 

freeze-dried. The crude product is chromat.ographed over silica gel (30 g), eluting 

with (70-30) ethyl acetate-hexane. Fractions of 4 mL are collected analyzing them by 

TLC. Fractions 15-25 contained the pure product and are combined and evapPrated, 

30 leaving 7-(0-methylthiomethyl)-13-(N-Boc-13-phenyl isoserinyl)-baccatin ill (44, 225 

mg, 93% yield) as a white solid. 

TLC (silica gel): (30-70) ethyl acetate-hexane; Rf: 0.26 

Prot.on NMR (CDC13; TMS): S 1.20 (s, 3H); 1.34 (s, 9H}; 1.75 (s, 3H); 1.79-

1.96 (m, 2H); 1.89 (s, 3H); 2.11 (s, 3H); 2.14 (s, 3H); 2.18 (s, 3H); 2.23-2.32 (d, 2H); 

35 2.36 (s, 3H); 2.73-2.85 (m, lH); 3.54-3.63 (d, lH); 3.83-3.91 (d, lH); 4.13-4.21 (d, 

lH); 4.25-4.34 (d+m, 2H}; 4.55-4.70 (m, SH); 4.90-4.98 (d, lH}; 5.20-5.32 (bd, lH); 
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5.44-5.56 (bd, lH); 5.64-5.72 (d, lH); 6.14-6.24 (t, lH); 6.54 (s, lH); 7.24-7.44 (m, 

5H); 7.44-7.53 (t, 2H); 7.54-7.64 (t, lH); 8.04-8.14(d, 2H). 

Mass Spec (FAB, m/z) (M+H)+ measured at 910.3697; theory for 

C47H6oN10 15s1 is 910.3683; 910, 629, 587, 569, 105, 61, 57, 43. 

Example 39 Prep~ation of 2'-TES-7-(0-phenylthiomethyl) taxol (45). 

2'-TES-taxol (40, 104 mg, 0.107 mM) is stirred at 0° C under nitrogen in dry 

acetonitrile (0.4 mL) and the solution treated with thioanisol {97 mL) and benzoyl 

peroxide (25 mg) 4 times at 5 minute intervals. The reaction is allowed to proceed at 

10 o° C for 5 hours and in the refrigerator overnight, when TLC shows it to be 

complete. It is then diluted with ethyl acetate and washed with 5% sodium 

bicarbonate, dried over sodium sulfate and evaporated under vacuum. The crude 

product is chromatographed over silica gel (12 g), eluting with (30-70) ethyl acetate

hexane. Fractions of 4 mL are collected analyzing them by TLC. Fractions 18-43 

15 contain the pure product and are combined and evaporated leaving 2'-TES-7-(0-

phenylthiomethyl) taxol (45, 91 mg, 78% yield) as a white solid. 

TLC (silica gel): (30-70) ethyl acetate-hexane; Rf: 0.47 

Proton NMR (CDC13; TMS): 3 0.37-0.59 (m, 6H); 0. 78-0.90 (t, 9H); 0.88 (s, 

SH); 1.16 (s, 3H); 1. 79 (s, SH); 1.95 (s, 3H); 2.09 (s, 3H); 2.35-2.48 (m, lH); 2.56 (s, 

20 3H); 2.74-2.87 (m, lH); 3.89-3.97 (d, lH); 4.20-4.28 Cd, lH); 4.30-4.44 (m, 2H); 4.70-

4. 75 (d, lH); 4.90-4.99 (d, lH); 5.05 (s, 2H); 5.69-5. 76 (m, 2H); 6.18-6.30 (t, lH); 6.52 

(s, lH); 7.11-7.6S (m, 16H); 7.72-7.80 (d, 2H); 8.07-8.17(d, 2H). 

Example 40 Preparation of 7-(0-phenylthiomethyl) taxol ( 46). 

25 2'-TES-7-(0-phenylhiomethyl) taxol (45, 91 mg) is stirred at RT under 

nitrogen in (80-20) acetic acid-water (10 mL) for 2 hours, when it is found to be 

complete by TLC. The reaction is then freeze-dried. The crude product is 

chromatographed over silica gel (lOg), eluting with (70-30) ethyl acetate-hexane. 

Fractions of 3 mL are collected analyzing them by TLC. Fractions 10-33 contain the 

30 pure product and are combined and evaporated, leaving 7-phenylthiomethyl taxol · 

{46, 62 mg,.77%) as a white solid. 

TLC (silica gel): (40-60) ethyl acetate-hexane; Rf0.26. 

Proton NMR (CDC13; TMS): o 1.06 (s, SH); 1.11(s,3H); 1.69 (s, 3H); 1.86 (s, 

SH); 1.89 (s, 3H); 2.18-2.27 (d, 2H); 2.SO (s, SH); 2.60-2.76 (m, lH); 3.74-S.83 (d, lH); 

SS 4.07-4.14 {d, lH); 4.16-4.SO (m, 2H); 4.69-4.74 (d, lH); 4.77-4.86 {d, lH); 4.95 (s, 2H); 

5.55-5.64 (d, lH); 5.68-5.76 {dd, lH); 6.04-6.14 (t, lH); 6.36 (s, lH); 7.04-7.14 (t, 2H); 
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7.14-7.47 (m, 14H); 7.47-7.56 (t, lH); 7.62-7.70 (d, 2H); 7.97-8.07 (d, 2H). 

Mass Spec (FAB, m/z) (M+H)+ measured at 976.3557; theory for 

c54H58o14N1S1 is 976.3578; 1052, 976, 836, 691, 286, 268, 240, 210, 123, 105, 77, 

43. 

Example 41 Preparation of 7-0-methyl Taxol (47) 

7-(0-phenylthiomethyl) taxol (46, 50 mg, 0.051 mM) is stirred at o° C under 

nitrogen in 2 mL abs. EtOH and the solution treated with 0.5 mL Raney Nickel in 1 

mL abs. EtOH (the Raney Nickel is washed with water (5x). acetone and ethanol before 

10 use) .. After a few minutes the reaction is warmed to RT. The reaction is followed by 

TLC. After 40 minutes the reaction, is filtered through Celite, washing well with abs. 

EtOH. The filtrate and wash are combined and evaporated under vacuum. The crude 

product is chromatographed over silica gel (5 g). eluting with a gradient of (30-70) to 

(70-30) ethyl acetate-hexane. Fractions of 1 mL are collected, analyzing them by TI..C. 

15 Fractions 55-78 contained impure product and are combined and evaporated under 

vacuum. Rechromatographing the impure product on HPLC grade silica gel, using (35-

65) acetone-hexane as eluant, gives 7-0Me Taxol (47, 13 mg, 30% yield) as a white 

solid. 

TLC (silica gel): (35-65) ethyl acetate-hexane; Rr:0.44. 

20 Proton NMR (CDC13; TMS): 8 1.20 (s, 6H); 1.68 (s, 3H); 1.82 (s, 3H); 2.22 (s, 

3H); 2.25-2.34 (dd, 2H); 2.38 (s, 3H); 2.64-2.80 (m, lH); 3.34 (s, 3H); 3.63-3.74 (d, 

lH); 3.74-3.91 {m, 2H); 4.12-4.22 (d, lH); 4.25-4.34 (d, lH); 4.74-4.84 bs, lH); 4.90-

5.01 (d, lH); 5.60-5.70 (d, lH); 5.74-5.84 (dd, lH); 6.12-6.24 (t, lH); 6.39 (s, lH); 

7.06-7.14 (d, lH); 7.30-7.56 {m, lOH); 7.56-7.66 (t, lH); 7.21-7.32 (d, 2H); 8.04-8.16 

25 (d, 2H). 

Mass Spec (FAB, mlz) (M+H)+ measured at 868.3534; theory for C48H54o14N1 
is 868.3544; 868, 583, 286, 268, 240, 210, 121, 105, 43. 

Example 42 Preparation of 7-[0-ethyl(l-thioethyl)] Taxol (49) 

30 2 '-TES-taxol ( 40, 200 mg, 0.207 mM) is stirred at Cf' C under nitrogen in dry 

acetonitrile (0.8 mL) and the solution treated with diethyl sulfide (0.178 mL) and 

benzoyl peroxide (50 mg) 4 times at S minute intervals. The reaction is allowed to 

proceed at o° C for 3 hours, in the freezer for 5 hours and in the refrigerator overnight, 
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following the reaction by TLC. The reaction is then diluted with ethyl acetate and 

washed with 5% sodium bicarbonate. The organic layer is dried over sodium sulfate and 

evaporated under vaccum. The resultant crude product is chromatographed over silica 

gel (25 g), eluting with a gradient of (30-70) to (90-10) ethyl acetate-hexane'. Fractions 

5 of 5 mL are collected, analyzing them by TLC. Fractions containing 2'-TES-7-

ethylthioethyl Taxol ( 48) are combined and evaporated under vacuum. The impure 

product is stirred at RT under nitrogen in (80-20) HOAc-water (3 mL) and the reaction 

followed by TLC and is found to be complete after 2 hours. The reaction is then 

freeze-dried. The product is chromatographed over HPLC grade silica gel, eluting with 

10 ( 45-55) ethyl acetate hexane. This still gives impure product so the chromatography is 

repeated using a gradient of (30-70) to (40-60) ethyl acetate-toluene. This gives 7-[0-

ethyl(l-thioethyl)] Taxol (49, 17 mg) as a white solid. 

TLC (silica gel): (50-50) ethyl acetate-hexane; R.r:0.50. 

Proton NMR (CDC13; TMS): 8 1.12-1.32 (2s+lt, 9H); 1.50-1.56 (d, 3H); 1.67-

15 1.84 (m, SH); 1.92 (s, 3H); 2.18 (s, 3H); 2.38 (s, 3H); 2.54-2.70 (m, lH); 2.70-2.84 (m, 

lH); 3.68-3.74 (d, lH); 3.82-3.90 (d, lH); 4.13-4.23 (d, lH); 4.26-4.35 (d. lH); 4.50-

4.60 (dd, lH); 4.64-4.74 (q, lH); 4.80 (bs, lH); 4.92-5.01 (d, lH); 5.62-5.70 (d, lH); 

5.75-5.84 (dd, lH); 6.13-6.24 (t, lH); 655 (s, lH); 7.05-7.14 (d, lH); 7.30-7.57 (m. 

lOH); 7.57-7.66 (t. lH); 7.72-7.78 (d, 2H); 8.07-8.16 (d, 2H). 

20 Mass Spec (FAB, mlz) (M+H)+ measured at 942.3713; theory for 

C51H60o14N1S1 is 942.3734; 942, 880, 854, 836, 286, 268, 240, 210, 122, 105, 89, 

77, 43. 

Example 44 Preparation of 13-(N-Cbz-2'-TES-b-phenyl isoserinyl)-baccatin ill 

25 (51) 

This material is prepared from 13-(N-Cbz-b-phenyl isoserinyl)-baccatin m 
(50, See U.S. Serial No. PCT/US 93/11827 filed 12113/93 and WO 94113655 published 

06/23/94 which are incorporated herein by reference) in the same manner as 13-(N-Boc

, 2'-TES-b-phenyl isoserinyl)-baccatin ill is prepared from 13-(N-Boc-b-phenyl 

30 isoserinyl)-baccatin m in Example 1. 

Example 45 Preparation of 13-(2'-TES-b-phenyl isoserinyl)-baccatin ill (52) 

13-(N-Cbz-2'-TES-b-phenyl isoserinyl)-baccatin ID (51, 217 mg, 0.217 mM) is 
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stirred at RT under nitrogen in 2 mL dry TIIF-3 mL methanol. To the solution is added 

100 mg ammonium formate and 60 mg 10% Pd/C. The reaction is allowed to proceed 

for 30 minutes when TLC showed the reaction to be complete. The reaction is filtered 

through Celite, washing with ethyl acetate. The combined filtrate and wash is washed 

5 with 5% sodium bicarbonate, dried over sodium sulfate and evaporated under vacuum. 

The residue is reevaporated twice with toluene and once with ethyl acetate-hexane to 

give 13-(2'-TES-b-phenyl isoserinyl)-baccatin ID (52, 186 mg) as a white solid. 

TLC: silica gel; 50-50 ethyl acetate-hexane; Rr:0.36. 

lH NMR (CD~; TMS): d 0.43-0.57 (m, 6H); 0.78-0.92 (t, 9H); 1.03 (s, 3H); 

10 1.14 (s, 3H); 1.54 (s, 3H); 1.73 (s, 3H); 2.08 (s, 3H); 2.21 {s, 3H); 2.38-2.52 (m, lH); 

3.61-3.69 (d. lH); 4.01-4.12 (2d, 2H); 4.13-4.24 (2d, 2H); 4.24-4.35 (dd, lH}; 4.81-

4.89 (d, lH); 5.49-5.56 (d, lH); 5.93-6.05 (t, lH); 6.18 {s, lH); 7.03-7.30 (m, SH); 

7.40-7.50 (t, 2H); 7.54-7.63 (t, lH); 7.90-7.98 (d, 2H}. 

15 Example 46 Preparation of 13-(N-(t-butylaminocarbonyl)-2' -TES-b-phenyl isoserinyl)

baccatin m (53) 

13-(2'-TES-b-phenyl isoserinyl)-baccatin ID (52, 186 mg, 0.215 mM) is stirred at 

o0c under nitrogen in 2 mL dry THF. To this is added by syringe t-butyl isocyanate 

(0.03 mL). After 5 minutes, the reaction is warmed to RT, following the reaction by 

20 TLC. After 2 hours more t-butyl isocyanate (0.01 mL) is added. After a total reaction 

time of 4.5 hours, the reaction is found to me essentially complete by TLC. The 

reaction is evaporated under vaccum and the crude residue chromatographed over 20 g 

silica gel, eluting with 40-60 ethyl acetate-hexane. Fractions of 2 mL are collected, 

analyzing them by TLC. Fractions 20-72 contain pure product and are combined and 

25 evaporated under vacuum to give 13-(N-(t-butylaminocarbonyl)-2'-TES-b-phenyl 

isoserinyl)-baccatin m (53, 193 mg) as a white solid. 

TLC: silica gel; 50-50 ethyl acetate-hexane; R 

r=0.61. 
1H NMR (CD~; TMS): d 0.14-0.38 (m, 6H); 0.64-0.74 (t, 9H); 1.08 (s, 3H); 

30 1.15 (s. 9H); 1.20 (s. 3H); 1.63 (s, 3H); 1.86 (s, 3H); 2.16 (s, 3H); 2.52 (s, 3H); 2.60-

2.66 (d, lH); 3.72-3.79 (d, lH); 4.11-4.18 (d, lH); 4.20-4.28 (d, lH); 4.28-4.38 (m, 

lH); 4.46-4.50 (d, lH); 4.88-4.96 (m, 2H); 5.10-5.18 (d, lH); S.22-5.30 (d, lH); 5.58-

5.64 (d, lH); 6.12-6.24 (t, lH); 6.26 (s, lH); 7.15-7.33 (m, SH); 7.36-7.66 (t, 2H); 
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7.47-7.55 (t, lH); 7.99-8.06 (d, 2H). 

Example 47 Preparation of 13-(N-(t-butylaminocarbonyl)-2'-TEs-b-phenyl isoserinyl)

baccatin m 7-0-methylthiomethyl ether (54) 

5 13-(N-(t-butylaminocarbonyl)-2'-TES-b-phenyl isoserinyl)-baccatin ill (53, 193 

mg, 0.203 mM) is stirred at o0c under nitrogen in 2 mL acetonitUle. To this is added 

by syringe dimethyl sulfide ( 0.115 mL) followed by four additions S minutes apart of 

benzoyl peroxide (50 mg portions). After 30 minutes everything is in solution and after 

2 hours the reaction is complete by TLC. The reaction is partitioned between ethyl 

10 acetate-5% sodium bicarbopate. The organic layer is dried over sodium sulfate and 

evaporated under vacuum. The crude product is chromatographed over 20 g silica gel, 

eluting with 30-70 ethyl acetate-hexane. Fractions of 2 mL are collected, analyzing them 

by TLC. Fractions 25-61 contain pure product and are combined and evaporated under 

vacuum to give 13-(N-(t-butylamino-carbonyl)-2'-TES-b-phenyl isoserinyl)-baccatin m 
15 7-0-methylthiomethyl ether (54, 178 mg) as a white solid. 

TLC: silica gel; 50-50 ethyl acetate-hexane; Rr:0.34. 
1H NMR (CDCL3; TMS): d 0.14-0.40 (m, 6H); 0.64-0.76 (t, 9H); 1.16 (s, 3H); 

1.17 (s. 12H); 1.70 (s, 3H); 1.74-1.88 (m, lH); 2.00 (s, 3H); 2.03 (s, 3H); 2.11 (s, 3H); 

2.14-2.24 (m, lH); 2.30-2.44 (m, lH); 2.54 (s, 3H); 2.71-2.86 (m, lH); 3.79-3.88 (d, 

20 lH); 4.10-4.23 (m, 2H); 4.23-4.29 (d, lH); 4.47-4.51 (d, lH); 4.54-4.61 (d, lH); 4.87-

4.95 (d+s, 2H); 5.12-5.20 (d, lH); 5.24-5.30 (d, lH); 5.60-5.68 (d, lH); 6.09-6.21 (t, 

lH); 6.49 (s, lH); 7.17-7.34 (m, SH); 7.38-7.46 (t, 2H); 7.48-7.56 (t, lH); 7.99-8.08 (d, 

2H). 

25 Example 48 Preparation of 13-(N-(t-butylaminocarbonyl)-b-phenyl isoserinyl)-baccatin 

m 7-0-methylthiomethyl ether (55) 

13-(N-(t-butylaminocarbonyl)-2' -TES-b-phenyl isoserinyl)-baccatin m 7-0-

methylthiomethyl ether (54, 178 mg, 0.174mM) is stirred at RT under nitrogen in 25 ml 

80-20 acetic acid-water. TLC after 5 minutes shows the reaction to be complete.The 

30 reaction is freeze-dried overnight. The crude product is chromatographed over 20 g 

silica gel, eluting with 50-50 ethyl acetate-hexane. Fractions of 3 mL are collected, 

analyzing them by TLC. Fractions 30-60 are found to contain 13-(N-(t

butylaminocarbonyl)-b-phenyl isoserinyl)-baccatin m 7-0-methylthiomethyl ether (55) 
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as a white solid. 

TLC: silica gel; 50-50 ethyl acetate-hexane; Rr:0.47. 

1H NMR (CDCL3; TMS): d 1.20 (s, 3H); 1.24 (s, 12H); 1.71 (s, 3H); 2.00 (s, 

3H); 2.12 (s, 3H); 2.20 (s, 3H); 2.27-2.35 (d, 2H); 2.40 (s, 3H}; 2.74-2.88 (m, lH); 

5 3.72-3.79 (d, lH); 3.84-3.90 (d, lH); 4.15-4.22 (d, lH); 4.26-4.35 (m, 2H); 4.54(s, lH); 

4.61-4.70 (m, 2H); 4.93-4.99 (d, lH); 5.10-5.16 (d, lH); 5.33-5.40 (dd, lH); 5.67-5.74 

(d, lH); 6.10-6.21 (t, lH); 6.54 (s, lH); 7.28-7.42 (m, SH); 7.45-7.54 (t, 2H); 7.58-7.65 

(t, IH); 8.08-8.14 (d, 2H). 

Mass Spec (FAB, mlz} (M+H)+ measured at 909.3822; theory for 

10 C47H61o14N2S1 is 942.3734; 281, 263, 235, 205, 182, 136, 105, 61, 43. 

Example 49 Preparation of 13-(N-(t-butylaminocarbonyl)-b-phenyl isoserinyl)-baccatin 

m 7-0-methyl ether (56) 

A 4 mL quantity Raney Nickel wetted with absolute ethanol is stirred at oOc 
15 under nitrogen. To this is added by syringe 13-(N-(t-butylamino-carbonyl)-b-phenyl 

isoserinyl)-baccatin m 7-0-methylthiomethyl ether (55, 52 mg, 0.057 mM) in 2 mL 

absolute ethanol. The temperature is kept at o0c throughout the reaction and the 

washing process. The reaction is followed by TLC and left to go for 5 hours. The 

Raney Nickel is allowed to settle and the supernatant removed by suction. Repeating 

20 four times, THF (20 mL) is added, stirred 2 min and removed by suction. The 

combined washing are evaporated under vacuum, leaving 50 mg solid. The crude 

product is chromatographed over 5g HPLC grade silica gel, eluting with 50-50 ethyl 

acetate-hexane. Fractions of 2 mL are collected, analyzing them by TLC. Fractions 29-

40 are found to contain 13-(N-(t-butylaminocarbonyl)-b-phenyl isoserinyl)-baccatin m 
25 7-0-methyl ether (56, 18 mg) as a white solid. 

TLC: silica gel; 50-50 ethyl acetate-hexane; R.r:0.32. 

1H NMR (CD~; TMS): d 1.19 (s, 3H); 1.22 (s, 9H); 1.71 (s, 3H); 1.88.(s, 

3H); 2.16 (s, 3H); 2.21 (s, 3H); 2.23-2.33 (d, 2H); 2.41 (s, 3H); 2.63-2.78 (m. lH); 3.32 

(s, 3H); 3.78-3.91 (m, 2H); 4.07-4.20 (m, 2H); 4.23-4.32 (d, lH); 4.59 (bs, lH); 4.~1 (s, 

30 lH); 4.93-5.01 (d, lH); 5.24-5.34 (dd, lH); 5.39-5.49 (d, lH); 5.62-5.70 (d, lH); 6.04-

6.18 (t, lH); 6.40 (s, lH); 7.22-7.40 (m, SH); 7.42-7.53 (t, 2H); 7.54-7.64 (t, lH); 8.00-

8.12 (d, 2H). 

Mass Spec (FAB, mJz) (M+H)+ measured at 863.3992; theory for C46H59o14N2 
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is 863.3966; 583, 523, 281, 263, 235, 205, 182, 136, 105. 

Example SO Preparation of 13-(N-{t-butylaminocarbonyl)-2' -1ES-b-phenyl isoserinyl)

baccatin m 7-0-methyl ether (57) 

5 A 8 mL quantity Raney Nickel wetted with absolute ethanol is stirred at o0c 
under nitrogen. To this is added by syringe 13-(N-(t-butylarninocarbonyl)-2'-'IES-b

phenyl isoserinyl)-baccatin m 7-0-methylthiomethyl ether (54, 100 mg (0.098 mM) in 2 

mL absolute ethanol. The temperature is kept at o0c throughout the reaction and the 

washing process. The reaction is followed by TLC and left to go for 3 hours, when it is 

10 mostly complete. The Raney Nickel is then allowed to settle and the supernatant 

removed by suction. Repeating nine times, 1HF ( 40 mL) is added, stirred 2 min and 

removed by suction. All the washings are combined and evaporated under vacuum, 

leaving 60 mg solid. The crude product is chromatographed over 1 Og silica gel, eluting 

with 30-70 ethyl acetate-hexane. Fractions of 3 mL are collected, analyzing them by 

15 TLC. Fractions 15-44 are combined and evaporated under vacuum to give 13-(N-(t

butylarninocarbonyl)-2'-TES-b-phenyl isoserinyl)-baccatin m 7-0-methyl ether (57, 56 

mg) as a white solid. 

TLC: silica gel; 30-70 ethyl acetate-hexane; Rt-:0.29. 

1H NMR (CDCT..3; TMS): d 0.19-0.46 (m, 6H); 0.70-0.82 (t, 9H); 1.22 (s, 3H); 

20 1.25 (s, 3H); 1.27 (s, 9H); 1.75 (s, 3H); 2.00 (s, 3H); 2.22 (s, 3H); 2.36-2.50 (m, lH); 

2.65 (s, 3H); 3.37 (s, 3H); 3.86-3.95 (m. 2H); 4.19-4.26 (d, lH); 4.30-4.38 (d, lH); 

4.54-4.60 (d, lH); 4.96-5.06 (d, lH); 5.16 (s, lH); 5.18 (s, lH); 5.26-5.35 (d, lH); 5.65-

5.74 (d, lH); 6.20-6.30 (t, lH); 6.46 (s, lH); 7.24-7.40 (m, SH); 7.44-7.55 (t, 2H); 7.57-

7.65 (t, lH); 8.07-8.16 (d, 2H). 

25 

Example 51 Preparation of 13-(N-(t-butylarninocarbonyl)-b-phenyl isoserinyl)-baccatin 

m 7-0-methyl ether (56) 

13-(N-(t-butylarninocarbonyl)-2' -TES-b-phenyl isoserinyl)-baccatin m 7-0-

methyl ether (57, 56 mg, 0.057mM) is stirred at RT under nitrogen in 2 ml 80-20 acetic 

30 acid-water. TLC after 10 minutes shows the reaction to be complete. The reaction is 

then freeze-dried. The crude residue is chromatographed over 7 g HPLC grade- silica 

gel, eluting with 50 mL each of 50-50 and 60-40 ethyl acetate-hexane. Fractions of 2 

mL are collected, analyzing them by '!LC. Fractions 22-35 are found to contained 13-
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(N-(t-butylaminocarbonyl)-b-phenyl isoserinyl)-baccatin III 7-0-methyl ether (56, 38 

mg) as a white solid upon evaporation. 

TLC: silica gel; 60-40 ethyl acetate-hexane; Rr:0.42. 
1H NMR (CDCL3; TMS): d 1.20 (s, 3H); 1.22 (s, 3H); 1.23 (s, 9H); 1.72 (s, 

5 3H); 1.89 (s, 3H); 2.21 (s, 3H); 2.23-2.32 (cl, lH); 2.41 (s, 3H); 2.63-2.78 (m, lH); 

2.78-2.92 (m, 3H); 4.12-4.20 (d, lH); 4.26-4.33 (d, lH); 4.57-4.63 (m, lH); 4.70 (s, 

lH); 4.92-5.00 (d, lH); 5.20-5.34 (m, 2H); 5.60-5.68 (d, lH); 6.07-6.17 (t, lH); 6.41 

(s, lH); 7.24-7.40 (m, SH); 7.44-7.53 (t, 2H); 7.56-7.65 (t, lH); 8.05-8.11(d,2H). 

10 Example 52 Preparation of 13-(N-Boc-2'-TES-b-phenyl isoserinyl)-baccatin III (2) 

13-(2'-TES-b-phenyl isoserinyl)-baccatin III (52, 360 mg, 0.401 mM) is stirred at 

RT under nitrogen in 2 mL dry THF. To this is added di-t-butyldicarbonate (90 mg) 

dissolved in 1 mL dry THF containing .06 mL triethylamine. The reaction is allowed to 

proceed for 20 hours, when TLC shows it to be complete. The reaction is evaporated 

15 under vaccum and the crude residue chromatographed over 40 g silica gel, eluting with 

40-60 ethyl acetate-hexane. Fractions of 15 mL are collected, analyzing them by 1LC. 

Fractions 11-23 are found to contain 13-(N-Boc-2'-TES-b-phenyl isoserinyl)-baccatin III 

(2, 360 mg) as a white solid. 

TLC: silica gel; 40-60 ethyl acetate-hexane; Rt:0.46. 

20 1H NMR (CD~; TMS): d 0.28-0.52 (m, 6H); 0.74-0.85 (t, 9H); 1.16 (s, 3H); 

1.30 (s. 3H); 1.31 (s, 9H); 1.69 (s, 3H); 1.90 (s, 3H); 2.24 (s, 3H); 2.33-2.45 (m, 1); 

2.53 (s, 3H); 3.80-3.88 (d, IH); 4.15-4.23 (d, lH); 4.28-4.37 (d, IH); 4.39-4.50 (m. 

lH); 4.55 (s, lH); 4.94-5.04 (d, lH); 5.21-5.34 (bd, lH}; 5.40-5.54 (bd, lH}; 5.65-5.74 

(d, lH); 6.23-6.35 (m, 2H); 7.21-7.43 (m, SH); 7.43-7.55 (t, 2H); 7.55-7.65 (t, lH}; 

25 8.04-8.16 (d, 2H}. 

Example 53 Preparation of 13-(N-Boc-2'-TES-b-phenyl isoserinyl)-baccatin III 7;-0-

methyl ether (58) 

A 5 mL quantity Raney Nickel wetted with absolute ethanol is stirred at o0c 
30 under nitrogen. To this is added by syring 13-(N-Boc-2'-TES-b-phenyl isoserinyl)

baccatin III 7-0-methylthiomethyl ether (44, 50 mg, 0.055 mM} dissolved in 2 mL 

absolute ethanol. The temperature is kept at 0°C throughout the reaction and the 

washing process. The reaction is followed by TLC, no starting material remains after 30 
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minutes. The Raney Nickel is allowed to settle and the the supernatant removed by 

suction. Repeating eleven times, absolute ethanol (10 mL) is added, stirred 2 min and 

removed by suction. All the washings are combined and evaporated under vacuum, 

leaving 33 mg solid. The crude residue is chromatographed over 5g HPLC grade silica 

5 gel, eluting with a gradient of 40-60 to 60-40 ethyl acetate-hexane. Fractions of 2 mL 

are collected, analyzing them by TLC. Fractions 27-40 are found to contain 13-(N-Boc-

2'-TES-b-phenyl isoserinyl)-baccatin m 7-0-methyl ether (58, 21mg) as a white solid. 

TLC: silica gel; 40-60 ethyl acetate-hexane; R.r:0.25. 

lH NMR (CDCL:;; TMS): d 1.16 {s, 6H); 1.28 {s, 9H); 1.65 {s, 3H); 1.83 {s, 

10 3H); 2.15 (s, 3H); 2.30 (s, 3H); 2.57-2.75 (m, lH); 3.28 {s, 3H); 3.32-3.48 (m, lH); 

3.70-3.88 (m, 2H); 4.01-4.16 (d, lH); 4.18-4.30 (d, lH); 4.56 {s, lH); 4.83-4.98 (d, IH); 

5.13-5.27 {d, lH); 5.32-5.44 (d, lH); 5.53-5.65 (d, lH); 6.04-6.19 (t, lH); 6.36 (s, lH); 

7.13-7.37 (m, SH); 7.37-7.48 (t, 2H); 7.48-7.60 (t, lH); 7.94-8.08 (d, 2H). 

Mass Spec (FAB, m/z) (M+H)+ measured at 864.3805; theory for C46H58o15
N

1 
15 is 864.3806; 808, 730, 583, 541, 523, 105, 77, 57, 43. 

Preparation 1 Preparation of 7-(0-allyl)-13-(N-Boc-f3-phenyl isoserinyl)-baccatin m 

A solution of 13-(N-Boc-f3-phenyl isoserinyl)-baccatin m (2, 1 mmol) in 

methylene chloride is treated with allyl trichloroacetimidate (2 mmol) and 

20 trifluoromethane sulfonic acid (25 mL) and the reaction stirred 48 hat rt. The reaction 

is filtered and the filtrate washed with 5% aqueous sodium bicarbonate solution. The 

organic layer is then dried (MgSO ~ and the solvent evaporated under vacuum. The 

residue is purified by chromatography over silica gel, leaving 7-(0-allyl)-13-(N-Boc-P

phenyl isoserinyl)-baccatin m. 

25 Analogous to Kloosterman, M.; de Nijs, M. P.; van Boom, J. H.J. Carbohyd. Chem. 

1986, 5, 2247. 

Preparation 2 Preparation of 7-(0-allyl)-13-(N-Boc-f3-phenyl isoserinyl)-baccatin.m 

Sodium hydride (55% dispersion in mineral oil, 43 mg, 1 mmol) is washed three 

times, by decantation, with anhydrous n-hexane. A solution of 13-(N-Boc-f3-phenyl 

30 isoserinyl)-baccatin m (2, 1 mmol) in anhydrous DMF (6 mL) is add at o° C and the 

resulting mixture stirred at rt for 30 min. The resulting mixture is then treated with 

ally! bromide (1.3 mmol) and stirred for an additional 60 min. The reaction is then 

quenched with 5% aqueous ammonium chloride solution and extracted with ether. The 
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organic layer is dried (MgSO ~ and the solvent evaporated under vacuum. The residue 

is purified by chromatography over silica gel, leaving 7-(0-allyl)-13-(N-Boc-~-phenyl 

isoserinyl)-baccatin ID. 

Analogous to Lakhmiri, R.; Lhoste, P.; Sinou, D. Tetrahedron Len. 1989, 30, 4669. 

5 Preparation 3 Preparation of 7-(0-allyl)-13-(N-Boc-P-phenyl isoserinyl)-baccatin ID 

Under an argon atmosphere, tris(dibenzylidineacetone)dipalladium (0.025 mmol), 

and 1,4-bis(biphenylphosphino)butane (0.1 mmol) are added to tetrahydrofuran (2 mL). 

This solution is treated with13-(N-Boc-P-phenyl isoserinyl)-baccatin ID (2, 1 mmol) and 

allyl ethyl carbonate in tetrahydrofuran (2 mL). After stirring at 65° C for 4 h, the 

10 solvent is evaporated under vacuum. The residue is purified by chromatography over 

silica gel, leavmg 7-(0-allyl)-13-(N-Boc-P.phenyl isoserinyl)-baccatin ill. 

Following the procedure described in example 40·, 41 and 42 and preparations 1, 

2 and 3 but using the appropriate starting material of examples 2 and 11 the following 

15 7-ether-taxol analogs are prepared: 

7-(0-methyl)-13-(N-Boc-P-phenyl isoserinyl)-baccatin ill; 

7-(0-methyl)-13-(N-(t-butylaminocarbonyl)-P-phenyl isoserinyl)-baccatin ID; 

7-(0-ethyl)-13-(N-Boc-~-phenyl isoserinyl)-baccatin ill; 

7-(0-ethyl)-13-(N-(t-butylaminocarbonyl)-P.phenyl isoserinyl)-baccatin ill; 

20 7-(0-propyl)-13-(N-Boc-P-phenyl isoserinyl)-baccatin ID; 

7-(0-propyl)-13-(N-(t-butylaminocarbonyl)-P.phenyl isoserinyl)-baccatin ill; 

7-(0-allyl)-13-(N-Boc-P-phenyl isoserinyl)-baccatin ID; 

7-(0-allyl)-13-(N-(t-butylaminocarbonyl)-P-phenyl isoserinyl)-baccatin ill; 

7-(0-benzyl)-13-(N-Boc-P-phenyl isoserinyl)-baccatin ill;· 

25 7-(0-benzyl)-13-(N-(t-butylaminocarbonyl)-P.pbenyl isoserinyl)-baccatin ill; 

Taxol and the other starting taxol analogs are known or can be readily prepared 

by known methods. See The Chemistry of Taxol, Pharmac. Ther., Vol 52, pp 1-34, 

1991 as well as: 

30 U.S. Patent Nos. 4,814,470; 4,857,653; 4,942,184; 4,924,011; 4,924,012; 

4,960,790; 5,015,744; 5,059,699; 5,136,060; 5,157,049; 4,876,399; 5,227,400, 

· 5,254,580 as well as.PCT Publication No. WO 92109589, European Patent 

Application 90305845.1 (Publication No. A2 0 400 971). 89400935.6 
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(Publication No. Al 0 366 841) and 90402333.0 (Publication No. 0 414 610 

Al), 87401669.4 (Al 0 253 739), 92308608.6 (Al 0 534 708), 92308609.4 (Al 

534 709), and PCT Publication Nos. WO 91117977, WO 91117976, WO 

91/13066, WO 91/13053 all of which are incorporated herein by reference. 

5 The compounds of the invention can be fonnulated per se in phannaceutical 

preparations or fonnulated in the fonn of phannaceutically acceptable salts thereof, 

panicularly as nontoxic phannaceutically acceptable addition salts or acceptable basic 

salts. These salts can be prepared from those compounds of the invention which 

contain acidic or basic groups according to conventional chemical methods. 

10 Nonnally, the salts are prepared by reacting the free base or acid with 

stoichiometric amounts or with an excess thereof of the desired salt forming inorganic 

or organic acid in a suitable solvent or various combination of solvents. As an 

example, the free base can be dissolved in an aqueous solution of the appropriate acid 

and the salt recovered by standard techniques. for example, by evaporation of the 

15 solution. Alternatively, the free base can be dissolved in an organic solvent such as a 

lower alkanoyl, an ether, an alkyl ester, or mixtures thereof, for example, methanol, 

ethanol, ether, ethylacetate, an ethylacetate-ether solution, and the like, whereafter it is 

treated with the appropriate acid to fonn the corresponding salt. The salt is recovered 

by standard reeovery techniques, for example, by filtration of the desired salt on 

20 spontaneous separation from the solution or it can be precipitated by the addition of a 

solvent in which the salt is insoluble and recovered therefrom~ 

The taxol derivatives of the invention can be utilized in the treatment of cancers, 

due to their cytotoxic, antitumor activity. The new compounds are administrable in the 

form of tablets, pills, powder mixtures, capsules, injectables, solutions, suppositories, 

25 emulsions, dispersions, food premix, and in other suitable form. The phannaceutical 

preparation which contains the compound is conveniently admixed with a nontoxic 

phannaceutical organic carrier or a nontoxic phannaceutical inorganic carrier, usually 

about 0.01 mg up to 2500 mg, or higher per dosage unit, preferab_ly 50-500 mg. 

Typical of phannaceutically acceptable carriers are, for example, mannitol, urea. 

30 dextrans, lactose, l>Otato and maize starches, magnesium stearate, talc, vegetable oils, 

polyalkylene glycols, ethyl cellulose, poly(vinylpyrrolidone), calcium carbonate, ethyl 

oleate, isopropyl myristate, benzyl benzoate, sodium carbonate, gelatin, potassium 

carbonate, silicic acid, and other conventionally employed acceptable carriers. The 
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phannaceutical preparation may also contain nontoxic auxiliary substances such as 

emulsifying, preserving, wetting agents, and the like as for example, sorbitan 

monolaurate, triethanolamine oleate, polyoxyethylene monostearate, glyceryl 

tripalmitate, dioctyl sodium sulfosuccinate, and the like. 

5 Exemplary of a typical method for preparing a tablet containing the active agents 

is to first mix the agent with a nontoxic binder such as gelatin, acacia mucilage, ethyl 

cellulose, or the like. The mixing is suitably carried out in a standard V-blender and 

usually under anhydrous conditions. Next, the just prepared mixture can be slugged 

through conventional tablet machines and the slugs fabricated into tablets. The freshly 

10 prepared tablets can be coat¢, or they can be left uncoated. Representative of suitable 

coatings are the nontoxic coatings including shellac, methylcellulose, camauba wax, 

styrene-maleic acid copolymers, and the like. For oral administration, compressed 

tablets containing 0.01 milligram, 5 milligrams, 25 milligrams, 50 milligrams, 500 

milligrams, etc., up to 2500 milligrams are manufactured in the light of the above 

15 disclosure and by art known fabrication techniques well known to the art and set forth 

in Remington's Pharmaceutical Science, Chapter 39, Mack Publishing Co., 1965. 

To formulate the tablet,. the active compound, cornstarch, lactose, dicalcium 

phosphate and calcium carbonate are uniformly blended under dry conditions in a 

conventional V-blender until all the ingredients are uniformly mixed together. Next, the 

20 cornstarch paste is prepared as a 10% paste and it is blended with the just prepared 

mixture until a uniform mixture is obtained. The mixture is then passed through a 

standard light mesh screen, dried in an anhydrous atmosphere and then blended with 

calcium stearate, and compressed into tablets, and coated if desired. Other tablets 

containing 10, 50, 100, 150 mgs, etc., are prepared in a like fashion. 

25 The following Formulation I is an example ofa tablet formulation comprising a 

compound of the invention. 
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FORMULATION I 

Ingredients: Per tablet, mg. 

Active compound 50.0 

Cornstarch 15.0 

Cornstarch paste 4.5 

Calcium carbonate 15.0 

Lactose 67.0 

Calcium stearate 2.0 

Dicalcium phosphate 50.0 

The manufacture of capsules containing 10 milligrams to 2500 milligrams for 

oral use consists essentially of mixing the active compound with a nontoxic earner and 

enclosing the mixture in a polymeric sheath, usually gelatin or the like. The capsules 

15 can be in the art known soft fonn of a capsule made by enclosing the compound in 

intimate dispersion within an edible, compatible earner, or the capsule can be a hard 

capsule consisting essentially of the novel compound mixed with a nontoxic solid such 

as talc, calcium stearate, calcium carbonate, or the like. Capsules containing 25 mg, 75 

mg, 125 mg, and the like, of the novel compound, singularly or mixtures of two or 

20 more of the novel compounds are prepared, for example, as follows: 
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FORMULATION II 

Ingredients Per Capsule, mg. 

Active compound 50.0 

5 Calcium carbonate 100.0 

Lactose, U.S.P. 200.0 

Starch 130.0 

Magnesium stearate 4.5 

10 The above ingredients are blended together in a standard blender and then 

discharged into commercially available capsules. When higher concentrations of the 

active agent is used, a corresponding reduction is made in the amount of lactose. 

The compounds of the invention can also be freeze dried and, if desired, 

combined with other pbannaceutically acceptable excipients to prepare fonnulations 

15 suitable for parenteral, injectable administration. For such administration, the 

formulation can be reconstituted in water (normal, saline), or a mixture of water and an 

organic solvent, such as propylene glycol, ethanol, and the like. 

The dose administered, whether a single dose, multiple dose, or a daily dose, 

will of course, vary with the particular compound of the invention employed because of 

20 the varying potency of the compound, the chosen route of administration, the size of the 

recipient and the nature of the patient's condition. The dosage administered is not 

subject to definite bounds, but it will usually be an effective amount, or the equivalent 

on a molar basis of the phannacologically active free form produced from a dosage 

formulation upon the metabolic release of the active drug to achieve its desired 

25 phannacological and physiological effects. 

Typically the compounds of the invention can be administered by intravenous 

injection at doses of 1-500 mg per patient per course of treatment, preferable with doses 

of 2-100 mg, the exact dosage being dependent on the· age, weight, and condition of the 

patient. An example of a suitable formulation for injection is using a solution of the 

30 compound of the invention in a mixture of polysorbate alcohol and dehydrated alcohol 

(e.g., 1:1) followed by dilution with 5% dextrose in water prior to infusion or injection. 

The compounds of Formula I are useful for the same cancers for which taxol has 

been shown active, including human ovarian tumors, mammary tumors, and malignant 
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melanoma, lung tumors, gastric tumors, colon tumors, head and neck tumors, and 

leukemia. See, e.g., the clinical pharmacology of taxol is reviewed by Eric K. 

Rowinsky and Ross C. Donehower, The Clinical Pharmacology and Use of 

Antimicrotubule Agents in Cancer Chemotherapeutics, Pharmac. Tuer., Vol 52, pp 35-

5 84, 1991. clinical and preclinical studies with taxol are reviewed by William J. 

Slichenmyer and Daniel D. Von Hoff, Taxol: A New and Effective Anti-cancer Drug, 

Anti-Cancer Drugs, Vol. 2, pp 519-530, 1991. 

The biological activity of the 7-deoxy-7-ether-taxol compounds (Formula I) of 

the invention has been confirmed using well known procedures. For example, 

10 comparison of the cytotoxicity of Cpd 8 with taxol itself in Ll210 mouse leukemia 

carcinoma cells in culture indicated that the IC90 (90% growth inhibitory concentration) 

for 7-(0-methoxymethyl)-13-(N-Boc-2'-P.,phenyl isoserinyl)-baccatin ID (8) was 0.0011 

micrograms/ml and for taxol was 0.017 micrograms/ml. In an in vitro tubulin 

polymerization assay, conducted after the manner of F. Gaskin, et al., J. Mol. Biol., 

15 89:737, 1974, 7-(0-ethoxymethyl)-13-(N-Boc-P.,phenyl isoserinyl)-baccatin ID (4) and 

7-(0-methoxymethyl)-13-(N-(t-butylaminocarbonyl)-P.,phenyl isoserinyl)-baccatin m 
(27) were was able to induce tubulin polymerization in vitro at 20°C in a manner very 

similar to taxol. 

The biological activity of the compounds of this invention has been further 

20 confirmed using well known procedures against L1210 leukemia and the results set 

forth in Table I. The results were obtained using standard well known procedure (Li, 

L.H.; Kuentzel, S.L.; Murch, L.L.; Pschigoga, L.M.; and W.C. Krueger, "Comparative 

biological and biochemical effects of nogalamycin and its analogs on L1210 leukemia," 

Cancer Res. 39:4816-4822 (1979)). The results are expressed as· an IC50 which is the 

25 drug concentration required to inhibit cell proliferation to 50% of that of untreated 

control cells. Lower numbers indicated greater activity. 
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TABLE I 

L1210 (!C50 ug/ml) 

0.017 

0.004 

0.0023 

0.0011 

0.001 

0.0014 

0.0024 

0.0047 

PCT/US95/06595 
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The biological activity of the compounds of this invention has been further confirmed 

using well known procedures against A2780 human ovarian carcinoma and the results 

set forth in Table Il. The results were obtained using standard well known procedure 

5 (Perez, R. P.; O'Dwyer, P. J.; Handel, L. M.; Ozols, R. F.; Hamilton, T. C. Int. J. 

Cancer 1991, 48, 265, Alley, M.C.; Scudiero, D. A.; Monks, A.; Hursey, M. L; 

Czerwinski, M. J.; Fine, D. L.; et al. Cancer Res 1988, 48, 589). 
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TABLE Il 

A2780 ac50 uglmll 

0.0018 

0.0007 

0.0007 

0.00007 

0.00004 

0.00047 

0.00037 

0.0016 

0.0007 

0.00044 (retest) 

0.0057 

0.00025 

0.00034 

0.00038 
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OH H or 
R11CHO 

4A 
* 

H R1 0 

R12-N~O-H ko H 
R11 H 

7 

3 

R,o ... o o o .. R," 

HO .... ~. +----~,-~o-~"" ~oH ~o ... 
. • 0 

HO az6 AcO 
R11 H HO : Aco· BzO 

9 
8 
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CHART A'" & CHART A'" 

R,2'NH 
: 0 

R,VoH 
OH 

THF 
-7S° 

TFA 
or 

HCVMeOH 

see rel. ii 

Ref.: 1. Aoam, W.; et.al .• J. Org. Chem. 1994. 59. 2358. 
ii. Tanner. 0. Angew. Chem. Int Ed. 1994, 33. 599. 

AcOH 

acetone 
(see rel. Q 

1. 1.2-diMe0Pf'VNaBH;H20IEtOHlhv 

2. R1zCllK~O,JH~ 
or 

. R,iCllR~zCl2 
or 

. R1~·C·XIR~H2Ct2 
(where X • O or S) 

3. l<:CO,.'H20 
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-

R,, H HO BzO AcO 
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~M.o .... ~{~( 
OH ~ 

HO ez6 AcO 

10MZ 

N deprotectlon 

10MZ 

N acylatlon 

N deprotectlon 

10YY 

Nacylatlon 

10MZ 
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R~~ 
R .~ Ona 
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AcO 

R~~ 
R • °'"' ' o·· • Rs 

SiEt3 

NEPTUNE GENERICS  EX. 00399



W096/00724 

::)llo .... 
R4 Rs 

-68-

CHART 1 

R30 

HO BzO 

I 

PCTIUS9S/06S9S 

NEPTUNE GENERICS  EX. 00400



W096/00724 PCT/US95/06595 

-69-

CHART 2 

BzO 
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J 

Rto_O 

Rl 0 

)lo J.--Ao. .... - . 
RD N : .• ,, 

H OR14 . 

HO Bzd 
IV 
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H OH 
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. BzO 
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Rll)l I/ N : Q .... 

H OH 
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~ O S(O)Ar 
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HO BzO 

8 

PCT/US95/06S95 

ex 7 

NEPTUNE GENERICS  EX. 00422



W096/007l4 PCT/US95/0659S 

-91-

FORMULA CHART: 4 

Ac-o 

ex8 

BzO 

2 

Ac-0 
Ph 0 

00 .... 
Boc-N : 

H 0 
' 

ex9 

TES HO 
BzO 

9 

Ac-0 
Ph 0 

00 .... 
Boc-N : 

H OH 
HO 

IO 
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49 
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Ph 0 

Vo .... 
Cbz-N : 

H OH 

ex 44 

HO BzO 

so 
Ac-0 

Ph 0 

Vo .... 
Cbz-N ! 

H 0 
'\ 

TES HO 
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Ac ... 0 

52 
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Ac .... 0 

O Pb 0 

- 1 Jl Vo .... 
"/'N N : 

H H 0, · 
TES HO 

53 
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CLAIMS 

1. A compound of the Fonnula I: 

5 

10 

I 

wherein: 

15 R1 is selected from the group consisting of 

-CH3. 

-C6H5 or phenyl substituted with one, 2 or 3 C1-C4 alkyl. c1-<; alkoxy, halo, 

C1-<; alkylthio. trifluoromethyl. C2-c6 dialkylamino, hydroxy or nitro, 

-2-furyl, 2-thienyl, 1-naphthyl, 2-naphthyl or 3,4-methylenedioxyphenyl; 

20 Riis selected from the group consisting of -H, -NHC(O)H,-NHC(O)C1-c10alkyl, 

-NHC(O)phenyl, -NHC(O)phenyl substituted with one, 2 or 3 C1-C4 alkyl, C1-c3 alkoxy, 

halo, c1-c3 alkylthio, trifluoromethyl. C2-c6 dialkylamino, hydroxy or nitro, 

-NHC(O)C(CH3)-CHCH3, -NHC(O)OC(CH3>J. -NHC(O)OCH2J>henyl, -NH2• -NHSOi-4-

methylphenyl, -NHC(O)(CH2)3COOH, -NHC(0)4(S03H)phenyl. -OH. -NHC(0)-1-

25 adamantyl, -NHC(0)0-3-tetrahydrofuranyl, -NHC(0)0-4-tetrahydropyranyl, 

-NHC(O)CH2C(CH3)3, -NHC(O)C(CH3)3. -NHC(O)OC1-C10alkyl, -NHC(O)NHC1-

C10alkyl, -NHC(O)NHPh. -NHC(O)NHPh substituted with one, 2 or 3 C1-C4 alkyl~ C1-<; 
alkoxy, halo, c1-~ alkylthio, trifluoromethyl, ~-C6 dialkylamino, or nitro. -NHC(O)Cr 

C8cycloalkyl, -NHC(O)OC(CH2CH3)2CH3, -NHC(O)OC(CH3)2CH2Cl, 

SO -NHC(O)OC(CH3)2CH2CH3, -NHC(0)-1-phenyl-1-cyclopentyl, -NHC(0)-1-methyl-1-

cyclohexyl, -NHC(S)NHC(CH3)3 or -NHC(O)NHC(CH3)3; 

R3 is selected from the group consisting of -H, -NHC(O)phenyl or 

-NHC(O)OC(CH3)3, with the overall proviso that one of R2 and R3 is -H but Ri and R3 
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are not both -H; 

R4 is-Hor selected from the group consisting of -OH, -OAc (-OC(O)CH3), 

-OC(O)OCH2C(0)3. -OCOCH2CH2NH3 + Hcoo-. -NHC(O)phenyl, -NHC(O)OC(CH3)3. 

-OCOCH2CH2COOH and phannaceutically acceptable salts thereof, -OCO(CH2)3COOH 

5 and phannaceutically acceptable salts thereof, and-OC(O)-Z-C(O)-R' [where Z is ethylene 

(-CH2CH2-), propylene (-CH2CH2CH2-), -CH-CH-, 1,2-cyclohexane or 1,2-phenylene, R' 

is -OH,-OH base, -NR'zR'3, -OR'3,-SR'3, -OCH2C(O)NR'4R's where R'2 is-Hor-CH3, 

R'3 is -(CH2)
0
NR'6R'7 or (CH2)0~'6R'7R' 8 x- where n is 1-3, R'4 is -Hor -C1-

C4alkyl, R '5 is -H, -C1-C4alkyl, benzyl, hydroxyethyl, -CH2C02H or dimethylaminoethyl, 

10 R'6 and R'7 are -CH3, -CH2CH3, benzyl or R'6 and R'7 together with the nitrogen of 

NR' 6R '7 fonn a pyrrolidino, piperidino, morpholino, or N-methylpiperizino group; R' 8 is 

-CH3, -CH2CH3 or benzyl , X- is halide, and base is NH3, (HOC2H~3N, N(CH3)3, 

CH3N(C2H~2NH, NH2(CH2)6NH2, N-methylglucamine~ NaOH or KOH], 

-OC(O)(Cllz)0 NR2R3 [where n is 1-3, R2 is -H or-C1-C3alkyl and R3 -H or-C1-C3alkyl], 

15 -OC(O)CH(R'')NH2 [where R" is selected from the group consisting of -H, -CH3, 

-CH2CH(CH3)2, -CH(CH3)CH2CH3. -CH(CH3)z. -CHzphenyl, -(CHz)4NHz. 

-CH2CH2COOH, -(CH2)3NHC( •NH)Nffi]. the residue of the amino acid proline, 

-OC(O)CH•CHz, -C(O)CH2CH2C(O)NHCH2CH2So3- y+, 

-OC(O)CH2CH2C(O)NHCH2CH2CH2so3 -y+ wherein y+ is Na+ or W(Bu)4, 

20 -OC(O)CH2CH2C(O)OCH2 CHzOH; 

R5 is -H or -OH, with the overall proviso that when R5 is -OH, R4 is -H and with 

the further proviso that when Rs is -H, R4 is other than -H; 

~is -H:-H; 

R7 is a-~1 :~-~2 where one of ~1 and R92 is -H and the other of ~1 and ~2 
25 is -W where W is selected from the group consisting of 

-O-C1-C1oalkyl, 

-O-C3-c10 unsaturated alkyl, 

-O-C5-c15 heteroalkyl, 

-O-CH(R21 )OR22 where 

30 R21 is -H or -C1 -C6 alkyl, and 

R22 is -C1-C1oalkYl, -C3-c10 unsaturated alkyl or -C5-C15 heteroalkyl; 

or when R21 and R22 are taken together to form a ring with 4 to 6 carbon 

atoms; 
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-CH(R 28)S(O)mAr where Ar is phenyl or phenyl substituted with one, 2 or 3 

c1-C4 alkyl, c1-c3 alkoxy, halo, C1-C3 alkylthio, trifluoromethyl, Ci-C6 
dialkylamino, or nitro; 

or -CH(R28)S(O>tnCH2R28 

5 where R28 is 

-C1 -C6 alkyl, 

10 

15 

-C3-c10 unsaturated alkyl, 

-(CH2)qphenyl where q is 0-6, 

-(CH2)qphenyl where q is 0-6 and substituted with one, 2 or 3 c1-e4 alkyl, 

c1-C3 alkoxy, halo, C1-c3 alkylthio, trifluoromethyl, 

~-C6 dialkylamino, or nitro, 

-naphthyl, 

-naphthyl substituted with one, 2 or 3 Ci-C4 alkyl, C1-c3 alkoxy, halo, 

C1-C3 alkylthio, trifluoromethyl, ~-C6 dialkylamino, or nitro, 

-C5-c15 heteroalkyl, 

or when R28 and R28 are taken together to form a ring with 4 to 6 carbon 

mis0to2; 

R8 is -CH3; 

atoms; 

20 R30 is -H, OH, or -OC(O)CH3; and 

pharmaceutically acceptable salts thereof when the compound contains either an acidic or 

basic functional group. 

2. A compound according to aaim 1 wherein ~ is -NHC(O)C6H5, R4 is hydroxy, 

25 R3 and Rs are -H, and R1 is phenyl or substituted phenyl. 

3. A compound according to aaim 1 wherein R2 is -NHC(O)OC(CH3)3, R1 is phenyl 

or substituted phenyl, R4 is hydroxy, and R3 and Rs are -H. 

30 4. A compound according to Claim 1 wherein Ri is -NHC(O)NHC(CH3)3, R1 is 

phenyl or substituted phenyl, R4 is hydroxy, and R3 and Rs are -H. · 

5. A compound according to Qaim 1 wherein W is -O-C1-C10alkyl, 

NEPTUNE GENERICS  EX. 00440



W096/00724 PCT/US95/06595 

-109-

-0-CrCio unsaturated alkyl or -O-C5-c15 heteroalkyl. 

6. A compound according to Claim I .wherein-Wis -O-CH(R21)0R22 where 

R21 is-Hor -C1-C6 alkyl, and 

5 R22 is -C1-c10alkyl or -CrC10 unsaturated alkyl. 

10 

7. A compound according to Claim 1 wherein -Wis -O-CH(R21)0R22 and R22 is 

selected from the group consisting of CH2-(2- or 3-furyl), CHz(2- or 3-pyrrolyl), CH2(2-, 

3, or 4-pyridyl), CH2(2-, 4- or 5-imidazoyl) or CH2(3-. 4- or 5-isoxazolyl). 

8. A compound according to Claim 1 wherein-Wis -CH(R28)S(O)mCH2R28 and R28 

is -C1-c6 alkyl, -~-c10 unsaturated alkyl or -(CHz)qphenyl where q is 0-6. 

9. A compound according to Claim 1 wherein-Wis -CH(R28)S(O)mCHzR28 and R28 

15 is selected from the group consisting of Cffi-(2- or 3-furyl), CH2(2- or 3-pyrrolyl), 

CH2(2-, 3, or 4-pyridyl), CH2(2-, 4- or 5-imidazoyl) or CH2(3-, 4- or 5-isoxazolyl). 

20 

10. A compound according to Claim 1 wherein-Wis -CH(R28)S(O)mAr where R28 is 

-C19C6 alkyl, -~-C10 unsaturated alkyl or -(CH2)qpheny1 where q is 0-6. 

11. A compound according to Claim l wherein R2 is -NHC(O)C6H5, R4 is hydroxy, R3 
and R5 are -H, R1 is phenyl or substituted phenyl, and -W is selected from the group 

consisting of: 

-O-C1 -C1 oaJ.kYl; 

25 -O-~-C10 unsaturated alkyl; 

-0-CH(R21 )OR22 where 

R2l is H or c1-e6 alkyl, and · 

R22 is -Ci-C6alkyl or -G-C10 unsaturated alkyl; 

-CH(R28)S(O)mAr where Ar is phenyl or phenyl substituted with one, 2 or 3 

30 C1-c4 alkyl, C1-~ alkoxy, halo, C1-~ alkylthio, trifluoromethyl, <;-c6 
dialkylamino, or nitro; or 

-CH(R28)S(O)mCHzR28 

where R28 is 
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-C1-C6 alkyl, 

-CrC10 unsaturated alkyl, or 

-(CH2)qphenyl where q is 0-3; and 

rn is 0. 

12. A compound according to Claim l wherein R2 is -NHC(O)OC(CH3)3, R1 is phenyl 

or substituted phenyl, R4 is hydroxy, R3 and R5 are -H, and-Wis selected from the group 

consisting of: 

-O-C1-C10alkyl; 

10 · -O-C3-c10 unsaturated alkyl; 

-O-CH(R21)0R22 where 

R21 is H or c1 -C6 alkyl, and 

R22 is -C1-C6alkyl or ~-C10 unsaturated alkyl; 

-CH(R28)S(O)mAr where Ar is phenyl or phenyl substituted with one, 2 or 3 

15 c1-C4 alkyl, C1-~ alkoxy, halo, C1~ alkylthio, trifluorornethyl, Cz-C6 
dialkylarnino, or nitro; or 

-CH(R2s)S(O)mCH2R28 

where R28 is 

-C1 -C6 alkyl, 

20 -C3-C10 unsaturated alkyl, or 

-(CH2)qphenyl where q is 0-3; and 

mis 0. 

13. A compound according to Claim 1 wherein R2 is -NHC(O)NHC(CH3)3. 

25 14. A compound according to Claim 13 wherein -W is selected from the group 

consisting of: 

30 

0-rnethyl; 

0-propyl; 

0-allyl; 

0-methoxyrnethyl; 

0-ethoxymethyl; 

0-methoxyethoxymetbyl; 

0-benzyloxymethyl; 
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0-(2.2,2-trichloroethoxy )methyl; 

0-(2,2,2-trichloroethoxy)methoxymethyl; 

0-methylthiomethyl; and 

0-phenylthiomethyl. 

PCT/US9S/06595 

15. A compound according to Claim 13 wherein -W is selected from the group 

consisting of: 

0-methoxymethyl; 

0-ethoxymethyl; 

0-methoxyethoxymethyl; 

0-benzyloxymethyl; 

0-(2,2,2-trichloroethoxy)methyl; 

0-(2,2,2-trichloroethoxy)methoxymethyl; 

0-methylthiomethyl; and 

15 0-phenylthiomethyl. 

16. A compound according to Claim 12 wherein -W is selected from the group 

consisting of: 

0-methyl; 

20 0-propyl; 

25 

30 

0-allyl; 

0-methoxymethyl; 

0-etboxymethyl; 

0-methoxyethoxymetbyl; 

0-benzyloxymethyl; 

0-(2,2,2-trichloroetboxy)methyl; 

0-(2,2,2-trichloroetboxy)methoxymethyl; 

0-methylthiomethyl; and 

0-phenylthiomethyl. 

17. A compound according to Claim 12 wherein -W is selected from the group 

consisting of: 

0-methoxymetbyl; 
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0-ethoxymethyl; 

0-methoxyethoxymethyl; 

0-benzyloxymethyl; 

0-(2,2,2-trichloroethoxy)methyl; 

0-(2.2,2-trichloroethoxy)methoxymethyl; 

0-methylthiomethyl; and 

0-phenylthiomethyl. 

PCT/US9!/06595 

18. A compound according to Claim 1 wherein -W is selected from the group consisting 

10 of: 

15 

0-methyl; 

0-propyl; 

0-allyl; 

0-methoxymethyl; 

0-ethoxymethyl; 

0-metboxyetboxymetbyl; 

0-benzyloxymetbyl; 

0-(2,2,2-trichloroethoxy)metbyl; 

0-(2,2,2-trichloroethoxy)metboxymetbyl; 

20 0-methyltbiometbyl; and 

0-phenylthiometbyl. 

25 

30 

19. A compound according to Claim 1 wherein -Wis selected from the group consisting 

of: 

0-metboxymethyl; 

0-ethoxymethyl; 

0-methoxyethoxymethyl; 

0-benzyloxymetbyl; 

0-(2,2,2-trichloroethoxy)methyl; 

0-(2.2.2-trichloroethoxy)methoxymethyl; 

0-methylthiomethyl; and 

0-pbenyltbiomethyl. 
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20. A compound according to Claim 1 selected from the group consisting of: 

7-{0-ethoxymethyl)-13-(N-Boc-fl-phenyl isoserinyl)-baccatin ill (4), 

7-(0-methoxyethoxymethyl)-13-(N-Boc-Jl-phenyl isoserinyl)-baccatin ill (6), 

5 7-(0-methoxymethyl)-13-(N-Boc-2' -fl-phenyl isoserinyl)-baccatin ill (8), 

7-(0-benzyloxymethyl)-13-(N-Boc-Jl-phenyl isoserinyl)-baccatin ill (10), 

7-(0-ethoxymethyl)-13-(N-(t-butylaminocarbonyl)-Jl-phenyl isoserinyl)-baccatin m 
(14), 

7-[0-(2,2,2-trichloroethoxy)methyl]-13-(N-Boc-fl-phenyl isoserinyl)-baccatin ID (21 ), 

10 ·1-[0-(2,2,2-trichloroet}Joxy)methoxymethyl]-13-(N-Boc-P..phenyl isoserinyl)-baccatin 

m c22). 

7-(0-methoxymethyl)-13-(N-(t-butylaminocarbonyl)-fJ-phenyl isoserinyl)-baccatin 

m (27), 

7-(0-metbylthiomethyl) taxol ( 42), 

15 7-(0-rnethylthiometbyl)-13-(N-Boc-Jl-phenyl isoserinyl)-baccatin ill (44), 

7-(0-phenyltbiornetbyl) taxol (46), 

7-0-rnethyl Taxol (47), 

7-[0-etbyl(l-thioetbyl)] Taxol (49), 

13-(N-(t-butylaminocarbonyl)-b-phenyl isoserinyl)-baccatin m 7-0-methylthiometbyl 

20 ether (55), 

13-(N-(t-butylaminocarbonyl)-b-phenyl isoserinyl)-baccatin m 7-0-methyl ether 

(56), and 

13-(N-Boc-2'-TES-b-phenyl isoserinyl)-baccatin ill 7-0-methyl ether (58). 
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SUMMARY OF HYDROXY PROTECTING GROUPS AND REMOVAL CONDITIONS 
OF THE ART CITED BY THE EXAMINER EXCEPT FOR GREENE 

Hydroxy 
Exemplified 

Protecting 
Hydroxy 

Groups Generally 
Protecting EXAMPLES* 7, 10 POSITION CONDITIONS FOR REMOVING 

Disclosed 
Groups at 7 and 

HYDROXY PROTECTING GROUP 

10 Positions 

ethers; 7 position: TES 10 The hydroxyl protecting group 

esters such as position: Ac (Ac is selected should be easily 

acetate 1, 2, 4-15 not a hydroxy removed under conditions that 

(these are only protecting group in are sufficiently mild, e.g., in 

described as being triethylsilyl this molecule) 48% HF, acetonitrile, pyridine 

on the ~-lactam- (Ex. 2-15), or 0.5% 

regarding the HCl/water/ethanol (Ex. 1 ), 

baccatin is 7 position: TES and/or zinc, acetic acid (no Ex.) 

disclosed "hydroxy 
3 1 O position: TES so as not to disturb the ester 

protecting group") linkage or other substituents of 
the taxol intermediate. 

7 position: Troe 
2,2,2-trichloroethyl- 2,2,2- 10 position: Ac The hydroxyl protecting groups 

oxycarbonyl or other 
protecting group 

trichloroethyl- 1 
(Ac is not a are removed using appropriate 

oxycarbonyl (Troe) hydroxy protecting reagents, e.g., zinc in acetic 
derivative group in this acid 

molecule) 

The protecting groups are 

broadly defined; 7 position: TES 
hydrolyzed under mild 

includes ethers 
conditions so as not to disturb 

such as methyl; triethylsilyl (TES) 
10 position: Ac (Ac 

the ester linkage or the taxane 1, 2, 3 is not a hydroxy 
esters such as protecting group in 

substituents. Conditions are 

acetyl and benzoyl this molecule) 
shown as HF, pyridine, and 
acetonitrile. Column 9 and 

Examples 1-3. 
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Hydroxy 
Exemplified 

Document 
Protecting 

Hydroxy 
Inventor 

Groups Generally 
Protecting EXAMPLES* 7, 10 POSITION CONDITIONS FOR REMOVING 

Disclosed 
Groups at 7 and 

HYDROXY PROTECTING GROUP 

10 Positions 

7 position: TES 
10 position: Ac 

1-35, 69, 70- (Ac is not a 
101, 103-121 hydroxy protecting 

group in this 
molecule) 

36, 55-68, 7 position: TES 
102 10 position: TES The protecting groups are 

broadly defined; 37, 42, 43, 7 position: TES 
hydrolyzed under mild 

USS, 739,362 
includes ethers 44 10 position: H 

conditions so as not to disturb 

Holton et al. such as methyl; triethylsilyl the ester linkage or the taxane 

esters such as 38, 39, 45, 7 position: TES substituents. Conditions are 

acetyl and benzoyl 46,50,51 10 position: oxo shown as HF, pyridine, and 
acetonitrile. Column 1 O and 

7 position: H Examples 1-121. 
10 position: Ac 

40, 52, 53, (Ac is not a 
54 hydroxy protecting 

group in this 
molecule) 

41, 47, 48, 7 position: H 
49 10 position: H 

* Analysis of the examples is based on the written description of the protected taxane intermediate in the examples, not necessarily the 
chemical structure disclosed 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

s The present invention concerns antitumor compounds. More particularly, the invention provides novel 
taxane derivatives, pharmaceutical compositions thereof, and their use as antitumor agents. 

2. Background Art 

10 Taxol® (paclitaxel) is a natural product extracted from the bark of Pacific yew trees. Taxus brevifolia. It 
has been shown to have excellent antitumor activity in ~ vivo animal models, and recent studies have 
elucidated its unique mode of action, which involves abnormal polymerization of tubulin and disruption of 
mitosis. It is currently undergoing clinical trials against ovarian, breast and other types of cancer in the 
United States and France and preliminary results have confirmed it as a most promising chemotherapeutic 

1s agent. The results of paclitaxel clinical studies are reviewed in Rowinsky and Donehower, "The Clinical 
Pharmacology and Use of Antimicrotubule Agents in Cancer Chemotherapeutics" Pharmac. Ther., 52:35-84, 
1991. 

Recently, a semi-synthetic analog of paclitaxel named Taxotere® has also been found to have good 
antitumor activity in animal models. Taxotere® is also currently undergoing clinical trials in Europe and the 

20 United States. The structures of paclitaxel and Taxotere@ are shown below; the conventional numbering 
system of the paclitaxel molecule is provided. 

25 

0 :~0'" HO 
3o HO 

PhC(O)O 

Taxol®: A = Ph; A' = acetyl 
35 Taxotere®: A = t-butoxy; A' = hydrogen 

One drawback of paclitaxel is its very limited water solubility requmng it to be formulated in 
nonaqueous pharmaceutical vehicles. One commonly used carrier is Cremophor EL which may itself have 
undesirable side effects in man. Accordingly, a number of research teams have prepared water-soluble 
derivatives of paclitaxel which are disclosed in the following references: 

40 (a) Haugwitz et al, U.S. Patent No. 4,942,184; 
(b) Kingston et al, U.S. Patent No. 5,059,699; 
{c) Stella et al, U.S. Patent No. 4,960,790; 
(d) European Patent Application 0,558,959 A 1 published September 8, 1993. 
(e) Vyas et al, Bioorganic & Medicinal Chemistry Letters, 1993, 3:1357-1360. 

45 and 

50 

55 

(f) Nicolaou et al, Nature, 1993, 364:464-466 
Compounds of the present invention are phosphonooxymethyl ethers of taxane derivatives and 

pharmaceutically acceptable salts thereof. The water solubility of the salts facilitates preparation of 
pharmaceutical formulations. 

SUMMARY OF THE INVENTION 

The present invention relates to taxane derivatives having the formula (A): 

T- [ OCH2(0CK,)mOP(O)(OH),]n (A) 

2 
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wherein T is a taxane moiety bearing on the C13 carbon atom a substituted 3-amino-2-hydrox
ypropanoyloxy group; n is 1, 2 or 3; m is 0 or an integer from 1 to 6 inclusive; or a pharmaceutically 
acceptable salt thereof. 

Another aspect of the present invention provides taxane derivatives having the formula (8): 

(B) 

T' - [ OCH2(0CH,)mSCH3] n 

wherein T' is T in which non-reacting hydroxy groups have been blocked, m and n are as defined under 
formula (A). 

Yet another aspect of the present invention provides intermediates having the formula (C): 

wherein T', m and n are as defined under formula (A), and RY is a phosphono protecting group. 
Another aspect of the present invention provides compounds of the formula (D): 

(D) 

30 wherein m and n are as defined above; and txn is a taxane moiety; or a C13 metal alkoxide thereof. 
Another aspect of the present invention provides a method for inhibiting tumor in a mammalian host 

which comprises administering to said mammalian host an antitumor effective amount of a compound of 
formula (A). 

Yet another aspect of the present invention provides a pharmaceutical composition which comprises an 
35 antitumor effective amount of a compound of formula (A) and a pharmaceutically acceptable carrier. 

DETAILED DESCRIPTION OF THE INVENTION 

In the application, unless otherwise specified explicitly or in context, the following definitions apply. 
40 "Alkyl" means a straight or branched saturated carbon chain having from one to six carbon atoms; 

examples include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl, n-pentyl, sec-pentyl, 
isopentyl, and n-hexyl. "Alkenyl" means a straight or branched carbon chain having at least one carbon
carbon double bond, and having from two to six carbon atoms; examples include ethenyl, propenyl. 
isopropenyl, butenyl, isobutenyl, pentenyl, and hexenyl. "Alkynyl" means a straight or branched carbon 

45 chain having at least one carbon-carbon triple bond, and from two to six carbon atoms; examples include 
ethynyl, propynyl, butynyl, and hexynyl. 

"Aryf" means aromatic hydrocarbon having from six to ten carbon atoms; examples include phenyl and 
naphthyl. "Substituted aryf" means aryl substituted with at least one group selected from C1 -s alkanoyloxy, 

. hydroxy, halogen, C1-s alkyl, trifluoromethyl, C1-s alkoxy, aryl, C2-s alkenyl. C1-s alkanoyl, nitro, amino, 
50 and amido. "Halogen" means fluorine, chlorine, bromine, and iodine. 

"Phosphono-" means the group -P(O)(OH)2 and "phosphonooxymethoxy" or "phosphonooxymethyf 
ether" means generically the group -OCH2 (0CH2)mOP(O)(OH)2. "(Methylthio)thiocarbonyl" means the group 
-C(S)SCH3. "Methylthiomethyf" (also abbreviated as MTM) generically refers to the group -CH2SCH3. 

"Taxane moiety" (also abbreviated as txn) denotes moieties containing the twenty carbon taxane core 
55 framework represented by the structural formula shown below with the absolute configuration. 

3 
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H 

5 

The numbering system shown above is one used in conventional taxane nomenclature, and is followed 
throughout the application. For example, the notation C1 refers to the carbon atom labelled as "1 "; C5-C20 
oxetane refers to an oxetane ring formed by the carbon atoms labelled as 4, 5 and 20 with an oxygen atom; 

15 and C9 oxy refers to an oxygen atom attached to the carbon atom labelled as •9•, said oxygen atom may 
be an oxo group, a- or ,6-hydroxy, or a- or ,8-acyloxy. 

"Substituted 3-amino-2-hydroxypropanoyloxy" denotes a residue represented by the formula 

25 

OX' 

(X is a nonhydrogen group and X' is hydrogen or a non-hydrogen group.) The stereochemistry of this 
30 residue is the same as the paclitaxel sidechain. This group is sometimes referred to in the application as 

the "C13 sidechain." 
"Taxane derivative" {abbreviated as T) refers to a compound having a taxane moiety bearing a C13 

sidechain. 
"Heteroaryl" means a five- or six-membered aromatic ring containing at least one and up to four non-

35 carbon atoms selected from oxygen, sulfur and nitrogen. Examples of heteroaryl include thienyl, furyl, 
pyrrolyl, imidazolyl, pyrazolyl. thiazolyl, isothiazolyl. oxazolyl, isoxazolyl, triazolyl. thiadiazolyl. oxadiazolyl, 
tetrazolyl, thiatriazolyl, oxatriazolyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, tetrazinyl, and like 
rings. 

"Phosphono protecting groups" means moieties which can be employed to block cir protect the 
40 phosphono functional group; preferably such protecting groups are those that can be removed by methods 

that do not appreciably affect the rest of the molecule. Suitable phosphonooxy protecting groups are well 
known to those skilled in the art and include for example benzyl and allyl groups. 

"Hydroxy protecting groups" include, but is not limited to, ethers such as methyl, t-butyl, benzyl, p-
methoxybenzyl, p-nitrobenzyl, allyl, trityl, methoxymethyl, methoxyethoxymethyl, ethoxyethyl, 

45 tetrahydropyranyl, tetrahydrothiopyranyl, and trialkylsilyl ethers such as trimethylsilyl ether and t-butyl
dimethylsilyl ether; esters such as benzoyl, acetyl, phenylacetyl, formyl, mono-. di-, and trihaloacetyl such 
as chloroacetyl, dichloroacetyl, trichloroacetyl, trifluoroacetyl; and carbonates such as methyl, ethyl, 2,2,2-
trichloroethyl, allyl, benzyl. and p-nitrophenyl. 

Additional examples of hydroxy and phosphono protecting groups may be found in standard reference 
50 works such as Greene and Wuts, Protective Groups in Organic Synthesis, 2d Ed .. 1991, John Wiley & 

Sons, and McOmie, Protective Groups in Organic Chemistry, 1975, Plenum Press. Methods for introducing 
and removing protecting groups are also found in such textbooks. 

"Pharmaceutically acceptable salt" means a metal or an amine salt of the acidic phosphono group in 
which the cation does not contribute significantly to the toxicity or biological activity of the active compound. 

55 Suitable metal salts include lithium, sodium, potassium, calcium, barium, magnesium. zinc, and aluminum 
salts. Preferred metal salts are sodium and potassium salts. Suitable amine salts are for example, ammonia, 
tromethamine (TRIS), triethylamine, procaine, benzathine, dibenzylamine, chloroprocaine, choline, 
diethanolamine, triethanolamine, ethylenediamine, glucamine, N-methylglucamine, lysine, arginine, 
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ethanolamine, to name but a few. Preferred amine salts are lysine, arginine and N-methylglucamine salts. 
In the specification and in the claims, the term -OCH2(0CH2)mOP(O}(OH)2 is intended to emcompass 

both the free acid and its pharmaceutically acceptable salts, unless the context indicates specifically that 
the free acid is meant. 

5 One aspect of the present invention provides taxane derivatives of the formula (A) 

10 

(A) 

wherein T is a taxane moiety bearing on the C13 carbon atom a substituted 3-amino-2-hydrox
ypropanoyloxy group; n is an 1, 2 or 3; m is 0, or an integer from 1 to 6 inclusive, or a pharmaceutically 
acceptable salt thereof. 

15 In one embodiment the taxane moiety contains at least the following functionalities: C1-hydroxy, C2-

20 

25 

30 

benzoyloxy, C4-acetyloxy, C5-C20 oxetane, C9-oxy, and C11-C12 double bond. 
In a preferred embodiment the taxane moiety is derived from a residue having the formula 

wherein R20' is hydrogen and R2
" is hydrogen, hydroxy, - OC(O)W. or -OC(O)ORx; or R2" is hydrogen and 

R2
•' is fluoro; R30 is hydrogen, hydroxy, -OC(O}R", C1 - 6alkyloxy, or -OC(O)OR"; one of R6• or R70 is 

hydrogen and the other is hydroxy or -OC(O}R"; or R6
• and R7

• together form an oxo group; R" is as 
35 defined below. 

40 

45 

In another embodiment, the C13 sidechain is derived from a residue having the formula 

OR1e 

wherein R1
" is hydrogen or -C(O)R", -C(O)OR"; R4 and R5 are independently C1-6 alkyl, C2-6 alkenyl, C2 - 6 

alkynyl, or -Z-R6 ; Z is a direct bond, C1 -6 alkyl or Ci-6 alkenyl; R6 is aryl, substituted aryl, CJ-6 cycloalkyl, 
· or heteroaryl; and W is C1 -6 alkyl optionally substituted with one to six same or different halogen atoms, 

50 CJ-6 cycloalkyl, C2-6 alkenyl, or a radical of the formula 

55 

5 
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"o 
wherein D is a bond or C1 -6 alkyl; and Ra, Rb and R0 are independently hydrogen, amino, C1 - 6 alkylamino, 
di-C1 -6 alkylamino, halogen, C1 -• alkyl, or C1 -6 alkoxy; p is 0 or 1. 

In a preferred embodiment. R4 is C1 -• alkyl and p is 1, or R4 is or -Z-R6 and p is 0. More preferably, 
R4 (0)p is t-butoxy, phenyl, isopropyloxy, n-propyloxy, or n-butoxy. 

1s In another preferred embodiment R5 is Ci-Galkenyl or -Z-R6 and Z and R6 are as previously defined. 

20 

25 

30 

More preferably, Rs is phenyl, 2-furyl, 2-thienyl, isobutenyl, 2-propenyl, or C3-6 cycloalkyl. 
In another embodiment. compound of formula (A) may be more specifically represented by the formula 

(I) 

(I) 

wherein R1 is hydroxy, -OCH2(0CH2)mOP(O)(OH)2, -OC(O)Rx or -OC(O)ORx; R2' is hydrogen, and R2 is 
hydrogen, hydroxy, -OCH2(0CH2)mOP(O)(OH)2 or -OC(O)ORx: or R2. is fluoro, and R2 is hydrogen; R3 is 
hydrogen, hydroxy, acetoxy. -OCH2 (0CH2)m0P(O)(OH)2 or -OC(O)ORx; one of R6 or R7 is hydrogen and 
the other is hydroxy, C1-G alkanoyloxy, or -OCH2(0CH2)mOP(O)(OH)2; or R6 and R7 together form an oxo 

35 group; with the proviso that at least one of R1, R2, R3, R6 or R7 is -OCH2(0CH2)mOP(O)(OH)2; R4 , Rs, Rx. m 
and pare as previously defined; or a pharmaceutically acceptable salt thereof. 

In compounds of formula (I), examples of Rx include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
chloromethyl, 2,2,2-trichloroethyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, ethenyl, 2-propenyl, 
phenyl, benzyl, bromophenyl, 4-aminophenyl, 4-methylaminophenyl, 4-methylphenyl, 4-methoxyphenyl and 

40 the like. Examples of R4 and R5 include 2-propenyl, isobutenyl, 3-furanyl (3-fury.I), 3-thienyl, phenyl, 
naphthyl, 4-hydroxyphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-trifluoromethylphenyl, methyl, ethyl, n-pro
pyl, isopropyl, n-butyl, isobutyl, t-butyl, etheny1, 2-propenyl, 2-propynyl, benzyl, phenethyf, phenylethenyl, 
3,4-dimethoxyphenyl, 2-furanyl (2-furyl), 2-thienyl, 2-(2-furanyl)ethenyl, 2-methylpropyl, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cyclohexylmethyl, cyclohexylethyl and the like. 

45 In one preferred embodiment, the present invention provides compounds of formula (I) in which Rs is 
Cz-Galkenyl or -Z-R6 and Z and R6 are as previously defined. More preferably, R5 is phenyl, 3-furyl, 3-
thienyl, 2-propenyl, isobutenyl, 2-furyl, 2-thienyl, or C3-6 cycloalkyl. 

In another preferred embodiment R4 of compounds of formula (1) is C1-6 alkyl in which case pis 1; or 
R4 is -Z-R6 and Z and R6 are as previously defined, and in which case p is 0. M0re preferably R4 (O)p- is !

so butoxy, phenyl, isopropyloxy, n-propyloxy, n-butoxy. 
In another preferred embodiment. the present invention provides compounds of formula (I) in which R1 

is -OCH2(0CH2)mOP(O}(OH)2 In a more preferred embodiment, R2 is hydroxy, -OCH2(0CH2)mOP(O)(OH)2, 
or -OC(O)RX, and Rx is preferably c, -G alkyl. In another more preferred embodiment, R3 is hydroxy or 
acetoxy. 

55 In another preferred embodiment, the present invention provides compound of formula (I) in which R2 is 
-OCH2(0CH2)mOP(O)(OH)2; R1 is hydroxy or -OC(O)OW; and R3 is hydrogen, hydroxy, acetoxy, -OCHr 
(OCH2 }mOP(O)(OH)2 or -OC(O)OW; and Rx is as previously defined. In a more preferred embodiment R' is 
hydroxy or -OC(O)OR" and R" is preferably C1-6 alkyl; and R3 is hydroxy or acetoxy. 
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In another preferred embodiment, the present invention provides compound of formula (I) in which R3 is 
-OCH2(0CH2)mOP(O)(OH)2; R1 is hydroxy or -OC(O)ORx; R2

' is hydrogen, and R2 is hydrogen, hydroxy or 
-OC(O)ORx; or R2' is fluoro and R2 is hydrogen; and Rx is as previously defined. In a more preferred 
embodiment, R1 is hydroxy or -OC(O)ORx, and Rx is preferably C1 -G alkyl. In another more preferred 

5 embodiment, R2 is hydroxy. 
In another preferred embodiment, m is 0 or 1 when the phosphonooxymethoxy group is present on the 

C7 of the taxane moiety. 
The preferred pharmaceutically acceptable salts of a compound of formula (A) are alkali metal salts 

including lithium, sodium and potassium salts; and amine salts including triethylamine, triethanolamine, 
10 ethanolamine, arginine, lysine and N-methylglucamine salts. Even more preferred salts are arginine. lysine 

and N-methylglucamine salts. 
The most preferred embodiments of taxane derivatives of formula (A) include the following compounds: 

(1) 7-.Q-phosphonooxymethylpaclitaxel, (2) 2'-.Q-(ethyloxycarbonyl)-7-.Q-phosphonooxymethylpaclitaxel; (3) 
2'-0-phosphonooxymethylpaclitaxel; (4) 2' ,7-bis-0-(phosphonooxymethyl)paclitaxel; (5) 3'-N-debenzoyl-3'-

75 deSphenyl-3' -N-(t-butyloxycarbonyl)-3' -(2-furYl)-2' ~-ethyloxycarbonyl-7-.Q-phosphonooxymethylpaclitaxel; 
(6) 3' -N-debenzoyl-3' -desphenyl-3 '-N-(t-butyloxycarbonyl)-3' -(2-thienyl)-2' -0-ethyloxycarbonyl-7-0-
phosphonooxymethylpaclitaxel; (7) 1O-desacetyl-3'-N-desbenzoyl-3'-N-(t~utyloxycarbonyl)-10-0-
(phosphonooxymethyl)paclitaxel; (8) 2'-.Q-phosphonooxymethoxymethylpaclitaxel and their respective phar
maceutically acceptable salts, particularly the sodium, potassium, arginine, lysine, N-methylglucamine, 

20 ethanolamine, triethylamine and triethanolamine salts. 
Compounds of formula (A) may be prepared from a taxane derivative starting material T-[OH]n wherein 

T and n are as previously defined. The identity of T-[OH]0 is not particularly limited so long as there is at 
least one reactive hydroxy group present on either the taxane moiety or the C13 side chain to allow the 
formation of phosphonooxymethyl ether linkage. It is to be understood that the reactive hydroxy group may 

25 be directly attached to the C13 propanoyloxy backbone (e.g. the 2'-hydroxy group of paclitaxel) or to the 
taxane core framework {e.g. the 7-hydroxy group of paclitaxel); or it may be present on a substituent on the 
C13 sidechain, or on a substituent on the taxane core. The reaction sequence shown in Scheme I may be 
used to prepare compounds of formula {A) 

30 

35 

45 

Scheme I 

r-fOHJn 

(Aa) 

T'-[OCH2(0CH2)mSCH:Jn 

1 
(8) 

T-iOCH2(0CH2)mOP(O)(ORY)2Jn 

1 
(C) 

(A) 

In Scheme I T' is a taxane derivative in which non-reacting hydroxy groups have been blocked; RY is a 
phosphono protecting group; n and m are as previously defined. Thus an appropriately protected T' having 

· one or more reactive hydroxy groups is first converted to a corresponding methylthiomethyl ether of 
50 formula (8). Using paclitaxel as an example, T' may be pacfitaxel itself (to effect 2' ,7-bismethylthiomethyla

tion). 7-0-triethylsilylpaclitaxel, or 2'-0-ethoxycarbonylpaclitaxel. A compound of formula (8) where m is 0 
may be prepared by treating T'-[OHJ,;' with dimethylsulfoxide/acetic anhydride, or with dimethylsulfide and 
an organic peroxide. These reactions are discussed more fully in a subsequent section. 

The MTM ether having one intervening methyleneoxy unit (i.e. compounds of formula (8) where m = 1) 
55 may be prepared by several possible routes. In one a compound of formula (8) where m = 0 is reacted 

with N-iodosuccinimide (NIS) and methylthiomethanol to extend the chain by one methyleneoxy unit. 
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NIS 

s The compound of methylthiomethanol and its preparation is reported in Syn. Comm., 1986, 16 (13}: 1607-
1610. 

10 

15 

In an alternative method, the T-alkoxide (Ad) generated by treating a compound of formula (Aa) with a 
base such as n-butyl lithium. lithium diisopropylamide or lithium hexamethyldisilazide, is reacted with 
chloromethyl methylthiomethyl ether to provide a compound of formula (B) in which m = 1. 

T'-[O·Jn + n CH3SCH2 0CH2CI 

{Ad) (Ae) 

Compound (Ae) is prepared by reacting methylthiomethoxide (obtained from methythiomethanol by 
treatment with a base such as n-butyl lithium, lithium diisopropylamide or lithium hexamethyldisilazide) with 
chloroiodomethane. Compound (Ae) may also be prepared by treating 1, 1 '-dichlorodimethylether 
(CICH20CH2CI) with a stoichiometric amount or less (e.g. about 0.8 equivalent) of sodium iodide followed 

20 by sodium thiomethoxide. 1, 1 '-Dichlorodimethyl ether is reported in Ind. J. Chem., 1989, 288, pp. 454-456. 

25 

In another method, a compound of formula (Aa) is reacted with bis(MTM)ether, CH3SCH20CH2SCH3, 
and NIS to give a compound of formula (B) in which m = 1. 

Bis(MTM)ether is prepared by reacting 1, 1 '-dichlorodimethyl ether with sodium iodide followed by sodium 
thiomethoxide. 

The procedure described above using rnethylthiomethanol and NIS may be applied to any reagent 
having an MTM group to extend the chain by one methyleneoxy unit at a time. For example, a compound 

30 of formula (8) wherein m = 1 can be reacted with methythiomethanol and NIS to provide a compound of 
formula (8) wherein m = 2. The process may be repeated to provide compounds of formula (B) in which m 
is 3, 4, 5 or 6. 

In the second step shown in Scheme I, the methylthiomethyl ether is converted to the corresponding 
protected phosphonooxymethyl ether. This is accomplished by treating the MTM ether with NIS and 

35 protected phosphate HOP(O)(QRY)2. In the third step, the phosphono protecting group and any hydroxy 
protecting group(s) are removed to provide a compound of formula (A). For example, a suitable phosphono 
protecting group is benzyl which may be removed by catalytic hydrogenolysis; hydroxy protecting groups 
such as trialkysilyl may be removed by fluoride ion, trichloroethoxycarbonyl may be removed by zinc. 
Removal of protecting groups are taught in textbooks such as Green and Wuts, Protective Groups in 

40 Organic Synthesis, John Wiley & Sons, 1991; and McOmie, Protective in Organic Chemistry, Plenum Press, 
1973. Both steps are discussed in detail in a later section in the specification. 

45 

50 

55 

A variation of the reaction sequence shown in Scheme I is provided in Scheme II. 

Scheme II 

T'-[OHJ0 + 

(Aa) 

n CH3SCH2(0CH2)mOP(O)(ORY)2 

1 
(~) 

(C) 

In Scheme II, a compound of formula (Aa) is reacted with a compound of formula (Ca) and NIS to give 
a compound of formula (C), which is then deblocked to give a compound of formula (A). Compounds of 
formula (Ca) in which m is 0 may be prepared by first treating methylthiomethanol with a base such as Na, 
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Li or K hexamethyldisifazide to give methylthiomethoxide; the methoxide is then reacted with a protected 
chlorophosphate such as dibenzyl chlorophosphate to provide the desired compound. Compounds of 
formula (Ca} in which m is 1 may be prepared by treating CH3SCH20CH2CI with a diprotected phosphate 
salt. e.g. sodium, potassium, tetra(n-butyl)ammonium salts of dibenzyl phosphate; or CH3SCH20CH2CI may 

5 be first converted to the corresponding iodo compound using sodium iodide prior to reacting with the 
phosphate salt. Alternatively, compounds of formula (Ca) in which m is 1 may be prepared by treating 
CICH20CH2CI with sodium iodide followed by sodium thiomethoxide to provide CH3SCH20CH2SCH3; this 
compound is then treated with NIS and a diprotected phosphate such as dibenzyl phosphate to give the 
desired product. Any of the previously mentioned reagents having a MTM group may be extended one 

10 methyleneoxy unit at a time by reacting said reagent with methylthiomethanol and NIS. 

15 

20 

In another method for preparing a compound of formula (A), T-alkoxide (Ad) is reacted with an. 
iodophosphate as shown in Scheme Ill. 

Scheme III 

T'-!O"ln + 

(Ad) 

(C) 

25 In Scheme Ill, the iodophosphate compound is obtained by reacting CICH2(0CH2)mCI with a diprotected 

30 

35 

phosphate salt to give CICH2(0CH2)mOP(O)(ORY)2 which is then treated with sodium iodide to give the 
desired product. 

Yet another method suitable for preparing a subset of compounds of formula (A} in which at least one of 
the phosphonooxymethoxy groups is linked to the taxane moiety is shown in Scheme IV. 

Scheme IV 

PO, X 

)=( (Ba) 

(D) 

40 In Scheme IV, m and n are as previously defined; X is a non-hydrogen group, P is a hydroxy protecting 

45 

50 

55 

group; txn is a taxane moiety. Compounds of formula (D} are taxanes having a 13a-hydroxy group and one 
or more methylthiomethyl ether linked directly or indirectly to the taxane core; also included are C13 metal 
alkoxides of formula (D). An example of a compound of formula (D) is 7-.Q-methylthiomethylbaccatin Ill: 

OH N:.6 
PhC(O)O 

The coupling of the taxane (D) with the azetidinone is analogous to the one shown in Scheme VI, infra; thus 
the procedure described there for the preparation of a compound of formula {Id) is also applicable to the 
preparation of a compound of formula (Ba) [i.e. a compound of formula (B) in which at least one of the MTM 
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group is linked directly or indirectly to the taxane moiety], if a compound of formula (D) is used in place of 
a compound of formula (JI) in Scheme VI. The taxane (0) is preferably first converted to a C13 metal 
alkoxide such as sodium, potassium or lithium alkoxide; lithium alkoxide is preferred. The azetidinone 
serves as the precursor of the C13 sidechain. After the coupling reaction with a taxane, the hydroxy 

5 protecting group P is removed, and if desired, the free hydroxy group on the sidechain may be converted 
to the MTM ether or derivatized to an ester or a carbonate as herein described. 

The azetidinone may be prepared by methods described later which are also methods generally known 
in the art. Compounds of formula (D) may be prepared by the general procedure described above for the 
preparation of compounds of formula (B) using a suitably protected taxane. However. more conveniently, 

10 they can be obtained from a compound of formula (Ba) by cleaving the 13-sidechain using a borohydride 
such as sodium or tetrabutylammonium borohydride; for example, 7-Q-MTM of paclitaxel is treated with 
tetrabutylammonium borohydride to give 7-0-MTM baccatin Ill. 

The general process of Scheme I for the preparation of a compound of formula (A) is more particularly 
exemplified in Scheme V which illustrates the preparation of a compound of formula (I') (i.e. a compound of 

15 formula (I) in which m is 0). The procedure employed in this synthetic sequence is generally applicable to 
other taxane derivatives not specifically encompassed by formula (I). Furthermore. the procedure in Scheme 
M may be modified in accordance with teachings contained herein by one skilled in the art to arrive at 
taxane derivatives of formula (A) in which m is 1 or 2. 

It is to be understood that in Scheme V as well as elsewhere in the specification, the term "hydroxy 
20 protecting group" may encompass carbonates (-OC(O)OR"};thus, when a carbonate is used as a hydroxy 

protecting group, it is intended to be removed in a later step to generate the free hydroxy group, otherwise, 
the carbonate moiety remains as part of the final product. 

25 

30 

35 

40 

45 
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55 
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Scheme V 

R4 (OJ pCOJ!H O 

R~O'••··· 
~la 

R4 (0) pCONH o 

HO 

! (la) SMez/ (PhCOO) 2 

or (lb) AczO/DMSO 

R~ott••·· 
R,1b 

l 12) NIS/HOP (01 (ORY) 2 

R4 (OJ pCO~H o 

R~O"'" .. 
R.1c 

(Ia) 

(lb) 

(le) 

! (3) removal of phosphono protecting 
group and, if present, hydroxy prote~ting 
group 

R 4 (OJ pCONH O 

R~O"'""" (I I) 

~1 • 
HO 

In Scheme V, R1a is hydroxy. protected hydroxy, -OC(O)Rx or -OC(O)ORx; R2. is hydrogen, and R2" 

ishydrogen, hydroxy, protected hydroxy, or -OC(O)ORx; or R2' is fluoro, and R2a is hydrogen; R3" is 
hydrogen, hydroxy, protected hydroxy, acetoxy, or -OC(O)OR"; one of R6

" or R7
a is hydrogen and the other 

is hydroxy, protected hydroxy or C1-6 alkanoyloxy; or R6" and R7a together form an oxo group; with the 
55 proviso that at least one of R1

", R2
" or R3

", R6
" or R7

" is hydroxy. R1
b is hydroxy, protected hydroxy, 

-OCH2SCHJ, -OC(O)R" or -OC(O)OR'; R2
' is hydrogen, and R2

b is hydrogen, hydroxy, protected hydroxy, 
-OCH2SCH3 or -OG(O)OR'; or R2. is fluoro, and R2

b is hydrogen; R3b is hydrogen, hydroxy, protected 
hydroxy, acetoxy, -OCH2 SCH3 or -OC(O)OR": one of R6b or R7b is hydrogen and the other is hydroxy, 
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protected hydroxy, c, -s alkanoyloxy or -OCH2SCH3; or R6b and R7b together form an oxo group; with the 
proviso that at least one of R1

b, R2b, R3b, R6 b or R7b is -OCH2SCH3. R1c is hydroxy. protected hydroxy, 
-OCH20P(O)(ORY)2, - OC(O)R" or -OC(O)OR"; R2

' is hydrogen, and R2c ishydrogen, hydroxy, protected 
hydroxy, -QCH2 0P(O)(OR~ or -OC(O)OR"; or R2' is fluoro, and R2c is hydrogen; R3c is hydrogen, hydroxy, 

s protected hydroxy, acetoxy, -OCH20P(O)(ORY)2 or -OC(O)OR"; one of R6c or R7c is hydrogen and the other 
is hydroxy, protected hydroxy. C1-s alkanoyloxy or -OCH20P(O)(ORY)2; with the proviso that at least one of 
R1c, R2c, R3c, R6c or R7c is -OCH2 0P(0)(0RY)2. R1'is hydroxy, -OCH20P(O)(OH)2, - OC(O)R" or -OC(O)OR"; 
R2"' is hydrogen, and R2" is hydrogen. hydroxy, -OCH20P(O)(OH)2 or -OC(O)OR"; or R2'" is fluoro, and R2" 

is hydrogen; R3• is hydrogen. hydroxy, acetoxy, -OCH20P(O)(OH)2 or -OC(O)OR"; one of R6• or R7' is 
10 hydrogen and the other is hydroxy, C1-6alkanoyloxy or -OCH2P(O)(OH)2; with the proviso that at least one 

of R1', R2", R3', R6' or R7' is -OCH20P(O)(OH)2.R4 • R5 and A" are as defined previously, and RY is a 
phosphono protecting group. 

In the first step, the free hydroxy group of a compound of formula (la) is converted to the corresponding 
methylthiomethyl ether (-OCH2SCH3) group. This conversion may be accomplished by either one of the two 

15 procedures (1 a - the dimethylsulfide method) and (1 b - the dimethylsulfoxide method). The dimethylsulfide 
method for converting alcohols to methylthiomethyl ethers is reported in Medina et al, Tet. Lett .• 1988, pp. 
3773-3776, the relevant portions thereof are hereby incorporated by reference. The dimethylsulfoxide 
method is the well-known reaction commonly known as the Pummerer reaction. 

It should be noted that the reactivity of a hydroxy group differs depending on its location on the taxane 
20 derivative starting material of formula (la). Although in general the 2'-hydroxy group is more reactive in 

acylation reactions than the 7-hydroxy group which in turn is more reactive than the 10-hydroxy group, it 
has been found that, surprisingly, the 7-hydroxy is more readily converted into the methylthiomethyl ether 
than the 2'-hydroxy group. The tertiary hydroxy group at C-1 is usually the least reactive. The difference in 
hydroxy reactivity may be exploited in controlling the site and degree of methylthiomethylation. 

25 Thus with a compound of formula (la) wherein R1a and R2a are both hydroxy, the predominant 
methylthiomethylation product is the corresponding 7-0-methylthiomethyl ether. In order to obtain a 
compound of formula (lb) wherein A1

b is methylthiomethoxy, without also converting the 7-hydroxy group, if 
present, into a methylthiomethyl ether, the 7-hydroxy group is blocked with a conventional hydroxy 
protecting group such as triethylsilyl. Similarly, 10-methylthiomethyl ether may be obtained without also 

30 converting the 7- and/or 2'-hydroxy groups, if present. when the latter groups are blocked by the same of 
different hydroxy protecting groups. Even though the 7-hydroxy is the preferential methylthiomethylation 
site, it is still preferable to protect the 2'-hydroxy group if the 7-monomethylthiomethyl ether is the desired 
product. 

Moreover, the reaction conditions may be manipulated to favor the formation of bis- or tris-methyl-
35 thiomethyl ether taxane derivatives. For example, in the case of paclitaxel, increasing reaction time or using 

a larger excess of the methylthiomethylating reagents can result in a higher ratio of 2',7-bis
(methyfthiomethyl) ether paclitaxel in the product mixture. 

Returning now to Scheme V, in procedure (1a) a compound of formula (la) is treated with dimethylsul
fide and an organic peroxide such as benzoyl peroxide. The reaction is carried out in an· inert organic 

40 solvent such as acetonitrile, methylene chloride and the like at a temperature conducive to product 
formation; typically the reaction is carried at a temperature range of from about -40 • C to about ambient 
temperature. Dimethylsulfide and benzoyl peroxide are used in excess relative to the taxane derivative 
starting material (la), and dimethylsulfide is used in excess relative to benzoyl peroxide. 

The relative amounts of starting materials used will depend on the degree of methylthiomethylation to 
45 be achieved. Thus when one free hydroxy group of the taxane derivative starting material (la) is to be 

converted to the methylthiomethyl ether, dimethylsulfide and benzoyl peroxide may be used in up to 10 fold 
excess relative to taxane derivative (la); and preferably, dimethylsulfide is used in about two to three fold 
excess relative to benzoyl peroxide. In the case where the starting material (la) has both 2'- and 7-hydroxy 
groups, the amount of 2',7-bis(methylthiomethyl)ether obtained increases with. the relative amounts of 

50 dimethylsulfide and benzoyl peroxide. When 2',7-bis(methylthiomethyl) ether is the desired product, 
dimethylsulfide is preferably used in about 15 to about 20 fold excess of the taxane derivative starting 
material; and benzoyl peroxide is used in about 5 to about 10 fold excess relative to the taxane derivative 
starting material. 

Alternatively, a compound of formula (lb} may be prepared by reacting a compound of formula (la) with 
55 dimethylsulfoxide and acetic anhydride (procedure 1 b). This procedure is suitable for derivatizing a non-2'

hydroxy group into its methylthiomethyl ether. In procedure (1b), a compound of formula (la) is dissolved in 
dimethylsulfoxide and acetic anhydride is added to the solution. The reaction is usually carried out at room 
temperature, and for 18-24 hours to produce the monomethylthiomethyl ether. 

12 
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In the second step of the reaction sequence, the methylthiomethyl ether is converted to the correspond
ing protected phosphonooxymethyl ether. The methylthiomethyl to protected phosphonooxymethyl conver
sion may be accomplished by the general method reported in Veeneman et al, Tetrahedron, 1991, v47, pp. 
1547-1562, the relevant portions thereof are hereby incorporated by reference. Thus, a compound of 

5 formula (lb) with at least one methylthiomethyl ether group is treated with N-iodosuccinimide and a 
protected phosphoric acid such as dibenzyl phosphate. The reaction is carried out in an inert organic 
solvent such as tetrahydrofuran or a halogenated hydrocarbon such as 1,2-dichloroethane or methylene 
chloride, and optionally in the presence of a dehydrating agent such as molecular sieves. A catalyst such as 
silver trifluoromethanesulfonate may also be added to accelerate the reaction. The reaction is carried out at 

10 a temperature ranging from about 0 • C to about room temperature, preferably at room temperature. N
lodosuccinimide and the protected phosphoric acid are used in about the same molar equivalent as the 
methyfthiomethylether (lb). but preferably they are used in slight excess. for example about 1.3 to about 1.5 
equivalents relative to compound of formula (lb). 

In the third step of the reaction sequence, the phosphono protecting group and hydroxy protecting 
15 group, if present, are removed. The deblocking is accomplished by conventional methods well known in the 

art such as acid- or base-catalyzed hydrolysis, hydrogenolysis, reduction. and the like. For example. 
catalytic hydrogenolysis can be used to remove the benzyl phosphono protecting group as well as the 
benzyloxycarbonyl hydroxy protecting group. Deprotecting methodologies may be found in standard texts 
such as Greene and Wutz, or McOmie, supra. 

20 The base salts of a compound of formula (I) may be formed by conventional techniques involving 
contacting a compound of formula (I) free acid with a metal base or with an amine. Suitable metal bases 
include hydroxides, carbonates and bicarbonates of sodium, potassium, lithium, calcium, barium, magne
sium, zinc, and aluminum; and suitable amines include triethylamine, ammonia. lysine. arginine. N
methylglucamine, ethanolamine, procaine. benzathine, dibenzylamine. tromethamine (TRIS), chloroprocaine. 

25 choline, diethanolamine, triethanolamine and the like. The base salts may be further purified by chromatog
raphy followed by lyophifization or crystallization. 

TAXANE DERIVATIVES STARTING MATERIALS 

30 The processes described above may be applied to any taxane derivatives of the formula T-[OH]0 to 

35 

40 

45 

form compounds of formula (A). Many examples of T-[OH]n have been reported in the literature and some 
of which are listed below. (a) paclitaxel; (b) Taxotere®; (c) 10-desacetylpaclitaxel; (d) taxane derivatives 
disclosed in PCT application 93/06079 (published April 1, 1993) having the formula 

wherein R1 is -ORG. -SR1. or -NRsA9; R2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl; R3 and F4 
·are independently hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or acyl, provided, however, that RJ and 

50 R4 are not both acyl; Rs is -COR10. -COOR10. -COSR10, -CONRaR10, -S02R11, or -POR12R13;flG is 
hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, hydroxy protecting group, or a functional group which 
increases the water solubility of the taxane derivative; R1 is alkyl, alkehyl, alkynyl, aryl, heteroaryl, or 
sulfhydryl protecting group; Ra is hydrogen. alkyl, alkenyl, alkynyl, aryl, heteroaryl; R9 is an amino 
protecting group; R10 is alkyl, alkenyl, aikynyl, aryl, heteroaryl; R11 is alkyl, alkenyl, alkynyl, aryl, heteroaryl, 

55 -OR1 o. or -NRs R14; R1 2 and R1 3 are independently alkyl, alkenyl, alkynyl, aryl, heteroaryl, -OR1 o. or 
-NRaRH; RH is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl; R1s and R1& are independently hydrogen. 
hydroxy, lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or Rls and R16 together form an oxo; R17 
and R1 s are independently hydrogen, hydroxy, lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or 

13 
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R11 and R, s together form an oxo; R19 and R20 are independently hydrogen or hydroxy or lower 
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; R21 and R22 are independently hydrogen or lower 
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or R21 and R22 together form an oxo; RN is hydrogen 
or hydroxy or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; or R23 and R24 together form an 

5 oxo or methylene or Fl23 and R24 together with the carbon atom to which they are attached form an oxirane 
ring or R23 and R22 together with the carbon atom to which they are attached form an oxetane ring; Flis is 
hydrogen, hydroxy, or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; or R26 is hydrogen, 
hydroxy, or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; or Flis and R2s taken together form 
an oxo; and R21 is hydrogen, hydroxy or lower alkoxy, alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; 

10 (e) taxane derivatives disclosed in U.S. Patent 5,227,400 3'-desphenyl-3'-(2-furyl) or 3'-(2-thienyl) derivatives 
of paclitaxel, Taxotere®; (f) taxane derivatives disclosed in EP 534,709 published March 31, 1993 (paclitaxel 
derivatives in which the sidechain phenyl groups are independently replaced with naphthyl, styryl or 
substituted phenyl). See also PCT 92/09589 published June 11, 1992; (g) taxane derivatives disclosed in EP 
534,707 published March 31, 1993 (paclitaxel derivatives in which the 3'-N-benzoyl group is replaced with 

15 ethoxycarbonyl or methoxycarbonyl); (h) PCT Application 93106093 published April 1, 1993 (10-desacetoxy 
derivatives of paclitaxel and Taxotere®); (i) EP 524,093 published January 20, 1993 (10-, 7-, or 7,10-bis-0-
(N-substituted carbamoyl taxane derivatives); (j) 9-a-hydroxy analog of paclitaxel is disclosed in Klein, 
"Synthesis of 9-Dihydrotaxol: A New Bioactive Taxane," Tetrahedron Letters, 1993, 34(13):2047-2050; (k) 
14-13-hydroxy analog of paclitaxel and Taxotere® prepared from 1413-hydroxy-10-deacetylbaccatin Ill are 

20 disclosed at the 205th ACS National Meeting in Colorado, 1993. (Med. Chem. Division, Abstract No. 28); 
and (1) other taxanes, such as C7-fluorotaxanes and various C10-substituted taxanes. as disclosed in our 
copending U.S. patent application U.S.S.N. 081062,687 filed May 20, 1993 which is herein incorporated by 
reference in its entirety. 

The free hydroxy group or groups of taxane derivatives may be converted by conventional methods to 
25 the corresponding ester or carbonate; for example in compounds of formula (la) one of R1a, R2a or R3a is 

-OC(O)W or -OC(O)ORx and Rx is as previously defined. Thus, a taxane derivative T-OH may be reacted 
with a compound of the formula L-C(O)ORx (l being a leaving group) such as a chloroforrnate in the 
presence of a base such as tertiary amine to give the corresponding carbonate; for example, paclitaxel 
reacts with ethyl chloroformate in the presence of diisopropylethylamine to provide 2'-0-ethyloxycarbonyl-

30 paclitaxel. T-OH may also react with a carboxylic acid RXC02H or an acylating equivaient thereof (e.g. an 
anhydride. active ester or an acyl halide) to provide the corresponding ester. 

Additionally, taxane derivatives T-[OH]n may be prepared by acylating a taxane moiety having a C13-
hydroxy group with an appropriately substituted 3-amino-2-hydroxypropanoic acid, an acylating equivalent 
thereof, or a precursor thereof. Suitable precursors of substitutd 3-arnino-2-hydroxypropanoic acid are for 

35 example azetidinones of formula (Ill). This acylation reaction is exemplified in the coupling of hydroxy 
protected baccatin Ill or hydroxy protected 10-deacetylbaccatin Ill and a phenylisoserine derivative to give 
paclitaxel derivatives as disclosed in e.g. Denis et al, U.S. Patents 4,924,011 and 4,924,012; and in the 
coupling of a protected baccatin Ill and an azetidinone to give paclitaxel and derivatives thereof as 
disclosed in EP Published Application 400,971 published December 5, 1990 (now U.S. Patent 5,175,315) 

40 and U.S. Patent 5,229,526. 
The process as disclosed in EP 400,971 (the Holton process) involves reacting 1-benzoyl-3-(1-ethoxy)

ethoxy-4-phenyl-2-azetidinone with 7-.Q-triethylsilylbaccatin Ill in the presence of N,N-dimethylaminopyridine 
and pyridine at 25 • C for 12 hours; paclitaxel is obtained after the various hydroxy protecting groups are 
removed. An improvement of the Holton process is reported by Ojima et al in "New and Efficient 

45 Approaches to the Semisynthesis of Taxol and its C-13 Side Chain Analogs by Means of ,8-Lactam Synthon 
Method" Tetrahedron. 1992, 48(34):6985-7012. Ojima's process involves first generating the sodium salt of 
7-triethylsilylbaccatin Ill with sodium hydride; this salt is then reacted with chiral 1-benzoyl-3-(1-ethyoxy)
ethoxy-4-phenyl-2-azetidinone to provide paclitaxel after removal of the hydroxy protecting groups. In U.S. 
5,229,526 Hotton discloses the coupling of a metal alkoxide of baccatin Ill or a derivative thereof with a 2-

50 azetidinone to provide taxanes with C13 sidechain. This process is said to be highly diastereoselective; 
therefore racemic mixtures of the sidechain precursor 2-azetidinone may be used. Recently, Ojima et al 
reported in "A Highly Efficient Route to Taxotere by the 13-Lactam Synthon Method," Tetrahedron Letters, 
1993, 34(26):4149-4152, the coupling of metal alkoxides of 7,10-bis-.Q-(trichloroethoxycarbonyl)-10-deacetyl
baccatin Ill with chiral 1-(t-butoxycarbonyl)-4-phenyl-3-(protected hydroxy)-2-azetidinone to give Taxotere® 

55 after deprotection. The relevant portions of all references cited above are hereby incorporated by reference. 
The baccatin/azetidinone process generalized to the preparation of compounds of formula (la) is 

illustrated in Scheme VI. Again, other taxane derivatives not specifically encompassed within the formula {la) 
may also be prepared by this process by employing appropriate starting materials. 

14 
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In Scheme VI, R2
· is hydrogen, and R2

d is hydrogen, protected hydroxy, or -OC(O)ORX; or R2. is fluoro, 
and R2d is hydrogen; R3d is hydrogen, acetoxy, protected hydroxy or -OC(O)ORx; one of R6d or R7d is 
hydrogen and the other is hydroxy, protected hydroxy or C1 -G alkanoyloxy; or R6d and R7

d together form an 
oxo group; Pis a hydroxy protecting group; M is hydrogen or a Group IA metal such as lithium, sodium or 
potassium; and p, R4 , R5 and Rx are as previously defined. The reaction may be conducted according to 
the procedure disclosed in EP 400,971 wherein the baccatin Ill derivative of formula (II) wherein M is 
hydrogen is reacted with an azetidinone of formula (Ill) in the presence of an organic base such as N,N
dimethylaminopyridine. Preferably, however, the baccatin Ill derivative is first converted to a 13-alkoxide by 
treating the former with a strong base such as hydrides, alkylamides, and bis(trialkylsilyl)amides of Group IA 
metals as disclosed in U.S. Patent 5,229,526 and the Ojima references, supra. More preferably, the 13-
alkoxide is a lithium alkoxide. The formation of a lithium salt may be achieved by reacting a compound of 
formula (II) wherein M is hydrogen with a strong metal base, such as lithium diisopropylamide, C1 -• 
alkyllithium. lithium bis(trimethylsilyl)amide, phenyllithium, lithium hydride, or the like base. 

The coupling reaction between a taxane of formula (II) and an azetidinone of formula {Ill) is conducted 
in an inert organic solvent such as tetrahydrofuran at reduced temperature in the range of about 0 • C to 
about -78 • C. The azetidinones of formula (Ill) may be used as a racemic mixture to couple with taxane 

·metal alkoxides of formula (II) in which M is a group 1A metal; in such case, the azetidinone reactant is 
preferably used in at least 2 equivalents relative to the taxane reactant, and more preferably from about 3 to 
about 6 equivalents. Chiral azetidinones may also be used, and in such case one equivalent of the 
azetidinone relative to the taxane may be sufficient. but preferably the azetidinone is used in slight excess. 
for example up to 1.5 equivalents. 

The hydroxy protecting groups may be the same or they may be chosen in a manner to allow the 
selective removal of one or more protecting groups without substantially affecting the others; for example, in 
a compound of formula (Id), R2d and PO may be both triethylsilyloxy, and R3d may be benzyloxycarbonyl; 
catalytic hydrogenolysis in the presence of palladium on carbon removes the benzyloxycarbonyl protecting 
group without removing the triethylsilyl group. Thus, the hydroxy protecting groups of a compound of 
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formula (Id) may be selectively removed to provide a compound of formula (la). 
Compounds of formula (II} are either known in the literature, e.g baccatin Ill, 10-deacetylbaccatin Ill and 

their hydroxy protected derivatives, or can be prepared from the known compounds by conventional 
conventional methods, e.g converting a hydroxy group to a carbonate. Additional compounds of formula (II) 

s may be prepared according to procedures described hereinbelow in the section PREPARATION OF 
STARTING MATERIALS. 

10 

15 

Compounds of formula (Ill) can be prepared from a compound of (Illa) according to the general method 
described in EP 400,971 and Ojima et al, Tetrahedron, 48:6985-7012, 1992. 

base 

(III a) (III) 

20 Thus a compound of formula {Illa) is first treated with a base such as n-butyllithium or triethylamine, and 
then followed by a compound of the formula R4 (0)pCO-L where Lis a leaving group to provide a compound 
of formula (Ill). 

Compounds of (llfa) may be prepared according to the general method disclosed in EP 400,971 by 
going through an intermediate compound 3-acetoxy-4-substituted-2-azetidinone (lllb); or by the method 

2s disclosed in US5,229,526 by going through an intermediate compound 3-triethylsilyloxy-4-substituted-2-
azetidinone. Jn an improved process a compound (lllb) may be obtained by condensing acetoxyacetyl 
chloride with a bis-imine followed by hydrogenolysis or acid cleavage to remove the N-imine group; this 
process is shown in the following scheme in which R5" is an optionally substituted aryl or a heteroaryl group 
such as fury! or thienyl. This process is disclosed in co-pending application U.S.S.N 081052,434 filed April 

30 23, 1993 which is hereby incorporated by reference. 
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The products (!lib) obtained from these cycloaddition reactions are usually a racemic mixture of the two 
cis-azetidinones. The racemic mixture may be resolved by conventional methods such as conversion to 
diastereomers, differential absorption on column packed with chiral adsorbents. or enzymatically. For 
example, a racemic mixture of compounds of formula (lllb) may be contacted with an enzyme that catalyzes 
the hydrolysis of an ester, for example an esterase or a lipase, to selectively cleave the 3-acyl group of one 
enantiomer without affecting the other. (See e.g. Brieva et al, J. Org. Chem., 1993, 58:1068-1075; also co
pending application U.S.S.N. 092,170 filed July 14, 1993, European Patent Application Number 552041, 
published July 29, 1993). Alternatively, the racemic mixture may be first subjected to base-catalyzed 
hydrolysis to remove the 3-acyl group and to generate a racemic mixture of the corresponding 3-hydroxy {1-

lactam; the racemic mixture of 3-hydroxy {1-lactam is then contacted with an enzyme capable of catalyzing 
acylation of an hydroxy group to selectively acylate the hydroxy group of one enantiomer without affecting 
the other. Or the racemic mixture of 3-hydroxy {1-lactam may be acylated with a chiral carboxylic acid, and 
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the resulting diastereomeric mixture may then be separated using methods known in the art. and the chiral 
auxiliary removed to provide the desired enantiomer. 

Ojima et al, in J. Org. Chem., 56:1681-1683, 1991; Tet. Lett .. 33:5737-5740, 1992; and Tetrahedron, 
48:6985-7012, 1992 reported the synthesis of a number of chiral azetidinones of formula (Illa) and/or the 

5 corresponing N-(p-methoxyphenyl) congener; wherein P is the hydroxy protecting group triisopropylsilyl; 
and R5 is 4-methoxyphenyl, 3,4-dimethyoxyphenyl, phenyl, 4-fluorophenyl, 4-trifluoromethylphenyl, 2-fur}'I, 
2-phenylethenyl, 2-(2-furyl)ethenyl, 2-methylpropyl, cyclohexylmethyl, isopropyl, phenethyl, 2-cyclohex
ylethyl, or n-propyf. The relevant portions of these references are hereby incorporated by reference. Other 
azetidinones within the definition of formula (Ill) but are not specifically disclosed in these references may 

10 be prepared by a person skilled in the art following the methodologies generally known in the art. 

BIOLOGICAL EVALUATION 

Compounds of the present invention are novel antitumor agents; representative compounds of formula 
15 (A) have been evaluated in in vitro cytotoxicity assays and in vivo animal tumor models. 

In vitro cytotoxicity data 

Compounds of the present invention showed in vitro cytoxicity activity against human colon carcinoma 
20 cells HCT-116 and HCT-116NM46. The HCT-116NM46 cells are cells that have been previously selected 

for teniposide resistance and express the multi-drug resistance phenotype, including resistance to 
paclitaxel. Cytotoxicity was assessed in HCT-116 human colon carcinoma cells by XTT (2,3-bis(2-methoxy-
4-nitro-5-sutfphenyl)-5-((phenylamino)carbonyl]2H-tetrazolium hydroxide) assay as reported in D.A. 
Scudiero, et al., "Evaluation of soluble tetrazoliumlforrnazan assay for cell growth and drug sensitivity in 

25 culture using human and other tumor cell lines," Cancer Res. 48:4827-4833, 1988. Cells were plated at 
4000 cells/well in 96 well microtiter plates and 24 hours later drugs were added and serial diluted. The cells 
were incubated at 37 • C for 72 hours at which time the tetrazolium dye, XTT, was added. A dehydrogenase 
enzyme in live cells reduces the XTT to a form that absorbs light at 450 nm which can be quantitated 
spectrophotometrically. The greater the absorbance, the greater the number of live cells. The results are 

30 expressed as an ICso. which is the drug concentration required to inhibit cell proliferation (i.e .. absorbance 
at 450 nm) to 50% of that of untreated control cells. The ICso values for compounds evaluated in this assay 
are given in Table I. 

Table I 
35 

In vitro cytotoxicity data against human colon carcinoma cells. 

Compound ICso (1.1.M) 

HCT-116 HCT-116NM46• 
40 

Taxotere® 0.004 0.213 (53) 
paclitaxel 0.004 0.44 (124) 
Example 1 0.020 1.30 (66) 
Example 3 0.266 6.67 (25) 

45 Example 4 0.044 5.36 (122) 

1Value is parenthesis is fold resistance relative to HCT-116 cells. 

The compound 7-0-methylthiomethylpaclitaxel (Example 1 (a) was also tested in the cytotoxicity assay 
so and it showed IC50 of0.003 uM against HCT-116 and 0.025 J.LM against HCT-116NM46. 

In vivo antitumor activity 

Balb/c x DBA2 F1 (CDFt) hybrid mice were implanted subcutaneously (sc) with 0.1 ml of a 2% (w/v) 
55 brei of M109 lung carcinoma (as described in W. Rose "Evaluation of Madison 109 Lung Carcinoma as a 

Model for Screening Antitumor Drugs," Cancer Treatment Reports, 65, No. 3-4 pp. 299-312 (1981). The test 
compounds and reference drug, paclitaxel, were administered intravenously to groups of mice; each group 
received a compound at a different dose level, and three or four different dose levels were evaluated per 
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compound. Mice were followed daily for survival until their death or about day 75 post-tumor implant, 
whichever occurred first. One group of mice per experiment remained untreated and served as the control. 
Tumors were also measured once or twice weekly and the size in mm was used to estimate tumor weight 
according to the published procedure (ibid). 

s Median survival times of compound-treated (T) mice were compared to the median survival time of 
parallel control (C) mice. The ratio of the two values for each compound-treated group of mice was 
multiplied by 100 and expressed as a percentage (i.e., % TIC) in Table II for representative compounds. 
Additionally, the difference between the median time for treated groups and that for the control group to 
grow tumor to 1 gm, expressed as T-C values in days, is also shown in Table II. The greater the T-C value, 

10 the greater the delay in primary tumor growth. Compounds showing % TIC;:: 125% and/or T-C <:: 4.0 days 
are considered to be active in the M109 SC model. 

15 

20 

25 

30 

Table II 

Compound Maximum Effect Opt. Dose 

%T/C T-C {days) (mg/kg/inj;) 

Example 1 131 14.0 45a 

paclitaxel 134 14 48/24a.c 

Example 3 160 18.8 24b 

paclitaxel 151 15 18b 

acompound was administered i.v. once daily, on days 4, 5, 6, 7 and 8 
post-tumor implant. 
hCompound was administered i.v. once daily, on days 5, 6, 7, 8 and 9 
post-tumor implant. 
cHigher dose achieved maximum increase in lifespan; lower dose 
associated with causing maximum delay in tumor growth. 

Compound of Example 3 (as the triethanolamine salt) was further evaluated in murine and human 
xenograft tumor models (M109. A2780/cDDP - human ovarian carcinoma resistant to cisplatin, and HCT-116 
- human colon carcinoma) against paclitaxel as positive control. The A2780/cDDP moel is described in Rose 
and Basler, In Vivo, 1990, 4:391-396; the HCT-116 model is described in Rose and Basler, In Vivo, 1989, 

35 3:249-254. M109 was passaged sc biweekly in Balb/C mice and implanted sc into CDF1 mice for antitumor 
evaluation. A2780/cDDP and HCT-116 were grown in athymic mice for both passage {every two to three 
weeks} and therapy experiments. Compound of Example 3 was administered iv in water, or orally in water 
with a few drops of Tween 80, while paclitaxel was either suspended in water plus Tween 80. or dissolved 
in cremophorelethanol (50%150%) and diluted with saline. The treatment regimen for the sc M109 tumor 

40 tests was once daily for 5 consecutive days beginning on Day 4 post tumor implant. For the human tumor 
xenograft tests, compounds were given once daily every other day for five administrations beginning when 
the tumors were staged to between 50 to 100 mg. 

In one M109 experiment. compound of Example 3 administered iv achieved max. % TIC of 155 (T-C of 
19 days) at 36 mg/kg/inj. (cf. paclitaxel max. % T/C of 132 (T-C of 13 days) at 36 or 18 mg/kg/inj.). In the 

45 same experiment, compound of Example 3 administered orally achieved a max. % TIC of 158 (T-C of 22.8 
days) at a dose of 160 mg/kg/adm. while paclitaxel at the same dose (highest tested) suspended in water 
and Tween 80 did not show activity. In another M109 experiment, iv administered compound of Example 3 
produced max. % TIC of 170 (T-C of 17 days) at 48 mg/kg/inj. (cf. paclitaxel max.% TIC of 167 (T-C of 14 
days) at 48 or 36 mg/kglinj.). In the same experiment, orally administered .compound of Example 3 

50 produced max. % TIC of 172 (T-C of 17 days) at a dose of 200 mg/kg/adm. while paclitaxel dissolved in 
cremophore/ethanollsaline did not show activity at 60/mg/kglinj. In this experiment. paclitaxel dissolved in 
cremophore/ethanol/saline could not be administered at greater than 601mg/kglinj. due to solubility and 
toxicity constraints. 

In the A27801cDDP experiment, iv administered compounds of Example 3 showed max. T-C value of 
55 29.8 days at 36 mglkg/inj (cf. paclitaxel max. T-C of 26.3 days at 36 mglkg/inj.). Orally administered 

compound of Example 3 produced max. T-C of 20 days at a dose of 160 mg/kg/adm. In the HCT-116 
experiment, iv treatment with 24 or 36 mglkglinj. of paclitaxel produced 6 cures of 7 or 6 cures of 8 treated 
mice, respectively, and 160 or· 240 mglkg/adm. of oral compound of Example 3 cured 6 or 7 of 8 treated 
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mice. respectively. Cure means tumor-free on Day 80 post tumor implant. 
Compounds of the present invention are phosphonooxymethyl ethers of taxane derivatives. The 

pharmaceutically acceptable salt forms exhibit improved water solubility over paclitaxel thereby allowing 
more convenient pharmaceutical formulations. Without being bound by theory, it is believed that the 

5 phosphonooxymethyl ethers of the present invention are prodrugs of paclitaxel or derivative thereof; the 
phosphonooxymethyl moiety being cleaved upon contact with phosphatase in vivo to generate subsequently 
the parent compound. As shown above. compounds of the instant invention are effective tumor inhibiting 
agents. Thus, another aspect of the instant invention concerns a method for inhibiting mammalian tumors 
which comprises administering to a tumor bearing host an antitumor effective amount of a compound of 

10 formula (A). 
Compounds of formula (A) of the present invention may be used in a manner similar to that of 

paclitaxel; therefore. an oncologist skilled in the art of cancer treatment will be able to ascertain, without 
undue experimentation, an appropriate treatment protocol for administering a compound of the present 
invention. The dosage, mode and schedule of administration for compounds of this invention are not 

15 particularly restricted, and will vary with the particular compound employed. Thus a compound of the 
present invention may be administered via any suitable route of administration, preferably parenterally; the 
dosage may be, tor example, in the range of about 1 to about 100 mg/kg of body weight, or about 20 to 
about 500 mg/m2• Compounds of formula (A) may also be administered orally; oral dosage may be in the 
range of about 5 to about 500 mg/kg of body weight. The actual dose used will vary according to the 

20 particular composition formulated, the route of administration, and the particular site, host and type of tumor 
being treated. Many factors that modify the action of the drug will be taken into account in determining the 
dosage including age, weight, sex, diet and the physical condition of the patient. 

The present invention also provides pharmaceutical compositions containing an antitumor effective 
amount of a compound of formula (A) in combination with one or more pharmaceutically acceptable 

25 carriers. excipients, diluents or adjuvants. Examples of formulating paclitaxel or derivatives thereof may be 
found in, for example, United States Patents Nos. 4,960.790 and 4,814,470. For example, compounds of the 
present invention may be formulated in the form of tablets, pills. powder mixtures, capsules, injectables, 
solutions, suppositories, emulsions, dispersions, food premix, and in other suitable forms. They may also be 
manufactured in the form of sterile solid compositions. for example. freeze dried and. if desired, combined 

30 with other pharmaceutically acceptable excipients. Such solid compositions can be reconstituted with sterile 
water. physiological saline. or a mixture of water and an organic solvent. such as propylene glycol, ethanol. 
and the like. or some other sterile injectable medium immediately before use for parenteral administration. 

Typical of pharmaceutically acceptable carriers are, for example, manitol, urea. dextrans, lactose. potato 
and maize starches, magnesium stearate, talc, vegetable oils, polyalkylene glycols, ethyl cellulose, poly-

35 (vinylpyrrolidone), calcium carbonate. ethyl oleate, isopropyl myristate. benzyl benzoate, sodium carbonate, 
gelatin, potassium carbonate. silicic acid. The pharmaceutical preparation may also contain nontoxic 
auxiliary substances such as emulsifying, preserving. wetting agents. and the like as for example, sorbitan 
monolaurate. triethanolamine oleate. polyoxyethylene monostearate, glyceryl tripalmitate. dioctyl sodium 
sulfosuccinate, and the like. 

40 In the following experimental procedures, all temperatures are understood to be. in Centigrade (C) when 
not specified. The nuclear magnetic resonance (NMR) spectral characteristics refer to chemical shifts (5) 
expressed in parts per million (ppm) versus tetramethylsi!ane (TMS) as reference standard. The relative 
area reported for the various shifts in the proton NMR spectral data corresponds to the number of hydrogen 
atoms of a particular functional type in the molecule. The nature of the shifts as to multiplicity is reported as 

45 broad singlet (bs). broad doublet (bd), broad triplet (bt), broad quartet (bq), singlet (s). multiplet (m). doublet 
(d). quartet (q), triplet (t), doublet of doublet (dd}. doublet of triplet (dt), and doublet of quartet (dq). The 
solvents employed for taking NMR spectra are acetone-dG (deuterated acetone). DMSO-d, 
(perdeuterodimethylsulfoxide), D20 (deuterated water), CDCb (deuteroch!oroform) and other conventional 

· deuterated solvents. The infrared (IR) spectral description include only absorption wave numbers (cm- 1) 

50 having functional group identification value. 
Celite is a registered trademark of the Johns-Manville Products Corporation for diatomaceous earth. 
The abbreviations used herein are conventional abbreviations widely employed in the art. Some of 

which are: MS (mass spectrometry); HAMS (high resolution mass spectrometry); Ac (acetyl); Ph (phenyl); 
v/v (volume/volume); FAB (fast atom bombardment); NOBA (m-nitrobenzyl alcohol); min (minute(s)}; h or hr-

55 (s) (hour(s)); NIS (N-iodosuccinimide); BOC (t-butoxycarbonyl); CBZ (benzyloxycarbonyl); Bn (benzyl); Bz 
(benzoyl); TES (triethylsilyl); DMSO (dimethylsulfoxide); THF (tetrahydrofuran); HMDS (hexamethyl
disilazane). 
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PREPARATION OF STARTING MATERIALS 

The preparations of several specific starting materials useful in the preparation of compounds of formula 
(A) are exemplified below. 

Preparation 1. 10-0esacetoxypaclitaxel 

PhCONH 0 

PhVou ..... 
OH 

20 (a) 2', 7-.Q-bis(2,2,2-trichloroethoxycarbonyl)-10-deacetyl paclitaxel 

10-Deacetyl paclitaxel (140 mg, 0.173 mmol) in dry dichloromethane (3.5 ml) was treated at 0 • C with 
pyridine (0.028 ml, 0.346 mmol) and trichloroethyl chloroformate (0.0724 mL. 0.260 mmol). After 1 h at this 
temperature, the cold bath was removed and the mixture was stirred at room temperature overnight. The 

25 solvent was evaporated and the residue chromatographed on silica gel (30-50% ethyl acetate in hexane) to 
afford the title compound as a foam (92.3 mg, 46%). Further elution afforded unreacted starting material (35 
mg, 25% ), and 2', 1O-.Q-bis(2,2,2-trichloroethoxycarbonyl)-10-deacetylpaclitaxel in 16% yield. 

30 

35 

(b) 2', 7-.Q-bis(2,2,2-trichloroethoxycarbonyl}-10-desacetoxy-11, 12-dihydropaclitaxel-10, 12(18)-diene 

The product obtained in step (a) (92.3 mg, 0.079 mmol) in dry dichloromethane (2 ml) was treated at 
room temperature with 1,1,2-trifluoro-2-chlorotriethylamine (0.0384 ml, 0.238 mmol). The solution was 
stirred overnight. The solvent was evaporated and the residue purified by column chromatography (25% 
ethyl acetate in hexane) to afford the title compound as a white powder (42.8 mg, 47.3%). 

(c) 10-Desacetoxy-11 , 12-dihydropaclitaxel-10, 12(18)-diene 

The product of step (b) (39 mg, 0.034 mmol) was dissolved in methanol (0.5 ml) and acetic acid (0.5 
ml). and treated with acid-washed zinc dust (66.4 mg, 1.020 mmol). The slurry was heated at 40 • C for 1 h, 

40 filtered and the filtrate evaporated. Chromatography of the residue with 60% ethyl acetate/hexane gave the 
title compound as a foam (22 mg, 81 % ). 

(c) 10-Desacetoxypaclitaxel 

45 The product of step (c) (22 mg, 0.028 mmol) in ethyl acetate (0.7 ml) was hydrogenated at atmospheric 

50 

55 

pressure in the presence of palladium on charcoal (10%, 14.7 mg, 0.014 mmol Pd} After 5.5 h at RT, 
filtration (rinsing with ethyl acetate), evaporation and chromatography (60% ethyl acetate in hexane) gave 
the title product (15.0 mg, 68%) as a white foam. 

20 
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Preparation 2. 7-Deoxy-7a-fluoropaclitaxel 

5 PhCONH 0 

Ph Mo ....... 
OH 

10 

HO 

15 (a) 2'-Q-Benzyloxycarbonyl-7-deoxy-7a-fluoropaclitaxel 

Diethylaminosulfur trifluoride (DAST, 18.7 ul, 0.141 mmol) was dissolved in dry dichloromethane (0.5 
ml), and this solution was cooled to 0 • C. A solution of 2'-Q-(benzyloxycarbonyl)paclitaxel (71 mg. 0.072 
mmol) in dichloromethane (1 ml) was added and the resulting solution was kept at O • C for 30 min and at 

20 room temperature for 4 h. Then, water (0.15 ml) was added to the reaction mixture in order to quench the 
reaction and the resultant mixture was concentrated to leave a residue. The residue was chromatographed 
on a silica gel column (being eluted with 40% ethyl acetate in hexane) to yield 61 mg (Y: 85.7%) of a 1 :1 
mixture of the title compound and 2'-Q-benzyloxycarbonyl-8-desmethyl-7,8-cyclopropapaclitaxeL 

25 (b) 7-Deoxy-7a-fluoropaclitaxel 

The product mixture obtained in Step (a) (89 mg) was dissolved in ethyl acetate (3 ml) and the mixture 
was stirred under slightly over one atmospheric pressure of hydrogen in the presence of palladium on 
charcoal (10% Pd, 29mg, 0.027 mmol). After 12 h, the solvent was removed, and the residue was purified 

30 by silica gel chromatography (being eluted with 40% ethyl acetate in hexane) to afford 67.7 mg of "the title 
compound, along with 8-desmethyl-7,8-cyclopropapaclitaxel. 

35 

40 

45 

<!!' 

50 

55 

The following HPlC method was used to separate the 7-deoxy-7a-fluoropaclitaxel and 8-desmethyl-7,8-
cyclopropapaclitaxel. 

Equipment 

Pump: 
Column: 

Injector: 
Detector: 

Conditions 

PE Series 4 
Shandon Hypercarb (graphitized carbon), 7u, 100 x 4.6 mm, #59864750 (information on 
preparative size columns may be obtained from Keystone Scientific, Bellefonte. PA) 
PE ISS-100 
HP-1040M 

Mobile Phase: 85:15 methylene chloride: hexane Separation not lost at 80:19: 1 methylene chloride: 
hexane: isopropyl alcohol 

Flow Rate: 2.5 mUmin 
Detector: 254nm 
Diluent: Sample dissolved in methylene chloride 
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Preparation 3. 7-Deoxy-7a-fluorobaccatin Ill 

To a dry flask under an inert atmosphere was added 2'-0-(benzyloxycarbonyl)paclitaxel (4 g, 4 mmol) 
and dry toluene (80 ml). The resulting slurry was stirred at ambient temperature while dry tetrahydrofuran 
(16 ml) was added dropwise until a colorless solution resulted. The above solution was cooled to -78 • C in 

20 a dry ice/acetone bath then treated with diethylaminosulfur trifluoride (DAST, 1.2 ml, 2.5 eq.). The reaction 
mixture was allowed to stir for 16h as it gradually warmed to ambient temperature. The resulting suspension 
was filtered and the filtrate (diluted with ethyl acetate (30 ml)) was washed with saturated aqueous sodium 
bicarbonate followed by brine. The organic fraction was dried (MgS04) and concentrated to give a crude 
product as a white foam. The crude material was partially purified by silica gel column chromatography 

25 (eluted with 10% CH3CN in CH2Cl2) to afford 1.45 g of a mixture of 2'-0-(benzyloxycarbonyl)-7-deoxy-7a
fluoropaclitaxeland 2'-Q-(benzyloxycarbonyl)-8-desmethyl-7,8-cyclopropapaclitaxel (82:18 mixture by 1 H
NMR). 

The above mixture (1.45 g) was taken up in ethyl acetate (60 ml) and treated with palladium on carbon 
(300 mg). After shaking for 4 h under 50 pounds per square inch (psi} of hydrogen, the reaction was vented 

30 and filtered through a short plug of silica gel and concentrated. This furnished the desired product mixture, 
7-deoxy-7 a-fluoropaclitaxel and 8-desmethyl-7,8-cyclopropapaclitaxel, as a white foam (1.24 g, Y: 99%, 
90:10 mixture by 1H-NMR). This mixture was taken up in dry methylene chloride {30 ml) and treated with 
tetrabutylammonium borohydride (745 mg, 2.9 mmol, 2 eq) and allowed to stir for 6 h. The reaction was 
then quenched with acetic acid (1 ml), diluted with additional methylene chloride (30 ml) and washed with 

35 saturated aqueous sodium bicarbonate solution. The organic fraction was dried (MgS04) and concentrated. 
The crude, substituted taxane core mixture was partially purified by silica gel column chromatography 
(eluted with 10% CH3CN in CH2 Cl2 ) to give a 90:10 mixture (as determined by 1H-NMR) of 7-deoxy-7-a
fluorobaccatin Ill and 8-desmethyl-7,8-cyclopropabaccatin Ill (510 mg, 60%) as a white foam. The resulting 
foam was crystallized from hot isopropanol to give 7-deoxy-7a-fluorobaccatin Ill (as small white needles (Y: 

40 410 mg); m.p. 234-236 • C (decomposition). 

45 

50 

55 
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Preparation 4. 1 0-Desacetoxy-7-deoxy-7 a-fluoropaclitaxel 

PhCONH 0 

Ph~O"""" 
OH 

(a) 2'-Q-Benzyloxycarbonyl-10-desacetoxypaclitaxel 

10-Desacetoxypaclitaxel {27 mg. 0.034 mmol) in dichloromethane (1 ml) was treated with benzyl 
chloroformate (0.0146 ml, 0.102 mmol), followed by diisopropylethylamine (0.0177 ml, 0.102 mmol). The 

20 reaction mixture was stirred at 0 • C for 45 min, and at rt for 12 h. Evaporation of the solvent and silica gel 
chromatography (being eluted with 40% ethyl acetate in hexane) gave 25.5 mg (Y: 81%) of the title 
compound as a foam. 

25 

(b) 1 O-Desacetoxy-7-deoxy-7a-fluoropaclitaxel 

The product obtained in Step (a) (25.5 mg, 0.028 mmol) in dichloromethane (0.8 ml) at O • C was 
treated with DAST (0.0071 ml, 0.055 mmol). After 45 min at 0 • C, the reaction was allowed to proceed for 
5 h at rt. Evaporation of the solvent and chromatography gave 2'-.Q-benzyloxycarbonyl-7-deoxy-7a
fluoropaclitaxel as a crude foam. This compound was dissolved in ethyl acetate (1 ml) and was stirred 

30 under slightly over one atmosphere of hydrogen in the presence of palladium on charcoal (10%, 8.9 mg) for 
12 hat rt. The catalyst was removed by filtration and silica gel chromatography of the product gave 10 mg 
(Y: 40% over two steps) of the title product as a foam. 

35 

4() 

45 

Preparation 5. 1 O-Deacetyl-7-deoxy-7a-fluoropaclitaxel 

PhCONH 0 

Ph VO"""" 
OH 

HO 

A solution of 2',10-Q-bis(2,2,2-trichloroethoxycarbonyl)-10-deacetylpaclitaxel (120 mg, 0.103 mmol) in 
· dichloromethane (2 ml) was cooled at 0 • C and treated with DAST (0.0266 ml, 0.207 mmol). The solution 

so was stirred at 0 • C for 30 min and at rt for 4 h. The reaction was quenched by adding water (0.05 ml). The 
reaction mixture was concentrated and the residue was purified by silica gel chromatography (being eluted 
with 30% ethyl acetate in hexane} to afford 81 mg (Y: 68%) of 2',10-.Q-bis(2,2,2-trichloroethoxycarbonyl)-7-
deoxy-7a-fluoropaclitaxel as a foam. This compound (63 mg, 0.054 mmol) was dissolved in methanol (0.5 
ml) and acetic acid (0.5 ml) and treated with zinc dust (104 mg, 1.62 mmol) for 90 min at 45 • C. The 

ss reaction mixture was filtered and the filtrate was concentrated. Silica gel chromatography (being eluted with 
40% hexane in 60% ethyl acetate) of the residue afforded 38 mg (Y: 86%) of the title compound as a white 
solid. 
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Preparation 6. 7-Deoxybaccatin Ill 

0 
5 

10 

0 

HO AcO 

15 
PhC(O)O 

(a) 7-Q-[(Methylthio)thiocarbonyl]baccatin Ill 

20 Baccatin Ill (750 mg, 1.278 mmol) was dissolved in dry tetrahydrofuran (20 ml) and imidazole (B.7 mg, 

25 

0.128 mmol) was added in one lot. Sodium hydride (50% in mineral oil, 77 mg, 1.597 mmol) was added at 
room temperature. When gas evolution had ceased (10 min), carbon disulfide (4.6 ml) was added at once. 
After 3 h at room temperature, the yellow solution was treated with methyl iodide (0.238 ml, 3.835 mmol) 
and stirred overnight. Work-up with ethyl acetate and water gave the title compound as a crude oil. 

Alternate Run: 

Baccatin Ill (394 mg, 0.672 mmol) was dissolved in tetrahydrofuran (5 ml) and carbon disulfide (1 ml). 
To this solution was added sodium hydride (40.3 mg, 60%, 1.009 mmol). A catalytic amount of imidazole 

30 was also added. The reaction mixture was stirred at room temperature for 1.5 h. and then methyl iodide 
(122.8 uL, 2.016 rnmol) was added. After 40 min, the solvent was removed in vacuo, and the residue was 
chromatographed on silica gel (eluted with 20%-50%-60% ethyl acetate in hexanes) to afford the title 
product (260 mg, Y: 57.2%) together with 7-epi baccatin (98.5 mg, 25%). 

35 (b) 7-Q-[(Methylthio)thiocarbonyl]-13-Q-triethylsilylbaccatin Ill 

The product of step (a) as a crude oil was dissolved in dry dimethylformamide (5 ml) and treated with 
imidazole (870 mg, 12.78 mmol) and triethylsilyl chloride (2.10 ml, 12.78 mmol) at room temperature for 15 
h. Addition of water was followed by extraction into ethyl acetate. The organic layer was washed extensively 

40 with water, and then dried. Silica gel flash chromatography (being eluted with 20% ethyl acetate in hexanes) 
gave the title compound as a glassy solid (Y: 209 mg, 20% yield over two steps). 

Alternate Run: 

45 The product of step (a) (193.4 mg, 0.286 mmol) was dissolved in dry dimethylformamide (2.86 ml). To 
this solution was added imidazole (77.9 mg, 1.14 mmol). followed by triethylsilyl chloride (192 uL, 1.14 
mmol). The reaction mixture was stirred overnight at room temperature. After 12 h, the reaction mixture was 
diluted with ethyl acetate (150 ml). The organic layer was washed with water (3 X 10 ml) and brine (1 X 1 O 
ml), dried, and concentrated in vacuo. The residue was chromatographed on silica gel (eluted with 20% 

so Ethyl acetate in hexanes) to afford the title product (163 mg,Y: 72.0%). 

(c) 7-Deoxy-13-Q-triethylsilylbaccatin Ill 

The product of step (b} (182 mg, 0.230 mmol) in dry benzene {5 ml) was heated to BO· C in the 
55 presence of tributyltin hydride (0.310 ml, 1.150 mmol) and 2,2'-azobisisobutyronitrile (AIBN, 10 mg). After 

3h the solution was allowed to cool, and the solvent evaporated in vacuo. Silica gel chromatography of the 
residue (being eluted with 20% ethyl acetate in hexane) gave the title compound as an oil. 
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(d) 7-Deoxybaccatin Ill 

The product of step (c) was dissolved in tetrahydrofuran (5 ml) and treated with tetrabutylammonium 
fluoride (1 M in tetrahydrofuran, 0.50 ml, 0.50 mmol) for 2h at room temperature. Dilution with ethyl acetate 

s and washing with water and brine, followed by silica gel chromatography {being eluted with 1 :1 ethyl 
acetate/hexane) gave the title compound as a white glassy solid (63 mg, Y: 58% over two steps). 

10 

15 

20 

Preparation 7. 10-Desacetoxybaccatin Ill 

HO 
PhC{O)O 

AcO 

25 (a) 1 O-Deacetyl-1 O-Q-(pentafluorophenoxy)thiocarbonyl-7-Q-triethylsilylbaccatin Ill 

7-0-Triethylsilyl-10-deacetylbaccatin Ill (see Greene et al, J. Am. Chem. Soc., 110, p. 5917, 1988) (319 
mg, OAB5 mmol) was dissolved in dry tetrahydrofuran (5 ml), cooled to -40· C, and treated with n
butyllithium (1.58M in hexanes, 0.384 ml, 0.606 mmol). After 40 min at this temperature, pentafluorophenyl 

30 chlorothionoformate (0.086 ml, 0.536 mmol) was added neat by syringe. The reaction mixture was stirred at 
-20 • C for 90 min, quenched with saturated ammonium chloride solution, and extracted with ethyl acetate. 
The ethyl acetate layer was dried and concentrated. The residue was purified by silica gel chromatography 
(being eluted with 40% ethyl acetate in hexane) to afford the title compound as a foam (320 mg, Y: 74%). 

35 (b) 1 O-Desacetoxy-7-Q-triethylsilylbacctain Ill 

The product of step (a) (119 mg, 0.135 mmol) was dissolved in dry toluene (3 ml) and treated with 
AIBN (2 mg). The solution was degassed with dry nitrogen, then tributyltin hydride (0.055 ml, 0.202 mmol) 
was added. Subsequently. the solution was heated at 90 • C for 1 h. The solvent was then evaporated and 

40 silica gel chromatography of the residue (being eluted with 40% ethyl acetate in hexane) gave the title 
compound (87 mg, Y: 99%) as a colorless foam. 

(c) 10-Desacetoxybaccatin Ill 

45 The product of step (b) (120 mg, 0.187 mmol) was dissolved in acetonitrile (3.5 ml) and the solution 
was cooled to -10 • C. Concentrated HCI (36%, 0.060 ml) was added, and the solution was stirred for 30 
min. The mixture was diluted with ethyl acetate (75 ml), and washed with saturated aqueous sodium 
bicarbonate and brine, then dried and concentrated. The residue was purified by flash silica chromatog-

. raphy (being eluted with 70% ethyl acetate in hexane) to afford 10-deacetyloxybaccatin Ill as a foam (75 
50 mg, Y: 76%). 

55 

25 
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Preparation 8. 10-Desacetoxy-7-deoxybaccatin Ill 

0 
5 

H0111 " 
10 

0 

HO AcO 

15 
PhC(O)O 

(a) 7-.Q-[(Methylthio)thiocarbonylJ-10-desacetoxybaccatin Ill 

20 10-Desacetoxybaccatin Ill (75 mg, 0.142 mmol) was dissolved in dry tetrahydrofuran (2 ml) and carbon 
disulfide (0.5 ml). Sodium hydride (60% in mineral oil, 8.5 mg, 0.213 mmol) was then added, and the 
mixture was stirred at room temperature for 2 h. lodomethane (0.026 ml, 0.426 mmol) was added, and the 
reaction was allowed to proceed overnight. The solvent was then removed and the residue was purified by 
silica gel chromatography (being eluted with 50-70% ethyl acetate in hexane) to give the title compound as 

25 a foam (46.4 mg, Y: 53%). 

(b) 10-desacetoxy-7-deoxy-baccatin Ill 

The product of step (a) (36 mg, 0.058 mmol) was refluxed in benzene (1 ml) in the presence of AIBN 
30 (2 mg) and tributyltin hydride (0.079 ml. 0.290 mmol) under an argon atmosphere for 3h. Concentration of 

the reaction mixture and flash silica gel chromatography of the residue (being eluted with 40% ethyl acetate 
in hexanes} followed by HPLC (high pressure liquid chromatography) separation from other components 
afforded the title compound as a foam (16.8 mg, Y: 56%). 

35 Alternate Run: 

To a solution of 7-0-[(methylthio)carbonothioyl]-13-0-triethylsilylbaccatin Ill (product of preparation I, 
step (b), 416.3 mg, 0.527 mmol) in dry toluene (10.5 ml) was added catalytic amount of AIBN, and the 
resulting solution was degassed with dry N2 for 5 min. Tributyltin hydride (708.7 ul, 2.63 mmol) was the 

40 added and the reaction mixture was heated at 1 OD• C for 2 h .• after which another. portion of tributyltin 
hydride (425.3 ul, 1.581 mmol) was added. The reaction mixture was heated for 5.5 h at 100 • C, and then 
allowed to cool to room temperature. Silica gel chromatography (eluted with 20% ethyl acetate in hexanes) 
afforded 7-deoxy-10-desacetoxy-13-.Q-(triethysilyl)baccatin Ill (320 mg, Y: 97%). 

To a solution of the product of the above step (160 mg, 0.255 mmol) in dry tetrahydrofuran (2 ml} at 
45 room temperature was added tetrabutylammonium fluoride (766 ul, 1 M, 0.766 mmol). The reaction mixture 

was stirred for 1 h at room temperature. The solvent was removed and the residue was chromatographed 
on silica gel (eluted with 50-70% ethyl acetate in hexanes) to afford the desired title product (115 mg, Y: 
87.9%). 

so 

55 
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Preparation 9. (3R, 48)-1 +Butoxycarbonyl-4-phenyl-3-triethylsilyloxy-2-azetidinone 

To a stirred solution of (3R,4S)-4-phenyl-3-triethylsilyloxy-2-azetidinone (2.200 g, 7.92 mmol) in dry 
tetrahydrofuran (25 ml) was added N,N-diisopropylethylamine (1.65 ml. 9.510 mmol, 1.2 equiv) at 0 - C 
under an argon atmosphere. The solution was stirred for 5 min followed by the addition of di-t-butyl 
carbonate (2.080 g, 9.510 mmol, 1.2 equiv) and 4-dimethylaminopyridine (193.6 mg, 1.581 mmol, 0.20 

20 equiv). The reaction mixture was stirred at 0 • C for 60 min., then diluted with ethyl acetate (25 ml). The 
resulting solution was washed with brine, 10% NaHCOJ, 10% HCI solution, dried (MgS04 ), and con
centrated to give a crude compound (oil). The compound was further purified by silica gel flash chromatog
raphy (being eluted with 15% ethyl acetate in hexanes) to afford the title compound as a white solid (2.4 g, 
Y: 83%). 

25 

30 

35 

Preparation 10. (~ )-cis-3-Acetyloxy-4-phenylazetidin-2-one 

(a) To a 1 l, 3-necked round bottom flask equipped with a thermometer, magnetic stirrer and dropping 
funnel was added hydrobenzamide (30.00 g, 100.5 mmol) and ethyl acetate (150 ml). With stirring and 
under a blanket of argon, the reaction mixture was cooled to 5 • C and triethylamine (16.8 ml, 121 mmol) 
was added. A solution of acetoxyacetyl chloride (12.4 ml, 116 mmol) in ethyl acetate (300 ml) was then 

40 added dropwise over a 90 min period. After 16 h at this temperature, the reaction mixture was allowed to 
warm to 20 • C (1.5 h) and transferred to a separatory funnel. The organic layer was washed successively 
with aqueous Nr4CI (sat) (150 ml, 100 ml), aqueous NaHC03 (saturated) (120 ml) and brine (120 ml). 
For purposes of characterization, the title compound can be isolated at this stage by drying the organic 
phase over MgS04, filtering, and removing the solvent in vacuo. This provided (~ )-cis-3-acetyloxy-1-[-

45 (phenyl)(benzylidenimino)methyl]-4-phenylazetidin-2-one in quantitative crude yield as a red glass. 
(b) A solution of the compound obtained in part (a) in ethyl acetate (500 ml) was carefully transferred, 
under a stream of argon, to a 2.0 l Parr flask containing 10% palladium on activated charcoal (6.00 g). 
This mixture was treated with hydrogen (4 atm) for 20 h whereupon the catalyst was removed by 
filtration through a pad of Celite. The filter cake was slurried in ethyl acetate (200 ml), stirred (10 min) 

so and filtered. The filter cake was rinsed with ethyl acetate (100 ml) and the filtrates combined. The 
organic layer was washed with 10% HCl (300 ml) and both layers filtered through a sintered glass funnel 
to remove the white precipitate (dibenzylamine·HCl) which was rinsed with ethyl acetate (100 ml). The 
phases were separated and the organic layer was washed with another portion of 10% HCl (200 ml). 
The combined 10% HCI washes were re-extracted with ethyl acetate (200 ml) and the combined organic 

55 layers were washed with aqueous NaHC03 (saturated) (300 ml) and brine (250 ml). The organic layer 
was dried over MgSQ4, iiltered and concentrated in vacuo to a final volume of 75 ml. This mixture was 
cooled to 4 • C and the precipitated product isolated by filtration. The filter cake was washed with hexane 
(200 ml) to provide 16.12 g (78.1% overall yield from hydrobenzamide) of the title compound as white 
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needles. 
mp = 150-151 ·c 

Preparation 11. (:t)- cis-3-Triethylsilyloxy-4-(2-furyl)-N+butoxycarbonylazetidin-2-one 

1ESOc.. .D 
noc~ 

0 

(a) The procedure described in Preparation 10, part (a), was followed except that hydrofuramide [i.e. 2-
furyl-CH-(N = CH-2-furyl)2] was used instead of hydrobenzamide and the reaction was performed on 18.6 
mmol (vs 100 mmol) scale. Thus, hydrofuramide (5.00 g, 18.6 mmol), triethylamine (3.11 ml, 22.3 mmol) 
and acetoxyacetyl chloride (2.30 ml, 21.4 mmol) gave 6.192 g (Y: 90.4%) of (:t)-cis-3-acetyloxy-1-[(2-
furyl)(2-furylmethylenimino)methyl]-4-(2-furyl)azetidin-2-one as a pale red syrup. 
(b) The procedure described in Preparation 10, part (b), was followed except that the product was 
isolated by preparative TLC and the reaction was performed on the 2.7 mmol scale based on the original 
amount of hydrofuramide. Thus, the crude product obtained in part (a) above was re-dissolved in ethyl 
acetate (50 ml) and added to 10% palladium on activated charcoal (150 mg). Purification of the crude 
solid by preparative TLC (2 mm silica gel, eluted with 1:1 ethyl acetate/hexane) gave 386 mg (65.8% 
corrected overall yield from hydrofuramide) (:t)-cis-3-(acetyloxy)-4-(2-furyl)azetidin-2-one as a yellow 
solid. This was recrystallized from ethyl acetate/hexane. 
rnp=118-119·C 
{c) The compound obtained in part (b) above (3.78 g, 19.4 mmol) in 60 ml of methanol was stirred with 
KiC03 (20 mg, 0.14 mmol) for 90 min and the solution neutralized with Dowex SOW-XB and filtered. The 
filtrate was concentrated and the ·residue dissolved in 80 ml of anhydrous THF and stirred at 0 • C with 
imidazole (1.44 g, 21.2 mmol) and TESCI (3.4 ml, 20.2 mmol) for 30 min. The solution was diluted with 
ethyl acetate and washed with brine, dried over MgSO~ and concentrated. The residue was chromatog
raphed over silica gel (eluted with 3:1 hexane/ethyl acetate) to give 4.47g (Y: 86%) of (:t)- cis-3-
triethylsilyloxy-4-(2-furyl)-azetidin-2-one as a colorless oil. 
(d) The product of part (c) (2.05 g, 7.7 mmol) in 30 ml of dichloromethane was stirred at o·c with 
diisopropylethyl amine (1.5 ml, 8.6 mmol) and di+butylcarbonate (2.0g, 9.2 mmol) in addition to a 
catalytic amount of dimethylaminopyridine (DMAP). The solution was diluted with dichloromethane and 
washed with brine, dried over MgSQ4 and concentrated. The residue was chromatographed over silica 
gel (eluted with 8:1 hexane/ethyl acetate) to give 2.0 (Y: 70%) of the title compound as a waxy solid. 

The racernic mixture obtained in part (b) may be used as substrate for enzymatic hydrolysis using a 
lipase such as PS-30 from Pseudomonas sp. (Amano International Co.) to give (3R.4R)-3-hydroxy-4-(2-
furyl)-azetidin-2-one. The method of enzymatic resolution using the lipase PD-30 and other enzymes is 
disclosed in our co-pending application U.S.S.N. 092,170, filed July 14, 1993 which is hereby incorporated 
by reference in its entirety. 

The procedure in parts (c) and (d) was followed using (3R,4R)-3-hydroxy-4-(2-furyl)-azetidin-2-one to 
provide (3R,4R)-N-(t-butoxycarbonyl)-3-triethylsilyoxy-4-(2-furyl)azetidine-2-one. 
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Preparation 12. (::!:)- cis-3-Triethylsilyloxy-4-(2-thienyl)-N+butoxycarbonylazetidin-2-one 

?~ 
lESO)JA/ 

NBoc 
0 

(a) The procedure described in Preparation 10, step (a) was followed except that hydrothienamide [i.e. 2-
thienyl-CH-(N = CH-2-thienyl)2] was used instead of hydrobenzamide. Thus, hydrothienamide (30 g, 94.7 
mmol), thiethylamine (15.84 ml, 114 mmol) and acetoxyacetyl chloride (11.6 ml, 108 mmol) provided 

15 (::t)-cis-3-acetyloxy-1-[(2-thienyl)(2-trienylmethylenimino)methyl]-4-(2-thienyl)azetidin-2-one as viscous oil. 
(b) A 70% aqueous solution of acetic acid (0.35 ml glacial acetic acid and 0.15 ml water) was added in 
one portion to a stirred solution of the product obtained in part (a) (.431 g, 1.03 mmol) in dich
loromethane (2.93 ml) at 25 • C. The reaction mixture was brought to reflux and stirred for 2.5 h. The 
reaction was diluted with 50 ml dichloromethane and then washed with two 75 ml portions of saturated 

20 aqueous sodium bicarbonate and then one 50 ml portion of saturated brine. The organic extract was 
concentrated in vacuo to a brown oil, dissolved in a minimal amount of dichloromethane, and then 
placed on a silica gel column measuring 4" by 0.5". Elution using a gradient of 10 through 60% EtOAc 
in hexane provided less polar sideproducts and then (::!: )-cis-3-acetyloxy-4-(2-thienyl)azetidin-2-one (0.154 
g, Y: 75%) as a white solid. 

25 (c) A solution of the product obtained in part (b) (2.5 g, 11.8 mmol) was dissolved in methanol (10 ml) 
and treated with saturated aqueous sodium bicarbonate (10 ml) and the resulting slurry was allowed to 
stir at ambient temperature for 3 h. The reaction was then diluted with ethyl acetate (20 ml) and washed 
with water (15 ml). The aqueous fraction was back extracted several times with ethyl acetate and the 
combined organic fractions were dried (MgS04) and concentrated to give a yellow solid (Y: 1.7 g). The 

30 crude material was dissolved in dry tetrahydrofuran (20 ml) and the solution was cooled to 5 • C in an 
ice/water bath. lmidazole (752 mg, 1.1 eq) was then added. After stirring 5 min, triethylchlorosilane (1.85 
ml, 1.1 eq) was added dropwise. The resulting suspension was allowed to stir for 3 h at that 
temperature: then the solids were removed by filtration. The organic fraction was washed with water (2x 
20 ml) then dried (MgS04) and concentrated. The crude product was purified by silica gel column 

35 chromatography (eluted with hexanes/ethyl acetate 7:3) to give (:t)-cis-3-triethylsilyloxy-4-(2-thienyl)
azetidin-2-one as a colorless solid (1.5 g. Y: 45%). m.p. 70-71 • C. 

Alternate Run: 

40 The product obtained in part (b) (2.0 g. 9.37 mmol) in 40 ml of methanol was. stirred with K2C03 (60 
mg, 0.43 mmol) for 30 min and the solution neutralized with Dowex 50W-X8 and filtered. The filtrate was 
concentrated and the residue dissolved in 50 ml of anhydrous THF and stirred at 0 • C with imidazole (0.85 
g, 11.3 mmol) and TESCI (1.9 ml, 12.5 mmol) for 30 min. The solution was diluted with ethyl acetate and 
washed with brine, dried over MgSQ4 and concentrated. The residue was chromatographed over silica gel 

45 (eluted with 3:1 hexane/ethyl acetate) to give 2.13g (Y: 86%) of the title product as a colorless oil. 
(d) A solution of the product obtained in part (c) (425.7 mg, 1.48 mmol) was dissolved in dich
loromethane (10 ml) and cooled to 5 • C in an ice/water bath. The reaction was treated with a catalytic 
amount of DMAP followed by diisopropylethylamine (TESCI, 0.25 ml, 1.0 eq) then by di+butylcarbonate 
(388.4 mg, 1.2 eq). After stirring 2 h at that temperature the reaction was quenched with saturated 

50 aqueous sodium bicarbonate (5 ml) and the organic fraction was washed with water (5 ml) then dried 
(MgS04), passed through a short plug of silica gel and concentrated to give the desired product as a 
colorless oil (525.3 mg, Y: 93%). 
The procedure described above in Preparations 9, 11 (d) and 12(d) may be adapted to the preparation 

of other N-substituted azetidinones useful in the preparation of compounds of the invention. Examples of 
55 such azetidinones are listed in the following table; P below is a hydroxy protecting group such as triethyl 

silyl, triisopropylsilyl and ethoxyethyl. 
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Cl Ph 4-CH30-Ph-
15 3,4-diCH30-Ph-

Ph-

4-F-Ph-

20 
4-CF3-Ph-

2-furenyl-

2-thienyl-

PhCH=CH-

25 2-furanyl-CH =CH-

(CH3) 2CHCH2-

C6H11-CH2-

CCH3 ) 2CH-
30 PhCH2CH2-

C6H11-CH2CH 2-

CH3CH2CH2-

4-Cl-Ph 
35 

2-F-Ph 

3-F-Ph 

4-CH3-Ph 

40 Cl 4-CH30-Ph- 3,4-diCH30-Ph-

4-CF3-Ph-

2-furanyl-

PhCH=CH-
45 

CCH3) 2CHCH2-

CeH11·CH2· 

Ph_~H 2CH2-
50 

55 
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.·. 

L .. ·. R~(o) . 
· .. _ •. _.·-I>· 

(CH3 ) 3 CO- (CH3) 3CO-

Cl CH3-

Preparation 13. 10-deoxytaxotere 

tBuOC {O) NH 0 

Ph~0°"· 
OH 

.. _.: 

OH 
PhC(O)O 

.._ R~ 
·· . .-·:·-·.· ... 

·-· 
.. 

4-CH30-Ph-

4-F-Ph-

4-CF3-Ph-

PhCH=CH-
(CH3 ) 2CH-

PhCH 2CH2-

C11H, 1-CH2CH 2-

CH3CH2CH2-

4-CH30-Ph-

Ph-

4-F-Ph-

2-furanyl-

2-furanyl-CH =CH-

PhCH2CH 2-

C11H11-CH2CH 2-

CH3CH 2CH2-

10-Desacetoxy-7-Q-triethylsilylbaccatin Ill (100 mg, 0.156 mmol) was placed in a flask under argon and 
dissolved in dry tetrahydrofuran (1.5 ml). Upon cooling to -40 • C, n-bu1yllithium (1.45M in hexanes, 0.119 

45 ml. 0.170 mmol) was added dropwise, followed by (3R.4S)-1-tert-butoxycarbonyl-4-phenyl-3-triethylsilyloxy-
2-azetidinone (94.2 mg, 0.25 mmol) in tetrahydrofuran (0.5 ml) over a period of 2 min. The mixture was 
immediately warmed to 0 • C and stirred for 45 min before being quenched with saturated ammonium 
chloride (3 ml). The mixture was extracted with ethyl acetate, dried, and concentrated. Silica gel 

. chromatography (elu1ed with 30% ethyl acetate in hexane) afforded 10-deoxy-2',7-bis-Q-(triethylsilyl)-
so taxotere as a foam (125 mg, Y: 76%). This compound (100 mg, 0.098 mmol) was immediately dissolved in 

acetonitrile (2 ml) at -5·C and treated with hydrochloric acid (0.037 ml, 36%, 12M). The mixture was 
stirred for 2h at -5 • C, then quenched with aqueous bicarbonate, extracted with ethyl acetate, and dried. 
Evaporation of the solvent was followed by silica gel chromatography (eluted with 75% ethyl acetate in 
hexane) to afford the title compound as a foam (80.5 mg, Y: 80%). 

55 The general procedure provided in Preparation 13 may be adapted to the preparation of other 
compounds of formula (la) by starting with the appropriate baccatin Ill component and the azetidinone 
component; examples of other compounds of formula (la) are listed in the following table. It will be 
understood that even though the compounds below are shown with free hydroxy groups, with the judicious 
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selection of the various hydroxy protecting groups, any one of the protecting groups at the 2'-, 7- or 10-
position may be selectively removed without affecting other protecting groups present. 

R2' 

H OH 

R4 (0) pCO~H O 

R'VO""•· 
OH 

AcO Ph 

32 

4-CH30-Ph-

3.4-diCH30-Ph

Ph-

4-F-Ph-

4-CF3-Ph-

2-furanyl-

2-thienyl-

PhCH =CH-

2-furanyl-CH =CH-

(CH3)2CHCH2-

CeH11-CH2-

(CH3)2CH

PhCH2CH 2-

C11H11-CH2CH2-

CH3CH2CH 2-

4-Cl-Ph 

2-F-Ph 

3-F-Ph 

4-CH3-Ph 
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5 H OH OH (CH3 )3CO 4-CH30-Ph-

Ph 

4-F-Ph-

4-CF3-Ph-
10 2-furanyl-

2-thienyl-

PhCH=CH-

C11Hu-CH2-
75 

(CH3 )2CH-

PhCH2 CH2-

OH H Ph 4-CH30-Ph-
20 3,4-diCH30-Ph-

4-F-Ph-

4-CF3-Ph-

25 
2-furanyl-

2-thienyl-

PhCH=CH-

2-furanyl-CH =CH-

30 (CH3),CHCH2-

C11H11-CH2-

(CH3hCH-

PhCH2CH 2-

35 C11H11-CH2CH2-

CH3CH2CH2-

40 

45 

50 

SS 
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H H CCH3hCO 4-CH30-Ph-
5 3 ,4-diCH30-Ph-

Ph-

4-F-Ph-

10 
4-CF3-Ph-

2-furanyl-

2-thienyl-

PhCH=CH-

15 2-furanyl-CH =CH-

(CH3) 2CHCH2-

CeH11-CH2-

CCH3 ) 2CH-
20 PhCH2CH2-

CeH11-CH2CH2-

CH3CH2CH 2-

25 H OH AcO 2-naphthyl Ph 

4-0H-Ph 

4-CH3 0-Ph 

4-F-Ph 
30 (CH3 ) 3CO-

CH3-

CCH3) 2CH-

35 
CH2 =CHCH2-

4-Cl-Ph 

F H AcO CCH3 )3CO- Ph 

40 F H OH Ph Ph 

45 

so 

55 
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H H AcO Ph 4-CH30·Ph-

3,4-diCH30-Ph-

Ph-

4-F-Ph-

4-CF3-Ph-

2-furanyl-

2-thienyl-

PhCH=CH-

2-furanyl-CH =CH-

(CH3 ) 2CHCH2-

C11Hn-CH2-

{CH3) 2CH-

PhCH2CH 2-

C6H, 1-CH2CH2 

CH3CH2CH 2-

Preparation 14. Bis(methylthiomethyl)ether 

Sodium iodide (8.23g, 55.23 mmol) was added to a solution of 1, 1 '-dichlorodimethyl ether (3.0g, 26.3 
mmol) in acetone (100 ml) at 0 • C and the mixture was stirred at this temperature for 20 min. Sodium 
thiomethoxide (1.84g, 5.23 mmol) was then added in four portions and the resulting solution was stirred for 
an additional 1 h. The heterogeneous solution was then filtered through a pad of celite and the filtrate 

35 concentrated in vacuo. The residual oil was partitioned between ethyl acetate and saturated aqueous 
sodium bicarbonate solution. The aqueous layer was removed and further extracted with ethyl acetate. The 
combined organics were then treated with a 1 :1 (v:v) mixture of saturated aqueous sodium bicarbonate and 
5% aqueous sodium thiosuffate solution. The organics were then washed with brine, dried over sodium 
sulfate and concentrated in vacuo. The residual oil was purified via flash chromatography (30:1, hex-

40 anes:ethyl acetate) to provide 1.9 g of a yellow oil which was subsequently distilled using a kugelrhor 
apparatus (120-130 • C, 20mmHg) yielding 1.5 g (45%) of the title compound as colorless oil: 

45 

1H NMR (300 MHz, CDCf3) Ii 4.73 (4H, s), 2.15 (6H, s). 

Preparation 15. Dibenzyl methytthiomethyl phosphate 

CH3 SCH2 OP(O)(OBu)2 

To a solution of bis(methylthiomethyl)ether (30 mg, 2.34 mmol) and molecular sieves (300 mg) in THF 
· (100 ml) at room temperature was added dibenzyl phosphate (2.74 g. 9.85 mmol) followed by N-

so iodosuccinimide (608 mg, 2.71 mmol) and the solution was stirred for 4h. The reaction mixture was then 
diluted with ethyl acetate and filtered through a pad of celite. The filtrate was treated with a 1 :1 (v:v) solution 
of saturated aqueous sodium bicarbonate and 5% aqueous sodium thiosulfate. The colorless organic extract 
was then washed with brine, dried over sodium sulfate and concentrated in vacuo to provide 600 mg (69%) 
of the title compound: 

55 1H NMR (300 MHz, CDCl3) o 7.35 (10H, s), 5.29 (2H, d, J=12.2 Hz), 5.08 (4H, dd, J=B.O, 1.0 Hz), 4.68 (2H, 
s), 2.10 (3H, s). 

35 
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EXAMPLES 

The following examples are provided to illustrate the synthesis of representative compounds of the 
instant invention and are not to be construed as limiting the scope of the invention in any manner. One 

s skilled in the art will be able to adapt these methods, without undue experimentation, to the synthesis of 
compounds within the scope of this invention but not specifically disclosed. 

Example 1. 7-0-phosphonooxymethylpaclitaxel and its monosodium salt 

10 (a} preparation of 7-Q-methylthiornethylpaclitaxel. 

75 

20 

0 

PhCONH 0 

Ph YO""' .. 
OH 

HO 

Benzoyl peroxide (0.98 g, 4 mrnol) was added to a vigorously stirred mixture of paclitaxel (0.85 g, 1 
mmol} and dimethyl sulfide (0.72 ml, 8 mmol) in dry acetonitrile (1 O ml) at O • C. Stirring was continued for 
2.5 hours at 0 • C. Progress of the reaction was monitored by silica gel TLC in toluene : acetone (2 : 1, v/v) 

2s solvent system (R1 tax. = 0.38, R1 prod. = 0.64), and when formation of higher polarity products was 
observed the reaction was quenched by evaporation of solvents using Rotavapor at 30 • C. A TLC analysis 
of the reaction mixture indicated the presence of some quantities of unreacted paclitaxel and 2',7-0-bis
(methylthiomethyl)paclitaxel. Separation of the title compound from the reaction mixture was achieved by 
flash column chromatography on Silica Gel 60 (40 - 63 um) EM Science (100 ml), column diameter: 2 in. 

30 using ethyl acetate : hexane (1 :1, v/v) solvent system (R1 prod. = 0.34). The product (552 mg, 60% yield) 
was recovered from fractions 12 to 18 (each fraction ca. 20 ml). 
MS (FAS/matrix NOBA, Nal, Kl): [M+H]+, m/z 914; [M+Naj+, m/z 936; [M+K]+, m/z 952 
Elemental Analysis: C: 64.28 (care. 64.39), H: 5.85 (calc. 6.07), N: 1.46 (care. 1.53) 
UV (MeOH): }.max = 226 nm , E(1%/1 cm) = 150, A = 0.2653 

35 IR (KBr): 3432, 3066, 2940, 1726, 1668, 1602, 1582, 1514, 1484, 1452, 1372, 1242, 1178, 1142, 1108, 1068, 
1026, 990, 916, 884, 852, 802, 774, 710, 608, 570, 538, 482 cm- 1• 

1H-NMR (CDCb) o: 1.15 (3H, s), 1.19 {3H, s), 1.73 (3H, s), 1.79 (H, s), 1.90 (3H, d), 2.09 (3H, s), 2.16 (3H, 
s}, 2.29 (2H, d), 2.35 (3H, s), 2.77 (H, m), 3.70 (H, d), 3.83 (H, d}, 4.17 (H, d}, 4.26 (H, m, overlaps with H, 
d), 4.63 (2H, t), 4.77 (H, dd), 4.91 (H, d), 5.65 (H, d}, 5.77 (H, dd), 6.16 (H, dd), 6.48 (H, s), 7.07 (H, d), 7.29 

40 - 7.50 (10H, m), 7.57 (H, m), 7.73 (2H, d), 8.08 (2H, d). 

45 

50 

(b) preparation of 7-Q-dibenzylphosphonooxymethylpaclitaxel. 

PhCONH 0 

Ph Mo• 6H 
HO 

A solution of N-iodosuccinimide (45 mg, 0.2 mM) and dibenzyl phosphate (55 mg, 0.2 mM) in dry 
tetrahydrofuran (4 ml) was added to a mixture of 7-0-methylthiomethylpaclitaxel (119 mg, 0.13 mM) and 

55 powdered molecular sieves 4A (ca. 120 mg)in dry 1,2-dichloroethane (5 ml). The reaction mixture was 
stirred at room temperature for 16 hrs. Progress of the reaction was monitored by TLC in toluene : acetone 
(2 : 1, v/v) system (R1 prod. = 0.48). Molecular sieves were removed by filtration through Celite 545 and the 
filtrate was extracted with methylene chloride (100 ml). The organic layer was washed with 1% solution of 

36 
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sodium thiosulfate (ca. 100 ml) and 0.5 M sodium bicarbonate (100 ml} and with brine. Extract was filtered 
through Whatman Phase Separator and solvents were evaporated. Purification on Silica Gel 60 flash column 
in methylene chloride : ethyl acetate (2 : 1, v/v) yielded 7-Q-dibenzylphosphonooxymethylpaclitaxel (41.5 
mg). 

(c) preparation of 7-Q-phosphonooxymethylpaclitaxel and its monosodium salt. 

PhOll{H 0 

PhVo-

Oii 

7-0-Dibenzylphosphonooxymethylpaclitaxel (41.5 mg) was dissolved in ethyl acetate (5 ml) and 10% 
palladhlm on charcoal (20 mg) was added. Hydrogenation was performed at 40 PSI (275 kPa) at room 
temperature for 1 hour. Progress of the reaction was monitored by TLC in chloroform:methanol:water 

20 (120:45:8, v/v). Purification by preparative TLC (20x20x0.05 cm silica gel plate in the analytical system) 
gave 7-0-phosphonooxymethylpaclitaxel (26 mg. 75% yield). 

Because decomposition of 7-Q-dibenzylphosphooxymethylpaclitaxel was observed during silica gel 
purification. the hydrogenation procedure has been modified. Thus, a crude extract of 7-Q-dibenzyl
phosphonooxymethylpaclitaxel was hydrogenated without any purification. Hydrogenation of the crude 

25 extract of 7-0-dibenzylphosphonooxymethylpaclitaxel was performed at 60 PSI {400 kPa) for 24 hrs. 
7-0-Phosphonooxymethylpaclitaxel (70 mg) was dissolved in 5 ml of acetone - water (1 : 1) solution 

and dlluted with water to 50 ml. Dry sodium bicarbonate (18 mg, 1.2 eq.) was added. Acetone was 
evaporated at room temperature using Rotavapor and the remaining water solution was lyophilized. Crude 
7-0-phosphonooxymethylpaclitaxel monosodium salt was purified by C18 reverse phase column 

30 chromatography in water: acetonitrile (70 : 30, vlv) system. Eluate was monitored by analytical HPLC (15 
cm. Jones C18 column, 1 mUmin .• 1 = 230/270 nm) in acetonitrile : 0.05 M ammonium acetate buffer (45 : 
55, v/v). pH = 7, Rt = 2.09 min. Fractions containing the desired product were combined, acetonitrile 
evaporated and the remaining aqueous solution lyophilized to provide 7-Q-phosphonooxymethylpaclitaxel 
monosodium salt (112 mg). 

35 MS (FAB): [M+H]+, m/z 986; [M+Na]+, m/z 1008 
UV {MeOH): >.max = 230 nm, E(1 %/1 cm) = 248 
lR (KBr}: 3430, 3066, 2948, 1724, 1652, 1602,1580, 1518, 1486, 1452, 1372, 1316, 1246, 1178, 1154, 1108. 
1070, 1000, 982, 946, 856, 802, 776, 710, 628, 538 cm- 1

• 

1H-NMR (acetone-d6 /0:!0) o: 8.05 (2H, d), 7.92 (2H, d). 7.65 (1H, dd), 7.58 - 7.35 (9H, m, overlap), 7.23 (1H, 
40 dd). 6.38 (1H, s), 6.08 (1H, t), 5.65 (1H, d), 5.60 (1H, d), 5.10 (1H, br.s), 4.99 (1H,.d), 4.97 (1H, br.s), 4.80 

(1 H, d), 4.28 (1 H, dd), 4.11 (2H, s), 3.79 (1 H, d), 2.94 (1 H, m), 2.35 (3H, s), 2.35 - 2.10 (1 H, m), 2.13 (3H,s), 
1.95 (3H, s), 1.84 (1 H, m), 1.67 (3H, s), 1.13 (6H, s, overlap). 

45 

50 

55 
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Example 2. Alternate method for the preparation of 7-0-phosphonooxymethylpaclitaxel. 

(a) preparation of 2'-Q-(benzyloxycarbonyl)paclitaxel 

5 

PhCONH 0 

Ph yo ....... 
10 PhCH20C(O)O 

HO 

1s To a stirred solution of paclitaxel (150 mg, 0.176 mmol) and N,N-diisopropylethylamine (93 uL, 0.534 

20 

25 

30 

mmol, 3 eq.) in anhydrous methylene chloride (4 ml) at room temperature was added benzyl chloroformate 
(75 uL, 0.525 mmol. 3 eq.). The reaction mixture was stirred at room temperature for 3 h, concentrated to 2 
ml, and purified on a silica gel column, using 1 :1 of ethyl acetate/hexanes as eluant, to obtain the title 
compound as a white powder (150 mg, Y:86%). MP 140-150·C (decomposition). 

(b) preparation of 2'-Q-(benzyloxycarbonyl)-7-.Q-methylthiomethylpaclitaxel 

0 

PhCONH 0 

PhVo··-
PhCH,oc(oJo 

HO 

To a cooled (dry ice - CCl4; -30 • C bath temp.) solution of 2'-Q-(benzyloxycarbonyl)paclitaxel (4.935 g; 
5.0 mmol) in dry acetonitrile (80 ml) was added in succession dimethylsulfide (3.6 ml; 40 mmol) and 

35 benzyol peroxide (4.9 g; 20.247 mmol). After 10 mins. at -30 • C, the cold bath was removed and the 
reaction mixture was stirred vigorously for 2 hr at room temperature. The reaction mixture was then diluted 
with ethyl acetate to a volume of 200 ml and washed with water and brine. The organic layer was dried 
(MgS04). and the solvent was then evaporated to give a residue which was kept under vacuum for 18 h to 
remove any dimethylsultoxide that was present as a reaction side product. The residue was· purified on a 

40 silica gel column using first ethyl acetate: hexane (1 :2) as eluant to remove the less polar impurities. 
followed by ethyl acetate: hexane (1 :1) to give the expected title compound as a foam. This was triturated 
with dry ether and filtered to give the title compound as a fluffy solid (5.0 g, 95%). MP 120-122 • C. 
MS (FAS): [MH]+, mlz 1048; [M + Naj+, mlz 1070; [M + Kj+, mlz 108 
IA (KBr): 3440, 3066, 1750, 1722, 1664, 1602, 1583, 1538 cm- 1• 

45 NMR (CDCb} o: un (3H,s) 1.236 (3H, s) 1.745 (3H, s) 2.023 (3H, s) 2.121 (3H s) 2.162 (3H, s) 2.436 (3H, 
s) 3.887 (H, d) 4.134 (H, d) 4.197 (H, d) 4.295 (H. m) 4.964 (H, d) 5.161 (2H, d) 5.450 (H, d) 5.703 (H, d) 
5.981 (H, dd) 6.257 (H, t) 6.541 (H. s) 6.920 (H. d, NH) 7.322-8.22 (15H, m}. 

The title compound was also prepared by the following alternative method: 
· To a solution of 2'-Q-(benzyloxycarbonyl)paclitaxel (2.0 g; 2.0263 mmol} in--dry dimethylsulfoxide (10 

50 ml) was added dropwise acetic anhydride (10 ml). The resulting mixture was stirred at room temperature for 
18 h under N2, diluted with ethyl acetate (100 ml), and washed carefully with cold 6% sodium bicarbonate 
solution (6x30 ml), cold water (6x30 ml) and brine. The organic layer was dried (MgS04 ), and the solvent 
was evaporated to give a residue. This was purified by silica gel column and eluted with methylene 
chloride, methylene chloride-5% acetonitrile. and methylene chloride-10% acetonitrile to give the expected 

55 title compound (1.86 g, 87.7%). This compound is identical to that obtained via the previously described 
dimethyl sulfide/benzoyl peroxide method. 
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(c) preparation of 2' -Q-(benzyloxycarbonyl)-7-Q-dibenzylphosphonooxymethylpaclitaxel 

PbCONH 0 

Pb~o-
• l'hal 10C{0)0 

To a solution of 2'-0-(benzyloxycarbonyl)-7-0-methylthiomethylpaclitaxel (5.0 g; 5.5396 mmol) in dry 
1,2-dichloroethane (120 ml) was added activated powdered 4A molecular sieves (5.0 g). To this mixture was 
added dropwise at room temperature a solution mixture of N-iodosuccinimide (1.61 g; 7.1632 mmol) and 

15 dibenzyl phosphate (1.97 g; 7.1632 mmol) in dry tetrahydrofuran (90 ml). After stirring vigorously at room 
temperature for 30 min. the reaction mixture was filtered over Celite and the filtrate was evaporated to 
dryness to give a red residue. The residue was taken up in ethyl acetate (100 ml), washed with cold 6% 
NaHS03 solution (2x50 ml), cold 6% NaHC03 solution (2x50 ml) and brine (1x50 ml). The organic layer was 
dried (MgS04) and the solvent was evaporated to give a solid mass which was triturated with dry ether and 

20 filtered to give the title compound as an ivory colored solid (5.9 g, 97% ). MP 124-127 • C. 
MS (FAB): [MH]+, m/z 1278; [M+Na]+, m/z 1301; [M+KJ+, m/z 1316 
IR (KBr): 3430, 3066, 3032, 1750, 1726, 1664, 1582, 1532 cm-1 

NMR (CDCb) o: 1.160 (3H, s) 1.703 (3H, s) 1.985 (3H, s) 2.164 (3H, s) 2.420 (3H, s) 3.854 (H, d) 4.151 (H, 
d) 4.216 (H, m) 4.298 (H. d) 4.873 (H, d) 5.043 (6H, m) 5.140 (2H, d) 5.417 (H, d) 5.670 (H, d) 5.971 (H, dd) 

25 6.241 (H, t) 6.317 (H, s} 6.912 (H, d, NH) 7.280-8.115 (25H, m). 

(d) preparation of 7-Q-phosphonooxymethylpaclitaxel. 

To a solution of 2'-Q-(benzyloxycarbonyl)-7-Q-dibenzylphosphonooxymethylpaclitaxel (6.0 g; 4.7095 
30 mmol) in ethyl acetate (120 ml) was added 10% Pd/C (6.0 g) and the mixture was hydrogenated at 60 psi 

(400 kPa) for 24 hr. The reaction mixture was filtered over Celite and the solvent was evaporated to give 
4.07 g of a crude residue. This was purified on a short silica gel column by successive elution with 
chloroform:10%, 20% and 40% methanol to give the title compound as a white solid (3.2 g, 71%) MP 155-
158" C. 

35 This product has the same Rf(TLC) and same retention time (HPLC) as an authentic sample. 
MS (FAB): [MH]+, m/z 964; [M+Na]+, mlz 986; [M+K]+, m/z 1002; [M+K++Na+-Hj+, m/z 1024; [M+2K-H]
+, m/z 1040 
UV (MeOH): >..max = 230 nm, E(1 %/1 cm) = 252.5 
IR (KBr): 3432, 3066, 2992, 1722, 1648, 1602, 1580, 1522, 1488, 1452, 1372, 1316, 1246, 1178, 1154,, 

40 1110, 1070, 1000, 980, 946, 854, 802, 776, 710, 628, 538 cm- 1 • 

45 

50 

55 

1NMR (acetone-ds/020}, o: 1.08 (3H, s), 1.10 ( 3H, s), 1.63 (3H, s), 1.88 (3H, s), 1.96 (H, m), 2.13 (3H, s), 
2.32 (3H, s), 2.89 (H, m), 3.76 (H, d), 4.19 (H, m), 4.89 (H, dd), 5.09 (H, dd), 5.55 - 5.60 (2H, overlapping 
d's). 6.04 (H, t), 6.32 (H, s), 720 (H, t), 7.34 - 7.67 (1 OH, overlapping m's), 7.87 (2H, dd), 8.02 (2H, dd). 
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Example 3. 2'-0-(ethoxycarbonyl)-7-0-phosphonooxymethylpaclitaxel 

(a) preparation of 2'-Q-(ethoxycarbonyl)paclitaxel 

5 
AcO 0 

10 

PhCO!P{ 0 

Ph VO""-· 
CH 10! 20C(O)O 

HO / 
OCOPh 

15 To a solution of paclitaxel (4.35 g, 5.1 mmol) in dry methylene chloride (51 ml) was added N,N-
diisopropylethylamine (2.67 ml, 15.3 mmol), followed by ethyl chloroformate (1.46 ml, 15.3 mmol). The 
reaction mixture was stirred at 0 • C for 2 hrs, and then at room temperature for an additional 1 hr. The 
reaction mixture was diluted with ethyl acetate (400 ml), the organic phase was washed with satur.ated 
solution of NaHC03 (2 x 30ml). and with brine (30ml). The resulting organic phase was dried over MgS04 to 

20 provide crude title compound (93%) which was used in the next step without further purification. 
MS (FAB/NOBA. Nal, Kl): {M + HJ+, m/z 926; [M + Na]+, m/z 948; [M + Kj+, m/z 964 
HAMS (FAS/ NOBA. Csl/Gly external reference): [M + HJ+ m/z 926.3588 observed. CsoHsGN01G, calculated 
value: 926.3599 (deviation t:,. = 1.2 ppm) 
1HNMR (CDCb): o 1.13 {3H, s), 1.23 (3H, s), 1.30 (3H, t), 1.67 (3H, s). 1.92 {3H, s), 2.21 (3H, s), 2.37 (H, d), 

2s 2.45 (3H, s), 2.54 (H, m), 3.80 (H, d). 4.15 - 4.32 (4H, m's overlapping), 4.43 (H, dd), 4.96 (H, d), 5.42 (H, d), 
5.68 (H. d), 5.98 (H, dd), 6.28 (2H, m's, overlapping), 7.00 (H, d). 7.34 - 7.59 (11 H, m's overlapping), 7.74 
(2H, d), 8.12 (2H, d). 

30 

Alternate Run: 

Paclitaxel (5.40 g. 6.324 mmol) in dry dichloromethane (63 ml} was cooled to 0 • C and treated with 
neat N,N- diisopropylethylamine (3.30 ml, 3 equiv) and then neat ethyl ch!oroformate (1.81 ml, 3 equiv) 
dropwise over a 5 min period. The reaction was monitored by TLC {50% ethyl acetate in hexane). After 2h 
at 0 • C and 16h at room temperature, the reaction was complete and the yellow-orange solution was diluted 

35 with ethyl acetate {300 ml) and washed with saturated sodium bicarbonate (3 x 75 ml) and brine (75 ml). 
Drying (MgS04) and evaporation afforded crude title compound, which was purified by precipitation: 
dichloromethane {ca. 100 ml) was added followed by cooling and addition of hexane (ca 60 ml) to the 
cloud point. After cooling in ice for several hours, the solid was collected by filtration. Yield 5.17 g (88%). 

40 Alternate Run: 

In a flame dried, single necked 3 l flask was dissolved paclitaxel (99.0 g, 115.9 mmol) in 1,350 ml of 
dry methylene chloride under the argon atmosphere. The solution was cooled to -10 •. N,N
diisopropylethylamine (52.4 g, 405.7 mmol) was added slowly (addn. time -3 min.). followed by CIC02Et 

45 (31.45 g, 289.8 mmol; addn. time -15 min.). The resulting mixture was stirred overnight (16 hrs.) at -4 • C . 
The reaction was judged incomplete by TLC. Another charge of N,N-diisopropylethylamine (2.62 g, 20.28 
mmol) was added, followed by CIC02Et (2.20 g, 20.28 mmol) and the stirring was continued for 3 hrs at 
-4 • C. No starting material was detected by TLC. The cold mixture was diluted with ethyl acetate (1.5 l) and 
transferred to a separatory funnel. It was then washed with 5% KHSQ4 (2x500 ml), water (1x500 ml). 5% 

so KHSQ4 (1x500 ml), water (1x500 ml), satd. NaHC03 (2x500 ml) and brine (2x500 ml}, dried (MgS04 ) and 
the solvents were removed in vacuo to give 147 g of the crude product. The residue was dissolved in hot 
methylene chloride (800 ml, bath temp. 42 • C) and hexanes were added dropwlse (530 ml) with stirring, 
while the temperature was maintained. The crystallizing mixture was set aside for 3 hrs. at room 
temperature and then in the cold room (0 • C) overnight. The heavy white crystals were collected by filtration 

55 and washed with hexanes/CH2Cl2 1 :1 (v/v) (2x200 ml). After drying on the suction filter for 1 hr. it was dried 
in vacuo (-1.0 mmHg) overnight to give 95.7 g (89% yield) of the title compound (homogeneity index as 
measured by HPLC = 98.5%). 
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(b) preparation of 2'-Q-(ethoxycarbonyl)-7-Q-methylthiomethylpaclitaxel 

PhCON!I 0 

Ph VO""'" 
0!1 CH20C (OJ 0 

HO 

To a solution of 2'-0-(ethoxycarbonyl)paclitaxel (4.38 g, 4.7 mmol) in dry dimethylsulfoxide (12.5 ml) 
was added acetic anhydride (12.5 ml). The reaction mixture was stirred for 24 hrs at room temperature and 

15 then diluted with ethyl acetate (500 ml), washed with saturated solution of NaHCOa (3 x 40 ml) and with 
water (2 x 40 ml). The resulting organic layer was dried over MgSO~. and the solvents were evaporated in 
vacuo to dryness. The residue was purified by silica gel chromatography (40% ethyl acetate in hexanes) to 
afford the desired title compound (4.39 g, 94 %). 
MS (FAS I NOBA, Nal, Kl): [M + HJ+, m/z 986; [M + Na]+, m/z 1008; [M + K]+, m/z 1024 

20 HAMS (FAB/NOBA, Csl/Gly external reference): [M + Hj+ m/z 986.3646 (calculated value: 986.3633, 
deviation l::. = 1.3 ppm) 
1 HNMR (CDCl3) o: 1.18 (3H, s), 1.20 (3H, s), 1.30 (3H, s). 1.75 (3H, s). 1.84 (H. m), 2.09 (3H, s), 2.11 (3H, 
s), 2.16 (3H, s). 2.24 (H, d), 2.37 (H, d), 2.45 (3H, s), 2.80 (H, m), 3.68 (H. d), 4.08 - 4.33 (SH, m, 
overlapping). 4.65 (2H, s), 4.96 (H. d). 5.43 (H. d). 5.69 (H, d), 5.98 (H, dd), 6.26 (H, t). 6.55 (H, s), 7.00 (H, 

25 d). 7.32 - 7.61 (11H, m, overlapping). 7.73 (2H, dd), 8.11 (2H, dd). 

Alternate Run: 

2'-.Q-(Ethoxycarbonyl)paclitaxel (2.260 g. 2.4406 mmol) was dissolved in anhydrous dimethylsulfoxide (6 
30 ml), and acetic anhydride (6 ml) was added in one lot at room temperature. The reaction was monitored 

by HPLC (C18 analytical column; 60% acetonitrile - 40% 10 mM ammonium phosphate buffer, pH 6). After 
30h. the solution was diluted with ethyl acetate (250 ml) and washed with saturated aqueous bicarbonate (3 
times) then water and brine. After drying over magnesium sulfate and filtration, the crude product was 
chromatographed on silica (40% ethyl acetate in hexane) to yield the title compound as a white foam (2.030 

35 g, 91%) that was 90% pure by HPLC. A portion was further purified by a second column (5% acetonitrile in 
dichloromethane) to afford material that was ca. 97% pure by HPLC. 

Alternate method for the preparation of 2'-.Q-(ethoxycarbonyl)-7-.Q-methylthiomethylpaclitaxel. 

40 2'-.Q-(Ethoxycarbonyl)paclitaxel (4.170 g, 4.503 mmol) was dissolved in anhydrous acetonitrile (68 ml) 
at -40 • C, and dimethyl sulfide (3.2 ml. 44.10 mmol) was added, followed by benzoyl peroxide (4.400 g, 
18.24 mmol). The mixture was placed in an ice bath and stirred at 0 • C, and the course of the reaction was 
monitored by TLC (40% ethyl acetate in hexane). After 3 h. no starting material was detected, and the 
solution was worked up by adding ethyl acetate (250 ml) and saturated aqueous sodium bicarbonate (100 

45 ml). The organic phase was further washed with bicarbonate, water, and brine. then dried over magnesium 
sulfate and filtered. The residue was purified by silica gel flash chromatography (4% acetonitrile in 
dichloromethane). to yield the title compound as a white foam (2.571 g, 58% yield). The purity of this 
sample was judged as >97% by HPLC. The NMR spectrum was identical to the one reported above. 

50 Alternate run for preparing 2'-.Q-(ethoxycarbonyl)-7-Q-methylthiomethylpaclitaxel. 

2'-0-(Ethoxycarbonyl)paclitaxel (49.3 g, 53.2 mmol) was placed in a flame dried single necked 1 L flask 
and dissolved in dry acetonitrile (500 ml) at room temperature. Methyl sulfide (39.1 ml, 0.532 mol) was 
rapidly added via syringe. The stirred reaction mixture was cooled to -16 • C in an ice/salt bath and solid 

55 benzoyl peroxide (51.6 g, 0.213 mol) was added to the mixture in one lot. (Full four equivalents are required 
for the reaction to proceed to completion.) Stirring was continued for 30 minutes. during which time the 
temperature rose to --10· C. The reaction medium remained heterogeneous throughout this period (benzoyl 
peroxide has not dissolved completely). The cooling bath was changed to ice/water, the temperature was 
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raised to 0 • C and the remaining benzoyl peroxide dissolved -5 min. after the warm-up. The reaction was 
judged complete by TLC after stirring at 0 • C for another 2.5 hours. The volume of the solution was reduced 
-200 ml by removing the solvent on a rotovap and it was then transferred to a separatory funnel where it 
was washed with heptane {5x500 ml). The acetonitrile layer was diluted with ethyl acetate (1.5 L) and 
washed with a 3:1 mixture satd. NaHC03/5% ~C03 (v/v) (2x500 ml), satd. NaHCOa (2x500 ml), half-satd. 
brine (1x500 ml) and brine (1x500 ml), dried (MgSQ4) and the solvents were removed in vacuo to give 
67.0 g of the crude product. ft was dissolved in acetone (200 ml), warmed to 40 • C in a water bath and 
hexanes were added dropwise with stirring until the cloudiness was observed (400 ml). The crystallizing 
mixture was set aside for 3 hrs. at room temperature and then transferred to a cold room (0 • C) where it 
was kept overnight (16 hrs.). A thick cake was formed. The solid was collected by filtration and washed with 
hexanes/acetone 3:1 (v/v) (2x50 ml). The resulting white crystals were dried on the suction filter for 1 hr. 
and then in vacuo (-0.5 mm Hg) overnight to give 47.5 g (91 % yield) of the title compound (homogeneity 
index as measured by HPLC = 94.8%). 

(c) preparation of 2'-Q-{ethoxycarbonyl)-7-Q-dibenzylphosphonooxymethylpaclitaxel. 

PhCONH 0 

F'.'h~Q ..... 
~ctiiOC(O}Q 

HO j 
PhC{O)O 

A solution of N-iodosuccinimide (1.953g, 8.65 mmo!) and dibenzyl phosphate (2.41g, 8.65 mmol) in 
tetrahydrofuran was added to a mixture of 2'-0-(ethoxycarbonyl)-7-0-methylthiomethylpaclitaxel (5.6ng, 
5.76 mmo!) and 4A molecular sieves (5.7g) in methylene chloride (100 ml) at room temperature. The 
reaction mixture was stirred for 40 min. at room temperature. After this period the reaction was complete as 
judged by TLC. The reaction mixture was filtered through Celite and the filtrate was concenterated in vacuo 
to give a brownish residue which was diluted with ethyl acetate (800 ml). the organic phase was washed 
with 1% Na2S03 (2 x 80 ml), then washed with 5% brine (2 x 50 ml). The organic phase was concentrated 
in vacuo and dried. Chromatography of the resulting residue (50 - 60% ethyl acetate in hexanes) gave the 
desired title compound (6.23g, 89%). 
MS (FAB/NOBA, Nal, Kl): [M + Na]+, m/z 1238; [M + Kj+, m/z 1254 
HAMS (FAB/NOBA, Cs!/Gly external reference): {M + Na]+ m/z 1216.4291 (C.sH11 N020P calculated value: 
1216.4307; deviation t,. = 1.3 ppm) 
1HNMR (CDCb). o: 1.18 (3H, s). 1.21 (3H, s). 1.30 (3H, t). 1.67 (6H, s), 1.80 (H, s), 1.93 (H, m). 1.99 (3H, d), 
2.18 (3H, s), 223 (H, m), 2.38 (H, m), 2.45 (3H, s), 2.80 (H, m), 3.86 (H, d), 4.14 - 4.32 (SH, m's, 
overlapping), 4.88 (H. d), 5.00 - 5.07 (4H, m's, overlapping), 5.42 (H, d), 5.68 (H. d), 5.96 (H, dd), 6.26 (H, t), 

6.33 (H. s). 6.95 (H, d). 7.30 - 7.61 (11H, m's overlapping), 7.75 (2H, dd), 8.12 (2H, dd). 

Alternate Run: 

To a solution of 2'-Q-(ethoxycarbonyl)-7-Q-methylthiomethylpaclitaxel (350 mg, 0.355 mmol) in anhy
drous tetrahydrofuran (8 ml) was added a solution of N-iodosuccinimide (120 mg, 0.532 mmol) and 

50 dibenzyl phosphate (148 mg, 0.532 mmol)in tetrahydrofuran (5 ml). The reaction was monitored by HPLC 
(C18 column; 70% acetonitrile, 30% 10 mM ammonium phosphate, pH 6). After 2h, less than 5% starting 
material was detected. and the reaction was worked-up. The solution was diluted with ethyl acetate (75 ml), 
and washed with 1% aqueous sodium bisulfite (2x50 ml) and brine (50 ml). After quick drying over 
magnesium sulfate and filtration, the solvent was evaporated. Silica gel flash chromatography (45% ethyl 

55 acetate/hexane) provided the title compound as a white foam (281 mg, 65%). HPLC analysis indicated a 
purity of ca. 95%. 
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Alternte Run: 

Crushed 4 A molecular sieves were placed in a flame dried one-necked 1 l flask which was then 
connected to a vacuum line (-0.5 mmHg}. The sieves were heated with a heatgun for -10 min. while being 

5 shaken manually. After cooling under vacuum argon was introduced into the flask and 2'-0-(ethoxycar
bonyl)-7-0-methylthiomethylpaclitaxel (37.5 g, 38.03 mmol) was added, followed by dibenzyl phosphate 
(14.8 g, S3.24 mmol) and THF (400 ml). The heterogeneous mixture was vigorously stirred for 15 min. at 
room temperature with a magnetic stirrer. Jn a separate flame dried flask, N-iodosuccinimide (10.7 g. 47.54 
mmol) was dissolved in THF (50 ml) under argon. (During the preparation of the N!S solution, liquid transfer 

10 and during the reaction course, the vessels were covered with aluminum foil for protection against light.) It 
was then added slowly (10 min) to the reaction mixture via a syringe. The flask containing NIS was washed 
with 5 ml of THF and transferred to the reaction mixture, which was then stirred for 2 hrs. at room 
temperature. TLC analysis showed absence of the starting material. The deeply red colored solution was 
filtered through a pad of Celite® directly into .a vigorously stirred bi-phasic mixture containing ethyl acetate 

15 (500 ml), 10% aq. sodium thiosulfate (300 ml) and satd. sodium bicarbonate (200 ml}. The red color 
. disappeared in a few seconds giving a colorless solution. The Celite® pad was washed with EtOAc (-100 

ml) and both liquid layers were transferred into a separatory funnel. The organic layer was diluted with 1 l 
of EtOAc, the layers were separated and the organic layer was washed with a mixture of satd. NaHCOJ and 
5% K2 C03 (3:1 v/v, 2X500 ml), then satd. NaHC03 {2x500 ml), half-saturated brine (1x500 ml) and brine 

20 (1 x500 ml). The extract was dried with anhydrous MgS04 and filtered. It was treated with 5.0 g of neutral 
Norit {charcoal) by stirring at room temperature for 15 min. It was filtered again through a Celite® pad and 
the solvent was removed under the reduced pressure to give 52 g of the crude product. It was dissolved in 
toluene/methylene chloride (280 mU25 ml) and hexanes were added dropwise (20 ml). After being set 
aside for 3 hrs. at room temperature the crystallizing mixture was left at 0 • C overnight. A pale yellow solid 

25 was formed on the flask walls. After decanting the mother liquor, the residue was triturated with toluene (50 
ml), filtered, washed with toluene and dried on the suction filter for 30 min. It was then transferred to a 
desiccator with Drierite® and further dried in vacuo (-0.5 mmHg) for four hours to give 24.4 g (53% yield) 
of the title compound (homogeneity index as measured by HPlC = 95.9%). The mother liquor was 
evaporated to dryness, triturated with toluene (100 ml), filtered, washed with toluene and dried on the 

30 suction filter for 30 min. After drying in a desiccator as described above it gave 12.5 g (27% yield) of the 
same product (homogeneity index as measured by HPlC = 97.1%). 

35 

40 

45 

(d) preparation of 2'-.Q-(ethoxycarbonyl)-7-.Q-phosphonooxymethyfpaclitaxel; its monosodium, monopotas
sium, triethylamine, arginine, lysine, ethanolamine, N-methylglucamine, and triethanolamine salts. 

PhCONH 0 

Ph~O'""" 

AcO 0 

To a solution of 2'-0-(ethoxycarbonyl)-7-0-dibenzylphosphonooxymethylpaclitaxel(1.23 g. 1.01 mmol) in 
·dry ethyl acetate (40 ml) was added 10% Pdon carbon (428 mg, 10%, 0.404-mmol). The reaction mixture 

so was subjected to hydrogenation (60 PSI= 400 kPa) with continuous shaking for 24 hrs. The solid was 
filtered off through Celite, then the Celite was rinsed several times with ethyl acetate. The filtrate was 
concentrated to give free acid form of the title compound (1.01g, 80% purity as judged by HPLC). The 
impurities were removed at the next step by preparative C-18 column chromatography. 
MS (FAB/NOBA, Nal, Kl): [M + Na]+, m/z 1058; [M + K]+, m/z 1074; [M + 2Na - Hj+, m/z 1080; [M + Na 

55 + K - HJ+, m/z 1096; [M + 2K - HJ+, m/z 1112 
HR-MS (FAB/NOBA, Csl/Gly, external reference): [M + Na]+, m/z 1058.3163 (Cs1 HsaNChaPNa calculated 
value: 1058.3188; deviation t:;. = 2.3 ppm) 
1H NMR (acetone-dG/020) 6: 1.13 (3H, s), 1.21 (3H, s), 1.66 (3H, s), 1.87 (H, m), 1.93 (3H, s), 2.14 (3H, s), 
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2.18 (H, m), 2.44 (3H, s), 2.95 (H, m). 3.81 (H, d), 4.12 (2H, s). 4.15 - 4.27 (3H, m's overlapping). 4.92 - 4.99 
(2H, br.m's overlapping). 5.15 (H. br.s). 5.48 (H. d), 5.61 (H, d). 5.84 (H. dd), 6.07 (H, t). 6.36 (H, s). 7.25 (H, 
t), 7.28 - 7.69 (10H, m's overlapping), 7.89 (2H, dd), 8.08 (2H, dd), 8.86 (H, d). 

5 Alternate Run: 

2'-.Q-(Ethoxycarbonyl)-7-_2-(dibenzylphosphonooxymethyl)paclitaxel (490 mg, 0.402 mmol) in ethyl ace
tate (20 ml) was hydrogenated in a Parr shaker at 60 psi (400 kPa) in the presence of palladium on 
characoal (10% w/w, 150 mg). Monitoring was carried out by TLC and HPlC. When no more starting 

10 material nor an intermediate (presumably the monobenzyl phosphate) were detected (26h), the suspension 
was filtered through Celite and evaporated to dryness. HPLC analysis showed a purity of 88-92%. 

Alternate Run: 

15 2'-_2-(Ethoxycarbonyl)-7-_2-phosphonooxymethylpaclitaxel triethylamine salt to be described below (5.4 
g. 4.75 mmole) was partitioned vigorously between EtOAc (100 ml) and 5% NaHSQ4 (45 ml) with stirring at 
0 • C for 30 minutes. The aqueous layer was separated and extracted with EtOAc (20 ml). The combined 
EtOAc layer was washed with half-brine (25 ml}, brine (25 ml x 2). dried over NaSO.i and filtered to give a 
solution of the acid (-4.75 mmole) in EtOAc (-150 ml). This EtOAc solution was then concentrated to 

20 dryness on a rotary evaporator to give 3.75 g of the title compound in free acid form in 95% yield. HPlC 
analysis showed homogeneity index of 96.1%. 
The monosodium salt was prepared as follows: 

A sample of 2'-.Q-(ethoxycarbonyl)-7-_2-phosphonooxymethylpaclitaxel (1.6 g, 1.55 mmol) was dissolved 
in acetonitrile (30 ml) by sonication. This solution was diluted with water (30 ml) and 1.1 M solution of 

25 NaHCOJ (2.11 ml, 2.32 mmol) was added, alternately shaking and sonicating to obtain a solution (5-20 min). 
The somewhat milky solution was applied onto a C-18 column. washing with two column volumes of water, 
then eluting the monosodium salt with 25% acetonitrile/water. The appropriate fractions were pooled, the 
acetonitrile evaporated, and the aqueous phase lyophilized, to yield the monosodium salt of the title 
compound (850 mg, ca 50%), having HPlC purity of 97%. 

30 MS (FAB/NOBA. Nal, Kl): [M + Na]+, m/z 1180 
HR - MS (FAB/NOBA, Csl/Gly external reference): [M + Naj+, m/z 1080.2968 (Cs1Hs1N020PNa2 calculated 
value: 1080.3007; deviation D = 3.6 ppm) 
Elemental analysis: C: 52.65 (calc. 56.72). H: 5.06 (calc. 5.23), N: 1.20 (calc. 1.30), Na: 2.74 (calc. 2.12) 
JR (KBr): 3430, 3066, 2988, 1746, 1722, 1660, 1602, 1582, 1526, 1488, 1452, 1374, 1246, 1178, 1150, 1108, 

35 1070, 1052, 1026, 1002, 966, 912, 834, 792, 776, 710, 628, 538 cm-1. 
1H-NMR (DMSO-dG. 020, acetone-dG) o: 1.10 (SH, s), 1.23 (3H, t}, 1.64 (3H, s), 1.70 (H, m), 1.90 {3H,s), 1.99 
(H, m), 2.14 (3H, s), 2.37 (3H, s), 2.98 (H, m). 3.74 (H. d), 4.07 (2H, s). 4.13 - 4.26 (3H, m, overlapping), 4.80 
(H. br.dd), 4.97 (H, d), 5.09 (H, br.t), 5.44 (H, d), 5.55 (H, d), 5.99 (H, t), 6.34 (H, s), 7.22 (H,t), 7.43 - 7.69 
(10H, m, overlapping), 7.92 (2H, dd), 8.06 (2H, dd). 

40 The sodium salt can also be prepared as follows: 
Crude 2'-Q-(ethoxycarbonyl)-7-_2-phosphonooxymethylpaclitaxel (89%; 70 mg. 0.060 mmol), in EtOAc 

(2 ml) was treated with a solution of sodium ethylhexanoate (87.5 mM in EtOAc, 1.0 ml, 0.0875 mmol) at 
room temperature with stirring. After stirring at room temperature for 1 h, hexane (1.2 ml) was added to the 
cloud point. After storing at -20 • C for 2h, the fine amorphous powder was filtered (with some difficulty, very 

45 slow) through fine filter paper, to yield 45 mg (70%) of the sodium salt. This was 95.2% pure by HPLC and 
contained a small amount of ethylhexanoic acid (NMR). 
The triethanolamine salt was prepared as follows: 

2'-.Q-(Ethoxycarbonyl)-7-_2-phosphonooxymethylpaclitaxel, crude from the hydrogenation (89% by 
HPLC) (0.69 g, 0.593 mmol after correction for impurities) was dissolved in ethyl acetate (10 ml), and stirred 

5o slowly while a solution of triethanolamine (0.11 Min EtOAc, used 5.1 ml, 0.95 eq) was added dropwise. The 
milky solution obtained by this procedure was digested at 0 • C for 2h, then filtered on file filter paper, 
rinsing with cold EtOAc. Yield: 499 mg (80%) of an amorphous, fine, non-electrostatic powder that was 
dried overnight in vacuo. HPLC shows 96.6% purity (C-18, 45% 5mM 012+10mM ammonium phosphate 
pH 6, 55% actonitrile). NMR spectrum (D20/acetone/DMSO) shows traces of ethyl acetate and no other 

55 clearcut impurities. It analyzes for a 2-3 x hydrate. 
The triethanolamine salt of lesser priority obtained from another experiment was further purified by the 

following procedure. The triethanolamine salt (approx. 2 g ) was dissolved in about 30% acetonitrile/water. 
This solution was eluted with slight nitrogen pressure through a column of C18 (Bakerbond) with a gradient 
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of 20% to 40% acetonitrile in water. The fractions containing the desired triethanolamine salt were collected; 
the acetonitrile was removed by rotary evaporation under reduced pressure. The aqueous solutions were 
frozen and lyophilized overnight to afford 1.4 grams of the triethanolamine salt with a purity of 97.5%. 
The triethanolamine salt can also be prepared as follows: 

5 2'-Q-(Ethoxycarbonyl)-7-Q-phosphonooxymethylpaclitaxel triethylamine salt (3.0 g, 2.64 mmole) was 
partitioned between EtOAc (60 ml) and 5% NaHSO~ (30 ml) with vigorous stirring at 0 • C for 15 minutes. 
The aqueous layer was separated and extracted with EtOAc (10 ml). The combined EtOAc layer was 
washed with brine (15 ml}, dried over Na2SO~. filtered to give a solution of the acid (-2.64 mmole) in EtOAc 
(-70 ml). To this EtOAc solution at room temperature was added dropwise with vigorous stirring N-

10 (CH2CH20H)3 (0.35 ml, 2.64 mmole) over a period of 5 minutes. The resulting suspension was stirred for an 
additional 1 hr and then it was filtered, washed with EtOAc (15 ml x 2), dried in vacuo to give 2.8 g of the 
triethanolamine salt in 89% yield. HPLC analysis showed homogeneity index of 98.7%; mp.: >157" C with 
decomposition. 
Elemental analysis calculated for CsGH73N2023P•2.0 Hz0•0.3 EtOAc: C, 55.60; H, 6.48; N. 2.27; KF (H20), 

15 2.92. Found: 55.94; H, 6.59; N, 2.43; KF (H20), 3.50. 
The triethylamine salt was prepared as follows: 

To the solution of 2'-Q-(ethoxycarbonyl)-7-Q-dibenzylphosphonooxymethylpaclitaxel (10 g, 8.23 
mmole), in EtOAc (350 ml), at room temperature was added 10% Pd on carbon (2 g, 20% load). The 
resulting suspension was degassed by evacuating air and then purging with argon. This process was 

20 repeated two additional times. The argon then was replaced with hydrogen following the same degassing 
procedure. The resulting suspension was stirred under a balloon hydrogen pressure (2-3 pound per square 
inch} for 16 hr at room temperature with vigorous stirring. The hydrogen was evacuated and replaced with 
argon three times following the degassing procedure. The resulting suspension was filtered through a pad 
of Ce lite. To this homogeneous filtrate was slowly added Eb N (8.23 mmole, 1.14 ml) over a period of 5 

25 min with vigorous stirring. The resulting fine white suspension was stirred for an additional 30 min. It was 
filtered through a fritted funnel with porous size E. The filter cake was dried in vacuo (1 mmHg} for 16 hr to 
give 8.22 g of the title triethylamine salt in 88% yield. HPLC analysis showed homogeneity index of 97.4%; 
mp.: > 178 • C with decomposition. 
Elemental analysis calculated for Cs1H73N2020P•4.5 HzO: C, 56.19; H, 6.79; N, 2.30; KF (H20), 6.65. 

30 Found: 56.33; H, 6.87; N, 2.32; KF(H20), 7.96. 
Alternate run for making the triethylamine salt: 

2'-Q-(Ethoxycarbonyl)-7-.Q-dibenzylphosphonooxymethylpaclitaxel (5.67 g, 4.66 mmol} was added to a 
250 ml flask and dissolved in ethyl acetate (150 ml}. The flask was equipped with a three-way valve with 
one connection to house vacuum and one connection to an argon line. Using the valve, the flask was 

35 partially evacuated and then purged with argon. This process was repeated two additional times. Palladium 
on activated carbon (10% Pd) (0.85 g} was added to the flask. The argon line attached to the three-way 
valve was replaced with a hydrogen-filled balloon. Using the valve, the flask was partially evacuated and 
then purged with hydrogen. This process was repeated four additional times. The resulting mixture was 
stirred at room temperature under the hydrogen balloon atmosphere overnight. TLC analysis 17 hours after 

40 the initial exposure to hydrogen showed the starting material to be absent. The hydrogen balloon attached 
to the three-way valve was replaced with an argon line. Using the valve. the flask was partially evacuated 
and then purged with argon. This process was repeated two additional times. The contents of the flask were 
vacuum-filtered through a pad of Celite. The Celite was rinsed with ethyl acetate (2 x 10 ml}. To the stirring 
filtrate was added NEb (0.650 ml, 4.66 mmol). The resulting suspension was stirred at room temperature 

45 for two hours, and the volume was then reduced to -150 ml via a rotovap. The solid was filtered, washed 
with ethyl acetate (2 x 10 ml} and dried under vacuum to give 4.76 g (90% yield) of the title triethylamine 
salt as a white powder (homogeneity index of the product was determined to be 96.6 % by HPLC analysis). 
Alternate run for making the triethylamine salt: 

2'-.Q-(Ethoxycarbonyl)-7-.Q-dibenzylphosphonooxymethylpaclitaxel (5.17 g, -4.25 mmol} was added to a 
so 250 ml flask and dissolved in ethyl acetate (150 ml}. The flask was equipped with a three-way valve with 

one connection to house vacuum and one connection to an argon line. Using the valve, the flask was 
partially evacuated and then purged with argon. This process was repeated two additional times. Palladium 
on activated carbon (10% Pd) (0.86 g) was added to the flask. The argon line attached to the three-way 
valve was replaced with a hydrogen-filled balloon. Using the valve. the flask was partially evacuated and 

55 then purged with hydrogen. This process was repeated five additional times. The resulting mixture was 
stirred at room temperature under the hydrogen balloon atmosphere overnight. TLC analysis 16 hours after 
the initial exposure to hydrogen showed the starting material to be absent The hydrogen balloon attached 
to the three-way valve was replaced with an argon line. Using the valve, the flask was partially evacuated 
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and then purged with argon. This process was repeated two additional times. The contents of the flask were 
vacuum-filtered through a pad of Celite. The Cefite was rinsed with ethyl acetate (4 x 10 ml). To the stirring 
filtrate was added NEt:i (0.590 ml, 4.25 mmol). The resulting suspension was stirred at room temperature 
for one hour, and the volume was then reduced to -140 ml via a rotovap. The solid was filtered, washed 

5 with ethyl acetate (10 ml) and dried under vacuum to give 4.46 g (92% yieid) of the title triethylamine salt 
as a white powder (homogeneity index as determined by HPlC analysis was 96.7%). 
The lysine saft was prepared as follows: 

2'-0-(ethoxycarbonyl)-7-0-dibenzylphosphonooxymethylpaclitaxel (15.0 g, 12.34 mmole) was added 
portionwise to a suspension of 10% palladium on carbon (20% load, 3 g) in EtOH (600 ml, 200 proof) at 

10 0 • C. The resulting suspension was degassed by evacuating air and purging with argon. This process was 
repeated two additional times. The argon then was replaced with hydrogen following the same degassing 
procedure with vigorous stirring. The resulting mixture was stirred at 0 • C for 2 hrs. The cooling bath was 
removed and the reaction solution was stirred at ambient temperature for additional 4-1/2 hrs. The reaction 
mixture was degassed by evacuating hydrogen and purging with argon three times. It was filtered under 

15 argon through a pad of Celite. To the resulting filtrate was slowly added a solution of lysine (1.63 g, 0.94 
eq) in a 1 :1 mixture of H20:Et0H (200 proof) (20 ml) over a period of 5 minutes with vigorous stirring. To 
the resulting white suspension was added distilled water (110 ml) and stirred for 30 minutes. It was warmed 
to about 55 • C. The resulting homogeneous solution was kept in an oil bath set at 50 • C and slowly cooled 
down to room temperature for 16 hrs and 4 - C for 3 hrs. It was filtered and suction dried for 16 hrs to give 

20 11.8 g (-80% yield) of the lysine salt with homogeneity index of 99.0 % as determined by HPlC; mp.: 
> 170 • C with decomposition. 
Elemental analysis calculated for Cs1H12N3022P•8.0 H20: C, 51.62; H. 6.69; N, 3.17; KF (H20), 10.87. 
Found: 51.76; H, 6.57; N, 3.48; KF (H20), 11.42. 
The ethanolamine salt was prepared as follows: 

25 2'-0-(Ethoxycarbonyl)-7-0-phosphonooxymethylpaclitaxel triethylamine salt (3.0 g, 2.64 mmole) was 
partitioned between EtOAc (60 ml) and 5% NaHS04 (30 ml) with vigorous stirring at 0 • C for 15 minutes. 
The aqueous layer was separated and extracted with EtOAc (15 ml). The combined EtOAc layer was 
washed with brine (15 ml), dried over Na2S04, filtered to give a solution of the free acid (-2.64 mmole) in 
EtOAc (-70 ml). To this EtOAc solution at room temperature was added dropwise with vigorous stirring a 

30 solution of H2 NCH2CH20H (0.15 ml:2.64 mmole) in EtOAc (5 ml) over a period of 5 minutes. The resulting 
suspension was stirred for an additional 1 hr and then it was filtered, washed with EtOAc (15 ml x 2), and 
dried in vacuo to give 2.6 g of the title ethanolamine salt in 89% yield. HPlC analysis showed homogeneity 
index of 97.8%; mp.: >130·C with decomposition. 
Elemental analysis calculated for CsJHGsN2021P•2.5 H20: C. 55.73; H, 6.18; N, 2.45; KF (H2 0), 3.94. 

35 Found: C, 55.76; H, 6.39; N, 2.45; KF (H20), 6.00. 
The arginine salt was prepared as follows: 

2'-Q-(Ethoxycarbonyl)-7-Q-dibenzylphosphonooxymethylpaclitaxel (30.0 g. 24.69 mmole) was added 
portionwise to a suspension of 10% palladium on carbon (20%, load, 6 g) in EtOH (900 ml, 200 proof) at 
0 • C. The resulting suspension was degassed by evacuating air and purging with argon. This process was 

40 repeated two additional times. The argon then was replaced with hydrogen following the above degassing 
procedure with vigorous stirring. The resulting mixture was stirred at 0 • C for 2 hrs. The cooling bath was 
removed and the reaction solution was stirred at ambient temperature for additional 24 hrs. The reaction 
mixture was degassed by evacuating hydrogen and purging with argon three times following the above 
degassing procedure. It was filtered under argon through a pad of Celite. The filtrate was divided into two 

45 equal portions and EtOH (190 ml, 200 proof) was added to each portion. To one portion (-630 ml) was 
slowly added a solution of arginine (2.0 g, 0.94 eq) in a 2:1 mixture of H20:EtOH (200 proof) (20 ml) over a 
period of 5 minutes with vigorous stirring. To the resulting white suspension was added distilled water (100 
ml) and stirred for 30 minutes and then warmed to about 60 • C. It was filtered hot and the filtrate was kept 
in- an oil bath set at 50 • C, allowed to cool down to room temperature and kept ·at room temperature for 2 

50 hrs and at 4 • C for 2 hrs. It was filtered and washed with cold 3% H20 in EtOH {100 ml) and suction dried 
for 16 hrs to give 12.95 g (-86% yield) of the title arginine salt with homogeneity index of 96.7 %. 

This material (12.95 g) was dissolved in a mixture of 15% H2 0 in Et OH (-700 ml) at 55 • C. The solution 
was cooled down and kept at 30 • C for 3-1 /2 hrs. room temperature for 16 hrs, and 4 • C for 3 hrs. The 
resulting crystals were filtered, washed with cold 2% H20 in EtOH (50 ml x 2), suction dried for 4 hrs, and 

ss then dried in vacuo (1 mmHg) for 16 hrs to give 10.2 gs (-80% yield) of the title arginine salt (homogeneity 
index was 98.5% );mp.: > 176 • C with decomposition. 
Elemental analysis calculated for Cs1H12Ns022P·6.4 H20: C, 51.65; H. 6.45; N, 5.28; KF (H20), 8.7. Found: 
C, 51.86; H, 6.65; N,5.53; KF (H20), 8.72. 
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The N-methylglucamine salt was prepared as follows: 
2'-0-(Ethoxycarbonyl)-7-0-dibenzylphosphonooxymethylpaclitaxel (30.0 g, 24.69 mmole) was added 

portion;ise to a suspension of 10% palladium on carbon (20% load, 6 g) in EtOH (900 ml, 200 proof) at 
0 • C. The resulting suspension was degassed by evacuating air and purging with argon. This process was 

s repeated two additional times. The argon then was replaced with hydrogen following the above degassing 
procedure with vigorous stirring. The resulting mixture was stirred at 0 • C for 2 hrs. The cooling bath was 
removed and the reaction solution was stirred at ambient temperature for additional 24 hrs. The reaction 
mixture was degassed by evacuating hydrogen and purging with argon three times following the above 
degassing procedure. It was filtered under argon through a pad of Celite. The filtrate was divided into two 

10 equal portions and EtOH (190 ml, 200 proof) was added to each portion. To one portion (-630 ml) was 
slowly added a solution of N-methylglucamine (2.24 g. 0.94 eq) in a 1 :1 mixture of H2 O:EtOH {200 proof) 
(20 ml) over a period of 5 minutes with vigorous stirring. To the resulting white suspension was added 
distilled water (100 ml) and the suspension was stirred for 30 minutes and then warmed to about 49 • C. The 
clear homogeneous solution was kept in an oil bath set at 50 • C, allowed to cool down to room temperature 

1s and kept at room temperature for 2 hrs and at 4 • C for 1-1/2 hrs. It was filtered and washed with 3% H20 in 
EtOH (100 ml), suction dried at room temperature for 16 hrs to give 9.65 g (-64% yield) of the title N
methylglucamine salt with homogeneity index of 96.4 %. 

This material (9.65 g) was dissolved in a mixture of 15% H20 in EtOH (-450 mt) at 52 • C. Then, the 
solution was cooled down and kept at 28 • C for 3-1 /2 hrs. room temperature for 16 hrs, and 4 • C for 3 hrs. 

20 The resulting crystals were filtered, washed with cold 2% H20 in EtOH (50 ml x 2), suction dried for 4 hrs. 
and then dried in vacuo (1 mmHg) for 16 hrs to give 7.5 g (-80% yield) of the title N-methylglucamine salt 
(homogeneity idex as determined by HPLC was 98.6%); mp.: >154 • C with decomposition. 

25 

30 

35 

40 

Elemental analysis calculated for CssH1sN202sP•5.0 H20: C, 52.72; H, 6.48; N, 2.12; KF (H20), 6.82. 
Found: C, 53.09; H, 6.50; N, 2.08; KF (H20), 7.12. 

Example 4. 2'-0-(Phosphonooxymethyl)paclitaxel 

(a) Preparation of 2'-Q-(methylthiomethyl)-7-.Q-(triethylsilyl)paclitaxel 

PhCONH 0 

Ph~O••·· 
CH3SCH20 

HO 

PhC(O)O 

0 

0 

To a cooled (0 to -5 • C) solution of 7-Q-(triethylsily)paclitaxel (2.46 g; 2.5439 mmol) in dry acetonitrile 
(100 ml) was added dimethylsulfide (1.348 g; 1.59 ml; 21.6976 mmol) followed by benzoyl peroxide (2.628 

45 g; 10.8488 mmol). The heterogeneous mixture was stirred at 0 • C for 1 h and kept at 5 • C for 18 h. A yellow 
solution was observed. This was evaporated to dryness and purified by silica gel column {eluting with ethyl 
acetate: hexane, 1 :4; 1 :3 and 1 :2) to give the title compound (1.0 g, 38%). This was used as such for next 
step. 

· MS: [M +HJ+, 1028; [M +Na]+, 1050; {M + K]+, 1066 
50 

55 
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(b) Preparation of 2'-Q-(methylthiomethyl)paclitaxel 

PhCONH 0 

Ph~O••·· 
CH3SCHzO 

AcO 0 

HO ~ 

PhC(O)O 

0 

15 To a cooled (-15 • C) solution of the product of step (a) (1.0 g; 0.9737 rnmof) in dry acetonitrile (30 ml) 
was added dropwise 0.5 N HCI (3 ml). The resulting solution was stirred at -15 • C for 1 h and at 5 • C for 18 
h. This was diluted with ethyl acetate (20 ml) and washed with cold 6% NaHCOJ solution and brine. It was 
dried (MgS04) and evaporated to dryness. This was purified by silica gel plate (methylene chloride: 15% 
acetonitrile) to give pure title compound (280 mg, 31.4%). 

20 IR(KBr): 3446, 3064, 2940, 1726, 1666, 1582, 1516, 1486. 
NMR (CDCb): o 1.118 (s, 3H), 1.229 (s, 3H), 1.662 (s, 3H), 1.689 (s, 3H), 1.871 (s, 3H), 2.209 (s, 3H), 2.450 
(s, 3H), 3.800 (d, H), 4.119 (d, H), 4.305 (d, H), 4.413 (m, H), 4.563 (d, H), 4.703 (d, H), 4.940 (d, H), 4.958 
(dd, H), 5.667 (d, H), 5.822 (dd, H), 6.263 (m, 2H), 7.019 (d, NH), 7.293-8.127 (m. 15H). 
MS: [M +HJ+. 914; [M +Na]+, 936; [M + Kj+, 952 

25 HRMS: MW: 914.3394 (calculated = 914.3422) 

30 

35 

40 

(c) Preparation of 2'-Q-(dibenzylphosphonooxymethyl)paclitaxel 

PhCONH 0 Phv0 1
'" 

(PhCH20)2P(O)OCH20 
HO 
PhC(O)O 

0 

0 

To a stirred solution of the product of step (b) (0.89 g; 0.9748 mmol) in dry 1,2-dichloroethane (12 ml} 
was added powdered 4A molecular sieves (1.0 g) followed by dropwise addition of a solution mixture of N
iodosuccinimide (0.33 g; 1.4622 mmol) and dibenzyl phosphate (0.41 g; 1.4622 mmol) in dry 

45 tetrahydrofuran (8 ml). The resulting mixture was stirred at room temperature for 1 h .. then filtered over 
Celite. The filtrate was evaporated to dryness and the red residue was taken up in ethyl acetate (50 ml) and 
washed with cold 6% NaHSOJ, cold 6% NaHCOJ and brine. It was dried (MgSQ4) and evaporated to give a 
foam. This was purified by silica gel plate (methylene chloride:20% acetonitrile) to give pure product (0.77 
g;69%). 

50 IR(KBr): 3854, 3744, 3362, 3066, 1960, 1722, 1602, 1580. 

55 

NMR (CDCb): o 1.075 (s, 3H), 1.167 (s, 3H), 1.651 (s, 3H), 1.799 (s, 3H), 2.209 (s, 3H), 2.296 (s, 3H), 2.464 
{m, H), 3.686 (d, H), 4.121 (d, H), 4.240 (d, H), 4.293 (m, H), 4.808-4.957, (m, 6H), 5.006 (m, H), 5.565-5.649 
(m, 2H), 6.034 (t, H), 6.194 (3, H). 7.100-8.132, (m, 26H). 
MS: [M+H]+, 1144; [M+Naj+, 1166; (M+K]+, 1182 
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(d) Preparation of 2'-Q-(phosphonooxymethyl)paclitaxel 

PhCONH 0 

Ph~O•••· 
(H0)2P(O)OCH20 

AcO 0 

HO I 
PhC(O)O 

0 

15 A mixture of the product of step (c) (0.9 g; 0.7874 mmol) and 10% Pd/C (1.0 g) in ethyl acetate (20 ml) 
was hydrogenated at 60 psi (400 kPa) for 24 h. The reaction mixture was filtered over Celite and the filtrate 
evaporated to dryness. The residue was purified by silica gel plate (methylene chloride:40% methanol) to 
give the title product (0.254 g, 33.4%). MP 202-205 • C (d). 
!R (KBr): 3438, 3066, 2942, 1722, 1652, 1602 cm-1• 

20 NMR (acetone-d&/D20): a 1.081 (s, 6H), 1.571 (s, 3H), 1.847 (s, 3H), 2.115 (s, 3H), 2.357 (s, 3H), 3.707 (d, 
H), 4.08 (m, 2H), 4.275 (m. H), 4.941-5.085 (m, 4H), 5.231 (t, H), 5.430 (d, H), 5.544 (d, H), 5.970 (t, H), 
6.376 (s, H). 6.961-8.017 {m, 16H). 

25 

30 

35 

40 

MS: [M+Na]+, 986; [M+K]+, 1002; [M+2Na-H]+, 1008; [M+Na+K-Hj+, 1024; [M+2K-HJ+, 1040 
HAMS: MNa+, 986.2955 (Calculated = 986.2976) 

Example 5. 2',7-0-bis(phosphonooxymethyl)pacfitaxel sodium salt 

(a) Preparation of 2' ,7-Q-bis(rnethylthiornethyl)paclitaxel 

AcO 

PhCOt:lH 0 

AA Ph : 011 ..... 

0 

OAc 

Solid benzoyl peroxide (1.995 g. 8 rnmol) was added to a stirred solution of paclitaxel (0.853 g, 1 rnmol) 
and dimethyl sulfide (1.465 g. 20 mmol) acetonitri!e (20 ml) at 0 • C. The reaction mixture was stirred 
vigorously at O • C for 3 hours. Its progress was monitored by TLC in hexane : ethyl acetate (1 : 1, v/v), R1 

pacmaxer = 0.24, R1 product = 0.60. When starting material disappeared (ca. after 3 hrs) the reaction was 
45 quenched by evaporation of solvents to dryness at 25 • C using house vacuum. The dry residue was 

separated using silica gel column (EM Science, 40 - 63u.m ). 100 ml of dry silica gel, column size: <P = 3/4 
in .• solvent system: hexane : ethyl acetate (3 : 2, vlv). volume of each fraction: ca. 25 ml. The title 
compound (0.515 g, 53% yield) was recovered from fractions 15 to 19. 

·MS (FAS/matrix NOBA,Nal Kl): [M + HJ', m/z 974; [M + Na]+, rn/z 996; [M + -K]+, rn/z 1012 
so UV (MeOH): >-max = 204 nm, E(1%/1cm) = 243.45; Amax = 228 nm, E(1%/1cm) = 313.99 

JR (KBr): 3440, 3064, 2926, 1724, 1668, 1602, 1582, 1514, 1484, 1452, 1372. 1314, 1266, 1242, 1178, 1142, 
1068, 1026, 990. 916, 886, 848, 800. 774, 710, 646, 606, 570, 540, 480 cm-1• 

1H-NMR (CDCb) o: 1.17 (3H, s), 1.20 (3H, s), 1.68 (3H, s), 1.74 (3H, s), 1.84 (H, dd). 2.04 (3H, d), 2.09 (3H, 
s), 2.15 (3H, s) overlaps with (H, rn), 2.37 (H, dd), 2.51 (3H, s). 2.79 (H. ddd), 3.78 (H, d). 4.18 (H, d), 4.28 

55 (H, m). 4.31 (H, d), 4.53 - 4.74 (4H. two overlapping AB m), 4.93 (H,d), 4.95 (H, d), 5.68 (H, d), 5.82 (H, dd), 
6.24 (H. dd), 6.54 (H, s). 7.05 (H, d), 7.28 - 7.59 (10H, overlapping rn), 7.57 (H, m), 7.76 (2H, d), 8.09 (2H, 
d). 
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(b) Preparation of 2',7-Q-bis(dibenzylphosphonooxymethyl)paclitaxel 

Ph~ 
Ph ~ 0111 .... 

( PhCH20} 20POCHi) 

0 

A solution of N-iodosuccinimide, (135 mg, 0.5 mmol) and dibenzylphosphate, (167 mg, 0.5 mmol) in dry 
tetrahydrofuran (8 ml) was added to a mixture of 2',7-0-bis(methylthiomethyl)paclitaxel (198 mg, 0.2 
mmol) and 5 A molecular sieves (ca. 200 mg) in methylene chloride (12 ml) at room temperature. The 
reaction mixture was stirred for 1.5 hours, then the molecular sieves were filtered off on celite, washed with 
methylene chloride (10 ml) and the solvents were evaporated to dryness at room temperature using house 

20 vacuum. The residue was dissolved in ethyl acetate (100 ml) and washed in a separation funnel with 1% 
sodium thiosulfate (50 ml), with 0.5 m sodium bicarbonate (50 ml), and twice with water (2x50 ml). The 
organic phase was dried over magnesium sulfate, evaporated to dryness and re-dissolved in ethyl acetate 
(1 ml). The product was precipitated with 50 ml of ethyl ether : hexane (1 :1) and washed twice with the 
same solvent system {2x50 ml). A crude product (218 mg) was obtained in 74% yield. Purification of this 

25 product was performed by loading its methylene chloride solution (3 ml) on silica gel {~ = 314 in. x l = 1 
in.) and eluting the product with 50 ml of methylene chloride : ethyl acetate (3:1) solvent system. The title 
compound (172.7 mg) was obtained in 59.3% yield. 
MS (FAS, matrix NOBNNal, Kl): [M +Na]+, mlz 1456: [M + K]+, m/z 1472 
UV (MeCN): >-.max = 194 nm, E(1%/1cm) = 1078.36; >-.max= 228 nm, E(1%/1cm) = 311.95 

30 lR(KBr): 3430. 3066, 3032, 2958, 1744, 1726, 1664, 1602, 1582, 1532, 1488, 1456, 1372, 1270, 1244, 1158, 
1108, 1068, 1016, 1000, 952, 886, 800, 776, 738, 698, 604, 498 cm-1• 

1 H-NMR (CDCb) o: 1.12 (3H, s), 1.14 (3H, s), 1.56 (H, m), 1.67 (3H, s), 1.84 (3H, d), 1.90 (H, m), 2.17 (3H, 
s), 2.29 (3H, s). 2.73 (H, m), 3.73 (H, d), 4.08 (H, d), 4.15 (H, m), 4.20 (H, d), 4.77 (H, m), 4.79 (H, d), 4.91 -
5.04 (10H overlapping m), 5.25 (H, dd), 5.38 (H, dd), 5.54 - 5.64 (2H, overlapping m), 5.99 (H, br. dd), 6.25 

35 (H, s), 7.11 - 7.14 (2H, m}. 7.24- 7.64 {28H, overlapping m), 7.94 (2H, dd), 8.04 (2H, dd), 8.30 (H, d). 

40 

45 

so 

{c) Preparation of 2',7-Q-bis(phosphonooxymethyl)paclitaxel sodium salt 

AcO 

Ph~ 
Ph : 0,,. .... 

•2Na 

(HO) 20POCH20 

0 

OAc 

A sample of 2',7-Q-bis(dibenzylphosphonooxymethyl)paclitaxel (112 mg, 0.078 mmol) was dissolved in ethyl 
acetate (7 ml) and hydrogenated over 10% palladium on charcoal (50 mg) at room temperature, 60 PSI 
{400 kPa), for 2 hours. The catalyst was removed by filtration over Celite. The Celite was rinsed with ethyl 

55 acetate (10 ml). The filtrate was treated with solid sodium bicarbonate (20 mg, 3 eq.) and then the solvent 
was evaporated to dryness. A dry residue was re-dissolved in 5 ml of water : acetone (4:1, v/v) and purified 
by C-18 reverse phase column chromatography (55 - 105u C-18, Waters, 50 ml of dry C-18, $ = 314 in. in 
water : acetone (4 : 1, v/v}. Eluant was monitored on analytical HPlC Jones C-18 column (15 cm. 1 
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mUmin., i.. = 230mn} in acetonitrile : phosphate buffer pH 6 (50/50, v/v) with the addition of 012 ion pair 
cocktail (Regis). Rt = 4.7min. Fractions containing the title product were combined, acetone was evap
orated under house vacuum at 20 • C, and the solution was lyophilized. The title product (44.2 mg) was 
obtained in 58.8% yield. 

s MS (FAS.matrix NOBA/Nal, Kl): [M + HJ+, mlz 1118; [M + Na]+, mlz 1140 
UV (MeCN): >..max = 192 nm, E(1%/1cm) = 129.73; >..max = 230 nm, E(1%/1cm) = 26.43 
IR(KBr): 3430, 3066,2956, 1724, 1658, 1604, 1582. 1520, 1486, 1452, 1374, 1316, 1256, 1152, 1110, 1070, 
1026, 966, 914, 802, 772, 710, 538 cm-1

• 

1 H-NMR (acetone-d6/D2 0) o: 0.97 (3H, s), 1.02 (3H, s), 1.47 (H, m), 1.54 (3H, s), 1.70 (H, m). 1.75 (3H, s), 
10 1.85 (H, m), 2.11 (3H, s), 2.30 (3H, s), 2.88 (H, m). 3.64 (H, d), 4.03 (H, m), 4.06 (H, d). 4.16 (H, d), 4.74 {H, 

m), 4.86 (H, m). 5.11 (H, br. t), 5.22 (H, d), 5.42 (H, d). 5.90 (H, br. t), 6.21 (H, s), 7.06 (H, br.t). 7.32 - 7.69 
(10H, ovelapping m), 7.80 (2H, d), 7.93 (2H, d). 

15 

20 

25 

Example 6. 7-Q-methylthiomethylbaccatin Ill 

To a solution of 2'-0-ethyloxycarbonyl-7-0-methylthiomethylpaclitaxel (compound of Example 3(b), 27 
g, 27.4 mmol) in 100 ml of THF and 500 ml of methanol was added freshly ground KiC03 (2.7 g, 19 
mmol). The solution was stirred for 30 minutes and neutralized with IR-120 (W) resin, filtered and 

30 concentrated. The crude filtrate was then dissolved in 200 ml of dichloromethane and stirred for 24 hours 
with tetrabutylammonium borohydride (10 g). The solution was diluted with dichloromethane and washed 
with water. saturated bicarbonate and brine. The organic fraction was then dried over MgSO. and 
concentrated. The residue was chromatographed over silica gel (1 :1 hexane/ethyl acetate) to give 9.4 g of 
the title compound (53%) with a melting point of 269 • C. 

35 FABMS (NOBA) M + H calcd for C33H43S011: 647. Found: 647. 
IR(KBr) 3474, 1746, 1724, 1712, 1270, 1240, 1070 cm-1 

1H NMR (CDCla. 300 MHz) o 8.08 (d, J=7.1 Hz, 2H), 7.58 (t, J=7.5 Hz, 1H). 7.45 (t, J=7.8 Hz, 2H), 6.55 (s, 
1 H). 4.94 (d, J = 8.1 Hz, 1 H), 4.83 (br Q, J = 5.1 Hz, 1 H). 4.66 (ABq, J = 14.7, 12.3 Hz, 2H). 4.30 (m, 2H). 4.13 
(d, J=8.4 Hz, 1H), 3.91 (d. J=6.6 Hz, 1H). 2.79 (m. 1H), 2.27 (s. 3H), 2.25 (m, 2H), 2.19 (s, 3H). 2.16 (s, 

40 3H), 2.10 (s. 4H), 1.81 (m, 1H), 1.72 (s, 3H), 1.61 (m, 2H). 1.16 (s, 3H). 1.03 (s, 3H) .. 

45 

50 

55 

13C NMR (CDCb. 75.5 Hz) o 202.3, 170.8, 169.3, 167.0, 144.2, 132.6, 132.1, 130.1, 129.4, 128.6, 83.9, 80.9, 
78.7, 75.7, 74.5, 73.9, 67.9, 57.6, 47.6, 42.7, 38.3, 26.7, 22.6, 21.0, 20.1, 15.2, 15.0, 10.8. 
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Example 7. 3' -N-debenzoyl-3' -desphenyl-3' -N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-Q-ethyloxycarbonyl-7-0-
phosphonooxymethyfpaclitaxel triethanofamine salt 

(a) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyf)-7-Q-methylthiomethyl-
s pacfitaxel 

10 

75 HO 
OBz 

20 To a solution of HMDS (0.40 ml, 1.90 mmol) in 15 ml of THF was added a solution of n-Buli (0.75 ml, 
2.5 M in hexanes, 1.88 mmol) and stirred 5 minutes at -55 • C. To this solution was added 7-MTM baccatin 
Ill (compound of example 6, 1.03 g, 1.59 mmol) in 10 ml of THF and stirred for 10 minutes before addition 
of an 10 ml solution of (3R,4R)-1-(t-butyloxycarbonyl)-4-(2-furyl)-3-(triethylsilyloxy)-2-azetidinone (883 mg, 
2.40 mmol). The cold bath was removed and replaced with a 0 • C bath and the reaction mixture was stirred 

25 for 30 minutes. The solution was diluted with ethyl acetate and washed with saturated N~ Cl solution, dried 
over MgS04 and concentrated. The residue was chromatographed over silica gel (2.5:1 hexane/ethyl 
acetate) to give 1.5 g of the coupling product 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-
furyl)-7-0-methylthiomethyl-2'-0-triethylsilylpaclitaxel (93% ). 
FABMS(NOBA) M+Na calcd fur CsoH11NSSi01&: 1036. Found: 1036. 

30 IR(film) 3446 (s). 1720, 1368, 1242, 1166, 1144, 1124, 1066 cm-1 

1H NMR (CDCb, 300 MHz) o 8.07 (d, J=7.2 Hz, 2H), 7.56 (m, 1H), 7.46 (t. J=7.5 Hz, 2H), 7.36 (m, 1H). 
6.56 (s. 1 H), 6.33 (m, 1 H), 6.20 (m, 2H), 5.67 (d, J = 6.9 Hz, 1 H), 5.29 (br s. 2H), 4.94 (d, J = 7.8 Hz, 1 H), 
4.75 (s. 1 H), 4.65 (s, 2H). 4.28 (m, 2H), 4.16 (d. J = 8.1 Hz, 1 H), 3.89 (d, J = 6.9 Hz, 1 H), 2.80 (m, 1 H), 2.46 
(s, 3H), 2.37 (m, 1H), 2.22 (m. 1H), 2.16 (s, 3H), 2.10 (s, 3H). 2.04 (s. 3H), 1.84 (m, 1H), 1.74 (s, 3H), 1.65 

35 (m, 1H), 1.33 (s, 9H), 1.20 (s, 3H). 1.19 (s, 3H), 0.81 (t. J=7.8 Hz, 9H). 0.47 (m, 6H). 
13C NMR (CDCb, 75.5 Hz) o 202.0, 171.2, 170.3, 169.3, 167.1, 155.3, 152.0. 141.9, 141.0, 133.6, 132.9, 
130.2, 129.2, 128.7, 110.7, 107.3, 84.0, 81.1, 80.2, 78.7. 76.1, 75.7, 74.7, 74.1, 72.4, 71.1, 57.4, 52.8. 47.1, 
43.3, 35.2. 33.0, 28.1, 26.3. 22.9. 21.2, 21.0, 15.0, 14.5, 10.9. 6.5, 4.3. 

To a solution of the 2'-triethylsilyl ether obtained above (330 mg, 0.32 mmol) in 7 ml of THF was 
40 added tetrabutylammonium fluoride (0.35 ml, 1.0M in THF, 0.35 mmol) and stirred 10 minutes. The solution 

was diluted with ethyl acetate and washed with brine, dried over MgS04 and concentrated and the residue 
was chromatographed over silica gel (2:1 hexane/ethyl acetate) to give 301 mg of the title compound (95%). 
FABMS (NOBA) M + H calcd for C4s Hsa NOIS S: 900. Found: 900. 
IR(film) 3442, 1720, 1242, 1066, 1026 cm- 1 

45 1H NMR (CDCb. 300 MHz) o 8.07 (d, J=7.3 Hz, 2H). 7.57 (t. J=7.3 Hz, 1H). 7.45 (t, J=7.8 Hz, 2H), 7.38 (s, 
1 H), 6.53 (s, 1 H), 6.34 (d, J = 3.2 Hz. 1 H). 6.29 (d. J = 3.2 Hz, 1 H). 6.17 (t, J = 8.1 Hz, 1 H). 5.65 (d, J = 6.9 
Hz, 1 H), 5.29 (m, 2H). 4.92 (d, J = 8.0 Hz, 1 H), 4.70 (m. 1 H). 4.64 (d, J = 4.6 Hz, 2H), 4.29 (m, 2H), 4.14 (d, 
J = 8.3 Hz, 1 H), 3.86 (d, J = 6.8 Hz, 1 H), 3.37(d, J = 5.8 Hz, 1 H), 2.77 (m, 1 H), 2.38 (s. 3H}. 2.32 (m. 2H}, 
2-.16 (s, 3H). 2.10 (s, 3H), 2.02 (s, 3H), 1.77 (m. 3H), 1.73 (s, 3H), 1.33 (s, 9H), 1.l7 (s, 3H), 1.12 (s, 3H). 

50 13C NMR (CDCb. 75.5 Hz) Ii 202.0, 172.6. 170.3, 169.2, 167.0, 155.2, 151.3, 142.4, 140.4, 133.7, 133.2, 
130.2. 129.1, 128.7, 110.7, 107.4, 83.9, 81.2, 80.5, 78.6, 76.5, 76.1, 75.4, 74.6. 74.0, 72.5, 71.8, 57.4, 51.7, 
47.2, 43.2, 35.2. 32.8. 28.1, 26.4, 22.6, 20.9, 15.2, 14.6, 10.9, 8.3. 

55 
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(b) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-.Q-ethyloxycarbonyl-
7-.Q-methylthiomethylpaclitaxel 

H 
I 

BocN 0 ~ 

~o"~ 
~6 cSC02Et 

To a solution of the product of step (a) (864 mg, 0.96 mmol) in 50 ml of dichloromethane at O • C was 
added diisopropylethyl amine (2.0 ml, 11.5 mmol) and ethyl chloroformate (0.50 ml, 5.25 mmol) and 
stirred for 4 hours. The solution was diluted with dichloromethane and washed with saturated bicarbonate 
and dried over MgSQ4 and concentrated. The residue was chromatographed over silica gel (1 :1 hex-

20 ane/ethyl acetate) to give 884 mg of the 2' ethyl carbonate title compound (95%). 
FABMS (NOBA) M + H calcd for Cu HG 2 N01 a S 972.3688. Found: 972.3654. 
IR(film) 1752, 1720. 1370, 1244, 1196, 1176, 1064 cm-1 

1 H NMR (CDCb. 300 MHz) o 8.09 (d. J = 7.8 Hz, 2H), 7.57 (t. J = 7.5 Hz, 1 H). 7.46 (t. J = 7.8 Hz, 2H). 7.38 (s. 
1 H), 6.55 (s. 1 H), 6.35 (m, 1 H), 6.27 (m, 1 H), 6.22 (t. J = 7.8 Hz, 1 H). 5.67 (d. J = 7.2 Hz, 1 H), 5.51 (d. J = 9.9 

25 Hz, 1H), 5.34 (d, J=2.4 Hz, 1H), 5.25 (d, J=10.2 Hz, 1H), 4.95 (d, J=8.1 Hz, 1H), 4.65 (s. 2H), 4.30 (m, 
2H), 4.22 (m, 2H), 3.88 (d, J=7.2 Hz, 1H), 2.81(m,1H), 2.41 (s, 3H), 2.36 - 2.21 (m. 2H). 2.16 (s, 3H), 2.11 
(s, 3H), 2.09 (s, 3H), 1.83 (m, 1H), 1.74 (s. 3H), 1.67 (s, 1H), 1.59 (s. 1H), 1.34 (s, SH), 1.29 (t, J=7.2 Hz, 
3H), 1.20 (s, 3H), 1.18 (s, 3H). 
13C NMR (CDCb, 75.5 Hz) o 202.1, 169.9, 169.1, 167.6, 167.0, 154.0, 150.1, 142.6, 141.0, 133.6, 132.9, 

30 130.2, 129.2, 128.7, 110.7, 107.5, 83.9, 81.1, 80.7, 78.7, 76.0, 75.7, 75.1, 74.7, 74.2, 71.8, 65.1, 57.4, 49.7, 
47.1. 43.2, 35.0, 33.0, 28.1, 26.3, 22.6, 21.1, 20.9, 15.1, 14.5, 14.1, 10.9. 

35 

40 

45 

(c) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-0-ethyloxycarbonyl-
7-.Q-dibenzylphosphonooxymethylpaclitaxel -

To a solution of the product of step (b) (230 mg, 0.236 rnrnol) in 10 ml of anhydrous THF was added 
300 mg of 4A sieves, dibenzylphosphate (270 mg, 0.98 rnmol) and recrystallized NIS (62 mg, 0.28 mmol). 

· To this solution was added silver trifluoromethanesulfonate (45 mg, 0.17 mmol}and the solution stirred for 3 
50 hours. The solution was filtered through Celite and diluted with ethyl acetate and washed with 10% NaSi08 , 

sautruated bicarbonate, and brine, dried over MgS04 and concentrated. The residue was chromatographed 
over silica gel (15% acetonitrile/chloroform) to give 219 mg of the dibenzyl phosphate title compound 
(77%). 
FABMS (NOBA) M +Na calcd for CG 1 H72 NP022 Na 1224. Found: 1224. 

55 IR(film) 3422 (br). 1750, 1722, 1370, 1244, 1160, 1036, 1016. 1000, 976, 944 cm-1 
1H NMR (CDCla, 300 MHz) o 8.08 (d, J = 6.9 Hz, 2H), 7.58 (t, J = 7.2 Hz, 1 H). 7.46 (t, J = 7.8 Hz, 2H), 7.39 (s, 
1 H), 7.31 (m, 10). 6.35 (m, 2H), 6.28 (s, 1 H), 6.21 (t, J =7.8 Hz, 1 H), 5.64 (d, J = 6.9 Hz, 1 H), 5.50 (d, 
J = 10.5 Hz. 1 H), 5.39 (d, J = 6.6 Hz, 1 H), 5.32 (d, J = 2.4 Hz, 1 H), 5.25 (d, J = 9.9 Hz, 1 H), 5.01 (dd, J = 8.1, 
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6.3 Hz, SH), 4.86 (d, J = 8.4 Hz, 1 H), 4.29-4.09 (m. 4H), 3.85 (d, J = 6.9 Hz, 1 H). 2.n (m, 1 H), 2.40 (s, 3H), 
2.30 (m, 2H), 2.16 (s, 3H). 1.99 (s, 3H), 1.94 (m, 1H), 1.70 (s, 3H), 1.67 (s. 1H), 1.54 (s, 1H), 1.34 (s, SH), 
1.28 (t. J=7.2 Hz, 3H), 120 (s, 3H), 1.17 (s, 3H). 
13C NMR (CDCb, 75.5 Hz) o 201.8, 169.9, 169.2, 167.7, 167.0, 155.1, 154.0. 150.0, 142.74, 141.1, 133.7, 

5 132.9, 130.2, 129.1, 128.7, 128.5, 128.4, 128.0, 110.7, 107.6, 93.8, 84.1, 81.6, 80.8, 80.7, 78.8, 76.3, 75.1, 
74.6, 71.8, 69.3, 69.2, 65.1, 57.0, 49.7, 46.7, 43.2, 35.0, 28.1, 26.4, 22.6, 21.2, 20.8, 14.6, 14.1, 10.5. 

10 

15 

20 

(d) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-Q-ethyloxycarbonyl-
7-0-phosphonooxymethylpaclitaxel triethanolamine salt 

H 
I 

~O''''P' 
'-6 Bco2Et 

To a solution of the product of step (c) (311 mg, 0.259 mmol) in 25 ml of ethyl acetate was added 60 
mg of Pd on carbon (10%) and the solution stirred under an atmosphere of H2 for 30 minutes. The catalyst 
was removed by filtratation through Celite and the filtrate concentrated in vacuo. The residue was dissolved 

25 in 3 ml of ethyl acetate and triethananolamine added (2.3 ml, 0.1M .in ethyl acetate. 0.23 mmol). The 
solution was concentrated and the residue was chromatographed over C1 s (40% acetonitrile/water) and 
lyophilized to give 205 mg of the phosphate triethanolamine salt (67% ). 
FABMS (NOBA) M+Na calcd for C41H&oHP022Na 1044. Found: 1044. 
IR(film) 3432 (br), 1752, 1722, 1372, 1246, 1158, 1108, 1096, 1070, 1002 cm-1 

30 1 H NMR (de; acetone/02 0, 300 MHz) o 8.09 (d, J = 7.2 Hz, 2H). 7.62 (m, 2H), 7.52 (t. J = 7.5 Hz, 2H). 6.48 (d, 
J=3.3 Hz. 1H), 6.42 (m. 2H), 6.16 (t, J=8.7 Hz, 1H), 5.65 (d, J=6.9 Hz, 1H), 5.46 (d. J=3.6 Hz, 1H), 5.30 
(d, J=3.6 Hz, 1H), 5.17 (br s. 1H), 5.01 (br d, J=9.0 Hz, 1H), 4.19 (br s, 1H), 4.18 (m. SH), 3.95 (m, 6H), 
3.87 (d, J=6.9 Hz, 1H), 3.68 (s. 7H), 3.50 (br t. J=4.8 Hz, 6H). 2.95 (m, 1H), 2.44 (s, 3H), 2.41 (m, 2H). 2.16 
(s, 3H). 1.9 (s, 3H), 1.94 (m, 1 H), 1.68 (s, 3H), 1.34 (s, 9H), 1.24 (t, J = 6.9 Hz, 3H), 1.17 (s, SH). 

35 

Example 8. 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-Q-ethyloxycarbonyl-7-0-
phosphonooxymethylpaclitaxel triethanolamine salt 

(a) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-7-Q-methylthiomethyl-
40 paclitaxel 

45 

50 

H 
I 

BocN 0 ~ 

~o•'' 
~-~ 6H 

To a solution of HMDS (0.5 ml, 2.4 mmol) in 18 ml of THF at -55 • C was added n-Buli (0.85 ml, 2.5 
M in hexanes. 2.1 mmol). After 10 minutes 7-MTM baccatin Ill (1.15 g, 1.78 mmol) in 18 ml of THF was 

55 added dropwise and stirred in the cold for 10 minutes. (:t)Cis-1-(t-butyloxycarbonyl)-4-(2-thienyl)-3-(1riethyl
silyloxy)-2-azetidinone (2.80 g, 7.3 mmol) in 18 ml of THF was added and the cold bath allowed to slowly 
warm to 0 • C over 30 minutes. The solution was diluted with ethyl acetate and washed with saturated NH4 Cl 

solution, dried over MgSQ4 and concentrated. The residue was chromatographed over silica gel (5:1 
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hexane/ethyl acetate) to give 1.87 g of recovered lactam (3:1 hexane/ethyl acetate) to give 1.44 g of the 
coupling product 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-7-0-methylthiomethyl-
2'-Q-triethylsilylpaclitaxel (78%). -
FABMS (NOBA) M + Na calcd for Cs 1 H11 N01 s S2 Si Na 1052. Found: 1052. 

5 IR(film) 3442 (br), 1720, 1490, 1368, 1270, 1242, 1162, 1110, 1064, 1024, 984, 754 cm-1 

1 H NMR (CDCb, 300 MHz) o 8.09 (d, J = 7.2 Hz, 2H), 7.57 (t, J = 7.6 Hz, 1 H), 7.47 (t, J = 7.8 Hz, 2H), 7.22 
(m, 1 H), 6.95 (m, 2H), 6.55 (s, 1 H), 6.21 (t. J = 9.3 Hz, 1 H), 5.68 (d, J = 6.9 Hz, 1 H), 5.49 (br d, 1 H), 5.39 (br 
d, J=9.6 Hz, 1H). 4.94 (d, J=7.8 Hz, 1H}, 4.65 (s, 2H). 4.57 (s, 1H), 4.28 (m, 2H). 4.17 (d, J = 8.4 Hz, 1H). 
3.88 (d. J=6.9 Hz, 1H). 2.80 (m, 1H), 2.46 (s, 3H), 2.37 (m, 1H), 2.20 (m, 1H), 2.17 (s, 3H), 2.10 (s, 3H), 

10 2.03 (s, 3H). 1.84 (m, 1H), 1.74 (s. 3H), 1.68 (s, 1H), 1.62 (s, 1H), 1.31 (s. 9H), 1.20 (s, 6H), 0.84 (t, J=7.8 
Hz, 9H), 0.50 (m, 6H). 
13C NMR (CDCb, 75.5 Hz) 6 201.9, 171.1, 170.7, 170.1, 169.3, 167.0, 155.1, 142.8, 140.9, 133.6, 132.9, 
130.2, 129.2, 128.7, 126.9, 124.6, 83.9, 81.2, 80.1, 78.8, 77.4, 76.0, 75.7, 75.2, 74.8, 74.1, 71.3, 57.4, 53.8, 
47.0, 43.3, 35.3, 33.3, 28.1, 26.3, 23.0, 21.3, 20.9, 14.9, 14.4, 10.9, 6.6, 4.5. 

15 To a solution of the 2'-triethylsilyl ether obtained above (1.41g,1.37 mmol) in 14 ml of THF was added 
tetrabutyfammonium fluoride (1.4 ml, 1.0 M in THF, 1.40 mmol). The solution was stirred for 30 minutes, 
diluted with ethyl acetate and washed with brine, dried over MgSQ4 and concentrated. The residue was 
chromatographed over silica gel (1 :1 hexane/ethyl acetate) to give 1.16 g of the title compound (92%). 
FABMS (NOBA) M+Na calcd for C4sHs1N01sS2Na 938. Found: 938. 

20 IR(film) 3440 (br), 1720, 1368, 1242, 1168, 1106, 1066, 710 cm- 1 

1 H NMR (CDCb. 300 MHz) o 8.08 (d, J = 7.2 Hz, 2H), 7.59 (rn, 1 H), 7.47 (t, J = 7.8 Hz, 2H), 7.24 (rn, 1 H), 
7.07 (m, 1H), 6.99 (m, 1H). 6.53 (s. 1H), 6.18 (t. J=8.1Hz,1H). 5.66 (d, J=6.9 Hz. 1H), 5.49 (d, J=9.6 Hz. 
1 H), 5.32 (d, J = 9.6 Hz, 1 H), 4.92 (d, J = 7.8 Hz, 1 H), 4.63 (m, 3H), 4.28 (m, 2H), 4.15 (d, J = 8.4 Hz, 1 H), 
3.86 (d, J=6.9 Hz, 1H), 2.80 (m, 1H), 3.47 (d, J=5.4 Hz, 1H), 2.78 (m, 1H), 2.36 (s, 3H}, 2.34 (, 2H), 2.17 (s. 

25 3H). 2.10 (s, 3H). 2.00 (s, 3H). 1.83 (m. 1H). 1.74 (s, 3H). 1.72 (s, 1H). 1.61 (s. 1H), 1.33 (s. 9H). 1.21 (s. 
3H). 1.18 (s. 3H). 

30 

35 

13C NMR (CDCb, 75.5 Hz) o 201.9,172.3, 170.3, 169.2, 167.0, 154.0, 141.5, 140.2, 133.7, 133.3, 130.2, 
129.1, 128.7, 127.0, 125.4, 125.4, 83.9. 81.3, 80.4, 78.6, 76.1, 75.4, 74.5, 74.0, 73.4, 72.5, 57.5, 52.8, 47.2, 
43.2, 35.3, 32.9, 28.2, 26.4, 22.6, 20.9, 15.1, 14.7, 10.8. 

(b) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-0-ethyloxycarbonyl-
7-Q-rnethylthiomethylpaclitaxel -

H 
I 

BocN 0 ~ 

40 ~0''' 
~] 6co2Et 

45 To a solution of the product of step (a) (621 mg, 0.677 mrnol) in 35 ml of dichloromethane at 0 • C was 
added diisopropylethyl amine (1.20 ml, 6.89 mmol) and ethyl chtoroformate (0.35 ml, 3.7 mmol) and 
stirred for 1 hour. The cold bath was removed and the solution stirred for 2 hours and was diluted with 
dichloromethane and was washed with saturated bicarbonate and dried over MgSQ4 and concentrated. The 

· residue was chromatographed over silica gel (1 :1 hexane/ethyl acetate) to give 528 mg of the title 
50 compound (79% ). 

FABMS (NOBA) M+Na calcd for C4sHs1N011S2Na 1010. Found: 1010. 
IR(film) 3510, 3440, 1752, 1720, 1370, 1244, 1198, 1170, 1026, 988, 756 cm-1 

1 H NMR (CDCb. 300 MHz) o 8.09 (d. J = 7.2 Hz, 2H), 7.58 (m. 1 H). 7.48 (I. J = 7.8 Hz, 2H). 7.26 (m. 1 H). 
6.99 (, 2H), 6.55 (s, 1 H). 6.23 (t, J = 9.0 Hz. 1 H), 5.68 (d. J = 6.9 Hz. 2H), 5.33 (d, J = 9.9 Hz, 1 H), 5.25 (d, 

55 J = 2.4 Hz, 1 H), 4.94 (d, J = 7.8 Hz, 1 H), 4.65 (s, 2H). 4.33-4.08 (m, SH), 3.88 (d, J = 6.9 Hz, 1 H), 2.80 (m, 
1H). 2.40 (s. 3H), 2.40 - 2.20 (m, 2H), 2.16 (s, 3H), 2.11 (s, 3H), 2.07 (s, 3H), 1.83 (m, 1H), 1.74 (s, 3H), 1.69 
(s, 1H), 1.60 (s, 1H), 1.33 (s, 9H), 1.31 (t, J=7.2 Hz, 3H), 1.20 (s, 3H), 1.19 (s, 3H). 
13C NMR (CDCb, 75.5 Hz)~ 202.0, 169.7, 169.1, 167.5, 167.1, 154.0, 140.9, 133.6, 132.9, 1302, 129.2, 
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128.7, 127.2, 125.4, 125.3, 83.9, 81.2, 80.6, 78.8, 76.9, 76.0, 75.7, 74.7, 74.2, 72.8, 72.0, 65.2, 57.4, 50.9, 
47.1, 43.3, 35.1, 33.0, 28.1, 26.4, 22.7, 21.2, 20.9, 15.1, 14.5, 14.1, 10.9. 

(c) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-Q-ethytoxycarbonyl-
s 7-.Q-dibenzylphosphonooxymethyfpaclitaxel 

10 

15 

To a solution of the product of step (b) (516 mg. 0.522 mmol) in 15 ml of anhydrous THF was added 
20 530 mg of 4A sieves, dibenzylphosphate (576 mg, 2.09 mmot) and recrystalized NIS (136 mg, 0.604 mmol). 

To this solution was added silver trifluoromethanesulfonate (50 mg, 0.194 mmot) and the solution stirred for 
1 hour. The solution was filtered through Celite and diluted with ethyl acetate and washed with 10% 
Na&! Os. saturated bicarbonate and brine, dried over MgSQ4 and concentrated. The residue was 
chromatographed over silica gel (15% acetonitrile/chloroform) to give 535 mg of the title compound (84%). 

25 FABMS (NOBA) M+Na calcd for Cs1H12NOi1PSNa 1240. Found: 1240. 
IR(film) 3424 (br), 1750, 1722, 1370, 1244, 1016, 1000, 944 cm- 1 

1 H NMR (CDCb, 300 MHz) o 8.08 (d, J = 7.0 Hz, 2H). 7.58 (m, 1 H), 7.47 (t, J = 7.5 Hz, 2H), 7.28 (m. 11 H), 
6.99 (m, 2H), 6.33 (s, 1H), 6.22 (t, J=7.8 Hz, 1H), 5.66 (m, 2H), 5.39 (t, J=6.6 Hz, 1H), 5.34 (d, J=12 Hz, 
1 H), 5.22 (d, J = 2.4 Hz, 1H), 5.01 (dd, J = 8.1, 6.0 Hz. SH), 4.86 (d, J = 7.8 Hz, 1 H), 4.29-4.08 (m, 5H), 3.85 

30 (d, J = 6.6 Hz, 1 H), 2.76 (m, 1 H), 2.39 (s, 3H), 2.35-2.18 (m, 2H), 2.16 (s, 3H), 1.97 (s, 4H), 1.69 (s, 4H). 1.33 
(s, 9H), 1.30 (t, J=7.2 Hz, 3H), 1.20 (s, 3H), 1.17 (s. 3H). 

35 

40 

45 

so. 

13C NMR (CDCb, 75.5 Hz) o 197.4, 165.4, 164.9, 163.3, 162.7, 150.6, 149.7, 136.7, 136.0, 129.4, 128.6, 
125.9, 124.7, 124.3, 124.2, 124.1, 123.6, 122.9, 121.1, 121.0, 89.4, 79.8, 77.3, 76.5, 76.3, 74.4, 72.0, 70.7, 
70.3, 67.7, 64.9, 64.9, 60.9, 52.7, 46.5, 42.3, 38.9, 30.7, 23.8, 22.0, 18.3, 17.0, 16.4, 10.3, 9.8, 6.2. 

(d) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-Q-ethyloxycarbonyl-
7-0-phosphonooxymethylpaclitaxel triethanolamine salt 

To a solution of the product of step (c) (512 mg, 0.42 mmol) in 30 ml of ethyl acetate was added 53 
mg of Pd on carbon (10%) and the solution stirred under an atmosphere of H2 for 3 hours. The catalyst was 
removed by filtratation through Celite and the filtrate concentrated in vacuo. The residue was dissolved in 2 

55 ml of ethyl acetate and triethananolamine added (4.0 ml, 0.1 M in ethyl acetate, 0.40mmol). The solution 
was concentrated and the residue was chromatographed over c, s (40% acetonitrile/water) and lyophilized 
to give 280 mg of the phosphate triethanolamine salt (56%). HPlC analysis showed the purity of the salt to 
be 96%. 
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FABMS (NOBA) M+Na calcd for CHH&oN021PS 1060. Found: 1060. 
IR(KBr) 3422 (br). 1750, 1720, 1372, 1246, 1162, 1096, 1068. 1000 cm-1 

1H NMR (d6 acetone/0:!0, 300 MHz) o 8.06 (d, J=72 Hz, 2H), 7.63 (t, J=7.2 Hz, 1H), 7.52 (t. J=7.8 Hz, 
2H), 7.38 (d, J = 4.2 Hz, 1 H), 7.16 (d, J = 3.5 Hz, 1 H), 7.01 (dd, J = 5.1, 3.6 Hz, 1 H), 6.37 (s, 1 H), 6.11 (t, 

5 J=8.7 Hz, 1H), 5.61 (d, J=6.9 Hz, 1H), 5.60 (s, 1H), S.26 (d, J=4.5 Hz, 1H), S.14 (d, J=6.6 Hz, 1H), S.00 
(d, J=8.4 Hz, 1H), 4.86 (dd, J=12.0, 6.3 Hz, 1H), 4.17 (m, SH). 4.00 (s, 7H), 3.92 (t, J=4.8 Hz, 6H), 3.84 (d, 
J = 6.9 Hz, 1 H), 3.48 (t, J = S.4 Hz, 6H), 2.94 (m, 1 H), 2.42 (s, 3H), 2.36 (m, 1 H), 2.27 (m, 1 H), 2.15 (s, 3H). 
1.95 (s, 4H), 1.66 (s, 3H), 1.30 (s, 9H), 1.23 (t. J = 7.2 Hz, 3H), 1.14 (s, 6H). 

10 Example 9. 10-0esacetyl-3'-N-desbenzoyl-3'-N-(t-butyloxycarbonyl)-10-Q-(phosphonooxymethyl)paclitaxel 

(a) preparation of 10-desacetyl-10-Q-benzyloxycarbonyl-7-Q-triethylsilylbaccatin Ill 

15 

20 

25 To a dry flask under an argon atmosphere containing 7-Q-triethylsilyl-10-desacetyl baccatin Ill (2.093g, 
3.177 mmol) was added dry THF (30 ml) and cooled to -70 • C. To this was added 1.6 M n-butyllithium 
(2.38ml, 3.81mmol) in a dropwise fashion. After stirring for 15 min, benzyl chloroformate (0.91ml, 
6.35mmol) was added dropwise. The resulting mixture was stirred for 3 h with gradual warming to ambient 
temperature. The reaction was quenched with 25 ml of sat. NH4CI, washed with brine, and dried with 

30 MgS04. Flash chromatography (silica gel, 30-45% ethyl acetate/hexane) furnished 2.24g (89%) of the title 
compound as a white foam. 
1H NMR (300MHz, CDCb) o 8.10 (d, J=8.0, 2H}; 7.63-7.S8 (m, 1H) 7.47 (t. J=8.0, 2H); 7.41-7.26 (m, SH); 
6.29 (s, 1 H); S.61 (d, J = 7.0, 1 H); S.20 (q, J = 12.2, 2H); 4.96 (d, J = 9.0, 1 H); 4.87-4.84 (m, 1 H}; 4.48 (dd, 
J=6.7, J=10.4, 1H); 4.30 (d, J=8.5, 1H}; 4.14 (d, J=8.5, 1H); 3.84 (d, J=7.0, 1H); 2.58-2.48 (m, 1H}; 2.29 

35 (m, 4H); 2.20 (s, 3H}; 2.03 (d, J=S.0, 1H); 1.92-1.83 (m, 1H); 1.68 (s, 3H); 1.17 (s, 3H); 1.04 (s, 3H); 0.91 (t, 
J = 7.5, 9H); 0.57 (q, J = 7.4, 6H). 

40 

45 

50 

(b) preparation of 1O-desacetyl-10-.Q-benzyloxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-2' ,7-bis-.Q
triethylsilylpaclitaxel 

0 
-......_/ A CBZO 
/'o NH 0 

pµQ111 
-

TESO 

dBz 

To a dry flask containing the product of step (a) (3.50g, 4.42mmol) was added a small amount of toluene 
and the solution was then concentrated under vacuum. This flask was placed under an argon atmosphere 

55 and 100 ml of dry THF was added. The flask was cooled to -70°C and 1.0 M lithium hexamethyldisilazide 
(6.19ml, 6.19mmol) was added in a dropwise fashion. After stirring for 20 min, a solution of (3R,4S)-1-(t
butyloxycarbonyl)-4-phenyl-3-triethylsilyloxy-2-azetidinone (2.58g, 7.07mmol) in 10 ml dry THF was added 
dropwise. The reaction mixture was stirred for 3.5 h, gradually warming to ambient temperature. It was then 
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quenched with 70 ml of sat. NH4CI, washed with brine and dried with MgSQ4. Flash chromatography (silica 
gel, 5-15% ethyl acetatelhexanes) provided 5.12g (99%,) of the title compound as a white foam. 
1H NMR (300MHz, CDCL3) o 8.11 (d, J=8.0, 2H); 7.60-7.58 (m, 1H); 7.48 (t. J=8.0, 2H); 7.24 -7.26 (m, 
10H); 6.32-6.26 (m, 2H); 5.69 (d, J=7.0, 1H); 5.47 (bd, J=9.7, 1H); 5.31-5.10 (m, 3H); 4.94 (d, J=8.5, 1H); 

s 4.56 (s, 1 H); 4.46 (dd, J = 6.9, J = 10.6, 1 H); 4.31 (d, J = 8.3, 1 H); 4.17 (d, J = 8.3, 1 H); 3.81 (d, J = 7.0, 1 H); 
2.53 (s, 3H); 2.48-2.33 (m, 1H); 2.22-2.17 (m, 1H); 2.09 (s, 3H); 1.95-1.86 (m, 1H); 1.70 (s, 3H); 1.65 (s, 1H); 
1.52 (s, 1H); 1.30 (s, 9H); 1.26-1.19 (m, 6H); 0.94-0.87 (m. 9H); 0.80-0.75 (m, 9H); 0.61-0.53 (m, 6H); 0.48-
0.30 (m, 6H). 

10 (c) preparation of 1 O-desacetyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q-triethylsilylpaclitaxel 

15 

0 
-......_/ )l_ CBZO 
/'o NH 0 

PM0111 

HO 

20 OBz 

The product of step (b) (5.12 g, 4.40 mmol) was dissolved into 100 ml of ethyl acetate, transferred to a 
25 Parr bottle and placed under a blanket of argon. To this was added 10% palladium on carbon (2.4g) and the 

reaction mixtre was placed on a Parr hydrogenation apparatus (55psi) for a period of 8 h. The reaction 
mixture was filtered through a plug of Celite and concentrated. Flash chromatography (silica gel, 15-20% 
ethyl acetate/hexane) provided 3.24g (79% ) of the title compound as a white foam. Hydrolysis of the 2'
triethylsilyl group of the product of step (b) was a result of trace acidic residues in the Parr equipment. 

30 1H NMR (300MHz, CDCb) o 8.10 (d;J=8.0, 2H); 7.63-7.58 (m, 1H); 7.49 (d, J=8.0, 2H); 7.39-7.26 (m. SH); 
6.27-6.17(m, 1H); 5.64 (d, J=7.2); 5.42(d, J=9.4, 1H); 5.28-5.25 (m, 1H); 5.12 (s. 1H); 4.92 (d, J=8.6, 1H); 
4.62 (bs, 1H); 4.38-4.28 (m. 3H); 4.17 (d, J=B.5, 1H); 3.85 (d, J=6.7, 1H); 3.36 (d, J=5.3, 1H); 2.49-2.40 
(m, 1 H); 2.36 (s, 3H); 
2.25 (bd, J=8.7, 2H); 1.99-1.91 (m, 1H); 1.85 (s, 3H); 1.74 (s, 3H); 1.69 (s, 1H), 1.67 (s, 1H); 1.35 (s, 9H); 

35 1.22 (s, 3H); 1.11 (s, 3H); 0.93 (t, J = 7.5 9H); 0.61-0.49 (m. SH). 

4() 

45 

so 

(d) preparation of 1 O-desacetyl-2'-Q-benzyfoxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q
triethylsifylpaclitaxef 

To a flask containing the product of step (c) (3.24g, 3.51mmol) was added 30 ml of dry dichforomethane. 
The flask was placed under argon and cooled to o·c. N,N-diisopropylethylamine (1.22 ml, 7.02 mmol) was 
added to the reaction mixture, followed by addition of benzyl chloroformate (1.00ml, 7.02 mmol) in a 

ss dropwise manner. After 15 min, the cooling bath was removed and the reaction allowed to stir at ambient 
temperature for 7 h. The mixture was quenched with 30 ml sat. NH4CI, washed with brine and dried with 
MgSQ4. Flash chromatography (silica gel, 7-20% ethyl acetate/hexane) provided 3.24g (89%) of the title 
compound as a white solid. 
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'H NMR (300MHz, CDCb) o 8.10 (d, J=8.0, 2H); 7.62-7.57 (m, 1H); 7.48 (t, J=8.0, 2H); 7.40-7.26 (m, 10H); 
6.33-6.27 (m, 1H}; 5.66 (d, J=7.0, 1H); 5.49-5.42 (m, 2H); 5.31 (s, 1H); 5.22-5.13 (m, 3H); 4.93 (d, J-9.4, 
1H}; 4.38 (dd, J=6.5, J=10.7, 1H); 4.34-4.28 (m, 2H); 4.18 (d J=8.3, 1H); 3.90 (d, J=6.7, 1H); 2.52-2.30 
(m, 4H); 2.24-2.20 (m, 1 H); 1.97-1.87 (m, 3H); 1.74 (s, 3H); 1.59 (s, 3H); 1.32 (s, 9H); 1.26, (s. 3H); 1.11 (s. 

5 3H); 0.96-0.88 (m, 9H); 0.61-0.48 (m, SH). 

10 

15 

20 

(e) preparation of 1O-desacetyl-2'-0-benzyloxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-10-0-
(dibenzylphosphonooxymethyl)-7-Q-triethylsilylpaclitaxel -

BnO 0 
o eno...:P~ 

>(O)lNH 0 o--.O 

PWO··· 
CBZO 

dsz 

The product of step (d) was dissolved into 13.5 ml (54%) of DMSO. 8.75 ml (35%) acetic anhydride and 
2.75 ml (11 % ) glacial acetic acid and placed under an atmosphere of argon. The reaction mixture stirred 

25 for 56 h, after which it was diluted with ethyl acetate to a volumn of 60 ml. The solution was washed with 
sat. NaHC03 until neutral by pH paper and then washed with brine. The organic fraction was dried with 
MgSQ4 and concentrated. Flash chromatography with 15-20% EtOAcfhexane provided 3.12g of crude white 
foam with the desired thiomethyl acetal product (i.e. 10-desacetyl-2'-Q-benzyloxycarbonyl-3'-N-debenzoyl-
3'-N-(t-butyloxycarbonyl)-10-Q-(methylthiomethyl)-7-Q-triethylsilylpaclitaxel accounting for 70% of the ma-

30 terial by NMR. 
The above crude mixture (3.12g) was then dissolved in 1,2-dichloroethane (61 ml) and placed under a 
blanket of argon. 4A powdered molecular sieves (3.12 g) were added and the resulting heterogeneous 
mixture was stirred vigorously. To this was added a solution of recrystallized N-iodosuccinimide (0.830 g, 
3.69 mmol) and dibenzyl phosphate (1.027 g, 3.69 mmol) in dry THF (46 ml) via cannula. The resulting 

35 mixture was stirreo for 5 h, filtered through a plug of Celite, and diluted to a volume of 250 ml with ethyl 
acetate . It was washed with (2 x 125mL) of cold 2% NaHS03, cold 6% NaHCOJ (2 x 125 ml) and brine. 
The organic phase was dried with MgS04 and concentrated. Flash chromatography (silica gel, 25-35% 
ethyl acetate/hexane) provided 1.52g (40%) of title compound as a white solid. 
1H NMR (CDCb. 300 MHz) o 8.08 (d, J=7.0, 2H); 7.59-7.55 (m. 1H); 7.46 (t. J=7.2, 2H); 7.38-7.25 (m. 

40 20H); 6.30 (t. J=8.5, 1H); 5.65 (d, J=6.8, 1H); 5.49-5.39 (m, 4H); 5.32 (s, 1H); 5.18-4.19 (m, 4H); 4.93 (d, 
J = 9.2, 1 H); 4.44 (dd, J = 6.6, J = 10.2, 1 H); 4.31 (d, J = 8.4, 1 H); 4.16 (d, J = 8.5, 1 H); 3.80 (d, J = 6.9, 1 H); 
2.69-2.39, (m, 4H), 2.33-2.23 (m, 3H); 2.03 (s, 3H); 1.90 (t, J = 12.6, 1 H); 1.68-1.63 (m, 6H); 1.28 (s, 9H); 
1.16-1.10 (m, 6H); 0.93 (t, J = 7.4, 9H); 0.55 (q, J = 7.8, 6H). 
13C NMR (CDCb. 75.5 MHz) o 204.1, 169.7, 167.9, 167.1, 151.1, 140.7, 135.7, 133.6, 130.2, 129.2, 128.9, 

45 128.8, 128. 7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.0, 127.8, 126.4, 90.4, 84.2, 81.1, 80.4, 79.3, 78.8, 74.9, 
72.8, 72.0, 70.5, 69.2, 69.1, 69.0, 58.1, 46.8, 43.2, 37.1, 35.0, 28.1, 26.5, 22.8. 21.0, 14.1, 10.0, 6.9, 5.5. 
M. S. (FAB) m/z +: 1345 

50 

55 
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(f) preparation of 10-desacetyl-2'-0-benzyloxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-10-0-
(dibenzylphosphonooxymethyl}paclitaxel -

BnO 0 
o Bno..:P~ 

)ZOJl.NH 0 °~0 

P!-00111 
CBZO 

OBz 

A solution of the product of step (e) (50.8 mg, 0.038 mmol) in dry THF (2.5 ml), under argon was cooled to 
-40 • C. To this solution was added tetrabutylammonium fluoride (0.057 ml, 0.057 mmol) in THF (1.0 M) in a 

20 dropwise manner. The reaction mixture stirred for 1.5 h with gradual warming to -20 • C. The mixture was 
quenched with 15 ml sat. NH4CI and diluted with 30 ml EtOAc. The organic phase was washed with 2 x 
15ml NaHCQ3, and brine. It was dried with MgS04 and concentrated. Preparative layer chromatography 
(silica gel, 50% ethyl acetate/hexane) provided 36 mg (77%) of title compound as a white powder. 
1H NMR (CDCb, 300 MHz) o 8.10 (d, J=8.5, 2H}; 7.60-7.55 (m, 1H); 7.49-7.44 (m, 2H); 7.36-7.18 (m, 20H); 

25 6.27-6.22 (m, 1H); 5.78 (s, 1H); 5.67 (d, J=7.0, 1H); 5.44-5.34 (m, 3H); 5.27 (d, J=2.2, 1H); 5.24-5.05 (m, 
4H); 5.01-4.91 (m, 4H); 4.39-4.28 (m, 2H); 4.17 (d, J=8.2, 1H); 3.87 (d, J=7.0, 1H); 2.58-2.51 (m, 1H); 2.41 
(s, 3H); 2.40-2.18 (m, 2H), 2.00-1.87 (m, SH); 1.73-1.69 (m, 4H); 1.30 (s, 9H); 1.22-1.15 (m, 6H). 
M.S. (FAB) m/z+: 1231 

30 (g) preparation of 1O-desacetyl-3'-N-desbenzoyl-3'-N-(t-butyloxycarbonyl)-10-Q-(phosphonooxymethyl)
paclitaxel triethanolamine salt 

35 

40 

45 

A 500 ml Parr bottle was charged with 1 O-desacetyl-2'-Q-benzyloxycarbonyl-3'-N-debenzoyl-3'-N-(t
butyloxycarbonyl)-10-Q-(dibenzylphosphonooxymethyl)paclitaxel (264.9mg, 0.215mmol) and ethyl acetate 
(20 ml). The flask was then flushed with argon and 10% Pd/C (318mg) was added. The resulting mixture 
was placed on a Parr apparatus with a 55 pounds per square inch (psi) hydrogen-atmosphere. The reaction 

50 was monitored by HPLC (70:30 CH3CN/Q8 buffer pH 6.0, 1.00 mUmin., Zorbax C-18 column, 25.0 cm, 
>.. = 230 nm) until no starting material was evident (12.5 hours). The mixture was filtered through a plug of 
Celite, which was washed with ethyl acetate and a small amount of dichloromethane. The resulting filtrate 
was concentrated and the residue was taken up in dichloromethane (5 ml). Addition of hexane caused a 
white precipitate to form, of which 140.3mg of the free acid (80% purity by HPlC) was isolated as a white 

55 solid. This material was passed directly on to the next step. 
To a flask containing the above free acid (140mg, 0.153mmol) was added dichloromethane (10 ml). The 
resulting solution was then treated with 0.100 M triethanolamine solution in ethyl acetate (1.16 ml, 
0.116mmol) which caused the solution to become turbid. Approximately 2 ml of hexane was added and the 
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mixture was placed at -20 • C overnight. The resulting precipitate was filtered through a 4.0-5.5 um fritted 
glass funnel. The solid was removed and placed under vacuum for 4 h to yield 69.9mg (42%) the title 
triethanolamine salt as a gray powder, which was determined to be 95-96% pure by HPLC analysis. (TR = 
2.05 min, 70:30 CHJ CN/08 Buffer pH 6.0, 1.00 mUmin, Zorbax C-18 25.0 cm, >.. = 230 nm). 

5 1H-NMR (dG-acetone/020, 300 MHz}: o 8.03 (d, J=7.4, 2H); 7.65 (t, J=7.3, 1H); 7.54 (t, J=7.6, 2H); 7.42-
7.33 (m, SH); 7.21 (t, J = 7.0, 1 H); 6.09 (t, J = 9.0, 1 H); 5.81 (s, 1 H); 5.59 (d, J = 7.0, 1 H); 5.12 (bs, 2H); 4.93 
(d, J=8.4, 2H). 4.56 (d, J=4.9, 1H}; 4.31-4.26 (m, 1H); 4.11 (s, 2H); 3.41-3.37 (m, 6H); 2.42-2.32 (m, SH); 
2.15 (bs, 1H); 1.97 (s. 3H); 1.77-1.64 (m, 2H); 1.58 (s, 3H); 1.13 (s, 9H); 1.15-1.07 (m. 6H}. 13C NMR (d6 -

acetone, D20. 75.6 MHz): o 171.6, 166.9, 156.6, 141.8, 135.1, 134.2, 131.0, 130.7,129.4, 129.3, 128.4, 128.1, 
10 88.3, 85.4, 81.9, 79.7, 78.6. 78.1, 76.8, 76.0, 74.8, 71.9, 71.2, 47.4, 44.0, 37.1, 36.3, 28.5, 27.0, 23.1. 22.0, 

14.7, 10.4. 

15 

20 

25 

HAMS: MNa+, 940.3142 (Calculated for C44HssN01sPNa = 940.3133) 

Example 10. 2'-Q-Phosphonooxymethoxymethylpaclitaxel 

(a) preparation of 2'-_2-(methylthiomethoxymethyl)-7-.Q-triethysilylpaclitaxel 

PhCONH 0 

Ph~Or"•' 
CH3SCH20CH20 

AcO 0 

HO ~ 

PhC(O)O 

30 To a solution of 7-.Q-triethylsilylpaclitaxel (70.0 mg, 72.2 mmol), bis(methylthiomethyl)ether (90 mg, 72.2 
mmol), molecular seives (70 mg), and N-iodosuccinimide (160 mg, 72.2 mmol) in THF (2.0 ml) at room 
temperature was added silver triflate (5.0 mg, 19.5 mmol) and the resulting solution was stirred for 2 h. The 
reaction mixture was then diluted with ethyl acetate and filtered through a pad of celite. The filtrate was 
washed with saturated aqueous sodium bicarbonate solution, followed by a 1 :1 (v:v) mixture of saturated 

35 aqueous sodium bicarbonate and 5% aqueous sodium thiosulfate solution and finally brine. The organics 
were then dried over sodium sulfate and concentrated in vacuo. The residual oil was purified via flash 
chromatography (3:1, hexanes:ethyl acetate) to provide 22.0 mg (29%} of the title compound as a white 
solid: 
1H NMR (300MHz, CDCl3) li 8.12-7.20 (15H, m), 7.04 {1H, d, J=8.9 Hz), 6.41 (1H, s), 6.25 {1H, m}, 5.81 

40 (1 H, dd, J = 8.9, 2.4 Hz), 5.68 (1 H, d, J = 7.0 Hz), 4.93 (1 H, d, 8.0 Hz), 4.79 (2H, m), 4. 71 (1 H, d, 2.4 Hz), 
4.45 (1H, dd, J=10.5, 6.6 Hz), 4.30 (1H, d, J=8.3 Hz), 4.28 (1H, d, J=11.7 Hz), 4.17 (1H, d, J=8.3 Hz), 
4.04 (1H, d, J=11.7 Hz), 3.80 (1H, d, J=6.9 Hz), 2.48-1.13 (25H, m, incl. singlets at 2.51, 2.13, 2.05, 2.01, 
1.69, 1.19, 1.16), 0.98-0.85 (9H, m), 0.65-0.50 (6H, m). 

45 

50 

55 
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(b) preparation of 2' -Q-(dibenzylphosphonooxymethoxymethyl)-7-triethylsilylpaclitaxel 

PhCONH 0 

Ph~O••·· 
(OBn)2(0)POCH20CH20 

AcO 0 

HO 
PhC(O)O 

15 To a solution of the product obtained in step (a) (15 mg, 0.0141 mmol) and molecular sieves (15 mg) in 
THF (0.5 ml) at room temperature was added dibenzyl phosphate (20.0 mg, 0.089 mmol) followed by N
iodosuccinimide (4.2 mg, 0.0187 mmol) and the solution was stirred for 1h. A TLC analysis of the reaction 
mixture at this time indicated the presence of starting material only. Silver triflate (5.0 mg, 0.019 mmol) was 
then added in three portions over 2h and the reaction was stirred for an additional 1h. The reaction mixture 

20 was then diluted with ethyl acetate and the resulting solution filtered through a pad of celite. The filtrate was 
treated with a 1 :1 (v:v) solution of saturated aqueous sodium bicarbonate and 5% aqueous sodium 
thiosulfate solution. The organic extract was then washed with brine, dried over sodium sulfate and 
concentrated in vacuo. The residual oil was purified via flash chromatography (1 :1, hexanes:ethyl acetate) to 
provide 5.0 mg (33%) of the title compound: 

25 1H NMR (300 MHz, CDCl3) o 8.08-7.16 (25H, m), 7.18 (1H, d, J=8.8 Hz). 6.41 (1H, s). 6.21(1H, m). 5.82 
(1 H, dd, J = 9.0, 3.1 Hz), 5.66 (1 H, d, 7.0 Hz). 5.01-4.65 (10H, m), 4.56 (1 H, dd, J = 14.7, 5.6 Hz), 4.43(1 H, 
dd, J=10.4, 6.7 Hz), 4.29 (1H, d, J=8.3 Hz), 4.16 (1H, d, J=8.3 Hz), 3.78 (1H, d, J=7.0 Hz), 2.60-1.13 
(22H, m, incl. singlets at 2.49, 2.15, 1.93, 1.66, 1.15, 1.13, 3H each), 0.95-0.84 (9H, m). 0.63-0.45 (6H,m}. 

30 (c) preparation of 2'-Q-phosphonooxymethoxymethylpaclitaxel 

35 

40 

45 

so 

55 

PhCONH 0 

Ph MO···· 
(H0)2P(O)OCH20CH20 

AcO 0 

0 

HO - AcO 

PhC(O)O 

The product of step (b) is treated with tetrabutylammonium fluoride according to the procedure given in 
Example 9(f) to remove the 7-Q-triethylsilyl protecting group. The compound thus obtained is subject to 
catalytic hydrogenation according to the procedure described in previous examples to provide the title 
compound. 
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Example 11. 2'-.Q-Phosphonooxymethoxymethyfpacfitaxef (Alternate route) 

(a) preparation of 2'-Q-triethylsilylpaclitaxel 

PhCONH 0 

Ph~O•••·· 
5 

\ 
Si(CHiCHJb 

OAc 

BzO 

To a solution of paclitaxel (20.0 g. 0.0234 mol) and imidazole (3.59 g, 0,052 mol) in 150 ml of DMF 
(dimethylformamide) at 0 • C was added triethylsilyl chloride (6.0 ml, 0.053 mol) in 2.0 ml quantities over 

20 20 min. The reaction mixture was then stirred at 0 • C tor 1 h. The mixture was then diluted with ethyl acetate 
and saturated aqueous ammonium chloride. The organic layer was removed, washed with brine, dried over 
sodium sulfate and concentrated in vacuo to provide a yellow oil. Purification of the crude product via flash 
chromatography (hexanes: ethyl acetate: 1 :3 then 1 :1) provided 21.07 g (98% yield) of the desired title 
compound as a colorless white solid. 

25 1H-NMR (300 MHz, CDCIJ) o 8.15 (2H, m), 7.70 (2H, m), 7.65-7.30 (11H, m) 7.15 (1H, d, J = 8.9 Hz), 6.30 
(1 H, s), 6.25 (1 H, m). 6.70-6.10 (2H, m), 4.94 (1 H, d, J = 7.9 Hz). 4.67 (1 H, d, 2.0 Hz). 4.40 (1 H, m), 4.29 
(1 H. d, J = 8.4 Hz). 4.18 (1 H, d, J = 8.4 Hz), 3.81 (1 H, d, J = 7.1 Hz), 2.65-1.10 (22H, including singlets at 
2.55, 2.20, 1.88, 1.69, 1.22, 1.13, 3H each ). 

30 (b) preparation of 2'-.Q-triethylsilyl·7-.Q-benzyloxycarbonylpaclitaxel 

35 

40 

PhCONH 0 

Ph~O""' 

OAc 

BzO 

45 Butyffithium (1.6 Min hexanes, 12.9 ml, 8.06 mmol) was added dropwise over 10 min to a solution of 2'-.Q
triethylsilyfpaclitaxel (22.3 g, 24.1 mmol) in THF (250 ml) cooled to -50 • C. The resulting solution was 
stirred for 20 min and the temperature maintained between -50 • C and -35 • C. The reaction mixture was 
then cooled to -50 • C and benzyl chloroformate (5.08 ml, 29.8 mmol) was added dropwise over 5 min. The 

· reaction mixture was maintained at -40 • C for 30 min then equilibrated to 0 • G over approximately 30 min. 
50 The mixture was then diluted with ethyl acetate and saturated aqueous ammonium chloride and the 

resulting organic layer washed with brine, dried over sodium sulfate and concentrated in vacuo. A 1H-NMR 
analysis of the crude reaction mixture showed the presence of desired 2'-0-triethylsilyf-7-0-benzyloxycar
bonylpaclitaxel as well as 2'-Q-triethyfsilyl-7-epihydroxypacfitaxel (3 :1 ratio. respectivelY). This product 
mixture was used in the next step without further purification and the isomers subsequently separated. An 

55 analytical sample of the major product 2'-.Q-triethylsilyl-7-.Q-benzyloxycarbonylpaclitaxel was purified via 
flash chromatography; 1H-NMR (300 MHz, CDCb) o 8.12 (2H, m). 7.72 (1 H, m), 7.65-7.27 (1 H, d, J = 8.8 
Hz), 6.41 (1H, m), 6.20 (1H, m), 5.72-5.65 (2H, m). 5.52 (1H, m), 5.24 (1H, d, J = 12.3 Hz), 5.16 (1H, d, J = 
12.3 Hz), 4.95 (1 H, d, J = 8.7 Hz), 4.69 (1 H, s), 4.35 (1 H, d, J = 8.3 Hz), 4.25 (1 H, d, J = 8.3 Hz), 3.94 (1 H, 

63 
NEPTUNE GENERICS  EX. 00514



5 

10 

15 

20 

25 

30 

35 

40 

45 

EP 0 604 910 A1 

d, J = 6.8 Hz), 2.70-1.12 (22H, including singlets at 2.54, 2.14, 2.01, 1.80, 1.20, 1.15, 3H each), 0.81-0.73 
(9H, m), 0.55-0.31 (6H, m). 

(c) preparation of 7-.Q-benzyloxycarbonylpaclitaxel 

PhCONH 0 

Ph~O,. .. · 
OH 

OAc 

ezo 

Hydrochloric acid (6N, 1.0 ml. 6.0 mrnol) was added to a solution the product from Step (b) (24.0 g. 22.6 
mmol) in acetonitrile (250 ml) cooled to 0 • C. After 10 min a TLC analysis (hexanes : ethyl acetate, 1 : 1) 
indicated the reaction was complete. The reaction mixture was diluted with saturated aqueous sodium 
bicarbonate followed by ethyl acetate and the organic layer was removed, washed with brine, dried using 
sodium sulfate and concentrated in vacuo. The residual oil was purified using flash chromatography 
(hexanes : ethyl acetate, 1 :3, then 1 :1) to provide 11.4 g (48% over 2 steps) of the title compound and 4.8 g 
(20%) of 7-epihydroxypaclitaxel. 
1H-NMR (300 MHz, CDCb) o 8.09 (2H, m), 7.71 (2H, m), 7.65-7.27 (16H, m), 7.10 (1H, d, 8.9 Hz), 6.39 (1H, 
s), 6.16 (1 H, m), 5.81 (1 H, d, J = 8.9, 2.4 Hz), 5.65 (1 H, d, J = 6.9 Hz), 5.49 (1 H, dd, J = 10.6, 7.2 Hz), 
5.20 (1 H, d, J = 11.9 Hz), 5.12 (1 H, d, J = 11.9), 4.91 (1 H, d, J = 8.4 Hz). 4.78 (1 H, m), 4.30 (1 H, d. J = 
8.4 Hz), 4.15 (1H, d, J = 8.4 Hz), 3.91 (1H, d, J = 6.8 Hz), 3.69 (1H, d, J = 4.9 Hz), 2.65-1.10 (22H, 
including singlets at 2.39, 2.18. 1.81, 1.75, 1.21, 1.15. 3H each). 

(d) preparation of 2'-Q-(methylthiomethoxymethyl)-7-Q-benzyloxycarbonylpaclitaxel 

PhCONH 0 

Ph~O•••·· 
0 

> 0 

) 
Mes 

OAc 

HO 

-
BzO 

Silver triflate (300 mg, 1.17 mmol) was added to a solution 7-.Q-benzyloxycarbonylpaclitaxel (5.53 g, 5.71 
so mmol), 1, 1'-dithiomethyldimethyl ether (7.8 g, 57.1 mmol), N-iodosuccinimide (6.35 g, 28.3 mmol) and oven 

dried, powdered molecular sieves (5.0 g) in THF (110 ml) at room temperature. A TLC analysis (hexanes : 
ethyl acetate. 1 :1) of the reaction mixture after 20 min indicated the conversion of approxiately 40% of the 
starting material to a higher running product. Silver triffate (150 mg, 0.585 mmol) was then added and the 
reaction was monitored by TLC which indicated after 30 min the reaction was appoximately 65% complete. 

ss The mixture was diluted with ethyl acetate (100 ml), filtered using a pad of celite and the filtrate was 
poured into a separatory funnel containing 200 ml of a saturated aqueous solution of sodium bicarbonate 
and 50 ml of a 5% aqueous sodium thiosulfate solution. The organic layer was removed, washed with 
brine. dried over sodium sulfate and concentrated in vacuo. The residual oil was purified via flash 
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chromatography (hexanes : ethyl acetate, gradient elution 4:1 to 3:2) to provide 3.0 g (54% yield) of the title 
product as a light yellow solid. 
1H-NMR (300 MHz, CDCL3) .5 8.10 (2H, m), 7.74 (2H, m), 7.66-7.25 (18H, m), 7.05 (1H, d, J = 8.9 Hz), 6.40 
(1H, s), 6.26 (1H, m), 5.77 (1H, dd, J = 8.8, 2.5 Hz), 5.71 (1H, d, J = 6.9 Hz), 5.51 {1H, dd, J = 10.6, 7.1 

5 Hz), 5.21 (1H, d, J = 11.9 Hz), 5.14 (1 H, d, J = 11.9 Hz). 4.92 (1H, m), 4.79 (2H, m), 4.68 (1H, d, J = 2.5 
Hz), 4.31 (1H, d, J = 11.8 Hz}, 4.30 (1H, d, J = 8.5 Hz), 4.16 (1H, d, J = 8.5 Hz), 4.10 {1H, d, J = 11.8 
Hz), 3.93 (1H, d, J = 6.9 Hz), 2.65-1.10 (25H including singlets at 2.50, 2.15, 2.05, 1.74, 1.72, 1.20, 1.15, 3H 
each). 

10 (e) preparation of 2'-Q-(dibenzylphosphonooxymethoxymethyl)-7-Q-benzyloxycarbonylpaclitaxel 

15 

20 

25 

PhCONH 0 

Ph~O•••·· 
0) 
0 

~> 
(BnO)iPO 

OAc 

OAc 

szo 

To a solution of 2'-Q-(methylthiomethoxymethyl)-7-Q-benzyloxycarbonylpaclitaxel (1.06 g, 1.07 mmol) and 
oven dried, powdered molecular sieves (1.0 g) in THF (20 ml) at room temperature was added dibenzyl 

30 phosphate (1.49 g, 5.30 mmol) followed immediately by N-iodosuccinimide (2.65 g, 1.18 mmol). A TLC 
analysis (hexanes : ethyl acetate 1:1) of the reaction mixture after 2.5 h indicated the reaction was 
approximately 60% complete. N-iodosuccinimide (175 mg, 0.78 mmol) was then added and the reaction 
stirred for an additional 30 min, after which time a TLC analysis indicated the reaction was complete. The 
reaction mixture was then diluted with ethyl acetate (50 ml) and filtered using a pad of celite. The filtrate 

35 was poured into a separatory funnel containing 100 ml of a saturated aqueous solution of sodium 
bicarbonate and 20 ml of a 5% aqueous solution of sodium thiosulfate. The organic layer was removed, 
washed with brine, dried over sodium sulfate and concentrated in vacuo. The residual oil was purified using 
flash chromatography (hexanes: ethyl acetate, gradient elution, 3:1 to 1 :1) to provide 750 mg (62% yield) of 
the desired title compound as a white solid. 

40 1H-NMR (360 MHz, CDCb) li 8.10 (2H, m), 7.79 (2H, m), 7.65-7.24 (26H, m), 7.10 (1H,m). 6.41 (1H, s), 6.20 
(1 H,m), 5.79 (1 H, dd, J = 8.8, 3.6 Hz), 5.65 (1 H, d, J = 7.0 Hz), 5.52 (1 H,m), 5.20 (1 H, d, J = 11.8 Hz), 
5.11 (1H, d, J = 11.8 Hz), 5.04-4.85 (SH, m), 4.75-4.60 (4H, m), 4.30 (1H, d, 8.4 Hz), 4.15 {1H, d,J = 8.4 
Hz), 3.92 (1H, d, J = 7.0 Hz) 2.65-1.10 (22 H including singlets at 2.48, 2.19, 1.95, 1.80, 1.20, 1.10, 3H 
each). 

45 

(f) preparation of 2'-Q-phosphonooxymethoxymethylpaclitaxel triethanolarnine salt 

Palladium (10%) on carbon was added to a solution of 2'-0-(dibenzylphosphonooxymethoxymethyl)-7-0-
. benzyloxycarbonylpaclitaxel (500 mg, 0.382 mmol) in ethly acetate (40 ml) boused in a Parr bottle. The 

50 vessel was affixed to a Parr apparatus and the reaction mixture subjected to hydrogen at 50 psi. The 
reaction mixture was shaken for 6.5 h, then filtered using a sintered glass funnel. Triethanolamine (0.1 N in 
ethyl acetate, 4.0 ml) was added to this filtrate and the resulting solution was concentrated in vacuo. The 
crude solid was suspended in approximately 5.0 ml of ethyl acetate and the solvent decanted. This 
process was repeated three times and the resulting title triethanolamine salt (300 mg) was obtained with 

55 purity of 87% as determined by HPLC analysis. Further purification of this compound via C18 chromatog
raphy (water: acetonitrile, 3:1) provided the desired title compound (120 mg, 34%) at 95% purity by HPLC. 
1H-NMR (300MHz, CD3 COCD3 , 0 2 0) o 9.05 (1H, d, J = 8.7 Hz), 8.15-7.12 (21H, m), 6.40 (1H,m), 6.05 (1H, 
m), 5.69-5.55 (2H, rn), 5.01-4.85 (SH, m), 4.35 (1 H, m), 4.14 (2H, rn). 3.96-3.85 (6H, m), 3.25 (1 H, d, J = 7.1 
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Hz). 3.30-3.15 (6H, m) 2.50-1.04 (22H. including singlets at 2.49, 2.15, 2.05, 1.81, 1.60, 3H each). 

Additional Examples 

s The general procedures provided in the foregoing examples and descriptions are followed in the 
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preparation of the following compounds within the scope of formula (A) of the present invention. 
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1. A compound having the formula 
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wherein 
T is a taxane moiety bearing on the C13 carbon atom a substituted 3-amino-2-hydroxypropanoyloxy 
group; 
m is 0 or an integer from 1 to 6 inclusive; 

10 n is 1, 2 or 3; 

15 

20 

25 

or a pharmaceutically acceptable salt thereof. 

2. A compound of claim 1 wherein said taxane moiety is further characterized as containing at least a 
C11-C12 double bond, C1 hydroxy, C2 benzoyloxy. C4 acetyloxy. C9 oxy. and C5-C20 oxetane. 

3. A compound of claim 1 wherein said taxane moiety is derived from a residue having the formula 

l·· 

wherein R2e' is hydrogen and A28 is hydrogen, hydroxy, - OC(O)Rx, or -OC(O)ORx; or R20 is hydrogen 
and R2" is fluoro; A38 is hydrogen, hydroxy, -OC(O)Rx, C1-i;alkyloxy, or -OC(O)ORx; one of R68 or R78 

30 is hydrogen and the other is hydroxy or -C(O)ORx; or R60 and R7" together form an oxo group; Rx is 
C1 -6 alkyl optionally substituted with one to six same or different halogen atoms, C3-6 cycloalkyl, Cz-6 
alkenyl, or a radical of the formula 

35 

40 ""'-o 

wherein D is a bond or C1 -6 alkyl; and R•. Rb and Ac are independently hydrogen, amino, c, -• 
45 alkylamino, di-C1-salkylamino, halogen, C1-G alkyl, or C1-6 alkoxy. 

50 

55 

4. A compound of any one of the preceding claims wherein said substituted 3-amino-2-hydrox
ypropanoyloxy group is derived from a residue having the formula 
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wherein 
R1e is hydrogen or -C(O)Rx, -C(O)ORx: 
R4 and R5 are independently c, -6 alkyl, C:!-s alkenyl, C2 - 6 alkynyl, or -Z-R6 ; 

Z is a direct bond, C1 -6 alkyl or C:!-s alkenyl; 
5 Rs is aryl, substituted aryl, C3-s cycloalkyl, or heteroaryl; 

p is 0 or 1 ; and 

10 

15 

20 

Rx is as defined previously. 

5. A compound of claim 1 having the formula 

wherein 

HO 
,; 
~ 

OCOPh 

R1 is hydroxy, -OCH2(0CH2}mOP(O)(OH)2. -OC(O)Rx or -OC(O)ORx; 
R2 ' is hydrogen, and R2 is hydrogen, hydroxy, -OCH2(0CH2 )mOP(O)(OH)2 or -OC(O)ORx; or R2• is 

. fluoro, and R2 is hydrogen: 
25 R3 is hydrogen, hydroxy, acetoxy, -OCH2(0CH2 )mOP(O)(OH}2 or -OC(O)ORx; 

one of Rs or R7 is hydrogen and the other is hydroxy, C1-s alkanoyloxy, or -OCH2 (0CH2 )mOP(O)
(OH2 ); or R6 and R7 together form an oxo group; with the proviso that at least one of A1, R2 , R3, R6 or 
R7 is -OCH2(0CH2)mOP(O)(OH)2; 
mis 0, 1 or 2; 

30 R4 • R5 , Rx and p are as previously defined; 
or a pharmaceutically acceptable salt thereof. 

35 . 

6. A compound of claim 5 wherein R2. is hydrogen. and R2 is -OCH20P(O) (OH)2 ; or a pharmaceutically 
acceptable salt thereof. 

7. A compound of claim 6 wherein R1 is hydroxy or -OC(O)OW; and RX is as previously defined. in 
particular c, -6 alkyl. 

8. A compound of claim 7 wherein R3 is hydrogen. hydroxy or acetoxy. 

9. A compound of claim 7 or 8 wherein R4 (0)p is phenyl or t-butoxy. 

10. A compound of any one of claims 7 to 9 wherein R5 is phenyl, 2-furyl or 2-thienyl. 

45 11. A compound of claim 1 which is 2'-.Q-(ethoxycarbonyl)-7-Q·(phosphonooxymethyl)paclitaxel. or a 
pharmaceutically acceptable salt thereof, in particular the sodium salt. triethanolamine salt. triethylamine 
salt, arginine salt, lysine salt, ethanolamine salt and N-methylglucamine salt; 
7-Q-(phosphonooxymethyl)paclitaxel, or a pharmaceutically acceptable salt thereof, in particular the 
sodium salt; 

5o 3' -N-debenzoyl-3 '-desphen yl-3'-N-(t-butyloxycarbonyl)-3' -(2-furyl)-2' -Q-ethyloxycarbonyl-7-0-
phosphonooxymethylpaclitaxel, or a pharmaceutically acceptable salt thereof, in particular the 
triethanolamine salt: 
or 3' -N-debenzoyl-3' -desphenyl-3' -N-(t-butyloxycarbonyl)-3 '-(2-thienyl)-2' -Q-ethyloxycarbonyl-7-0-
phosphonooxymethylpaclitaxel or a pharmaceutically acceptable salt thereof, in particular the 

55 triethanolamine salt. 

12. A compound of claim 5 wherein R1 is -OCH20P(O}(OH)2, or a pharmaceutically acceptable salt thereof. 
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13. A compound of claim 12 wherein R2' is hydrogen. R2 is hydrogen, hydroxy or -OC(O)ORx, and Rx is as 
defined in claim 5. 

14. A compound of claim 13 wherein R3 is hydrogen, hydroxy or acetoxy. 

15. A compound of claim 13 or 14 wherein R4(0)p is phenyl or t-butoxy. 

16. A compound of any one of claims 13 to 15 wherein R5 is phenyl. 

10 17. A compound of claim 1 which is 2'-Q-(phosphonooxymethyl)paclitaxel, or a pharmaceutically accept
able salt thereof; 
2' ,7-Q-bis(phosphonooxymethyl}paclitaxel or a pharmaceutically acceptable salt thereof, in particular 
the sodium salt; 
2'-Q-phosphonooxymethoxymethylpaclitaxel, or a pharmaceutically acceptable salt thereof. in particular 

15 the triethanolamine salt; or 
1 O-desacetyl-3' -N-desbenzoyl-3'-N-(t-butyloxycarbonyl}-1 0-Q-(phosphonooxymethyl}paclitaxel, or a 
pharmaceutically acceptable salt thereof, in particular the triethanolamine salt. 

18. A compound of claim 5 wherein R 1 and R2 are both -OCH20P(O)(OH}2, or a pharmaceutically 
20 acceptable salt thereof; 

or 

25 

30 

wherein R1 is -OCH20CH20P(O}(OH)2. or a pharmaceutically acceptable salt thereof; 
or 
wherein R3 is -OCH20P(O)(OH)2. or a pharmaceutically acceptable salt thereof. 

19. A compound having the formula 

13-CH-tm-[ OCt-ii(OCt-ii)mSC~ Jn 

wherein txn is a taxane moiety, m and n are as previously defined. or a C13 metal alkoxide thereof. 

35 20. A compound of claim 19 wherein said taxane moiety is.derived from a residue having the formula 

40 

~ .... 
45 

OCOPh 

50 wherein R28 , R20', R30 , R68 amd R70 are as previously defined. 

21. A compound of claim 19 having the formula 

55 
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H011
•• 

HO 

or a C13 metal alkoxide thereof. 

22. A compound having the formula 

/ AcO 
OCPh 

II 
0 

wherein T' is T in which non-reacting hydroxy groups have been blocked, m and n are as defined 
above. 

23. A compound of claim 22 having the formula 

R4 (0) pCO~H o 

R'VO'"" .. 
Rlb 

wherein R1b is hydroxy, protected hydroxy, -OCH2SCH3, -OC(O)Rx or -OC(O)ORx; R20 is hydrogen, and 
R2b is hydrogen, hydroxy, protected hydroxy, -OCH2SCH3 or -OC(O)ORx; or R2• is fluoro, and R2b is 
hydrogen; R3b is hydrogen, hydroxy, protected hydroxy, acetoxy, -OCH2SCH3 or -OC(O)OW; one of 
R6b or R7b is hydrogen and the other is hydroxy, protected hydroxy, C1-• alkanoyloxy or -OCH2SCH3; 

45 or R6b and R7b together form an oxo group; with the proviso that at least one of R1b, R2b, R3b, R5b, R7b 

is -OCH2 SCH3 ; p, R4 • R5 and Rx are as previously defined. 

24. A compound of claim 23 that is 
7-0-methylthiomethylpaclitaxel; 

so 2·.:0-(benzyloxycarbonyl)-7-0-methylthiomethylpaclitaxel; 
2'0-(ethoxycarbonyl)-7-0-methylthiomethylpaclitaxel; 
2·.:0-(methylthiomethyl0-0-(triethylsi lyl)paclitaxel; 
2' -Q-(rnethylthiomethyl)paciitaxel; 
2',7-0-bis(methylthiomethyl)paclitaxel; 

55 3' -N-=debenzoyl-3 '-desphenyl-3'-N-(t-butyloxycarbonyl)-3 '-(2-furyl)· 7-Q-methylthiomethylpaclitaxel; 
3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-Q-ethyloxycarbonyl-7-0-
methylthiomethylpaclitaxel; - -
3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-7-Q-methylthiomethylpaclitaxel; or 

93 
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3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-.Q-ethyloxycarbonyl-7-.Q
methylthiomethylpaclitaxel. 

25. A compound of claim 22 having the formula 

R4 (0)pCO~H O 

R
5VD""" 

CH 3SCH20CH20 
HO 

wherein R2·, R2b, R3b, R4 • R5 • R6b, R7b and pare as previously defined. 

20 26. A compound of claim 25 that is 2'-.Q-{methylthiomethoxymethyl)-7-Q-triethylsilylpaclitaxel, or 2'-0-
(methylthiomethoxymethyl)-7-.Q-benzyloxycarbonylpaclitaxel. 

25 

30 

35 

40 

4S 

27. A compound having the formula 

r - [ OCH2(0Ctii)mOP{O)(QRY)J 
n 

wherein T', m and n are as defined above. and RY is a phosphono protecting group. 

28. A compound of claim 27 having the formula 

R4 (0) pCO~H 0 

R'Vo-···· 
F_lc 

HO 

wherein R1c is hydroxy, protected hydroxy, -0CH2 0P(O)(OCH2RY);? or -OC(O)OR"; R2" is hydrogen. R2c 

is hydrogen. hydroxy, protected hydroxy, -OCH20P(O)(OCH2RY)2 or -OC(O)OR"; or R2
' is ffuoro. R2

c is 
hydrogen; R3c is hydrogen, hydroxy, protected hydroxy, acetoxy, -OCH20P(O)(OCH2RY);? or -OC(O)-

so OR"; one of R6c or R7c is hydrogen and the other is hydroxy, protected hydroxy, C1-& alkanoyloxy or 
-OCH20P(O)(ORY)2; or R6c and R7c together form an oxo group; with the proviso that at least one of 
R1b, R2b, R3 b, R6c or R7c is -OCH2 0P(O)(OCH2 RY)2 ; p, R4 , R5 , R" and RY are as previously defined. 

29. A compound of claim 27 or 28 having the formula 
SS 
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R4 (0)pCO~H 0 

R'VO''""' 
(RY0)2P(O)OCH20CH20 

HO 

wherein R2 ', R20 , R30, R4 , R5 , R60
, R7c, RY and pare as previously defined. 

15 30. A pharmaceutical composition which comprises an antitumor effective amount of a compound of any 
one of claims 1 to 18 and a pharmaceutically acceptable carrier. 

20 

25 

31. The use of a compound of any one of claims 1 to 18 for preparing a pharmaceutical composition, in 
particular a composition for oral administration, for inhibiting tumor growth. 

32. A process for preparing a compound of any one of claims 1 to 18 comprising: 
removing hydroxy and phosphono protecting group(s) from a compound of formula (C) 

in which RY is phosphono protecting group and T' is a taxane derivative in which non-reacting hydroxy 
groups have been blocked. 

33. A process for preparing a compound of any one of claims 22 to 26 comprising: 
30 reacting a compound of formula (Aa) 

T'-[OHJn (Aa) 

with dimethylsulfoxide and acetic anhydride, or with dimethylsulfide and an organic peroxide, or 
35 comprising: 

reacting a compound of formula (Aa} 

T'-[OH]n (Aa) 

40 with CH3SCH2 0CH2SCH3 and N-iodosuccinimide. 

34. A process of claim 33 in which the organic peroxide is benzoyl peroxide. 

45 

50 

55 
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Description 

The present invention concerns antitumor compounds. More particularly, the invention provides novel taxane deriv
atives, pharmaceutical compositions thereof, and their use as antitumor agents. 

5 Taxol® (paclitaxel) is a natural product extracted from the bark of Pacific yew trees, Taxus brevifolia. It has been 
shown to have excellent antitumor activity in in vivo animal models, and recent studies have elucidated its unique mode 
of action, which involves abnormal polymerization of tubulin and disruption of mitosis. It has been recently approved for 
the treatment of ovarian cancer; and studies involving breast, colon, and lung cancers have shown promising results. 
The results of paclitaxel clinical studies are reviewed in Rowinsky and Donehower. "The Clinical Pharmacology and Use 

10 of Antimicrotubule Agents in Cancer Chemotherapeutics" Pharmac Ther 52:35-84, 1991. 

15 

20 

25 

Recently, a semi-synthetic analog of paclitaxel named Taxotere® has also been found to have good antitumor activity 
in animal models. Taxotere® is also currently undergoing clinical trials in Europe and the United States. The structures 
of paclitaxel and Taxotere® are shown below along with the conventional numbering system of taxane molecules; such 
numbering system is also employed in this application. 

Taxol®: R = Ph; R' = acetyl 
30 Taxotere®: R = t·butoxy; R' = hydrogen 

35 

40 

45 

The instant invention relates to a novel class of taxanes. More particularly they are 7-Q. ethers of taxane derivatives. 
The present invention relates to taxane derivatives having the formula (I): 

OAc 0 

R4(0)pCON~ 0 

R5~ou ... (I) 

R2 •· ,,· 
.: 
OCOPh 

wherein R1 is hydrogen, C1_8 alkyloxy. C2-e alkenyloxy, or C2-e alkynyloxy, each can be optionally substituted with 
hydroxy; R2 is hydroxy, -OC(O}Rx or -OC(O}ORx; R4 and RS are independently C1-a alkyl, C2_8 alkenyl, C2_8 alkynyl, or 
-Z-RB; pis zero or one; Z is a direct bond, C1_s alkylene or C2_a alkenediyl; RB is aryl, substituted aryl, C3-e cycloalkyl 

50 or heteroaryl; and Rx is C 1_8 alkyl optionally, substituted with one to six same or different halogen atoms, Ca-a cycloalkyl 

55 
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or C2-a alkenyl; or Rx is a radical of the formula 

wherein D is a bond or C1-a alkyl; and R8
, Rb and Re are independently hydrogen, amino. C1-a alkylamino, di

C1_8alkylamino, halogen. C1-a alkyl, or C1-a alkyloxy. 
Another aspect of the present invention provides a method for inhibiting tumor in a mammalian host which comprises 

t5 administering to said mammalian host an antitumor effective amount of a compound of the formula (I). 

20 

Yet another aspect of the present invention provides a pharmaceutical composition (formulation) which comprises 
an antitumor effective amount of a compound of the formula (I) and a pharmaceutically acceptable carrier. 

Detailed Description Of The Invention 

In the application, unless otherwise specified explicitly or in context, the following definitions apply. ·Alkyl" means a 
straight or branched saturated carbon chain having from one to eight carbon atoms; examples include methyl, ethyl, n
propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl, n-pentyl, sec-pentyl, isopentyl, n-hexyl. n-heptyl, and n-octyl. 
"Alkylene" means alkyl with two points of attachment; examples include methylene, ethylene, and propylene. "Alkenyl" 

25 means a straight or branched carbon chain having at least one carbon-carbon double bond, and having from two to 
eight carbon atoms; examples include ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, pentenyl, and hexenyl. "Alken
ediyl" refers to alkenyl with two points of attachment; examples include ethylene-1,2-diyl (vinylene), 2-methyl-2-butene-
1.4-dinyl, 2-hexene-1,6-diyl, and the like groups. "Alkynyl" means a straight or branched carbon chain having at least 
one carbon-carbon triple bond, and from two to eight carbon atoms; examples include ethynyl, propynyl, butynyl, and 

30 hexynyl. 
"Aryl" means aromatic hydrocarbon having from six to ten carbon atoms; examples include phenyl and naphthyl. 

"Substituted aryl" means aryl substituted .with at least one group selected from C1-a alkanoyloxy, hydroxy, halogen, C1-a 
alkyl, triiluoromethyl, C1-a alkoxy (alkyloxy), aryl, C2-a alkenyl, C1_8 alkanoyl, nitre, amino. and amido. "Halogen" means 
fluorine, chlorine, bromine, and iodine. 

35 "Methylthiornethyl" (also abbreviated as MTM) refers to the group -CH2SCH3. 

"Heteroaryl" means a five- or six-membered aromatic ring containing at least one and up to four non-carbon atoms 
selected from oxygen, sulfur and nitrogen. Examples of heteroaryl include thienyl, fury!, pyrrolyl, imidazolyl, pyrazolyl, 
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyl, tetrazolyl, thiatriazolyl, oxatriazolyl, pyridyl, 
pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, tetrazinyl, and like rings. 

40 "Hydroxy protecting groups" include, but is not limited to. ethers such as methyl, t-butyl, benzyl, p-methoxybenzyl, 
p-nitrobenzyl, allyl, trityl, methoxymethyl, methoxyethoxymethyl, ethoxyethyl, tetrahydropyranyl, tetrahydrothiopyranyl, 
and trialkylsilyl ethers such as trimethyfsilyl ether, triethyfsilyl ether, and t-butyldimethylsilyl ether; esters such as benzoyl, 
acetyl, phenylacetyl. formyl, mono-. di-, and trihaloacetyl such as chloroacetyl, dichloroacetyl, trichloroacetyl, triiluoro
acetyl; and carbonates such as methyl, ethyl, 2,2,2-trichloroethyl, allyl, benzyl, and p-nitrophenyl. Additional examples 

45 of hydroxy protecting groups may be found in standard reference works such as Greene and Wuts, Protective Groups 
in Oraanic Synthesis 2d Ed .. 1991, John Wiley & Sons, and McOmie, Protective Groups in Organic Chemistrt 1975, 
Plenum Press. Methods for introducing and removing protecting groups are also found in such textbooks. 

50 

55 
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"Taxane" denotes moieties containing the twenty carbon taxane core framework represented by the structural for
mula shown below with the absolute configuration. 

18 

CH 

H 

5 

The numbering system shown above is one used in conventional taxane nomenclature, and is followed throughout the 
application. For example, the notation C1 refers to the carbon atom labelled as "1 "; C5-C20 oxetane refers to an oxetane 
ring formed by the carbon atoms labelled as 4, 5 and 20 with an oxygen atom. 

20 A compound of formula (I) can be prepared by a process of Scheme I. In Scheme I, 7-Q-methytthiomethyl is either 
(1) reduced to 7-0-methyl with Raney Nickel; or (2) reacted with RJOH, in which RJ is C1-a alkyloxy, C2_8 alkenyloxy or 
C2-a alkynyloxy, each can optionally be substituted with hydroxy, in the presence of NIS with triflate as a catalyst. Pre
ferred triflate is silver triflate or trialkylsilyltriflate. An analogous reaction of an alcohol with methytthiomethyloxy group 
in the presence of NISwas reported by Veeneman et al. in Tetrahedron, 1991, v47, pp. 1547-1562, the relevant portions 

25 thereof are hereby incorporated by reference. 

SCHEME I 

30 

R4(0lpCON~ 0 

R5~0 .. ·-
35 f.?2 

40 

45 

50 

55 

(I) 

4 

Raney Nicl::el 
or 
NISIRJQH 

(II) 
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SCHEME Ila 
5 

10 

(III) 

15 

20 

(IV) 

25 

0 

30 

(V) 

PO HO 
35 

40 l 
(II) 

45 

50 
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SCHEME IIb 

R4(0)pCON~ O 

RsA)lO'.,, ... 
R2 

OAc 0 

(la) SMe2 / (PhCOO)i 
or 
(I b) AeiO I DMSO 

OAc 0 

(VI) 

(I I) 

A starting compound of formula (II) can be readily availabe by either process of Scheme Ila or lib. 
Scheme Ila depicts essentially a coupling as described in EP Application 400,971 published December 5. 1990 

45 {now U.S. Patent 5, 175,315) and U.S. Patent 5,229,526. To summerize, the process as disclosed in EP 400,971 {the 
Holton process) involves reacting 1-benzoyl-3-( 1-ethoxy)ethoxy-4-phenyl-2-azetidinone with 7-Q-triethylsilylbaccatin 111 
in the presence of N ,N-dimethylaminopyridine and pyridine at 25°C for 12 hours; paclitaxel is obtained after the various 
hydroxy protecting groups are removed. An improvement of the Holton process is reported by Ojima et al in "New and 
Efficient Approaches to the Semisynthesis of Taxol and its C-13 Side Chain Analogs by Means of JJ-Lactam Synthon 

50 Method" Tetrahedron. 1992, 48(34):6985-7012. Ojima's process involves first generating the sodium salt of 7-Q-triethyl
silylbac;catin Ill with sodium hydride; this salt is then reacted with chiral 1-benzoyl-3-(1-ethy~xy)ethoxy-4-phenyl-2-aze
tidinone to provide paclitaxel after removal of the hydroxy protecting groups. In U.S. 5,229,526, Holton discloses the 
coupling of a metal alkoxide of baccatin Ill or a derivative thereof with a 2-azetidinone to provide taxanes with C13 
sidechain. This process is said to be highly diastereoselective; therefore racemic mixtures of the sidechain precursor 2-

55 azetidinone may be used. Recently, Ojima et al reported in "A Highly Efficient Route to Taxotere by the JJ-Lactam Synthon 
Method," Tetrahedron Letters. 1993, 34(26):4149-4152, the coupling of metal alkoxides of 7,10-bis-Q-(trichloroethoxy
carbonyl)-10-deacetylbaccatin Ill with chiral 1-(t-butoxycarbonyQ-4-phenyl-3-(protected hydroxy)-2-azetidinone to give 
Taxotere® after deprotection. The relevant portions of all references cited above are hereby incorporated by reference. 
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More specifically, in Scheme Ila. Pis a hydroxy protecting group; M is hydrogen or a Group IA metal such as lithium, 
sodium or potassium. The reaction may be conducted according to the procedure disclosed in EP 400,971 wherein the 
baccatin 111 derivative of formula (Ill) wherein M is hydrogen is reacted with an azetidinone of fonlUJla (IV) in the presence 
of an organic base such as N,N-dimethylaminopyridine. Preferably, however. the baccatin Ill derivative is first converted 

5 to a 13-alkoxide by treating the former with a strong base such as hydrides, alkylamides. and bis(trialkylsilyQamides of 
Group IA metals as disclosed in U.S. Patent 5,229,526 ard the Ojima references, supra. More preferably, the 13-alkoxide 
is a lithium alkoxide. The formation of a lithium salt may be achieved by reacting a compound of formula (lll) wherein M 
is hydrogen with a strong metal base, such as lithium diisopropylamide, C1~ alkyllithium, lithium bis(trimethylsilyl)amide, 
phenyllithium, lithium hydride, or the like base. · 

10 The coupling reaction between a taxane of formula (Ill) ard an azetidinone of formula (IV) is conducted in an inert 
organic solvent such as tetrahydrofuran at reduced temperature in the range of about 0°C to about -78°C. The azetidi
nones of formula {IV) may be used as a racemic mixture; in such case, the azetidinone reactant is preferably used in at 
least 2 equivalents relative to the taxane reactant, ard more preferably from about 3 to about 6 equivalents. Chiral 
azetidinones may also be used, and in such case one equivalent of the azetidinone relative to the taxane may be suffi-

15 cient. but preferably the azetidinone is used in slight excess. for example up to 1.5 equivalents. 
After the coupling reaction with a taxane, the hydroxy protecting group Pis removed, and if desired, the free hydroxy 

group on the sidechain may be derivatized to an ester or a carbonate as herein described. 
The 2'-hydroxy group of paclitaxel derivatives may be converted by conventional methods to the corresponding ester 

or carbonate; for example 2'-hydroxy may be reacted with a compound of the formula L-C(O)ORx (L being a leaving 
20 group) such as a chloroformate in the presence of a base such as tertiary amine to give the corresponding carbonate; 

for example, 2'-hydroxy reacts with ethyl chloroformate in the presence of diisopropylethylamine to provide 2'-Q-ethyl
oxycarbonyl derivative. The 2'-hydroxy may also react with a carboxylic acid RxC02H or an acylating equivalent thereof 
(e.g. an anhydride, active ester or an acyl halide) to provide the corresponding ester. 

It is to be understood that in Scheme Ila, as well as elsewhere in the specification, hydroxy protecting group may 
25 encompass suitable carbonates (e.g. -OC(O)OR~; thus, when a carbonate is used as a hydroxy protecting group, it is 

intended to be removed in a later step to generate the free hydroxy group; otherwise, the carbonate moiety remains as 
part of the final product. 

30 

35 

40 

Compounds of formula (IV) can be prepared from a compound of (IVa) according to the general method described 
in EP 400,971 and Ojima et al. Tetrahec:fron 48:6985-7012, 1992. 

base 

{I Va) (IV) 

Thus a compound of formula {!Va) is first treated with a base such as n-butyllithium or triethylamine, and then 
followed by a compound of the formula R4(0)pCO-L where Lis a leaving group to provide a compound of formula (IV). 

45 Compounds of (IVa) may be prepared according to the general method disclosed in EP 400,971 by going through 
an intermediate compound 3-acetoxy-4-substituted-2-azetidinone (IVb); or by the method disclosed in U.S. 5,229,526 
by going through an intermediate compound 3-triethylsilyloxy-4-substituted-2-azetidinone. In an improved process a 
compound (!Vb) may be obtained by condensing acetoxyacetyl chloride with a bis-imine followed by hydrogenolysis or 
acid cleavage to remove the N-imine group; this process is shown in the following scheme in which R5. is an optionally 

5o substituted aryl or a heteroaryl group such as furyl or thienyl. This process is disclosed in co-pending application U. S.S. N 

55 
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08/165,610 filed December 13, 1993 which is hereby incorporated by reference. 

+ 
base 

/cat.t-fior 
/acid cleavage 

The products (IVb) obtained from these cycloaddition reactions are usually a racemic mixture of the two cis
azetidinones. The racemic mixture may be resolved by conventional methods such as conversion to diastereomers, 
differential absorption on column packed with chiral adsorbents. or enzymatically. For example, a racemic mixture of 
compounds of formula (IVb) may be contacted with an enzyme that catalyzes the hydrolysis of an ester, for example an 

25 esterase or a lipase. to selectively cleave the 3-acyl group of one enantiomerwithout affecting the other. (See e.g., Brieva 
et al, J. Ora. Chem .• 1993, 58:1068-1075; co-pending application U.S.S.N. 092,170 filed July 14, 1993; and European 
Patent Application Number 552041, published July 21, 1993. These are incorporated herein by reference.). Alternatively, 
the racemic mixture may be first subjected to base-catalyzed hydrolysis to remove the 3-acyl group and to generate a 
racemic mixture of the corresponding 3-hydroxy ~-lactam: the racemic mixture of 3-hydroxy ~-lactam is then contacted 

30 with an enzyme capable of catalyzing acylation of an hydroxy group to selectively acylate the hydroxy group of one 
enantiomer without affecting the other. Or the racemic mixture of 3-hydroxy ~-lactam may be acylated with a chiral 
carboxylic acid, and the resulting diastereomeric mixture may then be separated using methods known in the art. and 
the chiral auxiliary removed to provide the desired enantiomer. 

Ojima etal, inJ. Ora. Chem., 56:1681-1683, 1991; Tel Lett. 33:5737-5740, 1992; and Tetrahedron 48:6985-7012, 
35 1992 reported the synthesis of a number of chiral azetidinones of formula (IVa) arx:f/or the corresponing N-(p-methoxy

phenyl) congener; wherein P is the hydroxy protecting group triisopropylsilyl; and R5 is 4-methoxyphenyl, 3.4-dimethy
oxyphenyl, phenyl, 4-fluorophenyl, 4-trifluoromethylphenyl, 2-furyl, 2-phenylethenyl, 2-(2-furyl)ethenyl, 2-methylpropyl, 
cyclohexylmethyl, isopropyl, phenethyl, 2-cyclohexylethyl, or n-propyl. Other references for making azetidinones fo for
mula (!Va) and/or (JV) can be found in European Patent Applications 0,534,709 A1, 0,534,708 A1, and 0,534,707 A1, 

40 all three published on March 31, 1993; in PCT application WO 93/06079 published on April 1, 1993; in Bioorganic and 
Medicinal Chemistry Letters, 3, No. 11, pp 2475-2478 (1993); also in Bioorganic and Medicinal Chemistry Letters, 3, 
No. 11, pp 2479-2482 (1993): in J. Org. Chem., 58, pp 1068-1075; in Tetrahedron Letters. 31, No. 44, pp 6429-6432 
(1990); in Bioorganic and Medicinal Chemistry Letters, 3, No. 11, pp 2467-2470 (1993); European Application 552,041 
published on July 21, 1993; and in our copending U.S. Application Serial No. 092, 170 filed on July 14, 1993. The relevant 

45 portions of all aforementioned references are hereby incorporated by reference. Other azetidinones within the definition 
of formula (IV) but are not specifically disclosed in these references may be prepared by a person skilled in the art 
following the methodologies generally known in the art. 

The compounds of formula (II) can also be obtained by a process of Scheme llb in which one of the two procedures 
(la - the dimethylsulfide method) and (1b - the dimethylsuffoxide method) is used. The dimethylsulfce method for con

so verting alcohols to methylthiomethyl ethers is reported in Medina et al, Tel. Lett., 1988, pp. 3n3-3776, the relevant 
portiorn; thereof are hereby incorporated by reference. The dimethylsulfoxide method is th~ well-known reaction com

monly known as the Pummerer reaction. 
It should be noted that the reactivity of a hydroxy group differs depending on its location on the taxane derivative 

starting material of formula (VI). Although in general the 2'-hydroxy group is more reactive in acylation reactions than 
55 the 7-hydroxy group, it has been found that, surprisingly with the dimethylsulfide method, the 7-hydroxy is more readily 

converted into the methylthiomethyl ether than the 2'-hydroxy group. The tertiary hydroxy group at C-1 is usually the 
least reactive. The difference in hydroxy reactivity may be exploited in controlling the site and degree of methylthiometh
ylation. 
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Thus with a compound of formula (VI} wherein R2 is hydroxy, the predominant methylthiomethylation product is the 
correSPonding 7-Q-methylthiomethyl ether with the dimethylsulfide method. Even though the 7-hydroxyis the preferential 
methyfthiomethylation site in the dimethylsulfide method, it is still preferable to protect the 2'-hydroxy group; in such case 
-OC(O)Rx or -OC(O)Rx can serve as protecting group and left as such when R2 in the final desired compound is -

5 OC(O)Rx or -OC{O)Rx. Otherwise 2'-hydroxy protecting group is removed from the product. 

Returning now to Scheme lib, in procedure (1a), a compound of formula {VI) is treated with dimethylsulfide and an 
organic peroxide such as benzoyl peroxide. The reaction is carried out in an inert organic solvent such as acetonitrile, 
methylene chloride and the like at a temperature conducive to product formation; typically the reaction is carried at a 
temperature range of from about -40°C to about ambient temperature. Dimethylsulfide and benzoyl peroxide are used 

10 in excess relative to the taxane derivative starting material {VI), and dimethylsulfide is used in excess relative to benzoyl 
peroxide. Normally, up to 10 fold excess of dimethylsulfide and benzoyl peroxide relative to taxane derivative {VI} is used; 
and preferably, dimethylsulfide is used in about two to three fold excess relative to benzoyl peroxide. 

Alternatively, a compound of formula (II) may be prepared by reacting a compound of formula {VI) with dimethylsul
foxide and acetic anhydride (procedure 1 b). In this procedure 2'-hydroxy is preferably protected regardless whether such 

15 protecting group is ultimately removed or retained as -OC(O)Rx or -OC(O)Rx. In this procedure, a compound of formula 
(VI) is dissolved in dimethylsulfoxide and acetic anhydride is added to the solution. The reaction is usually carried out 
at room temperature, and for 18-24 hours to produce the monomethylthiomethyl ether. 

The compounds of formula (VI) are well known is the art. For example, they are normally made by reacting appro
priately protected baccatin Ill with azetidinones of formula (IV) as taught in the above discussed U.S. Patents 5, 175,315 

20 and 5,229,526; Tetrahedron, 1992, 48(34):6985-7012; EP Applications 0,534,709, 0,534,708. and 0,534,707. 

Representative In vivo antitumor activity 

Balb/c x DBA/2 F1 hybrid mice were implanted intraperitoneally, as described by William Rose in Evaluation of 
25 Madison 109 Lung Carcinoma as a Model for Screening Antitumor Drugs, Cancer Treatment Reports 65, No. 3-4 (1981), 

with 0.5 ml of a 2% (w/v) brei of M109 lung carcinoma. 
Mice were treated with compound under study by receiving intraperitoneal injections of various doses on days 5 

and 8 post-tumor implant. Mice were followed daily for survival until approximately 75- 90 days post-tumor implant. One 
group of mice per experiment remained untreated and served as the control group. 

30 Median survival times of compound-treated (T} mice were compared to the median survial time of the control (C) 

35 

40 

45 

50 

mice. The ratio of the two values for each compound-treated group of mice was multiplied by 100 and expressed as a 
percentage {i.e. "lo T/C) in Table I for representative compounds of formula (I). 

Table I 

Example Number 0k TIC (mg/kglinj.) 

2 179(8) 

3 118(5) 

5 121 (2) 

6 118(0.32) 

7 158(2) 

8 208(8) 

9 129(16) 

10 172(2) 

20 118(16) 

21 177 (4 or 8) 

Compounds of formula (I) of the instant invention are effective tumor inhibiting agents, and thus are useful in human 
and/or veterinary medicine. Thus, another aspect of the instant invention concerns a method for inhibiting human and/or 

55 other mammalian tumors which comprises administering to a tumor bearing host an antitumor effective amount of a 
compound of formula (I). 

Compounds of formula (I) of the present invention may be used in a manner similar to that of paclitaxel; therefore, 
an oncologist skilled in the art of cancer treatment will beableto ascertain, without undue experimentation, an appropriate 
treatment protocol for administering a compound of the present invention. The dosage, mode and schedule of admin· 
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istration for compounds of this invention are not particularly restricted, and will vary with the particular compound 
employed. Thus a compound of the present invention may be administered via any suitable route of administration, 
preferably parenterally; the dosage may be, for example, in the range of about 1 to about 100 mg/kg of body weight, or 
about 20 to about 500 mg/m2. The actual dose used will vary according to the particular composition formulated. the 

5 route of administration, and the particular site, host and type of tumor being treated. Many factors that modify the action 
of the drug will be taken into account in determining the dosage including age, weight, sex, diet and the physical condition 
of the patient. 

The present invention also provides pharmaceutical compositions (formulations) containing an antitumor effective 
amount of a compound of formula (I) in combination with one or more pharmaceutically acceptable carriers, excipients, 

10 di!uents or adjuvants. Examples of formulating paclitaxel or derivatives thereof may be found in, for example, United 
States Patents Nos. 4, 960. 790 and 4,814,470, and such examples may be followed to formulate the compounds of this 
invention. For example, compounds of the present invention may be formulated in the form of tablets. pills, powder 
mixtures, capsules, injectables. solutions, suppositories, emulsions, dispersions. food premix, and in other suitable forms. 
They may also be manufactured in the form of sterile solid compositions. for example, freeze dried and, if desired, 

15 combined with other pharmaceutically acceptable excipients. Such solid compositions can be reconstituted with sterile 
water, physiological saline, or a mixture of water and an organic solvent, such as propylene glycol, ethanol, and the like, 
or some other sterile injectable medium immediately before use for parenteral administration. 

Typical of pharmaceutically acceptable carriers are, for example, manitol, urea, dextrans, lactose, potato and maize 
starches. magnesium stearate, talc, vegetable oils, polyalkylene glycols, ethyl cellulose, poly(vinylpyrrolidone). calcium 

20 carbonate. ethyl oleate, isopropyl myristate. benzyl benzoate, sodium carbonate. gelatin, potassium carbonate, silicic 
acid. The pharmaceutical preparation may also contain nontoxic auxiliary substances such as emulsifying, preserving, 
wetting agents, and the like as for example, sorbitan monolaurate. triethanolamine oleate, polyoxyethylene monostear
ate. glyceryl tripalmitate, dioctyl sodium sulfosuccinate, and the like. 

In the following experimental procedures, all temperatures are understood to be in Centigrade (C) when not specified. 
25 The nuclear magnetic resonance (NMR) spectral characteristics refer to chemical shifts (6) expressed in parts per million 

(ppm) versus tetramethytsilane (TMS) as reference standard. The relative area reported for the various shifts in the 
proton NMR spectral data corresponds to the number of hydrogen atoms of a particular functional type in the molecule. 
The nature of the shifts as to multiplicity is reported as broad singlet (bs or br s), broad doublet (bd or br d), broad triplet 
(bt or brt). broad quartet (bq or br q). singlet (s). multiplet (m), doublet (d). quartet (q), triplet (t). doublet of doublet (dd), 

30 doublet of triplet (dt), and doublet of quartet (dq). The solvents employed for taking NMR spectra are acetone-d6 (deu
terated acetone). DMSO-d6 (perdeuterodimethylsulfoxide). D:P (deuterated water), CDCl3 (deuterochloroform) and 
other conventional deuterated solvents. The infrared (IA) spectral description include only absorption wave numbers 
(cm-1) having functional group identification value. 

Celite is a registered trademark of the Johns-Manville Products Corporation for diatomaceous earth. 
35 The abbreviations used herein are conventional abbreviations widely employed in the art. Some of which are: MS 

40 

45 

50 

55 

(mass spectrometry); HAMS (high resolution mass spectrometry); Ac (acetyl); Ph (phenyl); v/v (volume/volume); FAB 
(fast atom bombardment); NOBA (m-nitrobenzyl alcohol); min (minute(s)); h or hr(s) (hour(s)); NIS (N-iodosuccinimide); 
BOC (t-butoxycarbonyl); CBZ or Cbz (benzyloxycarbony~; Bn (benzyl); Bz (benzoyl); TES (triethylsilyl); DMSO (dimeth· 
yJsulfoxide); THF (tetrahydrofuran); HMDS {hexamethyldisilazane). 

Preparation I. 

7-Q-methylthiomethylpaclitaxel 

OBz 

Benzoyl peroxide (0.98 g, 4 mmol) was added to a vigorously stirred mixture of paclitaxel (0.85 g, 1 mmol) and dimethyl 
sulfide (0.72 ml, a mmol) in dry acetoni1rile (10 ml) at o·c. Stirring was continued for 2.5 hours at o•c. Progress of the 
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reaction was monitored by silica gel TLC in toluene:acetone {2:1, v/v) solvent system {R1 paclitaxel = 0.38. R1 prod. = 0.64), 
and when formation of higher polarity products was observed the reaction was quenched by evaporation of solvents 
using Rotavapor at 30°C. A TLC analysis of the reaction mixture indicated the presence of some quantities of unreacted 
paclitaxel and 2'.7-Q-bis(methytthiomethyl)paclitaxel. Separation of the title compound from the reaction mixture was 

5 achieved by flash column chromatography on Silica Gel 60 (40 - 63 µm) EM Science (100 ml), column diameter: 2 in. 
using ethyl acetate:hexane (1 :1, v/v) solvent system {R1 prod. = 0.34). The product (552 mg, 60°k yield) was recovered 
from fractions 12 to 18 (each fraction ca. 20 ml). 

10 

15 

20 

25 

Preparajion II. 

7-Q-methylthiomethylbaccatin Ill (7-Q-MTM baccatin Ill) 

AcO 0 

(a) 2'-Q-(ethoxycarbonyl)paclitaxel 

Paclitaxel (5.40 g, 6.324 mmol) in dry dichloromethane (63 ml) was cooled to 0°C and treated with neat N,N
diisopropylethylamine (3.30 ml. 3 equiv) and then neat ethyl chloroformate (1.81 ml. 3 equiv) dropwise over a 5 min 

30 period. The reaction was monitored by TLC (50% ethyl acetate in hexane). After 2h at 0°C and 16h at room temperature. 
the reaction was complete and the yellow-orange solution was diluted with ethyl acetate (300 ml) and washed with 
saturated sodium bicarbonate {3 x 75 ml) and brine {75 ml). Drying (MgS04) and evaporation afforded crude title 
compound, which was purified by precipitation: dichloromethane (ca. 100 ml) was added followed by cooling and addition 
of hexane (ca 60 ml) to the cloud point. After cooling in ice for several hours, the solid was collected by filtration. Yield 

35 5.17 g (88%). 

(b) 2' -Q-( ethoxycarbonyl)-7-Q-methytthiomethylpaclitaxel 

2'-Q-(Ethoxycarbonyl)paclitaxel (2.260 g, 2.4406 mmol) was dissolved in anhydrous dimethylsulfoxide (6 ml). and 
40 acetic anhydride (6 ml) was added in one lot at room temperature. The reaction was monitored by HPLC (C18 analytical 

column; 60% acetonitrile - 40% 10 mM ammonium phosphate buffer, pH 6). After 30h, the solution was diluted with ethyl 
acetate (250 ml) and washed with saturated aqueous bicarbonate (3 times) then water and brine. After drying over 
magnesium sulfate and filtration. the crude product was chromatographed on silica (40% ethyl acetate in hexane) to 
yield the title compound as a white foam (2.030 g, 91%) that was 90°k pure by HPLC. A portion was further purified by 

45 a second column (5% acetonitrile in dichloromethane) to afford material that was ca. 97% pure by HPLC. 

(c) alternate method for the preparation of 2'-Q-(ethoxycarbonyl)-7-Q-methylthiomethylpaclitaxel 

2'-Q-(Ethoxycarbonyl)paclitaxel (4.170 g, 4.503 mmol) was dissolved in anhydrous acetonitrile (68 ml) at -40°C, 
50 and dimethyl suttide (3.2 ml, 44.10 mmol) was added, followed by benzoyl peroxide (4.400 g, 18.24 mmol). The mixture 

wa~ placed in an ice bath and stirred at 0°C, and the course of the reaction was monit~~ed by TLC (40% ethyl acetate 
in hexane). After 3 h no starting material was detected, and the solution was worked up by adding ethyl acetate (250 
ml) and saturated aqueous sodium bicarbonate (100 ml). The organic phase was further washed with bicarbonate, 
water, and brine, then dried over magnesium sulfate and filtered. The residue was purified by silica gel flash chroma-

55 tography {4% acetonitrile in dich!oromethane), to yield the title compound as a white foam (2.571 g, 58% yield). The 
purity of this sample was judged as >97% by HPLC. 
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(d) preparation of 7-Q-MTM baccatin Ill 

To a solution of 2'-Q-(ethyloxycarbonyQ-7-Q-me1hylthiomethylpaciitaxel (27 g, 27.4 mmol) in 100 ml of THF and 
500 ml of methanol was added freshly ground K2C03 (2.7 g, 19 mmol). The solution was stirred for 30 minutes and 

5 neutralized with IR-120 (H') resin, filtered and concentrated. The crude filtrate was then dissolved in 200 ml of dichlo
romethane and stirred for 24 hours with tetrabutylammonium borohydride (10 g). The solution was diluted with dichlo
rome1hane and washed with water, saturated bicarbonate and brine. The organic fraction was then dried over MgS04 
and concentrated. The residue was chromatographed over silica gel (1:1 hexane/e1hyl acetate) to give 9.4 g of 7-Q
MTM baccatin Ill (53%) with a melting point of 269°C. 

10 HRFABMS (NOBA) M+H calcd for CJ3H43S011647.2526 Found: 647.2551. 
IR(KBr) 3474, 1746, 1724, 1712, 1270, 1240, 1070 cm-1. 
1H NMR (CDC'3. 300 MHz) 5 8.08 (d, J=7.1 Hz. 2H), 7.58 (t, J=7.5 Hz, 1H), 7.45 (t, J=7.8 Hz, 2H), 6.55 (s, 1H), 4.94 
(d, J=8.1 Hz, 1 H), 4.83 (br q, J=5.1 Hz. 1 H}, 4.66 (ABq, J=14.7, 12.3 Hz, 2H). 4.30 (m, 2H), 4.13 (d, J=8.4 Hz, 1 H), 3.91 
(d, J=6.6 Hz, 1 H), 2. 79 (m, 1 H), 2.27 (s, 3H), 2.25 (m, 2H), 2.19 (s, 3H), 2.16 (s, 3H), 2.1 O (s, 4H), 1.81 (m, 1 H). 1. 72 

15 (s. 3H), 1.61 (m, 2H), 1.16 (s, 3H), 1.03 (s, 3H). 

20 

25 

30 

35 

1JC NMR (CDCl3, 75.5 Hz) 5 202.3, 170.8, 169.3, 167.0, 144.2, 132.6, 132.1, 130.1, 129.4, 128.6, 83.9, 80.9, 78.7, 
75.7, 74.5, 73.9, 67.9, 57.6, 47.6, 42.7, 38.3, 26.7, 22.6, 21.0, 20.1, 15.2, 15.0, 10.8. 

Preoaration Ill. 

3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q-methylthiomethylpaclitaxel 

~OJ_~ 0 
AcO 0 

&~·-
HO 

OBz 

To a solution of hexamethyldisilazane {HMDS) {0.275 ml, 1.30 mmol) in 8 ml of THF was added a solution of n-Buli 
(0.48 ml, 2.5 Min hexanes, 1.20 mmol) and stirred 5 minutes at -55°C. To this solution was added 7-Q-MTM baccatin 

· Ill {639 mg, 0.99 mmol) in 8 ml of THF and stirred for 10 minutes before addition of an 8 ml solution of (3R,4S)-1-(t
butyloxycarbonyl)-4-phenyl-3-(triethylsilyloxy)-2-azetidinone (575 mg, 1.52 mmol) in THF. The cold bath was removed 

40 and replaced with a o•c bath and the reaction stirred for 30 minutes. The solution was diluted with ethyl acetate and 
washed with saturated N~CI solution, dried over MgS04 and concentrated. The residue was chromatographed over 
silica gel (3:1 hexane/ethyl acetate) to give 1.0 g of the coupling product 3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q
methylthiomethyl-2'-Q-triethylsilylpaciitaxel (98%). 
FABMS (NOBA) M+Na cafcd for Cs2H73NSSi01s: 1046. Found: 1046. 

45 IR(film) 3448 (s). 1720, 1242, 1120, 1056 cm-1. 
1H NMR (CDCl3, 300 MHz) 5 8.09 (d, J-=6.9 Hz. 2H), 7.57 (m. 1H), 7.46 (t. J=7.8 Hz, 2H), 7.35 (m. 2H), 7.26 (m, 3H), 
6.55 (s, 1H). 6.25 (t, J=9.6 Hz, 1H), 5.68 (d, J=6.9 Hz, 1H). 5.45 (brd, J=9.3 Hz, 1H), 5.27 (brd, 1H), 4.95 (d, J=7.8 Hz, 
1H),4.65 (s, 2H), 4.53 (s, 1H), 4.29 (m, 2H), 4.17 (d, J=8.4 Hz, 1 H}, 3.89 {d, J=6.9 Hz, 1H), 2.81 (m, 1H). 2.51 (s, 3H), 
2.37 (dd, J=15.3, 9.6 Hz, 1H), 2.17 (s, 3H), 2.10 (s. 3H), 2.03 (s, 3H). 1.85 (m. 1H), 1.74 (s. 3H), 1.63 (d, J=14.1 Hz. 

50 1H), 1.29 (s, 9H), 1.21(s,6H), 0.76 (t, J=7.8 Hz, 9H), 0.36 (m, 6H). 
13CN~R{CDCl3, 75.5Hz)6202.0, 171.6, 170.1, 169.3, 167.1, 155.2, 141.0, 139.0, 133.6, 132.8, 130.2, 129.2, 128.7, 
128.5, 121.1. 126.4, 83.9. 81.2. 79.9, 78.9, 76.o. 75.7. 1s.2. 74.8, 74.2, 71.3, 57.3, 56.7. 47.o. 43.3. 35.3, 33.o. 28.2. 
26.4, 23.0, 21.5, 21.0, 15.0, 14.4, 10.9, 6.5, 4.3. 

To a solution of the silyl e1her obtained above (269 mg, 0.26 mmol) in 6 ml of THF was added tetrabutylammonium 
55 fluoride (0.3 ml, 1.0M in THF. 0.3 mmol) and stirred 10 minutes. The solution was diluted with ethyl acetate and washed 

with brine, dried over MgS04 and concentrated and the residue was chromatographed over silica gel (1 :1 hexane/ethyl 
acetate) to give 240 mg of the title compound (95%). 
FABMS (NOBA) M+Na calcd for C41H5gN015SNa: 932. Found: 932. 
IR(film)3440, 1720, 1370, 1242, 1170, 1108, 1066, 756cm-1. 
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1H NMR (CDC13, 300 MHz) l'> 8.06 (d, J=7.2 Hz, 2H), 7.57 (t, J=7.2 Hz, 1H), 7.46 (t, J=7.8 Hz, 2H). 7.35 (m, SH). 6.52 
(s. 1 H), 6.16 (t. J=8.7Hz,1 H). 5.64 (d, J=6.9 Hz, 1 H), 5.43 (br d, J=9.3 Hz, 1 H), 5.24 (br d, J=8.1 Hz, 1 H), 4.91 (d, J=8.1 
Hz, 1H), 4.63 (m, 3H). 4.26 (m, 2H). 4.14 (d, J=8.4 Hz, 1H), 3.83 (d, J=6.9 Hz, 1H), 3.46 (d, J=5.4 Hz, 1H), 2.77 (m, 
1 H), 2.34 {s, 3H), 2.27 (m. 1 H). 2.16 (s, 3H). 2.09 (s, 3H), 1.97 (s. 3H), 1. 79 (m, 2H), 1. 72 (s, 3H), 1.32 (s, 9H), 1.19 (s, 

5 3H), 1.18 (s, 3H). 
13CNMR(CDCl3, 75.5Hz)l'>202.0, 172.7, 170.3, 169.2, 167.0, 155.3, 140.3, 138.4, 133.7, 133.2, 130.2, 129.1, 128.8, 
128.7, 128.0, 126.7, 83.9, 81.3, 80.2, 78.6, 76.5, 76.1, 75.4, 74.6, 74.0, 73.6. 72.3, 57.4, 56.1, 47.1, 43.2, 35.3, 32.8, 
28.2, 26.5, 22.6, 21.0. 15.1, 14.6, 10.9. 

10 Preparation IV. 

15 

20 

25 

3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyQ-7 -Q-methylthiomethylpaclitaxel 

~O~~H 
AcO 0 

0 

cfr!'a-·· 
HO 

OBz 

To a solution of HMDS (0.40 ml, 1.90 mmol) in 15 ml of THF was added a solution of n-Buli (0.75 ml, 2.5 M in hexanes, 

1.88 mmol) and stirred 5 minutes at -55°C. To this solution was added 7-Q-MTM baccatin Ill {1.03 g, 1.59 mmol) in 10 
ml of THF and stirred for 10 minutes before addition of an 1 O ml solution of (2R,3R)-1-(t-butyloxycarbonyl)-4-{2-furyl)-

3o 3-(triethylsilyloxy)-2-azetidinone (883 mg, 2.40 mmol) in THF. The cold bath was removed and replaced with a 0°C bath 
and the reaction stirred for 30 minutes. The solution was diluted with ethyl acetate and washed with saturated NH4CI 
solution, dried over MgS04 and concentrated. The residue was chromatographed over silica gel (2.5:1 hexane/ethyl 
acetate) to give 1.5 g of the coupling product 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyQ-7-Q
methylthiomethyl-2'-Q-triethylsilyfpaclitaxel (93%). 

35 FABMS (NOBA) M+Na calcd for C50H11NSSi016: 1036. Found: 1036. 
IR(film)3446(s), 1720, 1368, 1242, 1166, 1144, 1124, 1066cm-1. 

1 H NMR (CDC13, 300 MHz) o 8.07 (d. J= 7.2 Hz, 2H). 7.56 (m. 1 H). 7.46 (t. J= 7.5 Hz, 2H). 7.36 (m, 1 H), 6.56 (s. 1 H), 
6.33 {m. 1 H), 6.20 (m. 2H), 5.67 {d. J=6.9 Hz. 1 H). 5.29 (br s. 2H), 4.94 (d, J=7.8 Hz. 1H), 4.75 (s, 1H). 4.65 {s, 2H). 
4.28 (m. 2H), 4.16 (d, J=8.1Hz,1H}, 3.89 (d, J=6.9 Hz, 1H), 2.80 (m, 1H}, 2.46 (s, 3H), 2.37 (m, 1H). 2.22 (m, 1H), 2.16 

40 (s, 3H), 2.10 (s, 3H), 2.04 (s. 3H), 1.84 (m. 1 H), 1. 74 {s, 3H). 1.65 (m. 1 H), 1.33 (s. 9H), 1.20 (s. 3H). 1.19 (s. 3H), 0.81 
(t. J=7.8 Hz, 9H), 0.47 (m. SH). 
13C NMR (CDC!s. 75.5 Hz) o 202.0, 171.2, 170.3, 169.3, 167.1. 155.3, 152.0, 141.9, 141.0. 133.6, 132.9, 130.2, 129.2, 
128.7, 110.7, 107.3, 84.0, 81.1, 80.2, 78.7, 76.1, 75.7, 74.7, 74.1, 72.4, 71.1, 57.4, 52.8, 47.1, 43.3. 35.2, 33.0, 28.1, 
26.3, 22.9, 21.2, 21.0, 15.0, 14.5, 10.9, 6.5, 4.3. 

45 To a solution of the silyl ether obtained above (330 mg. 0.32 mmol) in 7 ml of THF was added tetrabutyfammonium 
fluoride (0.35 ml, 1.0M in THF. 0.35 mmol) and stirred 10 minutes. The solution was diluted with ethyl acetate and 
washed with brine, dried over Mg804 and concentrated and the residue was chromatographed over silica gel (2:1 hex
ane/ethyl acetate} to give 301 mg of the title compound (95%). 

FABMS (NOBA) M+H calcd for C45HssN01aS: 900. Found: 900. 
so IR(film) 3442, 1720, 1242, 1066, 1026 cm-1. 

1H NMR (CDC13 , 300 MHz) o 8.07 (d, J=7.3 Hz, 2H), 7.57 (t. J=7.3 Hz, 1H). 7.45 (t. J=7.8 Hz, 2H), 7.38 (s, 1H), 6.53 
(s. 1H), 6.34 (d,J=3.2 Hz, 1H). 6.29 (d, J= 3.2 Hz, 1H). 6.17 (t. J=8.1 Hz, 1H). 5.65 (d, J~.9 Hz, 1H). 5.29 (m. 2H). 4.92 
(d, J=8.0 Hz. 1 H). 4. 70 (m. 1 H), 4.64 (d. J=4.6 Hz, 2H), 4.29 (m, 2H), 4.14 (d, J=8.3 Hz, 1 H), 3.86 (d, J=6.8 Hz, 1 H), 
3.37(d, J = 5.8 Hz, 1H), 2.77 (m, 1H), 2.38 (s, 3H), 2.32 (m, 2H), 2.16 (s, 3H), 2.10 (s, 3H), 2.02 (s, 3H), 1.75 (m, 6H), 

55 1.33 {s. 9H). 1.17 (s. 3H), 1.12 (s. 3H). 
13C NMR (CDC'3. 75.5 Hz) o 202.0, 172.6, 170.3, 169.2, 167.0, 155.2, 151.3. 142.4, 140.4, 133. 7, 133.2, 130.2, 129.1. 
128.7, 110.7, 107.4, 83.9, 81.2, 80.5, 78.6, 76.5, 76.1, 75.4, 74.6, 74.0, 72.5, 71.8, 57.4, 51.7, 47.2, 43.2, 35.2, 32.8, 

28.1, 26.4, 22.6, 20.9, 15.2, 14.6, 10.9, 8.3. 
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Preparation V. 

(3R, 48)-1-t-Butoxycarbonyl-4-phenyl-3-triethytsilyloxy-2-azetidinone 

5 

10 

15 

20 To a stirred solution of (3R,4S)-4-phenyl-3-triethylsilyloxy-2-azetidinone (2.200 g, 7.92 mmol) in dry tetrahydrofuran (25 
ml) was added N,N-diisopropylethylamine (1.65 mL 9.510 mmol, 1.2 equiv) at 0°C under an argon atmosphere. The 
solution was stirred for 5 min followed by the addition of di+butyl dicarbonate (2.080 g, 9.510 mmol, 1.2 equiv) and 4-
dimethylaminopyridine (193.6 mg, 1.581 mmol, 0.20 equiv). The reaction mixture was stirred at 0°C for 60 min., then 
diluted with ethyl acetate (25 ml). The resulting solution was washed with brine, 100k NaHC03, 10% HCI solution, dried 

25 (MgS04), and concentrated to give a crude compound (oil). The compound was further purified by silica gel flash chro
matography (being eluted with 15% ethyl acetate in hexanes) to afford the title compound as a white solid (2.4 g, Y: 83%). 

Preparation YI 

30 (±)-cis-3-Acetyloxy-4-phenylazetidin-2-one 

35 

40 

(a) To a 1 l, 3-necked round bottom flask equipped with a thermometer, magnetic stirrer and dropping funnel was 
45 added hydrobenzamide (30.00 g, 100.5 mmol) and ethyl acetate (150 ml). With stirring and under a blanket of 

argon. the reaction mixture was cooled to 5°C and triethylamine (16.8 ml. 121 mmol) was added. A solution of 
acetoxyacetyl chloride (12.4 ml, 116 mmol) in ethyl acetate (300 ml) was then added dropwise over a 90 min 
period. After 16 h at this temperature, the reaction mixture was allowed to warm to 20°C (1.5 h) and transferred to 
a separatory funnel. The organic layer was washed successively with aqueous NH4CI (sat) (150 ml, 100 ml). 

50 aqueous NaHC03 (saturated) (120 ml) and brine (120 ml). For purposes of characterization, the title compound 
can be isolated at this stage by drying the organic phase over MgS04 , filtering, and removing the solvent in vacuo. 
This provided (±)-cis-3-acetyloxy-1-((phenyl)(benzylidenimino)methyl]-4-phenylazetidin:2-one in quantitative crude 
yield as a red glass. 
(b) A solution of the compound obtained in part (a) in ethyl acetate (500 ml) was carefully transferred, under a 

55 stream of argon, to a 2.0 l Parr flask containing 10% palladium on activated charcoal (6.00 g). This mixture was 
treated with hydrogen (4 atrn) for 20 h whereupon the catalyst was removed by filtration through a pad of Celite. 
The filter cake was slurried in ethyl acetate (200 ml), stirred (1 O min) and filtered. The filter cake was rinsed with 
ethyl acetate (100 ml) and the filtrates combined. The organic layer was washed with 10% HCI (300 ml) and both 
layers filtered through a sintered glass funnel to remove the white precipitate (dibenzylamine·HCI) which was rinsed 

14 NEPTUNE GENERICS  EX. 00561



EP 0 694 539 A1 

with ethyl acetate (100 ml). The phases were separated and the organic layer was washed with another portion of 
10% HCI (200 ml}. The combined 10% HCI washes were re-extracted with ethyl acetate (200 ml) and the combined 
organic layers were washed with aqueous NaHC03 (saturated) (300 ml) and brine (250 ml). The organic layer was 
dried over MgS04, filtered and concentrated in vacuo to a final volume of 75 mL This mixture was cooled to 4°C 

5 and the precipitated product isolated by filtration. The filter cake was washed with hexane (200 ml) to provide 16.12 
g (78.1% overall yield from hydrobenzamide) of the title compound as white needles. 

10 

15 

20 

25 

mp= 1so-1s1°c 

Preparation VII. 

(±)- cis-3-Triethylsilyloxy-4-(2-furyl)-N-t-butoxycarbonylazetidin-2-one 

(a) The procedure described in Preparation VI, part (a). was followed except that hydrofuramide [i.e. 2-furyl-CH
(N=CH-2-furyl)2] was used instead of hydrobenzamide and the reaction was performed on 18.6 mmol (vs 100 mm~I) 
scale. Thus, hydrofuramide (5.00 g, 18.6 mmol), triethylamine (3.11 ml, 22.3 mmol} and acetoxyacetyl chloride 
(2.30 ml, 21.4 mmol) gave 6.192 g (Y: 90.4%} of (±)-cis-3-acetyloxy-1-[(2-furyl)(2-furylmethylenimino)methyl]-4-(2-

3o furyl)azetidin-2-one as a pale red syrup. 
(b} The procedure described in Preparation VI, part (b), was followed except that the product was isolated by pre
parative TLC and the reaction was performed on the 2. 7 mmol scale based on the original amount of hydrofuramide. 
Thus. the crude product obtained in part (a) above was re-dissolved in ethyl acetate (50 ml} and added to 10% 
palladium on activated charcoal (150 mg}. Purification of the crude solid by preparative TLC (2 mm silica gel, eluted 

35 with 1 :1 ethyl acetate/hexane) gave 386 mg (65.8% corrected overall yield from hydrofuramide) (±)-cis-3-(acetyloxy)-
4-(2-furyl)azetidin-2-one as a yellow solid. This was recrystallized from ethyl acetate/hexane. 
mp=11a-119°c 
(c) The compound obtained in part (b) above (3.78 g, 19.4 mmol) in 60 ml of methanol was stirred with K2COJ {20 
mg, O. 14 mmol) for 90 min and the solution neutralized with Dowex SOW-XS and filtered. The filtrate was concentrated 

40 and the residue dissolved in 80 ml of anhydrous THF and stirred at 0°C with imidazole (1.44 g, 21.2 mmol) and 
TESCI (3.4 ml, 20.2 mmol) for 30 min. The solution was diluted with ethyl acetate and washed with brine, dried 
over MgS04 and concentrated. The residue was chromatographed over silica gel {eluted with 3:1 hexane/ethyl 
acetate) to give 4.47g (Y: 8S°/c) of(±)- cis-3-triethylsilyloxy-4-(2-furyl)-azetidin-2-one as a colorless oil. 
(d) The product of part (c) (2.05 g, 7.7 mmol) in 30 ml of dichloromethane was stirred cit 0°C with diisopropylethyl 

45 amine (1.5 ml, 8.6 mmol) and di-t-butyl dicarbonate (2.0g, 9.2 mmol) in addition to a catalytic amount of dimethyl
aminopyridine (DMAP). The solution was diluted with dichloromethane and washed with brine, dried over MgS04 
and concentrated. The residue was chromatographed over silica gel (eluted with 8:1 hexane/ethyl acetate) to give 
2.0 (Y: 70%) of the title compound as a waxy solid. 

5o The racemic mixture obtained in part (b) may be used as substrate for enzymatic hydrolysis using a lipase such as 
PS-~O from Pseudomonas sp. (Amano International Co.) to give (3R.4R)-3-hydroxy-4-{2-furyl)-azetidin-2-one. The 
method of enzymatic resolution using the lipase PD-30 and other enzymes is disclosed in our co-pending application 
U.S.S. N. 092.170, filed July 14, 1993 which is hereby incorporated by reference in its entirety. 

The general procedure in parts (c) and (d) was followed using (3R,4R)-3-hydroxy-4-(2-furyl)-azetidin-2-one to pro-
55 vide (3R,4R)-N-(t-butoxycarbonyJ)-3-triethylsilyoxy-4-(2-furyQazetidine-2-one. 
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Preparation VIII. 

(±)- cis-3-Triethylsilyloxy-4-(2-thienyl)-N-t-butoxycarbonylazetidin-2~ne 

· (a) The procedure described in Preparation VI, step (a} was followed except that hydrothienamide p.e. 2-thienyl
CH-(N=CH-2-thienyl)iJ was used instead of hydrobenzamide. Thus, hydrothienamide (30 g, 94.7 mmol). thiethyl
amine (15.84 ml. 114 mmol) and acetoxyacetyi'chloride (11.6 ml. 108 mmol) provided (±)-cis-3-acetyloxy-1-((2-

20 thienyl)(2-trienylmethylenimino)methyl]-4-(2-thienyl)azetidin-2- one as viscous oil. 
(b) A 70% aqueous solution of acetic acid (0.35 ml glacial acetic acid and 0.15 ml water) was added in one portion 
to a stirred solution of the product obtained in part (a) (.431 g, 1.03 mmoQ in dichloromethane (2.93 ml) at 25°C. 
The reaction mixture was brought to reflux and stirred for 2.5 h. The reaction was diluted with SO ml dichloromethane 
and then washed with two 75 ml portions of saturated aqueous sodium bicarbonate and then one 50 ml portion 

25 of saturated brine. The organic extract was concentrated in vacuo to a brown oil, dissolved in a minimal amount of 
dichloromethane, and then placed on a silica gel column measuring 4" by 0.5". Elution using a gradient of 1 O through 
60% EtOAc in hexane provided less polar sideproducts and then (±)-cis-3-acetyloxy-4-(2-thienyl)azetidin-2~ne 
(0.154 g, Y: 75%) as a white solid. 
(c) A solution of the product obtained in part (b) (2.5g, 11.8 mmol) was dissolved in methanol (10 ml) and treated 

30 with saturated aqueous sodium bicarbonate (1 o ml) and the resulting slurry was allowed to stir at ambient temper
ature for 3 h. The reaction was then diluted with ethyl acetate (20 ml) and washed with water (15 ml). The aqueous 
fraction was back extracted several times with ethyl acetate and the combined organic fractions were dried (MgS04) 

and concentrated to give a yellow solid (Y: 1. 7 g). The crude material was dissolved in dry tetrahydrofuran (20 ml) 
and the solution was cooled to 5°C in an ice/water bath. lmidazole (752 mg. 1.1 eq) was then added. After stirring 

35 5 min, triethylchlorosilane (1.85 ml, 1.1 eq) was added dropwise. The resulting suspension was allowed to stir for 
3 h at that temperature; then the solids were removed by filtration. The organic fraction was washed with water (2x 
20 ml) then dried (MgS04) and concentrated. The crude product was purified by silica gel column chromatography 
(eluted with hexanes/ethyl acetate 7:3) to give (±)-cis-3-triethylsilyloxy-4-(2-thienyl)-azetidin-2-one as a colorless 
solid (1.5 g, Y: 45%). m.p. 70· 11 •c. 

40 

Alternate Run: 

The product obtained in part (b) (2.0 g, 9.37 mmol) in 40 ml of methanol was stirred with K:z(;~ (60 mg, 0.43 mmol) 
for 30 min and the solution neutralized with Dowex SOW-XS and filtered. The filtrate was concentrated and the residue 

45 dissolved in 50 ml of anhydrous THF and stirred at o•c with imidazole (0.85 g, 11.3 mmol) and TESCI (1.9 ml. 12.5 
mmol) for 30 min. The solution was diluted with ethyl acetate and washed with brine. dried over MgS04 and concentrated. 
The residue was chromatographed over silica gel (eluted with 3:1 hexane/ethyl acetate) to give 2.13g (Y: 86%) of the 
title product as a colorless oil. 

so (d) A solution of the product obtained in part (c) (425.7 mg, 1.48 mmol) was dissolved in dichloromethane (10 ml) 
ano cooled to 5°C in an ice/water bath. The reaction was treated with a catalytic am_ount of DMAP followed by 
diisopropylethylamine (TESCI, 0.25 ml, 1.0 eq) then by di+butyl dicarbonate (388.4 mg, 1.2 eq). After stirring 2 h 
at that temperature the reaction was quenched with saturated aqueous sodium bicarbonate (5 ml) and the organic 
fraction was washed with water (5 ml) then dried {MgS04), passed through a short plug of silica gel and concentrated 

55 to give the desired product as a colorless oil (525.3 mg, Y: 93%). 
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Preoartion IX. 

(3R, 4R)-3-Triethylsilyloxy-4-(2-furyl)-N-n-butyloxycarbonylazetidin-2-one 

(3R.4R)-3-Triethylsilyloxy-4-(2-furyl)azetidin-2-one (0.58 g, 2.17 mmol) in 30 ml of dichloromethane was stirred with 
diisopropylethyl amine (0.4 ml, 2.30 mmol) and butylchloroformate (0.3 ml, 2.36 mmol) in addition to a catalytic amount 
of DMAP. The solution was stirred for 1 h and diluted with dichloromethane and washed with brine, dried over MgS04 
and concentrated. The residue was chromatographed over silica gel (eluted with 3:1 hexane/ethyl acetate) to give 523 

20 mg of product (Y: 65%); IR(KBr) 1820, 1734, 1318, 1018, 734 cm-1 ; 1H-NMR (CDCl3, 300 MHz) B 7.38 (m. 1H), 6.35 
(m. 2H). 5.09 (ABq, J=15.5, 5.6 Hz, 2H). 4.14 (m, 2H), 1.56 (m, 2H), 1.28 (s. 2H). 0.87 (t, J=8.7 Hz. 3H), 0.82 (t. J= 7.9, 
9H). 0.50 (m. SH); 13C-NMR (CDCl3, 75.5 Hz) B 165.4, 149.1, 147.6, 142.9, 110.5, 109.9, n.7, 66.6, 55.9, 30.5, 18.8, 
13.6, 6.3, 4.3; DCIMS M+H calccl for C18H29N05Si: 368, Found: 368. 

25 Preparation X. 

(3R,4R)-3-Triethylsilyloxy-4-(2-furyl)-N-isopropyloxycarbonyfazetidin-2-one 

30 

35 

40 (3R, 4R)-3-Triethylsilyloxy-4-{2-furyl)azetidin-2-one {0.51 g, 1.91 mmol) in 25 ml of dichloromethane was stirred with 
diisopropylethyl amine (0.78 ml, 4.4 mmol) and i-propylchloroformate (4.0 ml, 1.0M in toluene, 4.0 mmol) in addition 
to a catalytic amount of DMAP. The solution was stirred tor 1 h and diluted with dichloromethane and washed with brine, 
dried over MgS04 and concentrated. The residue was chromatographed over silica gel (eluted with 5:1 hexane/ethyl 
acetate) to give 649 mg of the title product (Y: 96%); IR(KBr) 1822. 1812, 1716, 1374, 1314, 1186, 1018, 1004, 746 

45 cm-1 ; 1H-NMR (CDCl3, 300 MHz) B 7.39 (m. 1H), 6.35 (m, 2H), 5.08 (ABq, J=15.6, 5.6 Hz, 2H). 4.96 (d. J=10.0 Hz, 
1H), 1.25 (d. J=6.3 Hz, 3H), 1.17 (d, J=6.3 Hz, 3H)), 0.83 (t, J=7.8, 9H), 0.50 (m, 6H); 13C-NMR (CDCl3• 75.5 Hz) f> 
165.5. 148.6, 147.8, 142.9, 110.5, 109.9. 77.6, 71.1, 55.9, 21.7, 21.6, 6.3, 4.4; DCIMS M+H calccl for C17H28N05Si: 
354, Found: 354. 

50 

55 

17 NEPTUNE GENERICS  EX. 00564



5 

10 

15 

20 

EP 0 694 539 A1 

Preparation XI. 

(±)-cis-3-Triethylsilyloxy-4-isobutenyl-N-t-butoxycarbonylazetidin-2-one 

(a) preparation of N-4-methoxy-N-(3-methyl-2-butenyl)benzenamine 

A solution of p-anisidine (5.7 g, 46.3 mmol) was dissolved in diethylether (100 ml) and was treated with a catalytic 
amount of p-toluensulfonic acid (1 O mg). To this was added 3-methyl-2-butenal (2.67 ml, 50.9 mmol) in one portion and 
the reaction was allowed to stir at ambient temperature for 16 h. The solvent was then evaporated on a rotary evaporator 

25 at 0.5 torr to furnish the desired imine (8.7 g, 100%) as a brown oil; 1H NMR 300 MHz. CDCb): 5 8.38 (d, 1H, J= 9.5 
Hz), 7.11(dd,2H, J=2.2, 6.7 Hz), 6.88 (dd, 2H,J= 2.2. 6.7 Hz}, 6.22-6.18 (m, 1H). 3.81 (s. SH). 2.01 (s. 3H}. 1.95(s. 3H). 

(b) preparation of (±)-cis-N-(4-methoxyphenyl)-3-acetyloxy-4-isobutenylazetidin-2-one 

30 

35 Aco ••.. Y 
)J~OMe 

40 

45 A solution of acetoxyacetyl chloride (6.9 g, 50.5 mmol) was dissolved in ethyl acetate (100 ml) and cooled to -30°C 
under an inert atmosphere. To this solution was added triethylamine (7.0 ml, 50.5 mmol) over a 5 min period. The 
resulting white slurry was then treated with an ethyl acetate solution of N-4-methoxy-N-(3-methyl-2-butenyl)benzenamine 
(8.7g, 40 ml) dropwise over a 20 min period. The resulting green-brown slurry was then gradually allowed to warm to 
ambient temperature over a 4 h period. The slurry was then filtered through a pad of celite and the filtrate was washed 

50 with water then brine. The organic fraction was dried (MgS04) and concentrated to give a brown oil. The crude product 
was purified by careful silica gel chromatography (eluted with hexanes/ethyl acetate 8:2) to furnish an orange oil which 
soliditie:i on standing. This was recrystallized from dichloromethane/hexanes to furnish the desired product as a pale 
yellow solid (4.4 g, 32°k); 1H NMR (300 MHz. CDCl3): o 7.32 (d, 2H, J= 9.1 Hz). 6.86 (d, 2H, J= 9.1 Hz), 5.59 (dd. 1 H, 
J= 3.0, 7.8 Hz). 5.14-5.10 (m, 1H), 4.96 (dd, 1 H, J= 4.8, 9.3 Hz), 3.77 (s, 3H), 2.11 (s. 3H,), 1.81 (s, 3H), 1.78 (s, 3H). 

55 

18 NEPTUNE GENERICS  EX. 00565



5 

10 

EP 0 694 539 A1 

(c) preparationn of (±)-cis-3-Acetyloxy-4-isobutenylazetidin-2-one 

A solution of the (±)-cis-N-( 4-methoxyphenyl)-3-acetyloxy-4-isobutenylazetidin-2-one (4.88g, 16.2 mmol) was dissolved 
in acetonitrile (SO ml) and cooled to 0·5°C in an ice bath. To this was added a cold solution of eerie ammonium nitrate 

15 (26.6 g, 48.6 mmol, SO ml) in one portion. The deep red reaction was allowed to stir for 10 min and during that time the 
color gradually lightened to orange. The cold solutiqn was transferred to a separatory funnel, diluted with water, and 
extracted with ethyl acetate. The organic fraction was washed with several portions of 10% aqueous sodium suHite. 
followed by saturated aqueous sodium bicarbonate. The organic fraction was dried (MgS04) and concentrated to give 
the desired product (2.71g, 91%) as a yellow-orange solid that was used directly in the next step; 1H NMR (300 MHz, 

20 CDCl3): 5 6.11 (bs, 1H). 5.73 (dd. 1H, J= 2.2, 4.7 Hz), 5.12·5.08 (m. 1H), 4.63 (dd, 1H, 4.7, 9.1 Hz), 2.09 (s, 3H), 1.75 
(s, 3H), 1.67 (s, 3H). 

(d) preparation of (±)-cis-3· Triethylsilyloxy-4-isobutenylazetidin-2-one 

25 

30 

lESO~ y '•.. . ... ··~ 

OR 
35 (±)-cis-3-Acetyloxy-4-isobutenylazetidin-2-one (1.47 g, 8.0 mmol) was dissolved in methanol (15 ml) and was stirred 

with K2C03 (110.5 mg,0.8 mmol) for 3h at ambient temperature. The solution was then neutralized wi1h Dowex 50W·X8 
resin and then filtered. The filtrate was concentrated and the crude solid was dissolved in THF (25 ml) and cooled to 
5°C in an ice bath. lmidazole (544.0 mg, 8.0 mmol) was added and once dissolved, triethylsilyl chloride (1.34 ml, 8.0 
mmol) was added dropwise via syringe. The resulting slurry was allowed to warm to ambient temperature and stir over -

40 night. The solution was filtered and the filtrate was washed with water, then brine. The organic fraction was dried (MgS04) 

and concentrated. The crude solid was purified by silica gel chromatography (eluted with hexanes/ethyl acetate 3:1) to 
furnish the desired product (612 mg, 30%) as a pale yellow solid; 1 H NMR (300 MHz, CDCl3): b 5.87 (bs, 1 H). 5.31-5.26 
(m. 1H). 4.90 (dd. 1H, J= 2.2, 4.7 Hz), 4.42 (dd, 1H. J= 4.7, 9.3 Hz), 1.74 (s, 3H), 1.28 (s. 3H), 0.98-0.91 (m. 9H), 0.71· 
0.55 (m, 6H). 

45 

50 

55 
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(e) preparation of (±)-cis-3-Triethylsilyloxy-4-isobutenyl-N+butoxycarbonylazetidin-2-one 

(±)-cis-3-Triethylsilyloxy-4-isobutenylazetidin-2-one (1.01 g, 3.95 mmol) was dissolved in dichloromethane (20 ml) and 
was treated with diisopropylethylamine (0.68 ml, 3.95 mmol) and a catalytic amount of dimethylaminopyridine. To this 
solution was added di-t-butyl dicarbonate {1.02 g, 4.68 mmol) and the solution was allowed to stir for 24 hat ambient 

20 temperature. The solution was then diluted with additional dichloromethane and washed with water then brine. The 
organic fraction was dried (MgS04) and concentrated. The residue was purified by silica gel chromatography (eluted 
with hexanes/ethyl acetate 8:2) to give the desired product (1.26 g, 90%) as a colorless oil; 1 H NMR (300 MHz, CDCl3): 

o 5.24 (d, 1 H, J= 9.6 Hz), 4.86 (d, 1 H, J= 5. 7 Hz}. 4.72 (dd, 1 H, J= 6.0, 9.9 Hz), 1.78 (d, 3H, J= 1.1 Hz), 1. 75 (d, 3H. J= 

1.1 Hz). 1.47 (s. 9H), 0.96-0.91 (m, 9H), 0.64·0.SS (m, 6H). 
25 Other N-subsituted azetidinones useful in the preparation of compounds of the instant invention may be made by 

following the teachings of Preparations V to XI. 

Preoaration XII 

30 3 '-N-debenzoyl-3'-desphenyl-3'-N-(isopropyloxycarbonyl)-3 '-(2-furyl)· 7-Q-methylthiomethylpaclitaxel 

35 

40 

45 

OBz 

To a solution of the 7-MTM baccatin Ill (2.0 g, 3.1 mmol) in 40 ml of THF at -60 •c was added LiHMDS (3. 7 ml, 1.0M. 
3.7 mmol) followed by (3R,4R)+(isopropyloxycarbonyl)-4-(2-furyl)-3-(triethylsilyloxy)-2-azetidinone (883 mg, 2.40 
mmoQ in 25 ml of THF after stirring 1 O min. (4.0Sg, 11.5 mmol). The solution was brought to O •c and stirred for 30 
min. The solution was quenched with saturated NH4CI and extracted with ethyl acetate. dried over MgS04 and concen-

50 trated. The residue was chromatographed over silica gel (2.5:1 hexane/ethyl acetate) to give 2.8 g of silyl ether. 
The silyl ether was dissolved in 30 ml of THF as stirred 10 min with Bu4NF (3.0 ml, 1.0M_, 3 mmol) diluted with ethyl 
acetate and washed with brine. The organic fraction was dried (MgS04), concentrated and the residue purified over 
silica gel (1 :1 hexane/ethyl acetate) to give 2.0 g of the title product (72°k). 
HRFABMS (NOBA) M+H calcd for C44HssN01sS 886.3320. Found: 886.3345. 

55 IR(fi!m) 3448 (br). 1718, 1372, 1240, 1108, 1066 cm-1 
1 H NMR (CDCl3, 300 MHz) o 8.08 (d, J=7.2 Hz, 2H), 7.58 (m, 1H). 7.46 (t, J=7.5 Hz, 2H), 7.39 {s. 1H), 6.53 (s. 1H), 
6.36 {m, 1H), 6.31(m,1H), 6.20 (t, J=8.1Hz.1H), 5.66 (d, J=6.9 Hz, 1H), 5.34 {s, 2H), 4.92 (d, J=7.8 Hz, 1H), 4.79 (m, 
1 H), 4. 70 (m, 1 H), 4.65 (ABq, J=12, 3.6 Hz, 2H), 4.29 (m, 2H), 4.15 (d, J=8.4 Hz, 1 H). 3.86 (d, J=6.9 Hz, 1 H), 3.39 (br 
s, 1 H). 2. 77 (m, 1 H), 2.38 (s, 3H). 2.30 (m, 2H), 2.17 (s, 3H), 2.10 (s, 3H). 2.02 (s. 3H), 1.83 (m, 1 H). 1.74 (s. 3H), 1.72 
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(s. 1H). 1.20-1.10 (m. 12H) 
13C NMR (CDCl3, 75.5 Hz) 6 201.8, 170.4, 169.2, 167.0. 142.5, 140.2. 133.7, 133.4, 130.2. 129.1, 128.6, 110.7, 107.6, 
83.9, 81.3, 78.7, 77.2, 76.1, 75.5, 74.6, 74.0, 72.3, 71.8, 69.1, 57.5, 51.9, 47.2, 43.2, 35.3, 32.9, 26.5 22.5, 22.0, 21.9, 
20.9, 15.1, 14.6, 10.9. 

Example 1. 

7 -0-methylpaclitaxel 

Raney nickel (-0.5 g) was added to a solution of 7-Q-methylthiomethylpaclitaxel (73 mg, 0.0799 mmol) in 20 ml of ethyl 
acetate. This solution was hydrogenated on a Parr appara1us at SO PSI (pounds per square inch) and ambient temper-

25 ature for 6 h. Filtration through celite, concentration in vacuo, and purification by flash chromatography over silica gel 
using 1 :2 ethyl·aceta1e:hexane as eluent provided 45 mg (65%) of the title compound as a white foam. 
IR (KBr) 3424, 3064, 2928, 1724, 1652, 1602, 1580, 1486, 1316. 1270, 1244, 1178 cm-1 
1H NMR (ClC13) o 1.203 (s, SH). 1.203-2.353 (obscured multiplets, 4H), 1749 (s, 3H), 1794 (s, 3H), 2.190 (s, 3H). 2.353 
(s, 3H), 2.667 (m. 3H), 3.336 (s. 3H). 3.796 (d, lH), 4.134 (d, 1H. 4.276 (d, 1H). 4.765 d, 1H), 4.875 (d, 1H), 5.630 (d. 

30 1 H), 5.768 (d, 1 H). 6.155 (t. 1 H), 6.333 (s, 1 H), 7.096 (d, 1 H). 7.348-8.150 (m, 15H). 

35 

40 

45 

50 

MS: [M+Na]' = 890; [M+KJ' = 906 
HRMS MH+ = C4sHs3N014 calcd. = 868.3544. Found = 868.3511. 

Example 2. 

3'-~·Debenzoyl-3 '-N-(t-butyloxycarbonyl)-7 -Q-methylpaciitaxel 

AcO 0 

To a solution of 3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q-methylthiornethylpaclitaxef (570 mg, 0.63 mrnol) in 40 ml 
of ethanol was added 1-2 g of wet Raney Nickel. The suspension was refluxed for 20 min and filtered through Celite and 
washed with ethyl acetate. The filtrate was concentrated and the residue chroma1ographed over silica gel (1 :1 hex-

55 ane/ethyl acetate) to give 424 mg of the title compound (78%). 
HRFABMS (NOBA) M+H calcd for C46H58N015: 864.3807 Found: 864.3797. 
IR(film)3442, 1726, 1370, 1244, 1170, 1106, 1070cm-1. 
1H NMR (CDCl3, 300 MHz) o 8.07 (t, J=7.2 Hz, 2H), 7.58 (m, 1H). 7.46 (t, J=7.8 Hz. 2H), 7.34 (m, SH), 6.40 (s, 1H), 
6.16 (d, J=9.0 Hz, 1 H). 5.63 (d. J=6.9 Hz. 1 H). 5.40 (d, J=9.4 Hz, 1 H), 5.25 (m. 1 H), 4.94 (d, J=7.8 Hz, 1 H). 4.59 (m, 
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1H), 4.27 (d, J=8.3 Hz, 1H), 4.14 (d, J=8.3 Hz, 1H), 3.84 (m, 2H), 3.41 (d, J=5.3 Hz, 1H), 3.32 (s, 3H), 2.70 (m, 1H), 
2.41 (s, 3H), 227 (d, J=8.3 Hz, 2H). 2.20 (s, 3H), 1.87 {s. 3H), 1. 76 (m, 1 H), 1. 70 (s, 3H), 1.33 (s, 9H), 1.20 (s, 3H), 1.19 
{s, 3H). 
13CNMR(CDCl3, 75.5Hz)o202.2, 170.4, 169.4, 167.0, 155.3, 140.0, 133.7, 130.1, 129.1, 128.8, 128.7, 128.1, 126.7. 

5 84.1, 81.6, 80.4, 80.2, 78.6, 74.7, 74.5, 73.6, 72.4, 57.6, 57.2, 47.2, 43.3, 35.3, 32.3, 28.2, 26.6, 22.7, 21.1, 21.0, 14.6, 
10.4. 

Examole3. 

10 3'-N-Debenzoyf -3'-N·(t-butyloxycarbonyl)-7-Q-methoxymethylpaclitaxel 

15 
H AcO 
I 

0 

Boe~ O 

20 
d'('o··· 

HO 
OBz 

25 To a solu1ion of the 3'-N-debenzoyl-3'-N·(t-butyloxycarbonyl)-7-Q-methylthiomethyl-2'-Q·triethylsilylpaclitaxef (48 mg, 
0.047 mmol) in 1 ml of dichloromethane was added methanol (20 mg, 0.6 mmoQ and the solu1ion cooled to 0°C. Then 
NIS (13 mg, 0.058 mmol) and triethylsilyftriflate (1µL, 0.004 mmoQ were added and the dark red solu1ion stirred 30 
minu1es and then warmed to 25°C for 30 minu1es. The solu1ion was dilu1ed with ethyl acetate and washed with 10% 
NaiS:P3 and bicarbonate, dried (MgS04 ) and concentrated. (Note: Under this reaction condition, triethylsilyl group is 

3o cleaved from 2'-Q-position.) The residue was chromatographed over silica gel (1 :1 hexane/ethyl acetate) to give 32 mg 
of the title compound (76%). 
FABMS (NOBA) M+H calcd for C47H6oN011: 894. Found: 894. 
IR(film) 3440, 1722, 1370, 1242, 1106, 1068, 1026 cm-1. 
1 H NMR (CDCl3, 300 MHz) o 8.07 (d, J= 7.3 Hz, 2H), 7.59 (t. J= 7.3 Hz, 1 H), 7.46 (t, J= 7.8 Hz, 2H), 7.36 (m, SH), 6.33 

35 (s, 1H), 6.16 (t. J=8.8 Hz, 1H), 5.64 (d, J=6.9 Hz, 1H), 5.40 (d, J=9.5 Hz, 1H), 5.24 (br d, J=8.1Hz,1H), 4.90 (d, J=7.9 
Hz. 1H), 4.68 (d, J=7.6 Hz, 1H), 4.62 (d, J=7.6 Hz, 1H), 4.28 (d, J=8.4 Hz, 1H), 4.14 (d, J= 8.2 Hz, 1H), 4.08 (m, 1H), 
3.82 (d, J=6.8 Hz, 1H), 3.40 (d, J=5.2 Hz, 1H). 3.27 (s, 3H), 2.77(m, 1H), 2.33 (s, 3H), 2.27 (d, J=8.9 Hz, 2H), 2.19 (s, 
3H). 1.94 (m, 1H), 1.86 (s, 3H), 1.73 (s, 3H), 1.72 (m, 1H), 1.63 (br s, 1H), 1.32 (s, 9H), 1.20 (s. 3H). 1.19 (s, 3H). 
13C NMR (CDCl3, 75.5 Hz) 5202.2, 172.7. 170.2, 169.4, 167.0, 155.3, 140.2, 138.3, 133.7. 133.3, 130.2, 129.1, 128.8, 

40 128.7, 128.1, 126.8, 98.2, 84.3, 81.2, 80.2, 79.9, 78.6, 75.3, 74.5, 73.6, 72.3, 57.3, 56.1, 55.8, 46.9, 43.2. 35.4, 35.3, 
28.2, 26.5, 22.6, 20.9, 14.7, 10.7. 

45 

50 

55 
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Example4. 

3'-N-Oebenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q-[(2-hydroxyethoxy)methyijpaclitaxel 

0 

f ~ 
H AcO 
I 

0 ) 
0 

Boe~ O 

&~ .. 
HO 

OBz 

To a solution of 3'-N-debenzoyl-3'-N-(t-butyloxycarbony~-7-Q-methylthiomethylpaclitaxel (47 mg, 0.052 mmol) and eth
ylene glycol (20 mg. 0.32 mmol) in 1 ml of dichloromethane was added NIS (14 mg, 0.062 mmol) and triethylsilyftriflate 
(1 µl, 0.004 mmol). The solution was stirred for 15 minutes. The solution was diluted with ethyl acetate and washed 
with 10% Na:zS203, dried (MgS04) and concentrated. The residue was chromatographed over silica gel (1 :1 hexane/ethyl 

25 acetate with 5% methanol) to give 37 mg of the title compound {77%). 
FABMS. (NOBA) M+Na calcd for C48H61N011Na 946. Found: 946. 
IR(film) 3440, 1720, 1242, 1070, 1026, 756 cm-1. 

1H NMR (CDCl3, 300 MHz) o 8.06 (d, J=7.5 Hz, 2H), 7.58 (t. J = 7.2 Hz, 1H). 7.46 (t, J=7.8 Hz, 2H), 7.31 (m, SH), 6.35 
(s, 1 H), 6.15 (t, J=8.7 Hz, 1 H) 5.63 (d, J=6.9 Hz, 1 H), 5.44 (br d, J=9.2, 1 H), 5.24 (br s, 1 H), 4.90 (d, J =8.4 Hz. 1 H), 

30 4.74 (s, 2H), 4.59 (br s, 1H), 4.27 (d, J=S.4 Hz, 1H), 4.11(m,2H), 3.81 (d, J=6.8 Hz, 1H), 3.66 (m, 3H), 3.48 (m, 2H), 
2.75 (m, 1H), 2.33 (s, 3H), 2.26 (m, 2H), 2.18 (s, 3H), 1.90 (m, 2H), 1.87 (s. 3H), 1.78 (m, 1H), 1.72 (s, 3H), 1.32 (s. 9H), 
1.19 (s. 3H). 1.18 (s, 3H). 
13CNMR(CDCl3, 75.5Hz)o202.1, 172.8, 170.3, 169.6, 167.0, 155.3, 140.2, 138.3, 133.7, 133.3, 130.2, 129.1, 128.8, 
128.7, 128.0. 126.8, 96.8. 84.1, 81.2, 80.2, 79.4, 78.6, 76.5, 75.2, 74.5, 73.6, 72.3, 70.0, 61.8, 57.3, 56.2, 46.9, 43.2, 

35 35.3, 35.0, 28.2, 26.5, 22.6, 21.0, 20.9, 14.6, 10.6. 

Example 5. 

3'-N-Debenzoyl-3 '-desphenyl-3' -N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-Q-methylpaclitaxel 
40 

AcO 0 

45 
BocHN 0 

d'(o··-
HO oaz 

50 

To a solution of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-Q-methylthiomethylpaclitaxel (360 
55 mg, 0.4 mmol) in 40 ml of ethanol was added 0.5·1.5 g of wet Raney Nickel. The suspension was refluxed for 90 min. 

and filtered through Celite and washed with ethyl acetate. The filtrate was concentrated and the residue chromatographed 
over silica gel (1 :1 hexane/ethyl acetate) to give 106 mg of recovered 7-MTM ether and 68 mg (28%) of 7-Q-methylbac· 
catin Ill and 57 mg (16°k) of the title compound. 
HRFABMS (NOBA) M+H calcd for C44H5eN016: 854.3599 Found: 854.3608. 
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IR(film)3440, 1722, 1268, 1244, 1106, 756cm-1. 
1H NMR (CDCl3, 300 MHz) 5 8.07 (t. J=7.2 Hz, 2H), 7.58 (t, J=7.3, 1H), 7.46 (t, J=7.7 Hz, 2H). 7.39 (m, 1H), 6.42 {s, 
1 H), 6.35 (m, 1H), 6.30 (m, 1H), 6.18 (t. J=7.6 Hz, 1H), 5.64 (d, J=7.0 Hz, 1H), 5.28 (m, 2H), 4.95 {d, J=7.8 Hz, 1 H), 
4.69 (dd, J=5.8, 2.1 Hz, 1 H). 4.28 (d, J=8.3 Hz, 1 H), 4.13 (d, J=8.3 Hz, 1 H), 3.86 (m, 2H), 3.36 (d, J=5.6 Hz, 1 H), 3.32 

s (s. 3H). 2.70 (m. 1H), 2.38 (s. 3H), 2.32 (d, J=8.9 Hz, 2H), 2.20 (s, 3H), 1.94 (s. 3H), 1.76 (m, 2H), 1.69 (m. 3H). 1.34 
(s. 9H), 1.20 (s. 3H). 1.19 (s, 3H). 

10 

15 

20 

25 

13CNMR(CDCl3, 75.5Hz)o202.2, 172.6, 170.4, 169.4, 167.1, 155.2, 151.3, 142.4, 140.0, 133.7, 130.2, 129.1, 128.7, 
110.7, 107.5, 84.1, 81.5, 80.4, 78.6, 76.5, 74.7, 74.5. 72.5, 71.8, 57.6. 57.2, 51.7, 47.2, 43.3, 35.2, 32.3, 28.1, 26.5, 
22.6, 21.1, 20.9, 14.6, 10.3. 

Examples 

3'-N-Debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-Q-methoxymethylpacli1axel 

H 
I 

BocN 0 

d'{o-
AcO 0 

OBz 

To a solution of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-Q-methytthiomethyl-2'-Q-triethylsi
lylpaclitaxel (65 mg, 0.064 mmol) and methanol (20 mg. 0.6 mmol) in 1 ml of dichloromethane at 0°C was added NIS 

30 (16 mg, 0.071 mmol) and triethylsilyltriflate (1 µL, 0.004 mmol). The solution was stirred at 0°C for 30 minutes and then 
brought to 25°C for 45 minutes. The solution was diluted with ethyl acetate and washed with saturated NaHS03, dried 
(MgS04) and concentrated. The residue was chromatographed over silica gel (1 :1 hexane/ethyl acetate) to give 26 mg 
of the title compound (46%). 
FABMS (NOBA) M+H calcd for C45HsaN017: 884. Found: 884. 

35 IR(film) 3442, 1720, 1268, 1242, 1040, 1026, 756 cm-1. 
1 H NMR (CDCl3, 300 MHz) o 8.08 (d, J= 7.2 Hz, 2H). 7.58 (t, J = 7.3 Hz. 1 H), 7.46 (t, J=7.8 Hz, 2H). 7.39 {s. 1 H), 6.35 
(m, 2H), 6.30 (d, J=3.2 Hz, 1H), 6.17 (t. J=B.2 Hz, 1H) 5.65 (d, J=6.9 Hz, 1H), 5.32 (d, J=9.6, 1H}, 5.24 (d, J=9.8 Hz, 
1 H). 4.91 (d, J =8.0 Hz, 1 H}, 4.69 (m. 2H), 4.62 (d, J= 7.5 Hz, 1 H), 4.29 (d, J=8.4 Hz, 1 H). 4.10 (m, 2H), 3.84 (d, J=6.9Hz. 
1H), 3.33 (d. J=5.7 Hz, 1 H), 3.27 (s. 3H). 2.77 (m. 1H), 2.37 (s. 3H). 2.31 (d, J=9.0 Hz, 2H), 2.18 (s. 3H), 1.93 (m, 4H). 

40 1.73 (m. SH). 1.34 (s, 9H). 1.19 (s. 6H). 

45 

50 

55 

13C NMR (CDCl3, 75.5 Hz) o 202.2, 172.6, 170.2, 169.4, 167.0, 155.2, 151.3, 142.5, 140.2, 133.7, 133.3; 130.2, 129.1, 
128.7, 110.7, 107.5. 98.2, 84.3, 81.1, 80.5, 79.8, 78.6, 75.3, 74.6, 72.5. 71.7, 57.4, 55.8, 51.7, 46.9, 43.2, 35.4, 35.2, 
28.1, 26.4, 22.6. 21.0, 20.9, 14.6, 10.7. 
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Example 7. 

3'-N-Debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyQ-3'-(2-furyl)-7-Q-[(2-hydroxyethoxy)methyijpaclitaxel 

0 

f ~ 
H AcO 
r 

0 ) 
0 

Boe~ 0 

cf('o-
HO 

To a solution of the 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyQ-7-Q-methylthiomethylpaditaxel 
(59 mg, 0.065mmol) and ethylene glycol (20 mg. 0.32 mmol) in 1 mlofdichloromethane was added NIS (17 mg, 0.076 
mmol) and triethylsilyltriflate (1 µl, 0.004 mmol). The solution was stirred for 15 minutes. The solution was diluted with 
ethyl acetate and washed wtth 10% Na:zS:Pa, dried (MgS04) and concentrated. The residue was chromatographed over 

25 silica gel (1 :1 hexane/ethyl acetate 2o/o methanol) to give 39.4 mg of the title compound (66%). 
FABMS (NOBA) M+Na calcd for C45H5gN01a: 936. Found: 936. 
IR(fifm) 3440, 1722, 1370, 1244, 1166, 1108, 1070, 1050, 1026cm-1. 
1 H NMR {CDCl3, 300 MHz) o 8.07 (d, J=7.3 Hz, 2H), 7.58 (t, J = 7.3 Hz, 1 H), 7.46 (t, J= 7.8 Hz, 2H). 7.39 {d, J=1.7 Hz, 
1 H), 6.37 (s. 1 H), 6.35 (m, 1 H). 6.30 (d. J=3.2 Hz. 1 H). 6.16 (t. J=8.3 Hz, 1 H). 5.64 (d, J=6.9 Hz, 1 H), 5.27 (m, 2H), 4.91 

30 (d, J =8.0 Hz, 1H), 4.73 (m. 3H), 4.28 (d, J=8.3 Hz, 1H), 4.16 (m, 2H). 3.84 (d, J=6.9 Hz, 1H), 3.65 (m, 3H), 3.46 (m, 
2H), 2.77 (m, 1H), 2.37 {s. 3H), 2.32 (m. 3H), 2.18 (s, 3H), 1.93 (m, 4H), 1.72 (m. 4H), 1.33 (s, 9H), 1.19 (s, 6H). 

35 

40 

45 

50 

55 

13C NMR (CDCl3, 75.5 Hz) 5202.1, 172.6, 170.4, 169.6, 167.0, 155.2, 151.3, 142.4, 140.2, 133.7. 133.4, 130.2, 129.1, 
128.7, 110.7, 107.5, 96.7, 84.2, 81.1, 80.5, 79.4. 78.6, 76.5, 75.3, 74.5, 72.4, 71.7, 70.0, 61.8, 57.3, 51.7, 47.0, 43.3, 
35.2, 35.0, 28.1. 26.4, 22.6, 21.1, 20.9, 14.6, 10.7. 
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Examples 8-22 

Following the teachings contained herein. the following compounds in Examples 8-22 were prepared. 

5 

10 

R'(O)pCON_ti 0 

Rs~O ..... 
iii 

(I) 

15 

Example No. R4(0)p RS R2 R1 
20 

8 tBuO Ph OC02Et OCH3 

9 tBuO Ph OC02Et OCH2CH20H 

10 tBuO 2-furyl OC02Et H 

25 11 tBuO Ph OC02Et H 

12 tBuO 2-furyl OH O(CH2}40H 

13 tBuO 2-furyl OH O(CH2}50H 

14 tBuO 2-furyl OH O(CH2}30H 
30 

15 tBuO 2-furyl OC02Et OCH2CH20H 

16 (CH3}iCHO 2-furyl OC02Et OCH2CHiC>H 

17 (CH3}iCHO 2-furyl OH OCH2CHi0H 

35 18 (CH3)iCHO 2-furyl OH O(CH2}50H 

19 (CH3}iCHO 2-furyl OH O(CH2}60H 

20 (CH3)iCHO 2-furyl OH O(CH2)rQH 

21 tBuO 
40 

(CH3)2CHCH2 OH H 

22 Ph 2-furyl OH H 

45 

Example8. 

2'-Q-Ethoxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q-methoxymethylpaclitaxel 

50 HRFABMS (NOBA} M+H cared for CsoH54N01a 966.4123. Found: 966.4102. 
IR(film} 1750, 1722, 1370, 1244, 1040 cm-1 .. 
1H NMR (CDCl3, 300 MHz) o 8.09 (d, J=7.2 Hz, 2H). 7.59 (t. J=7.5 Hz, 1 H), 7.48 (t, J=7.3 Hz, 2H), 7.35 (m. SH), 6.37 
(s, 1H), 6.23 (t. J=B.7 Hz, 1H), 5.68 (d, J=6.9 Hz, 1H), 5.40 (br s, 2H), 5.23 (s, 1H), 4.93 (d, J=8.1 Hz, 1H), 4.69 (d, J=7.5 
Hz, 1 H), 4.63 (d, J= 7.5 Hz, 1 H), 4.30 (d, J=8.4 Hz, 1H),4.17 {m, 4H). 3.87 (d, J=6.6 Hz, 1 H), 3.28 (s, 3H), 2.79 {m, 1 H), 

55 2.42 (s, 3H), 2.32 (m. 1 H), 2.18 (s. 3H). 1.99 (s. 3H), 1.96 (m, 1 H). 1.74 (s, 3H), 1.68 (s. 1 H), 1.61 (s, 1 H), 1.33 (s, 9H), 
1.27 (t. J=7.2 Hz, 3H), 1.21 (s, 3H), 1.19 (s, 3H). 
13C NMR (CDCl3, 75.5 Hz) o 202.3, 169.5, 169.3, 168.2, 167.0, 155.1, 154.1, 140.9, 137.2, 133.6, 132.9 130.2, 129.2, 
128.9, 128.7, 128.2, 126.4, 98.3, 84.4, 81.1, 80.4, 79.8, 78.8, 76.4, 75.2, 74.8, 72.0, 65.1, 57.3, 55.8, 54.2, 46.9, 43.3, 
35.4, 35.1, 28.1, 26.4, 22.7, 21.4, 20.9, 14.5, 14.1, 10.7 
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Examole 9. 

2'-0-Ethoxycarbonyl-3'-N-debenzoyl-3'-N-{t-butyloxycarbonyl)-7-Q-[{2-hydroxyethoxy)methyijpaclitaxel 

5 HRFABMS {NOBA) M+H calcd for Cs1H66N019 996.4229. Found: 996.4198. 
IR(film) 3502, 1750, 1722. 1372, 1244, 1026 cm-1 
1H NMR (CDCl3, 300 MHz) o 8.09 (d, J=7.2 Hz, 2H), 7.S9 (t, J=7.S Hz, 1H), 7.48 (t. J=7.3 Hz, 2H), 7.35 {m, SH), 6.39 
(s, 1H), 6.23 (t. J=8.7 Hz, 1H), 5.67 {d, J=6.9 Hz. 1H), 5.40 (brs, 2H), S.23 (s. 1H), 4.93 (d, J=8.1 Hz, 1H). 4.77 (d, J=7.5 
Hz, 1H), 4.74 (d, J = 7.5 Hz, 1H), 4.30 (d, J=8.4 Hz, 1H), 4.17 (m, 4H), 3.86 (d, J=6.6 Hz. 1H), 2.79 (m, 1H), 2.42 (s. 

10 3H), 2.32 (m, 1 H), 2.18 {s. 3H), 1 .99 (s. 3H), 1.93 (m, 1 H), 1. 73 (s, 3H). 1.69 (s. 1 H), 1.62 (s, 1 H), 1.33 (s. 9H), 1.27 (t, 
J=7.2 Hz, 3H), 1.21 (s, 3H), 1.19 (s, 3H). 

15 

13C NMR {CDCla. 75.5 Hz) 0202.1, 169.7, 169.5, 168.2, 167.0, 155.1, 154.1, 140.9, 137.2, 13S.O, 133.7,133.0. 130.2, 
129.2, 128.9, 128.7, 128.2, 126.4, 96.9, 84.2, 81.1, 80.4, 79.5, 78.8, 76.4, 75.2, 74.7, 72.0, 70.0, 6S.1, 61.8, 57.2, 54.2. 
46.9, 43.3, 3S.1, 28.1, 26.4, 22.7, 21.4, 20.9, 14.5, 14.1, 10.7, 9.8. 

Example 10 

2'-0-Ethoxycarbonyl-3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-{2-furyQ-7-Q-methylpaclitaxel 

20 HRFABMS (NOBA) M+H calcd for C47H60N018 926.3810. Found: 926.3823. 
IR(film) 3380, 1752, 1722, 1242 cm-1 
1H NMR (CDCl3• 300 MHz) o 8.08 (d, J=7.2 Hz, 2H), 7.58 (t, J=7.5 Hz, 1H), 7.46 (t. J=7.8 Hz, 2H), 7.39 (s. 1H), 6.44 
(s, 1H), 6.35 (m. 1H), 6.28 (m. 1H), 6.20 (t. J=9.0 Hz, 1H), 5.65 (d, J=6.9 Hz. 1H), 5.51 (br d, J=9.9 Hz. 1H), 5.33 (s. 
1H), 5.25 (brd, J=10.2 Hz, 1H), 4.97 {d, J= 8.1Hz,1H), 4.29 (d, J= 8.1Hz,1H), 4.17 (m. 3H), 3.88 {m. 2H), 3.33 (s. 

25 3H), 2.72 (m. 1H), 2.41 (s, 3H), 2.31 (m. 1H).2.18 (s. 3H). 2.01 (s. 3H). 1.76 (m. 1 H), 1.70 (s, 3H). 1.67 (s. 1 H), 1.60 {s. 
1H), 1.34 (s. 9H). 1.29 (t, J=7.2 Hz, 1H), 1.19 (s, 6H). 

30 

1ac NMR (CDCl3, 75.5 Hz) o 202.4, 169.9, 169.3, 167.7, 167.0, 155.0, 154.0, 1SO.O, 142.6, 140.8, 133.6, 133.2, 130.2, 
129.2, 128.7, 110.7, 107.6, 84.1, 81.4, 80.7, 80.4, 78.7, 76.4, 75.1, 74.8, 74.6, 71.9, 65.1, 57.6, 57.1, 49.7, 47.2, 43.3, 
35.0, 32.3. 28.1, 26.4, 22.6, 21.3, 20.9, 14.6, 14.1, 10.4. 

Example 11. 

2'-Q-Ethoxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q-methylpaclitaxel 

35 HRFABMS (NOBA) M+H calcd for C49H62N017 936.4018. Found: 936.40S8. 
IR(film) 3448, 17SO, 1724, 1370, 1244, 1172 cm-1 
1H NMR (CDCl3, 300 MHz) o 8.09 (d. J=7.2 Hz, 2H), 7.S9 (t. J=7.5 Hz, 1H), 7.48 (t. J=7.3 Hz, 2H), 7.35 (m, SH), 6.43 
(s. 1 H), 6.23 (t. J=8.7 Hz, 1H),5.6S (d, J=6.9 Hz, 1H), 5.40 (br s, 2H), 5.20 (s. 1H), 4.96 (d. J=8.1 Hz. 1H). 4.30 (d, J=8.4 
Hz, 2H). 4.16 (m, 3H). 3.88 (m. 2H). 3.33 (s. 3H), 2.70 (m, 1H), 2.42 (s, 3H). 2.31 (m. 1H). 2.19 (s. 3H), 1.76 (m. 1H). 

40 1.10 (s, 3H), 1.67 (s. 1H). 1.60 (s. 1H). 1.33 (s. 9H). 1.27 (t, J=7.2 Hz. 3H), 1.21 (s. 3H), 1.19 (s. 3H). 
1ac NMR (CDCl3, 75.5 Hz) o 202.3, 169.7, 169.3, 168.2, 167.0, 155.1, 154.1, 140.8, 137.2, 133.7, 133.2, 130.2, 129.2, 
128.9, 128.7, 128.2, 126.4, 84.2. 81.4, 80.4, 78.9, 76.4, 74.7, 74.7, 72.1. 65.1, 57.6, 57.0, 54,1. 47.2, 43.3, 35.0, 32.2. 
28.1,26.S,22.7.21.5,20.9.14.5, 14.1, 10.4. 

45 Example 12. 

3'-N-Debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyQ-3'-(2-furyl)-7-Q-[(4-hydroxybutyloxy)methyl]paclitaxel 

HRFABMS (NOBA) M+H cared for C4eH64N01s 942.4123. Found: 942.4112. 
50 IR(film) 3450, 1718, 1242 cm-1 

1H NMR (CDC'3. 300 MHz) o 8.08 (d. J=7.2 Hz, 2H), 7.58 (t, J=7.5 Hz. 1H), 7.46 (t, J=7.8 Hz, 2H), 7.39 (s. 1H). 6.35 
(m. 2H). 6.30 (s, 1H). 6.17 (t. J=9.6 Hz. 1H), 5.65 (d. J=6.9 Hz, 1 H), 5.27 (br m, 2H), 4.92 (d, J= 7.8 Hz. 1H). 4.71 (m. 
2H), 4.29 (d, J= 8.4 Hz, 1H). 4.14 (m, 2H), 3.84 (d, J=6.8 Hz, 1H), 3.61 (m. 3H), 3.39 (s, 1H}. 2.79 (m. 1H). 2.37 (s. 3H). 
2.32 (d, J=9.0 Hz, 2H), 2.19 (s, 3H}, 1.96 (m, 1H}. 1.93 (s, 3H), 1.72 (s, 3H), 1.62 (m, SH). 1.34 (s, 9H), 1.20 (s, 3H), 

55 1.19 (s. 3H). 
13C NMR (CDGl3, 75.5 Hz} o 202.1. 172.6, 170.3, 169.4, 167.0. 1S1.3, 142.4, 140.2, 133.7, 133.4, 130.2, 129.1, 128.7, 
110.7, 108.3, 107.4, 96.8, 84.3, 81.2, 80.5, 79.7, 78.6, 77.2, 75.2, 74.6, 72.4, 72.4, 71.8, 68.2, 62.6, 57.4, 53.0, 51.4, 

46.9, 43.3, 42.0, 35.2, 33.1, 29.7, 28.1, 26.4, 26.1, 22.6, 21.0, 20.9, 14.7, 12.6, 10.6. 
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Examole 13. 

3'-N-Debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-Q-[(5-hydroxypentyloxy)methyijpaclitaxel 

5 HRFABMS (NOBA) M+H calcd for C4sHs6N01e 956.4290. Found: 956.4290. 
IR(film}3441, 1721, 1169cm-1 
1H NMR (CDCl3, 300 MHz) o 8.07 (d, J=7.2 Hz, 2H), 7.58 (t. J=7.5 Hz, 1H), 7.46 (t. J=7.8 Hz, 2H). 7.38 (s, 1H), 6.34 
(m, 2H), 6.30 (s. 1H), 6.17 (t. J=9.6 Hz, 1H}, 5.64 {d, J=6.9 Hz, 1H), 5.32 (s. 2H), 4.92 {d, J= 7.8 Hz, 1H), 4.69 (s, 3H), 
4.29 {d, J= 8.4 Hz, 1H), 4.16 (m, 2H), 3.84 (d, J=6.8 Hz, 1H), 3.56 (m, 4H), 3.38 (m, 1H), 2.79 (m, 1H), 2.37 {s, 3H), 

10 2.30 (d, J=8.7 Hz, 2H), 2.18 (s, 3H), 1.93 {s, 4H), 1.75 (m, 3H), 1.72 (s. 3H), 1.54 (m, SH), 1.42 (m, 2H). 1.35 (s. 9H). 
1.19 (s, 6H). 

15 

13CNMR(CDCl3, 75.5Hz)o202.1, 172.4, 170.7, 169.4, 166.9, 151.4, 142.4, 140.2, 133.7, 133.4, 130.1, 130.1, 129.2, 
128.6, 110.6, 107.4, 96.2, 84.3, 81.3, 80.4, 78.9, 78.6, 75.3, 74.6, 72.2, 71.9, 68.2, 62.8, 57.3, 51.8, 46.9, 43.2, 35.3, 
34.9, 32.5, 29.3, 28.2, 26.5, 22.6, 21.0, 20.9, 14.8, 10.6. 

Examole 14 

3'-N-Debenzoyl-3 '-desphenyl-3' -N-(t-butyloxycarbonyl}-3'-(2-furyl)-7-Q-[(3-hydroxypropyloxy)methyijpac!itaxel 

20 HRFABMS (NOBA) M+H calcd for C47H62N01e 928.3967. Found: 928.3987. 
IR(film)3441, 1718, 1242, 1108, 1049cm-1 
1 H NMR (CDCl3, 300 MHz) o 8.07 (d, J= 7.2 Hz, 2H), 7.57 (t, J= 7.5 Hz. 1 H), 7.45 (t, J= 7.8 Hz, 2H), 7.39 (s, 1 H), 6.35 
(m, 2H), 6.30 (s, 1H), 6.16 (t, J=9.6 Hz, 1H), 5.64 (d, J=6.9 Hz, 1H), 5.30 (s, 2H), 4.90 (d, J= 7.8 Hz, 1H), 4.70 (s, 3H), 
4.28 (d, J= 8.4 Hz, 1H), 4.12 (m, 2H), 3.84 (d, J=6.8 Hz, 1H), 3.73 (m, 3H), 3.49 (m, 2H), 2.76 (m, 1H), 2.37 (s, 3H), 

25 2.32 (d, J=9.0 Hz, 2H), 2.18 (s, 3H), 1.97 (s, 2H), 1.92 (s, 3H), 1. 76 (m, 6H), 1.33 (s. 9H), 1.19 (s, SH). 
1JC NMR (CDCl3, 75.5 Hz) o 202.1, 172.6, 170.3, 169.5, 167.0, 155.2, 151.3, 142.4, 140.2, 133.7, 133.4, 130.2, 129.1, 
128.7, 110.7, 107.5, 96.8, 84.3, 81.1, 80.5, 79.6, 78.6, 77.2, 76.4. 75.2, 74.6, 72.4, 71.8, 66.7, 61.0, 57.3. 51.7, 46.9, 
43.3, 35.2, 32.1, 29.5, 28.1, 26.4, 22.6, 21.1. 20.9, 14.7, 10.6. 

30 Examole 15. 

2'-0-Ethoxycarbonyl-3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-Q-[(2-hydrox
yethoxy)methyijpaclitaxel 

35 HRFABMS (NOBA) M+H calcd for C4sH64N020 986.4022. Found: 986.4067. 
IR(film} 3449, 1753, 1722, 1372, 1242, 1039, 1026 cm-1 
1H NMR (CDCl3, 300 MHz) o 8.08 (d, J=7.2 Hz, 2H), 7.58 (t, J=7.5 Hz, 1H}, 7.46 (t, J=7.8 Hz, 2H), 7.39 (s, 1H), 6.39 
(s, 1 H), 6.35 (m. 1 H), 6.28 (m, 1 H), 6.21 (t, J=9.6 Hz, 1H), 5.65 (d, J=6.9 Hz. 1 H), 5.51 (br d, J=10.5 Hz, 1 H). 5.32 (s. 
1H), 5.26 (br d, J=9.9 Hz, 1H), 4.93 (d. J= 7.8 Hz, 1H). 4.73 (ABq, J=7.5, 3.9 Hz, 2H), 4.30 (d, J= 8.4 Hz, 1H), 4.17 (m, 

40 4H). 3.87 (d, J=6.8 Hz, 1H), 3.69 (m, 3H), 3.51(m,1H), 2.78 {m, 1H). 2.41 (s, 3H), 2.30 (m, 2H). 2.17 (s, 4H), 2.00 (s, 
3H), 1.93 (m, 1 H), 1.73 (s, 3H), 1.69 {s, 1H), 1.34 (s. 9H), 1.29 (t, J= 7.2 Hz, 3H), 1.19 (s, SH). 

45 

50 

13CNMR(CDC'3. 75.5Hz)o202.2, 169.9, 169.5, 167.7, 167.0, 155.1, 154.0, 150.1, 142.6.140.9, 133.7, 132.9, 130.2, 
128.7, 110.7, 107.6, 97.0, 84.2, 81.0, 80.7, 79.6, 78.7, 77.2, 76.4, 75.3. 75.1, 74.7, 71.9, 70.0, 65.1, 61.8, 57.2, 49.7, 
47.0, 43.3, 35.1, 35.0, 28.1, 26.3, 22.6, 21.2, 20.9, 14.8, 14.6, 14.1, 10.6. 

Example 16. 

2'-Q-Ethoxycarbonyl-3'-N-debenzoyl-3'-desphenyl-3'-N-(isopropyloxycarbonyl)-3 '-(2-furyf)-7-Q-[(2-hydrox
yethoxy)methyijpac!itaxel 

HRFA~MS (NOBA) M+H calcd for C4aH62N020 972.3865. Found: 972.3895. 
IR(film) 3510, 1752, 1722, 1244 cm-1 
1H NMR (CDCl3, 300 MHz) o 8.08 (d, J=7.2 Hz, 2H), 7.58 (t. J=7.5 Hz, 1H), 7.46 (t, J=7.8 Hz, 2H), 7.39 (s, 1H), 6.38 
(s, 1 H). 6.35 (m, 1 H), 6.28 (m, 1H), 6.22 (t, J=9.6 Hz, 1H), 5.66 (d, J=6.9 Hz, 1 H), 5.52 (br d, J=10.5 Hz, 1 H), 5.33 (s, 

55 1H). 5.31 (br d, J=10.0 Hz. 1H). 4.93 (d, J= 7.8 Hz, 1H), 4.75 (m, 3H), 4.30 (d, J= 8.4 Hz. 1H). 4.19 (m, 4H). 3.86 (d, 
J=6.8 Hz, 1H), 3.67 (m, 3H), 3.50 (m, 1H), 2.78 (m, 1H). 2.40 (s, 3H), 2.28 (m, 2H), 2.17 (s, 3H). 2.00 (s, 3H), 1.92 (m. 
1H), 1.73 (s, 3H), 1.71(s,1H), 1.62 (s, 1H), 1.29 (t, J=6.9 Hz, 3H). 1.18 (s. 6H), 1.16 (d, J= 6.3 Hz, 3H). 1.12 (d, J= 6.3 
Hz, 3H). 
13CNMR(CDCl3, 75.5Hz)o202.1, 169.9, 169.5, 167.5, 167.0, 153.9, 149.9, 142.7, 140.8, 133.6, 133.1, 130.2, 129.1, 
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128.7, 110.7, 107.7, 97.0, 84.2, 81.0, 79.5, 78.8, 75.2, 75.0, 74.7, 71.8, 70.0, 69.3, 65.2, 61.8, 57.2, 50.0. 46.9, 43.2, 
35.1, 26.4, 22.6, 21.9, 21.8, 21.3, 20.9, 14.5, 14.1, 10.7. 

Example 17 

3'-N-Debenzoyl-3 '-desphenyl-3' -N-(isopropyloxycarbonyl)-3'-(2-furyl)-7-Q-[(2-hydroxyethoxy)methyijpaclitaxel 

HRFABMS (NOBA) M+H calcd for C4sHssN01e 900.3654. Found: 900.3640. 
IR(film) 3440, 1722, 1242 cm-1 

10 1H NMR (CDCl3, 300 MHz) I'> 8.07 (d, J=7.2 Hz, 2H), 7.56 (t, J=7.5 Hz, 1H), 7.46 (t. J=7.8 Hz, 2H). 7.39 (s. 1H). 6.37 
(s, 1H), 6.35 (m. 1H), 6.31(m,1H}. 6.18 (t, J=7.8 Hz, 1H), 5.65 (d, J=6.9 Hz, 1H). 5.38 (m. 2H), 4.90 (d, J= 7.8 Hz, 1H), 
4.75 (m, 4H), 4.28 (d, J= 8.4 Hz, 1H), 4.16 (m, 2H). 3.83 (d, J=6.8 Hz, 1H). 3.66 (m, 3H). 3.50 (m, 2H). 2.77 (m. 1H), 
2.37(s.3H),2.29(m,2H).2.18(s,3H), 1.91(s,4H),1.75(m,2H), 1.72(s,4H),1.20(s,3H),1.18(s, 3H), 1.16(d,J= 
6.3 Hz, 3H), 1.11 (d, J= 6.3 Hz, 3H). 

15 13C NMR (CDCla. 75.5 Hz) I'> 202.0, 172.3. 170.5, 169.6, 166.9, 155.8, 151.2, 142.5, 140.0, 133.7, 133.5, 130.2, 129.1, 
128.7, 110.7, 107.6, 96.7, 84.1, 81.2, 79.2. 78.6, 75.3, 74.6, 72.3, 71.8, 70.0, 69.2, 61.8, 57.3, 52.0, 47.0, 43.3, 35.3, 
35.0, 26.5. 22.5, 22.0, 21.9, 21.1, 20.9, 14.6, 10.7. 

20 

Examo!e 18. 

3'-N-Debenzoyl-3'-desphenyl-3' -N-(isopropyloxycarbonyl)-3'-(2-furyl)-7-Q-[(5-hydroxypentyloxy)methyijpaclitaxel 

FABMS (NOBA) M+H calcd for C4eH64N01a 942.4123. Found: 942.4149. 
IR{film) 3442, 1716. 1242, 1110, 1044, 1026 cm-1 

25 1H NMR (CDC'3. 300 MHz) I'> 8.07 (d, J=7.2 Hz, 2H). 7.57 (t. J=7.5 Hz, lH). 7.46 (t. J=7.8 Hz. 2H), 7.39 (s, 1H), 6.35 
(m, 2H). 6.30 (m, 1 H), 6.20 (t, J=8.1 Hz, 1 H). 5.64 (d. J=6.9 Hz, 1 H). 5.51 (d, J=9.6 Hz. 1 H). 5.35 (br d, J=9.3 Hz, 1 H), 
4.91 (d, J= 7.8 Hz, 1H), 4.80 (m, 1 H), 4.66 (m, 3H), 4.28 (d, J=8.4 Hz, 1 H). 4.10 (m, 2H), 3.83 (d, J=6.8 Hz, 1 H), 3.76 
(br s, 1 H), 3.57 (m, 3H), 3.39 (m, 1 H), 2. 78 (m, 1 H), 2.37 (s, 3H), 2.27 (d, J=9.3 Hz, 2H), 2.18 (s, 3H), 1.92 (s, 3H), 1.88 
(m, 2H). 1.82 (s. 1 H), 1.65 (s, 3H). 1.56-135 (m, SH), 1.19 (s, 3H), 1.18 (s. 3H), 1.16 (d, J=6.3 Hz, 3H), 1.12 (d, J=6.3 

30 Hz, 3H). 
13CNMR(CDC'3. 75.5Hz)l'>202.1, 170.9, 169.4, 167.0, 155.7, 151.4, 142.5, 140.0, 133.7, 133.5, 130.1, 129.2, 128.6, 
110.6107.5, 96.0, 84.3, 81.4, 78.6, 75.3,74.6, 72.0, 69.1, 68.2, 62.8, 57.3, 52.0, 47.0. 43.2. 35.3, 34.8, 32.5, 29.5, 26.6, 
22.6, 22.5, 22.0, 21.9, 21.0. 20.9, 14.8, 10.7. 

35 Example 19 

3'-N-Debenzoyl-3'-despheny!-3'-N-(isopropyloxycarbonyf)-3'-(2-furyf)-7-Q-[(6-hydroxyhexyloxy)methyijpaclitaxel 

HRFABMS (NOBA) M+H calcd for C4gH66N01s 956.4280. Found: 956.4309. 
4o IR(film) 3372, 1718, 1244, 1110, 1050, 1024 cm-1 

1H NMR (CDC!3, 300 MHz) I'> 8.05 (d, J=7.2 Hz. 2H), 7.55 (t, J=7.5 Hz, 1H), 7.44 (t, J=7.8 Hz, 2H), 7.37 (s, 1H), 6.33 
(m, 2H), 6.29 (m, 1H), 6.15 (t. J=8.2 Hz, 1H). 5.62 (m, 2H), 5.31 (br d, J=9.3 Hz. 1H), 4.90 (d, J= 7.8 Hz, 1H), 4.74 (m. 
1 H), 4.67 (m, 3H). 4.26 (d, J= 8.4 Hz, 1 H). 4.11 (m, 2H). 3.97 (m. 1 H), 3.81 (d. J=6.8 Hz, 1 H), 3.56 (t. J= 6.6 Hz, 4H), 
3.32 (m, 1H), 2.77 (m, 1H), 2.64 (s, 1H), 2.61 (s, lH). 2.34 (s, 3H), 2.28 (m, 2H), 2.16 (s, 3H), 1.90 (s, 3H), 1.70 (s, 3H), 

45 1.51 {m, 4H), 1.33 (m, 4H). 1.20 (m, 12H). 
13CNMR(CDCl3, 75.5Hz)l'>202.1, 177.9.172.2, 170.5, 169.5, 166.9.155.8.151.3, 142.4, 140.1, 133.6, 133.5, 130.1, 
129.2, 128.6, 110.6, 107.5, 96.8, 84.3. 81.2, 79.5, 78.4, 76.5, 75.2, 74.6, 72.0, 71.8, 69.1, 68.3, 62.7, 57.3, 52.1. 46.9, 
43.3, 35.3, 32.5, 29.9, 26.5, 25.9, 25.5, 22.5, 22.0, 21.9, 21.1, 20.9, 14.6, 9.5. 

5o Example 20. 

3'-N-Debenzoyl-3'-desphenyl-3'-N-(isopropyloxycarbonyf)-3'-(2-fury!)-7-Q-[(7-hydroxyheptyloxy)methyijpaclitaxel 

HRFABMS (NOBA) M+H calcd for C5oH6sN01s 970.4436. Found: 970.4424. 
ss IR(film) 3440, 1720, 1242, 1180, 1110, 1050, 1024cm-1 

1H NMR (CDCl3 , 300 MHz) l> 8.07 (d, J=7.2 Hz, 2H), 7.58 (t. J=7.5 Hz, 1H), 7.46 (t. J=7.8 Hz, 2H), 7.39 (s, 1H), 6.35 
(m, 2H), 6.30 (m. 1H), 6.19 (t, J=8.2 Hz, 1H), 5.64 (d, J= 6.9 Hz, 1H}. 5.38 (m, 2H), 4.92 (d, J= 7.8 Hz, 1H), 4.79 (m, 
1H), 4.70 (m, 2H). 4.29 (d, J= 8.4 Hz, 1H). 4.12 (m, 2H), 3.84 (d, J=6.8 Hz, 1H). 3.58 (m, 4H), 3.33 (m, 1H), 2.80 (m, 
1 H), 2.36 (s, 3H), 2.29 (d, J= 9.3 Hz, 2H), 2.18 (s, 3H). 1.91 (s. 3H), 1.89 (m. 1 H). 1.80 (s. 1 H), 1. 72 (s, 3H), 1.64 (m, 
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2H), 1.50 (m, 4H), 1.29 (m, SH), 1.20 (s, 3H), 1.19 (s, 3H), 1.16 (d, J= 6.3 Hz, 3H}, 1.12 (d, J= S.3 Hz, 3H). 
13CNMR(CDCl3, 75.5Hz)o202.1, 172.3, 170.4, 169.4, 167.0.151.3, 142.5, 140.0, 133.7, 133.5.130.2.129.2, 128.7, 
110. 7, 107.6, 96.9, 84.4, 81 .2, 79.6, 78.6. 75.2, 74.6, 72.2, 71.8, 69.1, 68.4, 62.9, 57.4, 52.0, 4S.9, 43.3, 35.3, 32.6, 
29.5, 29.4, 29.0, 26.5, 26.0, 25.S, 22.5, 22.0, 21.9, 21.0, 20.9, 14.7, 10.7. 

Example 21. 

3'-N-Debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-methylpropyl)-7-Q-methylpaclitaxel 

10 Anal. calcd for C44Hs1N015 C, 62.61; H, 7.28; N, 1.66. Found: C, 62.44; H, 7.15; N, 1.69. 

HRFABMS (NOBA) M+H c~lcd for C44H62N01s 844. Found: 844. 
IR(KBr) 3528, 1750, 1726, 1248, 1228 cm-1 

1H NMR (CDCl3, 300 MHz) o 8.08 (d, J=7.2 Hz, 2H}, 7.58 (t. J=7.5 Hz, 1H}, 7.46 (t. J=7.8 Hz, 2H). 6.42 (s, 1H), 6.12 (t, 
J= 8.9 Hz, 1 H), 5.63 (d, J= S.9 Hz, 1 H), 4.96 (d, J= 8.1 Hz, 1 H). 4.60 (d, J=9.S Hz, 1 H), 4.28 (d, J= 8.4 Hz, 1 H), 4.15 

15 (m, 3H), 3.8S (m, 2H). 3.32 (s, 3H}, 3.28 (m, 1H), 2.72 (m, 1H), 2.3S (m, 4H), 2.19 (s, 3H), 1.95 (s, 3H). 1.70 (m, SH), 
1.34 (s, 3H}, 1.30 (s. 9H), 1.19 (s, SH). 0.95 (m, SH). 

20 

13C NMR (CDCl3, 75.5 Hz) Ii 202.2, 173.8, 170.1, 169.4, 166.9, 155.5, 140.3, 133.6, 130.2, 129.2, 128.6, 84.1, 81.6, 
80.4, 79.7, 76.4, 74.7, 74.S, 73.0, 72.6, 57.5, 57.2, 51.3, 47.2, 41.1, 35.3, 32.3, 28.2, 2S.4, 24.7, 23.2, 22.6, 21.9, 20.9, 
18.6, 14.7, 10.4. 

Examole22. 

3'-Desphenyl-3'-{2-fury!}-7-Q-methylpaclitaxel 

25 HRFABMS (NOBA) M+H calcd for C41H54N016 888.3443. Found: 888.3432. 
IR(KBr} 3450, 1750, 1722, 1712, 1268, 1244, 1024 cm-1 

1H NMR (CDCl3, 300 MHz} o 8.09 (d, J=7.2 Hz, 2H), 7.73 (d, J= 7.2 Hz, 2H), 7.57 (m, 1H), 7.45 (m, SH), 6.92 (d, J= 9.2 
Hz, 1 H), S.38 (s, 2H), 6.33 (s, 1 H}, 6. 18 (t. J= 8.1 Hz, 1 H), 5.86 (dd, J= 9.3, 2.4 Hz, 1 H), 5.65 (d, J= 6.9 Hz, 1 H), 4.91 
(d, J= 8.4 Hz, 1H), 4.80 (m, 1H), 4.68 (d, J= 7.5 Hz, 1H), 4.62 (d, J= 7.5 Hz, 1H), 4.29 (d, J= 8.4 Hz, 1H), 4.16 (d, J= 

30 8.4 Hz, 1H). 4.10(dd,J=10.5, 3.6 Hz, 1H), 3.84 (d,J=6.9 Hz, 1H),3.60 (d,J=5.4 Hz, 1H),3.27 (s, 3H). 2.78(m, 1H), 
2.40 (s, 3H), 2.34 (d, J= 8.7 Hz, 2H), 2. 18 (s, 3H), 2.00 (m, 1 H), 1 .89 (s, 3H), 1 .80 (s, 1 H), 1. 75 (s, 3H), 1. 18 (s, SH). 
13C NMR (CDCl3, 75.5 Hz) Ii 202. 1, 172.2, l70.4, 1S9.4, 167.0, 166.9, 150.8, 142.7, 139.9, 133.7, 133.6, 133.4, 132.1, 
130.2, 129.2, 128.7, 127.1, 110.8.108.0, 98.2, 84.3, 81.2, 79.8, 78.5, 75.3, 74.5, 72.3, 71.7, 57.4, 55.8, 50.2, 46.9,43.2, 
35.4, 29.5, 26.6, 22.6, 21.0, 20.9, 14.7, 10.7. 

40 

45 

50 

55 

Claims 

1. A compound of the formula (I): 

OAc 0 

R4{0)µCON!;i 0 

Rs~o ....... (I) 

R2 

wh.erein R1 is hydrogen, C1-s alkyfoxy, C2-a alkenyloxy, or C2-a alkynyloxy, each can be optionally substituted with 
hydroxy; R2 is hydroxy, -OC(O)Rx or-OC(O)ORx; R4 and RS are independently C1..s alkyi: C2..s alkenyl, C2_8 alkynyl, 
or -Z-R6; pis zero or one; Z is a direct bond, C1-a alkyfene or C2_ 8 alkenediyl; RS is aryl, substituted aryf, ~ 
cycloalkyl or heteroaryl; and Rx is C1..s alkyl optionally, substituted with one to six same or different halogen atoms, 
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(4.8 cycloalkyl or C2-a alkenyl; or Rx is a radical of the formula 

wherein O is a bond or C1-a alkyl; and R8
, Rb ard Re are independently hydrogen, amino, C1-a alkylamino, di

C1-aalkylamino, halogen, C1_s alkyl, or C1--a alkyloxy. 

2. A compound of claim 1 in which R1 is hydrogen or C1...s alkyloxy optionally substituted with hydroxy; R2 is hydroxy 
15 or -OC(O)ORx; R4 and RS are independently C1-a alkyl, C2..a alkenyl, or -Z-RS in which Z is a direct bond; A6 is aryl, 

fury! or thienyl; and Rx is C1...s alkyl. 

3. The compounds of claim 2 that are 7-Q-methylpaclitaxel; 
3' -N-debenzoyl-3'-N-(t-butyloxycarbonyl)-7-Q-methoxymethylpaclitaxel; 

20 3' -N-debenzoyl-3'-N-(t-butyloxycarbonyf)-7-Q-[(2-hydroxyethoxy)methyijpaclitaxel; 
3'-N-debenzoyl-3' -desphenyl-3'-N-(t-butyloxycarbonyQ-3'-(2-furyl)-7-Q-methoxymethylpaclitaxel; 
3' -N-debenzoyl-3'-desphenyl-3' -N-(t-butyloxycarbonyQ-3'-(2-furyij-7-Q-[(2-hydroxyethoxy)methylJpaclitaxel; 
2' -Q-ethoxycarbonyl-3' -N-debenzoyl-3' -N-(t-butyloxycarbonyl)-7-Q-methoxymethyfpaclitaxel; 
2' -Q-ethoxycarbonyl-3' -N-debenzoyl-3' -N-(t-butyloxycarbonyQ-7-Q-{(2-hydroxyethoxy)methyljpaclitaxel; 

25 2'-Q-ethoxycarbonyl-3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-Q-methylpaclit-
axel; 

2' -Q-ethoxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyij-7-Q-methylpaclitaxel; 
3' -N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyQ-3'-(2-furyQ-7-Q-[( 4-hydroxybutyloxy)methyijpaclit-

axel; 
30 3'-N-debenzoyf-3'-desphenyl-3'-N-(t-butyloxycarbonyQ-3'-(2-furyij-7-Q-[(5-hydroxypentyloxy)methyljpaclit-

axel; 
3' -N-debenzoyl-3'-desphenyl-3' -N-(t-butyloxycarbonyQ-3'-(2-furyQ-7-Q-[(3-hydroxypropyloxy)methyl]paclit-

axel; 
2'-0-ethoxycarbonyl-3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3' -(2-furyl)-7-Q-{(2-hydrox-

35 yethoxy)methyljpaclitaxel; 
2'-Q-ethoxycarbonyl-3'-N-debenzoyl-3'-desphenyl-3'-N-(isopropyloxycarbonyl)-3'-(2-furyl)-7-Q-[{2- hydrox

yethoxy)methyl]paclitaxel ; 
3'-N-debenzoyl-3'-desphenyl-3'-N-(isopropyloxycarbonyl)-3'-(2-furyl)-7-Q-[(2-hydroxyethoxy)methylJpadit-

axel; 
40 3'-N-debenzoyl-3'-desphenyl-3'-N-(isopropyloxycarbonyl)-3'-(2-furyl)-7-Q-[(5-hydroxypentyloxy)methyijpacl-

45 

itaxel; 

taxel; 
3'-N-debenzoyl-3'-desphenyl-3'-N-(isopropyloxycarbonyl)-3'-(2-furyl)-7-Q-[(6-hydroxyhexyloxy)methyl]pacli-

3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyfoxycarbonyl)-3'-(2-methyfpropyf)-7-Q-methylpaditaxel; or 
3' -desphenyl-3' -(2-furyl)-7-Q-methylpaclitaxel. 

4. A pharmaceutical composition which comprises an antitumor effective amount of a compound of any one of claims 
1 to 3 and a pharmaceutically acceptable carrier. 

5o 5. The use of a compound of any one of claims 1 to 3 for preparing a pharmaceutical composition for inhibiting tumor 
_growth in a mammalian host. 

55 
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PATENT 

Attorney Docket No.: 03806.0367 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Herve BOUCHARD et al. 

Serial No.: 08/622,011 

Filed: March 26, 1996 

For: NEW TAXOIDS, THEIR PREPARA
TION, AND PHARMACEUTICAL 
COMPOSITIONS CONTAINING THEM 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

) 
) 
) 
) 
) Group Art Unit: 1203 
) 
) Examiner: B. Trinh 
) 
) 
) 
) 

SECOND DECLARATION UNDER 37 C.F.R. § 1.132 

I, Alain Commerc;on, declare and state that 

1. I am the same Alain Commerc;on who was the declarant in the 

Declaration under 37 C.F.R. § 1.132 filed October 28, 1997, but beginning in 

1998, I became Director of Medicinal Chemistry at Rhone-Poulenc Rorer. 

2. I am familiar with the prosecution history of this patent application, 

including the pending Office Action. 

3. The following three pure compounds were prepared under my 

control and submitted for the in vitro and in vivo biological evaluations 

described herein: the claimed compound, the product of Example 1 of the 
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specification, and two comparative compounds: (1) a di-TROC (2,2,2-

trichloroethoxycarbonyl) compound, Comparative A, 1 and (2) a diacetylated (-

OCOCH3} compound, Comparative B,2 having the same substituents as the 

claimed compound except at the 7- and 10- positions as shown below in Table 

1. 

Antitumor activity of the three compounds prepared above was 

evaluated against B 16 melanoma-bearing mice. The IC50 , the concentrations of 

the drugs resulting in 50% cell growth inhibition of the tumor cell lines (KB 

human epidermoid carcinoma; P388 murine leukemia for Comparative 

Compound A), was also evaluated, and the results are reported in Table 1. 

At the 7- and 10- positions, Comparative A contains TROC group, which 
is referenced as a hydroxy protecting group in the '601 Holton patent at column 4, lines 
1-4 (2,2,2-trichloroethyl carbonate). See also Kingston, col. 13, lines 28-31. 

2 Comparative B, at the 7- and 10- positions, contains an acetyl group, 
which is referenced as a hydroxy protecting group in the '601 Holton patent at column 
3, line 63. See also compound 6b, the substituent for Z, in column 12, line 32 of Holton 
'526 and see also column 6, lines 23-24, where in -OR6, R6 is acyl. 

2 
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Table 1: 

In vivo In vitro 

?-position 10-position TIC% Cell Line cellular IC50 Cell Line 
µg/ml 

Claimed -OCH3 -OCH3 0 B16 0.029 KB 
Compound 

Comparative A -OCOCH2CCl3 -OCOCH2CCl3 54 B16 ~10 P388 

Comparative B -OCOCH3 -OCOCH3 177 B16 4.5 KB 

The TIC value in percent is an indication of antitumor effectiveness: 

TIC(%)= 100 x median tumor weight of the treated groups 
median tumor weight of the control groups 

According to NCI (National Cancer Institute) standards, a TIC< 42 % is 

the minimal level to declare activity. A TIC< 10 % is considered to indicate 

high anti-tumor activity and is the level used by NCI to justify further 

development. 

The results demonstrate that the claimed compound possesses superior 

in vitro and in vivo anti-tumor activity compared to the comparative compounds 

A and B. Comparative compounds A and B demonstrate lower in vitro 

cytotoxicity (IC50 ?. 4.5 µglml) and are also inactive (TIC% ~ 42%) in vivo on 

816 melanoma. In contrast, the claimed compound is very active in vivo 

against 816 melanoma giving a full inhibition of tumor growth (TIC%= 0) and is 

cytotoxic in vitro against KB cells at a concentration of 0.029 µglml. 

3 
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At the time this invention was made, particularly in view of the teachings 

of Holton '601 that methoxy at the C-7 and C-10 positions is a protective group 

disclosed as equivalent to the other protective groups, one skilled in the art 

would not have expected that having a methoxy at each of the C-7 and C-10 

positions of the inventive compounds would result in superior biological results, 

as shown in Table 1 . 

4. In addition, the claimed compound possesses yet another 

superior biological property that is unexpected over the prior art relied on by the 

Examiner. The following Table 2 describes the results of a test comparing the in 

vitro biological activity of the claimed compound against docetaxel, which is a 

compound with the same structure as the claimed compound, except that it has 

an -OH at each of the 7- and 10-positions. Docetaxel has been approved by the 

FDA for the treatment of breast cancer. The cell line chosen was KB human 

epidermoid carcinoma resistant to the anticancer drug Vinblastine. The cellular 

IC50 of both the claimed compound and docetaxel were measured against this 

resistant cell line. As is evident from Table 2, the cellular IC50 of the claimed 

compound, i.e., 0.1600 µg/ml, was lower than that of docetaxel, which was 2 

µg/ml. This means that the claimed compound was more active than docetaxel 

against this resistant cell line. Comparative B was also tested against the 

resistant KB human epidermoid carcinoma cell line. As shown in Table 2, the 

4 
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cellular IC50 of Comparative B was higher than 10 µg/ml, which is less active 

than the claimed compound against the resistant cell line. 

Table 2 

7-position 10-position cellular IC50 

µg/ml 

Claimed -OCH3 -OCH3 0.1600 
Compound 

Docetaxel -OH -OH 2 

Comparative B -OCOCH3 -OCOCH3 ~10 

Table 3 

7-position 10-position cellular IC50 

µg/ml 

Docetaxel -OH -OH 3.3 

Comparative A -OCOCH2CCl3 -OCOCH2CCl3 ~10 

Docetaxel and Comparative A were also tested against the P-388 murine 

leukemia cell line which is resistant to doxorubicin. As shown above in Table 3, 

Comparative A is less active than docetaxel against this resistant cell line. 

As shown in Table 1, representative compounds assumed for purposes of 

argument to be suggested by the prior art are less active against normal cell 

lines, and Comparative B, as shown in Table 2, is also less active against a 

5 
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resistant cell line than is the claimed compound. As shown in Table 3, 

Comparative A is also less active against a resistant cell line than is docetaxel, 

which is consistent with the inactivity of Comparative A in Table 1. It is 

completely unexpected in view of the prior art that, as shown in Table 2, the 

claimed compound has superior activity, compared to docetaxel and a 

compound of the prior art, against a resistant cell line. 

5. At an interview held on April 23, 1998, the Examiner asked me if I 

could prepare and test a compound having -OEE (ethoxyethoxy) at the 7- and 

10- positions. The -OEE group is referred to as a substituent for Z in 

compound 6d of Holton '526. There are a number of reasons why it is 

unnecessary to undertake such synthesis and testing. First of all, compound 

6d does not say what -OT1 is at the 7-position other than it is generally a 

hydroxy protecting group. Further, even if there were a reason to try to make a 

compound like the claimed compound but having an -OEE at both the 7- and 

10-positions, I do not know whether I could successfully synthesize the 

compound. I am aware of no literature reference that would teach how to put 

-OEE at both the 7- and 10-positions of a taxane molecule. Holton '526 gives 

no example of the synthesis of such a compound. Even if I could make the 

compound, I am not confident that I would be able to separate the four resulting 

diastereomers into a form pure enough to allow for meaningful biological 

6 
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testing. I am aware that no one who has put the -OEE on the side chain of a 

taxane molecule has ever reported the separation of the two diastereomers 

from each other. If two isomers of this taxane-type couldn't be separated, it 

would be even more difficult to separate four such isomers. Moreover, in the 

Holton '526 patent, Example 1, the 2'-ethoxyethoxy group on the taxane side 

chain is converted to hydroxy under very mild acidic conditions, i.e., 0.5% HCI 

(aq) in ethanol. This demonstrates that acetals of this type are not stable 

under acidic conditions encountered during oral administration in the human 

body. Therefore, in my opinion, -OEE would not be a stable group if a 

compound like the claimed compound but containing -OEE at both the 7- and 

10-positions were orally administered. In contrast, the claimed compound has 

been found to be stable under mild acidic conditions, as demonstrated in detail 

in my October 1997 declaration. As explained to the Examiner, it can be 

desirable that an anticancer compound is capable of being administered either 

orally or intravenously. Thus, the claimed compound could be a candidate for 

oral and intravenous delivery as a drug for treating cancer, but the -OEE analog 

would not be such a candidate. The Comparative A and B compounds, 

referenced above, would be expected to be stable under mild acidic conditions 

and thus could, like the claimed compound, also be possible candidates for oral 

and intravenous administration. Therefore, I consider Comparative A and B to 

7 
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be much more relevant to the claimed compound and also consider that I have 

made fair comparative tests that demonstrate that compared to the suggestions 

of the prior art relied on by the Examiner, the claimed compound is an 

unexpectedly superior breakthrough. 

6. I declare further that all statements made herein of my own 

knowledge are true and that all statements made on information and belief are 

believed to be true; and further that these statements were made with the 

knowledge that willful false statements and the like so made are punishable by 

fine or imprisonment, or both, under Section 1001 of Title 18 of the United 

States Code and that such willful false statements may jeopardize the validity of 

the application or any patent issuing thereon. 

By:~ 
~ 

Date: April 23, 1998 Dr. Alain Commerc;on 
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'+ 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RECE~VED 

Sir: 

APR 2 3 199B 

MATRIX C USTCM'i::R 
SE!~V!CE CENTER 

AMENDMENT UNDER 37C.F.R.§1.115 

In response to the Office Action dated February 25, 1998, Applicants 

respectfully request reconsideration of this application in view of the · 

amendments and remarks below. 

IN THE CLAIMS: / 
Please cancel claims 1-5, 13-15, 18-25, and 35 without prejudice or 

disclaimer. Please it. c176-9 and 27 and rewrite claims 5 and 13-15 as 

new claims 36-~ec['y: as follows: · 

Claims 6, 7, ~e 1 of each delete "5" Lsert therefor -- --. 

Claim 9, line 1 and page 75, ne 8, page 1e~;i·n~ .1.3, and p e 77, line 1, 

FINNEGAN, HENDERSON, delete "5" and insert therefor --36--. 
FARABOW, GARRETT, 

B DUNNER,LLP. 
1300 I STREET, N. W. 

WASHINGTON1 DC 20005 

202-408-4000 
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Claim 27, Ii e 6, delete "optionally substituted with an alkoxy radical 

containing 1 to 4 carbon atoms,". 

g --.J6'. A process for preparing a taxoid of the following formula (I): 

Z 0 ....... 

in which: 

Rs 

OCOC H bCOCH3 
6 5 

Z represents.a radical of formula (II): 

(II) 

in which: 

(I) 

R1 represents a benzoyl radical optionally substituted with one or more 

identical or different atoms or radicals selected from halogen atoms, alkyl 

radicals containing 1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 

carbon atoms, and trifluoromethyl radicals, 

a thenoyl radical, 

a furoyl radical, or 

a radical R2-0-CO- in which R2 represents: 

. "--• 
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- an alkyl radical containing 1 to 8 carbon atoms, an alkenyl radical 

containing 2 to 8 carbon atoms, an alkynyl radical containing 3 to 8 carbon 

atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a cycloalkenyl 

radical containing 4 to 6 carbon atoms or a bicycloalkyl radical containing 7 to 

10 carbon atoms, these radicals being optionally substituted with one or more 

substituents selected from halogen atoms; hydroxyl radicals; alkoxy radicals 

containing 1 to 4 carbon atoms; dialkylamino radicals in which each alkyl 

portion contains 1 to 4 carbon atoms; piperidino radicals; morpholino radicals; 

1-piperazinyl radicals optionally substituted at position 4 with an alkyl radical 

containing 1 to 4 carbon atoms or with a phenylalkyl radical in which the alkyl 

portion contains 1 to 4 carbon atoms; cycloalkyl radicals containing 3 to 6 

carbon atoms; cycloalkenyl radicals containing 4 to 6 carbon atoms; phenyl 

radicals optionally substituted with one or more atoms or radicals selected from 

halogen atoms, alkyl radicals containing 1 to 4 carbon atoms and alkoxy 

radicals containing 1 to 4 carbon atoms; cyano radicals; carboxyl radicals; and 

alkoxycarbonyl radicals in which the alkyl portion contains 1 to 4 carbon atoms, 

- a phenyl or a- or ~-naphthyl radical optionally substituted with one or 

more atoms or radicals selected from halogen atoms; alkyl radicals containing 1 

to 4 carbon atoms; and alkoxy radicals containing 1 to 4 carbon atoms, 

- a 5-membered aromatic heterocyclic radical, or 
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- a saturated heterocyclic radical containing 4 to 6 carbon atoms, 

optionally substituted with one or more alkyl radicals containing 1 to 4 carbon 

atoms, 

R3 represents an unbranched or branched alkyl radical containing 1 to 8 

carbon atoms, an unbranched or branched alkenyl radical containing 2 to 8 

carbon atoms, an unbranched or branched alkynyl radical containing 2 to 8 

carbon atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a phenyl or 

a- or ~-naphthyl radical optionally substituted with one or more identical or 

different atoms or radicals selected from halogen atoms, alkyl, alkenyl, alkynyl, 

aryl, aralkyl, alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, hydroxyalkyl, mercapto, 

formyl, acyl, acylamino, aroylamino, alkoxycarbonylamino, amino, alkylamino, 

dialkylamino, carboxyl, alkoxyc~rbonyl, carbamoyl, alkylcarbamoyl, 

dialkylcarbamoyl, cyano, nitro and trifluoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or more identical or 

different hetero atoms selected from nitrogen, oxygen and sulphur atoms and 

optionally substituted with one or more identical or different substituents 

selected from halogen atoms, alkyl, aryl, amino, alkylamino, dialkylamino, 

alkoxycarbonylamino, acyl, arylcarbonyl, cyano, carboxyl, carbamoyl, 

alkylcarbamoyl, dialkylcarbamoyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a- or ~-naphthyl 

and aromatic heterocyclic radicals in the definitions of R2 and R3, the alkyl 
f 

4 
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radicals and the alkyl portions of the other radicals contain 1 to 4 carbon atoms, 

and the alkenyl and alkynyl radicals contain 2 to 8 carbon atoms, and the aryl 

radicals are phenyl or a- or ~-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain and 

Rs represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain, 

said process comprising: 

esterifying a product of formula (Ill): 

Rs 

(III) 

HO· ....... 

in which R4 and Rs are defined as above 

with an acid of formula (IV): 

(IV) 
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in which R1 and R3 are defined as above, and either R6 represents a hydrogen 

atom and R7 represents a group protecting the hydroxyl function, or R6 and R7 

together form a saturated 5- or 6-membered heterocycle, or 

with a derivative of said acid, to obtain an ester of formula (V): 

Rs 

0 
H: 

OCOC H bCOCH3 
6 5 

in which R1, R3, R4, R5, R6 and R7 are defined as above, and 

replacing the protective group(s) of said ester of formula (V), 

represented by R7 or R6 and R7 together, by hydrogen atoms. 

(V) 

t~. A process for preparing a new taxoid of the following formula (I): 

Z 0 ....... 

Rs 

OCOC H bCOCH3 
6 5 

(I) 

WASHINGTON, DC .2000_!0~5--H------
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in which: 

Z represents a hydrogen atom, 

R4 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain and 

R5 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain, 

said process comprising: 

treating 10-deacetylbaccatin 111 of formula (IX): 

OH 

(IX) 
HQ ....... 

~ H 
OCOC6Ifs bCOCII:, 

with a silyl halide of formula: 

(Rh-Si-Hal (X) 

in which the symbols R, which may be identical or different, represent an 

alkyl radical containing 1 to 6 carbon atoms, optionally substituted with a phenyl 

radical, a cycloalkyl radical containing 3 to 6 carbon atoms or a phenyl radical, 

to obtain a product of formula (XI): 
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fro 
(XI) 

~( 
I 

fl 
OCOC H bCOC}\ 

6 5 

in which R is defined as above, 

treating said product of formula (XI) with a product of formula: 

(XII) 

in which R'4 represents a radical such that R'4-0 is identical to R4 defined 

above and X1 represents a halogen atom or a reactive ester residue, to obtain a 

product of formula (XIII): 
-----U~--

LAW orFICES 
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(XIII) 

fl 
OCOC H bCOC}\ 

6 5 

in which R and R4 are defined as above, 

replacing the silyl protective groups of said product of formula (XIII) by 

hydrogen atoms to obtain a product of formula (XIV): 
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OH 

(XIV) 

0 
H 

OCOCH bCOC~ 
6 5 

in which R4 is defined as above, and 

etherifying said compound of formula (XIV) selectively at position 7 with 

a product of formula (XV): 

(XV) 

in which R's represents a radical such that R's-0 is identical to Rs defined as 

above and X2 represents a reactive ester residue or a halogen atom, to give the 

product of formula (I) in which Z represents a hydrogen atom. 

10 
.d-8'. A process for preparing a taxoid of the following formula (I): 

r-~~~-tt~~~ 
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Rs 

(I) 

ZO" ...... 

H 

OCOC H OCOCH3 
6 5 

in which: 

Z represents a radical of formula (11): 

9 
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(II) 

in which: 

R1 represents a benzoyl radical optionally substituted with one or more 

identical or different atoms or radicals selected from halogen atoms, alkyl 

radicals containing 1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 

carbon atoms, and trifluoromethyl radicals, 

a thenoyl radical, 

a furoyl radical, or 

a radical R2-0-CO- in which R2 represents: 

- an alkyl radical containing 1 to 8 carbon atoms, an alkenyl radical 

containing 2 to 8 carbon atoms, an alkynyl radical containing 3 to 8 carbon 

atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a cycloalkenyl 

radical containing 4 to 6 carbon atoms or a bicycloalkyl radical containing 7 to 

10 carbon atoms, these radicals being optionally substituted with one or more 

substituents selected from halogen atoms; hydroxyl radicals; alkoxy radicals 

containing 1 to 4 carbon atoms; dialkylamino radicals in which each alkyl 

portion contains 1 to 4 carbon atoms; piperidino radicals; morpholino radicals; 

1-piperazinyl radicals optionally substituted at position 4 with an alkyl radical 

containing 1 to 4 carbon atoms or with a phenylalkyl radical in which the alkyl 
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portion contains 1 to 4 carbon atoms; cycloalkyl radicals containing 3 to 6 

carbon atoms; cycloalkenyl radicals containing 4 to 6 carbon atoms; phenyl 

radicals optionally substituted with one or more atoms or radicals selected from 

halogen atoms, alkyl radicals containing 1 to 4 carbon atoms and alkoxy 

radicals containing 1 to 4 carbon atoms; cyano radicals; carboxyl radicals; and 

alkoxycarbonyl radicals in which the alkyl portion contains 1 to 4 carbon atoms, 

- a phenyl or a- or ~-naphthyl radical optionally substituted with one or 

more atoms or radicals selected from halogen atoms; alkyl radicals containing 1 

to 4 carbon atoms; and alkoxy radicals containing 1 to 4 carbon atoms, 

- a 5-membered aromatic heterocyclic radical, or 

- a saturated heterocyclic radical containing 4 to 6 carbon atoms, 

optionally substituted with one or more alkyl radicals containing 1 to 4 carbon 

atoms, 

R3 represents an unbranched or branched alkyl radical containing 1 to 8 

carbon atoms, an unbranched or branched alkenyl radical containing 2 to 8 

carbon atoms, an unbranched or branched alkynyl radical containing 2 to 8 

carbon atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a phenyl or 

a- or ~-naphthyl radical optionally substituted with one or more identical or 

different atoms or radicals selected from halogen atoms, alkyl, alkenyl, alkynyl, 

aryl, aralkyl, alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, hydroxyalkyl, mercapto, 

formyl, acyl, acylamino, aroylamino, alkoxycarbonylamino, amino, alkylamino, 
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dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, alkylcarbamoyl, 

dialkylcarbamoyl, cyano, nitro and trifluoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or more identical or 

different hetero atoms selected from nitrogen, oxygen and sulphur atoms and 

optionally substituted with one or more identical or different substituents 

selected from halogen atoms, alkyl, aryl, amino, alkylamino, dialkylamino, 

alkoxycarbonylamino, acyl, arylcarbonyl, cyano, carboxyl, carbamoyl, 

alkylcarbamoyl, dialkylcarbamoyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a- or P-naphthyl 

and aromatic heterocyclic radicals in the definitions of R2 and R3, the alkyl 

radicals and the alkyl portions of the other radicals contain 1 to 4 carbon atoms, 

and the alkenyl and alkynyl radicals contain 2 to 8 carbon atoms, and the aryl 

radicals are phenyl or a- or P-naphthyl radicals, 

R4 represents an alkoxy radical containing 1. to 6 carbon atoms in an 

unbranched or branched chain and 

R5 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain, 

said process comprising: 

treating a product of formula (XVI): 
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OH OH 

(XVI) 

H 
OCOCH bCOC~ 

6 5 . 

in which R1, R3, Ra and R7 are defined as above, with a product of formula (X): 
' 

(RhSi-Hal (X) 

in which the symbols R, which may be identical or different, represent an alkyl 

radical containing 1 to 6 carbon atoms, optionally substituted with a phenyl 

radical, or a cycloalkyl radical containing 3 to 6 carbon atoms or a phenyl 

radical, to obtain a product of formula (XVII): 

0Si(R)3 

(XVII) 

H 
OCOCH bCOC~ 

6 5 

in which R, R1, R3, R6 and R7 are defined as above, 
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functionalizing said compound of formula (XVII) at position 10 with a 

product of formula: 

(XII) 

in which R'4 represents a radical such that R'4-0 is identical to R4 defined as 

above and X1 represents a halogen atom or a reactive ester residue, to give a 

product of formula (XVIII): 

(XVIII) 

; fl 
OCOCH bCOC~ 

6 5 

in which R, R1, R3 , R4 , R6 and R7 are defined as above, 

replacing the silyl protective group of said product of formula (XVIII) by a 

hydrogen atom to give a product of formula (XIX): 
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OH 

(XIX) 

H 
OCOCH bCOC~ 

6 5 

in which R1, R3, R4 , R6 and R7 are defined as above 

which, when reacted with a product of formula (XV): 

in which R'5 represents a radical such that R'50 is identical to R5 defined above 

and X2 represents a reactive ester residue or a halogen atom, 

yields the product of formula (V): 

Rs 

R1' R 
N. 6 0 . 
~ 11 

~0111""" 
R3 j 

(V) 

0-R HO 
7 fI 

0 

ococ H bcoc~ 
6 5 
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and replacing the protective group(s) of formula (V) with one or two 

hydrogen atoms to give a product of formula (I) in which Z represents a radical !11/ . V of formula (II). 

~ "'" 1Jl" l l~ A process for preparing a taxoid of the following formula (I): 

(J~~ 
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Z 0 ....... 

in which: 

in which: 

Rs 

OCOC H bCOCH3 
6 5 

(II) 

(I) 

R1 represents a benzoyl radical optionally substituted with one or more 

identical or different atoms or radicals selected from halogen atoms, alkyl 

radicals containing 1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 

carbon atoms, and trifluoromethyl radicals, 

·a thenoyl radical, 

a furoyl radical, or 
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a radical R2-0-CO- in which R2 represents: 

- an alkyl radical containing 1 to 8 carbon atoms, an alkenyl radical 

containing 2 to 8 carbon atoms, an alkynyl radical containing 3 to 8 carbon 

atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a cycloalkenyl 

radical containing 4 to 6 carbon atoms or a bicycloalkyl radical containing 7 to 

10 carbon atoms, these radicals being optionally substituted with one or more 

substituents selected from halogen atoms; hydroxyl radicals; alkoxy radicals 

containing 1 to 4 carbon atoms; dialkylamino radicals in which each alkyl 

portion contains 1 to 4 carbon atoms; piperidino radicals; morpholino radicals; 

1-piperazinyl radicals optionally substituted at position 4 with an alkyl radical 

containing 1 to 4 carbon atoms or with a phenylalkyl radical in which the alkyl 

portion contains 1 to 4 carbon atoms; cycloalkyl radicals containing 3 to 6 

carbon atoms; cycloalkenyl radicals containing 4 to 6 carbon atoms; phenyl 

radicals optionally substituted with one or more atoms or radicals selected from 

halogen atoms, alkyl radicals containing 1 to 4 carbon atoms and alkoxy 

radicals containing 1 to 4 carbon atoms; cyano radicals; carboxyl radicals; and 

alkoxycarbonyl radicals in which the alkyl portion contains 1 to 4 carbon atoms, 

- a phenyl or a- or ~-naphthyl radical optionally substituted with one or 

more atoms or radicals selected from halogen atoms; alkyl radicals containing 1 

to 4 carbon atoms; and alkoxy radicals containing 1 to 4 carbon atoms, 

- a 5-membered aromatic heterocyclic radical, or 
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- a saturated heterocyclic radical containing 4 to 6 carbon atoms, 

optionally substituted with one or more alkyl radicals containing 1 to 4 carbon 

atoms, 

R3 represents an unbranched or branched alkyl radical containing 1 to 8 

carbon atoms, an unbranched or branched alkenyl radical containing 2 to 8 

carbon atoms, an unbranched or branched alkynyl radical containing 2 to 8 

carbon atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a phenyl or 

a- or 13-naphthyl radical optionally substituted with one or more identical or 

different atoms or radicals selected from halogen atoms, alkyl, alkenyl, alkynyl, 

aryl, aralkyl, alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, hydroxyalkyl, mercapto, 

formyl, acyl, acylamino, aroylamino, alkoxycarbonylamino, amino, alkylamino, 

dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, alkylcarbamoyl, 

dialkylcarbamoyl, cyano, nitro and trifluoromethyl radicals, or 

a 5-membered aromatic heterocycle containing one or more identical or 

different hetero atoms selected from nitrogen, oxygen and sulphur atoms and 

optionally substituted with one or more identical or different substituents 

selected from halogen atoms, alkyl, aryl, amino, alkylamino, dialkylamino, 

alkoxycarbonylamino, acyl, arylcarbonyl, cyano, carboxyl, carbamoyl, 

alkylcarbamoyl, dialkylcarbamoyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a- or 13-naphthyl 

and aromatic heterocyclic radicals in the definitions of R2 and R3, the alkyl 
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radicals and the alkyl portions of the other radicals contain 1 to 4 carbon atoms, 

and the alkenyl and alkynyl radicals contain 2 to 8 carbon atoms, and the aryl 

radicals are phenyl or a- or (3-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain and 

R5 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain, 

said process comprising reacting activated Raney nickel, in the presence 

of an aliphatic alcohol containing 1 to 3 carbon atoms or an ether, with a 

product of formula {XXI}: 

z 0'"'"' 1 

JR" 
S R' 
)LR" 

0 

(XXI) 

H 

OCOCJis OCOCHJ 

in which R4 is defined as above, and R' and R", which may be identical or 

different, 
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represent a hydrogen atom or an alkyl radical containing 1 to 6 carbon 

atoms, an alkenyl radical containing 2 to 6 carbon atoms, an alkynyl radical 

containing 3 to 6 carbon atoms, a cycloalkyl radical containing 3 to 6 carbon 

atoms or a cycloalkenyl radical containing 3 to 6 carbon atoms, optionally 

substituted, or alternatively 

R' and R", together with the carbon atom to which they are linked, form a 

cycloalkyl radical containing 3 to 6 carbon atoms or a cycloalkenyl radical 

containing 4 to 6 carbon atoms, and Z1 represents a hydrogen atom or a radical 

of formula (XXll): 

(XXll) 

in which R1 and R3 are defined as above and either R6 represents a hydrogen 

atom and R7 represents a group protecting the hydroxyl function, or R6 and R7 

together form a saturated 5- or 6-membered heterocycle, 

to obtain a product of formula (XXlll): 
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OCOC H bCOCH3 
6 5 

-

(XXIII) 

followed, when Z1 represents a radical of formula (XXll), by replacing the 

protective group(s) represented by R6 or R6 and R7 together by hydrogen atoms 

under the following conditions : 

1) when R6 represents a hydrogen atom and R7 represents a group 

protecting the hydroxyl function, said replacing the protective groups by 

hydrogen atoms is accomplished 

with at least one inorganic or organic acid in an organic solvent selected 

from alcohols, ethers, esters, aliphatic hydrocarbons, halogenated aliphatic 

hydrocarbons, aromatic hydrocarbons and nitriles at a temperature from -10 to 

60°C, or 

with a source of fluoride ions, or 

with catalytic hydrogenation, or 

2) when R6 and R7 together form a saturated 5- or 6-membered 

heterocycle of formula (VI): 

J 
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(VI) 

in which R1 is defined as above and Ra and R9 , which may be identical or 

different, 

represent a hydrogen atom or an alkyl radical containing 1 to 4 

carbon atoms, or an aralkyl radical in which the alkyl portion contains 1 

to 4 carbon atoms, or an aryl radical, or 

alternatively Ra represents an alkoxy radical containing 1 to 4 

carbon atoms or a trihalomethyl radical or a phenyl radical substituted 

with a trihalomethyl radical and R9 represents a hydrogen atom, or 

alternatively Ra and R9, together with the carbon atom to which 

they are linked, form a 4- to 7-membered ring, 

and further wherein when: 

a) R1 represents a tert-butoxycarbonyl radical and Ra and R9 , 

which may be identical or different, represent an alkyl radical or an 

aralkyl or aryl radical, or 

alternatively Ra represents a trihalomethyl radical or a phenyl 

radical substituted with a trihalomethyl radical and Rg represents a 

hydrogen atom, or 
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alternatively R8 and R9 together form a 4- to 7-membered ring, 

said replacing the protective groups by hydrogen atoms is accomplished 

by treating the ester of formula {V) with an inorganic or organic acid, and 

optionally, with an organic solvent, to obtain the product of formula {VII): 

H 
OCOC H bCOCH3 

6 5 

in which R3, R4 and R5 are defined as in claim 1, and 

(VII) 

acylating said product of formula (VII) with benzoyl chloride in which the phenyl 

ring is optionally substituted; thenoyl chloride; furoyl chloride; or a product of 

formula {VIII): 

R2-0-CO-X {VIII) 

in which R2 is defined as above and X represents a halogen atom or a 

residue -0-R or -O-CO-O-R2 2 ' 

to obtain a product of formula {I) in which Z represents a radical of formula (II), 

(II) 

WASHINGTON, DC 20005 

202-408-4000 ~u----
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or 

b) R1 represents an optionally substituted benzoyl radical, a thenoyl or 

furoyl radical or a radical R20-CO- in which R2 is defined as above, R8 

/represents a hydrogen atom or an alkoxy radical containing 1 to 4 carbon 

atoms or a phenyl radical substituted with one or more alkoxy radicals 

containing 1 to 4 carbon atoms and R9 represents a hydrogen atom, 

said replacing of the protective group formed by R6 and R7 together by 

two hydrogen atoms is accomplished 

in the presence of at least one inorganic or organic acid in a 

stoichiometric or catalytic amount, and in an organic solvent selected from 

alcohols, ethers, esters, aliphatic hydrocarbons, halogenated aliphatic 

hydrocarbons and aromatic hydrocarbons 

at a temperature of from -10 to 60°C.--

REMARKS 

Status of Claims 

Claims 6-12, 16-17, 26-34, and 36-39 are now pending. Claims 1-5, 13-

15, 18-25, and 35 have been canceled without prejudice or disclaimer. Claims 

5 and 13-15 have been rewritten in independent form as new claims 36-39, 

respectively. Claims 6-9 have been amended to change the dependency from 

canceled claim 5, and claim 27 has been amended to correct a typographical 
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error from the previous amendment. No new matter has been added by this 

amendment. 

·interview 

Applicants thank the Examiner for the helpful interviews conducted with 

Dr. Alain Commer9on, and their representatives, Thalia Wamement and Tom 

Irving, on April 23, 1998. The following remarks reflect the substance of the 

interview. 

Claim 35: The Oxazolidine Moiety in Claim 35 is also Found in Claim 24, 
as Filed and Amended 

The Examiner has refused to examine claim 35 and has withdrawn it 

from consideration, alleging that the oxazolidine moiety on the side chain 

makes the compound of claim 35 distinct from the other claims of record 

wherein the C-13 side chain is a phenylisoserine derivative moiety. Applicants 

respectfully disagree, but since this claim has been canceled without prejudice, 

this issue is moot. 

The Rejection Under 35 U.S.C. § 102(b) over Holton '526 Fails For Claim 17 

Claim 17 was again rejected as anticipated by compounds 6b to 6d of 

Holton, U.S. Patent No. 5,229,526. 1 According to the Examiner, the OT1 and Z 

groups of Holton embrace the instant R4 and R5 groups as being hydroxy 

The other claims rejected under§ 102 have been cancelled without 
prejudice. 

25 
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protecting groups. Applicants respectfully traverse this rejection for reasons of 

record. 

Compounds 6b-6d have a C-13 side chain. Claim 17 also has a C-13 

side chain. Claim 17 has an -OH at the 2-position of the C-13 side chain. In 

contrast, Holton 6b-6d display either R1 or R2 at that position. 

As shown in attached Exhibit 1, which was discussed during the 

interview, Holton '526, at column 4, defines R1 and R2 . R1 is -OR6 , -SR7 , or -

NR8R9• Of these three possibilities, only -OR6 is possibly relevant to claim 17 

with respect to anticipation. R6 , however, as revealed at column 4 of Holton, 

cannot be H; it is rather, one of alkyl, alkenyl, alkynyl, aryl, heteroaryl, or 

hydroxy protecting group. Therefore, no possibility for R1 can anticipate the 

species recited in claim 17. 

As further shown in Exhibit 1, R2 in Holton '526 is one of hydrogen, alkyl, 

alkenyl, alkynyl, aryl, or heteroaryl. None of these is -OH. Therefore, no 

possibility for R2 can anticipate the species recited in claim 17. 

Accordingly, as discussed at the interview, the§ 102 rejection should be 

withdrawn with respect to claim 17. 

Rejection Under 35 U.S.C. § 103(a) over Holton '526, Greene, Holton '601 

Claim 17 was rejected under § 103 over Holton '526, Greene, Holton 

'601. For all the reasons previously of record, Applicants disagree with this 
LAW OF'"F!CES 
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declaration of Dr. Commerc;on. As explained thoroughly therein and as 

explained at the interview, Dr. Commerc;on prepared pure compounds and 

conducted tests that demonstrate that the claimed compound is patentable 

over the prior art of record because the biological properties thereof are 

unexpectedly superior. Additionally, Dr. Commerc;on explains in detail why it is 

not necessary to prepare and test a compound like the claimed compound but 

having -OEE at both the 7- and 10-positions. Dr. Commerc;on concludes that 

the Comparative A and B compounds, the structures of which are shown in 

Exhibit 2 (also discussed at the interview), along with the structure of the 

claimed compound, are much more relevant to the claime~ compound. Dr. 

Commerc;on further concludes that the comparative tests he reports 

demonstrate that compared to the suggestions of the prior art relied on by the 

Examiner, the breakthrough claimed compound is unexpectedly superior with 

respect to biological properties. 

Rejection Under 35 U.S.C. § 103 of Claim 25 

Since claim 25 has been cancelled without prejudice, this rejection is 

moot. 

Allowable Subject Matter 

Applicants thank the Examiner for his indication that claims 5-16 and 

26-34 are allowable since the claimed processes are unobvious over the prior 

art. These claims have been amended herein to eliminate dependency from 

27 
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cancelled claims. In particular, claims 5 and 13-15 have been rewritten as 

claims 36-39. 

CONCLUSION 

In view of the foregoing, it is urged that all of the pending claims are in 

condition for allowance. An early and favorable action is earnestly solicited. 

To the extent any extension of time under 37 C.F.R. § 1.136 is required 

to obtain entry of this amendment, such extension is hereby requested. If there 

are any fees due under 37 C.F.R. § 1.16 or 1.17 which are not enclosed, 

including any fees required for an extension of time under 37 C.F.R. § 1.136, 

please charge those fees to our Deposit Account No. 06-916. 

Dated: April 23, 1998 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 

By: 
Thalia V. Warnement 
Reg. N~o,:...;. ~Ul.l.=i:--.-
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Art Unit: 1203 

Claims 1-35 are pending. 

New claim 35 is withdrawn from consideration because the claimed subject matter (the 

oxazolidine moiety) is distinct from the other claims ofrecord wherein the C-13 side chain is a 

phenylisoserine derivative moiety. The other new claims 32-34 are entered and examined. 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless --

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or 
on sale in this country, more than one year prior to the date of application for patent in the United States. 

Claims 1-4, 17-24 are rejected under 35 U.S.C. 102(b) as being anticipated by compound 

6b to 6d of Holton (US 5,229,526). 

The OT, and Z groups of Holton embrace the instant R4 and R5 groups as being hydroxy 

protecting groups; note lines 23 to 35 column 6 of Holton. 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a} A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 1-4, 17-24 are rejected under 35 U.S.C. 103(a) as being unpatentable over Holton 

in view of Greene et al and Holton et al (US 5,489,601). 
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Holton teaches a protected taxane which is analogous to the claimed compounds; note the 

compounds 6b to 6d in column 12 of Holton. The prior art does not specifically teach the instant 

R4 and R5 groups; note the OT, ~d Z groups in compounds 6b and 6d of Holton, howeve~, 

Greene et al. Teaches the instant hydroxy protecting groups to be conventional; note pages 10-14 

of Greene et al; and lines 23 to 3 5 column 6 of Holton. Holton et al further teaches an analogous 

taxane wherein the C-7 and C-10 positions contain an alkoxy groups; note the R7, R7a, Rw, R10a 

groups of compound (3) in column 2 and lines 55 to 65 column 3 of the patent. It would have 

been prima facie obvious to replace the disclosed hydroxy protecting group of Holton with the 

hydroxy protecting groups as taught by Greene et al and Holton et al to form the claimed 

compounds without the loss of the same utility. 

Claim 25 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kingston et al in 

view of Holton et al (US 5,489,601). 

Kingston et al teaches a protected taxane which is analogous to the instant compounds; 

note compound 24 in column 18 of Kingston et al., Holton et al teaches a similar taxane wherein 

the hydroxy group and the protected hydroxy groups are equivalent at the C-2', C-7 and C-10 

positions of the taxane derivatives, in other word, the protection and the deprotection of the 

hydroxy group (s) oftaxanes derivatives are obvious is the art, thus the instant taxane wherein the 

C-2' hydroxy is unprotected would be deemed obvious over the protected-C-2' taxane of 

Kingston et al. 
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Applicant's remarks and Declaration filed 10-29, 1997 are considered, but not found to be 

persuasive. 

The specification would not be limited to its disclosed working examples in a narrow sense 

or to its prefound species. It is the inventive concept that provides the content of the disclosure 

and would not be interpreted as illustrative or in a limiting sense, further in view of the teachings 

of the secondary art. In the instant case, the hydroxy protecting technique in well known and 

conventional to any one of ordinary in the art and it is not a break through to show that a certain 

hydroxy protecting group can be or can not be deprotected by various reagents and/or condition 

since they are well known and documented in the art to protect or deprotect a hydroxy group 

using various technique on various hydroxy protecting group. 

Claims 5-16, 26-34 are deemed allowable. 

Any inquiry concerning this communication should be directed to Examiner Ba Trinh at 

telephone number (703) 308-4545. 

TRJNH:tcj 
February 11, 1998 

BAK. TRINH 
PRIMARY EXAMINER 

GROUP·1200 
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LAW OFF'ICl::S 

FINNEGAN, HENDERSON, 
FARABOW, GARRETT 

S DUNNER, l. L. P. 
1300 I STREET, N. W. 

WAS~INGTON, D. C. 20005 

202·408-4000 

PATENT 
Attorney Docket No.: 03806.0367 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Herve BOUCHARD et aL 

Serial No.: 08/622,011 

Filed: March 26, '1996 

For: NEVV TAXOIDS, THEIR PREPARA
TION, AND PHARMACEUTICAL 
COMPOSITIONS CONTAINING THEM 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

) 
) 
) 
) 
) 
) 
) .. Ex~miner: 8. Trinh 
) 
) 
) 
) 

AMENDMENT UNDER 37 C.F.R. § 1.115 

In response to the Office Action dated April 29, 1997, Applicants 

respectfully request reconsideration of this application in view of the following 

amendments and remarks. The period for response has been extended three 

(3) months by the accompanying petition and fee. 

IN THE CLAIMS: 

Please.; amend claims 1, 2, 5, 9, 14, 15, 16, 18, 19 and 24-28, and add 

new claims 32-35 as follows: 

1. 
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Z 0 ...... 

in which: 

• 

(I) 

0 

Z represents a hydrogen atom or a radical of formula (II): 

(II) 

in which: 

identical or different ato or radicals selected from halogen atoms, alkyl 

radicals containing 1 to carbon atoms, alkoxy radicals containing 1 to 4 

carbon atoms, and triflu romethyl radicals, 

a thenoyl radical, 

a furoyl radical, and] or 

a radical R2-0- 0- in which R2 represents: 

. - an alkyl radic I containing 1 to 8 carbon atoms, an alkenyl radical 

containing 2 to 8 caJon atoms, an alkynyl radical containing 3 to 8 carbon 

FINNEGAN, HENDERSON, 

FARABow, GARRETT atoms, a cycloalkyl r dical containing 3 to 6 carbon atoms, a cycloalkenyl 
S DUNNER,L.L.P. 

1300 I STREET, N. W. 

WASHINGTON, O. C. 20005 

202-408-4000 

' 

2 
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• 
radical containing 4 to 6 carbon atoms or a bicycloal yl radical containing 7 to 

10 carbon atoms, these radicals being optionally ubstituted with one or more 

substituents selected from halogen atoms; hyd oxyl radicals; alkoxy radicals 

containing 1 to 4 carbon atoms; dlalkylamin radicals in which each alkyl 

portion contains 1 to 4 carbon atoms; pip ridino radicals; morpholino radicals; 

1-piperazinyl radicals optionally substit ted at position 4 with an alkyl radical 

containing 1 to 4 carbon atoms or w· h a phenylalkyl radical in which the alkyl 

portion contains 1 to 4 car ; cycloalkyl radicals containing 3 to 6 

ne or more atoms or radicals selected from 

halogen atoms, alkyl radi als containing 1 to 4 carbon atoms and alkoxy 

radicals containing 1 t 4 carbon atoms; cyano radicals; carboxyl radicals; and 

alkoxycarbonyl radi Is in which the alkyl portion contains 1 to 4 carbon atoms, 

- a phenyl r a- or ~-naphthyl radical optionally substituted with one or 

more atoms or adicals selected from halogen atoms; alkyl radicals containing 1 

to 4 carbon toms; and alkoxy radicals containing 1 to 4 carbon atoms, 

- [ ] a 5-membered aromatic heterocyclic radical, or 

- [or] a saturated heterocyclic radical containing 4 to 6 carbon atoms, 

ally substituted with one or more alkyl radicals containing 1 to 4 carbon 

3 
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·• 
R3 represents an unbranched or branched lkyl radical containing 1 to 8 

carbon atoms, an unbranched or branched alk nyl radical containing 2 to 8 

Qarbon atoms, an unbranched or branched ynyl radical containing 2 to 8 

carbon atoms, a cycloalkyl radical containi g 3 to 6 carbon at.oms, a phenyl or 

a- or P-naphthyl radical optionally substi ted with one or more identical or 

different atoms or radicals selected fr m halogen atoms, alkyl, alkenyl, alkynyl, 

dialkylcarbamoyl, cyano, nitro 

[or] a 5-membered ar atic heterocycle containing one or more identical 

or different hetero atoms se ected from nitrogen, oxygen and sulphur atoms 

and optionally substituted ith one or more identical or different substituents 

selected from halogen a oms, alkyl, aryl, amino, alkylamino, dialkylamino, 

alkoxycarbonylamino, cyl, arylcarbonyl, cyano, carboxyl, carbamoyl, 

alkylcarbamoyl, dialk lcarbamoyl and alkoxycarbonyl radicals, 

with the prov· o that, in the substituents of the phenyl, a- or P-naphthyl 

and aromatic heti.cyclic radicals in the definitions of R2 and R,. the alkyl 

radicals and the lkyl portions of the other radicals contain 1 to 4 carbon atoms, 

4 
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• 
and the alkenyl and alkynyl radicals contain 2 to 8 car n atoms, and the aryl 

radicals are phenyl or a- or ~-naphthyl radicals, 

R4 represents an alkoxy radical containin 1 to 6 carbon atoms in an 

unbranched or branched chain [, an alkenylo radical containing 3 to 6 carbon 

atoms in an unbranched or branched chai , an alkynyloxy radical containing 3 

to 6 carbon atoms in an unbranch anched chain, a cycloalkyloxy radical 

alkenyloxy radical containing 4 to 6 

alkoxy radical containing 1 to 4 

carbon atoms, an alkylthio radi I containing 1 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbonyl r dical in which the alkyl portion contains 1 to 4 

carbon atoms, a cyano radi al, a carbamoyl radical, an N-alkylcarbamoyl 

radical, and an N,N-dialk>; carbamoyl radical in which each alkyl portion 

contains 1 to 4 carbon 

or, both alkyl p rtions, together with the nitrogen atom to which they are 

linked, form a satur ed 5- or 6-membered heterocyclic radical optionally 

containing a seco d hetero atom selected from oxygen, sulphur and nitrogen 

atoms, optional!~ substituted with an alkyl radical containing 1 to 4 carbon 

5 
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atoms, a phenyl radical or a phenylalkyl radical in whi 

contains 1 to 4 carbon atoms], and 

• 

. R5 represents an alkoxy radical containi g 1 to 6 carbon atoms in an 

unbranched or branched chain (optionally bstituted with an alkoxy radical 

containing 1 to 4 carbon atoms, an alke loxy radical containing 3 to 6 carbon 

atoms, an alkynyloxy radical containi 3 to 6 carbon atoms, a cycloalkyloxy 

s or a cycloalkenyloxy radical containing 3 

carbon atoms, an alkylthio r·qRtieat1Scontaining 2 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbon I radical in which the alkyl portion contains 1 to 4 

carbon atoms, a cyano r. dical, a carbamoyl radical, an N-alkylcarbamoyl 

radical, and an N,N-di lkylcarbamoyl radical in which each alkyl portion 

or, both alk I portions, together with the nitrogen atom to which they are 

linked, form a sa rated 5- or 6-membered heterocyclic radical optionally 

containing a se ond hetero atom selected from oxygen, sulphur and nitrogen 

atoms, option lly substituted with an alkyl radical containing 1 to 4 carbon 

6 
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atoms, a phenyl radical, or a phenylalkyl radical in ich the alkyl portion 

contains 1 to 4 carbon atoms]. 

2. (Amended) A taxoid according o claim 1, wherein Z represents a 

hydrogen atom or a radical of formula (II) · which 

al containing 1 to 6 carbon atoms; an alkenyl 

radical containing 2 to 

ected from halogen atoms, alkyl, alkoxy, 

dialkylamino, acylamin , alkoxycarbonylamino and trifluoromethyl radicals; or a 

2-furyl, 3-furyl, 2-thi yl, 3-thienyl, 2-thiazolyl, 4-thiazolyl, or 5-thiazolyl radical 

[.and 

5, which may be identical or different, each represent an 

unbranche or branched alkoxy radical containing 1 to 6 carbon atoms]. 
I 

,...-c aim 5, line 8 (page 73, line 4), replace "above" by --in claim 1--; 

/ last line (page 74, line 3), after "Rs and R/' insert --together--. 

/Claim 9, line 2 (page 7 4, line 18), after "Rs and R/' insert --together--; 

7 
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/line 15 (page 75, line 8), replace "above" by --in claim 5--; 

/line 25 (page 75, line 18), insert --and further-- before "wherein"; 

)ine 35 (page 76, line 10), replace "where appropriate" by --

optionally--; 

/ line 38, (page 76, line12), replace "above" by -- in claim 5--; 

/line 43, (page 77, line 1), replace "1" by--5--. 

Claim 14, line 22, (page 4, line 1 of April 18, 1996 Preliminary 

and X2 represents a reactive ester 

residue or a halogen atom't.:. 

line 24, (page 4, line 3 of replace "April 18, 1996 Preliminary 

Amendment), replace "groups of formula (V) with" with --group(s) of formula (V) 

with one or two--. 

15. (Amended) A process for preparing a product ace laim 

1 , comprising reacting 

o 3 carbon atoms or an ether, with a product of formula 

(XXI): 

8 
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z 0'""' I 

(XXI) 

in which R4 is defined as i nd R11
, which may be identical or 

different, 

n atom or an alkyl radical containing 1 to 6 carbon 

atoms, an alkenyl radic containing 2 to 6 carbon atoms, an alkynyl radical 

containing 3 to 6 carb n atoms, a cycloalkyl radical containing [2] ~to 6 carbon 

nyl radical containing 3 to 6 carbon atoms, optionally 

, together with the carbon atom to which they are linked, form a 

cycloalkyl ra cal containing 3 to 6 carbon atoms or a cycloalkenyl radical 

to 6 carbon atoms, and Z1 represents a hydrogen atom or a radical 

9 
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in which R1 and R3 are defined in cl 1m 1 and either Rs represents a hydrogen 

ZO···· I 

i if 
OCOC6H5 bCOCH3 

(XX III) 

followed, when Z1 r presents a radical of formula (XXll), by replacing the 

represented by Rs or Rs and R7 together by hydrogen 

10 
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1) when R6 represents a hydro en atom and 7 represents a group 

hydrogen atoms is accomplished 

with at least one inor anic or or 

selected from alcohols ethers esters 

urated 5- or 6-membered · 

(VI) 

in which 1 is defined as in claim 1 and R8 and R9 , which may be 

or different 

11 
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4 carbon atoms or an aralk I radical in w 1ch the alk I ortion 

contains 1 to 4 carbon atoms or an a 

substituted with a trihalometh 

hydrogen atom. or 

which the are linked 

and further wherein when: 

1 to 

1to4 

re resent an alk I radical or an 

aralkyl or aryl radical. or 

alternativZy R, represents a trihalomethyl radical or a phenyl 

radical substiLted with a trihalomethyl radical and R, represents a 

hydrogen aim, or 

altelatively R, and R9 together form a 4- to 7-membered ring, 

said re lacin ,~e rotective rou s b h dro en atoms is accom lished 

12 
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anic 

acid with an or anic solvent t obtain the reduct of 

formula (VII}: 

(Vil) 

I chloride· furo I chloride· or 

.!.!..!.._~'./-=h.!-.R,_,,.2 is defined in claim 1 and X represents a halogen atom 

roduct of formula I in which Z re resents a radical of 

13 
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(II) 

one or more 1 to 4 carbon atoms and R9 

formed b R and R7 together 

b is accom fished 

of at least one inor anic or or anic acid in a 

stoichiometric or c and in an or anic solvent selected 

halo enated 

bons and aromatic h drocarbons 

rature of from -10 to 60°C. 

14 
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t1 
ts. 

said process of reactin said acti. · 
. _,,.,..,-··· 

,,,-" 

formula (XXI) is carrieq,.odt at a te ,..,,. 

• 
l I 

~ 
ccording to claim W, wherein 

nickel with a oduct of 

of from -10 to 60°C 

18. (Am'~nded) [4a-Acetoxy-2a-benzoylox 1 ~-hydroxy-5~,20-epoxy-

7~-methoxy-1 O~-ethoxy-9-oxo-11-taxen-13a-yl ( 

lamino-2-h droxy-3-

phenylpropionate. 

19. 

I 2R 35 -3-tert-

24. 

15 
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(V) 

0 

wherein 

carbon atoms, and trifluoro 

a thenoyl radical, 

a radical R2-0-C in which R2 represents: 

- an alkyl radical containing 1 to 8 carbon atoms, an alkenyl radical 

containing 2 to 8 carb n atoms, an alkynyl radical containing 3 to 8 carbon 

atoms, a cycloalkyl r dical containing 3 to 6 carbon atoms, a cycloalkenyl 

radical containing 4 o 6 carbon atoms or a bicycloalkyl radical containing 7 to 

10 carbon atoms, ese radicals being optionally substituted with one or more 

L.AW OFFICES 

substituents sele ed from halogen atoms; hydroxyl radicals; alkoxy radicals 

FINNEGAN, HENDERSON, 

FARABow, GARRETT containing 1 to 4 carbon atoms; dialkylamino radicals in which each alkyl 
S DUNNER,L.LP. 

1300 I STREET, N. W. 

WASHINGTON, O. C. 20005 

202-408-4000 16 
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portion contains 1 to 4 carbon atoms; piperidino r aicals; morpholino radicals; 

1-piperazinyl radicals optionally substituted at osition 4 with an alkyl radical 

containing 1 to 4 carbon atoms or with a ph ylalkyl radical in which the alkyl 

portion contains 1 to 4 carbon atoms; cycl alkyl radicals containing 3 to 6 

carbon atoms; cycloalkenyl radicals co aining 4 to 6 carbon atoms; phenyl 

radicals optionally substituted with 

halogen atoms, alkyl radicals co carbon atoms and alkoxy 

alkoxycarbonyl radicals in which rtion contains 1 to 4 carbon atoms, 

- a phenyl or a- or 13-na hthyl radical optionally substituted with one or 

more atoms or radicals selec ed from halogen atoms; alkyl radicals containing 1 

to 4 carbon atoms; and alk y radicals containing 1 to 4 carbon atoms, 

- [or] a 5-membere aromatic heterocyclic radical, or 

- [or] a saturated eterocyclic radical containing 4 to 6 carbon atoms, 

optionally substituted w th one or more alkyl radicals containing 1 to 4 carbon 

atoms, 

n unbranched or branched alkyl radical containing 1 to 8 

carbon atoms, an u branched or branched alkenyl radical containing 2 to 8 

~AW OF'F'ICES 

carbon atoms, an nbranched or branched alkynyl radical containing 2 to 8 

FINNEGAN, HENDERSON, 

FARAaow, GARRETT carbon atoms, a ycloalkyl radical containing 3 to 6 carbon atoms, a phenyl or 
S DUNNER, L. L. P. 
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a- or ~-naphthyl radical optionally substituted with one or more atoms or 

radicals selected from halogen atoms, alkyl, alk nyl, alkynyl, aryl, aralkyl, 

alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, hy, roxyalkyl, mercapto, formyl, 

acyl, acylamino, aroylamino, alkoxycarbonyl mino, amino, alkylamino, 

dialkylamino, carboxyl, alkoxycarbonyl, ca amoyl, alkylcarbamoyl, 

dialkylcarbamoyl, cyano, nitro and t( 

identical or different hetero ato 

atoms and optionally substitute 

substituents selected from halog n atoms, alkyl, aryl, amino, alkylamino, 

dialkylamino, alkoxycarbonyla no, acyl, arylcarbonyl, cyano, carboxyl, 

carbamoyl, alkylcarbamoyl, di lkylcarbamoyl and alkoxycarbonyl radicals, 

with the proviso that, · the substituents of the phenyl, a- or ~-naphthyl 

and aromatic heterocyclic r dicals in the definitions of R2 and R
3

, the alkyl 

radicals and the alkyl port· ns of the other radicals contain 1 to 4 carbon atoms, 

and the alkenyl and alky yl radicals contain 2 to 8 carbon atoms, and the aryl 

radicals are phenyl or or ~-naphthyl radicals, 

R4 represents a alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branc ed chain [, an alkenyloxy radical containing 3 to 6 carbon 

18 
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atoms in an unbranched or branched chain, an alk~ yloxy radical containing 3 

to 6 carbon atoms in an unbranched or branche chain, a cycloalkyloxy radical 

containing 3 to 6 carbon atoms or a cycloalke yloxy radical containing 4 to 6 

carbon atoms, these radicals being optiona y substituted with at least one 

substituent selected from halogen atoms an alkoxy radical containing 1 to 4 

carbon atoms, an alkylthio radical cont ining 1 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbonyl radical i which the alkyl portion contains 1 to 4 

r amoyl radical, an N-alkylcarbamoyl 

radical, and an N,N-dialk 

contains 1 to 4 carbon at 

ether with the nitrogen atom to which they are· 

linked, form a saturated 5- r 6-membered heterocyclic radical optionally 

containing a second hete o atom selected from oxygen, sulphur and nitrogen 

atoms, optionally substi uted with an alkyl radical containing 1 to4 carbon 

atoms, a phenyl radic I or a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carb n atoms ], 

an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or br nched chain [optionally substituted with an alkoxy radical 

containing 1 to 4 carbon atoms, an alkenyloxy radical containing 3 to 6 carbon 

19 
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• 
atoms, an alkynyloxy radical containing 3 to carbon atoms, a cycloalkyloxy 

radical containing 3 to 6 carbon atoms or cycloalkenyloxy radical containing 3 

to 6 carbon atoms, these radicals being ptionally substituted with at least one 

substituent selected from halogen ato s, an alkoxy radical containing 1 to 4 

carbon atoms, ari alkylthio radical c ntaining 2 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbonyl radic in which the alkyl portion contains 1 to 4 

radical, and an N,N-dialkylcar moyl radi al in which each alkyl portion 

or, both alkyl portio s, together with the nitrogen atom to which they are 

linked, form a saturated 5 terocyclic radical optionally 

containing a second heter ed from oxygen, sulphur and nitrogen 

atoms, optionally substitu ed with an alkyl radical containing 1 to 4 carbon 

atoms, a phenyl radical, r a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon toms ] , and 

either Rs repre ents a hydrogen atom and R7 represents a group 

protecting the hydro I function, or Rs and R7 together form a saturated 5- or 

25. (Ame ded) An ester of formula (VII): 

20 
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Uo 
R3 l 

(VII) 

OH 

wherein 

carbon atoms, an unbranche o branched alkynyl radical containing 2 to 8 

carbon atoms, a cycloalkyl ra to 6 carbon atoms, a phenyl or 

radicals selected from hal gen atoms, alkyl, alkenyl, alkynyl, aryl, aralkyl, 

alkoxy, alkylthio, ary!oxy, arylthio, hydroxyl, hydroxyalkyl, mercapto, formyl, 

acyl, acylamino, aroyla ino, alkoxycarbonylamino, amino, alkylamino, 

dialkylamino, carboxy , alkoxycarbonyl, carbamoyl, alkylcarbamoyl, 

dialkylcarbamoyl, CY. no, nitro and trifluoromethyl radicals, or 

[or] a 5-me bered aromatic heterocycle containing one or more 

identical or differ nt hetero atoms selected from nitrogen, oxygen and sulphur 

atoms and optio ally substituted with one or more identical or different 
L.AW OFFICES 

FINNEGAN, HENDER.SON, 

FARABow, GARRETT substituents s ected from halogen atoms, alkyl, aryl, amino, alkylamino, 
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dialkylamino, alkoxycarbonylamino, acyl, arylcarbonyl, c ano, carboxyl, 

carbamoyl, alkylcarbamoyl, dialkylcarbamoyl and alk ycarbonyl radicals, 

with the proviso that, in the substituents of e phenyl, a- or J3-naphthyl 

and aromatic heterocyclic radicals in the defin· ions of R2 and R
3

, the alkyl 

radicals and the alkyl portions of the other r icals contain 1 to 4 carbon atoms, 

atoms in an unbranched or 

to 6 carbon atoms in an un ranched chain, a cycloalkyloxy radical 

containing 3 to 6 carbon oms or a cycloalkenyloxy radical containing 4 to 6 

carbon atoms, these r icals being optionally substituted with at least one 

substituent selected om halogen atoms, an alkoxy radical containing 1 to 4 

carbon atoms, an lkylthio radical containing 1 to 4 carbon atoms, a carboxyl 

radical, an alkyl ycarbonyl radical in which the alkyl portion contains 1 to 4 

cyano radical, a carbamoyl radical, an N-alkylcarbamoyl 

radical, and n N,N-dialkylcarbamoyl radical in which each alkyl portion 

22 
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or, both alkyl portions, together with the nitrogen tom to which they are 

linked, form a saturated 5- or 6-membered heterocy ic radical optionally 

containing a second hetero atom selected from ygen, sulphur and nitrogen 

atoms, optionally substituted with an alkyl ra ·ca! containing 1 to 4 carbon 

atoms, a phenyl radical or a phenylalkyl r ical in which the alkyl portion 

contains 1 to 4 carbon atoms), a 

ntaining 1 to 6 carbon atoms in an 

to 6 carbon atoms, a cycloalkyloxy 

radical containing 3 to 6 arbon atoms or a cycloalkenyloxy radical containing 3 

to 6 carbon atoms, th se radicals being optionally substituted with at least one 

substituent selecte from halogen atoms, an alkoxy radical containing 1 to 4 

carbon atoms, a alkylthio radical containing 2 to 4 carbon atoms, a carboxyl 

radical, an alk~ oxycarbonyl radical in which the alkyl portion contains 1 to 4 

carbon atom , a cyano radical, a carbamoyl radical, an N-alkylcarbamoyl 

radical, an an N,N-dialkylcarbamoyl radical in which each alkyl portion 

contains to 4 carbon atoms 

23 
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or, both alkyl portions, together with the nit 

linked, form a saturated 5- or 6-member 

elected from oxygen, sulphur and nitrogen 

nylalkyl radical in which the alkyl portion 

4 carbon atoms]. 

.) 26. (Amended) A method comprising the step of etherifying selectively 

at position 7 a compound of the formula (XIV): 

(XIV) 

H 
0 

6coc6H5 bcoc~ 

wherein R4 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain [, an alkenyloxy radical containing 3 to 6 carbon 

atoms in an unbranched or branched chain, an alkynyloxy radical containing 3 

to 6 carbon atoms in an unbranched or branched chain, a cycloalkyloxy radical 

containing 3 to 6 carbon atoms or a cycloalkenyloxy radical containing 4 to 6 

carbon atoms, these radicals being optionally substituted with at least one 
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substituent selected from halogen atoms, an alkoxy radical containing 1 to 4 

carbon atoms, an alkylthio radical containing 1 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbonyl radical in which the alkyl portion contains 1 to 4 

carbon atoms, a cyano radical, a carbamoyl radical, an N-alkylcarbamoyl 

radical, and an N,N-dialkylcarbamoyl radical in which each alkyl portion 

contains 1 to 4 carbon atoms 

or, both alkyl portions, together with the nitrogen atom to which they are 

linked, form a saturated 5- or 6-membered heterocyclic radical optionally 

containing a second hetero atom selected from oxygen, sulphur and nitrogen 

atoms, optionally substituted with an alkyl radical containing 1 to 4 carbon 

atoms, a phenyl radical ·or a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon atoms], 

with a compound of the formula (XV): 

wherein R'5 represents a radical such that R'5-0 represents an alkoxy 

radical containing 1 to 6 carbon atoms in an unbranched or branched chain 

(optionally substituted with an alkoxy radical containing 1 to 4 carbon atoms, an 

alkenyloxy radical containing 3 to 6 carbon atoms, an alkynyloxy radical 

containing 3 to 6 carbon atoms, a cycloalkyloxy radical containing 3 to 6 carbon 
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atoms or a cycloalkenyloxy radical containing 3 to 6 carbon atoms, these 

radicals being optionally substituted with at least one substituent selected from 

halogen atoms, an .alkoxy radical containing 1 to 4 carbon atoms, an alkylthio 

radical containing 2 to 4 carbon atoms, a carboxyl radical, an alkyloxycarbonyl 

radical in which the alkyl portion contains 1 to 4 carbon atoms, a cyano radical, 

a carbamoyl radical, an N-alkylcarbamoyl radical, and an N,N-dialkylcarbamoyl 

radical in which each alkyl portion contains 1 to 4 carbon atoms 

or, both alkyl portions, together with the nitrogen atom to which they are 

linked, form a saturated 5- or 6-membered heterocyclic radical optionally 

containing a second hetero atom selected from oxygen, sulphur and nitrogen 

atoms, optionally substituted with an alkyl radical containing 1 to 4 carbon 

atoms, a phenyl radical, or a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon atom?,] and X2 represents a reactive ester residue or a 

halogen atom, to produce a compound of the formula (I): 

Rs 

(I) 

. . 

~coc H bcocH3 
6 5 
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wherein Z is hydrogen, R4 is as defined above, and Rs }s identical to R's as 

defined above. 

4- :er. (Amended) A method comprising· the step of reacting a product of 

the formula (XV): 

wherein R's represents a-radical such that R's-0 represents an alkoxy 

radical containing 1 to 6 carbon atoms in an unbranched or branched chain 

>El~tio11aM~· s1:1bstitute9 tNitl:i aA alkoxy Failisal eeAtaininfJ 1 to 4 carsofOI atems, [an -
alkenyloxy radical containing 3 to 6 carbon atoms, an alkynyloxy radical 

containing 3 to 6 carbon atoms, a cycloalkyloxy radical containing 3 to 6 carbon 

atoms or a cycloalkenyloxy radical containing 3 to 6 carbon atoms, these 

radicals being optionally substituted with at least one substituent selected from 

halogen atoms, an alkoxy radical containing 1 to 4 carbon atoms, an alkylthio 

radical containing 2 to 4 carbon atoms, a carboxyl radical, an alkyloxycarbonyl 

radical in which the alkyl portion contains 1 to 4 carbon atoms, a cyano radical, 

a carbamoyl radical, an N-alkylcarbamoyl radical, and an N,N-dialkylcarbamoyl 

radical in which each alkyl portion contains 1 to 4 carbon atoms 

or, both alkyl portions, together with the nitrogen atom to which they are 

linked, form a saturated 5- or 6-membered heterocyclic radical optionally 
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containing a second hetero atom selected from oxygen, sulphur and nitrogen 

atoms, optionally substituted with an alkyl radical containing 1 to 4 carbon 

atoms, a phenyl radical, or a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon atoms,] and X2 represents a reactive ester residue or a 

halogen atom, 

with a compound of the formula {XIX): 

OH 

(XIX) 

l i-I 
OCOC6H5 bCOCH3 

wherein R1 represents a benzoyl radical optionally substituted with one 

or more identical or different atoms or radicals selected from halogen atoms, 

alkyl radicals containing 1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 

carbon atoms, and trifluoromethyl radicals, 

a thenoyl radical, 

a furoyl radical, [and] or 

a radical R2-0-CO- in which R2 represents: 
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- an alkyl radical containing 1 to 8 carbon atoms, an alkenyl radical 

containing 2 to 8 carbon atoms, an alkynyl radical containing 3 to 8 carbon 

atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a cycloalkenyl 

radical containing 4 to 6 carbon atoms or a bicycloalkyl radical containing 7 to 

10 carbon atoms, these radicals being optionally substituted with one or more 

substituents selected from halogen atoms; hydroxyl radicals; alkoxy radicals 

containing 1 to 4 carbon atoms; dialkylamino radicals in which.each alkyl 

portion contains 1 to 4 carbon atoms; piperidino radicals; morpholino radicals; 

1-piperazinyl radicals optionally substituted at position 4 with an alkyl radical 

containing 1 to 4 carbon atoms or with a phenylalkyl radical in which the alkyl 

portion contains 1 to 4 carbon atoms; cycloalkyl radicals containing 3 to 6 

carbon atoms; cycloalkenyl radicals containing 4 to 6 carbon atoms; phenyl 

radicals optionally substituted with one or more atoms or radicals selected from 

halogen atoms, alkyl radicals containing 1 to 4 carbon atoms and alkoxy 

radicals containing 1 to 4 carbon atoms; cyano radicals; carboxyl radicals; and 

alkoxycarbonyl radicals in which the alkyl portion contains 1 to 4 carbon atoms, 

- a phenyl or a- or ~-naphthyl radical optionally substituted with one or 

more atoms or radicals selected from halogen atoms; alkyl radicals containing 1 

to 4 carbon atoms; and alkoxy radicals containing 1 to 4 carbon atoms, 

- a 5-membered aromatic heterocyclic radical, or 

LQ/ NEPTUNE GENERICS  EX. 00650



LAW OFFICES 

FINNEGAN, HENDERSON, 
fARABOW, GARRETT 

S 0UNNER,L.L.P. 
1300 I STREET, N. W. 

WASHINGTON, O. C. 20005 

202-408-4000 

• • 
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

- [or] a saturated heterocyclic radical containing 4 to 6 carbon atoms, 

optionally substituted with one or more alkyl radicals containing 1 to 4 carbon 

atoms, 

R3 represents an unbranched or branched alkyl radical containing 1 to 8 

carbon atoms, an unbranched or branched alkenyl radical containing 2 to 8 

carbon atoms, an unbranched or branched alkynyl radical containing 2 to 8 

carbon atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a phenyl or 

a- or ~-naphthyl radical optionally substituted with one or more atoms or 

radicals selected from halogen atoms, alkyl, alkenyl, alkynyl, aryl, aralkyl, 

alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, hydroxyalkyl, mercapto, formyl, 

acyl, acylamino, aroylamino, alkoxycarbonylamino, amino, alkylamino, 

dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, alkylcarbamoyl, 

dialkylcarbamoyl, cyano, nitro and trifluoromethyl radicals, or 

[or] a 5-membered aromatic heterocycle containing one or more 

identical or different hetero atoms selected from nitrogen, oxygen and sulphur 

atoms and optionally substituted with one or more identical or different 

substituents selected from halogen atoms, alkyl, aryl, amino, alkylamino, 

dialkylamino, alkoxycarbonylamino, acyl, arylcarbonyl, cyano, carboxyl, 

carbamoyl, alkylcarbamoyl, dialkylcarbamoyl and alkoxycarbonyl radicals, 
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with the proviso that, in the substituents of the phenyl, a- or ~-naphthyl 

and aromatic heterocyclic radicals in the definitions of R2 and R3, the alkyl 

radicals and the alkyl portions of the other radicals contain 1 to 4 carbon atoms, 

and the alkenyl and alkynyl radicals contain 2 to 8 carbon atoms, and the aryl 

radicals are phenyl or a- or ~-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain [. an alkenyloxy radical containing 3 to 6 carbon 

atoms in an unbranched or branched chain, an alkynyloxy radical containing 3 

to 6 carbon atoms in an unbranched or branched chain, a cycloalkyloxy radical 

containing 3 to 6 carbon atoms or a cyc!oalkenyloxy radical containing 4 to 6 

carbon atoms, these radicals being optionally substituted with at least one 

substituent selected from halogen atoms, an alkoxy radical containing 1 to 4 

carbon atoms, an alkylthio radical containing 1 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbonyl radical in which the alkyl portion contains 1 to 4 

carbon atoms, a cyano radical, a carbamoyl radical, an N-alkylcarbamoyl 

radical, and an N,N-dialkylcarbamoyl radical in which each alkyl portion 

contains 1 to 4 carbon atoms 

or, both alkyl portions, together with the nitrogen atom to which they are 

linked, form a saturated 5- or 6-membered heterocyclic radical optionally 
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containing a second hetero atom selected from oxygen, sulphur and nitrogen 

atoms, optionally substituted with ·an alkyl radical containing 1 to 4 carbon 

atoms, a phenyl radical or a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon atoms,] and 

--
either Rs represents a hydrogen atom and R7 represents a group 

protecting the hydroxyl function, or Rs and R7 together form a saturated 5- or 

6-membered heterocycle, 

to form a compound of the formula (V): 

Rs 

(V) ./ 
0 

l H : 
OCOC6H5 bCOCH3 

wherein R5 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain (optionally substituted with an alkoxy radical 

containing 1 to 4 carbon atoms, an alkenyloxy radical containing 3 to 6 carbon 

atoms, an alkynyloxy radical containing 3 to 6 carbon atoms, a cycloalkyloxy 

radical containing 3 to 6 carbon atoms or a cycloalkenyloxy radical containing 3 
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to 6 carbon atoms, these radicals being optionally substituted with at least one 

substituent selected from halogen atoms, an alkoxy radical containing 1 to 4 

carbon atoms, an alkylthio radical containing 2 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbonyl radical in which the alkyl portion contains 1 to 4 

carbon atoms, a cyano radical, a carbamoyl radical, an N-alkylcarbamoyl 

radical, and an N,N-dialkylcarbamoyl radical in which each alkyl portion 

contains 1 to 4 carbon atoms 

or, both alkyl portions, together with the nitrogen atom to which they are 

linked, form a saturated 5- or 6-membered heterocyclic radical optionally 

containing a second hetero atom selected from oxygen, sulphur and nitrogen 

atoms, optionally substituted with an alkyl radical containing 1 to 4 carbon 

atoms, a phenyl radical, or a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon atoms,] and R, R3 R4 Rs. and R7 are as defined above. . . . 

(Amended) A method comprising the step of replacing with 

hydrogen atom(s) group(s) Rs and R7 in a compound of the formula (V): 
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Rs 

l H: 
OCOC6H5 bCOC8:J . 

wherein: 

R1 represents a benzoyl radical optionally substituted with one or more 

identical or different atoms or radicals selected from halogen atoms, alkyl 

radicals containing 1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 

carbon atoms, and trifluoromethyl radicals, 

a thenoyl radical; 

a furoyl radical, [and] or 

a radical R2-0-CO- in which R2 represents: 

- an alkyl radical containing 1 to 8 carbon atoms, an alkenyl radical 

containing 2 to 8 carbon atoms, an alkynyl radical containing 3 to 8 carbon 

atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a cycloalkenyl 

radical containing 4 to 6 carbon atoms or a bicycloalkyl radical containing 7 to 

10 carbon atoms, these radicals being optionally substituted with one or more 

substituents selected from halogen atoms; hydroxyl radicals; alkoxy radicals 
LAW OF'FICE.S 

FINNEGAN, HENDERSON, 
FARAaow, GARRETT containing 1 to 4 carbon atoms; dialkylamino radicals in which each alkyl 
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portion contains 1 to 4 carbon atoms; piperidino radicals; morpholino radicals; 

1-piperazinyl radicals optionally substituted at position 4 with an alkyl radical 

containing 1 to 4 carbon atoms or with a phenylalkyl radical in which the alkyl 

portion contains 1 to 4 carbon atoms; cycloalkyl radicals containing 3 to 6 

carbon atoms; cycloalkenyl radicals containing 4 to 6 carbon atoms; phenyl 

radicals optionally substituted with one or more atoms or radicals selected from 

halogen atoms, alkyl radicals containing 1 to 4 carbon atoms and alkoxy 

radicals containing 1 to 4 carbon atoms; cyano radicals; carboxyl radicals; and 

alkoxycarbonyl radicals in which the alkyl portion contains 1 to 4 carbon atoms, 

- a phenyl or a- or P-naphthyl· radical optionally substituted with one or . 

more atoms or radicals selected from halogen atoms; alkyl radicals containing 1 

to 4 carbon atoms; and alkoxy radicals containing 1 to 4 carbon atoms, 

- a 5-membered aromatic heterocyclic radical, or 

- [or] a saturated heterocyclic radical containing 4 to 6 carbon atoms, 

optionally substituted with one or more alkyl radicals containing 1 to 4 carbon 

atoms, 

R3 represents an unbranched or branched alkyl radical containing 1 to 8 

carbon atoms, an unbranched or branched alkenyl radical containing 2 to 8 

carbon atoms, an unbranched or branched alkynyl radical containing 2 to 8 

FINNEGAN, HENDERSON, 

FARABow, GARRErr carbon atoms, a cycloalkyl radical containing 3 to 6 carbon atoms, a phenyl or 
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a- or '3-naphthyl radical optionally substituted with one or more atoms or 

radicals selected from halogen atoms, alkyl, alkenyl, alkynyl, aryl, aralkyl, 

alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, hydroxyalkyl, mercapto, formyl, 

acyl, acylamino, aroylamino, alkoxycarbonylamino, amino, alkylamino, 

dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl, alkylcarbamoyl, 

dialkylcarbamoyl, cyano, nitro and trifluoromethyl radicals, or 

[or] a 5-membered aromatic heterocycle containing one or more 

identical or different hetero atoms selected from nitrogen, oxygen and sulphur 

atoms and optionally substituted with one or more identical or different 

substituents selected from halogen atoms, alkyl, aryl, amino, alkylamino, 

dialkylamino, alkoxycarbonylamino, acyl, arylcarbonyl, cyano, carboxyl, 

carbamoyl, alkylcarbamoyl, dialkylcarbamoyl and alkoxycarbonyl radicals, 

with the proviso that, in the substituents of the phenyl, a- or J3-naphthyl 

and aromatic heterocyclic radicals in the definitions of R2 and R3 , the alkyl 

radicals and the alkyl portions of the other radicals contain 1 to 4 carbon atoms, 

and the alkenyl and alkynyl radicals contain 2 to 8 carbon atoms, and the aryl 

radicals are phenyl or a- or '3-naphthyl radicals, 

R4 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain [, an alkenyloxy radical containing 3 to 6 carbon 
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atoms in an unbranched or branched chain, an alkynyloxy radical containing 3 

to 6 carbon atoms in an unbranched or branched chain, a cycloalkyloxy radical 

containing 3 to 6 carbon atoms or a cycloalkenyloxy radical containing 4 to 6 

carbon atoms, these radicals being optionally substituted with at least one 

substituent selected from halogen atoms, an alkoxy radical containing 1 to 4 

carbon atoms, an alkylthio radical containing 1 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbonyl radical in which the alkyl portion contains 1 to 4 

carbon atoms, a cyano radical, a carbamoyl radical, an N-alkylcarbamoyl 

radical, and an N,N-dialkylcarbamoyl radical in which each alkyl portion 

contains 1 to 4 carbon atoms 

or, both alkyl portions, together with the nitrogen atom to which they are · 

linked, form a saturated 5- or 6-membered heterocyclic radical optionally 

containing a second hetero atom selected from oxygen, sulphur and nitrogen 

atoms, optionally substituted with an alkyl radical containing 1 to.4 carbon 

atoms, a phenyl radical or a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon atoms.] 

R5 represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain [ optionally substituted with an alkoxy radical 

containing 1 to 4 carbon atoms, an alkenyloxy radical containing 3 to 6 carbon 
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• 
atoms, an alkynyloxy radical containing 3 to 6 carbon atoms, a cycloalkyloxy 

radical containing 3 to 6 carbon atoms or a cycloalkenyloxy radical containing 3 

to 6 carbon atoms, these radicals being optionally substituted with at least one 

substituent selected from halogen atoms, an alkoxy radical containing 1 to 4 

carbon atoms, an alkylthio radical containing 2 to 4 carbon atoms, a carboxyl 

radical, an alkyloxycarbonyl radical in which the alkyl portion contains 1 to 4 

carbon atoms, a cyano radical, a carbamoyl radical, an N-alkylcarbamoyl 

radical, and an N,N-dialkylcarbamoyl radical in which each alkyl portion 

contains 1 to 4 carbon atoms 

or, both alkyl portions, together with the nitrogen atom to which they are 

linked, form a saturated 5- or 6-membered heterocyclic radical optionally 

containing a second hetero atom selected from oxygen, sulphur and nitrogen 

atoms, optionally substituted with an alkyl radical containing 1 to 4 carbon 

atoms, a phenyl radical, or a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon atoms,] and 

either Rs represents a hydrogen atom and R7 represents a group 

protecting the hydroxyl function, or Rs and R7 together form a saturated 5- or 

6-membered heterocycle, 
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• 
by treating the compound of formula (V) with an organic or inorganic 

acid, (where appropriate] optionally in an organic solvent to obtain a 

compound of the formula (VII): 

(VII) 

wherein R3 , R4 , and R5 are as defined above. 

~ A process for the preparation of 4a-acetoxy-2a-benzoyloxy-

5P,20-epoxy-1P-hydroxy-7~,1 OP-dimethoxy-9-oxo-11-taxen-13a-yl (2R,3S)-3-

tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate, said process 

comprising: 

converting 4a-acetoxy-2a-benzoyloxy-5P,20-epoxy-1P-hydroxy-7P,1 OP-

bis(methylthiomethoxy)-9-oxo-11-taxen-13a-yl (2R,4S,5R)-3-tert-

butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylate to 

said 4a-acetoxy-2a-benzoyloxy-5P,20-epoxy-1P-hydroxy-7p,1 OP-dimethoxy-9-

oxo-11-taxen-13a-yl (2R,3S)-3-tert-butoxycarbonylamino-2-hydroxy-3-

phenylpropionate. 
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7 ~ A process for the preparation of 4a-acetoxy-2.a-benzoyloxy-

5P,20-epoxy-1P-hydroxy-7~.1 OP-dimethoxy-9-oxo-11-taxen-13a-yl (2R,3S)-3-

tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate, said process 

comprising: 

(a) reacting 4a-acetoxy-2a-benzoyloxy-5P,20-epoxy-1P-7Jj,1 OP-

trihydroxy-9-oxo-11-taxen-13a-yl (2R,4S,5R)-3-tert-butoxycarbonyl-2-(4-

methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylate with dimethyl sulfoxide 

in the presence of acetic anhydride and acetic acid to obtain 4a-acetoxy-2a-

benzoyloxy-5P,20-epoxy-1f3-hydroxy-7~,1 Of3-bis(methylthiomethoxy)-9-oxo-11-

taxen-13a-yl (2R,4S,5R)-3-tert-butoxycarbonyl-2-{4-methoxyphenyl)-4-phenyl-

1,3-oxazolidine-5-carboxylate; 

{b) reacting the product obtained in (a) with activated Raney nickel to 

obtain 4a-acetoxy-2a-benzoyloxy-5P,20-epoxy-1P-hydroxy-7p,1 Of3-dimethoxy-

9-oxo-11-taxen-13a-yl (2R,4S,5R)-3-tertbutoxy-carbonyl-2-(4-methoxyphenyl)-

4-phenyl-1,3-oxazolidine-5-carboxylate; and 

{c) reacting the product obtained in {b) with an acid to obtain 4a-acetoxy-

2a-benzoyloxy-5P,20-epoxy-1~-hydroxy-7p,1 OP-dimethoxy-9-oxo-11-taxen-

13a-yl (2R,3S)-3-tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate. 
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~;bf. A process according to claim~ wherein said activated Raney 

nickel is present in step (b) in an ethanolic suspension and further wherein said 

acid in step (c) is an ethanolic solution of hydrochloric acid. 

4a-Acetoxy-2a- oyl y-5~,20-epoxy-1~-hydrox\t-7~,1 O~-

bis(methylthiomethoxy)-9-

butoxycarbonyl-2-( 4-met -4-phenyl-1, 3-oxazolid ine-5-carboxylate. t>-... 

REMARKS 

Status of Claims 

Claims 1-35 are now pending: Claims 1, 2, 5, 9, 14, 15, 16, 18, 19 and 

24-28 have been amended and new claims 32-35 added to more particularly 

point out and distinctly claim that which Applicants consider to be their 

invention. 

Claims 1, 2, and 24-28 have been amended to more precisely define 

substituents R4 and R5 in the compounds of the invention. As will be explained 

in detail below, the alkoxy groups at the 7- and 10-positions of the claimed 

compounds and intermediates cannot be considered appropriate hydroxyl 

protecting groups in taxane compounds under conditions for removing hydroxy-

protecting groups taught in U.S. Patent Nos. 5,229,526 (Holton) and 5,319,112 

FINNEGAN, HENDERSO , 

FARABow, GARRETT (Kingston), the references relied upon by the Examiner. As will be explained in 
g DUNNER, L. LP. 

1300 I STREE:T, N. W. 
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more detail below, the claimed compounds and intermediates define clearly 

over the hydroxy-group protected compounds of Kingston and Holton. The 

subject matter deleted from the present claims, however, has been deleted 

without prejudice or disclaimer and may be pursued in a later application. 

The amendments to the definition of R1 in claims 1, 24, 27, and 28 find 

support as follows: the "and" before "trifluoromethyl radicals" is supported at 

page 1, line 14 of the present specification and the "or" after "furoyl radical" is 

supported at page 2, lines 2-3. 

Claim 14 has been amended to include the definition of R'5 which was 

inadvertently omitted from the original claim. Support can be found in the 

specification, page 18, lines 3-5. 

Claim 15 has been amended to specifically include the conditions of 

claim 9 previously referred to in the last line of claim 15. The amendment 

changing the number of atoms of the cycloalkyl radical from "2 to 611 to "3 to 6 11 

was a necessary correction because a cycloalkyl radical cannot have only 2 

carbons. 

Claim 16 has been amended to clarify that it is the reaction with Raney 

nickel which is carried out at the recited temperature. 
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Claims 18 and 19 have been amended to state the names of the 

compounds as used in the present examples, which names replace the 

synonyms previously used. 

Overall, the amendments to claims 1, 2, 18, 19, 24, and 25, whether 

detailed above or not, have been made for formal clarification reasons only and 

to expedite allowance; the prior art of record does not require any amendment 

to the claims. Claims 5, 9, 14-15, and 26-28, already indicated as allowable, 

have been amended for clarity's sake only. 

New claims 32-35 find support in Example 2 at pp. 37-42 of the present 

specification. In particular, new claims 32-34 are drawn to methods of 

producing the compound of Example 2, wherein R4 and R
5 

both represent 

methoxy radicals. These claims are patentable over the prior art for the same 

reasons that the Examiner has indicated the original process claims (claims 5-

16 and 26-31) are allowable. 

Claim 35 is drawn to an intermediate compound used in the process of 

claims 32-34. This compound, while an "intermediate" in the preparation of the 

product described, is not an "intermediate" at the 7 and 10 positions because, 

as will be explained in detail below, the methoxy groups at these positions 

cannot be considered appropriate hydroxy-protecting groups in taxane 
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compounds under conditions for removing hydroxy-protecting groups taught in 

the Holton and Kingston patents of record. 

No new matter has been added by this amendment, and no estoppel is 

effected thereby. 

Interview 

Applicants thank the Examiner for the helpful interviews conducted with 

their representatives, Thalia Warnement and Tom Irving, on August 7, 1997, 

and additionally with these representatives and Dr. Alain Commen;on, one of 

the inventors, on October 2, 1997. At the interviews, Applicants presented 

amended claim 1, as set forth above, limiting R4 and R5 to unsubstituted C
1 

- C
6
· 

alkoxy radicals. Applicants also discussed with the Examiner the rejections 

under 35 U.S.C. § 102(b) and §103. The second interview narrowed the 

issues, rendering moot much of what was discussed in the first interview. 

Rejection Under 35 U.S.C. § 102 

Claims 1-4 and 17-24 are rejected under 35 U.S.C. § 102 (b) as 

anticipated by compounds 6b-6d of Holton. See column 12, lines 20-38. 

According to the Examiner, the OT1 and Z groups of Holton embrace the instant 
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R4 and Rs groups as being hydroxy protecting groups. Applicants respectfully 

traverse the rejection. 

As discussed above, Applicants have amended the compound claims to 

narrow the definitions of R4 and Rs to encompass only branched or unbranched 

C1-C6 alkoxy radicals. Holton, in compounds 6b-6d, does not teach such 

substituents. In the 7-position of the Holton compounds 6b-6d is -OT
1

, wherein 

Tis defined as a hydroxy-protecting group. In contrast, in the presently 

claimed compounds, Rs. which is at the 7-position, is branched or unbranched 

C1-C6 alkoxy. As will be now be explained in detail and as established in the 

Rule 132 Declaration of Dr. Commer9on submitted herewith; branched or 

unbranched C1-C6 alkoxy groups cannot be considered appropriate hydroxy-

protecting groups in taxane compounds under conditions for removing hydroxy-

protecting groups taught in the Holton patent. Consequently, -OT
1 

cannot be 

branched or unbranched C1-C6 alkoxy. For this reason alone, Rs is different 

from -OT1 , and the claims, as amended, are therefore novel over Holton. The 

rejection under§ 102(b) should therefore be withdrawn. 

As became clear in the second interview, a key point for patentability is 

that the branched or unbranched C1-C6 alkoxy groups defined in both R
4 

and R
5 

of the claims cannot be considered appropriate hydroxy-protecting groups in 
LAW OFFICES 

FINNEGAN, HENDERSON, 
FARABow, GARRETT taxane compounds under conditions for removing hydroxy-protecting groups 
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taught in the Holton patent. As explained by Dr. Commer9on at the second 

interview, it is basic chemical knowledge that, of the branched or unbranched 

C1-C6 alkoxy groups recited for both R4 and R5 of the claims, the easiest to 

convert to a hydroxy group would be methoxy. 

Dr. Co.mmer9on further explained in detail his belief that methoxy 

groups, as well as the other alkoxy groups recited in the claims, at the 7- and 

10-positions of the claimed compounds cannot be considered appropriate 

hydroxy protecting groups in taxane compounds under conditions for removing 

hydroxy-protecting groups taught in Holton and Kingston (Commer9on 

Declaration,~ 5). As explained in Greene, "Protective Groups in Organic 

Synthesis," First Edition, page 1 (Exhibit 1), the very nature of a protective 

group is to temporarily block a reactive site, followed by selective removal 

therefrom. According to Holton, hydroxyl protecting groups should be chosen 

so that they can easily be removed under conditions sufficiently mild to easily 

deprotect taxane compounds without disturbing the ester linkage, the basic 

taxane structure, or the taxane substituents. Thus, the conditions of Holton and 

Kingston are designed to accomplish "selective removal" of protecting groups 

only, as taught by Greene. 

Furthermore, Greene, relied on by the Examiner, teaches rather 
'-AW OFFICES 
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include methoxy, from certain compounds. See pp. 15-16 of Greene (Exhibit 

2), which Dr. Commen;on discussed at length at the interview. However, as 

further explained by Dr. Commen;on and as supported in the Chen article 

based on a March 1994 ACS Symposium (Exhibit 3) and Professor Kingston's 

1993 work: Progress in the Chemistry of Organic Natural Products, Vol. 61, p. 

77 (Exhibit 4), the rather stringent conditions established in Greene would be 

expected to have an adverse effect on the type of taxane compounds ~!aimed, 

such as opening the oxetane ring, causing the A-ring to contract, or causing 

epimerization to occur. 

The conditions for removing hydroxyl protecting groups in the Holton and 

Kingston patents are rather mild compared to the Greene conditions for 

removing methoxy groups. In fact, as discussed in detail by Dr. Commer9on at 

the interview, the Holton patent teaches at col. 4, lines 45-67 and col. 12, lines 

1-37 to one skilled in the art that an alkoxy substituent on a taxane is not a 

hydroxy protecting group for Holton's purposes. Therefore, the conditions for 

removing hydroxy-protecting groups taught in the Holton and Kingston patents 

would not be expected to remove either or both of the 7 - and 10- methoxy 

groups set forth in the amended claims (Commercon Declaration, 1J 5). 

As understood at the interview, the Examiner wants to see test results 
LAW OF'F'ICES 
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patents to remove hydroxyl protecting groups, the 7- and 10- position methoxy 

groups of the claimed invention would not be removed (Commerc;on 

Declaration, 1[5). 

With respect to the conditions utilized in the Holton and Kingston 

patents, col. 11, lines 19-23 of Holton, relating to compounds 6b, 6c, and 6d, 

upon which the Examiner relies, states that the protecting groups are 

"hydrolyzed under mild conditions so as not to disturb the ester linkage or the 

taxane substituents." (Commerc;on Declaration, 1[6). The mild conditions 

themselves, designed to easily remove the hydroxyl protecting groups but not 

to disturb the ester linkage or the taxane substituents, are defined generally in 

Holton column 6, lines 35-40, as: 

(1) 48% HF, acetonitrile, pyridine; 

(2) 0.5% HCl/water/ethanol; and/or 

(3) zinc, acetic acid. (Commerc;on Declaration, 1[6). 

Holton Example 1 demonstrates the use of conditions (1) to remove 

hydroxyl protecting groups. Holton Examples 2-15 demonstrate the use of 

conditions (2) for the same purpose. Examples 3-15 appear to disclose 

conditions somewhat less mild that Example 2 and of these, Dr. Commen;on 

considered Example 3 to be representative. The Kingston patent demonstrates 
LAW OFFICES 
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at column 20, lines 34-47. In column 18, lines 20-25, moreover, Kingston 

teaches the use of conditions (3) to deprotect the compounds which the 

Examiner relies on in his rejection. In Dr. Commen;on's view, these examples 

accurately reflect reasonable ways for one skilled in the art to attempt removal 

of hydroxyl protecting groups in taxane compounds like the Test Compound 

described below. (Commer9on Declaration, if?). 

Accordingly, based on Holton Examples 1 and 3 and Kingston Example 

1, Dr. Commer9on supervised the design, performance and analysis of the 

tests reported in his declaration (see pp. 5-9 of the declaration), to determine 

whether, under the type of mild acidic conditions described in these patents to 

remove hydroxyl protecting groups from taxane compounds, either or both 

methoxy groups in the 7- and 10- positions of compound 4a-acetoxy-2a-

benzoyloxy-5f3,20-epoxy-1P-hydroxy-7f3,1 Of3-dimethoxy-9-oxo-11-taxen-13a-

yl(2R, 3S)-3-tert-butoxy-carbonylamino-2-hydroxy-3-phenylpropionate (referred 

to hereafter as the "Test Compound" and which falls within the scope of the 

claims) would be removed. (Commer9on Declaration, i-J8). 

The test results demonstrate that when the 7, 10-dimethoxy Test 

Compound is subjected to the mildly acidic conditions such as used in Holton 

and Kingston to deprotect taxane compounds without disturbing the ester 
~WOFFICES 
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the methoxy groups of the Test Compound is observed . Accordingly, one 

skilled in the art would conclude that the methoxy groups at the 7- and 10-

positions of the Test Compound cannot be considered as appropriate hydroxy 

protecting groups under Holton and Kingston's art-recognized conditions for 

removal of hydroxyl protecting groups from taxane compounds. (Commen;on 

Declaration, il9). 

In view of the amendments to the claims and the reasons set forth 

above, Applicants respectfully request that the rejection under 35 U.S.C. § 

102(b) be removed. 

Rejections Under 35 U.s.c. § 103 

Holton in view of Greene 

Claims 1-4 and 17-24 are rejected under 35·u.s.c. § 103 as being 

unpatentable over Holton in view of Greene. According to the Examiner, Holton 

teaches a protected taxane which is analogous to the claimed compounds 

(citing compounds 6b-6d of Holton). The Examiner admits that the prior art, 

i.e., the OT1 and Z groups of Holton, does not specifically teach the instant R
4 

and R5 groups. However, the Examiner cites Greene as teaching the hydroxy-

protecting groups to be conventional. The Examiner concludes that it would be 
LAW OFFICES 
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hydroxy protecting group as taught by Greene without the loss of the same 

utility. 

Applicants respectfully traverse the rejection. As explained above, in 

view of Dr. Commer~on's explanations offered at the interview, as well as in 

view of the confirming test results discussed above, one skilled in the art would 

certainly conclude that the alkoxy groups at the 7- and 10- positions of the 

claimed compounds cannot be considered as appropriate hydroxy protecting 

groups under Holton's art-recognized conditions for removal of hydroxyl 

protecting groups from taxane compounds. Therefore, Greene would in no way 

suggest replacing a protective group of Holton by an alkoxy group, as claimed. 

The Federal Circuit has clearly stated that both a suggestion and a 

reasonable expectation of success are necessary for a successful combination 

of references when making a § 103 rejection: 

Where claimed subject matter has been rejected as obvious 
in view of a combination of prior art references, a proper 
analysis under § 103 requires, inter alia, consideration of two 
factors: (1) whether the prior art would have suggested to 
those of ordinary skill in the art that they should make the 
claimed composition or device, or carry out the claimed 
process; and (2) whether the prior art would also have 
revealed that in so making or carrying out, those of ordinary 
skill would have a reasonable expectation of success. See In 
re Dow Chemical Co., 837 F.2d 469, 473, 5 U.S.P.Q.2d 1529, 
1531 (Fed. Cir. 1988). [Both the suggestion and the 
reasonable expectation of success must be founded in the 
prior art, not in the applicant's disclosure. Id.] 
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In re Vaeck, 947 F.2d 488, 493, 20 U.S.P.Q.2d 1438, 1442 (Fed. Cir. 1991). 

The combination of Holton and Greene fails to meet either of the above 

two factors. As demonstrated above, no combination of Holton or Greene 

would have suggested to one of ordinary skill in the art that the presently 

claimed invention should be carried out and have a reasonable likelihood of 

success. Accordingly, a proper prima facie case of obviousness has not been 

establishd. 

Thus, the rejection under 35 U.S.C. § 103 based on Holton and Greene 

is in error; it did not apply to the original claims, and it certainly should not be 

applied to the claims as amended. Applicants respectfully request that the 

rejection be withdrawn. 

Kingston 

The Examiner has also rejected claim 25 under 35 U.S.C. § 103 as 

unpatentable over Kingston. According to the Examiner, Kingston teaches a 

protected taxane which is analogous to the instant compounds (citing 

compound 24 in column 18 of Kingston). The Examiner alleges that since the 

protection and deprotection of the hydroxy groups of taxane compounds are 

LAW OFFICES 
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Applicants respectfully traverse the rejection. Compound 24 of Kingston 

is a compound protected at both C-7 and C-2'. In particular, at C-7, Riot 

Compound 24 is defined as "troc or other protecting group." Significantly, 

Professor Kingston goes on to teach that his Compound 24 can be reacted with 

di-t-butyl dicarbonate, hydrolyzed, and de-protected to yield Taxotere, which, as 

the Examiner knows, has been approved by the FDA as an anticancer agent. 

The structure of the intermediate 24 in no way suggests the claimed 

compounds, which possess no protective group at C-7. 

As explained above, in view of Dr. Commen;on's explanations offered at 

the interview, as well as in view of the confirming test results discussed above, 

one skilled in the art would conclude that the alkoxy groups at the 7- and 10-

positions of the claimed compounds cannot be considered as appropriate 

hydroxy protecting groups under Kingston's art-recognized conditions for 

removal of hydroxyl protecting groups from taxane compounds .. Therefore, 

there is no way Kingston would suggest the compounds recited in claim 25. 

Accordingly, there is neither a teaching nor a suggestion in the art of 

record that would have motivated one of ordinary skill in the art to substitute the 

C7, C10 and C2' positions of Kingston in order to obtain formula (VII) of present 

claim 25. The rejection under 35 U.S.C. § 103 is therefore in error and should 
t..AW OF'FICES 

FINNEGAN, HENDERSON, 
fARABOW, GARREIT be withdrawn. 
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Allowable Subject Matter 

Applicants thank the Examiner for his indication that claims 5-16 and 26-

31 are allowable since the claimed processes are unobvious over the prior art.· 

As noted above, these claims have been clarified by some formal amendments. 

CONCLUSION 

In view of the foregoing amendments and remarks, it is urged that all of 

the pending claims are in condition for allowance. An early and favorable 

action is earnestly solicited. 

To the extent any extension of time under 37 C.F.R. § 1.136 is required 

to obtain entry of this Amendment, such extension is hereby requested. If there 

are any fees due under 37 C.F.R. § 1.16 or 1.17 which are not enclosed, 
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including any fees required for an extension of time under 37 C.F.R § 1.136, 

please charge those fees to our Deposit Account ~o. 06-916. 

Dated: October 29, 1997 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRED & DUNNER 

sy: \Jhalia.,v uJ~ 
Thalia V. Warnement 
Reg. No. 39,064 

lJ/;a/UJ. 1/ LJ}c~ ~ 1LD. ~ ~ Obl/ 

Tl:m~~;?.~ 
Reg. No. 28,619 

Attachments: Exhibits 1-4 (Greene, Greene, Chen, Kingston) 
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Attorney Docket No. 3806.0367 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

Herve BOUCHARD et al. ) 
) 

Serial No.: 08/622,011 ) 
) 

Filed: March 26, 1996 ) 
) 

For: NEWTAXOIDS, THEIR PREPARATION, ) 
AND PHARMACEUTICAL COMPOSITIONS ) 
CONTAINING THEM ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Group Art Unit: 1203 

Examiner: B. Trinh 

PETITION FOR EXTENSION OF TIME 

Applicants hereby petition for three month extension of time to respond to the Office 

Action of April 29, 1997. A fee of $950.00 is enclosed. 

If there are any other fees due in connection with the filing of this petition, please 

charge the fees to OL!r Deposit Account No. 06-0916. If a fee is required for an extension 

of time under 37 C.F.R. § 1.136 not accounted for above, such an extension is requested 

and the fee should also be charged to our Deposit Account. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:vh~vuJ~ 
F~~~~,6~~\'!P PLES 00000026 08b22~!6.oo OP 

s o~~Eiqil:l' Dated: October 29, 1997 

Thalia V. Warnement 
Reg. No. 39,064 

1300 I STREET, N. W. 

WASHINGTON, 0, C. 20005 

202-408-4000 
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Attorney Docket No. 3806.0367 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

Herve BOUCHARD et al. ) 
) 

Serial No.: 08/622,011 ) Group Art Unit: 1203 
) 

Filed: March 26, 1996 ) Examiner: B. Trinh 
) 

For: NEW TAXOIDS, THEIR PREPARATION, ) 
AND PHARMACEUTICAL ) 
COMPOSITIONS CONTAINING THEM ) 

TRANSMITTAL LETTER 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Enclosed is a response to the Office Action of April 29, 1997. 
The items checked below are appropriate: 

[XX] Applicants hereby petition for a three-month extension of time to respond to the 
above Office Action. The fee of $950.00 for the Extension is enclosed. 

The claims are calculated below: 

I Claims Remaining I Highest Number 
I After Amendment I Previously Paid 

Total I 35 I - 31 
lndep. I 12 I - I 9 
[ ] First Presentation of Multiple Dep Claim!s) 

Present 
Extra 

4 
3 

I I Additional 
I Rate I Fee 
Ix$ 22 1s 88.0o 
Ix $ 82 I 246.00 
I+ s210 I 

Subtotal 1$ 
Reduction by % if small entity I-

TOTAL 1$ 334.00 

HAO&/OOclSREOPLES ~8 0~2Wfl of $334.00 to cover the cost of the additional claims added by this 

~ resrf6rittiPis enclosed. 
F •• NDERSON, 246.00 l}p 

, ARRETI 
8 DUNNER,l.l.P. 

1300 I STREET, N. W. 

WASHINGTON, 0. C. 20005 

202-408-4000 
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FARABOW, GARRETT 
S DUNNER,LL.P. 

1300 I STREET, N. W. 

WASHINGTON, 0. C. 20005 

202-406-4000 

I 
--' 

[XX] A check for $1 284.00 to cover the above fees is enclosed. 

To the extent any further extension of time under 37 C.F.R. § 1.136 is 
required to obtain entry of this response, such extension is hereby respectfully 
requested. If there are any fees due under 37 C.F.R. §§ 1.16 or 1.17 which are not 
enclosed herewith, including any fees required for an extension of time under 37 
C.F.R. § 1.136, please charge such fees to our Deposit Account No. 06-0916. 

Date: October 29, 1997 By: rilafU;uv. ~ 
"""iha1ia V. Warnement 

Registration No. 39,064 
FINNEGAN, HENDERSON, FARABOW, 

GARRETT & DUNNER, L.L.P. 
1300 I Street, N.W. 
Washington, D.C. 20005-3315 
(202) 408-4000 
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Attorney Dol:ket No.: 03806.0387 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Herve BOUCHARD et al. 

Serial No.: 08/622,011 

Filed: March 26, 1996 

} 
) 
) 
) 
) Group Art Unit: 1203 
) 
) Examiner: B. Trinh 
) 

For: NEW TAXOIDS, THEIR PREPARA- ) 
TION, ANO PHARMACEUTICAL ) 
COMPOSITIONS CONTAINING THEM ) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

I 
) 

DECLARATION UNDER 37C.F.R.§1.132 OF DR. ALAIN COMMERglN 

I, Alain Commerc;on, declare and state that 

1. I am a citizen of France, residing in Vitry-sur-Seine, France. 

2. I received a degree of "lngenieur Chimiste" from Ecole Nationale 

Superieure de Chimie de Toulouse in 1973. In 1976, I received my PhD 

("Docteur-es-Sciences") in chemistry from the University of Pierre and Marie 

Curie (Paris VI) in Paris. 

3. I have been employed since 1979 by Rhone-Poulenc Rorer, S.A. 

(formerly RhOne-Poulenc, S.A.) and have held the positions of Senior Research 

Scientist (1978-1988), Senior Research Fellow (1988-1991), Department 

Manager of Oncology Chemistry (1991), Rhone-Poulenc Group Senior 

Research Advisor {1992-present), Director of Oncology Chemistry ( 1995) and 
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since 1996, I have been the Director of the New Lead Generation 

Combinatorial Chemistry group. My research in the last ten years has been in 

the area of medicinal chemisby in oncology, including the synthesis of anti-

tumor agents of natural origin, such as taxoids. Since becoming Director of 

New Lead Generation, my responsibilities include overseeing the development 

of new technologies. particularly the design and synthesis of new molecules for 

new biological targets in e.g .. natural products chemistry. 

4. I am a co-inventor of this application. I am the co-author of some 

45 articles relating to taxane chemistry, as is evidenced in my curriculum vitae, 

which is attached as Exhibit 1. 

5. I attended an interview at the USPTO on October 2, 1997 with the 

Examiner at which the claims as amended were discussed. At the interview, I 

explained in detail my belief that methoxy groups at the 7- and 10-positions of 

the claimed compounds cannot be considered appropriate hydroxy protecting 

groups in taxane compounds under conditions for removing hydroxy-protecting 

groups taught in U.S. Patent Nos. 5,229,526 (Holton) and 5,319, 112 

(Kingston). These conditions are designed to easily deprotect taxane 

compounds without disturbing the ester linkage, the basic taxane structure. or 

the taxane substituents. In particular, I discussed with the Examiner that the 

conditions for removing hydroxy-protecting groups taught in the Holton and 

2 
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Kingston patents, upon which I understand the Examiner relies to reject the 

claims of this application. would not be expected to remov~ either or both of the 

7- and 10- methoxy groups set forth in the amended claims. I also discussed 

with the Examiner why the Holton pateiit he relies on teaches one skilled in the 

art that an alkoxy substituent on a taxane is not a hydroxy protecting group for 

Holton's purposes. As I understood it. the Examiner wants to see test results 

demonstrating that under the conditions utilized in the Holton and Kingston 

patents to remove hydroxyl protecting groups, the 7- and 10- position methoxy 

groups of the claimed invention would not be removed. I will now explain 

these conditions ublized in the Holton and Kingston patents. 

6. At column 11, lines 19-23 of Holton, relating to compounds 6b, 6c, 

and 6d, upon which I understand the Examiner relies, it is stated that the 

protecting groups (in this case, tliethylsilyl and ethoxyethyl) are "hydrolyzed 

under mild conditions so as not to disturb the ester linkage or the taxane 

substituents." The mild conditions themselves. designed to easily remove the 

hydroxyl protecting groups but not to disturb the ester tinkage or the taxane 

substituents, are defined generally in Holton column 6, lines 35-40, as: 

(1) 48% HF. acetonitrile, pyridine; 

(2) 0.5% HCUwater/ethanol: and/or 

(3) zinc, acetic acid. 

3 
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7. Holton Example 1 demonstrates the use of conditions (1) to 

remo~ hydroxyl protecting groups. Holton Examples 2-15 demonstrate the 

use of conditions (2) for the same purpose. Examples 3-15 appear to disclose 

conditions somewhat less mild that Example 2 and of these, f consider 

Example 3 to be representative., The Kingston patent demonstrates the use of 

conditions (3) to remove hydroxyl protecting groups in the Example at column 

20, lines 34-47. In column 18, lines 20-25, moreover, Kingston teaches the use 

of conditions (3) to deprotect the compounds which I understand the Examiner 

relies on in his rejection. In my view, these examples accurately reflect 

reasonable ways for one skilled in the art to attempt removal of hydroxyl 

protecting groups in taxane compounds like the Test Compound described 

below. 

8. Accordingly, based on Holton Examples 1 and 3 and Kingston 

Example 1, I supervised the design, performance and analysis of the following 

tests, to detennine whether, under the type of mild acidic conditions described 

in these patents to remove hydroxyl protecting groups from taxane compounds, 

either or both methoxy groups in the 7- and 10- positions of compound 4a-

1 In my view. it was most fair to use the least mild conditions (i.e., the 
strongest of the mild acidic conditions) disclosed in the Holton and Kingston 
patents to evaluate whether the 7- and 10- position methoxy groups of the Test 
Compound, defined below. are removed. 

4 
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acetoxy-2a-benzoyloxy-5P,20-epoxy-1~-hydroxy-7(3,1 OIJ-dimethoxy-9-oxo-11-

taxen-13a-y1(2R. 35)-3-tert-butoxy-carbonylamino-2-hydroxy-3-

phenylpropionate (referred to hereafter as the uTest Compound" and which falls 

within the scope of the claims) would be removed. 

Test1: HF 

This test was based on the procedure set forth in Example 3, col. 14, 

lines 60-68, of U.S. Patent No. 5,229,526 to Holton. The Test Compound was 

used instead of the 2',7,10-tris-triethylsilyl taxotere. 2.16 ml of at teast 40% HF 

was used instead of 1.8 ml of 48% HF. Af;>propriate adjustments were made to 

account for the difference in molecular weight of the two taxoid compounds, 

i.e., so that the same number of mmol of Test Compound was used as was 

used of 2',7.10-tris-triethylsilyl taxotere. 

I 
I 

. I 
To a solution of0.248 mmol of the Test Compound (207.3 mg) in 12 ml 

acetonitrile and 0.6 ml pyridine at O"C was added 2.16 ml of at least 40% 

aqueous HF. The mixture was stirred at 0°C for 3 hours, then at 25°C for 13 

hours. and was checked by thin layer chromatography (TLC) throughout. The 

stirred mixture was then partitioned between saturated aqueous sodium 

bicarbonate (3 x 30 ml) and 60 ml ethyl acetate, including washing with 2 x 30 

ml H20. The organic phase was dried over MgS04 and then the ethyl acetate 

s 

I 

1 .. ------·-·--·-----
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solution was evaporated to give a crude residue in an amount of 214.6 mg. 2 

Based on TLC, I did not consider it necessary to purify by chromatography, as 

Holton did. In my opinion, this procedore constitutes a fair reproduction of the 

mild conditions used in Holton Example 3 to remove hydroxyl protecting 

groups. 

The residue was analyZed with NMR and TLC, which were consistent 

with the Test Compound being the only taxoid present Although there are 

other analytical techniques, such as HPLC. IR, and MS. which could have been 

used in each experiment I considered it reasonable and sufficient to utilize TLC 

and NMR to evaluate the results of this and the following experiments. 3 

1 The residue was slightly greater in amount than the starting Test 
Compound because of incomplete removal of at least pyridine from the residue. 

3 There was one other stability test run at RPR using 50 ml of a 200 
µg/ml solution of the Test Compound in acetonitrilelwater, 80/20 v/v, to which 5 
ml of 0.1M HCL was added. The resulting solution was kept at 37°C for up to 2.5 
hours. In that test, HPLC was used to analyze the results, and the results 
demonstrated that the 7- and 10- position methoxy groups were not converted to 
hydroxy groups. Even though this result is consistent with what I observed. I 
decided not to rely on this test because the acidic conditions used were much 
milder than those taught in the Holton patent for HCI, and the acidic system was 
not exactly the same as taught in Holton because water was used instead of 
pyridine. · 

6 
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Test2:HCI 

This test was based on the procedure set forth in Example 1, col. 13, 

lines 51-60, of U.S. Patent No. 5,229,526 to Holton. The Test Compound was 

used instead of (2'R,3'S)-2'..ethoxyethyl-7-triethylsilyl taxol. Appropriate 

adjustments were made to account for the difference in moJecular weight, i.e., 

so that the same number of µmol of Test Compound was used as was used of 

(2'R,3 'S)-2'-ethoxyethyl-7-triethylsilyl taxol. 

A 4 mg sample of the Test Compound (4.81 µmol) was dissolved in 2 ml 

ethanol, and 0.5 ml of 0.5% aqueous HCI solution was added. The mixture was 

stirred at 0°C for 30 hours and was checked by TLC throughout. The mixture 

was diluted with 50 ml ethyl acetate, extracted with 20 ml saturated aqueous 

sodium bicarbonate solution dried over sodium sulfate, and concentrated, by 

evaporation at 40°C under 3 mbar pressure, giving a residue in an amount of 

4.2 mg.4 Based on TLC, I did not consider it necessary to purify by 

chromatography, as Holton did. In my opinion, this procedure constitutes a fair 

reproduction of the mild conditions used in Holton Example 1 to remove 

4 The residue was slightly greater in amount than the starting Test 
Compound because of incomplete removal of at least ethyl acetate from the 
residue. 

7 
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hydroxyl protecting groups. The residue was analyzed with NMR and TLC, 

which were consistent with the Test Compound being the only taxoid present. 

This test was based on the procedure set forth in Example 1, col. 20, 

lines 34-46, of U.S. Patent No. 5,319, 112 to l<ingston. The Test Compound 

was used instead of 7-(2,2,2-trichloroethyloxycarbonyl)taxol. Appropriate 

adjustments were made to account for the difference in molecular weight, i.e., 

so that the same number of µmol of Test Compound was used as was used of 

7-(2,2,2-trichloroethyloxycarbonyl)taxol. 

A 20.2 mg sample of the Test Compound (24.2 µmol) was dissolved in 2 

ml acetic acid, and 20 mg of zinc dust were added. The resulting 

heterogeneous solution was stirred at .40°C for 2 hours and was checked by 

TLC throughout. The solution was filtered to remove the zinc, diluted with 20 

ml ethyl acetate. extracted with 3 x 20 ml saturated sodium bicarbonate solution 

and 2 x 10 ml water, and dried over magnesium sulfate. The solvent was 

removed under vacuum at 40°C under 3 mbar. giving a residue in an amount of 

19.4 mg. Based on TLC, I did not consider it necessary to purify by 

chromatography, as Kingston did. In my opinion, this procedure constitutes a 

fair reproduction of the mild conditions used in Kingston Example 1 to remove 

8 
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hydroxyl protecting groups. The residue was analyzed with NMR. TLC. and 

MS. which were consistent with the Test Compound being the only taxoid 

present. 

DISCUSSION OF RESULTS: 

9. The test results demonstrate that when the 7, 10-dimethoxy Test 

Compound is subjected to the mildly acidic conditions such as used in Holton 

and Kings1on to deprotect taxane compounds without disturbing the ester 

linkage. the basic taxane structure, or the taxane substituents, no removal of 

the methoxy groups of the Test Compound is observed. Accordingly, one 

skilled in the art would conclude that the methoxy groups at the 7- and 10-

positions of the Test Compound cannot be considered as appropriate hydroxy 

protecting groups under Holton and Kingston's art-recognized conditions tor 

removal of hydroxyl protecting groups from taxane compounds. 

10. I declare further that all statements made herein of my own 

knowledge are true and that all statements made on information and. belief are 

believed to be true; and further that these statements were made with the 

knowledge that willful false statements and the like so made are punishable by 

fine or imprisonment, or both, under Section 1001 of Title 18 of the United 

9 
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States Code and that such willful false statements may jeopardize the validity of 

I 

I 
I 

t' 
I 

'----·----· . 

the application or any patent issuing thereon. 

Date: October 23, 1997 
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REJECTION UNDER 35 U.S.C. § 102 OVER HOLTON '526 

t BuO C(O~ JI c~o 
~ 0 

>(Jl n 
CH , z 0 ........ 13 

6 S ~ 14 I 

OH 
fl 

OCOC6H5 bCOC~ 

CLAIMED COMPOUND: DIMEIHOXY 

HOLTON '526 COMPOUNDS 6b-6d v. COMPOUND of CLAIM 17 
IN THE C-13 SIDE CHAIN: 

Compound of Claim 17 Holton compounds 6b-6d 

-OH at 2'-position of side chain R1 or R2 at 2'-position, defined at col. 4: 

R1 = -OR6 , -SR7 , or -NR8R9 

*only -OR6 is possibly relevant to claim 
17 with respect to anticipation issue, 
but R6 cannot be H; instead R6 = alkyl, 
alkenyl, alkynyl, aryl, heteroaryl, or 
hydroxy protecting group. 

R2= hydrogen, alkyl, alkenyl, alkynyl, aryl, 
or heteroaryl but R2 cannot be -OH 

THEREFORE, NO POSSIBILITY FOR R1 OR FOR R2 

CAN ANTICIPATE THE SPECIES RECITED IN CLAIM 17. 
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• Publis 1989-1997 

=> D L2 1-77 

L2 ANSWER 1 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1997:511914 CAPLUS 
DN 127:135637 

• 
TI Preparation of (4-methoxybenzyl)indane derivatives having antitumor 

and antileukernia activity 
IN Bouchard, Herve; Cornmercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr.; Bouchard, Herve; Cornmercon, Alain 
SO PCT Int. Appl., 28 pp. 

CODEN: PIXXD2 
PI WO 9721657 Al 970619 
DS W: AL, AU, BA, BB, BG, BR, CA, CN, CU, CZ, EE, FI, GE, HU, IL, IS, 

JP, KP, KR, LC, LK, LR, LT, LV, MG, MK, MN, MX, NO, NZ, PL, RO, 
SG, SI, SK, TR, TT, UA, US, UZ, VN, AM, AZ, BY, KG, KZ, MD, RU, 
TJ, TM 

RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, DE, DK, ES, FI, FR, GA, GB, 
GR, IE, IT, LU, MC, ML, MR, NE, NL, PT, SE, SN, TD, TG 

AI WO 96-FR1910 961202 
PRAI FR 95-14756 951213 
DT Patent 
LA French 
OS MARPAT 127:135637 

L2 ANSWER 2 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1997:506642 CAPLUS 
DN 127:121900 
TI Preparation of novel taxoids with antitumoral and antileukernic 

properties 
IN Bouchard, Herve; Cornmercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr.; Bouchard, Herve; Cornmercon, Alain 
SO PCT Int. Appl., 42 ·pp. 

CODEN: PIXXD2 
PI WO 9723472 Al 970703 
DS W: AL, AU, BA, BB, BG, BR, CA, CN, CU, CZ, EE, GE, HU, IL, IS, JP, 

KP, KR, LC, LK, LR, LT, LV, MG, MK, MN, MX, NO, NZ, PL, RO, SG, 
SI, SK, TR, TT, UA, US, UZ, VN, AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM 

RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, DE, DK, ES, FI, FR, GA, GB, 
GR, IE, IT, LU, MC, ML, MR, NE, NL, PT, SE, SN, TD, TG 

AI WO 96-FR2030 961219 
PRAI FR 95-15380 951222 
DT Patent 
LA English 
OS CASREACT 127:121900; MARPAT 127:121900 

L2 ANSWER 3 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1997:506635 CAPLUS 
DN 127:121899 
TI Preparation of novel taxoids and pharmaceutical compositions 

containing them for treatment of cancer and leukemia 
IN Bouchard, Herve; Cornmercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr.; Bouchard, Herve; Commercon, Alain 
SO PCT Int. Appl., 54 pp. 

CODEN: PIXXD2 
PI WO 9723473 Al 970703 
DS W: AL, AU, BA, BB, BG, BR, CA, CN, CU, CZ, EE, GE, HU, IL, IS, JP, 

KP, KR, LC, LK, LR, LT, LV, MG, MK, MN, MX, NO, NZ, PL, RO, SG, 
SI, SK, TR, TT, UA, US, UZ, VN, AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM 

RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, DE, DK, ES, FI, FR, GA, GB, 
Page 2 NEPTUNE GENERICS  EX. 00695



• Publis 1989-1997 

GR, IE, IT, LU, MC, ML, MR, NE, NL, PT, SE, SN, TD, TG 
AI WO 96-FR2031 961219 
PRAI FR 95-15379 951222 
DT Patent 
LA English 
OS CASREACT 127:121899; MARPAT 127:121899 

L2 ANSWER 4 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1997:456960 CAPLUS 
DN 127:95194 

• 

TI New benzisoindole derivatives as inhibitors of farnesyl transferase, 
their preparation, and pharmaceutical compositions containing them. 

IN Commercon, Alain; Lebrun, Alain; Mailliet, Patrick; 
Peyronel, Jean Francois; Sounigo, Fabienne; Truchon, Alain; Zucco, 
Martine; Cheve, Michel 

PA Rhone Poulenc Rorer Sa, Fr. 
SO Fr. Demande, 96 pp. 

CODEN: FRXXBL 
PI FR 2736641 Al 970117 
AI FR 95-8296 950710 
DT Patent 
LA French 
OS MARPAT 127:95194 

L2 ANSWER 5 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1997:318287 CAPLUS 
DN 127:44434 
TI Novel Conformationally Extended Naphthalene-Based Inhibitors of 

Farnesyltransferase 
AU Burns, Christopher J.; Guitton, Jean-Dominique; Baudoin, Bernard; 

Lelievre, Yves; Duchesne, Marc; Parker, Fabienne; Fromage, Nadine; 
Commercon, Alain 

CS Centre de Recherches de Vitry-Alfortville, Rhone-Poulenc Rorer S. 
A., Vitry-sur-Seine, 94403, Fr. 

SO J. Med. Chem. (1997), 40(121~ 1763-1767 
CODEN: JMCMAR; ISSN: 0022-2623 

PB American Chemical Society 
DT Journal 
LA English 
OS CJACS-IMAGE; CJACS 

L2 ANSWER 6 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1997:293742 CAPLUS 
DN 126:264351 
TI Preparation of naphthoyl amino acids as antitumor agents and 

farnesyltransferase inhibitors 
IN Baudoin, Bernard; Burns, Christopher; Commercon, Alain; 

Lebrun, Alain 
PA Rhone Poulenc Rorer Sa, Fr. 
SO Fr. Demande, 25 pp. 

CODEN: FRXXBL 
PI FR 2736638 Al 970117 
AI FR 95-8423 950712 
DT Patent 
LA French 
OS MARPAT 126:264351 

L2 ANSWER 7 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1997:175224 CAPLUS 
DN 126:261164 
TI [3H) (Azidophenyl)ureido Taxoid Photolabels Peptide Amino Acids 

281-304 of .alpha.-Tubulin 
Page ~"l_ NEPTUNE GENERICS  EX. 00696



• Publis 1989-1997 • AU Loeb, C.; Combeau, C.; Ehret-Sabatier, L.; Breton-Gilet, A.; 
Faucher, D.; Rousseau, B.; Commercon, A.; Goeldner, M. 

CS Laboratoire de Chimie Bio-organique URA 1386 CNRS Faculte de 
Pharmacie, Universite Louis Pasteur Strasbourg, Illkirch, 67401, Fr. 

SO Biochemistry (1997), 36(13), 3820-3825 
CODEN: BICHAW; ISSN: 0006-2960 

PB American Chemical Society 
DT Journal 
LA English 
OS CJACS-IMAGE; CJACS 

L2 ANSWER 8 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1997:162032 CAPLUS 
TI Novel conformationally extended naphthalene-based inhibitors of 

farnesyltransferase. 
AU Burns, C. J.; Guitton, J.-D.; Baudoin, B.; Lebrun, A.; LeLievre, Y.; 

Duchesne, M.; Parker, F.; Fromage, N.; Commercon, A. 
CS Rhone-Poulenc Rorer S. A., Centre de Recherches de 

Vitry-Alfortville, Vitry-sur-Seine, 94403, Fr. 
SO Book of Abstracts, 213th ACS National Meeting, San Francisco, April 

13-17 (1997), MEDI-200 Publisher: American Chemical Society, 
Washington, D. C. 
CODEN: 64AOAA 

DT Conference; Meeting Abstract 
LA English 

L2 ANSWER 9 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:746207 CAPLUS 
DN 126:19069 
TI Preparation and pharmaceutical compositions of novel antiturnoral and 

antineoplastic taxoids 
IN Bouchard, Herve; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 54 pp. 

CODEN: PIXXD2 
PI WO 9632387 Al 961017 
DS 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AL, AU, 
LK, LR, 
TT, UA, 
AT, BE, 
GR, IE, 

96-FR559 
95-4559 

DT Patent 
LA French 

BB, BG, BR, 
LT, LV, MG, 
us, UZ, VN, 
BF, BJ, CF, 
IT, LU, MC, 

960412 
950414 

CA, CN, CZ, 
MK, MN, MX, 
AM, AZ, BY, 
CG, CH, CI, 
ML, MR, NE, 

OS CASREACT 126:19069; MARPAT 126:19069 

EE, FI, 
NO, NZ, 
KG, .KZ, 
CM, DE, 
NL, PT, 

L2 ANSWER 10 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:718313 CAPLUS 
DN 126:8328 
TI Novel acylated taxoids as antitumor agents 

GE, HU, IS, JP, 
PL, RO, SG, SI, 
MD, RU, TJ, TM 
DK, ES, FI, FR, 
SE, SN, TD, TG 

IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 54 pp. 

CODEN: PIXXD2 
PI WO 9631493 Al 961010 
DS W: AL, AU, BB, BG, 

LK I LR f LT I LV I 
TT, UA, US, UZ, 

RW: AT I BE f BF I BJ I 
GR, IE, IT, LU, 

AI WO 96-FR487 960401 

BR, 
MG, 
VN, 

CF I 
MC, 

CA, 
MK, 
AM, 

CG, 
ML, 

CN, CZ, EE, 
MN, MX, NO, 
AZ, BY, KG, 
CH, CI, CM, 
MR, NE, NL, 

FI, GE, HU, IS, JP, 
NZ, PL, RO, SG, SI, 
KZ, MD, RU, TJ, TM 
DE, DK, ES, FI, FR, 
PT, SE, SN, TD, TG 

KP, KR, 
SK, TR, 

GA, GB, 

KP, KR, 
SK, TR, 

GA, GB, 

Page 11 
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PRAI FR 95-3868 95040~ 

DT Patent 
LA French 
OS MARPAT 126:8328 

• Publis 1989-1997 

L2 ANSWER 11 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:695853 CAPLUS 
DN 126:16157 
TI Constrained pseudopeptides as inhibitors of Ras-farnesyl 

transferase: Structure-activity relationship studies 

• 

AU Byk, G.; Burns, C.; Duchesne, M.; Parker, F.; Lelievre, Y.; Guitton, 
J. D.; Clerc, F. F.; Commercon, A.; Tocque, B.; et al. 

CS UMR-133 CNRS/Rhone-Poulenc Rorer, Vitry-sur-Seine, 94403, Fr. 
SO Pept.: Chem., Struct. Biol., Proc. Am. Pept. Symp., 14th (1996), 

Meeting Date 1995, 213-214. Editor(s): Kaurnaya, Pravin T. P.; 
Hodges, Robert S. Publisher: Mayflower Scientific, Kingswinford, UK. 
CODEN: 63NTAF 

DT Conference 
LA English 

L2 ANSWER 12 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:687358 CAPLUS 
ON 125:329088 
TI Novel taxoids as antitumor agents 
IN Bouchard, Herve; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 43 pp. 

CODEN: PIXXD2 
PI WO 9630373 Al 961003 
DS W: AL, AU, BB, BG, BR, CA, CN, CZ, 

LK, LR, LT, LV, MG, MK, MN, MX, 
TT, UA, us, uz, VN, AM, AZ, BY, 

RW: AT, BE, BF I BJ, CF, CG, CH, CI, 
GR, IE, IT, LU, MC, ML, MR, NE, 

AI WO 96-FR442 960325 
PRAI FR 95-3546 950327 
DT Patent 
LA French 
OS MARPAT 125:329088 

L2 ANSWER 13 OF 77 CAPLUS COPYRIGHT 
AN 1996:687356 CAPLUS 
DN 125:329087 
TI Novel taxoids as anti tumor agents 

EE, FI, 
NO, NZ, 
KG, KZ, 
CM, DE, 
NL, PT, 

1997 ACS 

GE, HU, 
PL, RO, 
MD, RU, 
DK, ES, 
SE, SN, 

IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, 
PA Rhone-Poulenc Rorer S.A., Fr. 
so PCT Int. Appl., 61 pp. 

CODEN: PIXXD2 
PI WO 9630355 Al 961003 
DS W: AL, AU, 

LK, LR, 
TT, UA, 

RW: AT, BE, 
GR, IE, 

AI WO 96-FR440 
PRAI FR 95-3545 

FR 95-15381 
DT Patent 
LA French 

BB, BG, 
LT, LV, 
uz, VN, 

BF, BJ, 
IT, LU, 

960325 
950327 

951222 

OS MARPAT 125:329087 

BR, 
MG, 
AM, 
CF, 
MC, 

CA, CN, 
MK, MN, 
AZ, BY, 
CG, CH, 
ML, MR, 

CZ, EE, FI, 
MX, NO, NZ, 
KG, KZ, MD, 
CI, CM, DE, 
NE, NL, PT, 

L2 ANSWER 14 OF 77 CAPLUS COPYRIGHT 1997 ACS 

GE, HU, 
PL, RO, 
RU, TJ, 
DK, ES, 
SE, SN, 

IS, JP, KP, KR, 
SG, SI, SK, TR, 
TJ, TM 

FI, FR, GA, GB, 
TD, TG 

Alain 

IS, JP, KP, KR, 
SG, SI, SK, TR, 
TM 

FI, FR, GA, GB, 
TD, TG 
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• Publis 1989-1997 • AN 1996:687355 CAPLUS 
DN 125:329086 
TI Novel taxoids as antitumor agents 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 52 pp. 

CODEN: PIXXD2 
PI WO 9630356 Al 961003 
DS W: AL, AU, 

LK, LR, 
TT, UA, 

RW: AT, BE, 
GR, IE, 

AI WO 96-FR441 
PRAI FR 95-3545 

FR 95-15381 
DT Patent 
LA French 

BB, BG, 
LT, LV, 
us, uz, 
BF, BJ, 
IT, LU, 

960325 
950327 

951222 

OS MARPAT 125:329086 

BR, 
MG, 
VN, 
CF, 
MC, 

CA, CN, CZ, EE, FI, 
MK, MN, MX, NO, NZ, 
AM, AZ, BY, KG, KZ, 
CG, CH, CI, CM, DE, 
ML, MR, NE, NL, PT, 

L2 ANSWER 15 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:560526 CAPLUS 
DN 125:196377 

GE, HU, IS, JP, 
PL, RO, SG, SI, 
MD, RU, TJ, TM· 
DK, ES, FI, FR, 
SE, SN, TD, TG 

KP, 
SK, 

GA, 

TI Preparation of tetrahydronaphthyl amino acids as antitumors and 
farnesyltransferase inhibitors 

IN Baudoin, Bernard; Burns, Christopher; Commercon, Alain; 
Lebrun, Alain 

PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 22 pp. 

CODEN: PIXXD2 
PI WO 9622278 Al 960725 
DS 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AL, AM, 

JP, KG, 
RO, RU, 
AT, BE, 
IE, IT, 

96-FR67 
95-494 

DT Patent 
LA French 

AU, AZ, 
KP, KR, 
SG, SI, 
BF, BJ, 
LU, MC, 
960116 

950118 

OS MARPAT 125:196377 

BB, 
KZ, 
SK, 
CF I 
ML, 

BG, BR, 
LK, LR, 
TJ, TM, 
CG, CH, 
MR, NE, 

BY, CA, CN, 
LT, LV, MD, 
TR, TT, UA, 
CI, CM, DE, 
NL, PT, SE, 

L2 ANSWER 16 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:539682 CAPLUS 
DN 125:222241 

CZ, EE, FI, 
MG, MN, MX, 
us, UZ, VN 
DK, ES, FR, 
SN, TD, TG 

GE, HU, 
NO, NZ, 

GA, GB, 

TI Semisynthesis of RPR 121056A, a major metabolite of Irinotecan 
(CPT-11) 

AU Bourzat, Jean-Dominique; Vuilhorgne, Marc; Rivory, Laurent P.; 
Robert, Jacques; Commercon, Alain 

CS Rhone-Poulenc Rorer S. A., CRVA, Vitry-sur-Seine, 94403, Fr. 
SO Tetrahedron Lett. (1996), 37 {35), 6327-6330 

CODEN: TELEAY; ISSN: 0040-4039 
DT 'Journal 
LA English 

L2 ANSWER 17 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:506709 CAPLUS 
DN 125:211705 
TI Identification and properties of a major plasma metabolite of 

irinotecan (CPT-11) isolated from the plasma of patients 
AU Rivory, Laurent P.; Riou, Jean-Francois; Haaz, Marie-Christine; 

Sable, Serge; Vuilhorgne, Marc; Commercon, Alain; Pond, 

KR, 
TR, 

GB, 

IS, 
PL, 

GR, 

Page ~ 
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• Publis 1989-1997 • Susan M.; Robert, Jacques 
CS Princess Alexandra Hosp., Univ. Queensland, Queensland, 4102, 

Australia 
SO Cancer Res. (1996), 56(16), 3689-3694 

CODEN: CNREA8; ISSN: 0008-5472 
DT Journal 
LA English 

L2 ANSWER 18 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:394209 CAPLUS 
DN 125:58788 
TI Novel taxoids as neoplasm inhibitors 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 

; Terrier, Corinne; Zucco, Martine 
PA 
so 

Rhone-Poulenc Rorer S.A., Fr. 
PCT Int. Appl., 49 pp. 
CODEN: PIXXD2 

PI 
DS 

WO 9613494 Al 960509 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AL, AM, 

KG, KP, 
PL, RO, 
AT, BE, 
IE, IT, 

95-FR1393 
94-12795 

DT Patent 
LA French 

AU, BB, 
KR, KZ, 
RU, SG, 
BF, BJ, 
LU, MC, 

951023 
941026 

OS MARPAT 125:58788 

BG, 
LK, 
SI, 
CF, 
ML, 

BR, BY, CA, 
LR, LS, LT, 
SK, TJ, TM, 

CG, CH, CI, 
MR, NE, NL, 

CN, CZ, 
LV, MD, 
TT, UA, 
CM, DE, 
PT, SE, 

L2 ANSWER 19 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:332429 CAPLUS 
DN 125:11177 

EE, FI, GE, HU, 
MG, MK, MN, MX, 
us, uz, VN 
DK, ES, FR, GA, 
SN, TD, TG 

TI Taxoids, preparation thereof and pharmaceutical compositions 
containing same 

IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 35 pp. 

CODEN: PIXXD2 
PI WO 9603395 Al 960208 
DS 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AM, AU, 
KP, KR, 
SG, SI, 
AT, BE, 
IE, IT, 

95-FR987 
94-9209 

DT Patent 
LA French 

BB, BG, BR, 
KZ, LK, LR, 
SK, TJ, TM, 
BF, BJ, CF, 
LU, MC, ML, 

950724 
940726 

BY, CA, CN, 
LT, LV, MD, 
TT, UA, us, 
CG, CH, CL 
MR, NE, NL, 

OS CASREACT 125:11177; MARPAT 125:11177 

CZ, EE, 
MG, MN, 

uz, VN 
CM, DE, 
PT, SE, 

L2 ANSWER 20 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:319813 CAPLUS 
DN 125:48353 

FI, GE, HU, IS, 
MX, NO, NZ, PL, 

DK, ES, FR, GA, 
SN, TD, TG 

IS, 
NO, 

GB, 

JP, 
RO, 

GB, 

JP, 
NZ, 

GR, 

KG, 
RU, 

GR, 

TI Synthesis and biological evaluation of a new series of 
phenylhydroquinone derivatives as inhibitors of EGF-R-associated PTK 
activity 

AU Million, Marie-Ernmanuelle; Mailliett, Patrick; Chen, Huixiong; 
Bashiardes, Georges; Boiziau, Janine; Parker, Fabienne; 

Commercon, Alain; Tocque, Bruno; Roques, Bernard P.; Garbat, 
Christiane 

CS Dep. de Pharmacochimie Moleculaire st Structurale, INSERUM-URA, 
Paris, F-75270, Fr. 
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• Publis 1989-1997 

SO Anti-Cancer Drug Des. (1996), 11(2), 129-153 
CODEN: ACDDEA; ISSN: 0266-9536 

DT Journal 
LA English 

L2 ANSWER 21 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:305532 CAPLUS 
DN 125:25614 

• 
TI Preparation and biological evaluation of new docetaxel analogs 

modified at the 3' position of the side-chain 
AU Bourzat, J. -D.; Bouchard, H.; commercon, A.; Bissery, M. 

-C.; Combeau, C.; Vrignaud, P.; Riou, J. -F.; Lavelle, F. 
CS .Rhone-Poulenc Rorer S.A., Centre de Recherche de Vitry-Alfortville, 

Vitry-sur-Seine, Fr. 
SO Proc. Int. Cancer Congr., Free Pap. Posters, 16th (1994), Volume 4, 

2751-2755. Editor{s): Rao, R. S. Publisher: Monduzzi Edi tore, 
Bologna, Italy. 
CODEN: 62UYAO 

DT Conference 
LA English 

L2 ANSWER 22 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:202766 CAPLUS 
DN 124:261423 
TI Novel taxoids, preparation thereof and pharmaceutical compositions 

containing same 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 29 pp. 

CODEN: PIXXD2 
PI WO 9601259 Al 960118 
DS 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AM, AU, 
KP, KR, 
SG, SI, 
AT, BE, 
IE, IT, 

95-FR885 
94-8198 

DT Patent 
LA French 

BB, BG, 
KZ, LK, 
SK, TJ, 
BF, BJ, 
LU, MC, 

950703 
940704 

OS MARPAT 124:261423 

BR, 
LR, 
TM, 
CF, 
ML, 

BY, CA, CN, CZ, EE, 
LT, LV, MD, MG, MN, 

TT, UA, us, uz, VN 
CG, CH, CI, CM, DE, 
MR, NE, NL, PT, SE, 

L2 ANSWER 23 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:185425 CAPLUS 
DN, 124:306500 

FI, GE, HU, IS, 
MX, NO, NZ, PL, 

DK, ES, FR, GA, 
SN, TD, TG 

TI Synthesis and biological evaluation of series of 
hydroxybenzylphenylarnine derivatives as inhibitors of EGF 
receptor-associated tyrosine kinase activity 

AU Chen, H.; Bashiardes, G.; Mailliet, P.; Commercon, A.; 

JP, 
RO, 

GB, 

Sounigo, F.; Boiziau, J.; Parker, ·.F.; Tocque, B.; Roques, B. P.; 
Garbay, C. 

CS Dep. de Pharrnacochimie Moleculaire et Structurale, Univ. Rene 
Descartes, Paris, 75270, Fr. 

SO Anti-Cancer Drug Des. (1996), 11(1}, 49-71 
CODEN: ACDDEA; ISSN: 0266-9536 

DT Journal 
LA English 

L2 ANSWER 24 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:177861 CAPLUS 
DN 124:233166 
TI Novel farnesyl transferase inhibitors 

KG, 
RU, 

GR, 
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• Publis 1989-1997 

IN Baudoin, Bernard; Burns, Christopher; Commercon, A1ain; 
Guitton, Jean-Dominique 

PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 52 pp. 

CODEN: PIXXD2 
PI WO 9534535 Al 951221 

• 
DS W: AM, AU, BB, BG, BR, BY, CA, CN, CZ, EE, FI, GE, HU, IS, JP, KG, 

KP, KR, KZ, LK, LR, LT, LV, MD, MG, MN, MX, NO, NZ, PL, RO, RU, 
SG, SI, SK, TJ, TM, TT, UA, UG, US, UZ, VN 

RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, DE, DK, ES, FR, GA, GB, GR, 
IE, IT, LU, MC, ML, MR, NE, NL, PT, SE, SN, TD, TG 

AI WO 95-FR739 950607 
PRAI FR 94-7116 940610 

FR 94-12338 941017 
DT Patent 
LA French 
OS MARPAT 124:233166 

L2 ANSWER 25 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:126646 CAPLUS 
DN 124:176586 
TI Taxoids, preparation and pharmaceutical compositions containing them 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 39 pp. 

CODEN: PIXXD2 
PI WO 9533737 Al 951214 
DS W: AM, AU, BB, BG, BR, BY, CA, CN, CZ, EE, FI, GE, HU, IS, JP, KG, 

KP, KR, KZ, LK, LR, LT, LV, MD, MG, MN, MX, NO, NZ, PL, RO, RU, 
SG, SI, SK, TJ, TM, TT, UA, UG, US, UZ, VN 

RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, DE, DK, ES, FR, GA, GB, GR, 
IE, IT, LU, MC, ML, MR, NE, NL, PT, SE, SN, TD, TG 

AI WO 95-FR736 950607 
PRAI FR 94-7050 940609 
DT Patent 
LA French 
OS CASREACT 124:176586; MARPAT 124:176586 

L2 ANSWER 26 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:123751 CAPLUS 
DN 124:176585 
TI New taxoids, preparation thereof and pharmaceutical compositions 

containing them 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 

; Terrier, Corinne; Zucco, Martine 
PA Rhone-Poulenc Rorer S. A., Fr. 
SO PCT Int. Appl., 65 pp. 

CODEN: PIXXD2 
PI WO 9533736 Al 951214 
DS W: AM, AU, BB, BG, BR, BY, CA, CN, CZ, EE, FI, GE, HU, IS, JP, KG, 

KP, KR, KZ, LK, LR, LT, LV, MD, MG, MN, MX, NO, NZ, PL, RO, RU, 
SG, SI, SK, TJ, TM, TT, UA, UG, US, UZ, VN 

RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, DE, DK, ES, FR, GA, GB, GR, 
IE, IT, LU, MC, ML, MR, NE, NL, PT, SE, SN, TD, TG 

AI WO 95-FR735 950607 
PRAI FR 94-7049 940609 
DT Patent 
LA French 
OS CASREACT 124:176585; MARPAT 124:176585 

L2 ANSWER 27 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:123750 CAPLUS 
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• Publis 1989-1997 • DN 124:176584 
TI New taxoids, preparation thereof and pharmaceutical compositions 

containing them 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, A1ain 

; Pulicani, Jean-Pierre 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 45 pp. 

CODEN: PIXXD2 
PI WO 9533738 Al 951214 
DS 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AM, AU, 
KP, KR, 
SG, SI, 
AT, BE, 
IE, IT, 

95-FR737 
94-7051 

DT Patent 
LA French 

BB, BG, BR, 
KZ, LK, LR, 
SK, TJ, TM:, 
BF, BJ, CF I 
LU, MC, ML, 

950607 
940609 

BY, CA, 
LT, LV, 
TT, UA, 
CG, CH, 
MR, NE, 

CN, CZ, 
MD, MG, 
UG, us, 
CI, CM, 
NL, PT, 

OS CASREACT 124:176584; MARPAT 124:176584 

EE, 
MN, 
uz, 
DE, 
SE, 

L2 ANSWER 28 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1996:123748 CAPLUS 
DN 124:176582 

FI, GE, HU, IS, 
MX, NO, NZ, PL, 
VN 

DK, ES, FR, GA, 
SN, TD, TG 

JP, 
RO, 

GB, 

TI New taxoids, preparation thereof and pharmaceutical compositions 
containing them 

IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 

PA 
so 

; Terrier, Corinne; 
Rhone-Poulenc Rorer 
PCT Int. Appl. I 59 
CODEN: PIXXD2 

Zucco, Martine 
S.A., Fr. 

pp. 

PI 
DS 

WO 9533739 Al 951214 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AM, AU, 
KP I KR, 
SG, SI, 
AT, BE, 
IE, IT, 

95-FR738 
94-7052 

DT Patent 
LA French 

BB, BG, BR, BY, CA, CN, 
KZ, LK, LR, LT, LV, MD, 
SK, TJ, TM:, TT, UA, UG, 
BF, BJ, CF, CG, CH, CI, 
LU, MC, ML, MR, NE, NL, 

950607 
940609 

CZ, 
MG, 
US, 
CM, 
PT, 

OS CASREACT 124:176582; MARPAT 124:176582 

EE, 
MN, 
uz, 
DE, 
SE, 

L2 ANSWER 29 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:996309 CAPLUS 
DN 124:56362 

FI, 
MX, 
VN 
DK, 
SN, 

TI Process for the preparation of 7-hydroxy taxanes 

GE, HU, IS, 
NO, NZ, PL, 

ES, FR, GA, 
TD, TG 

IN Bastart, Jean-Pierre; Bourzat, Jean-Dominique; Commercon, 
A1ain; leconte, Jean-Pierre 

PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 18 pp. 

CODEN: PIXXD2 
PI WO 9526961 Al 951012 
DS W: AM, AU, 

KP, KR, 
SG, SI, 

RW: AT, BE, 
IE, IT, 

AI WO 95-FR420 
PRAI FR 94-3980 
DT Patent 
LA French 

BB, BG, 
KZ, LK, 
SK, TJ, 
BF, BJ, 
LU, MC, 

950403 
940405 

BR, 
LR, 
TT, 
CF, 
ML, 

BY, CA, 
LT, LV, 
UA, UG, 
CG, CH, 
MR, NE, 

CN, 
MD, 
us, 
CI, 
NL, 

OS CASREACT 124:56362; MARPAT 124:56362 

CZ, EE, FI, GE, HU, IS, 
MG, MN, MX, NO, NZ, PL, 
uz, VN 

CM, DE, DK, ES, FR, GA, 
PT, SE, SN, TD, TG 

JP, 
RO, 

GB, 

JP, 
RO, 

GB, 

KG, 
RU, 

GR, 

KG, 
RU, 

GR, 

KG, 
RU, 

GR, 
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L2 ANSWER 30 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:828467 CAPLUS 
DN 123:228574 
TI Novel taxicine derivatives, their preparation and pharmaceutical 

compositions containing them 
Commercon, Alain; Terrier, Corinne IN 

PA 
so 

Rhone-Poulenc Rorer S.A., Fr. 
PCT Int. Appl. I 76 pp. 
CODEN: PIXXD2 

PI 
DS 

WO 9513270 Al 950518 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AM, AU, 
KR, KZ, 
TJ, TT, 
AT, BE, 
IE, IT, 

94-FR1282 
93-13232 

DT Patent 
LA French 

BB, BG, 
LK, LR, 
UA, us, 
BF, BJ, 
LU, MC, 

941107 
931108 

OS MARPAT 123:228574 

BR, 
LT, 
UZ, 
CF, 
ML, 

BY, CA, CN, 
LV, MD, MG, 
VN 

CG, CH, CI, 
MR, NE, NL, 

CZ, EE, 
MN, NO, 

CM, DE, 
PT, SE, 

L2 ANSWER 31 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:813018 CAPLUS 
DN 123:228573 

FI, GE, HU, JP, KG, 
NZ, PL, RO, RU, SI, 

DK, ES, FR, GA, GB, 
SN, TD, TG 

TI Novel taxoids, their preparation and pharmaceutical compositions 
containing them 

IN Bouchard, Herve; Bourzat, Jean-Dominique; comm.ercon, Alain 
; Pulicani, Jean-Pierre 

PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 51 pp. 

CODEN: PIXXD2 
PI WO 9513271 Al 950518 
DS 

AI 
PRAI 

W: 

RW: 

WO 
FR 

AM, AU, 
KR, KZ, 
TJ, TT, 
AT, BE, 
IE, IT, 

94-FR1283 
93-13233 

DT Patent 
LA French 

BB, BG, 
LK, LR, 
UA, us, 
BF, BJ, 
LU, MC, 

941107 
931108 

OS MARPAT 123:228573 

BR, 
LT, 
uz, 
CF, 
ML, 

BY, CA, 
LV, MD, 
VN 
CG, CH, 
MR, NE, 

CN, CZ, EE, 
MG, MN, NO, 

CI, CM, DE, 
NL, PT, SE, 

L2 ANSWER 32 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:763635 CAPLUS 
DN 123:169939 

FI, GE, HU, JP, 
NZ, PL, RO, RU, 

DK, ES, FR, GA, 
SN, TD, TG 

KG, 
SI, 

GB, 

KP, 
SK, 

GR, 

KP, 
SK, 

GR, 

TI Novel taxoids, preparation thereof and pharmaceutical compositions 
containing them 

IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
; Guenard, Daniel; Gueritte-Voegelein, Francoise 

PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 37 pp. 

CODEN: PIXXD2 
PI WO 9511247 Al 950427 
DS W: AM, AU, BB, BG, BR, 

KR, KZ, LK, LR, LT, 
TJ, TT, UA, US, UZ, 

RW: AT, BE, BF, BJ, CF, 
IE, IT, LU, MC, ML, 

AI WO 94-FR1196 941017 
PRAI FR.93-12345 931018 

BY, CA, 
LV, MD, 
VN 

CG, CH, 
MR, NE, 

CN, 
MG, 

CI, 
NL, 

CZ, EE, FI, GE, HU, JP, 
MN, NO, NZ, PL, RO, RU, 

CM, DE, DK, ES, FR, GA, 
PT, SE, SN, TD, TG 

KG, KP, 
SI, SK, 

GB, GR, 
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DT Patent 
LA French 
OS MARPAT 123:169939 

• Publis 1989-1997 

L2 ANSWER 33 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:752262 CAPLUS 
DN 124:30335 

• 
TI Constrained analogs of KCVFM with improved inhibitory properties 

against farnesyl transferase 
AU Clerc, Francois-Frederic; Guitton, Jean-Dominique; Frornage, Nadine; 

Lelievre, Yves; Duchesne, Marc; Tocque, Bruno; Jarnes-Surcouf, 
Evelyne; Comrnercon, Alain; Becquart, Jerome 

CS Cent. Rech. Vitry-Alfortville, Rhone-Poulenc Rorer S.A., 
Vitry-sur-Seine, 94403, Fr. 

SO Bioorg. Med. Chern. Lett. {1995), 5(16), 1779-84 
CODEN: BMCLE8; ISSN: 0960-894X 

DT Journal 
LA English 

L2 ANSWER 34 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:750522 CAPLUS 
DN 123:169607 
TI Preparation of oxazolidinecarboxylates as therapeutic taxoid 

intermediates 
IN Bourzat, Jean-Dominique; Comrnercon, Alain 
PA Rhone Poulenc Rorer Sa, Fr. 
_so Fr. Dernande, 36 pp. 

CODEN: FRXXBL 
PI FR 2706457 Al 941223 
AI FR 93-7240 930616 
DT Patent 
LA French 
OS MARPAT 123:169607 

L2 ANSWER 35 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:731657 CAPLUS 
DN 123:144320 
TI Novel taxoids, their preparation and compositions containing them 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Comrnercon, Alain 

; Publicani, Jean-Pierre; Zucco, Martine 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 40 pp. 

CODEN: PIXXD2 
PI WO 9511241 Al 950427 
DS W: AM, AU, BB, BG, BR, BY, CA, CN, CZ, 

KR, KZ, LK, LR, LT, LV, MD, MG, MN, 
TJ, TT, UA, us, uz, VN 

RW: AT, BE, BF, BJ, CF, CG, CH, CI, CM, 
IE, IT, LU, MC, ML, MR, NE, NL, PT, 

AI WO 94-FR1210 941019 
PRAI FR 93-12488 931020 
DT Patent 
LA French 
OS MARPAT 123:144320 

EE, 
NO, 

DE, 
SE, 

L2 ANSWER 36 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:701903 CAPLUS 
DN 123:112461 
TI Method of preparing taxoids 

FI, GE, HU, JP, 
NZ, PL, RO, RU, 

DK, ES, FR, GA, 
SN, TD, TG 

IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
; Pulicani, Jean-Pierre 

PA Rhone-Poulenc Rorer S.A., Fr. 

KG, KP, 
SI, SK, 

GB, GR, 
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• Publis 1989-1997 

so PCT Int. Appl. I 31 pp. 
CODEN: PIXXD2 

PI WO 9509163 Al 950406 
DS W: AM, AU, BB, BG, BR, 

KR, KZ, LK, LR, LT, 
TJ, TT, UA, us, uz, 

RW: AT, BE, BF, BJ, CF, 
IE, IT, LU, MC, ML, 

AI WO 94-FR1125 940927 
PRAI FR 93-11564 930929 
DT Patent 
LA French 

BY, CA, CN, CZ, 
LV, MD, MG, MN, 
VN 
CG, CH, CI, CM, 
MR, NE, NL, PT, 

OS CASREACT 123:112461; MARPAT 123:112461 

EE, 
NO, 

DE, 
SE, 

L2 ANSWER 37 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:545180 CAPLUS 
DN 123:83772 

FI, GE, 
NZ, PL, 

DK, ES, 
SN, TD, 

HU, 
RO, 

FR, 
TG 

TI Synthesis and biological activity of para-substituted 
3'-phenyldocetaxel analogs 

• 
JP, KG, 
RU, SI, 

GA, GB, 

AU Bourzat, Jean-Dominique; Lavelle, Francois; Commercon, Alain 
CS Center Recherches Vitry-Alfortville, Phone-Poulenc Rorer S.A., 

Vitry-sur-Seine, 94403, Fr. 
SO Bioorg. Med. Chem. Lett. (1995), 5(8), 809-14 

CODEN: BMCLE8; ISSN: 0960-894X 
DT Journal 
LA English 

L2 ANSWER 38 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:526785 CAPLUS 
DN 122:291218 
TI Preparation of biologically active dioxoepoxytaxoids 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 24 pp. 

CODEN: PIXXD2 
PI WO 9501969 Al 950119 
DS W: AU, CA, SK, US 

KP, 
SK, 

GR, 

RW: AT, BE, 
AI WO 94-FR823 
PRAI FR 93-8387 
DT Patent 

CZ, FI, HU, JP, KR, 
CH, DE, DK, ES, FR, 

940705 

NO, 
GB, 

NZ, 
GR, 

PL, 
IE, 

RU, 
IT, LU, MC, NL, PT, SE 

930708 

LA French 
OS CASREACT 122:291218; MARPAT 122:291218 

L2 ANSWER 39 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:358715 CAPLUS 
DN 122: 133464 
TI Preparation of novel antitumor taxoids by electrolytic reduction and 

their pharmaceutical formulations 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 

; Pulicani, Jean-Pierre 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 58 pp. 

CODEN: PIXXD2 
PI WO 9420484 Al 940915 
DS W: AU, CA, CZ, FI, HU, JP, KR, NO, NZ, PL, RU, SK 

RW: AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE 
AI WO 94-FR222 940228 
PRAI FR 93-2370 930302 
DT Patent 
LA French 
OS CASREACT 122:133464; MARPAT 122:133464 
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L2 ANSWER 40 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:312401 CAPLUS 
ON 122:105523 
TI Preparation of 3-hydroxy-2-azetidinones 
IN Bourzat, Jean-dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 28 pp. 

CODEN: PIXXD2 
PI WO 9424103 Al 941027 
OS W: AU, CA, CZ, FI, 

AI 
RW: AT, BE, 
WO 94-FR416 

CH, DE, 
940414 

PRAI FR 93-4495 930416 
DT Patent 
LA French 

HU, 
DK, 

JP I KR I NO I NZ I 

ES I FR, GB, GR, 

OS CASREACT 122:105523; MARPAT 122:105523 

PL, 
IE, 

L2 ANSWER 41 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:297000 CAPLUS 
DN 122: 291180 

RU, 
IT, 

SK, US 
LU, MC, NL, PT, SE 

TI Direct access to 2-debenzoyl taxoids by electrochemistry, synthesis 
of 2-modified docetaxel analogs 

AU Pulicani, Jean-Pierre; Bezard, Daniel; Bourzat, Jean-Dominque; 
Bouchard, Herve; Zucco, Martine; Deprez, Dominique; Commercon, 
Alain 

CS Centre Recherches Vitry-Alfortville, Rhone-Poulenc Rorer S. A., 
Vitry-sur-Seine, 94403, Fr. 

SO Tetrahedron Lett. (1994), 35(52), 9717-20 
CODEN: TELEAY; ISSN: 0040-4039 

OT Journal 
LA English 
OS CASREACT 122:291180 

L2 ANSWER 42 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:296999 CAPLUS 
DN 122:265687 
TI Improved access to 19-nor-7.beta.,8.beta.-methylene-taxoids and 

formation of a 7-membered C-ring analog of docetaxel by 
electrochemistry 

AU Bouchard, Herve; Pulicani, Jean-Pierre; Vuilhorgue, Marc; Bourzat, 
Jean-Dominque; Commercon, Alain 

CS Center Recherches Vitry-Alfortville, Rhone-Poulenc Rorer S.A., 
Vitry-sur-Seine, 94403, Fr. 

SO Tetrahedron Lett. (1994), 35(52), 9713-16 
CODEN: TELEA.Y; ISSN: 0040-4039 

DT Journal 
LA English 
OS CASREA.CT 122:265687 

L2 ANSWER 43 OF 77 CA.PLUS COPYRIGHT 1997 A.CS 
AN 1995:296998 CA.PLUS 
ON 122:265686 
TI Preparation of 7-modified docetaxel analogs using electrochemistry 
AU Pulicani, Jean-Pierre; Bouchard, Herve; Bourzat, Jean-Dominque; 

Commercon, Alain 
CS Center Recherches Vitry-Alfortville, Rhone-Poulenc Rorer S. A.., 

Vitry-sur-Seie, 94403, Fr. 
SO Tetrahedron Lett. (1994), 35(52), 9709-12 

CODEN: TELEA.Y; ISSN: 0040-4039 
DT Journal 
LA English 
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OS CASREACT 122:265686 

L2 ANSWER 44 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:280267 CAPLUS 
DN 122:106131 

• 
TI Practical semisynthesis and antimitotic activity of docetaxel and 

side-chain analogs 
AU Commercon, A.; Bourzat, J. D.; Didier, E.; Lavelle, 

Francois 
CS Rhone-Poulenc Rorer, Centre de Recherches de Vitry Alfortville, 

Vitry sur Seine, 94403, Fr. 
SO ACS Syrnp. Ser. (1995), 583(Taxane Anticancer Agents), 233-46 

CODEN: ACSMC8; ISSN: 0097-6156 
DT Journal; General Review 
LA English 

L2 ANSWER 45 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:213968 CAPLUS 
DN 122:10301 
TI New taxoids, their preparation, and pharmaceutical compositions 

containing them 
IN Bouchard, Herve; Bourzat, Jean-Dominique; Commercon, Alain 
PA Rhone Poulenc Rorer SA, Fr. 
SO Fr. Demande, 35 pp. 

CODEN: FRXXBL 
PI FR 2698871 Al 940610 
AI FR 92-14813 921209 
DT Patent 
LA French 
OS CASREACT 122:10301; MARPAT 122:10301 

L2 ANSWER 46 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1995:58257 CAPLUS 
DN 122:106165 
TI Partial synthesis of major human metabolites of docetaxel 
AU Commercon, Alain; Bourzat, Jean-Dominique; Bezard, Daniel; 

Vuilhorgne, Marc 
CS Centre Recherches Vitry-Alfortville, Vitry-sur-Seine, 94403, Fr. 
SO Tetrahedron (1994), 50(34), 10289-98 

CODEN: TETRAB; ISSN: 0040-4020 
DT Journal 
LA English 

L2 ANSWER 47 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:701105 CAPLUS 
DN 121:301105 
TI Preparation of taxane derivatives as antiproliferatives 
IN Bouchard, Herve; Bourzat, Jean-Dominique; commercon, Alain 
PA Rhone Poulenc Rorer SA, Fr. 
SO Fr. Demande, 44 pp. 

CODEN: FRXXBL 
PI FR 2698363 Al 940527 
AI FR 92-14023 921123 
DT Patent 
LA French 
OS MARPAT 121:301105 

L2 ANSWER 48 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:680914 CAPLUS 
DN 121:280914 
TI Electrochemical reduction of taxoids: selective preparation of 

9-dihydro-, 10-deoxy- and 10-deacetoxy-taxoids 
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• Publis 1989-1997 • AU Pulicani, Jean-Pierre; Bourzat, Jean-Dominique; Bouchard, Herve; 
Commercon, A1ain 

CS Rhone-Poulenc Rorer S.A., Centre Recherches Vitry-Alfortville, 
Vitry-sur-Seine, 94403, Fr. 

SO Tetrahedron Lett. (1994), 35(28), 4999-5002 
CODEN: TELEAY; ISSN: 0040-4039 

DT Journal 
LA English 

L2 ANSWER 49 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:631103 CAPLUS 
DN 121:231103 
TI Preparation of taxane derivatives as antiproliferatives 
IN Bourzat, Jean Dominique; Commercon, Alain; Deprez, 

Dominique; Publicani, Jean Pierre 
PA Rhone Poulenc Rorer SA, Fr. 
SO Fr. Demande, 20 pp. 

CODEN: FRXXBL 
PI FR 2697841 Al 940513 
AI FR 92-13586 921112 
DT Patent 
LA French 
OS MARPAT 121:231103 

L2 ANSWER 50 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:630593 CAPLUS 
DN 121:230593 
TI Preparation of taxane derivatives as antitumor agents 
IN Bourzat, Jean Dominique; Commercon, Alain; Deprez, 

Dominique; Pulicani, Jean Pierre 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 31 pp. 

CODEN: PIXXD2 
PI WO 9408984 Al 940428 
DS W: AU, CA, CZ, FI, HU, JP, KR, NO, NZ, PL, RU, SK, US 

RW: AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE 
AI WO 93-FR1013 931013 
PRAI FR 92-12331 921015 
DT Patent 
LA French 
OS MARPAT 121:230593 

L2 ANSWER 51 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:605748 CAPLUS 
DN 121:205748 
TI Method of preparing taxane derivatives 
IN Commercon, Alain; Didier, Eric; Fouque, Elie 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 36 pp. 

CODEN: PIXXD2 
PI WO 9407878 Al 940414 
DS W: AU, BY, CA, CZ, FI, HU, JP, KR, KZ, NO, NZ, PL, RU, SK, UA, US 

RW: AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE 
AI WO 93-FR968 931004 
PRAI FR 92-11742 921005 
DT Patent 
LA French 
OS MARPAT 121:205748 

L2 ANSWER 52 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:605723 CAPLUS 
DN 121:205723 
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• Publis 1989-1997 • TI Expeditious semisynthesis of docetaxel using 2-trichloromethyl-1,3-
oxazolidine as side-chain protection 

AU Didier, Eric; Fouque, Elie; Commercon, A1ain 
CS Rhone-Poulenc Rorer S.A., Vitry-sur-Seine, 94403, Fr. 
SO Tetrahedron Lett. (1994), 35 (19), 3063-4 

CODEN: TELEAY; ISSN: 0040-4039 
DT Journal 
LA English 
OS CASREACT 121:205723 

L2 ANSWER 53 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:605130 CAPLUS 
DN 121:205130 
TI Taxoid antitumor agents 
IN Bouchard, Herve; Bourzat, Jean Dominique; Com.mercon, A1ain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 33 pp. 

CODEN: PIXXD2 
PI WO 9412485 Al 940609 
DS W: AU, CA, CZ, FI, HU, JP, KR, NO, NZ, PL, RU, SK, US 

RW: AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE 
AI WO 93-FR1173 931130 
PRAI FR 92-14500 921202 
DT Patent 
LA French 
OS MARPAT 121:205130 

L2 ANSWER 54 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:579921 CAPLUS 
DN 121:179921 
TI Preparation of taxol analogs as antiproliferatives 
IN Bourzat, Jean Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 28 pp. 

CODEN: PIXXD2 
PI WO 9407880 Al 940414 
DS 

AI 

W: AU, CA, 
RW: AT, BE, 
WO 93-FR970 

CZ, FI, HU, JP, KR, 
CH, DE, DK, ES, FR, 

931004 
PRAI FR 92-11744 921005 
DT Patent 
LA French 
OS MARPAT 121:179921 

NO, 
GB, 

NZ, 
GR, 

PL, 
IE, 

L2 ANSWER 55 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:579898 CAPLUS 
DN 121:179898 

RU, 
IT, 

SK, US 
LU, MC, NL, PT, SE 

TI 2-Monosubstituted-1,3-oxazolidines as improved protective groups of 
N-Boc-phenylisoserine in docetaxel preparation 

AU Didier, Eric; Fouque, Elie; Taillepied, Isabelle; Commercon, 
Alain 

CS Cent. Rech. Vitry-Alfortville, Rhone-Poulenc Rorer S.A., 
Vitry-sur-Seine, 94403, Fr. 

SO Tetrahedron Lett. (1994), 35(15), 2349-52 
CODEN: TELEAY; ISSN: 0040-4039 

DT Journal 
LA English 
OS CASREACT 121:179898 

L2 ANSWER 56 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:534801 CAPLUS 
DN 121:134801 
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• Publis 1989-1997 •• 
TI Method for preparing .beta.-phenylisoserine and analogs thereof, 

useful as intermediates for taxane derivatives 
IN Bourzat, Jean Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer s·.A. I Fr. 
SO PCT Int. Appl., 37 pp. 

CODEN: PIXXD2 
PI WO 9317997 Al 930916 
DS W: AU, CA, CZ, FI, HU, JP, KR, NO, NZ, 

RW: AT, BE, CH, DE, DK, ES, FR, GB, GR, 
WO 93-FR224 930308 
FR 92-2821 920310 
Patent 
French 

AI 
PRAI 
DT 
LA 
OS CASREACT 121:134801; MARPAT 121:134801 

L2 
AN 
DN 
TI 
IN 
PA 
so 

PI 
DS 

AI 
PRAI 
DT 
LA 
OS 

L2 
AN 
DN 

ANSWER 57 OF 77 CAPLUS COPYRIGHT 1997 
1994:534499 CAPLUS 
121:134499 
Preparation of taxane derivatives 
Commercon, Alain; Didier, Eric; Fouque, 
Rhone-Poulenc Rorer S.A., Fr. 
PCT Int. Appl., 24 pp. 
CODEN: PIXXD2 
WO 9407879 Al 940414 
W: AU, CA, CZ, FI, HU, JP, KR, NO, NZ, 
RW: AT, BE, CH, DE, DK, ES, FR, GB, GR, 
WO 93-FR969 931004 
FF. 92-11743 921005 
Patent 
French 
MARPAT 121: 134499 

ANSWER 58 OF 77 CAPLUS COPYRIGHT 1997 
1994:534485 CAPLUS 
121:134485 

PL, RU, 
IE, IT, 

ACS 

Elie 

PL, RU, 
IE, IT, 

ACS 

SK, us 
LU, MC, 

SK, us 
LU, MC, 

TI Synthesis of 19-hydroxy docetaxel from a novel baccatin 

NL, 

NL, 

AU Margraff, Rodolphe; Bezard, Daniel; Bourzat, Jean Dominique; 
Commercon, Alain 

CS Cent. Rech. Vitry-Alfortville, Rhone-Poulenc Rorer S.A., 
Vitry-sur-Seine, 94403, Fr. 

SO Bioorg. Med. Chem. Lett. (1994), 4(2), 233-6 
CODEN: BMCLE8; ISSN: 0960-894X 

DT Journal 
LA English 
OS CASREACT 121:134485 

L2 ANSWER 59 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:322877 CAPLUS 
DN 120:322877 

PT, 

PT, 

TI Structure-Activity Relationships in a Series of 5-((2,5-
Dihydroxybenzyl)amino]salicylate Inhibitors of EGF-Receptor
Associated Tyrosine Kinase: Importance of Additional Hydrophobic 
Aromatic Interactions 

AU Chen, Huixiong; Boiziau, Janine; Parker, Fabienne; Mailliet, 
Patrick; Commercon, Alain; Tocque, Bruno; Le Pecq, 
Jean-Bernard; Roques, Bernard-Pierre; Garbay, Christiane 

SE 

SE 

CS Departement de Pharmacochimie Moleculaire et Structurale, Faculte de 
Pharmacie, Paris, 75270, Fr. 

SO J. Med. Chem. (1994), 37{6), 845-59 
CODEN: JMCMAR; ISSN: 0022-2623 

DT Journal 
LA English 
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• Publis 1989-1997 

OS CJACS-IMAGE; CJACS 

L2 ANSWER 60 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:318744 CAPLUS 
DN 120:318744 

• 
TI Predominant Labeling of .beta.- over .alpha.-Tubulin from Porcine 

Brain by a Photoactivatable Taxoid Derivative 
AU Combeau, Cecile; Commercon, Alain; Mioskowski, Charles; 

Rousseau, Bernard; Aubert, Francois; Goeldner, Maurice 
CS Centre de Recherches de Vitry-Alfortville, Rhone-Poulenc Rorer S.A., 

Vitry-sur-Seine, 94403, Fr. 
SO Biochemistry (1994), 33(21), 6676-83 

CODEN: BICHAW; ISSN: 0006-2960 
DT Journal 
LA English 
OS CJACS-IMAGE; CJACS 

L2 ANSWER 61 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:314463 CAPLUS 
DN 120:314463 
TI Platinum (IV) derivatives, method of preparation and pharmaceutical 

composition 
IN Barreau, Michel; Chottard, Jean Claude; Commercon, Alain; 

Le Pecq, Jean Bernard; Mailliet, Patrick 
PA Laboratoire Roger Bellon, Fr. 
SO PCT Int. Appl., 28 pp. 

CODEN: PIXXD2 
PI WO 9323410 Al 931125 
DS W: AU, BB, 

NZ, PL, 
RW: AT, BE, 

IE, IT, 
AI WO 93-FR453 
PRAI FR 92-5850 
DT Patent 
LA French 

BG, BR, 
RO, RU, 
BF, BJ, 
LU, MC, 

930511 
920514 

OS MARPAT 120:314463 

CA, 
SD, 
CF, 
ML, 

CZ, FI, 
SK, UA, 
CG, CH, 
MR, NE, 

HU, JP, KP, 
us 
CI, CM, DE, 
NL, PT, SE, 

L2 ANSWER 62 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:270862 CAPLUS 
DN 120:270862 

KR, LK, MG, MN, 

DK, ES, FR, GA, 
SN, TD, TG 

MW, 

GB, 

TI A practical access to chiral phenylisoserinates, preparation of 
Taxotere analogs 

AU Bourzat, Jean Dominique; Commercon, Alain 
CS Cent. Recherches Vitry-Alfortville, Rhone-Poulenc Rorer S.A., 

Vitry-sur-Seine, 94403, Fr. 
SO Tetrahedron Lett. (1993), 34(38), 6049-52 

CODEN: TELEAY; ISSN: 0040-4039 
DT Journal 
LA English 
OS CASREACT 120:270862 

L2 ANSWER 63 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:245558 CAPLUS 
DN 120:245558 
TI Preparation of taxane derivatives as antitumor agents 
IN Bourzat, Jean Dominique; Commercon, Alain; Margraff, 

Rodolphe 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 29 pp. 

CODEN: PIXXD2 
PI WO 9401425 Al 940120 

NO, 

GR, 

Page 1.9 
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• Publis 1989-1997 

DS 

AI 
PRAI 

,; 

W: AU, CA, 
RW: AT, BE, 
WO 93-FR660 
FR 92-8194 

DT Patent 
LA French 

CZ, FI, 
CH, DE, 

930630 
920703 

HU, 
DK, 

JP, 
ES, 

KR, 
FR, 

NO, NZ, 
GB, GR, 

OS CASREACT 120:245558; MARPAT 120:245558 

PL, 
IE, 

L2 ANSWER 64 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:245556 CAPLUS 
DN 120:245556 

RU, 
IT, 

SK, 
LU, 

us 
MC, 

TI Preparation of taxane derivatives as antiturnor agents 
IN Bourzat, Jean Dominique; Commercon, Alain 
PA Rhone-Poulenc Rorer S. A., Fr. 
SO PCT Int. Appl., 39 pp. 

CODEN: PIXXD2 
PI WO 9316060 Al 930819 
DS W: AU, CA, CZ, FI, HU, JP, KR, NO, NZ, PL, RU, SK, US 

• 
NL, PT, SE 

RW: AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE 
AI WO 93-FR112 930204 
PRAI FR 92-1381 920207 
DT Patent 
LA French 
OS MARPAT 120:245556 

L2 ANSWER 65 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1994:164575 CAPLUS 
DN 120:164575 
TI Novel taxane derivatives, their preparation, and compositions 

containing them 
IN Bourzat, Jean Dominique; Commercon, Alain 
PA Rhone-Poulenc Industries S. A., Fr. 
SO PCT Int. Appl., 19 pp. 

CODEN: PIXXD2 
PI WO 9323389 Al 931125 
DS W: AU, BB, BG, BR, CA, CZ, 

NZ, PL, RO, RU, SD, SK, 
RW: AT, BE, BF, BJ, CF, CG, 

IE, IT, LU, MC, ML, MR, 
WO 93-FR477 930518 
FR 92-6177 920521 
Patent 
French 

AI 
PRAI 
DT 
LA 
OS. CASREACT 120:164575; MARPAT 

FI, HU, JP, KP, 
UA, us 
CH, CI, CM, DE, 
NE, NL, PT, SE, 

120:164575 

L2 ANSWER 66 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1993:539229 CAPLUS 
DN 119:139229 

KR, LK, MG, MN, MW, 

DK, ES, FR, GA, GB, 
SN, TD, TG 

NO, 

GR, 

TI Preparation of bis{N-protected)-2-aminoimidazole-4-carboxaldehyde 
IN Commercon, Alain 
PA Rhone-Poulenc Rorer S. A., Fr. 
SO Fr. Demande, 12 pp. 

CODEN: FRXXBL 
PI FR 2681323 Al 930319 
AI FR 91-11301 910913 
DT Patent 
LA Fre.nch 
OS MARPAT 119:139229 

L2 ANSWER 67 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1993:496043 CAPLUS 
DN 119:96043 
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• Publis 1989-1997 • TI Synthesis of 2'-deoxy-2'-spirocyclopropyl cytidine as potential 
inhibitor of ribonucleotide diphosphate reductase 

AU Czernecki, Stanislas; Mulard, Laurence; Valery, Jean Marc; 
Commercon, A1ain 

CS Lab. Chim. Glucides, Univ. Pierre et Marie Curie, Paris, F-75005, 
Fr. 

SO Can. J. Chem. (1993), 71(3), 413-16 
CODEN: CJCHAG; ISSN: 0008-4042 

DT Journal 
LA English 
OS CASREACT 119:96043 

L2 ANSWER 68 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1993:409005 CAPLUS 
DN 119:9005 
TI Preparation of 0-carbamoyl taxol analogs as neoplasm inhibitors 
IN Bourzat, Jean Dominique; Commercon, Alain; Guenard, 

Daniel; Gueritte-Voegelein, Francoise; Potier, Pierre 
PA Rhone-Poulenc Rorer SA, Fr. 
SO Eur. Pat. Appl., 18 pp. 

CODEN: EPXXDW 
PI EP 524093. Al 930120 
DS R: PT 
AI EP 92-402046 920716 
PRAI FR 91-8937 910716 
DT Patent 
LA French 
OS MARPAT 119:9005 

L2 ANSWER 69 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1993:7213 CAPLUS 
DN 118:7213 
TI Improved protection and esterification of a precursor of the 

Taxotere and taxol side chains. 
AU Commercon, A.; Bezard, D.; Bernard, F.; Bourzat, J. D. 
CS Cent. Rech. Vitry-Alfortville, Rhone-Poulenc Rorer, Vitry-sur-Seine, 

94403, Fr. 
SO Tetrahedron Lett. {1992), 33(36), 5185-8 

CODEN: TELEAY; ISSN: 0040-4039 
DT Journal 
LA English 
OS CASREACT 118:7213 

L2 ANSWER 70 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1992:651589 CAPLUS 
DN 117:251589 
TI Method for preparing taxane derivatives, novel derivatives thereby 

obtained and pharmaceutical compositions containing same. 
IN Bourzat, Jean Dominique; Commercon, Alain; Paris, Jean 

Marc 
PA Rhone-Poulenc Rorer S.A., Fr. 
SO PCT Int. Appl., 46 pp. 

CODEN: PIXXD2 
PI WO 9209589 Al 920611 
DS W: AU, CA, 

RW: AT, BE, 
AI 
PRAI 

WO 91-FR928 
FR 90-14635 
FR 91-9423 
Patent 
French 

cs, FI, HU, 
CH, DE, DK, 

911122 
901123 

910725 

JP, KR, 
ES, FR, 

NO, PL, 
GB, GR, 

DT 
LA 
OS CASREACT 117:251589; MARPAT 117:251589 

SU, us 
IT, LU, NL, SE 
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L2 ANSWER 71 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1992:6797 CAPLUS 
DN 116:6797 
TI Enantioselective synthesis of girolline 
AU Commercon, A.; Paris, J. M. 

• 
CS Cent. Rech. Vitry-Alfortville, Rhone-Poulenc Rorer, Vitry-sur-Seine, 

94403, Fr. 
SO Tetrahedron Lett. (1991), 32(37), 4905-6 

CODEN: TELEAY; ISSN: 0040-4039 
DT Journal 
LA English 
OS CASREACT 116:6797 

L2 ANSWER 72 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1991:536475 CAPLUS 
DN 115:136475 
TI Imidazolepropanamide derivative, its preparation, and its use 
IN Comrnercon, Alain; Paris, Jean Marc; Radisson, Xavier 
PA Rhone-Poulenc Sante, Fr. 
so Can. Pat. Appl., 21 pp. 

CODEN: CPXXEB 
PI CA 2026128 AA 910327 
AI CA 90-2026128 900925 
PRAI FR 89-12574 890926 
DT Patent 
LA French 
OS MARPAT 115:136475 

L2 ANSWER 73 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 19 91 : 4 715 9 9 CAPLU.S 
DN 115:71599 
TI Preparation of racemic threo-3-amino-1-(2-amino-lH-imidazol-4-yl)-2-

chloro-1-propanol (girolline) as an antitumor agent 
IN Ahond, Alain; Almourabit, Ali; Zurita, Manuel Bedoya; 

Commercon, Alain; Potier, Pierre; Poupat, Christiane 
PA Rhone-Poulenc Sante, Fr. 
SO Fr. Demande, 28 pp. 

CODEN: FRXXBL 
PI FR 2646849 Al 901116 
AI FR 89-6251 890512 
DT Patent 
LA French 
OS MARPAT 115:71599 

L2 ANSWER 74 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1991:450066 CAPLUS 
DN 115:50066 
TI A diasteroselective synthesis of girolline 
AU Commercon, A.; Gueremy, C. 
CS Cent. Rech. Vitry-Alfortville, Rhone-Poulenc Rorer, Vitry-sur-Seine, 

94403, Fr. 
SO Tetrahedron Lett. (1991), 32(11), 1419-22 

CODEN: TELEAY; ISSN: 0040-4039 
DT Journal 
LA English 
OS CASREACT 115:50066 

L2 ANSWER 75 OF 77 CAPLUS COPYRIGHT 1997 ACS 
AN 1991:121867 CAPLUS 
DN 114: 121867 
TI Preparation of a girolline enantiomer as an antitumqr agent 
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I 
~ • IN 

PA 
so 

PI 
DS 
AI 
PRAI 
DT 
LA 
OS 

L2 
AN 
DN 
TI 

AU 
cs 

so 

DT 
LA 
OS 

L2 
AN 
DN 
TI 

AU 

cs 
so 

DT 
LA 

Commercon, A1ain; Cousin, Jacky; Gueremy, Claude; 
Ponsinet, Gerard 
Rhone-Poulenc Sante, Fr. 
Eur. Pat. Appl., 22 pp. 
CODEN: EPXXDW 
EP 397567 Al 901114 
R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE 
EP 90-401236 900510 
FR 89-6249 890512 
Patent 
French 
MARPAT 114:121867 

ANSWER 76 OF 77 CAPLUS COPYRIGHT 1997 ACS 
1991:23649 CAPLUS 
114: 23 649 
Diastereoselective chlorocyclofunctionalization of N-allylic 
trichloroacetamides: synthesis of an analog and potential precursor 
of RP49532 
Commercon, A.; Ponsinet, G. 
Cent. Rech. Vitry-Alfortville, RHONE-POULENC SANTE, Vitry-sur-Seine, 
94403, Fr. 
Tetrahedron Lett. {1990), 31(27), 3871-4 
CODEN: TELEAY; ISSN: 0040-4039 
Journal 
English 
CASREACT 114:23649 

ANSWER 77 OF 77 CAPLUS COPYRIGHT 1997 ACS 
1990:135034 CAPLUS 
112: 135034 
Selective inhibition of tyrosine protein kinase by a synthetic 
multisubstrate analog 
Baginski, Isabelle; Commercon, A1ain; Tocque, Bruno; 
Colson, Genevieve; Zerial, Aurelio 
Cent. Rech. Vitry, Rhone-Poulenc Sante, Vitry sur Seine, 94403, Fr. 
Biochem. Biophys. Res. Commun. {1989), 165(3), 1324-30 
CODEN: BBRCA9; ISSN: 0006-291X 
Journal 
English 
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• • .• 

Serial No.:08/622,011 
Attorney Docket No.: 03806.03~67~----======::::'.'.::::::::::::-------__ 

INTERVIEW --August 7, 1997 

Proposed Amendment to Claim 1: 

Claim 1 is drawn to a taxoid of the formula (1): 

Rs 

(I) 

Z 0 ......... 

fl ~ 
OCOC H bCOCH3 

6 5 

We will amend the claim to limit each of R4 and R5 to only an 

unsubstituted alkoxy radical containing 1 to 6 carbon atoms in 

an unbranched or branched chain or an unsubstituted 

cycloalkyloxy radical containing 3 to 6 carbon atoms. 

1 
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I, • • 
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

Rejection Under 35 U.S.C. § 102(b) 

• Claims 1-4, 17-24 rejected over compounds 6b-d of Holton. 

• The Office's reliance on col. 6, lines 23-35, as teaching 

that OT 1 and Z groups of Holton are hydroxy protecting 

groups encompassing instant R4 and Rs groups, is 

misplaced. Col. 6 describes hydroxy protecting groups for 

R1 of the J3-lactam (2), not for OT1 and Z groups. 

• Applicants have amended claim 1 to narrow the definitions 

of R4 and Rs to encompass only unsubstituted C1-C6 alkoxy 

radicals or C3-C6 cycloalkyloxy radicals. Holton does not 

teach or suggest such substituents. 

2 
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• • 
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

Rejections Under 35 U.S.C. § 103 

Holton in view of Greene 

• Claims 1-4 and 17-24 rejected. 

• Holton does not teach or suggest the presently claimed 

taxoids; Holton's compounds are intermediates to make taxoids 

(col. 1, lines 14-15). As amended, definitions of R4 and R5 in 

claim 1 encompass only unsubstituted C1-C6 alkoxy radicals or 

C3-C6 cycloalkyloxy radicals as substituents in those positions. 

As admitted by the Office, Holton does not teach such 

substituents. 

• Greene does not remedy the deficiencies of Holton. Greene 

lists protective groups for the -OH in general. Pp. 10-14 are 

not tied to specific compounds (see Kingston col. 28). The 

claimed compounds are final pharmaceutical products (p. 25); 

at the 7 and 1 0 position, the su bstitutents are not protective 

groups because they are not removed. No motivation to look at 

protective group art, such as Greene. 

3 
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·- • • 
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

Kingston 

• Claim 25 rejected based on compound 24 of Kingston. 

• Compound 24 of Kingston is an intermediate compound which can 

be reacted with di-t-butyl dicarbonate, hydrolyzed, and de-protected 

to yield 10-acetyl Taxotere. 

• Nothing in the art of record would motivate modification of compound 

24 to achieved the claimed invention. One would have to modify the 

7, 10 and C2' positions, without any teaching in the art to do so. 

• Kingston does not teach or suggest C1-C6 alkoxy radicals or C3-C6 

cycloalkyloxy radicals as protecting groups in the C7 and C10 

positions. Thus, one of ordinary skill in the art would have had 

absolutely no motivation to substitute the C7, C10 and C2' positions 

of Kingston in order to obtain formula (VII) of present claim 25. Also, 

claim 25 is a final product and thus has no protective groups. The 

protective groups of Kingston are not useful in the final products of 

the invention (see col. 18; see col 12-13; col. 13, lines 66-67; col. 16-

17; col. 18). 

4 
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• • 
Serial No.:08/622,011 
Attorney Docket No.: 03806.0367 

RULE 132 Declaration: Test Results 

7-position 10-position T/Co/o KB IC50 KBNLB IC50 

µg/ml 

Product of Example 1 -OCH3 -OCH3 0.000 0.0034 0.1600 

Product of Example 3 -OCH3 -OC2H5 - 0.0060 0.0930 

Product of Example 4 -OCH3 -OC3H7 - 0.0150 0.0730 

Holton diprotected -OCOCCl3 -OCOCCl3 54.000 10.000 10.000 

Holton diacetylated -OCOCH3 -OCOCH3 - 4.500 10.000 

Kingston cpd 28 -OH, -OCOCH3 7.000 0.600 0.600 

T/C determines "in vivo" activity in the mouse bearing a 

tumor. It represents the percentage of the average weight of the 

tumor of the treated group over the average weight of the tumor 

of the control group. If the T/Co/o is less than 42%, the product is 

considered active. The table shows that the diprotected product 

of Holton is clearly inactive (T/Co/o = 54.000). 

In contrast, the presently claimed compound 1 is much 

more active (T/C0/o = 0.000; KBIC50) than the diprotected or 

diacetylated compounds of Holton or compound 28 of Kingston. 

These results are unexpectedly superior, as the declarant 

will attest. 

5 
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Allowable Subject Matter 

Applicants thank the Examiner for his indication that claims 

5-16 and 26-31 are allowable since the claimed processes are 

unobvious over the prior art. 

6 
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Serial Number: 08/622,011 

Art Unit: 1203 

-2-

Claims 1-31 are pending. 

The following is a quotation of the 
appropriate paragraphs of 35 U.S.C. § 102 that 
form the basis for the rejections under this 
section made in this Office action: 

A person shall be entitled to a patent 
unles·s --
(b} the invention was patented or described 
in a printed publication in this or a 
foreign country or in public use or on sale 
in this country, more than one year prior 
to the date of application for patent in 
the United States. 

Claims 1-4, 17-24 are rejected under 35 

U.S.C. § 102(b) as being anticipated by 

compounds 6b to 6d of Holton (US 5,229;526). 

The OT, and Z groups of Holton embrace the 

instant R4 and R5 groups as being hydroxy 

protecting groups; note lines 23 to 35 column 6 

of Holton. 
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The following is a quotation of 35 U.S.C. 

-3-

§ 103 which forms the basis for all obviousness 
rejections set forth in this Office action: 

A patent may not be-obtained though the 
invention is not identically disclosed or 
described as set forth in section 102 of 
this title, if the differences between the 
subject matter sought to be patented and 
the prior art are such that the subject 
matter as a whole would have been obvious 
at the time the invention was made to a 
person having ordinary skill in the art to 
which said subject matter pertains. 
Patentability shall not be negatived by the 
manner in which the invention was made. 

Subject matter developed by another person, 
which qualifies as prior art only under 
subsection (f) or (g) of section 102 of 
this title, shall not preclude 
patentability under this section where the 
subject matter and the claimed invention 
were, at the time the invention was made, 
owned by the same person or subject to an 
obligation of assignment to the same 
person. 

Claims 1-4, 17-24 are rejected under 35 

U.S.C. § 103 as being unpatentable over Holton 

in view of Greene et al. 
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Holton teaches a protected taxane which is 

analogous to the claimed compounds; note the 

compounds 6b to 6d in column 12 of Holton. The 

prior art does not specifically teach the 

instant R4 and R5 groups; note the OT, and Z 

groups in compounds 6b and 6d of Holton, 

however, Greene et al. teaches the instant 

hydroxy protecting groups to be conventional; 

note pag~ 10-14 of Greene et al; and lines 23 

to 35 column 6 of Holton. It would be prima 

f acie obvious to replace the hydroxy protecting 

group as taught by Greene et al. without the 

loss of the same utility. 

Claim 25 is rejected under 35 U.S.C. § 103 

as being unpatentable over Kingston et al. 
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Art Unit: 1203 

Kingston et al. teaches a protected taxane 

which is analogous to the instant compounds; 

note compound 24 column 18,- of Kingston et al. 

Since the protection and the deprotection of he 

hydroxy group(s) of taxane compounds are 

obvious in the art; the instant taxane wherein 

the C2' hydroxy is unprotected would be deemed 

·obvious over the protected - C2' taxane of 

Kingston et al. 

Claims 5-16 and 26-31 are deemed allowable 

since the claimed processes are unobvious over 

the prior art. 

Any inquiry concerning this communication 

should be directed to Examiner Ba Trinh at 

telephone number (703) 308-4545. 

TRINH:tcj 
April 17, 1997 

BAK. TRINH 
PRIMARY EXAMINER 

GROUP1200 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Herve BOUCHARD et al. ) Group Art Unit: UAU2L 
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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

,,; .. 

~.:J 

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. § 1.97(b) 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97{b), Applicants bring to the 

attention o·f the Examiner the documents listed on the attached PTO 1449. 

This Information Disclosure Statement is being filed within three months of the 

filing date of the above-referenced application. 

Copies of the listed documents are attached. 

Applicants respectfully request that the Examiner consider the listed 

documents and indicate that they were considered by making appropriate 

notations on the attached form. 

The following is a concise statement of relevance of the non-English 

language documents. 

1. The relevance of EP O 336 841 can be found in its English language 

Derwent Abstract. 
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Applicants further reserve the right to take appropriate action to establish 

the patentability of the disclosed invention over the listed documents, should 

one or more of the documents be applied against the claims of the present 

application. 

If there is any fee due in connection with the filing of this Statement, 

please charge the fee to our Deposit Account No. 06-0916. 

Date: June 26, 1996 
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(43) International Publication Date: 18 August 1994 (18.08.94) 
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(54) Title: PROCESS FOR PREPARATION OF TAXANE DERIVATIVES AND P-LACTAM INTERMEDIATES TIIEREFOR 

(57) Abstract 

Taxol (I) is a complex diterpene which is currently considered !he most exciting lead in cancer chemotherapy. Taxol possesses high 
cytotoxicity and strong antitumor activity against diff~nt cancers which have not been effectively treated by existing antitumor drugs. 
However, taxol bas a problem with solubility in aqueous media, which may impose some serious limitation in its use. TAXOTERE (III) 
seems to have antitumor activity superior to taxol with better bioavailability. Taxotetc bas a modified taxol structure with a modified C-13 
side chain. This fact strongly indicates that modification on the C-13 side chain would provide a new series of taxol and TAXOTERE 
analogues which may have higher potency, better bioavailability and less unwanted toxicity. The present invention provides efficient and 
practical methods for the syntheses of TAXOTERE and its analogues through ,8-lactam intermediates and their coupling with baccatin m. 
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P~OCESS FOR PREPARATION OF TAXANE 
DERIVATr.7i:S AND B-LACTAM INTERMEDIATES THEREFOR 

FIELD OF THE INVENTION 

The present invention relates to a process for 

the preparation of taxoid(s) including TAXOTERE and its 

analogs and the B-lactam intermediates useful in this 

process. 

BACKGROUND OF THE INVENTION 

Taxol (I) is a complex diterpene which is 

currently considered the most exciting lead in cancer 

chemotherapy. Taxol possesses high cytotoxicity and 

strong antitumor activity -.~ainst different cancers which 

have not been effectively treated by existing antitumor 

drugs. For example, taxol is currently in phase III 

clinical trials for advanced ovarian cancer, phase II for 

breast cancer, and phase I for lung cancers, colon cancer 

and acute leukemia. 

0 

(I) 

. .: 
:. ... 20 

14 HO 0 o........,__ 
o__/ II 

Ci 
Although taxol is an extremely important "lead" 

in cancer chemotherapy, taxol has a problem with 

solubility in aqueous media, which may impose some serious 

limitation in its use. It is common for improved drugs to 

be derived from r.a~urally occurring lead compounds. In 

fact, French researchers, Po~ier, Gu~ritte-Voegelein, 

SUBSTITUTE SHEET (RULE 26) 
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Guenard et al. have discovered that a modification of the 

c-i3 side chain of taxol brought about a new anticancer 

agent which seems to have antitumor activity superior to 

taxol with better bioavailability. This synthetic 

compound was named "TAXOTERE (II)", which has t
butoxycarbonyl instead of benzoyl on the amino group of 
{2R,3S)-phenylisoserin~ moiety at the C-13 position and a 

hydroxyl group instead of an acetoxy group at c-10. 

(Colin, M. et al. Eur. Pat. Appl. EP253,738 (1988)]. 

Taxotere is currently in phase II clinical trial in both 

United States and Europe. TAXOTERE has been synthesized 

by a semisynthetic process, including a coupling of N

tert-butoxycarbonyl-(2R, 3S)-3-phenylisoserine with 10-

deacetylbaccatin III with proper protecting groups. 

(Denis, J.-N. recently reported (Com:mercon, A. et al., 

Tetrahedron Letters, 1992, ,Jd 5185)). 

(IJ:l 

It is known that the C-13 side chain of taxol, 

i.e., N-benzoyl-(2R, 35)-3-phenylisoserine (III) moiety, 

is crucial for the strong antitumor activity of taxol. 

(Senilh et al., C.R. Seancas Acad. Sci. Ser. 2 1984, 299, 

1039; Gueritte-Voegelein et al., Tetrahedron, 1986, 42, 

4451, and Mangatal et al., Tetrahedron, 1989, 45, 4177; 

Gueritte-Voegelein et al. J. Med. Chem. 1991, 34, 992; and 

Swindell et al., J. Med. Chem. 1992, 35, 145; Mathew, A.E. 

et al., J. Med. Chem. 1992, 35, 145). Moreover, some 

modification of the C-13 side chain can provide a new 
series of taxol analogs which may have higher potency, 

better bioavailability and less unwanted toxicity, as 
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exemplified by the discovery of TAXOTERE (II). 

Accordingly, the development of an efficient 
mAthod which can be applied to various analogs of taxol 

and TAXOTERE and analogs thereof, i.e., a method having 

flexibility and wide applicability, is extremely important 

and of current demand. It has been shown that such a new 
and efficient method with flexibility can be developed by 

using enantiomerically pure B-lactams as key-intermediates 

[Ojima, I. et al., J. Org. Chem., 1991, 56, 1681; Ojima et 

al., Tetrahedron, 1992, 48, 6985; Holton, R.A., Eur. 

Patent Appl. EP 400,971 (1990)). 

Lithium chiral ester enolate-imine 

cyclocondensation strategy has been applied to the 

asymmetric synthesis of the side chain of taxol via a 

(JR,45)-3-hydroxy-4-phenylazotidin-2-one (IV) as the k~y-

·intermediate. (Ojima, I. et al., J. org. Chem., 1991, 56, 

1681; Ojima et al., Tetrahedron, 1992, 48, 6985) 

j 
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·Based on this protocol, the side chain can be 

obtained in 3 steps in high yieJ.d w.u;;~ virtually 100% e. e. 

(Ojima, I. et al. J. Org. Chem. 1991 56, 1681). Recently, 

it was found that l-benzoyl-(3R,4S)-3-(l-ethoxyethoxy)-4-

phenylazetidin-2-one (V), readily derived from the 
hydroxy-B-lactam (IV), served as the key-intermediate for 

the synthesis of taxol [Holton, R.A. Eur. Pat. Appl. EP 

400,971 (1990}]. Therefore, this B-lactam intermediate 

serves as the key-intermediate for both coupling_methods. 

(V) 

7-'1'£5-i::iacca-cin !!!: (VJ:) 

In·the published European application to Holton 

(hereinafter Holton), the B-lactam intermediate (V) was 
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obtained,through tedious optical resolution of the racemic 
cis-3-hydroxy-£-J.actam. According to Holton' s procedure, 
the coupling of the B-lactam (V} with 7-
triethylsilylbaccatin III (VI) (7-TES-baccatin III) 

proceeds at 25°C in the presence of dimethylaminopyridine 

(DMAP) and pyridine for 12 hours to give protected _taxol 

in 92% yield, which was deprotected with 0.5% hydrochloric 

acid_in ethanol at 0°C to afford taxol in ca. 90% yield. 
However, the Holton procedure did not work at 

all when l-tert-butoxycarbonyl-(3R,4S)-3-(l

ethoxylethoxy)-4-phenylazetidin-2-one (VII) was used for 

the attempted synthesis of-TAXOTERE (II) by the present 

inventors. 

(Vll) 

It is believed that this may be due to the lack 

of reactivity of the 1-tert-butoxycarbonyl-B-lactam (VII) 

toward the C-13 hydroxyl group of a protected baccatin III 

(VI or VIII) under the conditions used by Holton. The 

lack of reactivity may be ascribed to the substantially 

weaker.electron-withdrawing ability of tert-butoxycarbonyl 
group than that of benzoyl group. 
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7 10-di-Troc-10-deacetylbaccatin Ill {VII!) . ) 

Therefore, :t was an objective of the present 

invention to develop a new method which can achieve the 

coupling of the 1-tert-butoxycarbonyl-B-lactam (VII) with 

the protected baccati~ III (VIII) for the synthesis of 

TAXOTERE (II) . 

All of the ~eferences cited above and any 

reference which ~ay be mentioned herein below are 

expressly incorporated into the present disclosure. 

It is an object of the present invention to 

provide new 8-lactarns useful in the syntheses of TAXOTERE 

(II) and analogs ~hereof. 

It is further object of the present invention to 

provide a new coupling ~ethod for the syntheses of 

TAXOTERE (II) and analogs thereof. 

SUBSTITUTE SHEET (RULE 26) 
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SUMMARY OF THE INVENTION 

A B-lactam of the formula (IX) 

y 

PCT/US94/00669 

R2. represents ·an RO-,., RS- or RR' N- in which R 

represents an unsubstituted or substituted straight chain 

or branched alkyl, alkenyl or alkynyl, cycloalkyl, 

heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, 

carbocyclic aryl or heteroaryl, wherein substituents 

bearing one or more active hydrogens such as hydroxyl, 
amino, marcapto and carboxyl groups are protected; R' is a 

hydrogen or R as defined above; R and R' can be connected 

to form a cyclic structure; Examples of R2• include 

methoxy, ethoxy, isopropoxy, tert-butoxy, neopentyloxy, 

cyclohexyloxy, allyloxy, propargyloxy, adamantyloxy, 

phenyoxy, 4-methoxyphenoxy, 2-fluorophenoxy, 4-
methoxycarbonylphenoxy, methylthio, ethylthio, 

isopropylthio, tert-butylthio, neopentylthio, 

cyclohexylthio, phenylthio, 3,4-dimethoxyphenylthio, 

methylamino, ethylamino, isopropylamino, tert-butylamino, 

neopentylamino, cyclohexylamino, dimethylamino, 

pyrrolidino, piperidino and morpholino group. 

R3• represents an unsubstituted or substituted 

straight chain or branched alkyl, alkenyl or alkynyl 
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radical, ~n unsubstituted or substituted cycloalkyl, or 

cycloalkenyl radical, an unsubstituted or substituted aryl 

radical wherein substituents bearing one or more active 

hydrogens such as hydroxy, amino, mercapto and carboxyl 

groups are protected; Examples of R3• include phenyl, 4-

methoxyphenyl, 3,4-dimethoxylphenyl, 4-fluorophenyl, 4-

trifluoromethylphenyl, 4-chlorophenyl, 4-bromophenyl, 

naphthyl, cyclohexyl, cyclohexylmethyl, 2-phenylethenyl, 

2-phenylethyl, benzyl, neopentyl, tert-butyl, isobutyl, 

isopropyl, allyl and proparagyl; 

G1 represents a hydrogen or hydroxyl protecting 

group such as methoxymethyl (MOM), methoxylethyl (MEM), 1-

ethoxyethyl (EE) benzyloxymethyl, (B

trimethylsilylethoxyl)methyl, tetrahydropyranyl, 2,2,2-

trichloroethoxycarbonyl (Tror.}; tert-butoxycarbonyl (t

BOC), 9-fluorenylmethoxycarbonyl (Fmoc), 2,2,2-

tricholoroethoxymethyl, trimethylsilyl, triethylsilyl, 
dimethylethylsilyl, dimethyl(t-butyl)silyl, 
diethylmethylsilyl, dimethylphenylsilyl and 
diphenylmethylsilyl; 

Y is oxygen or sulfur. 
The present inventor investigated the B-lactam 

coupling reaction with protected Baccatin III in detail 

and found that the coupling could be achieved by 

increasing the nucleophilicity of th~ 13-hydroxyl group of 

a protected baccatin III (VI or VIII) through 

transformation of the hydroxyl group to the corresponding 

metal alkoxide. Such a C-13 metal alkoxide of a baccatin 

III was readily generated by reacting the baccatin III (VI 

or VIII) with an alkali or alkaline earth metal base. 

This finding is the basis of the present invention. The 

method of the present invention not only enables the 

coupling of the B-lactam (VII) and its derivatives and 
analogs with a protected baccatin III, but also requires 

only a stoichiometric amount of the B-lactams. The latter 

makes a sharp contrast with the Holton procedure for taxol 
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synthesis.which needs 5-6 equivalents of the more reactive 

S-lactam (V). Moreover, the coupling reactions of the 

present invention proceeds very smoothly and complete 
typically within 30 minutes at -30°C - o0 c. 

The present invention also relates to a process 

for the preparation of taxane derivatives of the formula 

(X) 

in which 

R1 represents a hydrogen atom or an acyl or an 

alkyl or an alkehyl or an alkynyl or carbocyclic aryl or a 

heteroaryl radical or a hydroxyl protecting group (G1 
defined above)j 

R2 represents an RO-, RS- or RR'N- in which R 

represents an unsubstituted or substituted straight chain 

or branched alkyl, alkenyl or alkynyl, cycloalkyl, 

heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, 

carbocyclic aryl or heteroaryl; R' is a hydrogen or R as 

defined above; R and R' can be connected to form a cyclic 

structure; 

Y is oxygen or sulfur; 

R3 represents an unsubstituted or substituted 

straight chain or branched alkyl, alkenyl radical, an 
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unsubstituted or substituted cycloalky 1
, cycloalkenyl 

radical or an unsubstituted or substituted carbocyclic 

aryl radical; 
R4 represents a hydrogen or an acyl radical or 

an unsubstituted or substituted straight chain or branched 
alkyl, alkenyl or alkynyl radical, an unsubstituted or 

substituted cycloalkyl, heterocycloalkyl, cycloalkenyl or 

heterocycloalkenyl radical, an unsubstituted or 

substituted carbocyclic aryl or heteroaryl radical, or a 

hydroxyl group protecting group (G 1 defined above); 

Rs represents a hydrogen or an acyl radical or 

an unsubstituted or substituted straight chain or branched 
alkyl, alkenyl or alkynyl radical, an unsubstituted or 

substituted cycloalkyl, heterocycloalkyl, cycloalkenyl or 

heterocycloalkenyl radical, an unsubstituted or 
substituted carbocyclic aryl or heteroaryl radical, or a 
hydroxyl protecting group (G1 defined above}; 

which comprises condensing a B-lactam of the formula 

in which 

Y and G1 are defined above; 

R2• represents a radical· R2 as defined above or a 

protected R2 whenever R2 includes one or more active 

hydrogens such as hydroxyl, amino, mercapto and carboxyl 

groups; 

R3• represents a radical as R3 defined above or a 

protected R3 whenever R3 includes one or more active 
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hydrogens such as l:iydroxyl, amino, mercapto and carboxyl 

groups; with a baccaLin III derivative of the formula: 

. 0 
HOO O~ 

o~M 
v 

in which 
M is an alkali metal or alkaline earth metal 

atom (ion); 
G2 represents a hydroxyl protecting group (G1 

defined above) or an acyl radical or an unsubstituted or 

substituted straight chain or branched alkyl, alkenyl or 

alkynyl radical, an unsubstituted or substituted 

cycloalkyl, heteroycloalkyl, cycloalkenyl or 

heterocycloalkenyl radical, an unsubstituted or 

substituted carbocyclic aryl or heteroaryl radical; 

G3 represents a hydroxyl group protecting group 

(G3 defined above) or an acyl radical or an unsubstituted 

or substituted straight chain or branched alkyl, alkenyl 

or alkynyl radical, an unsubstituted or substituted 

cycloalkyl, heterocycloalkyl, cycloalkenyl or 

heterocycloalkenyl radical, an unsubstituted or 
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substituted carbocyclic aryl or heteroaryl radical. 

DETAILED DESCRIPTION OF THE INVENTION 

The new S-lactams of the formula (IX) herein 

above are synthesized by modifying the B-lactams of the 

formula (XI) 

wherein G is a hydroxyl protecting group such as 

triisopropylsilyl (TIPS) and dimethyl(tert-butyl) silyl 

(TBDMS), and R3
1 has been defined hereinabove. 

The B-lactams (XI) are readily prepared by using 

the chiral enolate - imine cyclocondensation method which 

has been developed in the present inventor's laboratory as 

shown in Scheme 1 (Ojima, I. et al., Tetrahedron, 1992, 

48, 6985; Ojima, I. et al., J. org. Che~. 1991, s6, 1681). 

In this preparation the S-lactams (XI) with extremely high 

enantiomeric purities are obtained in high yields. In 

Scheme 1, R* is a chiral auxiliary moiety which is (-)

trans-2-phenyl-l-cyclohexyl, TMS is a trimethylsilyl 

radical, and base is lithium diisopropylamide or lithium 

hexamethyldisilazide; G and R3' have been defined 

hereinabove. 
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2. R3'·CH:N· TMS 

3.H20 

I. base 
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G·O R3' 

)J: 
0 

(XI) 

G·O R3' )J.•' 
00 

OMe 

The B-lactams (v~) are conv~rted to the 3-

hydroxy-B-lactams (XII), followed by protection #ith 

ethoxyethyl group (EE) to give the B-lactams (XIII}. The 

S-lactams {XIII) are reacted with chloroformates or formic 

anhydrides or thiocholorformates or thioformic anhydrides 

in the presence of a base to yield the B-lactams (XIV) (or 

thioanalogs thereof} which are used for the coupling with 

protected 10-deacetylbaccatin III to produce TAXOTERE and 

its analogs. The B-lactams (XIV) are deprotected under 

~eakly acidic conditions to afford the B-lactams (XV) 

~hich can serve as very useful intermediates to the B

lactams (XVI) bearing a variety of protecting groups (G 1) 

at the C-3 position of S-lactam skeleton. The 13-lactams 

(XVI) can also be used for the coupling with a protected 

:o-deacetylbaccatin I!I to produce Taxotere and its 

analogs after deprotection. 

In a si~ilar ~anner, the B-lactams (XVII) are 

?repared by reacting t~e B-lactams (XIII) with isocyanates 

~r isothiocyanates in ~he presence of a base which can be 

~sed for the protection of other potent anticancer agents 

=f formula (X) in whic~ R~ represents RRN-. The 5-lactams 

XVII} are deprotected ~nder ileakly acidic condi~ions ~o 

;ive the B-lactaz:-.s pr:::I) ilhich can serve as ·;ery '.lseful 

:.:itermediates to :::. var.:.et:y of protec'Ced 3-hyciroxyl-~-

SUBSTITUTE SHEET (RULE 26) 
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lactams (XIX). The P-lactams (XVII and XIX) can also be 

used for the coupling «ith a protected 10-deacetylbaccatin 

III to yield a compound of formula (X) in which R2 

represents RR'N- after deprotection. 

In a manner similar to that described above, the. 
a-lactams (XX) are prepared by reacting the B-lactams 
(XIII) with N,N-disubstituted carbamoyl halides ln the 
presence of a base. The B-lactams·(XX) are deprotected 

under weakly acidic conditions to give the 3-hydroxy-a

lactams (XXI), which can serve as very useful 

intermediates to various protected 3-hydroxy-B-lactams 

(XXII) . The S-lactams (XX and XXII) can readily be used 
for the coupling with a protected baccatin III to afford a 

compound of formula (X) after deprotection. 
The transformations described above are 

illustrated in Scheme 2. In Scheme 2, X represents a 

leaving group such as fluoride, chloride, bromide, iodide, 

tosylate, mesylate and trifluoromesylate. G1 represents a 

group protecting the hydroxyl function selected from 

methoxylmethyl (MOM), methoxyethyl (MEM), 1-ethoxyethyl 

(EE), benzyloxymethyl, (S-trimethylsilylethoxyl) methyl, 

tetrahydropyranyl, 2,2,2-trichloroethoxylcarbonyl {TROC), 

benzyloxycarbonyl (CBZ), tert-butoxycarbonyl (t-BOC), 9-
fluorenyl methoxycarbonyl (FMOC) 2,2,2-

trichloroethoxymethyl, trimethyl silyl, dimethyl(t

butyl)silyl, diethylmethylsilyl,· dimethyl phenylsilyl and 

diphenylmethylsilyl, acetyl, chloroacetyl, dichloroacetyl, 

. trichloroacetyl and trifluoroacetyl. R20
, R3', R, and R' 

are defined hereinabove. 
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EEO R3' 
~,. ..,. 

op.rfNH·R 
(XVII) y 

R-~~;y t 
EEO R3• 

'·· ·""' p.H 
0 

(XIII) 

XCOOR I 
base T 
EEO R3' 

p.~~ 
0 COOR 

(XIV) 

The B-lactams (XIV) and (XVI) are readily used 

for the coupling with protected baccatin IIIs in the 

presence of base, followed by deprotection to give 

I'AXOTERE and its analogs in high yields r Scheme :; ) . ::::n a 

similar ::-.anner, :.he :3-!.actams (XVII and XIX; ·,;ith 

SUBSTITUTE SHEET (RULE 26) 
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protection of -NH- moiety) and the B-lactams (XX and XXII) 

can be used for the coupling with protected baccatin IIIs, 

followed by deprotection to give a compound of formula (X) 

in which R., represents RR1'u- (Scheme 3). 

Scheme 3 

0 

. 0 
base 

. 0 

HO & Oy 

o~ 
HO t Oy 
o~~ 

v 

1. XIV or XVI 
2. deprotection 

)l @R10 
10 

o :R4 

RO NH 0 ~ 

i ~ 0 3~0,.. :. .: 

R 6~ ~000 On 
- 0 

~ !. 

1. XVII or XIX INH protected): 
XX or XXll 

2. deorotection 

G~ and G3 represents an hydroxyl protecting 

group or an acyl radical or an unsubstituted or 

substituted straight c~ain er branched alkyl, alkenyl 

radical, an unsubstituted er substituted cycloalkyl, 

heterocycloalkyl, cycloalkenyl or heterocycloalkenyl 

radical, an unsubstituted er substituted carbocyclic aryl 

or heteroaryl radical. 

Whe~ G~ and G, are hydroxyl protecting groups ~G'. 

defined above and l-e~hoxye~hoxyi (EE)), ~hese protecting 
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groups can be attache~ to the hydroxyl groups of 10-

deacetylbaccatin III ar.J its analogs by methods which are 

generally known to those skilled in the art. 

The coupling reaction of the protected baccatin 

III and the B-lactam is carried out via an alkali metal or 

alkaline earth metal alkoxide of the protected baccatin 

III at the C-13 hydroxyl group. The alkoxide can readily 
be generated by reacting the protected baccatin III with 
an alkali metal or alkaline earth metal base such as 
sodium hexamethyldisilazide, potassium 

hexamethyldisilazide, lithium hexamethyldisilazide, sodium 

diisopropylamide, potassium diisopropylamide, lithium 

diisopropylamide, sodium hydride, potassium hydride, 

lithium hydride, calcium hydride, magnesium hydride, in a 

dry nonprotic organic solvent such as tetrahydrofuran 

(THF), dioxane, ether, dimethoxyethane (DME), diglyme, 

dimethylformamide (DMF), mixtures of these solvents with 

hexane, toluene, an xylene, in a preferred temperature 

range from about -100°c to about 50°C, more preferably at 

about -7B°C to about 25°C. This reaction is preferably 
carried out under inert atmosphere such as nitrogen and 
argon. The amount of the base used for the reaction is 

preferably approximately equivalent to the amount of the 

protected baccatin III when soluble bases such as sodium 

hexamethyldisilazide, potassium hexamethyldisilazide, 

lithium hexamethyldisilazide, sodium diisopropylamide, 

potassium diisopropylamide, lithium diisopropylamide are 

used. The use of a slight excess of the base does not 

adversely affect the reaction. When heterogeneous bases 

such as sodium hydride and potassium hydride are used, 5-

10 equivalents of the base (to the amount of the protected 

baccatin III) is preferably employed. 

The coupling reaction of the metal alkoxide of 

the protected baccatin III thus generated with the 8-

lactam is typically.carried out by adding the solution of 

the B-lactam in a dry organic solvent exemplified above in 
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a ~referred temperature range ·from about -100°c to so 0 c, 

mo~~ preferably at about -35°C to 25°C. The mixture of 

reactants is stirred for 15 minutes to 24 hours and ·the 

progress and the completion of the reaction is monitored 

by thin layer chromatography (TLC), for example. When the 

limiting reactant is completely consumed, the reaction is 

quenched by addition ·of a brine. The crude reaction 

mixture is worked up using the standard isolation 

procedures which are generally known to those skilled in 

the art to give the corresponding protected taxoid. The 

proportion of the B-lactam and the protected baccatin III 

is in a range from 2:1 to 1:2, more preferably 

approximately 1:1 for purposes of economy and efficiency, 

but the ratio is not critical for the reaction. 
The protecting groups, EE, c1 , c2 and G3, can 

then be removed by using the standard procedures which are 
generally known to those skilled in the art to give the 
desired taxane derivatives. For example, EE and 

triethylsilyl groups can be removed with 0.5 N HCl at room 

temperature for 36 h, and Troe group can be removed with 

zinc and acetic acid in methanol at 60°C for 1 hour 

without disturbing the other functional groups and the 

skeleton of the taxoid. 

The following non-limiting examples are 

illustrative of the present invention. It should be noted 

that various changes would be made in the above examples 

and processes therein without departing from the scope of 

the present invention. For this reason, it is intended 

that the illustrative embodiments of the present 

application should be interpreted as being illustrative 

and not limiting in any sense. 

Examples 1-2 

(3R,4S)-3-Triisopropylsilyloxy-4-phenyl-2-

azetidinone (1a): To a solution ~f 645 mL (4.6 mmol) of 

diisopro~ylamine in 10 mL of THF, was added 1.85 mL (4.6 
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mmol, 2.SM) of n-BuLi at 0°c. The solution ~as stirred 1 

hat 0°C followed by the addition of 1.5 g (3.8 i!Uilol) of 

(-) TIPS ester in 15 mL of THF over a 1 h period (using a 

cannula) at -78°C. The reaction was stirred 2 h at this 
temperature followed by the addition of 817 mg (4.6 mmol) 

of N-TMS benzaldimine in 15 mL of THF over a 2 h period at 
-95°C. The reaction ·was stirred overnight at this 

temperature and allowed to slowly warm up at room 

temperature. The reaction was quenched by addition of 

sat. NH4Cl. The aqueous layer was extracted with ether. 

The organic layer was washed with 3% HCl and brine, dried 

over Mgso4 and concentrated. The crude oil was purified 

by chromatography on silica gel using 1:5 EtAcO/hexanes to 

give 1.03 g (84%) of B-lactam as a white solid: Mp 76-

770C; (a)n20 +52. 7° (C 1. oo, CHC13); 1li NMR (300 MHz, 

CDC13) o 0.86-0.93 (m, 21H}, 4.81 (d, J = 4.7 Hz, lH), 

5.17 (dd, J = 4.7, 2.6 Hz, lH), 6.18 (bs, lH), 7.17-7.35 

(m, SH) i 13c NMR (75 MHz, CDCl3 0 11.8, 17.4, 17.5, 59.6, 

79.9, 127.9, 128.0, 128.1, 136.4, 170.0; IR (KBr) 3234, 

2946-2866, 1760, 1458 cm·1 • Anal. Calcd for c18H29No2si: C 

67.66%, H 9.15%, N 4.38%. Found: C 67.64%, H 9.25%, N 

4.44%. 

In the same manner, S-lactam 1b was obtained in 

good yield. 
(3R,4S)-3-Triisopropylsilyloxy-4-(2-

phenylethenyl)-2-azetidinone (lb): 72%; colorless liquid; 

1H ~ (300 MHz, CDC13) o 0.98-1.02 (m, 21H), 4.36 (dd, J 

= 4.6, 8.3 Hz, lH), 5.09 (dd, J = 2.3, 4.6 Hz, lH), 6.29 

(dd, J = 8.3, 16.0 Hz, lH), 6.59 (d, J = 16.0 Hz, lH}, 

6. 83, (bs, lH), 7. 23-7. 39 (m, SH); NMR (75 MHz, CDC13) o 

11.79, 17.61, 17.66, 58.34, 79.86, 126.05, 126.45, 127.90, 

128.56, 134.41, 136.30, 169.69; IR (neat) 3262, 3032, 

2944, 2865, 1748, 1672, 1623 cm·1 • Anal. Calcd for 

Cwff31NO~Si: c, 69.52; H, 9.04; N, 4.05. Found: c, 
69.75; H, 9.02; N, 3.89. 
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!;ltamples 3-4 

To a solution or 2.51 mmol of diisopropylamine 

in 15 mL of THF was added 2.51 mL of n-butyllithium (2.SM 

in THF) at -10°c. After 30 min, the lithium 

diisopropylamide (LDA) was generated and the solution was 

cooled to -95°C. A solution of 2.17 mmol of chiral ester 

in 5 mL of THF was added. After 1 hr, a solution of 2.5 

mmol of the appropriate imine in 3mL of THF was added. 

The mixture was stirred at -95°C overnight, and the 

progress of the reaction was monitored by TLC or 1H NMR.. 

The reaction was quenched with sat. NH4Cl and THF was 

removed using a rotary evaporator. Ether (10 mL) was 
added and the aqueous layer was extracted with ether (10 
mL x3). Drying and removal of the solvent gave the crude 
product which was purified by silica gel column 

chromatography (hexane/ethyl acetate=lO:l) to afford the 

corresponding pure B-lactam. The enantimeric excess was 

determined by HPLC using a CHIRALCEL OD column using n
hexane/ i-PrOH (90/10) as the eluent. 

(3R,4S)-4-(2-Methylpropyl)-l-(4-methoxyphenyl)-

3-triisopropylsilyloxy-2-azetidinone (2a): 87%; pale 

yellow solid; mp 59-60°C; (a)o20 +60.46° (c 1.26, CHC13); 

1H NMR (300 MHz, CDC13) o 0.96 (d, J = 6.4 Hz, 3H), 1.03 

(d, J = 6.4 Hz, 3H), 1.10-1.30 (m, 21H), 1.60-1.68 (m, 

lH), 1.70-1.92 (m, 2H), 3.75 (s, 3H), 4.16-4.22 (m, lH), 

5.06 (d, J = 5.1 Hz, lH), 6.86 (d, J = 9.0 Hz, 2H), 7.32 
(d, J = 9.0 Hz, 2H) i 13c NMR (75 MHz, CDCl3) 0 12.34, 

17.82, 17.91, 22.18, 23.37, 25.34, 35.89, 55.50, 57.33, 

76.34, 114.52, 118.73, 131.00, 156.29, 165.58; IR (KBr) 
2946, 1742, 1513, 1458, 1249 cm·1 • Anal. Calcd for 

CiJH39N03Si: c, 68.10; H, 9.70; N, 3.45. Found: C, 

68.26; H, 9.85; N, 3~35. 

(3R,4S)-•-<cyclohexylmethyl)-l-(4-

mathoxyphenyl)-3-triisophropylsilyloxy-2-azetidinone (2b): 

83%; low melting point solid; [o)D20 +43.7° (c 0.92, 
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CHCl;)i 1H NMR (300 MHz, CDCl3) 0 0.85-1.95 (m, 34H), 3.78 

(s, ~h), 4.19-4.25 (m, lH), 5.05 (d, J = 5.1 Hz, lH), 6.86 

(d, J = 9.0 Hz, 2H), 7.32 (d, J = 9.0 Hz, 2H); 13c NMR (75 

MHz, CDC13 ) o 12.15, 17.76, 17.83, 26.12, 26.22, 26.47, 

32.84, 34.22, 34.51, 55.36, 56.41, 76.13, 114.30, 118.45, 

130.81, 155.99, 165.55; IR (neat} 2925-2865, 1749, 1513, 

1464, 1448, 1389, 1246, 1174, 1145, 1128, 939, 882, 828, 

684 cm·1 • Anal. Calcd for c26H43N03Si: c, 70. 06; H, 9. 72; 

N, 3.14. Found: C, 69.91; H, 9.71; N, 3.02. 

Examples S-6 

To a solution of 0.24 mmol of 1-(4-

methoxyphenyl)-B-lactam in CH3CN (20 mL) was added 0.65 

mmol of CAN in 10 mL CH3CN and 20 mL of water in 20 min at 

-15oc. After stirring for 1 hr, it was diluted with water 
(20 mL), and the mixture was then extracted with ethyl 

acetate (15 mL x2). The combined organic layer was washed 

with NaHso3 water (7 mL), 5% (10 inL x 2), 5% Na2co3 (10 mL) 

and brine (5 mL) in sequence. Drying, removal of the 

solvent in vacuo followed by decolorization with activated 

charcoal afforded the crude product. It was further 

purified by silica gel column chromatography 

(hexanes/ethyl acetate, 3/1) to furnish N-deprotected 

B-lactam. 

(3R,4S)-4-(2-Methylpropyl)-3-

triisopropylsilyloxy-2-azetidinone (le): 83%; yellow oil; 
[a] 0 20+35. 45° (c 1. 33, CHC13) ; 1H NMR ( 300 MHz, CDC13) o 
0.93 (d, J = 6.6 Hz, JH), 0.96 (d, J = 6.6 Hz, 3H), 1.05-

1.25 (m, 22H), 1.52 (M, lH), 1.67 (m, lH), 3.78.(m, lH), 

· 4.96 (dd, J = 4.8, 2.4 Hz, lH) / 6.02 (bs, lH); 13c NMR 

(75MHz, CDC13) o 12.12, 17.72, 17.80, 22.29, 23.08, 25.35, 

39.08, 54.45, 1a.04, 170.oo; IR (neat) 3238, 1759, 1465, 

1184 cm·1 • Anal. Calcd for c16H33No2si: c, 64 .16; H, 11. 1; 

N, 4. 68. Found: c, 64 .17; H, 10. 96; N, 4. 4 7. 

{3R,4S)-4-{Cyclohexylmethyl)-3-
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triisopropylsilyloxy-2-azetidinone (ld): 85%; yellow oil; 

[a]D20+12.44° (c 1.46, CHC13); 1H NMR (300 MHz, CDC13) o 
0.97-1.25 (m, 32H), 1.40-1.70 (m, 2H}, 3.80 (dt, J = 8.4, 

4.8 Hz, lH), 4.95 (dd, J = 4.8, 2.4 Hz, iH), 6.05 (bs, 

lH); 13c NMR (75 MHz, CDCl3) 0 12.06, 17.77, 17.82, 26.16, 

26.25, 26.46, 33.15, 33.82, 34.85, 37.72, 53.89, 77.98, 

169.98; IR (neat) 323.8, 1759, 1465, 1184 cm1• Anal. calcd 

for C19H37N02Si: C, 67.20; H, 10.98; N, 4.12. Found: c, 
67.40; H, 10.79; N, J.98. 

Examples 1-11 

To a solution of 2.6 mmol of 

3-triisopropylsilyloxy-4-

substituted-2-azetidinone in 20 mL of THF, was added at 

room temperature 3.1 mmol (lM in THF) of NBu4F. After 5 

h, the solvent was evaporated and the crude oil was 

directly purified by chromatography on silica gel using 
5:1 EtAcO/hexanes to afford of 

3-hydroxy-4-substituted-2-azetidinone: 

(3R,4S)-3-Hydroxy-4-phenyl-2-azetidinone (3a): 

100%; white solid; mp 189-190°C; (a)o20 +181.6° (c 0.5, 

CH30H); 1H NMR (300 MHz, CD30D) 0 4.84 (d, J = 4.7 Hz, 1H), 

5.04 (d, J = 4.7 Hz, lH), 7.25-7.35 (m, SH); IR (KBr) 

3373, 3252, 1732, 1494 cm·1• Anal. Calcd for C~N02 : c 
66.25%, H 5.56%, N 8.58%. Found: c 66.42%, H 5.74%, N 

8.62%. 

(3R,4S)-3-Hydroxy-4-(2-phenylethenyl)-2-

azetidinone (3b): 82%; white solid; mp 143-144°C; (a)n20 

+21.9° (c 1.05, MeOH); 1H NMR (300 MHz, CD30D) 0 4.35 

(ddd, J = o.B, 4.7, 7.7 Hz, lH), 4.93 (d, .J = 4.7 Hz, lH), 

6.28 (dd, J = 7.7, 16.0 Hz, lH), 7.18-7.43 (m, SH); 13c 
NMR (75 MHz, CD30D) o 58.95, 79.63, 126.83, 127.58, 

128.88, 129.61, 135.28, 137.96, 172.79; IR (KBr) 3320, 
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3_276, 1754, 1464 cr.i-1• Ana 1 .• Calcd for C11H11No2 : c, 

69.83; H, 5.86; N, 7.40. Found: C, 69.72; H, ~.92; N, 

7.24. 

(3R,4S)-3-Hydroxy-4-(2-methylpropyl)-2-

azetidinone (3c): 94%; white solid; mp 141-142°C; (a]c2° 

+26.6° (c 0.70, MeOH); 1H NMR (300 MHz, MeOH-d4} d 0.94 

(d, J = 6.8 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H), 1.45 (m, 

2H), 1.71 (sept, J = 6.6 Hz, lH), 3.75 (m, lH), 4.79 (d, J 

= 4.7 Hz, lH); 13c NMR (75 MHz, MeOH-d4) 0 22.62, 23.48, 

26.53, 39.90, 55~47, 77.76, 173.18; IR (KBr) 3274, 3178, 

1762, 1685, 1155 cm·1• Anal. Calcd for c7H13No2 : c, 58.72; 

H, 9.15; N, 9.78. Found: C, 58.55; H, 9.41; N, 9.69. 

(3R,4S)-4-(Cyclohexylmethyl)-3-hydroxy-2-

azetidinone (3d): 92%; white solid; mp 147-148°C; (a]n20 

+ 8.73° (c, 0.573, CH30H); 1H NMR (300 MHz, MeOH-d4) 6 

o.as-1.a2 (m, 13H), 3.78 (m, lH), 4.79 (d, J = 4.7 Hz, 

lH); 1H NMR (300 MHz, DMSO-d6) o 0.86-1.72 (m, 13H), 3.58 

(m, lH), 4.63 (m, lH), 5.82 (d, J = 7.6 Hz, lH), 8.13 (d, 

J = 5.6, lH); 13c NMR (75 MHz, MeOH-d4) 0 27.29, 27.41, 

27.48, 34.07, 35.06, 36.11, 38.52, 55.02, 77.65, 173.22; 

IR {KBr) 3301, 3219, 2915, 2847, 1754, 1694, 1168 cm.·1• 

Anal.Calcd for C1off17No2 : c, 65.54, H, 9.35, N, 7.64. 

Found: c, 6 5 • 7 2 , H, 9 • 4 6 , N, 7 • 4 2 • 

(3R,4S)-4-cyclohexyl-3-hydroxy-2-azetidinone 

(le): A suspension of 500 mg (3.06 mm.al) of 4-phenyl-3-

hydroxy-2-azetidinone la and 15 mg of Rh-C in 10 mL of 

methanol was heated at 90°C under BOO psi in an autoclave. 

After 5 days, the hydrogen pressure was released and the 

catalyst filtrated on celite. Evaporation of the solvent 

afforded a solid which was recrystallized in ethyl acetate 

to give 440 mg (85%) of 3e as a white solid: White solid; 

mp 140-140.5°C; (o:J 0
20 + 65.l° (c 0.66, ctt30H); 1H NMR {250 
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MHz, MP.OH:.d4) 0 0. 75-1.10 {m, 2H) , L 12-1. 35 (m, 3H), 

1.40-2.00 (m, 6H), 3.28 (dd, J = 9.7, 4.6 Hz, lH), 4.81 

(d, J = 4.6 Hz, lH); 1H NMR (250 MHz, DMSO-d6) o 0.75-1.00 

(m, 2H), 1.10-1.35 (m, 3H), 1.37-1.55 (m, lH), 1.58-1.85 

(m, SH), 3.10 (dd, J = 9.6, 4.7 Hz, lH), 4.67 (m, lH), 

5.87 (d, J = 7.8 Hz, lH), 8.21 (bs, lH); 13c NMR (63 MHz, 

DMSO-d6) o 25.08, 25.36, 26.07, 28.83, 29.17, 37.51, 

59.04, 76.41, 170.21; IR (KBr) 3312, 3219, 2928, 1726 cm· 
1• Anal.Calcd for c~15No2 : C, 63.88, H, 8.93, N, 8.28. 

Found: c, 63.70, H, 9.00, N, 8.06. 

Examples 12-16 

To a solution of 1.9 mmol of 3-

hydroxy-4-substituted-

2-azetidinone in 20 mL of THF, was added at 0°C 3.9 mmol 

of ethylvinylether. After 2 h, at 0°C, the reaction 

mixture was diluted with ether and washed with sat. 

NaHco3. The organic layer was dried over Na2co3, filtered 

and concentrated to yield of 

3-(1-ethoxyethoxy)-4-substituted-2-azetidinone: 

(3R,4S)-3-(l-Ethoxyethoxy)-4-phenyl-2-

azetidinone (4a): 100%; white solid; mp 78-80°C; 1H NMR 

(CDCl3) 0 (0.98 (d, J = 5.4 Hz), 1.05 {d, J = 5.4 Hz), 

3H], [l.11 (t, J = 7.1 Hz), 1.12 (t, J = 7.1 Hz), 3H], 

(3.16-3.26 (m) I 3.31-3.42 (m)' 3.59-3.69 (m) I 2H] I [4.47 

(q, J=5.4 Hz), 4.68 (q, J = 5.4 Hz), lH), [4.82 (d, J = 
4.7 Hz), 4.85 (d, J = 4.7 Hz), lH], 5.17-5.21 (m, lH), 

6.42 (bd, lH), 7.35 (m, SH); IR {KBr) 3214, 2983, 2933, 

1753, 1718, 1456 cm·1• Anal. Calcd for c13H17No3 : c, 
66.36; H, 7.28; N, 5.95. Found: C, 66.46; H, 7.11; N, 

5.88. 

(3R,4S)-3-(1-Ethoxyethoxy)-4'-(2-phenylethenyl)-

2-azetidinone (4b): 98%; white solid; mp 98-99°C; 1H NMR 
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(300 MHz, CDCl3) 0 [1.17 (t, J = 7.1 Hz), 1.18 (t, J = 7.1 

Hz), 3H], (1.26 (d, J = 5.4 Hz), 1.35 (d, J = 5 ~Hz), 

3H], [3. 44-3. 52 (m) , 3. 60-3. 68 (rn} , 3. 75-3. 82 (m) , 2H] , 

4.41 (dd, J = 4.9, 8.5 Hz, lH), [4.81 (q, J = 5.4 Hz), 

5 4.90 (q, J = 5.4 Hz), lH], (5.11 (d, J = 4.9 Hz), 5.12 (d,_ 

J = 4.9 Hz), lH], 6.01 (bs, lH), (6.27 (dd, J = 8.5, 15.9 

Hz), 6.28 (dd, J = 8.5, 15.9 Hz), lH], (6.61 (d, J = 15.9 

Hz), 6.63 (d, J = 15.9 Hz), lH], 7.27-7.42 (m, SH); 0 c 
NMR (75 MHz, CDC13) & 15.04, 20.37, 20.42, 57.22, 57.81, 

10 

15 

20 

25 

30 

61.23, 62.22, 78.77, 79.29, 99.50, 99.82, 125.56, 125.79, 

126.59, 128.12, .128.65, 134.47, 134.58, 136.15, 168.59, 

168.77; IR (KBr) 3310, 3030, 2963, 1770 cm·1. Anal. Calcd 

for c15H19N03: C, 68.94; H, 7.33; N, 5.36. Found: C, 

69.13; H, 7.44; _N, 5.16. 

(3R,4S)-3-(l-Ethoxyethoxy)-4-(2-methylpropyl)-

2-azetidinone (4c): 100%; colorless oil: (a)o20 +20.93° 

(c 1.72, CHCl3)i 1H NMR (300 MHZ, CDCl3) 0 0.86 (d, J - 6.5 

Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H), 1.17 (t, J = 7.0 Hz, 

JH), (1.29 (d, J = 5.3 Hz), 1.34 (d, J = 5.3 Hz), 3H), 

1.46 (m, 2H}, 1.62 (m, lH), (3.49 (m), 3.69 (m), 2H)], 

J.80 (m, lH), (4.79 (q, J = 5.4 Hz), 4.90 (q, J = 5,4 Hz); 

1H], 4. 87 (m, lH) , 6. 78 (bs, lH) i 13c NMR (75 MHz, CDCl3) 0 

15.08 1 20.42 1 (21.98, 22.06) I (23.15, 23.22) I 25.35, 

(39.01, 39.10), (53.35, 53.69), (61.24, 62.24), (77.79, 

77.92), (99.75, 100.05), (169.56, 169.65); IR (neat) 3269, 

2956, 2871, 1758, 1468, 1382, 1340, 1152, 1115, 1083, 

1052, 936, 893 cm·1• 

(3R,4S)-4-(Cyclohexylmethyl)-3-(l-ethoxyethoxy)-

2-azetidinone (4d): 100%; colorless oil; [a)o20 + 10.92° 

(c 1.42, CHC13); 1H NMR (300 MHz, CDC13) o 0.84-1.71 (m, 

lJH), 1.16 (t, J = 7.0 Hz, 3H), (1.28 (d, J = 5.3 Hz), 

1..33 (d, J = 5.3 Hz), JH], 3.48 (m, lH), (3. 72 (m), 3.8 

(m), 2HJ, (4.78 (q, J = 5.4 Hz), 4.85 (q, J=5.4 Hz), lH], 
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4.82 (m, lH), 6.76 (bs, lH); 13c NMR (75 MHz, coc13 ) o 
14.37, 19.72, 25.30, 25.44, 2.5.63, (32.02, 32.13), (33.09, 

33.17) I (34.03, 34.07) I (36.98, 37.07) I (52.15, 52.49) I 

(60.49, 61.52), (75.97, 76.39), (99.00, 99.35), (168.98, 

169.05); IR (neat) 3278, 2924, 2852, 1758, 1448, 1382, 
1150, 1114, 1086, 938, 886 cm·1• Anal. Calcd for c14H25No3 : 

C,65.85; H, 9.87; N, 5.49. Found: C, 66.03; H, 9.71; N, 

5.JO. 

(3R,4S)-4-cyclohexyl-3-(l-ethoxyethoxy)- 2-

azetidinone (4e): 100%; white solid; mp 87-89°C; (a]n20 + 

83° (c 0.76, CH30H); 1H NMR (250 MHz, CDCl3) 0 0.84 (m, 

2H), 1.07-1.34 (m, 9H), 1.66 (m, 6H), 3.32 (m, lH), (3.42 
(q, J = 7.7 Hz), 3.54 (q, J = 7.7 Hz), 3.65 (q, J = 7.7 

Hz), 3.74 (q, J=7.7Hz), 2H], 4.81 (m, lH), [4.80 (m), 

4.90 (q, J = 5.2 Hz), lH], 6.92 (bs, lH); IR (CHC13) 3412, 

2989, 2931, 1760, 1443, 1155, 1114 cm·1• Anal. Calcd for 

c13H27N03 : C, 64.70; H, 9.61; N, 5.80. Found: C, 64.82; 

H, 9.66; N, 5.64. 

Examples 17-32 

To a solution of 2.2 mmol of 

3-(1-ethoxyethoxy)-4-

substituted-2-azetidinone, 5 mg of DMAP, 4.5 mmol of 

triethylamine in 20 mL of dichloromethane, was added 
dropwise at 0°C 3.3 mmol of alkylchloroformate dissolved 

in 5 mL of dichloromethane. The reaction mixture was 

stirred overnight at room temperature. The organic layer 

was washed several times with brine, dried over Na2co3 and 

concentrated. The crude solid was purified by 

chromatography on silica gel to yield N-protected 

P-lactam: 

(3R,4S)-l-Methoxycarbonyl-3-(l-ethoxyethoxy)-
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.t-phenyi.-2-azetidinone (Sa): 62%; pale yellow oil; (a]o20 

+98.2° 'c 1.1, CHCl3) i 1H NMR (250 MHZ, CDCl3) E (0.97 (d, 

J = 5.4 Hz), 1.08 (d, J = 5.4 Hz), 3H], 1.10 (bt, J·= 7.3 

Hz, 3H), (3.21 (dq, J = 9.5, 7.1 Hz), 3.32 (q, J.:: 7.1 

Hz), 3.64 {dq, J = 9.5, 7.1 Hz), 2H], [3.76 (s), 3.77 (s), 
3H], (4.48 {q, J = 5 •. 4 Hz), 4.69 {q, J ~ 5.4 Hz}, 1H-J, 
[5.11 (d, J = 5.9 Hz), 5.14 (d, J = 5.9 Hz), lH], 5.23 (d, 

J = 5.9 Hz, lH), 7.34 (m, SH); 13c NMR (63 MHz, CDC13) o 
(14.96, 15.07) I (19.84, 20.69) I 53.59, (60.74 1 62.36) I 

(61.14, 61.92), (76.21, 77.21), (99.16, 99.56), (127.73, 

128.03, 128.31, 128.36, 128.62, 128.85) I (133.41, 133.58) I 

(149.51, 149.57), (165.21, 165.67); IR (neat) 3033, 2979, 

2957, 1821, 1738, 1654, 1440, 1336, 1101 cm·1 • Anal. 

Calcd for c15H19N05: C, 61.42; H, 6.53; N, 4.78. Found: 

C, 61.55; H, 6.51; N, 4.90. 

(3R,4S)-1-Ethoxycarbonyl-3-(1-ethoxyethoxy)-

4-phenyl-2-azetidinone (Sb): 82%; colorless oil; (a]D20 

+100.9° (c 1.08, CHCl3)i 1H NMR (250 MHz, CDCl3) 0 (0.95 

(d, J = 5.4 Hz), 1.06 (d, J = 5.4 Hz), 3H), 1.08 (bt, J = 
7.3 Hz, 3H), (1.19 (t, J = 7.1 Hz), 1.20 (t, J = 7.1 Hz), 

3H) , ( 3 • 2 o ( dq, J = 9 • 4 , 7 • 1 Hz) , 3 • 31 ( q, J = 7 • 1 Hz) , 

3.32 (q, J = 7.1 Hz), 3.63 (dq, J = 9.4, 7.1 Hz), 2H), 

[4.18 (q, J = 7.1 Hz), 4.19 (q, J = 7.1 Hz), 2H), [4.47 

(q, J = 5.4 Hz), 4.67 (q, J = 5.4 Hz), lH), (5.09 (d, J 

s.a Hz), 5.13 (d, J = 5.8 Hz), lHJ, s.21 (d, J = 5.8 Hz, 

lH), 7. 30 (m, SH) ; 13c NMR (63 MHz, cncl3) o 14 .14, (14. 95, 

15.07) I (19.86, 20.05) I (60.7.6, 62.35) I 62.36, {61.14, 

61.90), (76.18, 77.20), (99.17, 99.53), (127.73, 128.02,. 

128.25, 128.30, 128.50, 128.63), (133.59, 133.77), 

(148.99, 149.0S), (165.33, 165.79); IR (neat) 2978, 2334, 

1814, 1731, 1646, 1540, 1456, 1323, 1175, 1096 cm·1 • 

Anal. Calcd for c16H21 N05: C, 62.53; H, 6.89; N, 4.56. 

Found: c, 62.45; H, 6.63; N, 4.83. 
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(3R,4S)-l-n-Butoxycarbonyl-3-(l-ethor.yathoxy)-

4-phenyl-2-azetidinone (Sc): 83%; colorless oil; [~]020 

+70.4° (c 1.25, CHC13); 1H NMR (250 MHz, CDC13) o 0.79 (t, 

J = 7.3 Hz, 3H), (0.94 (d, J = 5.1 Hz}, 1.07 {d, J = 5.1 

Hz), 3H], 1.07 (t, J = 7.4 Hz, 3H), 1.20 (m, 2H), 1.51 

{quint, J = 6.7 Hz, 2~), (3.21 (m), 3.30 (q, J = 7.1 Hz), 

3.61 (m), 2H), 4.09 (m, 2H), [4.46 (q, J = 5.2 Hz), 4.66 

(q, J = 5.2 Hz), lHJ, [5.07 (d, J = 5.8 Hz), 5.11 (d, J = 
5.8 Hz), lH), 5.19 (d, J = 5.8 Hz, lH), 7.28 (m, SH); llc 

NMR {63 MHz, CDC13) o 13.50, (14.95, 15.29), 18.71, 

(19.84, 20.05) t 30.42, (60.77, 62.33) I (61.25, 62.02) I 

66.51, (76.24, 77.26), (99.17, 99.52), (127.76, 128.03, 

128.22, 128.27, 128.50, 128.60) I (1J3.61, 133.80) t 

(148.96, 149.02), (165.40, 165.85); IR (neat) 2961, 2933, 

1817, 1732, 1653, 1456, 1394, 1250, 1099 cm·1 • Anal. 

Calcd for c18H25N05: C, 64.46; H, 7.51; N, 4.18. Found: 

C, 64.44; H, 7.57; N, 4.24. 

(3R,4S}-1-tert-Butoxycarbonyl-3-(1-ethoxyethoxy) 

-4-phenyl-2-azetidinone (Sd): 83%; white solid; mp 

90-91°C; (a]D20 +70.4° (c 1.25, CHC13); 
1H NMR (250 MHz, 

CDCl3) 0 (0.96 (d, J = 5.4 Hz), 1.08 (d, J = 5.4 Hz), 3H], 

[1.09 (t, J = 7.0 Hz), 1.10 (t, J = 7.0 Hz}, 3H), (1.36 

(s), 1.37 (s), 9H), (J.23 (dq, J = 9.5, 7.1 Hz), 3.32 (q, 

J = 7.1 Hz), 3.65 (dq, J = 9.5, 7.1 Hz), 2H], (4.48 (q, J 

= 5.4 Hz), 4.69 (q, J = 5.4 Hz), lH], (5.03 {d, J = 5.8 

Hz), 5.07 (d, J = 5.8 Hz), lH], 5.18 (d, J = 5.8 Hz, lH), 
. 13 

7.31 (m, SH); c NMR (63 MHz, CDC13) o (14.98, 15.08), 

(19.89, 20.10), 27.84, (60.74, 62.32), (61.28, 62.08), 

(75.91, 76.54), 83.48 (99.10, 99.41), (127.76, 128.07, 

128.20, 128.42, 128.85), (133.98, 134.16), 147.56, 

(165.61, 166.04); IR (CHC13) 3025, 2982, 2932, 1809, .1725, 

1601, 1497, 1331, 1256, 1152 cm·1 • Anal. Calcd for 

c18H25No5: C, 64.46; H, 7.51; N, 4.18. Found: C, 64.50; 

H, 7.41; N, 4.17. 
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(3R,4S)-3-(1-Ethoxy~thoxy)-1-phenoxrcarbonyl 

-4-phenyl-2-azetidinone (Se): 79%; white solid; mp 

50-52°C; (a)o20 +64.9° (c 0.94, CHC13} i 1H NMR (250 MHz, 

CDCl3) 0 (1.00 (d, J=S.3 Hz), 1.11 (m}, 3H], (1.14 (m), 

3H], (3.27 (m), 3.35 (q, J= 7.lHZ), 3.70 (m), 2H], (4.54 

( q, J = 5. 3 Hz) , 4 • 7 4. ( q, J = 5 • 3 Hz) , lH] , [ 5. 2 5 ( d, J = 
5.8 Hz), 5.29 {d, J = 5.8 Hz), lH], 5.34 (d, J = 5.8 Hz, 

.lH), 7.03-7.39 {m, lOH); IR (CHC13) 3028, 2981, 2934, 

1815, 1744, 1591, 1486, 1327, 1192 cm·1 • Anal. Calcd for 

C:zoH21N05: c, 67.59; H, 5.96; N, 3.94. Found: c, 67.33; 

H, 6.06; N, 3.75. 

(3R,4S)-3-(1-Ethoxyethoxy)-4-phenyl-1-phenyl 

methoxycarbonyl-2-azetidinone (Sf): 44%; white solid; mp 

58-60°C; (a)o20 +91. 4 ° {c 1.16, CHCl3) i 1H NMR (250 MHZ, 

CDCl3) 0 [0.97 (d, J = 5.3 Hz), 1.09 (d, J = 5.3 Hz), 3H), 

[l.10 (t, J = 7.0 Hz), 1.11 (t, J = 7.0 Hz), 3H), [3.23 

(dq, J = 9.5, 7.1 Hz), 3.33 (q, J = 7.1 Hz), J.66 (dq, J = 
9 • 5 , 7 • 1 Hz ) , 2H J , [ 4 • 5 o ( q, J = 5 • 4 Hz ) , 4 • 7 o { q, J = 5 • 4 

Hz), lH], [5.13 (d, J= 5.6 Hz), 5.15 (d, J = 5.6 Hz), 

lHJ, [5.19 (s), 5.20 (s), 2H], 5.23 (d, J=S.6 Hz, lH), 

7.21 (m, 2H), 7.26-7.37 (m, SH); 13c NMR (63 MHz, CDCl3) 0 

(14.99, 15.10) I (19.90, 20.10) I {60.83, 62.41) I (61.64; 

62.14), 68.01, (76.31, 77.28), (99.19, 99.53}, (127.37, 

127.86, 128.07, 128.16, 128.36, 128.52, 128.63, 128.85), 

(133.49, 133.68), 134~89, (148.72, 148.78), (165.37, 

165.81); IR (CHC13) 3028, 2981, 2934, 1815, 1733, 1604·, 

1450, 138.0, 1004 cm·1• Anal. Calcd for c21H23No5: C, 

68.28; H, 6.28; N, 3.79. Found: C, 68.07; H, 6.43; N, 

3.72. 

(3R,4S)-l-tert-Butoxycarbonyl-4-cyclohexyl-3-(1-

ethoxyethoxy )-2-azetidinone (Sq): 91%; colorless oil; 

(o:] 0
20 +62.5° (c 1.12, CHC13); IH NMR (250 MHz, CDC13) o 

1.10-1.28 (m, 6H), 1.15 (t, J = 7.0 Hz, 3H), (1.27 (d, J 

NEPTUNE GENERICS  EX. 00763



5 

10 

WO 94/18164 PCT/US94/00669 

- 30 -

5.4 Hz),.1.31 {d, J=S.4 Hz), 3H], (l.45 (s), 1.46 (s), 

9H], 1.63-1.70 (m, SH), [3.43 (dq, J = 9.2, 7.0 Hz), 3.62 

(m), 3.75 (d, J = 7.0 Hz), 3.78 (d, J = 7.0 Hz), 2H], 3.85 

(t, J= 6.lHz, lH), (4.78 (q, J= 5.4 Hz), 4.88 (m), lH], 

[4.85 (d, J = 6.1 Hz), 4.86 (d, J = 6.i Hz), lH]; lJc NMR. 

(63 MHz, CDCl3) 0 1s.,01, (20.25, 20.37), (26.05, 26.14), 

26.26, (27.33, 27.95) I (29.05, 29.20) t (30.04, 30.23) I 

(37.54, 37.64), (61.19, 62.53), (62.06, 62.32), (75.42, 

75.85), 83.06, 100.11, 148.72, (166.70, 166.76); IR (neat) 

2980, 2931, 2854, 1807, 1725, 1450, 1370, 1329, 1212, 1118 

cm·1• Anal. Calcd for c18H31No5 : c, 63.32; H, 9.15; N, 

4.10. Found: c, 63.15; H, 8.97; N, 3.96. 

(3R,4S)-1-tert-Butoxycarbonyl-3-(l-ethoxy 

ethoxy)-4-(2-phenylethenyl)-2-azetidinone (Sh): 86%; 

15 white solid; mp 69-73°C; 1H NMR (300 MHz, CDCl3) 6 [1.16 

(t, J = 7.1 Hz), 1.18 (t, J = 7.1 Hz), 3H], [1.25 (d, J = 

5 • 4 Hz) , 1. 3 6 ( d, J = 5 • 4 Hz) , 3 H) , 1. 4 8 ( s , 9 H) , ( 3 • 4 7 

(m), 3.62 (m), 3.80 (m), 2H), 4.68 (dd, J = 5.8, a.a Hz, 

20 

25 

30 

lH), (4-.82 (q, J = 5.4 Hz), 4;91 (q, 5.4 Hz), lH], (5.09 

(d, J = 5.8 Hz), 5.11 (d, J = 5.8 Hz), lH], [6.23 (dd, J = 

a.a, 15.S Hz), 6.25 (dd, J =a.a, 15.s Hz), lH), [6.72 (d, 

J = 15.B Hz), 6.73 (d, J = 15.8 Hz), lH], 7.27-7.44 (m, 

SH); Ile NMR (75 MHz, CDCl3) 6 14.98, 20.31, 27.98, 60.24, 

60.85, 61.46, 62.36, 63.58, 83.38, 99.63, 99.87, 122.45, 

122.63, 126.69, 128.20, 128.61, 136.15, 136.34, 136.38, 

147.74, 147.79, 165.33, 165.53; IR (KBr} 3027, 3020, 2984, 

2933, 1809, 1723 cm·1• Anal. Calcd for c2ott27No5: c, 

66.46; H, 7.53; N, 3.88. Found: C, 66.60; H, 7.50; N, 

3.87. 

(3R,4S)-l-tert-Butoxycarbonyl-3-(1-ethoxy 

ethoxy)-~-(2-methylpropyl)-2-azetidinone (Si): 80%; 

yellow oil; [a]D20 +77.45° (c 0.216, CHC13); 1H NMR (300 

MHz, CDC13) o 0.89 (d, J = 5.7 Hz', 6H), 1.41 (t, J = 7.1 
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Hz, 3H), [1.25 (d, J = 5.3 Hz ) , 1.31 (d, J = 5.3 H~), 

3HJ, 1.45 (s, 9H), 1.51-1.67 (m, 3H}, (3.48 (dq, J:.:.: 5:1.3, 

7.1 Hz), 3.55-3.71 (m, lH), 3.80 {dq, J = 9.3, 7.l·Hz), 

2H), 4.08 (q, J = 6.1 Hz, lH), (4.70 (q, J = 5.3 Hz), 

4.90 {q, J = 5.3 Hz), lH], 4.85 {d, J = 6.1 Hz, lH); IJc 

NMR (75 MHz, CDCl3) o.14.95, (20.11, 20.28), (22.42, 

22.59) I 22.70, (24.89, 25.07) I 27.83, (37.03, 37.Jl) I 

(56.14, 56.38) I (61.07, 62.27) I (75.65, 75.92) I 82.98 1 

99.91, 148.1, {166.1, 165.9); IR {neat) 2931, 2960, 2872, 

(1790, 1807) I (1708, 1726) I (1454 1 1465) t 1332 1 1256, 

1048, 1158, 996, 955, 857, 834, 770 cm·1• Anal. Calcd for 

c16H26N05 : C, 60.93; H, 9.27; N, 4.44. Found: C, 61.19; 

H, 9.41; N, 4.37. 

(3R,4S)-1-tert:-Butoxycarbonyl-4-cyclohexyl 

methyl-3-(1-e~hoxyethoxy)-2-azetidinone (Sj): 93%; yellow 

oil; (aJD20 +75.64° (c 0.78, CHC13); 
1H NMR (300 MHz, 

CDCl3) 0 0.81-1.74 (m, lJH), 1.19 (t, J = 7.1 Hz, 3H), 

1.48 (s, 9H), (1.30 {d, J = 5.3 Hz), 1.35 (d, J = 5.3 Hz), 

3H], (3.45 (dq, J = 9.3, 7.1 Hz), 3~62-3.71 (m}, 3.78 {dq, 

J = 9.3, 7.lHz), 2HJ, 4.01 (m, lH), [4.81 (q, J = 5.3 Hz), 

4.91 (q, J = 5.3 Hz), lH], (4.86 (d, J = 6.1 Hz), 4.87 (d, 

J = 6.1 Hz), lH]; 13c NMR (75 MHz, CDCl3) 0 15.03, 20.19, 

20.36, 26.10, 26.36, 27.91, (33.17, 33.31), (33.35, 

33.49), (34.33, 34.58), (35.39, 35.68), (55.77, 55.99), 

(61.14, 62.21) I (75.14 1 75.90) I 82.96, (99.86, 99.95) I 

147.96, 166.13; IR (neat) 2979, 2923, 2850, 1719, 1807, 

1449, 1336, 1154 cm·1 • Anal. Calcd. for c 19H33N05: c, 
64.20; H, 9.36; N,3.94. Found: C, 64.00; H, 9.17; N, 

4.02. 

Examples 28-32 

To a solution of 0.5 mmol of 

3-(1-ethoxyethoxy)-4-phenyl-
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2-azetidinone in 6 mL of tetrah~1drofuran, was added 

dropwise at -78°C 0.6 mmol of n-~~Li. After 5 min, 1 mmol 

of an isocyanate or an isothiocyanate was added. The 

reaction mixture was stirred 30 min at -78°C and quenched 

by addition of 2 mL sat. NH4Cl solution. The reaction 

mixture was diluted with 30 mL of ether and the organic 

layer was washed several times with brine, dried over 

Na2co3 and concentrated. The crude solid was purified by 

chromatography on silica gel to yield N-protected 

P-lactam: 

(3R,4S)-3-(l-Ethoxyethoxy)-l-pheny1carbamoy1-

4-phenyl-2-azetidinone (7a): 66%; pale yellow solid; mp 

152-155°c; [a)n20 +87.8° (c 0.9, CHC13); 1H NMR (250 MHz, 

CDC13) o (1.07 (d, J = 5.4 Hz), 1.13 (d, J = 5.4 Hz}, 3H), 

1.16 (t, J = 7.1 Hz, 3H), (3.26 (dq, J = 9.5, 7.1 Hz), 
J.37 (q, J = 1.1 Hz), 3.39 {q, J = 7.lHz), 3.67 (dq, J = 
9.5, 7.1 Hz}, 2H], (4.53 (q, J = 5.4 Hz}, 4.72 (q, J = 5.4 

Hz), lH], 5.28 (m, 2H), [6.59 (bs}, 6.60 (bs), lH], 

7 .10-7. 55 (m, lOH) , 8. 68 (bs, lH) ; 13c NMR ( 63 MHz, CDC13 ) 

0 (15.04, 15.16) I (19.98, 20.11) I (60.99, 62.53) I 61.80, 

(76.05, 76.66) I (99.34, 99.70) I (119.63, 120.69, 124.37, 

127.67, 127.95, 128.40, 128.45, 128.67, 128.85, 129.04, 

129.12, 130.49) I 133.48, (137.03, 137.28) t (147.23, 

147.29), (168.12, 168.52); IR (CHC13 ) 3342, 3017, 2982, 

2932 I 1773 I 1719 t 1602 t 1548 I 1445 I 1312 I 1224 I 1210 cm"1 • 

Anal. Calcd for C2off22N2o4 : c, 67.78; H, 6.26; N, 7.90. 

Found: c, 67.92; H, 5.98; N, 8.17. 

(3R,4S)-l-tert-Butylcarbamoyl-3-{1-ethoxy 

ethoxy)-4-phenyl-2-azetidinone (7b): 74%; pale yellow 

viscous oil; (a]D20 +144.3° (c O."l, CHC13 ); 1H NMR (250 

MHz, CDCl3) 0 (0.96 (d, J 5.3 Hz), 1.05 (d, J = 5.3 Hz), 

3H], 1.10 (t, J= 7.lHZ, 3H), [1.33 (s), 1.34 (s), 9H], 

[ 3 . 21 ( dq, J = 9. 3 , 7. O Hz) , 3 . 3 o ( q, J = 7. O Hz} , 3. 3 3 
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(q,, J = 7.lFZ), 3.62 (dq, J = 9.1, 7.0 Hz), 2HJ, [4.46 (q, 

J = 5.4 Hz), ~.66 (q, J = 5.4 Hz), lH], 5.10-5.19 (m, 2H), 

[6.59 (bs), 6.60 (bs), lH], 7.23-7.36 {m, 5H); 13cNMR (63 

MHz, CDC13 ) S (14.86, 14.99), (19.75, 19.95), (28.81, 

29.30) I (60.62, 61.20) I (60.80, 62.29) I (75.57, 76.76) I 

(98.91, 99.34), (127.07, 127.40, 127.70, i28.17, 128.29, 

128.53), (133.71, 133.86), (148.54, 148.59), (167.67, 

168.13); IR (CHCl3) 3362, 3035, 2977, 2932, 1767, 1710, 

1605, 1537, 1457, 1366, 1320, 1282, 1217, 1100 cm-1 • 

Anal. Calcd for c18H26N2o4: c, 64.65; H, 7.84; N, 8.38. 

Found: c, 64.46; H, 7.75; N, 8.39. 

{3R,4S)-1-Benzylcarbamoyl-3-(1-ethoxy 

ethoxy)-4-phenyl-2-azetidinone (7c): 50%; pale yellow 

viscous oil; [a:)o20 +66.2° (c a.a, CHC13); 1H NMR (250 MHz, 

CDC13) o [0.99 (d, J = 5.5 Hz), 1.08 (d, J = 5.5 HZ), 3H], 

1.12 (m, 3H), (3.16-3.40 (m), 3.63 (m), 2H], [4.35-4.55 

(m), 4.69 (q,.J=5.5Hz), 3H], 5.21 (m, 2H), [7.03 (bs), 

7.05 (bs), lH], 7.32 (m, lOH); 13c NMR (63 MHz, cocl3) s 
{15.01, 15.14), (19.90, 20.11), 43.83, {60.66, 62.44), 

(60.75, 61.54} I (75.9J, 77.04} 1 {99.16, 99.56} I {127.25, 

127.64, 127.69, 128.17, 127.93, 128.35, 128.55, 128.64, 

128.74), (133.59, 133.76), 137.80, 150.02, (167.73, 

168.19); IR (CHC13) 3379, 3090, 3033, 2980, 2930, 1773, 

1707, 1604, 1536, 1455, 1319, 1270, 908 cm-1 • Anal. Calcd 

for c 21H24N20 4: C, 68.46; H, 6.57; N, 7.60. Found: C, 

68.30; H, 6.66; N, 7.51. 

(3R,4S)-3-(1-Ethoxyethoxy)-l-ethylcarbamoyl-

4-phenyl-2-azetidinone (7d): 63%; pale yellow oil; (a:Jn20 

+96.7° (c 0.9, CHC13); 1H NMR (250 MHz, cocl3) d [0.96 (d, 

J = 5.3 Hz), 1.04 (d, J = 5.3 Hz), JH], 1.05-1.18 (m, JH), 

(3.13-3.39 (m), 3.59 (m), 4H), (4.45 (q, J = 5.3 Hz), 4.65 

(q, J = 5.3 Hz}, lH], 5.16 (m, 2H), (6.60 (bs}, 6.62 (bs) / . . 
lH], 7.27 (m, SH); 13c NMR (63 MHz, CDCl3) 0 14.98, (19.84, 
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29.93) I 34.79, (60.56, 61.35) f (60. J'J., 62.35) I (75.91, 

77.03), (99.14, 99.54), (121.28, 127.55, 121.8s, 128.2·1, 

128.40), (133.74, 133.89), (149.87, 149.93), (167.62, 

168.07); IR (CHC13) 3378, 3035, 2980, 29j4, 1774, 1704, 

1537, 1455, 1321, 1271, 1112, 1025 cm·1• 

(3R,4S)-3-(l-Ethoxyethoxy)-l-phenylthio 

carbamoyl-4-phenyl-2-azetidinone (7e): 82%; yellow solid; 

mp 1oa-112°c; (a]o20 +68° {c 1.14, CHC13); 1H NMR (250 MHz, 

CDC13) o (1.02 (d, J = 5.5 Hz), 1.11 (d, J = 5.5 Hz), 3H], 

1.16 (t, J = 7.3 Hz, 3H), (3.20-3.44 (m), 3.66 (dq, J = 

9 • 4 , 7 • 3 Hz) , 2H] , [ 4 • 5 2 ( q, J = 5 • 5 Hz ) , 4 • 7 2 ( q, J = 5 • 5 

Hz) , lH) , ( 5 • 3 o ( d, J = 5 • 5 Hz) , 5 • 3 2 ( d, J = 5 • 5 Hz} , 

lHJ, (5.49 (d, J = 5.5 Hz), 5.52 (d, J = 5.5 Hz), lH), 

7.36 (m, SH), 7.67 (d, J = 7.8 Hz1 2H), 10.37 (bs, lH); 

13c NMR (63 MHz, coc13) 6 (15.04, 15.17), (19.95, 20.l.3), 

(60.96, 62.57), (63.92, 64.75), (74.75, 75.84), (99.34, 

99.68), (123.43, 126.58, 127.91, 128.28, 128.49, 128.86., 

128.91) I (133.10, 133.25) I (1J7.J6) I (166.55; 166.52) I 

(174.812); IR (CHC13) 3288, 3024, 2983, 1760, 1497, 1385, 

1222 cm·1 • 

Examples 33-34 

(3R,4S) -l-Morpholinecarbonyl-3-(-1-

ethoxyethoxy)-4-phenyl-2-azetidinone (7f): To a solution 

of 30 mg (0.13 mmol) of 3-(1-ethoxyethoxy)-4-phenyl-2-

azedinone 6 in 2 mL of CH2Cl2 ,· 2 mg of DMAP and o.os mL of 

triethylamine was added at room temperature. After 5 min. 

22.9 mg (0.15 mmol) of morpholinecarbonyl chloride was 

added. The reaction mixture was stirred for 2h at room 

temperature. The reaction mixture was diluted with 20 mL 

of CH2cl2 and the organic layer was washed two times with 

brine, dried over Na2co3 and concentrated. The crude 

solid product was purified by chromatography on silica gel 

to yield pure 7f: 87%; pale yellow oil; 1H NMR (250 MHz, 
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CDCl3) 0 (0.90 (d, J = 5.3 Hz}, l.rl (d, J = 5.3 Hz} 

(3H)], [1.04 (t, J = 7.1 Hz), 1.18 (t, J = 7.1 HZ) J (3H), 
3.20 (m, 4H), [3.28 (m), 3.53 (m), 3.67 (m), (2H)J, 3.60 

(m, 4H), [4.41 (g, J = 5.3 Hz), 4.63 (q, J = 5.3 Hz) (lH}, 

[5.07 (d, J = 5.8 Hz), 5.08 {d, J = 5.8 Hz} (lH), [5.29 

(d, J = 5.8 Hz), 5.32 (d, J = 5.8 Hz) (lH)], 7.23-7.27 (m, 

SH). 

Examples 35-53 

To a solution of 0.37 mmol of O-EE P-lactam in 4 

mL THF was added 4 mL of o.s N HCl. The completion of 

reaction was monitored by TLC. After 1-3 hr, the reaction 

mixture was concentrated in vacuo to remove THF. The 

residue was dissolved in 30 mL ether and washed with 10 :mL 

saturated NaHco3 solution. The ether layer was washed 

with brine, dried over anhydrous sodium sulfate, and 

concentrated in vacuo to give 3-hydroxy P-lactam: 

(3R,4S)-3-Hydroxy-1-methoxycarbonyl-4-

phenyl-2-azetidinone (6a): 66%; white solid; mp; 91-92°C 

(a]o2° +108° (c 0.63, CHCl3); 1H NMR (250 MHz, CDCl3) 0 

3.80 (s, 3H), 5.13 (d, J = 6.0 Hz, lH), 5.22 (d, J = 6.0 

Hz, lH), 7.25-7.42 (m, SH); 13c NMR (63 MHz, CDCl3) 0 

53.77, 61.44, 77.33, 127.16, 128.94, 132.65, 149.20, 

166.04; IR (CHC13) 3432, 3024, 2996, 1806, 1730, 1440, 

1333, 1188 cm-1 • MS(FAB) m/z (%) 222 (M+l, 38), 194(29), 

164(100). 

(3R,4S)-l-Ethoxycarbonyl-3-hydroxy-4-phenyl-

2-azetidinone (6b): 59%; white solid; mp 112-113°C; 

[a]o20 +181° (c 0.97, CHC13) i 1H NMR (250 MHz, CDCl3) 0 

1.27 (t, J = 7.1 Hz, 3H), 4.25 (q, J = 7.1 Hz, 2H), 5.14 

(d, J = 6.0 Hz, lH), 5.22 (d, J = 6.0 Hz, lH), 7.27-7.39 

(m, SH) i 13c NMR (63 MHz, CDCl3) 0 14.08, 61.36, 63.00, 

77.26, 127.08, 128.83, 132.75, 149.08, 165.79; IR (CHC13) 
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3605, 3017, 2985, 1815, 1732, 1684, 1396, 1373, 1268, 1020 

cm·l; MS (FAB; l'-/Z (%) 236 (M+l,98), 208(23), 178(100). 

(3R,4S)-l-n-Butoxycarbonyl-3-hydroxy-4-

phenyl-2-azetidinone (6c): 69%; white solid; mp 88-B9°C;_ 

(a]o20 +159.1° (c 0.7.1, CHCl3) i 1H NMR (250 MHz, CDCl3) G 

0.78 (t, J = 7.3 Hz, 3H), 1.14 (m, 2H), 1.50 (m, 2H), 

(4.07 (q, J = 8.9 Hz), 4.10 {q, J = 8.9 Hz), 2H), 5.05 (d, 

J = 5.9 Hz, lH), 5.11 (d, J = 5.9 Hz, lH), 7.22-7.36 (m, 

SH); 13c NMR {63 MHz, CDCl3) 0 13.44, 18.71, 30.44, 61.54, 

66.72, 77.31, 127.21, 128.80, 132.89, 149.15, 166.06i IR 

(CHC13) 3562, 3018, 2962, 1813, 1730, 1456, 1395, 1324, 

1222, 1099 cm·1 • MS (FAB) m/z (%) 264 (M+l, 62) , 236 (20) , 

208(40), 206(100). 

(3R,4S)-l-tert-Butoxycarbonyl-3-bydroxy-

4-phenyl-2-azetidinone (6d): 88%; white solid; mp 

131.5-132°C; (a]o20 +173.5° (c 0.98, CHC13); 
1H NMR (250 

MHz, CDC13) o 1.40 (s, 9H), 2.70 (bs, lH), 5.08 (d, J = 

5.9 Hz, lH), 5.14 (d, J = 5.9 Hz, lH), 7.27 (d, J = 6.1 

Hz, 2H), 7.38 (m, 3H); 13c NMR (63 MHz, CDCl3) 0 27.87, 

61.56, 77.00, 83.85, 127.20, 128.77, 128.82, 133.13, 

147.72, 169.49; IR (CHC13) 3616, 3019, 2976, 1807, 1726, 

1601, 1522, 1422, 1333, 1212, 1152 cm·1. Anal. Calcd for 

c14H17N04 : C, 63.87; H, 6.51; N, 5.32. Found: C, 63.71; 

HI 6 • 3 8 ; NI 5 • 12 • 

(3R,4S)-3-Hydroxy-1-phenoxycarhonyl-4-

phenyl-2-azetidinone (6e): 72%; white solid; mp 

125-126°C; (a)D2o +107° (c 1.45, CHC13) i 1H NMR (250 MHz, 

CDC13) S 5.21 (d, J = 6.1 Hz, lH), 5.34 (d, J = 6.1 Hz, 

lH), 7.07-7.45 (m, lOH); 13c NMR (63 MHz, CDCl3) 0 61.83, 

73.24, 121.15, 125.46, 126.80, 127.22, 128.09, 128.80, 

129.11, 129.30, 132.40, 138.49, 154.05; IR (CHC13) 3615, 

3020, 2976, 1821, 1740, 1506, 1487, 1332, 1219 cm·1. 
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(3R,4S)-1-Benzyloxycarbonyl-3-hydroxy-4-

phenyl-2-azetidinone (6f): 85%; white solid; mp 

105-106°C; (a)D2o +177° (c 0.6, CHC13); 
1H NMR (250 MHz, 

CDC13) o 5.12 (d, J = 6.2 Hz, lH), 5.22 (m, 3H), 7.24-7.40 

(m, lOH) i 13c NMR (63 MHz, CDCl3) 0 61.53, 68.30, 77.43, 

127.19, 128.13, 128.~8, 129.06, 132.55, 134.74, 148.90, 

165.92; IR (CHC13) 3557, 3018, 2924, 1814, 1731, 1383, 

1273, 1162, 1004 cm·1• MS (FAB) m/z (%) 298(M+1;14), 

273(4). 

(3R,4S)-1-tert-Butoxycarbonyl-4-cyc1ohexyl-3-

hydroxy-~-azetidinone (6q): 96%; white solid; mp 121-

1220C; (a)D20+78° (c 0.68, CHC13); 1H NMR (250 MHz, CDC13} 

o 1.17-1.75 (m, 11H) ,· 1.48 (s, 9H), 3.83 (t, J+6.5 Hz, 

lH), 4.96 (d, J=6.S Hz, lH); 13c NMR (63 MHz, coc13) o 
25.87, 25.99, 26.24, 27.96, 29.69, 29.90, 37.45, 63.30, 

75.24, 83.43, 148.80, 168.60; IR {CHC13) 3354, 2931, 2848, 

1801, 1724, 1324, 1154 cm·1• 

(3R,4S)-1-tert-Buto:xycarbonyl-3-hydroxy-4-(2-

phenylethenyl)-2-azetidinone (6h): 96%; white solid; mp 

132-133°C; (a)D20 +122.0° (c 1.1, CHC13); 1H NMR (300 MHz, 

CDC13) o 1.47 (s, 9H), 3.88 (bs, lH), 4.71 (dd, J = 4.8, 

8.0 Hz, lH), 5.07 (d, J = 4.8 Hz, lH), 6.26 (dd, J = 8.0, 

15.9 Hz, lH), 6.72 (d, J = 15.9 Hz, lH), 7.24-7.43 (m, 

SH); 13c NMR (75 MHz, CDCl3) 0 27.94, 60.78, 76.58, 83.77, 

121.41, 126.75, 128.26, 128.59, 135.94, 136.62, 147.85, 

166.95; IR (KBr) 3242, 3039, 2954, 1812, 1726 cm·1. Anal. 

Calcd for c16H 19No4: c, 66.42; H, 6.62; N, 4.84. Found: 

C, 66.31; H, 6. 71; N, 4. 76. 

(3R,4S)-1-tert-Butoxycarl:lonyl-3-hydroxy-4-

(2-m.ethylpropyl)-2-azetidinone (6i): · 98%; pale yellow 

solid; mp 1DB°C; (a)o20 +76.14° (c a.as, CHC13); 1H NMR 

(300 MHz, CDC13) o 0.93 (d, J = 6.3 Hz, 6H), 1.48 (s, 9H), 
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1.62-1.82 (m, 3H), 4.12 (m, lH}, 4.30 (bs, lH}, 4.93 (d, J 

= 5.9 Hz, lH}; 13c NMR (75 MHz, CDC13) 0 22.45, 22.78, 

25.12, 27.96, 36.28, 57.59, 75.39, 83.46, 148.13, 168.00; 

IR (KBr} 3363, 2960, 2926, 1733, 1763, 1458, 1370, 1350, 

1303, 1153 cm·1• Anal. Calcd. for c12H21No4: C, 59.24; H,. 

8.70; N, 5.76. Found: c, 59.47; H, 8.91; N, 5.51. 

(3R,4S)-l-tert-Butoxycarbonyl-4-cyclohexyl 

methyl-3-hydroxy-2-azetidinone {6j): 100%; white solid; mp 

105-106°C; (a]o20 +61.89° (c 0.74, CHC13); 1H NMR (300 MHz, 

CDC13) o 0.82-1.84 (m, 13H), 1.50 (s, 9H), 3.82 (bs, lH), 

4.14 (m, lH), 4.93 (d, J = 5.8 Hz, lH); 13c NMR (75 MHz, 

CDC13 ) o 26.12, 26.17, 26.42, 33.20, 33.47, 33.59, 34.71, 

28 .. 00, 57.13, 75.49, 83.47: 148.08, 167.57; IR (KBr) 3442, 

2921, 2850 I 1797 I 1682 I 144 7 I 1354 I 1342 t 1159 cm·1 • 

Anal. calcd. for c 15H25No4: c, 63.58; H, a.89; N, 4.94. 

Found: c, 63.76; H, 8.72; N, 4.68. 

(3R,4S)-3-hydroxy-4-phenyl-l-phenylcarbamoyl-

2-azetidinone (Ba): 88%; white solid; mp 197-200°C; 

[a)o20 +206.4° (c 1.26, CHCl3) i 1H NMR (250 MHZ, CD3COCD3) 0 

5.39-5.47 (m, 2H), 7.07-7.60 (m, lOH), 8.80 (bs, lH); 13c 

NMR (63 MHz, CD3COCD3) 6 61.98, 78.06, 119.85, 124.31, 

128.11, 128.31, 128.60, 129.48, 135.31, 138.43, 148.17, 

169.76; IR (CHC13) 3343, 3018, 2975, 1772, 1712, 1603, 

1548, 1447, 1362, 1219, 1045 cm·1; MS (FAB) m/z(%) 283(2), 

263 (33) 207(22), 143(100). 

(3R,4S)-l-tert-Butylcarbamoyl-3-hydroxy-•

pheny1-2-azetidinone (Sb): 89%; white solid; mp 

148-151°C; (a]o20 +160.9° (c 1.28, CHCl3); 1H NMR (250 MHz, 

CDC13) o 1.35 (s, 9H), 3.16 (bs, lH), 4.97 (d, J = 5.5 Hz, 

lH), 5.11 (d, J = 5.5 Hz, lH), 6.60 (bs, lH), 7.19-7.38 

(m, SH) i 13c NMR (63 MHz, CDCl3) 0 28. 84, 51. 53, 60. 74, 

76.61, 127.00, 128.61, 128.70, 133.13, 148.78, 168.30; IR 
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(CHCl3) 3362, 3018, 2975, 1767 I 1710, 1533, 1422, 1318, 

1216, 1045 cm-1 . Anal. Calcd for c14H18N2o3 : C, 64 .11; H, 

6.92; N, 10.68. Found: C, 64.10; H, 7.08; N, 10.49. 

(3R,4S)-l-Benzylcarhamoyl-3-hydroxy-4-phanyl-

2-azetidinone (Be): _63%; white solid; mp 165-168°C; 

[a]D20 +139 ° (c o. 64, CHCl3); 
1H NMR (300 MHz, CDC13} o 

3.10 (bs, lH), 4.43 (dd, J = 15.2, 5.8 Hz, lH), 4.50 (dd, 

J = 15.2, 5.8 Hz, lH), 5.03 (d, J = 5.6 Hz, lH), 5.20 (d, 

J = 5.6 Hz, lH), 7.06 (t, J = 5.8 Hz, lH), 7.23-7.33 (m, 

lOH); 13c NMR (63 MHz, CDCl3) 0 43.79, 61.01, 76.94, 

127.13, 127.73, 128.80, 128.86, 132.94, 137.59, 150.15, 

168.34; IR (CHC13) 3364, 3028, 2925, 1771, 1704, 1537, 

1455, 1361, 1219, 1190, 987 cm-1• Anal. Calcd for 

C,H16N203: c1 68.91; H, 5.44; N. 9.45. Found: c1 68.89; 

H. 5.66; N, 9.34. 

(3R,4S)-l-Ethylcarbamoyl-3-hydroxy-4-phenyl-

2-azetidinone (Sd): 55%; white solid; mp 141- 42°C; 

[a)D20 +211.4° (c 0.44, CHC13); 1H NMR (250 MHz, CDC13) o 

1.19 (t, J = 7.2 Hz, JH), 3.34 (qd, J = 7.2, 1.6 Hz, 2H), 

5.09 (d, J 5.6 Hz, lH), 5.27 (d, J = 5.6 Hz, lH), 6.63 

(bt, J = 1.6 Hz, lH), 7.23-7.44 (m, SH); 13c NMR (63 MHz, 

CDC13 ) d 15.04, 34.94, 60.77, 76.98, 127.00, 128.92, 

129.06, 132.83, 149.96, 167.98; IR (CHC13) 3381, 3018, 

2990, 1770, 1732, 1651, 1589, 1422, 1298, 1210, 1045 

cm-1. 

(3R,4S)-3-(l-Hydroxy)-l-phenylthiocarba.moyl-4-

phenyl-2-azetidinone (Se): 78%; yellow solid; mp 85-

880C; [a)o20 + 156.7° (c 0.67, CHCl3) i 1H NMR (300 MHz, 

coc13} o 5 . 16 ( d, J = s . a Hz , lH) , 5 . s 3 ( d, J = 5. a Hz , 

lH), 7.31-7.44 (m, SH), 7.66 (d, J = 7.8 Hz, 2H), 10.33 

(bs, lH); 13c NMR (63 MHz, CDCl3} .o 63.97, 75.72, 123.29, 

126.49, 127.27, 128.77, 132.49, 137.26, 174.87; IR (CHC13) 
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3553, 3295, 3048, 2949, 1760, 1601, 1384, 1313 cm·1; MS 

(FAB) m/z (%) 299(M+l, 46), 179(100). 

(3R,4S)-l-(Morpholinecarbonyl)-3-hydroxy-4-

phenyl-2-azetidinone (Sf): 83%; white solid; mp 55-57°C; 
1H NMR (250 MHz, CDCl3) 0 3.05 (bs, lH), 3.56-3.78 (m, 

SH), 5.00 {d, J = 5.9 Hz, lH), 5.38 (d, J = 5.9 Hz, lB), 
7.24-7.40 {m, SH). 

(3R,4S)-l-{N,N-Dimethylcarbamoyl)-3-hydrozy-4-

phenyl-2-azetidinone (Sq): 88%; white crystal; mp 123-

1250C; 1H NMR (250 MHz, CDC13) 63.06 (bs, 6H, 4.98 (d, 

J=S.9 Hz, lH), 5.35 (d, J=S.9 Hz, lH), 7.29-7.39 (m, SH). 

(3R,4S)-l-tert-Butoxycarbonyl-•-phenyl-3-

(1,1,l-trichloroethoxycarhonyl)-2-azetidinone (9a): To a 

solution of 99 mg (0.38 mmol) of 1-tert-butylcarbonyl-3-

hydroxy-4-phenyl- 2-azetidinone, 5 mg of DMAP and 263 mL 

(2 mmol} of triethylamine in 5 mL of dichloromethane, was 

added at 0°C 105 mL (0.8 mmol) of 1,1,1-trichloroethyl

chloroformate. The reaction mixture was stirred overnight 

at room temperature. The organic layer was washed several 

times with brine, dried over Mgso4 and concentrated. The 
crude solid was purified by chromatography on silica gel 

to yield 65 mg {40%) of a-protected ~-lactam: White 

solid; mp 122-124°C; (a)o20 +28° (c 0.5, CHC13 ); 1H NMR 

(250 MHz, CDC13 ) o 1.39 (s, 9H}, 4.43 (d, J = 11.7 Hz, 

lH), 4.55 (d, J = 11.7 Hz, lH), 5.28 (d, J = 5.5 Hz, lH), 

5.76 (d, J = 5.5 Hz, lH), 7.30 (m, SH); 13c NMR (63 MHz, 

CDC13 ) o 27.81, 60.80, 77.03, 78.76, 84.40, 127.73, 

128.58, 129.09, 131.55, 147.71, 152.17, 160.34; IR (CHC13} 

3016, 2976, 1819, 1771, 1732, 1683, 1244 cm·1 • Anal. 

Calcd for C17H1gCl3N06: c, 46.54; H, 4.14; N, 3.19. Found: 

C, 46.33; H, 4.34; N, 3.33. 
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(3R,4S)-3-Acetoxy-1-tert-b~toxycarbonyl-4-phenyl 

-2-azetidinone (9b): To a solution of 82 mg (0.3 mmol) of 

l-tert-butylcarbonyl-3-hydroxy-4-phenyl-2-azetidinone, 5 

mg of DMAP and 210 mL (1.5 mmol) of triethylamine in 5 mL 

of dichloromethane, was added at 0°C 58 mL (0.7 mmol) of 

acetic anhydride. The reaction mixture was stirred 

overnight at room temperature. The organic layer·was 

washed several times with brine, dried over Mgso4 and 

concentrated. The crude solid was purified by 

chromatography on silica gel to yield 71 mg (75%) of 

o-acetyl P-lactam: White solid; mp 63-64°C; (a]o20 +32.1° 

(c 0.81, CHC13); 1H NMR (250 MHz, CDC13) o 1.37 (s, 9H), 

1.65 (s, 3H), 5.22 (d, J = 5.5 Hz, lH), 5.83 (d, J = 5.5 

Hz, lH), 7.23-7.33 (m, SH); 13c NMR (63 MHz, cocl3 ) o 
19.71, 27.81, 60.84, 75.~4, 84.07, 127.43, 128.Jl, 128.67, 

132.44, 147.25, 162.39, 168.83; IR (CHC13) 3026, 2984, 

1815, 1752, 1731, 1497, 1371, 1286, 1224, 1152, 1024 cm·1• 

Anal. Calcd for C16H19N05: c, 62.94; H, 6.27; N, 4.59. 

Found: C, 63. 17; H, 6 .14; N, 4. 52. 

20 Example 54 

25 

30 

To a suspension of NaH (35 mg in 1.0 mL of DME), 

was added at -10°c, a solution of 133 mg (0.15 mmol) of 

7,10-ditroc-10-deacetylbaccatin III and 100 mg (0.30 mmol) 

of Sd in 1.5 mL of DME. The reaction was monitored by TLC 

and quenched at -B°C by addition of brine. 

layer was extracted with dichloromethane. 

The aqueous 

The combined 

organic layers were washed with brine, dried over Na2c~ 
and concentrated. The crude oil was purified by 

chromatography on silica gel using AcOEt/hexanes (1/2) as 

the eluant to give 14S mg of the coupling product 

2'-EE-7,10-ditroc-Taxotere as a white solid (81% yield; 

90% conversion yield) and 12 mg of 

7,10-ditroc-lO-deacetylbaccatin III (10% recovery). 

The EE protecting group was removed by stirring 
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at room temperat•1re 90 mg of 2'-EE-7 ,10-ditroc-Taxotere in 

3 mL of THF and 2 mL of 0.5N HCl for 1 hr. The reaction 

mixture was diluted with dichloromethane. The orga·nic 

phase was washed with sat. NaHC03 sol., brine dried over 

MgS04 and concentrated. The crude oil was purified by 

chromatography on si~ica gel using AcOEt/hexanes (1/2) as 

the eluant to give 60 mg (71%) of 

2'-0H-7,10-ditroc-Taxotere as a white solid: Mp 

154-155°C; (a]n2° -38 ° (c o. 74, CHC13) i 1H NMR (250 MHZ, 

CDC13 ) o 1.19 (s, 3H), 1.26 (s, 3H), 1.35 (s, 9H), 1..85 

{s, 3H), ·i.95 (s, 3H), 2.04 (m, lH), 2.34 (m, 2H), 2.39 

(s, 3H), 2.62 (m, lH), 3.90 (d, J = 6.4 Hz, lH), 4.17 (d, 

J = 8.4 Hz, lH), 4.32 (d, J. = 8.4 Hz, lH), 4.60 (d, J = 
11.9 Hz, lH), 4.64 (m, lH), 4.78 (s, 2H). 4.91 (d, J = 

11. 9 Hz, lH) , 4. 95 (m, lH) , 5. 26 (bd, J = 8. 7 Hz, lB) , 

5.46 {bd, J = 9.2 Hz, lH), 5.54 (dd, J = 10.4, 7.1 Hz, 

lB), 5.69.(d, J = 6.8 Hz, lH), 6.21 (bt, J = 8.7 Hz, lH), 

6.24 {s, lH), 7.32-7.35 (m, SH), 7.50 (t, J = 7.5 Hz, 2H), 

7.62 (t, J = 7.3 Hz, lH), 8.10 (d, J = 7.5 Hz, 2H); l3c 

NMR (63 MHz, CDC13) o 10.69, 14.63, 20.91, 22.47, 26.25, 

28.14, 33.20, 35.21, 43.07, 46.91, 56.14, 72.17, 73.50, 

74.10, 76.48, 77.33, 77.51, 78.55, 79.08, 80.23, 80.67, 

83.61, 94.11, 126.70, 128.06, 128.70, 128.88, 130.12, 

131.91, 133.79, 138.20, 142.48, 153.12, 153.17, 155.36, 

166.82, 170.33, 172.78, 200.70; IR (CHC13 ) 3572, 3444, 

3034, 2979, 1759, 1737, 1724, 1490, 1450, 1376, 1106 cm·1• 

Example SS 

To a solution of 90 mg (0.1 mmol) of 7,10-

ditroc-10-deacetylbaccatin III and 47 mg {0.14 mmol) of Sd 
in 5 mL of THF, was added at -30°C 110 mL (0.11 mmol, lM 

in THF) of sodium hexamethyldisilazide. The reaction was 

monitored by TLC and quenched by addition of brine. The 

aqueous layer was extracted with dichloromethane. The 

combined organic layers were washed with brine, dried over 
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Na2co3 and·concentrated. The crude oil was purified by 

chromatography en silica gel using AcOEt/hexanes {1/2) a.s 

the eluant to give 117 mg of the coupling product 2'~EE-

7,10-ditroc-TAXOTERE as a white solid (94%). All physical 

and spectral data are identical with those of 2'-EE-7,10-

ditroc-TAXOTERE described in Example 54. 

The Troe protecting group was removed by 

stirring at 60°C 50 mg of 7,10-ditroc-TAXOTERE in 1 mL of 

MeOH and 1 mL of AcOH in presence of 150 mg of zinc for 1 

hr. The reaction mixture was filtrated and diluted with 

dichloromethane. The organic phase was washed with sat. 

NaHC03 sol., brine dried over MgS04 and concentrated. The 

crude oil was purified by chromatography on silica gel 

using AcOEt/hexanes (1/1) as the eluant to give 28 mg 

(~0%) of TAXOTERE as a white solid: (a) 0
20 -34° (c 0.7, 

EtOH); NMR (250 MHz, CDCl3) 0 1.13 (a, 3H), 1.26 (s, JH), 

1.35 (s, 9H), 1.80 (s, 3H), 1.85 (m, ), 1.90 (s, JH), 2.24 

(m,_ 2H), 2.39 (s, 3H}, 2.55 (m, ) , 2.62 (m, ) , 3.53 (s, }, 

3.92 (d, J = 7.0 Hz, ) , 4.18 (d, J = 8.4 Hz, } , 4.22 (m, 

), 4.32 (d, J = 8.4 Hz, ), 4.66 (d, J = 6.9 Hz, ), 6.19 

(bt, J = 8.1 Hz, }, 7.32-7.35 (m, SH), 7.50 (t, J = 7.5 

Hz, 2H), 7.62 {t, J = 7.3 Hz, ), 8.10 {d, J = 7.5 Hz, 2H). 

These data are consistent with those reported for TAXOTERE 

by Mangatal, L. et al. (Ref. Mangatal, L.; Adeline, M.T.; 

Guenard, D.; Gueritte-Voegelein, F.; Potier, P. 

Tetrahedron 1989, 45, 4177.} 

Although the invention has been described in 

conjunction with specific embodiments, it is evident that 

many alternatives and variations will be apparent to those 

skilled in the art in light of the foregoing description. 

Accordingly, the invention is intended to embrace all of 

the alternatives and variations that fall within the 

spirit and scope of the appended claims. The above 

references are hereby incorporated by reference. 
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We Claim: 

1. A 6-lactam of the formu~~; 

in which 

R2. represents an RO-, RS- or RR·N- in which R 

represents an unsubstituted or substituted straight chain 

or branched alkyl, alkenyl or alkynyl, cycloalkyl, 
heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, 

carbocyclic aryl or heteroaryl; is a hydrogen or R as 

defined above; R and R' can be connected to form a cyclic 
struct~re; 

R3• represents an unsubstituted or substituted 

straight or branched alkyl, alkenyl or alkynyl radical, an 
unsubstituted or substituted cycloalkyl, cycloalkenyl 
radical, an unsubstituted or substituted carbocyclic aryl; 

G1 represents a hydrogen or a hydroxyl 

protecting group; 

Y is oxygen or sulfur. 

2. A 8-lactam according to claim 1 in which 

R2. represents a radical RO-, RS- or RR' N- in 

which R represents a straight chain or branched alkyl 

radical containing 1 to 10 carbon atoms, a straight chain 

or branched alkenyl radical containing 2 to 10 carbon 

atoms, ·or a straight chain or branched alkynyl radical 

containing 2 to 10 carbon atoms, a cycloalkyl radical 

containing 3 to 10 carbon atoms, a heterocycloalkyl 

radical containing 3 to 10 carbon atoms, a cycloalkenyl 

radical containing 3 to 10 carbon atoms, a 

heterocycloalkenyl radical containing 3 to 10 carbon 
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atoms, a polycyclo:::1.lkyl radical containing 6 to 20 carbon 

atoms, an aryl radical containing 6 to 20 carbons, a 

heteroaryl radical containing 3 to 15 carbon atoms; ·these 

radicals being optionally substituted with one or more 

halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, 

alkylamino, dialkyla~ino, mercapto, alkylthio, arylthio, 
heteroarylthio, cyano, carboxyl, alkoxycarbonyl radicals, 

the alkyl portion of which contain 1 to 15 carbon atoms, 

aryloxycarbonyl the aryl portion of which containing 6 to 

20 carbon atoms, or heteroaryloxycarbonyl the heteroaryl 

portion of which containing 3 to 15 carbon atoms; R' is a 

hydrogen or R as defined above; R and R' can be connected 

to form a cyclic structure which contains 2-10 carbon 

atoms; 
R3, represents a straight chain or branched 

alkyl radical containing 1 to 10 carbon atoms, a straight 

chain or branched alkenyl radical containing 2 to 10 

carbon atoms, or a straight chain or branched alkynyl 

radical containing 2 to 10 carbon atoms, a cycloalkyl 

radical containing 3 to 10 carbon atoms, a cycloalkenyl 

radical containing 3 to 10 carbon atoms, a polycycloalkyl 

radical containing 6 to 20 carbon atoms, or an aryl 

radical containing 6 to 20 carbons; these radicals being 

optionally substituted with one or more halogen, hydroxyl, 

alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, 

dialkylamino, mercapto, alkylthio, arylthio, 

heteroarylthio, cyano, carboxyl, alkoxycarbonyl radicals, 

the alkyl portion of which contain 1 to 15 carbon atoms, 

aryloxycarbonyl the aryl portion of which contain 6 to 20 

carbon atoms, or heteroaryloxycarbonyl the heteroaryl 

portion of which containing 3 to 15 carbon atoms. 

3. A P-lactam according to claim 1 in which . 
R2 represents an RD-, RS-, or RR'N- in which R 

is an unsubstituted or substituted alkyl radical selected 

from methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
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·: tert-butyl, pentyl, isopentyl, neopentyl, hexyl, isohexyl, 

heptyl, isoheptyl, octyl, isooctyl, cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 

cyclooctyl, 9-fluorenylmethyl, benzyl and adamantyl, or an 

5 alkenyl radical selected from vinyl and allyl, or an aryl. 

radical selected fro~ phenyl and naphthyl, or a h.eteroaryl 

radical selected from furyl, pyrrolyl, and pyridyl~ or a 
cycloalkenyl radical selected from cyclopentenyl, 

cyclohexenyl and cycloheptenyl, or a heterocycloalkyl 

10 

15 

20 

25 

30 

35 

radical selected from an oxiranyl, tetrahydrofuryl, 

pyrrolidinyl, piperdinyl, tetrahydropyranyl, or a 

heterocycloalkenyl radical selected from dihydrofuryl, 
dihydropyrrolyl, dihydropyranyl, dihydropyridyl; R' is a 
hydrogen or R as defined above; cyclic RR'N- radical 
includes aziridino, azetidino, pyrrolidino, piperidino or 
morpholino group; 

Rl' is an unsubstituted or substituted alkyl 

radical selected from methyl, ethyl, propyl, isopropyl, 

butyl, isobutyl, tert-butyl, pentyl, isopentyl, neopentyl, 

hexyl, isohexyl, heptyl, isoheptyl, octyl, isooctyl, 

cyclohexylmethyl, cyclohexylethyl, benzyl, phenylethyl, 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 

cycloheptyl, cyclooctyl, 9-fluorenylmethyl, benzyl and 

adamantyl, or an alkenyl radical selected from vinyl, 

allyl, 2-phenylethenyl, or an alkynyl radical selected 

from ethynyl and propargyl or an aryl radical selected 

from phenyl and naphthyl, or a cycloalkenyl radical 
selected from cyclopentenyl, cyclohexenyl and 

cycloheptenyl; 

G1 represents a hydrogen or a group protecting 

the hydroxyl function selected from methoxylmethyl (MOM), 

methoxyethyl (MEM), 1-ethoxyethyl (EE), benzyloxymethyl, 

CP-trimethylsilylethoxyl), methyl, tetrahydropyranyl, 

2,2,2-trichloroethoxylcarbonyl {Troe), benzyloxycarbonyl 

(CBZ}, tertbutoxycarbonyl {t-BOC), 9-

fluorenylmethoxycarbonyl {Fmoc), 2,2,2-
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trichloroethoxymethyl, trimethylsilyl, triethylsilyl, 

tripropylsilyl, dimethylethylsilyl, dimethyl(t

butyl)silyl, diethylmethylsilyl, dimethylphenylsilyl~ 
diphenylmethylsilyl, acetyl, chloroacetyl, dichloroacetyl, 

trichloroacetyl and trifluoroacetyl. 

4. A P-lactam according to claim 1 in which 
Y is oxygen and R2• represents RO- in which R is 

a methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert

butyl, neopentyl, cyclohexyl, phenyl, benzyl, or 9-

fl.uorenylmethyl; R3• is a phenyl, tolyl, 4-methoxyphenyl, 

J,4-dimethoxyphenyl, 4-fluorophenyl, 4-

trifluoromethylphenyl, 1-naphthyl, 2-phenylethenyl; 

G1 is a hydrogen, 1-ethoxyethyl (EE), 2,2,2-

trichloroethoxylcarbonyl (Troe), trimethylsilyl, 

triethylsilyl or acetyl. 

5. A P-lactam according to claim 1 in which 
Y is oxygen and R2, is a methylamino, 

ethylamino, propylamino, isopropylamino, butylamino, 
isobutylamino, tert-butylamino, neopentylamino, 
cyclohexylamino, phenylamino or benzylamino, 

dimethylamino, diethylamino, dipropylamino, dibutylamino, 

dipentylamino, dihexylamino, dicyclohexylamino, 

methyl(tert-butyl)amino, cyclohexyl(methyl}amino, 

methyl(phenyl)amino, pyrrolidino, piperidino or morpholino 

group; 

G1 is a hydrogen, 1-ethoxyethyl (EE}, 2,2,2-

trichloroethoxycarbonyl {Troe), trimethylsilyl, 

triethylsilyl or acetyl. 

6. A P-lactam according to claim 1 in which 

Y is sulfur and R2. represents RO- in which R is 

a methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert

butyl, neopentyl, cyclohexyl, phenyl, benzyl or 9-
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fluorenylmethyl; R3, i~ a phenyl, tolyl, 4-methcxyphenyl, 

3,4-dimethoxyphenyl, 4-fluorophenyl, 4-

trifluoromethylphenyl, 1-naphthyl, 2-naphthyl; 

G1 is a hydrogen, 1-ethoxyethyl (EE), 2,2,2-

trichloroethoxylcarbonyl (Troe), trimethylsilyl, 

triethylsilyl or acetyl. 

7. A P-lactam according to claim 1 in which 

Y is sulfur and R2 is a methylamino, ethylamino, 

propylamino, isopropylamino, butylamino, isobutylamino, 
tert-butylamino, neopentylamino, cyclohexylamino, 
phenylamino, or benzyla.mino, dimethylamino, diethylamino, 
dipropylamino, dibutylamino, dipentylamino, dihexylamino, 
dicyclohexylamino, methyl(tert-butyl}amino, 

cyclohexyl(methyi)amino, methyl(phenyl)amino, pyrrolidino, 

piperidino, or morpholino group; 

G1 is a hydrogen, 1-ethoxyethyl (EE), 2,2,2-

trichloroethoxylcarbonyl (Troe), trimethylsilyl, 

triethylsilyl or acetyl. 

a. A P-lactam according to claim 1 in which 

Y is oxygen, R2• represents RO- in which R is a 

methyl, ethyl, butyl, tert-butyl, phenyl or benzyl and R2 

is a phenyl, 2-phenylethenyl, cyclohexylmethyl or 

isobutyl; 
Y is oxygen, R2' is an ethylamino, tert

butylamino, phenylamino, benzylamino, dimethylamino or 

morpholino group, and R3, is a phenyl; 

Y is sulfur, R2• is. a phenylamino, dimethylamino 

or morpholino group, R3• is a phenyl; 

G1 is a hydrogen or 1-ethoxyethyl (EE), 2,2·,2-

trichloroethoxylcarbonyl (Troe} or acetyl. 

.9. A. process for the preparation of a taxane 

derivative of the formula 

NEPTUNE GENERICS  EX. 00782



s 

10 

15 

20 

- 25 

WO 94/18164 PCT/US94/00669 

-49-

in which 

R1 represents a hydrogen or an acyl or an alkyl 

or an alkenyl or an alkynyl or an aryl or a heteroaryl 

radical or a hydroxyl protecting group; 

R2 represents an RO-, RS- or RR'N- in which R 

represents an unsubstituted or substituted straight chain 

or branched alkyl, alkenyl or aklynyl, cycloalkyl, 

heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, aryl 
or heteroaryl; R' is a hydrogen or R defined above; R and 

R' can be connected to form a cyclic structure; 
Y is oxygen or sulfur; 
R3 represents an unsubstituted or substituted 

straight chain or branched alkyl, alkenyl or alkynyl 

radical, an unsubstituted or substituted cycloalkyl, 

cycloalkenyl or an unsubstituted or substituted 

carbocyclic aryl; 

R4 represents a hydrogen or an acyl radical or 

an unsubstituted or substituted straight chain or branched 

alkyl, alkenyl or alkynyl radical, an unsubstituted or 

substituted cycloalkyl, heterocycloalkyl, cycloalkenyl or 

heterocycloalkenyl radical, an unsubstituted or 

substituted aryl or heteroaryl radical, or a hydroxyl 

group protecting group; 

Rs represents a hydrogen or a acyl radical or an 

unsubstituted or substituted straight chain or branched 
alkyl, alkenyl, or alkynyl =adical, an unsubstituted or 
substituted cycloalkyl, heterocycloalkyl, cycloalkenyl or 

heterocycloalkenyl radical, an unsubstituted or 

substituted aryi or heteroaryl radical, ~r a hydroxyl 

SUBSTITUTE .SHEET fRULE 26) 
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protecting group; 

which comprises reac~ins a ~-lactam of the formul~ 

in which 
Y is defined above; G1 represents an hydroxyl 

protecting group; 

.R2• represents a radical R~ defined above or a 

protected R1 whenever R2 includes one or more active 

hydrogens, 

R3• represents a radical R3 defined above or a 

protected R3 whenever R3 includes one or more active 

hydrogens; 

with a baccatin III derivative of the formula: 

0 

. .: 0 

HO O O)J 

O~h 
v 

in which M is an alkali ~etal or alkaline earth metal atom 

(ion); 

G~ represents a hydroxyl protecting group or an 

acyl radical or an unsubstituted or substituted straight 

chain or branched alkyl, alkenyl or alkynyl radical, an 

unsubstituted or substi~uted cycloalkyl, heterocycloalkyl, 

cycloalkenyl or heterocyc~oalkenyl radical, an 

$UBSTITUTE SHEET (RULE 26) 
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unsubstituted or subst5tuted aryl or heteroaryl ~adical; 
G3 represents ~ hydroxyl group protecting group 

or an acyl radical or an unsubstituted or substituted 

straight chain or branched radical alkyl, alkenyl or 

alkynyl radical, an unsubstituted or substituted 

cycloalkyl, heterocycloalkyl, cycloalkenyl, 

heterocycloalkenyl radical, an unsubstituted or 

substituted aryl or heteroaryl. 

10. The process according to claim 9, in which 

R2 represents a radical RO-, RS-, or RR'N- in 

which R represents a straight chain or branched alkyl 

radical containing 1 to 10 carbon atoms, a straight chain 
or branched alkenyl radical containing 2 to 10 carbon 
atoms, or a straight chain or branched alkynyl radical 

containing 2 to 10 carbon atoms, a cycloalkyl radical 
containing 3 to 10 carbon atoms, a heterocycloalkyl 
radical containing 3 to 10 carbon atoms, a cycloalkenyl 
radical containing 3 to 10 carbon atoms, a 

heterocycloalkenyl radical containing 3 to 10 carbon 

atoms, a polycycloalkyl radical containing 6 to 20 carbon 

atoms, an aryl radical containing 6 to 20 carbons, a 

heteroaryl radical containing 3 to 15 carbon atoms; these 

radicals being optionally substituted with one or more 

halogen, hydroxyl, alkoxy, aryloxy, heteroaryloxy, amino, 

alkylamino, dialkylamino, mercapto, alkylthio, arylthio, 

heteroarylthio, cyano, carboxyl, alkoxycarbonyl the alkyl 

portion of which contains 1 to 15 carbon atoms, 

aryloxycarbonyl the aryl portion of which containing 6 to 
20 carbon atoms, or heteroaryloxycarbonyl the heteroaryl 

portion of which containing 3 to 15 carbon atoms; R' is a 

hydrogen or R defined above; R and R' can form a cyclic 

structure which contains 2-10 carbon atoms; 

R3 represents a straight chain or branched alkyl 

radical containing 1 to 10 carbon atoms, a straight chain 

or branched alkenyl radical containing 2 to 10 carbon 
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at~ms, or a straight chain or branched alkynyl radical 

containing 2 to 10 carbon atoms, a cycloalkyl radical 

containing 3 to 10 carbon atoms, a cycloalkenyl radical 

containing 3 to 10 carbon atoms, a polycycloalkyl radical 

containing 6 to 20 carbon atoms, an aryl radical 
containing 6 to 20 carbons; these radicals being 

optionally substituted with one or more halogen, hydroxyl, 

alkoxy, aryloxy, heteroaryloxy, amino, alkylamino, 

dialkylamino, mercapto, alkylthio, arylthio, 

heteroarylthio, cyano, carboxyl, alkoxycarbonyl, the alkyl 

portion of which containing 1 to. 15 carbon atoms, 

aryloxycarbonyl, the aryl portion of which contains 6 to 
20 carbon atoms, or heteroaryloxycarbonyl the heteroaryl 

portion of which containing 3 to 15 carbon atoms; 

R2• represents a radical R2 defined above or a 

protected R2 whenever R2 includes one or more active 

hydrogens; 
R3• represents a radical R3 defined above or a 

protected R3 whenever R3 includes one or more active 

hydrogens. 

11. The process according to claim 9, wherein 

R2 represents an RO-, RS-, or RR'N- in which R 

is an unsubstituted or substituted alkyl radical selected 

from methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 

tert-butyl, pentyl, isopentyl, neopentyl, hexyl, isohexyl, 

hep~yl, isoheptyl, octyl, isooctyl, cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 

cyclooctyl, and adamantyl, or an alkenyl radical selected 

from vinyl and allyl, or an aryl radical selected from 

phenyl and naphthyl, or a heteroaryl radical selected from 

furyl, pyrrolyl, and pyridyl, or a cycloalkenyl radical 

selected from cyclopentenyl, cyclyhexenyl and 

cycloheptenyl, or a heterocycloalkyl radical selected from 

an oxiranyl, tetrahydrofuryl, pyrrolidinyl, piperidinyl, 
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tetrahydropyranyl, er a heterocycloalkenyl r:.dical 

selected from dihydrofuryl, dihydropyrrolyl, 
dihydropyranyl, dihydropyridyl; R' is a hydrogen or·R 

defined above; cyclic RR'N- radical includes aziridino, 

azetidino, pyrrolidino, piperidino or morpholino group; 

R3 is an un~ubstituted or substituted alkyl 

radical selected from methyl, ethyl, propyl, isopropyl, 

butyl, isobutyl, tert-butyl, pentyl, isopentyl, neopentyl, 
hexyl, isohexyl, heptyl, isoheptyl, octyl, isooctyl, 

cyclohexylmethyl, cyclohexylethyl, benzyl, phenylethyl, 

cyclopropyl, cyclohutyl, cyclopentyl, cyclohexyl, 

cycloheptyl, cyclooctyl, and adamantyl, or an alkenyl 

radical selected from vinyl, allyl or an alkynyl radical 

selected from ethynyl and propargyl or an aryl radical 

selected from phenyl and naphthyl, or a cycloalk~yl 

radical selected from cyclopentenyl, cyclohexenyl and 

cycloheptenyl. 

R2• represents a radical R2 defined above or a 

protected R2 wherever R2 includes one or more active 

hydrogens; 

~· represents a radical R3 defined above or a 

protected R3 wherever R3 includes one or more active 

hydrogens; 

G1 represents a group protecting the hydroxyl 

function selected from methoxylmethyl (MOM), methoxyethyl 

(MEM), 1-ethoxyethyl (EE), benzyloxymethyl, CP
trimethylsilyl-ethoxyl)-methyl, tetrahydropyranyl, 2,2,2-

trichloroethoxylcarbonyl (Troe), benzyloxycarbonyl (CBZ), 

tert-butoxycarbonyl (t-BOC), 9-fluorenylmethoxycarbonyl 

(Fmoc), 2,2,2-trichloroethoxymethyl, trimethylsilyl, 

triethylsilyl, tripropylsilyl, dimethylethylsilyl, 

dimethyl(t-butyl)silyl, diethylmethylsilyl, 

dimethylphenylsilyl and diphenylmethylsilyl, acetyl, 

chloroacetyl, dichloroacetyl, trichloroacetyl and 

trifluoroacetyl; 
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G2 represents a~ acetyl or a 2,2,2-

trichloroethoxycarbonyl (T:oc) group; 
G3 represents a 2,2,2-trichloroethoxycarbortyl 

(Troe). or silyl group selected from trimethylsilyl, 

triethylsilyl, tripropylsilyl, dimethylethylsilyl, 

dimethylphenylsilyl, ~imethyl(t-butyl)silyl, 

diethylmethylsilyl and diphenylmethylsilyl. 

12. The process according to claim 9, wherein M 

is an alkali metal. 

13. The process according to claim 10, wherein 

M is an alkali metal selected from lithium, sodium and 

potassium. 

14. The process according to claim 11, wherein 

M is sodium or potassium. 

15. The process according to claim 11 wherein 

R1 is a hydrogen, an acetyl or an trichloroethoxycarbonyl 

(Troe); R4 is a hydrogen, a triethylsilyl or a 

trichloroethoxycarbonyl (Troe); Rs is a hydrogen, a 

triethylsilyl or ethoxyethyl. 

16. The process according to claim 11 wherein 

Ri represents RO- in which R is a methyl, ethyl, propyl, 

isopropyl, butyl, isobutyl, tert-butyl, neopentyl, 

cyclohexyl, phenyl, benzyl or 9-fluoroenylmethyl; R3 is a 

phenyl, tolyl, 4-methoxyphenyl, 3,4-dimethoxyphenyl, 4-

fluorophenyl, 4-trifluoromethylphenyl, 1-naphthyl, 2-

naphthyl and 2-phenylethenyl; Rs is a hydrogen. 

17. The process according·to claim 11 wherein 

Ri is a methylamino, ethylamino, propylamino, 

isopropylamino, butylamino, isobutylamino, tert-
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butylamino, neopentylamino, cyclohexylamino, phcnyla~ino 
or benzylamino, dimethylamino or morpholino group; Rs is a 

hydrogen. 

18. The process according to claim 9 wherein R1 

is a hydrogen or a ac~tyl; R2 (= R2•) is tert-butoxy or 

tert-butylamino; R3 (= R3•) is a phenyl; Y is oxygen; R4 is 

a hydrogen; Rs is a hydrogen; G1 is an ethoxyethyl, 

triethylsilyl or trichloroethoxycarbonyl (Troe); Mis 

sodium or potassium. 
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CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of our co-pending application U.S.S.N. 081154,840, filed November 
24, 1993, which is a continuation-in-part of U.S.S.N. 081108,015 filed August 17, 1993, which in turn is a 

5 continuation-in-part of U.S.S.N. 071996.455 filed December 24, 1992, now abandoned. U.S.S.N. 081154,840 
is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

10 1. Field of the Invention 

The present invention concerns antitumor compounds. More particularly, the invention provides novel 
taxane derivatives, pharmaceutical compositions thereof, and their use as antitumor agents. 

15 2. Background Art 

Taxolai (paclitaxel) is a natural product extracted from the bark of Pacific yew trees, Taxus brevifolia. It 
has been shown to have excellent antitumor activity in !_!! vivo animal models, and recent studies have 
elucidated its unique mode of action, which involves abnormal polymerization of tubulin and disruption of 

20 mitosis. It was recently approved for the treatment of ovarian cancer; and studies involving breast, colon, 
and lung cancers have shown promising results. The results of paclitaxel clinical studies are reviewed in 
Rowinsky and Donehower, "The Clinical Pharmacology and Use of Antimicrotubule Agents in Cancer 
Chemotherapeutics" Pharmac. Thar., 52:35-84, 1991. 

Recently, a semi-synthetic analog of paclitaxel named Taxotereai has also been found to have good 
25 antitumor activity in animal models. Taxotereai is also currently undergoing clinical trials in Europe and the 

United States. The structures of paclitaxel and Taxotereai are shown below; the conventional numbering 
system of the paclitaxel molecule is provided. 

30 

35 0 

40 Taxolai: R = Ph; R' = acetyl 
Taxotereai: R = t-butoxy; R' = hydrogen 

One drawback of paclitaxel is its very limited water solubility requmng it to be formulated in 
nonaqueous pharmaceutical vehicles. One commonly used carrier is Cremophor EL which may itself have 
undesirable side effects in man. Accordingly, a number of research teams have prepared water-soluble 

45 derivatives of paclitaxel which are disclosed in the following references: 
(a) Haugwitz et al, U.S. Patent No. 4,942,184; 
(b) Kingston et al, U.S. Patent No. 5,059,699: 
(c) Stella et al, U.S. Patent No. 4,960,790; . 
(d) European Patent Application 0,558,959 A1 published September 8, 1993; 

5o (e) Vyas et al. Bioorganic & Medicinal Chemistry Letters. 1993, 3:1357-1360; and 
(f) Nicolaou et al, Nature, 1993, 364:464-466 

55 

Compounds of the present invention are phosphonooxymethyl ethers of taxane derivatives and 
pharmaceutically acceptable salts thereof. The water solubility of the salts facilitates preparation of 
pharmaceutical formulations. 

2 
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'1 
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SUMMARY OF THE INVENTION 

The present invention relates to taxane derivatives having the formula (A): 

5 T-[OCH2(0CH2)mOP(O)(OH)2]0 (A) 

wherein T is a taxane moiety bearing on the C13 carbon atom a substituted 3-amino-2-hydrox
ypropanoyloxy group; n is 1, 2 or 3; m is 0 or an integer from 1 to 6 inclusive; or a pharmaceutically 
acceptable salt thereof. 

10 Another aspect of the present invention provides taxane derivatives having the formula (B): 

wherein T' is T in which non-reacting hydroxy groups have been blocked, m and n are as defined under 
15 formula (A). 

Yet another aspect of the present invention provides intermediates having the formula (C): 

20 wherein T', m and n are as defined under formula (A), and RY is a phosphono protecting group. 
Another aspect of the present invention provides compounds of the formula (D): 

25 wherein m and n are as defined above; and txn is a taxane moiety; or a C13 metal alkoxide thereof. 
Another aspect of the present invention provides a method for inhibiting tumor in a mammalian host 

which comprises administering to said mammalian host an antitumor effective amount of a compound of 
formula (A). 

Further aspect of the present invention provides a method for inhibiting tumor in a mammalian host 
30 which comprises administering to said mammalian host an antitumor effective amount of a compound of the 

formula (B'): 

35 

R4(0)pCOf'.l;l 0 

R5Vo ...... (8') 

40 Aili' 

45 wherein R1b' is hydroxy, -OC(O)Rx or -OC(O)ORx; R3b' is hydrogen, hydroxy, -OC(O)ORx, C1-6 alkyloxy or 
-OC(O)Rx; one of R6b' or R7b" is hydrogen and the other is hydroxy or C1 -6 alkanoyloxy; or R6b" and R7b" 

together form an oxo group; R4 and R5 are independently C1 -6 alkyl, C2-6 alkenyl, ~-s alkynyl, or -Z-R6 ; 

Z is a direct bond, C1-6 alkyl or ~-6 alkenyl; R6 is aryl, substituted aryl, C3-G cycloalkyl or heteroaryl; pis 
O or 1; Rx is C1-e; alkyl optionally, substituted with one to six same or different halogen atoms, C3-G 

so cycloalkyl, ~ - 6 alkenyl or hydroxy; or Rx is a radical of the formula · 

55 
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"D 
wherein D is a bond or C1 -• alkyl; and R3

, Rb and Re are independently hydrogen, amino, C1 -• alkylamino, 
di-C1 - 6 alkylamino, halogen, C1 -• alkyl, or C1 -6 alkoxy. 

Thus, another aspect of the present invention provides a pharmaceutical composition which comprises 
an antitumor effective amount of a compound of formula (B') or (A) and a pharmaceutically acceptable 

15 carrier. 

DETAILED DESCRIPTION OF THE INVENTION 

In the application, unless otherwise specified explicitly or in context, the following definitions apply. 
20 "Alkyl" means a straight or branched saturated carbon chain having from one to six carbon atoms; 

examples include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl, n-pentyl, sec-pentyl, 
isopentyl, and n-hexyl. "Alkenyl" means a straight or branched carbon chain having at least one carbon
carbon double bond, and having from two to six carbon atoms; examples include ethenyl, propenyl, 
isopropenyl, butenyl, isobutenyl, pentenyl, and hexenyl. "Alkynyl" means a straight or branched carbon 

25 chain having at least one carbon-carbon triple bond, and from two to six carbon atoms; examples include 
ethynyl, propynyl, butynyl, and hexynyl. 

"Aryl" means aromatic hydrocarbon having from six to ten carbon atoms; examples include phenyl and 
naphthyl. "Substituted aryl" means aryl substituted with at least one group selected from C1 -6 alkanoyloxy, 
hydroxy, halogen, C1 -6 alkyl, trifluoromethyl, c, -6 alkoxy, aryl, C2-• alkenyl, C1 -6 alkanoyl, nitro, amino, 

30 and amido. "Halogen" means fluorine, chlorine, bromine, and iodine. 
"Phosphono-" means the group -P(O)(OH)2 and "phosphonooxymethoxy" or "phosphonooxymethyl 

ether" means generically the group -OCH2(0CH2)mOP(O){OH)2. "(Methylthio)thiocarbonyl" means the group 
-C(S)SCH3 • "Methylthiomethyl" (also abbreviated as MTM) generically refers to the group -CH2SCH3. 

"Taxane moiety" (also abbreviated as txn) denotes moieties containing the twenty carbon taxane core 
35 framework represented by the structural formula shown below with the absolute configuration. 

40 

5 

45 

The numbering system shown above is one used in conventional taxane nomenclature, and is followed 
throughout the application. For example, the notation C1 refers to the carbon atom labelled as "1 "; C5-C20 

50 oxetane refers to an oxetane ring formed by the carbon atoms labelled as 4, 5 and 20 with an oxygen atom; · 
and C9 oxy refers to an oxygen atom attached to the carbon atom labelled as "9", said oxygen atom may 
be an oxo group, a- or ,8-hydroxy, or a- or ,8-acyloxy. 

"Substituted 3-amino-2-hydroxypropanoyloxy" denotes a residue represented by the formula 

55 
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= 
OX' 

(X is a nonhydrogen group and X' is hydrogen or a non-hydrogen group.) The stereochemistry of this 
residue is the same as the paclitaxel sidechain. This group is sometimes referred to in the application as 
the "C13 sidechain." 

"Taxane derivative" (abbreviated as T) refers to a e<ompound having a taxane moiety bearing a C13 
15 sidechain. 

"Heteroaryl" means a five- or six-membered aromatic ring containing at least one and up to four non
carbon atoms selected from oxygen, sulfur and nitrogen. Examples of heteroaryl include thienyl, fury!, 
pyrrolyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyl, 
tetrazolyl, thiatriazolyl, oxatriazolyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, tetrazinyl, and like 

20 rings. 
"Phosphono protecting groups" means moieties which can be employed to block or protect the 

phosphono functional group; preferably such protecting groups are those that can be removed by methods 
that do not appreciably affect the rest of the molecule. Suitable phosphonooxy protecting groups are well 
known to those skilled in the art and include for example benzyl and allyl groups. 

25 "Hydroxy protecting groups" include, but is not limited to, ethers such as methyl, t-butyl, benzy!, p-
methoxybenzyl, p-nitrobenzyl, allyl, trityl, methoxymethyl, methoxyethoxymethyl, ethoxyethyl, 
tetrahydropyranyl, tetrahydrothiopyranyl, and trialkylsilyl ethers such as trimethylsilyl ether, triethylsilyl 
ether, and t-butyldimethylsilyl ether; esters such as benzoyl, acetyl, phenylacetyl, formyl, mono-, di-, and 
trihaloacetyl such as chloroacetyl, dichloroacetyl, trichloroacetyl, trifluoroacetyl; and carbonates such as 

30 methyl, ethyl, 2,2,2-trichloroethyl, ally!, benzyl, and p-nitrophenyl. 
Additional examples of hydroxy and phosphono protecting groups may be found in standard reference 

works such as Greene and Wuts, Protective Groups in Organic Synthesis, 2d Ed., 1991, John Wiley & 
Sons, and McOmie, Protective Groups in Organic Chemistry, 1975, Plenum Press. Methods for introducing 
and removing protecting groups are also found in such textbooks. · 

35 "Pharmaceutically acceptable salt" means a metal or an amine salt of the acidic phosphono group in 
which the cation does not contribute significantly to the toxicity or biological activity of the active compound. 
Suitable metal salts include lithium, sodium, potassium, calcium, barium, magnesium, zinc, and aluminum 
salts. Preferred metal salts are sodium and potassium salts. Suitable amine salts are for example, ammonia, 
tromethamine (TRIS), triethylamine, procaine, benzathine, dibenzylamine, chloroprocaine, choline, 

40 diethanolamine, triethano!amine, ethylenediamine, glucamine, N-methylglucamine, lysine, arginine, 
ethanofamine, to name but a few. Preferred amine salts are lysine, arginine, triethanolamine, and N
methylglucamine salts. Even more preferred salt is N-methylglucamine or triethanolamine. 

As used herein, the term -OCH2(0CH2)mOP(O)(OH)2 is intended to emcompass both the free acid and 
its pharmaceutically acceptable salts, unless the context indicates specifically that the free acid is meant. 

45 One aspect of the present invention provides taxane derivatives of the formula (A) 

T-[OCH2 (OCH2 )mOP(O)(OH)2 ln (A) 

wherein T is a· taxane moiety bearing on the C13 carbon atom a substituted 3-amino-2-hydrox-
50 ypropanoyloxy group; n is an 1, 2 or 3; m is 0, or an integer from 1 to 6 inclusive, or a pharmaceutically 

acceptable salt thereof. 

55 

Another aspect of the present invention provides taxane derivatives having the formula (B) 

which are useful in making taxane derivatives of the formula (A). 
In one embodiment the taxane moiety contains at least the following functionalities: C1-hydroxy, C2-

benzoyloxy, C4-acetyloxy, C5-C20 oxetane, C9-oxy, and C11-C12 double bond. 
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In a preferred embodiment the taxane moiety is derived from a residue having the formula 

wherein R2e' is hydrogen and R28 is hydrogen, hydroxy, -OC(O)Rx. or -OC(O)ORx; R38 is hydrogen, hydroxy, 
-OC(O)Rx, -OC(O)ORx or C1-6 alkyloxy; one of R68 or R78 is hydrogen and the other is hydroxy or -OC(O)Rx; 
or R68 and R78 together form an oxo group; Rx is as defined below. 

In another embodiment, the C13 sidechain is derived from a residue having the formula 

30 wherein R18 is hydrogen or -C(O)Rx, -C(O)ORx; R4 and Rs are i(ldependently c, -6 alkyl, ~-s alkenyl, C2-s 
alkynyl, or -Z-R6 ; Z is a direct bond, C1 -6 alkyl or ~-6 alkenyl; R6 is aryl, substituted aryl, C3-G cycloalkyl, 
or heteroaryl; and Rx is c, -s alkyl optionally substituted with one to six same or different halogen atoms, 
C3-6 cycloalkyl, c2-6 alkenyl or hydroxy; or Rx is a radical of the formula 

35 

40 

"--n 

45 wherein D is a bond or C1 -6 alkyl; and R8
, Rb and Re are independently hydrogen, amino, C1 - 6 alkylamino, 

di-C1 -Galkylamino; halogen. c, -6 alkyl, or c, -6 alkoxy; p is 0 or 1. 
In a preferred embodiment, R4 is C1 -G alkyl and p is 1, or R4 is -Z-R6 and p is 0. More preferably, R4 -

(0)p is t-butoxy, phenyl, isopropyloxy, n-propyloxy, or n-butoxy. 
In another preferred embodiment Rs is ~-6alkenyl or -Z-R6 and Z and R6 are as previously defined. 

50 More preferably, R5 is phenyl, 2-furyl, 2-thienyl, isobutenyl, 2-propenyl, or C3-6cycloalkyl. 
In another embodiment, compound of formula (A) may be more specifically represented by the formula 

(I) 

55 
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R4(0) CONH 0 

p~ 
RS I l C>·-

(I) 

1 
R' 

wherein R1 is hydroxy, -OCH2(0CH2)mOP(O)(OH)2, -OC(O)Rx or -OC(O)ORx; R2' is hydrogen, and R2 is 
hydrogen, hydroxy, -OCH2(0CH2)mOP(O)(OH)2, -OC{O)Rx or -OC(O)ORx; R3 is hydrogen, hydroxy, C1- 6al
kyloxy, -OC(O)Rx,-OCH2(0CH2)mOP(O)(OH)2 or -OC(O)ORx; one of R6 or R7 is hydrogen and the other is 
hydroxy, C1-6 alkanoyloxy, or -OCH2(0CH2)mOP(O)(OH)2; or R6 and R7 together form an oxo group; with 

75 the proviso that at least one of R1. R2, R3, R6 or R7 is -OCH2(0CH2)mOP(O)(OH)2; R4 , R5 , Rx, m and pare 
as previously defined; or a pharmaceutically acceptable salt thereof. 

In compounds of formula (I), examples of Rx include methyl, hydroxymethyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, chloromethyl, 2,2,2-trichloroethyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, ethenyl, 
2-propenyl, phenyl, benzyl, bromophenyl, 4-aminophenyl, 4-methylaminophenyl, 4-methylphenyl, 4-methox-

20 yphenyl and the like. Examples of R4 and R5 include 2-propenyl, isobutenyl, 3-furanyl (3-furyl), 3-thienyl, 
phenyl, naphthyl, 4-hydroxyphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-trifluoromethylphenyl, methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, ethenyl, 2-propenyl, 2-propynyl, benzyl, phenethyl, 
phenylethenyl, 3,4-dimethoxyphenyl, 2-furanyl (2-furyl). 2-thienyl, 2-(2-furanyl)ethenyl, 2-methylpropyl, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexylmethyl, cyclohexylethyl and the like. 

25 In one embodiment, the present invention provides a preferred group of compounds of formula (1) in 
which Rs is ~-6 alkenyl or -Z-R6 and Zand R6 are as previously defined. More preferably, Rs is phenyl, 3-
furyl, 3-thienyl, 2-propenyl, isobutenyl, 2-furyl, 2-thienyl. or C3-6Cycloalkyl. 

In another preferred embodiment R4 of compounds of formula (I) is C1-6alkyl in which case pis 1; or 
R4 is -Z-R6 and Zand R6 are as previously defined, and in which case pis 0. More preferably A4 (0)p- is t-

30 butoxy, phenyl, isopropyloxy, n-propyloxy, n-butoxy. 
In another preferred embodiment, the present invention provides compounds of formula (I) in which R1 

is -OCH2 (0CH2 )m0P(O)(OH)2. In a more preferred embodiment, R2 is hydroxy, -OCH2(0CH2)mOP(O)(OH)2, 
· -OC(O)ORx or -OC(O)Rx. and R" is preferably C1 - 6 alkyl. In another more preferred embodiment, R3 is 
hydroxy or acetoxy. 

35 In another preferred embodiment, the present invention provides compound of formula (I) in which R2 is 
-OCH2 (0CH2)m0P(O)(OH)2; R1 is hydroxy, -OC(O)R" or -OC(O)OR"; and R3 is hydrogen, hydroxy, acetoxy, 
-OCH2(0CH2)m0P(O)(OH)2 or -OC(O)OR"; and R" is as previously defined. In a more preferred embodiment 
R1 is hydroxy or -OC(O)OR" and R" is preferably C1-6 alkyl; and R3 is hydroxy or acetoxy. 

· In another preferred embodiment, the present invention provides compound of formula (I) in which R3 is 
40 -OCH2(0CH2)m0P(O)(OH)2; R1 is hydroxy or -OC(O)OR"; R2' is hydrogen, and R2 is hydrogen, hydroxy or 

-OC(O)OR"; and R" is as previously defined. In a more preferred embodiment, R' is hydroxy or -OC(O)OR", 
and A" is preferably C1-6 alkyl. In another more preferred embodiment, R2 is hydroxy. 

In another preferred embodiment, m is 0, 1 or 2 when the phosphonooxymethoxy group is present on 
the C7 of the taxane moiety. 

45 The preferred pharmaceutically acceptable salts of a compound of formula (A) are alkali metal salts 
including lithium, sodium and potassium salts; and amine salts including triethylamine, triethanolamine, 
ethanolamine: · arginine, lysine and N,methylglucamine salts. Even more preferred salts are sodium, 
triethanolamine, and N-methylglucamine salts. . 

The most preferred embodiments of taxane derivatives of formula (A) include the following compounds: 
50 (1) 7-0-phosphonooxyrnethylpaclitaxel, (2) 2'-0-(ethyloxycarbonyl)-7-0-phosphonooxymethylpaclitaxel; (3) 

2' -.Q-phosphonooxymethylpaclitaxel; (4) 2' ,7-biS-Q-(phosphonooxymethyl)paclitaXel; (5) 3' -N-debenzoyl-3' -
desphenyl-3'-N-(t-tiutyloxycarbonyl)-3'-(2-furyl)-2'-0-ethyloxycarbonyl-7-0-phosphonooxymethylpaclitaxel; 
(6) 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-=!hienyl)-2'-0-ethyloxycarbonyl-7-0-
phosphonooxymethylpaclitaxel; (7) 1 O-desacetyl-3' -N-desbenzoyl-3' -N-(t.:tlutyloxycarbonyl)-10-0-

55 (phosphonooxymethyl)paclitaxel; (8} 2'-0-phosphonooxymethoxymethylpaclitaxel; (9) 2'-0-n-propylcarbonyl-
7-0-phosphonooxymethylpaclitaxel; (1 of 2'-0-rnethylcarbonyl-7-0-phosphonooxymethylpaclitaxel; (11) 2'-0-
methoxycarbonyl-7-0-phosphonooxyrnethylpaclitaxel; (12) - 2'-0-phosphonooxymethoxymethyl-7-0-
phosphonooxymethyrpaclitaxel; and their respective pharmaceuticaliY acceptable salts, particularly the 
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sodium, potassium, arginine, lysine, N-methylglucamine, ethanolamine, triethylamine and triethanolamine 
salts. 

Compounds of formula (A) may be prepared from a taxane derivative starting material T-[OH]n wherein 
T and n are as previously defined. The identity of T-[OH]0 is not particularly limited so long as there is at 

s least one reactive hydroxy group present on either the taxane moiety or the C13 side chain to allow the 
formation of phosphonooxymethyl ether linkage. It is to be understood that the reactive hydroxy group may 
be directly attached to the C13 propanoyloxy backbone (e.g. the 2'-hydroxy group of paclitaxel) or to the 
taxane core framework (e.g. the 7-hydroxy group of paclitaxel); or it may be present on a substituent on the 
C13 sidechain, or on a substituent on the taxane core. The reaction sequence shown in Scheme I may be 

10 used to prepare compounds of formula (A) 

15 

20 

25 

Scheme I 

T'-(OHl, 

(Aa) 

T'-(OCHz(OCHz)mSCHst. 

! 
(8) 

1'-{0CH2(0CH2)mOP(O)(OR~Jn 

! 
(C) 

(A) 

30 In Scheme I T' is a taxane derivative in which non-reacting hydroxy groups have been blocked; RY is a 
phosphono protecting group: n and m are as previously defined. Thus an appropriately protected T' having 
one or more reactive hydroxy groups is first converted to a corresponding methylthiomethyl ether of 
formula (8). Using paclitaxel as an. example, T' may be paclitaxel itself (to effect 2',7-bismethylthiomethyla
tion), 7-0-triethylsilylpaclitaxel, 7-0-benzyloxycarbonylpaclitaxel, or 2'-0-ethoxycarbonylpaclitaxel. A com-

35 pound of formula (B) where m is 0 may be prepared by treating r:{OH]0 with dimethylsulfoxide/acetic 
anhydride, or with dimethylsuffide and an organic peroxide. These reactions are discussed more fully in a 
subsequent section. , 

The MTM ether having one intervening methyleneoxy unit (i.e. compounds of formula (B) where m = 1) 
may be prepared by several possible routes. In one a compound of formula (B) where m = 0 is reacted 

40 with N-iodosuccinimide (NIS) and methylthiomethanol to extend the chain by one methyleneoxy unit. 

45 

NIS 

An analogous reaction of an alcohol with methylthiomethyloxy group in the presence of NIS was reported 
by Veeneman et al, in Tetrahedron. 1991, v47, pp. 1547-1562, the relevant portions thereof are hereby 
incorporated by reference. Silver triflate is preferably used as a catalyst. The compound of methyl
thiomethanol and its preparation is reported in Syn. Comm., 1986, 16 (13): 1607-1610. 

5o In an alternative method, the T-alkoxide (Ad) generated by treating a compound of formula (Aa) with a· 

55. 

base such as n-butyl lithium, lithium diisopropylamide or lithium hexamethyldisilazide, is reacted with 
chl_oromet~yl methylthiomethyl ether to provide a compound of formula (B) in which .m = 1. 

T'-.[O·Jn · + n ~H3SCH2-0CH2Cl 

(Ad) (Ae) 
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Compound (Ae) is prepared by reacting methylthiomethoxide (obtained from methythiomethanol by 
treatment with a base such as n-butyl lithium, lithium diisopropylamide or lithium hexamethyldisilazide) with 
chloroiodomethane. Compound (Ae) may also be prepared by treating 1, 1 '-dichlorodimethylether 
(CICH20CH2CI) with a stoichiometric amount or less (e.g. about 0.8 equivalent) of sodium iodide followed 

s by sodium thiomethoxide. 1,1'-Dichlorodimethyl ether is reported in Ind. J. Chem., 1989, 28B, pp. 454-456. 

10 

In another method, a compound of formula (Aa) is reacted with bis(MTM)ether, CHaSCH20CH2SCH3, 
and NIS to give a compound of formula (8) in which m = 1. 

8is(MTM)ether is prepared by reacting 1, 1 '-dichlorodimethyl ether with sodium iodide followed by sodium 
thiomethoxide. 

The procedure described above using methylthiomethanol and NIS may be applied to any reagent 
having an MTM group to extend the chain by one methyleneoxy unit at a time. For example, a compound 

15 of formula (8) wherein m = 1 can be reacted with methythiomethanol and NlS to provide a compound of 
formula (8) wherein m = 2. The process may be repeated to provide compounds of formula (8) in which m 
is 3, 4, 5 or 6. 

In the second step shown in Scheme I, the methylthiomethyl ether is converted to the corresponding 
protected phosphonooxymethyl ether. This is accomplished by treating the MTM ether with NIS and 

20 protected phosphate HOP(O)(OR~. In the third step, the phosphono protecting group and any hydroxy 
protecting group(s) are removed to provide a compound of formula (A). For example, a suitable phosphono 
protecting group is benzyl which may be removed by catalytic hydrogenolysis; hydroxy protecting groups 
such as trialkysilyl may be removed by fluoride ion. trichloroethoxycarbonyl may be removed by zinc. 
Removal of protecting groups are taught in textbooks such as Green and Wuts. Protective Groups in 

25 Organic Synthesis, John Wiley & Sons, 1991; and McOmie, Protective in Organic Chemistry, Plenum Press, 
1973. Both steps are discussed in detail in a later section in the specification. 

30 

35 

40 

A variation of the reaction sequence shown in Scheme I is provided in Scheme II. . 

Scheme II 

T'-[OHJ0 + 
(Aa) 

n CH~CH2(0C~)mOP(O)(ORY)2 

l 
(Ca) 

(C) 

In Scheme II, a compound of formula (Aa) is reacted with a compound of formula (Ca) and NJS to give 
a compound of formula (C), which is then deblocked to give a compound of formula (A). Compounds of 
formula (Ca) in which m is 0 may be prepared by first treating methylthiomethanol with a base such as Na, 

45 Li or K hexamethyldisilazide to give methylthiomethoxide; the methoxide is then reacted with a protected 
chlorophosphate such as dibenzyl chlorophosphate to provide the desired compound. Compounds of 
formula (Ca) in which m is 1 may be prepared by treating CH3SCH20CH2CI with a diprotected phosphate 
salt, e.g. sodium, potassium~ tetra(n-butyl)ammonium salts of dibenzyl phosphate; or CH3SCH20CH2CI may 
be first converted to the corresponding iodo compound using sodium iodide prior to reacting with the 

50 phosphate salt. Alternatively, compounds of formula (Ca) in which m is 1 may be prepared by treating 
CICH2 0CH2 CI with sodium iodide followed by sodium thiomethoxide to provide CH3SCH20CH2SCH3; this 
compound is then treated with NIS and a diprotected phosphate such as dibenzyl phosphate to give the 
desired product. Any of the previously mentioned reagents having a MTM group may be extended one 
methyleneoxy unif at a time by reacting said reagent with methylthiomethanol and NIS. 

55 In another method for preparing a compound of formula (A), T-alkoxide (Ad) is reacted with an 
iodophosphate as shown in Scheme Ill. 
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T'-[OJn + 

(Ad) 

(C) 

In Scheme Ill, the iodophosphate compound is obtained by reacting CICH2(0CH2)mCI with a diprotected 
phosphate salt to give CICH2(0CH2)mOP(O)(ORY)2 which is then treated with sodium iodide to give the 

15 desired product. 

20 

25 

Yet another method suitable for preparing a subset of compounds of formula (A) in which at least one of 
the phosphonooxymethoxy groups is linked to the taxane moiety is shown in Scheme IV. 

Scheme..._lY 

PO, ,X 

oJ=i'x + 13-0H-txn -[OCH;(OCH2)mSCH3Jn 
(0) 

(Ba) 

In Scheme IV, m and n are as previously defined; X is a non-hydrogen group, P is a hydroxy protecting 
group; txn is a taxane moiety. Compounds of formula (D) are taxanes having a 13a-hydroxy group and one 

30 or more methylthiomethyl ether linked directly or indirectly to the taxane core; also included are C13 metal 
alkoxides of formula (D). An example of a compound of formula (D) is 7-.Q-methylthiomethylbaccatin Ill: 

35 

40 

OH f Ac() 
PhC(O)O 

45 The coupling of the taxane (D) with the azetidinone is analogous to the one shown in Scheme VI, infra; thus 
the procedure described there for the preparation of a compound of formula (Id) is also applicable to the 
preparation of a compound of formula (Ba) [i.e. a compound of formula (B) in which at least one of the MTM 
group is linked directly or indirectly to the taxane moiety], if a compound of formula (D) is used in place of 
a compound of formula (II) in Scheme VL The taxane (D) is preferably first converted to a C13 metal 

50 alkoxide such as sodium, potassium or lithium alkoxide; lithium alkoxide is preferred. The azetidinone · 
serves as the precursor of the C13 sidechain. After the coupling reaction with a taxane, the hydroxy 
protecting group p is removed, and if desired, the free hydroxy group on the sidechain may be converted 
to the MTM ether or derivatized to an ester or a carbonate as herein described: 

The azetidinone may be prepared by methods described later which are also methods generally known 
55 in the art. Compounds of formula (D) may be prepared. by the general procedure described above for the 

preparation of compounds of formula (B) using a suitably protected taxane. However, more conveniently, 
they can be obtained from a compound of formula (Ba) by cleaving the 13-sidechain using a borohydride 
such as sodium or tetrabutylammonium borohydride; for example, 7-.Q-MTM of paclitaxel is treated with 
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tetrabutylammonium borohydride to give 7-0-MTM baccatin Ill. 
The general process of Scheme I for the preparation of a compound of formula (A) is more particularly 

exemplified in Scheme V which illustrates the preparation of a compound of formula (I') (i.e. a compound of 
formula (I) in which m is 0). The procedure employed in this synthetic sequence is generally applicable to 

5 other taxane derivatives not specifically encompassed by formula (I). Furthermore, the procedure in Scheme 
(V) may be modified in accordance with teachings contained herein by one skilled in the art to arrive at 
taxane derivatives of formula (A) in which m is 1, 2 or 3. 

It is to be understood that in Scheme V as well as elsewhere in the specification, the term "hydroxy 
protecting group" may encompass suitable carbonates (e.g. -OC(O)ORx in which Rx does not contain 

10 hydroxy); thus, when a carbonate is used as a hydroxy protecting group, it is intended to be removed in a 
later step to generate the free hydroxy group, otherwise. the carbonate moiety remains as part of the final 
product. 

15 

20 

25 

30 

35 

40 

45 

50 

55 
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l (la) SHe2/IPhC00}2 
or (lb) Ac20/DMSO 

1121 NIS/HOP (OJ IORYJ 2 

(Ia) 

(Ib) 

(Ic) 

l (3) removal of phosphono protecting 
group and, if present, hydroxy protecting 
group 

R'IOlpCONH o 

R~O"""" 
il. 

HO 

II' J 

In Scheme V, R18 is hydroxy, protected hydroxy, -OC(O)Rx or ~OC(O)ORx; R2' is hydrogen, and R2a 

ishydrogen, hydroxy, protected hydroxy, -OC(O)Rx or -OC(O)ORx; R38 is hydrogen, hydroxy, protected 
hydroxy, C1 -1;alkyloxy, -OC(O)Rx or -OC(O)ORx; one of R6a or R7a is hydrogen and the other is hydroxy, 

55 protected hydroxy or Ct_, alkanoyloxy; or R68 and R78 together form an oxo group; with the proviso that at 
least one of R18

, R28 or R38
, R68 or R78 is hydroxy. R1

b is hydroxy, protected hydroxy, -OCH2SCH3, -OC(O)
Rx or -OC(O)ORx; R2' is hydrogen, and R2b is hydrogen, hydroxy, protected hydroxy, -OCH2SCH3, -OC(O)
W or -OC(O)ORx; R3b is hydrogen, hydroxy, protected hydroxy, C1-6alkyloxy, -OC(O)Rx. -OCH2SCH3 or 
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-OC(O)ORx; one of R6b or R7b is hydrogen and the other is hydroxy, protected hydroxy, C1 -s alkanoyloxy 
or -OCH2SCHa; or R6 b and R7b together form an oxo group; with the proviso that at least one of R1b, R2b, 

R3b, R6b or R7b is -OCH2SCH3. R1c is hydroxy, protected hydroxy, -OCH20P(O)(ORY):i, -OC(O)Rx or -OC(O)
ORx; R2

' is hydrogen, and R2c is hydrogen, hydroxy, protected hydroxy, -OCH2 0P(O)(ORY):i, -OC(O)Rx or 
s -OC(O)ORx; R3c is hydrogen, hydroxy, protected hydroxy, C1 -salkyloxy, -OC(O)Rx, -0CH20P(O)(ORY):i or 

-OC(O)ORx; one of R6c or R7c is hydrogen and the other is hydroxy, protected hydroxy, C1-s alkanoyloxy or 
-OCH20P(O)(ORY):i; with the proviso that at least one of R1c, R2c, R3c, R6c or R7c is -OCH20P(O)(ORY):i. R1' 

is hydroxy, -OCH20P(O)(OH)2, -OC(O)Rx or -OC{O)ORx; R2 ... is hydrogen, and R2" is hydrogen, hydroxy, 
-OCH20P(O)(OH)2, -OC(O)Rx or -OC(O)ORx; R3' is hydrogen, hydroxy, C1 -salkyloxy, -OC(O)R", -OCH2 0P-

10 (0)(0H)2 or -OC(O)OR"; one of R6' or R7' is hydrogen and the other is hydroxy, C1 - 6 alkanoyloxy or 
-OCH20P(O)(OH)2; with the proviso that at least one of R1', R2", R3', R6' or R7' is -OCH20P(O)(OH)2. R4 , R5 • 

R", and pare as defined previously, and RY is a phosphono protecting group. 
In the first step, the free hydroxy group of a compound of formula (la) is converted to the corresponding 

methylthiomethyl ether (-OCH2SCHa) group. This conversion may be accomplished by either one of the two 
1s procedures (1a - the dimethylsulfide method) and (1b - the dimethylsulfoxide method). The dimethylsulfide 

method for converting alcohols to methylthiomethyl ethers is reported in Medina et al, Tet. Lett., 1988, pp. 
3773-3776, the relevant portions thereof are hereby incorporated by reference. The dimethylsulfoxide 
method is the well-known reaction commonly known as the Pummerer reaction. 

It should be noted that the reactivity of a hydroxy group differs depending on its location on the taxane 
20 derivative starting material of formula (la). Although in general the 2'-hydroxy group is more reactive in 

acylation reactions than the 7-hydroxy group which in turn is more reactive than the 10-hydroxy group, it 
has been found that, surprisingly with the dimethylsutfide method, the 7-hydroxy is more readily converted 
into the methylthiomethyl ether than the 2'-hydroxy group. The tertiary hydroxy group at C-1 is usually the 
least reactive. The difference in hydroxy reactivity may be exploited in controlling the site and degree of 

25 methylthiomethylation. 
Thus with a compound of formula (la) wherein R18 and R28 are both hydroxy, the predominant 

methylthiomethylation product is the corresponding 7-0-methylthiomethyl ether with the dimethylsulfide 
method. In order to obtain a compound of formula (lb) wherein R1

b is methylthiomethoxy, without also 
converting the 7-hydroxy group, if present, into a methylthiomethyl ether, the 7-hydroxy group is blocked 

30 with a conventional hydroxy protecting group such as triethylsilyl or benzyloxycarbonyl. Similarly, 10-
methylthiomethyl ether may be obtained without also converting the 7- and/or 2'-hydroxy groups, if present. 
when the latter groups are blocked by the same of different hydroxy protecting groups. Even though the 7-
hydroxy is the preferential methylthiomethy!ation site in the dimethylsulfide method, it is still preferable to 
protect the 2'-hydroxy group if the 7-monomethylthiomethyl ether is the desired product. 

35 Moreover, the reaction conditions may be manipulated to favor the formation of bis- or trismethyl-
thiomethyl ether taxane derivatives. For example, in the case of paclitaxel, increasing reaction time or using 
a larger excess of the methylthiomethylating reagents can result in a higher ratio of 2' ,7-bis
(methylthiomethyl) ether paclitaxel in the product mixture. 

Returning now to Scheme V, in procedure (1a) a compound of formula (la) is treated with dimethylsul-
40 fide and an organic peroxide such as benzoyl peroxide. The reaction is carried out in an inert organic 

solvent such as acetonitrile, methylene chloride and the like at a temperature conducive to product 
formation; typically the reaction is carried at a temperature range of from about -40 • C to about ambient 
temperature. Dimethylsulfide and benzoyl peroxide are .used in excess relative to the taxane derivative 
starting material (la), and dimethylsulfide is used in excess relative to benzoyl peroxide. 

45 The relative amounts of starting materials used will depend on the degree of methylthiomethylation to 
be achieved. Thus when one free hydroxy group of the taxane derivative starting material (la) is to be 
converted to the methylthiomethyl ether, dimethylsulfide and benzoyl peroxide may be used in up to 10 fold 
excess relative to taxane derivative (la); and preferably, dimethylsulfide is used in about two to three fold 
excess relative to benzoyl peroxide. In the case where the starting material (la) has both 2'- and 7-hydroxy 

50 groups, the amount of 2',7-bis(methylthiomethyl)ether obtained increases with the relative amounts of 
dimethylsulflde and benzoyl peroxide. When 2',7-bis(methylthiomethyl) ether is the desired product, 
dimethylsulflde is preferably used in about 15 to about 20 fold excess of the taxane derivative starting 
material; and benzoyl peroxide is used in about 5 to about 10 fold excess relative to the taxane derivative 
starting material. 

55 Alternatively, a compound of formula (lb) may be prepared by reacting a compound of formula (la) with 
dimethylsulfoxide and acetic anhydride (procedure 1 b). This procedure is suitable for derivatizing a non-2'
hydroxy group into its methylthiomethyl ether. In procedure (1 b), a compound of formula (la) is dissolved in 
dimethylsulfoxide and acetic anhydride is added to the solution. The reaction is usually carried out at room 
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temperature, and for 18-24 hours to produce the monomethylthiomethyl ether. 
In the second step of the reaction sequence, the methylthiomethyl ether is converted to the correspond

ing protected phosphonooxymethyl ether. The methylthiomethyl to protected phosphonooxymethyl conver
sion may be accomplished by the general method reported in Veeneman et al, Tetrahedron, 1991, v47, pp. 

s 1547-1562, the relevant portions thereof are hereby incorporated by reference. Thus, a compound of 
formula (lb) with at least one methylthiomethyl ether group is treated with N-iodosuccinimide and a 
protected phosphoric acid such as dibenzyl phosphate. The reaction is carried out in an inert organic 
solvent such as tetrahydrofuran or a halogenated hydrocarbon such as 1,2-dichloroethane or methylene 
chloride, and optionally in the presence of a dehydrating agent such as molecular sieves. A catalyst such as 

10 silver trifluoromethanesulfonate may also be added to accelerate the reaction. The reaction is carried out at 
a temperature ranging from about 0 • C to about room temperature, preferably at room temperature. N
lodosuccinimide and the protected phosphoric acid are. used in about the same molar equivalent as the 
methylthiomethylether (lb), but preferably they are used in slight excess, for example about 1.3 to about 1.5 
equivalents relative to compound of formula (lb). 

15 In the third step of the reaction sequence, the phosphono protecting group and hydroxy protecting 
group, if present. are removed. The deblocking is accomplished by conventional methods well known in the 
art such as acid- or base-catalyzed hydrolysis, hydrogenolysis, reduction, and the like. For example, 
catalytic hydrogenolysis can be used to remove the benzyl phosphono protecting group as well as the 
benzyloxycarbonyl hydroxy protecting group. Deprotecting methodologies may be found in standard texts 

20 such as Greene and Wutz, or McOmie, supra. Needless to say if a compound of formula (la) contains 
hydroxy groups in radical Rx, said hydroxy groups are preferably protected with suitable hydroxy protecting 
groups until deprotected in this last step. 

As indicated earlier the procedure in Scheme V may be modified in accordance with the teaching 
contained herein by one skilled in the art to arrive at taxane derivatives of formula A in which m is 1, 2 or 3. 

25 As examples, Schemes Va and Vb specifically illustrate how one skilled in the art can modify the teaching. 
contained herein to arrive at certain compounds of formula A wherein at least one substitutent is -OCHr 
(OCH2)20P(O)(OH)2. Similarly other compounds of formula A in which mis 3 can be readily obtaiined. 
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R~O)pCOfjH 0 

RS00 .... 
CH;iSCH.iOCHpcHj> 

Rc(O)pCOfjH 0 

RS~Q ..... 
~~ 

Ac(O)pCOfjH 0 R5y() .... 
CH;iSCH.iOCH.PGHP 

A<(O)pc::otlH 0 

R6~() .. •· 
(PhCH.p)2"(0~ 

A<(O}p~ 0 

RSV<> .... 
(HOkf>(O~ 

SCHEME Vb 

Ar:O 0 

OooPh 

. Ar:O 0 

SMe2 / (PhCOO)i 

or 

NlS 

The base salts of a compound of formula (I) may be formed by conventional techniques involving 
contacting a compound of formula (I) free acid with a metal base or with an amine. Suitable metal bases 

55 include hydroxides, carbonates and bicarbonates of sodium, potassium, lithium, calcium, barium, magne
sium, zinc, and aluminum; and suitable amines include triethylamine, ammonia, lysine, arginine, N
methylglucamine, ethanolamine. procaine, benzathine, dibenzylamine, tromethamine (TRIS), chloroprocaine, 
choline, diethanolamine, triethanolamine and the like. The base salts may be further purified by chromatog-

16 

NEPTUNE GENERICS  EX. 00808



EP 0 639 sn A1 

raphy followed by lyophilization or crystallization. 

TAXANE DERIVATIVES STARTING MATERIALS 

5 The processes described above may be applied to any taxane derivatives of the formula T·[OHJn to 

10 

15 

20 

form compounds of formula (A). Many examples of T·[OH]n have been reported in the literature and some 
of which are listed below. (a) paclitaxel; (b) Taxoteree; (c) 10-desacetylpaclitaxel; (d) taxane derivatives 
disclosed in PCT application 93/06079 (published April 1, 1993) having the formula 

wherein R1 is -ORG, -SR1, or -NRaR9; R2 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl; A3 and A. 
are independently hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or acyl, provided, however, that Ra and 

25 A. are not both acyl; Rs is ·COR10, ·COOR10, -COSR10, -CONRaR10, -S02R11, or -POR12R1a;RG is 
hydrogen, alkyl, alkenyl, alkynyl, aryl. heteroaryl, hydroxy protecting group, or a functional group which 
increases the water solubility of the taxane derivative; R1 is alkyl, alkenyl, alkynyl, aryl, heteroaryl. or 
sulfhydryl protecting group; Ra is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl; R9 is an amino 
protecting group; R1 o is alkyl, alkenyl, alkynyl, aryl, heteroaryl; R11 is alkyl, alkenyl, alkynyl, aryl, heteroaryl, 

30 -OR10, or -NRaR14 ; R12 and R13 are independently alkyl, alkenyl, alkynyl, aryl, heteroaryl, -OR10. or 
-NRa A14; RH is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl; R1 s and Rt 6 are independently hydrogen, 
hydroxy, lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or R1s and R16 together form an oxo; R11 
and R18 are independently hydrogen, hydroxy, lower alkanoyloxy, alkenoyloxy, alkynoyloxy. aryloyloxy or 
R1 7 and R1 8 together form an oxo; R1, and R20 are independently hydrogen or hydroxy or lower 

35 alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; R21 and R22 are independently hydrogen or lower 
alkanoyloxy, alkenoyloxy. alkynoyloxy, or aryloyloxy or R21 and R22 together form an oxo; R24 is hydrogen 
or hydroxy or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; or Ria and R24 together form an 
oxo or methylene or R2a and R24 together with the carbon atom to which they are attached form an oxirane 
ring or R23 and R22 together with the carbon atom to which they are attached form an oxetane ring; R2s is 

40 hydrogen. hydroxy. or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; or R26 is hydrogen. 
hydroxy. or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; or R26 and R2s taken together form 
an oxo; and R27 is hydrogen, hydroxy or lower alkoxy, alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy; 
(e) taxane derivatives disclosed in U.S. Patent 5,227,400 3'-desphenyl-3'·(2-furyl) or 3'-(2-thienyl) derivatives 
of paclitaxel, Taxoteree; (f) taxane derivatives disclosed in EP 534,709 published March 31, 1993 (paclitaxel 

45 derivatives in which the sidechain phenyl groups are independently replaced with naphthyl, styryl or 
substituted phenyl). See also PCT 92/09589 published June 11, 1992; (g) taxane derivatives disclosed in EP 
534,707 published March 31, 1993 (paclitaxel derivatives in which the 3'-N-benzoyl group is replaced with 
ethoxycarbonyl or methoxycarbonyl}; (h) PCT Application 93/06093 published April 1, 1993 (10-desacetoxy 
derivatives of paclitaxel and Taxoteree); (i) EP 524,093 published January 20. 1993 (10-, 7-. or 7,10-bis-Q-

5o (N-substituted carbamoyl taxane derivatives); (j) 9-a·hydroxy analog of paclitaxel is disclosed in Klein, 
"Synthesis of 9-Dihydrotaxol: A New Bioactive Taxane," Tetrahedron Letters, 1993, 34(13):2047-2050; (k} 
14-tJ-hydroxy analog of paclitaxel and Taxoteree prepared from 14/3-hydroxy-10-deacetylbaccatin Ill are 
disclosed at the 205th ACS National Meeting in Colorado, 1993. (Med. Chem. Division, Abstract No. 28); 
and (I) other taxanes, such as C7-fluorotaxanes and various C10-substituted taxanes, as disclosed in 

55 European Patent Application 577,082A1 published January 5, 1994, which is herein incorporated by 
reference in its entirety. 

The free hydroxy group or groups of taxane derivatives may be converted by conventional methods to 
the corresponding ester or carbonate; for example in compounds of formula (la) one of R18, R28 or R38 is 
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-OC(O)Rx or -OC(O)ORx and A" is as previously defined. Thus, a taxane derivative T-OH may be reacted 
with a compound of the formula L-C(O)OR" (L being a leaving group) such as a chloroformate in the 
presence of a base such as tertiary amine to give the corresponding carbonate; for example, paclitaxel 
reacts with ethyl chloroformate in the presence of diisopropylethylamine to provide 2'-0-ethyloxycarbonyl-

5 paclitaxel. T-OH may also react with a carboxylic acid RxCGiH or an acylating equivaient thereof (e.g. an 
anhydride, active ester or an acyl halide) to provide the corresponding ester. Needless to point out when R" 
in L-C(O)OR", or R"C02 H or an acylating equivalent thereof contains hydroxy groups, they are preferably 
protected with suitable hydroxy protecting groups. 

Additionally, taxane derivatives T-[OHJn may be prepared by acylating a taxane moiety having a C13-
ro hydroxy group with an appropriately substituted 3-amino-2-hydroxypropanoic acid, an acylating equivalent 

thereof, or a precursor thereof. Suitable precursors of substitutd 3-amino-2-hydroxypropanoic acid are for 
example azetidinones of formula (Ill). This acylation reaction is exemplified in the coupling of hydroxy 
protected baccatin Ill or hydroxy protected 10-deacetylbaccatin Ill and a phenylisoserine derivative to give 
paclitaxel derivatives as disclosed in e.g. Denis et al, U.S. Patents 4,924,011 and 4,924,012; and in the 

15 coupling of a protected baccatin Ill and an azetidinone to give paclitaxel and derivatives thereof as 
disclosed in EP Published Application 400,971 published December 5, 1990 (now U.S. Patent 5,175,315) 
and U.S. Patent 5,229,526. 

The process as disclosed in EP 400,971 (the Holton process) involves reacting 1-benzoyl-3-(1-ethoxy)
ethoxy-4-phenyl-2-azetidinone with 7-0-triethylsilylbaccatin Ill in the presence of N,N-dimethylaminopyridine 

20 and pyridine at 25 • C for 12 hours; paclitaxel is obtained after the various hydroxy protecting groups are 
removed. An improvement of the Holton process is reported by Ojima et al in "New and Efficient 
Approaches to the Semisynthesis of Taxol and its C-13 Side Chain Analogs by Means of ,8-Lactam Synthon 
Method" Tetrahedron, 1992, 48(34):6985-7012. Ojima's process involves first generating the sodium salt of 
7-triethylsilylbaccatin Ill with sodium hydride; this salt is then reacted with chiral 1-benzoyl-3-(1-ethyoxy)-

25 ethoxy-4-phenyl-2-azetidinone to provide paclitaxel after removal of the hydroxy protecting groups. In U.S. 
5,229,526 Holton discloses the coupling of a metal alkoxide of baccatin Ill or a derivative thereof with a 2-
azetidinone to provide taxanes with C13 sidechain. This process is said to be highly diastereoselective; 
therefore racemic mixtures of the sidechain precursor 2-azetidinone may be used. Recently, Ojima et al 
reported in "A Highly Efficient Route to Taxotere by the ,8-Lactam Synthon Method," Tetrahedron Letters, 

30 1993, 34(26):4149-4152, the coupling of metal alkoxides of 7, 10-bis-0-(trichloroethoxycarbonyl}-10-deacetyl
baccatin Ill with chiral 1-(t-butoxycarbonyl)-4-phenyl-3-(protected hYctroxy}-2-azetidinone to give Taxotere0 

after deprotection. The relevant portions of all references cited above are hereby incorporated by reference. 
The baccatin/azetidinone process generalized. to the preparation of compounds of formula (la) is 

illustrated in Scheme VJ. Again, other taxane derivatives not specifically encompassed within the formula (la) 
35 may also be prepared by this process by employing appropriate starting materials. 
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Scheme VI 
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In Scheme VI, R2' is hydrogen, and R2d is hydrogen, protected hydroxy, -OC(O)R" or -OC(O)OR"; R3d is 
hydrogen, -OC(O)R", c, -•alkyloxy, protected hydroxy or -OC(O)OR"; one of R6d or R7d is hydrogen and the 

35 other is hydroxy, protected hydroxy or c, -• alkanoyloxy; or R6d and R7d together form an oxo group; P is a 
hydroxy protecting group; M is hydrogen or a Group IA metal such as lithium, sodium or potassium; and p, 
R4 • R5 and R" are as previously defined. The reaction may be conducted according to the procedure 
disclosed in EP 400,971 wherein the baccatin Ill derivative of formula (II) wherein M is hydrogen is reacted 
with an azetidinone of formula (Ill} in the presence of an organic base such as N,N-dimethylaminopyridine. 

40 Preferably, however, the baccatin Ill derivative is first converted to a 13-alkoxide by treating the former with 
a strong base such as hydrides, alkylamides, and bis(trialkylsilyl)amides of Group IA metals as disclosed in 
U.S. Patent 5,229,526 and the Ojima references, supra. More preferably, the 13-alkoxide is a lithium 
alkoxide. The formation of a lithium salt may be achieved by reacting a compound of formula (II) wherein M 
is hydrogen with a strong metal base, such as lithium diisopropylamide, C1 -6 alkyllithium, lithium bis-

45 (trimethylsilyl)amide, phenyllithium, lithium hydride, or the like base. Needless to point out that if a 
compound of formula (II) contains hydroxy groups in radical R", said hydroxy groups are preferably 
protected with suitable hydroxy protecting groups. 

The coupling reaction between a taxane of formula (II) and an azetidinone of formula (Ill) is conducted 
in an inert organic solvent such as tetrahydrofuran at reduced temperature in the range of about 0 • C to 

50 about -78 • C. The azetidinones of formula (Ill) may be used as a racemic mixture to couple with tax'ane 
metal alkoxides of formula (II) in which M is a group 1 A metal; in such case, the azetidinone reactant is 
preferably used·in at least 2 equivalents relative to the taxane reactant, and more preferably from about 3 to 
about 6 equivalents. Chiral azetidinones may also be used, and in such case one equivalent of the 
azetidinone relative to the taxane may be sufficient, but preferably the azetidinone is used in slight excess, 

55 for example up to 1 .5 equivalents. · 
The hydroxy protecting groups may be the same or they may be chosen in a manner to allow the 

selective removal of one or more protecting groups without substantially affecting the others; for example, in 
a compound of formula (Id), R2

d and PO may be both triethylsilyloxy, and R3
d may be benzyloxycarbonyl; 
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catalytic hydrogenolysis in the presence of palladium on carbon removes the benzyloxycarbonyl protecting 
group without removing the triethylsilyl group. Thus, the hydroxy protecting groups of a compound of 
formula (Id) may be selectively removed to provide a compound of formula (la). 

Compounds of formula (II) are either known in the literature, e.g baccatin Ill, 10-deacetylbaccatin Ill and 
5 their hydroxy protected derivatives, or can be prepared from the known compounds by conventional 

conventional methods, e.g converting a hydroxy group to a carbonate. Additional compounds of formula (II) 
may be prepared according to procedures described hereinbelow in the section PREPARATION OF 
STARTING MATERIALS. 

Compounds of formula (Ill) can be prepared from a compound of (Illa) according to the general method 
10 described in EP 400,971 and Ojima et al, Tetrahedron, 48:6985-7012, 1992. 

15 

20 

base 

(I IIa) (III) 

Thus a compound of formula (Illa) is first treated with a base such as n-butyllithium or triethylamine, and 
then followed by a compound of the formula R4 (O)pCO-L where L is a leaving group to provide a compound 
of formula (111). 

25 Compounds of (Illa) may be prepared according to the general method disclosed in EP 400,971 by 
going through an intermediate compound 3-acetoxy-4-substituted-2-azetidinone (lllb): or by the method 
disclosed in US5,229,526 by going through an intermediate compound 3-triethylsilyloxy-4-substituted-2-
azetidinone. In an improved process a compound (lllb) may be obtained by condensing acetoxyacetyl 
chloride with a bis•imine followed by hydrogenolysis or acid cleavage to remove the N-imine group: this 

30 process is shown in the following scheme in which R5" is an optionally substituted aryl or a heteroaryl group 
such as furyl or thienyl. This process is disclosed in co-pending application U.S.S.N 081165,610 filed 
December 13, 1993 which is hereby incorporated by reference. 

35 

40 

-.; 

45 

The products (lllb) obtained from these cycloaddition reactions are usually a racemic mixture ofthe two 
50 cis-azetidinones. The racemfc mixture may be resolved by conventional methods such as conversion to · 

diasterecimers, differential absorption on column packed with chiral adsorbents, or enzymatically. For 
. example, a racemic mixture of compounds of formula (lllb) may be contacted with an enzyme that catalyzes 

the hydrolysis.of an ester, for example an esterase or a lipase, to selectively cleave the 3-acyl group of one 
enantiomer without affecting the other. (See e.g. Brieva et al, J. Org. Chem., 1993, 58:1068-1075; also co-

55 pending application U.S.S.N. 092,170 filed July 14, 1993, European Patent Application Number 552041, 
published July 21, 1993). Alternatively, the racemic mixture may be first subjected to base-catalyzed 
hydrolysis to remove the 3-acyl group and to generate a racemic. mixture of the corresponding 3-hydroxy p
lactam; the racemic mixture of 3-hydroxy /3-lactam is then contacted with an enzyme capable of catalyzing 
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acylation of an hydroxy group to selectively acylate the hydroxy group of one enantiomer without affecting 
the other. Or the racemic mixture of 3-hydroxy P-lactam may be acylated with a chiral carboxylic acid, and 
the resulting diastereomeric mixture may then be separated using methods known in the art, and the chiral 
auxiliary removed to provide the desired enantiomer. 

5 Ojima et al, in J. Org. Chem., 56:1681-1683, 1991; Tet. Lett., 33:5737-5740, 1992; and Tetrahedron, 
48:6985-7012, 1992 reported the synthesis of a number of chiral azetidinones of formula (Illa) and/or the 
corresponing N-(p-methoxyphenyl) congener; wherein P is the hydroxy protecting group triisopropylsilyl; 
and R5 is 4-methoxyphenyl, 3,4-dimethyoxyphenyl, phenyl, 4-fluorophenyl, 4-trifluoromethylphenyl, 2-furyl, 
2-phenylethenyl, 2-(2-furyl)ethenyl, 2-methylpropyl, cyclohexylmethyl, isopropyl, phenethyl, 2-cyclohex-

10 ylethyl, or n-propyl. Other references for making azetidinones fo formula (Illa) and/or (Ill) can be found in 
European Patent Applications 0,534,709 A1, 0,534,708 A1. and 0,534,707 A1. all three published on March 
31, 1993; in PCT application WO 93/06079 published on April 1, 1993; in Bioorganic and Medicinal 
Chemistry letters, 3, No. 11, pp 2475-2478 (1993); also in Bioorganic and Medicinal Chemistry letters. 
3, No. 11, pp 2479-2482 (1993); in J. Org. Chem .• 58, pp 1068-1075; in Tetrahedron letters, 31, No. 44, 

15 pp 6429-6432 (1990); in Bioorganic and Medicinal Chemistry Letters, 3, No. 11. pp 2467-2470 {1993); 
European Application 552,041 published on July 21, 1993; and in our copending U.S. Application Serial No. 
092, 170 filed on July 14, 1993. The relevant portions of all aforementioned references are hereby 
incorporated by reference. Other azetidinones within the definition of formula (Ill) but are not specifically 
disclosed in these references may be prepared by a person skilled in the art following the methodologies 

20 generally known in the art. 

BIOLOGICAL EVALUATION 

Compounds of formula (B) of the present invention are useful intermediates for novel antitumor agents 
25 of formula (A). In addition, some compounds within the scope of formula (B). namely compounds of formula 

(B'), were themselves found to be antitumor agents. Biological Section I below demonstrates the antitumor 
activity of the compounds of formula (A). On the other hand, Biological Section II below demonstrates the 
antitumor activity of the compounds of formula (B'). 

30 Blologlcal Section I 

In vitro cytotoxicity data 

The compounds of formula (A) showed in vitro cytoxicity activity against human colon carcinoma cells 
35 HCT-116 and HCT-116NM46. The HCT-116NM46 cells are cells that have been previously selected for 

teniposide resistance and express the multi-drug resistance phenotype, including resistance to paclitaxel. 
Cytotoxicity was assessed in HCT-116 human colon carcinoma cells by XTT (2,3-bis(2-methoxy-4-nitro-5-
sulfphenyl)-5-[(phenylamino)carbonyl]2H-tetrazolium hydroxide) assay as reported in D.A. Scudiero, et al.. 
"Evaluation of soluble tetrazolium/formazan assay for cell growth and drug sensitivity in culture using 

40 human and other tumor cell lines," Cancer Res. 48:4827-4833. 1988. Cells were plated at 4000 cells/well in 
96 well microtiter plates and 24 hours later drugs were added and serial diluted. The cells were incubated 
at 37 • C for 72 hours at which time the tetrazolium dye, XTT, was added. A dehydrogenase enzyme in live 
cells reduces the XTT to a form that absorbs light at 450 nm which can be quantitated spec
trophotometrically. The greater the absorbance, the greater the number of live cells. The results are 

45 expressed as an ICso, which is· the drug concentration required to inhibit cell proliferation (i.e., absorbance 
at 450 nm) to 50% of that of untreated control cells. The ICso values for representative compounds 
evaluated in this assay are given in Table I. 

50 

55 
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Table I 

In vitro cytotoxicity data against human colon carcinoma cells. 

Compound1 ICso (ii.M) 

HCT-116 HCT-116NM46 

Taxoteree 0.004 0.213 
paclitaxel 0.004 0.44 
Example 1 0.0158 1.24 
Example 3 0.312 6.25 
Example 4 0.0457 >6.3 

1 Examples 1 and 4 as free acid; example 3 as sodium salt. 

The compound 7-0-methylthiomethylpaclitaxel (Example 1 (a) was also tested in the cytotoxicity assay 
and it showed ICso of 0.003 uM against HCT-116 and 0.025 UM against HCT-116NM46.) 

In vivo antitumor activity 

Balb/c x DBA2 F, (GDF,) hybrid mice ware implanted subcutaneously (sc) with 0.1 ml of a 2% (w/v) 
brei of M109 lung carcinoma (as described in W. Rose "Evaluation of Madison 109 Lung Carcinoma as a 
Model for Screening Antitumor Drugs." Cancer Treatment Reports, 65, No. 3-4 pp. 299-312 (1981 ). The test 
compounds and reference drug, paclitaxel. were administered intravenously to groups of mice; each group 

25 received a compound at a different dose level, and three or four different dose levels were evaluated per 
compound. Mice were followed daily for survival until their death or about day 75 post-tumor implant. 
whichever occurred first. One group of mice par experiment remained untreated and served as the control. 
Tumors were also measured once or twice weekly and the size in mm was used to estimate tumor weight 
according to the published procedure (ibid). 

30 Median survival times of compound-treated (T) mice were compared to the median survival time of 
parallel control (C) mice. The ratio of the two values for each compound-treated group of mice was 
multiplied by 100 and expressed as a percentage (i.e., % TIC) in Table fl for representative compounds. 
Additionally, the difference between the median time for treated groups and that for the control group to 
grow tumor to 1 gm, expressed as T-C values in days, is also shown in Table II. The greater the T-C value, 

35 the greater the delay in primary tumor growth. Compounds showing % TIC~ 125% and/or T-C ~ 4.0 days 
are considered to be active in the M109 SC model. 

40 

45 

50 

55 

Table fl 

Compound Maximum Effect Opt Dose 

%T/C T-C (days) (mg/kg/lnj;) 

Example 1d 131 14.0 458 

paclitaxel 134 . 14 4B124a,c 

. Example 3d 160 18.8 24b 
paclitaxel 151 15 18b 

8 Compound was administered i.v. once daily, on days 4, 5, 6, 7 and 8 
post-tumor implant. 
bCompound was administered i.v. once daily, on days 5, 6, 7, 8 and 9 
post-tumor implant. 
cHigher dose achieved maximum increase in lifespan; lower dose 
associated with causing maximum delay in tumor growth. 
dsodium salt. 

Compound of Example 3 (as the triethanolamine salt) was further evaluated in murine and human 
xenograft tumor models (M109, A2780/cDDP - human ovarian carcinoma resistant to cisplatin, and HCT-116 
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- human colon carcinoma) against paclitaxel as positive control. The A27801cDDP model is described in 
Rose and Basler, In Vivo, 1990, 4:391-396; the HCT-116 model is described in Rose and Basler, In Vivo, 
1989, 3:249-254. M109 was passaged sc biweekly in Balb/C mice and implanted sc into CDF1 mice for 
antitumor evaluation. A27801cDDP and HCT-116 were grown in athymic mice for both passage (every two to 

5 three weeks) and therapy experiments. Compound of Example 3 was administered iv in water, or orally in 
water with a few drops of Tween 80, while paclitaxel was either suspended in water plus Tween 80, or 
dissolved in cremophore/ethanol (50%/50%) and diluted with saline. The treatment regimen for the sc M109 
tumor tests was once daily for 5 consecutive days beginning on Day 4 post tumor implant. For the human 
tumor xenograft tests, compounds were given once daily every other day for five administrations beginning 

10 when the tumors were staged to between 50 to 100 mg. 
In one M109 experiment, compound of Example 3 administered iv achieved max. % TIC of 155 (T-C of 

19 days) at 36 mg/kglinj. (cf. paclitaxel max. %TIC of 132 (T-C of 13 days) at 36 or 18 mg/kglinj.). In the 
same experiment, compound of Example 3 administered orally achieved a max. % TIC of 158 (T-C of 22.8 
days) at a dose of 160 mg/kg/adm. while paclitaxel at the same dose (highest tested) suspended in water 

15 and Tween 80 did not show activity. In another M109 experiment. iv administered compound of Example 3 
produced max. % TIC of 170 (T-C of 17 days) at 48 mg/kglinj. (cf. paclitaxel max.% T/C of 167 (T-C of 14 
days) at 48 or 36 mg/kglinj.). In the same experiment, orally administered compound of Example 3 
produced max. % TIC of 172 (T-C of 17 days) at a dose of 200 mg/kg/adm. while paclitaxel dissolved in 
cremophore/ethanol/saline did not show activity at 60/mg/kglinj. In this experiment, paclitaxel dissolved in 

20 cremophorelethanol/saline could not be administered at greater than 60/mg/kglinj. due to solubility and 
toxicity constraints. 

In the A2780/cDDP experiment, iv administered compounds of Example 3 showed max. T-C value of 
29.8 days at 36 mg/kglinj (cf. paclitaxel max. T·C of 26.3 days at 36 mg/kglinj.). Orally administered 
compound of Example 3 produced max. T-C of 20 days at a dose of 160 mg/kg/adm. In the HCT-116 

25 experiment, iv treatment with 24 or 36 mg/kglinj. of paclitaxel produced 6 cures of 7 or 6 cures of 8 treated 
mice, respectively, and 160 or 240 mg/kg/adm. of oral compound of Example 3 cured 6 or 7 of 8 treated 
mice, respectively. Cure means tumor-free on Day 80 post tumor implant. 

The triethanolamine salt of compound of example 1 was also found to have oral activity in the M109 
and HCT-116 models. 

30 It is well appreciated in the art that there will be some, usually slight, variations in the anti-tumor activity 
depending on what particular salt form is employed. 

The pharmaceutically acceptable salt of phosphonooxymethyl ethers of taxane derivatives of formula (A) 

exhibit improved water solubility over paclitaxel thereby allowing more convenient pharmaceutical formula
tions. Without being bound by theory, it is believed that the phosphonooxymethyl ethers of the present 

35 invention are prodrugs of paclitaxel or derivative thereof; the phosphonooxymethyl moiety being cleaved 
upon contact with phosphatase in vivo to generate subsequently the parent compound. 

Biological Section II 

40 Mice M109 Model 

Balb/c x DBA/2 F1 hybrid mice were implanted intraperitoneally, as described by William Rose in 
Evaluation of Madison 109 Lung Carcinoma as a Model for Screening Antitumor Drugs, Cancer 
Treatment Reports, 65, No. 3-4 (1981), with 0.5 ml of a 2% (wlv) brei of M109 lung carcinoma. 

45 Mice were treated with compound under study by receiving intraperitoneal injections of various doses 
on either days 1, 5 and 9 post-tumor implant or days 5 and 8 post-implant. Mice were followed daily for 
survival until approximately 75 - 90 days post-tumor implant. One group of mice per experiment remained 
untreated and served as the control group. Median survival times of compound-treated (T) mice were 
compared to the median survial time of the control (C) mice. The ratio of the two values for each 

5o compound-treated group of mice was multiplied by 100 and expressed as a percentage (i.e. % TIC) in 
Table Ill for representative compounds of formula (B'). 

55 
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Table Ill 

EXAMPLE NUMBER TIC (mglkg/inj.; schedule in days) 

5 14 (b) 143 (12; d. 5 + 9) 

15 192 (8; d. 5 + 9) 

As shown above, compounds of formula (A) and (B') of the instant invention are effective tumor 
10 inhibiting agents, and thus are useful in human and/or veterinary medicine. Thus. another aspect of the 

instant invention concerns a method for inhibiting human and/or other mammalian tumors which comprises 
administering to a tumor bearing host an antitumor effective amount of a compound of formula (A) or (B'). 

Compounds of formulas (A) and (B') of the present invention may be used in a manner similar to that of 
paclitaxel; therefore, an oncologist skilled in the art of cancer treatment will be able to ascertain, without 

15 undue experimentation, an appropriate treatment protocol for administering a compound of the present 
invention. The dosage, mode and schedule of administration for compounds of this invention are not 
particularly restricted, and will vary with the particular compound employed. Thus a compound of the 
present invention may be administered via any suitable route of administration, preferably parenterally; the 
dosage may be, for example, in the range of about 1 to about 100 mg/kg of body weight, or about 20 to 

20 about 500 mg/m2• Compounds of formula (A) and (B') may also be administered orally; oral dosage may be 
in the range of about 5 to about 500 mg/kg of body weight. The actual dose used will vary according to the 
particular composition formulated, the route of administration, and the particular site, host and type of tumor 
being treated. Many factors that modify the action of the drug will be taken into account in determining· the 
dosage including age. weight, sex, diet and the physical condition of the patient. 

25 The present invention also provides pharmaceutical compositions (formulations) containing an antitumor 
effective amount of a compound of formula (A) or (B') in combination with one or more pharmaceutically 
acceptable carriers, excipients, diluents or adjuvants. Examples of formulating paclitaxel or derivatives 
thereof may be found in, for example, United States Patents Nos. 4,960,790 and 4,814,470, and such 
examples may be followed to formulate the compounds of this invention. For example, compounds of the 

30 present invention may be formulated in the form of tablets, pills, powder mixtures, capsules, injectables, 
solutions, suppositories, emulsions, dispersions, food premix, and in other suitable forms. They may also be 
manufactured in the form of sterile solid compositions, for example, freeze dried and, if desired, combined 
with other pharmaceutically acceptable excipients. Such solid compositions can be reconstituted with sterile 
water, physiological saline, or a mixture of water and an organic solvent. such as propylene glycol, ethanol, 

35 and the like, or some other sterile injectable medium immediately before use for parenteral administration. 
Typical of pharmaceutically acceptable carriers are, for example, manitol, urea, dextrans, lactose, potato 

and maize starches, magnesium stearate, talc, vegetable oils, polyalkylene glycols, ethyl cellulose, poly
(vinylpyrrolidone), calcium carbonate, ethyl oleate, isopropyl myristate, benzyl benzoate, sodium carbonate, 
gelatin, potassium carbonate, silicic acid. The pharmaceutical preparation may also contain nontoxic 

40 auxiliary substances such as emulsifying, preserving, wetting agents, and the like as for example, sorbitan 
monolaurate, triethanolamine oleate, polyoxyethylene monostearate, glyceryl tripalmitate, dioctyl sodium 
sulfosuccinate, and the like. 

In the following experimental procedures, all temperatures are understood to be in Centigrade (C) when 
not specified. The nuclear magnetic resonance (NMR) spectral characteristics refer to chemical shifts (o) 

45 expressed in parts per million (ppm) versus tetramethylsilane (TMS) as reference standard. The relative 
area reported for the various shifts in the proton NMR spectral data corresponds to the number of hydrogen 
atoms of a particular functional type iri the moiecule. The nature of the shifts as to multiplicity is reported as 
broad singlet (bs), broad doublet (bd), broad triplet (bt), broad quartet (bq), singlet (s). multiplet (m), doublet 
(d), quartet (q), triplet (t), doublet of doublet (dd), doublet of triplet (dt), and doublet of quartet (dq). The 

50 solvents employed for taking NMR spectra are acetone-ds (deuterated acetone). DMSO-ds (per- · 
deuterodimethylsulfoxide), 020 (deuterated ~ater), CDCb (deuterochloroform) and other conventional 
deuterated solvents. The infrared (IR) spectral description include only absorption wave numbers (cm- 1) 

having functional group identification value. 
Celite is a registered trademark of the Johns-Manville Products Corporation for diatomaceous earth. 

55 The abbreviations used herein are conventional abbreviations widely employed in the art. Some of 
which are: MS (mass spectrometry); HRMS (high resolution mass spectrometry); Ac (acetyl); Ph (phenyl); 
vlv (volume/volume); FAB (fast atom bombardment); NOBA (m-nitrobenzyl alcohol); min (minute(s)); h or hr
(s) (hour(s)); NIS (N-iodosuccinimide); BOC (t-butoxycarbonyl); CBZ or Cbz (benzyloxycarbonyl); Bn 
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(benzyl); Bz (benzoyl); TES (triethylsilyl); DMSO (dimethylsulfoxide); THF (tetrahydrofuran); HMDS (hex
amethyldisilazane). 

PREPARATION OF STARTING MATERIALS 

The preparations of several specific starting materials useful in the preparation of compounds of formula 
(A) are exemplified below. 

Preparation 1. 10-Desacetoxypaclitaxel 

PhCONH 0 

PhMoo·
oH 

HO 

(a) 2', 7-Q-bis(2,2,2-trichloroethoxycarbonyl)-10-deacetyl · paclitaxel 

25 10-Deacetyl paclitaxel (140 mg, 0.173 mmol) in dry dichloromethane (3.5 ml) was treated at 0 • C with 
pyridine (0.028 ml, 0.346 mmol) and trichloroethyl chloroformate (0.0724 ml, 0.260 mmol). After 1 h at this 
temperature, the cold bath was removed and the mixture was stirred at room temperature overnight. The 
solvent was evaporated and the residue chromatographed on silica gel (30-50% ethyl acetate in hexane) to 
afford the title compound as a foam (92.3 mg, 46%). Further elution afforded unreacted starting material (35 

30 mg, 25% ), and 2', 1 O-Q-bis(2,2,2-trichloroethoxycarbonyl)-1 D-deacetylpaclitaxel in 16% yield. 

(b) 2' ,7-Q-bis(2,2,2-trichloroethoxycarbonyl)-1O-desacetoxy-11,12-dihydropaclitaxel-10, 12(18)-diene 

The product obtained in step (a) (92.3 mg, 0.079 mmol) in dry dichloromethane (2 ml) was treated at 
35 room temperature with 1, 1,2-trifluoro-2-chlorotriethylamine (0.0384 ml, 0.238 mmol). The solution was 

stirred overnight. The solvent was evaporated and the residue purified by column chromatographt (25% 
ethyl acetate in hexane) to afford the title compound as a white powder (42.8 mg, 47.3%). 

45 

(c) 10-Desacetoxy-11, 12-dihydropaclitaxel-10, 12(18)-diene · 

The product of step (b) (39 mg, 0.034 mmol) was dissolved in methanol (0.5 ml) and acetic acid (0.5 
ml}, and treated with acid-washed zinc dust (66.4 mg, 1.020 mmol). The slurry was tieated at 40•C for 1h, 
filtered and the filtrate evaporated. Chromatography of the residue with 60% ~thyl acet<1te/hexane gave the 
title compound as a foam (22 mg, 81%). 

· (c) 10-Desacetoxypaditaxel 

The product of step (c) (22 mg, 0.028 mmol) in ethyl acetate (0.7 ml) wa5· hydrogenated at atmospheric 
pressure in the presence of palladium on charcoal (10%, 14.7 mg, 0.014 mmol Pd) After 5.5 h at RT, 

50 filtration (rinsing with ethyl acetate), evaporation and chromatography (60% ethyl acetate in hexane) gave 
the title product (15.0 mg, 68%) as a white foam. 

55 
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Preparation 2. 7-Deoxy-7a-fluoropaclitaxel 

PhCONH 0 

PhvO""'" OH 
HO 

(a) 2' -.Q-Benzyloxycarbonyl-7-deoxy-7 a-fluoropaclitaxel 

Diethylaminosulfur trifluoride (DAST, 18.7 uL, 0.141 mmof) was dissolved in dry dichloromethane (0.5 
ml), and this solution was cooled to 0 • C. A solution of 2'-0-(benzyloxycarbonyl)paclitaxel (71 mg, 0.072 

20 mmol) in dichloromethane (1 ml) was added and the resulting solution was kept at 0 • C for 30 min and at 
room temperature for 4 h. Then, water (0.15 ml) was added to -the reaction mixture in order to quench the 
reaction and the resultant mixture was concentrated to leave a residue. The residue was chromatographed 
on a silica gel column (being eluted with 40% ethyl acetate in hexane) to yield 61 mg (Y: 85.7%) of a 1:1 
mixture of the title compound and 2'-.Q-benzyloxycarbonyl-8-desmethyl-7,8-cyclopropapaclitaxel. 

25 

(b) 7-Deoxy-7a-fluoropaclitaxel -

The product mixture obtained in Step (a) (89 mg) was dissolved in ethyl acetate (3 ml) and the mixture 
was stirred under slightly over one atmospheric pressure of hydrogen in the presence of palladium on 

30 charcoal (10% Pd, 29mg, 0.027 mmol). After 12 h, the solvent was removed, and the residue was purified 
by silica gel chromatography (being eluted with 40% ethyl acetate in hexane) to afford 67.7 mg of the title 

_compound, along with 8-desmethyl-7,8-cyclopropapaclitaxel. 

35 

40 

45 

50 

55 

The following HPlC method was used to separate the 7-deoxy-7a-fluoropaclitaxel and 8-desmethyl-7,8-
cyclopropapaclitaxel. 

Equipment 

Pump: 
Column: 

Injector: 
Detector: 

Conditions 

PE Series 4 
Shandon Hypercarb (graphitized carbon), 7u, 100 x 4.6 mm, #59864750 (information on 
preparative size columns may be obtained from :Keystone Scientific, Bellefonte, PA) 
PE ISS-100 
HP-1040M 

Mobile Phase: 85:15 methylene chloride: hexane Separation not lost at 80:19:1 methylene chl~ride: 
hexane: isopropyl alcohol 

Flow Rate: 
- Detector: r\ 

Diluent: 

2.5 mUmin 
254nm 
Sample dissolved in methylene chloride 
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Preparation 3. 7-Deoxy-7a-fluorobaccatin Ill 

HO•"" 

To a dry flask under an inert atmosphere was added 2'-0-(benzyloxycarbonyl)paclitaxel (4 g, 4 mmol) 
and dry toluene (80 ml). The resulting slurry was stirred at ambient temperature while dry tetrahydrofuran 
(16 ml) was added dropwise until a colorless solution resulted. The above solution was cooled to -78•C in 

20 a dry ice/acetone bath then treated with diethylaminosulfur trifluoride (DAST, 1.2 ml, 2.5 eq.). The reaction 
mixture was allowed to stir for 16h as it gradually warmed to ambient temperature. The resulting suspension 
was filtered and the filtrate (diluted with ethyl acetate (30 ml)) was washed with saturated aqueous sodium 
bicarbonate followed by brine. The organic fraction was dried (MgSQ4) and concentrated to give a crude 
product as a white foam. The crude material was partially purified by silica gel column chromatography 

25 (eluted with 10% CH3CN in CH2Cl2) to afford 1.45 g of a mixture of 2'-0-(benzyloxycarbonyl)-7-deoxy-7a
fluoropaclitaxeland 2'-Q-(benzyloxycarbonyl)-8-desmethyl-7,8-cyclopropapaclitaxel (82:18 mixture by 1H
NMR). 

The above mixture (1.45 g) was taken up in ethyl acetate (60 ml) and treated with palladium on carbon 
(300 mg). After shaking for 4 h under 50 pounds per square inch (psi) of hydrogen, the reaction was vented 

30 and filtered through a short plug of silica gel and concentrated. This furnished the desired product mixture, 
7-deoxy-7a-fluoropaclitaxel and 8-desmethyl-7,8-cyclopropapaclitaxel. as a white foam (1.24 g, Y: 99%, 
90:1 O mixture by 1 H-NMR). This mixture was taken up in dry methylene chloride (30 ml) and treated with 
tetrabutylammonium borohydride (745 mg, 2.9 mmol, 2 eq) and allowed to stir for 6 h. The reaction was 
then quenched with acetic acid (1 ml), diluted with additional methylene chloride (30 ml) and washed with 

35 saturated aqueous sodium bicarbonate solution. The organic fraction was dried {Mg$Q4) and concentrated. 
The crude, substituted taxane core mixture was partially purified by silica gel column chromatography 
(eluted with 10% CH3CN in CH2Cl2) to give a 90:10 mixture (as determined by 1H-NMR) of 7-deoxy-7-a
fluorobaccatin Ill and 8-desmethyl-7,8-cyclopropabaccatin Ill (510 mg, 60%) as a white foam. The resulting 
foam was crystallized from hot isopropanol to give 7-deoxy-7a-fluorobaccatin Ill (as small white needles (Y: 

40 410 mg); m.p. 234-236 • C (decomposition). 

45 

50 

55 
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Preparation 4. 1O-Desacetoxy-7-deoxy-7 a-fluoropaclitaxel 

PhCONH .) 

Ph VO""'" OH 

HO 

15 (a} 2' -.Q-Benzyloxycarbonyl-10-desacetoxypaclitaxel 

10-Desacetoxypaclitaxel (27 mg, 0.034 mmol) in dichloromethane (1 ml) was treated with benzyl 
chloroformate (0.0146 ml. 0.102 mmol), followed by diisopropylethylamine (0.0177 ml, 0.102 mmol). The 
reaction mixture was stirred at 0 • C for 45 min, and at rt for 12 h. Evaporation of the solvent and silica gel 

20 chromatography (being eluted with 40% ethyl acetate in he~ane) gave 25.5 mg (Y: 81%) of the title 
compound as a foam. 

(b) 10-Desacetoxy-7-deoxy-7 a·fluoropaclitaxel 

25 The product obtained in Step (a) (25.5 mg, 0.028 mmol) in dichloromethane (0.8 ml) at 0 • C was 
treated with DAST (0.0071 ml, 0.055 mmol}. After 45 min at 0 • C, the reaction was allowed to proceed for 
5 h at rt. Evaporation of the solvent and chromatography gave 2'-.Q-benzyloxycarbonyl-7-deoxy-7a
fluoropaclitaxel as a crude foam. This compound was dissolved in ethyl acetate (1 ml) and was stirred 
under slightly over one atmosphere of hydrogen in the presence of palladium on charcoal (10%, 8.9 mg) for 

30 12 h at rt. The catalyst was removed by filtration and silica gel chromatography of the product gave 10 mg 
(Y: 40% over two steps) of the title product as a foam. 

35 

40 

45 

Preparation 5. 10-Deacetyl-7-deoxy-7 a-fluoropaclitaxel 

PhCONH 0 

PhvC>""" OH 

HO 

A solution of 2'.10-Q-bis(2,2,2-trichloroethoxycarbonyl)-10-deacetylpaclitaxel (120 mg, 0.103 mmol) in 
dichloromethane (2 ml) was cooled at 0 • C and treated with DAST (0.0266 ml, 0.207 mmol). The solution 
was stirred at 0 • C for 30 min and at rt for 4 h. The reaction was quenched by adding water (0.05 ml}. The 

50 reaction mixture was concentrated and the residue was purified by silica gel chromatography (being eluted · 
with 30% ethyl acetate in hexane) to afford 81 mg (Y: 68%) of 2',10-0-bis(2,2,2-trichloroethoxycarbonyl)-7-
deoxy-7a-fluoropaclitaxel as a foam. This compound (63 mg, 0.054 mmol) was dissolved in methanol (0.5 
ml} and acetic acid (0.5 ml) and treated with zinc dust (104 mg, 1.62 mmol) for 90 min at 45 • C. The 
reaction mixture was filtered and the filtrate was concentrated. Silica gel chromatography (being eluted with 

55 40% hexane in 60% ethyl acetate) of the residue afforded 38 mg (Y: 86%) of the title compound as a white 
solid. 
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Preparation 6. 7-Deoxybaccatin Ill 

H011 "' 

HO 
PhC{O)O 

(a) 7-.Q-[(Methylthio)thiocarbonyl]baccatin Ill 

0 

AcO 

0 

20 Baccatin Ill (750 mg, 1.278 mmol) was dissolved in dry tetrahydrofuran (20 ml) and imidazole (8.7 mg, 

25 

0.128 mmol) was added in one lot. Sodium hydride (50% in mineral oil, 77 mg, 1.597 mmol) was added at 
room temperature. When gas evolution had ceased (10 min), carbon disulfide (4.6 ml) was added at once. 
After 3 h at room temperature, the yellow solution was treated with methyl iodide (0.238 ml, 3.835 mmol) 
and stirred overnight. Work-up with ethyl acetate and water gave the title compound as a crude oil. 

Alternate Run: 

Baccatin Ill (394 mg, 0.672 mmol) was dissolved in tetrahydrofuran (5 ml) and carbon disulfide (1 ml). 
To this solution was added sodium hydride (40.3 mg, 60%, 1.009 mmol). A catalytic amount of imidazole 

30 was also added. The reaction mixture was stirred at room temperature for 1.5 h. and then methyl iodide 
(122.8 uL. 2.016 mmol) was added. After 40 min, the solvent was removed in vacuo, and the residue was 
chromatographed on silica gel (eluted with 20%-50%-60% ethyl acetate in hexanes) to afford the title 
product (260 mg, Y: 57.2%) together with 7-epi baccatin (98.5 mg, 25%). 

35 (b) 7-Q-[(Methylthio)thiocarbonyl]-13-.Q-triethylsilylbaccatin Ill 

The product of step (a) as a crude oil was dissolved in dry dimethylformamide (5 ml) and treated with 
imidazole (870 mg, 12.78 mmol) and triethylsilyl chloride (2.10 ml, 12.78 mmol) at room temperature for 15 
h. Addition of water was followed by extraction into ethyl acetate. The organic layer was washed extensively 

40 ··with water, and then dried. Silica gel flash chromatography (being eluted with 20% ethyl acetate in hexanes) 
gave the title compound as a glassy solid (Y: 209 mg, 20% yield over two steps). 

Alternate Run: 

45 The product of step (a) (193.4 mg, 0.286 mmol) was dissolved in dry dimethylformamide (2.86 ml). To 
this solution was added imidazole (77.9 mg, 1.14 mmol), followed by triethylsily! chloride (192 ul, 1.14 

· mmol). The reaction mixture was stirred overnight at room temperature. After 12 h, the reaction mixture was 
diluted with ethyl acetate (150 ml). The organic layer was washed with water (3 X 10 ml) and brine (1 X 10 
ml), dried, and concentrated in vacuo. The residue was chromatographed on silica gel (eluted with 20% 

50 Ethyl acetate in hexanes) to afford the title product (163 mg,Y: 72.0%). · 

(c) 7-Deoxy-13-.Q-triethylsilylbaccatin Ill 

The product of step (b) (182 mg, 0.230 mmol) in dry benzene (5 ml) was heated to 80 • C in the 
55 presence of tributyltin hydride (0.310 ml, 1.150 mmol) and 2,2'-azobisisobutyronitrile (AIBN, 10 mg). After 

3h the solution was allowed to cool, and the solvent evaporated in vacuo. Silica gel chromatography of the 
residue (being eluted with 20% ethyl acetate in hexane) gave the title compound as an oil. 
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(d) 7-Deoxybaccatin Ill 

The product of step (c) was dissolved in tetrahydrofuran (5 ml) and treated with tetrabutylammonium 
fluoride (1 M in tetrahydrofuran. 0.50 ml. 0.50 mmol) for 2h at room temperature. Dilution with ethyl acetate 

5 and washing with water and brine, followed by silica gel chromatography (being eluted with 1 :1 ethyl 
acetate/hexane) gave the title compound as a white glassy solid (63 mg. Y: 58% over two steps). 

10 

15 

20 

Preparation 7. 10-Desacetoxybaccatin Ill 

HQIH•• 

HO 
PhC(O)O 

25 (a) 1 O-Deacetyl-1 O-Q-(pentafluorophenoxy)thiocarbonyl-7-Q-triethylsilylbaccatin Ill 

7-0-Triethylsilyl-10-deacetylbaccatin Ill (see Greene et al, J. Am. Chem. Soc., 110, p. 5917, 1988) (319 
mg, 0Aa5 mmol) was dissolved in dry tetrahydrofuran (5 ml), cooled to -40 • C, and treated with n
butyllithium (1.58M in hexanes. 0.384 ml, 0.606 mmol). After 40 min at this temperature, pentafluorophenyl 

30 chlorothionoformate (0.086 ml, 0.536 mmol) was added neat by syringe. The reaction mixture was stirred at 
-20 • C for 90 min, quenched with saturated ammonium chloride solution, and extracted with ethyl acetate. 
The ethyl acetate layer was dried and concentrated. The residue was purified by silica gel chromatography 
(being eluted with 40% ethyl acetate in hexane) to afford the title compound as a foam (320 mg. Y: 74%). 

35 (b) 10-Desacetoxy-7-Q-triethylsilylbacctain Ill 

The product of step (a) {119 mg, 0.135 mmol) was dissolved in dry toluene (3 ml) and treated with 
AIBN (2 mg). The solution was degassed with dry nitrogen, then tributyltin hydride {0.055 ml, 0.202 mmol) 
was added. Subsequently, the solution was heated at 90 • C for. 1 h. The solvent was then evaporated and 

40 silica gel chromatography of the residue (being eluted with 40% ethyl acetate in hexane) gave the title 
compound (87 mg, Y: 99%) as a colorless foam. 

(c) 10-Desacetoxybaccatin Ill 

45 The product of step (b) (120 mg. 0.187 mmol) was dissolved in acetonitrile (3.5 ml) and the solution 
was cooled to -1o·c. Concentrated HCI (36%, 0.060 ml) was added, and the solution was stirred for 30 
min. The mixture was diluted with ethyl acetate (75 ml), and washed with saturated aqueous sodium 
bicarbonate and brine, then dried and concentrated. The residue was purified by flash silica chromatog
raphy (being eluted· with 70% ethyl acetate in hexane) to afford 10-deacetyloxybaccatin Ill as a foam (75 

50 mg, Y: 76%). 
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Preparation 8. 10-Desacetoxy-7-deoxybaccatin Ill 

HO 
PhC(O)O 

(a) 7-Q-[(Methylthio)thiocarbonyl]-10-desacetoxybaccatin Ill 

0 

AcO 

20 10-Desacetoxybaccatin Ill (75 mg, 0.142 mmol) was dissolved in dry tetrahydrofuran (2 ml) and carbon 
disulfide (0.5 ml). Sodium hydride (60% in mineral oil, 8.5 mg, 0.213 mmol) was then added, and the 
mixture was stirred at room temperature for 2 h. lodomethane (0.026 ml, 0.426 mmol) was added, and the 
reaction was allowed to proceed overnight. The solvent was then removed and the residue was purified by 
silica gel chromatography (being eluted with 50-70% ethyl acetate in hexane) to give the title compound as 

25 a foam (46.4 mg, Y: 53%). 

(b) 10-desacetoxy-7-deoxy-baccatin Ill 

The product of step (a) (36 mg, 0.058 mmol) was refluxed in benzene (1 ml) in the presence of AIBN 
30 (2 mg) and tributyltin hydride (0.079 ml, 0.290 mmol) under an argon atmosphere for 3h. Concentration of 

the reaction mixture and flash silica gel chromatography of the residue (being eluted with 40% ethyl acetate 
in hexanes) followed by HPlC (high pressure liquid chromatography) separation from other components 
afforded the title compound as a foam (16.8 mg, Y: 56%). 

35 Alternate Run: 

To a solution of 7-Q-[(methylthio)carbonothioyl]-13-Q-triethylsilylbaccatin Ill (product of preparation I, 
step (b),· 416.3 mg, 0.527 mmol) in dry toluene (10.5 ml) was added catalytic amount of AlBN, and the 
resulting solution was degassed with dry N2 for 5 min. Tributyltin hydride (708.7 ul, 2.63 mmol) was the 

40 added and the reaction mixture was heated at 100. c for 2 h., after which another_ portion of tributyltin 
hydride (425.3. ul, 1.581 · mmol) was added. The reaction mixture was heated for 5.5 h at 100 • C, and then 
allowed to cool to room temperature. Silica gel chromatography (eluted with 20% ethyl acetate in hexanes) 
afforded 7-deoxy:10-desacetoxy-13-Q-(triethysilyl)baccatin Ill (320 mg, Y: 97%). ' 

To a solution of the product of the above step (160 mg, 0.255 mmol) in dry tetrahydrofuran (2 ml) at 
45 room temperature was added tetrabutylammcinium fluoride (766 ul, 1 M, 0.766 mmol). The reaction mixture 

was stirred for 1 h at room temperature. The solvent was removed and the residue was chromatographed 
on silica gel (eluted with 50-70% ethyl acetate· in hexanes) to afford the desired title product '(115 mg, Y: 
87.9%). 

50 

... ; 

.. •.: 
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Preparation 9. (3R, 4S)-1 +Butoxycarbonyl-4-phenyl-3-triethylsilyloxy-2-azetidinone 

To a stirred solution of (3R.4S)-4-phenyl-3-triethylsilyloxy-2-azetidinone (2.200 g, 7.92 mmol) in dry 
tetrahydrofuran (25 ml) was added N,N-diisopropylethylamine (1.65 ml. 9.510 mmol, 1.2 equiv) at 0 • C 
under an argon atmosphere. The solution was stirred for 5 min followed by the addition of di-t-butyl 
dicarbonate (2.080 g, 9.510 mmol, 1.2 equiv) and 4-dimethylaminopyridine (193.6 mg, 1.581 mmol, 0.20 

20 equiv). The reaction mixture was stirred at 0 • C for 60 min., then diluted with ethyl acetate (25 ml). The 
resulting solution was washed with brine, 10% NaHCQ3, 10% HCI solution, dried (MgS04), and con
centrated to give a crude compound (oil). The compound was further purified by silica gel flash chromatog
raphy (being eluted with 15% ethyl acetate in hexanes) to afford the title compound as a white solid (2.4 g, 
Y: 83%). 

25 

30 

35 

Preparation 10. (t. )-cis-3-Acetyloxy-4-phenylazetidin-2-one 

CH3C(O)O'r-(Ph 

)-NH 
0 

(a) To a 1 l, 3-necked round bottom flask equipped with a thermometer, magnetic stirrer and dropping 
funnel was added hydrobenzamide (30.00 g, 100.5 mmol) and ethyl acetate (150 ml). With stirring and 
under a blanket of argon, the reaction mixture was cooled to 5 • C and triethylamine (16.8 ml, 121 mmol) 
was added. A solution of acetoxyacetyl chloride (12.4 ml, 116 mmol) in ethyl acetate (300 ml) was then 

40 added dropwise over a 90 min period. After 16 hat this temperature, the reaction mixture was allowed to 
warm to 20 • C (1.5 h) and transferred to a separatory funnel. The organic layer was washed successively 
with aq~eous NH4CI (sat) (150 ml, 100 ml). aqueous NaHC03 (saturated) (120 ml) and brine (120 ml). 
For purposes of characterization, the title compound can be isolated at this stage by drying the organic 
phase over MgS04. filtering, and removing the solvent in vacuo. This provided (t.)-cis-3-acetyloxy-1-[-

45 (phenyl)(benzylidenimino)methyl]-4-ph~nylazetidin-2-one in quantitative crude yield as a red glass. 
(b) A solution of the compound obtained in part (a) in ethyl acetate (500 ml) ~as carefully transferred, 
under a stream of argon, to a 2.0 l Parr flask containing 10% palladium on activated charcoal (6.00 g). 
This mixture was treated with hydrogen (4 atm) for 20 h whereupon the catalyst was removed by 
filtration through a pad of Celite. The filter cake was slurried in ethyl acetate (200 ml), stirred (10 min) 

50 and filtered. The filter cake was rinsed with ethyl acetate (100 ml} and the filtrates combined. The · 
organic layer was washed with 10% HCI (300 ml) and both layers filtered through a sintered glass funnel 
to remove the white precipitate (dibenzylamine-HCI) which was rinsed with ethyl acetate (100 ml). The 
phases were separated and the organic layer was washed with another portion of 10% HCI (200 ml). 
The combined 10% HCI washes were re-extracted with ethyl acetate (200 ml) and the combined organic 

55 layers were washed with aqueous NaHCQ3 (saturated) (300 ml) and brine (250 ml). The organic layer 
was dried over MgS04. filtered and concentrated in vacuo to a final volume of 75 ml. This mixture was 
cooled to 4 • C and the precipitated product isolated by filtration. The filter cake was :washed with hexane 
(200 ml) to provide 16.12 g (78.1% overall yield from hydrobenzamide) of the title compound as white 
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needles. 
mp = 150-151 •C 

Preparation 11. (:t)- cis-3-Triethylsilyloxy-4-(2-furyl)-N+butoxycarbonylazetidin-2-one 
5 

10 

15 (a) The procedure described in Preparation 10, part (a). was followed except that hydrofuramide [i.e. 2-
furyl-CH-(N = CH-2-furyl)2] was used instead of hydrobenzamide and the reaction was performed on 18.6 
mmol (vs 100 mmol) scale. Thus, hydrofuramide (5.00 g, 18.6 mmol), triethylamine (3.11 ml, 22.3 mmol) 
and acetoxyacetyl chloride (2.30 ml, 21.4 mmol) gave 6.192 g (Y: 90.4%) of (:t)-cis-3-acetyloxy-1-[(2-
furyl)(2-furylmethylenimino)methyl]-4-(2-furyl)azetidin-2-one as a pale red syrup. 

20 (b) The procedure described in Preparation 10, part (b), was followed except that the product was 
isolated by preparative TLC and the reaction was performed on the 2.7 mmol scale based on the original 
amount of hydrofuramide. Thus, the crude product obtained. in part (a) above was re-dissolved in ethyl 
acetate (50 ml) and added fo 10% palladium on activated charcoal (150 mg). Purification of the crude 
solid by preparative TLC (2 mm silica gel, eluted with 1 :1 ethyl acetate/hexane) gave 386 mg (65.8% 

25 corrected overall yield from hydrofuramide) (:t)-cis-3-(acetyloxy)-4-(2-furyl)azetidin-2-one as a yellow 
solid. This was recrystallized from ethyl acetate/hexane. 
mp= 118-119 • C 
(c) The compound obtained in part (b) above (3.78 g, 19.4 mmol) in 60 ml of methanol was stirred with 
i<2COa (20 mg, 0.14 mmol) for 90 min and the solution neutralized with Dowex 50W-X8 and filtered. The 

30 filtrate was concentrated and the residue dissolved in 80 ml of anhydrous THF and stirred at 0 • C with 
imidazole (1.44 g, 21.2 mmol) and TESCI (3.4 ml, 20.2 mmol) for 30 min. The solution was diluted with 
ethyl acetate and washed with brine, dried over MgSQ4 and concentrated. The residue was chromatog
raphed over silica gel (eluted with 3:1 hexane/ethyl acetate) to give 4.479 (Y: 86%) of (:t)- cis-3-
triethylsilyloxy-4-(2-furyl)-azetidin-2-one as a colorless oil. 

35 (d) The product of part (c) (2.05 g, 7.7 mmol) in 30 ml of dichloromethane was stirred at 0 • C with 
diisopropylethyl amine (1.5 ml, 8.6 mmol) and di-t-butyl dicarbonate (2.0g, 9.2 mmol) in addition to a 
catalytic amount of dimethylaminopyridine (DMAP). The solution was diluted with dichloromethane and 
washed with brine, dried over MgS04 and concentrated. The residue was chromatographed over silica 
gel (eluted with 8:1 hexane/ethyl acetate) to give 2.0 (Y: 70%) of the title compound as a waxy solid. 

40 The racemic mixture obtained in part (b) may be used as substrate for enzymatic hydrolysis using a 
lipase such as PS-30 from Pseudomonas sp. (Amano International Co.) to give (3R,4R)-3-hydroxy-4-(2-
furyl)-azetidin-2-one. The method of enzymatic resolution using the lipase PD-30 and other enzymes is 
disclosed in our co-pending application U.S.S.N. 092,170, filed July 14, 1993 which is hereby incorporated 
by reference in its entirety. · · · · - ' · · 

45 The procedure in parts (c) · and (d) was followed using (3A,4R)~3~hydroxy-4-(2-furyl)-azetidin-2-one to 
provide (3R,4R)-N~(t-butoxycarbonyl)-3-triethylsilyoxy-4-(2-foryl)azetidine-2-one. 

50 
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Preparation 12. (.t)- cis-3-Triethylsilyloxy-4-(2-thienyl)-N-t-butoxycarbonylazetidin-2-one 

(a) The procedure described in Preparation 10, step (a) was followed except that hydrothienamide [i.e. 2-
thienyl-CH-(N = CH-2-thienyl)2] was used instead of hydrobenzarnide. Thus, hydrothienamide (30 g, 94.7 
mmol), thiethylamine (15.84 ml, 114 mmol) and acetoxyacetyl chloride (11.6 ml, 108 mmol) provided 

15 (.t)-cis-3-acetyloxy-1-[(2-thienyl)(2-trienylmethylenimino)methyl]-4-(2-thienyl)azetidin-2-one as viscous oil. 
(b) A 70% aqueous solution of acetic acid (0.35 ml glacial acetic acid and 0.15 ml water) was added in 
one portion to a stirred solution of the product obtained in part (a) (.431 g. 1.03 mmol) in dich
loromethane (2.93 ml) at 25 • C. The reaction ·mixture was brought to reflux and stirred for 2.5 h. The 
reaction was diluted with 50 ml dichloromethane and then washed with two 75 ml portions of saturated 

20 aqueous sodium bicarbonate and then one 50 ml portion of saturated brine. The organic extract was 
concentrated in vacuo to a brown oil, dissolved in a minimal amount of dichloromethane, and then 
placed on a silica gel column measuring 4" by 0.5". Elution using a gradient of 10 through 60% EtOAc 
in hexane provided less polar sideproducts and then (.t)-cis-3-acetyloxy-4-(2-thienyl)azetidin-2-one (0.154 
g, Y: 75%) as a white solid. 

25 (c) A solution of the product obtained in part (b) (2.5 g, 11.8 mmol) was dissolved in methanol (10 ml) 
and treated with saturated aqueous sodium bicarbonate (10 ml) and the resulting slurry was allowed to 
stir at ambient temperature for 3 h. The reaction was then diluted with ethyl acetate (20 ml) and washed 
with water (15 ml). The aqueous fraction was back extracted several times with ethyl acetate and the 
combined organic fractions were dried (MgS04) and concentrated to give a yellow solid (Y: 1.7 g). The 

30 crude material was dissolved in dry tetrahydrofuran. (20 ml) and the solution was cooled to 5 • C in an 
ice/water bath. lmidazole (752 mg, 1.1 eq) was then added. After stirring 5 min, triethylchlorosilane (1.85 
ml, 1.1 eq) was added dropwise. The resulting suspension was allowed to stir for 3 h at that 
temperature; then the solids were removed by filtration. The organic fraction was washed with water (2x 
20 ml) then dried (MgS04) and concentrated. The crude product was purified by silica gel column 

35 chromatography (eluted with hexanes/ethyl acetate 7:3) to give (.t)-cis-3-triethylsilyloxy-4-(2-thienyl)
azetidin-2-one as a colorless solid (1.5 g, Y: ~5%). m.p. 70-71 • C. 

Alternate Run: 

40 The product obtained in part (b) (2.0 g, 9.37 mmol) in 40 ml of methanol was stirred with ~C03 (60 
mg, 0.43 mmol) for 30 min and the solution neutralized with Dowex SOW-XS and filtered. The filtrate was 
concentrated and the residue dissolved in 50 ml of anhydrous THF and stirred at 0 • C with imidazole (0.85 
g, 11.3 mmol) and TESCI (1.9 ml, 12.5 mniol) for 30 min. The solution was diluted with ethyl acetate and 
washed with brine, dried over MgS04 and concentrated. The residue was chromatographed over silica gel 

45 (eluted with 3:1 hexane/ethyl aCt?tate) to give 2.13g (Y: 86%) of the title product as a colorless oil. 
{d) A solution of the product obtained in part (c) (425.7 mg, 1.48 mmol) was dissolved in dich
foromethane (10 ml) and cooled to 5 • C in an ice/water bath. The reaction was treated with a catalytic 
amount of DMAP followed by diisopropylethylamine (TESCI, 0.25 ml, 1 .0 eq) then by di+butyl 
dicarbonate (388.4 mg. 1.2 eq). After stirring 2 h at that temperature the reaction was quenched with 

50 saturated aqueous sodium bicarbonate (5 ml) and the organic fraction was washed with water (5 ml) · 
then dried (MgS04), passed through a short plug of silica gel and concentrated to give the desired 
product as a colorless oil (525.3 mg, Y: 93%). 
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Prepartion 13. (3R, 4R)·3· T riethylsily!oxy-4-(2-furyl)·N·n·butyloxycarbonylazetidin-2-one 

(3R,4R)·3-Triethylsilyloxy·4·(2·furyl)azetidin-2-one (0.58 g, 2.17 mmol) in 30 ml of dichloromethane was 
stirred with diisopropylethyl amine (0.4 ml, 2.30 mmol) and butylchloroformate (0.3 ml, 2.36 mmol) in 
addition to a catalytic amount of DMAP. The solution was stirred for 1 h and diluted with dichloromethane 

15 and washed with brine, dried over MgSQ4 and concentrated. The residue was chromatographed over silica 
gel (eluted with 3:1 hexane/ethyl acetate) to give 523 mg of product (Y: 65%); IR(KBr) 1820, 1734, 1318, 
1018, 734 cm-1; 1H·NMR (CDCb, 300 MHz) o 7.38 (m, 1H), 6.35 (m, 2H), 5.09 (ABq, J=15.5, 5.6 Hz, 2H). 
4.14 (m, 2H), 1.56 (m, 2H), 1.28 (s. 2H), 0.87 (t, J=8.7 Hz, 3H), 0.82 (t, J=7.9, 9H), 0.50 (m, 6H); 13C-NMR 
(CDC'3. 75.5 Hz) 0 165.4, 149.1, 147.6, 142.9, 110.5, 109.9, n.7, 66.6, 55.9, 30.5, 18.8, 13.6, 6.3, 4.3; 

20 DCIMS M + H calcd for C1 a H29 NOs Si: 368, Found: 368. 

Preparation 14. (3R,4R)·3· Triethylsilyloxy-4-(2-furyl)·N-isopropyloxycarbonylazetidin-2-one 

25 

30 

(3R, 4R)-3-Triethylsilyloxy-4-{2-furyl)azetidin-2-one (0.51 g, 1.91 mmol) in 25 ml of dichloromethane 
35 was stirred with diisopropylethyl amine (0.78 ml, 4.4 mmol) and i-propylchloroformate (4.0 ml, 1.0M in 

toluene, 4.0 mmol) in addition to a catalytic amount of DMAP. The solution was stirred for 1 h and diluted 
with dichloromethane and washed with brine, dried over MgSQ4 and concentrated. The residue was 
chromatographed over silica gel (eluted with 5:1 hexane/ethyl acetate) to give 649 mg of the title product (Y: 
96%); IR(KBr) 1822, 1812, 1716, 1374, 1314, 1186, 1018, 1004, 746 cm-1

; 
1H·NMR (CDCla. 300 MHz) o 

40 7.39 (m, 1 H), 6.35 (m, 2H), 5.08 (ABq, J = 15.6, 5.6 Hz, 2H), 4.96 (d, J = 10.0 Hz, 1 H), 1.25 (d, J = 6.3 Hz, 
3H), 1.17 (d, J=6.3 Hz, 3H)), 0.83 (t, J=7.8, 9H), 0.50 (m, 6H); 13C·NMR (CDCb, 75.5 Hz) 6 165.5, 148.6, 
147.8, 142.9, 110.5, 109.9, n.6, 71.1, 55.9, 21.7, 21.6, 6.3, 4.4; DCIMS M+H calcd for C11H2sNOsSi: 354, 
Found: 354. 
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Preparation 15. (:t )-cis-3-Triethylsilyloxy-4-isobutenyl-N-t-butoxycarbonylazetidin-2-one 

(a) N-4-methoxy-N-(3-methyl-2-butenyl)benzenamine 

("'f OMe 

~ ,f H . 

A solution of p-anisidine (5.7 g, 46.3 mmol) was dissolved in diethylether (100 ml) and was treated with 
a catalytic amount of p-toluensulfonic acid (10 mg). To this was added 3-methyl-2-butenal (2.67 ml, 50.9 

20 mmol) in one portion and the reaction was allowed to stir at ambient temperature for 16 h. The solvent was 
then evaporated on a rotary evaporator at 0.5 torr to furnish the desired imine (8.7 g, 100%) as a brown oil; 
1H NMR 300 MHz, CDCb): o 8.38 (d, 1 H, J = 9.5 Hz), 7.11 (dd, 2H, J = 2.2, 6.7 Hz), 6.88 (dd, 2H, J = 2.2, 
6.7 Hz), 6.22-6.18 (m, 1 H), 3.81 (s, 3H), 2.01 (s, 3H), 1.95 (s, 3H). 

25 (b) (:t)-cis-N-(4-methoxyphenyl)-3-acetyloxy-4-isobutenylazetidin-2-one 

30 

35 

AcO,, 
'• .. 

y 
... 

OMe 

A solution of acetoxyacetyl chloride (6.9 g, 50.5 mmol) was dissolved in ethyl acetate (100 ml) and 
40 cooled to -30 • C under an inert atmosphere. To this solution was added triethylamine (7.0 ml, 50.5 mmol) 

over a 5 min period. The resulting white slurry was then treated with an ethyl acetate solution of N-4-
methoxy-N-(3-methyl-2-butenyl)benzenamine (8.7g, 40 ml) dropwise over a 20 min period. The resulting 
green-brown slurry was then gradually allowed to warm to ambient temperature over a 4 h period. The 
slurry was then filtered through a pad of celite and the filtrate was washed with water then brine. The 

45 organic fraction was dried (Mg$04) and concentrated to give a brown oil. The crude product was purified 
by careful silica gel chromatography (eluted with hexanes/ethyl acetate 8:2) to furnish an orange oil which 
solidified on standing. This was recrystallized from dichloromethane/hexanes to furnish the desired product 
as a pale yellow solid (4.4 g, 32%); 1H NMR (300 MHz, CDCb): o 7.32 (d, 2H, J = 9.1 Hz), 6.86 (d, 2H, J = 
9.1 Hz), 5.59 (dd, 1H, J= 3.0, 7.8 Hz), 5.14-5.10 (m, 1H), 4.96 (dd, 1H, J= 4.8, 9.3 Hz), 3.77 (s, 3H), 2.11 

5o (s. 3H,), 1.81 (s. 3H), 1. 78 (s. 3H). 
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(c) (:t)-cis-3-Acetyloxy-4-isobutenylazetidin-2-one 

A solution of the (:t)-cis-N-(4-methoxyphenyl)-3-acetyloxy-4-isobutenylazetidin-2-one (4.88g, 16.2 mmol) 
was dissolved in acetonitrile (50 ml) and cooled to 0-5 • C in an ice bath. To this was added a cold solution 
of eerie ammonium nitrate (26.6 g, 48.6 mmol, 50 ml) in one portion. The deep red reaction was allowed to 
stir for 10 min and during that tim.e the color gradually lightened to orange. The cold solution was 

15 transferred to a separatory funnel, diluted with water, and extracted with ethyl acetate. The organic fraction 
was washed with several portions of 10% aqueous sodium sulfite, followed by saturated aqueous sodium 
bicarbonate. The organic fraction was dried (MgS04) and concentrated to give the desired product (2.71g, 
91%) as a yellow-orange solid that was used directly in the next step; 1H NMR (300 MHz, CDCl3): o 6.11 
(bs, 1H), 5.73 (dd, 1H, J= 2.2, 4.7 Hz), 5.12-5.08 (m, 1H), 4.63 (dd, 1H, 4.7, 9.1 Hz). 2.09 (s, 3H), 1.75 (s, 

20 3H), 1.67 (s, 3H). 

25 

30 

(d) (:t )-cis-3-T riethylsi!yloxy-4-isobutenylazetidin-2-one 

(:t)-cis-3-Acetxloxy-4-isobutenylazetidin-2-one (1.47 g, 8.0 mmol) was dissolved in methanol (15 ml) 
and was stirred with ~COa (110.5 mg,0.8 mmol) for 3h at ambient temperature. The solution was then 
neutralized with Dowex SOW-XS resin and then filtered. The filtrate was concentrated and the crude solid 

35 was dissolved in THF (25 ml) and cooled to 5 • C in an ice bath. lmidazole (544.0 mg, 8.0 mmol} was 
added and once dissolved, triethylsilyl chloride (1.34 ml, 8.0 mmol) was added dropwise via syringe. The 
resulting slurry was allowed to warm to ambient temperature and stir overnight. The solution was filtered 
and the filtrate was washed with water, then brine. The organic fraction was dried (MgS04) and con
centrated. The crude solid was purified by silica gel chromatography (eluted with hexaneslethyl acetate 

40 3:1) to furnish the desired product (612 mg, 30%) as a pale yellow solid; 1H NMR (300 MHz, CDCb): o 5.87 
(bs, 1H), 5.31-5.26 (m, 1H), 4.90 (dd, 1H, J= 2.2, 4.7 Hz), 4.42 (dd, 1H, J= 4.7, 9.3 Hz), 1.74 (s, 3H), 1.28 
(s, 3H), 0.98-0.91 (m, 9H), 0.71-0.55 (m, 6H). 
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(e) (z )-cis-3-T riethylsilyloxy-4-isobutenyl-N-t-butoxycarbonylazetidin-2-one 

~ ··~ lESO, 'Y 
o~ 

OT< 

(z)-cis-3-Triethylsilyloxy-4-isobutenylazetidin-2-one (1.01 g. 3.95 mmol) was dissolved in dich
loromethane (20 ml) and was treated with diisopropylethylamine (0.68 ml, 3.95 mmol) and a catalytic 
amount of dimethylaminopyridine. To this solution was added di+butyl dicarbonate (1.02 g. 4.68 mmol) and 
the solution was allowed to stir for 24 h at ambient temperature. The solution was then diluted with 

20 additional dichloromethane and washed with water then brine. The organic fraction was dried (MgSQ4) and 
concentrated. The residue was purified by silica gel chromatography (eluted with hexanes/ethyl acetate 8:2) 
to give the desired product (1.26 g, 90%) as a colorless oil: 1 H NMR (300 MHz. CDCb ): o 5.24 (d, 1 H, J = 
9.6 Hz), 4.86 (d, 1 H, J = 5.7 Hz), 4.72 (dd, 1 H, J = 6.0, 9.9 Hz), 1.78 (d, 3H, J = 1.1 Hz), 1.75 (d. 3H, J = 
1.1 Hz), 1.47 (s, 9H), 0.96-0.91 (m, 9H), 0.64-0.55 (m, 6H). 

25 The procedure described above in Preparations 9, 11(d), 12(d), 13, 14, and 15(e) may be adapted to 

30 

35 

40 

45 

50 

55 

the preparation of other N-substituted azetidinones useful in the preparation of compounds of the invention. 
Examples of such azetidinones are listed in the following table; P below is a hydroxy protecting group such 
as triethyl silyl, triisopropylsilyl and ethoxyethyl. 
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. .>·=-::-~; 

Cl Ph 4-CH30-Ph-
5 

3,4-diCH30-Ph-

Ph-

4-F-Ph-

10 4-CF3-Ph-

2-furanyl-

2-thienyl-

PhCH=CH-
15 2-furanyl-CH=CH-

(CHJ2CHCH2-

C8H11-CH2-

(CHJ2CH-
20 PhCH2CH2-

C8H11-CH2CH2-

CH3CH2CH2-

4-Cl-Ph 
25 

2-F-Ph 

3-F-Ph 

4-CH3-Ph 

30 (CHJ2C=CH 

35 

40 

45 

50 

55 
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L R .. (O)p 

Cl 4-CH30-Ph-

(CH3) 3COC02· (CH 3) 3CO-

Cl CH3-

Preparation 16. 1 0-deoxytaxotere 

tBuOC (0) NH 0 

Ph~O""' 
OH 

OH. E 
PhC(O)C 

R' 

3,4-diCH30-Ph-

4-CF3-Ph-

2-furanyl-

PhCH=CH-

(CH3) 2CHCH2-

C6H11-CH2-

PhCH2CH2-

4-CH30-Ph-

4-F-Ph-

4-CF3-Ph-

PhCH=CH-

(CH3) 2CH-

PhCH2CH2-

C6H11-CH2CH2-

CH3CH2CH2-

4-CH30-Ph-

Ph-

4-F-Ph-

2-furanyl-

2-furanyl-CH=CH-

PhCH2CH2-

C6H11-CH2CH2-

CH3CH2CH2-

0 

10-Desacetoxy-7-0-triethylsilylbaccatin Ill (100 mg, 0.156 mmol) was placed in a flask under argon and 
dissolved in dry tetrahydrofuran (1.5 ml). Upon cooling to -40 • C, n-butyllithium (1.45M in hexanes, 0.119 

55 ml, 0.170 mmol) was added dropwise. followed by (3R,4S)-1-tert-butoxycarbonyl-4-phenyl-3-triethylsilyloxy-
2-azetidinone (94.2 mg, 0.25 mmol) in tetrahydrofuran (0.5 ml) over a period of 2 min. The mixture was 
immediately warmed to 0. c and stirred for 45 min before being quenched with saturated ammonium 
chloride · (3 ml). The mixture was extracted with ethyl acetate, dried, and concentrated. Silica gel 
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chromatography (eluted with 30% ethyl acetate in hexane) afforded 10-deoxy-2',7-bis-0-(triethylsilyl)
taxotere as a foam (125 mg, Y: 76%). This compound (100 mg, 0.098 mmol) was immediately dissolved in 
acetonitrile (2 ml) at -5·C and treated with hydrochloric acid (0.037 ml, 36%, 12M). The mixture was 
stirred for 2h at -5 • C. then quenched with aqueous bicarbonate, extracted with ethyl acetate. and dried. 

5 Evaporation of the solvent was followed by silica gel chromatography (eluted with 75% ethyl acetate in 
hexane) to afford the title compound as a foam (80.5 mg, Y: 80%). 

The general procedure provided in Preparation 16 may be adapted to the preparation of other 
compounds of formula (la) by starting with the appropriate baccatin Ill component and the azetidinone 
component; examples of other compounds of formula (la) are listed in the following table. It will be 

10 understood that even though the compounds below are shown with free hydroxy groups, with the judicious 
selection of the various hydroxy protecting groups, any one of the protecting groups at the 2'-, 7- or 10-
position may be selectively removed without affecting other protecting groups present. 

15 

20 

R4 (0) pCONH O 

R•Va••-
OH 

25 

A2· R:1a A*- R4(0)p A' 
30 H OH AcO Ph 4-CH30-Ph-

3,4-diCH30-Ph-

Ph-

4-F-Ph-
35 

4-CF3-Ph-

2-furanyl-

2-thienyl-

40 PhCH=CH-

2-furanyl-CH=CH-

(CH3}2CHCH2-

C8H11-CH2-

45 (CHJ2CH-

PhCH2CH2-

C8H11-CH2CH2-

50 
CH3CH2CH2-

4-Cl-Ph 

2-F-Ph 

3-F-Ph 

55 4-CH3-Ph 
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R2· Ra. R3a A,.(O)p R' 

5 H OH OH (CH3hCO 4-CH30-Ph-

Ph 

4-F-Ph-

4-CF3-Ph-
10 2-furanyl-

2-thienyl-

PhCH=CH-

75 
C6H11-CH2-

(CH3}2CH-

PhCH2CH2-

OH H Ph 4-CH30-Ph-
20 

3,4-diCH30-Ph-

4-F-Ph-

4-CF3-Ph-

25 2-furanyl-

2-thienyl-

PhCH=CH-

2-furanyl-CH=CH-
30 (CHJ2CHCH2-

C11H11-CH2-

(CH3)2CH-

PhCH2CH2-
35 

C11H11-CH2CH2-

CH3CH2CH2-

40 

45 

50 

55 
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Ar R2o1 Ra. R'(O)P A' 

5 H H (CH3) 3CO 4-CH30-Ph-

3,4-diCH30-Ph-

Ph-

4-F-Ph-
10 4-CF3Ph-

2-furanyl-

2-thienyl-

PhCH=CH-
15 

2-furanyl-CH=CH-

(CH:J2CHCH2-

C11H11-CH2-

20 (CHJ2CH-

PhCH2CH2-

C11H11 -CH2CH2-

- CH3CH2CH2-

25 
H OH AcO 2-naphthyl Ph 

4-0H-Ph 

4-CH30-Ph 

30 4-F-Ph 

(CHJ3CO-

CH3-
(CHJ2CH-

35 CH2=CHCH2-

4-Cl-Ph 

F H AcO (CH3)3CO- Ph 

40 
F H OH Ph -· Ph 

45 

50 

55 
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R7 R:z. R3a R .. (O)p A' 

H H AcO Ph 4-CH30-Ph-
3,4-diCH30-Ph-

Ph-
4-F-Ph-

4-CF3-Ph-

2-furanyl-

2-thienyl-

PhCH:CH-

2-furanyl-C~=CH-

(CH3)2CHCH2-

C8H11-CH2-

(CH3)2CH-

PhCH2CH2-

C1H11-CH2CH2 

CH3CH2CH2-

Preparation 17. Bis(methylthiomethyl)ether 

Sodium iodide (8.23g, 55.23 mmol) was added to a solution of 1, 1 '-dichlorodimethyl ether (3.0g, 26.3 
mmol) in acetone (100 ml) at 0 • C and the mixture was stirred at this temperature for 20 min. Sodium 
thiomethoxide (1.84g, 5.23 mmol) was then added in four portions and the resulting solution was stirred for 
an additional 1 h. The heterogeneous solution was then filtered through a pad of celite and the filtrate 

35 concentrated in vacuo. The residual oil was partitioned between ethyl acetate and saturated aqueous 
sodium bicarbonate solution. The aqueous layer was removed and further extracted with ethyl acetate. The 
combined organics were then treated with a 1:1 (v:v) mixture of saturated aqueous sodium bicarbonate and 
5% aqueous sodium thiosulfate solution. The organics were then washed with brine, dried over sodium 
sulfate and concentrated in vacuo. The residual. oil was purified via flash chromatography (30:1, hex-

40 anes:ethyl acetate) to provide 1.9 g of a yellow oil which was subsequently distilled using a kugelrhor 
apparatus (120-130 • C, 20mmHg) yielding 1.5 g (45%) of the title compound as colorless oil; 

45 

1H NMR (300 MHz, CDCl3) o 4.73 (4H, s), 2.15 (6H, s). ' . 

Preparation 18. Dibenzyl methylthiomethyl phosphate 

CH3 SCH2 OP(0)(0Bu)2 

To a solution of bis(methylthiomethyl)ether (30 mg. 2.34 mmol) and molecular sieves (300 mg) in THF 
(100 ml) at room temperature was added dibenzyl phosphate (2.74 g, 9.85 mmol) followed by N-

50 iodosuccinimide (608 mg, 2.71 mmol) and the solution was stirred for 4h. The reaction mixture was then · 
diluted with ethyl acetate and filtered through a pad of celite. The filtrate was treated with a 1 :1 (v:v) solution 
of saturated aqueous sodium bicarbonate and 5% aqueous sodium thiosulfate. The colorless organic extract 
was then washed with brine, dried over sodium sulfate and concentrated in vacuo to provide 600 mg (69%) 
of the title compound: · 

55 1H NMR (300 MHz. CDCl3) o 7.35 (10H, s). 5.29 (2H, d, J = 12.2 Hz), 5.08 (4H, dd, J =8.0, 1.0 Hz), 4.68 (2H,, 
s). 2.10 (3H, s). 
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EXAMPLES 

The following examples are provided to illustrate the synthesis of representative compounds of the 
instant invention and are not to be construed as limiting the scope of the invention in any manner. One 

5 skilled in the art will be able to adapt these methods, without undue experimentation, to the synthesis of 
compounds within the scope of this invention but not specifically disclosed. 

Example 1. 7-0-phosphonooxymethylpaclitaxel and its monosodium salt 

10 (a) preparation of 7-.Q-methylthiomethylpaclitaxel. 

15 

20 

ACID 0 

Benzoyl peroxide (0.98 g, 4 mmol) was added to a vigorously stirred mixture of paclitaxel {0.85 g, 1 
mmol) and dimethyl sulfide (0.72 ml, 8 mmol) in dry acetonitrile {10 ml) at 0 • C. Stirring was continued for 

25 2.5 hours at 0 • C. Progress of the reaction was monitored by silica gel TLC in toluene : acetone (2 : 1, v/v) 
solvent system (R1 tax. = 0.38, R1 prod. = 0.64), and when formation of higher mobility products was 
observed the reaction was quenched by evaporation of solvents using Rotavapor at 30 • C. A TLC analysis 
of the reaction mixture indicated the presence of some quantities of unreacted paclitaxel and 2',7-0-bis
(methylthiomethyl)paclitaxel. Separation of the title compound from the reaction mixture was achieved by 

30 flash column chromatography on Silica Gel 60 (40 - 63 um) EM Science (100 ml), column diameter: 2 in. 
using ethyl acetate : hexane (1 :1, v/v) solvent system (R1 prod. = 0.34). The product (552 mg, 60% yield) 
was recovered from fractions 12 to 18 (each fraction ca. 20 ml). 
MS (FAS/matrix NOBA, Nal, Kl): (M+H]+, m/z 914; [M+Naj+, m/z 936; {M+K]+, m/z 952 
Elemental Analysis: C: 64.28 (calc. 64.39), H: 5.85 (care. 6.07), N: 1.46 (calc. 1.53) 

35 UV (MeOH): >.max = 226 nm, E(1%/1 cm) = 150, A = 0.2653 
IR (KBr): 3432, 3066, 2940, 1726, 1668, 1602, 1582, 1514, 1484, 1452, 1372, 1242, 1178, 1142, 1108, 1068, 
1026, 990, 916, 884, 852, 802, 774, 710. 608, 570, 538, 482 cm- 1• 

1H-NMR (CDCla) o: 1.15 (3H, s), 1.19 (3H, s), 1.73 (3H, s), 1.79 (H, s), 1.90 (3H, d), 2.09 (3H, s), 2.16 (3H, 
s), 2.29 (2H, d), 2.35 (3H, s), 2.77 (H, m), 3.70 (H, d), 3.83 (H, d), 4.17 (H, d), 4.26 (H, m, overlaps with H, 

4-0 d), 4.63 (2H, t), 4.77 (H, dd). 4.91 (H, d), 5.65 (H, d), 5.77 (H, dd), 6.16 (H, dd). 6.48 (H, s), 7.07 (H, d), 7.29 
- 7.50 (10H, m), 7.57 (H, m), 7.73 (2H, d), 8.08 (2H, d). 

(b) preparation of 7-.Q-dibenzylphosphonooxymethylpacli~axel. 

45 

50 

A solution of N-iodosuccinimide (45 mg, 0.2 mM) and dibenzyl phosphate (55 mg, 0.2 rnM) in dry 
55 tetrahydrofuran (4 ml) was added to a mixture of 7-0-methylthiomethylpaclitaxel (119 mg, 0.13 mM) and 

powdered molecular sieves 4A (ca. 120 mg)in dry 1,2-dichloroethane (5 ml). The reaction mixture was 
stirred at room temperature for 16 hrs. Progress of the reaction was monitored by TLC in toluene : acetone 
(2 : 1, v/v) system (R1 prod. = 0.48). Molecular sieves were removed by filtration through Celite 545 and the 
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filtrate was extracted with methylene chloride (100 ml). The organic layer was washed with 1 % solution of 
sodium thiosulfate (ca. 100 ml) and 0.5 M sodium bicarbonate (100 ml) and with brine. Extract was filtered 
through Whatman Phase Separator and solvents were evaporated. Purification on Silica Gel 60 flash column 
in methylene chloride : ethyl acetate (2 : 1, v/v) yielded 7-Q-dibenzylphosphonooxymethylpaclitaxel (41.5 

5 mg). 

(c) preparation of 7-Q-phosphonooxymethylpaclitaxel and its monosodium salt. 

10 

15 

7-Q-Dibenzylphosphonooxymethylpaclitaxel (41.5 mg) was dissolved in ethyl acetate (5 ml) and 10% 
20 palladium on charcoal (20 mg) was added. Hydrogenation was performed at 40 PSI (275 kPa) at room 

temperature for 1 hour. Progress of the reaction was monitored by TLC in chloroform:methanol:water 
(120:45:8, v/v). Purification by preparative TLC (20x20x0.05 cm silica gel plate in the analytical system) 
gave 7-0-phosphonooxymethylpaclitaxel (26 mg, 75% yield). 

Because decomposition of 7-0-dibenzylphosphooxymethylpaclitaxel was observed during silica gel 
25 purification, the hydrogenation procedure has been modified. Thus, a crude extract of 7-Q-dibenzyl

phosphonooxymethylpaclitaxel was hydrogenated without any purification. Hydrogenation of the crude 
extract of 7-0-dibenzylphosphonooxymethylpaclitaxel was performed at 60 PSI (400 kPa) for 24 hrs. 

7-Q-Phosphonooxymethylpaclitaxel (70 mg) was dissolved in 5 ml of acetone - water (1 : 1) solution 
and diluted with water to 50 ml. Dry sodium. bicarbonate (18 mg, 1.2 eq.) was added. Acetone was 

30 evaporated at room temperature using Rotavapor and the remaining water solution was lyophilized. Crude 
7-0-phosphonooxymethylpaclitaxel monosodium salt was purified by C18 reverse phase column 
chromatography in water: acetonitrile (70 : 30, v/v) system. Eluate was monitored by analytical HPLC (15 
cm. Jones C18 column, 1 mUmin .. I = 230/270 nm) in acetonitrile: 0.05 M ammonium acetate buffer (45: 
55, v/v), pH = 7, Rt = 2.09 min. Fractions containing the desired product were combined, acetonitrile 

35 evaporated and the remaining aqueous solution lyophilized to provide 7-0-phosphonooxymethylpaclitaxel 
monosodium salt (112 mg). -
MS (FAB): [M + H]+, m/z 986; [M +Na]+, m/z 1008 
UV (MeOH): >..max = 230 nm, E(1 %/1 cm) = 248 
IR (KBr): 3430, 3066, 2948, 1724, 1652, 1602,1580, 1518, 1486, 1452, 1372, 1316, 1246, 1178, 1154, 1108, 

40 1070, 1000, 982. 946, 856, 802, 776, 710, 628, 538 cm- 1• 

45 

55 

1H-NMR (acetone-d&ID20) o: 8.05 (2H, d), 7.92 (2H, d), 7.65 (1 H, dd), 7.58 - 7.35 (9H, m. overlap). 7.23 (1 H, 
dd), 6.38 (1H, s), 6.08 (1H, t), 5.65 (1H. d), 5.60 (1H, d), 5.10 (1H, br.s), 4.99 (1H, d), 4.97 (1H, br.s), 4.80 
(1H, d), 4.28 (1H, dd), 4.11 (2H, s), 3.79 (1H, d), 2.94 (1H, m), 2.35 (3H, s), 2.35 - 2.10 (1H, m), 2.13 (3H,s), 
1.95 (3H, s), 1.84 (1H, m), 1.67 (3H, s), 1.13 (6H, s, overlap). · 
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Example 2. Alternate method for the preparation of 7-Q-phosphonooxymethylpaclitaxel. 

(a) preparation of 2'-.Q-(benzyloxycarbonyl)paclitaxel 

To a stirred solution of paclitaxel (150 mg, 0.176 mmol) and N,N-diisopropylethylamine (93 uL, 0.534 
mmol, 3 eq.) in anhydrous methylene chloride (4 ml) at room temperature was added benzyl chloroformate 
(75 UL, 0.525 mmol, 3 eq.). The reaction mixture was stirred at room temperature for 3 h, concentrated to 2 
ml, and purified on a silica gel column, using 1 :1 of ethyl acetatelhexanes as eluant. to obtain the title 
compound as a white powder (150 mg, Y:86%). MP 140-150 • C (decomposition). 

(b) preparation of 2'-.Q-(benzyloxycarbonyl)-7-Q-methylthiomethylpaclitaxel 

1'c() 0 

To a cooled (dry ice - CCl4; -30 • C bath temp.) solution of 2'-0-(benzyloxycarbonyl)paclitaxel (4.935 g; 
35 5.0 mmol) in dry acetonitrile (80 ml) was added in succession -dimethylsulfide (3.6 ml; 40 mmol) and 

benzyol peroxide (4.9 g; 20.247 mmol). After 10 mins. at -30 • C, the cold bath was removed and the 
reaction mixture was stirred vigorously for 2 hr at room temperature. The reaction mixture was then diluted 
with ethyl acetate to a volume of 200 ml and washed with water and brine. The organic layer was dried 
(MgS04), and the solvent was then evaporated to give a residue which was kept under vacuum for 18 h to 

40 remove any dimethylsulfoxide that was present as a reaction side product. The residue was purified on a 
silica gel column using first ethyl acetate: hexarie (1 :2) as eluant to remove the less polar impurities, 
followed by ethyl acetate: hexane-'(1:1) to give the expected title compound as a foam. This was triturated 
with dry ether and filtered to give the title compound as a fluffy solid (5.0 g, 9S% ). MP 120-122 • C. 
MS (FAB): [MHr. m/z 1048; [M+Na]+. m/z 1070; [M+K]+, m/z 108 

45 IR (KBr): 3440, 3066, 1750, 1722, 1664, 1602, 1583, 1538 cm-1• 

NMR (CDCb) o: un (3H,s) 1.236 (3H, s) 1.745 (3H, s) 2.023 (3H, s) 2.121 (3H s) 2.162 (3H, s) 2.436 (3H, 
s) 3.887 (H, d) 4.134 (H. d) 4.197 (H, d) 4.295 (H. m) 4.964 (H. d) 5.161 (2H, d) 5.450 (H, d) 5.703 (H. d) 
5.981 (H, dd) 6.257 (H, t) 6.541 (H, s) 6.920 (H, d, NH) 7.322-8.22 (15H, m). 

The title compound was also prepared by the following alternative method: 
so To a solution of 2'-Q-(benzyloxycarbonyl)paclitaxel (2.0 g; 2.0263 mmol) in dry dimethylsulfoxide ·(10 

ml) was added dropwise acetic anhydride (10 ml). The resulting mixture was stirred at room temperature for 
18 h under N2 • diluted with ethyl acetate (100 ml), and washed carefully with cold 6% sodium bicarbonate 
solution (6x30 ml), cold water (6x30 ml) and brine. The organic layer was dried (MgSQ4), and the solvent 
was evaporated to give a residue. This was purified by silica gel column and eluted with methylene 

55 chloride, methylene chloride-5% acetonitrile, and methylene chloride-10% acetonitrile to give the expected 
title compound (1.86 g, 87.7%). This compound is identical to that obtained via the previously described 
dimethyl sulfide/benzoyl peroxide method. 

47 

NEPTUNE GENERICS  EX. 00839



5 

10 

EP 0 639 577 A1 

(c} preparation of 2' -Q-(benzyloxycarbonyl}-7-Q-dibenzylphosphonooxymethylpaclitaxel 

:\lo-
~.oc(O)O --,,..__,, 

To a solution of 2'-0-(benzyloxycarbonyl)-7-0-methylthiomethylpaclitaxel (5.0 g; 5.5396 mmol) in dry 
1,2-dichloroethane (120 ml) was added activated powdered 4A molecular sieves (5.0 g). To this mixture was 
added dropwise at room temperature a solution mixture of N-iodosuccinimide (1.61 g; 7.1632 mmol) and 

15 dibenzyl phosphate (1.97 g: 7.1632 mmol) in dry tetrahydrofuran (90 ml). After stirring vigorously at room 
temperature for 30 min. the reaction mixture was filtered over Celite and the filtrate was evaporated to 
dryness to give a red residue. The residue was taken up in ethyl acetate (100 ml), washed with cold 6% 
NaHSQ3 solution (2x50 ml), cold 6% NaHCOa solution (2x50 ml) and brine (1 x50 ml). The organic layer was 
dried (MgS04) and the solvent was evaporated to give a solid mass which was triturated with dry ether and 

20 filtered to give the title compound as an ivory colored solid (5.9 g, 97%). MP 124-127•C. 
MS (FAB): [MH]+, m/z 1278; [M+Na]+, m/z 1301; [M+K]+, m/z 1316 
IR (KBr): 3430, 3066, 3032, 1750, 1726, 1664, 1582, 1532 cm-1• 

NMR (CDCb) &: 1.160 (3H, s) 1.703 (3H, s) 1.985 (3H, s) 2.164 (3H, s) 2.420 (3H, s) 3.854 (H, d) 4.151 (H, 
d) 4.216 (H, m) 4.298 (H, d) 4.873 (H, d) 5.043 (6H, m) 5.140 (2H, d) 5.417 (H, d) 5.670 (H, d) 5.971 (H, dd) 

25 6.241 (H, t) 6.317 (H, s) 6.912 (H, d, NH) 7.280-8.115 (25H, m). 

(d) preparation of 7-.Q-phosphonooxymethylpaclitaxel. 

To a solution of 2'-0-(benzyloxycarbonyl)-7-0-dibenzylphosphonooxymethylpaclitaxel (6.0 g; 4.7095 
30 mmol) in ethyl acetate (120 ml) was added 10% Pd/C (6.0 g) and the mixture was hydrogenated at 60 psi 

(400 kPa) for 24 hr. The reaction mixture was filtered over Celite and the solvent was evaporated to give 
4.07 g of a crude residue. This was purified on a short silica gel column by successive elution with 
chloroform:10o/o, 20% and 40% methanol to give the title compound as a white solid (3.2 g, 71%) MP 155-
1580C. 

35 This product has the same Rf(TLC) and same retention time (HPLC) as an authentic sample. 
MS (FAB): [MH]+, m/z 964; [M+Na]+, m/z 986; (M+K]+, m/z 1002; [M+K++Na+-H]+, m/z 1024; [M+2K-H]
+, m/z 1040 
UV (MeOH): >.max = 230 nm, E(1 o/o/1cm) = 252.5 
IR (KBr): 3432, 3066, 2992, 1722, 1648, 1602, 1580, 1522, 1488, 1452, 1372, 1316, 1246, 1178, 1154,. 

40 1110, 1070, 1000. 980, 946, 854, 802, n6, 710, 628, 538 cm-1• 

45 

50 

55 

1NMR (acetone-dG/ChO), &: 1.08 (3H, s), 1.10 ( 3H, s), 1.63 (3H, s), 1.88 (3H, s), 1.96 (H, m), 2.13 (3H, s), 
2.32 (3H, s), 2.89 (H, m), 3.76 (H, d), 4.19 (H, m), 4.89 (H, dd), 5.09 (H, dd), 5.55 - 5.60 (2H, overlapping 
d's), 6.04 (H, t), 6.32 (H, s). 720 (H, t), 7.34 - 7.67 (10H, overlapping m's), 7.87 (2H, dd), 8.02 (2H, dd). 
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Example 3. 2' -0-(ethoxycarbonyl)-7-0-phosphonooxymethylpaclitaxel 

(a) preparation of 2'-.Q-(ethoxycarbonyl)paclitaxel 

5 

10 

15 To a solution of paclitaxel (4.35 g, 5.1 mmol) in dry methylene chloride (51 ml) was added N,N-
diisopropylethylamine (2.67 ml, 15.3 mmol), followed by ethyl chloroformate (1.46 ml, 15.3 mmol). The 
reaction mixture was stirred at 0 • C for 2 hrs, and then at room temperature for an additional 1 hr. The 
reaction mixture was diluted with ethyl acetate (400 ml), the organic phase was washed with saturated 
solution of NaHCOa (2 x 30ml), and with brine (30ml). The resulting organic phase was dried over MgSO. to 

20 provide crude title compound (93%) which was used in the next step without further purification. 
MS (FAB/NOBA, Nal, Kl): [M + H]+, m/z 926; [M + Na]+, m/z 948; [M + K]+, m/z 964 
HAMS (FAB/ NOBA, Csl/Gly external reference): (M + H]+ m/z 926.3588 observed, CsoHs,N01,, calculated 
value: 926.3599 (deviation fJ.. = 1.2 ppm} 
1HNMR (CDCb): o 1.13 (3H, s), 1.23 (3H, s), 1.30 (3H, t), 1.67 (3H, s), 1.92 (3H, s). 2.21 (3H, s). 2.37 (H, d), 

25 2.45 (3H, s}, 2.54 (H, m). 3.80 (H, d), 4.15 - 4.32 (4H, m's overlapping), 4.43 (H, dd}, 4.96 (H, d), 5.42 (H, d), 
5.68 (H, d), 5.98 (H, dd), 6.28 (2H, m's, overlapping), 7.00 (H, d), 7.34 - 7.59 (11H, m's overlapping), 7.74 
(2H, d). 8.12 (2H, d). 

30 

Alternate Run: 

Paclitaxel (5.40 g, 6.324 mmol) in dry dichloromethane (63 ml) was cooled to O • C and treated with 
neat N,N- diisopropylethylamine (3.30 ml, 3 equiv) and then neat ethyl chloroforrriate (1.81 ml, 3 equiv) 
dropwise over a 5 min period: The reaction was monitored by TLC (50% ethyl acetate in hexane). After 2h 
at 0 • C and 16h at room temperature, the reaction was complete and the yellow-orange solution was diluted 

35 with ethyl acetate (300 ml) and washed with saturated sodium bicarbonate- (3 x 75 ml) and brine (75 ml). 
Drying (MgS04) and evaporation afforded crude title compound, which was purified by precipitation: 
dichloromethane (ca. 100 ml) was added followed by cooling and addition ·of hexane (ca 60 ml) to the 
cloud point. After cooling in ice for several hours, the solid was collected by filtration. Yield 5.17 g (88%). . - -

4-0 Alternate Run: 

In a flame dried, single necked 3 L flask was dissolved paclitaxel (99.0 g, 115.9 mmol) in 1,350 ml of 
dry- methylene chloride under the argon atmosphere. The solution was cooled to -10'. N,N
diisopropylethylamine (52.4 g, 405.7 mmol) was added slowly (addn. time -3 min.), followed by CIC02Et 

45 · (31.45 g; 289.8 mmol; addn. time -15 min.). The resulting mixture was stirred overnight (16 hrs.) at -4 • C. 
The reaction was judged incomplete by TLC. Another charge of N,N-diisopropylethylamine (2.62 g, 20.28 
mmol) was added, followed by CIC02Et (2.20 g, 20.28 mmol) and the stirring was continued for 3 hrs at 
-4 • C. No starting material was detectec:i-by TLC. The cold mixture was diluted with ethyl acetate (1.5 L) and 
transferred to a separatory funnel. It was then washed with 5% KHS04 (2x500 ml), water (1x500 ml),_5% 

50 KHS04 (1x500 ml), water (1x500 ml), satd. NaHCOa (2x500 ml) and brine (2x500 ml), dried (MgS04) and 
the solvents were removed in vacuo to give 147 g of the crude producLThe residue was dissolved in hot 
methylene chloride (800 ml, bath temp. 42 • C) and hexanes were added dropwise (530 ml) with stirring, 
while the temperature was maintained. The crystallizing mixture was set aside for 3 hrs. at room 
temperature and then in the cold room (0 • C) overnight. The heavy white crystals were collected by filtration 

55 and washed with hexanes/CH2 Cl2 1 :1 (v/v) (2x200 ml). After drying on the suction filter for 1 hr: it-was dried 
in vacuo (-1.0 mmHg) overnight to give 95.7 g (89% yield) of the title compound (homogeneity index as 
measured by HPLC = 98.5%). · - · · 
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(b) preparation of 2'-Q-(ethoxycarbonyl)-7-Q-methylthiomethylpaclitaxel 

5 
Pheapl 0 Phvo--

c:a,CB,OC{O)O 

10 

To a solution of 2'-Q-(ethoxycarbonyl)paclitaxel (4.38 g, 4.7 mmol) in dry dimethylsulfoxide {12.5 ml) 
15 was added acetic anhydride {12.5 ml). The reaction mixture was stirred for 24 hrs at room temperature and 

then diluted with ethyl acetate (500 ml), washed with saturated solution of NaHCOa (3 x 40 ml) and with 
water (2 x 40 ml). The resulting organic layer was dried over MgSQ4, and the solvents were evaporated in 
vacuo to dryness. The residue was purified by silica gel chromatography (40% ethyl acetate in hexanes) to 
afford the desired title compound (4.39 g, 94 %). 

20 MS (FAB I NOBA, Nal, Kl): [M + Ht. m/z 986; [M + Na]+, m/z 1008; [M + Kt, mlz 1024 
HRMS (FAB/NOBA, Csl/Gly external reference): [M + HJ+ flllz 986.3646 (calculated value: 986.3633, 
deviation ll. = 1.3 ppm) 
1HNMR (CDCl3) o: 1.18 (3H, s), 1.20 (3H, s), 1.30 (3H, s), 1.75 (3H, s), 1.84 (H, m), 2.09 (3H, s), 2.11 (3H, 
s), 2.16 (3H, s), 2.24 (H, d), 2.37 (H, d), .2.45 (3H, s), 2.80 (H, m), 3.68 (H, d), 4.08 - 4.33 (5H, m, 

25 overlapping), 4.65 (2H, s), 4.96 (H, d), 5.43 (H, d), 5.69 (H, d). 5.98 (H, dd), 6.26 (H, t), 6.55 (H, s), 7.00 (H, 
d), 7.32 - 7.61 (11 H, m, overlapping), 7.73 (2H, dd), 8.11 (2H, dcl). 

Alternate Run: 

30 2'-0-(Ethoxycarbonyl)paclitaxel (2.260 g, 2.4406 mmol) was dissolved in anhydrous dimethylsulfoxide (6 
ml), and acetic anhydride (6 ml) was added in one lot at room temperature. The reaction was monitored 
by HPlC (C18 analytical column; 60% acetonitrile - 40% 10 mM ammonium phosphate buffer, pH 6). After 
30h, the solution was diluted with ethyl acetate (250 ml) and washed with saturated aqueous bicarbonate (3 
times) then water. and brine. After ·drying over magnesium sulfate and filtration, the crude product was 

35 chromatographed on silica (40% ethyl acetate in hexane) to yield the title compound as a white foam (2.030 
g, 91%) that was 90% pure by HPLC~ A portion was further purified by a second column (5% acetonitrile in 
dichloromethane) to afford material that was ca. 97% pure by HPLC. 

40 

Alternate method for the preparation of 2'-Q-(ethoxycarbonyl)-7-.Q-methylthiomethylpaclitaxef. 

2'-.Q-(Ethoxycarbonyl)paclitaxel (4.170 g, 4.503 mmol) was dissolved in anhydrous acetonitrile (68 ml) 
at ~40 • C, and dimethyl sulfide (3.2 ml, 44.10 mmol) was added, followed by benzoyl peroxide (4.400 g, 
18.24 mmol). The mixture was placed in an ice bath and stirred at 0 • C, and the course of the reaction was 
monitored by TLC (40% ethyl acetate in hexane) .. After 3-h. no starting material was detected, and the 

45 solution was w.orked up by adding ethyl acetate (250 ml) and saturated aqueous sodium bicarbonate (100 
ml). The organic phase was further washed with bicarbonate, water, and brine, then dried over magnesium 
sulfate and filtered. The residue was purified by silica gel flash chromatography (4% acetonitrile in 
dichloromethane), to yield the title compound as a white foam (2.571 g, 58% yield). The purity of this 
sample was judged as >97% by HPLC. The NMR spectrum was identical to the one reported above. 

50 

Alternate run for preparing 2'-Q-(ethoxycarbonyl)-7-Q-methylthiomethylpaclitaxel. 

2·-Q-(Ethoxycarbonyl)paclitaxel (49.3 g, 53.2 mmol) was placed in a flame dried single necked 1 L flask 
and dissolved. in dry acetonitrile (500 ml) at room temperature. Methyl sulfide (39.1 ml, 0.532 mol) was 

55 rapidly added via syringe. The stirred reaction mixture was cooled to -16 • C in an ice/salt bath and solid 
benzoyl peroxide (51.6 g, 0.213 mol) was added to the mixture in one lot. (Full fou~ equivalents are required 
for the reaction to proceed to completion.) Stirring was continued for 30 minutes, during which time the 
temperature rose to --10 • C. The reaction medium remained heterogeneous throughout this period. (benzoyl 
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peroxide has not dissolved completely). The cooling bath was changed to ice/water, the temperature was 
raised to 0 • C and the remaining benzoyl peroxide dissolved -5 min. after the warm-up. The reaction was 
judged complete by TLC after stirring at 0 • C for another 2.5 hours. The volume of the solution was reduced 
-200 ml by removing the solvent on a rotovap and it was then transferred to a separatory funnel where it 

5 was washed with heptane (5x500 ml). The acetonitrile layer was diluted with ethyl acetate (1.5 L) and 
washed with a 3:1 mixture satd. NaHC03/5% ~C03 (vlv) (2x500 ml), said. NaHC03 (2x500 ml), half-satd. 
brine (1x500 ml) and brine (1x500 ml), dried (MgS04) and the solvents were removed in vacuo to give 
67 .0 g of the crude product. It was dissolved in acetone (200 ml), warmed to 40 • C in a water bath and 
hexanes were added dropwise with stirring until the cloudiness was observed (400 ml}. The crystallizing 

10 mixture was set aside for 3 hrs. at room temperature and then transferred to a cold room (0 • C) where it 
was kept overnight (16 hrs.). A thick cake was formed. The solid was collected by filtration and washed with 
hexaneslacetone 3:1 (v/v} (2x50 ml). The resulting white crystals were dried on the suction filter for 1 hr. 
and then in vacuo (-0.5 mmHg) overnight to give 47.5 g (91 % yield) of the title compound (homogeneity 
index as measured by HPLC = 94.8%). 

15 

20 

25 

(c) preparation of 2' -Q-(ethoxycarbonyl}-7-Q-dibenzylphosphonooxymethylpaclitaxel. 

PhCONi 0 

PhyO"'" 
CHPi2'>C{O)b 

P(O)(OOi:fh}i 

HO j 
PhC{O)O 

30 A solution of N-iodosuccinimide (1.9539, 8.65 mmol) and dibenzyl phosphate (2.41g, 8.65 mmol) in 
tetrahydrofuran was added to a mixture of 2'-0-(ethoxycarbonyl)-7-0-methylthiomethylpaclitaxel (5.677g, 
5.76 mmol) and 4A molecular sieves (5.7g) in methylene chloride (100 ml} at room temperature. The 
reaction mixture was stirred for"40 min. at room temperature. After this period the reaction was complete as 
judged by TLC. The reaction mixture was filtered through Celite and the filtrate was concenterated in vacuo 

35 to give a brownish residue which was diluted with ethyl acetate (800 ml), the organic phase was washed 
with 1% Na2 S03 (2 x 80 ml). then washed with 5% brine (2 x 50 ml). The organic phase was concentrated 
in vacuo and dried. Chromatography of the resulting residue (50 - 60% ethyl acetate in hexanes) gave the 
desired title compound (6.23g, 89%). 
MS (FAB/NOBA, Nal, Kl): [M + Naf, m/z 1238; [M + KJ+, mlz 1254 

40 HRMS (FAB/NOBA, Csl/Gly external reference): (M + Na]+ m/z 1216.4291(CosH11N020P calculated value: 
1216.4307; deviation!:>. = 1.3 ppm) · 
'HNMR (CDCb). o: 1.18 (3H, s}, 1.21 (3H, s), 1.30 (3H, t), 1.67 (SH, s}, 1.80 (H, s), 1.93 (H, m), 1.99 (3H, d), 
2.18 (3H, s), 2.23 (H, m), 2.38 (H, m), 2.45 (3H, s), 2.80 (H, m), 3.86 (H. d), 4.14 - 4.32 (SH, m's, 
overlapping), 4.88 (H, d), 5.00 - 5.07 (4H, m's, overlapping). 5.42 (H, d), 5.68 (H, d), 5.96 (H, dd), 6.26 (H, t), 

45 6.33 (H, s), 6.95 (H, d), 7.30 - 7.61 (11H, m's overlapping). 7.75 (2H, dd}, 8.12 (2H, dd}. 

Alternate Run: 

To a solution of 2'-0-(ethoxycarbonyl)-7-0-methylthiomethylpaclitaxel (350 mg, 0.355 mmol) in anhy-
so . drous tetrahydrofuran (B ml) was added a-solution of N-iodosuccinimide (120 mg, 0.532 mmol) and 

dibenzyl phosphate (148 mg, 0.532 mmol)in tetrahydrofuran (5 ml):" The reaction was monitored by HPLC 
(C18 column; 70% acetonitrile, 30% 10 mM ammonium phosphate, pH 6). After 2h, less than 5% starting 
material was detected, and the reaction was worked-up. The solution was diluted with ethyl acetate (75 ml), 
and washed with 1% aqueous sodium bisulfite (2x50 ml) and brine (50 ml). After quick drying over 

55 magnesium sulfate and filtration; the solvent was evaporated. Silica gel flash chromatography (45% ethyl 
acetate/hexane) provided the title compound as a white foam (281 mg, 65%). HPLC analysis indicated a 
purity of ca. 95%. 
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Alternte Run: 

Crushed 4 A molecular sieves were placed in a flame dried one-necked 1 L flask which was then 
connected to a vacuum line (-0.5 mmHg). The sieves were heated with a heatgun for -10 min. while being 

s shaken manually. After cooling under vacuum argon was introduced into the flask and 2'-.Q-(ethoxycar
ponyl)-7-0-methylthiomethylpaclitaxel (37.5 g, 38.03 mmol) was added. followed by dibenzyl phosphate 
(14.8 g. S3.24 mmol) and THF (400 ml). The heterogeneous mixture was vigorously stirred for 15 min. at 
room temperature with a magnetic stirrer. In a separate flame dried flask, N-iodosuccinimide (10.7 g, 47.54 
mmol) was dissolved in THF (50 ml) under argon. (During the preparation of the NIS solution, liquid transfer 

10 and during the reaction course, the vessels were covered with aluminum foil for protection against light.) It 
was then added slowly (10 min) to the reaction mixture via a syringe. The flask containing NIS was washed 
with 5 ml of THF and transferred to the reaction mixture, which was then stirred for 2 hrs. at room 
temperature. TLC analysis showed absence of the starting material. The deeply red colored solution was 
filtered through a pad of Celite• directly into a vigorously stirred bi-phasic mixture containing ethyl acetate 

15 (500 ml), 10% aq. sodium thiosulfate (300 ml) and satd. sodium bicarbonate (200 ml). The red color 
disappeared in a few seconds giving a colorless solution. The Celite• pad was washed with EtOAc (-100 
ml) and both liquid layers were transferred into a separatory funnel. The organic layer was diluted with 1 L 
of EtOAc, the layers were separated and the organic layer was washed with a mixture of satd. NaHCQ3 and 
5% ~C03 (3:1 v/v, 2X500 ml), then satd. NaHC03 (2x500 ml), half-saturated brine (1x500 ml) and brine 

20 (1x500 ml). The extract was dried with anhydrous MgS04 and filtered. It was treated with 5.0 g of neutral 
Norit (charcoal) by stirring at room temperature for 15 min. It was filtered again through a Celite• pad and 
the solvent was removed under the reduced pressure to give 52 g of the crude product. It was dissolved in 
toluene/methylene chloride (280 mU25 ml) and hexanes were added dropwise (20 ml). After being set 
aside for 3 hrs. at room temperature the crystallizing mixture was left at O • C overnight. A pale yellow solid 

25 was formed on the flask walls. After decanting the mother liquor, the residue was triturated with toluene (50 
ml), filtered, washed with toluene and dried on the suction ·filter for 30 min. It was then transferred to a 
desiccator with Drierite• and further dried in vacuo (-0.5 mmHg) for four hours to give 24.4 g (53% yield) 
of the title compound (homogeneity index as measured by HPLC = 95.9%). The mother liquor was 
evaporated to dryness. triturated with toluene (100 ml), filtered, washed with toluene and dried on the 

30 suction filter for 30 min. After drying in a desiccator as described above it gave 12.5 g (27% yield) of the 
same product (homogeneity index as measured by HPLC = 97.1%). 

35 

40 

45 

(d} preparation of 2'-.Q-(ethoxycarbonyl}-7-.Q-phosphonooxymethylpaclitaxel; its monosodium, monopotas
sium, triethylamine, arginine, lysine, ethanolamine, N-methylglucamine, and triethanolamine salts. 

Pba:»pl 0 

Pb~O"'"" I 
a 
a 

CH3CHaOC(O)O 

OCOPb 

To a solution of 2'-0-(ethoxycarbonyl)-7-0-dibenzylphosphonooxymethylpaclitaxel(1.23 g, 1.01 mmol} in 
dry ethyl acetate (40 ml) was added 10% Pd on carbon (428 mg, 10%, 0.404 mmol}. The reaction mixture 
was subjected to hydrogenation (60 PSI= 400 kPa) with continuous shaking for 24 hrs. The solid was 

50 filtered off through Celite, then the Celite was rinsed several times with ethyl acetate. The filtrate was· 
concentrated to give free acid form of the title compound (1.01g, 80% purity as judged by HPLC). The 
impurities were removed at the next step by preparative C-18 column chromatography. 
MS (FAB/NOBA, Nal, Kl): [M + Na]+, m/z 1058; [M + K]+, m/z 1074; [M + 2Na - H]+, m/z 1080; [M + Na 
+ K- HJ+, m/z 1096; [M + 2K- H]+, m/z 1112 

55 HR-MS (FAB/NOBA, Csl/Gly, external reference}: [M + Na]+, m/z 1058.3163 (Cs1 HsaN020PNa calculated 
value: 1058.3188; deviation 6. = 2.3 ppm) 
1H NMR (acetone-ds/020) o: 1.13 (3H, s), 1.21 (3H, s), 1.66 (3H, s), 1.87 (H, m}, 1.93 (3H, s), 2.14 (3H, s), 
2.18 (H, m), 2.44 (3H, s}. 2.95 (H, m), 3.81 (H, d), 4.12 (2H, s), 4.15 - 4.27 (3H, m's overlapping), 4.92 - 4.99 
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(2H, br.m's overlapping), 5.15 (H. br.s), 5.48 (H, d), 5.61 (H, d), 5.84 (H, dd), 6.07 (H, t), 6.36 (H, s), 7.25' (H, 
t), 7.28 - 7.69 (10H, m's overlapping), 7.89 (2H, dd), 8.08 (2H, dd), 8.86 (H, d). 

Alternate Run: 

2'-.Q-(Ethoxycarbonyl)-7-.Q-(dibenzylphosphonooxymethyl)paclitaxel (490 mg, 0.402 mmol) in ethyl ace
tate (20 ml) was hydrogenated in a Parr shaker at 60 psi (400 kPa) in the presence of palladium on 
characoal (10% w/w, 150 mg). Monitoring was carried out by TLC and HPLC. When no more starting 
material nor an intermediate (presumably the monobenzyl phosphate) were detected (26h), the suspension 

10 was filtered through Celite and evaporated to dryness. HPLC analysis showed a purity of 88-92%. 

Alternate Run: 

2'-.Q-(Ethoxycarbonyl)-7-.Q-phosphonooxymethylpaclitaxel triethylamine salt to be described below (5.4 
15 g, 4.75 mmole) was partitioned vigorously between EtOAc (100 ml) and 5% NaH$04 (45 ml) with stirring at 

0 • C for 30 minutes. The aqueous layer was separated and extracted with EtOAc (20 ml). The combined 
EtOAc layer was washed with half-brine (25 ml), brine (25 ml x 2), dried over NaS04 and filtered to give a 
solution of the acid (-4.75 mmole) in EtOAc (-150 ml). This EtOAc solution was then concentrated to 
dryness on a rotary evaporator to give 3.75 g of the title compound in free acid form in 95% yield. HPLC 

20 analysis showed homogeneity index of 96.1 %. 
The monosodium salt was prepared as follows: 

A sample of 2'-.Q-(ethoxycarbonyl)-7-.Q-phosphonooxymethylpaclitaxel (1.6 g, 1.55 mmol) was dissolved 
in acetonitrile (30 ml) by sonication. This solution was diluted with water (30 ml) and 1.1 M solution of 
NaHC03 (2.11 ml, 2.32 mmol) was added, alternately shaking and sonicating to obtain a solution (5-20 min). 

25 The somewhat milky solution was applied onto a C-18 column, washing with two column volumes of water, 
then eluting the monosodium salt with 25% acetonitrile/water. The appropriate fractions were pooled, the 
acetonitrile evaporated, and the aqueous phase lyophilized, to. yield the monosodium salt of the title 
compound (850 mg, ca 50%), having HPLC purity of 97%. 
MS (FAB/NOBA, Na!, Kl): [M + Na]+, m/z 1180 

30 HR - MS (FAB/NOBA, Csl/Gly external reference): [M + NaJ+, m/z 1080.2968 (Cs1 Hs1NC>ioPNa2 calculated 
value: 1080.3007; deviation D = 3.6 ppm) 
Elemental analysis: C: 52.65 (calc. 56.72), H: 5.06 (calc. 5.23), N: 1.20 (care. 1.30), Na: 2.74 (calc. 2.12) 
IR (KBr): 3430, 3066, 2988, 1746, 1722, 1660, 1602, 1582, 1526, 1488, 1452, 1374, 1246, 1178, 1150, 1108, 
1010, 1052, 1026, 1002. 966, 912, 834, 792, n6, 710, 628, 538 cm-1• · 

35 1H-NMR (DMSO-d&, QiO, acetone-d&) o: 1.10 (SH, s), 1.23 (3H, t), 1.64 (3H, s), 1.70 (H, m), 1.90 (3H,s), 1.99 
(H, m), 2.14 (3H, s). 2.37 (3H, s), 2.98 (H, m), 3.74 (H, d), 4.07 (2H, s), 4.13 - 4.26 (3H, m, overlapping), 4.80 
(H, br.dd), 4.97 (H, d). 5.09 (H, br.t), 5.44 (H, d), 5.55 (H, d), 5.99 (H, t). 6.34 (H, s), 7.22 (H,t), 7.43 - 7.69 
(10H, m, overlapping), 7.92 (2H, dd). 8.06 (2H, dd). 
The sodium salt can also be prepared as follows: 

40 Crude 2'-.Q-(ethoxycarbonyl)-7-.Q-phosphonooxymethylpaclitaxel (89%; 70 mg, 0.060 mmol), in EtOAc 
(2 ml) was treated with a solution of sodium ethylhexanoate (87.5 mM in EtOAc, 1.0 ml, 0.0875 mmol) at 
room temperature with stirring. After stirring at room temperature for 1 h, hexane (1.2 ml) was added to the 

· cloud point. After storing at -20 • C for 2h, the fine amorphous powder was filtered (with some difficulty, very 
slow) through fine filter paper, to yield 45 mg (70%) of the sodium salt. This was 95.2% pure by HPLC and 

45 contained a small amount of ethylhexanoic acid (NMR). 
The triethanolamine salt was prepared as follows: 

2'-0-(Ethoxycarbonyl)-7-0-phosphonooxymethylpaclitaxel, crude from the hydrogenation (89% by 
HPLC) (0.69 g. 0.593 mmol after correction for impurities) was dissolved in ethyl acetate (10 ml). and stirred 
slowly while a solution of triethanolamine (0.11 M in EtOAc, used 5.1 ml, 0.95 eq) was added dropwise. The 

50 milky solution obtained by this procedure was digested at O • C for 2h, then filtered on file filter pape.r, 
rinsing with cold EtOAc. Yield: 499 mg (80%) of an amorphous; fine, non-electrostatic powder that was 
dried overnight in vacuo. HPLC shows 96.6% purity (C18, 45% 5mM 012 +10mM ammonium phosphate 
pH 6, 55% actonitrile). NMR spectrum (020/acetone/DMSO) shows traces of ethyl acetate and no other 
clearcut impurities. It analyzes for a 2-3 x hydrate. 

55 The triethanolamine salt of lesser priority obtained from another experiment was further purified by the 
following procedure. The triethanolamine salt (approx. 2 g ) was dissolved in about 30% acetonitrile/water. 
This solution was eluted with slight nitrogen pressure through a column of C18 (Bakerbond) with a gradient 
of 20% to 40% acetonitrile in water. The fractions containing the desired triethanolamine salt were collected; 
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the acetonitrile was removed by rotary evaporation under reduced pressure. The aqueous solutions were 
frozen and lyophilized overnight to afford 1.4 grams of the triethanolamine salt with a purity of 97.5%. 
The triethanolamine salt can also be prepared as follows: 

2'-0-(Ethoxycarbonyl)-7-0-phosphonooxymethylpaclitaxel triethylamine salt (3.0 g, 2.64 mmole) was 
s partitioned between EtOAc (SO ml) and 5% NaH$04 (30 ml) with vigorous stirring at 0 • C for 15 minutes. 

The aqueous layer was separated and extracted with EtOAc (10 ml). The combined EtOAc layer was 
washed with brine (15 ml), dried over Ne12 $04. filtered to give a solution of the acid (-2.64 mmole) in EtOAc 
(-70 ml). To this EtOAc solution at room temperature was added dropwise with vigorous stirring N
(CH2CH20H)3 (0.35 ml, 2.64 mmole) over a period of 5 minutes. The resulting suspension was stirred for an 

10 additional 1 hr and then it was filtered, washed with EtOAc (15 ml x 2), dried in vacuo to give 2.8 g of the 
triethanolamine salt in 89% yield. HPLC analysis showed homogeneity index of 98.7%; mp.: > 157 • C with 
decomposition. 
Elemental analysis calculated for Cs6H73N2023P•2.0 H20•0.3 EtOAc: C, 55.60; H, 6.48; N, 2.27; KF (H20). 
2.92. Found: 55.94; H, 6.59; N, 2.43; KF (H20), 3.50. 

15 The triethylamine salt was prepared as follows: 
To the solution of 2'-Q-(ethoxycarbonyl)-7-.Q-dibenzylphosphonooxymethylpaclitaxel (10 g, 8.23 

mmole), in EtOAc (350 ml), at room temperature was added 10% Pd on carbon (2 g, 20% load). The 
resulting suspension was degassed by evacuating air and then purging with argon. This process was 
repeated two additional times. The argon then was replaced with hydrogen following the same degassing 

20 procedure. The resulting suspension was stirred under a balloon hydrogen pressure (2-3 pound per square 
inch) for 16 hr at room temperature with vigorous stirring. The hydrogen was evacuated and replaced with 
argon three times following the degassing procedure. The resulting suspension was filtered through a pad 
of Celite. To this homogeneous filtrate was slowly added EbN (8.23 mmole, 1.14 ml) over a period of 5 
min with vigorous stirring. The resulting fine white suspension was stirred for an additional 30 min. It was 

25 filtered through a fritted funnel. The filter cake was dried in vacuo (1 mmHg) for 16 hr to give 8.22 g of the 
title triethylamine salt in 88% yield. HPLC analysis showed homogeneity index of 97.4%; mp.: >178 • C with 
decomposition. 

30 

Elemental analysis calculated for Cs1H73N202oP•4.5 H20: C, 56.19; H, 6.79; N, 2.30; KF (H20), 6.65. 
Found: 56.33; H, 6.87; N, 2.32; KF (H20), 7.96. 

Alternate run for making the triethylamine salt: 

2'-.Q-(Ethoxycarbonyl)-7-Q-dibenzylphosphonooxymethylpaclitaxel (5.67 g, 4.66 mmol) was added to a 
250 ml flask and dissolved in ethyl acetate (150 ml). The flask was equipped with a three-way valve with 

35 one connection to house vacuum and one connection to an argon line. Using the valve, the flask was 
partially evacuated and then purged with argon. This process was repeated two additional times. Palladium 
on activated carbon (10% Pd) (0.85 g) was added to the flask. The argon line attached to the three-way 
valve was replaced with a hydrogen-filled balloon. Using the valve, the flask was partially evacuated and 
then purged with hydrogen. This process was repeated four additional times. The resulting mixture was 

40 stirred at room temperature under the hydrogen balloon atmosphere overnight. TLC analysis 17 hours after 
the initial exposure to hydrogen showed the starting material to be absent. The hydrogen balloon attached 
to the three-way valve was replaced with an argon line. Using the valve, the flask was partially evacuated 
and then purged with argon. This process was repeated two additional times. The contents of the flask were 
vacuum-filtered through a pad of Celite. The Celite was rinsed with ethyl acetate (2 x 1 O ml). To the stirring 

45 filtrate was added NEb (0.650 ml, 4.66 mmol). The resulting suspension was stirred at room temperature 
for two hours, and the volume was then reduced to -150 ml via a rotovap. The solid was filtered, washed 
with ethyl acetate (2 x 10 ml) and dried under vacuum to give 4.76 g {90% yield) of the title triethylamine 
salt as a white powder (homogeneity index of the product was determined to be 96.6 % by HPLC analysis). 

50 Alternate run for making the triethylamine salt: 

2'-.Q-(Ethoxycarbonyl)-7-Q-dibenzylphosphonooxymethylpac!itaxel (5.17 g, 4.25 mmoJ) was added to a 
250 ml flask and dissolved in ethyl acetate (150 ml). The flask was equipped with a three-way valve with 
one connection to house vacuum and one connection to an argon line. Using the valve, the flask was 

55 partially evacuated and then purged with argon. This process was repeated two additional times. Palladium 
on activated carbon (10% Pd) (0.86 g) was added to the flask. The argon line attached to the three-way 
valve was replaced with a hydrogen-filled balloon. Using the valve, the flask was partially evacuated and 
then purged with hydrogen. This process was repeated five additional times. The resulting mixture was 
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stirred at room temperature under the hydrogen balloon atmosphere overnight. TLC analysis 16 hours after 
the initial exposure to hydrogen showed the starting material to be absent. The hydrogen balloon attached 
to the three-way valve was replaced with an argon line. Using the valve, the flask was partially evacuated 
and then purged with argon. This process was repeated two additional times. The contents of the flask were 

5 vacuum-filtered through a pad of Celite. The Celite was rinsed with ethyl acetate (4 x 10 ml). To the stirring 
filtrate was added NEb (0.590 ml, 4.25 mmol). The resulting suspension was stirred at room temperature 
for one hour, and the volume was then reduced to -140 ml via a rotovap. The solid was filtered, washed 
with ethyl acetate (10 ml) and dried under vacuum to give 4.46 g (92% yield) of the title triethylamine salt 
as a white powder (homogeneity index as determined by HPLC analysis was 96.7%). 

10 The lysine salt was prepared as follows: 
2'-Q-(ethoxycarbonyl)-7-Q-dibenzylphosphonooxymethylpaclitaxel (15.0 g. 12.34 mmole) was added 

portionwise to a suspension of 10% palladium on carbon (20% load, 3 g) in EtOH (600 ml, 200 proof) at 
O • C. The resulting suspension was degassed by evacuating air and purging with argon. This process was 
repeated two additional times. The argon then was replaced with hydrogen following the same degassing 

15 procedure with vigorous stirring. The resulting mixture was stirred at 0 • C for 2 hrs. The cooling bath was 
removed and the reaction solution was stirred at ambient temperature for additional 4-1/2 hrs. The reaction 
mixture was degassed by evacuating hydrogen and purging with argon three times. lt was filtered under 
argon through a pad of Celite. To the resulting filtrate was slowly added a solution of lysine (1.63 g, 0.94 
eq) in a 1 :1 mixture of H20:EtOH (200 proof) (20 ml) over a period of 5 minutes with vigorous stirring. To 

20 the resulting white suspension was added distilled water (110 ml) and stirred for 30 minutes. It was warmed 
to about 55 • C. The resulting homogeneous solution was kept in an oil bath set at 50 • C and slowly cooled 
down to room temperature for 16 hrs and 4 • C for 3 hrs. It was filtered and suction dried for 16 hrs to give 
11.8 g (-80% yield) of the lysine salt with homogeneity index of 99.0 % as determined by HPLC; mp.: 
> 170 • C with decomposition. 

25 Elemental analysis calculated for Cs1H12NJGi2P•8.0 H20: C, 51.62; H, 6.69; N, 3.17; KF (H20), 10.87. 
Found: 51.76; H, 6.57; N, 3.48; KF (H20), 11.42. 
The ethanolamine salt was prepared as follows: 

2'-Q-(Ethoxycarbonyl)-7-Q-phosphonooxymethylpaclitaxel triethylamine salt (3.0 g, 2.64 mmole) was 
partitioned between EtOAc (60 ml) and 5% NaHSQ4 (30 ml) with vigorous stirring at 0 • C for 15 minutes. 

30 The aqueous layer was separated and extracted with EtOAc {15 ml). The combined EtOAc layer was 
washed with brine (15 ml), dried over Na2S04, filtered to give a solution of the free acid (-2.64 mmole) in 
EtOAc (-70 ml). To this EtOAc solution at room temperature was added dropwise with vigorous stirring a 
solution of H2NCH2CH20H (0.15 ml, 2.64 mmole) in EtOAc (5 ml) over a period of 5 minutes. The resulting 
suspension was .stirred for an additional 1 hr and then it was filtered, washed with EtOAc (15 ml x 2), and 

35 dried in vacuo to give 2.6 g of the title ethanolamine salt in 89% yield. HPLC analysis showed homogeneity 
index of 97.8%; mp.: > 130 • C with decomposition. 
Elemental analysis calculated for Cs3HosN2Gi1 P•2.5 H20: C, 55.73; H, 6.18; N, 2.45; KF (H20), 3.94. 
Found: C, 55.76; H, 6.39; N, 2.45; KF (H20), 6.00. 
The arginine salt was prepared as follows: 

40 2'-Q-(Ethoxycarbonyl)-7-.Q-dibenzylphosphonooxymethylpaclitaxel (30.0 g, 24.69 mmole) was added 
portionwise to a suspension of 10% palladium on carbon (20%, load, 6 g) in EtOH (900 ml, 200 proof) at 
0 • C. The resulting suspension was degassed by evacuating air and purging with argon. This process was 
repeated two additional times. The argon then was replaced with hydrogen following the above degassing 
procedure with vigorous stirring. The resulting mixture was stirred at 0 • C for 2 hrs. The cooling bath was 

45 removed and the reaction solution was stirred at ambient temperature for additional 24 hrs. The reaction 
mixture was degassed by evacuating. hydrogen ·and purging with argon three times following the above 
degassing procedure:· it was filtered under argon through a pad of Celite. The filtrate was divided into two 

· equal portions and EtOH (190 ml, 200 proof) was added to each portion. To one portion (-630 ml) was 
'slowly added a solution of arginine (2.0 g. 0.94 eq) in a 2:1 mixture of H20:Et0H (200 proof) (20 ml) over a 

50 :period of 5 minutes with vigorous stirring. To the resulting white suspension was added distilled water (100 
ml) and stirred for 30 minutes and then warmed to about 60 • C. It was filtered hot and the filtrate was kept 
in an oil bath set at 50 • C, allowed to cool down to room temperature and kept at room temperature for 2 
hrs and at 4 • C for 2 hrs. It was filtered and washed with cold 3% H20 in EtOH (100 ml) and suction dried 
for 16 hrs to give 12.95 g (-86% yield) of the title arginine salt with homogeneity index of 96.7 %. 

55 This material (12.95 g) was dissolved in a mixture of 15% H2 O in EtOH (-700 ml) at 55 • C. The solution 
was cooled down and kept at 3(}• C for 3-1/2 hrs, room temperature for 16 hrs. and 4 • C for 3 hrs. The 
resulting crystals were filtered, washed with cold 2% H20 in EtOH (50 ml x 2), suction dried for 4 hrs, and 
then dried in vacuo (1 mmHg) for 16 hrs to give 10.2 gs (-80% yield) of the title arginine salt (homogeneity 
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index was 98.5% );mp.: > 176 • C with decomposition. 
Elemental analysis calculated for Cs1H12Ns022P•6.4 H20: C, 51.65; H, 6.45; N, 5.28; KF (H20). 8.7. Found: 
C, 51.86; H, 6.65; N,5.53; KF (H20), 8.72. 
The N-methylglucamine salt was prepared as follows: 

5 2'-.Q-(Ethoxycarbonyl)-7-.Q-dibenzylphosphonooxymethy!paclitaxel (30.0 g, 24.69 mmole) was added 
portionwise to a suspension of 10% palladium on carbon (20% load, 6 g) in EtOH (900 ml, 200 proof) at 
0 • C. The resulting suspension was degassed by evacuating air and purging with argon. This process was 
repeated two additional times. The argon then was replaced with hydrogen following the above degassing 
procedure with vigorous stirring. The resulting mixture was stirred at 0 • C for 2 hrs. The cooling bath was 

10 removed and the reaction solution was stirred at ambient temperature for additional 24 hrs. The reaction 
mixture was degassed by evacuating hydrogen and purging with argon three times following the above 
degassing procedure. It was filtered under argon through a pad of Celite. The filtrate was divided into two 
equal portions and EtOH (190 ml, 200 proof) was added to each portion. To one portion (-630 ml) was 
slowly added a solution of N-methylglucamine (2.24 g, 0.94 eq) in a 1:1 mixture of H20:Et0H (200 proof) 

15 (20 ml) over a period of 5 minutes with vigorous stirring. To the resulting white suspension was added 
distilled water (100 ml) and the suspension was stirred for 30 minutes and then warmed to about 49 • C. The 
clear homogeneous solution was kept in an oil bath set at 50 • C, allowed to cool down to room temperature 
and kept at room tern per a tu re for 2 hrs and at 4 • C for 1-1 /2 hrs. It was filtered and washed with 3% H2 0 in 
EtOH (100 ml), suction dried at room temperature for 16 hrs to give 9.65 g (-64% yield) of the title N-

20 methylglucamine salt with homogeneity index of 96.4 %. 

This material (9.65 g) was dissolved in a mixture of 15% H20 in EtOH (-450 ml) at 52 • C. Then, the 
solution was cooled down and kept at 28 • C for 3-1 /2 hrs, room temperature for 16 hrs, and 4 • C for 3 hrs. 
The resulting crystals were filtered, washed with cold 2% H20 in EtOH (50 ml x 2), suction dried for 4 hrs, 
and then dried in vacuo (1 mmHg) for 16 hrs to give 7.5 g (-80% yield) of the title N-methylglucamine salt 

25 (homogeneity idex as determined by HPLC was 98.6% ); mp.: > 154 • C with decomposition. 

30 

35 

40 

45 

Elemental analysis calculated for CsaH1sN2~sP•5.0 H20: C, 52.72; H, 6.48; N, 2.12; KF (H20), 6.82. 
Found: C, 53.09; H, 6.50; N, 2.08; KF (H20), 7.12. 

Example 4. 2'-0-(Phosphonooxymethyl)paclitaxel 

. (a) Preparation of 2'-.Q-(methylthiomethyl)-7-.Q-(triethylsilyl)paclitaxel 

PhCONH 0 

Ph Vo"" 
CH3SCH20 

HO E 
PhC(O)O 

0 

0 

To a cooled (0 to -5 • C) solution of 7-~(triethylsily)paclitaxel (2.46 g; 2.5439 mmol) in dry acetonitrile 
(100 ml) was added dimethylsulfide (1.348g; 1.59 ml; 21.6976 mmol) followed by benzoyl peroxide (2.628 
g; 10.8488 mmol). The heterogeneous mixture was stirred at 0 • C for 1 h and kept at 5 • C for 18 h. A yellow 
solution was observed. This was evaporated to dryness and purified by silica gel column (eluting with ethyl 

50 acetate: hexane. 1 :4; 1 :3 and 1 :2) to give the title compound (1.0 g, 38% ). This was used as such for next · 
step. 
MS: [M+Hj+, 1028; [M+Na]+, 1050; [M+K]+, 1066 

55 

56 

NEPTUNE GENERICS  EX. 00848



5 

10 

EP 0 639 577 A1 

(b) Preparation of 2'-Q-(methylthiomethyl)paclitaxel 

PhCONH 0 

Ph YO•"• 
CH3SCH20 

AcO 0 

HO § 
PhC(O)O 

0 

15 To a cooled (-15 • C) solution of the product of step (a) (1.0 g; 0.9737 mmol) in dry acetonitrile (30 ml) 
was added dropwise 0.5 N HCI (3 ml). The resulting solution was stirred at -15 • C for 1 h and at 5 • C for 18 
h. This was diluted with ethyl acetate (20 ml) and washed with cold 6% NaHC03 solution and brine. It was 
dried (MgS04) and evaporated to dryness. This was purified by silica gel plate (methylene chloride: 15% 
acetonitrile) to give pure title compound (280 mg, 31.4%). 

20 IR(KBr): 3446, 3064, 2940, 1726, 1666, 1582, 1516,1486. 
NMR (CDCb ): o 1.118 (s, 3H), 1.229 (s, 3H), 1.662 (s, 3H), 1.689 (s, 3H), 1.871 (s, 3H), 2.209 (s, 3H), 2.450 
(s, 3H), 3.800 (d, H), 4.119 (d, H), 4.305 (d, H), 4.413 (m, H), 4.563 (d, H), 4.703 (d, H), 4.940 (d H), 4.958 
(dd, H), 5.667 (d, H), 5.822 (dd, H), 6.263 (m, 2H), 7.019 (d, NH), 7.293-8.127 (m, 15H). 
MS: [M+H]+, 914; [M+Na]+, 936; [M+K]+, 952 

25 HRMS: MW: 914.3394 (calculated = 914.3422) 

30 

35 

40 

(c) Preparation of 2'-Q·(dibenzylphosphonooxymethyl)paclitaxel 

PhCONH O 

Ph MO••·· 
(PhCH20l2P(O)OCH20 

AcO 0 

HO E 
PhC(O)O 

0 

To a stirred solution of the product of step (b) (0.89 g; 0.9748 mmol) in dry 1,2-dichloroethane (12 ml) 
was added powdered 4A molecular sieves (1.0 g) followed by dropwise addition of a solution mixture of N
iodosuccinimide (0.33 g; 1.4622 mmol) arid dibenzyl phosphate (0.41' g; 1.4622 mmol) in dry 

45 tetrahydrofuran (8 ml). The resulting mixture was stirred at room temperature for 1 Ii., then filtered over 
Celite. The filtrate was evaporated to dryness and the red residue was taken up in ethyl acetate (50 ml) and 
washed with cold 6% HaHS03, cold 6% NaHC03 and brine. It was dried (MgS04) and evaporated to give a 
foam. This was purified by silica gel plate (methylene chloride:20o/o acetonitrile) to give pure product (0.77 
g, 69%). . 

50 IR(KBr): 3854, 3744, 3362, 3066, 1960, 1722, 1602, 1580. 

55 

NMR (CDCb): o 1.075 (s, 3H), 1.167 (s, 3H), 1.651 (s, 3H), 1.799 (s, 3H), 2.209 (s, 3H), 2.296 (s, 3H), 2.464 
(m, H), 3.686 (d, H), 4.121 (d, H), 4.240 (d, H), 4.293 (m, H). 4.808-4.957, (m, 6H), 5.006 (m. H), 5.565-5.649 
(m, 2H), 6.034 (t, H), 6.194 (3, H), 7.100·8.132, (m, 26H). 
MS: [M+Hf, 1144; [M+Naf, 1166; (M+K]+, 1182 
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(d) Preparation of 2'-.Q-(phosphonooxymethyl)paclitaxel 

PhCONH 0 

Ph~· .. 
(H0)2P(O)OCH20 

HO ff 
PhC(O)O 

0 

15 A mixture of the product of step (c) (0.9 g; 0.7874 mmol) and 10% Pd/C (1.0 g) in ethyl acetate (20 ml) 
was hydrogenated at 60 psi (400 kPa) for 24 h. The reaction mixture was filtered over Celite and the filtrate 
evaporated to dryness. The residue was purified by silica gel plate (methylene chloride:40% methanol) to 
give the title product (0.254 g, 33.4% ). MP 202-205 • C (d). 
IR (KBr): 3438, 3066, 2942, 1722, 1652, 1602 cm-1• 

20 NMR (acetone-d6/lh0): o 1.081 (s, 6H), 1.571 (s, 3H}, 1.847 (s, 3H), 2.115 (s, 3H), 2.357 (s, 3H), 3.707 (d, 
H), 4.08 (m, 2H), 4.275 (m, H), 4.941-5.085 (m, 4H}, 5.231 (t, H), 5.430 (d, H), 5.544 (d, H), 5.970 (t, H), 
6.376 (s, H), 6.961-8.017 (m, 16H). 

25 

30 

35 

40 

MS: [M+Naj+, 986; [M+K]+, 1002; {M+2Na-Hj+, 1008; (M+Na+K"H)+, 1024; [M+2K-H]+, 1040 
HAMS: MNa+, 986.2955 {Calculated = 986.2976) 

Example 5. 2',7-0-bis(phosphonooxymethyl)paclitaxel sodium salt 

(a) Preparation of 2',7-.Q-bis(methylthiomethyl)paclitaxel 

Ph~ 
Ph : 0,., .... 

CH 3SCH
2
0 

0 

Solid benzoyl peroxide (1 .995 g, 8 mmol) was added to a stirred solution of paclitaxel (0.853 g, 1 mmol) 
and dimethyl sulfide (1.465 g, 20 mmol) acetonitrile (20 ml) at 0 • C. The reaction mixture was stirred 

·vigorously at 0 • C for 3 hours. Its progress was monitored by TLC in hexane : ethyl acetate (1 : 1, v/v) R1 

45 paclilaxel = 0.24, R1 product = 0.60. When starting material disappeared (ca. after 3 hrs) th.e reaction was 
quenched by evaporation of solvents to dryness at 25 • C using house vacuum. The dry residue was 
separated using silica gel column (EM Science, 40 - 63um ), 100 ml of dry silica gel, column size: ~ = 3/4 
in., solvent system: hexane : ethyl acetate (3 : 2, v/v}, volume of each fraction: ca. 25 ml. The title 
compound (0.515 g, 53% yield) was recovered from fractions 15 to 19. 

50 MS (FAB/matrix NOBA,Nal Kl): [M + HJ+, m/z 974; [M + Na]+, m/z 996; [M + K]+, m/z 1012 
UV (MeOH): >..max = 204 nm, E(1%/1cm) = 243.45; >..max = 228 nm, E(1%/1cm) = 313.99 
IR (KBr): 3440, 3064, 2926, 1724, 1668, 1602, 1582, 1514, 1484, 1452, 1372, 1314, 1266, 1242, 1178, 1142, 
1068, 1026, 990, 916, 886, 848, 800, 774, 710, 646, 606, 570, 540, 480 cm-1• 

1H-NMR (CDCb) B: 1.17 (3H, s), 1.20 (3H, s), 1.68 (3H, s), 1.74 (3H, s), 1.84 (H, dd), 2.04 (3H, d), 2.09 (3H, 
55 s), 2.15 (3H, s) overlaps with (H, m), 2.37 (H, dd), 2.51 (3H, s), 2.79 (H, ddd), 3.78 (H, d), 4.18 (H, d): 4.28 

(H, m), 4.31 (H, d), 4.53 - 4.74 (4H, two overlapping AB m), 4.93 (H,d), 4.95 (H, d), 5.68 (H, d), 5.82 (H, dd), 
6.24 (H, dd), 6.54 (H, s), 7.05 (H, d), 7.28 - 7.59 (10H, overlapping m), 7.57 (H, m), 7.76 (2H, d), 8.09 (2H, 
d). 
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(b) Preparation of 2',7-Q-bis(dibenzylphosphonooxymethyl)paclitaxel 

::v~ ...... 
( PhCH20) 20POCH20 

0 

A solution of N-iodosuccinimide, (135 mg, 0.5 mmol) and dibenzylphosphate, (167 mg, 0.5 mmol) in dry 
tetrahydrofuran (8 ml) was added to a mixture of 2',7-0-bis(methylthiomethyl)paclitaxel (198 mg, 0.2 
mmol) and 5 A molecular sieves (ca. 200 mg) in methylene chloride (12 ml) at room temperature. The 
reaction mixture was stirred for 1.5 hours, then the molecular sieves were filtered off on celite, washed with 

20 methylene chloride (10 ml) and the solvents were evaporated to dryness at room temperature using house 
vacuum. The residue was dissolved in ethyl acetate (100 ml) and washed in a separation funnel with 1% 
sodium thiosulfate (50 ml). with 0.5 m sodium bicarbonate (50 ml). and twice with water (2x50 ml). The 
organic phase was dried over magnesium sulfate, evaporated to dryness and re-dissolved in ethyl acetate 
(1 ml). The product was precipitated with 50 ml, of ethyl ether : hexane (1 :1) and washed twice with the 

25 same solvent system (2x50 ml). A crude product (218 mg) was obtained in 74% yield. Purification of this 
product was performed by loading its methylene chloride solution (3 ml) on silica gel (~ = 3/4 in. x l = 1 
in.) and eluting the product with 50 ml of methylene chloride : ethyl acetate (3:1) solvent system. The title 
compound (172.7 mg) was obtained in 59.3% yield. 
MS (FAB, matrix NOBA/Nal, Kl): [M +Na]+, m/z 1456; [M + K]+, m/z 1472 

30 UV (MeCN): >.max = 194 nm, E(1%/1cm) = 1078.36; >..max = 228 nm, E(1%/1cm) = 311.95 
IR(KBr):3430, 3066, 3032,2958, 1744, 1726, 1664, 1602, 1582, 1532, 1488, 1456, 1372, 1270, 1244, 1158, 
1108, 1068, 1016, 1000. 952, 886, aoo. na. 738, 698, 604, 498 cm-1• 

1H-NMR (CDCb) o: 1.12 (3H, s). 1.14 (3H, s), 1.56 (H, m), 1.67 (3H, s), 1.84 (3H, d), 1.90 (H. m), 2.17 (3H, 
s), 2.29 (3H, s), 2.73 (H, m), 3.73 (H, d), 4.08 (H, d), 4.15 (H, m), 4.20 (H, d), 4.77 (H, m), 4.79 (H, d), 4.91 -

35 5.04 (10H overlapping m), 5.25 (H, dd), 5.38 (H, dd), 5.54 - 5.64 (2H, overlapping m), 5.99 (H, br. dd), 6.25 
(H, s). 7.11 - 7.14 (2H, m), 7.24- 7.64 (28H, overlapping m), 7.94 (2H;dd). 8.04 (2H, dd), 8.30 (H, d). 

4() 

45 

50 

(c) Preparation of 2',7-Q-bis(phosphonooxymethyl)paclitaxel sodium salt 

Ph~ 
Ph ~ 0,. ..... ·2Na 

(HO) 20POCH2C 

0 

A sample of 2',7-0-bis(dibenzylphosphonooxymethyl)paclitaxel (112 mg, 0.078 mmol) was dissolved in ethyl 
acetate (7 ml) and hydrogenated over 10% palladium on charcoal (50 mg) at room temperature, 60 PSI 

55 (400 kPa). for 2 hours. The catalyst was removed by filtration over Celite. The Celite was rinsed with ethyl 
acetate (1 O ml). The filtrate was treated with solid sodium bicarbonate (20 mg. 3 eq.) and then the solvent 
was evaporated to dryness. A dry residue was re-dissolved in 5 ml of water : acetone (4:1, v/v) and purified 
by C-18 reverse phase column chromatography (55 - 105u. C-18, Waters, 50 ml of dry C-18, ~ = 3/4 in. in 
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water : acetone (4 : 1, v/v). Eluant was monitored on analytical HPlC Jones C-18 column (15 cm, 1 
mUmin., >. = 230mn) in acetonitrile : phosphate buffer pH 6 (50/50, vlv) with the addition of 012 ion pair 
cocktail (Regis), Rt = 4.7min. Fractions containing the title product were combined, acetone was evap
orated under house vacuum at 20 • C, and the solution was lyophilized. The title product (44.2 mg) was 

5 obtained in 58.8% yield. 
MS (FAS.matrix NOBA!Nal, Kl): [M + Hj+. m/z 1118; [M + Na]+, mlz 1140 
UV (MeCN): >.max = 192 nm, E(1%/1cm) = 129.73; >.max = 230 nm, E(1%11cm) = 26.43 
IA (KBr): 3430, 3066, 2956, 1724, 1658, 1604, 1582, 1520, 1486, 1452, 1374, 1316, 1256, 1152, 1110, 1070, 
1026, 966, 914, 802, 772, 710, 538 cm-1. 

10 1 H-NMR (acetone-ds/020) o: 0.97 (3H, s). 1.02 (3H, s), 1.47 (H, m), 1.54 (3H, s), 1.70 (H, m), 1.75 (3H, s), 
1.85 (H, m), 2.11 (3H, s), 2.30 (3H, s), 2.88 (H, m). 3.64 (H, d), 4.03 (H, m), 4.06 (H, d), 4.16 (H, d), 4.74 (H, 
m), 4.86 (H, m), 5.11 (H, br. t), 5.22 (H, d), 5.42 (H, d), 5.90 (H, br. t), 6.21 (H, s), 7.06 (H, br.t), 7.32 - 7.69 
(10H, ovelapping m), 7.80 (2H, d), 7.93 (2H, d). 

15 Example 6. 7-Q-methylthiomethylbaccatin Ill (7-MTM baccatin Ill) 

20 

25 

To a solution of 2'-Q-ethyloxycarbonyl-7-Q-methylthiomethylpaclitaxel (compound of Example 3(b), 27 
g, 27.4 mmol) in 100 ml of THF and 500 ml of methanol was added freshly ground K:iC03 (2.7 g, 19 

30 mmol). The solution was stirred for 30 minutes and neutralized with IR-120 (H+) resin, filtered and 
concentrated. The crude filtrate was then dissolved in 200 ml of dichloromethane and stirred for 24 hours 
with tetrabutylammonium borohydride (10 g). The solution was diluted with dichloromethane and washed 
with water, saturated bicarbonate and brine. The organic fraction was then dried over MgS04 and 
concentrated. The residue was chromatographed over silica gel (1 :1 hexane/ethyl acetate) to give 9.4 g of 

35 the title compound (53%) with a melting point of 269 • C. 
FABMS (NOBA) M+H calcd for C33H43$011: 647. Found: 647. 
IR(KBr) 3474, 1746, 1724, 1712, 1270, 1240, 1070 cm-1 

1H NMR (CDC'3, 300 MHz) o 8.08 (d, J=7.1 Hz, 2H), 7.58 (t, J=7.5 Hz, 1H). 7.45 (t, J=7.8 Hz, 2H), 6.55 (s, 
1H), 4.94 (d, J=8.1 Hz, 1H), 4.83 (bq, J=5.1 Hz, 1H), 4.66 (ABq, J=14.7,12.3 Hz, 2H), 4.30 (m, 2H), 4.13 

40 (d, J=8.4 Hz, 1H), 3.91 (d, J=6.6 Hz, 1H), 2.79 (m, 1H), 2.27 (s, 3H), 2.25 (m, 2H), 2.19 (s, 3H), 2.16 (s, 
3H), 2.10 (s, 4H), 1.81 (m, 1H), 1.72 (s, 3H), 1.61 (m, 2H), 1.16 (s, 3H), 1.03 (s, 3H). 

45 

50 

55 

13C NMR (CDC'3. 75.5 Hz) & 202.3, 170.8, 169.3, 167.0, 144.2, 132.6, 132.1, 130.1, 129.4, 128.6, 83.9, 80.9, 
78.7, 75.7, 74.5, 73.9, 67.9, 57.6, 47.6, 42.7, 38.3, 26.7, 22.6, 21.0, 20.1, 15.2, 15.0, 10.8. 
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Example 7. 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-0-ethyloxycarbonyl-7-0-
phosphonooxymethylpaclitaxel triethanolamine salt -

(a) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-Q-methylthiomethyl-
5 paclitaxel 

10 

15 

20 To a solution of HMDS (0.40 ml, 1.90 mmol) in 15 ml of THF was added a solution of n-Buli {0.75 ml, 
2.5 M in hexanes, 1.88 mmol) and stirred 5 minutes at -55 • C. To this solution was added 7-MTM baccatin 
Ill (compound of example 6, 1.03 g, 1.59 mmol) in 10 ml, of THF and stirred for 10 minutes before addition 
of an 10 ml solution of (3R,4R)-1-(t-butyloxycarbonyl)-4-(2-furyl)-3-(triethylsilyloxy)-2-azetidinone (883 mg, 
2.40 mmol). The cold bath was removed and replaced with a 0 • C bath and the reaction mixture was stirred 

25 for 30 minutes. The solution was diluted with ethyl acetate and washed with saturated NH4 Cl solution, dried 
over Mg$04 and concentrated. The residue was chromatographed over silica gel (2.5:1 · hexane/ethyl 
acetate/ to give 1.5 g of the coupling product 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl) -3'-(2-
furyl)-7-0-methylthiomethyl-2' -0-triethylsilylpaclitaxel (93% ). 
FABMS (NOBA) M +Na calcd fur Cso H11 NSSi01,: 1036. Found: 1036. 

30 IR(film) 3446 (s). 1720, 1368, 1242, 1166, 1144, 1124, 1066 cm-1• 

1H NMR (CDCb, 300 MHz) o 8.07 (d, J=7.2 Hz, 2H), 7.56 (m, 1H), 7.46 (t, J=7.5 Hz, 2H), 7.36 (m, 1H). 
6.56 (s. 1 H), 6.33 (m, 1 H), 6.20 (m, 2H), 5.67 (d, J = 6.9 Hz, 1 H), 5.29 (bs, 2H), 4.94 (d, J = 7.8 Hz, 1 H), 4.75 
(s, 1H), 4.65 (s, 2H), 4.28 (m, 2H), 4.16 (d. J=8.1 Hz, 1H), 3.89 (d, J=6.9 Hz, 1H), 2.80 (m, 1H), 2.46 (s. 
3H). 2.37 (m, 1H), 2.22 (m, 1H), 2.16 (s, 3H). 2.10 (s. 3H), 2.04 (s, 3H), 1.84 (m, Hi), 1.74 (s, 3H). 1.65 (m, 

35 1H), 1.33 (s, 9H). 1.20 (s, 3H), 1.19 (s, 3H). 0.81 (t, J=7,8 Hz, 9H), 0.47 (m, 6H). 
13C NMR (CDCb, 75.5 Hz) o 202.0, 171.2, 170.3, 169.3, 167.1, 155.3, 152.0, 141.9, 141.0, 133.6, 132.9, 
130.2, 129.2, 128.7, 110.7, 107.3, 84.0, 81.1, 80.2, 78.7, 76.1, 75.7, 74.7, 74.1, 72.4, 71.1, 57.4, 52.8, 47.1, 
43.3, 35.2, 33.0, 28.1, 26.3, 22.9, 21.2, 21.0~ 15.0, 14.5, 10.9, 6.5, 4.3. 

To a solution of the 2'-triethylsilyl ether obtained above (330 mg, 0.32 mmol) in 7 ml, of THF was 
40 added tetrabutylammonium fluoride (0.35 ml .. 1.0M in THF, 0.35 mmol) and stirred 10 minutes. The 

solution was diluted with ethyl acetate and washed with brine, dried over Mg$04 and concentrated and the 
residue was chromatographed over silica gel (2:1 hexane/ethyl acetate) to give 301 mg of the title 
compound (95%). 
FABMS (NOBA) M+H calcd for C4sHssN01,S: 900. Found: 900. 

45 IR(film) 3442, 1720, 1242, 1066, 1026 cm-1 
1H NMR (CDCb, 300 MHz) o 8.07 (d, J = 7.3 Hz, 2H). 7.57 (t, J = 7.3 Hz, 1 H). 7.45 (t, J = 7.8 Hz, 2H), 7.38 (s. 
1H). 6.53 (s, 1H), 6.34 (d, J=3.2 Hz, 1H). 6.29 (d, J = 3.2 Hz, 1H), 6.17 (t, J=8.1 Hz, 1H), 5.65 (d, J=6.9 
Hz, 1 H), 5.29 (m, 2H), 4.92 (d, J = 8.0 Hz, 1 H), 4.70 (m, 1 H), 4.64 (d, J = 4.6 Hz, 2H), 4.29 (m, 2H), 4.14 (d, 

· J = 8.3 Hz, 1 H), 3.86 (d, J = 6.8 Hz, 1 H). 3.37(d, J = 5.8 Hz, 1 H), 2.77 (m, 1 H). 2.38 (s, 3H). 2.32 (m, 2H), 
50 2.16 (s, 3H). 2.10 (s. 3H), 2.02 (s, 3H), 1.77 (m, 3H). 1.73 (s, 3H), 1.33 (s, 9H), 1.17 (s, 3H), 1.12 (s, 3H). · 

55 

. 13C NMR (CDC'3, 75.5 Hz) 8 202.0, 172.6, 170.3, 169.2, 167.0,'155.2, 151.3, 142.4, 140.4, 133.7, 133.2, 
130.2, 129.1, 128.7, 110.7, 107.4, 83.9, 81.2, 80.5, 78.6, 76.5, 76.1, 75.4, 74.6, 74.0, 72.5, 71.8, 57.4, 51.7, 
47.2, 43.2, 35.2, 32.8, 28.1, 26.4, 22.6, 20.9, 15.2, 14.6, 10.9, 8.3. 

61 

NEPTUNE GENERICS  EX. 00853



5 

10 

15 

EP 0 639 5n A1 

(b) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-.Q-ethyloxycarbonyl-
7-.Q-methylthiomethylpaclitaxel 

To a solution of the product of step (a) (864 mg, 0.96 mmol) in 50 ml of dichloromethane at 0 • C was 
added diisopropylethyl amine (2.0 ml, 11.5 mmol) and ethyl chloroformate (0.50 ml, 5.25 mmol) and 
stirred for 4 hours. The solution was diluted with dichloromethane and washed with saturated bicarbonate 
and dried over MgS04 and concentrated. The residue was chromatographed over silica gel (1 :1 hex-

20 ane/ethyl acetate) to give 884 mg of the 2' ethyl carbonate title compound (95%). 
FABMS (NOBA) M + H calcd for C48H62N01BS 972.3688. Found: 972.3654. 
IR(film) 1752, 1720, 1370, 1244, 1196, 1176, 1064 cm-1 

1 H NMR (CDCl3 , 300 MHz) o 8.09 (d, J = 7.8 Hz, 2H), 7.57 (t, J = 7.5 Hz, 1 H), 7.46 (t, J = 7 .8 Hz, 2H), 7.38 (s, 
1 H). 6.55 (s, 1 H). 6.35 (m, 1 H), 6.27 (m, 1 H), 6.22 (t. J = 7.8 Hz, 1 H), 5.67 (d, J = 7.2 Hz, 1 H), 5.51 (d, J = 9.9 

25 Hz, 1 H), 5.34 (d, J =2.4 Hz, 1 H), 5.25 (d, J = 10.2 Hz, 1 H), 4.95 (d, J = 8.1 Hz, 1 H), 4.65 (s, 2H), 4.30 (m, 
2H), 4.22 (m, 2H), 3.88 (d, J=7.2 Hz, 1H), 2.81 (m, 1H), 2.41 (s, 3H), 2.36 - 2.21 (m, 2H), 2.16 (s, 3H), 2.11 
(s, 3H), 2,09 (s, 3H), 1.83 (m, 1 H), 1.74 (s. 3H), 1.67 (s, 1 H), 1.59 (s, 1H). 1.34 (s. 9H), 1.29 (t. J = 7.2 Hz, 
3H), 1.20 (s, 3H), 1.18 (s, 3H). 
13C NMR (CDCb, 75.5 Hz) Ii 202.1, 169.9, 169.1, 167.6, 167.0, 154.0, 150.1, 142.6, 141.0, 133.6, 132.9, 

30 130.2, 129.2. 128.7. 110.7, 107.5, 83.9. 81.1, 80.7, 78.7, 76.0, 75.7, 75.1, 74.7, 74.2, 71.8, 65.1, 57.4, 49.7, 
47.1, 43.2, 35.0, 33.0, 28.1, 26.3, 22.6, 21.1, 20.9, 15.1, 14.5, 14.1, 10.9. 

35 

40 

45 

(c) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-0-ethyloxycarbonyl-
7-.Q-dibenzylphosphonooxymethylpaclitaxel -

To a solution of the product of step (b) (230 mg, 0.236 mmol) in 10 ml of anhydrous THF was added 
300 mg of 4A sieves, dibenzylphosphate (270 mg, 0.98 mmol) and recrystallized NIS (62 mg. 0.28 mmol). 
To this solution was added silver trifluoromethanesulfonate (45 mg, 0.17 mmol) and the solution stirred for 3 

so hours. The solution was filtered through Celite and diluted with ethyl acetate and washed with 10% Na~Os. · 
sautruated bicarbonate, and_ brine, dried over Mg$04 and concentrated. The residue was chromatographed 
over silica gel (15% acetonitrile/chloroform) to give 219 mg of the dibenzyl phosphate title compound 
(77%). 
FABMS (NOBA) M+Na calcd for ~1H72 NP022 Na 1224. Found: 1224. 

55 IR(film) 3422 (br), 1750, 1722, 1370, 1244, 1160, 1036, 1016, 1000, 976, 944 cm-1 

1H NMR (CDCla, 300 MHz) o 8.08 (d, J=6.9 Hz, 2H), 7.58 (t, J=7.2 Hz, 1H), 7.46 (t. J=7.8 Hz, 2H), 7.39 (s, 
lH). 7.31 (m. 10), 6.35 (m, 2H), 6.28 (s, lH). 6.21 (t. J=7.8 Hz, 1H), 5.64 (d, J=6.9 Hz, lH), 5.50 (d. 
J=10.5 Hz, 1H), 5.39 (d, J=6.6 Hz, 1H), 5.32 (d, J=2.4 Hz, 1H), 5.25 (d, J=9.9 Hz, 1H), 5.01 (dd, J=8.1, 

62 

NEPTUNE GENERICS  EX. 00854



EP 0 639 577 A1 

6.3 Hz, SH), 4.86 (d, J = 8.4 Hz, 1 H), 4.29-4.09 (m, 4H), 3.85 (d, J = 6.9 Hz, 1 H), 2.77 (m, 1 H), 2.40 (s, 3H), 
2.30 (m, 2H), 2.16 (s, 3H), 1.99 (s, 3H), 1.94 (m, 1 H), 1. 70 (s, 3H), 1.67 (s, 1 H), 1.54 (s, 1 H), 1.34 (s. 9H), 
1.28 (t, J = 7.2 Hz, 3H), 1.20 (s, 3H), 1.17 (s, 3H). 
13C NMR (CDCb, 75.5 Hz)~ 201.8, 169.9, 169.2, 167.7, 167.0, 155.1, 154.0, 150.0, 142.74, 141.1, 133.7, 

5 132.9, 130.2, 129.1, 128.7, 128.5, 128.4, 128.0, 110.7, 107.6, 93.8, 84.1, 81.6, 80.8, 80.7, 78.8, 76.3, 75.1, 
74.6, 71.8, 69.3, 69.2, 65.1, 57.0, 49.7, 46.7, 43.2, 35.0, 28.1, 26.4, 22.6, 21.2, 20.8, 14.6, 14.1, 10.5. 

10 

15 

20 

(d) preparation of 3'-N·debenzoyl-3'-desphenyl-3'-N·(t·butyloxycarbonyl)-3'·(2-furyl)-2'·0-ethyloxycarbonyl-
7-0-phosphonooxymethylpaclitaxel triethanolamine salt -

To a solution of the product of step (c) (311 mg, 0.259 mmol) in 25 ml of ethyl acetate was added 60 
mg of Pd on carbon (10%) and the solution stirred under an atmosphere of H2 for 30 minutes. The catalyst 
was removed by filtratation through Celite and the filtrate concentrated in vacuo. The residue was dissolved 

25 in 3 ml of ethyl acetate and triethananolamine added (2.3 ml, 0.1M in ethyl acetate, 0.23 mmol). The 
solution was concentrated and the residue was chromatographed over C1 s (40% acetonitrile/water) and 
lyophilized to give 205 mg of the phosphate triethanolamine salt (67%). 
FABMS (NOBA) M+Na calcd for C47HooHP022Na 1044. Found: 1044. 
IR(film) 3432 (br), 1752, 1722, 1372, 1246, 1158, 1108, 1096, 1070, 1002 cm-1 

30 1H NMR (d& acetone/IhO, 300 MHz) o 8.09 (d, J = 7.2 Hz, 2H). 7.62 (m, 2H), 7.52 (t. J = 7.5 Hz, 2H), 6.48 (d, 
J=3.3 Hz, 1H), 6.42 (m, 2H), 6.16 (t, J=8.7 Hz, 1H), 5.65 (d, J=6.9 Hz, 1H), 5.46 (d, J=3.6 Hz, 1H), 5.30 
(d, J=3.6 Hz, 1H), 5.17 (bs, 1H), 5.01 (bd, J=9.0 Hz, 1H), 4.19 (bs, 1H), 4.18 (m. 5H), 3.95 (m. 4H), 3.87 (d, 
J = 6.9 Hz, 1 H), 3.68 (s, 1 OH), 3.50 (bt, J = 4.8 Hz, 4H), 2.95 (m, 1 H), 2.44 (s, 3H), 2.41 (m, 2H), 2.16 (s, 3H), 
1.99 (s, 3H), 1.94 (m, 1 H), 1.68 (s, 3H), 1.34 (s, 9H), 1.24 (t, J = 6.9 Hz, 3H), 1.17 (s, 6H). 

35 

Example 8. 3' -N-debenzoyl-3'-desphenyl-3' -N-(t·butyloxycarbonyl)-3'-(2-thienyl)-2' ·Q·ethyloxycarbonyl· 7 -0· 
phosphonooxymethylpaclitaxel triethanolamine salt 

(a) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N·(t-butyloxycarbonyl)-3'·(2-thienyl)-7·.Q·methylthiomethyl-
40 paclitaxe! 

45 

50 

H 
I 

:Jo•''~ 
~! OH' 

To a solution of HMDS (0.5 ml, 2.4 mmol) in 18 ml of THF at .55•c was added n-Buli (0.85 ml, 2.5 
55 M in hexanes, 2.1 mmol). After 10 minutes 7-MTM baccatin Ill (1.15 g, 1.78 mmol) in 18 ml of THF was 

added dropwise and stirred in the cold for 10 minutes. (:t)cis-1-(t·Butyloxycarbonyl)-4-(2-thienyl)-3-(triethyl· 
silyloxy)-2-azetidinone (2.80 g, 7.3 mmol) in 18 ml of THF was added and the cold bath allowed to slowly 
warm to O • C over 30 minutes. The solution was diluted with ethyl acetate and washed with saturated NH4 Cl 

63 

NEPTUNE GENERICS  EX. 00855



EP 0 639 577 A1 

solution, dried over MgS04 and concentrated. The residue was chromatographed over silica gel (5:1 
hexane/ethyl acetate) to give 1.87 g of recovered lactam (3:1 hexane/ethyl acetate) to give 1.44 g of the 
coupling product 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-7-Q-methylthiomethyl-
2'-0-triethylsilylpaclitaxel (78%). 

5 FABMS (NOBA) M+Na calcd for Cs1H11N01s~SiNa 1052. Found: 1052. 
IR(film) 3442 (br), 1720, 1490, 1368, 1270, 1242, 1162, 1110, 1064, 1024, 984, 754 cm-1 
1H NMR {CDCb. 300 MHz) 6 8.09 (d, J=7.2 Hz, 2H), 7.57 (t, J=7.6 Hz, 1H), 7.47 (t, J=7.8 Hz, 2H), 7.22 
{m, 1 H), 6.95 (m, 2H), 6.55 (s, 1 H), 6.21 {t, J = 9.3 Hz, 1 H), 5.68 {d, J = 6.9 Hz, 1 H), 5.49 (bd, 1 H), 5.39 (bd, 
J = 9.6 Hz, 1 H), 4.94 {d, J = 7.8 Hz, 1 H), 4.65 (s, 2H), 4.57 (s, 1 H), 4.28 (m, 2H), 4.17 (d, J = 8.4 Hz, 1 H), 

10 3.88 (d, J=6.9 Hz, 1H), 2.80 (m, 1H). 2.46 {s, 3H), 2.37 (m, 1H), 2.20 (m, 1H), 2.17 (s, 3H), 2.10 (s, 3H), 
2.03 (s, 3H), 1.84 (m, 1 H), 1.74 (s, 3H), 1.68 (s, 1 H), 1.62 (s, 1 H), 1.31 (s, 9H), 1.20 (s, 6H), 0.84 (t, J = 7.8 
Hz, 9H), 0.50 (m, 6H). 
13C NMR (CDC'3, 75.5 Hz) o 201.9, 171.1, 170.7, 170.1, 169.3, 167.0, 155.1, 142.8, 140.9, 133.6, 132.9, 
130.2, 129.2, 128.7, 126.9, 124.6, 83.9, 81.2, 80.1, 78.8, 77.4, 76.0, 75.7, 75.2, 74.8, 74.1, 71.3, 57.4, 53.8, 

15 47.0, 43.3, 35.3, 33.3, 28.1, 26.3, 23.0, 21.3, 20.9, 14.9, 14.4, 10.9, 6.6. 4.5. 
To a solution of the 2'-triethylsilyl ether obtained above (1.41 g, 1.37 mmol) in 14 ml of THF was added 

tetrabutylammonium fluoride (1.4 ml, 1.0 M in THF, 1.40 mmol). The solution was stirred for 30 minutes, 
diluted with ethyl acetate and washed with brine, dried over MgSQ4 and concentrated. The residue was 
chromatographed over silica gel (1:1 hexane/ethyl acetate) to give 1.16 g of the title compound (92%). 

20 FABMS (NOBA) M +Na calcd for C4sHs1N01sS2Na 938. Found: 938. 
IR(film) 3440 (br), 1720, 1368, 1242, 1168, 1106, 1066, 710 cm-1 

1H NMR (CDCb. 300 MHz) o 8.08 (d, J=7.2 Hz, 2H), 7.59 (m, 1H), 7.47 (t. J=7.8 Hz, 2H), 7.24 (m, 1H), 
7.07 (m, 1H), 6.99 (m, 1H), 6.53 (s, 1H), 6.18 (t, J=8.1 Hz, 1H), 5.66 (d, J=6.9 Hz, 1H), 5.49 (d, J=9.6 Hz, 
1 H), 5.32 (d, J = 9.6 Hz, 1 H), 4.92 (d, J = 7.8 Hz, 1 H), 4.63 (m, 3H), 4.28 (m, 2H), 4.15 (d, J = 8.4 Hz, 1 H), 

25 3.86 (d, J=6.9 Hz, 1H), 3.47 (d, J=5.4 Hz, 1H}, 2.78 (m, 1H), 2.36 (s, 3H), 2.34 (, 2H), 2.17 (s, 3H), 2.10 (s, 
3H), 2.00 (s, 3H), 1.83 (m, 1 H), 1.74 (s, 3H}, 1.72 (s, 1 H), 1.61 (s, 1 H), 1.33 (s, 9H), 1.21 (s, 3H). 1.18 (s, 
3H). 
13C NMR (CDCb. 75.5 Hz) o 201.9,172.3, 170.3, 169.2, 167.0, 154.0, 141.5, 140.2, 133.7, 133.3, 130.2, 
129.1, 128.7, 127.0, 125.4, 125.4, 83.9, 81.3, 80.4, 78.6, 76.1, 75.4, 74.5, 74.0, 73.4, 72.5, 57.5, 52.8, 47.2, 

30 43.2, 35.3, 32.9, 28.2, 26.4, 22.6, 20.9, 15.1, 14.7, 10.8. 

35 

40 

45 

(b) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-Q-ethyloxycarbonyl-
7-Q-methylthiomethylpaclitaxel 

To a solution of the product of step (a) (621 mg, 0.677 mmol) in 35 ml of dichloromethane at o·C was 
added diisopropylethyl amine (1.20 ml; 6.89 mmol) and ethyl chloroformate (0.35 ml, 3.7 mmol) and 
stirred for 1 hour. The cold bath was removed and the solution stirred for 2 hours and was diluted with 
dichloromethane and was washed with saturated bicarbonate and dried over MgS04 and concentrated. The 

50 residue was chromatographed over silica gel (1 :1 hexane/ethyl acetate) to give 528 mg of the title · 
compound (79%). 
FABMS (NOBA) M +Na calcd for C48Ho1 N011S2Na 1010. Found: 1010. 
IR(film) 3510, 3440, 1752, 1720, 1370, 1244, 1198, 1170, 1026, 988, 756 cm-1 
1H NMR (CDCb, 300 MHz) o 8.09 (d, J=7.2 Hz, 2H), 7.58 (m, 1H), 7.48 (t, J=7.8 Hz, 2H), 7.26 (m. 1H), 

55 6.99 (, 2H), 6.55 (s, 1 H), 6.23 (t, J = 9.0 Hz, 1 H), 5.68 (d, J = 6.9 Hz, 2H), 5.33 (d, J = 9.9 Hz, 1 H), 5.25 (d, 
J = 2.4 Hz, 1 H), 4.94 (d, J = 7.8 Hz, 1 H), 4.65 (s, 2H), 4.33-4.08 (m, SH), 3.88 (d, J = 6.9 Hz, 1 H), 2.80 (m, 
1H), 2.40 (s, 3H), 2.40 - 2.20 (m, 2H), 2.16 (s, 3H), 2.11 (s, 3H), 2.07 {s, 3H), 1.83 (m, 1H), 1.74 (s, 3H), 1.69 
(s, 1H). 1.60 (s, 1H), 1.33 (s, 9H), 1.31 (t, J=7.2 Hz, 9H), 1.20 (s, 3H), 1.19 (s, 3H). 
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13C NMR (CDCb, 75.5 Hz) & 202.0, 169.7, 169.1, 167.5, 167.1, 154.0, 140.9, 133.6, 132.9, 130.2, 129.2, 
128.7, 127.2, 125.4, 125.3, 83.9. 81.2, 80.6, 78.8, 76.9, 76.0, 75.7, 74.7, 74.2, 72.8, 72.0, 65.2, 57.4, 50.9, 
47.1, 43.3. 35.1, 33.0, 28.1, 26.4, 22.7, 21.2, 20.9, 15.1, 14.5, 14.1, 10.9. 

5 (c) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-0-ethyloxycarbonyl-

10 

15 

7-Q-dibenzylphosphonooxymethylpaclitaxel -

H 
I 

JJO'''"" \;! 0c02Et 

20 To a solution of the product of step (b) (516 mg, 0.522 mmol) in 15 ml of anhydrous THF was added 
530 mg of 4A sieves, dibenzylphosphate (576 mg, 2.09 mmol) and recrystalized NIS (136 mg, 0.604 mmol). 
To this solution was added silver trifluoromethanesulfonate (50 mg, 0.194 mmol) and the solution stirred for 
1 hour. The solution was filtered through Celite and diluted with ethyl acetate and washed with 10% 
NaSzOa. saturated bicarbonate and brine, dried over MgS04 and concentrated. The residue was 

25 chromatographed over silica gel (15% acetonitrile/chloroform) to give 535 mg of the title compound (84%). 
FABMS (NOBA) M +Na calcd for Cs1 H12NCh1 PSNa 1240. Found: 1240. 
IR(film) 3424 (br), 1750, 1722, 1370, 1244, 1016, 1000, 944 cm-1 
1H NMR (CDC'3, 300 MHz) o 8.08 (d, J=7.0 Hz, 2H), 7.58 (m, 1H), 7.47 (t, J=7.5 Hz, 2H), 7.28 (m, 11H), 
6.99 (m, 2H) 6.33 (s. 1 H), 6.22 (t, J = 7.8 Hz, 1 H), 5.66 (m, 2H), 5.39 (t, J = 6.6 Hz, 1 H), 5.34 (d, J = 12 Hz. 

30 1 H). 5.22 (d, J = 2.4 Hz, 1 H), 5.01 (dd, J = 8.1, 6.0 Hz, SH), 4.86 (d, J = 7.8 Hz, 1 H), 4.29-4.08 (m, 5H), 3.85 
(d, J=6.6 Hz, 1H), 2.76 (m, 1H), 2.39 (s. 3H), 2.35-2.18 (m, 2H), 2.16 (s, 3H), 1.97 (s, 4H), 1.69 (s, 4H), 1.33 
(s, 9H), 1.30 (t, J = 7 .2 Hz, 3H), 1.20 (s, 3H), 1.17 (s, 3H). 
13C NMR (CDC'3, 75.5 Hz) o 197.4, 165.4, 164.9, 163.3, 162.7, 150.6, 149.7, 136.7, 136.0, 129.4, 128.6, 
125.9, 124.7, 124.3, 124.2, 124.1, 123.6, 122.9, 121.1, 121.0, 89.4, 79.8, 77.3, 76.5, 76.3, 74.4, 72.0, 70.7, 

35 70.3. 67.7, 64.9, 64.9, 60.9, 52.7, 46.5, 42.3, 38.9, 30.7, 23.8, 22.0, 18.3, 17.0, 16.4, 10.3, 9.8, 6.2. 

40 

45 

50 

(d) preparation of 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-.Q-ethyloxycarbonyl-
7-0-phosphonooxymethylpaclitaxel triethanolamine salt 

To a solution of the product of step (c) (512 mg, 0.42 mmol) in 30 ml of ethyl acetate was added 53 
mg of Pd on carbon (10%) and the solution stirred under an atmosphere of H2 for 3 hours. The catalyst was 

55 removed by filtratation through Celite and the filtrate concentrated in vacuo. The residue was dissolved in 2 
ml of ethyl acetate and triethananolamine added (4.0 ml, 0.1 M in ethyl acetate, 0.40mmol). The solution 
was concentrated and the residue was chromatographed over C1 a (40% acetonitrilelwater) and lyophilized 
to give 280 mg of the phosphate triethanolamine salt (56%). HPlC analysis showed the purity of the salt to 
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be 96%. 
FABMS (NOBA) M+ Na calcd for C47HsoNCh1 PS 1060. Found: 1060. 
lR(KBr) 3422 (br), 1750, 1720, 1372, 1246, 1162, 1096, 1068, 1000 cm-1 

1H NMR (ds acetone/D20, 300 MHz) o 8.06 (d, J=7.2 Hz, 2H), 7.63 (t, J=7.2 Hz, 1H), 7.52 (t. J=7.8 Hz, 
5 2H), 7.38 (d, J=4.2 Hz, 1H), 7.16 (d, J=3.5 Hz, 1H), 7.01 (dd, J=5.1, 3.6 Hz, 1H), 6.37 (s, 1H), 6.11 (t, 

J = 8.7 Hz, 1 H), 5.61 (d, J = 6.9 Hz, 1 H), 5.60 (s, 1 H), 5.26 (d, J = 4.5 Hz, 1H), 5.14 (t, J =6.6 Hz, 1 H), 5.00 {d, 
J = 8.4 Hz, 1H), 4.86 (dd, J = 12.0, 6.3 Hz, 1 H), 4.17 (m, 5H), 4.00 (s, 7H), 3.92 (t. J = 4.8 Hz, 6H), 3.84 (d, 
J = 6.9 Hz, 1 H), 3.48 (t, J = 5.4 Hz, 6H), 2.94 (m, 1 H), 2.42 (s, 3H), 2.36 (m, 1 H), 2.27 (m, 1 H), 2.15 (s, 3H), 
1.95 (s, 4H), 1.66 (s, 3H), 1.30 (s, 9H), 1.23 (t, J = 7.2 Hz, 3H), 1.14 (s, 6H). 

10 

15 

20 

25 

EXample 9. 1 O-Desacetyl-3' -N-desbenzoyl-3'-N-(t-butyloxycarbonyl)-10-Q-(phosphonooxymethyl)paclitaxel 

(a) preparation of 10-desacetyl-10-Q-benzyloxycarbonyl-7-Q-triethylsilylbaccatin HI 

To a dry flask under an argon atmosphere containing 7-Q-triethylsilyl-10-desacetyl baccatin Ill (2.093g, 
3.1 n mmol) was added dry THF (30 ml) and cooled to -70 • C. To this was added 1.6 M n-butyllithium 
(2.38ml, 3.81mmol) in a dropwise fashion. After stirring for 15 min, benzyl chloroformate (0.91ml, 
6.35mmol) was added dropwise. The resulting mixture was stirred for 3 h with gradual warming to ambient 

30 temperature. The reaction was quenched with 25 ml of sat. NH4CI, washed with brine, and dried with 
MgSQ4. Flash chromatography (silica gel, 30-45% ethyl acetate/hexane} furnished 2.24g (89%) of the title 
compound as a white foam. 
1H NMR (300MHz, CDCb) o 8.10 (d, J=8.0, 2H); 7.63-7.58 (m, 1H) 7.47 (t, J=8.0, 2H); 7.41-7.26 (m, SH); 
6.29 (s, 1 H); 5.61 (d, J = 7.0, 1 H}; 5.20 (q, J = 12.2, 2H); 4.96 (d, J = 9.0, 1 H); 4.87-4.84 (m. 1 H); 4.48 (dd, 

35 J = 6.7, J = 10.4, 1H); 4.30 (d, J = 8.5, 1 H); 4.14 (d, J = 8.5, 1 H); 3.84 (d, J = 7.0, 1 H); 2.58-2.48 (m, 1 H); 2.29 
(m, 4H); 2.20 (s, 3H); 2.03 (d, J=5.0, 1H); 1.92-1.83 (m, 1H); 1.68 (s, 3H); 1.17 (s, 3H); 1.04 (s, 3H); 0.91 (t. 
J = 7.5, 9H); 0.57 (q, J = 7.4, 6H). 

(b) preparation of 1 O-desacetyl-1 O-Q-benzyloxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-2' ,7-bis-Q-
40 triethylsilylpaclitaxel 

0 
-.....,./ )l CBZO 
/'o NH 0 

45 PMo .. 
TESO 

50 

To a dry flask containing the product of step (a) (3.50g, 4.42mmol) was added a small amount of toluene 
55 and the solution was then concentrated under vacuum. This flask was placed under an argon atmosphere 

and 100 ml of dry THF was added. The flask was cooled to -70·C and 1.0 M lithium hexamethyldisilazide 
(6.19ml, 6.19mmol) was added in a dropwise fashion. After stirring for 20 min, a solution of (3R,4S)+(t
butyloxycarbonyl)-4-phenyl-3-triethylsilyloxy-2-azetidinone (2.58g, 7.07mmol) in 10 ml dry THF was added 
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dropwise. The reaction mixture was stirred for 3.5 h, gradually warming to ambient temperature. It was then 
quenched with 70 ml of sat. N~ Cl, washed with brine and dried with MgS04 • Flash chromatography (silica 
gel, 5-15% ethyl acetate/hexanes) provided 5.12g (99%,) of the title compound as a white foam. 
1H NMR (300MHz, CDCb) o 8.11 (d, J=8.0, 2H); 7.60-7.58 (m, 1H); 7.48 (t, J=8.0, 2H}; 7.24 -7.26 (m, 

5 10H); 6.32-6.26 (m, 2H); 5.69 (d, J=7.0, 1H); 5.47 (bd, J=9.7, 1H); 5.31-5.10 (m, 3H); 4.94 (d, J=8.5, 1H); 
4.56 (s, 1 H); 4.46 (dd, J = 6.9, J = 10.6, 1 H); 4.31 (d, J = 8.3, 1 H); 4.17 {d, J = 8.3, 1 H); 3.81 (d, J = 7.0, .1H); 
2.53 (s, 3H); 2.48-2.33 (m, 1H); 2.22-2.17 (m, 1H); 2.09 (s, 3H); 1.95-1.86 (m, 1H); 1.70 (s. 3H); 1.65 (s, 1H); 
1.52 (s, 1H); 1.30 (s, 9H); 1.26-1.19 (m, 6H); 0.94-0.87 (m. 9H): 0.80-0.75 (m, 9H); 0.61-0.53 (m, 6H); 0.48-
0.30 (m, 6H). 

10 

{c) preparation of 10-desacetyl-3'-N-debenzoyl-3' -N-(t-butyloxycarbonyl)-7-.Q-triethylsilylpaclitaxel 

15 

20 

The product of step (b) (5.12 g, 4.40 mmol) was dissolved into 100 ml of ethyl acetate, transferred to a 
25 Parr bottle and placed under a blanket of argon. To this was added 10% palladium on carbon (2.4g) and the 

reaction mixtre was placed on a Parr hydrogenation apparatus (55psi) for a period of 8 h. The reaction 
mixture was filtered through a plug of Celite and concentrated. Flash chromatography (silica gel, 15-20% 
ethyl acetatelhexane)provided 3.24g (79% ) of the title compound as a white foam. Hydrolysis of the 2'
triethylsilyl group of the product of step (b) was a result of trace acidic residues in the Parr equipment. 

30 1H NMR (300MHz, CDCb) o 8.10 (d,J=8.0, 2H); 7.63-7.58 {m, 1H); 7.49 (d, J=B.0, 2H); 7.39-7.26 (m. 5H); 
6.27-6.17(m, 1 H); 5.64 (d, J = 7.2); 5.42(d, J = 9.4, 1 H); 5.28-5.25 (m, 1 H); 5.12 (s, 1 H); 4.92 (d, J = 8.6, 1H); 
4.62 (bs, 1H); 4.38-4.28 (m, 3H); 4.17 (d, J=8.5, 1H); 3.85 (d, J=6.7, 1H); 3.36 (d, J=5.3, 1H);·2.49-2.40 
(m, 1 H); 2.36 (s, 3H); 2.25 (bd; J = 8.7, 2H); 1.99-1.91 (m, 1 H); 1.85 (s. 3H); 1.74 (s, 3H); 1.69 (s, 1 H), 1.67 
(s, 1 H); 1 .. 35 (s, 9H); 1.22 (s, 3H); 1.11 (s, 3H); 0.93 (t, J = 7.5 9H); 0.61-0.49 (m. 6H). 

35 

40 

45 

50 

(d) preparation of 1 O-desacetyl-2' -Q-benzyloxycarbonyl-3' -N-debenzoyl-3' -N-(t-butyloxycarbonyl)-7-Q
triethylsilylpaclitaxel 

0 

.. °)(O)lNH 0 .HO 

. ·Pttv.o ... 
CBZO 

To a flask containing the product of step (c) (3.24g, 3.51mmol) was added 30 ml of dry dichloromethane. 
The flask was placed under argon and cooled to o·c. N,N-diisopropylethylamine (1.22 ml, 7.02 mmol) was 
added to the reaction mixture, followed by addition of benzyl chloroformate (1.00ml, 7.02 mmol) in a 

55 dropwise manner. After 15 min, the cooling bath was removed and the reaction allowed to stir at ambient 
temperature for 7 h. The mixture was quenched with 30 ml, sat. NH4CI, washed with brine and dried with 
MgS04. Flash chromatography (silica gel, 7-20% ethyl acetate/hexane) provided 3.24g (89%) of the title 
compound as a white solid. 
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1H NMR (300MHz, CDCb) 6 8.10 (d, J=8.0, 2H); 7.62·7.57 (m, 1H); 7.48 (t, J=8.0, 2H); 7.40-7.26 (m, 10H); 
6.33-6.27 (m. 1H); 5.66 (d, J=7.0, 1H); 5.49-5.42 (m, 2H); 5.31 (s. 1H); 5.22-5.13 (m. 3H); 4.93 (d, J-9.4, 
1H); 4.38 (dd, J=6.5, J=10.7, 1H); 4.34-4.28 (m, 2H); 4.18 (d J=8.3, 1H); 3.90 (d, J=6.7, 1H); 2.52-2.30 
(m, 4H); 2.24-2.20 (m, 1 H); 1.97-1.87 (m, 3H); 1.74 (s, 3H); 1.59 (s, 3H); 1.32 (s, 9H); 1.26, (s, 3H); 1.11 (s, 

5 3H); 0.96-0.88 (m, 9H); 0.61-0.48 (m, 6H). 

10 

75 

20 

(e) preparation of 10-desacetyl-2' -0-benzyloxycarbonyl-3' ·N·debenzoyl-3' -N-(t-butyloxycarbonyl)-10-0-
(dibenzylptiosphonooxymethyl)· 7 ·Q·triethylsily!paclitaxel -

The product of step (d) was dissolved into 13.5 ml (54%) of DMSO. 8.75 ml (35%) acetic anhydride and 
25 2.75 ml (11%) glacial acetic acid and placed under an atmosphere of argon. The reaction mixture stirred 

for 56 h, after which it was diluted with ethyl acetate to a vo!umn of 60 ml. The solution was washed with 
sat. NaHC03 until neutral by pH paper and then washed with brine. The organic fraction was dried with 
Mg$04 and concentrated. Flash chromatography with 15-20% EtOAc/hexane provided 3.12g of crude white 
foam with the desired thiomethyl acetal product (i.e. 10-desacetyl-2'-0-benzyloxycarbonyl-3'-N-debenzoyl-

30 3'-N-(t-butyloxycarbonyl)-10-Q-(methylthiomethyl)-7-Q-triethylsilylpaclitrucel accounting for 70% of the ma
terial by NMR. 
The above crude mixture (3.12g) was then dissolved in 1,2-dichloroethane (61 ml) and placed under a 
blanket of argon. 4A powdered molecular sieves (3.12 g) were added and the resulting heterogeneous 
mixture was stirred vigorously. To this was added a solution of recrystallized N-iodosuccinimide (0.830 g, 

35 3.69 mmol) and dibenzyl phosphate (1.027 g, 3.69 mmol) in dry THF (46 ml) via cannula. The resulting 
mixture was stirred for 5 h, filtered through a plug of Celite. and diluted to a volume of 250 ml with ethyl 
acetate . It was washed with (2 x 125ml) of cold 2% NaHS03 , cold 6% NaHC03 (2 x 125 ml) and brine. 
The organic phase was dried with MgS04 and concentrated. Flash chromatography (silica gel, 25-35% 
ethyl acetate/hexane) provided 1.52g (40%) of title compound as a white solid. 

40 1H NMR (CDCb, 300 MHz) o 8.08 (d, J=7.0, 2H); 7.59-7.55 (m, 1H); 7.46 (t, J=7.2, 2H); 7.38-7.25 (m, 
20H); 6.30 (t. J = 8.5, 1 H); 5.65 (d, J = 6.8, 1 H); 5.49-5.39 (m, 4H); 5.32 (s. 1 H); 5.18-4.19 (m, 4H); 4.93 (d, 
J=9.2, 1H); 4.44 (dd, J=6.6, J=10.2, 1H); 4.31 (d, J=8.4, 1H); 4.16 (d, J=8.5, 1H); 3.80 (d, J=6.9, 1H); 
2.69-2.39, (m. 4H), 2.33-2.23 (m, 3H); 2.03 (s, 3H); 1.90 (t, J = 12.6, 1 H); 1.68-1.63 (m, 6H); 1.28 (s, 9H); 
1.16-1.10 (m, 6H); 0.93 (t, J=7.4, 9H); 0.55 (q, J=7.8, 6H). 

45 13C NMR (CDCb, 75.5 MHz) 6 204.1, 169.7, 167.9, 167.1, 151.1, 140.7, 135.7, 133.6, 130.2, 129.2, 128.9, 
128.8, 128. 7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.0, 127.8, 126.4, 90.4, 84.2, 81.1, 80.4, 79.3, 78.8, 74.9, 
72.8, 72.0. 70.5, 69.2, 69.1, 69.0, 58.1, 46.8, 43.2, 37.1, 35.0, 28.1, 26.5. 22.8, 21.0, 14.1, 10.0, 6.9. 5;5. 
M. S. (FAB) m/z +: 1345 

50 

55 

68 
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(f) preparation of 1O-desacetyl-2'-Q-benzyloxycarbonyl-3'-N-debenzoyl-3'-N-(t-butyloxycarbonyl)-10-0-
(dibenzylphosphonooxymethyl)paclitaxel 

BnO 0 
'p"' 

,/ 0 BnO- 'CY" 
/'o)lNH 0 O 

P~Om 
CBZO 

A solution of the product of step (e) (50.8 mg, 0.038 mmol) in dry THF (2.5 ml). under argon was cooled to 
-4o·c. To this solution was added tetrabutylammonium fluoride (0.057 ml, 0.057 mmol) in THF (1.0 M) in a 

20 dropwise manner. The reaction mixture stirred for 1.5 h with gradual warming to -20 • C. The mixture was 
quenched with 15 ml sat. NH4CI and diluted with 30 ml EtOAc. The organic phase was washed with 2 x 
15ml NaHCQ3, and brine. It was dried with Mg$Q4 and concentrated. Preparative layer chromatography 
(silica gel, 50% ethyl acetate/hexane) provided 36 mg (77%) of title compound as a white powder. 
1H NMR (CDCb, 300 MHz) o 8.10 (d, J=8.5, 2H}; 7.60-7.55 (m, 1H); 7.49-7.44 (m, 2H); 7.36-7.18 (m, 20H); 

25 6.27-6.22 (m, 1 H); 5.78 (s, 1 H); 5.67 (d. J = 7.0, 1H); 5.44-5.34 (m, 3H); 5.27 (d, J = 2.2, 1 H); 5.24-5.05 (m, 
4H); 5.01-4.91 (m, 4H); 4.39-4.28 (m, 2H); 4.17 (d, J=8.2, 1H); 3.87 (d, J=7.0, 1H); 2.58-2.51 (m, 1H); 2.41 
(s, 3H); 2.40-2.18 (m, 2H), 2.00-1.87 (m, SH); 1.73-1.69 (m, 4H); 1.30 (s, 9H); 1.22-1.15 (m, 6H). 
M.S. (FAB) m/z +: 1231 . 

30 (g) preparation of 1O-desacetyl-3'-N-desbenzoyl-3'-N-(t-butyloxycarbonyl)-10-0-(phosphonooxymethyl)-

35 

40 

45 

paclitaxel triethanolamine salt -

A 500 ml Parr bottle was charged with 10-desacetyl-2'-0-benzyloxycarbonyl-3'-N-debenzoyl-3'-N-(t
butyloxycarbonyl)-10-0-(dibenzylphosphonooxymethyl)paclitaxel (264.9mg, 0.215mmo!) and ethyl acetate 
(20 ml). The flask was then flushed with argon and 10% Pd/C (318mg) was added. The resulting mixture 

50 was placed on a Parr apparatus with a 55 pounds per square inch (psi) hydrogen atmosphere. The reaction 
was monitored by HPlC (70:30 CH3CN/Q8 buffer pH 6.0, 1.00 mUmin., Zorbax C-18 column, 25.0 cm, 
A= 230 nm) until no starting material was evident (12.5 hours). The mixture was filtered through a plug of 
Celite, which was washed with ethyl acetate and a small amount of dichloromethane. The resulting filtrate 
was concentrated and the residue was taken up in dichloromethane (5 ml). Addition of hexane caused a 

55 white precipitate to form, of which 140.3mg of the free acid (80% purity by HPlC) was isolated as a white 
solid. This material was passed directly on to the next step. 
To a flask containing the above free acid (140mg, 0.153mmol) was added dichloromethane (10 ml). The 
resulting solution was then treated with 0.100 M triethanolamine solution in ethyl acetate (1.16 ml, 
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0.116mmol) which caused the solution to become turbid. Approximately 2 ml of hexane was added and the 
mixture was placed at -20 • C overnight. The resulting precipitate was filtered through a 4.0-5.5 um fritted 
glass funnel. The solid was removed and placed under vacuum for 4 h to yield 69.9mg (42%) the title 
triethanolamine salt as a gray powder, which was determined to he 95-96% pure by HPLC analysis. (TR = 

5 2.05 min, 70:30 CH3CN/Q8 Buffer pH 6.0, 1.00 mUmin, Zorbax C-18 25.0 cm, >.=230 nm). 
1 H-NMR (d6 -acetone/Oi0, 300 MHz): o 8.03 (d, J = 7.4, 2H); 7.65 (t, J = 7.3, 1 H); 7.54 (t, J = 7.6, 2H); 7.42-
7.33 (m, SH); 7.21 (t, J=7.0, 1H); 6.09 (t, J=9.0, 1H); 5.81(s,1H); 5.59 (d, J=7.0, 1H); 5.12 (bs, 2H); 4.93 
(d, J = 8.4, 2H), 4.56 (d, J = 4.9, 1 H); 4.31-4.26 (m, 1 H); 4.11 (s, 2H); 3.41-3.37 (m, 6H); 2.42-2.32 (m, SH); 
2.15 (bs, 1H); 1.97 (s, 3H); 1.n-1.64 (m. 2H); 1.58 (s. 3H); 1.13 (s, 9H); 1.15-1.07 (m, 6H). 

10 13C NMR (d6-acetone, OiO. 75.6 MHz): o 171.6, 166.9, 156.6, 141.8, 135.1, 134.2, 131.0, 130.7,129.4, 129.3, 
128.4, 128.1, 88.3, 85.4, 81.9, 79.7, 78.6, 78.1, 76.8, 76.0, 74.8, 71.9, 71.2, 47.4, 44.0, 37.1, 36.3, 28.5, 27.0, 
23.1, 22.0, 14.7, 10.4. 
HRMS: MNa+, 940.3142 (Calculated for CuHs6N01aPNa = 940.3133) 

15 Example 10. 2'-Q-Phosphonooxymethoxymethylpaclitaxel 

20 

25 

30 

(a) preparation of 2'-.Q-(methylthiomethoxymethyl)-7-.Q-triethysilylpaclitaxel 

PhCONH 0 

Ph~, ... 
CH3SCH20CH20 

AcO 

HO i 
PhC(O)O 

0 

To a solution of 7-Q-triethylsilylpaclitaxel (70.0 mg, 72.2 mmol), bis(methylthiomethyl)ether (90 mg, 72.2 
mmol), molecular seives (70 mg), and N-iodosuccinimide (160 mg, 72.2 mmol) in THF (2.0 ml) at room 
temperature was added silver triflate (5.0 mg, 19.5 mmol) and the resulting solution was stirred for 2 h. The 
reaction mixture was then diluted with ethyl acetate and filtered through a pad of celite. The filtrate was 

35 washed with saturated aqueous sodium bicarbonate solution, followed by a 1 :1 (v:v) mixture of saturated 
aqueous sodium bicarbonate and 5% aqueous sodium thiosulfate solution and finally brine. The organics 
were then dried over sodium sulfate and concentrated in. vacuo. The residual oil was purified via flash 
chromatography (3:1, hexanes:ethyl acetate) to provide 22.0 mg (29%) of the title compound as a white 
solid: 

40 1H NMR (300MHz, CDCl3) o 8.12-7.20 (15H, m), 7.04 (1H, d, J=8.9 Hz), 6.41 (1H, s), 6.25 (1H, m), 5.81 
(1 H, dd, J = 8.9, 2.4 Hz), 5.68 (1 H, d, J = 7.0 Hz), 4.93 (1 H, d, 8.0 Hz). 4.79 (2H, m), 4.71 (1 H, d, 2.4 Hz), 
4.45 (lH, dd, J=10.5, 6.6 Hz), 4.30 (1H, d, J=8.3 Hz), 4.28 (1H, d, J=11.7 Hz), 4.17 (1H, d, J=8.3 Hz), 
4.04 (1 H, d, J = 11.7 Hz). 3.80 (1 H, d, J = 6.9 Hz), 2.48-1.13 (251-1, m, incl. singlets at 2.51, 2.13, 2.05, 2.01, 
1.69, 1.19, 1.16), 0.98-0.85 (9H, m), 0.65-0.50 (6H, m). 

45 

50 

55 
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(b) preparation of 2'-Q-(dibenzylphosphonooxymethoxymethyl)-7-triethylsilylpaclitaxel 

AcO 0 

5 PhCONH 0 

Ph~,. .. 
(OBnl2(0)POCH20CH20 0 

10 HO j 
PhC(O)O 

75 To a solution of the product obtained in step (a) (15 mg, 0.0141 mmol) and molecular sieves (15 mg) in 
THF (0.5 ml) at room temperature was added dibenzyl phosphate (20.0 mg, 0.089 mmol) followed by N
iodosuccinimide (4.2 mg, 0.0187 mmol) and the solution was stirred for 1 h. A TLC analysis of the reaction 
mixture at this time indicated the presence of starting material only. Silver triflate (5.0 mg, 0.019 mmol) was 
then added in three portions over 2h and the reaction was stirred for an additional 1 h. The reaction mixture 

20 was then diluted with ethyl acetate and the resulting solution filtered through a pad of celite. The filtrate was 
treated with a 1:1 (v:v) solution of saturated aqueous sodium bicarbonate and 5% aqueous sodium 
thiosulfate solution. The organic extract was then washed with brine, dried over sodium sulfate and 
concentrated in vacuo. The residual oil was purified via flash chromatography (1 :1, hexanes:ethyl acetate) to 
provide 5.0 mg (33%) of the title compound: 

25 1H NMR (300 MHz, CDCl3) o 8.08-7.16 (25H, m), 7.18 (1H, d, J=8.8 Hz), 6.41 (1H, s), 6.21(1H, m), 5.82 
(1H, dd, J=9.0, 3.1 Hz), 5.66 (1H, d, 7.0 Hz), 5.01-4.65 (10H, m), 4.56 (1H, dd, J=14.7, 5.6 Hz), 4.43(1H, 
dd, J=10.4, 6.7 Hz), 4.29 (1H, d, J=S.3 Hz), 4.16 (1H, d, J=B.3 Hz), 3.78 (1H, d, J=7.0 Hz), 2.60-1.13 
(22H, m, incl. singlets at 2.49, 2.15, 1.93, 1.66, 1.15, 1.13, 3H each), 0.95-0.84 (9H, rn), 0.63-0.45 (6H,m). 

30 (c) preparation of 2'-Q-phosphonooxymethoxymethylpaclitaxel 

35 

40 

45 

50 

55 

0 

PhCONH 0 

Ph Mo .... 
0 

HO AcO 
PhC(O)O 

The product of step (b) is treated with tetrabutylammonium fluoride according to the procedure given in 
Example 9(f) to remove the 7-0-triethylsilyl protecting group. The compound thus obtained is subject to 
catalytic hydrogenation according to the procedure described in previous examples to provide the title 
compound. · 
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Example 11. 2'-Q-Phosphonooxymethoxymethylpaclitaxel (Alternate route) 

(a) preparation of 2'-Q-triethylsilylpaclitaxel 

OAt; 

PhCONH 0 

Ph~O•••·· 
6 
\ 
Si(~h HO 

Bzo 

To a solution of paclitaxel (20.0 g, 0.0234 mol) and imidazole (3.59 g, 0,052 mol) in 150 ml of DMF 
(dimethylformamide) at O • C was added triethylsilyl chloride (6.0 ml, 0.053 mol) in 2.0 ml quantities over 
20 min. The reaction mixture was then stirred at 0 • C for 1 h. The mixture was then diluted with ethyl acetate 

20 and saturated aqueous ammonium chloride. The organic layer was removed, washed with brine, dried over 
sodium sulfate and concentrated in vacuo to provide a yellow oil. Purification of the crude product via flash 
chromatography (hexanes: ethyl acetate: 1 :3 then 1 :1) provided 21.07 g (98% yield) of the desired title 
compound as a colorless white solid. 
1H-NMR (300 MHz, CDCb) o 8.15 (2H, m), 7.70 (2H, m). 7.65-7.30 (11H, m) 7.15 (1H, d, J = 8.9 Hz), 6.30 

25 (1 H, s), 6.25 (1 H, m), 6.70-6.10 (2H, m), 4.94 (1 H, d, J = 7.9 Hz), 4.67 (1 H, d, 2.0 Hz), 4.40 (1 H, m), 4.29 
(1H, d, J = 8.4 Hz), 4.18 (1H, d, J = 8.4 Hz), 3.81 (1H, d, J = 7.1 Hz), 2.65-1.10 (22H, including singlets at 
2.55, 2.20, 1.88, 1.69, 1.22, 1.13, 3H each ). 

30 

35 

4Q 

(b) preparation of 2'-Q-triethylsilyl-7-Q-benzyloxycarbonylpaclitaxel 

PhCONH 0 

Ph~O•••·· 
0 

OAc 

'si(~%h HO 

BzO 

Butyllithium (1.6 Min hexanes, 12.9 ml, 8.06 mmoi) was added dropwise over 10 min to a solution of 2'-0-
45 triethylsilylpaclitaxel (22.3 g, 24.1 mmol) in THF (250 ml) cooled to -50 • C. The resulting solution was 

stirred for 20 min and the temperature maintained between -so • C and -35 • C. The reaction mixture was 
then cooled to -50 • C and benzyl chloroformate (5.08 ml, 29.8 mmol) was added dropwise over 5 min. The 
reaction mixture was maintained at -40 • C for 30 min then equilibrated to. 0 • C over approximately 30 min. 
The mixture was then diluted with ethyl acetate and saturated aqueous ammonium chloride and the 

50 resulting organic layer washed with brine. dried over sodium sulfate and concentrated in vacuo. A 1 H-NMR · 
analysis of the crude reaction mixture showed the presence of desired 2'-0-triethylsilyl-7-0-benzyloxycar
bonylpaclitaxel as well as 2'-0-triethylsilyl-7-epihydroxypaclitaxel (3 :1 ratio, respectivelY). This product 
mixture was used in the next step without further purification and the isomers subsequently separated. An 
analytical sample of the major product 2'-0-triethylsilyl-7-0-benzyloxycarbonylpaclitaxel was purified via 

55 flash chromatography: 1H-NMR (300 MHz, CDCb) S 8.12 (2H, m), 7.72 (1H, m), 7.65-7.27 (1H, d, J = 8.8 
Hz), 6.41 (1H, m), 6.20 (1H, m), 5.72-5.65 (2H, m), 5.52 (1H, m). 5.24 (1H, d, J = 12.3 Hz), 5.16 (1H, d, J = 
12.3 Hz). 4.95 (1 H, d, J = 8.7 Hz). 4.69 (1 H, s), 4.35 (1 H, d, J = 8.3 Hz), 4.25 (1 H, d, J = 8.3 Hz), 3.94 (1 H, 
d, J = 6.8 Hz). 2.70-1.12 (22H, including singlets at 2.54, 2.14, 2.01, 1.80, 1.20, 1.15, 3H each), 0.81-0.73 
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(9H, m), 0.55-0.31 (SH, m). 

(c) preparation of 7-Q-benzyloxycarbonylpaclitaxel 

PhCONH 0 

Ph~011••· 
OH 

OAc 

BzO 

Hydrochloric acid (SN, 1.0 ml, S.0 mmol) was added to a solution the product from Step (b) (24.0 g, 22.S 
mmol) in acetonitrile (250 ml) cooled to 0 • C. After 10 min a TLC analysis (hexanes : ethyl acetate, 1 : 1) 

20 indicated the reaction was complete. The reaction mixture was diluted with saturated aqueous sodium 
bicarbonate followed by ethyl acetate and the organic layer was removed, washed with brine, dried using 
sodium sulfate and concentrated in vacuo. The residual oil. was purified using flash chromatography 
(hexanes : ethyl acetate, 1 :3, then 1 :1) to provide 11.4 g (46% over 2 steps) of the title compound and 4.6 g 
(20%) of 7-epihydroxypaclitaxe!. 

25 1H-NMR (300 MHz, CDCb) o 6.09 (2H, m), 7.71 (2H, m),7.S5-7.27 (1SH, m), 7.10 (1H, d, 6.9 Hz), S.39 (1H, 
s), 6.16 (1 H, m), 5.61 (1H, d, J = 8.9, 2.4 Hz), 5.65 (1 H, d, J = 6.9 Hz), 5.49 (1H, dd, J = 10.6, 7.2 Hz), 
5.20 (1 H, d, J = 11.9 Hz), 5.12 (1 H, d, J = 11.9), 4.91 (1 H, d, J = 8.4 Hz), 4.78 (1 H, m), 4.30 (1 H, d, J = 
8.4 Hz), 4.15 (1H, d, J = 8.4 Hz), 3.91 (1H, d, J = 6.8 Hz). 3.69 (1H, d, J = 4.9 Hz), 2.65-1.10 {22H, 
including singlets at 2.39, 2.18, 1.81, 1. 75, 1.21, 1.15, 3H each). 

30 

35 

40 

45 

(d) preparation of 2' -Q-{methylthiomethoxymethyl)-7-Q-benzyloxycarbonylpaclitaxel 

::x;c. .... 
0 
)-

0 

) 
BzO 

c MeS 

Silver triflate (300 mg. 1.17 mmol) was added to a solution 7-0-benzyloxycarbonylpaclitaxel (5.53 g, 5.71 
mmol); 1, 1'-dithiomethyldimethyl ether (7.8 g, 57.1 mmol), N-iodosuccinimide (6.35 g, 28.3 mmol) and o.ven 

50 dried, powdered molecular sieves (5.0 g) in THF (110 ml) at room temperature. A TLC analysis (hexanes: 
ethyl acetate, 1 :1) of the reaction mixture after 20 min indicated the conversion of approxiately 40% of the 
starting material to a higher running product. Silver triflate (150 mg, 0.585 mmol) was then added and the 
reaction was monitored by TLC which indicated after 30 min the reaction was appoximately 65% complete. 
The mixture was diluted with ethyl acetate (100 ml); filtered using a pad of celite and the filtrate was 

55 poured into a separatory funnel containing 200 ml of a saturated aqueous solution of sodium bicarbonate 
and 50 ml of a 5% aqueous sodium thiosulfate solution. The organic layer was removed, washed with 
brine, dried over sodium sulfate and concentrated in vacuo. The residual oil was purified via flash 
chromatography (hexanes : ethy.I acetate, gradient elution 4:1 to 3:2) to provide 3.0 g (54% yield) of the title 
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product as a light yellow solid. 
1H-NMR (300 MHz, CDCL3) o 8.10 (2H, m), 7.74 (2H, m), 7.66-7.25 (18H, m). 7.05 (1H, d, J = 8.9 Hz), 6.40 
(1H, s), 6.26 (1H, m), !?·n (1H, dd, J = 8.8, 2.5 Hz), 5.71 (1H, d, J = 6.9 Hz), 5.51 (1H, dd, J =. 10.6, 7.1 
Hz), 5.21 (1H, d, J = 11.9 Hz), 5.14 (1 H, d, J = 11.9 Hz), 4.92 (1H, m), 4.79 (2H, m), 4.68 (1H, d, J = 2.5 

5 Hz), 4.31 (1 H, d, J = 11.8 Hz), 4.30 (1 H, d, J = 8.5 Hz), 4.16 (1 H, d, J = 8.5 Hz), 4.10 (1H, d, J = 11.8 
Hz), 3.93 (1H, d, J = 6.9 Hz), 2.65-1.10 (25H including singlets at 2.50, 2.15, 2.05, 1.74, 1.72, 1.20, 1.15, 3H 

each). 

10 

15 

20 

25 

(e) preparation of 2' -Q-(dibenzylphosphonooxymethoxymethyl)-7-Q-benzyloxycarbonylpacUtaxel 

PhCONH 0 

.. Va-.... 
"> 
0 

?. ) 
{BnO}iPO 

BzO 

To a solution of 2'-0-(methylthiomethoxymethyl)-7-0-benzyloxycarbonylpaclitaxel (1.06 g, 1.07 mmol) and 
oven dried, powdered molecular sieves (1.0 g) in THF (20 ml) at room temperature was added dibenzyl 
phosphate (1.49 g. 5.30 mmol) followed immediately by N-iodosuccinimide (2.65 g, 1.18 mmol). A TLC 

30 analysis (hexanes : ethyl acetate 1 :1) of the reaction mixture after 2.5 h indicated the reaction was 
approximately 60% complete. N-iodosuccinimide (175 mg, 0.78 mmol) was then added and the reaction 
stirred for an additional 30 min, after which time a TLC analysis indicated the reaction was complete. The 
reaction mixture was then diluted with ethyl acetate (50 ml) and filtered using a pad of celite. The filtrate 
was poured into a separatory funnel containing 100 ml of a saturated aqueous solution of sodium 

35 bicarbonate and 20 ml of a 5% aqueous solution of sodium thiosulfate. The organic layer was removed, 
washed with brine. dried over sodium sulfate and concentrated in vacuo. The residual oil was purified using 
flash chromatography (hexanes: ethyl acetate, gradient elution, 3:1 to 1 :1) to provide 750 mg (62% yield) of 
the desired title compound as a white solid. 
1H-NMR (360 MHz, CDCb) o 8.10 (2H, m), 7.79 {2H, m), 7.65-7.24 (26H, m), 7.10 (1H,m), 6.41 {1H, s), 6.20 

40 (1 H,m), 5.79 {1 H, dd, J = 8.8, 3.6 Hz), 5.65 {1 H, d, J = 7.0 Hz), 5.52 (1 H,m), 5.20 (1 H, d, J = 11.8 Hz). 
5.11 (1 H, d, J = 11.8 Hz), 5.04-4.85 (6H, m). 4.75-4.60 (4H, m), 4.30 {1 H, d, 8.4 Hz), 4.15 (1 H, d,J = 8.4 
Hz), 3.92 (1H, d, J 7.0 Hz) 2.65-1.10 (22 H including singlets at 2.48, 2.19, 1.95, 1.80, 1.20, 1.10, 3H 
each). 

45 {f) preparation of 2'-Q-phosphonooxymethoxymethylpaclitaxel triathanolamine salt 

Palladium (10%) on carbon was added to a solution of 2'-Q-(dibenzylphosphonooxymethoxymethyl)-7-Q
benzyloxycarbonylpaclitaxel {500 mg, 0.382. mmol) in ethly acetate (40 ml) housed in a Parr bottle. The 
vessel was affixed to a Parr apparatus and the reaction mixture subjected to hydrogen at 50 psi. The 

so reaction mixture was shaken for 6.5 h, then filtered using a sintered glass funnel. Triethanolamine (0.1 N in· 
ethyl acetate, 4.0 ml) was added to this filtrate and the resulting solution was concentrated in vacuo. The 
crude solid was suspended in approximately 5.0 ml of ethyl acetate and the solvent decanted. This 
process was repeated three times and the resulting title triethanolamine salt {300 mg) was obtained with 
purity of 87% as determined by HPlC analysis. Further purification of this compound via C18 chromatog-

55. raphy (water: acetonitrile, 3:1) provided the desired title compound (120 mg, 34%) at 95% purity by HPLC. 
1H-NMR (300MHz, CD3COC03, 020) o 9.05 (1H, d, J = 8.7 Hz), 8.15-7.12 (21H, m), 6.40 (1H,m), 6.05 (1H, 
m), 5.69-5.55 (2H, m), 5.01-4.85 (6H, m), 4.35 (1H, m), 4.14 (2H, m), 3.96-3.85 (6H, m), 3.25 (1H, d, J = 7.1 
Hz), 3.30-3.15 (6H, m) 2.50-1.04 (22H, including singlets at 2.49, 2.15, 2.05, 1.81, 1.60, 3H each). 
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Example 12. 3'-N-debenzoyl-3'-N-Osopropyloxycarbonyl)-7-.Q-methylthiomethylpaclitaxel 

To a solution of 7-.Q-methylthiomethylbaccatin Ill (408 mg, 0.630 mmol) in 1 O ml of THF at -60 • C was 
added nBuli (0.30 ml, 2.5 M, 0.75 mmol) and stirred for 10 min. (3R, 4$)-3-Triethylsilyloxy-4-phenyl-N
isopropyloxycarbonylazetidin-2-one (320 mg, 0.88 mmol) in 6 ml of THF was added dropwise and then the 

20 reaction brought to O ·c for 30 min. The solution was quenched with saturated NH4CI and extracted with 
ethyl acetate, shaken with Bu.NF (1.0 ml, 1.0 M, 1.0 mmol) and then washed with brine, dried over MgSO. 
and concentrated. The residue was chromatographed over silica gel (1.5:1 hexane/ethyl acetate) to give 545 
mg of a product which was crystalized from acetone/hexane to give 476 mg of the title product as a white 
solid (84%); IR(KBr) 3460, 1720, 1266, 1244, 1230 cm-1 1H-NMR (CDCb, 300 MHz) o 8.07 (d, J=7.2 Hz, 

25 2H), 7.59 (t, J = 7.2 Hz, 1 H), 7.47 (t, J = 7.5 Hz, 2H), 7.32 (m, SH), 6.51 (s, 1 H), 6.18 (t, J = 8.7 Hz, 1 H), 5.65 
(d, J = 6.6 Hz, 1 H), 5.50 (d, J = 9.3 Hz, 1 H), 5.28 (d J = 8.4 Hz, 1 H), 4.91 (d, J = 8.1 Hz, 1 H), 4.77 (m, 1 H), 
4.64 (bs, 3H), 4.26 (m, 2H), 4.15 (d, J = 8.4 Hz, 1 H), 3.83 (d, J = 6.9 Hz, 1 H), 3.44 (d, J = 5.1 Hz, 1 H), 2.78 
(m, 1H), 2.34 (s, 3H), 2.25 (d, J=9.0 Hz, 2H), 2.17 (s, 3H), 2.14 (s, 1H), 2.10 (s, 3H), 1.96 (s, 3H), 1.83 (m, 
1H), 1.73 (s. 3H), 1.15 (m, 12H); 13C NMR (CDCb, 75.5 Hz) o 201.8, 170.4, 169,2, 167.0, 156.3, 140.1, 

30 138.3, 133.7, 133.3, 130.2, 129.1, 128.8, 128.6, 128.1, 126.8, 83.8, 81.4, 78.7, 76.0, 75.5, 74.5, 74.0, 73.6, 
72.2, 68.9, 57.5, 56.4, 47.1, 43.2, 35.3, 32.9, 26.6, 22.6, 22.0, 21.9, 20.9, 15.1, 14.6, 10.9 
FABMS (NOBA) M +Na calcd for C4,Hs1NS01s : 918. Found: 918. 
Anal. calcd for CH Hs1NS01s: C, 61.66; H, 6.41; N, 1.56. Found: C, 61.63; H, 6.36; N, 1.68. 

35 Example 13. 3'-N-Debenzoyl-3' -N-(n-butyloxycarbonyl)-7-.Q-methylthiomethylpaclitaxel 

4() 

45 

50 

To a solution of 7-0-methylthiomethylbaccatin Ill (425 mg, 0.66 mmol) in 10 ml of THF at -60 • C was 
added nBuli (0.30 ml~2.5 M, 0.75 mmol) and stirred for 10 min. (3R,4S)-3-Triethylsilyloxy-4-phenyl-N-(n
butyloxycarbonyl)azetidin-2-one (350 mg, 0.93 mmol) in 6 ml of THF was added dropwise and then the 
reaction brought to 0 • C for 30 min. The solution was quenched with saturated NH4 Cl and extracted with 

55 ethyl acetate, shaken with Bu4NF (1.0 ml, 1.0 M, 1.0 mmol) and then washed with brine, dried over MgSQ4 
and concentrated. The residue was chromatographed over silica gel (1.5:1 hexane/ethyl acetate) to give 581 
mg of the title product which was crystalized from toluene/hexane to give 464 mg of a white solid (77%); IA
(KBr) 3444, 1722, 1372, 1242, 1108, 1066, 1026, 988 cm-1; 1H-NMR (CDCb, 300 MHz) o 8.08 (d, J = 7.2 Hz, 
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2H), 7.59 (t, J=7.5 Hz, 1H), 7.47 (t, J=7.2 Hz, 2H), 7.39- 7.11(m,5H), 6.51(s,1H), 6.20 (t, J=8.7 Hz, 1H), 
5.65 (d, J=6.9 Hz, 1H), 5.56 (d, J=9.3 Hz, 1H), 5.29 (d J=8.4 Hz, 1H), 4.91 (d, J= 8.1 Hz, 1H), 4.65 (bs, 
3H), 4.27 (m, 2H), 4.15 (d, J = 8.4 Hz, 1 H), 3.97 (m, 2H), 3.84 (d, J = 6.9 Hz, 1 H), 3.45 {d, J = 4.8 Hz, 1 H), 
2.78 (m, 1H), 2.33 (s. SH), 2.25 {d, J=8.7 Hz, 2H), 2.17 (s, 3H), 2.10 (s. 3H), 1.96 (s, 3H), 1.83 {m. 1H). 1.74 

5 (s, 3H), 1.62 (s, 1H), 1.48 (m, 2H). 1.19 (m. 5H), 0.83 (t, J=7.2 Hz, 3H); 13C NMR (CDCla, 75.5 Hz) o 201.9, 
172.3. 170.5, 169.2, 167.0, 156.3, 140.1, 138.4, 133.8, 133.4, 130.2, 129.2, 129.0, 128.9, 128.7, 128.2, 126.8, 
125.3, 83.9, 81.4, 78.8, 77.3, 76.0, 75.6, 74.6, 74.1, 73.7, 72.2, 65.4, 57.5, 56.5, 47.2, 43.2, 35.4, 26.6, 22.6, 
21.5, 21.0, 18.9, 15.1, 14.7, 13.7, 10.9. 
FABMS {NOBA) M + H calcd for C47HooNS01 s : 910. Found: 910. 

10 Anal. calcd for C47 Hs9 NS01 s : C, 62.03; H, 6.53; N, 1.54. Found: C. 62.16; H, 6.45; N, 1.57. 

Example 14. 3' -N-debenzoyl-3'-N-(t-butoxycarbonyl)-7-.Q-methylthiomethylpaclitaxel 

{a) preparation of 3'-N-debenzoyl-3'-N-{t-butoxycarbonyl)-2-.Q-triethylsilyl-7-.Q-methylthiomethylpaclitaxel 
15 

0 

20 

HO 
25 OSiEt3 

To a solution of HMDS {0.275 ml, 1.30 mmol) in 8 ml of THF was added a solution of n-Buli {0.48 ml, 
30 2.5 M in hexanes, 1.20 mmol) and stirred 5 minutes at -55 • C. To this solution was added 7-.Q

methylthiomethylbaccatin Ill (639 mg, 0.99 mmol) in 8 ml of THF and stirred for 10 minutes before addition 
of an 8 ml solution of (3R.4S)-3-triethylsilyloxy-4-phenyl-N-(t-butoxycarbonyl)azetidin-2-one (575 mg, 1 :52 
mmol). The cold bath was removed and replaced with a O • C bath and the reaction stirred for 30 minutes. 
The solution was diluted with ethyl acetate and washed with saturated NH4 Cl solution, dried over MgS04 

35 and concentrated. The residue was chromatographed over silica gel {3:1 hexane/ethyl acetate) to give 1.0 g 
of the title product (98%); 1H-NMR (CDCla. 300 MHz) 6 8.09 (d, J=6.9 Hz, 2H), 7.57 (m, 1H), 7.46 {t. J=7.8 
Hz, 2H), 7.35 (m, 2H), 7.26 {m, 3H), 6.55 (s, 1 H). 6.25 (t, J = 9.6 Hz, 1 H), 5.68 (d, J = 6.9 Hz, 1 H). 5.45 (bd, 
J = 9.3 Hz, 1 H), 5.27 (bd, 1 H), 4.95 (d, J = 7.8 Hz, 1 H). 4.65 (s. 2H), 4.53 (s, 1 H). 4.29 (m, 2H), 4.17 (d, 
J = 8.4 Hz, 1 H), 3.89 (d, J = 6.9 Hz, 1 H). 2.81 (m. 1 H). 2.51 (s, 3H), 2.37 (dd, J = 15.3, 9.6 Hz, 1 H), 2.17 (s, 

40 3H). 2.10 (s, 3H), 2.03 {s, 3H), 1.85 (m, 1 H), 1.74 (s, 3H). 1.63 (d, J = 14.1 Hz, 1 H), 1.29 {s, 9H), 1.21 (s, 6H), 
0.76 (t. J=7.8 Hz, 9H), 0.36 (m, 6H); 13C-NMR (CDCb, 75.5 Hz) o 202.0, 171.6, 170.1, 169.3, 167.1, 155.2, 
141.0, 139.0, 133.6, 132.8, 130.2, 129.2. 128.7, 128.5. 127.7, 126.4, 83.9, 81.2, 79.9, 78.9, 76.0. 75.7, 75.2, 
74.8, 74.2, 71.3, 57.3, 56.7, 47.0, 43.3, 35.3, 33.0, 28.2, 26.4, 23.0, 21.5, 21.0, 15.0, 14.4, 10.9, 6.5, 4.3; IR
(film) 3448 (s). 1720, 1242, 1120, 1056 cm-1. 

45 FABMS {NOBA) M+H calcd for CssH74NSSi01 5 : 1024.4549. Found: 1024.4583. 

50 
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(b) preparation of 3' -N-debenzoyl-3'-N-(t-butoxycarbonyl)-7-Q-methylthiomethylpaclitaxel 

H 
I 

Boe~ 

OH 

0 

0 

0 

HO 

To a solution of the 3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-2-0-triethylsilyl-7-0-methylthiomethyl
paclitaxel (269 mg, 0.26 mmol) in 6 ml, of THF was added tetrabutylammonium fluoride (0.3 ml, l.OM in 
THF, 0.3 mmol) and stirred 10 minutes. The solution was diluted with ethyl acetate and washed with brine, 

20 dried over MgSO~ and concentrated and the residue was chromatographed over silica gel (1:1 hexane/ethyl 
acetate) to give 240 mg of the title product (95%); IR(film) 3440, 1720, 1370, 1242, 1170, 1108, 1066, 756 
cm-1; 1H-NMR (CDCla, 300 MHz) o 8.06 (d, J=7.2 Hz, 2H), 7.57 (t, J=7.2 Hz, 1H). 7.46 (t, J=7.8 Hz, 2H), 
7.35 (m, 5H), 6.52 (s, 1H), 6.16 (t. J=8.7 Hz,1H), 5.64 (d, J=6.9 Hz, 1H), 5.43 (bd, J=9.3 Hz, 1H), 5.24 (bd, 
J=8.1 Hz, 1H), 4.91 (d, J=8.1 Hz, 1H), 4.63 (m, 3H), 4.26 (m, 2H}, 4.14 (d, J=8.4 Hz, 1H), 3.83 (d, J=6.9 

25 Hz, 1H), 3.46 (d, J=5.4 Hz, 1H), 2.77 (m, 1H), 2.34 (s, 3H), 2.27 (d, J = 8.7 Hz, 2H), 2.16 (s, 3H), 2.09 (s, 
3H). 1.97 (s. 3H), 1.79 (m, 2H), 1.72 (s, 3H), 1.32 (s, 9H), 1.19 (s. 3H), 1.18 (s, 3H); t3C-NMR (CDC!a. 75.5 
Hz) o 202.0, 172.7, 170.3, 169.2, 167.0, 155.3, 140.3, 138.4, 133.7, 133.2, 130.2, 129.1, 128.8, 128.7, 128.0, 
126.7, 83.9, 81.3, 80.2. 78.6, 76.5, 76.1, 75.4, 74.6, 74.0, 73.6, 72.3, 57.4, 56.1, 47.1, 43.2, 35.3, 32.8, 28.2, 
26:5. 22.0. 21.0, 15.1, 14.6. 10.9. 

30 FABMS (NOBA) M + H calcd for Co H5 0 N015 S: 910.3684. Found: 910.3706. 

35 

40 

45 

Example 15. 3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-2'-Q-ethyloxycarbonyl-7-Q-methylthiomethylpaclitaxel 

To a solution of 3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-7-0-methylthiomethylpaclitaxel (428 mg, 0.47 
mmol) in 10 ml of dichloromethane was added diisopropylethyl amine (0.85 ml, 4.8 mmol) and DMAP (20 

50 mg) and cooled to O • C. The ethyl chloroformate (0.25 ml, 2.6 mmol) was then added and stirred for 1 hr. 
The solution was diluted with ethyl acetate and washed with bicarbonate and brine, dried (MgS04) and 
concentrated. The residue so obtained was chromatographed over silica gel (1 :1 hexane/ethyl acetate) to 
give 428 mg of the title ethyl carbonate (92%); IR(film) 3448 (w), 1750, 1720, 1370, 1244, 1064 cm- 1; 1H
NMR (CDCb, 300 MHz) o 8.09 (d, J = 7.2 Hz, 2H), 7.59 (t, J = 7.2 Hz, 1 H), 7.48 (t, J = 7.8 Hz, 2H), 7.39 (m, 

55 2H), 7.31 (m, 3H), 6.55 (s. 1 H), 6.25 (t, J = 9.0 Hz, 1 H), 5.68 (d, J = 7.2 Hz, 1 H). 5.40 (bm, 2H), 5.25 (s, 1 H), 
4.95 (d, J = 8.1 Hz, 1 H), 4.65 (s, 2H), 4.29 (m, 2H), 4.15 (m. 3H), 3.88 (d, J = 6.9 Hz, 1 H), 2.81 (m, 1 H), 2.43 
(s, 3H), 2.32 (m, 1 H), 2.21 (m, 1 H), 2.16 (s, 3H), 2.11 (s, 3H), 2.08 (s, 3H), 1.84 (m, 1 H), 1.74 (s, 3H). 1.62 (s, 
1H), 1.32 (s. 9H), 1.28 (t, J=7.2 Hz, 3H), 1.20 (s, SH); 13C-NMR (CDCb. 75.5 Hz) o 202.0, 169.7, 169.1, 
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168.1, 167.0, 155.1, 154.1, 141.0, 137.2, 133.6, 132.9. 130.2., 129.2, 128.9, 128.7, 128.2, 126.4, 83.9, 81.2, 
80.4, 78.9, 76.5, 76.0, 75.8, 74.8, 74.2, 72.0, 65.1, 57.4, 47.1, 43.3, 35.1, 33.0, 28.1, 26.4, 22.7, 21.3, 20.9. 
15.0, 14.5, 14.1, 10.9 .. 
FABMS (NOBA) M+H calcd for Cs0Hs4NS011: 982.3895. Found: 982.3874. 

Example 16. 3' -N-Debenzoyl-3'-N-(t-butoxycarbonyl)-7-Q-methylthiomethyl-1O-deacetyl-10-hydroxymethyl
carbonyl(paclitaxel) 

(a) preparation of 7-Q-Triethylsilyi-10-deacetyl-10-benzyloxymethylcarbonyl baccatin Ill 

HO•u· 

To a solution of 7-Q-triethylsilyl-10-deacetylbaccatin Ill (3.85g, 5.85 mmol) in 40 ml of THF at -60 ·c 
25 was added n-Buli (2.6 ml, 2.5M in hexanes, 6.5 mmol) and stirred for 5 min before addition of 

benzyloxyacetyl chloride (1.0 ml, 6.5 mmol). After stirring for 30 min at -60 • C and then warming to 
ambient temperature the solution was diluted with ethyl acetate and washed with bicarbonate. The solution 
was dried over MgS04 and concentrated and the residue chromatographed over silica gel (2:1 then 1 :1 
hexane/ethyl acetate) to give 4.36 g of product (92%); IR(film) 3478 (br), 1724, 1270, 1244, 1136, 1110, 

30 1070 cm-1; 1H-NMR (CDCb. 300 MHz) o 8.08 (d, J=7.2 Hz, 2H), 7.60-7.23 (m, SH), 6.54 (s, 1H), 5.60 (d, 
J = 6.9 Hz, 1 H), 4.94 (d, J = 7.8 Hz, 1H), 4.79 (bq, 1 H), 4.69 (s, 2H), 4.49 (dd, J = 10.5, 6.6 Hz, 1H), 4.26 (m, 
2H), 4.12 (m, 1H), 3.85 (d, J=6.9 Hz, 1H), 2.52 (m, 1H), 2.26 (s, 3H), 2.23 (m, 2H), 2.18 (s, 3H), 2.10 (m, 
1H), 1.86 (m, 1H), 1.66 (s, 3H), 1.14 (s, 3H), 0.99 (s, 3H), 0.91 (t, J=7.5 Hz, 9H), 0.56 (m, SH). 
Anal. Calcd. for CoHssSi012: C, 65.49; H, 7.24. Found: C, 65.33; H, 7.27. 

35 FABMS (NOBA) M+H calcd for C44HssSi012 807. Found: 807. 

40 

45 

50 

(b) 3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-10-deacetyl-10-benzyloxymethylcarbonyl(paclitaxel) 

+~ 0 ~~~ µ(> .... 
6H 

BzO 

To a solution of 7-0-triethylsilyl-10-deacetyl-10-benzyloxymethylcarbonyl baccatin Jll (1.21g, 1.66 mmol) 
in 50 ml of THF at -60 • C was added n-Buli (0.7 ml, 2.5M in hexanes, 1.75 mmol) and stirred for 5 min 
before addition of (3R,4S)-3-triethylsilyloxy-4-phenyl-N-(t-butoxycarbonyl)azetidin-2-one (1.2 g, 3.2 mmol). 

55 After stirring for 5 min at -60 • C and then 30 min at 0 • C the solution was diluted with ethyl acetate and 
washed with saturated NH4 Cl. The solution was dried over MgS04 and concentrated and the residue 
chromatographed over silica gel (3:1 then 1 :1 hexane/ethyl acetate) to give 980 mg of product (53%). This 
product was dissolved in 6 ml of acetonitrile and cooled to 0 • C and stirred with 0.60 ml, of 6N HCI for 19 
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hrs. The solution was diluted with ethyl acetate and washed with saturated bicarbonate, dried over MgS04 

and chromatographed over silica gel (1 :1 hexane/ethyl acetate) to give 570 mg of product (35%); IR(film) 
3448 (br), 1716, 1496, 1368, 1316, 1270, 1246, 1176, 1108, 1070, 1026 cm-1; 1H-NMR (CDCb, 300 MHz) o 
8.08 (d, J = 7.5 Hz, 2H), 7.59 (t, J = 7.8 Hz, 1 H), 7.47 (t, J = 7.8 Hz, 2H), 7.36 (m, 1 OH), 6.38 (s, 1 H), 6.20 (t, 

5 J = 9.0 Hz, 1 H), 5.65 (d, J = 6.9 Hz, 1 H). 5.39 (bd, J = 9.3 Hz, 1 H). 4.93 (d, J = 7.8 Hz, 1 H), 4.69 (s, 2H), 4.60 
(bs, 1H), 4.39 (m, 1H), 4.28 (m, 3H), 4.15 (d, J=S.4 Hz, 1H), 3.78 (d, J=6.9 Hz, 1H), 3.40 (bs, 1H), 2.54 (m, 
1 H), 2.43 (m. 1H), 2.36 (s, 3H), 2.28 (m, 2H), 1.84 (s, 4H), 1.72 (m, 1 H), 1.67 (s, 3H). 1.31 (s, 9H), 1.23 (m, 
1H), 1.21 (s, 3H), 1.10 (s, 3H). 
Anal. Calcd. for Cs2H61 N016: C, 65.33; H, 6.43; N, 1.46. Found: C, 64.97; H, 6.44; N, 1.43. 

10 FABMS (NOBA) M+Na calcd for Cs2H61N016Na 978. Found: 978. 

15 

20 

25 

(c) preparation of 3' -N-debenzoyl-3' -N-(t-butoxycarbonyl)-2-0-benzyloxycarbonyl-7-0-methylthiomethyl-1 O-
deacetyl-10-benzyloxymethylcarbonyl(paclitaxel) - -

+OJ_~ 0 ~----11 
Ph~'"' 

Oco.csn 

BzO 

30 To a solution of 3' -N-debenzoyl-3' -N-(t-butoxycarbonyl)-1O-deacetyl-10-benzyloxymethylcarbonyl-
(paclitaxel) (570 mg, 0.59 mmol) in 10 ml of CH2Cl2 at 0 ·c was added diisopropylethyl amine (0.15 ml, 
0.86 mmol) and CbzCI (0.10 ml, 0.70 mmol). The solution was stirred for 1 hr slowly warming to ambient 
temperature. The solution was washed with bicarbonate and dried over MgSQ4 and concentrated. The 
residue in 10 ml of acetonitrile at 0 ·c was stirred with benzoyl peroxide (780 mg, 3.22 mmol) and 

35 dimethylsulfide (0.50 ml, 6.8 mmol) slowly warming to ambient temperature over 75 min. The solution was 
diluted with ethyl acetate and washed with saturated bicarbonate, dried over MgS04 and chromatographed 
over silica gel (2:1 hexane/ethyl acetate) to give 412 mg of the title product (65%); IR(film} 3438, 1754, 
1722, 1368, 1272, 1244, 1176, 1110, 1066, 1028 cm-1: 1H-NMR (CDC'3. 300 MHz) o 8.11 (d, J=7.2 Hz, 
2H), 7.61 (t, J=7.2 Hz, 1H), 7.49 (t, J=7.8 Hz, 2H), 7.35 (m, 15H), 6.67 (s, 1H), 6.26 (t, J=8.7 Hz, 1H), 5.69 

40 (d, J=6.6 Hz, 1H), 5.41 (bm, 2H), 5.29 (s, 1H). 5.14 (ABq, J=12, 5.7 Hz, 2H), 4.98 (d, J=8 Hz, 1H), 4.72 
(m, 4H), 4.32 (m, 3H), 4.19 (m, 2H), 3.90 (d, J=6.0 Hz, 1H), 2.85 (m, 1H),, 2.45 {m, 1H), 2.44 (s, 3H), 2.34 
(m, 1H), 2.24 (m, 1H), 2.15 (s, 3H), 2.12 (s, 3H), 1.87 (m, 1H), 1.77 (s, 3H), 1.33 (s, 9H), 1.19 (s, 6H); 13C 
NMR (CDC'3, 75:5 MHz) o 201.6, 169.7, 168.7, 168.0, 167.0,'155.1, 154.1, 141.6, 137.1, 134.4, 133.7, 132.5, 
130.2, 129.2, 128.9, 128.8, 128.7, 128.5, 128.4, 128.2, 128.0, 128.0, 126.4, 83.9, 81.2, 80.4, 78.8, 77.2, 76.2, 

45 75.8, 74.7, 74.3, 73.4, 72.0, 70.6, 67.1, 57.4, 54.1, 47.1, 43.2, 35.2, 32.9, 28.1, 26.4, 22.7, 21.3, 15.2, 14.6, 
10.9. 
FABMS (NOBA) M +Na calcd for Ci;2H11 N01BSNa 1172. Found: 1172. 

50 

• ~ I 

55 
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(d) preparation of 3' -N-debenzoyl-3'-N-(t-butoxycarbonyl)-7-Q-methylthiomethyl-10-deacetyl-10-
hydroxymethylcarbonyl(paclitaxel) 

To a solution of 3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-2-Q-benzyloxymethylcarbonyl-7-Q-methyl
thiomethyl-10-deacetyl-10-benzyloxycarbonyl(paclitaxel) (377 mg, 0.35 mmol) in 30 ml of ethanol was 

20 added a total of 450 mg of 10% palladium on carbon catalyst and stirred under an atmosphere of hydrogen 
for 120 hrs. The catalyst was removed by filtration through celite and the solution concentrated. The residue 
was chromatographed over silica gel (20% CH3CN / 79% CH2Cl2 / 1% MeOH) to give 190 mg of the title 
product (65%); IR(film) 3444 (br), 1724, 1368, 1246, 1174, 1096, 1070, 1026, 988 cm-1; 1H NMR (CDC'3, 
300 MHz) o 8.07 (d, J = 7.2 Hz, 2H). 7.59 (t, J = 7.2 Hz, 1 H). 7.47 (t. J = 7.8 Hz, 2H), 7.35 (m, SH), 6.65 (s, 

25 1H), 6.17 (t, J=8.7 Hz, 1H), 5.65 (d, J=6.6 Hz, 1H), 5.39 (bd, J=9.6 Hz, 1H), 5.26 (bd, 1H), 4.93 (d, J=8.4 
Hz, 1 H), 4.67 (m, 3H), 4.28 (m, 5H), 3.83 (d, J = 6.0 Hz, 1 H). 3.44 (d, J = 5.1 Hz, 1 H), 2.77 (m, 1 H), , 2.50 (m, 
1H), 2.36 (s, 3H), 2.29 (d, J = 8.4 Hz, 2H). 2.13 (bs, 3H), 2.01 (s, 3H), 1.82 (m, 2H). 1.74 (s, 3H), 1.33 (s, 9H), 
1.18 (s, 3H), 1.16 (s, 3H); 13C NMR (CDCb, 75.5 MHz) o 201.5, 171.7, 170.3, 167.0, 155.4, 141.3, 133.7, 
132.7, 130.2, 129.0, 128.8, 128.7, 128.1, 126.8, 83.8, 81.3, 80.2, 78.6, 75.0, 74.4, 74.0, 73.6, 72.3, 60.6, 57.4, 

30 56.2, 47.2, 43.2, 35.3, 32.6, 28.2, 26.5, 22.6, 21.0, 15.5, 14.7, 10.8. 
FABMS (NOBA) M +Na calcd for C41HssN01 &SNa 948. Found: 948. 

Example 17. 3'-N-debenzoyl-3'-N-(t-butoxycarbo~yl)-7-Q-methylthiomethyl-3'-desphenyl-3'-
isobutenylpaclitaxel 

35 

40 

45 

so To a solution of 7-Q-methylthiomethylbaccatin Ill (1.5g. 2.3 mmol) in 30 ml of THF was added n-Buli 
(1.0 ml, 2.5 M in hexane, 2.5 mmol) at -60 • C and stirred for 10 minutes. Then a solution of (:t)-cis-3-
triethylsilyloxy-4-isobutenyl-N+butoxycarbonylazetidin-2-one (3.3g, 9.3 mmol) in 10 ml of THF was added 
dropwise. The solution was then stirred at 0 • C for 30 min. and quenched with sat. NH4 Cl solution and 
extracted with ethyl acetate. The solution was dried over MgS04 and concentrated and the residue 

55 chromatographed over silica gel (3:1 hexane/ethyl acetate). The product was dissolved in 100 ml of THF 
and was shaken with 8u4NF (2.3 ml, 1.0M in THF, 2.3 mmol) diluted with ethyl acetate and washed with 
brine. The solution was dried over MgSQ4 and concentrated and the residue chromatographed over silica 
gel (1.5:1 hexane/ethyl acetate) to give 1.6 g of the title product (78%); IR(film) 3452 (br), 1724, 1370, 1242, 
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1096, 1066 cm-1; 1H-NMR (CDCla, 300 MHz) & 8.07 (d, J=7.2 Hz, 2H), 7.59 (t, J=7.5 Hz, 1H), 7.45 (t, 
J = 7 .8 Hz, 2H), 6.54 (s, 1 H), 6.11 (t. J = 9.3 Hz, 1 H), 5.66 (d. J = 6.0 Hz, 1 H), 5.29 (d, J = 6.0 Hz, 1 H), 4.94 (d, 
J=8.1 Hz, 1H), 4.75 (m, 2H), 4.64 (ABq, J= 12.0, 2.7 Hz, 2H), 4.29 (m, 2H), 4.20 (m, 2H), 3.86 (d, J= 6.0 
Hz, 1H), 3.37 (bd, 1H). 2.79 (m, 1H), 2.35 (s, 6H), 2.16 (s, 3H), 2.10 (s, 3H), 2.04 (s, 3H), 1.82 (m, 1H), 1.74 

5 (s, 9H), 1.34 (s, 9H), 1.23 (s, 3H), 1.20 (s, 3H); 13C NMR (CDCb. 75.5 Hz) & 202, 170.2, 169.2, 166.9, 155.4, 
140.6, 138.0, 133.7, 133.1, 130.1, 129.2, 128.6, 120.6, 83.8, 81.2, 79.9, 78.7, 77.2, 76.1, 75.5, 74.6, 74.0, 
73.7, 72.2, 57.4, 51.5, 47.1, 43.2, 35.4, 32.9, 28.2. 26.4, 25.8, 22.4, 21.0, 18.6, 15.1, 14.8, 10.9. 
FABMS (NOBA) M+H calcd for C4sH&2NS01s 888. Found: 888. 

10 Example 18. 7-Q-methylthiomethyl-3'-desphenyl-3'-isobutenylpaclitaxel 

The title compound was prepared as in Example 17 from 7-0-methylthiomethylbaccatin Ill and {:t)-cis-3-
triethylsilyloxy-4-isobutenyl-N-benzoylazetidin-2-one. -

15 Example 19. 3'-Desphenyl-3'-(2-furyl)-2'-Q-ethyloxycarbonyl-7-Q-methylthiomethylpaclitaxel. 

The title compound can be prepared from (3R,4R)-1-benzoyl-4-(2-furyl)-3-triethylsilyloxy-2-azetidinone 
and 7-Q-methylthiomethylbaccatin Ill following the procedures decribed in Example 7(a) and 7(b). 

20 Example 20. 2'-Q-n-propylcarbonyl-7-Q-phosphonooxymethylpaclitaxel. 

25 

30 

35 

(a) preparation of 2'-Q-n-propylcarbonylpaclitaxel. 

PhCONH 0 

Ph~Qt••·· 

To a solution of paclitaxel (15.0 g, 17.5 mmol) and diisopropylethyl amine (18.3 ml, 105 mmol) in 
dichloromethane (175 ml) cooled too· C was added butyryl chloride (5.49 ml, 52.4 mmol) dropwise over 
2 min. The reaction mixture was then warmed to room temperature and stirred for 16h. The reaction mixture 
was then partitioned between ethyl acetate and a saturated aqueous ammonium chloride solution. The 

40 organic phase was then washed with a saturated sodium bicarbonate solution followed by brine, dried over 
sodium sulfate and concentrated in vacuo. The residual oil was"'purified using flash chromatography (eluted 
with hexanes: ethyl acetate) to provide the title ester (15.9 g, 98% yield) as a white solid; 1H-NMR (CDCb, 
300MHz) & 8.13-8.05 (2H, m), 7.75-7.65 (2H, m), 7.62-7.30 (1H:I, m), 6.88 (1H, d, J = 9.0 Hz), 6.26 (1H, s), 
6.23 (1H, dd, J = 8.4 Hz), 5.92 (1H, dd, J = 9.3; 6.0 Hz), 5.65 (1H, d, J = 7.1 Hz), 5.48 (1H, d, J = 3.2 

45 Hz), 4.94 (1H, d, J = 7.9 Hz), 4.21 (1H, dd, J = 10.4, 6.5 Hz), 4.28 (1H, d, J = 8.4 Hz), 4.17 (1H, d, J = 
8.4 Hz), 3.78 (1 H, d, J = 7.0 Hz), 2.64-,1.02 (26H, m, including singlets at 2.43, 2.19, 1.91, 1.65, 1.65, 1.20, 
u o, 3H each), 0.87 (3H, dd, J = 8.2 Hz). 

50 
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(b) preparation of 2'-Q-n-propylcarbonyl-7-Q-methylthiomethylpaclitaxel. 

AcO 0 

5 PhCONH 0 

Ph~01 "· 
10 

15 To a solution of 2'-0-n-propylcarbonylpaclitaxel (14.4 g, 15.6 mmol) and dimethyl sulfide (9.23 ml, 
124.8 mmol) in acetonitrile (312 ml) cooled to -40 • C was added benzoyl peroxide (15.1 g, 62.3 mmol) and 
the reaction mixture was warmed to room temperature over 1h. At this time a TLC (eluted with hexanes : 
ethyl acetate, 1 :1) indicated the reaction was complete. The reaction mixture was then diluted with ethyl 
acetate and the resulting organic solution was washed three times with a saturated sodium bicarbonate 

20 solution then brine. The organic phase was then dried over sodium sulfate and concentrated in vacuo. The 
residual oil was purified via flash chromatography (eluted with hexanes: ethyl acetate) to provide the title 
compound (14.4 g, 93%) as a white solid; 1H-NMR (CDCb. 300 MHz) o 8.21-8.19 (2H, m), 7.72-7.70 (2H, 
m), 7.62-7.26 (11H, m), 6.92 (3H, s), 6.20 (1H, dd, J = 8.4 Hz), 5.92 (1H, dd, J = 9.0, 3.1 Hz), 5.66 (1H, d, 
J = 6.9 Hz), 5.51 (1H, d, J = 3.2 Hz), 4.92 (1H, d, J = 8.2 Hz), 4.68-4.59 (2H, m), 4.32-4.26 (2H, m). 4.15 

25 (1 H, d, J = 8.3 Hz), 3.86 (1 H, d, J = 6.8 Hz), 2.n (1 H, m), 2.50-1.05 (25H, m), 0.87 (3H, dd, J = 7.3 Hz). 

30 

35 

40 

(c) preparation of 2' -Q-n-propylcarbonyl-7-Q-(dibenzylphosphonooxymethyl)paclitaxel. 

PhCON-1 0 

Ph~O•••·· 
~~ 

AcO 0 

N-lodosuccinimide (4.9 g, 21.8.mmol) was added in one portion to a solution of 2'-Q-n-propylcarbonyl-
7-0-methylthiomethylpaclitaxel (10.7 g, 11.0 mmol), dibenzylphosphate (15.3 g, 55.0 mmol) and 5 g of oven 
dried 3 Angstrom sieves in THF (200 ml) at room temperature and the resulting mixture was stirred for 1 h. 
At this time a TLC analysis (eluted with hexanes:ethyl acetate, 1 :1) indicated the reaction was complete. 

45 The reaction mixture was then diluted to twice_ the initial volume with ethyl acetate and filtered through a 
bed of celite. The filtrate was then poured into a saturated sodium bicarbonate solution containing 1 % 
sodium thiosulfate by weight. The organic layer was then washed four times with a saturated aqueous 
sodium bicarbonate solution followed by brine. The aqueous layer was then back extracted with ethyl 
acetate and the combined organics were dried over sodium sulfate and concentrated in vacuo. The residual 

so oil was purified via flash chromatography (hexanes : ethyl acetate) to provide the title dibenzylphosphate · 
(9.9 g, 76% yield) as a white solid; 1H-NMR (CDCb, 300 MHz) o 8.10-8.08 (2H, m), 7.74-7.71 (2H, m), 7.61-
7.25 (21 H, m), 6.94 (1 H, d, J = 9.0 Hz), 6.31 (1 H, s), 6.20 (1 H, dd, J = 8.7 Hz), 5.91 (1 H. dd, J = 9.0, 3.1 
Hz), 5.64 (1H, d, J = 6.9 Hz), 5.49 (1H, d, J = 3.0 Hz), 5.39 (1H, dd, J = 6.6 Hz), 5.05-4.98 (SH, m), 4.86 
(1H, d, J = 8.4 Hz), 4.26-4.12 (3H, m). 3.84 (1H, d, J = 6.8 Hz), 2.82-2.71 (1H, m), 2.52-1.05 (26 H, m, 

55 including singlets at 2.43, 2.18, 1.97, 1.69, 1.22, 1.20, 3H each) 0.90-0.85 (3H, dd, J = 7.3 Hz). 
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(d) preparation of 2' -Q-n-propylcarbonyl-7-Q-phosphonooxymethylpaclitaxel. 

AcO 0 

5 PhCONH 0 

Phy<> .. ·· 
10 Oia<CHmCOO 

15 To a nitrogen purged Parr hydrogenation vessel was added 2.5 g of 10 % palladium-on-carbon followed 
by neat ethyl acetate (150 ml) and a solution of 2'-0-n-propylcarbonyl-7-0-(dibenzylphosphonooxymethyl)
paclitaxel (4.9 g, 4.14 mmol) in ethyl acetate (40- ml). The reaction vessel was then fixed to a Parr 
hydrogenator, placed under vacuum, then pressurized with a hydrogen atmosphere of 50 psi. . The 
heterogenous mixture was then shaken for 5 h after which time a TLC analysis (eluted with hexanes : ethyl 

20 acetate) indicated the consumption of starting material. The reaction mixture was then placed under vacuum 
and subsequently purged with nitrogen. The mixture was then filtered using a sintered glass funnel and the 
filtrate concentrated in vacuo to provide the title compound (3.7 g, 91% yield) which was pure by 1H-NMR 
analysis. 

25 (e) preparatin of 2'-Q-n-propylcarbonyl-7-Q-phosphonooxymethylpaclitaxel triethanolamine salt. 

To a solution of 2'-Q-n-propylcarbonyl-7-Q-phosphonooxymethylpaclitaxel (1.1 g, 1.09 mmol) in dich
loromethane (50 ml,) was added a 0.1 M solution of triethanolamine (10.9 ml, 1.09 ml) in ethyl acetate and 
the resulting mixture was stirred for 5 min at room temperature. The reaction mixture was then concentrated 

30 in vacuo and the resulting white solid was purified by first dissolving the crude material in a minimum 
amount of a methylene chloride-ethyl acetate mixture. Hexanes were then added to this solution and the 
desired amine salt precipitated as a white solid. The mixture was then decanted to provide the amine salt 
as a white solid which had an observed HPLC purity greater than 95%; 1H-NMR (Acetone-dG, [hO, 300 
MHz) o 8.09-8.07 (2H, m), 7.86-7.84 (2H), 7.69-7.24 (11 H, m), 7.24 (1 H, dd, J = 7.5 Hz), 6.36 (1 H, s), 6.05 

35 (1H, dd, J = 8.4 Hz), 5.85 (1H, d, J = 6.7 Hz), 5.61 (1H, d, J = 7.0 Hz), 5.49 (1H, d, J = 6.9 Hz), 5.15-5.13 
(1H, m), 4.98 (1H, d, J = 8.2 Hz), 4.87 (1H, dd, J = 12.1 Hz, 6.4 Hz), 4.12 (bs, 2H), 3.89-3.80 (7H, m), 
3.36-3.30 (6H, m), 2.95-2.93 (1H, m), 2.42-1.50 (25H, m, including singlets at 2.42, 2.22, 1.93, 1.66, 3H 
each), 1.13 (bs, 6H), 0.86-0.81 (2H, dd, J = 7.4 Hz). 

40 Example 21. 2'-Q-Methylcarbonyl-7-Q-phosphonooxymethylpaclitaxel. 

45 

50 

55 

(a) preparation of 2'-Q-acetylpaclitaxel. 

AcO 0 

PhCONH 0 Phy<> .... 
~ 

OcoPh 

To a solution of paclitaxel (8.0 g, 9.37 mmol) and diisopropylethyl amine (4.89ml, 28.1 mmol) in 
dichloromethane (140ml) cooled too· C was added acetyl chloride (1.0 ml, 14.1 mmol) dropwise over 2 
min. The reaction mixture was then warmed to room temperature and stirred for 10h. The reaction mixture 
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was then partitioned between ethyl acetate and a saturated aqueous ammonium chloride solution. The 
organic phase was then washed with a saturated sodium bicarbonate solution followed by brine, dried over 
sodium sulfate and concentrated in vacuo. The residual oil was purified using flash chromatography (eluted 
with hexanes: ethyl acetate) to provide 2'-0-acetylpaclitaxel (7.7 g, 92%) as a white solid; 1H-NMR (CDCla, 

5 300MHz) o 8.10-8.08 (2H, m), 7.92-7.90 (1H, m), 7.89-7.70 (2H, m), 7.60-7.29 (11H, m), 6.94 (1H, d, J = 9.2 
Hz), 6.26 (1 H, s), 6.23 (1 H, dd, J = 9.5 Hz), 5.93 (1 H, dd, J = 9.2, 3.1 Hz), 5.65 (1 H, d, J = 7.0 Hz), 5.48 
(1 H, d, J = 3.2 Hz), 4.94 (1 H, d, J = 7.8 Hz), 4.42 (1 H, dd, J = 10.8 Hz, 6.6 Hz), 4.28 (1 H, d, J = 8.4 Hz), 
4.16 (1H, d, J = 8.4 Hz), 3.78 (1H, d, J = 6.9 Hz), 2.60-1.02 (25H, m, including singlets at 2.42, 2.19, 2.12, 
1.90, 1.65, 1.25, 1.11, 3H each). 

10 

15 

20 

25 

(b) preparation of 2'-Q-acetyl-7-.Q-methylthiomethylpaclitaxel. 

AcO 0 

PhCONH 0 

PhyC> .. ·· 
%co0 

To a solution of 2'-0-acetylpaclitaxel (7.7 g, 8.60 mmol) and dimethyl sulfide (5.1 ml, 68.8 mmol) in 
acetonitrile (200 ml) cooled to -40. c was added benzoyl peroxide (8.3 g, 34.4 mmol) and the reaction 
mixture was warmed to room temperature over 1 h. At this time a TLC (eluted with hexanes : ethyl acetate, 
1:1) indicated the reaction was complete. The reaction mixture was then diluted with ethyl acetate and the 

30 resulting organic solution was washed three times with a saturated sodium bicarbonate solution then brine. 
The organic phase was then dried over sodium sulfate and concentrated in vacuo. The residual oil was 
purified via flash chromatography (hexanes: ethyl acetate) to provide the title methylthiomethylether (7.39 g, 
90%) as a white solid; 1H-NMR (CDCl3, 300 MHz) o 8.10-8.08 (2H, m), 7.77-7.73 (2H, m), 7.65-7.26 (11H, 
rn), 6.53 (3H, 2), 6.20 (1H, dd, J = 8.3 Hz), 5.92 (1H, dd, J = 12.2, 3.1 Hz), 5.67 (1H, d, J = 7.0 Hz), 5.51 

35 (1 H, d, J = 3.2 Hz), 4.94 (1 H, d, J = 8.2 Hz), 4.69-4.60 (3H, m), 4.33-4.28 (2H, m), 4.27 (1 H, d, J = 8.4 
Hz), 3.86 (1H, d, J = 6.9 Hz), 2.84-2.74 (1H, m), 2.50-1.1 (28H, rn, including singlets at 2.41, 2.15, 2.13, 
2.11, 2.06, 1.73, 1.18, 1.15, 3H each). 

4() 

45 

50 

(c) preparation of 2'-Q-acetyl-7-Q-(dibenzylphosphonooxymethyl)paclitaxel. 

PhCONH 0 

PhYC>···· 
OiJcoO 

AcO 0 

OcoPh 

N-lodosuccinirnide (1.75 g, 7.85 mmol) was added in one portion to a solution of 2'-0-acetyl-7-0-
55 rnethylthiornethylpaclitaxel (5.0 g, 5.23 mmol), dibenzylphosphate (7.3 g, 26.1 mmol) and 5 g of oven dried 

3 Angstrom sieves in THF (104 ml) at room temperature and the resulting mixture was stirred for 1.5 h. At 
this time a TLC analysis (eluted with hexanes : ethyl acetate, 1: 1) indicated the reaction was complete. The 
reaction mixture was then diluted to twice the volume with ethyl acetate and filtered through a bed of celite. 

84 

NEPTUNE GENERICS  EX. 00876



EP 0 639 577 A1 

The filtrate was then poured into a saturated sodium bicarbonate solution containing 1 o/o sodium thiosulfate 
by weight. The organic layer was then washed four times with a saturated aqueous sodium bicarbonate 
solution followed by brine. The aqueous layers were then back extracted with ethyl acetate and the 
combined organics were dried over sodium sulfate and concentrated in vacuo. The residual oil was purified 

5 via flash chromatography (eluted with hexanes : ethyl acetate) to provide the title dibenzylphosphate (4.9 g, 
80%) as a white solid. 

10 

15 

20 

(b) preparation of 2'-.Q-acetyl-7-.Q-phosphonooxymethylpaclitaxel. 

~ 0 Phy<> .... 
CH,,COO 

To a nitrogen purged Parr hydrogenation vessel was added 700 mg of 10 o/o palladium-on-carbon 
followed by neat ethyl acetate (130 ml) and a solution of 2'-0-acetyl-7-0-(dibenzylphosphonooxymethyl)
paclitaxel (1.0 g, ·0.84 mmol) in ethyl acetate (40 ml). The reaction vessel was then fixed to a Parr 

25 hydrogenator, placed under vacuum, then pressurized with a hydrogen atmosphere of 50 psi. The reaction 
mixture was then shaken for 6 h after which time a TLC analysis (eluted with hexanes : ethyl acetate) 
indicated the consumption of the starting material. The reaction mixture was then placed under vacuum and 
subsequently purged with nitrogen. The heterogenous solution was then filtered using a sintered glass 
funnel and the filtrate concentrated in vacuo to provide a white solid (848 mg) which 1H-NMR analysis 

30 showed to be a mixture of the desired title compound (50%) and 2'-.Q-acetylpaclitaxel. 

(e) preparation of 2'-.Q-acetyl-7-Q-phosphonooxymethylpaclitaxel triethanolamine salt. 

To a solution of 2'-0-acetyl-7-0-phosphonooxymethylpaclitaxel (424 mg, 0.42 mmol) and the aforemen-
35 tioned side product-2'-Q-acetylpaclitaxel in dichloromethane (15 ml) was added a 0.1 M solution of 

triethanolamine (3.7 ml, 3.8 mmol) in ethyl acetate and the resulting mixture was stirred for 10 min at room 
temperature. The reaction mixture was then concentrated in vacuo and the resulting white solid was purified 
by C18 chromatography (water : acetonitrile 2.3:1) to provide the desired amine salt {310 mg, 72%) which 
had an observed HPLC purity greater than 96%; 1H-NMR (Acetone-d6, ChO. 300 MHz) o 8.08-8.05 (2H, m), 

40 7.86-7.83 (2H, m), 7.69-7.24 (11 H, m), 7.23 (1 H, dd, J = 7.4 Hz), 6.35 (1 H, s), 6.02 (1 H, dd. J = 8.3 Hz), 
5.79 (1 H, d, J = 6.9 Hz), 5.59 (1 H, d, J = 7.1 Hz), 5.45 (1 H, d, J = 6.9 Hz), 5.12 (1 H, dd, J = 6.4 Hz), 4.95 
(1H, d, J = 8.4 Hz); 4.86 (1H, dd, J = 11.5, 6.5 Hz), 4.24-4.18 (1H, m), 4.12 (2H, bs), 3.92-3.89 (6H, m), 
3.80-3.n (1H, m), 3.46-3.43 (6H, m). 3.00-2.89 (1H, m). 2.39-1.65 (21H including singlets at 2.39, 2.14, 2.12, 
1.92, 1.65, 1.11 3H each) 1.11 (6H, bs). -

45 
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Example 22. 2' -.Q-methoxycarbonyl-7-Q-phosphonooxymethylpaclitaxel. 

(a) preparation of 2'-Q-methoxycarbonylpaclitaxel. 

PhCONH 0 

Phy"' ... 
ai:JOC(O)O 

To a solution of paclitaxel (8.0 g, 9.60 mmol) and diisopropylethyl amine (5.0 ml, 28.8 mmol) in 
dichloromethane (96 ml) cooled to 0 • C was added chloromethyl carbonate (1.11 ml, 14.4 mmol) dropwise 
over 2 min. The reaction mixture was then warmed to room temperature and stirred for 20h. The reaction 
mixture was then partitioned between ethyl acetate and a saturated aqueous ammonium chloride solution. 

20 The organic phase was then washed with a saturated sodium bicarbonate solution, followed by brine, dried 
over sodium sulfate and concentrated in vacuo. The residual oil was purified using flash chromatography 
(hexanes: ethyl acetate) to provide the title compound (7.8 g, 91.3%) as a white solid; 1H-NMR (CDCb, 
300MHz) o 8.12-8.09 (2H, m), 7.72-7.70 (2H, m), 7.62-7.30 (11 H, m), 6.96 (1 H, d, J = 9.3 Hz), 629-6.23 (3H, 
m), 5.95 (1H, dd, J = 9.3, 2.5 Hz), 5.66 (1H, d, J = 7.1 Hz), 5.38 (1H, d, J = 2.6 Hz), 4.94 (1H, d, J = 7.8 

2s Hz), 4.41 (1H, dd, J = 10.8, 6.6 Hz), 4.28 (1H, d, J = 8.4 Hz), 4.17 (1H, d, J = 8.4 Hz), 3.79-3.78 (3H, m), 
2.60-1.04 (22H, m, including singlets at 2.43, 2.19, 1.90, 1.65, 1.22, 1.10, 3H each). 

30 

35 

40 

(b) preparation of 2'-Q-methoxycarbonyl-7-Q-methylthiomethylpaclitaxel. 

PhCONH 0 

Ph~O••··· 
CH30C(O)O 

To a solution of 2'-0-methoxycarbonylpaclitaxel(7.4 g. 8.10 mmol) and dimethyl sulfide (4.8 ml, 64.8 
mmol) i.n acetonitrile (162 ml) cooled to -40· C was added benzoyl peroxide (7.48 g, 32.4 mmol) and the 
reaction 'mixture was warmed to room temperature over 1 h. At this time a TLC analysis (eluted with hexanes 

45 : ethyl acetate, 1 :1) indicated the reaction was complete. The reaction mixture was then diluted with ethyl 
acetate and the resulting organic solution was washed three times with a saturated sodium bicarbonate 
solution then brine. The organic phase was then dried over sodium sulfate and concentrated in vacuo. The 
residual oil was purified via flash chromatography (eluted with hexanes: ethyl acetate) to provide the title 
compound (7.4 g, 95%) as a white solid; 1H-NMR (CDCb. 300 MHz) o 8.25-8.23 (2H, m), 7.87-7.77 (2H, m), 

50 7.60-7.30 (11 H, m), 6.93 (1 H, d, J = 9.2 Hz), 6.53 (1 H, s), 6.25 (1 H, dd, J = 8.2 Hz), 5.95 (1 H, dd, J = · 
11.7, 2.4 Hz), 5.68 (1H, d, J = 6.9 Hz), 5.40 (1H, d, J = 2.6 Hz), 4.95 (1H, d, J = 8.1 Hz). 4.69-4.60 (2H, 
m), 4.31-4.26 (2H, m), 4.16 (1H, d, J = 8.4 Hz), 3.86 (1H, J = 6.9 Hz), 3.79 (3H, s), 2.84-2.74 (1H, m), 2.43-
1.10 (25H, including singlets at 2.44, 2.15, 2.10, 2.08, 1.73, 1.19, 1.16 3H). 
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(c) preparation of 2'-Q-methoxycarbonyl-7-Q-(dibenzylphosphonooxymethyl)paclitaxel 

PhCONH 0 

Ph~O•u·· 
CHpc(O)O 

N-lodosuccinimide (1.74 g, 7.77 mmol) was added in one portion to a solution of 2'-0-
methoxycarbonylpactitaxel(5.04 g, 5.18 mmol), dibenzylphosphate (7.2 g, 25.8 mmol) and 5g of oven dried 
3 Angstrom sieves in THF (100 ml) at room temperature and the resulting mixture was stirred for 1.5 h. At 

20 this time a TLC analysis (eluted with hexanes:ethyl acetate, 1:1) indicated the reaction was complete. The 
reaction mixture was then diluted to twice the volume with ethyl acetate and filtered through a bed of celite. 
The filtrate was then poured into a saturated sodium bicarbonate solution containing 1 % sodium thiosulfate 
by weight. The organic layer was then washed four times with a saturated aqueous sodium bicarbonate 
solution followed by brine. The aqueous layer was then back extracted with ethyl acetate and the combined 

25 organics were dried over sodium sulfate and concentrated in vacuo. The residual oil was purified via flash 
chromatography (eluted with hexanes : ethyl acetate) to provide the title compound (5.1 g, 96%) as a white 
solid; 1H-NMR (CDC'3, 300 MHz) o 8.12-8.0B (2H, m), 7.73-7.70 (2H, m), 7.62-7.27 (21H, m), 7.00 (1H, d, J 
= 9.2 Hz), 6.31 (1 H, s), 6.24-6.21 (1 H, m), 5.96-5.92 (1 H, m), 5.66-5.64 (1 H, m), 5.40-5.36 (2H, m), 5.05-
4.93 (SH, m), 4.87-4.84 (1 H, m), 4.29-4.05 (3H, m), 3.85-3.83 (1 H, m), 3.77 (3H, s), 2.81-2.71 (1 H, m), 2.62-

30 1.05 (22H, m, including singlets at 2.43, 2.19, 2.01, 1.73, 1.22, 1.15, 3H each). 

35 

40 

45 

(d) preparation of 2' -Q-methoxycarbonyl-7-.Q-phosphonooxymethylpaclitaxel. 

PhCONH 0 

Phv~ .... 
~ 

To a nitrogen purged Parr hydrogenation vessel was added 1.3 g of 10 % palladium-on-carbon followed 
by neat ethyl acetate (140 ml) and a solution of 2'-.Q-methoxycarbonyl-7-.Q-(dibenzylphosphonooxymethyl)
paclitaxel (3.4 g, 3.32 mmol) in ethyl acetate (40 ml). The reaction vessel was then fixed to a Parr 
hydrogenator, placed under vacuum, then pressurized with a hydrogen atmosphere of 50 psi. The resulting 

50 mixture was shaken for 8.5 h after which time a TLC analysis (eluted with hexanes : ethyl acetate) indicated 
the consumption of starting material. The reaction mixture was then placed under vacuum and subsequently 
purged with nitrogen. The heterogenous solution was then filtered using a sintered glass funnel and the 
filtrate concentrated in vacuo to provide a white solid (2.9 g) which 1H-NMR analysis showed to be a 
mixture of the desired title product (67%) and 2'-.Q-methoxycarbonylpaclitaxel (33%). 
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(e) preparation of 2' -Q-methoxycarbonyl-7-Q-phosphonooxymethylpaclitaxeltriethanolamine salt. 

To a solution of 2'-0-methoxycarbonyl-7-0-phosphonooxymethylpaclitaxel (1.91 g. 1.87 mmol) and the 
aforementioned side product 2'-Q-methoxycarbonylpaclitaxel in dichloromethane (11 ml) was added a 0.1 

5 M solution of triethanolamine (18.9 ml, 1.89 mmol) in ethyl acetate and the resulting mixture was stirred for 
5 min at room temperature. The reaction mixture was then concentrated in vacuo and the resulting white 
solid was purified by C18 chromatography (eluted with water : acetonitrile 2.3:1) to provide after subsequent 
lyophilization the triethanolamine salt which had an observed HPlC purity greater than 97%; 1H-NMR 
(Acetone-d;, [hO, 300 MHz) o 8.08-8.06 (2H, m), 7.88-7.55 (2H, m). 7.69-7.24 (11H, m), 7.24 (1H, dd, J = 

10 7.3 Hz), 6.36 (1 H, m), 6.05 (1 H, dd, J = 8.8 Hz), 5.82 (1 H, d, J = 6.8 Hz), 5.60 (1 H, d, J = 7.1 Hz), 5.46 
(1H, d, J = 6.9 Hz). 5.13 (1 H, dd, J = 6.5 Hz), 5.98 (1 H, d, J = 8.1 Hz), 4.87 (1 H. dd, J = 11.8 Hz, 6.3 
Hz), 4.21 (1H, dd, J = 10.3, 6.9 Hz), 4.13 (bs. 6H), 3.92-3.89 (6H, m), 3.81 (1H, d, J = 7.02), 3.76 (3H. s). 
3.46-3.42 (6H, m), 3.01-2.90 (1H, m), 2.42 (3H, s), 2.20-1.80 (10H, including singlets at 2.20, 1.93), 1.66 (3H, 
s), 1.12 (6H, bs). 

15 

20 

25 

30 

Example 23. preparation of 2' -Q-phosphonooxymethoxymethyl-7-Q-phosphonooxymethylpaclitaxel. 

(a) preparation of 2'-Q-methylthiomethoxymethylpaclitaxel. 

PhCONH 0 

PhvO'"" 
CH:JSCHzOCHzO 

Palladium (10%) on carbon (3 g) was added to a solution of 2'-0-methylthiomethoxymethyl-7-0-
benzyloxycarbonylpaclitaxel (1.2 g. 1.11 mmol) in ethyl acetate (100 ml) and ethanol (70 ml) housed in-a 
Parr bottle. The vessel was affixed to a Parr apparatus and the reaction mixture subjected to hydrogen at 50 

35 psi. The reaction mixture was shaken for 20.5 h, then filtered using a sintered glass funnel. The filtrate was 
concentrated in vacuo and the residual oil purified via flash chromatography (eluted with hexanes : ethyl 
acetate) to provide the desired (0.98 g. 93%) as a solid. 1H-NMR (CDCb. 300 MHz), o 8.12-8.10 (2H, m), 
7.76-7.73 (2H, m),7.61-7.27 (11H, m). 7.03 (1H, d, J = 8.9 Hz), 6.40-6.27 (1H, m), 6.25 (1H, s). 5.80 (1H, dd, 
J = 8.9, 2.4 Hz), 5.66 (1H, d, J = 7.1 Hz), 4.98-4.94 (1H, m), 4.86-4.79 (2H, m), 4.75-4.68 (1H, m), 4.43-

40 4.39 (1H, m), 4.31-4.26 (2H, m), 4.05 (1H, d, J ".' 11.7 Hz), 3.78 (1H, d, J = 7.1 Hz), 2.60-1.06 (25H, m, 
including singlets at 2.45, 2.21, 2.02, 1.85, 1.66, 1.22, 1.11, 3H each). 

45 

50 
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{b) preparation of 2'-Q-methylthiomethoxymethyl-7-Q-methylthiomethylpaclitaxel. 

AcO 0 

PhCONH 0 

Phy°'"" 
CH:JSCHpCl-'20 

To a solution of 2'-Q-methylthiomethoxymethylpaclitaxel. (0.98 g, 1.03 mmol) and dimethyl sulfide {0.6 
ml, 8.11 mmol) in acetonitrile {20 ml) cooled to -40· C was added benzoyl peroxide (1.0 g, 4.13 mmol) 
and the reaction mixture was warmed to room temperature over 30 min. At this time a TLC analysis (eluted 
with hexanes : ethyl acetate, 1:1) indicated the reaction was complete. The reaction mixture was then 

20 diluted with ethyl acetate and the resulting organic solution was washed three times with a saturated sodium 
bicarbonate solution then brine. The organic phase was then dried over sodium sulfate and concentrated in 
vacuo. The residual oil was purified via flash chromatography (eluted with hexanes: ethyl acetate) to provide 
the title product (0.945 g, 91%) as a white solid; 1H-NMR (CDCb, 300 MHz)~ 8.13-8.11 (2H, m), 7.79-7.n 
(2H m), 7.61-7.29 (11H, m), 6.54 (1H, s), 6.30-6.26 (1H, m), 5.83-5.80 {1H, m), 5.71-5.69 (1H, m), 5.01-4.66 

25 (6H, m), 4.34-4.04 (SH, m), 3.88 (1 H, d, J = 6.6 Hz), 2.90-2.80 (1 H, m), 2.55-1.05 (27H, m, including 
singlets at 2.51, 2.18, 2.11, 1.80, 1.21, 1.20, 3H each). 

30 

35 

40 

{c) preparation of 2'-Q-dibenzylphosphonooxymethoxymethyl-7-Q-{dibenzylphosphonooxymethyl)paclitaxel. 

PhCON-i 0 

Ph~O•••·· 
(PhCl*zOhP(O~ 

AcO 0 

N-lodosuccinimide (0.615 g, 2.74 mmol) was added in one portion to a solution 2'-Q-methylthiomethox
ymethyl-7-0-methylthiomethylpaclitaxel (0.92 g, 0.916 mmol), dibenzylphosphate (2.03 g, 7.30 mmol) and 1 

45 g of oven dried 3 Angstrom sieves in THF (18 ml) at room temperature and the resulting mixture was 
stirred for 30 min. At this time a TLC analysis (eluted with hexanes:ethyl acetate, 1: 2) indicated the reaction 
was complete. The reaction mixture was then diluted to twice the volume with ethyl acetate and filtered 
through a bed of celite. The filtrate was then poured into a saturated sodium bicarbonate solution containing 
1 % sodium thiosulfate by weight. The organic layer was then washed four times with a saturated aqueous 

50 sodium bicarbonate solution followed by brine. The aqueous layer was then back extracted with ethyl 
acetate and the combined organics were dried over sodium sulfate a·nd concentrated in vacuo. The residual 
oil was purified via flash chromatography (eluted with hexanes : ethyl acetate) to provide the title product 
(0.768 g, 58%) as a white solid; 1H-NMR (CDCb, 300 MHz) o 8.10-8.05 (2H, m), 7.80-7.74 (2H, m), 7.65-
7.27 (11H, m), 6.30 (1H, s), 6.25-6.18 {1H, m), 5.82 (1H, dd, J = 9.1, 3.4 Hz), 5.63 (1H, dd, J = 6.9 Hz), 

55 5.38 {1 H, dd, J = 6.6 Hz). 5.10-4.60 (15H, m), 4.30-4.10 (3H, m), 3.80 (1 H, d, J = 6.8 Hz), 2.85-2.65 (1 H, 
m), 2.50-1.60 (22H, m, including singlets at 2.47, 2.16, 1.91, 1.72, 1.88, 1.15, 3H each). 
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(d) preparation of 2' -Q-phosphonooxymethoxymethyl-7-Q-phosphonooxymethylpaclitaxel 

PhCONH 0 

Ph~O•••·· 

OcoPh 

15 To a nitrogen purged Parr hydrogenation vessel was added 1.3 g of 10 % palladium-on-carbon followed 
by neat ethyl acetate (11 O ml) and a solution of 2'-0-dibenzylphosphonooxymethoxymethyl-7-0-(dibenzyl
phosphonooxymethyl)paclitaxel (0.721 g, 0.498 mmOJ) in ethyl acetate (40 ml). The reaction vessel was 
then fixed to a Parr hydrogenator, placed under vacuum then pressurized with a hydrogen atmosphere of 
50 psi. The heterogenous mixture was then shaken for 16 h after which time a TLC analysis (eluted with 

20 hexanes : ethyl acetate) indicated the consumption of starting material. The reaction mixture was then 
placed under vacuum and subsequently purged with nitrogen. The mixture was then filtered using a 
sintered glass funnel and the filtrate concentrated in vacuo to provide the title product (0.413 g) which was 
at 60% purity by HPLC analysis. 

25 (e) preparation of 2'-Q-phosphonooxymethoxymethyl-7-Q-phosphonooxymethylpaclitaxel bis-triethanolarnine 
salt. 

To a solution of crude of 2'-0-phosphonooxyrnethoxyrnethyl-7-0-phosphonooxymethylpaclitaxel 
(413mg) in dichloromethane (10 ml) was added a 0.1 M solution of triethanolamine (7.6 ml, 0.076 mmol) in 

30 ethyl acetate and the resulting mixture was stirred for 5 min at room temperature. The reaction mixture was 
then concentrated in vacuo and the resulting white solid was purified by C18 chromatography (eluted with 
water : acetonitrile, 9:1 to 5.6:1 }. Fractions of eluent containing the desired salt in greater than 96% purity 
by HPLC were combined and the. acetonitrile was removed via rotary evaporation. The resulting aqueous 
solution of the amine salt was lyophylized to provide the desired salt (0.21 O g, 30% over 2 steps) as a white 

35 solid. 1H- NMR (Acetone-d5, OiO, 300 MHz) o 7.97-7.94 (2H, m), 7.79-7.76 (2H, m), 7.67-7.33 (11H, m), 
7.12-7.07 (1H, m), 6.26 (1H, s), 5.89 (1H, dd, J = S.6 Hz), 5.4S (1H, d, J = 7.9 Hz), 5.00-4.79 (SH, m), 4.70 
(1H, d, J = S.1 Hz). 4.15-4.03 (3H, m), 3.74-3.66 (7H, m), 3.14-2.S6 (SH, m), 2.33-1.00 (20H, m, including 
singlets at 2.33, 2.10, 1.88, 1.56, 1.02, 1.00, 3H each). 

40 Additional Examples 

45 

50 

55 

The general procedures provided in the foregoing examples and descriptions are followed in the 
preparation of the following compounds within the scope of formula (A). 
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(CH,hCO· 
lsopropyloxy 

CH,CH2CH2CH20· 

(CH,),CO· 

lsopropyloxy 
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2·furanyl 
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-OCH20CH20P(O)(OH)2 ·OC02CH, 
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55 Claims 

1. A compound having the formula 
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EP 0 639 577 A1 

wherein 
T is a taxane moiety bearing on the C13 carbon atom a substituted 3-amino-2-hydroxypropanoyloxy 

5 group; 
m is 0 or an integer from 1 to 6 inclusive; 
n is 1, 2 or 3; 
or a pharmaceutically acceptable salt thereof. 

10 2. A compound of claim 1 wherein said taxane moiety is further characterized as containing at least a 
C11-C12 double bond, C1 hydroxy, C2 benzoyloxy, C4 acety!oxy, C9 oxy, and C5-C20 oxetane. 

15 

20 

25 

3. A compound of claim 1 wherein said taxane moiety is derived from a residue having the formula 

wherein R20" is hydrogen and R20 is hydrogen, hydroxy, -OC(O)Rx, or -OC(O)ORx; R30 is hydrogen, 
hydroxy, -OC(O)Rx, -OC(O)ORx or C1-Galkyloxy; one of R6" or R70 is hydrogen and the other is hydroxy 
or -C(O)ORx; or R6" and R70 together form an oxo group; Rx is C1 -G alkyl optionally substituted with 
one to six same or different halogen atoms, C3-s cycloalkyl, ~-s alkenyl or hydroxy; or Rx is a radical 

30 of the formula 

35 

40 

wherein D is a bond or C1 -& alkyl; and R8
, Rb and Re are inde~ndently hydrogen, amino, c, -G 

alkylamino, di-C1-Galkylamino, halogen, C1-6 alkyl, or C1 -6 alkoxy. 

45 4. A. compound of claim 1 wherein said substituted 3-amino-2-hydroxypropanoyloxy group is derived from 
a residue having the formula 

50 

55 
wherein 
R10 is hydrogen or -C(O)R", -C(O)ORx; 
R4 and R5 are independently C1-s alkyl, ~-6 alkenyl, C2-s alkynyl, or -Z-R6 ; 
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Z is a direct bond, C1 -• alkyl or <4-s alkenyl; 
R0 is aryl, substituted aryl, C3-s cycloalkyl, or heteroaryl; 
p is 0 or 1 ; and 
Rx is as defined previously. 

5. A compound of claim 1 wherein said taxane moiety is further characterized as containing at least a 
C11-C12 double bond, C1 hydroxy, C2 benzoyloxy, C4 acetyloxy, C9 oxy, and C5-C20 oxetane; and 
said substituted 3-amino-2-hydroxypropanoyloxy group is derived from a residue having the formula 

DR1e 

20 wherein R18
, R4 , R5 and p are as previously defined. 

25 

30 

6. A compound of claim 1 having the formula . 

wherein 

R"(O)PCO~H 0 

R5~0' ..... 
i11 

35 R1 is hydroxy, -OCH2(0CH2)mOP(O)(OH)2, -OC(O)Rx or -OC(O)ORx; 
R2 ' is hydrogen, and R2 is hydrogen, hydroxy, -OCH2(0CH2)mOP(O)(OH)2 -OC(O)Rx or -OC(O)ORx; 
R3 is hydrogen, hydroxy, C1-salkyfoxy, -OC(O)Rx,-OCH2(0CH2)mOP(O)(OH)2 or -OC(O)ORx; 
one of R6 or R7 is hydrogen and the other is hydroxy, C1 -s alkanoyloxy, or -OCH2(0CH2)mOP(O)
(OH2); or R6 and R7 together form an oxo group; with the proviso that at least one of R1, R2, R3, R6 or 

40 R7 is -OCH2(0CH2)mOP(O)(OH)2: 
mis o. 1 or 2; 
R4 • Rs. Rx and p are as. previously defined; 
or a pharmaceutically acceptable salt thereof. 

.·· . 

45 7. A compound of claim 6 wherein R2' is hydrogen, and R2 is -OCH20P(O)(OH)2; or a pharmaceutically 
acceptable salt thereof. 

50 

8. A compound of claim 7 wherein R1 is hydroxy, -OC(O)Rx or -OC(O)ORx; and Rx is as previously 
defined. 

9. A compound of claim 8 wherein Rx is C1 -salkyl. 

10. A compound of claim 8 wherein R3 is hydrogen, hydroxy or acetoxy. 

55 11. A compound of claim 8 wherein R4 (0)p is phenyl or t-butoxy. 

12. A compound of claim 8 wherein Rs is phenyl, 2-furyl or 2-thienyl. 
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13. A compound of claim 6 wherein R1 is -OCH20P(O)(OH)2, or a pharmaceutically acceptable salt thereof. 

14. A compound of claim 13 wherein R2
' is hydrogen, R2 is hydrogen, hydroxy or -OC(O)ORx. and Rx is as 

defined in claim 6. 

15. A compound of claim 14 wherein A3 is hydrogen, hydroxy or acetoxy. 

16. A compound of claim 14 wherein A4 (0)p is phenyl or t-butoxy. 

10 17. A compound of claim 14 wherein A5 is phenyl. 

18. A compound of claim 6 wherein A1 and R2 are both -OCH20P(O}(OH)2, or a pharmaceutically 
acceptable salt thereof. 

15 19. A compound of claim 6 wherein R1 is -OCH20CH20P(O)(OH)2, or a pharmaceutically acceptable salt 
thereof. 

20. A compound of claim 6 wherein R3 is -OCH2 OP(O)(OH}2, or a pharmaceutically acceptable salt thereof. 

20 21. A compound of claim 6 wherein R1 is -OCH20CH20CH20P(O)(OH}2. 

22. The compounds of claim 1 which are: 
2'-0-(ethoxycarbonyl)-7-0-(phosphonooxymethyl}paclitaxel, or a pharmaceutically acceptable salt there
of.in particular the sodium salt; 

25 the triethanolamine salt; 
the triethylamine salt; 
the arginine salt; 
the lysine salt; 
the ethanolamine salt; or 

30 the N-methylglucamine salt thereof; 
7-.Q-(phosphonooxymethyl)paclitaxel, or a pharmaceutically acceptable salt thereof, in particular the 
sodium salt thereof; 
3 '-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3' -(2-furyl}-2' -Q-ethyloxycarbonyl-7-0-
phosphonooxymethylpaclitaxel, or a pharmaceutically acceptable salt thereof, in particular the 

35 triethanolamine salt thereof; 
3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2'-0-ethyloxycarbonyl-7-0-
phosphonooxymethylpaclitaxel or a pharmaceutically acceptable salt thereof, in particular the 
triethanolamine salt thereof; 
2'-0-methoxycarbonyl-7-0-phosphonooxymethylpaclitaxel; 

40 2'-0-methylcarbonyl-7-0:Phosphonooxymethylpaclitaxel; 
2' -Q-n-propylcarbonyl-1-'.Q-phosphonooxymethylpaclitaxel; 
2'-.Q-(phosphonooxymethyl)paclitaxel, or a pharmaceutically acceptable salt thereof; 
2',7-Q-bis(phosphonooxymethyl)paclitaxel or a pharmaceutically acceptable salt thereof, in particular 
the sodium salt thereof; 

45 2'-.Q-phosphonooxymethoxymethyl-7-Q-phosphonooxymethylpaclitaxel; 
2'-0-phosphonooxymethoxy~ethylpaclitaxel, or a pharmaceutically acceptable salt thereof, in particular 
thetriethanolamine salt thereof; 
1O-desacetyl-3'-N-desbenzoyl-3'-N-(t-butyloxycarbonyl)-10-Q-(phosphonooxymethyl)paclitaxel, or a 
pharmaceutically acceptable salt thereof, in particular the triethanolamine salt thereof; 

50 2'-0-[(phosphonooxymethoxy)methoxymethyl]paclitaxel; and 
2'-Q-[(phosphonooxymethoxy)methoxy]methyl-7-Q-phosphonooxymethylpaclitaxel. 

~i: 

23. A compound having the formula 

wherein txn is a taxane moiety, m and n are as previously defined, or a C13 metal alkoxide thereof. 
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24. A compound of claim 23 wherein said taxane moiety is derived from a residue having the formula 

5 

10 ~···· 

15 

wherein R28
, R28

', R38, R68 and R78 are as previously defined. 

25. A compound of claim 23 having the formula 

20 

25 

30 

or a C13 metal alkoxide thereof. 

35 26. A compound having the formula 

wherein T' is T in which non-reacting hydroxy groups have been blocked, m and n are as defined 
40 above. 

45 

50 

55 

27. A compound of claim 26 having the formula 

wherein R1
b is hydroxy, protected hydroxy, -0CH2 SCH3 , -OC(O)Rx or -OC(O)ORx; R2' is hydrogen, and 

R2
b ishydrogen, hydroxy, protected hydroxy, -OCH2 SCHa, ~OC(O)Rx or -OC(O)ORx; R3b is hydrogen, 

hydroxy, protected hydroxy, C1-Galkyloxy, -OC(O)Rx, -OCH2 SCHa or -OC(O)ORx; one of R6b or R7b is 
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hydrogen and the other is hydroxy, protected hydroxy, C1-6 alkanoyloxy or -OCH2SCH3 ; or R6b and 
R7b together form an oxo group; with the proviso that at least one of R1b, R2b, R3b, R6b or R7 b is 
-OCH2SCHa; p, R4 , R5 and Rx are as previously defined. 

5 28. The compounds of claim 27 that are: 
7-.Q-methylthiomethylpaclitaxel; 
2' -O-(benzyloxycarbonyl)-7-0-methylthiomethylpaclitaxel; 
2'-0-(ethoxycarbonyl)-7-0-methylthiomethylpaclitaxel; 
2'-0-(methylthiomethyl)-7-0-{triethylsilyl)paclitaxel; 

10 2'-Q-(methylthiomethyl)paciitaxel; 
2',7-.Q-bis(methylthiomethyl)paclitaxel; 
3' -N-debenzoyl-3'-desphenyl-3' -N-(t-butyloxycarbonyl)-3' -(2-furyl)-7-0-methylthiomethylpaclitaxel; 
3'-N-debenzoyl-3' -desphenyl-3'-N-(t-butyloxycarbonyl)-3' -(2-furyl)-2' :0-ethyloxycarbonyl-7-0-
methylthiomethylpaclitaxel; - -

15 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-7-0-methylthiomethylpaclitaxel; 
3'-N-debenzoyl-3' -desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-2' :0-ethyloxycarbonyl-7-0-
methylthiomethylpaclitaxel; - -
3' -N-debenzoyl-3'-N-(isopropyloxycarbonyl)-7-0-methylthiomethylpaclitaxel; 
3'-N-debenzoyl-3'-N-(n-butyloxycarbonyl)-7-0-methylthiomethylpaclitaxel; 

20 3' -N-debenzoyl-3' -N-(t-butoxycarbonyl)-2-0-triethylsilyl-7-0-methylthiomethylpaclitaxel; 
3' -N-debenzoyl-3' -N-(t-butoxycarbonyl)-7-0-methylthiomethylpaclitaxel; 
3'-N-debenzoyl-3' -N-(t-butoxycarbonyl)-7-Q-methylthiomethyl-1 O-deacetyf-1 0-hydroxymethylcarbonyl
(paclitaxel): 
3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-7-.Q-methylthiomethyl-3'-desphenyl-3'-isobutenylpaclitaxel; 

2s 3' -N·debenzoyl-3'-N-(t-butoxycarbonyl)-2' -.Q-ethyloxycarbonyl-7-.Q-methylthiomethylpaclitaxel; 
7-Q-methylthiomethyl-3'-desphenyl-3'-isobutenylpaclitaxel; or 
3'-desphenyl-3'-(2-furyl)-2'-.Q-ethyloxycarbonyf-7-.Q-methylthiomethylpaclitaxel. 

30 

35 

40 

29. A compound of claim 26 having the formula 

R'(O)pCO~H o 

RsM0 .. "'" 
CH3SCH20CH20 

wherein R2', R2b, R3b, R4 • Rs. R6b, R7b and pare as previously defined. 

45 30. The compounds of claim 29 that are 2'-Q-(methylthiomethoxymethyl)-7-.Q·triethylsilylpaclitaxel; or 2'-.Q
(methylthiomethoxymethyl)-7-Q-benzyloxycarbonylpaclitaxel. 

31. A compound having the formula 

50 T'-[OCH2(0CH2)mOP(O)(OR>'f.! ln 

wherein T', m and n are as defined above, and RY is a phosphono protecting group. 

32. A compound of claim. 31 having the formula 
55 
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wherein R1c is hydroxy, protected hydroxy, -OCH20P(O)(OCH2Rrn. -OC(O)Rx or -OC(O)ORx; R2' is 
hydrogen, R2c is hydrogen, hydroxy, protected hydroxy, -OCH20P(O)(OCH2Rrn. -OC(O)ORx or -OC(O)
Rx; R3c is hydrogen, hydroxy, C1-&alkyloxy, protected hydroxy, -OC(O)R", -OCH20P(O)(OCH2RY)2 or 

15 -OC(O)OfiX; one of R6c or R7c is hydrogen and the other is hydroxy, protected hydroxy, C1 -& 
alkanoyloxy or -OCH20P(O)(ORrn; or Rec and R7c together form an oxo group; with the proviso that at 
least one of R1c, R2c, R3c, Rec or R7c is -OCH20P(O)(OCH2RY)2; p, R4 , Rs, Rx and RY are as previously 
defined. 

20 33. A compound of claim 31 having the formula 

25 

30 

35 

R'(O) pCO?jH 0 .R,vCl'" .... 
(RY0)2P(O)OCH20CH20 

HO 

wherein R2', R2c, R3c, R4 , RS, Rec, R7c, RY and p are as previously defined. 

34. A pharmaceutical composition which comprises an antitumor effective amount of a compound of claim 
1 and a pharmaceutically acceptable carrier. 

35. The use of a compound of claim 1 for preparing a pharmaceutical composition for inhibiting tumor 
40 growth in a mammalian host. 

36. The use according to claim 35, wherein the pharmaceutical composition is suitable for oral administra
tion. 

45 37. The use of a compound o~ formula (B'): 

50 

55 

R4(0)pCONj O R'yo ..... 
fi1b' 

(BI) 
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wherein R1
b' is hydroxy, -OC(O)Rx or -OC(O)ORx; R3b' is hydrogen, hydroxy, -OC(O)ORx, C1 - 6 alkyloxy 

or -OC(O)Rx; one of R6b' or R7b' is hydrogen and the other is hydroxy or C1 -• alkanoyloxy; or R6b' and 
R7

b' together form an oxo group; and R4 • R5 , p and Rx are as previously defined; with the proviso that a 
compound of formula cannot be 3,-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-7-0-

5 methylthiomethylpaclitaxel or 3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-furyl)-2'-0-
ethyloxycarbonyl-7-.Q-methylthiomethylpaclitaxel, -
for preparing a pharmaceutical composition for inhibiting tumor in a mammalian host. 

38. The use according to claim 37 of the following compounds: 7-0-methylthiomethylpaclitaxel; 
1 o 2'-.Q-(benzyloxycarbonyl)-7-.Q-methylthiomethylpaclitaxel; -

2'-.Q-(ethoxycarbonyl)-7-Q-methylthiomethylpaclitaxel; 
3'-N-debenzoyl-3'-desphenyl-3'-N-(t-butyloxycarbonyl)-3'-(2-thienyl)-7-0-methylthiomethylpaclitaxel. 
3' -N-debenzoyl-3' -desphenyl-3' -N-(t-butyloxycarbonyl)-3' -(2-thienyl)-2' ::0-ethyloxycarbonyl-7-0-
methylthiomethylpaclitaxel; - -

15 3'-N-debenzoyl-3'-N-(isopropyloxycarbonyl)-7-0-methylthiomethylpaclitaxel; 
3' -N-debenzoyl-3'-N-(n-butyloxycarbonyl)-7-0-methylthiomethylpaclitaxel; 
3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-7-.Q-methylthiomethylpaclitaxel; 
3' -N-debenzoyl-3'-N-(t-butoxycarbonyl)-7-Q-methylthiomethyl-1 0-deacetyl-10-hydroxymethylcarbonyl
(paclitaxel); 

20 3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-7-.Q-methylthiomethyl-3' -desphenyl-3' -isobutenylpaclitaxel; 
3'-N-debenzoyl-3'-N-(t-butoxycarbonyl)-2'-.Q-ethyloxycarbonyl-7-Q-methylthiomethylpaclitaxel; 
7-0-methylthiomethyl-3'-desphenyl-3' -isobutenylpaclitaxel; or 
3' :ciesphenyl-3' -(2-furyl)-2' -Q-ethyloxycarbonyl-7-Q-methylthiomethylpaclitaxel. 

25 

30 

35 

40 

45 

50 

55 
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PROCEDE PE PREPARATION DE DERIVES DU TAXANE 

La presente invention conceme un nouveau precede de preparation de 

derives du taxane de formule generate : 

a,.U 
Ar : 011111 

(I) 

-
OH 

5 qui presentent des proprietes antileucemiques et antitumorales rernarquables. 

Dans la forrnule generale (I) : 

R represente un atorne d'hydrogene ou un radical acetyle, Ri represente un radical 

benzoyle ou un radical Rz-0-CO- dans lequel R2 represente un radical alcoyle, 

alcenyle, alcynyle, cycloalcoyle, cycloalcenyle, bicycloalcoyle, phenyle ou 

10 heterocyclyle azote, et Ar represente un radical aryle. 

Plus particulierement, R represente un. atome d'hydrogene ou un radical 

acetyle et Rt represente un radical benzoyle ou un radical Rz-0-CO- dans lequel R2 

represente : 

- un radical alcoyle droit ou ramifie contenant 1 a 8 atomes de carbone, alcenyle 

15 contenant 2 a 8 atornes de carbone, alcynyle contenant 3 a 8 atomes de Carbone, 

cycloalcoyle contenant 3 a 6 atomes de carbone, cycloalcenyle contenant 4 a 6 

atomes de carbone ou bicycloalcoyle contenant 7 a 10 atomes de carbone, ces 

radicaux etant eventuellement substitues par un ou plusieurs substituants choisis 

parmi les atomes d'halogene et les radicaux hydroxy, alcoyloxy contenant 1 a 4 

20 atomes de carbone, dialcoylamino dont chaque partie alcoyle contient 1 a 4 atomes de 

carbone, piperidino, morpholino, piperazinyl-1 (eventuellement substitue en -4 par un 

radical alcoyle contenant 1 a 4 atomes de carbone ou par un radical phenylalcoyle 

dont la partie alcoyle contient 1 a 4 atomes de carbone), cycloalcoyle contenant 3 a 6 

25 
atomes de carbone, cycloalcenyle contenant 4 a 6 atomes de carbone, phenyle, cyano, 

carboxy OU alcoyloxycarbonyle dont Ia~partie alcoyle contient 1 a 4 atornes de 

carbone, 
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- ou un radical phenyle eventuellernent substitue par un ou plusieurs atomes ou 

rad.icaux choisis panni les radicaux alcoyles contenant 1 a 4 atomes de carbone ou 

alcoyloxy contenant 1 a 4 atomes de carbone, 

- ou un radical hererocyclyle azote sature ou non sature contenant 5 ou 6 chainons 

5 eventuellement substitue par un ou plusieurs radicaux alcoyles contenant 1 a 4 atomes 

decarbone, 

etant entendu que }es radicaux cycloalcoyles, cycloalcenyles OU bicycloalcoyJes 

peUVent etre eventuellement substitues par un OU plusieurs radicaux alcoyles 

contenant 1 a 4 atomes de carbone, et 

10 Ar represente un radical phenyle ou a- ou [3-naphtyle eve~tuellement substitue par un 

ou plusieurs atomes ou radicaux choisis parmi les atomes d'halogene {fluor, chlore, 

brome, iode) et les radicaux alcoyles, alcenyles, alcynyles, aryles, arylalcoyles, 

alcoxy, alcoylthio, aryloxy, arylthio, hydroxy, hydroxyalcoyle, mercapto, fonnyle, 

acyle, acylamino, aroylamino, alcox;_:carbonylamino, amino, alkylamino, 

15 dialkylamino, carboxy, alcoxycarbonyle, carbamoyle, dialcoylcarbamoyle, cyano et 

trifluoromethyle, etant entendu que les radicaux alcoyles et les portions alcoyles des 

autres radicaux contiennent 1 a 4 atomes de carbone, que les radicaux alcenyles et 

alcynyles contiennent 3 a 8 atornes de carbone et les radicaux aryles sont les radicaux 

phenyles ou a- ou [3-naphtyles. 

20 . D'un inreret tout particulier sont les produits de formule generate (I) dans 

laquelle R represente un atome d'hydrogene ou un radical acetyle, Ri represente un 

radical benzoyle ou t.butoxycarbonylarnino et Ar represente un radical phenyle. 

Les pr.oduits de formule generale (I) dans laquelle R 1 represente un radical 

benzoyle corre'Spondent au taxol et au desacetyl-10 taxol et les produits de formule 

25 generale (I) dans laquelle R 1 represente un radical t.butoxycarbonyle correspondent a 
ceux qui font l'objet du brevet europeen EP 0 253 738. 

30 

Seton le precede qui est decrit dans la demande intemationale PCT WO 

92/09589, les derives de forrnule generate (I) peuvent etre obterius par: 

- condensation d'un derive de l'oxazolidine de formuie generale : 

Ar)--(COOH 
Boc-NxO" 

R'2 R'3 

(II) 
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3 

dans laquelle Ar est defini comme precectemment, Boe represente le radical 

t.butoxycarbonyle et R'2 et R'3, identiques ou differents, representent un radical 

alcoyle contenant l a 4 atomes de Carbone eventuellement substitue par un OU 

plusieurs radicaux aryles, ou un radical aryle, ou bien R'2 et R13 ferment ensemble 

avec l'atome de carbone auquel ils sont lies un cycle ayant de 4 a 7 chainons, sur Ia 

baccatine ill OU la desacetyl-10 baccatine ill protegee de formule generale : / 

H011111 
(III) 

dans laquelle. G1 representf. un groupement protecteur de la fonction hydroxy et Gz 

represente un radical acetyle OU un groupement protecteur de }a fonction hydroxy, 

10 pour obtenir un produit de formule generale : 

15 

(IV) 

dans laquelle Ar, R'2. R13, G1. G2 et Boe sont definis comme precectemment, 

- traitement en milieu acide du produit de formule generale (IV) dans des conditions 

qui sont sans effet sur G1 et G2 pour obtenir le produit de formule generale : 

H2~· 0 
- !! /"...../"·., 

AI = 011111 M 
-
OH 
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dans laquelle Ar, G1 et G2 sont definis comme precedemrnent, 

- traitement du produit de formule generale (V) par un reactif convenable pour 

introduire un radical benzoyle ou R2-0-CO-, pour obtenir un produit de formule 

generaie: 

(VI) 

OH 0 

HO. 

dans laquelle Ar, R 1 • G1 et G2 sont definis comme precedemment, et 

- remplacement des groupements protecteurs G1 et G2 du produit de fonnule 

generate (VI) par des atomes d'hydrogene pour obtenir le produit de formule gen&ale 

en. 
10 11 a rnaintenant ete trouve, et c'est ce qui fait l'objet de la presente invention, 

que les produits de fonnule generale <n peuvent etre obtenus par : 

- condensation d'un acide de formule generate : 

Arn,COOH 

Ri-NXO 

R3 H 

(VII) 

dans laquelle Ar et Ri sont definis comme precedemment, et RJ represente un atome 

15 d'hydrogene ou un radical alcoxy contenant 1 a 4 atomes de carbone ou un radical 

aryle eventuellement substitue ou d'un derive de cet acide, sur Ia baccatine m ou la 

desacetyl-10 baccatine m de formule generate (III). dans laquelle G1 represente un 

groupement protecteur de la fonction hydroxy et G2 represente un radical acetyle ou 

un groupement protecteur de la fonction hydroxy, pour obtenir un produit de formule 

20 generate : 
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clans laquelle Ar, Rt. RJ, Gt et G2 sont definis comme precedemment, 

- deprotection de la chaine laterale et eventuellement des fonctions hydroxy protegees 

par Gt et G2 pour obtenir un produit de formule generale : 

G'zO O O-G' 1 

(IX) 

OH 0 

HO = OCOCH3 
OCOC5H5 

clans laquelle Ar et Rt sont definis comrne precedemment, G't represente un atome 

d'hydrogene OU un groupement protecteur de la fonction hydroxy et G12 represente un 

atome d'hydrogene OU un radical acetyle OU un groupement protecteur de la fonction 

hydroxy, puis 

10 - eventuellement remplacement des groupements protecteurs G't et eventuellement 

G'2 dti produit de formule generale (IX) par des atomes d'hydrogene pour obtenir un 

produit de formule generale (I). 

Selon !'invention, l'esteruication du produit de formule generale (ID) est 

effectuee au moyen d'un acide de formule generate (VII) eventuellement sous forme 

15 d'anhydride ou sous forme d1halogenure ou d'anhydride mixte. 

De preference, on utilise un acide de formule generale (VD). ou ses derives 

actives, clans laquelle RJ represente un atome d'hydrogene ou un radical alcoxy 

contenant 1 a 4 atomes de carbone ou un radical phenyle eventuellement substitue par 

un OU plusieurs radicaux electro-donne'urs choisis plus particulierement dans le 

20 groupe des radicaux alcoxy contenant 1 a 4 atomes de carbone. 

L'esterification au moyen d'un acide de formule generale (VII) peut etre 
effectuee en presence d'un agent de condensation tel qu'un carbodiimide comme le 
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dicyclohexylcarbodiimide ou un carbonate reactif comme le dipyridyl-2 carbonate et 

d'un agent d'activation tel qu'une· aminopyridine comme la dimethylamino-4 pyridine 

ou la pyrrolidino-4 pyridine en operant dans un solvant organique choisi panni les 

ethers tels que le tetrahydrofuranne, l'ether diisopropylique, le methyl t.butylether OU 

5 le dioxanne, les cetones telles que la methylisobutylcetone, les esters tels que !'acetate 

d'ethyle, !'acetate d'isopropyle ou !'acetate de n.butyle, les nitriles tels que 

l'acetonitrile, les hydrocarbures aliphatiques tels que le pentane, !'hexane ou !'heptane, 

les hydrocarbures aliphatiques halogenes tels que le dichloromethane ou le dichloro-

1,2 ethane ou les hydrocarbures aromatiques tels que le benzene, le toluene, les 

10 xylenes, l'ethylbenzene, l'isopropylbenzene OU le chlorobenzene a une temperature 

comprise entre -10 et 90°C. Il est particulierement avantageux d'effectuer 

l'esterification en operant dans un solvant arornatique a une temperature voisine de 

20°c. 

L'esterification peut aussi etre realisee en utilisant l'acide de formule 

15 generate (VII) sous forme d'anhydride de formule : 

Arh"l)1-( 
Ri-NXO oxN-R1 

R3 H R3 H 

(X) 

dans laquelle Ar, R 1 et R 3 sont definis comrne precedemment, en presence d'un agent 

d'activation tel qu'une aminopyridine comme la dimethylamino-4 pyridine ou la 

pyrrolidino-4 pyridine en operant dans un solvant organique choisi parmi les ethers 

20 tels que }e tetrahydrofuranne, !'ether diisopropylique, le methyl t.butylether OU le 

dioxanne, les cetones telles que la methylisobutylcetone, les esters tels que l'acetate 

d'ethyle, l'acetate d'isopropyle ou l'acetate de n.butyle, les nitriles tels que 

I1acetonitrile, }es hydrocarbures aliphatiques tels que le pentane, !'hexane OU !'heptane, 

les hydrocarbures aliphatiques halogenes tels que le dichloromethane ou le dichloro-

25 1,2 ethane OU les hydrocarbures aromatiques tels que le benzene, le toluene, les 

xylenes, l'ethylbenzene, l'isopropylbenzene OU le chlorobenzene a une temperature 

comprise entre 0 et 90°C. 

L'esterification. peut aussi etre realisee en utilisant l'acide de formule 

generate (VII) sous forme d'halogenure ou sous forme d'anhydride mixte de fo~ule 

30 generate : 
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(XI) 

clans laquelle Ar, Rt et RJ sont definis comme precedemment et X represente un 

atome d'halogene ou un radical acyloxy ou aroyloxy, eventuellement prepare in situ, 

en presence d'une base qui est de preference une base organique azotee telle qu'une 

5 amine aliphatique tertiaire comme la triethylamine, la pyridine, une aminopyridine 

comme la dimethylamino-4 pyridine ou la pyrrolidino-4 pyridine en operant dans un 

solvant organique inerte choisi parmi les ethers !<~ls que le tetrahydrofuranne, l'ether 

diisopropylique, le methyl t.butylether OU le dioxanne, les cetones, les esters tels que 

!'acetate d'ethyle, !'acetate d'isopropyle ou !'acetate de n.butyle, les nitrites tels que 

10 l'acetonitrile, les hydrocarbures aliphatiques tels que le pentane, !'hexane ou !'heptane, 

les hydrocarbures aliphatiques halogenes tels que le dichloromethane ou le dichloro-

1,2 ethane et les hydrocarbures aromatiques tels que le benzene, le toluene, les 

xylenes, l'ethylbenzene, l'isopropylbenzene OU le chlorobenzene a une temperature 

comprise entre 10 et 80°C, de preference voisine de 20°C. 

15 . De preference, on utilise un derive active de· fonnule generale (XI) clans 

laquelle X represente un atome d'halogene ou un ·radical acyloxy contenant 1 a 5 

atomes de carbone ou aroyloxy dans lequel la partie aryle est un radical phenyle 

eventuellement substitue par 1 a 5 atomes OU radicaux, identiques OU differents, 

choisis parmi les atomes d'halogene (chlore, brome) et les radicaux nitro, methyle OU 

20 methoxy. 

La deprotection de la chaine laterale peut etre effectuee en presence d'un 

acide mineral (acide chlorhydrique, acide sulfurique) ou organique (acide acetique, 

acide methanesulfonique, acide trifluoromethanesulfonique, p.toluenesulfonique) 

utilise seul ou en melanges, en operant dans un solvant organique choisi panni les 

25 alcools (methanol, ethanol, propanol, isopropanol), Ies ethers (tetrahydrofuranne, 

ether diisopropylique, methyl t.butylether), les esters (acetate d'etty;=, acetate 

d'isopropyle, acetate de n.butyle). les hy,procarbures aliphatiques (pentane, hexane, 

heptane). les hydrocarbures aliphatiques halogenes (dichloromethane, dichloro-1,2 

ethane), les hydrocarbures aromatiques (benzene, toluene, xylenes) et les nitriles 

30 (acetonitrile) a une temperature comprise entre -10 et 60°C, de preference entre· 15 et 
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30°C. L'acide mineral ou organique peut etre utilise en quantite catalytique ou 

stoechiometrique ou en exces. 

La deprotection peut etre egalement realisee dans des conditions oxydantes 

en utilisant par exemple le nitrate d'ammonium et de cerium IV dans un melange 

5 acetonitrile-eau OU la dichloro-2,3 dicyano-5,6 benzoquinone-1,4 dans l'eau. 

La deprotection peut etre egalement realisee dans des conditions reductrices, 

par exemple par hyclrogenolyse en presence d'un catalyseur. 

Les groupements protecteurs G1 et G2 sont de preference des radicaux 

trichloro-2,2,2 ethoxycarbonyle, (trichloromethyl-2 propoxy)-2 carbonyle OU des 

10 radicaux trialkylsilyle, dial.kylarylsilyle, alkyldiarylsilyle ou triarylsilyle dans lesquels 

les parties al.kyles contiennent 1 a 4 atomes de carbone et les parties aryles sont de 

preference des radicaux phenyles. 

Le remplacement des groupements. protecteurs G1 et eventuellement G2 

representant un radical silyle par des atomes d'hyclrogene peut etre effectue 

15 simultanement avec la deprotection de la chaine laterale. 

Le remplacement des groupements protecteurs G1 et eventuellement G2 

representant un radical trichloro-2,2,2 ethoxycarbonyle OU (trichloromethyl-2 pro

poxy)-2 carbonyle, est effectue par le zinc, eventuellement associe a du cuivre, en 

presence d'acide acetique a une temperature comprise entre 20 et 60°C ou au moyen 

20 d'un acide mineral ou organique tel que l'acide chlorhydrique ou l'acide acetique en 

solution dans un alcool aliphatique contenant 1 a 3 atomes de carbone ou dans un 

ester aliphatique tel que l'acetate d'ethyle, !'acetate d'isopropyle ou !'acetate de 

n.butyle en presence de zinc eventuellement associe a du cuivre. 

Ce remplacement peut aussi etre effectue par reduction electrolytique. 

25 L'acide de formule generale (VII) peut etre obtenu par saponification en 

milieu basique d'un ester de formule generale : 

Ar {-(COOR, 
Ri-NXO 

R3 H 

(XII) 

dans laquelle Ar, Ri et RJ sont definis comme precedemment et R4 represente un 

radical alcoyle contenant 1 a 4 atomes de carbone eventuellement substitue par un 

30 radical phenyle. 
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Generalement la saponification est effectuee au moyen d'une base minerale 

telle qu'un hydroxyde de metal alcalin (lithium, potassium, sodium), un carbonate OU 

bicarbonate de metal alcalin (bicarbonate de sodium, carbonate OU bicarbonate de 

" ~ium) en milieu hydro-alcoolique tel qu'un melange methanol-eau a une 

5 temperature comprise entre 10 et 40°C, de preference voisine de 20°C. 

L'ester de formule generale (XII) peut etre obtenu par action d'un aldehyde 

de formule generale : 

R3-CHO (XIII) 

dans laquelle RJ est defini comme precedemment, eventuellement sous forme d'un 

10 dialkylacetal ou d'un alkylether d'enol ou d'un orthofonniate de formule generale : 

HC(OR3)3 (XIV) 

dans Iaquelle R 3 est defini comme precedemment, sur un derive de la phenylisoserine 

de formule generale : Ar>---<, COOR4 
(XV) 

R1-NH OH 

15 dans laquelle Ar, Rt et R4 sont definis comme precedemment, de preference sous 

forme 2R,3S en operant dans un solvant organique inerte en presence d'un acide fort 

mineral, tel que l'acide sulfurique, ou organique, tel que l'acide p.toluenesulfonique 

eventuellement sous forme de sel de pyridinium a une temperature comprise entre 

0°C et la temperature d'ebullition du melange reactionnel. Les solvants qui 

20 conviennent particulierement bien sont les hydrocarbures aromatiques. 

Le derive de la phenylisoserine de formule generate (XV) peut etre obtenu 

par acylation d'un derive de la phenylisoserine de formule generale : 

Ar>---<, COOR4 

NH2 OH 
(XVI) 

dans laquelle Ar et ~ sont definis comme precedemment. 

25 L'acylation est effectuee par action du chlorure de benzoyle ou d'un derive 

reactif de formule generale : 

(XVII) 

dans laquelle R2 est defini comme precedemment et Y represente un atome 

d'halogene (fluor, chlore) ou un reste -O-R2 ou -O-CO-O-R2 en operant dans un 
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solvant organique tel qu'un ester aliphatique comme l'acetate d'ethyle ou un 

hydrocarbm:e aliphatique halogene comme le dichlorornethane en presence d'une base 

minerale ou organique telle que le bicarbonate de sodium. Generalement la reaction 

est effectuee a une temperature comprise entre 0 et 50°C. de preference voisine de 

s 20°c. 

Le produit de fonnule generale (XVI) peut etre prepare dans les conditions 

decrites dans la demande intemationale PCT WO 92/09589. 

L'anhydride de formule generale (X) peut etre obtenu en faisant reagir un 

agent de deshydratation tel que le dicyclohexylcarbodiirnide sur l'acide de formule 

10 generale (VII) en operant dans un solvant organique choisi parmi les ethers tels que le 

tetrahydrofuranne, l'ether diisopropylique, le methyl t.butylether OU le dioxanne, les 

cetones telles que la methylisobutylcetone, les esters tels que l'acetate d'ethyle, 

!'acetate d'isopropyle ou l'acetate de n.butyle, les nitriles tels que l'acetonitrile, Jes 

hydrocarbures aliphatiques tels que le pentane, l'hexane ou !'heptane, les 

15 hydrocarbures aliphatiques halogenes tels que le dichloromethane ou le dichloro-1,2 

ethane OU Ies hydrocarbures aromatiques tels que le benzene, le toluene, les xylenes, 

l'ethylbenzene, l'isopropylbenzene ou le chlorobenzene a une temperature comprise 

entre 0 et 30°C. 

L'acide active de formule generale {XI) peut etre obtenu par action d'un 

20 halogenure de ~furyle, de preference, le chlorure ou d'un produit de fonnule 

generale: 

Rs-CO-Z (XVIIl) 

dans laquelle Rs represente un radical alcoyle contenant 1 a 4 atomes de carbone ou 

un radical phenyle eventuellement substitue par 1 a 5 atomes OU radicaux, identiques 

25 ou differents, choisis parmi les atomes d'halogene et les radicaux nitro, methyle et 

· methoxy et Z represente un atome d'halogene, de preference un atome de chlore sur 

un acide de formule generale (VII) en operant dans.un solvant organique convenable 

tel que le tetrahydrofuranne en presence d'une base organique telle qu'une amine 

tertiaire comme la triethylamine a une temperature comprise entre 0 et 30°C. 

30 Le procede selon la presente invention est particulierement utile pour 

preparer les produits de formule generale (I) dans faquelle R represente un atome 

d'hydrogene ou un radical acetyle, R.1 represente un radical benzoyle ou 

tbutoxycarbonyle et Ar represente un radical phenyle eventuellement substitue. 

Les exemples suivants illustrent la presente invention. 
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EXEMfLEl 

Une solution de 10,0 g de t.butoxycarbonylamino-3 hydroxy-2 phenyl-3 

propionate-(2R,3S) de methyle et de 0,25 g de p.toluenesulfonate de pyridinium dans 

200 cm3 de toluene est deshydratee par distillation de 20 cm3 de solvant. On ajoute 

5 6,34 cm3 de dimethylacetal du p.methoxybenzaldehyde en 5 minutes sur le melange 

reactionnel chauffe a !'ebullition. Pendant !'addition, on distille 50 cm3 de solvant 

puis on distille encore 100 cm3 de solvant. Apres refroidissement a une temperature 

voisine de 20°C, on ajoute, en 10 minutes, 80 cm3 de cyclohexane. Le melange est 

refroidi a O-s0 c: La bouillie obtenue est filtree sur verre fritte et le gateau de filtra-

10 tion est lave avec 40 crn3 de cyclohexane puis seche sous pression reduite a une 

temperature voisine de 20°C. On obtient ainsi, avec un rendement de 74 %, 10,39 g 

de t.butoxycarbonyl-3 (rnethoxy-4 phenyl)-2 phenyl-4 rnethoxycarbonyl-5 oxazoli

dine-l,3-(2R,4S,5R) dont les caracteristiques sont les suivantes: 

- spectre infra-rouge (en cornprirne avec KBr) : bandes d'absorption caracteristiques a 
15. 3100-3000, 2980, 2960, 2930, 2910, 2840, 1740, 1700, 1614, lSJ,4, 1460, 1435, 

1390, 1370, 1245, 1175, 1165, 816, 760 et 700 crn-1 - .. 

- spectre de resonance magnetique nucleaire du proton (400 MHz ; CDCl3 ; 

temperature : 323°K : deplacements chimiques -0 en ppm ; conStan.tes de couplage J 

en Hz) : 1,11 (s, 9H) ; 3,60 (s, 3H) : 3,82 (s, 3H) ; 4,58 (d, J = 5, lH) : 5,42 (d large, 

20 J = 5, lH) ; 6,38 (s large, lH) ; 6,92 (d, J = 7,5, 2H) ; 7,30 a 7,45 (mt. 7H). 

A une solution de 3,0 g du produit obtenu precedemment dans 27 cm3 de 

methanol, on ajoute 14 cm3 d'une solution aqueuse contenant 0,31 g d'hydroxyde de 

lithium rnonohydrate. On agite pendant 2 heures a une temperature voisine de 20°C. 

Le methanol est elimine par distillation sous pression reduite puis on ajoute 40 cm3 

25 de dichloromethane. Sous forte agitation, le melange reactionne(·est acidifie par 

addition d'acide chlorhydrique IN jusqu'a pH = 1. Apres decantation, la ph.aSe 

aqueuse est extraite 2 fois par 40 cm3 de dichloromethane. Les pluiSes organiques 

reunies sont sechees sur sulfate de sodium. Apres filtration et evaporation du solvant, 

on obtient, avec un rei:.;:lement de 94,5 %, 2,88 g d'acide t.butoxycarbonyl-3 

30 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3. carboxylique-5-(2R,4S,5R) doilt les 

caracteristiques sont les suivantes : 

- specu:e infra-rouge (en comprime avec KBr) : bandes d'absorption caracteristiques a 

3325-2675, 2980, 2955, 2935, 2845, 1755, 1700, 1615, 1590, 1515, 1460, 1250, 

1175, 1030, 835, 765 et 705 crn-1 · 
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- spectre de resonance magnetique nucleaire du proton (250 MHz ; CDCI3 ; 

deplacements chimiques o en ppm; constantes de couplage Jen Hz) : 1,08 (s, 9H) ; 

3,82 (s, 3H) ; 4,61 (d, J = 5, lH) ; 5,42 {d large, J = 5, lH) ; 6,38 (s large, lH) ; 6,92 

(d,J =7,5, 2H); 7,30 a 7,45 (mt, 7H). 

5 EXEMPLE2 

A une solution agitee de 1,0 g d'acide t.butoxycarbonyl-3 (methoxy-4 

phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylique-5-(2R,4S,5R), de 1,34 g d'ace

toxy-4 benzoyloxy-2a epoxy-5f3,20 clihydroxy-l,13a oxo-9 bis-(trichloro-2,2,2 

ethoxy) carbonyloxy-7f3,10f3 taxene-11 et de 0,061 g de dimethylamino-4 pyridine 

10 dans 7,6 cm3 de toluene anhydre, on ajoute, a 0°C, 0,52 g de dicyclohexylcarbocli

imide. On agite pendant 2 heures a une temperature de 20°C. La dicyclohexyluree est 

separee par filtration et lavee avec du toluene. Les phases organiques reunies sont 

lavees par une solution d'acide chlorhydrique O,lN, une solution saturee d'hydroge

nocarbonate de sodium et sechees sur sulfate de sodium. Apres filtration et concen-

15 tration i sec sous pression reduite, on obtient 2,09 g de t.butoxycarbonyl-3 (methoxy-

4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-5-(2R,4S,5R) d'acetoxy-4 

benzoyloxy-2a epoxy-5f3,20 hydroxy-1 oxo-9 bis-(trichloro-2,2,2 ethoxy) 

carbonyloxy-7f3,10f3 taxene-11 yle-13a brut dent les caractenstiques sont les 

suivantes: 

20 - spectre infra-rouge (CHCI3) : bandes d'absorption caractenstiques a 3575, 1765, 

1740, 1725, 1710, 1615, 1515, 1455, 1250, 1175, 980, 710 et 700 cm-1 

- spectre de resonance magn~tique nucleaire du proton (400 MHz ; CDCI3 ; 

temperature : 323°K ; deplacements chimiques o en ppm ; constantes de couplage J 

en Hz) : 1,09 (s, 9H) ; 1,18 (s, 3H) ; 1,27 (s, 3H) ; 1,67 (s, 3H) ; 1,72 (s, lH) ; 1,82 

25 (s, 3H) ; 1,90 (s, 3H) : 2,02 (m, lH) ; 2,13 (dd, J = 15 et 9, lH) ; 2,25 (dd, J = 15 et 

9, lH) ; 2,60 (mt, lH) ; 3,83 (d, J = 7, lH) ; 3,83 (s, 3H) ; 4.12 (d, J = 8, lH) ; 4,26 

(d, J = 8, lH) ; 4,60 (d, J = 5, lH) ; 4,61 (d, J = i2, lH) ; 4,78 (ab limite, J = 11, 

2H) ; 4,90 (d large, J = 10, lH) ; 4,90 (d, J = 12, lH) ; 5,45 (d large, J = 5, lH) ; 5,50 

(dd, J = 11 et 7, lH) ; 5,66 (d, J = 7, lH) ; 6,12 (t, J = 9, lH) ; 6,18 (s, lH) ; 6,39 (s 

30 large): 6,94 (d, J = 7,5, 2H); 7,42 (d, J = 7,5, 2H): 7,35 a 7.,50 (mt, SH); 7,49 (t,J = 

5, 2H) : 7,63 (t, J = 7,5, lH) ; 8,03 (d, J ="7,5, 2H). 

Aune solution de 0,161 g du produit obtenu precedemment dans 2,1 cm3 

d'acetate d'ethyle on ajoute 9 µ1 d'une solution aqueuse d'acide chlorhydrique a 37 % 
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(p/p). On agite pendant 3 heures a une temperature Voisine de 20°C. Un dosage par 

chromatographie liquide a haute performance montre que le rendement en 

t.butoxycarbonylamino-3 phenyl-3 hydroxy-2 propionate-(2R,3S) d'acetoxy-4 ben

myloxy-2a epoxy-5(3,20 hydroxy-1 oxo-9 bis-(tricllloro-2,2,2 ethoxy) carbonyloxy-

5 7(3,1 Of3 taxene-11 yle-13a est de 95 %. 

Le t.butoxycarbonylamino-3 phenyl-3 hydroxy-2 propionate-(2R,3S).,d'ace

toxy-4 ben7.0yloxy-2a epoxy-5(3,20 hydroxy-I oxo-9 bis-(trichloro-2,2,2 ethoxy) 

carbonyloxy-7f3,10f3 taxene-11 yle-13a est transforme en t.butoxycarbonylarnino-3 

phenyl-3 hydroxy-2 propionate-(2R,3S) d'acetoxy-4 benzoyloxy-2a epoxy-5j3,20 

10 oxo-9 trihydroxy-1,7(3,10(3 taxene-11 yle-13a (ou Taxotere) dans les conditions 

decrites dans le brevet EP 0 253 738. 

EXEMPLE3 

Une solution de 2,43 g ·de t.butoxycarbonylamino-3 hydroxy-2 phenyl-3 

propionate-(2R,3S) de methyle et de 0,059 g de p.toluenesulfonate de pyridinium 

15 dans 60 cm3 de toluene est deshydratee en distillant 5 cm3 de solvant. On ajoute, en 

15 minutes, une solution de 1,7 g de dimethylacetal du dimethoxy-3,4 benzaldehyde 

dans 14 cm3 de toluene sur le melange reactionnel Chauffe a l'ebullition. Pendant 

!'addition, on disitlle 15 cm3 de toluene puis on distille encore 25 cm3. Apres 

refroidissement a wie temperature voisine de 20°C, on ajoute, sous agitation, 40 cm3 

20 d'eau. A.pres decantation, la phase organique est sechee sur sulfate de magnesium. 

Apres filtration et concentration a sec, le residu est repris par 8 cm3 de 

diisopropylether. Le produit qui cristallise est separe par filtration, rince avec du 

diisopropylether puis seche sous pression reduite. On obtient ainsi, avec wi 

rendement de 50 %, 1,7 g de t.butoxycarbonylamino-3 (dirnethoxy-3,4 phenyl)-2 

25 phenyl-4 meth.oxycarbonyl-5 oxazolidine-l,3-(2R,4S,5R) dont les caracteristiques 

sont les suivantes : 

- spectre infra-rouge (comprimes en melange a~ec KBr) : bandes d'absorption 

caracteristiques a 3085, 3065, 3030, 2975, 2935, 2840, 1740, 1700, 1600, 1520, 

1495, 1455, 1425, 1265, 1175, 1025, 800, 755 et 700 cm-1 

30 - spectre de resonance magnetique nucleaire du proton (300 MHz ; DMSO d6 ; 

deplacements chimiques o en ppm; constantes de couplage Jen Hz) ; 1,00 (s, 9H) ; 

3,58 (s, 3H) ; 3,80 (s, 3H) ; 3,83 (s, 3H) ; 4,68 (d, J = 4, lH) ; 5,31 (mf, lH) ; 6,34 

(mf, lH); 6,95 a 7,10 (mt, 3H) ; 7,35 a 7,50 (mt, SH). 
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Aune solution de 1,63 g de !'ester ainsi obtenu dans 25 crn3 de methanol et 

7 cm3 d'eau distillee, on ajoute 0,24 g de potasse a 86 %. On agite pendant 40 

minutes a une temperature voisine de 20°C. Apres elimination du methanol par 

distillation sous pression reduite et acidification du milieu a pH = 3-4 par addition 

5 d'acide chlorhydrique lN, le precipite obtenu est separe par filtration. Le gateau de 

filtration est lave a l'eau puis seche. On obtient ainsi, avec un rendement de 92 %, 

1,45 g d'acidet.butoxycarbonyl-3 (dirnethoxy-3,4 phenyl}-2 phenyl-4 oxazolidine-1,3 

carboxylique-5-(2R,4S,5R) dont la purete est de 95 %, et dont les caracteristiques 

sont les suivantes : 

10 - spectre infra-rouge (comprimes en melange avec KBr) : bandes d'absorption 

caracteristiques a 3225: 3030, 3005, 2975, 2930, 2840, 1740, 1710, 1610, 1600, 

1515, 1465, 1455, 1260, 1175, 1020, 760 et 700 cm-1 

- spectre de resonance magnetique nucleaire du proton (250 MHz ; DMSO d6 ; 

deplacements chimiques a en ppm; constantes de couplage Jen Hz) : 1,00 (s, 9H) ; 

15 3,78 (s, 3H) ; 3,81 (s, 3H) ; 4,55 (d, J = 4, lH) ; 5,23 (mf, lH) ; 6,29 (mf, lH) ; 6,90 

a 7,10 (mt,3H) ; 7,30 a 7,50 (mt, SH). 

EKEMPLE4 

A une suspension agitee de 0,155 g d'acide t.butoxycarbonyl-3 (dimethoxy-

3,4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylique-5-(2R,4S,5R) et de 0,24 g 

20 d'acetoxy-4 benzoyloxy-2a epoxy-5[3,20 dihydroxy-l,13a oxo-9 bis-(trichloro-2,2,2 

ethoxy) carbonyloxy-7f3,10j3 taxen~-11 dans 2,5 cm3 de toluene anhydre, on ajoute, 

en une seule fois, a 0°C, 0,076 g de dicyclohexylcarbodiimide et 0,0075 g de dime

thylamino-4 pyridine. On agite pendant 1 heure a 0°C. La dicyclohexyluree fonnee 

est separee par filtration. Le gateau est lave avec du toluene. Les phases tolueniques 

25 reunies sont lavees successivement avec une solution aqueuse saturee de bicarbonate 

de sodium pUis avec de l'eau. Apres sechage et concentration a sec sous pression 

reduite, on obtient, avec un rendement quantitatif, 0,435 g de tbutoxycarbonyl-3 

(dimethoxy-3,4 phenyl)-2 phenyl-4 oxazolidine-1.3 carboxylate-5-(2R,4S,SR) d'ace

toxy-4 benzoyloxy-2a epoxy-513.4.0 hydroxy-1 oxo-9 bis-(trichloro-2,2,2 ethoxy) 
.:..:u~ 

30 carbonyloxy-7(3,10(3 taxene-11 yle-t.Ja dont les caracteristiques sont les suivantes: 

- spectre infra-rouge (CCI4) : bandes d'absorption caracteristiques a 3S80, 3550-3375, 

3090, 3070, 3030, 1765, 1740, 1730, 1715, 1605, 1520, 1500, 1465, 1455, 1265, 

1250, 1180, 1035, 985, 710 et 695 cm-1 
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- spectre de resonance magnetique nucleaire du proton (400 MHz ; CDCI3 ; 

temperatUre : 323°K ; deplacements chimiques b en ppm ; constantes de couplage J 

en Hz) : 1.10 (s, 9H) ; 1,17 (s, 3H) ; 1,25 (s, 3H) ; 1,66 (s, 3H} ; 1,70 (s, lH) ; 1,82 

(s, 3H) ; 1,90 (s, 3H) ; 2,02 (mt, lH) ; 2,13 (dd, J = 15 et 9, lH) ; 2,24 (dd, J = 15 et 

5 9, lH) ; 2,60 (mt, lH) ; 3,83 (d, J = 7, lH) ; 3,89 (s, 3H} ; 3,93 (s, 3H) ; 4,12 (d, J = 
8, lH) ; 4,26 (d, J = 8, lH) ; 4,60 (d, J = 4,5, lH) ; 4,60 (d, J = 12, lH) ; 4,78 (ab 

limite, 2H) ; 4,89 (d large, J = 10, lH) ; 4,90 (d, J = 12, lH) ; 5,46 (d large, J = 4,5, 

lH) ; 5,50 (dd, J = 11 et 7, lH) ; 5,66 (d, J = 7, lH) ; 6,13 (t, J = 9, lH) ; 6,15 (s, 

lH) ; 6,39 (s, lH) ; 6,90 (d, J = 7,5, lH) ; 7,03 (d, J = 1, lH) ; 7,07 (dd, J = 7,5 et 1, 

10 lH) ; 7,35 a 7,50 (mt, SH) ; 7,48 (t, J = 7,5, 2H) ; 7,62 (t, J = 7,5, lH) ; 8,03 (d, J = 
7,5, 2H). 

A une solution de 0,223 g de l'ester obtenu ci-dessus dans 2,5 cm3 de 

methanol, on ajoute 2 µI d'acide methanesulfonique. On agite pendant 2 heures 30 

minutes a une temperature Voisine de 20°C. Le dosage par chromatographie liquide a 
15 · haute performance montre qu~6ie rendement en tbutoxycarbonylamino-3 phenyl-3 

hydroxy-2 propionate-(2R,3S) d'acetoxy-4 benzoyloxy-2a epoxy-5(3,20 hydroxy-1 

oxo-9 bis-(trichlor0-2,2,2 ethoxy} carbonyloxy-7(3,10(3 taxene-11 yle-13a est de 

88%. 

EXEMPLE5 ' 

20 Une solution de 0,497 g de tbutoxycarbonylamino-3 hydroxy-2 phenyl-3 

propionate-(2R,3S) de methyle, de 0,021 g de p.toluenesulfonate de pyridinium et de 

0,295 g de dimethoxy-2,4 benzaldehyde dans 20 cm3 de toluene anhydre est chauffee 

au reflux pendant 24 hemes. L'eau formee pendant la reaction est eliminee au moyen 

d'un Dean-Stark. Apres refroidissement a une temperature voisine de 20°C, la 

25 solution est lavee avec une solution aqueuse d'hydrogenosulfite de sodium a 37 % 

(p/p) puis avec une solution aqueuse · saturee de bicarbonate de sodium. Apres 

concentration de la phase organique sous pression reduite, on obtient, avec un 

rendement de 80 %, 0,700 g de tbutoxycarbonyl-3 (dimethoxy-2,4 phenyl)-2 

phenyl-4 methoxycarbonyl-5 oxazolidine-1,3-(4S,5R) sous forme d'un melange des 

30 fonnes diastereoisomenques A et B quasi equimoleculaire dont les caracteristiques 

sont les suivantes : 
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- spectre infra-rouge (CCI.4} : bandes d'absorption caracteristiques a 3095, 3070, 

3035, 2980, 2955, 2935, 2840, 1760, 174S, 1710, 161S, 1S90, 1510, 146S, 14SS, 

1435, 1210, 1160, 1040, 83S et 700 cm·l 

- spectre de resonance magnetique nucleaire du proton (250 MHz ; DMSO d6 ; 

S deplacements chimiques a en ppm ; constantes de couplage J en Hz) : 1,00 (s, 

-C(CH3)3 de B) : 1,22 (s, -C(CH3)3 de A); 3,SS (mf, -COOCH3 ou -OCH3 de B) ; 

3,87 a 3,8S (mt, -COOCH3 OU -OCH3 de A et B) ; 4,64 (d, J = 4,5, -HS de B) ; S,01 

(d, J = 2,5, -HS de A) ; 5,21 (d, J = 2,5, -H4 de A) ; 5,26 (d, J = 4,5, -H4 de B) ; 6,46 

[dd,J = 7,S et lp, -C6Hs en 2 (-HS) de A]; 6,S2 (s, -H2 de A); 6,S0-6,6S [mt, -H2 

10 et -C6Hs en 2 (-HS et -H3) de B + -C6Hs en 2 (-li3) de A] ; 7,00 [d, J = 7,S, -C6Hs 

en 2 (-li6) de B] ; 7,30 a 7,SS [mt, SH, -C6Hs en 4 (-H2 a -H6) de A et B]. 

Aune solution de 0,700 g de !'ester obtenu precectemment dans un melange 

de 9 cm3 de methanol et de 3 cm3 d'eau distillee, on ajoute 0,073 g d'hydroxyde de 

lithium monohydrate. On agite pendant 3 heures 30 minutes a une temperature 

15 . voisine de 20°C. Le methanol est elimine par distillation sous pression reduite. La 

phase aqueuse est lavee avec du toluene puis est acidifiee jusqu'a pH = 3-4 par addi

tion d'une solution aqueuse d'acide chlorhydrique lN. Le precipite obtenu est separe 

par filtration et le gateau de filtration est lave abondamment a l'eau jusqu'a neutralite 

puis sech6 sous J>teSSion reduite. On obtient ainsi, avec un rendement de 74 %, 0,450 

20 g d'acide t.butoxycarbonyl-3 (dimethyl-2,4 phenyl)-2 phenyl-4 oxazolidine-1,3 

carboxylique-5-(4S,5R) sous forme d'un melange des formes diastereoisomeriques A 

et B quasi equimoleculaire dont les caracteristiques sont les suivantes : 

- spectre infra-rouge (en comprime avec KBr) : bandes d'absorption caracteristiques a 
3300-2700, 2700-2250, 3070, 3030, 300S, 297S, 2940, 2840, 1710, 1615, 1590, 

2S 1510, 1460, 1210, 1160, 10J5, 835 et 700 cm-1 

- spectre de resonance magnetique nucleaire du proton (200 MHz ; DMSO d6 ; 

temperature : 393°K ; deplacements chimiques B en ~m ; constantes de couplage J 

en Hz ; melange des 2 diastereoisomeres dans la proportion 55/45) : 1,00 (s, 

-C(CH3)3 de B); 1,25 (s, -C(CH3)3 de A) ; 3,75 a 3,85 (mt, 6H, -OCH3 de A et B) ; 

30 4,43 (d, J = 5, -HS de B) ; 4,77 (d, J = 2, -HS de A) ; 5,21 (d, J = 2, -H4 de A) ; S,21 

(d,J = 2, -H4 de B); 6,42 [dd, J = 7,5 et 1,5, -C6Hs en 2 (-HS) de A]; 6,49 (s, -H2 

de A) ; 6,4S-6,60 [mt, -H2 et -C6Hs en 2 (-HS et -H3) de B + -C6Hs en 2 (-H3) de 

A] ; 7,02 [d, J = 7,5, -C6Hs en 2 (-li6) de A] ; 7,15 [d, J = 7,5, -C6Hs en 2 (-H6) de 

B] ; 7:25 a 7,50 [mt, SH, -C6Hs en 4 (-H2 a -li6) de A et B]. 
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EXEMPLE6 

Aune suspension agitee de 1,671 g d'acide t.butoxycarbonyl-3 (dimethoxy-

2,4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylique-5-(4S,5R) et de 1,003 g 

d'acetoxy-4 benzoyloxy-2a epoxy-5(3,20 dihydroxy-1,13a oxo-9 bis-(trichloro-2,2,2 

5 ethoxy) carbonyloxy-7(3,1013 taxene-11 dans 8 cm3 de toluene anhydre on ajoute, en 

une seule fois, a 0°C, 0,656 g de dicyclohexylcarbodiimide et 0,0287 g de 

dimethylamino-4 pyridine. On agite pendant 10 minutes a 0°C puis pendant 5 heures 

a une temperature voisine de 20°C. La dicyclohexyluree formee est separee par 

filtration et lavee avec du toluene. Les phases tolueniques reunies sont lavees avec 

10 une solution aqueuse saturee de bicarbonate de sodium, puis a l'eau. Apres sechage, 

filtration .et concentration a sec sous pression reduite, on obtient 1,623 g de 

tbutoxycarbonyl-3 (dimethoxy-2,4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-

5-(4S,SR) d'acetoxy-4 benzoyloxy-2a epoxy-5f3,20 hydroxy-1 oxo-9 bis-(trichloro-

2,2,2 ethoxy) carbonyloxy-7j3,10j3 taxene-11 yle-13a brut sous fonne d'un melange 

15 · diastereoisomerique dont on separe les constituants par chromatographie liquide sur 

gel de silice en eluant avec un melange acetate d'ethyle-cyclohexane (75-25 en 

volumes). 

Un des deux diastereoisomeres presente les caracteristiques suivantes : 

- spectre de resonance magnetique nucleaire du proton (400 MHz ; CDCl3 
20 deplacements chimiques o f.':' ppm ; constantes de couplage J en Hz) : 1,20 (s, 3H) ; 

1,25 (s, 9H) ; 1,30 (s, 3H) ; 1,76 (s, lH) ; 1,85 (s, 3H) ; 2,00 (s, 3H) ; 2,05 (mt, lH) ; 

2,17 (s, 3H) ; 2,26 (dd, J = 15 et 9, lH) ; 2,34 (dd, J = 15 et 9, lH) ; 2,60 (mt, lH) ; 

3,82 (s, 3H) ; 3,92 (s, 3H) ; 3,95 (d, J = 7, lH) ; 4,14 (d, J = 8, lH) ; 4,30 (d, J = 8, 

lH) ; 4,62 (d, J = 12, lH) ; 4,80 (ab limite, 2H) ; 4,90 (mt, lH) ; 4,92 (mt, lH) ; 4,92 

25 (d, J = 12, lH) ; 5,36 (d, J = 2, lH) ; 5,63 (dd, J = 11 et 7, lH) ; 5,70 (d, J = 7, lH) ; 

6,28 (s, lH) ; 6,34 (t, J = 9, lH) ; 6,43 (dd, J = 7,5 et 1,5, lH) ; 6,51 (d, J = 1,5, lH) ; 

6,69 (s, lH) ; 7,16 {d, J = 7,5, lH} ; 7,35 a 7,50 (mt, 3H) ; 7,48 (t, J = 7,5, 2H} ; 7,67 

(d,J = 7,5, 2H) ; 7,63 (t,J = 7,5, lH); 8,04 (d, J = 7,5, 2H). 

L'autre diastereoisomere presente les caractenstiques suivantes : 

30 - spectre infra-rouge (CC14) : bandes d'absorption caracteristiques a 3580, 3550-3300, 

3070, 3030, 1760, 1740, 1710, 1610, 1590, 1510, 1455, 1435, 1260, 1250, 1210, 

1180, 1035, 985, 710 et 700 cm-1 

- spectre de resonance magnetique nucleaire du proton (400 MHz ; CDCI3 ; 

deplacements chimiques o en ppm; constantes de couplage Jen Hz) : 1,10 [s, 9H : 

35 -C(Cli3)3] ; 11,16 (s, 3H: -CH3 16 ou 17) ; 1,24 (s, 3H : -CH3 16 ou 17) ; 1,53 (s, 
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3H : -Cl::13 19) ; 1,66 (s, lH : -OH 1) ; 1,82 (s, 3H : -CH3 18) ; 2,00 (s, 3H : 

-COCH3) ; 2,00 (mt, lH : -(CH)-H6) ; 2,12 (dd, J = lS et 9,. lH : -(CH)-Hl4) ; 2,24 

(dd, J = 15 et 9, lH : -(CH)-li14) ; 2,60 (mt, lH : -(CH)-li6) ; 3,82 (d, J = 7, lH : 

".'H3); 3,82 (s, 3H: -OCH3); 3,90 (s, 3H: -OCH3) ; 4,12 (d, J = 8, lH: -(CH)-H20); 

S 4,26 (d, J .= 8, lH : -(CH)-H20) ; 4,5S (d, J = 4, lH : -HS') ; 4,62 (d, J = 12, lH : 

-O(CH)-H du CCI3CH20COO en -7) ; 4,78 (ab, J = 11, 2H : O-Cli2 du 

Cl3CH20COO en -10) ; 4,89 (d large, J = 10, lH : -HS) ; 4,89 (d; J = 12, lH : 

-O(CH)-H du Cl3CCH20COO en -7) ; S,46 (d large, J = 4, lH: -li4'); 5,SO (dd, J = 
11et7, lH: -li7); 5,65 (d,J = 7, lH: -H2); 6,05 (t,J = 9, lH: -H13); 6.16 (s, lH: 

10 -HlO) ; 6,50 [mt, 2H : -C6Hs en 2' (-H3 et -HS)] ; 6,72 (rnf, lH : -H2') ; 7,22 [d, J = 
7,5, lH: -C6Hs en 21 (-li6)] ; 7,30 a;7,SO [mt, SH: -C6Hs en 4' (-H2 a -H6)]; 7,48 

[t, J = 7,5, 2H : -OCOC6Hs (-H3 et -HS)] ; 7,63 [t, J = 7,5, lH : -OCOC6Hs (-li4)] ; 

8,03 [d, J = 7,5, 2H : -OCOC6Hs (-H2 et -H6)]. 

Aune solution de 1,623 g de l'ester brut obtenu ci-dessus dans 20 cm3 de 

IS . methanol, on ajoute 80 µl d'acide methanesulfonique. On agite pendant 4 heures a 
une temperature voisine de 20°C. Le dosage par chromatographie liquide a haute 

performance rnontre que le rendement en t.butoxycarbonylarnino-3 phenyl-3 

hydroxy-2 propionate-(2R,3S) d'acetoxy-4 benzoyloxy-2a epoxy-5f3,20 oxo-9 bis

(trichloro-2,2,2 ethoxy) carbonyloxy-7f3,10j3 taxene-11 yle-13a est de 88 %. 

20 EXEMPLE7 

Une solution de 10,0 g de t.butoxycarbonylamino-3 hydroxy-2 phenyl-3 

propionate-(2R,3S) de rnethyle, de 1,0 g de p.toluenesulfonate de pyridinium et de 

5,7 cm3 de dimethylacetal de benzaldehyde dans 250 cm3 de toluene anhydre est 

chauffee au reflux. On distille 200 cm3 de solvant en 2 heures. La solution est 

25 refroidie a une temperature voisine de 20°C et est lavee avec 50 cm3 d'eau. Apres 
decantation, sechage et concentration a sec de la phase organique, le residu obtenu est 

repris dans 14 cm3 de diisopropylether. La bouillie obtenue est filtree, rincee et esso

ree. On obtient ainsi, avec un rendement de 65 %, 8.4 g de tbutoxycarbonylamino-3 

diphenyl-2,4 methoxycarbonyl-5 oxazolidine-1,3-(2R,4S,SR} sous forme d'un. seul 

30 diastereoisomere dont les caracteristiques.sont les suivantes : 

- spectre infra-rouge (comprime en melange avec KBr) : bandes d'absorption 

caracteristiques a 3250, 3095, 3070, 3030, 2975, 1710, 1500, 1460, 1165, 760 et 

700cm-1 
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- spectre de resonance magnetique nucleaire du proton (300 MHz ; DMSO <l6 ; 
deplacements chimiques o en ppm ; constantes de couplage J en Hz) : 0,95 (s, 9H) ; 

4,26 (mf, lH) ; 5,10 (mf, lH) ; 6,20 (s, lH) ; 7,25-7,55 (mt, SH). 

Aune solution de 7,07 g de !'ester obtenu precedemment dans 88 cm3 de 

5 methanol et 22 cm3 d'eau, on ajoute 1,26 g de potasse a 86 %. On agite pendant une 

nuit a une temperature voisine de 25°C. Le methanol est elimine par distillation sous 

pression reduite. On acidifie par addition d'acide chlorhydrique IN jusqu'a pH = 2. 

Le precipite obtenu est separe par filtration, lave abondamment a l'eau jusqu'a 

neutralite puis seche sous pression reduite. On obtient ainsi, avec un rendement 

10 quantitatif, 7,0 g d'acide t.butoxycarbonyl-3 diphenyl-2,4 oxazolidine-1,3 carboxy

lique-5-(2R,4S,SR) sous forme d'un seul diastereoisomere dont les caracteristiques 

sont les suivantes : 

- spectre infra-rouge (comprime en melange avec KBr) : principales bandes 

d'absorption caracteristiques a 3080, 3050, 3030, 3005, 2975, 1760, 1695. 1600, 

15 . 1585, 1490, 1460, 1435, 1175, 760 et 700 cm-1 

- spectre de resonance magnetique nucleaire du proton (200 MHz ; DMSO <l6 ; 
deplacements chimiques o en ppm ; constantes de couplage J en Hz) ; 0,98 (s, 9H) ; 

3,38 (s, 3H) ; 4,7r'(d, J = 4, lH) ; 5,30 (d large, J = 4, lH) ; 6,38 (s, lH) ; 7,25 a 7,55 

(mt, SH). 

20 EXEMPLE8 

A une suspension agiree de 1,25 g d'acide t.butoxycarbonyl-3 diphenyl-2,4 

oxazolidine-1,3 carboxylique-5-(2R,4S,SR) et de 1,08 g d'acetoxy-4 benzoyloxy-2a 

epoxy-5(3,20 dihydroxy-1,13a oxo-9 bis-(trichloro-2,2,2 ethoxy) carbonyloxy-7(3,10(3 

taxene-11 dans 12 cm3 de toluene anhydre, on ajoute 0,70 g de 

25 dicyclohexylcarbodiimide et 0,030 g de dimethylamino-4 pyridine. On agite pendant 

24 heures a une temperature voisine de 20°C. La dicyclohexyluree formee est separee 

par filtration et lavee par du toluene. Les phases organiques reunies sont lavees avec 

une solution aqueuse saturee de bicarbonate de sodium. Apres sechage et 

concentration a sec sous pression reduite, on obtient 2,27 g d'un produit brut qui est 

30 purifie par chromatographie liquide sur ~gel de silice en eluant avec un melange 

hexane-acetate d'ethyle (1-1 en volumes). On obtient ainsi, avec un rendement de 

75 %, 1,05 g de t.butoxycarbonyl-3 diphenyl-2,4 oxazolidine-1,3 carboxylate-5-

(2R,4S.SR) d'acetoxy-4 benzoyloxy-2a epoxy-5f3,20 hydroxy-1 oxo-9 
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bis-(trichloro-2,2,2 ethoxy) carbonyloxy-7(3,10(3 taxene-11 yle-13a sous fonne d'un 

seul diastereoisemere dont les caracteristiques sont les suivantes : 

- spectre infra-rouge (en comprime avec KBr) : principales bandes d'absorption 

caracteristiques a 3250, 3095, 3070, 3030, 2975, 1710, 1500, 1460,1165, 760 et 

5 700cm-l; 

- spectre de resonance magnetique nucleaire du proton (400 MHz ; CDCl3 ; 

deplacements chimiques o en ppm ; constantes de couplage J en Hz ) : 1,05 (s, 9H) ; 

1,15 (s, 3H) ; 1,25 (s, 3H) ; 1,63 (s, ·3H) ; 1,73 (s, lH) ; 1,80 (s, 3H) ; 1,87 (mf, 3H) ; 

2,01 (mt, lH) ; 2,08 (dd, J = 15 et 9, lH) ; 2,23 (dd, J = 15 et 9, lH) ; 2,58 (mt,lH) ; 

10 3,81 (d, J = 7, lH) ; 4,10 (d, J = 8, lH) ; 4,26 (d, J = 8, lH) ; 4,60 (d, J = 12, lH) ; 

4,61 (d, J = 4, lH} ; 4,78 (ab, J = 11, 2H) ; 4,87 (d large) = 10, lH) ; 4,90 (d, J = 12, 

lH) ; 5,46 (mt, lH) ; 5,50 (dd, J= 11 et 7, lH) ; 5,63 (d, J = 7, IH) ; 6,13 (mt, IH) ; 

6,13 (s, lH) ; 6,43 (mf, lH) ; 7,35 a 7,50 (mt, lOH) ; 7,48 (t, J = 7,5, 2H) ; 7,62 (t, 

J = 7,5, lH) ; 8,03 (d, J = 7,5, 2H). 

15 Aune solution de 41 mg de l'ester obtenu precedemment dans 0,4 cm3 de 

methanol, on ajoute 2,6 µl d'acide methanesulfonique. On agite pendant 48 heures a 
une temperature voisine de 20°C. Le dosage par chromatographie liquide a haute 

performance montre que l'on obtient le t.butoxycarbonylamino-3 phenyl-3 hydroxy-2 

propionate-(2R,3S) d'acetoxy-4 benzoyloxy-2a epoxy-5(3,20 hydroxy-1 oxo-9 bis-

20 (trichloro-2,2,2 ethoxy) carbonyloxy-7(3,10(3 taxene-11 yle-13a avec un rendement 

de50%. 

EXEMPLE9 

Une solution de 10,0 g de tbutoxycarbonylamino-3 hydroxy-2 phenyl-3 

propionate-(2R,3S) de methyle, de 0,334 g de p.toluenesulfonate de pyridinium et de 

25 3,75 cm3 d'orthoformiate de trimethyle dans 70 cm3 de toluene est chauffee au 

reflux. On distille 4 cm3 de solvant. Apres refroidissement a une temperature voisine 

de 20°C et filtration, le filtrat est concentre a sec sous pression roouite. Le residu est 

repris par 50 cm3 d'hexane. La bouillie obtenue est filtree, rincee et essoree. On 

obtient ainsi, avec un rendement de 40 %, 4,6 g de t.butoxycarbonyl-3 methoxy-2 

30 phenyl-4 methoxycarbonyl-5 oxazolidine.,1,3-(4S,5R), sous forme d'un melange des 

diastereoisomeres dont les caracteristiques sont les suivantes : 

- spectre infra-rouge (CH2CI2) : bandes d'absorption caracteristiques a 2980, 2955, 

2935, 2840, 1760, 1745, 1710, 1495, 1460, 1440, 1175, 1080et1065 cm-1 
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- spectre de resonance magnetique nucleaire du proton (300 MHz ; DMSO d(s ; 
temperature : 393°K ; deplacements chimiques f, en ppm ; constantes de couplage J 

en Hz) sur le melange 65/35 des diastereoisomeres : 1,22 (s, 3H) ; 1,32 (s, 3H) ; 3,34 

(s, 3H) ; 3,43 (s, 3H) ; 3,75 (s, 3H) ; 4,55 (d, J = 3, lH) ; 4,68 (d, J = 8, lH) ; 4,98 (d, 

5 J = 8, lH) ; 5,17 (d, J = 3, lH) ; 6,10 (s, lH) ; 6,13 (s, lH) ; 7,20 a 7,50 (mt, SH). 

Aune solution de 11,~7 g du produit obtenu ci-dessus dans 85 cm3 de 

methanol et 28 cm3 d'eau, on ajoute 16,1 g d'hydroxyde de lithium monohydrate. On 

agite pendant 30 minutes a une temperature voisine de 20°C. Le methanol est elimine 

par distillation sous pression reduite puis on ajoute 145 cm3 d'eau et 245 cm3 

10 d'acetate d'ethyle. Le melange biphasique est refroidi a 0°C sous agitation puis 

acidifie par de l'acide chlorhydrique lN jusqu'a pH = 5. La phase aqueuse est separee 
par decantation et extraite avec 2 fois 75 cm3 d'acetate d'ethyle. Les phases 

organiques sont reunies et sechees sur sulfate de sodium. Apres filtration et 

concentration sous pression reduite a 25°C jusqu'a un volume de 50 cm3, on ajoute a 
15 cette solution residuelle, a 0°C, 9,80 g d'acetoxy-4 benzoyloxy-2a epoxy-5(3,20 

dihydroxy-l,13a oxo-9 bis-(trichloro-2,2,2 ethoxy) carbonyloxy-7(3,10(3 taxene-11, 

4,29 g de dicylohexylcarbodiimide et 0,25 g de dimethylamino-4 pyridine. On agite 

pendant 15 minutes a 0°C puis pendant 3 heures a une temperature voisine de 20°C. 

La dicyclohexyluree formee est separee par filtration et lavee par de !'acetate d'ethyle. 

· 20 Les phases organiques reunies sont lavees par une solution aqueuse saturee de 

bicarbonate de sodium. Apres sechage et concentration a sec sous pression reduite, on 

obtient 14,75 g de t.butoxycarbonyl-3 methoxy-2 phenyl-4 oxazolidine-1,3 

carboxylate-5-(4S,SR) d'acetoxy-4 benzoyloxy-2a epoxy~5j3,20 hydroxy-I oxo-9 bis

(trichloro-2,2,2 ethoxy) carbonyloxy-7j3,10j3 taxene-11 yle-13a, sous la forme d'un 

25 melange diastereoisomenque, dont les caracteristiques sont les suivantes : 

- spectre infra-rouge (CH2Cl2) : bandes d'absorption caracteristiques a 1760, 1725-

1710, 1600, 1450, 1245, 1175, 1060, 985 et 815 cm~l 

- spectre de resonance magnetique nucleaire du proton (400 MHz ; CDCI3 ; 

temperature : 323°K ; deplacements chimiques o en ppm ; constantes de couplage J 

30 en Hz) : 1,23 (s, 3H) ; 1,32 (s, 3H) ; 1,35 (mf, 9H) ; 1,88 (s, 3H) ; 1,91 (s, 3H) ; 2,08 

(s,3H) ; 2,08 (mt, lH) ; 2,26 (ab dedouble, J = 15 et 9, lH) ; 2,65 (mt, H) ; 3,65 (s, 
"' 

3H) ; 3,92 (d, J = 7, lH) ; 4,18 (d, J = 8, lH) ; 4,31 (d, J = 8, lH) ; 4,64 (d, J = 12, 

lH) ; 4,80 (d, J i: 7, lH) ; 4,83 (ab limite, 2H) ; 4,95 (d large, J = 10, lH) ; 4,95 (d, 

J = 12, lH) ; 5,04 (d large, J = 7, lH) ; 5,58 (dd, J = 11 et 7, lH) ; 5,72 (d, J = 7, 
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lH) ; 6,25 (s, lH) ; 6,31 (s, lH) ; 6,34 (t, J = 9, lH) ; 7,30 a 7,55 (mt, SH) ; 7,54 (t, 

J = 7,5, 2H) ; 7,68 (t, J = 7,5, lH); 8,08 (d, J = 7,5, 2H). 

Aune solution agitee de 0,617 g d'ester obtenu precedemment dans 7,6 cm3 

d'acetate d'ethyle on ajoute 47 µl d'acide chlorhydrique a 37 % (p/p). On agite 

5 pendant 20 heures a une temperature voisine de 20°C. L'analyse par chromatographie 

liquide a haute performance montre que l'on obtient le t.butoxycarbonylamino-3 

phenyl;..3 hydroxy-2 propionate-(2R,3S) d'acetoxy-4 benzoyloxy-2a epoxy-5(3,20 

hydroxy-1 oxo-9 bis-(trichloro-2,2,2 ethoxy) carbonyloxy-7(3,10(3 taxene-11 yle-13a, 

avec un rendement de 53 %. 

10 E:xEMPLE 10 

Une solution de 4,01 g de benzoylamino-3 hydroxy-2 phenyl-3 propionate- · 

(2R,3S) de methyle et de 0,01 g de p.toluenesulfonate de pyridinium dans 70 cm3 de 

toluene est deshydratee par distillation de 30 cm3 de solvant. On ajoute 30 cm3 de 

toluene et distille 20 cm3 de solvant. Apres ref~idissement, on ajoute une solution de 

15 2,57 g de dimethylacetal de p.methoxybenzaldehyde dans 6 cm3 de toluene. On 

ajoute 20 cm3 de toluene puis on chauffe pendant 40 minutes a une temperature 

voisine de 100°C tout en distillant 60 cm3 de solvant. Apres refroidissement, la . 

solution trouble est filtree sur coton puis concentree a sec. On obtient ainsi 6,13 g 

d'une huile jaunatre que l'on agite j,endant 12 heurse avec 30 cm3 de cyclohexane. 

20 Apres filtration sur verre fritte et lavage du precipite par 2 fois 10 cm3 de 

cyclohexane, on obtient, avec un rendement de 91 %, 5,09 g de benzoyl-3 (methoxy-4 

phenyl)-2 phenyl-4 methoxycarbonyl-5 oxazolidine-1,3-(2R,4S,5R). 

A une solution de 4,80 g du produit obtenu precedemment dans 120 cm3 de 

methanol, on ajoute 25 cm3 d'une solution aqueuse contenant 834 mg de potasse a 
25 86%. On agite pendant 1 heure a une temperature voisine de 20°C. Le methanol est 

elimine par distillation sous pression reduite puis on ajoute 25 cm3 d'eau et 50 cm3 

d'ether isopropylique. La phase aqueuse est separee par decantation puis lavee par 2 

fois 25 cm3 d'oxyde isopropylique. La phase aqueuse est acidifiee par addition 

d'acide chlorhydrique concentre jusqu'a pH = 1, puis on ajoute 50 cm3 de 

30 dichloromethane. Apres decantation, la phase aqueuse est lavee par 25 cm3 de 

dichlorornethane. Les phases organiques reunies sont lavees par 25 cm3 d'eau puis 

sechees sur sulfate de sodium. Apres filtration et concentration a sec, on obtient, avec 
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un rendement de 97%, 4,49 g d'acide benzoyl-3 (rnethoxy-4 phenyl)-2 phenyl-4 

oxazolidine-1,3 carboxylique -5-(2R,4S,5R). 

EXEMfLE 11 

A une solution de 0,137 g de diacetoxy-4,10(3 benzoyloxy-2a epoxy-5(3,20 

5 dihydroxy-l,13a oxo-9 triethylsilyloxy-7(3 taxene-11 a 85% et de 0,0521 g de 

dicyclohexylcarbodiimide dans 1 cm3 de toluene, on ajoute une solution de 0,1023 g 

d'acide benzoyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylique -5-

(2R,4S,5R) et de 5,2 mg de dimethylamino-4 pyridine dans 3 cm3 de toluene. On 

agite pendant 2 heures 15 minutes a une temperature voisine de 20°C. La 

10 dicyclohexyluree est separee par filtration. On ajoute au filtrat 20 cm3 d'une solution 

saturee de bicarbonate de sodium. Apres decantation la phase aqueuse est extraite par 

3 fois 30 cm3 de dichloromethane. Les phases organiques reunies sont sechees sur 

sulfate de sodium. Apres filtration et concentration, on obtient 0,2108 g d'un produit 

que l'on purifie par chromatographie sur 7 g de silice contenus dans une colonne de 

15 30 cm de hauteur et de 1,5 cm de diametre en eluant avec un melange cyclohexane

acetate d'ethyle (70-30 en volumes). On obtient ainsi, avec un rendement de 70,54%, 

127,4 mg de benzoyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-

5-(2R,4S,5R) de diacetoxy-4,10(3 benzoyloxy-2a epoxy-5(3,20 hydroxy-1 oxo-9 

triethylsilyloxy-7(3 taxene-11 yle-13a dont la structure est confirmee par le spectre de 

20 resonance magnetique nucleaire du proton et dont la purete est voisine de 95%. 

A une solution de 40 mg du produit obtenu precedemment dans 2 cm3 

d'ethanol, on ajoute 400 µl d'une solution ethanolique d'acide chlorhydrique 0,9 N. 

On agite pendant 6 heures a une temperature voisine de 20°C. Un dosage par 

chromatographie liquide a haute performance montre que le rendement en benzoyl-3 

25 phenyl-3 .propionate-(2R,3S) de diacetoxy-4,10(3 benzoyloxy-2a epoxy-5(3,20 

dihydroxy-1,7(3 oxo-9 taxene-11 yle-13a (ou taxol) est de 51,4%. 
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REVENDICATIONS 

1- Procede de preparation de derives du taxane de formule generate: 

clans laquelle 

5 R represente un atome d'hydrogene ou un radical acetyle et Ri represente un radical 

benzoyle ou un radical R2-0-CO- dans lequel R2 represente: 

- un radical alcoyle droit ou ramifie contenant 1 a 8 atomes de carbone, alcenyle 

contenant 2 a 8 atomes de carbone, alcynyle contenant 3 a 8 atomes de carbone, 

cycloalcoyle contenant 3 a 6 atomes de Carbone, cycloalcenyle contenant 4 a 6 

10 atomes de carbone ou bicycloalcoyle contenant 7 a 10 atomes de carbone, ces 

radicaux etant eventuellement SUbstitueS par un OU plusieurs substituants Choisis 

panni les atomes d'halogene et les radicaux hydroxy, alcoyloxy contenant 1 a 4 

atomes de carbone, dialcoylamino dont chaque partie alcoyle contient 1 a 4 atomes de 

carbone, piperid.ino, morpholino, piperazinyl-1 (eventuellement substitue en -4 par un 

15 radical alcoyle contenant 1 a 4 atomes de carbone ou par un radical phenylalcoyle 

dont la partie alcoyle contient 1 a 4 atomes de carbone), cycloalcoyle contenant 3 a 6 

atomes de carbone, cycloalcenyle contenant 4 a 6 atomes de carbone, phenyle, cyano, 

carboxy ou alcoyloxycarbonyle dont la partie alcoyle contient 1 a 4 atomes de 

carbone, 

20 - ou un radical phenyle eventuellement substitue par un ou plusieurs atomes ou 

radicaux choisis panni les radicaux alcoyles contenant 1 a 4 atomes de carbone ou 

alcoyloxy contenant 1 a 4 atomes de carbone, 

- ou un radical heterocyclyle azote sature ou non sature contenant 5 ou 6 chainons 

eventuellement substitue par un ou plusieurs radicaux alcoyles contenant 1 a 4 atomes 

25 de carbone, 

etant entendu que les radicaux cycloalcoyles, cycloalcenyles ou bicycloalcoyles 

peuvent etre eventuellement substitues par un OU plusieurs radicaux al~oyles 

contenant 1 a 4 atomes de carbone, et 
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Ar represente un radical phenyle ou a- ou ~naphtyle eventuellement substitue par un 

ou plusieurs atomes ou radicaux choisis parmi les atomes d'halogene (fluor, chlore, 

brome, iode) et les radicaux alcoyles, alcenyles, alcynyles, aryles, arylalcoyles, 

alcoxy, alcoylthio, aryloxy, arylthio, hydroxy, hydroxyalcoyle, rnercapto. fonnyle, 

5 acyle, acylamino, aroylarnino, alcoxycarbonylamino, amino, alkylarnino, 

dialkylamino, carboxy, alcoxycarbonyle, carbamoyle, dialcoylcarbamoyle, cyano et 

trifluoromethyle, etant entendu que les radicaux alcoyles et les portions alcoyles des 

aufres radicaux contiennent 1 a 4 atomes de carbone, que les radicaux alcenyles et 

alcynyles contiennent 3 a 8 atomes de carbone et les radicaux aryles sont les radicaux 

10 phenyles ou a- ou ~naphtyles 

caracterise en ce que l'on esterifie un derive de la baccatine III ou de la desacetyl-10 

baccatine m protegee de fonnule generale : 

H011111 

dans laquelle G1 represente un groupement protecteur de la fonction hydroxy et G2 

15 represente un radical acetyle ou un groupement protecteur de la fonction hydroxy, au 

moyen d'un acide de fonnule generale : 

Ar)--(COOH 
Ri-NXO 

R3 H 

dans laquelle Ar et Rt sont definis comme precedemment et R3 represente un atome 

d'hydrogene ou un radical aryle eventuellement substitue, ou d'un derive de cet acide 

20 pour obtenir un produit de formule generale : 
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dans laquelle Ar, Ri. RJ, Gi et G2 sont definis comme precedemment, dont on 

deprotege Ia chaine laterale et eventuellement Ies fonctions hydroxy protegees par Gi 

et G2 pour obtenir un prodwt de formule generale : 

G'2-0 

R1-Ntf · 0 

~ Ar : 011111 

OH 0 

HO = OCOCH3 
OCOC5H5 

dans laquelle Ar et Rl sont definis comme precedemment, G'1 represente un atome 

d1hydrogene ou un groupement protecteur de la fonction hydroxy et G'2 represente un 

atome d'hydrogene ou un radical acetyle ou un groupement protecteur de la fonction 

hydroxy dont on remplace eventuellement les groupernents protecteurs G'1 et 

10 eventuellement G'2 par des atornes d'hydrogene selon des rnethodes connues. 

2 - Procede selon la revendication 1 caracterise en ce que !'on effectue 

l'esterification au moyen d'un acide, ou d'un de ses derives, ?our lequel Ar et R 1 etant 

definis comme clans la revendication 1, RJ represente un atome d'hydrogene ou un 

radical alcoxy contenant 1 a 4 atomes de carbone ou un radical phenyle 

15 eventuellement substitue par un OU plusieurs radicaux electro-donneurs. 

3 - Precede selon la revendication 2 caf.acterise en ce que les radicaux 

electro-donneurs sont choisis parmi les radicaux alcoxy contenant 1 a 4 atomes de 

carbone. 

4 - Procede selon la revendication 1 caracterise en ce que les groupe'?ents 

20 protecteurs de la baccatine III ou de la desacetyl-10 baccatine III representes par Gi 
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et Gz sont choisis panni les radicaux (trichloro-2,2,2 ethoxy) carbonyle et 

(trichloromethyl-2 propoxy)-2 carbonyle et les radicaux trialkylsilyle, 

dialkylarylsilyle, alkyldiarylsilyle ou triarylsilyle dans lesquels les parties alkyles 

contiennent 1 a 4 atomes de carbone et les parties aryles sont de preference des 

S radicaux pbenyles. 

5 - Procede selon l'une · des revendications 1 a 4 caracterise en ce que 

l'esterification au moyen d'un acide de formule generale : 

Arn,COOH 

RrNXO 

R3 H 

clans laquelle Ar et R 1 sont definis comme dans la revendication 1 et R 3 est defini 

10 comme clans l'une des revendications 1 a 3 est effectuee en presence d'un agent de 

condensation et d'un agent d'activation en operant dans un solvant organique a une 

temperature comprise entre -10 et 90°C. 

6 - Procede selon la revendication 5 caracterise en ce que l'agent de 

condensation est choisi parmi les carbodiimides et les carbonates reactifs et !'agent 

15 d'activation est choisi panni les aminopyridines. 

7 - Procooe selon la revendication 6 caracterise en ce que l'agent de 

condensation est choisi parmi la dicyclohexylcarbodiimide et le dipyridyl-2 carbonate 

et !'agent d'activation est choisi panni la dirnethylamino-4 pyridine et le pyrrolidino-4 

pyridine. 

20 8 - Procede selon la revendication 5 caracterise en ce que le solvant est 

choisi panni les ethers, les cetones, les esters, · 1es nitriles, les hydrocarbures 

aliphatiques, les hydrocarbures aliphatiques halogenes et Jes hydrocarbures 

aromatiques. 

9 - Procede selon la revendicatipn 8 caracterise en ce que le solvant est 

25 choisi parmi les hydrocarbures aromatiques. 

10 - Precede selon l'une des revendications 1 a 4 · caracterise en ce que 

l'esterification est effectuee au moyen d'un anhydride de formule generale : 
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dans laquelle Ar et Rt sont definis comme dans la revendication 1 et RJ est defini 

comme dans l'une des revendications 1 a 3 en operant en presence d'un agent d'acti

vation dans un solvant organique a une temperature comprise entre 0 et 90°C. 

11 - Procede selon la revendication 10 caracterise en ce que l'agent 

d'activation est choisi parrni les aminopyridines. 

12 - Procede selon la revendication 11 caracterise en ce que l'agent 

d'activation est choisi parmi la dimethylamino-4 pyridine et la pyrrolidino-4 pyridine. 

13 - Procecte selon la revendication 10 caracterise en ce que le solvant est 

10 choisi panni les ethers, les cetones, les esters, les nitriles, les hydrocarbures 

aliphatiques, les hydrocarbures aliphatiques halogenes et les hydrocarbures 

aromatiques. 

15 

20 

14 - Procooe selon l'une des revendications 1 a 4 caracterise en ce que 

l'esterification est effectuee au moyen d'un acide active de formule : 

dans laquelle Ar et Ri sont definis comme dans la revendication 1, RJ est defini 

comme dans l'une des revendications 1 a 3 et X represente un atome d'halogene ou un 

radical acyloxy ou aroyloxy, eventuellement prepare in situ, en presence d'une base 

dans un solvant organique a une temperature comprise entre 10 et 80°C. 

15 - Procooe selon la revendication 14 caracterise en ce que la base est 

choisie parrni les bases organiques azotees. 
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16 - Procede selon Ia revendication 15 caracterise en ce que la base 

organique azotee est choisie panni les amines tertiaires aliphatiques, la pyridine et les 

aminopyridines. 

17 - Procede selon la revendication 14 caracterise en ce que le solvant est 

5 choisi parmi les ethers, les cetones, Jes esters, les nitriles, les hydrocarbures 

aliphatiques, les hydrocarbures aliphatiques halogenes et les hydrocarbures 

aromatiques. 

18 -·Procede selon la revendication 17 caracterise en ce que le solvant est 

choisi p~i Jes hydrocarbures aromatiques. 

10 19 - Procede selon l'une des revendications 1 a 4 caracterise en ce que la 

deprotection de la .chaine laterale et eventuellement des fonctions hydroxy protegees 

par des groupements protecteurs G1 et G2 silyles est effectuee en presence d'un acide 

mineral ou organique ou de leurs melanges en operant dans un solvant organique a 
une temperature comprise entre -10 et 60°C. 

15 20 - Procede selon la revendication 19 caracterise en ce que l'acide mineral 

est choisi parmi les acides chlorhydrique et sulfurique et l'acide organique est choisi 

panni les acides acetique, methanesulfonique, trifluoromethanesulfonique et 

p.toluenesulfonique. 

21 - Precede selon la revendication 19 caracterise en ce que le solvant est 

20 d"oisi parmi les alcools, les ethers, les esters, les nitriles, les hydrocarbures 

aliphatiques, les hydrocarbures aliphatiques halogenes et les hydrocarbures 

aromatiques. 

22 - Procede selon la revendication 1 caracterise en ce que la deprotection de 

la chaine laterale est effectuee en presence d'un oxydant dans l'eau ou en milieu 

25 hydro-organique. 

23 - Procede selon la revendicat!?.n 22 caracterise en ce que l'oxydant est le 

nitrate d'ammonium et de cerium IV en miiieu hydro-organique. 

· 24 - Procede selon l'une des revendications 22 ou 23 caracterise en ce que le 

milieu hydro-organique est un melange eau-acetonitrile. 
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25 - Procede selon la revendication 22 caracterise en ce que l'oxydant est la 

dichloro-2,3 dicyano-5,6 benzoquinone-1,4 dans l'eau. 

26 - Procede selon la revendication 1 caracterise en ce que la deprotection de 

la chaine laterale est effectuee par hydrogenolyse. 

5 27 - Procede selon la revendication 26 caracterise en ce que l'hydrogenolyse 

~ effectuee par l'hydrogene en presence d'un catalyseur. 

28 - Procecte selon la revendication 1 caracterise en ce que le remplacement 

des groupements protecteurs G1 et eventuellement G2 representant un radical 

trichloro-2,2,2 ethoxycarbonyle ou (trichloromethyl-2 propoxy)-2 carbonyle par des 

10 atomes d'hydrogene est effectue par le zinc, eventuellement associe a du cuivre, en 

presence d'acide acetique a une temperature comprise entre 20 et 60°C ou au moyen 

d'un acide mineral ou organique en solution dans un alcool aliphatique contenant 1 a 
3 atomes de carbone ou dans un ester aliphatique en presence de zinc eventuellement 

associe a du cuivre. 

15 

20 

29 - Les acides de formule generate : 

A<n,COOH 

Rl-NXO 

R3 H 

clans laquelle Ar et Ri sont definis comme dans la revendication 1 et R3 est defini 

comme clans l'une des revendications 1 a 3, eventuellement sous forme de sel, d'ester, 

d'anhydride, d'anhydride mixte ou d'halogenure. 

30 - Un produit de formule generate : 
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dans laquelle Ar et Rl sent definis comme dans la revendication 1, R3 est defini 

comme dans l'une des revendications 1 a 3 et G1 et G2 sont definis comme dans l'une 

des revendications 1ou4. 
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Description 

PRO CEDE DE PREPARATION DE DERIVES DE LA BACCATINE Ill ET DE LA DESACETYL-10 BACCATINE Ill 

La presente invention concerne un precede de preparation de derives de la baccatine Ill et de la 
desacetyl-10 baccatine Ill de formule generate : 

(I) 

• I 
I 

I OCOCH
3 

OcOC
6

H5 

dans laquelle R represente un atome d'hydrogene ou un radical acetyle. 
Dans la demande de brevet europeen EP 253 738 ont eta decrits las prodults de formula generale (I) et leur 

20 preparation. Les prodults de formula generale (I), en particulier le produit de formula gen6rale (I) dans laquelle 
R represente un atome d'hydrogene, presentent des proprietes antitumorales et antileucemiques 
particulierement interessantes. 

25 

30 

35 

Salon la demande de brevet europeen EP 253 738, les produits de formule generale (I) sent obtenus par 
action du sel de sodium du N-chlorocarbamate de tertiobutyle sur un produit de formula generale: 

R'O 

(II) 

I . 
: OCOCH3 
OCOC

6
H

5 

dans laquelle R' represente un radical acetyle ou trichloro-2,2,2 ethoxycarbonyle suivie du remplacement du 
OU des groupements trichloro-2,2,2 ethoxycarbonyle par un atome d'hydrogene. Ce procede conduit a un 

40 melange d'isomeres qu'il est necessaire de separer et ii en resutte que la totalite de la baccatine Ill OU de la 
desacetyl-10 baccatine Ill mise en oeuvre pour la preparation du produit de formula generale (II) ne peut etre 
transformee en produit de formula generale (I). 

45 

50 

55 

60 

II a maintenant eta trouve, et c'est ce qui falt l'objet de la presente Invention, que les produits de formula 
generale (I) peuvent etre obtenus pas condensation d'un acide de formula generale : 

0-R 
{CH3 ) 3COCONH'-~ l 1 COOH 

C6H5 

(III) 

dans laquelle R1 represente un groupement protecteur de la fonctlon hydroxy, sur un derive du taxane de 
tormule generale : 

2 
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HO--- (IV) 

dans laquelle R2 represente un radical acetyle ou un groupement protecteur de la fonction hydroxy et R3 
represente un groupement protecteur de la fonctlon hydroxy, suivie du rempiacement des groupements 
protecteur~ R1. Ra et eventuellement R2 par un atome d'hydrogene. 

Dans la formula generale (Ill), le radical R1 represente plus particulierement un radical methoxymethyle, 
ethoxy-1 ethyle, benzyloxymethyle, <P-trimethylsilylethoxy) methyle, tetrahydropyrannyle OU trichloro-2,2,2 
ethoxycarbonyle. De preference, le radical Rt est le radical ethoxy-1 ethyle. 

Dans la formula generale (JV), les radlcaux protecteurs des fonctions hydroxy detinls par R2 et Ra sont 
generalement des radicaux trichloro-2,2,2 ethoxycarbonyle, mals ii est possible aussl d'utlilser des radicaux 
trlalkylsilyles dont chaque partie alcoyle contient 1 a 3 atomes de Carbone. 

Generalement, l'esterlflcation du derive du taxane de formula generale (N) par l'aclde de formula generale 
(Ill) est effectuee en presence d'un agent de condensation tel qu'un carbodiimide comme le dicyclohexylcar
bodiimide ou un carbonate reactif comme le dipyrldyl-2 carbonate et d'un agent d'activation tel qu'une 
dialcoylamlnopyrld!ne comme !a dimethylamlno-4 pyridine en operant dans un solvant aromatique tel que le 
benzene, le toluene, Jes xylenes, l'ethylbenzene, l'lsopropylbenzene OU le chlorobenzene a une temperature 
comprise entre 60 et 90° C. 

II est particulierement avantageux d'utiHser un exces molalre d'acide de formula generale (Ill) par rapport au 
derlvA du taxane de formula generate (IV), l'agent de condensation etant utilise en quantlte stoechlometrique 
par rapport a l'acide de formula generale (Ill) et la dlmethylamlno-4 pyridine etant utllisee en quantite 
stoechiometrique par rapport au derive du taxane de formula generale (IV). Generalement, on utillse au 
moins 4 moles d'acide de formuie generale (Ill) par mole de derive du taxane de formula generale (IV). 

L'elimlnatlon des groupements protecteurs de rester obtenu de formule generate : 

{V} 

0 
I 
I 

\ OCOCH3 ococ6H5 

peut ~tre effectuee au moyen de zinc en presence d'aclde acetique a une temperature comprise entre 30 et 
60°C ou par traitement au moyen d'un acide mineral ou organique tel que l'acide chlorhydrlque ou l'aclde 
acetique en solution dans un alcool aliphatlque contenant 1 a 3 atomes de carbone en presence de zinc. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

L'acide de formula generate (Ill) peut etre obtenu par saponlfication d'un ester de formula generate : 50 

0-R 
(CH3 }3COCONHY' l 

COOR
4 

(VI) 

C6H5 

dans laquelle R1 est defini comma precedemment et R4 represente un radical alcoyle contenant 1 a 4 atomes 
de carbone et, de preference, un radical ethyle, au moyen d'une base minerale telle qu'un hydroxyde de metal 

55 

alcalin (llthine, soude), un carbonate ou bicarbonate de metal alcalln (bicarbonate de sodium, carbonate de 60 
potassium) en mUieu hydro-aloolique tel qu'un melange methanol-eau en operant a une temperature comprise 
entre 10 et 40°C, de preference volsine de 25°C. 

Le prodult de formula generale (VI) peut etre obtenu dans les conditions habituelles de preparation df!S 
ethers, et plus partlculierement selon ies procedes decrits par J.N. Denis et coll., J. Org. Chem., 51, 46-50 
(1986), a partir du produit de formula generale : - 65 

3 
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(VII) 

5 

dans laquelle R4 est defini comme precedemment. 
Le prodult de formule generale (VII) peut etre obtenu par action du dlcarbonate de di-tertiobutyle sur un 

10 produit de formula generale : 

OH 

HzN,~COOR4 {VIII) 
15 r · 

C6H5 

dans laquelle R4 est deflnl comme precedemment. Generalement, on opere dans un solvant organique tel que 
le chlorure de methylene en presence d'une base minerale telle que le bicarbonate de sodium. 

20 Le prodult de formula generale (VIII) peut etre obtenu par reduction d'un azide de formule generale : 

25 

30 

OH 

•3'(coo•4 
C6H5 

{IX) 

dans laque!le R4 est defini comme precedemment, qui est obtenu selon les methodes connues d'ouverture 
d'un epoxyde de formule generale : 

COOR4 
{X) 

35 dans laquelle R4 est defini comme precedemment, au moyen d'azoture de sodium dans !'ethanol a chaud. 
L'epoxyde de formula generale (X) peut etre obtenu dans les conditions decrltes par F.W. Bachelor et R.K. 

Bansal, J. Org. Chem •• 34, 36()()-()4 (1969). 
Pour la mise en oeuvre du procede selon !'invention, ii est particullerement avantageux d'utiliser Jes produits 

de formules generales (VI) a (X) dans lesquelles R4 represente un radical ethyle. 
40 Lorsque l'on utilise un prodult de formule generale (X) dans laquelle A4 represente un radlcal autre que 

ethyle. par exemple un radical tertlobutyle, ii est necessalre, apres ouverture de l'epoxyde de formule generale 
(X), d'effecteur une reaction de transestl!rificatlon pour transformer le radical R4 en radical ethyle. 

Le derive du taxane de formule generale (IV) dans laquelle R2 represente un radical acetyle ou trichloro-2,2,2 
ethyle peut etre obtenU par action du Chloroformiate de trichloro-2,2,2 ethyle SUf la baccatine Ill OU la 

45 desacetyl-10 baccatine Ill en operant dans un solvant organique basique tel que la pyridine a une temperature 
comprise entre O et 50°C. 

Le derive du taxane de formula generale (IV) dans laquelle R2 represente un radical acetyle et R3 represente 
un radical trialkylsilyle peut etre obtenu par action d'un halogenotrlalkylsllane sur la baccatine Ill ou la 
desacetyi-10 baccatine Ill, suivle, dans ce dernier cas, de l'acetyiation de la trialkylsilyl-7 desacetyl-10 

so baccatine Ill intermedlalrement obtenue. 
Generalement la reaction de l'halogenotrlalkylsilane sur la baccatine Ill ou la desacetyl-10 baccatine Ill 

s • effectue a une temperature volsine de 20° C en operant dans un solvant organique baslque tel que la pyridine 
ou dans un solvent organlque inerte tel que le chloroforme ou le dlchloromethane en presence d'une amine 
tertiaire te!le que la triethylamine, la pyridine ou la base de Hun!g. 

55 L'acetylation de la trialkylsllyl-7 desacetyl-10 baccatlne Ill est generalement effectuee au moyen de chlorure 

60 

d'acetyle en operant a une temperature voislne de 0°C dans un solvant organique basique tel que la pyridine 
ou dans un solvant organique inerte tel que le chloroforme, le chlorure de methylene ou le dichloroethane en 
presence d'une amine tertiaire telle que la pyridine ou la base de Hunig. · 

L'exemple suivant, donne a titre non limitatlf, montre comment !'invention peut etre mise en pratique. 

EXEMPLE 
Dans un ballon tricol de 500 cm3 muni d'une agitation et d'un thermometre, on introduit, sous atmosphere 

d'argon, 7,9 g d'acide (ethoxy-1, ethoxy)-2 tertiobutyloxycarbonylamino-3 phenyl-3 propionique. threo (22.4 
mmoles), 150 cm3 de toluene anhydre et 4,6 g de dicyclohexylcarbodiimlde (22,4 mmoles), 5 g de prodult de 

65 formule generale (IV) dans laquelle R2 et R3 representent chacun un radical trichloro-2,2,2 ethoxycarbonyle 

4 
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(5,6 mmoles) et 0,68 g de dlmethylamlno-4 pyridine (5,6 mmoles). Le melange est chauffe pendant 7 heures a 
70° C sous atmosphere d'argon. Apres refroldlssement a 20° C, le pre.cipite forme est separe par filtration puis 
lave par 50 cm3 de toluene froid. 

Le filtrat est concentre fl sec puis ii est reprls par 150 cm3 de chlorure de methylene. La solution 
chloromethylenlque est lavee 2 fols par 50 cm3 d'eau. La phase organique est concentree a sec. s 
On obtlent alnsl 13,5 g d'un produit qui est chromatographle sur 270 g de silice Geduran en eluant avec un 
melange chlorure de methylene-methanol {98-2 en volumes). Les impuretes soot eliminees en eluant avec 1 
litre du melange, puls en eluant a nouveau avec 1 litre du melange, on obtlent 8 g d'ester de formula generale 
(V) dans laquelle R1 represente un radlcal (ethoxy-1 ethyl) et R2 et R3 representent chacun un radical 
trlchloro-2,2.2 ethoxycarbonyle. En poursuivant !'elution avec 1 litre du meme melange, on recupere 3;2 g de 10 

derive du taxane de depart qui peut etre recrlstallise dans le toluene. 
On dissout 8 g d'ester obtenu ci-dessus dans 200 cm3 d'un melange acide acetique-methanol (1-1 en 

volumes), puis on a]oute 8 g de poudre de zinc fratchement reactive. Apres 1 heure fl 60° C sous atmosphere 
d'argon, le melange reactionnel est refroldl a 20°C puis est filtre. Le produit solide est rince par 50 cm3 du 
melange aclde acetique-methanol. Les flltrats reunls sont concentres a sec, puis le resldu. est reprls par 15 
!'acetate d'ethyle. Un insoluble est separe par filtration et lave 3 fois avec 60 cm3 au total d'acetate d'ethyle. 

Les phases organiques reunles sont lavees avec 100 cm3 d'une solution a demi-saturee de bicarbonate de 
sodium, puls avec 50 cm3 d'eau. Les phases organlques sont sechees sur sulfate de sodium. Apres filtration 
et evaporation du solvant, on obtient un resldu (5,5 g) qui est chromatographie sur 162 g de sllice Geduran en 
l!luant avec un ml!lange hexane-acetate d'ethyle (1-1 en volumes). On separe 2,4 g d'lmpuretes, puls 0,595 g 20 
de derive oxy-amine (2'R, 3'S) puis 1,794 g de prodult de formula (I) (2'R, 3'S) dans laquelle R represente un 
atome d'hydrogene dont la purete est de 90 O/o. 

Le produit est ldentique A celul qui est decrit dans l'exemple 3 de la demande de brevet europeen EP 
253 738. 

L'aclde (ethoxy-1 ethoxy)-2 t.butoxycarbonylamino-3 phenyl-3 proplonique, threo peut etre prepare de la 25 
manlere sulvante : 

On dlssout 10 g d'(ethoxy-1 ethoxy)-2 t.butoxycarbonyl-amlno-3 phenyl-3 propionate d'ethyle, threo dans 
500 cm3 d'ethanol. On ajoute 3,3 g de lithlne, 1 H20 en solution clans 250 cm3 d'eau. La solution trouble est 
agitee pendant 15 heures a une temperature Voisine de 20°C. On evapore !'ethanol sous presslon redulte. On 
ajoute 250 cm3 d'eau puis on lave la phase aqueuse avec au total 250 cm3 de chlorure de methylene. La phase 30 
aqueuse est acidiflee par addition d'aclde chlorhydrlque 1N jusqu'a pH = 3, en extrayant au fur et a mesure 
par 750 cm3 au total de chlorure de methylene. Apres sechage et concentration a sec, on obtlent, avec un 
rendement de 95 O/o, 8,8 g d'acide (ethoxy-1 ethoxy)-2 t.butoxycarbonylamino-3 phenyl-3 proplonlque, three 
qui, apres recrlstalllsatlon dans !'acetate d'ethyle, presente les caracteristlques suivantes : 
- point de fusion : 152-154°C 35 
- spectre Infra-rouge (en solution dans le chloroforme) : 3450, 2990, 2940, 1760 et 1735 cm-1. 

L'(ethoxy-1 ethoxy)-2 t.butoxycarbonylamlno-3 phenyl-3 propionate d'ethyle, threo peut etre prepare de la 
manlere suivante : 

Dans un ballon de 2 litres munl d'une agitation et d'un thermometre, on lntrodu'it. sous atmosphere d'argon, 
30 g d'hydroxy-2 t.butoxycarbonylamlno-3 phenyl-3 propionate d'ethyle, threo en solution dans 1000 cm3 de 40 
chlorure de methylene, 2,4 g de p.toluenesulfonate de pyridinlum et 93 cm3 de vinylethylether. Apres 6 heures 
fl une temperature Voisine de 20° c. on ajoute quelques gouttes de pyridine de fa(fon a amener le pH a 7. La 
solution organique est lavee avec 200 cm3 d'eau a demi saturee de chlorure de sodium puls sech0e sur sulfate 
de magnesium. Apres filtration et elimination des solvants sous pression reduite, on obtient, avec un 
rendement Voisin de 100 Ofo, 38,6 g d'(ethoxy-1 ethoxy)-2 t.butoxycarbony!amlno-3 phenyl-3 propionate 45 
d'ethyle, threo dont la structure est conflrmee par le spectre de resonance magnetlque nuclealre du proton et 
par le. spectre de mass. 

L'hydroxy-2 t.butoxycarbonylamino-3 phenyl-3 propionate d'ethyle, threo peut etre prepare de la manlere 
sulvante : 

Dans un baflon trlcol de 4 lltres munl d'une agitation, d'un thermometre et d'un refrigerant, on lntrodult 136 g so 
d'hydroxy-2 amlno-3 phenyl-3 propionate d'ethyle, threo en solution dans 1500 cm3 de chlorure de methylene 
puis lentement 196 g de dlcarbonate de di t.butyle en solution dans 500 cm3 de chlorure de methylene. II ya 
degagement de gaz carbonlque et elevation de la temperature. Apres 20 minutes de reaction, on ajoute 50 g 
de bicarbonate de sodium puis lalsse la temperature descendre at1 volsinage de 2Q°C en 3 heures tout en 
agitant. Apres filtration, la phase organlque est lavee 2 fols a l'eau puis sechee sur sulfate de. magnesium. 55 
Apres filtration et evaporation des solvants, on obtient une huile qui prend en masse (305 g). Le solicfe. est 
reprls par 3500 cm3 d'hexane. Apres 15 heures a une temperature de 4° C, les crlstaux obtenus sont separes 
par filtration et laves a !'hexane. On obtlent alnsi, avec un rendement de 73 010. 148 g d'hydroxy-2 
t.butoxycarbonylamino-3 propionate d'ethyle, threo dont la structure est confirmee par le spectre de 
resonance magnetique nucleaire du proton et par le spectre de mass. 60 

L'hydroxy-2 amlno-3 phenyl-3 propionate d'ethyle peut etre prepare de la manlere sulvante : 
Dans un baflon tricol de 4 litres, on lntroduit 178 g d'hydroxy-2 azldo-3 phenyl-3 propionate d'ethyle, threo 

en solution dans 2 litres d'ethanol a 95°C, puis on ajoute 20 g de palladium sur charbon a 10 o/o de palladiµm 
(pip). Apres une purge a !'argon, on falt passer un courant d'hydrogene dont le debit est regle de far;:on a 
mafntenir la temperature infeneure a 30° C. Apres 1 heure, le ballon est purge a !'argon. Le melange reactionnel 65 
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est filtre sur cellte puis est rince avec de !'ethanol. Apres concentration a sec, on obtlent une hulle qui 
cristallise pour donner, avec un rendement de 92 O/o, 146 g d'hydroxy-2 amlno-3 phenyl-3 propionate d'ethyle, 
threo dont la structure est confirmee par le spectre de resonance magnetlque nucleaire du proton et le 
spectre de masse. 

5 L'hydroxy-2 azldo-3 phenyl-3 propionate d'ethyle, threo peut etre prepare de la manlere suivante : 
Dans un ballon trlcol de 4 litres, on dlssout 194 g d'hydroxy-2 azldo-3 phenyl-3 propionate de t.butyl threo 

dans 1 litre d'ethanol absolu. On aJoute 550 cm3 d'une solution fraichement preparee d'aclde chlorhydrique 
dans 1'6thanol a 13 O/o en poids. Apres 3 heures a une temperature Voisine de 20° c. I' ethanol est evapore sous 
pression reduite. Le resldu est repris par 1,5 litre de chlorure de methylene. La solution chloromethylenique 

10 est lavee avec 200 cm3 d'une solution saturee de bicarbonate de sodium puls a l'eau. Apres sechage et 
evaporation du solvant, on obtlent, avec un rendement de 99,7 O/o, 180 g d'hydroxy-2 azldo-3 pMnyl-3 
propionate d'ethyle threo dont la structure est confirmee par le spectre de resonance magnetique nuclealre 
du proton et par le spectre de masse. 

L'hydroxy-2 azido-3 phenyi-3 propionate de t.butyle threo peut etre prl!pare de la maniere suivante : 
15 Dans un tricol de 6 litres muni d'une agitation, d'un therrnometre et d'un refrigerant, on introduit 189 g de 

phenyl-3 glycidate de t.butyle en solution dans 3 litres d'ethanol. On ajoute 95 g d'azoture de sodium et 75 g de 
chlorure d'ammonium puis chauffe a 75°C pendant 20 heurs. On distille las 2/3 de !'ethanol sous pression 
reduite a 50°C puis on ajoute 4 litres d'eau et enfin termlne !'evaporation de l'l!thanol. Apres refroidissement 
de la suspension aqueuse, on obtient un prl!ciplte cristallln qui est separe par filtration et lave a l'eau. Apres 

20 sechage sous pression reduite en presence d'anhydride phosphorique, on obtient, avec un rendement de 
82.4 O/o, 186,4 g d'hydroxy-2 azldo-3 phenyl-3 propionate de t.butyle threo dont la structure est confirmee par 
le spectre de rl!sonance magnl!tlque nuclealre du proton et par le spectre de mass. 

Le phenyl-3 glycidate de t.butyl peut etre prepare selon le procede decrlt par F. W. Bachelor et R.K. Bansal, 
J. Org. Chem., 34, 3600 (1969). Le produit obtenu est purifi0 par chromatographie sur silica Merck n34 afin 

25 d'obtenir 200 gde phenyl-3 glycidate de t.butyle els. 
Le produit de formula generate (IV) dans laquelle R2 et Ra representent chacun un radical trichloro-2,2,2 

ethoxycarbonyle peut etre prepare salon le procede decrlt dans la demande de brevet europeen EP 253 738. 

30 Revendlcatlons 

35 

40 

45 

50 

55 

60 

65 

1 - Procede de preparation de derives de la baccatlne Ill et de la desacl!tyl-10 baccatine Ill de formula 
generale: 

. . 
: OCOCH3 
6coc

6
H

5 

dans laquelle R represente un atome d'hydrogene ou un radical acetyle, caracterlse en ce qua l'on 
condense un acide de formula generale : 

0-R 
{CH3 ) 3COCONH'\.~l T ... OOH 

C6H5 

dans laquelle R 1 represente un groupement protecteur de la fonctlon hydroxy, sur un derive du taxane de 
formula generate : 

6 
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HO---

dans laquelle R2 represente un radical acetyle ou un groupement protecteur de la fonctlon hydroxy et R3 
represente un groupement protecteur de la fonctlon hydroxy, puis remplace les groupements 
protecteurs R 1, Ra et eventuellement R2 par un atome d'hydrogene. 

2 - Procede salon la revendicatlon 1 caracterlse en ce qua R1 represente un radical methoxymethyle, 
ethoxy-1 ethyle, benzyloxymethyle {!l-trlmethylsllylethoxy) methyle, tetrahydropyrannyle OU trichloro-2,2,2 
ethoxycarbonyle. 

3 - Procede salon la revendlcatlon 2 caracterise en ce qua R1 represente un radical ethoxy-1 ethyle. 
4 - Procede selon la revencilcatlon 1 caracterlse en ce que l~s radicaux protecteurs des fonctlons 

hydroxy representes par R2 et Ra sont cholsls parml les radicaux trlchloro-2,2,2 ethoxycarbonyle et 
trlalkylsllyle dont chaque partle alcoyle contient 1 a 3 atomes de carbone. 

5 - Procede selon la revendicatlon 4 caracterise en ce qua le radical protecteur des tonctions hydroxy 
est le radical trlchloro-2,2,2 ethoxycarbonyle. 

6 - Procede selon la revendication 1 caracterise en ce que la condensation est effectuee en presence 
d'un agent de condensation et d'un agent d'actlvation. 

7 - Procede salon la revendlcatlon 6 caracterlse en ce que !'agent de condensation est choisl parml les 
carbodiimldes et les carbonates·reactlfs et !'agent d'actlvation est cholsl parml les dlalcoylaminopyrl
dines. 

8 - Procede selon la revendication 7 caracterise en ce que !'agent de condensation est choisi parmi le 
dlcyclohexylcarbodllmlde et le dipyrldyl-2 carbonate et !'agent d'actlvation est la dimethylamino-4 
pyridine. 

9 - Procede salon la revendicatlon 1 caracterise en ce que la condensation est effectuee dans un 
solvant aromatlque cholsi parml le benzene, le toluene, les xylenes, l'ethylbenzene, l'lsopropylbenzene et 
le chlorobenzene. 

10 - Procede selon la revendicatlon 1 caracterlsee en ce qui la condensation est effectuee a une 
temperature comprise entre 60 et 90° C. 

11 - Procede selon la revendicatlon 1 caracterise en ce que le remplacement des radicaux protecteurs 
R 1, R3 et eventuellement R2 du produit de formula generale : 

lntermlldlairement obtenu par un atome d'hydrogene est effectue au moyen de zinc en presence d'acide 
acetique ou au moyen d'un acide mineral ou organlque en solution dans un alcool aliphatlque.contenant 1 
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(57) Abstract 

A method for preparing taxane derivatives having general formula (I), novel derivatives thereby obtained and composi
tions containing same. In general formula (I), R is tbutoxy or phenyl, R1 is hydrogen or acetyl, and AI is substituted phenyl or 
optionally substituted. a or fi-naphthyl. These novel taxane derivatives are useful as antileulcemic and antitumoral agents. 
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Baccatine III and 10-desacetyl baccatine III derivatives of 
formula (I) are prepared by the condensation of an acid of formula 
(III) with a taxane of formula (IV), followed by removal of the 
protecting groups. R = h or acetyl, Rl =a protecting group for the 
hydroxy function R2 = a protecting group for the hydroxyl function. 

The condensation is pref. effected in the presence of a 
condensation agent, such as a carbodiimide or a reactive carbonate, 
and an activation agent such as a dialkylamino pyridine. It is 
effected in an aromatic solvent at 60 - 90 deg.C. 

USE/ADVANTAGE - (I) are known antitumoural and antileukaemia 
agents. This process does not give rise to the formation of various 
isomers, unlike the method described in EP253738. This method 
therefore gives higher yields of (I). @(8pp Dwg.No.0/0)@ 

Abstract (US): 9023 US 4924012 

EP 

Deriv. of baccatine III or 10-deacetylbaccatine III of formula (I) 
is prepd. by condensing an acid of formula (II) with a taxan deriv. of 
formula (III) and replacing the protecting gps. Rl, R3 and, where 
appropriate R2 by H. In the formulae, Rl and R3 are each -OH protecting 
gps. and R2 is acetyl or -OH protecting gp .. 

The condensn. is pref. effected in the presence of a condensing 
agent and activating agent. The condensing agent is 
dicyclohexylcarbodiimide or di-2-p · 1 carbonate and the activating 
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agent is 4-dimethylamino pyridine. The condensn. is pref. effected in 
an aromatic solvent e.g. benzene or toluene, etc. at 60-90 deg.C. 

USE/ADVANTAGE - Cpds. (I) have antitumour and antileukaemic 
properties. @(6pp)@ 

Abstract (EP): 9321 EP 336841 B 
Process for the preparation of a taxane derivative of general 

formula (I) in which R represents a hydrogen atom or an acetyl radical, 
and having the configuration 2'R,3'S, characterised in that the threo 
isomer of an acid of general formula (II) in which Rl represents a. 
protective group for the alcohol functional group, chosen from 
methoxymethyl, 1-ethoxyethyl, bezyloxymethyl, 
(beta-trimethylsilylethoxy)methyl, tetrahydroxypyranyl or 
2,2,2-trichloroethoxycarbonyl radicals, is subjected to a condensation 
reaction with a taxane derivative of general formula (III) in which R2 
represents an acetyl radical or a protective group for the hydroxyl 
functional group and R3 represents a protective group for the hydroxyl 
functional group, the protective group being chosen from 
2,2,2-trichloroethoxycarbonyl and trialkylsilyl radicals, each alkyl 
part of said trialkylsilyl radicals containing 1 to 3 carbon atoms, in 
the presence of a condensing agent chosen from carbodiimides and 
reactive carbonates and an activating agent chosen from 
dialkylaminopyridines, the reaction being carried out in an aromatic 
solvent chosen from benzene, toluene, zylenes, ethylbenzene, 
isopropylbenzene and chlorobenzene, at a temperature of between 60 and 
90 deg.C, in order to obtain a taxane derivative of general formula 
(IV) in which Rl, R2 and R3 are defined as above, in which the 
protective groups Rl, R3 and, where appropriate, R2 are replaced by 
hydrogen atoms by means of zinc in the presence of acetic acid or by 
means of an inorganic or organic acid in solution in an aliphatic 
alcohol containing 1 to 3 carbon atoms, and the product of general 
formula (I) in the 2'R, 2'S form is then separated off. 
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Attorney Docket No. 3806.0367-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

Herve BOUCHARD et al. ) 
) 

Serial No.: 08/622,011 ) 
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Filed: March 26, 1996 ) 
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For: NEW TAXOIDS, THEIR PREPARATION, ) 
AND PHARMACEUTICAL ) 
COMPOSITIONS CONTAINING THEM ) 

Assistant' Commissioner for Patents 
Washington, D.C. 20231 

ATTENTION: Application Processing Division, 

Group Art Unit: unassigned 

Examiner: unassigned 

Special Processing and Correspondence Branch 

Sir: 

RESPONSE TO NOTICE TO FILE 
MISSING PARTS OF APPLICATION 

In response to the communication of May 6, 1996, Applicants submit a 

Declaration/Power of Attorney for filing in the above-identified application, the 

required fee of $130.00, and a copy of the Notice of Missing Parts. 

Please associate the enclosed declaration with the above identified 

application. 
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is required for an extension of time under 37 C.F.R. § 1.136 not accounted for 

above, such an extension is requested and the fee should also be charged to 

our Deposit Account. 

Date: May 24, 1996 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P 

By:~~~ l)uJ~ 
Thalia V. Warnement 
Reg. No. 39,064 
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U.S. DEPARTMENT OF COMMERCE 

Att . Docket No. 03806.0367 

hereby declare that: 

post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention 
entitled: 

NEW TAXOIDS, THEIR PREPARATION AND PHARMACEUTICAL 
COMPOSITIONS CONTAINING THEM 

the specification of which: 

is attached hereto; or 

was filed as United States application Serial No. 08/622,011 
on March 26, 1996 and was amended 
on (if applicable); or 

was filed as PCT international application Number 
and was amended under PCT Article 19 on 

(if applicable) . 

on 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the U.S. Patent and Trademark Office 
information which is material to the patentability of claims presented in this 
application in accordance with Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of 
any foreign application(s) for patent or inventor's certificate or of any PCT 
international application(s) designating at least one country other than the United 
States of America listed below and have also identified below any foreign application(s) 
for patent or inventor's certificate or any PCT international application(s) designatin 
at least one country other than the United States of America filed by me on the same 
subject matter having a filing date before that of the application(s) of which priority 
is claimed: 

PRIOR APPLICATION S AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119: 
COUNTRY APPLICATION NUMBER DATE OF FILING PRIORITY CLAIMED 

if PCT indicate PCT da month ear UNDER 35 USC 119 

France 95 03545 27 March 1995 xx Yes No 

France 95 15381 22 December 1995 xx Yes No 

U.S. (Provisional) 60/010,144 17 January 1996 xx Yes No 

Yes No 

Yes No 

Yes No 
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~ C?oinblned D~r<:ttion For P~-, Application and Power of Attq (Continued) 
(includes~ri.mce to PCT International Applications) 

Attv. Docket No. 03806.0367 

I hereby claim the benefit under Title 35, United States Code, §120 of any United 
States application(s) or PCT international application{s) designating the United 
States of America that is/are listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in that/those prior 
application(s) in the manner provided by the first paragraph of Title 35, United 
States Code, § 112, I acknowledge the duty to disclose to the U.S. Patent and 
Trademark Office all information known to me to be material to the patentability of 
claims presented in this application in accordance with Title 37, Code of Federal 
Regulations, §1.56 which became available between the filing date of the prior 
application(s) and the national or PCT international filing date of this application: 

PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR 
BENEFIT UNDER 35 U.S.C. 120: 

U.S. APPLICATIONS 
U.S. APPLICATION NUMBER U.S. FILING DATE 

PCT APPLICATIONS DESIGNATING THE U.S. 

PCT APPLICATION NO. PCT FILING DATE U.S. SERIAL NUMBER 
ASSIGNED {if anv} 

STATUS (Check one} 
PATENTEL PENDING ABANDONED 

FINNEGAN, HENDERSON, FARA.BOW, GARRETT & DUNNER, L.L.P. Reg. No •• 22 540; 
Douglas B. Henderson, Reg. No. 20,291; Ford F. Farabow, Jr., Reg. No. 20,630; 
Arthurs. Garrett, Reg. No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G. 
Brunsvold, Reg. No. 22.593; Tipton D. Jennings, IV, Reg. No. ~,645; Jerry D. Voight, 
Reg. No. 23,020; Ldurence·R. Hefter, Reg. No. £9.•l.27; Kenneth E. Payne, Reg. No. 
23-09.8.;. Herber-t--H. Mintz, Reg. No. 26 691] C. Larry O'Rourke, Reg. No. 26,_qJ..~ 
Albett J. Santorelli, Reg. No. 22,610; Michael C. Elmer, Reg. No. 25 s5i~ Richard H. 
Smith, Reg. No. 20,609; Stephen L. Peterson, Reg. No. 26~325; John M. Romary, Reg. No. 
26I331~ Bruce c.«zotEef, Reg. No. 27,680; Dennis P. O'Reilley, Reg. No.-s27,932; 
AT en. Sokal, Reg. No. 26,695; Robert D. Bajefsky, Reg. No. 25,387; Richard L. Stroup, 
Reg. No._2H,7~; David"W:-Hrn'"; Reg. No . ..2lL220;. Thomas L. Irving, R"eg. No. 28 57 0

; 

Charles E. Lipsey, Reg. No. 28,165; Thomas W. Winland, Reg. No. 27,605; Basil J. Lewris, 
Reg. No. f8,818; Martin I. Fuchs, Reg. No. 28,508__J E. Robert Yoches, Reg. No .• :w l~-~ 
Barry w. Graham, Reg. No. ~9 924; Susan Haberman Griffen, Reg. No. _30,9~; Richard B. 
Racine, Reg. No. ao 1 1 5· Thomas H. Jenkins, Reg. No. 30,857; Robert E. Cdnverse, Jr., 
Reg. No. 27,432; Clair X. Mullen, Jr., Reg. No. 20,348; Christopher P. Foley, 
Reg. No. 31,354; John c. Paul, Reg. No . ..3Q_113; Davra~M. Kelly, Reg. No 30,953; 
Kenneth J. Meyers, Reg. No. 25.146; Carol P. Einaudi, Reg. No . .32.220; Walter Y. 

-JCS., ...... 
Boyd, Jr., Reg. No. 31,_7_38; St::even M. Anzalone, Reg. No.~; Jean B. Fordis, 
Reg. No. 32 &~~; Barbara C. Mccurdy, Reg. No~-3.~PM James-I<:. Hammond, Reg. No. 
31,964; Richard V. Burgujian, Reg. No. 31,744; J. Michael Jakes, Reg. No;=;?M ~4; 
lii8ftfl'a5 W. Banks, Reg. No. 32 119 i M. Pau~Jr-e,r, Reg. No ._J.2.,..0 .. ,.13; Bryan C. Di~r, 
Reg. No. 32.,.A.0.:2,; Christopher P. Isaac, Reg. No. 32 616; Andrew C. Sonu, Reg. No. 
~"i Dirk D. Thomas, Reg. No.""""3-2.,.QSJO; and 

Send Correspondence to: 
F~NNEGAN.,.....HEND.K!<SON, FARABOW, GARRETT & D~L.L.P. 
1300 I Street, N JI.., 
Washington, D.C. 20005-3315 
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Direct Telephone Calls to: 
(name and telephone number) 

Thomas L. Irving 
{202) 408-4082 
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Go~ined DeJ]~~~tion For P~cQji~ Application and Power of At~o _ ;-Y (Continued) 
(includes 'iet~rence to PCT International Applications) ' 

Attv. Docket No. 03806.0367 
I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent 
issuing thereon. 

FULL NAME Iv 0 
OF FIRST Herve BOUCHARD 
INVENTOR . 
RESIDENCE & CITY AND STATE OR CITY AND FOREIGN COUNTRY COUNTRY OF 
CITIZENSHIP CITIZENSHIP 

94200 Ivry-sur-Seine, France -F=e.x France 

POST OFFICE 
ADDRESS 114, avenue Danielle-Casanova 

94200 Ivry-sur-Seine, France 

FIRST INVENTOR'S SIGNATURE DATE 

x ~ ~ x ~, i4- . --1g_s6 

FULL NAME ~vG 
OF SECOND Jean-Dominique BOURZAT 
INVENTOR 

RESIDENCE & CITY AND STATE OR CITY AND FOREIGN COUNTRY COUNTRY OF 
CITIZENSHIP CITIZENSHIP 

94300 Vincennes, France F IZ X France 
. 

POST OFFICE 

I ADDRESS 36, boulevard de la Liberation 
94300 Vincennes, France 

SECOND INVENTOR'S SIGNATURE DATE 

'I ~-7\ _ .u•;.,,,,·nue., Pv.-,,,.,,,1),, -
"'"" - - - - -r ....,... v -A 

x H11?1 ~I ltf '16 
FULL NAME 3~~ 
OF THIRD ~ COMMERCO:bl 
INVENTOR 

RESIDENCE & CITY AND STATE OR CITY AND FOREIGN COUNTRY COUNTRY OF 
CITIZENSHIP 

f(X 
CITIZENSHIP 

944 00 lli.tr.y.=.aur.:.Se.ine I France France 

POST OFFICE 
ADDRESS 1, bis rue Charles-Floquet 

94400 Vitry-sur-Seine, France 

THIRD INVENTOR'S SIGNATURE 

)(tD~~1 ittq,b '/ ~ to w.. 1'v\Q..t.. l.0Yl 

Listing of Inventors Continued on attached page(s) /_/Yes /XX/No 
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l"'j'\ ........ &1'l"1:»3EPARIMEm OF COMMERCE 
• • Patent and Trademark Offica 

\ I Address: COMMISSIONER OF PA"JBllTS AND TRADEMARKS 
Washington, D.C. 20231 , . 

...... d ../ 

APP\JCATION NUMBER FlUNGDATE 

08/622,011 03/26/96 BOUCHARD H 3806.0367-00 

0262/0506 
FINNEGAN HENDERSON FARABOW GARRETT 

AND DUNNER 
1300 I STREET NW 
WASHINGTON DC 20005-3315 

DATE MAILED: 

NOTICE TO FILE MISSING PARTS OF APPLICATION 
FILING DATE GRANTED 

0000 

05/06/96 

AnApplicationNumberandFilingDatehavebeenassignedtothisapplication. However, the items indicated 
below are missing. The required items and fees identified below must be timely submitted ALONG WITH 
THE PtYJtD?;NT OF A SURCHARGE for items 1 and 8-6 only of$ l3o for iazgc entities or 
$ J5 for small entities who have filed a verified Bllltement claiming such status. The surcharge is set forth in 
37 CFR l.16(e). 

If all requhed items on this fonn""' filed within the period set below, the total amount owed by applicant as a 'jil_lazgc 
entity, D small entity (verified statement filed), is $ I 3 D . 

Applicant is given ONE MONTH FROM THE DATE OF TfilS LEITER, OR TWO MONTHS FROM THE 
FILING DA TE of Ibis application, WHICHEVER IS LATER, within which to file all rcquilcd items and pay any fees 
requhed above to avoid abandonment. Extensions of lime may be obtained by filing a petition accompanied by tbt 
extension fee under the provisions of 37 CFR 1.136(a). 

1. D The statutory basic filing fee is: D missing D insufficient. Applicsnt as a 0 large entity O small 
entity, must submit$ to complete the basic filing fee. 

2. D Additional claim fees of$ as a 0 large entity, 0 small entity, including any 
required multiple dependent claim fee, are required. Applicant must submit the additional claim 
fees or cancel the additional claims for which fees are due. 

3. )(1 The oath or declaration: 
~(is missing. 
D doee not cover the newly submitted items. 

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above 
Application Number and Filing Date is required. 

4. D The oath or declaration does not identify the application to which it applies. An oath or declaration 
in compliance with 37 CFR Ula, identifying the application by the above Application Number and 
Filing Date, is required. 

5. O The signature(s) to the oath or declaration is/are: 0 missing; 0 by a person other than the inventor 
or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in 
compliance with 37 CFR 1.63, identifying the application by the above Application Number and 
Filing Date, is required. 

6. D The signature of the following joint inventor(s) is missing from the oath or declaration: 

, An oath or declaration listing the names of all inventors and signed by 
the omitted inventor(s). identifying this application by the above Application Number and Filing 
Date, is required. 

7. O The application was filed in a language other than English. Applicant must file a verified English 
translation of the application and a fee of$ under 37 CFR 1.17(k), unless this fee has 
already been paid. 

8. D A $ _______ processing fee is required since your check was returned without payment. 
(37 CFR 1.21(m)). 

9. D Your filing receipt was mailed in error because your check was returned witiuiut payment. 

10. 0 ~e apPlication dORli not-c~J>.!.f_ ~ ~~ S0CiuG"noo Ruloo. Sec attached Notice to Comply with 
Sequeriee Rules 37 CFR"1:s21- l.825 . 

.. ..,,_~---
11.Q_~r. 

Direct the response to Box Missing Part and refer any questions to the Cuatomer Sennce Center 
at (703) 308· 12Q2. 

' acr>PY-of·this-no~ be returned with the response • 
• ~· ,,_ · • . ~ - "'Of.FICE·COIUL:~ . 
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LAW OF"FlCES 

FINNEGAN, HENDERSON, 

FARABOW, GARREIT 
S DUNNER, L. L. P. 

1300 l STREET, N. W. 

WASHINGTON, DC 20005 

202-408-4000 

I , ' . •·'1.. D?>t-0 • . 
< ~-lf ,qv . ' PATENT , IA 

Attorney Docket No.: 03806.0367 ~ '{1 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE . ~' 

(:,-:--~ In re Application of: 

Herve BOUCHARD ft al. 

Serial No.: 08/622,011 
. \ 
1 iled: March 26, 1996 

) 
) 
) 
) 
) 
) 
) 
) 

or: NEW TAXOIDS, THEIR ) 
PREPARATION, AND } 
PHARMACEUTICAL ) 
COMPOSITIONS COt:JTAINING,J"HEM ) 

..: . •, 

Assistant Commissioner for Patents 
·Washington, D.C. 20231 

Sir: 

Group Art Unit: unassigned 

Examiner: unassigned 

PRELIMINARY AMENDMENT 

Prior to the examination of the above application, please amend this 

I application as follows: 

1 
IN THE CLAIMS: 

Please amend claim 14 as follows: 

14. (Amended) A process for pre ring a product according to claim 1, 

wherein Z represents a radical of f 

(II) 

-1-
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LAW OFF1CES 

FINNEGAN, HENDERSON, 

fARABOW, GARRE1T 
M DUNNER, L. L. P. 

1300 I STREET, N. W. 

WASHINGTON, DC 20005 

202-408-4000 

Serial No.:08/622. 
Attorney Docket No.: 03806.0367 •• 

// 

and R4 and R5 are defined as in claim 1, said process/comprising: 
/ 

t~eating a product of formula (XVI}: 

o4 
I 

/ 

0 
(XVI) 

in which R1, R3 , Ra and R7 ar defined as in claim 1, with a product of formula (X): 

(RhSi-Hal (X) 

in which the symbols R which may be identical or different, represent an alkyl 

radical containing 1 6 carbon atoms, optionally substituted with a phenyl radical, 

I containing 3 to 6 carbon atoms or a phenyl radical, to obtain 

(XVII) 

in which .R, R1, R3, Ra and R7 are .defined as above, 

-2-

-. ·"9J! 
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LAW OFFICES 

FINNEGAN, HENDERSON, 
fARABOW, GARRETT 

8 DUNNER, L. L. P. 
1300 1 STREET_,. N. W. 

WASHINGTON, DC 20005 

202-408-4000 

Serial No.:08/622., 
ttorney Docket No.: 03806.0367 • 

functionalizing said compound of formula (XVII) at pas· ion 1 O with a product · 

of formula Qilll: 

in which R'4 represents a radical such that R'4-0 is i entical to R4 defined as in 

claim 1 and X1 represents a halogen atom or a r ctive ester residue, to give a 

product of formula (XVIII): 

(XVIII) 

in which R, R1, R3, R4 , R6 a d R7 are defined as above, 

replacing the silyl pr; tective group of said product of formula (XVIII) by a 

hydrogen atom to give a product of formula (XIX): 

(XIX) 

whic , when reacted with a product of formula (XV) 

-3-
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LAW OFF1CES 

FINNEGAN, HENDERSON, 
fARABOW, GARRETI 

S DUNNER, L. L. P. 
1300 I STREET, N. W. 

WASHINGTON, DC 20005 

202-408-4000 

Serial No.:08/62. 
Attorney Docket NO.: 03806.0367 -· 

R'5-X2 -----r-_.....x ..... v,, 
~ yields the product of formula (V), 

(V) 

Z-0 11 " 
(I) 

which Z represents a radical of formula (II). 

REMARKS 

Claim 14 has been amended to include the structural formula of formula (V), 

which was inadvertently omitted, and to include the structural formulas of formulas 

-4-
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LAW OFF'ICES 

FINNEGAN, HENDERSON, 
fARABOW, GARREIT 

S DUNNER, L. L. P. . 
1300 I STREET, N. W. 

WASHINGTON, CC 20005 

202-408-4000 

11 . 

I Serial No. :08/622 •• 
~ttorney Docket No.: 03806.0367 • 

(I), (II), and (XV) to make the claim excessively clear. No new matter is introduced 

by this amendment since all the structural formulas are disclosed in the original 

specification. 

CONCLUSION 

In view of the foregoing amendments and remarks, it is urged that the pending 

claims are in condition for allowance. An early and favorable action is earnestly 

solicited. 

If there are any other fees due in connection with the filing of this preliminary 

amendment, please charge the fees to our Deposit Account No. 06-0916. If a fee 

is required for an extension of time under 37 C.F.R. § 1.136 not accounted for 

above, such an extension is requested and the fee should also be charged to our 

Deposit Account. 

Dated: April 18, 1996 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 

By: 

-5-

Thalia V. Warnement 
Reg. No. 39,064 
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PATENT AGENT 
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*AOMITTEO TO A BAR OTHER THAN DC 

ATTORNEY DOCKET NO. 3806.0367-00 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

BOX PATENT APPLICATION 

Re: 

Sir: 

New U.S. Patent Application for 
Title: NEW TAXOIDS, THEIR PREPARATION, 

AND PHARMACEUTICAL COMPOSITIONS 
CONTAINING THEM 

Inventors: Herve BOUCHARD, Jean-Dominique BOURZA T, and 
Alain COMMERCON 

We enclose the follo~ing papers for filing in the United States Patent and 
Trademark Office in connection with the above patent application. 

Enclosures 

1. Application - 109 pages, including cover page, abstract, 
9 independent claims and 31 claims total; 

2. Certified copies of 
French Priority Document No. 95 03545, 

filed March 27, 1995; and 
French Priority Document No. 95 15381, 

filed December 22, 1995; and NEPTUNE GENERICS  EX. 00977



(I 0 0 
FINNEGAN, HENDERSON, FARABOW, GARRETT S DUNNER, L. L. P. 

Patents 

3. A check (in the amount of $1,460.00 representing 
the filing fee). 

This application is being filed under the provisions of 37 C.F.R. §1.53(d). 
Applicants await notification from the Patent and Trademark Office of the time set for 
filing the Declaration. 

Applicants claim the right to priority based on 1) U.S. Provisional Application 
Serial No. 60/010144 filed January 17, 1996; 2) French Priority Document No. 95 
03545 filed March 27, 1995; and 3) French Priority Document No. 95 15381 filed 
December 22, 1995. 

The Commissioner is hereby authorized to charge any other fees due under 37 
C.F.R. § 1.16 or§ 1.17 during the pendency of this application to our Deposit Account 
No. 06-0916. 

Please accord this application a serial number and filing date. 

Enclosures 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By: ~-11._ ll !JC/A~ t-
Thalia V. Warnement 
Reg. No. 39,064 
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UNITED STATES PATENT APPLICATION 

OF 

HERVE BOUCHARD, 

JEAN-OOMlNIQUE BOURZAT, 

ANO 

ALAIN COMMERCON 

FOR 

NEW TAXOIDS, THEIR PREPARATION, AND PHARMACEUTICAL 

COMPOSITIONS CONTAINING THEM 
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Patent 
Attorney Docket No. 03806.0367 

NEW TAXO!OS THEIR PREPARATION ANO PHARMACEUTICAL __ 

fJ ' .. c.oy:ostTIQNS.C~T~N!NG THEM, -~ #-.J~.11..._. 60/010,1~~ P . .l_J 
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The present invention relates to new taxoids of general formula (I) /..J7,.i1f6. 

Z-0 11
•• 

(I) 

in which: 

z represents a hydrogen atom or a radical of general formula (II): 

R1NH 0 

AA 
Rl :. 

(II) 

OH 

in which: 

R1 represents 

10 a benzoyl radical optionally substituted with one or more identical or 

different atoms or radicals selected from halogen atoms, alkyl radicals 

containing 1 to 4 carbon atoms, alkoxy radicals containing 1 to 4 carbon 

atoms and trifluoromethyl radicals, 

1 
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a thenoyl or furoyl radical or 

a radical R2-0-CO- in which R2 represents: 

- an alkyl radical containing 1 to 8 carbon atoms. 

an alkenyl radical containing 2 to 8 carbon atoms. 

an alkynyl radical containing 3 to 8 carbon atoms. 

a cycloalkyl radical containing 3 to 6 carbon atoms, 

a cycloalkenyl radical containing 4 to 6 carbon atoms or 

a bicycloalkyl radical containing 7 to 10 carbon atoms, 

these radicals being optionally substituted with one or more 

10 substituents selected from halogen atoms, hydroxyl radicals, alkoxy 

radicals containing 1 to 4 carbon atoms, dialkylamino radicals 1n which 

each alkyl portion contains 1 to 4 carbon atoms, piperidino radicals, 

morpholino radicals, 1-piperazinyl radicals, said piperazinyl radicals being 

optionally substituted at position 4 with an alkyl radical containing 1 to 4 

15 carbon atoms or with a phenylalkyl radical in which the alkyl portion 

contains 1 to 4 carbon atoms, cycloalkyl radicals containing 3 to 6 carbon 

atoms, cycloalkenyl radicals containing 4 to 6 carbon atoms, phenyl 

radicals. said phenyl radicals being optionally substituted with one or more 

atoms or radicals selected from halogen atoms, alkyl radicals containing 1 

20 to 4 carbon atoms, and alkoxy radicals containing 1to4 carbon atoms, 

cyano radicals, carboxyl radicals and alkoxycarbonyl radicals in which the 

alkyl portion contains 1 to 4 carbon atoms. 
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- a phenyl or ex- or IJ-naphthyl radical optionally substituted with one 

or more atoms or radicals selected from halogen atoms. alkyl radicals 

containing 1 to 4 carbon atoms. and alkoxy radicals containing 1 to 4 

carbon atoms. 

5 - a 5-membered aromatic heterocyclic radical preferably selected 

from furyl and thienyl radicals, 

- or a saturated heterocyclic radical containing 4 to 6 carbon atoms. 

optionally substituted with one or more alkyl radicals containing 1 to 4 

carbon atoms, 

10 R3 represents 

an unbranched or branched alkyl radical containing 1 to 8 carbon 

atoms, 

an unbranched or branched alkenyl radical containing 2 to 8 carbon 

atoms. 

15 an unbranched or branched alkynyl radical containing 2 to 8 carbon 

atoms, 

a cycloalkyl radical containing 3 to 6 carbon atoms, 

a phenyl or a- or (3-naphthyl radical optionally substituted with one 

or more atoms or radicals selected from halogen atoms, alkyl, alkenyl, 

20 alkynyl, aryl, aralkyl, alkoxy, alkylthio, aryloxy, arylthio, hydroxyl, 

hydroxyalkyl, mercapto, fortnyl, acyl. acylamino, aroylamino, 

alkoxycarbonylamino, amino, alkylamino. dialkylamino, carboxyl, 
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alkoxycarbonyl, carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, cyano, nitro 

and trifluoromethyl radicals. 

or a 5-membered aromatic heterocycle containing one or more 

identical or different hetero atoms selected from nitrogen, oxygen and 

s sulphur atoms and optionally substituted with one or more identical or 

different substituents selected from halogen atoms, alkyl, aryl, amino, 

alkylamino, dialkylamino. alkoxycarbonylamino, acyl, arylcarbonyl, cyano. 

carboxyl, carbamoyl. alkylcarbamoyl, dialkylcarbamoyl and alkoxycarbonyl 

radicals. 

10 with the understanding that. in the substituents of the phenyl. a- or 

15 

20 

P-naphthyl and aromatic heterocyclic radicals, the alkyl radicals and the 

alkyl portions of the other radicals contain 1 to 4 carbon atoms, the alkenyl 

and alkynyl radicals contain 2 to 8 carbon atoms. and the aryl radicals are 

phenyl or a- or ~-naphthyl radicals, 

R4 represents 

an alkoxy radical containing 1 to 6 carbon atoms in an unbranched 

or branched chain, 

an alkenyloxy radical containing 3 to 6 carbon atoms in an 

unbranched or branched chain, 

an alkynyloxy radical containing 3 to 6 carbon atoms in an 

unbranched or branched chain, 

. a cycloalkyloxy radical containing 3 to 6 carbon atoms or 
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a cycloalkenyloxy radical containing 4 to 6 carbon atoms. 

these radicals being optionally substituted with one or more 

substituents selected from halogen atoms, an alkoxy radical containing 1 to 

4 carbon atoms. an alkylthio radical containing 1to4 carbon atoms, a 

s carboxyl radical, an alkyloxycarbonyl radical in which the alkyl portion 

contains 1 to 4 carbon atoms, a cyano radical. a carbamoyl radical, an 

N-alkylcarbamoyl radical and a N,N-dialkylcarbamoyl radical in which each 

alkyl portion contains 1 to 4 carbon atoms, or both alkyl portions. together 

with the nitrogen atom to which they are linked, form a saturated 5- or 

10 6-membered heterocyclic radical optionally containing a second hetero 

atom selected from oxygen. sulphur and nitrogen atoms, said saturated S

or 6-membered heterocyclic radical optionally being substituted with a 

substituent selected from an alkyl radical containing 1 to 4 carbon atoms, a 

phenyl radical, and a phenylalkyl radical in which the alkyl portion contains 

15 

20 

1 to 4 carbon atoms, 

R5 represents 

an alkoxy radical containing 1 to 6 carbon atoms in an unbranched 

or branched chain, 

an alkenyloxy radical containing 3 to 6 carbon atoms, 

an alkynyloxy radical containing 3 to 6 carbon atoms, 

a cycloalkyloxy radical containing 3 to 6 carbon atoms or 

a cycloalkenyloxy radical containing 3 to 6 carbon atoms, 

5 
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these radicals being optionally substituted with at least one 

substituent selected from halogen atoms. an alkoxy radical containing 1 to 

4 carbon atoms, an alkylthio radical containing 2 to 4 carbon atoms, a 

carboxyl radical, an alkyloxycarbonyl radical in which the alkyl portion 

s contains 1 to 4 carbon atoms, a cyano radical, a carbamoyl radical, an 

N-alkylcarbamoyl radical, and a N,N-dialkylcarbamoyl radical in which each 

alkyl portion contains 1 to 4 carbon atoms or, with the nitrogen atom to 

which it is linked, forms a saturated 5- or 6-membered heterocyclic radical 

optionally containing a second hetero atom selected from oxygen, sulphur 

10 and nitrogen atoms, optionally substituted with a substituent selected from 

an alkyl radical containing 1 to 4 carbon atoms, a phenyl radical and a 

phenylalkyl radical in which the alkyl portion contains 1 to 4 carbon atoms. 

Preferably, the aryl radicals which can be represented by R3 are 

phenyl or a- or 13-naphthyl radicals optionally substituted with one or more 

is atoms or radicals selected from halogen atoms (fluorine. chlorine, bromine, 

iodine) alkyl, alkenyl, alkynyl, aryl, arylalkyl, alkoxy, alkylthio, aryloxy, 

arylthio, hydroxyl, hydroxyalkyl, mercapto. formyl, acyl, acylamino, 

aroylamino, alkoxycarbonylamino, amino, alkylamino, dialkylamino, 

carboxyl, alkoxycarbonyl, carbamoyl, dialkylcarbamoyl, cyano, nitro and 

2 o trifluoromethyl radicals, on the understanding that the alkyl radicals and the 

alkyl portions ofthe other radicals contain 1 to 4 carbon atoms, that the 

alkenyl and alkynyl radicals contain 2 to 8 carbon atoms and that the aryl· 
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radicals are phenyl or a- or 13-naphthyl radicals. 

Preferably, the heterocyclic radicals which can be represented by R3 

are 5-membered aromatic heterocyclic radicals containing one or more 

identical or different atoms selected from nitrogen, oxygen and sulphur 

s atoms, optionally substituted with one or more identical or different 

substituents selected from halogen atoms (fluorine, chlorine, bromine, 

iodine). alkyl radicals containing 1 to 4 carbon atoms, aryl radicals 

containing 6 or 10 carbon atoms, alkoxy radicals containing 1 to 4 carbon 

atoms. aryloxy radicals containing 6 or 10 carbon atoms, amino radicals, 

io alkylamino radicals containing 1 to 4 carbon atoms, dialkylamino radicals in 

which each alkyl portion contains 1to4 carbon atoms. acylamino radicals 

in which the acyl portion contains 1 to 4 carbon atoms. 

alkoxycarbonylamino radicals containing 1 to 4 carbon atoms, acyl radicals 

containing 1 to 4 carbon atoms. arylcarbonyl radicals in which the aryl 

15 portion contains 6 or 10 carbon atoms, cyano radicals. carboxyl radicals, 

carbamoyl radicals, alkylcarbamoyl radicals in which the alkyl portion 

contains 1 to 4 carbon atoms. dialkylcarbamoyl radicals in which each alkyl 

portion contains 1 to 4 carbon atoms, and alkoxycarbonyl radicals in which 

the alkoxy portion contains 1 to 4 carbon atoms. 

20 Preferably, the radicals R4 and R5, which may be identical or 

different, represent unbranched or branched alkoxy radicals containing 1 to 

6 carbon atoms, optionally substituted with a methoxy, ethoxy, ethylthio. 
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carboxyl, methoxycarbonyl, ethoxycarbonyl, cyano, carbamoyl, 

N-methy!carbamoyl, N-ethylcarbamoyl, N,N-dimethylcarbamoyl, 

N,N-diethylcarbamoyl, N-pyrrolidinocarbonyl or N-piperidinocarbonyl 

radical. 

s More particularly, the present invention relates to the products of 

general formula (I) In which Z represents a hydrogen atom or a radical of 

general formula (II) in which R, represents a benzoyl radical or a radical 

R2-0-CO- in which R2 represents a tert-butyl radical and R3 represents an 

alkyl radical containing 1 to 6 carbon atoms, an alkenyl radical containing 2 

10 to 6 carbon atoms, a cycloalkyl radical containing 3 to 6 carbon atoms. a 

phenyl radical optionally substituted with one or more identical or different 

atoms or radicals selected from from halogen atoms (fluorine, chlorine), 

alkyl (methyl). alkoxy (methoxy), dialkylamino (dimethylamino), acylamino 

(acetylamino). alkoxycarbonylamino (tert-butoxycarbonylamino), 

is trifluoromethyl, a 2-furyl radical, a 3-furyl radical, a 2-thienyl radical, a 

3-thienyl radical, a 2-thiazotyl radical, a 4-thiazolyl radical, and a 

5- thiazolyl radical, and R. and R5, which may be identical or different, each 

represent an unbranched or branched alkoxy radical containing 1 to 6 

carbon atoms. 

20 Still more particularly, the present invention relates to the products 

of general formula {I) in which Z represents a hydrogen atom or a radical of 

general formula (II) in which R, represents a benzoyl radical or a radical 
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R2-0-CO- in which R2 represen,ts a tert-butyl radical and R3 represents an 

isobutyl, isobutenyl, butenyl, cyclohexyl, phenyl, 2-furyl, 3-furyl, 2-thienyl, 

3-thienyl, 2-thiazolyl, 4-thiazolyl or 5-thiazolyl radical, and R4 and R5, which 

may be identical or different, each represent a methoxy, ethoxy or propoxy 

s radical. 

The products of general formula (I) in which Z represents a radical 

of general formula (II) display noteworthy antitumour and antileukaemic 

properties. 

According to the present invention, the new products of general 

io formula (I) in which Z represents a radical of general formula (II} may be 

obtained by esterification of a product of general formula {Ill): ------
0 

HO"··· (Ill) 
0 

-
OCOCisH, 

in which R4 and R5 are defined as above, by means of an acid of general 

formula (IV): 
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in which R, and R3 are defined as above, and either R6 represents a 

hydrogen atom and R7 represents a group protecting the hydroxyl function, 

or R6 and R1 together form a saturated 5- or 6-membered heterocycle, or 

by means of a derivative of this acid, to obtain an ester of general formula 

5 (V): 

·-------
RI, .R6 

N 0 

R(J_~O,,.. 
0-Rr 

0 

{V) 

0 

in which R,, R3, R4. R5, R6 and R7 are defined as above, followed by 

replacement of the protective groups represented by R7 and/or R6 and R, 

by hydrogen atoms. 

The esterification by means of an acid of general formula (IV) may 

10 be performed in the presence of a condensing agent (carbodiimide, 

reactive carbonate} and an activating agent (aminopyridines) in an organic 

solvent (ether, ester, ketones, nitriles, aliphatic hydrocarbons. halogenated 

aliphatic hydrocarbons, aromatic hydrocarbons) at a temperature from -1 O 

to 90"C. 

15 The esterification may also be carried out using the acid of general 

formula (IV) in the form of the symmetrical anhydride, working in the 

10 
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presence of an activating agent (aminopyridines) in an organic solvent 

(ethers, esters, ketones, nitriles, aliphatic hydrocarbons, halogenated 

aliphatic hydrocarbons, aromatic hydrocarbons) at a temperature of from O 

to 90"C. 

s The esterification may also be carried out using the acid of general 

formula (IV) in halide form or in the form of a mixed anhydride with an 

aliphatic or aromatic acid, optionally prepared in situ, in the presence of a 

base (tertiary aliphatic amine), working in an organic solvent (ethers, 

esters, ketones, nitriles. aliphatic hydrocarbons, halogenated aliphatic 

io hydrocarbons, aromatic hydrocarbons) at a temperature of from Oto 80''C 

Preferably, Re represents a hydrogen atom and R7 represents a 

group protecting the hydroxyl function, or alternatively R8 and R7. together 

form a saturated 5- or 6-membered heterocycle. 

When R8 represents a hydrogen atom, R7 preferably represents a 

15 i'nethoxymethyl, 1-ethoxyethyl, benzyloxymethyl, trimethylsilyl, triethylsilyl, 

P-trimethylsilylethoxymethyl, benzyloxycarbonyl or tetrahydropyranyl 

radical. 

When R8 and R7 together form a heterocycle, the latter is preferably 

an oxazolidine ring optionally monosubstituted or gem-disubstituted at 

20 position 2. 

Replacement of the protective groups R7 and/or Re and R7 by 

hydrogen atoms may be performed, depending on their nature, in the 
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following manner: 

1} when Re represents a hydrogen atom and R7 represents a group 

protecting the hydroxyl function. replacement of the protective groups by 

hydrogen atoms is performed by means of an inorganic acid (hydrochlonc 

s acid, sulphuric acid, hydrofluoric acid) or organic acid (acetic acid, 

methanesulphonic acid, trifluoromethanesulphonic acid, 

p-toluenesulphonic acid) used alone or mixed. working in an organic 

solvent chosen from alcohols, ethers, esters, aliphatic hydrocarbons, 

halogenated aliphatic hydrocarbons, aromatic hydrocarbons or nitriles at a 

10 temperature of from -10 to 60°C, or by means of a source of fluoride ions 

such as a hydrofluorine acidltriethylamine complex, or by catalytic 

hydrogenation, 

2) when Re and R7 together form a saturated 5- or 6-membered 

heterocycle, and more especially an oxazolidine ring of general formula 

15 (VI): 

{Vl) 
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in whic.h R1 is defined as above and R6 and Ag, which may be identical or 

different, represent a hydrogen atom or an alkyl radical containing 1 to 4 

carbon atoms. or an aralkyl radical in which the alkyl portion contains 1 to 4 

carbon atoms and the aryl portion preferably represents a phenyl radical 

s optionally substituted with one or more alkoxy radicals containing 1 to 4 

carbon atoms, or an aryl radical preferably representing a phenyl radical 

optionally substituted with one or more alkoxy radicals containing 1 to 4 

carbon atoms, or alternatively Ra represents an alkoxy radical containing 1 

to 4 carbon atoms or a trihalomethyl radical such as trichloromethyl or a 

10 phenyl radical substituted with a trihalomethyl radical such as 

trichloromethyl and Rt represents a hydrogen atom, or alternatively R8 and 

R9 , together with the carbon atom to which they are linked, form a 4- to 

?-membered ring, replacement of the protective group formed by R6 and 

R7 by hydrogen atoms may be performed, depending on the meanings of 

15 R1, R8 and R0• in the following manner: 

a) when R1 represents a tert-butoxycarbonyl radical and Ra 

and R9, which may be identical or different, represent an alkyl radical or an 

aralkyl {benzyl) or aryl (phenyl) radical. or alternatively R8 represents a 

trihalomethyl radical or a phenyl radical substituted with a trihalomethyl 

20 radical and R9 represents a hydrogen atom, or alternatively R8 and R9 

together form a 4- to ?-membered ring. treatment of the ester of general 
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formula (V} with an inorganic or organic acid, where appropriate in an 

organic solvent such as an alcohol, yields the product of general formula 

(VII): 

HN 0 r : II 
R ~0'" ) ~ 

(VII) 

OH 

in which R3 , R4 and Rs are defined as above, which is acylated by means 

s of benzoyl chloride in which the phenyl ring is optionally substituted or by 

means of thenoyl chloride, of furoyl chloride or of a product of general 

formula: 

in which R2 is defined as above and X represents a halogen atom (fluorine, 

10 chlorine) or a residue -O-R2 or -O-CO-O-R2, to obtain a product of general 

formula (I) in which Z represents a radical of general formula (II). 

Preferably, the product of general formula (V) is treated with formic 

acid at a temperature in the region of 20°C to yield the product of general 

formula (VII). 

1.5 Preferably, the acylation of the product of general formula {VII) by 

means of a benzoyl chloride in which the phenyl radical is optionally 
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substituted or by means of thenoyl chloride, of furoyl chloride or of a 

product of general formula (VIII) is performed in an inert organic solvent 

chosen from esters such as ethyl acetate, isopropyl acetate or n-butyl 

acetate and halogenated aliphatic hydrocarbons such as dichloromethane 

s or 1,2-dichloroethane, in the presence of an inorganic base such as 

sodium bicarbonate or an organic base such as triethylamine. The reaction 

is performed at a temperature offrom 0 to 50" C, and preferably at about 

20"C. 

b) when R1 represents an optionally substituted benzoyl radical, a 

10 thenoyl or furoyl radical or a radical R20-CO- in which R2 is defined as 

above, R8 represents a hydrogen atom or an alkoxy radical containing 1 to 

4 carbon atoms or a phenyl radical substituted with one or more alkoxy 

radicals containing 1 to 4 carbon atoms and R9 represents a hydrogen 

atom, replacement of the protective group formed by R8 and R7 by 

15 hydrogen atoms is performed in the presence of an inorganic acid 

(hydrochloric acid, sulphuric acid) or organic acid (acetic acid, 

methanesulphonic acid, trifluoromethanesulphonic acid, p

toluenesulphonic acid} used alone or mixed in a stoichiometric or catalytic 

amount. working in an organic solvent chosen from alcohols, ethers, 

2 o esters, aliphatic hydrocarbons, halogenated aliphatic hydrocarbons and 

aromatic hydrocarbons at a temperature of from -10 to eouc. and 

preferably from 15 to 30 ° C. 
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According to the invention. the products of general formula (Ill). that 

is to say the products of general formula (I} in which Z represents a 

hydrogen atom and R4 and R5 are defined as above, may be obtained from 

10-deacetylbaccatin Ill of formula (IX): 

(IX) 

s It can be especially advantageous to protect the hydroxyl functions 

at the positions 7 and 13 selectively, for example in the form of a silyl 

diether which may be obtained by the action of a silyl halide of general 

formula: 

(Rb-Si-Hal (X) 

10 in which the symbols R, which may be identical or different, represent an 

alkyl radical containing 1 to 6 carbon atoms, optionally substituted with a 

phenyl radical, or a cycloalkyl radical containing 3 to 6 carbon atoms or a 

phenyl radical, on 10-deacetylbaccatin Ill, to obtain a product of general 

formula (XI): 
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(RJ Si-0 11 " J 

• 

(Xl) 

in which R is defined as above, followed by the action of a product of 

general formula: 

(XII) 

in which R'4 represents a radical such that R'4-0 is identical to R,. defined 

s as above and X1 represents a reactive ester residue such as a sulphuric or 

sulphonic ester residue or a halogen atom. to obtain a product of general 

formula (XIII): 

(XIII) 

in which R and R.1 are defined as above. the silyl protective groups of 

which are replaced by hydrogen atoms to obtain a product of general 

10 formula (XIV): 
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~ 

HO .... 

• 

(XIV) 

in which R.1 is defined as above, which is etherified selectively at position 7 

by the action of a product of general formula: 

(XV) 

in which R'5 represents a radical such that R'5-0 is identical to R5 defined 

s as above and X2 represents a halogen atom or a reactive ester residue 

such as a sulphuric or sulphonic ester residue, to give the product of 

general formula (Ill) 

Generally, the action of a silyl derivative of general formula (X) on 

10-deacetylbaccatin Ill is pertormed in pyridine or triethylamine. where 

10 appropriate in the presence of an organic solvent such as an aromatic 

hydrocarbon, for instance benzene, toluene or xylenes. at a temperature 

between O"C and the refluxing temperature of the reaction mixture. 

Generally, the action of a product of general formula (XII) on a 

product of general formula (XI) is performed, after metalation of the 

1s hydroxyl function at position 1 O by means of an alkali metal hydride. such 

as sodium hydride, an alkali metal amide, such as lithium amide. or an 
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alkali metal alkylide, such as butyllithium, working in an organic solvent, 

such as dimethylformamide or tetrahydrofuran. at a temperature of from 0 

to SO"C. 

Generally, the replacement of the silyl protective groups of the 

s product of general formula (XIII) by hydrogen atoms is performed by 

means of an acid such as hydrofluoric acid or trifluoroacetic acid in the 

presence of a base such as triethylamine or pyridine optionally substituted 

with one or more alkyl radicals containing 1 to 4 carbon atoms, the base 

optionally being combined with an inert organic solvent such as a nitrile, for 

io instance acetonitrile, or a halogenated aliphatic hydrocarbon, such as 

dichloromethane, at a temperature of from 0 to 80°C. 

Generally. the action of a product of general formula (XV} on a 

product of general formula (XIV) is performed under the conditions 

described above for the action of a product of general formula (XII) on a 

15 product of general formula (XI). 

According to the invention, the products of general formula (I) in 

which Z represents a radical of general formula (II), R, is defined as above 

and ~ is defined as above may be obtained from a product of general 

formula (XVI): 
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(XVI) 

in which R1, R3, R6 and R7 are defined as above, by silylation at position 7 

by means of a product of general formula (X), to obtain a product of 

general formula (XVII): 

(XVII) 

in which R. R1 , R3, R6 and R7 are defined as above, which is functionalized 

s at position 10 by means of a product of general formula (XII) to give a 

product of general formula (XVIII): 

(XVllO 
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in which R. R,, R3, ~. Re and R7 are defined as above. the silyl protective 

group of which is replaced by a hydrogen atom to give a product of general 

formula (XIX): 

(XIX)' 

which, by the action of a product of general formula (XV}, yields the 

s product of general formula (V), the protective groups of which are replaced . 

by hydrogen atoms to give a produd of general formula (I) in which Z 

represents a radical of general formula (II}. 

The reactions used for silylation, functionalization and replacement 

of the protective groups by hydrogen atoms are performed under 

1 o conditions similar to those described above. 

The products of general formula (XVI) may be obtained under the 

conditions described in European Patent EP 0,336,841 and international 

Applications PCT WO 92109589 and WO 94/07878, the disclosures of 

which are hereby incorporated by reference in their entirety. or from the 

is products of general formula (XX): 
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0 
R1, .H 

N 0 

R~0"" 
l : 

OH 

(XX) 

0 

in which R1 and R, are defined as above, according to known methods for 

protecting the hydroxyl function o1 the side chain without affecting the 

remainder of the molecule. 

According to the invention. the products of general formula (I) in 

s which Z represents a hydrogen atom or a radical of general formula (II) 

may be obtained by the action of activated Raney nickel, in the presence of 

an aliphatic alcohol containing 1 to 3 carbon atoms or an ether such as 

tetrahydrofuran or dioxane, on a product of general formula (XXI): 

0 

z -0 .... 
I 

(XXI) 
0 
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in which R4 is defined as above and R' and R", which may be identical or · 

different, represent a hydrogen atom or an alkyl radical containing 1 to 6 

carbon atoms. an alkenyl radical containing 2 to 6 carbon atoms. an 

alkynyl radical containing 2 to 6 carbon atoms. a cycloalkyl radical 

s containing 3 to 6 carbon atoms or a cycloalkenyl radical containing 3 to 6 

carbon atoms, optionally substituted, or alternatively R' and R", together 

with the carbon atom to which they are linked, form a cycloalkyl radical 

containing 3 to 6 carbon atoms or a cycloalkenyl radical containing 4 to 6 

carbon atoms, and Zi represents a hydrogen atom or a radical of general 

io formula (XXll): 

(X.XII} 

in which R,, R3, Re and R7 are defined as above. and, to obtain a product 

of general formula (XXlll): 

z -0 Ill• 
I 

(XXlll) 

•.. ·~ 
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followed, when Z., represents a radical of general formula (XXll). that is to 

say when the product of general formula (X.Xlll) is identical to the product 

of general formula (V), by replacement of the protective groups 

represented by Ra and/or ~ and R7 by hydrogen atoms under the 

s conditions described above. 

Generally. the action of activated Raney nickel in the presence of an 

aliphatic alcohol or an ether is performed at a temperature of from -1 O to 

60°C. 

According to the invention, the product of general formula (XX.I) in 

1 o which Z1 and R. are defined as above may be obtained by the action of a 

sulphoxide of general formula (XXIV): 

fo~ 
~ 

R' R' 

R"-( .LR" so 
(XXIV) 

in which R1 and R0 are defined as above, on a product of general formula 

(XIX). 

Generally, the reaction of the sulphoxide of general formula (XXIV}. 

15 preferably dimethyl sulphoxide, with the product of general formula (XIX} is 

performed in the presence of a mixture of acetic acid and acetic anhydride 

or a derivative of acetic acid such as a haloacetic acid at a temperature of 

from 0° to 50°C, and preferably at about 25°C. 

· The new products of general formula (I) obtained by carrying out the 
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processes according to the invention may be purified according to known 

methods such as crystallization or chromatography. 

The products of general formula (I) in which Z represents a radical 

of general formula (II) display noteworthy biological properties. 

s In vitro, measurement of the biological activity is performed on 

tubulin extracted from pig's brain by the method of M.l. Shelanski et al., 

Proc. Natl. Acad. Sci. USA, ZQ, 765-768 (1973). Study of the 

depolymerization of microtubules to tubµlin is performed accordi!lQ to the 

method of G. Chauviere et al., C.R. Acad. Sci.,~. series II, 501-503 

10 ( 1981 ). In this study, the products of generalformula (I) in which Z 

represents a radical of general formula (II) were shown to be at least as 

active as taxol and T axotere. 

In vivo, the products of general formula (I} in which Z represents a 

radical of general formula (II) were shown to be active in mice grafted with 

15 816 melanoma at doses of from 1 to 30 mg/kg administered 

intraperitoneally, as well as on other liquid or solid tumours. 

The new products have antitumour properties. and more especially 

activity against tumours which are resistant to Taxol® or to Taxotere®. 

Such tumours comprise colon tumours which have a high expression of the 

:z o mdr 1 gene (multiple drug resistance gene). Multiple drug resistance is a 

customary term relating to the resistance of a tumour to different products 

having different structures and mechanisms of action. Taxoids are 
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generally known to be strongly recognized by experimental tumours such 

as P388/DOX, a cell line selected for its resistance to doxorubicin (DOX) 

which expresses mdr 1. 

The examples which follow illustrate the present invention. 

s EXAMPLE .1. 

126 mg of dicyclohexylcarbodiimide and then 14 mg of 

4-(N,N-dimethylamino)pyridine were added successively at a temperature 

in the region of 20"C to a suspension containing 217.8 mg of 4a-acetoxy-

2a-benzoyloxy-5p .20-epoxy-1 ~, 13a-dihydroxy-7J3, 1 OP-dimethoxy-9-oxo-

10 11-taxene, 200 mg of (2R,4S,5R)-3-tert-butoxycarbonyl-2-(4-

methoxyphenyt)-4-phenyl-1,3-oxazolidine-5-carboxylic acid and 50 mg of 

powdered 4A molecular sieve in 2 cm3 of ethyl acetate. The suspension 

obtained was stirred at a temperature in the region of 20°C under an argon 

atmosphere for 16 hours, and then concentrated to dryness under reduced 

15 pressure (0.27 kPa} at a temperature in the region of 40"C. The residue 

obtained was purified by chromatography at atmospheric pressure on 50 g 

of silica (0.063-0.2 mm) contained in a column 2 cm in diameter {elution 

gradient: ethyl acetateldichloromethane from 10:90 to 40:60 by volume), 

collecting 10-cm' fractions. Fractions containing only the desired product 

2 o were pooled and concentrated to dryness under reduced pressure 

(0.27 kPa) at 40°C for 2 hours. 271.8 mg of 4a-acetoxy-2a-benzoyloxy-

26 
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5(3,20-epoxy-1 ~-hydroxy-7P.10(3-dimethoxy-9-oxo-11-taxen-13a-yl 

(2R,4S, 5R}-3-tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1.3-

oxazolidine-5-carboxylate were thereby obtained in the form of a white 

solid, the characteristics of which were as follows: 

s 1H NMR spectrum (400 MHz; CDCl3 with a few drops of C030D-d4: · 

chemical shifts 6 in ppm; coupling constants J in Hz): 1.02 (s, 9H: 

C(CH3)J); 1.10 (s. 3H: CH3); 1.17 (s, 3H: CH3); 1.63 (s, 3H: CH3); from 1.65 

to 1.85 and 2.60 (2 mts, 1H each; CH2 at position 6); 1.78 (unres. comp., 

3H: CH3); 2.02 and 2.15 (2 dd, J = 14 and 9, 1H each: CH2 at position 14); 

10 2.14 (s, 3H: CH3); 3.22 and 3.35 (2 s, 3H each: OCH3); 3.64 (d, J = 7, 1H: 

Hat position 3); 3.73 (mt, 1H: Hat position 7); 3.76 (s, 3H: ArOCH3); 4.06 

and 4.16 (2 d, J = 8.5, 1H each; CH2 at position 20); 4.53 (d, J = 5, 1H: H 

at position 2'); 4.67 (s. 1H: Hat position 10); 4.85 (broad d, J = 10, 1H: H 

at position 5); 5.36 (mt. 1 H: H at position 3'); 5.52 (d, J = 7, 1 H: Hat 

15 position 2); 6.07 (mt, 1H: Hat position 13); 6.33 (unres. comp., 1H: Hat 

position 5'); 6.88 (d, J = 8, 2H: aromatic Hat the ortho position with respect 

to OCH3); from 7.25 to 7.40 (mt, 7H: aromatic Hat position 3' and aromatic 

Hat the meta position with respect to OCH3); 7.43 (t, J = 7.5, 2H: 

OCOC6H5 Hat the meta position); 7.58 (t, J = 7.5, 1H: OCOC8H5 Hat the 

20 para position); 7.96 (d, J = 7.5, 2H: OCOC8H5 Hat the ortho position). 

A solution of 446.3 mg of 4a-acetoxy-2a-benzoyloxy-5J3,20-epoxy-

1fl-hydroxy-76,1013-dimethoxy-9-oxo-11-taxen-1 Ja-yl (2R,4S,5R)-3-tert-

·-~ 
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butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1, 3-oxazolidine-5-

carboxylate in 11.6 cm3 of a 0.1 N solution of hydrogen chloride in ethanol 

was stirred constantly at a temperature in the region of 0° C for 16 hours 

under an argon atmosphere. The reaction mixture was then diluted with 

s 40 cm3 of dichloromethane and 5 cm3 of distilled water. After settling had 

taken place. the aqueous phase was separated and extracted with 5 cm3 

of dichloromethane. The organic phases were combined, dried over 

magnesium sulphate, filtered through sintered glass and then concentrated 

to dryness under reduced pressure (0.27 kPa) at a temperature in the 

10 region of 40°C. 424.2 mg of a pale yellow solid were obtained, which 

product was purified by preparative thin-layer chromatography [12 Merck 

preparative silica gel 60F254 plates, thickness 1 mm. application in solution 

in a methanoVdichloromethane (5:95 by volume) mixture. eluting with a 

methanolldichloromethane (5:95 by volume) mixture). After elution of the 

15 zone corresponding to the main product with a methanoV dichloromethane 

(15:85 by volume) mixture, filtration through sintered glass and evaporation 

of the solvents under reduced pressure (0.27 kPa) at a temperature in the 

region of 40"C, 126 mg of 4a-acetoxy-2a-benzoyloxy-5~.20-epoxy-113-

hydroxy-7!}, 1013-dimethoxy-9-oxo-11-taxen-13a-yl (2R. 35 )-3-tert-

20 butoxycarbonylamino-2-hydroxy-3-phenylpropionate were obtained in the 

form of an ivory-coloured foam, the characteristics of which were as 

follows: 
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- optical rotation [a]~0 = -32.9 (c = 0.5; methanol) 

-
1H NMR spectrum (400 MHz; COCl3; chemical shifts 6 in ppm; coupling 

constants Jin Hz): 1.23 (s, 3H: CH3); 1.25 (s, 3H: CH3); 1.39 (s, 9H: 

C(CH3),); 1.70 (s, 1H: OH at position 1); 1.75 (s, 3H: CH3); 1.82 and 2.72 

s (2 mts, 1H each: CH2 at position 6); 1.91 (s. 3H: CH3); 2.31 (limiting AB, 

2H: CH2 at position 14); 2.39 (s, 3H: COCH3); 3.33 and 3.48 (2 s, 3H each: 

OCH3); 3.48 (mt, 1H: OH at position 2'); 3.85 (d, J = 7, 1H: H 3); 3.68 (dd, J 

= 11 and 7, 1H: H 7); 4.20 and 4.33 (2 d, J = 8.5, 1H each: CH2 at position 

20); 4.65 {mt, 1H: Hat position 2'); 4.83 (s, 1H: Hat position 10); 5.00 

10 (broad d. J = 10, 1H: Hat position 5); 5.30 (broad d, J;;; 10, 1H: Hat 

position 3'); 5.47 (d, J = 10, 1 H: CONH); 5.66 (d, J = 7, 1 H: Hat position 

2); 6.24 (broad t, J = 9, 1H: Hat position 13); from 7.30 to 7.50 (mt, SH: 

aromatic Hat position 3'); 7.52 (t, J;;; 7.5, 2H: OCOC8H5 Hat the meta 

position); 7.63 (t. J = 7.5, 1H: OCOC6H5 Hat the para position); 8.12 (d, J = 

15 7.5, 2H: OCOC8H5 Hat the ortho position). 

4a-Acetoxy-2a-benzoyloxy-5'3.20-epoxy-1IJ,13a-dihydroxy-7J3, 10'3-

dimethoxy-9-oxo-11-taxene (or 7f3, 1OP-dimethoxy-10-deacetoxybaccatin 

Ill) was prepared in the following manner: 

86 mg of sodium hydride at a concentration of 50 % by weight in 

2 o liquid paraffin were added portionwise to a solution, maintained under an 

argon atmosphere. at a temperature in the region of 0°C, of 500 mg of 

4a-acetoxy-2a-benzoyloxy-5JJ,2_0-epoxy-1J3,7(3, 13a-trihydroxy-10(3-

29 
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methoxy-9-oxo-11-taxene in 5 cm3 of iodomethane and 0.5 cm3 of 

dimethylformamide. After 45 minutes at a temperature in the region of 

ave. the reaction mixture was diluted with 50 cm3 of ethyl acetate and 

B cm3 of distilled water. After settling had taken place, the organic phase 

s was separated and washed with twice 8 cm3 of distilled water and then 

6 cm3 of saturated aqueous sodium chloride solution, dried over 

magnesium sulphate, filtered through sintered glass and concentrated to 

dryness under reduced pressure (0.27 kPa) at a temperature in the region··•" 

of 40"C. 570 mg of a pale yellow solid were thereby obtained, which 

10 product was purified by chromatography at atmospheric pressure on 50 g 

of silica (0.063-0.2 mm) contained in a column 2.5 cm in diameter, eluting 

with a methanol/dichloromethane (2:98 by volume) mixture and collecting 

1 O-cm3 fractions. Fractions containing only the desired product were 

pooled and concentrated to dryness under reduced pressure (0.27 kPa) at 

is 40°C for 2 hours. 380 mg of 4a-acetoxy-2a-benzoyloxy-513.20-epoxy-

1'3.13a-dihydroxy-71), 1013-dimethoxy-9-oxo-11-taxene were thereby 

obtained in the form of a pale yellow solid, the characteristics of which 

were as follows: 

-
1H NMR spectrum (400 MHz; CDCI,; with a few drops of CD30D-d4; 

20 chemical shifts~ in ppm; coupling constants Jin Hz): 1.03 (s, 3H: CH3); 

1.11 (s, 3H: CH3); 1.65 (s, 3H: CH3): 1.72 and 2.67 (2 mts, 1H each: CH2 at 

position 6); 2.05 (s. 3H: CH3): 2.21 (limiting AB, J = 14 and 9, 2H: CH2 at 
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position 14); 2.25 (s, 3H: COCH3); 3.26 and 3.40 (2 s, 3H each: OCH3); 

3.85 (d, J = 7, 1 H: H at position 3); 3.89 (dd, J = 11 and 6.5. 1 H: Hat 

position 7); 4.12 and 4.25 (2 d, J = 8.5, 1 H each: CH2 at position 20); 4. 78 · 

(broad t, J = 9, 1H: Hat position 13); 4.83 (s. 1H: Hat position 10); 4.98 

s (broad d. J = 10, 1H: Hat position 5); 5.53 (d, J = 7, 1H: Hat position 2); 

7.43 (t, J = 7.5, 2H: OCOC9H5 Hat the meta position); 7.56 (t, J = 7.5, 1H: 

OCOC6Hs Hat the para position}; 8.05 (d, J = 7.5, 2H: OCOC6H5 Hat the 

ortho position). 

4a-Acetoxy-2a-benzoyloxy-513.20-epoxy-1j3,7J3, 13a-trihydroxy-1 OP-

10 methoxy-9-oxo-11-taxene (or 10~methoxy-10-deacetoxybaccatin Ill) was 

prepared in the following manner: 

50 cm3 of hydrogen fluorideltriethylamine complex (3HF.Et3N) were 

added slowly to a solution. maintained under an argon atmosphere, at a 

temperature in the region of 0°C .. of 3.62 g of 4a-acetoxy-2a-benzoyloxy-

15 5(3, 20-epoxy-1 f3-hydroxy-101)-methoxy-9-oxo-7(3. 13a-bis( triethylsilyoxy }-

11-taxene in 30 cm3 of dichloromethane. After 48 hours at a temperature 

in the region of 20°C, the reaction mixture was poured into a suspension of 

100 an3 of supersaturated aqueous sodium hydrogen carbonate solution 

maintained at a temperature in the region of 0°C. After settling had taken 

2 o place, the aqueous phase was separated and re-extracted with three times 

80 cm3 of dichloromethane and then twice 80 cm3 of ethyl acetate. The 

organic phases were combined. dried over magnesium sulphate. filtered 
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through mag,nesium sulphate and concentrated to dryness under reduced 

pressure (0.27 kPa) at a temperature in the region of 40"C. 3.45 g of a 

yellow foam were thereby obtained, whi~ product was purified by 

chromatography at atmospheric pressure on 150 g of silica (0.063-0.2 mm) 

s contained in a column 3.5 cm in diameter. eluting with a 

methanolldichloromethane (5:95 by volume) mixture and collecting 35-cm3 

fractions. Fractions containing only the desired product were pooled and 

concentrated to dryness under reduced pressure (0.27 kPa) at 40"C for 2 

hours. 1.97 g of 4a-acetoxy-2a-benzoyloxy-5j3,20-epoxy-113.713, 13a-

10 trihydroxy-10'3-methoxy-9-oxo-11-taxene were thereby obtained in the 

form of a white solid, the characteristics of which were as follows: 

-
1H NMR spectrum (400 MHz; CDCI,; chemical shifts 6 in ppm: coupling 

constants Jin Hz): 1.10 (s, 3H: CH3); 1.19 (s, 3H: CH3); 1.48 (d, J = 8.5. 

1H: OH at position 13); 1.70 (s. 3H: CH3); 1.81and2.61 (2 mts, 1H each: 

15 CH2 at position 6); 2.09 (d, J = 5, 1H: OH at position 7); 2.11 (s, 3H: CH3}: 

2.30 (s, 3H: COCH3); 2.32 (d, J = 9, 2H: CH2 at position 14); 3.48 (s, 3H: 

OCH3); 3.97 (d, J = 7, 1H: Hat position 3); 4.18 and 4.33 (2 d, J = 8.5, 1H 

each: CH2 at position 20); 4.31 (mt, 1H: Hat position 7); 4.93 (mt, 1H: Hat 

position 13); 4.99 (s, 1H: Hat position 10); 5.01 (broad d, J = 10, 1 H: Hat 

20 position 5}; 5.66 (d, J = 7, 1H: Hat position 2); 7.49 (t. J::: 7.5, 2H: 

OCOCeH5 Hat the meta position); 7.63 (t, J = 7.5, 1H: OCOC8H5 Hat the 

para position); 8.12 (d, J = 7.5, 2H: OCOC8H5 Hat the ortho position). 
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4a-Acetoxy-2a..t>enzoyloxy-5P.20-epoxy-1 P-hydroxy-1 O~-m ethoxy-

9-oxo-713. 13a-bis(triethylsilyloxy )-11-taxene (or 1013-methoxy-1 O

deacetoxy-7, 13-bis(triethylsilyl)baccatin Ill) was prepared in the following 

manner: 

s 375 mg of sodium hydride at a concentration of 50 % by weight in 

liquid paraffin were added portionwise to a solution, maintained under an 

argon atmosphere, at a temperature in the region of 0°C, of 5 g of 

4a-acetoxy-2a-benzoyloxy-513.20-epoxy-1 a. 1013-dihydroxy-9-oxo-7 ti. 13a

bis(triethylsilyloxy)-11-taxene in 25 cm' of iodomethane. The solution was 

10 stirred constantly for 45 minutes et a temperature in the region of O"C, and 

then for 5 hours 30 minutes at a temperature in the region of 20"C. The 

reaction mixture was cooled again to a temperature in the region of O"C, 

and 125 mg of sodium hydride at a concentration of 50 % by weight in 

liquid paraffin were added portionwise. After 1 hour at 2on C and then 18 

1s hours at 5°C, the reaction mixture was diluted by adding 50 cm3 of 

dichloromethane and poured into 50 cm3 of saturated aqueous ammonium 

chloride solution, and settling was allowed to take place. The aqueous 

phase was separated and extracted with twice 30 cm3 of 

dichloroemethane, and the organic phases were then combined, washed 

2 o with 10 cm3 of distilled water, dried over magnesium sulphate. filtered 

through sintered glass and concentrated to dryness under reduced 

pressure (0.27 kPa) at a temperature in the region of 40°C. 5.15 g of a 
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yellow foam were thereby obtained, which product was purified by 

chromatography at atmospheric pressure on 300 g of silica (0.063-0.2 mm) 

contained in a column 5 cm in diameter (elution gradient: ethyl 

acetateldichloromethane from 0:100 to 10:90 by volume), collecting 30-cm3 

s fractions. Fractions containing only the desired product were pooled and 

concentrated to dryness under reduced pressure (0.27 kPa) at 40.,C for 2 

hours. 3. 62 g of 4a-acetoxy .. 2a-benzoyloxy-Sf3,20-epoxy-1~-hydroxy-10'3-

methoxy-9-oxo-7rJ, 13a-bis(triethylsilyloxy)-11-taxene were thereby 

obtained in the form of a pale yellow.foam, the characteristics of which 

lo were as follows: 

- 'H NMR spectrum (600 MHz; CDCI,; chemical shifts 6 in ppm; coupling 

constants Jin Hz): 0.58 and 0.69 (2 mts. 6H each: ethyl CH2); 0.97 and 

1.04 (2 t, J = 7.5, 9H each: ethyl CH3); 1.15 (s, 3H: CH3); 1.18 (s, 3H: CH3); 

1.58 (s, 1 H: OH at position 1 ); 1.68 (s, 3H: CH,); 1.89 and 2.48 (2 mts, 1 H 

15 each: CH2 at position 6); 2.04 (s, 3H: CH3); 2.15 and 2.23 (2 dd, J = 16 and 

9, 1H each: CH2 at position 14); 2.29 (s, 3H: COCH3); 3.40 (s, 3H: OCH3); 

3.83 (d, J = 7. 1H: H: Hat position 13); 4.15 and 4.30 (2 d. J;;; 8.5. 1H 

each: CH2 at position 20); 4.43 (dd, J = 11 and 7, 1 H: Hat position 7): 4.91 

(s, 1H: Hat position 10); 4.96 (broad d, J = 10, 1H at position 5}; 5.01 

20 (broad t, J = 9, 1H: Hat position 13); 5.62 (d, J = 7. 1H: Hat position 2); 

7.46 (t. J = 7.5, 2H: OCOC9H5 Hat the meta position); 7.60 {t. .J = 7.5, 1H: 

OCOC8H5 Hat the para position); 8.09 (d, J = 7.5, 2H: OCOC8H5 Hat the 
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ortho position). 

4a-Acetoxy-2a-benzoyloxy-5J),20-epoxy-1J3,1013-dihydroxy-9-oxo-

7J3, 13a-bis(triethylsilyloxy)-11-taxene (or 10-deacetyl-7, 13-

bis(triethylsilyl)baccatin Ill) was prepared in the following manner: 

s 10.8 cm3 of triethylsilyl chloride were added to a solution, 

maintained under an argon atmosphere, at a temperature in the region of 

20°C, of 14 g of 4a-acetoxy-2a-benzoyloxy-5J3.20-epoxy-113,7'3, 1013, 13a

tetrahydroxy-9-0xo-11-taxene (10-deacetylbaccatin Ill) in 50 cm' of 

anhydrous pyridine. After 17 hours at a temperature in the region of 20"C, 

10 the reaction mixture was brought to a temperature in the region of 115"C 

and 10.8 cm' of triethylsilyl chloride were then added. After 3 hours 15 

minutes at a temperature in the region of 115°C, the reaction mixture was 

brought back to a temperature in the region of 20°C and_ diluted with 

30 cm3 of ethyl acetate and 100 cm3 of distilled water. After settling took 

15 place. the aqueous phase was separated and extracted with twice 50 cm 3 

of ethyl acetate. The organic phases were combined, washed with 50 cm3 

of saturated aqueous sodium chloride solution. dried over magnesium 

sulphate, filtered through sintered glass and then concentrated to dryness 

under reduced pressure (0.27 kPa) at a temperature in the region of 40"C. 

2 o 63. 1 g of a brown oil were thereby obtained, which product was purified by 

chromatography at atmospheric pressure on 800 g of silica (0.063-0.2 mm)· 

contained in a column 7 cm in diameter (elution gradient: ethyl 
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acetate/dichloromethane from 0:100 to 5:95 by volume), collecting 60-cm3 

fractions. Fractions containing only the desired product were pooled and 

concentrated to dryness under reduced pressure (0.27 kPa) at 40" C for 2 

hours. 9.77 g of 4a-acetoxy-2a-benzoyloxy-5~.20-epoxy-1 ~.10~-

s dihydroxy-9-oxo-7p, 13a-bis(triethylsilyloxy)-11-taxene were thereby 

obtained in the form of a cream-coloured foam, the characteristics of which· 

were as follows: 

-
1H NMR spectrum (400 MHz; CDCl3; chemical shifts 6 in ppm; coupling 

constants Jin Hz): 0.55 and 0.68 (2 mts, 6H each: ethyl CH2); 0.94 and 

10 1.03 (2 t, J = 7.5, 9H each: ethyl CH3); 1.08 (s, 3H: CH3); 1.17 (s, 3H: CH3}; 

1.58 (s, 1H: OH at position 1); 1.73 (s, 3H: CH3); 1.91and2.57 (2 mts, 1H 

each: CH2 at position 2); 2.04 (s, 3H: CH3); 2.12 and 2.23 (2 dd, J = 16 and 

9. 1H each: CH2 at position 14); 2.30 (s. 3H: COCH3); 3.88 (d, J = 7, 1H: H 

at position 3); 4.16 and 4.32 (2 d, J = 8.5, 1 H each: CH2 at position 20); 

15 4.27 (d, J = 1, 1H: OH at position 10); 4.40 (dd, J = 11and7. 1H: Hat. 

position 7 ); 4. 95 (broad d, J = 10, 1 H: H at position 5 ); 4. 95 (mt, 1 H: H at 

position 13): 5.16(d.J=1, 1H: Hat position 10); 5.60 (d. J = 7, 1H: Hat 

position 2); 7.46 (t, J = 7.5, 2H: OCOC8H5 Hat the meta position); 7.60 (t. J 

= 7.5. 1 H: OCOC8H5 Hat the para position); 8.09 (d, J = 7.5, 2H: 

20 OCOC6H5 Hat the ortho position). 
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EXAMPLE2 

340 mg of 4a-acetoxy-2a-benzoyloxy-5(3,20-epoxy-113-hydroxy-

7(3, 1 O~-dim ethoxy-9-oxo-11-taxen-13a-yl ( 2R. 4$, SR}-3-tert

butoxycarbonyl-2-( 4-m ethoxyphenyl)-4-phenyl-1, 3-oxazolidine-5-

s carboxylate were dissolved in 8 cm3 of a 0.1 N ethanolic solution of 

hydrochloric acid containing 1 % of water. The solution thereby obtained 

was stirred for 13 hours at a temperature in the region of 20°C and then for 

80 hours at 4°C, and 20 cm3 of dichloromethane were added. The organic 

phase was separated after settling had taken place and washed 

1 o successively with 3 times 5 cm3 of saturated aqueous sodium· hydrogen 

carbonate solution, dried over magnesium sulphate, filtered and 

concentrated to dryness under reduced pressure (2.7 kPa) at 40°C. 

300 mg of a white foam were obtained, which product was purified by 

chromatography on silica gel deposited on plates [gel 1 mm thick, plates 

is 20 x 20 cm, eluent: dichloromethane/methanol (95:5 by volume}] in 80-mg 

fractions (4 plates). After localization with UV rays of the zone 

corresponding to the adsorbed desired product, this zone was scraped off, 

and the silica collected was washed on sintered glass with 1 O times 5 cm3 

of ethyl acetate. The filtrates were combined and concentrated to dryness 

10 under reduced pressure (2.7 kPa) at 40°C. A white foam was obtained, 

which was repurified according to the same technique [3 plates: 

20 x 20 x 1 mm; eluent: dichloromethane/ethyl acetate (90:10 by volume)]. 
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205 mg of 4a-acetoxy-2a-benzoyloxy-513.20-epoxy-1(3-hydroxy-7p, 1op-

dimethoxy-9-oxo-11-taxen-13a-yl (2R,3S)-3-tert-butoxycarbonylamino-2-

hydroxy-3-phenylpropionate were thereby obtained in the form of a white 

foam, the characteristics of which were as follows: 

s - optical rotation: [a]~o = -33 (c = 0.5; methanol). 

-
1H NMR spectrum (400 MHz; CDCl3; chemical shifts 6 in ppm; coupling 

constants J in Hz): 1.23 (s, 3H: -CH3 ); 1.25 (s. 3H: -CH3 ); 1.39 [s, 9H: 

-C(CH3)J); 1.70 ,(s, 1H: -OH at position 1); 1.75 (s, 3H: -CH3); 1.62 and 

2.72 (2 mts, 1H each: -CH2 at position 6); 1.91 (s, 3H: -CH3); 2.31 (limiting 

10 AB, 2H: -CH2 at position 14); 2.39 (s, 3H: -COCH3); 3.33 and 3.48 (2 s, 3H 

each: -OCH3); 3.48 (mt, 1H: OH at position 2'); 3.85 (d. J = 7, 1H: -Hat 

position 3); 3.88 (dd, J = 11 and 7, 1 H: -Hat position 7); 4.20 and 4.33 (2d, 

J = 6.5, 1H each: -CH2 at position 20}; 4.65 (mt, 1H: -Hat position 2'); 4.83 

(s, 1H: -Hat position 10}; 5.00 (broad d, J = 10, 1H: -Hat position 5); 5.30 

is (broad d, J = 10. 1 H: -Hat position 3'); 5.47 (d, J = 10, 1 H: -CONH-); 5.66 

(d, J = 7, 1H: -Hat position 2); 6.24 (broad t, J = 9, 1H: -Hat position 13); 

from 7.30 to 7.50 (mt, 5H: -C6H5 at position 3'); 7.52 [t. J = 7.5, 2H: 

-OCOC8H5 (-Hat position 3 and H atposition 5)]; 7.63 [t, J = 7.5, 1H: 

-OCOC6H5 (-Hat position 4)}; 8.12 {d, J = 7.5, 2H: -OCOC8H; (-Hat 

20 position 2 and Hat position 6)]. 
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4a-Acetoxy-2a-benzoyloxy-5JJ,20-epoxy-113-hydrox.y-7'3, 1013-

dimethoxy-9-oxo-11-taxen-13a-yl (2R,4S,5R)-3-tert-butoxycarbonyl-2-( 4-

methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylate was prepared in 

the following manner: 

s 100 cm3 of an ethanolic suspension of activated nickel according to 

Raney (obtained from 80 cm3 of the approximately 50 % commercial 

aqueous suspension by successive washing, to a pH in the region of 7, 

with 15 times 100 cm3 of distilled water and with 5 times 100 cm3 of 

ethanol) were added at a temperature in the region of 20°C to a solution, 

10 maintained under an argon atmosphere and kept stirring, of 1 g of 

4a-acetoxy-2a-benzoyloxy-5J3,20-epoxy-1JJ-hydroxy-713,10'3-

bis(methylthiomethoxy)-9-oxo-11-taxen-13a-yl (2R, 4S,SR)-3-tert

butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1 , 3-oxazolidine-5-

carboxylate in 100 cm3 of anhydrous ethanol. The reaction medium ·was 

1s kept stirring for 24 hours at a temperature in the region of 20°C and then 

filtered through sintered glass. The sintered glass was washed with 4 times 

80 cm3 of ethanol. and the filtrates were combined and concentrated to 

dryness under reduced pressure (2.7 kPa) at 40°C. 710 mg of a yellow 

foam were obtained, which product was purified by chromatography on 

20 60 g of silica (0.063-0.2 mm) contained in a column 2.5 cm in diameter 

(eluent: dichloromethane/ethyl acetate (90:10 by volume)], collecting 6-cm 3 

fractions. Fractions containing only the desired product are pooled and 
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concentrated to dryness under reduced pre.ssure (2.7 kPa} at 4ouc. 

350 mg of 4a-acetoxy-2a-benzoyloxy-5P,20-epoxy-1 P-hydroxy-713.10~

dimethoxy-9-oxo-11-taxen-13a-yl (2R,4S,5R)-3-tert-butoxycarbonyl-2-(4-

methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylat9 were thereby 

s obtained in the form of a white foam. 

4a-Acetoxy-2a-benzoyloxy-51),20-epoxy-1J3-hydroxy-7J3,1 OP

bis(methylthiomethoxy)-9-oxo-11-taxen-13a-yl (2R,4S,5R)-3-tert

butoxycarbonyl-2-( 4-methoxy-phenyl)-4-phenyl-1 , 3-oxazolidine-5-

carboxylate was prepared in the following manner: 

10 2.3 cm3 of acetic acid and 7.55 cm3 of acetic anhydride were added 

at a temperature in the region of 20°C to a solution, maintained under an 

argon atmosphere and kept stirring, of 3. 1 g of 4a-acetoxy-2a-benzoyloxy-

5J3,20-epoxy-113-713. 10'3-trihydroxy-9-oxo-11-taxen-13a-yl (2R,4S,5R)-3-

tert-butoxycarbonyl-2-( 4-melhoxyphenyl)-4-phenyl-1, 3-oxazolidine-5-

15 carboxylate dissolved in 102 cm3 of dimethyl sulphoxide. The reaction 

mixture was kept stirring for 7 days at a temperature in the region of 20"C, 

and then poured into a mixture of 500 cm3 of distilled water and 250 cm3 of 

dichloromethane. 30 cm' of saturated aqueous potassium carbonate 

solution were then added with efficient stirring to a pH in the region of 7. 

2 o After 10 minutes of stirring, the organic phase was separated after settling 

had taken place and the aqueous phase was re-extracted with twice 

250 cm3 of dichloromethane. The organic phases were combined, washed 
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with 250 cm3 of distilled water, dried over magnesium sulphate, filtered and 

concentrated to dryness under reduced pressure (2.7 kPa} at 40°C. 5.2 g 

of a pale yellow oil were obtained, which product was purified by 

chromatography on 200 g of silica· (0.063-0.4 mm) contained in a column 

s 3 cm in diameter [eluent: dichloromethane/methanol (99:1 by volume)}, 

collecting 50-cm3 fractions. Fractions containing only the desired product 

were pooled and concentrated to dryness under reduced pressure 

(2.7 kPa) at 40"C. 1.25 g of 4a-acetoxy-2a-benzoyloxy-Sl3,20-epoxy-1P-

hydroxy-713.1 O~-bis(methylthiomethoxy)-9-oxo-11-taxen-13a-yl 

10 (2R,4S,5R)-3-tert-butoxycarbonyl-2-(4-methoxyphenyl)-4-phenyl-1,3-

oxazolidine-5-carboxylate were thereby obtained in the form of a white 

foam. 

4a-Acetoxy-2a-benzoyloxy-5'3,20-epoxy-1(),7'3, 1013-trihydroxy-9-

oxo-11-taxen-13a-yl (2R. 4$, SR)-3-tert-butoxycarbonyl-2-( 4-

15 methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylate was prepar~d in 

the following manner: 

A solution of 5.1 g of 4a-acetoxy-2a-t>enzoyloxy-5i,J,20-epoxy-1 P-

hydroxy-9-oxo-713, 1 OJ}-bis(2,2,2-trichloroethoxycarbonyloxy)-11-taxen-13a-

yl (2R, 4$. SR )-3-tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1, 3-

20 oxazolidine-5-carboxylate in a mixture of 100 cm3 of methanol and 100 cm 3 

of acetic acid was heated, with stirring and under an argon atmosphere, to 

a temperature in the region of 60°C, and 10 g of powdered zinc were then 
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added. The reaction mixture was then stirred for 15 minutes at so.:oc, 

thereafter cooled to a temperature in the region of 20°C and filtered 

through sintered glass lined with Celite. The sintered glass was washed 

with twice 15 cm 3 of methanol. The filtrate was concentrated tq dryness· 

s under reduced pressure (2.7 kPa) at a temperature in the region of 40"C. 

50 cm3 of ethyl acetate and 25 cm3 of saturated aqueous sodium hydrogen 

carbonate solution were added to the residue. The organic phase was 

separated after settling had taken place and washed s.uccessively with 25 

cm 3 of saturated aqueous sodium hydrogen carbonate solution and with 

10 25 cm3 of distilled water, then dried over magnesium sulphate, filtered 

through sintered glass and concentrated to dryness under reduced 

pressure (2. 7 kPa) at 40°C. 3.1 g of 4a-acetoxy-2a-benzoyloxy-5J3,20-

epoxy-1 J3, 7J3, 1 OJ3-trihydroxy-9-oxo-11-taxen-13a-yl (2R, 4S, SR )-3-tert-· 

butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1, 3-oxazolidine-5-

15 carboxylate were thereby obtained in the form of a white foam. 

4cx-Acetoxy-2a-benzoyloxy-5~.20-epoxy-1 J)-hydroxy-9-oxo-7~.1 Of}

bis(2,2,2-trichloroethoxy-carbonyloxy)-11-taxen-13a-yl (2R,4S,5R)-3-tert

butoxy-carbonyl-2-( 4-methoxyphenyl)-4-phenyl-1, 3-oxazolidine-5-

carboxylate was prepared under the conditions described in Patent 

2 o WO 94/07878, the disclosure of which is specifically incorporated by 

reference herein. 
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EXAMPLE 3 

76 mg of dicyciohexylcarbodiimide and then 8.5 mg of 4-(N,N

dimethylamino)pyridine were added successively at a temperature in the 

region of 20°C to a suspension containing 135 mg of 4a-acetoxy-2a- ' 

5 benzoyloxy-513,20-epoxy-1013-ethoxy-1p,13a-dihydroxy-7l)-methoxy-9-oxo-

11-taxene, 120 mg of (2R.4S.5R)-3-tert-butoxycarbonyl-2-(4-

methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylic acid and SO mg of 

powdered 4A molecular sieve in 1 cm3 of anhydrous toluene. The 

suspension obtained was stirred at a temperature in the region of 20°C 

10 under an argon atmosphere for 1 hour, and then purified by direct 

application to a column for chromatography at atmospheric pressure on 

30 g of silica (O.Q63-0.2 mm) contained in a column 2.5 cm in diameter 

(elution gradient: ethyl acetate/ dichloromethane from 2:98 to 10:90 by 

volume), collecting 10-cm3 fractions. Fractions containing only the desired· 

15 product were pooled and concentrated to dryness under reduced pressure 

(2.7 kPa) at 40°C for 2 hours. 320.6 mg of a white solid were thereby 

obtained, which product was purified by preparative thin-layer 

chromatography: 10 Merck preparative silica gel 60F2'4 plates, thickness 

0.5 mm, application in solution in dichloromethane, eluting with a methanol/ 

20 dichloromethane (3:97 by volume) mixture. After elution of the zones 

corresponding to the main products with a methanol/dichloromethane 

(15:85 by volume) mixture, filtration through cotton wool and then 
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evaporation of the solvents under reduced pressure (2.7 kPa) at a 

temperature in the region of 40°C, 47.7 mg of 4a-acetoxy-2a-benzoyloxy-

5~.20-epoxy-10'3-ethoxy-113. 13cx-dihydroxy-7J3-methoxy-9-oxo-11-taxene 

were obtained in the form of a cream-coloured solid and 37 mg of 

s 4cx-acetoxy-2a-benzoyloxy-5J3, 20-epoxy-10(3-ethoxy-1 '3-hydroxy-713-

methoxy-9-oxo-11-taxen-13a-yl (2R,4S,5R)-3-tert-butoxycarbonyl-2-(4-

methoxyphenyl)-4-phenyl-1, 3-oxazolidine;..5-carboxylate were obtained in 

the form of a white foam, the characteristics of which 5-carboxylate product 

were as follows: 

io - 1H NMR spectrum (600 MHz; COCl3; at a temperature of 333 K; chemical 

shifts O in ppm; coupling constants Jin Hz): 1.09 (s. 9H: C(CH3h; 1.19 (s, 

3H: CH,); 1.21 (s. 3H: CH3); 1.27 (t, J = 7, 3H: ethyl CH3); 1.43 (s. 1H: OH 

at position 1 ); 1.62 (s. 3H: CH,); 1.68 (s, 3H: CH,); 1.77 and 2.63 (2 mts, 

1H each: CH2 at position 6); 1.86 (s. 3H: COCH3); 2.13 and 2.22 (2 dd, J = 

15 16 and 9, 1H each: CH2 at position 14); 3.27 (s. 3H: OCH:,); 3.45 and 3.98 

(2 mts. 1 H each: ethyl CH2 ); 3. 76 (d, J = 7, 1H: H3); 3.81 (s, 3H: Ar0CH3); 

3.85 (dd, J = 11 and 7. 1 H: Hat position 7); 4.13 and 4.23 (2 d, J = 8.5. 1 H 

each: CH2 at position 20); 4.58 (d, J = 4.5, 1H: Hat position 2'); 4.83 (s. 

1H: Hat position 10); 4.90 (broad d, J = 10, 1H: Hat position 5): 5.46 (d, J 

20 = 4.5. 1H: Hat position 3'); 5.60 (d, J = 7 Hz, 1H: H2); 6.13 (broad t, J = 9 

Hz. 1H: H13); 6.38 (s. 1H: HS'); 6.92 (d. J = 8.5, 2H: aromatic Hat the 

ortho position with respect to OCH3); from 7.30 to 7.50 (mt. 9H: aromatic H 
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at position 3' - aromatic Hat the meta position with respect to OCH3 and 

OCOC6H5 Hat the meta position); 7.59 (t, J = 7.5, 1H: OCOC6H5 Hat the 

para position); 8.03 (d, J = 7.5, 2H: OCOC6H5 Hat the ortho position). 

A solution of 48 mg of 4a-acetoxy-2a-benzoyloxy-5)3,20-epoxy-

s 1 O~-ethoxy-1 ~-hydroxy-713-methoxy-9-oxo-11-taxen-13a-yl (2R, 4$, SR)-3-

tert-butoxycarbonyl-2-( 4-methoxyphenyl)-4-phenyl-1 , 3-oxazolidine-5-

carboxylate in 0.5 cm3 of ethyl acetate and 0.004 cm3 of concentrated 

37 % hydrochloric acid was kept stirring at a temperature in the region of 

20"C for 1.5 hours under an argon atmosphere. The reaction mixture was 

1 o then purified by preparative thin-layer chromatography: application of the 

~:crude reaction mixture to 5 Merck preparative silica gel 60F254 plates, 

thickness 0.5 mm, eluting with a methanoVdichloromethane (4:96 by 

volume) mixture. After elution of the zone corresponding to the main 

product with a methanol/dichloromethane (15:85 by volume) mixture, 

1 s filtration through cotton wool and then evaporation of the solvents under 

reduced pressure (2.7 kPa) at a temperature in the region of 40°C, 

28.5 mg of 4a-acetoxy-2a-benzoyloxy-5J,l,20-epoxy-10~-ethoxy-1 ~

hydroxy-7~-methoxy-9-oxo-11-taxen-13a-yl (2R,3S )-3-tert

butoxycarbonylamino-2-hydroxy-3-phenylpropionate were obtained in the 

20 form of an ivory-coloured foam, the characteristics of which were as 

follows: 

-
1H NMR spectrum (400 MHz; CDCl3; chemical shifts 6 in ppm; coupling 

NEPTUNE GENERICS  EX. 01024



• • 
Attorney Docket No.: 03806.0367 

constants Jin Hz): 1.22 (s, 3H: CH3); 1.25 (s, 3H: CH3); 1.32 (t, J = 7. 3H: 

ethyl CH3); 1.38 (s. 9H: C(CH3)J; 1.64 (s, 1H: OH at position 1); 1.73 (s. 3H: 

CH3); 1.80 and 2. 70 (2 mts. 1 H each: CH2 at position 6}; 1.88 (s, 3H: CH3): 

2.30 (mt. 2H: CH2 at position 14); 2.38 (s, 3H: COCH3); 3.31 (s, 3H: OCH3); 

s 3.44 (unres. comp., 1 H: OH at position 2'); 3.50 end 3. 70 (2 mts, 1 H each 

ethyl OCH2); 3.84 (d, J = 7.5, 1H: Hat position 3); 3.87 (dd, J = 11 and 6.5, 

1H: Hat position 7); 4.16 and 4.32 (2 d. J = 8.5, 1H each: CH2 at position 

20); 4.64 (mt. 1H: Hat position 2 1
); 4.90 (s. 1H: Hat position 10); 4.98 

(broad d, J = 10, 1 H: H at position 5); 5.28 (broad d, J = 10, 1 H: H at 

io position 3'); 5.42 (d. J = 10, 1 H: CONH); 5.64 (d, J = 7.5, 1H: Hat position 

2); 6.22 (broad t, J = 9, 1H: Hat position 13); from 7.25 to 7.45 (mt, SH: 

aromatic Hat position 3'); 7.50 (d, J = 7.5. 2H: OCOC6H5 Hat the meta 

position): 7.62 (t. J = 7.5, 1 H: OCOC8H5 Hat the para position); 8.12 (d. J = 

7 .5. 2H: OCOC8H5 H at the ortho position). 

1 s 4a-Acetoxy-2a-benzoytoxy-5f3,20-epoxy-1Of3-ethoxy.;113. 13a- · 

dihydroxy-713-methoxy-9-oxo-11-taxene (or 1 Of3-ethoxy-7 P-methoxy-1 0-

deacetoxybaccatin Ill) may be prepared in the following manner: 

43 mg of sodium hydride at a concentra~ion of 50 % by weight in 

liquid paraffin were added portionwise to a solution, maintained under an 

20 argon atmosphere. at a temperature in the region of 0°C, of 235 mg of 4a-

acetoxy-2a-benzoyloxy-5f3,20-epoxy-1P.713. 13a-trihydroxy-1 Of3-ethoxy-9-

oxo-11-taxene in 2.5 cm3 of iodomethane and 1 cm3 of dimethylformamide 
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After 30 minutes at a temperature in the region of 0°C, the reaction mixture 

was diluted with 40 cm3 of ethyl acetate, 6 cm' of distilled water and 8 cm3 

of saturated aqueous ammonium chloride solution. After settling had taken 

place, the organic phase was separated' and washed with three times 

s 8 cm3 of distilled water and then 8 cm 3 of saturated aqueous NaCl solution. 

dried over magnesium sulphate, filtered through sintered glass and 

concentrated to dryness under reduced pressure (2. 7 kPa) at a 

temperature in the region of 40°C. 268 mg of a yellow solid were thereby 

obtained, which product was purified by chromatography at atmospheric 

10 pressure on 30 g of silica (0.063-0.2 mm) contained in a column 2.5 cm in 

diameter (elution gradient: ethyl acetate/ dichloromethane from 0: 100 to 

15:85 by volume), collecting 10-cm3 fractions. Fractions containing only 

the desired product were pooled and concentrated to dryness under 

reduced pressure (0.27 kPa) at 40°C for 2 hours. 380 mg of 4a-acetoxy-

is 2cx-benzoyloxy-5f3,20-epoxy-1 Ol3-ethoxy-1j3,13a-dihydroxy-7rJ-methoxy-9-

oxo-11-taxene are thereby obtained in the form of a white powder, the 

characteristics of which were as follows: 

- 1H NMR spectrum (300 MHz; CDCl3 with the addition of a few drops of 

C0300-d4; chemical shifts o in ppm, coupling constants Jin Hz}: 0.99 (s, 

20 3H: CH3); 1.09 (s, 3H: CH3); 1.22 (t. J = 7, 3H: ethyl CH3); 1.62 (s, 3H: 

CH3); 1.68 and 2.66 (2 mts, 1 H each: CH26}; 2.03 (s, 3H: CH3}; 2.13 and 
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2.22 (2 dd, J = 16 and 9, 1H each: CH2 at position 14); 2.23 (s, 3H: 

COCH3); 3.23 (s, 3H: OCH3); from 3.40 to 3.65 (mt, 2H: ethyl CH2); 3.84 (d. 

J = 7.5, 1 H: Hat position 3); 3.88 (dd, J = 10 and 6.5, 1 H: Hat position 7); 

4.10 and 4.23 (2 d, J = 8.5, 1H each: CH2 20); 4.75 (broad t, J = 9, 1H: H . 

s at position 13); 4.90 (s, 1H: Hat position 10); 4.97 (broad d, J = 10, 1H: H 

at position 5); 5.51 (d, J = 7.5, 1H: Hat position 2); 7.42 (t, J = 7.5, 2H: 

OCOC6H5 Hat the meta position); 7.53 (t, J = 7.5, 1H: OCOC6H5 Hat the 

para position); 8.03 {d, J;;; 7.5, 2H: OCOC8H~ Hat the ortho position). 

4a-Acetoxy-2a-benzoyloxy-5{3,20-epoxy-1'3,7P. 13a-trihydroxy-1 oa-
10 ethoxy-9-oxo-11-taxene (or 10(3-ethoxy-10-deacetoxybaccatin Ill) was 

prepared in the following manner: 

9 cm3 of hydrogen fluoride/triethylamine complex (3HF.Et3N) were 

added to a solution, maintained under an argon atmosphere, at a 

temperature in the region of 20°C, of 591 mg of 4a-acetoxy-2a-

15 benzoyloxy-5~.20-epoxy-1 ~.hydroxy-1 OP-ethoxy-9-oxo-7'3.13a

bis(triethylsilyloxy)-11-taxene in 6 cm3 of dichloromethane. After 21 hours 

at a temperature in the region of 20°C. the reaction mixture was diluted 

with 40 cm3 of dichloromethane and poured into a suspension of 40 cm' of 

supersaturated aqueous sodium hydrogen carbonate solution maintained 

20 at a temperature in the region of OQC. After dilution with 10 cm3 of distilled 

water and when settling had taken place. the aqueous phase was 

separated and re-extracted with twice 20 cm' of diethyl ether. The organic 
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phases were combined, washed with 20 cm3 of distilled water and 20 cm3 

of saturated aqueous sodium chloride solution, dried over magnesium 

sulphate, filtered through magnesium sulphate and concentrated to 

dryness under reduced pressure (2.7 kPa) at a temperature in the region 

s of 40°C. 370 mg of a pale yellow foam were thereby obtained, which 

product is purified by chromatography at atmospheric pressure on 35 g of 

silica (0.063-0.2 mm) contained in a column 2.5 cm in diameter. eluting 

with a methanoUdichloromethane (2:98 by volume) mixture and collecting 

15-cm3 fractions. Fractions containing only the desired product were 

10 pooled and concentrated to dryness under reduced pressure (2.7 kPa) at 

40°C for 2 hours. 236.2 mg of 4a-acetoxy-2a-benzoyloxy-5{3,20-epoxy-

1p,7(3. 13a-trihydroxy-1 O~-ethoxy-9-oxo-11-taxene were thereby obtained 

in the form of a white solid, the characteristics of which were as follows: 

-
1H NMR spectrum (400 MHz; COCl3: chemical shifts 6 in ppm. coupling 

15 constants Jin Hz): 1.08 (s, 3H: CH3); 1.19 (s, 3H: CH3); 1.29 (t. J = 7.5, 

3H: ethyl CH,); 1.38 (d, J = 9, 1H: OH at position 7); 1.59 (s, 1H: OH at 

position 1); 1.69 (s, 3H: CH3); 1.82 and 2.62 (2 mts. 1H each: CH2 at 

position 6); 2.02 (d. J = 5, 1 H: OH at position 13); 2.08 (s, 3H: CH3); 2.30 

(s, 3H: COCH3); 2.32 (d, J = 9, 2H: CH2 at position 14); 3.56 and 3.67 (2 

20 mts, 1H each: ethyl OCH2); 3.98 {d, J =7, 1H: Hat position 3); 4.18 and 

4.33 (2 d, J = 8.5 Hz, 1H each: CH220}; 4.30 (mt. 1H: H7); 4.90 (mt, 1H: H 

at position 13); 4.99 (dd, J = 1 o and 1.5, 1 H: Hat position 5); 5.05 (s. 1 H: 
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Hat position 10); 5.66 (d. J = 7, 1H: Hat position 2); 7.49 (t. J = 7.5. 2H: 

OCOC8H5 Hat the meta position); 7.63 (t, J = 7.5, 1H: OCOC6H5 Hat the 

para position); 8.12 (d, J = 7.5, 2H: OCOC6H5 Hat the ortho position). 

4a-Acetoxy-2a-benzoyloxy-5P.20-epoxy-1J3-hydroxy-1013-ethoxy-9-

s oxo-713. 13a-bis(triethylsilyloxy)-11-taxene (or 1013-ethoxy-1 O-deacetoxy-

7, 13-bis(triethylsilyl)baccatin Ill) was prepared in the following manner: 

93 mg of sodium hydride at a concentration of 50 % by weight of 

liquid paraffin were added portionwise to a solution, maintained under an 

argon atmosphere, at a temperature in the region of 20"C. of 1 g of 4a-

10 acetoxy-2a-benzoyloxy-5J3,20-epoxy-1 P.1OJ3-dihydroxy-9-oxo-7fl,13a

bis(triethylsilyloxy)-11-taxene in 3 cm3 of iodoethane and 4 cm3 of 

dimethylformamide. The solution was kept stirring for 17 hours at a 

temperature in the region of 20°C, and 93 mg of sodium hydride at a 

concentration of 50 % by weight in liquid paraffin was then added 

15 portionwise. After 50 minutes at a temperature in the region of 20"C. the 

reaction mixture was diluted with 100 cm3 of ethyl acetate and 10 cm3 of 

saturated aqueous ammonium chloride solution. The organic phase was 

separated after settling had taken place and washed with six times 10 cm 3 

of distilled water and then 10 cm3 of saturated aqueous sodium chloride 

2 o solution, dried over magnesium sulphate. filtered through sintered glass 

and concentrated to dryness under reduced pressure (2. 7 kPa) at a 

temperature in the region of 40°C. 1.2 g of a yellow foam were thereby 

. 50 
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obtained, which product was purified by chromatography at atmospheric 

·pressure on 150 g of silica (0.063-0.2 mm) contained in a column 3.5 cm in 

diameter, eluting with an ethyl acetate/dichloromethane (2:98, then 5:95 by 

volume) mixture and collecting 15-cm3 fractions. Fractions containing only 

s the desired products were pooled and concentrated to dryness under 

reduced pressure (0.27 kPa) at 40°C for 2 hours. 379.2 mg of 4a-acetoxy-

2a-benzoyloxy-51),20-epoxy-11), 101)--dihydroxy-9-oxo-71), 13a

bis(triethylsilyloxy)-11-taxene were thereby obtained in the form of a pale 

yellow foam and 430 mg of 4a-acetoxy-2a-benzoyloxy-5~.20-epoxy-1f3-

1 o hydroxy-1013-ethoxy-9-oxo-713, 13a-bis( triethylsilyloxy)-11-taxene were 

thereby obtained in the form of a white foam, the characteristics of which 

10-'3-ethoxy product were as follows: 

-
1H NMR spectrum (400 MHz; COC13; chemical shifts 6 in ppm, coupling 

constants Jin Hz): 0.57 and 0.70 (2 mts, 6H each; ethyl CH2); 0.97 and 

15 1.03 (2 t, J = 7.5, 9H each: ethyl CH3 ): 1.13 (s. 3H: CH3); 1.20 (s. 3H: CH3); 

1.29 (t, J = 7.5, 3H: CH3 of ethoxy at position 10); 1.58 (s, 1H: OH at 

position 1); 1.66 (s. 3H: CH3); 1.89 and 2.58 (2 mts, 1H each: CH2 at 

position 2); 2.03 (s. 3H: CH3); 2.13 and 2.23 (2 dd, J = 16 and 9, 1H each: 

CH2 at position 14); 2.30 (s, 3H: COCH3); 3.53 {mt, 2H: C~ of ethoxy at 

20 position 10): 3.84 (d, J = 7, 1H: Hat position 3); 4.15 and 4.30 (2 d, J = 

8.5, 1 H each: CH2 at position 20); 4.43 (dd, J = 11 and 6.5, 1 H: H at 

position 7); from 4.90 to 5.00 (mt, 2H: Hat position 13 and Hat position 5). 
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5.01(s,1H: Hat position 10); 5.61(d,J=7, 1H: Hat position 2); 748 (t, J 

== 7.5. 2H: OCOC8H5 Hat the meta position); 7.61 (t, J = 7.5, 1 H: OCOC6H5 

Hat the para position); 8.10 (d, J = 7.5, 2H: OCOC6H5 Hat the ortho 

position). 

s EXAMPLE 4 

65 mg of dicyclohaxylcarbodiimide and then 7 mg of 4-(N,N-

dimethylaminopyridine were added successively at a temperature in the 

region of 20°C to a suspension containing 115 mg of 4a-acetoxy-2a-

benzoyloxy-SiJ,20-epoxy-1O~-(1-propyl)oxy-1~.13a-dihydroxy-7 !3-methoxy-

10 9-oxo-11-taxene and 100 mg of (2R,4S,5R)-3-tert-butoxycarbonyl-2-(4-

methoxyphenyl)-4-phenyl-1,3-oxazolidine-5-carboxylic acid in 1 cm 3 of 

anhydrous toluene. The suspension obtained was stirred at a temperature 

in the region of 20°C under an argon atmosphere for 1 hour. and then 

purified by direct application to a column for chromatography at 

15 atmospheric pressure on 30 g of silica (0.063-0.2 mm) contained in a 

column 2.5 cm in diameter (elution gradient: ethyl acetate/dichloromethane 

from 2:98 to 10:90 by volume), collecting 1 O-cm3 fractions. Fractions 

containing only the desired produd were pooled and concentrated to 

dryness under reduced pressure (2. 7 kPa) at 40°C for 2 hours. 276.2 mg 

2 o of a white solid were thereby obtained. which product was purified by 

preparative thin-layer chromatography: 1 O Merck preparative silica gel 
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60F254 plates, thickness 0.5 mm. application in solution in dichloromethane. 

eluting with a methanol/dichloromethane (3:97 by volume) mixture. After 

elution of the zones corresponding to the main products with a 

methanol/dichloromethane (15:85 by volume) mixture, filtration through 

s cotton wool and then evaporation of the solvents under reduced pressure 

(2. 7 kPa) at a temperature in the region of 40°C, 84.B mg of 4a-acetoxy-

2a-benzoyloxy-513.20-epoxy-1O~-(1-propyl)oxy-1 P-hydroxy-7Jl-methoxy-9-

oxo-11-taxen-13a-yl (2R, 4S,5R)-3-tert-butoxycarbonyl-2-{ 4-

methoxyphenyl)-4-phenyl-1 , 3-oxazolidine-5-carboxylate were obtained in 

10 the form of a white foam, the characteristics of which were as follows: 

-
1H NMR spectrum (300 MHz; CDCl3 ; chemical shifts 6 in ppm; coupling 

constants Jin Hz): 0.97 (t, J = 7, 3H: propyl CH3); 1.07 (s. 9H: C(CH3)J); 

1.19 (s. 6H: CH3); from 1.50 to 1.80 (mt. 3H: OH at position 1 and central 

CH2 of propyl); 1.60 (s. 3H: CH3); 1.70 (s. 3H: CH3); 1.76 and 2.63 (2 mts. 

1s 1H each: CH2 at position 6); 1.82 (unres. comp. 3H: COCH3); 2.07 and 

2.19 (2 dd, J = 16 and 9, 1H each: CH2 at position 14); 3.26 (s, 3H: OCH3); 

3.30 and 3.58 (2 mts, 1H each: propyl OCH2); 3.73 (d, J = 7.5, 1 H: Hat 

position 3}; 3.81 (s, 3H: Ar0CH3): 3.81 (mt, 1H: Hat position 7); 4.09 and 

4.23 (2 d, J = 8.5, 1H each: CH2 at position 20); 4.57 (d, J = 4.5,.1H: Hat 

20 position 2'); 4.79 {s, 1H: Hat position 10); 4.90 (broad d, J = 10, 1H: Hat 

position 5); 5.40 {unres. comp. 1H: Hat position 3'); 5.58 (d, J = 7.5, 1H: H 

at position 2); 6.13 (broad t. J = 9. 1H: Hat position 13); 6.40 (spread 
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unres. comp 1 H: Hat position 5'); 6.92 (d, J = 8.5, 2H: aromatic Hat the 

ortho position with respect to OCH3); from 7.30 to 7.60 (mt, 9H: aromatic H 

at position 3' - aromatic Hat the meta position with respect to OCH3 and 

OCOC6H5 meta H): 7.63 (t, J = 7.5. 1H: OCOC8~ Hat the para position): 

s 8.03 (d, J = 7.5, 2H: OCOC6H5 Hat the ortho position). 

4a-Acetoxy-2a-benzoyloxy-513, 20-epoxy-1O~-(1-propyl)oxy-1 13-

hydroxy-713-methoxy-9-oxo-11-taxen-13a-yl (2R. 35)-3-tert-

butoxycarbonylamino-2-hydroxy-3-phenylpropionate was prepared in the 

following manner: 

10 A solution of 84 mg of 4a-acetoxy-2a-benzoyloxy-5~.20-epoxy-1013-

( 1-propyl}oxy-113-hydroxy-713-methoxy-9-oxo-11-taxen-13a-yl (2R,4S,5R)-

3-tert-butoxy-carbonyl-2-(4-methoxyphenyl)-4-phenyl-:1.3-oxazolidine-5-

carboxylate in 0.84 cm3 of ethyl acetate and 0.0071 cm' of concentrated 

37 % hydrochloric acid was kept stirring at a temperature in the region of 

1s 20°C for 1 hour under an argon atmosphere. The reaction mixture was 

then purified by preparative thin-layer chromatography: application of the 

crude reaction mixture to 6 Merck preparative silica gel 60F254 plates, 

thickness 0.5 mm, eluting with a methanol/acetonitrile/ dichloromethane 

(3:7:90 by volume) mixture. After elution of the zone corresponding to the 

20 main product with a methanolldichloromethane (15:85 by volume) mixture, 

filtration through cotton wool and then evaporation of the solvents under 

reduced pressure (2_7 kPa) at a temperature in the region of 40°C, 27 mg 
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of 4a-acetoxy-2a-benzoyloxy-513.20-epoxy-1013-( 1-propyl)oxy-1 ~-hydroxy-

7~-methoxy-9-oxo-11-taxen-13a-yl (2R.3S)-3-tert-butoxycarbonylamino-2-

hydroxy-3-phenyl-propionate were obtained in the form of a white foam. 

the characteristics of which are as follows: 

s - 1H NMR spectrum (400 MHz; COCl3; chemical shifts() in ppm; coupling 

constants J in Hz): 0. 99 (t, J = 7, 3H: propyl CH3); 1.22 (s, 3H: CH3); 1.25 

(s, 3H: CH3); 1.38 (s, 9H: C(CH3)J; 1.64 (s, 1 H: OH at position 1 ); 1.69 (mt. 

2H: central CH2 of propyl); 1. 73 ( s. 3H: CH3); 1.80 and 2. 70 (2 mts, 1 H 

each: CH2 at position 6); 1.88 (s, 3H: CH3); 2.30 (mt, 2H: CH2 at position 

10 14); 2.36 (s, 3H: COCH3); 3.31 {s, 3H: OCH3); 3.36 and 3.64 (2 mts, 1 H 

each: propyl OCH2); 3.44 (unres. comp. 1H: OH at position 2'); 3.84 (d, J = 

7.5, Hz, 1 H: Hat position 3); 3.87 (dd, J = 11 and 6.5, 1 H: H at position 7); 

4.18 and 4.30 (2 d, J = 6.5, 1H each: CH2 at position 20); 4.64 (mt, 1H: H 

at position 2'); 4.89 (s. 1H: Hat position 10); 4.98 (broad d, J = 10, 1H: H 

15 at position 5); 5.28 (broad d, J = 10, 1 H: Hat position 3'}; 5.42 (d. J = 10, 

1 H: CONH); 5.64 (d, J = 7.5. 1 H: Hat position 2); 6.22 (broad t. J = 9. 1 H: 

Hat position 13); from 7.25 to 7.45 (mt, SH: aromatic Hat position 3'); 7.50 

(d. J = 7.5, 2H: OCOC6H5 Hat the meta position); 7.61(t.J=7.5, 1H: 

OCOC6H5 Hat the para position); 8.12 (d, J = 7.5, 2H: OCOC8H5 Hat the 

20 ortho position). 

4c:x-Acetoxy-2a-benzoyloxy-5(3.20-epoxy-10'3-( 1-propyl)oxy-1 '3.13a

dihydroxy-7(3-methoxy-9-oxo-11-taxene (or 10(3-( 1-propyl)oxy-71)-methoxy-
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10-deacetoxybaccatin Ill) was prepared in the following manner: 

30 mg of sodium hydride at a concentration of 50 % by weight in 

liquid paraffin were added portionwise to a solution. maintained under an 

argon atmosphere. at a temperature in the region of 0°C. of 165 mg of 

s 4a-acetoxy-2a-benzoyloxy-5~,20-epoxy-1~.7(3, 13a-trihydroxy-1O~-(1-

propyl)oxy-9-oxo-11-taxene in 1. 7 cm3 of iodomethane and 1 cm3 of 

dimethylformamide. After 30 minutes at a temperat~re in the region of 

O"C, the reaction mixture was diluted with 40 cm3 of ethyl acetate, 5 cm3 of 
. . I 

· distilled water and 7 cm3 of saturated aqueous ammonium chloride 

10 solution. After settling had taken place. the organic phase was separated 

and washed with three times 7 cm3 of distilled water and then 7 cm3 of 

saturated aqueous sodium chloride solution, dried over magnesium 

sulphate, filtered through sintered glass and concentrated to dryness under 

reduced pressure (2. 7 kPa) at a temperature in the region of 40"C. 224 mg 

1s of the yellow solid were thereby obtaineo, which product was purified by 

chromatography at atmospheric pressure on 20 g of silica (0.063-0.2 mm) 

contained in a column 2.5 cm in diameter (elution gradient: ethyl 

acetate/dichloromethane from 0:100 to 15:85 by volume}, collecting 10-cm3 

fractions. Fractions containing only the desired product were pooled and 

20 concentrated to dryness under reduced pressure (0.27 kPa) at 40°C for 2 

hours. 117 .5 mg of 4a-acetoxy-2a-benzoyloxy-SJ3,20-epoxy-1Of3-(1-

propyl)oxy-1J3,13a-dihydroxy-7f3-methoxy-9-oxo.:.11-taxene were thereby 
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obtained in the form of a white foam, the characteristics of which were as 

follows: 

-
1H NMR spectrum (300 MHz; CDCl3: chemical shifts 0 in ppm, coupling 

constants J in Hz): 0. 98 (t. J = 7, 3H: propyl CH3); 1.05 (s, 3H: CH3); 1.19 

s (s, 3H: CH3); from 1.6,0 to 1.80 (mt, 2H: central CH2 of propyl); from 1.65 to 

1.85 and 2.66 (2 mts, 1 H each: CH2 at position 6); 1.72 (s, 3H: CH3); 2.10 

(s. 3H: CH3); from 2.05 to 2.35 (mt, 2H: CH2 at position 14); 2.28 (s. 3H: 

COCH3); 3.32 (s, 3H: OCH3); 3.45 and 3.65 (2 mts, 1H each: propyl 0CH2); 

3.92 (d, J = 7.5, 1H: H3); 3.93 (dd, J = 11and6, 1H: Hat position 7); 4.16 

10 and 4.32 (2 d, J = 8.5, 1H each: CH2 at position 20); 4.90 (mt, 1H: Hat 

position 13); 4.94 (s, 1H: Hat position 10); 5.03 {broad d, J = 10, 1H: Hat 

position 5); 5.60 (d, J = 7.5, 1H: Hat position 2); 7.48 (t, J = 7.5, 2H: 

OCOC8H5 Hat the meta position); 7.62 (t, J = 7.5, 1H: OCOC8H5 Hat the 

para position); 8.11 (d, J = 7.5, 2H: OCOC8H5 Hat the ortho position}. 

15 4a-Acetoxy-2a-benzoyloxy-5j3,20-epoxy-1~.7~.13a-trihydroxy-1 O~-

( 1-propyl)oxy-9-oxo-11-taxene (or 1O~-(1-propyl)oxy-10-deacetoxybaccatin 

Ill) was prepared in the following manner: 

8. 75 cm3 of hydrogen fluoride/triethylamine complex (3HF. Et3N) · 

were added to a solution, maintained under an argon atmosphere, at a 

20 temperature in the region of 20°C, of 585 mg of 4a-acetoxy-2a

benzoyloxy-5~. 20-epoxy-1 ~ydroxy-1 0'3-( 1-propyl)oxy-9-oxo-7~, 13a

bis{ triethylsilyloxy)-11-taxene in 6 cm3 of dichloromethane. After 24 hours 
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at a temperature in the region of 20"C, the reaction mixture was diluted 

with 30 cm3 of dichloromethane and poured into a suspension ·of 30 cm 3 of 

supersaturated aqueous sodium hydrogen carbonate solution maintained 

at a temperature in the region of 0°C. After dilution with 10 cm3 of distilled 

s water and when settling had taken place, the aqueous phase was 

separated and re-extracted with twice 20 cm3 of diethyl ether. The organic 

phases were combined. washed with 20 cm3 of distilled water and 20 cm3 

of saturated aqueous sodium chloride solution, dried over magnesium 

·sulphate, filtered through magnesium sulphate and concentrated to 

10 dryness under reduced pressure (2.7 kPa) at a temperature in the region 

of 40°C. 500 mg of a pale yellow foam were thereby obtained, which 

product was purified by chromatography at atmospheric pressure on 40 g 

of silica (0.063-0.2 mm) contained in a column 2.5 cm in diameter. eluting 

with a methanoVdichloromethane (2:98 by volume) mixture and collecting 

is 15-cm3 fractions. Fractions containing only the desired product were 

pooled and concentrated to dryness under reduced pressure (2.7 kPa) at 

40"C for 2 hours. 373.8 mg of 4a-acetoxy-2a-benzoyloxy-5~.20-epoxy-

113. 713. 13a-trihydroxy-1O~-(1-propyl)oxy-9-oxo-11-taxene were thereby 

obtained in the form of a white solid, the characteristics of which were as 

20 follows: 

-
1H NMR spectrum (300 MHz; CDCl3; chemical shifts 6 in ppm, coupling 

constants Jin Hz): 0.95 (t. J = 7, 3H: propyl CH3); 1.06 (s, 3H: CH3); 1.22 
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(s. 3H: CH3); 1.45 (d, J = 7.5. 1 H: OH at position 7); from 1.60 to 1.80 (mt. 

2H: central CH2 of propyl); 1.67 (s. 3H: CH3); 1.83 and 2.62 (2 mts. 1 H 

each: CH2 at position 6); 2.05 (s. 3H: CH3); 2.05 (mt, 1H: OH at position 

13); 2:27 (limiting AB, 2H: CH2 at position 4); 2.28 (s, 3H: COCH3); 3.40 

5 and 3.57 (2 mts, 1H each: propyl OCH2); 3.97 (d, J = 7.5, 1H: Hat position 

3); 4.15 and 4.30 (2 d, J = 8.5, 1H each: CH2 at position 20); 4.28 (mt, 1H: 

Hat position 7); 4.90 (mt, 1 H: Hat position 13); 4.98 (broad d, J = 10, 1 H: 
. ' 

Hat position 5); 5.03 (s, 1H: Hat position 10); 5.65 (d, J = 7.5, 1H: Hat 

position 2); 7.50 (t. J = 7.5, 2H: OCOC9H5 Hat the meta position}; 7.60 (t. J 

10 = 7.5, 1H: OCOC8H5 H atthe para position); 8.00 (d, J = 7.5, 2H: OCOC6H5 

H at the ortho position). 

4a-Acetoxy-2a-benzoyloxy-5P.20-epoxy-113-hydroxy-1OlJ-(1-

propyl)oxy-9-oxo-7f), 13a-bis(triethyl.:.silyloxy)-11-taxene (or 1Ol}-(1-

propyl)oxy-10-deacetoxy-7, 13-bis(triethylsilyl)baccatin Ill) was prepared in 

15 the following manner: 

93 mg of sodium hydride at a concentration Of 50 % by weight in 

liquid paraffin were added portionwise to a solution, maintained under an 

argon atmosphere, at a temperature in the region of 20°C, of 1 g of 

4a-acetoxy-2a-benzoyloxy-5'3, 20-epoxy-1'3,1 OJ3-dihydroxy-9-oxo-7 ~. 13a-

20 bis(triethylsilyloxy)-11-taxene in 3 cm3 of iodoethane and 4 cm3 of 

dimethylformamide. The solution was kept stirring for 19 hours at a 

temperature in the region of 20°C, and 93 mg of sodium hydride at a 
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concentration of 50 % by weight in liquid paraffin were then added 

portionwise. After 3 hours at a t~mperature in the region of 20°C. the. 

reaction mixture was diluted with 100 cm3 of ethyl acetate and 10 cm3 of 

saturated aqueous ammonium chloride solution. The organic phase was 

s separated after settling had taken place and washed with six times 10 cm3 

of distilled water and then 10 cm3 of saturated aqueous sodium chloride · 

solution, dried over magnesium sulphate, filtered through sintered glass 

and concentrated to dryness under reduced pressure (2. 7 kPa) at a 

temperature in the region of 40°C. 1.32 g of a pale yellow foam were 

10 thereby obtained, which product was purified by chromatography at 

atmospheric pressure on 150 g of silica (0. 063-0.2 mm) contained in a 

column 3. 5 cm in diameter, eluting with an ethyl acetate/dichloromethane 

(2:98, then 5:95 by volume) mixture and collecting 15-cm3 fractions. 

Fractions containing only the desired products were pooled and 

1s concentrated to dryness under reduced pressure (0.27 kPa) at 40"C for 2 

hours. 376.3 mg of 4a-acetoxy-2a-benzoyloxy-5P.20-epoxy-1~.1013-

dihydroxy-9-oxo-7P. 13a-bis(triethylsilyloxy)-11-taxene were thereby 

obtained in the form of a pale yellow foam and 395.3 mg of 4a-acetoxy-

2a-benzoyloxy-5'3,20-epoxy:.113-hydroxy-1Ojl-(1-propyl)oxy-9-oxo-7'3 .. 130-

2 o bis(triethylsilyloxy)-11-taxene were thereby obtained in the form of a pale 

yellow foam, the characteristics of whieh were as follows: 

-
1H NMR spectrum (400 MHz; CDCl3; chemical shifts 6 in ppm; coupling 

NEPTUNE GENERICS  EX. 01039



• • 
Attorney Docket No.: 03806.0387 

constants J In Hz): 0.57 and 0. 70 (2 mts, SH each: ethyl CH2); 0.94 and 

1.03 (2 t, J = 7.5, 9H each: ethyl CH3); 0.94 (t, J = 7.5, 3H: propyl CH3); 

1. 14 (s. 3H: CH3); 1.21 (s. 3H: CH3); 1.67 (s, 3H: CH3); 1.69 (mt, 2H: 

central CH2 of propyl}; 1.88 and 2.48 (2 mts, 1H each: CH2 at position 6); 

s 2.03 (s, 3H: CH3); 2.13 and 2.23 (2 dd, J = 16 and 9, 1H each: CH2 at 

position 14}; 2.30 (s, 3H: COCH3); 3.40 (mt, 2H: propyl OCH2); 3.84 (d, J = 

7.5. 1H: Hat position 3); 4.16 and 4.30 (2 d, J = 8.5, 1H each: CH2 at 

position 20); 4.44 (dd, J = 11and6.5, 1H: Hat position 7); 4.96 (broad d, J 

= 10 Hz, 1H: HS); 4.97 (s, 1H: H 10); 4.99 (broad t, J = 9Hz, 1H: Hat 

10 position 13); 5.62 (d. J = 7.5, 1 H: Hat position 2); 7.48 (t, J = 7.5, 2H: 

OCOC8H5 Hat the meta position); 7.60 (t, J = 7.5, 1H: OCOC6H5 Hat the 

para position); 8.10 (d, J = 7.5, 2H: OCOC6H5 Hat the ortho position). 

The new products of general formula (I) in which Z represents a 

radical of general formula (II) manifest significant inhibitory activity with 

1s respect to abnormal cell proliferation, and possess therapeutic properties 

permitting the treatment of patients having pathological conditions 

associated with abnormal cell proliferation. The pathological conditions 

include the abnormal cell proliferation of malignant or non-malignant cells 

of various tissues and/or organs, comprising. without implied limitation .. 

2 o muscle, bone or connective tissue, the skin, brain, lungs, sex organs, the 

lymphatic or renal systems. mammary or blood cells, liver, the digestive 

system, pancreas and thyroid or adrenal glands. These pathological 
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conditions can also include psoriasis. solid tumours. cancers of the ovary. 

breast. brain, prostate, colon, stomach. kidney or testicles, Kaposi's 

sarcoma. cholangiocarcinoma, choriocarcinoma, neuroblastoma, Wilms' 

tumour. Hodgkin's disease. melanoma. multiple myeloma, chronic 

s lymphocytic leukaemia and acute or chronic granulocytic lymphoma. 

The new products according to the invention are especially useful 

for the treatment of cancer of the ovary. The products according to the 

inventio~ may be used to prevent or delay the appearance or 

reappearance of the pathological conditions. or to treat these pathological 

lo conditions. 

The products according to the invention may be administered to a 

patient according to different dosage forms suited to the chosen 

administration route, which is preferably the parenteral route. Parenteral 

administration comprises intravenous, intraperitoneal, intramuscular or 

15 subcutaneous administration. lntraperitoneal or intravenous administration 

is more especially preferred. 

The present invention also comprises pharmaceutical compositions 

containing at least one product of general formula (I), i~ a sufficient amount 

suitable for use in human or veterinary therapy. The compositions may be 

2 o prepared according to the customary methods, using one or more 

pharmaceutically acceptable adjuvants, vehicles or excipients. Suitable 

vehicles include diluents, sterile aqueous media and various non-toxic 
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solvents. Preferably, the compositions take the form of aqueous solutions 

or suspensions, injectable solutions which can contain emulsifying agents, 

colourings. preservatives or stabilizers. However, the compositions can 

also take the form of tablets, pills, powders or granules which can be 

s administered orally. 

The choice of adjuvants or excipients may be determined by the 

solubility and the chemical properties of the product, the particular mode of 

administration and good pharmaceutical practice. 

For parenteral administration, sterile, aqueous or non-aqueous 

10 solutions or suspensions are used. For the preparation of non-aqueous 

solutions or suspensions, natural vegetable oils such as olive oil, sesame 

oil or liquid petroleum, or injectable organic esters such as ethyl oleate, 

may be used. The sterile aqueous solutions can consist of a solution of a 

pharmaceutically· acceptable salt dissolved in water. The aqueous 

15 solutions are suitable for intravenous administration provided the pH is 

appropriately adjusted and the solution is made isotonic. for example with 

a sufficient amount of sodium chloride or glucose. The sterilization may be 

carried out by heating or by any other means which does not adversely 

affect the composition. 

20 It is clearly understood that all the products participating in the 

compositions according to the invention must be pure and non-toxic in the 

amounts used. 
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The compositions can contain at least 0.01% of therapeutically 

active product. The amount of active product in a composition is such that 

a suitable dosage can be prescribed. Preferably, the compositions are 

prepared in such a way that a single dose contains from 0.01to1000 mg 

s approximately of active .Product for parenteral administration. 

The therapeutic treatment may be performed concurrently with other 

therapeutic treatments including antineoplastic drugs, monoclonal 

antibodies. immunotherapy or radiotherapy or biological response 

modifiers. The response modifiers include, without implied limitation, 

10 lymphokines and cytokines such as interleukins, interferons (a, ~or 6) and 

TNF. 

Other chemotherapeutic agents which are useful in the. treatment of 

disorders due to abnormal cell proliferation include, without implied 

limitation, alkylating agents, for instance nitrogen mustards such as 

15 mechlorethamine, cyclophosphamide, melphalan and chlorambucil, alkyl 

sulphonates such as busulfan. nitrosoureas such as carmustine, lomustine, 

semustine and streptozocin, triazenes such as dacarbazine, 

antimetabolites such as folic acid analogues, for instance methotrexate, 

pyrimidine analogues such as fluorouracil and cytarabine, purine 

2 o analogues such as mercaptopurine and thioguanine, natural products. for 

instance vinca alkaloids such as vinblastine. vincristine and vindesine. 

epipodophyllotoxins such as etoposide and teniposide, antibioties such as 

•, 
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dactinomycin. daunorubicin, doxorubicin, bleomycin, plicamycin and 

mitomycin, enzymes such as L-asparaginase. various agents such as 

coordination complexes of platinum, for instance cisplatin, substituted 

ureas such as hydroxyurea, methylhydrazine derivatives such as 

s procarbazine. adrenocortical suppressants such as mitotane and 

aminoglutethimide, hormones and antagonists such as 

adrenocorticosteroids such as prednisone, progestins such as 

hydroxyprogesterone caproate, methoxyprogesterone acetate and 

megestrol acetate. oestrogens such as diethylstilboestrol and 

10 ethynyloestradiol, antioestrogens such as lamoxifen, and androgens such 

as testosterone propionate and fluoxymesterone. 

The doses used for carrying out the methods according to the 

invention are those which permit a prophylactic treatment or a maximum 

therapeutic response. The doses vary according to the administration form. 

is the particular product selected and features distinctive to the subject to be 

treated. In general, the doses are those which are therapeutically effective 

for the treatment of disorders due to abnormal cell proliferation. 

The products according to the invention may be administered as 

often as necessary to obtain the desired therapeutic effect. Some patients 

2 o may respond rapidly to relatively high or low ·doses, and then require tow or • 

zero maintenance doses. Generally, low doses will be used at the 

beginning of the treatment and, if necessary, increasingly stronger doses 
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will be administered until an optimum effect is obtained. 

For other patients, it may be necessary to administer maintenance 

doses 1 to 8 times a day, and preferably 1 to 4 times, according to the 

physiological requirements of the patient in question. It is also possible that 

s some patients may require the use of only one to two daily administrations. 

In man, the doses generally range from 0.01to200 mg/kg. For 

intraperrtoneal administration, the doses will generally range from 0.1 

to100 mg/kg, preferably from 0.5 to 50 mg/kg and still more specifically 

from 1 to 10 mg/kg. For intravenous administration, the doses generally 

10 range from 0.1 to 50 mg/kg, preferably from 0.1 to 5 mg/kg and still more 

specifically from 1 to 2 mg/kg. It is understood that, in order to choose the 

most suitable dosage, account should be taken of the administration route, 

the patient's weight, general state of health and age and all factors which 

may influence the efficacy of the treatment. 

15 The example which follows illustrates a composition according to 

the invention. 

EXAMPLE 

40 mg of the product obtained in Example 1 are dissolved in 1 cm3 

of Emulphor EL 620 and 1 cm3 of ethanol, and the solution is then diluted 

20 by adding 18 cm3 of physiological saline. The composition is administered 

by perfusion over 1 hour by introduction in physiological solution. 
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WE CLAIM· 

1. A taxoid of the formula (I): 

0 

Z-0 .... (l) 

5 

in which: 

Z represents a hydrogen· 

(II) 

OH 

in which: 

10 R1 represents a benzoyl radical optiona substituted with one or 

more identical or different atoms or radicals sele ed from halogen atoms. 

alkyl radicals containing 1 to 4 carbon atoms. alkox radicals containing 1 

to 4 carbon atoms, trifluoromethyl radicals, a thenoyl adical. a furoyl 

radical, and a radical R2-0-CO- in which R2 represents: 

15 - an alkyl radical containing 1 to 8 carbon atoms. alkenyl radical 

containing 2 to 8 carbon atoms, an alkynyl radical containi 3 to 8 carbon 
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a~r:ns, a cyctoalkyl radical containing 3 to 6 carbon atoms, a cycloalkenyl 

radi~\ntaining 4 to 6 carbon atoms or a bicycloalkyl radical containing 7 

to 10 carb~n atoms, these radicals being optionally substituted with one or 

\ 
more substituents selected from halogen atoms; hydroxyl radicals; alkoxy 

radicals cont~ing 1 to 4 carbon atoms; dialkylamino radicals in which 

each alkyl porti~'\nlains 1 to 4 carbon atoms; piperidino radicals; . 

morpholino radicals,\-piperazinyl radicals optionally substituted at position 

4 with an alkyl radical oontaining 1 to 4 carbon atoms or with a phenylatkyl 

radical in which the alk~portion contains 1 to 4 carbon atoms; cycloalkyl 

radicals containing 3 to 6 ~ bon atoms; cycloalkenyl radicals containing 4 

to 6 carbon atoms; phenyl ra icals optionally substituted with one or more 

atoms or radicals selected fro halogen atoms, alkyl radicals containing 1 

to 4 carbon atoms and alkoxy ra icals containing 1 to 4 carbon atoms; 

cyano radicals; carboxyl radicals; nd alkoxycarbonyl radicals in which the 

15 alkyl portion contains 1 to 4 carbon toms, 

- a phenyl or a- or a-naphthyl dical optionally substituted with one 

or more atoms or radi.cals selected fro halogen atoms; alkyl radicals 

containing 1 to 4 carbon atoms; and alko y radicals containing 1 to 4 

carbon atoms, 

2 o - or a 5-membered aromatic hetero 

- or a saturated heterocyclic radical co taining 4 to 6 carbon atoms. 

optionally substituted with one or more alkyl ra 
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ca;~on atoms, \ . 

R3 represents an unbranched or branched alkyl radical containing 1 
\ 

to 8 carbo~\ms, an unbranched or branched alkenyl radical containing 2 

to 8 carbon atoms. an unbranched or branched alkynyl radical containing 2 

to 8 carbon ato~ cycloalkyl rildical containing 3 to 6 carbon atoms, ~ 
phenyl or c.x- or J3-naphthyl radical optionally substituted with one or more \ . . . 

atoms or radicals selected from halogen atoms, alkyl, alkenyl, alkynyl, aryl, 

aralkyl, alkoxy, alkylthio, ~loxy, arylthio, hydroxyl, hydroxyalkyl, . 

mercapto, formyl, acyt, acyl~ino. aroylamino, alkoxycarbonylamino, 

amino. alkylamino, dialkylami~. carboxyl, alkoxycarbonyl, carbamoyl, 

alkylcarbamoyt, dialkylcarbamo~ano, nitro and ttifluoromethyl radicals, 

or a 5-membered aromatic neterocycle containing one or more 

identical or different hetero atoms sJected from nitrogen, oxygen and 

sulphur atoms and optionally substitut~ with one or more identical or 

different substituents selected from halo~en atoms, alkyl, aryl, amino, 

alkylamino. dialkylamino, alkoxycarbonyla ino. acyl, arylcarbonyl, cyano. 

carboxyl, carbamoyl, alkylcarbamoyl, dialkyl arbamoyl and alkoxycarbonyl 

radicals, 

with the proviso that, in the substituents f the phenyl, a- or P-

2 o naphthyl and aromatic heterocyclic radicals. the lkyl radicals and the alkyl 

portions of the other radicals contain 1 to 4 carbo atoms, and the alkenyl 

and alkynyl radicals contain 2 to 8 carbon atoms, a ~ the aryl radicals are 
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""\ 
\ . 

phenyl\or a- or a-naphthyl radicals. 

\ 
. R4 ··r.\esents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or branched chain, an alkenyloxy radical containing 3 to 6 

carbon atoms ~an unbranched or branched chain, an alkynyloxy radical 
\. 

containing 3 to 6 c~bon atoms in an unbranched or branched chain, a 

cycloalkyloxy radical~ntaining 3 to 6 carbon atoms or a cycloalkenyloxy 

radical containing 4 to 6\arbon atoms, these radicals being optionally 

substituted with at least on~substituent selected from halogen atoms, an 

\ . 

alkoxy radical containing 1 to 4\rbon atoms, an alkylthio radical 

containing 1 to 4 carbon atoms. a\rboxyl radical, an alkyloxycarbonyl 

radical in which the alkyl portion contains 1 to 4 carbon atoms, a cyano 

radical, a carbamoyl radical, an N-al~carbamoyl radical, and an . 

N, N-dialkylcarbamoyl radical in which each alkyl portion contains 1 to 4 

carbon atoms ~ 
or. both alkyl portions, together with the nitrogen atom to which they 

are linked, form a saturated 5- or 6-membe~d heterocyclic radical 

optionally containing a second hetero atom se acted from oxygen, sulphur 

and nitrogen atoms, optionally substituted with n alkyl radical containing 1 

to 4 carbon atoms, a phenyl radical or a phenylal I radical in which the 

2 o alkyl portion contains 1 to 4 carbon atoms, 

R5 represents an alkoxy radical containing 1 t 6 carbon atoms in an 

unbranched or branched chain optionally subst~uted \th an alkoxy radical 
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.'\ 
contai.Aing 1 to 4 carbon atoms, an alkenyloxy radical containing 3 to 6 

carbon ~ms, an alkynyloxy radical containing 3 to 6 carbon atoms, a 

cycloalkylo~\dical containing 3 to 6 carbon atoms or a cycloalkenyloxy 

radical containing 3 to 6 carbon atoms, these radicals being optionally 

\ 
substituted with at 'least one substituent selected from halogen atoms, an 

alkoxy radical conta~ing 1 to 4 carbon atoms, an alkylthio radical 

containing 2 to 4 carbo~oms, a carboxyl radical, an alkyloxycarbonyl 

radical in which the alkyl portion contains 1 to 4 carbon atoms, a cyano 

radical, a carbamoyl radica~n N-alkylcarbamoyl radical, and an 

N,N-dialkylcarbamoyl radical \which ea. ch alkyl portion contains 1 to 4 

carbon atoms \ 

or, both alkyl portions, together with the nitrogen atom to which they 

are linked. form a saturated 5- or 6- embered heterocyclic radical 

optionally containing a second hetero atom selected from oxygen. sulphur 

15 and nitrogen atoms. optionally substitu d with an alkyl radical containing 1 

to 4 carbon atoms, a phenyl radical. or a phenylalkyl radical in which the 

alkyl portion contains 1 to 4 carbon atoms 

2. A taxoid according to claim 1, wherein Z represents a 

hydrogen atom or a radical of formula (II) in which 

20 R1 represents a benzoyl radical or a ra 

represents a tert-butyl radical. 

R3 represents an alkyl radical containing to 6 carbon atoms; an 
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alkenyl ra · al containing 2 to 6 carbon atoms; a cycloalkyl radical 

containing 3 to carbon atoms; a phenyl radical optionally substituted with 

one or more identi I or different atoms or radicals selected from halogen 

atoms. alkyl. alkoxy, d lkylamino, acylamino, alkoxycarbonylamino and 

s trifluoromethyl radicals; o a 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-thiazolyl, 

3. A taxoid according to claim 1, wherein represents a 
---., 

10 hydrogen atom or a radical of formula (II) in whic 

R1 represents a benzoyl radical or a ra 

represents a tart-butyl radical, 

. R3 represents an isobutyl, isob enyl, butenyl, cyclohexyl, phenyl, 

-thiazolyl, 4-thiazolyl or 5-thiazolyl 

15 radical, and 

R.oi and R5, which cal or different, each represent a 

methoxy, ethoxy or prop 

4. __ . m_ 1, wherein when R2 represents a 

5-membered aroma ·c heterocyclic radical, said radical is a furyl or thienyl 

20 radical. 

5. A recess for preparing the taxoid according to claim 1. 

ese~ts a radical ,of formula (II}. said process comprising: 
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esterifying a product of formula (Ill): 

HO,. ... (III) 

in which R4 and R5 are defi ed as in claim 1 

with an acid of form 

(IV} 

.~f-~} 
in which R, and R3 are defi ed a~. and either R6 represents a 

5 hydrogen atom and R7 rep esents a group protecting the hydroxyl function. 

or R6 and R7 together form a saturated 5- or 6-membered heterocycle. or 

with a derivative of aid acid, to obtain an ester of formula (V): 

(V) 
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~•-:~g' . 
l i. Rf A process according to ~· wherein said esterifying step 

5 is performed with an acid of formula (IV) in the presence of a condensing 

agent and an activating agent in an organic solvent at a temperature of 

from -10 to 90"C. 3fa <t 

l) fi. A process according to~ wherein said esterifying step 

is performed with an acid of formula (IV) in the form of the symmetrical 

10 anhydride thereof, in the presence of an activating agent in an organic 

solvent at a temperature of from 0 to 90°C. · r:, 
. ~6 

l 't fr. A process according to claim~ wherein said esterifying step r . 
is performed with the acid of formula (IV) in halide form or in the form of a 

mixed anhydride with an aliphatic or aromatic acid, optionally prepared in 

15 situ, in the presence of a base, in an organic solvent at a temperature of 

from Oto 60"C. a;jD. <g 

I~ ~ A process according to claiCQ6 further comprising replacing 

the protective group(s) R7 or ~ydrogen atoms, wherein: ,... 
1 ) when R6 represents a hydrogen atom and R7 represents a group 

2 o protecting the hydroxyl function, said replacing the protective groups by 

hydrogen atoms is accomplished 

with at least one inorganic or organic acid. in an organic solvent 
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. selected from alcohols, ethers. esters, aliphatic hydrocarbons, halogenated 

aliphatic hydrocarbons, aromatic hydrocarbons and nitriles at a 

temperature from -10 to 60"C, or 

with a source of fluoride ions, or 

with catalytic_ hydrogenation. 

2) when R6 andrR1 together form a saturated 5- or 6-membered 

heterocycle of formula (VI): 

(VJ) 

~:#~ 
in which R, is delineda_~e ~nd R, an~. which may be 

identical or different, 

represent a hydrogen atom or an alkyl radical containing 1 to 4 

carbon atoms, or an aralkyl radical in which the alkyl portion contains 1 to 4 

carbon atoms. or an aryl radical, or 

alternatively R8 represents an alkoxy radical containing 1 to 4 

carbon atoms or a trihalomethyl radical or a phenyl radical substituted with 

15 a trihalomethyl radical and R9 represents a hydrogen atom, or 

alternatively Ra and R9, together with the carbon atom to which they 

are linked, for~ a~j~. 7 ?-membered ring, 
~~) 
tc1herein when: . 
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a) R1 represents a tert-butoxycarbonyl radical and R6 and R9• / 

which may be identical or different, represent an alkyl radical or an aralkyl 

or aryl radical, or 

alternatively R8 represents a trihalomethyl radical or a phenyl 

s radical substituted with a trihalomethyl radical and R9 represents a 

hydrogen atom, or 

alternatively Ra and R9 together form a 4- to 7-mei:nbered 

ring, 

the ester of formula (V} is treated with an inorganic or organic acid, 

10 and~in an organic solvent, to obtain the product of 

formula (VII): 

(VII) 

OCOC6H5 

' - /J -- •. <3J' g 
~~ft 

in which R3• R4 and R5 are defined~. and 

said product of formula (VII) is acylated with 

j 
benzoyl chloride in which the phenyl ring is optionally substituted or 

15 thenoyl chloride, or furoyl chloride or a product of formula (VIII): 
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in which R, is defined in claimt.d X represents a halogen at6m or 

a residue -O-R2 or -O-C0-0-R2, to obtain a product of formula (I) in which 

Z represents a radical of formula (II), 

b) when R1 represents an optionally substituted benzoyl radical, a 

thenoyl or furoyl radical or a radical R20-CO- in which R2 is defined as 

above, R6 represents a hydrogen atom or an alkoxy radical containing 1 to 

4 carbon atoms or a phenyl radical substituted with one or more alkoxy 

radicals containing 1 to 4 carbon atoms and R9 represents a hydrogen 

atom. 

the protective group formed by R6 and R7 is replaced by hydrogen 

atoms in the presence of at least one inorganic or organic acid in a 

stoichiometric or catalytic amount. and in an organic solvent selected from 

alcohols, ethers, esters, aliphatic hydrocarbons, halogenated aliphatic 

hydrocarbons and aromatic hydrocarbons 

at a temperature of from -10 to 60°C. 
If 

A process according to claim fl, wherein when R6 and R7 

together form a saturated 5- or 6-membered heterocycle of formula (VI}, 

and R6 and R9 , which may be identical or different, represent an aralkyl 

radical in which the alkyl portion contains 1 to 4 carbon atoms, the aryl 

2 o portion of said aralkyl radical represents a phenyl radical optionally 

substituted with one or more alkoxy radicals containing 1 to 4 carbon 
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atoms. ,,,-
/ \ 

A process according to claim~ wherein when R6 and R7 

together form a saturated 5- or 6-membered heterocycle of formula (VI}, 

and R8 and R9, which may be identical or different, represent an aryl · 

s radical, said aryl radical is a phenyl radical optionally substituted with one 

or more alkoxy radicals containing 1 to 4 carbon atoms. ,.. 
l) 

l t n. A process according to claim j;. wherein said temperature 

ranges from 15 to 30" C. 

13. A process for preparing a newt oid according to claim 1, 

o wherein Z represents a hydrogen atom an R.. and R5 are defined as in 

claim 1 . said process comprising: -
treating 10-deacetylbaccatin 

(IX) 

(R}:,-Si~Hal (X) 

15 hich the symbols R. which may be identical or different, 

nt an alkyl radical containing 1 to 6 carbon atoms. optionally 
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substituted with a phenyl radical, cycloalkyl radical containing 3 to 6 

carbon atoms or a phenyl radical to obtain a product of formula (XI): 

(XI) 

5 (XII) 

in which R'4 represents a radical such that R'4-0 is Identical to R.1 

defined as in claim 1 and X, r presents a halogen atom or a reactive ester 

residue, to obtain a product o formula (XIII): 

(Rl Si-0 ,, .. 
l 

(XIII) 
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in which Rand R, are defined as above, 

replacing the silyl protective groups o said product of formula (XIII) 

by hydrogen atoms to obtain a product of ormula (XIV): 

(XIV) 

in which R4 is define as above, and 

s etherifying aid compound of formula {XIV) selectively at position 7 

(XV) 

epresents a radical such that R'5-0 is identical to R5 defined 

as in clai 1 and X2 represents a reactive ester residue or a halogen atom. 

10 to give t e product of formula (I) in which Z represents a hydrogen atom. 

14. A process for pr aring ·a product according to claim 1, 

wherein Z represents a radical formula (II) and R4 and R5 are defined as 

in claim 1, said process comprisin : 
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0 

(XVU 

0 

in which R1, R3 • R6 and R are defined as in claim 1, with a product of 

formula (X): 

(R)JSi-Hal (X) 

in which the symbols R. whi~ may be identical or different, represent an 

alkyl radical containing 1 to 6. \arbon atoms, optionally substituted with a 

phenyl radical, or a cycloalkyl r dical containing 3 to 6 carbon atoms or a 

phenyl radical. to obtain a prod ct of formula (XVII): 

(XVII) 

ocroc6H5 

\ 
\ 

in which R. R,, R3, R6 and R, are definJd as above, 

functionalizing said compound of\ ormula (XVII) at position 1 O with a 

10 product of formula: 

(XII) 
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in which R'4 repres nts a radical such that R'4-0 is identical to R4 defined 

presents a halogen atom or a reactive ester residue, 

to give a product of for ula (XVIII): 

(XVIII) 

in which R, R1, R3• R4, R6 and R7 re defined as above, 

s replacing the silyl protective roup of said product of formula (XVIII) 

by a hydrogen atom to give a produ of formula (XIX): 

(XIX) 

which, when reacted with a product of for ula (XV), yields the product of 

formula (V), 

and replacing the protective groups o formula {V) with hydrogen 
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atoms to give a prodj of formula (I) in which Z represents a radical of 

formula (II). \ 

1 A process for preparing a product according to claim 1, 

acting activated Raney nickel, in the presence of an aliphatic . 

·ng 1 to 3 carbon atoms or an ether, with a product of 

formula (XX.I): ·. 

z .Q ..... 
l 

(XXI) 

in which R4 is defined as in claim 1, d R' and R", which may be identical 

O( different. 

represent a hydrogen atom or an kyl radical containing 1 to 6 

10 carbon atoms, an alkenyl radical containing to 6 carbon atoms, an 

alkynyl radical containing 3 to 6 carbon atoms, cycloalkyl radical 

containing 2 to 6 carbon atoms or a cycloalkenyl adical containing 3 to 6 

carbon atoms, optionally substituted, or alternative! 

R' and R", together with the carbon atom to wh1 h they are linked. 

15 form a cycloalkyl radical containing 3 to 6 carbon atoms a cycloalkenyl 

radical containing 4 to 6 carbon atoms, and Z1 represents a 
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. or ~adical of formula (XX.II): 

(XXll}. 

in which R1 and R3 a e defined in claim 1 and either Re represents a 

hydrogen atom and R7 epresents a group protecting the hydroxyl function. 

or R8 and R7 together fo a saturated 5- or 6-membered heterocycle. to 

s obtain a product of formula .XXlll): 

z -0 .... 
I 

(XXIII) 

followed, when Z1 represents a radical f formula (XX.II), by replacing the 

protective group(s) represented by Re o R8 and R7 by hydrogen atoms 

under the conditions of claim 9. 

16. A preparation process accor ing to claim 15. wherein said 

io - process is carried out at a temperature of fr m -10 to 60"C. 
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I ef. 4a-Acetoxy-2a-benzoyloxy-5f3,20-epoxy-1 P-hydrox y-7 (3, 1 0'3-

dimethoxy-9-oxo-11-taxen-13a-yl (2R,35)-3-tert-butoxycarbonytamino-2-

hydroxy-3-phenylpropionate. 

1 B. 4 -Acetoxy-2a-benzoyloxy-1J3-hydroxy-5J3.20-epoxy-713~ 

methoxy-1 OJ3-etho -9-oxo-11-taxen-13a-yl (2R,3S)-3-tert-

butoxycarbonylamino- hydroxy-3-phenylpropionate. 

19. 4a-Acetoxy- a-benzoyloxy-1 P-hydroxy-5J3,20-epoxy-713-

methoxy-1013-( 1-propyl)oxy-9- xo-11-taxen-13a-yl (2R, 35 )-3-tert-

butoxycarbonylamino-2-hydroxy-

'0 20. 

in combination with one or more ph rmaceutically acceptable diluents or 

adjuvants and optionally one or ore compatible and pharmacologically 

active compounds. 

15 G 21. utical composition comprising at least the 

product according to aim 17 in combination with one or more 

pharmaceutically ceptable diluents or adjuvants and optionally one or 

more compatibl and pharmacologically active compounds. 

22. A pharmaceutical composition comprising at least the product 

2 o accordin to claim 18 in combination with one or more pharmaceutically 
~ . 

acce~ able diluents or adjuvants and optionally one or more compatible 

pharmacologically active compounds. 

NEPTUNE GENERICS  EX. 01064



--------·--·--. 
\ 

• • 
Attorney Docket No.: 03806.0367 

23. ceutical composition comprising at least the product 

according to cl · 19 in combination with one or more pharmaceutically 

acceptabl diluents or adjuvants and optionally one or more compatible 

5 armacologically active compounds. 

24. 

(V) 

wherein 

R1 represents a benzoyl radical o ionally substituted with one or 

more identical or different atoms or radicals elected from halogen atoms, 

10 alkyl radicals containing 1 to 4 carbon atoms, koxy radicals containing 1 

to 4 carbon atoms, trifluoromethyl radicals, a the yl radical. a furoyl 

radical. and a radical R2-0-CO- in which R2 represe ts: 

- an alkyl radical containing 1 to 8 carbon atom an alkenyl radical 

containing 2 to 8 carbon atoms, an alkynyl radical contai ·ng.3 to 8 carbon 

15 atoms, a cycloalkyl radical contai('ling· 3 to 6 carbon atoms, 

radical containing 4 to 6 carbon atoms or a bicycloalkyl radical ntaining 7 

86 

NEPTUNE GENERICS  EX. 01065



• • A~rney Docket No.: 03806.0387 • 
to 10 c rbon atoms. these radicals being optionally substituted with one or 

more sub ituents selected from halogen atoms; hydroxyl radicals; alkoxy 

. radicals cont ining 1 to 4 carbon atoms; dialkylamino radicals in which 

each alkyl porti n contains 1 to 4 carbon atoms; piperidino radicals; 

s morpholino radica s; 1-piperazinyl radicals optionally substituted at position 

4 with an alkyl radic containing 1 to 4 carbon atoms or with a phenylalkyl 

radical in which the alk I portion contains 1. to 4 carbon atoms; cycloalkyl 

radicals containing 3 to 6 carbon atoms; cycloalkenyl radicals containing 4 

to 6 carbon atoms; phenyl dicals optionally substituted with one or more 

10 atoms or radicals selected fro halogen atoms, alkyl radicals containing 1 

to 4 carbon atoms and alkoxy r dicals containing 1 to 4 carbon atoms; 

cyano radicals; carboxyl radicals, and alkoxycarbonyl radicals in which the 

alkyl portion contains 1 to 4 carbo atoms, 

- a phenyl or a- or ~"-naphthy radical optionally substituted with one 

15 or more atoms or radicals selected fr halogen atoms; alkyl radicals 

containing 1 to 4 carbon atoms; and al xy radicals containing 1 to 4 

carbon atoms, 

- a 5-membered aromatic heterocy 

- or a saturated heterocyclic radical c ntaining 4 to 6 carbon atoms. 

2 o optionally substituted with one or more alkyl dicals containing 1 to 4 

carbon atoms, 

R3 represents an unbranched or branche alkyl radical containing 1 
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to 8 car~ atoms, an unbranched or branched alkenyl radical containing 2 

to 8 carbon \toms. an unbranched or branched alkynyl radical containing 2 

to 8 carbon at~s. a cycloalkyl radical containing 3 to 6 carbon atoms, a 

phenyl or a- or ~aphthyl radical optionally substituted with one or more 

atoms or radicals ~~cted from halogen atoms, alkyl, alkenyl, alkynyl, aryl, 

aralkyl, alkoxy, alkylthfs, aryloxy, arylthio, hydroxyl, hydroxyalkyl, 

mercapto, formyl, acyl, ~lamina, aroylamino, alkoxycarbonylamino, 

amino, alkylamino, dialkylamino, carboxyl, alkoxycarbonyl, carbamoyl,. 

alkylcarbamoyl, dialkylcarb~oyl, cyano, nitro and trifluoromethyl radicals, 

or a 5-membered arorJatic heterocycle containing one or more 

identical or different hetero ato s selected from nitrogen. oxygen and 

sulphur atoms and optionally sub tituted with one or more identical or 

different substituents selected fro"\ halogen atoms, alkyl, aryl, amino, 

alkylamino. dialkylamino, alkoxycar~onylamino, acyl, arylcarbonyl, cyano, 

15 carboxyl, carbamoyl, alkylcarbamoyl, ialkylcarbamoyl and alkoxycarbonyl 

radicals. 

with the proviso that, in the subs ·tuents of the phenyl, a- or f}-

naphthyl and aromatic heterocyclic radic Is, the alkyl radicals and the alkyl 

portions of the other radicals contain 1 to carbon atoms. and the alkenyl 

2 o and alkynyl radicals contain 2 to 8 carbon toms, and the aryl radicals are 

phenyl or a- or f3-naphthyl radicals, 

R4 represents an alkoxy radical contai ing 1 to 6 carbon atoms in an 
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unbra~hed or branched chain, an alkenyloxy radical containing 3 to 6 

carbon a~\ in an unbranched or branched chain, an alkynyloxy radical 

containing 3 to 6 carbon atoms in an unbranched or branched chain, a 

cycloalkyloxy ~dical containing 3 to 6 carbon atoms or a cycloalkenyloxy 

s radical conlainin~\to 6 carbon atoms, these radicals being ~ptionally 
substituted with at least one substituent selected from halogen atoms, an 

alkoxy radical contai~ 1 to 4 carbon atoms. an alkylthio radical 

containing 1 to 4 carbon\atoms, a carboxyl radical, an alkyloxycarbonyl 

radical in which the alkyl p · rtion contains 1 to 4 carbon atoms. a cyano 

10 radical. a carbamoyl radical, n N-alkylcarbamoyl radical, and an 

N,N-dialkylcarbamoyl radical i lhich each alkyl portion contains 1 to 4 

carbon atoms 

or, both alkyl portions, tog \her with the nitrogen atom to which they 

are linked, form a saturated 5- or 'membered heterocyclic radical 

1s optionally containing a second hete o atom selected from oxygen. sulphur 

and nitrogen atoms, optionally substi uted with an alkyl radical containing 1 

to 4 carbon atoms. a phenyl radical or phenylalkyl radical in which the 

alkyl portion contains 1 to 4 carbon ato 

R5 represents an alkoxy radical c taining _1 to 6 carbon atoms in an 

2 o unbranched or branched chain optionally ubstituted with an alkoxy radical 

containing 1 to 4 carbon atoms, an alkenyl y radical containing 3 to 6 

carbon atoms, an alkynyloxy radical containi g 3 to 6 carbon atoms, a 
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radical cont ·ning 3 to 6 carbon atoms. these radicals being optionally 

substituted wit at least one substituent selected from halogen atoms, an 

alkoxy radical co taining 1 to 4 carbon atoms, an alkylthio radical 

containing 2 to 4 \bon atoms, a carboxyl radical, an alkyloxycarbonyl 

radical in which the al yl portion contains 1to4 carbon atoms, a cyano 

radical, a carbamoyl ra ical. an N-alkylcarbamoyl radical. and an 

N. N-dialkylcarbamoyl ra cal in which each alkyl portion contains 1 to 4 

carbon atoms 

or, both alkyl portions, together with the nitrogen atom to which they 

10 are linked, form a saturated 5- or 6-membered heterocyclic radical 

optionally containing a second etero atom selected from oxygen, sulphur 
., 

and nitrogen atoms, optionally s bstituted with an alkyl radical containing 1 

to 4 carbon atoms, a phenyl radi I, or a phenylalkyl radical in which the 

alkyl portion contains 1 to 4 carbo 

15 either Re represents a hydr en atom and R7 represents a group 

protecting the hydroxyl function, or 8 end R7 together form a saturated 5-· 

or 6-membered heterocycle. 

25. An ester of formula (VII : 
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0 

(Vll> 

wherein 

R3 represents an un ranched or branched alkyl radical containing 1 

to 8 carbon atoms, an unbra ed or branched alkenyl radical containing 2 

to 8 carbon atoms, an unbranc eel or branched alkynyl radical containing 2 

s to 8 carbon atoms, a cycloalkyl r dical containing 3 to 6 carbon atoms. a 

phenyl or a- or '3-naphthyl radical ptionally substituted with one or more 

atoms or radicals selected from hal gen atoms. alkyl, alkenyl, alkynyl, aryl, 

aralkyl, alkoxy, alkylthio, aryloxy, ary thio, hydroxyl, hydroxyalkyl, 

mercapto, formyl, acyl, acylamino, ar ylamino, alkoxycarbonylamino, 

10 amino, alkylamino, dialkylamino, carb yl, alkoxycarbonyl, carbamoyl, 

alkylcarbamoyl, dialkylcarbamoyl, cyan 'nitro and trifluoromethyl radicals, 

or a 5-membered aromatic heter cycle containing one or more 

identical or different hetero atoms selede from nitrogen, oxygen and 

sulphur atoms and optionally substituted 'th one or more identical or 

15 different substituents selected from· haloge atoms, alkyl, aryl, amino, 

alkylamino, dialkylamino, alkoxycarbonylam1 o, acyl, arylcarbonyl, cyano. 

carboxyl, carbamoyl, alkylcarbamoyl, dialkylc rbamoyl and alkoxycarbonyl 

radicals, 
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wi~te proviso that. in the subslituents of the phenyl,· ii· or ~
naphthyl and aromatic heterocyclic radicals, the alkyl radicals and the alkyl 

and alkynyl radi Is contain 2 to 8 carbon atoms, and the· aryl radicals are 

phenyl or a- or '3 \aphthyl radicals, 

R. represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbranched or bran~ed chain, an alkenyloxy radical containing 3 to 6 . 

carbon atoms in an un~ anched or branched chain, an alkynyloxy radical . . . 

radical containing 4 to 6 car n atoms, these radicals being optionally 

substituted with at least one bstituent selected from halogen atoms. an 

alkoxy radical containing 1 to carbon atoms, ari alkylthio radical 

containing 1 to 4 carbon atoms, a carboxyl radical, an alkyloxycarbonyl 

is radical in which the alkyl portion ntains 1 to 4 carbon atoms, a cyano 

radical, a carbamoyl radical, an N alkylcarbamoyl radical, and an 

N,N-dialkylcarbamoyl radical in wh h each alkyl portion contains 1 to 4 

carbon atoms · 

or, both alkyl portions, togethe with the nitrogen atom to which they 

2 o are linked, form a saturated 5- or 6-me bered heterocyclic radical 

optionally .containing a second hetero at selected from oxygen. sulphur 

\ 
and nitrogen atoms, optionally .substituted\\th an alkyl radical containing 1 
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alky portion contains 1 to 4 carbon atoms, and 

s represents an alkoxy radical containing 1 to 6 carbon atoms in an 

unbran~ed or branched chain optionally substituted with an alkoxy radical 

containin~1 to 4 carbon atoms, an alkenyloxy radical containing 3 to 6 

carbon atom\ an alkynyloxy radical containing 3 to 6 carbon atoms, a 

cycloalkyloxy- ~~ical containing 3 to 6 carbon atoms or a cycloalkehyloxy 

radical containing to 6 carbon atoms, these radicals being optionally 

substituted with at le st one substituent selected from halogen atoms, an 

lo alkoxy radical containi 1 to 4 carbon atoms, an alkylthio radical 

containing 2 to 4 carbon toms, a carboxyl radical, an alkyloxycarbonyl 

radical in which the alkyl p · rtion contains 1 to 4 carbon atoms, a cyano 

radical, a carbamoyl radica~n N-alkylcarbamoyl radical, and an 

N,N.:dialkylcarbamoyl radical 1 which each alkyl portion contains 1 to 4 

15 carbon atoms 

or. both alkyl portions, tog ther with the nitrogen atom to which they 

are linked, form a saturated 5- or -membered heterocyclic radical 

optionally containing a sec6nd hete atom selected from oxygen. sulphur 

and nitrogen atoms, optionally substit ted with an alkyl radical containing 1 

2 o to 4 carbon atoms, a phenyl radical. or phenylalkyl radical in which the 

alkyl portion contains 1 to 4 carbon ate 

26. A method comprising the ste of etherifying selectively at 
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\ 
position 7 a compound of the formula {XIV): 

0 

H0 1•· .. (XIV) 
0 

wherein R4 re · resents an alkoxy radical containing 1 to 6 carbon 

atoms in an unbranche or branched chain, an alkenyloxy radical 

containing 3 to 6 carbon a ms in an unbranched or branched chain, an 

s alkynyloxy radical containing to 6 carbon atoms in an unbranched or 

branched chain, a cycloalkylox~adical containing 3 to 6 carbon atoms or a 

. cycloalkenyloxy radical containing 4 to 6 carbon atoms, these radicals 

being optionally substituted with at east one substituent selected from 

halogen atoms, an alkoxy radical co taining 1 to 4 carbon atoms. an 

10 alkylthio radical containing 1 to 4 car n atoms, a carboxyl radical, an 

alkyloxycarbonyl radical in which the alk: I portion contains 1 to 4 carbon 

atoms, a cyano radical, a carbamoyl radi I, an N-alkylcarbamoyl radical, 

and an N,N-dialkylcarbamoyl radical in whi h each alkyl portion contains 1 

to 4 carbon afoms 

is or, both alkyl portions. together with th nitrogen atom to which they 

are linked. form a saturated 5- or 6-membered eterocyclic radical 

optionally containing a second hetero atom sele \d from oxygen, sulphur 
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a~rogen atoms, optionally subslitut8d with an alkyl radical containing 1 

to 4 ca bon atoms, a phenyl radical or a phenylalkyl radical in which the 

alkyl po ·on contains 1 to 4 carbon atoms, 

wherein '5 represents a radical such that R'5-0 represents an 

alkoxy radical co~ ining 1 to 6 carbon atoms in an unbranched or 

branched chain opti ally substituted with an alkoxy radical containing 1 to 

4 carbon atoms. an alk nyloxy radical containing 3 to 6 carbon atoms. an 

10 alkynyloxy radical contain g 3 to 6 carbon atoms. a cycloalkyloxy radical 

c<;>ntaining 3 to 6 carbon ato s or a cycloalkenyloxy radical containing 3 to 

6 carbon atoms, these radica being optionally substituted with at least 

one substituent selected from H logen atoms, an alkoxy radical containing 

1 to. 4 carbon atoms, an alkylthio adical containing 2 to 4 carbon atoms. a 

15 carboxyl radical, an alkyloxycarbo I radical in which the alkyl portion 

contains 1 to 4 carbon atoms, a cya o radical, a carbamoyl radical. an 

N-alkylcarbamoyl radical. and an N,N ialkylcarbamoyl radical in which 

each alkyl portion contains 1 to 4 carb J~ atoms · 

or, both alkyl portions, together~ h the nitrogen atom to which they 

2 o ar~ linked, form a saturated 5- or 6-mem red heterocyclic radical 

optionally containing a second hetero atom \elected from oxygen, sulphur 

and n~rogen atoms, optionally substituted w\ an alkyl radical containing 1 
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to 4 ca\bon atoms, a phenyl radical, or a phenylal~yl radical in which the 

alkyl po~··on contains 1 to 4 carbon atoms. and X2 represents a reactive 

e or a halogen atom, to produce a compound of the formula (I): 

0 

(I) 

0 

wherein Z is hydro en. R, is as defined above, and R5 is identical to 

s R' 5 as defined above. 

27. A method compris g the step of reacting a product of the 

formula (XV): 

wherein R' 5 represents a ra icat such that R' 5-0 represents an 

io alkoxy radical containing 1 to 6 care n atoms in an unbranched or 

branched chain optionally substituted with an alkoxy radical containing 1 to 

4 carbon atoms, an alkenyloxy radical ontaining 3 to 6 carbon atoms. an 

alkynyloxy radical containing 3 to 6 carb n atoms, a cycloalkyloxy radical 

containing 3 to 6 carbon atoms or a cyclo kenyloxy radical containing 3 to 

is 6 carbon atoms, these radicals being option lly substituted with at least 

one substituent selected from halogen .atoms, n alkoxy radical containing 

1 to~ carbon atoms, an alkylthio radical contain·ng 2 to 4 carbon atoms. a 
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contains to 4 carbon atoms, a cyano radical, a carbamoyl radical. an 

N-alkylcarb ~oyl radical, and an N,N-dialkylcarbamoyl radical in which 

each alkyl poriton contains 1 to 4 carbon atoms . 

or. both ~I portions, together with the nitrogen atom to which they 

are linked. form a ~ rated 5- or 6-membered heterocyclic radical 

optionally containing a cond hetero atom selected from oxygen, sulphur 

and nitrogen atoms. optio lly substituted with an alkyl radical containing 1 

to 4 carbon atoms, a phenyl r dical, or a phenylalkyl radical in which the 

10 alkyl portion contains 1 to 4 car n atoms. and X2 represents a reactive 

ester residue or a halogen atom. 

with a compound of the form 

(XIX} 

wherein R1 represents a benzoyl radica optionally substituted with 

· 15 one or more identical or different atoms or radi Is selected from halogen 

atoms. alkyl radicals containing 1 to 4 carbon at ms,· alkoxy radicals 

containing 1 to 4 carbon atoms, trifluoromethyl ra ·ca1s. a thenoyl radical. a 

furoyl radical, and a radical RrO-CO- in which R2 r presents: 
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- a~~yl radical containing 1 to 8 carbon atoms, an alkenyl radical 

containing 2 ta 8 carbon atoms, an slkynyl radical containing 3 to 8 carbon 

. \ . . 6 . I lk 
atoms, a cycloalkyl radical containing 3 to carbon atoms, a eye oa enyl 

radical containin~ to 6 carbon atoms or a bicycloalkyl radical containing 7 

s to 10 carbon atoms, hese radicals being optionally substituted with one or 

more substituents sel ted from halogen atoms; hydroxyl radicals; alkoxy 

radicals containing 1 to carbon atoms; dialkylamino radicals in which 

each alkyl portion contains 1 to 4 carbon atoms; piperidino radicals; 

morpholino .radicals; 1-piper inyl radicals. optionally substituted at position 

10 4 with an alkyl radical containi g 1to4 carbon atoms or with a phenylalkyl 

radical in which the alkyl portion contains 1 to 4 carbon atoms: cycloalkyl 

radicals containing 3 to 6 carbon toms; cycloalkenyl radicals containing 4 

to 6 carbon atoms; phenyl radicals optionally substituted with one or more 

atoms or radicals selected from hal gen atoms. alkyl radicals containing 1 

15 to 4 carbon atoms and alkoxy radica containing 1 to 4 carbon atoms; 

cyano radicals; carboxyl radicals; an alkoxycarbonyl radicals in which the 

alkyl portion contains 1 to 4 carbon at 

- a phenyl or a- or '3-naphthyl ra ·cal optionally substituted with one 

or more atoms or radicals selected from alogen atoms; alkyl radicals 

2 o containing 1 to 4 carbon atoms; and alkox radicals containing 1 to 4. 

carbon atoms. 

- a 5-membered aromatic heterocycli radical, 
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- or saturated heterocyclic radical containing 4 to 6 carbon atoms. 

optionally su stituted with one or more alkyl radicals containing 1 to 4 

carbon atoms, 

ts an unbranched or branched alkyl radical containing 1 

s to 8 carbon atoms, n unbranched or branched alkenyl radical containing 2 

to 8 carbon atoms. an · nbranched or branched alkynyl radical containing 2 

to 8 carbon atoms, a cyc alkyl radical containing 3 to 6 carbon atoms. a 

phenyl or a- or ~-naphthyl dical optionally substituted with one or more 

atoms or radicals selected fro halogen atoms, alkyl, alkenyl, alkynyl, aryl, 

10 aralkyl, alkoxy, alkylthio, arylox arylthio, hydroxyl, hydroxyalkyl, 

mercapto. formyl, acyl, acylamin aroylamino, alkoxycarbonylamino, 

amino, alkylamino, dialkylamino, boxyl, alkoxycarbonyl, carbamoyl, 

alkylcarbamoyl, dialkylcarbamoyl, cy no, nitro and trifluoromethyl radicals, 

or a 5-membered aromatic het recycle containing one or more 

15 identical or different hetero atoms sale d from nitrogen, oxygen and 

sulphur atoms and optionally substituted ith one or more identical or · 

different substituents selected from haloge atoms, alkyl, aryl, amino, 

alkylamino, dialkylamino, alkoxycarbonylami o, acyl. arylcarbonyl, cyano. 

carboxyl, carbamoyl, alkylcarbamoyl, dialkylc bamoyl and alkoxycarbonyl 

2 o radicals. 

with the proviso that. in the substituents he phenyl, a- or '3-

naphthyl and aromatic heterocyclic radicals, the al yl radicals and the alkyl 
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portions the other radicals contain 1 to 4 carbon atoms, and the alkenyl 

dicals contain 2 to 8 carbon atoms, and the aryl radicals are 

phenyl or a- or -naphthyl radicals, 

R, represe ts an alkoxy radical containing 1 to 6 carbon atoms in an 

s unbranched or bran ed chain, an alkenyloxy radical containing 3 to 6 

carbon atoms in an un ranched or branched chain, an alkynyloxy radical 

containing 3 to 6 carbon toms in an unbranched or branched chain, a 

cycloalkyloxy radical contai ing 3 to 6 carbon atoms or a cycloalkenyloxy 

radical containing 4 to 6 carbo atoms, these radicals being optionally 

io substituted with at least one sub tituent selected from halogen atoms, an. 

alkoxy radical containing 1 to 4 ca ban atoms. an alkylthio radical 

containing 1 to 4 carbon atoms. a c rboxyl radical, an alkyloxycarbonyl 

. radical in which the alkyl portion cont ins 1 to 4 carbon atoms, a cyano 

radical, a carbamoyl radical, an N-alkyl arbamoyl radical, and an 

15 N,N-dialkylcarbamoyl radical in which ea h alkyl portion contains 1 to 4 

carbon atoms 

or. both alkyl portions, together with nitrogen atom to which they 

are linked, form a saturated 5- or 6-membera heterocyclic radical 

optionally containing a second hetero atom sel dad from oxygen, sulphur 

2 o and nitrogen atoms, optionally substituted with alkyl radical containing 1 

to 4 carbon atoms. a phenyl radical or a phenylal I radical in which the 

alkyl portion contains 1 to 4 carbon atoms, and 
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ei~r R6 represents a hydrogen atom and R7 represents a group 

protecting t~ hydroxyl function. or R6 and R7 together form a saturated 5-

or 6-membere 

pound of the formula (V): 

(V) 

wherein R5 represents an lkoxy radical containing 1 to 6 carbon 

atoms in an unbranched or branc d chain optionally substituted with an 

alkoxy radical containing 1 to 4 car n atoms, an alkenyloxy radical 

containing 3 to 6 carbon atoms, an al ynyloxy radical containing 3 to 6 

carbon atoms, a cycloalkyloxy radical ntaining 3 to 6 carbon atoms or a 

lo cycloalkenyloxy radical containing 3 to 6 arbon atoms. these radicals 

being optionally substituted with at least o e substituent selected from 

halogen atoms, an alkoxy radical containin 1 to 4 carbon atoms. an 

alkylthio radical containing 2 to 4 carbon ato s. a carboxyl radical. an 

alkyloxycarbonyl radical in which the alkyl po ·an contains 1 to 4 carbon 

15 atoms, a cyano radical, a carbamoyl radical, a N-alkylcarbamoyl radical, 

and an N,N-dialkylcarbamoyl radical in which ea alkyl portion contains 1 

to 4.carbon atoms 
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or, h alkyl portions, together with the nitrogen atom to which they 

are linked, for a saturated 5- or 6-membered heterocyclic radical 

optionally contairii g a second hetero atom selected from oxygen. sulphur 

and nitrogen atoms. tionally substituted with an alkyl radical containing 1 

s to 4 carbon atoms. a ph yl radical, or a phenylalkyl radical in which the 

alkyl portion contains 1 to 4 arbon atoms, and R1• R3, R4• R6• and R7 are as 

defir ied aeoue:--. 

28. A method comprising the step of replacing with hydrogen 

atom(s) group(s) R8 and R7 in a co pound of the formula (V): 

R1 , .R6 
N 0 

RAJLO, .. 
] .: 

(V} 

0-~ 

10 wherein: 

R1 represents a benzoyl radical optionally 

more Identical or different atoms or radicals selecte from halogen atoms. 

alkyl radicals containing 1 to 4 carbon atoms. alkoxy adicals containing 1 

to 4 carbon atoms, trifluoromethyl radicals, a thenoyl r dical, a furoyl 

15 radical, and a radical R2-0-CO- in which R2 represents: 

- an alkyl radical containing 1 to 8 carbon atoms, a alkenyl radical 
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containin 2 to 8 carbon atoms, an alkynyl radical containing 3 to 8 carbon 

atoms, a eye alkyl radical containing 3 to 6 carbon atoms, a cycloalkenyl 

radical containi 4 to 6 carbon atoms or a bicycloalkyl radical containing 7 

· to 10 carbon atom , these radicals being optionally substituted with one or 

s more substituents se ected from halogen atoms; hydroxyl radicals; alkoxy 

radicals containing 1 to 4 carbon atoms; dialkylamino radicals in which 

each alkyl portion contai 1 to 4 carbon atoms; piperidino radicals; 

morpholino radicals; 1-pipe inyl radicals optionally substituted at position 

4 with an alkyl radical contain g 1 to 4 carbon atoms or with a phenylalkyl 

10 radical in which the alkyl portion contains 1 to 4 carbon atoms; cycloalkyl 

radicals containing 3 to 6 carbon toms: cycloalkenyl radicals containing 4 

to 6 carbon atoms: phenyl radicals ptionally substituted with one or more 

atoms or radicals selected from hal n atoms. alkyl radicals containing 1 

to 4 carbon atoms and alkoxy radicals containing 1to4 carbon atoms; 

15 cyano radicals; carboxyl radicals; and a koxycarbonyl radicals in which the 

alkyl portion contains 1 to 4 carbon atom , 

- a phenyl or a- or '3-naphthyl radi optionally substituted with one 

or more atoms or radicals selected from hal en atoms; alkyl radicals 

containing 1 to 4 carbon atoms; and alkoxy ra icals containing 1 to 4 

2 o carbon atoms, 

- a 5-membered aromatic heterocyclic ra ical, 

- or a saturated heterocyclic radical contai 
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option' substituted w~h one or more alkyl radicals containing 1 to 4 

carbon ate\s. . . 

R3 rep esents an unbranched or branched alkyl radical containing 1 

to 8 carbon ato s, an unbranched or branched alkenyl radical containing 2 

s to B carbon atom an unbranched or branched alkynyl radical containing 2 

to 8 carbon atoms, cycloalkyl radical containing 3 to 6 carbon atoms, a 

phenyl or a- or J)-napti yl radical optionally substituted with one or more 

atoms or radicals selecte from halogen atoms, alkyl, alkenyl, alkynyl. aryl. 

aralkyl, alkoxy, alkylthio, a loxy, arylthio, hydroxyl, hydroxyalkyl, 

10 mercapto, formyl, acyl, acyla ino, aroylamino, alkoxycarbonylamino, 

amino, alkylamino, dialkylamino carboxyl, alkoxycarbonyl, carbamoyl, 

alkylcarbamoyl, dialkylcarbamoyl, ano, nitro and trifluoromethyl radicals. 

or a 5-rnembered aromatic H terocycle containing one or more 

identical or different hetero atoms sel ed from nitrogen, oxygen and 

15 sulphur atoms and optionally substitute with one or more identical or 

different substituents selected from halog n atoms, alkyl, aryl, amino, 

alkylamino. dialkylamino, alkoxycarbonyla ino, acyl, arylcarbonyl, cyano. 

carboxyl, carbamoyl, alkylcarbamoyl, dialkyl rbamoyl and alkoxycarbonyl 

radicals, 

2 o with the proviso that, in the substituents 

naphthyl and aromatic heterocyclic radicals, the a yl radicals and the alkyl 

portions of the other radicals contain 1 to 4 carbon toms. and the alkenyl 
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and alky I radicals contain 2 to 6 carbon atoms, and the aryl radicals are 

phenyl or a or P-naphthyl radicals, 

R4 repre ents an alkoxy radical containing 1 to 6 carbon atoms in an 

·unbranched or br ched chain, an alkenyloxy radical containing 3 to 6 

s carbon atoms in an u branched or branched chain, an alkynyloxy radical 

containing 3 to 6 carbo atoms in an unbranched or branched chain, a 

cycloalkyloxy radical conta ing 3 to 6 carbon atoms or a cycloalkenyloxy 

radical containing 4 to 6 carb n atoms, these radicals being optionally 

substituted with at least one sut> tituent selected from halogen atoms, an 

1 o alkoxy radical containing 1 to 4 ca on atoms, an alkylthio radical 

containing 1 to 4 carbon atoms, a ca xyl radical, an alkyloxycarbonyl 

radical in which the alkyl portion conta s 1to4 carbon atoms, a cyano 

radical, a carbamoyl radical, an N..alky rbamoyl radical, and an 

N,N-dialkylcarbamoyl radical in which eac alkyl portion contains 1to4 

15 carbon atoms 

or, bot_h alkyl portions, together with th nitrogen atom to which they 

are linked, form a saturated 5- or 6-membered eterocyclic radical 

optionally containing a second hetero atom sel 

and nitrogen atoms, optionally substituted with an lkyl radical containing 1 

2 o to 4 carbon atoms. a phenyl radical or a phenylalky radical in which the 

alkyl portion contains 1 to 4 carbon atoms, 

~represents an alkoxy radical containing 1to6 carbon atoms in an 
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\ 
unbranche or branched chain optionally substituted with an alkoxy radical 

containing 1 to 4 carbon atoms, an alkenyloxy radical containing 3 to 6 

carbon atoms, an alkynyloxy radical containing 3 to 6 carbon atoms, a 

cycloalkyloxy radica containing 3 to 6 carbon atoms or a cycloalkenyloxy 

s radical containing 3 to carbon atoms, these radicals being optionally 

substituted with at least e substituent selected from halogen atoms. an 

alkoxy radical containing 1 o 4 carbon atoms, an alkylthio radical 

containing 2 to 4 carbon ato , a carboxyl radical, an alkyloxycarbonyl 

radical in which the alkyl portion contains .1 to 4 carbon atoms, a cyano 

10 radical, a carbamoyl radical, an N lkylcarbamoyl radical. and an 

N,N·dialkylcarbamoyl radical In whi each alkyl portion contains 1 to 4 

carbon atoms 

or, both alkyl portions, together ith the nitrogen atom to which they 

are linked, form a saturated 5· or 6·mem ered heterocyclic radical 

15 optionally containing a second hetero ato selected from oxygen. sulphur 

and nitrogen atoms, optionally substituted 'th an alkyl radical containing 1 

to 4 carbon atoms, a phenyl radical, or a phe ylalkyl radical in which the 

alkyl portion contains 1 to 4 carbon atoms, an 

either Rs represents a hydrogen atom an R7 represents a group 

20 protecting the hydroxyl function, or Re and R7 tog ther form a saturated 5-

or 6-membered heterocycle, 
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by t ating the compound of formula (V) with an organic or 

inorganic aci where appropriate in an organic solvent to obtain a 

(VII} 

wherein R3, R4, and R5 are as d fined above. 

l4W 2S: A process according to claimj,~herein said 

source of fluoride ions is a hydrofluoric acidltriethylamine complex. 
IS

,,o ~'}I(. 
,<1v. A process according to claim.,9:' wherein said trihalomethyl -----

radical is trichloromethyl. 
l of' i'~ 

.31. A process according to cl~ wherein when said ester of 

10 formula (V) is treated in an organic solvent. said organic solvent is an 

alcohol. 
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ABSTRACT 

New taxoids of general formula (I): 

(I) 

their preparation and pharmaceutical compositions containing them,; 

~;t:Re new products of general formula (I) in which Z represents a 

radical of generfil formula (II): 

-----------
-~(.· iOi/ X. 

(j~ I, 
R1~H 0 

RM 
OH 

(II) 

display noteworthy antitumour and antileukaemic properties .. 

I 
I 

I 
I 
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PRODEDE DE PREPARATION DE TAXOIDES 

La presente invention conceme un procede de preparation de taxo1des de 

formule generate : 

Z-0 II"· (I) 

5 dans laquelle 

Z represente un atome d'hydrogene ou un radical de formule generale : 

RINH 0 . : II 
~ (II) 

RJ ~ 
OH 

dans laquelle: 

R 1 represente un radical benzoyle eventuellement substitue par un ou 

10 plusieurs atomes ou raclicaux, identiques ou differents, choisis parmi les atomes 

d'halogene et les radicaux alcoyles contenant 1 a 4 atomes de carbone, alcoxy 

contenant 1 a 4 atomes de carbone ou trifluoromethyle, thenoyle ou furoyle ou un 

radical R2-0-CO- dans lequel R2 represente : 

- un radical alcoyle COntenant 1 a 8 atomes de Carbone, alcenyle contenant 2 a 8 

15 atomes de carbone, alcynyle contenant 3 a 8 atomes de carbone, cycloalcoyle 

contenant 3 a 6 atomes de carbone, cycloalcenyle contenant 4 a 6 atomes de carbone, 

bicycloalcoyle COntenant 7 a 10 atomes de Carbone, ces radicaux etant eventuellement 

substitues par un ou plusieurs substituants choisis parmi les atomes d'halogene et les 

radicaux hydroxy, alcoxy contenant 1 a 4 atomes de carbone, dialcoylamino dont 

20 chaque partie alcoyle contient 1 a 4 atomes de carbone, piperidino, morpholino, 

piperazinyl-1 (eventuellement substitue en -4 par un radical alcoyle contenant 1 a 4 

atomes de carbone ou par un radical phenylalcoyle dont la partie alcoyle contient 1 a 4 
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a tomes de carbone), cycloalcoyle contenant 3 a 6 atom es de carbone, cycloalcenyle 

contenant 4 a 6 atomes de carbone, phenyle (eventuellement substitue par un ou 

plusieurs atomes ou radicaux choisis parmi les atomes d'halogene et les radicaux 

alcoyles COntenant 1 ll 4 atomes de Carbone OU alcoxy COntenant 1 a 4 atomes de 

5 carbone), cyano, carboxy ou alcoxycarbonyle dont la partie alcoyle contient 1 a 4 

atomes de carbone, 

- un radical phenyle ou a.- ou f)-naphtyle eventuellement substitue par un ou plusieurs 

atomes ou radicaux choisis parmi les atomes d'halogene et les radicaux alcoyles 

contenant 1 a 4 atomes de carbone ou alcoxy contenant 1 a 4 atomes de carbone ou un 

10 radical heterocyclique aromatique a 5 chainons choisi de preference parmi !es radicaux 

furyle et thienyle, 

- ou un radical heterocyclyle sature contenant 4 a 6 atomes de carbone eventuellernent 

substitue par un ou plusieurs radicaux alcoyles contenant 1 a 4 atomes de carbone, 

RJ represente un radical alcoyle droit ou ramifie contenant I a 8 atomes de 

15 carbone, alcenyle droit ou ramifie contenant 2 a 8 atomes de carbone, alcynyle droit ou 

ramifie contenant 2 a 8 atomes de carbone, cycloalcoyle contenant 3 a 6 atornes de 

carbone, phenyle ou a.- ou (3-naphtyle eventuellement substitue par un ou plusieurs 

atomes ou raclicaux choisis panni les atomes d'halogene et les radicaux alcoyles, 

alcenyles. alcynyles. aryles, aralcoyles, alcoxy, alcoylthio, aryloxy, arylthio, hydroxy, 

20 hydroxyalcoyle, mercapto, formyle, acyle, acylamino, aroylamino, alcoxycarbonyl

amino, amino, alcoylamino, dialcoylamino, carbox-y, alcoxycarbonyle, carbarnoyle, 

alcoylcarbamoyle, dialcoylcarbamoyle, cyano, nitro et trifluoromethyle, ou un 

heterocycle aromatique ayant 5 chainons et contenant un ou plusieurs heteroatomes, 

identiques ou differents, choisis parmi les atomes d'azote, d'oxygene ou de soufre et 

25 eventuellement substitue par un ou pl usieurs substituants, identiques ou differents, 

choisis parmi les atornes d'halogene et les radicaux alcoyles, aryles, amino, 

alcoylamino, dialcoylamino, alcoxycarbonylamino, acyle, arylcarbonyle, cyano, 

carboxy, carbamoyle, alcoylcarbamoyle, dialcoylcarbamoyle ou alcoxycarbonyle, etant 

entendu que, dans les substituants des radicaux phenyle, a.- ou f)-naphtyle et 

30 heterocyclyles aromatiques, les radicaux alcoyles et les portions alcoyles des autres 

radicatLx contiennent 1 a 4 atomes de carbone et que Jes radicaux alcenyles et alcynyles 

0 
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contiennent 2 a 8 atomes de carbone et que les radicaux aryles sont des radicaux 

phenyles ou a- ou f->-naphtyles, 

R4 represente un atome d'hydrogene ou un rarucal hydroxy ou un radical 

alcoxy contenant 1 a 6 atomes de carbone en chaine droite ou ramifiee, alcenyloxy 

5 contenant 3 a 6 atomes de carbone en chaine droite ou ramifiee, alcynyloxy contenant 

3 a 6 atomes de Carbone en chaine droite OU ramifiee, cycloalcoyloxy COntenant 3 a 6 

atomes de carbone, cycloalcenyloxy contenant 3 a 6 atomes de carbone, alcanoyloxy 

dont la partie alcanoyle contient 1 a 6 atomes de carbone en chaine droite ou ramifiee, 

alcenoyloxy dont la partie alcenoyle contient 3 a 6 atomes de carbone en chaine droite 

10 ou ramifiee, alcynoyloxy dont la partie alcynoyle contient 3 a 6 atomes de carbone en 

chaine droite ou ramifiee, alcoxyacetyle dont la partie alcoyle contient 1 a 6 atomes de 

carbone en chalne clroite ou ramifiee, alcoylthioaceryle dent la partie alcoyle contient 1 

a 6 atomes de carbone en chaine droite ou ramifiee, alcoylm.)'carbonylo"''Y dent la 

partie alcoyle .contient 1 a 6 atomes de carbone en chaine droite ou ramifiee, ces 

15 radicaux etant eventuellement substitues par un ou plusieurs atomes d'halogene ou par 

un radical alcoxy contenant I a 4 atomes de carbone, alcoylthio contenant 1 a 4 

atomes de carbone, ou un radical carboxy, alcoyloxycarbonyle dont la partie alcoyle 

contient 1 a 4 atomes de carbone, cyano, carbamoyle, N-alcoylcarbamoyle ou 

N,N-dialcoylcarbamoyle dont chaque partie alcoyle contient 1 a 4 atomes de carbone 

20 ou fom1e avec l'atome cl'azote nuquel elle est liee un radical heterocyclique sature 

contenant 5 ou 6 chainons et eventuellement un second heteroatome choisi parmi les 

atomes d'oxygene, de soufre ou d'azote eventuellement substitue par un radical alcoyle 

contenant 1 a 4 atomes de carbone ou un radical phenyle ou un radical phenylalcoyle 

dont la partie alcoyle contient 1 a 4 atomes de carbone, ou bien R4 represente un 

25 radical benzoyloxy ou heterocyclylcarbonyloxy dans lequel la partie heterocyclique 

represente un heterocycle aromatique a 5 ou 6 chainons contenant un ou plusieurs 

.heteroatomes choisis parmi les atomes d'oxygene, de soufre ou d'azote, 

30 

Rs represente un radical alco"-1' contenant 1 a 6 atomes de carbone en chaine 

droite ou ramifiee. 

De preference les radicaux aryles pouvant etre representes par R3 sont des 

radicau.x phenyles ou a- ou f3-naphtyles eventuellement substitues par un ou plusieurs 
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atomes ou radicaux choisis parmi les atomes d'halogene (fluor, chlore, brome, iode) et 

les radicaux alcoyles, alcenyles, alcynyles, aryles, arylalcoyles, alcoxy, alcoylthio, 

aryloxy, arylthio, hydroxy, hydroxyalcoyle, mercapto, formyle, acyle, acylamino, 

aroylamino, alcoxycarbonylamino, amino, alcoylamino, dialcoylamino, carboxy, 

5 alcoxycarbonyle, carbamoyle, dialcoylcarbamoyle, cyano, nitro et trifluoro-methyle, 

etant entendu que les radicaux alcoyles et Jes portions alcoyles des autres radicaux 

contiennent 1 a 4 atomes de carbone, que !es radicaux alcenyles et alcynyles 

contiennent 2 a 8 atomes de carbone et que les radicaux aryles sont des radicaux 

phenyles ou a- ou f3-naphtyles. 

10 De preference les radicaux heterocycliques pouvant etre representes par R3 

sont des radicaux heterocycliques aromatiques ayant 5 chainons et contenant un ou 

plusieurs atomes, identiques ou differents, choisis parmi les atomes d'azote, d'oxygene 

ou de soufre, eventuellement substitues par un ou plusieurs substituants, identiques ou 

differents, choisis parmi Jes atomes d'halogene (fluor, chlore, brome, iode) et les 

15 radicaux alcoyles contenant 1 a 4 atomes de carbone, ar-yles contenant 6 a 10 atomes 

de Carbone, alcoxy COntenant 1 a 4 atomes de Carbone, aI)'loxy COntenant 6 a 10 

atomes de carbone, amino, alcoylamino contenant 1 a 4 atomes de carbone, 

dialcoylamino dont chaque partie alcoyle contient 1 a 4 atomes de carbone, acylamino 

dont la pmtie acyle contient 1 a 4 atomes de carbone, alcoxycarbonylamino contenant 

20 1 a 4 atomes de Carbone, acyle COntenant l a 4 <ltomes de Carbone, arylcarbonyle dont 

la partie aryle contient 6 a 10 atomes de carbone, cyano, carboxy, carbamoyle, 

alcoylcarbamoyle dont la partie alcoyle contient 1 a 4 atomes de Carbone, 

dialcoylcarbamoyle dont chaque partie alcoyle contient 1 a 4 atomes de carbone ou 

alcoxycarbonyle dont la partie alcoxy COntient 1 a 4 atomes de Carbone. 

25 De preference, R4 represente un radical hydroxy ou un radical alcoxy 

COntenant 1 a 6 atomes de Carbone, aicanoyloxy COntenant 1 a 6 atomes de Carbone OU 

un radical alco:>..)'acetyle dont la panie alcoyle contient 1 a 6 atomes de carbone, et Rs 

represente un radical alcoxy droit ou ramifie contenant 1 a 6 atomes de carbone. 

Plus paniculierement, la presente invention conceme un precede de 

30 preparation des produits de formule generate (I) dans laquelle Z represente un atome 

d'hyclrogene ou un radical de fo1mule genera le (II) dans laquelle R 1 represente un 
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radical benzoyle ou un radical R2-0-CO- dans lequel R2 represente un radical tert

butyle et R3 represente un radical alcoyle contenant 1 a 6 atomes de carbone, alcenyle 

contenant 2 a 6 atomes de carbone, cycloalcoyle contenant 3 a 6 atomes de Carbone, 

phenyle eventuellement substitue par un ou plusieurs atomes ou radicaux, identiques 

5 ou differents choisis parmi les atomes d'halogene (fluor, chlore) et les radicaux 

alcoyles (methyle), alcoxy (methoxy), dialcoylamino (dimethylamino), acylamino 

(acetylamino), alcoxycarbonylamino (tert-butoxycarbonylamino) ou trifluoromethyle 

ou un radical furyle-2 ou -3, thienyle-2 ou -3 ou thiazolyle-2, -4 ou -5, R4 represente 

un radical hydroxy ou un radical alcoxy contenant 1 a 6 atomes de carbone ou un 

10 radical alcanoyloxy contenant 1 a 6 atomes de carbone et Rs represente un radical 

alcoyloxy droit ou ramifie contenant 1 a 6 atomes de carbone. 

Plus particulierement encore, la presente invention conceme un procede de 

preparation des produits de formule generale (I) dans laquelle Z represente un atome 

d'hydrogene ou un radical de formule genera le (II) dans laquelle R 1 represente un 

15 radical benzoyle OU un radical R2-0-CO- dans lequel R2 represente un radical tert

butyle et RJ represente un radical isobutyle, isobutenyle, butenyle, cyclohexyle, 

pheny!e, fuiyle-2, fury!e-3, thienyle-2, thienyle-3, thiazolyle-2, thiazolyle-4 ou 

thiazolyle-5. R4 represente un radical hydroxy, methoxy, acetoxy OU methoxyacetoxy 

et Rs represente un radical methoxy. 

20 Selon !'invention, !es prnduits de fonnule generate (I) dans laquelle Z 

represente un atome d'hydrogene ou un radical de formule generale (II) peuvent etre 

obtenus par action de nickel de Raney active en presence d'un alcool aliphatique 

contenant 1 a 3 atomes de carbone sur un produit de forrnule generale : 
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(III) 

dans laquelle Z 1 represente un atome d'hydrogene ou un radical de formule generale : 

(IV) 

dans Iaquelle Ri et RJ sont definis comme precedemment et, ou bien, R6 represente 

5 un atome cl'hydrogene et R7 represente un groupement protecteur de la fonction 

hydroxy, et, ou bien, R6 et R7 fozment ensemble un heterocycle sature a 5 ou 6 

chainons, R4 est defini comme precedemment, et R et R' represente un atome 

d'hydrogene ou un radical alcoyle contenant 1 a 6 atomes de carbone, pour obtenir un 

produit de formule generate : 

10 

Rt" .R6 
N 0 

R~01 •·· 3 .: 
(V) 

O-R7 

suivi, lorsque Z1 represente un radical de formule generale (IV), du remplacement des 

groupements protecteurs representes par R6 et/ou R6 et R7 par des atomes 

d'hydrogene. 

0-' 
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Generalement, l'action du nickel de Raney active en presence de l'alcool 

aliphatique est effectuee a une temperature comprise entre -10 et 20°C. 

De preference, R6 represente un atome d'hydrogene et R1 represente un 

groupement protecteur de la fonction hydroxy ou bien R6 et R1 ferment ensemble un 

5 heterocycle sature a 5 OU 6 chainons. 

10 

Lorsque R6 represente un atome d'hydrogene, R1 represente de preference 

un radical methoxymethyle, ethoxy-1 ethyle, benzyloxymethyle, trimethylsilyle, 

triethylsilyle, (3-trimethylsilylethoxymethyle, benzyloxycarbonyle ou tetrahydro

pyrannyle. 

Lorsque R6 et R7 ferment ensemble un heterocycle, celui-ci est de 

preference un cycle oxazolidine eventuellement mono-substitue ou gem-disubstitue en 

position 2. 

Le remplacement des groupements protecteurs R7 et/ou R6 et R1 par des 

atomes d'hydrogene peut etre effectue, selon leur nature de la maniere suivante : 

15 1) lorsque R6 represente un atome d'hydrogene et R7 represente un groupement 

protecteur de la fonction hydroxy, le remplacement des groupements protecteurs par 

des atomes d'hydrogene s'effectue au moyen d'un acide mineral (acide chlorhydrique, 

acide Sulfutique, acide fluorhydrique) OU organique (acide acetique, acide methane

su}fonique, acide trifluoromethanesulfonique, acide p. toluenesulfonique) utilise seul 

20 ou en melange en operant dans un solvant organique choisi parmi les alcools, les 

ethers, les esters, les hydrocarbures aliphatiques, les hydrocarbures aliphatiques 

halogenes, les hydrocarbures aromatiques ou les nitrites a une temperature comprise 

entre -10 et 60°C, 

2) lorsque R6 et R7 fo1ment ensemble un heterocycle sature«i 5 ou 6 chainons et plus 

25 particulierement un cycle oxazolidine de formule generate : 

(VI) 
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dans laquelle R 1 est defini comme precedemment, Rs et Rg, identiques ou differents. 

representent un atome d'hydrogene ou un radical alcoyle contenant 1 a 4 atomes de 

carbone, ou un radical aralcoyle dont la partie alcoyle contient 1 a 4 atomes de 

carbone et la partie aryle represente, de preference, un radical phenyle 

5 eventuellement substitue par un ou plusieurs radicaux alcoxy contenant 1 a 4 atomes 

de carbone. ou un radical aryle representant, de preference un radical phenyle 

eventuellement substitue par un ou plusieurs radicaux alcoxy contenant 1 a 4 atomes 

de carbone, ou bien Rs represente un radical alcoxy contenant 1 a 4 atomes de 

carbone ou un radical trihalomethyle tel que trichloromethyle ou un radical phenyle 

10 substitue par un radical trihalomethyle tel que trichloromethyle et R9 represente un 

atome d'hydrogene, ou bien Rs et Rg forment ensemble avec l'atome de carbone 

auquel ils sont lies un cycle ayant 4 a 7 chainons, le remplacement du groupement 

protecteur fo1·me par R6 et R7 par des atomes d'hydrogene peut etre effectue, selon 

les significations de R 1. Rs et R9. de la maniere suivante : 

15 a) lorsque Ri represente un radical tert-butoxycarbonyle, Rs et R9, 

identiques ou differents, representent un radical alcoyle ou un radical aralcoyle 

(benzyle) ou aryle (phenyle). ou bien Rg represente un radical trihalomethyle ou un 

radical phenyle substitue par un radical trihalomethyle, et R9 represente un atome 

d'hydrogene, ou bien Rg et R9 fonnent ensemble un cycle ayant de 4 a 7 chai'nons, le 

20 traitement de l'ester de fo1mule generale (V) par un acide mineral ou organique 

eventuellement dans un solvant organique tel qu'un alcool conduit au produit de 

fonnule generale : 

H~N 0 

R~~011·· 
.> -

(VII) 

OH 

dans laquelle R3, R4 et Rs sont definis comme precedemment, qui est acyle au moyen 

25 de chlorure de benzoyle dans lequel le noyau phenyle est eventuellement substitue, de 

chlorure de thenoyle, de chlorure de furoyle ou d'un procluit de fomlule generale : 
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(VIII) 

dans laquelle R2 est defini comme precedemment et X represente un atome 

d'halogene (fluor, chlore) ou un reste -O-R2 ou -O-CO-O-R2. pour obtenir un produit 

de formule generale (I) dans laquelle Z represente un radical de formule generale (II). 

De preference. le produit de formule generate (V) est traite par l'acide 

formique a une temperature voisine de 20°C pour fournir le produit de formule 

generate (VII). 

De preference, l'acylation du produit de fonnule generale (VII) au moyen 

d'un chlorure de benzoyle dans lequel le radical phenyle est eventuellement substitue, 

10 de chlorure de thenoyle ou de chlorure de furoyle ou d'un produit de formule generate 

(VIII) est effectuee dans un solvant organique inerte choisi parmi les esters tels que 

l'acetate d'ethyle, l'acetate d'isopropyle ou !'acetate de n.butyle et les hydrocarbures 

aliphatiques halogenes tels que )e dichloromethane OU le dichloro-1,2 ethane en 

presence d'une base minerale telle que le bicarbonate de sodium ou organique telle 

15 que la triethylamine. La reaction est effectuee a une temperature comprise entre 0 et 

50°C, de preference voisine de 20°C. 

b) lorsque R1 represente un radical benzoyle eventuellement substitue, 

·. thenoyle ou furoyle ou un radical R20-CO- dans Jequel R2 est defini comme 

precedemment, Rs represente un atome d'hydrogene ou un radical alcoxy contenant 

20 1 a 4 atomes de carbone ou un radical phenyle substitue par un ou plusieurs radicaux 

alcoxy contenant 1 a 4 atomes de carbone et R9 represente un atome d'hydrogene, le 

remplacement du groupement protecteur forme par R6 et R7 par des atornes 

d'hydrogene s'effectue en presence d'un acide mineral (acide chlorhydrique, acide 

sulfurique) ou organique (acide acetique, acide methanesulfonique, acide trifluoro-

25 rnethanesulfonique, acide p.toluenesulfonique) utilise seul ou en melange en quantite 

stoechiometrique ou catalytique, en operant dans un solvant organique choisi parmi 

les alcools, les ethers, les esters, les hydrocarbures aliphatiques, les hydrocarbures 

aliphatiques halogenes et les hydrocarbures arornatiques a une temperature comprise 

entre -10 et 60°C, de preference entre 15.et 30°C. 
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Seton l'invention, le produit de fonnule generale (III) dans laquelle Z1 et R4 

sont definis comme precedemment peut etre obtenu par action d'un dialcoylsulfoxyde 

dont chaque partie alcoyle contient 1 a 4 atomes de carbone sur un produit de formule 

generale: 

RI'\. ,R6 
N 0 

R~01 ... 
3 : 

(IX) 

O-R7 

Generalement la reaction du dialcoylsulfoxyde, de preference le 

dimethylsulfoxyde, sur le procluit de formule generate (VIII) s'effectue en presence 

d'un melange d'acide acetique et cl'anhydricle acetique a une temperature comprise 

entre 0 et 50°C, de preference voisine de 25°C. 

Les produits de fom1Ule generate (VIII) peuvent etre obtenus dans les 

conditions decrites dans les demandes intemationales PCT \VO 94/11547, PCT WO 

93/06093 OU PCT WO 95/11241. 

Les produits de fo1mule generate (I) obtenus par la mise en oeuvre du 

procede selon !'invention peuvent etre purifies selon les methodes connues telles que Ia 

15 cristallisation ou la chromatographie. 

Les exemples suivants illustrent la presente invention. 

EXEMPLE 1 

800 mg de te11-butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 

oxazolidine-1,3 carboxylate-5 (2R,4S,5R) de benzoylox11-2a diacetoxy-4a,10f3 

20 epoxy-5{3,20 hydroxy-lf3 methoxy-7{3 oxo-9 taxene-11 yle-13a sont dissous dans 

16 cm3 d'une solution ethanolique O,lN d'acide chlorhyd1ique a 1 % d 'eau. La 

solution ainsi obtenue est agitee pendant 5 heures a une temperature voisine de 20°C 

puis additionnee de 50 cm3 de dichloromethane et lavee successivement par 3 fois 

10 cm3 d'une solution aqueuse saturee d'hydrogenocarbonate de sodium, sechee sur 

..o 
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sulfate de magnesium, filtree et concentree a sec sous pression reduite (2,7 kPa) a 
40°C. On obtient 640 mg d'une meringue blanche que l'on purifie par chromatographie 

sur gel de silice depose sur plaques [(gel de 1 mm d'epaisseur ; plaques de 20 x 

20 cm ; eluant : dichloromethane-acetonitrile {80-20 en volumes)] par fractions de 

5 80 mg (8 plaques). Apres localisation aux rayons U.V. de la zone correspondant au 

produit cherche adsorbe, cette zone est grattee et la silice recueillie est lavee sur verre 

fritte par 10 fois 10 cm3 d'acetate d'ethyle. Les filtrats sont reunis et concentres a sec 

sous pression reduite (0,27 kPa) a 20°C. On obtient 360 mg d'une meringue blanche 

que l'on purifie selon la meme technique [ ( 4 plaques : 20 x 20 x 1 mm ; eluant : 

10 dichloromethane-methanol (95-5 en volumes)]. On obtient ainsi 260 mg de tert

butoxycarbonylamino-3 hydroxy-2 phenyl-3 propionate-(2R,3S) de benzoyloxy-2a 

diacetoxy-4a,10(3 epoxy-5(3,20 hydroxy-1 (3 methoxy-7(3 oxo-9 taxene-11 yle-13a 

sous forme d'une meringue blanche dont les caracteristiques sont les suivantes: 

- pOUVOir fOtatoire : (a]0 2Q = - 52 (C = Q,5 ; methanol). 

15 - spectre de R.M.N. 1H (400 MHz; CDCl3 ; ()en ppm ; constantes de couplage Jen 

Hz) : 1,22 (s. 3H : -CH3) ; 1,25 (s, 3H : -CH3) ; 1,35 (s. 9H : -C(CH3}3) ; 1,73 (s, 

3H : -CH3) ; 1,80 et 2,75 (2 mts, lH chacun : -CH2- 6) ; 1,92 (s, 3H: -CH3); 2,24 et 

2,39 (s, 3H chacun : -COCH3) ; 2,30 (cl, J = 9, 2H : -CH2- 14) ; 3,36 (s, 3H : -

OCH3) ; 3,42 (d, J = 5, lH : -OH 2') ; 3,85 (cl, J = 7, 1 H : -H 3) ; 3,88 (dd, J = 11 et 

20 7, lH : -H 7) ; 4,18 et 4,32 (2 d, J = 8,5, l H chacun : -CH2- 20) ; 4,65 (mt, lH : -H 

2') ; 4,97 (d large, J = 10 Hz, IH : H 5) ; 5,28 (d large, J = 10, lH : -H 3') ; 5,42 (d, 

J = 10, lH: -CONH-) ; 5,68 (d, J = 7, lH: -H 2) ; 6,20 (t large. J = 9, lH: -H 13) ; 

6,43 (s, lH : -H 10) ; de 7,30 a 7,45 (mt, SH : -C6H5 3') ; 7,51 [(t, J = 7,5, 2H : 

-OCOC6H5(-H 3 et H 5)] ; 7,63 [(t, J = 7,5, lH: -OCOC6H5(-H 4)] ; 8,12 [(d, J = 

25 7,5, 2H : -OCOC6Hs(-H 2 et H 6)]. 

Le tert-butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 

carboxylate-5 (2R,4S,5R) de benzoyloxy-2n diacetoxy-4a,10f3 epoxy-5f3,20 hydroxy

lf3 methoxy-7f3 oxo-9 taxene-11 yle-13a peut etre prepare de la maniere suivante: 

A une solution de 1,027 g de tert-butox-ycarbonyl-3 (methoxy-4 phenyl)-2 

30 phenyl-4 oxazolidine-1,3 carboxylate-5 (2R,4S,5R) de benzoylo>..')'-2a diacetoxy-
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4a,10f3 epoxy-Sf3,20 hydroxy-1(3 methylthiomethoxy-7(3 oxo-9 taxene-11 yle-13a 

dans 100 cm3 d'ethanol anhydre, maintenue sous atmosphere d'argon et sous 

agitation, on ajoute, a une temperature voisine de 20°C, 100 cm3 d'une suspension 

ethanolique de nickel active. (cette suspension est obtenue a partir de 80 cm3 de la 

5 suspension aqueuse commerciale a environ 50 % par lavage successifs, jusqu'a un pH 

voisin de 7, par 15 fois 100 cm3 d'eau distillee et par 5 fois 100 cm3 d'ethanol). Le 

melange reactionnel est maintenu sous agitation pendant 48 heures a une temperature 

voisine de 20°C puis filtre sur verre fritte. Le verre fritte est lave par 5 fois 50 cm3 

d'ethanol, les filtrats sont reunis et concentres a sec sous pression reduite (2,7 kPa) a 
10 40°C. On obtient 900 mg d'une meringue blanche que !'on purifie par chromatographie 

sur 50 g de silice (0,063-0,2 mm) contenus dans une colonne de 2,5 cm de diametre 

[eluant: dichloromethane-methanol (98-2 en volumes)] en recueillant des fractions de 

5 cm3. Les fractions ne contenant que le produit cherche sont reunies et concentrees a 
sec sous pression reduite (2,7 kPa) a 40°C. On obtient ainsi 810 mg de tert-

15 butoxycarbonyl-3 (methoxy-4 phenyl}-2 phenyl-4 oxazolidine-1,3 carboxylate-5 

(2R,4S,5R) de benzoyloxy-2o. cliacetoxy-4a, l Of3 epoxy-5f3,20 hydroxy-1(3 methoxy-

7(3 oxo-9 taxene-11 yle-13a sous fonne d'une meringue blanche. 

Le tert-butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 

carboxylate-5 (2R,4S ,SR) de benzoyloxy-2n diacetoxy-4a, 1 Of3 epoxy-5(3,20 hydroxy-

20 1 (3 methylthiomethoxy-7(3 oxo-9 taxene-J 1 yle-13a peut et re prepare de la maniere 

suivante: 

Aune solution de 5 g de te11-butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-

4 oxazolidine-1,3 carboxylate-5 (2R,4S,5R) de benzoylox1'-2a cliacetoxy-4a,10f3 

epoxy-5f3,20 dihydrox-y-1 f3,7f3 oxo-9 taxene-11 yle-13a dans 165 cm3 de 

25 dimethylsulfoxyde, maintenue sous atmosphere d'argon et sous agitation, on ajoute, a 
une temperature voisine de 20°C, 3,5 cm3 d'acide acetique et 12 cm3 d'anhydride 

acetique. Le melange reactionnel est maintenu sous agitation pendant 8 jours a une 

temperature voisine de 20°C puis verse dans un melange de 550 cm3 d'eau distillee et 

250 cm3 de dichloromethane. On aclditionne ensuite sous bonne agitation 30 cm3 

30 d'une solution aqueuse saturee de carbonate de potassium jusqu'a un pH voisin de 7. 

~0-
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Apres 10 minutes d'agitation, la phase organique est separee par decantation et 

reextraite par 2 fois 250 cm3 de dichloromethane. Les phases organiques sont reunies, 

lavees par 250 cm3 d'eau distillee, sechees sur sulfate de magnesium, filtrees et 

concentrees a sec sous pression reduite (2,7 kPa) a 40°C. On obtient 11,2 g d'une 

5 huile jaune pale que l'on purifie par chromatographie sur 200 g de silice (0,063-

0,4 mm) contenus dans une colonne de 3 cm de diametre [eluant : dichloromethane

methanol (99-1 en volumes)] en recueillant des fractions de 50 cm3. Les fractions ne 

contenant que le produit cherche sont reunies et concentrees a sec sous pression 

reduite (2, 7 kPa) a 40°C. On obtient ainsi 3,3 g de tert-butO:X')'Carbonyl-3 (methoxy-4 

10 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-5 (2R,4S,5R) de benzoyloxy-2a 

diacetoxy-4a,10(3 epoxy-5(3,20 hydroxy-1(3 methylthiomethoxy-7f3 oxo-9 taxene-11 

yle-13a sous forme d'une meringue blanche. 

Le tert-butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 

carboxylate-5 (2R,4S,5R) de benzoyloxy-2a diacetoxy-4a,10f3 epoxy-5(3,20 

15 dihydroxy-lf3,7f3 oxo-9 taxene-11 yle-13a peut etre preparee de la maniere suivante: 

A une solution de 25 g de tert-butoxycarbonyl-3 (methoxy-4 phenyl)-2 

phenyl-4 oxazolidinecarboxylate-5-(2R,4S,5R) de diacetoxy-4a,10f3 benzoyloxy-2a 

epoxy-5f3,20 triethylsilyloxy-7f3 oxo-9 hydroxy-1 f3 taxene-11 yle-13a dans 125 cm3 

d'acetonitt-ile et 11 l cm3 de pyridine, refroidie a 5°C, on ajoute, en 45 minutes, 

20 103,6 g cl'acicle trifluoroacetique. On agite pendant 15 heures a 50°C. On ajoute a 
nouveau 28 cm3 de pyridine et 25,9 g d'acide trifluoroacetique et agite pendant 10 

heures a 50°C. On ajoute encore une fois 28 cm3 de pyridine et 25, 9 g d'acide 

trifluoroacetique et agite pendant 15 heures a 50°C. Le melange reactionnel est 

refroidi a 20°C puis est verse dans 4 litres d'eau glacee. La suspension est filtree. Le 

25 precipite est lave par 10 fois 200 cm3 d'eau distillee, est seche a l'air puis lave par 140 

cm3 d'oxyde d'isopropyle, essore et enfin lave par 2 fois 46 cm3 d'ox')'de d'isopropyle. 

On obtient ainsi, avec un rendement de 97 %, 21,7 g de tert-butoxycarbonyl-3 

(methox-y-4 phenyl)-2 phenyl-4 oxazolidinecarboxylate-5-(2R,4S,5R) de diacetox')'-

4a,10!3 benzoyloxy-2a epoxy-5(3,20 dihydro:\.')'-lf3,7f3 oxo-9 taxene-11 yle-13a 

30 fondant a 178°C. 
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Le te11-butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine

carboxylate-5-(2R,4S,SR) de diacetoxy-4a,10[3 benzoyloxy-2a epoxy-5j3,20 

triethylsilyloxy-7[3 oxo-9 hydroxy-1[3 taxene-11 yle-13a peut etre prepare de la 

maniere suivante : 

Aune solution de 147 g triethylsilyl-7 baccatine III et de 100 g d'acide tert

butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-carboxylique-5 dans 

720 cm3 d'acetate d'ethyle refroidie a une temperature voisine de 5°C, on ajoute 

successivement 64,7 g de dicyclohexyl-1,3 carbodiimide et 5,6 g de dimethylamino-4 

pyridine. 

10 La suspension ainsi obtenue est agitee pendant 4 heures a 20°C puis filtree. 

Le filtrat est lave par 2 fois 500 cm3 d'une solution aqueuse semi-saturee 

d'hydrogenocarbonate de sodium, 2 fois 500 cm3 d'eau distillee et 2 fois 500 cm3 

d'une solution aqueuse saturee de chlorure de sodium. 

La phase organique est sechee sur sulfate de magnesium. Apres filtration et 

15 concentration a sec sous pression reduite, le produit obtenu est cristallise dans 

750 cm3 de methyl ter-t-butylether, on obtient 126,9 g de tert-butoxycarbonyl-3 

(methoxy-4 phenyl)-2 phenyl-4 oxazolidinecarboxylate-5-(2R,4S,5R) de diacetoxy-

4n, 10[3 benzyloxy-2a epoxy-5[3,20 triethylsilyloxy-7[3 oxo-9 hydroxy-I [3 taxene-11 

yle-130. fondant a 174°C. 

20 La triethylsilyl-7 baccatine III petit etre preparee de la maniere suivante : 

A une solution de 293,9 g de desacetyl-10 baccatine III dans 2,7 litres de 

pyridine, on ajoute, en I heure 20 minutes, 182 g de chlorure de triethylsilyle. La 

solution obtenue est agitee pendant 40 heures a 5°C. On ajoute alors 360 g 

d'anhydride acetique en maintenant la temperature a 5°C. La suspension obtenue est 

25 agitee pendant 48 heures a 20°C puis versee sur 40 litres d'eau glacee. Le precipite 

obtenu est separe par filtration puis lave par 8 fois 2 litres d'eau et enfin dissous dans 

3 litres d'acetate d'ethyle. La phase organique est sechee sur sulfate de magnesium. 

Apres filtration et concentration sous pression reduite, le produit obtenu est cristallise 

dans l'ox·ycte d'isopropyle. On obtient ainsi, avec un rendement de 77 %, la 

30 triethylsilyl-7 baccatine III fondant a 254°C. 

0 
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EXEMPLE 2 

En operant comme dans l'exernple 1, mais a partir de 430 mg de tert

butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-5 ,,. 

{2R,4S,5R) d'acetoxy-4a benzoyloxy-2a epoxy-5{3,20 hydroxy-lf3 methoxy-7f3 

5 methoxyacetoxy-10(3 oxo-9 taxene-11 yle-13a, on obtient 164 mg de .de tert

butoxycarbonylamino-3 hydroxy-2 phenyl-3 propionate-(2R,3S) d'acetoxy-4a 

benzoyloxy-2a epoxy-5(3,20 hydroxy-If) methoxy-7[3 methoxyacetoxy-10(3 oxo-9 

taxene-11 yle-13a sous forrne d'une meringue blanche dont les caracteristiques sont 

les suivantes: 

10 - pouvoir rotatoire: [a] 0 20 = - 48 (c = 0,5 ; methanol) 

- spectre de R.M.N. 1H (300 MHz; CDCl3 ; o en ppm;· constantes de couplage Jen 

Hz) : 1,17 (s, 3H : -CH3) ; 1,22 (s, 3H : -CH3) ; 1,35 (s, 9H : -C(CH3)3 ; 1,75 (s, 

3H: -CH3) ; 1,80 et 2,75 (2 mts, lH chacun : -CH2- 6) ; 1,90 (s, 3H : -CH3) ; 2,30 

(d, J = 9, 2H : -CH2- 14) ; 2,37 (s, 3H : -COCH3) ; 3,35 et 3,55 (2 s, 3H chacun : 

15 -OCH3); 3,40 (d, J = 5, lH : -OH 2') ; 3,85 (d, J = 7, lH: -H 3) ; 3,88 (dd, J = 11 et 

7, lH: -H 7) ; 4,17 et 4,32 (2 d, J = 8,5, lH chacun: -CHz- 20); 4,19 et 4,27 (2 d, 

J = 15, lH chacun: -OCOCHzOCH3) ; 4,65 (mt, lH : -H 2') ; 4,97 (d large, J = 10, 

lH : -H 5) ; 5,25 (d large, J = 10, lH : -H 3') ; 5,42 (d, J = 10, lH : -CONH -) ; 5,66 

(d, J = 7, lH : -H 2) ; 6,18 (t large, J = 9, lH : -H 13) ; 6,52 (s, lH : -H 10) ; de 7,30 

20 a 7,50 (mt, SH : -C6Hs 3') ; 7,51 [(t, ~ = 7,5, 2H : -OCOC6H5(-H 3 et H 5)] ; 7,63 

[(t, J = 7,5, lH : -OCOC6H5(-H 4)] ; 8,12 (d, J = 7,5, 2H : -OCOC6H5(-H 2 et H 

6)]. 

En operant comme dans l'exemple 1, mais a partir de 529 mg de tert

butoxycarbonyl-3 (methoxy-4 phenyD-2 phenyl-4 oxaz~lidine-1,3 carboxylate-5 

25 (2R,4S,5R) d'acetoxy-4a benzoyloxy-2a epoxy-5f3,20 hydrOX')'-1(3 methoxyaceto:x·y-

10[3 methylthiomethox')'-7(3 oxo-9 taxene-11 yle-13a, on obtient 436 mg de tert

butoxycarbonyl-3 (methox")'-4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-5-

(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a epoxy-5f3,20 hydroxy-1[3 methoxy-7(3 

methoxyacetoxy-10[) oxo-9 taxene-11 yle-13a sous forme d'une meringue blanche. 
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En operant comme dans l'exemple 1, mais a partir de 5 g de tert

butoxycarbonyl-3 (methoxy-4 phenyl}-2 phenyl-4 oxazolidine-1,3 carboxylate-5 

(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a epoxy-5(3,20 dihydroxy-lf3,713 methoxy

acetoxy-10(3 oxo-9 taxene-11 yle-13a, on obtient 3,01 g de tert-butoxycarbonyl-3 

5 (methoxy-4 phenyl)-2 phenyl-4 sixazolidine-1,3 carboxylate-5 (2R,4S,5R) d'acetoxy-4 

a benzoyloxy-2a epoxy-513,20 hyclroxy-113 methoxyacetoxy-1013 methylthiomethoxy-

713 oxo-9 taxene-11 yle-13a sous fonne d'une meringue blanche. 

Le tert-butoxycarbonyl-3 (methm .. y-4 phenyl)-2 phenyl-4 oxazolidine-1,3 

carboxylate-5-(2R,4S,SR) d'acetoxy-4a benzoyloxy-2a epoxy-Sf3,20 dihydroxy-113,7(3 

10 methoxyacetoxy-10(3 oxo-9 taxene-11 yle-13a peut etre prepare de la maniere 

suivante: 

A une solution de 20 g de tert-butoxycarbonyl-3 (methoxy-4 phenyl}-2 

phenyl-4 oxazolidine-1,3 carboxylate-5-(2R,4S,SR) d'acetoxy-4a benzoyloxy-2a 

epoxy-5(3,20 triethylsilyloxy-7(3 hydroxy-1 f3 methoxyacetoxy-1013 oxo-9 taxene-11 

15 yle-13a clans 200 cm3 de dichloromethane anhydre, maintenue sous atmosphere 

d'argon et sous agitation, on ajoute, goutte a goutte, a une temperature voisine de 

0°C, 220 cm3 du complexe triethylarnine- acicle fluorhyd1ique 0-3 en moles). Le 

melange reactionnel est ensuite rechauffe jusqu'a une temperature Voisine de 20°C, 

maintenu pendant 3 hew·es a cette temperature et verse clans 4 litres d'une solution 

20 aqueuse saturee d'hydrogenocarbonate de sodium. Le pH du milieu reactionnel etant 

ainsi amene au.x environs de 7. Apres 10 minutes d'agitation, la phase organique est 

separee par decantation et reextraite par 2 fois 100 cm3 de dichloromethane. Les 

phases organiques sont reunies, lavees par 100 cm3 d'eau djstillee, sechees sur sulfate 

de magnesium, filtrees et concentrees a sec sous pression reduite (2,7 kPa) a 40°C. On 

25 obtient ainsi 17,4 g de tert-butoA-ycarbonyl-3 (methox)'-4 phenyl}-2 phenyl-4 

oxazolidine-1,3 carboxylate-5 (2R,4S,5R) d'acetoxy-4a benzoylox-y-2a epoxy-513,20 

dihydroxy-lf3,7f3 methoxyacetoxy-10(3 oxo-9 taxene-11 yle-13a sous forme d'une 

meringue blanche. 
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Le tert-butox-ycarbonyl-3 (methox-y-4 phenyl)-2 phenyl-4 oxazolidine-1,3 

carboxylate-5-(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a epoxy-5(3,20 triethylsilyloxy-7 

f3 hydroxy-1[3 methoxyacetoxy-10(3 oxo-9 taxene-11 yle-13a peut etre prepare dans 

les conditions decrites dans la demande intemationale PCT WO 95/11241. 

5 EXEMPLE 3 

En operant comme dans l'exemple 1, mais a partir de 188 mg de tert

butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1.3 carboxylate-5-

(2R,4S,SR) d'acetoxy-4a benzoyloxy-2a dihydroxy-1(3,10[3 epoxy-5[3,20 methoxy-

7[3 oxo-9 taxene-11 yle-13a, on obtient 115 mg de de tert-butoxycarbonylamino-3 

10 hydroxy-2 phenyl-3 propionate-(2R,3S) d'acetoxy-4a benzoyloxy-2a dihydroxy-1[3 

,10(3 epoxy-5(3,20 methoxy-7(3 oxo-9 taxene-11 yle-13a sous forme d'une meringue 

blanche dont les caracteristiques sont !es suivantes : 

- pouvoir rotatoire: (ar)20 = - 43 (c = 0,5 ; methanol) 

- spectre de R.M.N. 1H (300 MHz; CDCI3; o en ppm ; constantes de couplage Jen 

15 Hz) : 1,14 (s, 3H : -CH3) ; 1,24 (s. 3H : -CH3) ; 1,38 [s, 9H : -C(CH3)3]; 1,66 (s, 

lH : -OH 1) ; 1,79 (s, 3H: -CH3) ; 1,88 et 2,72 (2 mts, lH chacun: -CH2- en 6) ; 

1,88 (s, 3H : -CH3} ; 2,29 (mt, 2H: -CH2- en 14); 2,38 (s. 3H: -COCH3) ; 3,27 (s, 

· 3H : -OCH3) ; 3,40 (d, J = 5,5, lH : -OH en 2') ; 3,84 (dd, J = 11 et 6, lH : -Hen 7) ; 

3,89 (d, J = 7, lH : -H en 3) ; 4, 19 et 4,32 (2 d, J = 8,5, lH chacun : -CH2- en 20) ; 

20 4,30 (d, J = 1 Hz, lH : -OH en 10) ; 4,61 (mt, lH : -H en 2') ; 4,97 (d large, J = 10, 

lH : -Hen 5) ; 5,15 (d, J. = 1, lH : -H en 10) ; 5,27 (d large, J = 10, lH : -Hen 3') ; 

5,45 (d, J = 10, lH : -CONH-) ; 5,64 (d, J = 7, IH : -H en 2) ; 6,20 (t large, J = 9, 

lH: -H 13) ; de 7,30 a 7,50 (mt, SH : -C6Hs en 3') ; 7,52 [t, J = 7,5, 2H : -

OCOC6H5 (-Hen 3 et Hen S)] ; 7,63 [t, J = 7,5, lH : -OCOC6H5(-H en 4)] : 8,11 

25 [d, J = 7,5, 2H : -OCOC6H5(-H en 2 et Hen 6)]. 

Le tei1-butoxycarbonyl-3 (rnethoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 

carboxylate-5-(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a dihydroxy-lf3,10f3 epoxy-

5f3,20 methoxy-7(3 oxo-9 taxene-11 yle-13a peut etre prepare de la maniere 

suivante : 
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A une solution de 150 mg de tert-butoxycarbonyl-3 (methoxy-4 phenyl)-2 

phenyl-4 oxazolidine-1,3 carboxylate-5-(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a 

epoxy-5(3,20 hydroxy-1(3 methoxy-7(3 methoxyacetoxy-10(3 oxo-9 taxene-11 yle-13a 

dans 4 cm3 d'ethanol anhydre, maintenue sous atmosphere d'argon et sous agitation, 

5 on ajoute. goutte a goutte et a une temperature voisine de 20°C, 0,263 cm3 

d 'hydrazine mono hydra tee. Le milieu reactionnel est maintenu sous agitation 

pendant 1 heure a une temperature voisine de 20°C puis verse dans un melange de 

100 cm3 d'acetate d'ethyle et de 50 cm3 d'eau distillee. La phase organique est 

separee par decantation et reextraite par 2 fois 50 cm3 d'acetate d'ethyle. Les phases 

10 organiques sont reunies lavees par 50 cm3 d'eau distillee, sechees sur sulfate de 

magnesium, filtrees et concentrees a sec sous pression reduite (2, 7 kPa) a 40°C. On 

obtient 180 mg d'une meringue blanche que l'on purif.ie par chromatographie sur gel 

de silice depose sur plaques [(gel de 1 mm d'epaisseur ; plaqu·es de ·20 x 20 cm) en 

eluant avec un melange dichloromethane-methanol (90-10 en volumes)] et en 

15 recueillant des fractions de 90 mg (2 plaques). A pres localisation aux rayons U. V. de 

la zone correspondant au procluit cherche adsorbe, cette zone est grattee et la silice 

recueillie est lavee sur verre f1itte par 10 fois 10 cm3 d'acetate d'ethyle. Les filtrats 

sont reunis et concentres a sec sous pression reduite (2,7 kPa) a 40°C. On obtient 

ainsi 1l3 mg de te11-butoxycarbonyl-3 (methoxy-4 phenyD-2 phenyl-4 oxazolidine-

20 1,3 carboxylate-5-(2R,4S,5R) d'acetoxv-4a benzoyloxy-2a dihydroxy-1(3, 10(3 

epoxy-5[3,20 methoxy-7[3 oxo-9 taxene- 11 yle-13a sous forme ct' une meringue 

blanche. 

EXEMPLE4 

En operant comme clans l'exemple 1, mais a partir de 340 mg de tert-

25 butoxycarbonyl-3 (rnethoxy-4 phenyD-2 phenyl-4 oxazolidine-1,3 carboxylate-5-

(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a dimethoxy-7(3,10(3 epoxy-Sf3,20 hydroxy-

1[3 oxo-9 taxene-11 yle-13a, on obtient 205 mg de tert-butoxycarbonylamino-3 

hydroxy-2 phenyl-3 propionate-(2R,3S) d'acetoxy-4a benzoyloxy-2a dimethoxy-7(3 

,10(3 epoxy-5(3,20 hydroxy-1(3 oxo-9 taxene-11 yle-13a sous forme d'une meringue 

30 blanche dont les caracte1istiques sont les suivantes : 
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- pOUVOir rotatOire: [a] 0 20 = - 33 (C = 0,5 ; methanol). 

- spectre de R.M.N. 1H (400 MHz; CDCl3 ; 6 en ppm ; constantes de couplage.J en 

Hz) : 1,23 (s, 3H : -CH3) ; 1,25 (s, 3H : -CH3) ; 1,39 [s, 9H : -C(CH3)3] ; i.70 (s, 

lH : -OH 1) ; 1,75 (s, 3H : -CH3) ; 1,82 et 2,72 (2 mts, lH chacun : -CH2 en 6) ; 

5 1,91 (s, 3H : -CH3) ; 2,31 (AB limite, 2H: -CH2 en 14) ; 2,39 (s, 3H : -COCH3) ; 

3,33 et 3,48 (2 s, 3H chacun : -OCH3) ; 3,48 (mt, lH : OH en 2') ; 3,85 (d, J = 7z, 

lH : -H en 3) ; ,88 (dd, J = 11 et 7, lH : -Hen 7) ; 4,20 et 4,33 (2 d, J = 8,5, lH 

chacun : -CH2 en 20) ; 4,65 (mt, lH : -Hen 2') ; 4,83 (s, lH : -H en 10) ; 5,00 (d 

large, J = 10, lH : -H en 5) ; 5,30 (d large, J = 10, lH : -H en 3') ; 5,47 (d, J = 10, 

10 lH: -CONH-) ; 5,66 (d. J = 7. lH: -Hen 2) ; 6,24 (t large, J = 9, lH: -Hen 13) ; de 

7,30 a 7,50 (mt, SH : -C6Hs en 3') ; 7,52 [t, J = 7,5, 2H: -OCOC6Hs(-H en 3 et H 

en 5)] ; 7,63 [t, J = 7,5, lH : -OCOC6H5(-H en 4)] ; 8,12 [d, J = 7,5, 2H : 

-OCOC6Hs(-H en 2 et Hen 6)]. 

En operant comme dans l'exemple 1, mais a partir de 1 g de tert-

15 butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-5-

(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a bis(methylthiomethoxy)-7{3,10(3 epoxy-

5{3,20 hydroxy-If) oxo-9 taxene-11 yle-13a, on obtient 350 mg de tert

butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-5-

(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a dimethoxy-7{3.10(3 epoxy-5(3,20 hydroxy-

20 1{3 oxo-9 taxene-11 yle-13a sous forme d'une meringue blanche. 
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REVENDICATIONS 

1 - Procede de preparation de taxo·ides de formule generale : 

0 

Z-0 11 ... (I) 
0 

danslaquelle 

Z represente un atome cl'hyclrogene ou un radical de fonnule generale : 

R
1
NH 0 

. : II 
~ (II) 

RJ :. 
OH 

dans laquelle : 

R 1 repn~sente un radical benzoyle eventuellement substitue par un ou 

plusieurs atomes ou radicaux, iclentiques ou differents, choisis parmi les atomes 

10 d'halogene et les radicaux alcoyles contenant 1 a 4 atomes de carbone, alcoxy 

contenant .1 a 4 atomes de carbone ou trifluoromethyle, thenoyle ou furoyle ou un 

radical R2-0-CO- dans lequel R2 represente : 

- un radical alcoyle contenant 1 a 8 atomes de carbone. alcenyle contenant 2 a 8 

atomes de carbone, alcynyle contenant 3 a 8 atomes de carbone, cycloalcoyle 

15 contenant 3 a 6 atomes de Carbone, cycloalcenyle COntenant 4 a 6 atomes de Carbone, 

bicycloalcoyle con tenant 7 a 10 a tomes de Carbone, ces radicaux etant eventuellement 

substitues par un ou plusiew-s substituants choisis panni les atomes d'halogene et les 

radicaux hydroxy, alcoxy contenant 1 a 4 atomes de carbone, dialcoylamino dont 

chaque partie alcoyle contient 1 a 4 atomes de carbone, piperidino, morpholino, 

20 piperazinyl-1 (eventuellement substitue en -4 par un radical alcoyle contenant 1 a 4 

atomes de carbone ou par un radical phenylalcoyle dont la partie alcoyle contient 1 a 4 

a tomes de carbone), cycloalcoyle contenant 3 a 6 a tomes de carbone, cycloalcenyle 

,0-
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contenant 4 a 6 atomes de carbone, phenyle (eventuellement substitue par un ou 

plusieurs atomes ou radicaux choisis parmi les atomes d'halogene et les raclicaux 

alcoyles COntenant 1 a 4 atomes de Carbone OU alcoxy contenant 1 a 4 atomes de 

carbone), cyano, carboxy ou alcoxycarbonyle dont la partie alcoyle contient 1 a 4 

5 atomes de carbone, 

- un radical phenyle ou a- ou j3-naphtyle eventuellement substitue par un ou plusieurs 

atomes ou radicaux choisis parmi les atomes d'halogene et les radicaux alcoyles 

contenant 1 a 4 atomes de carbone ou alcoxy contenant 1 a 4 atomes de carbone ou un 

radical heterocyclique aromatique a 5 chainons choisi de preference panni les radicaux 

10 furyle et thienyle, 

- ou un radical heterocyclyle sature contenant 4 a 6 atomes de carbone eventuellement 

substitue par un ou plusieurs radicaux alcoyles contenant 1 a 4 a tomes de carbone, 

R 3 represente un radical alcoyle droit ou ramifie contenant 1 a 8 atomes de 

carbone, alcenyle droit ou ramifie contenant 2 a 8 atomes de carbone, alcynyle droit ou 

15 ramifie contenant 2 a 8 atomes de carbone, cycloalcoyle contenant 3 a 6 atomes de 

carbone, phenyle ou a- ou f3-naphtyle eventuellement substitue par un ou plusieurs 

atomes ou raclicaux choisis panni les atomes d'halogene et Jes radicaux alcoyles, 

alcenyles, alcynyles, aryles. aralcoyles, alco~y. alcoylthio, aryloxy, arylthio, hydroxy, 

hydroxyalcoyle, mercapto, fonnyle, acyle, acylamino, aroylamino, alcoxycarbonyl-

20 amino, amino, alcoylamino, dialcoylamino, carboxy, alcoxycarbonyle, carbamoyle, 

alcoylcarbamoyle, dialcoylcarbamoyle, cyano, nitro et trifluoromethyle, ou un 

heterocycle aromatique ayant 5 chainons et contenant un ou plusieurs heteroatomes, 

identiques ou differents, choisis parrni les atomes d'azote, d'oxygene ou de soufre et 

eventuellement substitue par un ou plusieurs substituants, identiques ou differents, 

25 choisis panni les atomes d'halogene et !es radicaux alcoyles, aryles, amino, 

alcoylamino, clialcoylamino, alco>..)'carbonylamino, acyle, arylcarbonyle, cyano, 

carboxy, carbamoyle, alcoylcarbamoyle, dialcoylcarbamoyle ou alcoxycarbonyle, etant 

entendu que, dans les substituants des radicaux phenyle, a- ou f3-naphtyle et 

heterocyclyles aromatiques, les radicaux alcoyles et les portions alcoyles des autres 

30 radicaux contiennent 1 a 4 atomes de carbone et que les raclicaux alcenyles et alcynyles 
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contiennent 2 a 8 atomes de carbone et que les radicaux aryles sont des radicaux 

phenyles ou a.- ou f3-naphtyles, 

R4 represente un atome d'hydrogene ou un radical hydroxy ou un radical 

alcoxy contenant 1 a 6 atomes de carbone en chaine droite ou ramifiee, alcenyloxy 

5 contenant 3 a 6 atomes de carbone en chaine droite ou ramifiee, alcynyloxy contenant 

3 a 6 atomes de carbone en chaine droite ou ramifiee, cycloalcoyloxy contenant 3 a 6 

atomes de carbone, cycloalcenyloxy contenant 3 a 6 atomes de carbone, alcanoyloxy 

dont la partie alcanoyle contient 1 a 6 atomes de carbone en chaine droite ou ramifiee, 

alcenoyloxy dont la pm1ie alcenoyle contient 3 a 6 atomes de carbone en chaine droite 

10 ou ramifiee, alcynoyloxy dont la partie alcynoyle contient 3 a 6 atomes de carbone en 

chaine droite ou ramifiee, alcoxyacetyle dont la partie alcoyle contient 1 a 6 atomes de 

carbone en chaine droite ou ramifiee, alcoylthioacetyle dont la partie alcoyle contient 1 

a 6 atomes de carbone en chaine droite ou ramifiee, alcoyloxycarbonyloxy dont la 

partie alcoyle contient 1 a 6 atomes de carbone en chaine droite ou ramifiee, ces 

15 radicaux etant eventuellement Substitues par Ufl OU pJusieurs atomes d'halogene OU par 

un radical alcoxy contenant 1 a 4 atomes de carbone, alcoylthio contenant 1 a 4 

atomes de carbone, ou un radical carboxy, alcoyloxycarbonyle dont la partie alcoyle 

contient 1 a 4 atomes de carbone, cyano, carbamoyle, N-alcoylcarbamoyle ou 

N,N-dialcoylcarbamoyle dont chaque partie alcoyle contient 1 a 4 atomes de carbone 

20 ou fom1e avec l'atome d'azote auquel elle est liee un radical heterocyclique sature 

contenant 5 ou 6 chainons et eventuellement un second heteroatome choisi parmi !es 

atomes d'oxygene, de soufre ou d'azote eventuellement substitue par un radical alcoyle 

contenant 1 a 4 atomes de carbone ou un radical phenyle ou un radical phenylalcoyle 

dont la partie alcoyle contient 1 a 4 atomes de carbone, ou bien R4 represente un 

25 radical benzoyloxy ou heterocyclylcarbonyloxy dans lequel la partie heterocyclique 

represente un heterocycle aromatique a 5 ou 6 chainons contenant un ou plusieurs 

heteroatomes choisis parmi les atomes d'oxygene, de soufre ou d'azote, et 

Rs represente un radical alcoxy contenant 1 a 6 atomes ce carbone en chaine 

droite ou ramifiee, caractfaise en ce que l'on fait reagir du nickel Raney active en 

30 presence d'un alcool aliphatique contenant 1 a 3 atomes de carbone sur un produit de 

formule generale : 
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(III) 

dans laquelle Z1 represente un atome d'hyclrogene ou un radical de formule generale: 

R1 -....... .... R< 
N 'O 

~ 
R3 :. 

(IV) 

0-R7 

dans laquelle Rl et R3 sont definjs comme precedemment et, ou bien, R6 represente 

5 un atome d'hydrogene et R7 represente un groupement protecteur de la fonction 

hydroxy, et, ou bien, R6 et R7 fonnent ensemble un heterocycle sature a 5 ou 6 

chainons, R4 est defini comme prececlemment, et R et R' representent un atome 

d'hydrogene ou un radical alcoyle contenant I a 6 atomes de carbone, pour obtenir un 

produit de fonnule generate: 

10 

(V) 

suivi, lorsque Z1 represente un rndical de fo1mule generate (IV). du remplacement des 

groupements protecteurs representes par R6 et/ou R6 et R1 par des atomes 

d'hydrogene. 
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2 - Procede de preparation selon Ia revendication 1 caracterise en ce que l'on 

opere a une temperature comprise entre -10 et 20°C. 

3 - Procede selon la revendication la caracterise en ce que lorsque Z1 

represente un radical de formule generate (IV), caracterise en ce que l'on remplace les 

5 groupements protecteurs R7 et/ou R6 et R7 par des atomes d'hydrogene en operant, 

selon leur nature de la maniere suivante : 

1) lorsque R6 represente un atome d'hydrogene et R7 represente un groupement 

protecteur cle la fonction hydroxy, on remplace les groupements protecteurs par des 

atomes d'hydrogene au moyen cl'un acide mineral ou organique utilise seul ou en 

10 melange en operant dans un solvant organique choisi parmi les alcools, Jes ethers, les 

esters, les hydrocarbures aliphatiques, les hydrocarbures aliphatiques halogenes, les 

hydrocarbures aromatiques ou les nitrites a une temperature comprise entre -10 et 

60°C, 

2) lorsque R6 et R7 forment ensemble un heterocycle sature a 5 ou 6 chainons de 

15 formule generate: 

(VI) 

dans laquelle R 1 est defini com me precedernment. Rs et Rg, identiques ou differents, 

representent un atome d'hydrogene ou un radical alcoyle contenant 1 a 4 atomes de 

carbone, ou un radical aralcoyle dont la partie alcoyle contient 1 a 4 atomes de 

20 carbone et la pm1ie ar·yle represente, de preference, un radical phenyle 

eventuellement substitue par un ou plusieurs radicaux alcoxy contenant 1 a 4 atomes 

de carbone, ou un radical aryle representant, de preference un radical phenyle 

eventuellement substitue par un OU plusieurs radicaux alcoxy COntenant 1 a 4 atomes 

de carbone, ou bien Rs represente un radical alcoxy contenant 1 a 4 atomes de 

25 carbone ou un radical trihalomethyle tel que tr1chloromethyle ou un radical phenyle 

substitue par un radical trihalomethyle tel que trichloromethyle et Rg represente un 
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atome d'hydrogene, ou bien Rs et Rg forment ensemble avec l'atome de carbone 

auquel ils sont lies un cycle ayant 4 a 7 chainons, on remplace le groupement 

protecteur forme par R6 et R7 par des atomes d'hydrogene en operant, selon les 

significations de R 1 • Rs et Rg, de la maniere suivante : 

5 a) Iorsque R 1 represente un radical tert-butoxycarbonyle, Rg et Rg. 

identiques ou differents, representent un radical alcoyle ou un radical aralcoyle ou 

aryle, ou bien R3 represente un radical trihalomethyle ou un radical phenyle substitue 

par un radical trihalomethyle, et Rg represente un atome d'hydrogene, ou bien R3 et 

Rg forment ensemble un cycle ayant de 4 a 7 chainons, on traite l'ester de formule 

10 generale (V) par un acide mineral ou organique eventuellement dans un solvant 

organique tel qu'un alcool pour obtenir le produit de formule generate: 

(VII) 

clans laquelle R3. R4 et Rs sont clefinis comme precedemment, que l'on acyle au 

moyen de chlorure de benzoyle clans lequel le noyau phenyle est eventuellement 

15 substitue, de chlorure de thenoyle, de chlorure de furoyle ou d'un produit de formule 

generale: 

(VIII) 

dans laquelle R2 est defini comme precectemment et X represente un atome 

d'halogene ou un reste -O-R2 ou -O-CO-O-R2. pour obtel)ir un produit de formule 

20 genera le (I) dans laquelle Z represente un radical de formule genera le (II), 

b) lorsque R 1 represente un radical benzoyle eventuellement substitue, thenoyle ou 

furoyle ou un radical R20-CO- dans lequel R2 est defini comme precedemment, R3 

represente un atome d'hydrogene ou un radical alcoxy contenant 1 a 4 atomes de 

carbone ou un radical phenyle substitue par un ou plusieurs radicaux alcoxy 

25 contenant 1 a 4 atomes de carbone et R9 represente un atome d'hydrogene, on 
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remplace le groupement protecteur forme par R6 et R7 par des atomes d'hydrogene 

au moye d'un acide mineral ou organique utilise seul ou en melange en quantite 

stoechiometrique ou catalytique, en operant dans un solvant organique choisi parmi 

les alcools. les ethers, les esters, les hydrocarbures aliphatiques, les hydrocarbures 

5 aliphatiques halogenes et les hydrocarbures aromatiques a une temperature comprise 

entre -10 et 60°C, de preference entre 15 et 30°C. 

4 - Procecle selon l'une des revendications 1, 2 ou 3 pour la preparation d'un 

procluit de formule generale (I) pour lequel Z represente un atome d'hydrogene ou un 

radical de fonnule generale (II) clans laquelle Ri represente un radical benzoyle ou un 

10 radical R2-0-CO- dans lequel R2 represente un radical tert-butyle et RJ represente un 

radical alcoyle contenant 1 a 6 atomes de carbone, alcenyle contenant 2 a 6 atomes de 

Carbone, cycloalcoyle COntenant 3 a 6 atomes de Carbone, phenyle eventuellement 

substitue par un ou plusieurs atomes ou radicaux, identiques ou differents choisis 

parmi les atomes d'halogene et les raclicaux alcoyles, alcoxy, dialcoylamino, acylamino. 

15 alcoxycarbonylamino ou trifluoromethyle ou un radical furyle-2 ou -3, thienyle-2 ou -3 

ou thiazolyle-2, -4 ou -5. R4 represente un radical hydroxy ou un radical alcoxy 

COntenant } U 6 atomes de Carbone OU un radical alcanoy!oxy COntenant 1 a 6 atomes 

cle carbone et Rs represente un radical alcoyloxy droit ou ramifie contenant 1 a 6 

atomes de carbone. 

20 5 - Procede selon l'une des revendications l, 2 ou 3 pour la preparation d'un 

produit de formule generale (I) pour lequel Z represente un atome d'hydrogene ou un 

radical de fo1mule genera le (II) dans laquelle R 1 represente un radical benzoyle ou un 

radical R2-0-CO- dans lequel R2 represente un radical te1t-butyle et R3 represente un 

radical isobutyle, isobutenyle, butenyle, cyclohexyle, phenyle, furyle-2, furyle-3, 

25 thienyle-2, thienyle-3, thiazolyle-2, thiazolyle-4 ou thiazolyle-5, R4 represente un 

radical hydroxy, methoxy, acetoxy OU methoxyacetoxy et Rs represente un radical 

rnethoxy. 
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NOUVEAUX TAXOIDES. LEUR PREPARATION ET LES COMPOSmONS 

PHARMACEUTIOUES QUI LES CONTIENNENT 

La presente invention concerne de nouveaux taxoides de formule generate : 

0 

Z-0 11 '' •. (I) 
0 

· · 5 dans laquelle 

Z represente un atome d'hydrogene ou un radical de formule generate : 

R1NH 0 
• ~ II 
~ (II) 

R3 ~ 
OH 

dans laquelle : 

R 1 represente un radical benzoyle eventuellement substitue par un ou 

10 plusieurs atomes ou radicaux. identiques ou differents, choisis parmi les atomes 

d'halogene et les radicaux alcoyles contenant 1 a 4 atomes de carbone, alcoxy 

contenant 1 a 4 atomes de carbone ou trifluoromethyle, thenoyle ou furoyle ou un 

radical R2-0-CO- dans lequel Rz represente: 

- un radical alcoyle contenant 1 a 8 atomes de carbone, alcenyle contenant 2 a 8 

15 atomes de carbone, alcynyle contenant 3 a 8 atomes de carbone, cycloalcoyle 

contenant 3 a 6 atomes de Carbone, cycloalcenyle contenant 4 a 6 atomes de Carbone, 

bicycloalcoyle contenant 7 a 10 a tomes de Carbone, ces radicaux etant eventuellement 

substitues par un ou plusieurs substituants choisis parmi les atomes d•hatogene et les 

radicaux hydroxy, alcoxy contenant 1 a 4 atomes de carbone, dialcoylamino dont 

20 chaque partie alcoyle contient 1 a 4 atomes de carbone, piperidino, morpholino, 

piperazinyl-1 (eventuellement substitue ·en -4 par un radical alcoyle contenant 1 a 4 

atomes de carbone ou par un radical phenylalcoyle dont la partie alcoyle contient 1 a 4 

atomes de carbone), cycloalcoyle con tenant 3 a 6 a tomes de carbone, cycloalcenyle 

contenant 4 a 6 atomes de carbone, phenyle (eventuellement substitue par un ou 

25 plusieurs atomes ou radicaux choisis parmi les atomes d'halogene et les radicaux 

alcoyles contenant 1 a 4 atomes de carbone ou alcoxy contenant 1 a 4 atomes de 
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carbone), cyano, carboxy ou alcoxycarbonyle dont la p_artie alcoyle contient 1 a 4 

atomes de carbone, 

- un radical phenyle ou a- ou {3-naphtyle eventuellement substitue par un ou plusieurs 

atomes ou radicaux choisis parmi les atomes d'halogene et les radicaux alcoyles 

5 COntenant 1 a 4 atomes de Carbone OU alcoxy contenant 1 a 4 atomes de Carbone OU un 

radical heterocyclique aromatique a 5 chainons choisi de preference parmi les radicaux 

furyle et thienyle, 

10 

- ou un radical heterocyclyle sature contenant 4 a 6 atomes de carbone eventuellement 

substitue par un ou plusieurs radicaux alcoyles contenant 1 a 4 atomes de carbone, 

RJ represente un radical alcoyle droit ou ramifie contenant 1 a 8 atomes de 

carbone, alcenyle droit ou ramifie contenant 2 a 8 atomes de carbone, alcynyle droit ou 

ramifie contenant 2 a 8 atomes de carbone, cycloalcoyle contenant 3 a 6 atomes de 

carbone, phenyle ou a- ou (3-naphtyle eventuellement substitue par un ou plusieurs 

atomes ou radicaux choisis parmi les atomes d'halogene et les radicaux alcoyles, 

15 alcenyles, alcynyles, aryles, aralcoyles, alcoxy, alcoylthio, aryloxy. arylthio, hydroxy, 

hydroxyalcoyle, mercapto, formyle, acyle, acylamino, aroylamino, alcoxycarbonyl

amino, amino, alcoylamino, dialcoylamino, carboxy, alcoxycarbonyle, carbamoyle, 

alcoylcarbamoyle, dialcoylcarbamoyle, cyano, nitro et trifluoromethyle, ou un 

heterocycle aromatique ayant 5 chainons et contenant un ou plusieurs heteroatomes, 

20 identiques ou differents, choisis parmi les atomes d'azote, d'oxygene ou de soufre et 

eventuellement substitue par un ou plusieurs substituants, identiques ou differents, 

choisis parmi les atomes d'halogene et les radicaux alcoyles, aryles, amino, 

alcoylamino, dialcoylamino, alcoxycarbonylamino, acyle, arylcarbonyle, cyano, 

carboxy, carbamoyle, alcoylcarbamoyle, dialcoylcarbamoyle OU alcoxycarbonyle, etant 

25 entendu que, dans les substituants des radicaux phenyle, a- ou (3-naphtyle et 

heterocyclyles aromatiques, les radicaux alcoyles et les portions alcoyles des autres 

radicaux contiennent 1 a 4 atomes de carbone et que les radicaux alcenyles et alcynyles 

contiennent 2 a 8 atomes de carbone et que les radicaux aryles sont des radicaux 

phenyles ou a- ou (3-naphtyles, 

30 R4 represente un atome d'hydrogene ou un radical hydroxy ou un radical 

alooxy contenant 1 a 6 atomes de carbone en chaine droite ou ramifiee, alcenyloxy 

contenant 3 a 6 atomes de carbone en chaine droite ou ramifiee, alcynyloxy contenant 

3 a 6 atomes de Carbone en chaine droite OU ramifiee, cycloalcoyloxy contenant 3 a 6 

atomes de carbone, cycloalcenyloxy contenant 3 a 6 atomes de carbone, alcanoyloxy 

35 dont la partie alcanoyle contient 1 a 6 atomes de carbone en chaine droite ou ramifiee, 
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alcenoyloxy dont la partie alcenoyle centient 3 a 6 atomes de carbone en chaine droite 

ou rarnifiee, alcyneyloxy dent la partie alcynoyle centient 3 a 6 atomes de carbone en 

chaine droite ou ramifiee, alcoxyacetyle dent la partie alcoyle contient 1 a 6 atemes de 

carbone en chaine dreite ou ra~ifiee, alcoylthioacetyle dent la partie alcoyle centient 1 

5 a 6 atomes de Carbone en chaine droite OU ramifiee, alcoylexycarbonyloxy dont la 

partie alcoyle contient 1 · a 6 atomes de carbone en chaine droite ou rarnifiee, ces 

radicaux etant eventuellement Substitues par un OU plusieurs atomes d'halogene OU par 

un radical alcoxy contenant 1 a 4 atomes de carbone, alcoylthio contenant 1 a 4 

atomes de carbone, ou un radical carboxy, alcoyloxycaroonyle dent la partie alcoyle 

10 contient 1 a 4 atomes de carbone, cyano, carbamoyle, N-alcoylcarbamoyle ou 

N,N-dialcoylcarbameyle dont chaque partie alceyle centient 1 a 4 atomes de carbone 

ou forme avec l'atome d'azete auquel elle est liee un radical heterocyclique sature 

contenant 5 ou 6 chainons et eventuellement un second heteroatome choisi parmi les 

atomes d'oxygene, de soufre ou d'azote eventuellement substitue par un radical alcoyle 

15 contenant 1 a 4 atomes de carbone ou un radical phenyle ou un radical phenylalcoyle 

dont la partie alcoyle contient 1 a 4 atomes de caroone, ou bien R4 represente un 

radical benzoyloxy ou heterocyclylcaroonyloxy dans lequel la partie heterocyclique 

represente un heterocycle aromatique 5 ou 6 chainons contenant un · ou plusieurs 

heteroatomes choisis parmi les atomes d'oxygene, de soufre ou d'azote, 

20 Rs represente un radical alcoxy contenant 1 a 6 atomes ce carbone en chaine 

droite ou ramifiee eventuellement substitue par un radical alcoxy contenant 1 a 4 

atomes de carbone, alcenyloxy contenant 3 a 6 atemes de carbone, alcynylexy 

COntenant 3 a 6 atomes de Carbone, cycloalcoylexy contenant 3 a 6 atomes de Carbone, 

cycloalcenyloxy COntenant 3 a 6 atomes de Carbone, ces radicaux etant eventuellement 

25 substitues par un ou plusieurs atemes d'halogene ou par un radical alcoxy contenant 1 

a 4 atomes de carbone, alceylthio contenant 1 a 4 atomes de carbone, ou un radical 

carboxy, alcoyloxycarbonyle dont la partie alcoyle contient 1 a 4 atomes de carbone, 

cyano, carbameyle, N-alcoylcarbamoyle ou N,N-dialcoylcarbamoyle dont chaque 

partie alcoyle contient 1 a 4 atomes de carbone ou forme avec l'atome d'azote auquel 

30 elle est liee un radical heterocyclique sature contenant 5 ou 6 chainons et 

eventuellement un second heteroatome choisi parmi les atomes d'oxygene, de soufre 

OU d'azote eventuellement substitue par un radical alcoyle COntenant 1 a 4 atomes de 

carbone ou un radical phenyle ou un radical phenylalcoyle dont la partie alcoyle 

contient 1 a 4 atomes de Carbone. 
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De preference les radicaux aryles pouvant etre representes R3 sont des 

radicaux phenyles ou a- ou (3-naphtyles eventuellement substitues par un ou plusieurs 

atomes ou radicaux choisis parmi les atomes d'halogene (fluor. chlore, brome, iode) et 

les radicaux alcoyles, alcenyles. alcynyles, aryles, arylalcoyles, alcoxy, alcoylthio, 

5 aryloxy, arylthio, hydroxy, hydroxyalcoyle, rnercapto, formyle, acyle, acylamino, 

aroylamino, alcox:ycarbonylarnino, amino, alcoylamino, dialcoylamino, carboxy, 

alcoxycarbonyle, carbamoyle, dialcoylcarbamoyle, cyano, nitro et trifluoro-methyle, 

etant entendu que les radicaux alcoyles et les portions alcoyles des autres radicaux 

contiennent 1 a 4 atornes de carbone, que les radicaux alcenyles et alcynyles 

10 contiennent 2 a 8 atomes de carbone et que les radicaux aryles sont des radicaux 

phenyles ou a.- ou f3-naphtyles. 

De preference les radicaux heterocycliques pouvant etre representes par R 3 

sont des radicaux heterocycliques aromatiques ayant 5 chainons et contenant un ou 

plusieurs atomes, identiques ou differents, choisis panni les atomes d'azote, d'ox:ygene 

15 ou de soufre, eventuellement substitues par un ou plusieurs substituants, identiques ou 

differents, choisis panni les atomes d'halogene (fluor, chlore, brome, iode) et les 

radicaux alcoyles con tenant 1 a 4 a tomes de Carbone, aryles contenant 6 a 10 atomes 

de Carbone, alcox:y con tenant 1 a 4 a tomes de Carbone, aryloxy contenant 6 a 10 

atomes de carbone, amino, alcoylamino contenant 1 a 4 atornes de carbone, 

20 dialcoylamino dont chaque partie alcoyle contient 1 a 4 atomes de carbone, acylamino 

dont la partie acyle contient 1 a 4 atomes de carbone, alcoxycarbonylamino contenant 

1 a 4 atomes de carbone, acyle contenant 1 a 4 atomes de carbone, arylcarbonyle dont 

la partie aryle contient 6 a 10 atomes de carbone, cyano, carboxy, carbamoyle, 

alcoylcarbamoyle dont la partie alcoyle contient 1 a 4 atomes de carbone, 

25 dialcoylcarbamoyle dont chaque partie alcoyle contient 1 a 4 atomes de carbone ou 

alcoxycarbonyle dont la partie alcoxy contient 1 a 4 atomes de Carbone. 

De preference les radicaux R4 et Rs. identiques ou differents, representent 

des radicaux alcox:y droits ou ramifies contenant 1 a 6 atomes de carbone 

eventuellement substitues par un radical methoxy, ethoxy, methyltio, ethylthio, 

30 carboxy, methoxycarbonyle, ethoxycarbonyle, . cyano, carbamoyle, N-methyl

carbamoyle, N-ethylcarbamoyle, N ,N-dimethylcarbamoyle, N ,N-diethylcarbamoyle, 

N-pyrrolidinocarbonyle ou N-piperidinocarbonyle. 

Plus particulierement, la presente invention conceme les produits de fonnule 

generate (I) dans laquelle Z represente un atome d'hydrogene ou un radical de fonnule 

35 generale (II) dans laquelle R 1 represente un radical benzoyle ou un radical Rz-0-CO-

-· 
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dans lequel R2 represente un radical tert-butyle et R3 ~presente un radical alcoyle 

contenant 1 a 6 atomes de Carbone, alcenyle contenant 2 a 6 atomes de Carbone, 

cycloalcoyle COntenant 3 a 6 atomes de Carbone, phenyle eventuellement substitue par 

un ou plusieurs atomes ou radicaux, identiques ou differents choisis panni les atomes 

5 d'halogene (fluor, chlore) et les radicaux alcoyles (methyle), alcoxy (methoxy), 

dialcoylamino (dimethylamino), acylamino (acetylamino), alcoxycarbonylamino (tert

butoxycarbonylamino) ou trifluoromethyle ou un radical furyle-2 ou -3, thienyle-2 ou 

-3 ou thiazolyle-2, -4 ou -5 et R4 et Rs. identiques ou differents, representent un 

radical alcoyloxy droit ou ramifie contenant 1 a 6 atomes de carbone. 

10 Plus particulierement encore, la presente invention conceme les produits de · 

formule generale (I) dans laquelle Z ·represente un atome d'hydrogene ou un radical de 

formule generate (II) dans laquelle R 1 represente · un radical benzoyle ou un radical 

R2-0-CO- dans lequel Rz represente un radical tert-butyle et RJ represente un radical 

isobutyle, isobutenyle, butenyle, cyclohexyle, phenyle, furyle-2, furyle-3, thienyle-2, 

15 thienyle-3, thiazolyle-2, thiazolyle-4 ou thiazolyle-5, R4 et Rs representent chacun un 

radical methoxy. 

20 

Les produits de formule generale (I) dans laquelle Z represente un radical de 

formule generate (II) presentent des proprietes antitumorales et antileucemiques 

remarquables. 

Selon la presente invention, les nouveaux produits de formule generate (I) 

dans laquelle Z represente un radical de formule generate (II) peuvent etre obtenus par 

esterification d'un produit de formule generale : 
. 0 R4 

HO ..... (III) 
0 

OCOC6H5 

dans laquelle R4 et Rs sont definis comme precedemment, au moyen d'un acide de 

25 formule generale : 

NEPTUNE GENERICS  EX. 01127



5 

·-· •• 
6 

dans laquelle R 1 et R 3 sont definis comme precedemment, ou bien R6 represente un 

atome d'hyclrogene et R7 represente un groupement protecteur de la fonction 

hydroxy, et ou bien R6 et R7 forment ensemble un heterocycle sature a 5 ou 6 

chainons, ou d'un derive de cet acide pour obtenir un ester de formule generale : 

R
4 

0 

(V) 

0 

dans laquelle Ri. R3, R4, Rs. R6 et R1 sont definis comme precedemment, suivi du 

remplacement des groupements protecteurs representes par R7 et/ou R6 et R1 par des 

atomes d'hydrogene. 

L'esterification au moyen d'un acide de formule generate (IV) peut etre 

10 effectuee en presence d'un agent de condensation (carbodiimide, carbonate reactif) et 

d'un agent d'activation (aminopyridines) dans un solvant organique (ether, ester, 

cetones, nitriles, hydrocarbures aliphatiques, hydrocarbures aliphatiques halogenes, 

hydrocarbures aromatiques) a une temperature comprise entre -10 et 90°C. 

L'esterification peut aussi etre realisee en utilisant l'acide de formule 

15 generate (IV) sous forme d'anhydride symetrique en operant en presence d'un agent 

d'activation (aminopyridines) dans un solvant organique (ethers, esters, cetones, 

nitriles, hydrocarbures aliphatiques, hydrocarbures aliphatiques halogenes, 

hydrocarbures aromatiques) a une temperature comprise entre 0 et 90°C. 

L'esterification peut aussi etre realisee en utilisant l'acide de formule 

20 generale (IV) sous forme d'halogenure ou sous forme d'anhydride mi.xte avec un 

acide aliphatique ou aromatique, eventuellement prepare in situ, en presence d'une 

base (amine aliphatique tertiaire) en operant dans un solvant organique (ethers, 

esters, cetones, nitriles, hydrocarbures aliphatiques, hydrocarbures aliphatiques 

halogenes, hydrocarbures aromatiques) a une temperature comprise entre 0 et 80°C. 

25 De preference, R6 represente un atome d'hydrogene et R1 represente un 

groupement protecteur de la fonction hydroxy ou bi en R6 et R 7 forment ensemble un 

heterocycle sature a 5 OU 6 chainons. 

Lorsque R6 represente un atome d'hydrogene, R1 represente de preference 

un radical methoxymethyle, ethoxy-1 ethyle, benzyloxymethyle, trimethylsilyle, 

• 
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triethylsilyle, j3-trimethylsilylethoxymethyle, benzyloxycarbonyle ou tetrahydro

pyrannyle. 

Lorsque R6 et R1 fonnent ensemble· un heterocycle, celui-ci est de 

preference un cycle oxazolidine eventuellement mono-substitue ou gem-disubstitue en 

5 position -2. 

Le remplacement des groupements protecteurs R7 et/ou R6 et R7 par des 

atomes d'hydrogene peut etre effectue, selon leur nature de la maniere suivante : 

1) lorsque R6 represente un atome d'hydrogene et R7 represente un groupeme:nt 

protecteur de la fonction hydroxy, le remplacement des groupements protecteurs par 

10 des atomes d'hydrogene s'effectue au moyen d'un acide mineral (acide chlorhydrique, 

acide sulfurique, acide fluorhydrique) OU organique (acide acetique, acide methane

sulfonique, acide trifluoromethanesulfonique, acide p.toluenesulfonique) utilise seul 

ou en melange en operant dans un solvant organique choisi parmi les alcools, les 

ethers, les esters, les hydrocarbures aliphatiques, les hydrocarbures aliphatiques 

15 halogenes, les hydrocarbures aromatiques ou les nitrites a une temperature comprise 

entre -10 et 60°C, , 

2) lorsque R6 et R7 forment ensemble un heterocycle sature a 5 ou 6 chainons et plus 

particulierement un cycle oxazolidine de fonnule generale : 

(VI) 

20 dans laquelle R 1 est defini comme precedemment, Rg et R9, identiques ou differents, 

representent un atome d'hydrogene ou un radical alcoyle contenant 1 a 4 atomes de 

carbone, ou un radical aralcoyle dont la partie alcoyle contient 1 a 4 atomes de 

carbone et la partie aryle represente, de preference, un radical phenyle 

eventuellement substitue par un ou plusieurs radicaux alcoxy contenant 1 a 4 atomes 

25 de carbone, ou un radical aryle representant, de preference un radical ph~nyle 

eventuellement substitue par un ou plusieurs radicaux alcoxy contenant 1 a 4 atomes 

de carbone, ou bien Rg represente un radical alcoxy contenant 1 a 4 atomes de 

carbone ou un radical trihalomethyle tel que trichloromethyle ou un radical phenyle 

substitue par un radical trihalomethyle tel que trichloromethyle et Rg represente un 

30 atome d'hydrogene, ou bien Rs et R9 forment ensemble avec l'atome de carbone 

auquel ils sont lies un cycle ayant 4 a 7 chainons, le remplacement du groupement 
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protecteur forme par R6 et R1 par des atomes d'hydrogene peut etre effectue, selon 

les significations de Ri. Rg et R9. de la maniere suivante: 

a) lorsque R 1 represente un radical tert-butoxycarbonyle. Rg et R9. 

identiques ou differents, representent un radical alcoyle ou un radical aralcoyle 

5 (benzyle) ou aryle (phenyle), ou bien Rg represente un radical trihalomethyle ou un 

radical phenyle substitue par un radical trihalomethyle. et R9 represente un atome 

d'hydrogene, ou bien Rg et R9 forment ensemble un cycle ayant de 4 a 7 chainons, le 

traitement de rester de formule generale (V) par un acide mineral ou organique 

eventuellement dans un solvant organique tel qu'un alcool conduit au produit de 

10 formule generale : 

15 

(VII) 

OCOC6H 5 

dans laquelle RJ. R4 et Rs sont definis comme precedemment, qui est acyle au moyen 

de chlorure de benzoyle dans lequel le noyau phenyle est eventuellemnt substitue, de 

chlorure de thenoyle, de chlorure de furoyle ou d'un produit de formule generate : 

Rz-0-CO-X (VIII) 

dans laquelle Rz est defini comme precedemment et X represente un atome 

d'halogene (fluor, chlore) ou un reste -0-Rz ou -O-C0-0-Rz, pour obtenir un produit 

de formule generale (I) dans laquelle Z represente un radical de fonnule generate (II). 

De preference, le produit de formule generate (V) est traite par l'acide 

20 fonnique a une temperature voisine de 20°C pour fournir le produit de formule 

genera le (VII). 

De preference, l'acylation du produit de formule generate (VII) au moyen 

d'un chlorure de benzoyle dans lequel le radical phenyle est eventuellement substitue, 

de chlorure de thenoyle ou de chlorure de furoyle ou d'un produit de formule generate 

25 (VIII) est effectuee dans un solvant organique inerte choisi parmi les esters tels que 

!'acetate d'ethyle, !'acetate d'isopropyle ou !'acetate de n.butyle et les hydrocarbures 

aliphatiques halogenes tels que le dichloromethane OU le dichloro-1,2 ethane en 

presence d'une base minerale telle que le bicarbonate de sodium ou organique telle 
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que la triethylamine. La reaction est effectuee a une temperature comprise entre 0 et 

50°C, de preference voisine de 20°C. 

b) lorsque R 1 represente un radical benzoyle eventuellement substitue. 

thenoyle ou furoyle ou un radical R20-CO- dans Iequel R2 est defini comme 

5 precedemment, Rg represente un atome d'hydrogene ou un radical alcoxy contenant 

1 a 4 atomes de carbone ou un radical phenyle substitue par un ou plusieurs radicaux 

alcoxy contenant 1 a 4 atomes de carbone et R9 represente un atome q'hydrogene, le 

remplacement du groupement protecteur forme par R6 et R7 par des atomes 

d'hydrogene s'effectue en presence d'un acide mineral (acide chlorhydrique, ~cide 

10 sulfurique) ou organique (acide acfaique, acide methanesulfonique, acide trifluoro

methanesulfonique, acide p.toluenesulfonique) utilise seu1 ou eri melange en quantite 

stoechiometrique ou catalytique, en operant dans un solvarit organique choisi parmi 

les alcools, les ethers, les esters, ~es hydrocarbures aliphatiques, les hydrocarbures 

aliphatiques halogenes et les hydrocarbures aromatiques a une temperature comprise 

15 entre -10 et 60°C, de preference entre 15 et 30°C. 

Selon !'invention, les produits de formule generale (III). c'est-a-dire les 

produits de fonnule generale (I) dans laquelle Z represente un atome d'hydrogene, 

R4 est defini comme precedemment mais ne peut pas representer un atome 

d'hydrogene ou un radical hydroxy et Rs est defini comme precedemment. peuvent 

20 etre obtenus a partir de la 10-desacetyl-baccatine III de formule: 

25 

HO 11 • .. 

13 

0 

(IX) 
0 

11 peut etre particulierement avantageux de proteger selectivement les 

fonctions hydroxy en positions 7 et 13, par exemple sous fonne d'un di-ether s~yle qui 

peut etre obtenu par action d'un halogenure de silyle de formule generate : 

(R') 3-Si-Hal (X) 

dans laquelle les symboles R'. identiques ou differents, representent un radical alcoyle 

contenant 1 a 4 atomes de carbone eventuellement substitue par un radical phenyle, 
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ou· un radical phenyle, sur la 10-desacetyl-baccatine III pour obtenir un produit de 

formule generate : 
0 

(R') 3Si-O 11 ' •• (XI) 
0 

OCOC6H5 

dans laquelle R' est defini comme precedemment, puis action d'un produit de formule 

5 generale: 

10 

15 

(XII) 

dans laquelle R4 est defini comme precedemment mais ne peut pas representer un 

atome d'hydrogene ou un radical hydroxy et X 1 represente un reste d'ester reactif ou 

un atome d'halogene pour obtenir un produit de formule generale : 

0 

(XIII) 
0 

OCOC6H5 

dans laquelle R' et R4 sont definis comme precedemment, R4 ne pouvant pas 

representer un atome d'hydrogene ou un radical hydroxy, dent les groupements 

protecteurs silyles sont remplaces par des atomes d'hydrogene pour obtenir un produit 

de formule generate : 

HO••· .. (XIV) 

OCOC6H5 

dans laquelle R4 est defini comme precectemment mais ne peut pas representer un 

atome d'hydrogene ou un radical hydroxy, qui est etherifie selectivement en position 7 

par action d'un produit de formule generale : 
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Rs-X2 (XV) 

clans laquelle Rs est defini comme precedemment et X2 represente atome d'halogene 

ou un reste d'ester reactif tel qu'un reste d'ester sulfurique ou sulf onique pour donner 

le produit de formule generale (Ill). 

Generalement, l'action d'un derive silyle de fonnule generate (X) sur la 

10-desacetyl-baccatine III est effectuee dans la pyridine ou la triethylamine 

eventuellement en presence d'un solvant organique tel qu'un hydrocarbure aromatique 

comme le benzene, le toluene ou les xylenes a une temperature comprise entre 0°C et 

la temperature de reflux du melange reactionnel. 

10 Generalement, !'action d'un produit de formule generale (XII) sur un produit 

de formule generale (XI), est eff ectuee, apres me~llation de la fonction hydroxy en 

position 10 au moyen d'un hydrure de metal alcalin tel que l'hydrure de sodium, un 

amidure de metal alcalin tel que l'aqiidure de lithium OU d'un alcoylure de metal alcalin 

tel que le butyllithium, en operant dans un solvant organique tel que le 

15 dimethylformamide ou le tetrahydrofurane a une temperature comprise entre 0 et 

50°C. 

Generalement le remplacement des groupements protecteurs silyles du 

produit de formule generale (XIII) par des atomes d'hydrogene s'effectue au moyen 

d'un acide tel que l'acide fluorhydrique ou l'acide trifluoroacetique en presence d'une 

20 base telle que la triethylamine ou la pyridine eventuellement substituee par un · ou 

plusieurs radicaux alcoyles contenant 1 a 4 atomes de Carbone, eventuellement 

associee a un solvant organique inerte tel qu'un nitrite comme l'acetonitrile ou un 

hydrocarbure aliphatique halogene comme le dichloromethane a une temperature 

comprise entre 0 et 80°C. 

25 Generalement !'action d'un produit de formule generale (XV) sur un produit 

de formule generate (XIV) s'effectue dans les conditions indiquees precedemment 

pour l'action d'un produit de formule generale (XII) sur un produit de formule 

generale (XI). 

Les produits de formule generate (III) dans laquelle R4 represente un atome 

30 d'hydrogene ou un radical hydroxy et Rs est defini comme precedemment, peuvent 

etre obtenus par action d'un produit de formule generate (XV) sur un produit de 

fonnule generale (XIV) dans Iaquelle R4 represente un atome d'hydrogene ou un 

radical hydroxy dans les conditions decrites precedemment pour l'action d'un produit 

de formule generale (XII) sur un produit de formule generate (XI). 
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Les produits de formule generale (XIV) dans laquelle R4 represente un 

atome d'hydrogene · peuvent etre obtenus dans les conditions decrites dans des 

demandes intemationales PCT WO 94/11547 et PCT WO 93/06093. 

Selon !'invention, les produits de formule generate (I) dans laquelle Z 

5 represente un radical de formule generale (II), R4 est defini comme precedemment 

mais ne peut pas representer un atome d'hydrogene ou un radical hydroxy et Rs est 

defini comme precedemment, peuvent etre obtenus a partir d'un produit de formule 

generale: 

(XVI) 

10 dans laquelle R l• R3, R6 et R7 sont definis comme precedemment par silylation en 

position 7 au moyen d'un produit de formule generate (X) pour obtenir un produit de 

formule generate : 

(XVII) 

dans laquelle R', Ri. R3, R6 et R1 sont definis comme precedemment, qui est 

15 fonctionnalise en position 10 au moyen d'un produit de formule generale (XII) pour 

donner un produit de formule generate : 

0 

(XVIII) 

0 
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clans laquelle R', Ri. RJ, ~. R6 et R7 sont definis comme precooemment dont le 

groupement protecteur silyle est remplace par un atome d'hydrogene pour donner un 

produit de formule generale : 

(XIX) 

5 qui, par action d'un produit de formule generale (XV) conduit au produit de formule 

generale (V) dont les groupements protecteurs · sont remplaces par des atomes 

d'hydrogene pour donner un produit de formule generale (I) dans laquelle Z 

represente un radical de formule generale (II). 

Les reactions de silylation, de fonctinnalisation et de remplacement des 

10 groupements protecteurs par des atomes d'hydrogene sent effectuee dans des 

conditions analogues a celles decrites ci-dessus. 

Les produits de formule generale (XVI) peuvent etre obtenus dans les 

conditions decrites dans le brevet europeen EP 0336 841 et les demandes 

intemationales PCT WO 92/09589 et WO 94/07878 OU a partir des produits de 

15 formule generale : 
0 

R 1 , H 
N 0 

R3~Q1• .. 
OH 

(XX) 

0 

OCOC6H5 

dans laquelle R 1 et R 3 sont definis comme precedemment selon les methodes connues 

de protection de la fonction hydroxy de la chaine laterale sans toucher au reste de la 

molecule. 

20 Selon !'invention, les produits de formule generale (I) dans laquelle Z 

represente un radical de formule generate (II), R4 represente un atome d'hydrogene 

ou un radical hydroxy et Rs est defini comme precedemment, peuvent etre obtenus 

par action d'un produit de formule generale (XV) sur un produit de formule generate 

(XIX) dans laquelle R4 represente un a tome d'hydrogene ou un radical hydroxy, R 1 • 
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R3, R6 et R7 sont definis comme precedemment en operant dans les conditions 

decrites precedemment pour l'action d'un produit de formule generale (XII) sur un 

produit de formule generale (XI) pour dormer le produit de formule generate (XIII), 

suivie du remplacement des groupements protecteurs par des atomes d'hydrogene. 

5 Les produits de formule generate (XIX) dans laquelle R4 represente un 

atome d'hydrogene peuvent etre obtenus dans les conditions dl~crtes clans les 

demandes internationales PCT WO 94/11547 et WO 93/06093. 

Les nouveaux produits de formule generate (I) obtenus par la mise en 

oeuvre des precedes selon l'invention peuvent etre purifies selon les methodes 

10 connues telles que la cristallisation ou la chromatographie. 

Les produits de formule generate (I) dans laquelle Z represente un radical de 

formule generale (II) presentent des proprietes biologiques remarquables. 

In vitro, la mesure de l'activite biologique est effectuee sur la tubuline 

extraite de cerveau de pore par la methode de M.L. Shelanski et coll., Proc. Natl. 

15 Acad. Sci. USA, 1Q, 765-768 (1973). L'etude de la depolymerisation des 

microtubules en tubuline est effectuee selon la methode de G. Chauviere et coll., 

C.R. Acad. Sci., 293, serie II, 501-503 (1981). Dans cette etude les produits de 

formule generale (I) dans laquelle Z represente un radical de formule generale (II) se 

sont montres au moins aussi actifs que le taxol et le Taxotere. 

20 In vivo, les produits de formule generate (I) dans laquelle Z represente un 

radical de formule generale (II) se sont montres actifs chez la souris greffee par le 

melanome B16 a des doses comprises entre 1 et 10 mg/kg par voie intraperitoneale, 

ainsi que sur d'autres tumeurs liquides ou solides. 

Les nouveaux produits ont des proprietes anti-tumorales et plus 

25 particulierement une activite sur les tumeurs qui sont resistantes au Taxol® ou au 

Taxotere®. De telles tumeurs comprennent les tumeurs du colon qui ont une 

expression elevee du gene mdr 1 (gene de la multi-drug resistance). La multi-drug 

resistance est un terme habituel se rapportant a la resistance d'une tumeur a differents 

produits de structures et de mecanismes d'action differents. Les taxo1des sont 

30 generalement connus pour etre fortement reconnus par des tumeurs experimentales 

telles que P388/DOX, une lignee cellulaire selectionnee pour sa resistance a la 

doxorubicine (DOX) qui exprime mdr 1. 

Les exemples suivants illustrent la presente invention. 
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EXEMPLEl 

A une suspension contenant 217 ,8 mg d'acetoxy-4a benzoyloxy-2a epoxy-

5[3,20 d.ihydroxy-lf3,13a dimethoxy-7[3,10[3 oxo-9 taxene-11, 200 mg d'acide tert

butoxycarbonyl-3 (methoxy-4 phenyl}-2 phenyl-4 oxazolidine-1,3 carboxylique-5 

5 (2R,4S,5R) et 50 mg de tamis moleculaire 4A en poudre dans 2 cm3 d'acetate 

d'ethyle, on ajoute successivement, a une temperature voisine de 20°C, 126 mg de 

dicyclohexylcarbodiimide, puis 14 mg de N.N'-dimethylamino-4 pyridine. La 

suspension obtenue est agitee a une temperature voisine de 20°C, sous atmosphere 

d'argon. pendant 16 heures puis concentree a sec sous pression reduite (0,27 kPa) a 
10 une temperature voisine de 40°C. Le residu obtenu est purifie par chromatographie a 

pression atmospherique sur 50 g de silice (0,063-0,2 mm) contenus dans une colonne 

de 2 cm de diametre (gradient d'elution: acetate d'ethyle-dichloromethane de 10-90 a 
40-60 en volumes) en recueillant des fractions de 10 cm3. Les fractions ne contenant 

que le produit cherche sont reunies et concentrees a sec sous pression reduite 

15 (0,27 kPa) a 40°C pendant 2 heures. On obtient ainsi 271,8 mg de tert

butoxycarbonyl-3 (methoxy-4 phenyl)-2 phenyl-4 oxazolidine-1,3 carboxylate-5 

(2R,4S,5R) d'acetoxy-4a benzoyloxy-2a. epoxy-5(3,20 hydroxy-lf3 dimethoxy-7f3,10[3 

oxo-9 taxene-11 yle-13a sous forme d'un solide blanc dont les caracteristiques sont 

les suivantes: 

20 - spectre de R.M.N. lH (400 MHz; CDCl3 avec quelques gouttes de CD30D d4; 

deplacements chimiques & en ppm ; constantes de couplage J en Hz) : 1,02 (s, 9H : 

C(CH3)3) ; 1,10 (s, 3H: CH3) ; 1,17 (s, 3H: CH3) ; 1,63 (s, 3H: CH3) ; de 1,65 a 
1,85 et 2,60 (2 mts, lH chacun : CH2 en 6) ; 1,78 (mf, 3H : CH3) ; 2,02 et 2,15 

(2 dd, J = 14 et 9, lH chacun: CHz en 14) ; 2,14 (s, 3H :CH3) ; 3,22 et 3,35 (2 s. 3H 

25 chacun: OCH3) ; 3,64 (d. J = 7, lH: Hen 3) ; 3,73 (mt, lH: Hen 7) ; 3,76 (s, 3H: 

ArOCH3); 4,06 et 4,16 (2 d, J = 8,5, lH chacun: CH2 en 20); 4,53 (d,J = 5, lH: H 

en 2') ; 4,67 (s, lH : H en 10) ; 4,85 (d large, J = 10, lH : H en 5) ; 5,36 (mt, lH : H 

3') ; 5,52 (d, J = 7, lH : Hen 2) ; 6,07 (mt, lH: Hen 13) ; 6,33 (mf, lH: Hen 5') ; 

6,88 (d, J = 8, 2H: H aromatiques en ortho du OCH3) ; de 7,25 a 7,40 (mt, 7H : H 

30 aromatiques en 3' et H aromatiques en meta d~ OCH3) ; 7,43 (t, J = 7,5, 2H : 

OCOC6H5 H en meta) ; 7,58 (t, J = 7,5, lH : OCOC6H5 Hen para) ; 7,96 (d, J = 
7,5, 2H : OCOC6H5 Hen ortho). 

Une solution de 446,3 mg de tert-butoxycarbonyl-3 (methoxy-4 phenyl)-2 

phenyl-4 oxazolidine-1,3 carboxylate-5(2R,4S,SR) d'acetoxy-4a benzoyloxy-2a 

35 epoxy-5(3,20 hydrox')'-lf3 dimethm~')'-7(3,10[3 oxo-9 taxene-11 yle-13a dans 11,6 cm3 
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d'une solution 0, lN d'ethanol chlorhydrique est maintenue sous agitation a une 

temperature voisine de 0°C pendant 16 heures sous atmosphere d'argon. Le melange 

reactionnel est alors dilue avec 40 cm3 de dichloromethane et 5 cm3 d'eau distillee. 

Apres decantation, la phase aqueuse est extraite avec 5cm3 de dichloromethane. Les 

5 phases organiques sont rassemblees, sechees sur sulfate de magnesium, filtrees sur 

verre fritte puis concentrees a sec sous pression reduite (0,27 kPa) a une temperature 

voisine de 40°C. On obtient ainsi 424,2 mg d'un solide jaune pale que l'on purifie par 

chromatographie preparative sur couche mince [12 plaques preparatives Merck, 

Kieselgel 60F254, epaisseur 1 mm, depot en solution dans un melange methanol-

10 dichloromethane (5-95 en volumes), en eluant par un melange methanol

dichloromethane . (5-95 en volumes)]. A pres elution de la zone correspondant au 

produit principal par un melange methanol-dichloromethane (15-85 en volumes), 

filtration Sur verre fritte, puis evaporation des solvants SOUS pression reduite 

(0,27 kPa) a une temperature voisine de 40°C, on obtient 126 mg de tert-

15 butoxycarbonylamino-3 hydroxy-2 phenyl-3 propionate-(2R,3S) d'acetoxy-4a 

benzoyloxy-2a epoxy-Sf3,20 hydroxy-1{3 dimethoxy-7{3,10(3 oxo-9 taxene-11 yle-13a 

sous forme d'une meringue couleur ivoire dont les caracteristiques sont les suivantes : 
- pouvoir rotatoire [a)Dzo = -32,9 (c = 0,5 ; methanol) 

- spectre de R.M.N. lH (400 MHz ; CDCl3 ; deplacements chimiques o en ppm ; 

20 constantes de couplage Jen Hz}: 1,23 (s, 3H: CH3) ; 1,25 (s. 3H :·CH3} ; 1,39 (s. 

9H: C(CH3)3); 1,70 (s, lH: OH en 1) ; 1,75 (s, 3H: CH3}; 1,82 et 2,72 (2 rots, lH 

chacun: CH2 en 6) ; 1,91 (s, 3H : CH3) ; 2,31 (AB limite, 2H : CH2 en 14} ; 2,39 (s, 

3H : COCH3) ; 3,33 et 3,48 (2 s, 3H chacun : OCH3) ; 3,48 (mt, lH : OH en 2') ; 

3,85 (d, J = 7, lH: H 3) ; 3,88 (dd, J = 11 et 7, lH : H 7) ; 4,20 et 4,33 (2 d, J = 8,5, 

25 lH chacun : CH2 en 20) ; 4,65 (mt, lH : H en 2') ; 4,83 (s, lH : H en 10} ; 5,00 (d 

large, J = 10, lH : Hen 5) ; 5,30 (d large, J = 10, lH : Hen 3') ; 5,47 (d, J = 10, lH : 

CONH) ; 5,66 (d, J = 7, lH: Hen 2) ; 6,24 (t large, J = 9, lH: Hen 13) ; 6,33 (mt, 

lH : Hen 5') ; de 7,30 a 7,50 (mt, SH : H aromatiques en 3') ; 7,52 (t, J = 7,5, 2H : 

OCOC6H5 H en meta) ; 7,63 (t, J = 7,5, lH : OCOC6H5 H en para) ; 8,12 (d, J = 

30 7,5, 2H: OCOC6H5 Hen ortho). 

L'acetoxy-4a benzoyloxy-2a epoxy-Sf3,20 dihydroxy-1{3,13a dimethoxy-

7(3,10(3 oxo-9 taxene-11 (ou 7(3,10(3-dimethoxy-7f3,10j3 10-desacetoxy-baccatine III) 

peut etre prepare de la maniere suivante : 

A une solution de 500 mg d'acetoxy-4a benzoyloxy-2a epoxy-5{3,20 

35 trihydroxy-1{3,7(3,13a methoxy-10(3 oxo-9 taxene-11 dans 5 cm3 d'iodomethane et 

..: 
j ·' 
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0,5 cm3 de dimethylformamide. maintenue sous atmosphere d'argon, a une 

temperature voisine de 0°C, on ajoute par portions 86 mg d'hydrure de sodium a 50 % 

en poids clans l'huile de vaseline. Apres 45 minutes a une temperature voisine de 0°C, 

le melange reactionnel est dilue par 50 cm3 d'acetate d'ethyle et 8 cm3 d'eau distillee. 

5 Apres decantation, la phase organique est lavee avec deux fois 8 cm3 d'eau distillee, 

puis 8 crn3 d'une solution aqueuse saturee en chlorure de sodium, sechee sur sulfate 

de magnesium, filtree sur verre fritte, et concentree a sec sous pression reduite 

(0.27 kPa) a une temperature voisine de 40°C. On obtient ainsi 570 mg d'un solide 

jaune pale que l'on purifie par chromatographie a pression atmospherique sur 50 g de 

10 silice (0,063-0,2 mm) contenus dans une colonne de 2,5 cm de diametre en eluant 

avec un melange methanol-dichloromethane (2-98 en volumes) en recueillant des 

fractions de 10 cm3. Les fractions ne contenant que le_produit cherche sont reunies et 

concentrees a sec sous pression reduite (0,27 kPa) a 40°C pendant 2 heures. On 

obtient ainsi 380 mg d'acetoxy-4a benzoyloxy-2a epoxy-5(3,20 dihydroxy-lf3,13a 

15 dimethoxy-7(3,10(3 oxo-9 taxene-11 sous forme d'un solide jaune pale dont les 

caracteristiques sont les suivantes: 

- spectre de R.M.N. lH (400 MHz ; CDCI3 avec quelques gouttes de CD30D d4 ; 

deplacements chimiques o en ppm; constantes de couplage Jen Hz) : 1,03 (s, 3H : 

CH3) ; 1.11 (s, 3H : CH3) ; 1,65 (s, 3H : CH3) ; 1,72 et 2,67 (2 mts, lH chacun : 

20 CH2 en 6) ; 2,05 (s, 3H : CH3) ; 2,21 (AB limite, J = 14 et 9, 2H : CHz en 14) ; 2,25 

(s, 3H : COCH3) ; 3,26 et 3,40 (2 s, 3H chacun: OCH3) ; 3,85 (d, J = 7, lH : Hen 

3) ; 3,89 (dd, J = 11 et 6,5, lH : Hen 7) ; 4, 12 et. 4,25 (2 d, J = 8,5, lH chacun : CHz 

en 20); 4,78 (t large,J = 9, lH: Hen 13); 4,83 (s, lH: Hen 10); 4.98 (d large, J = 
10, lH: Hen 5); 5,53 (d,J = 7, lH: Hen 2); 7,43 (t, J = 7,5, 2H: OCOC6H5 Hen 

25 meta) ; 7,56 (t, J = 7,5, lH : OCOC6H5 H en para) ; 8,05 (d, J = 7,5, 2H : 

OCOC6H5 Hen ortho). 

L'acetoxy-4a benzoyloxy-2a epoxy-5(3,20 trihydroxy-1(3,7f3, 13a methoxy-

10(3 oxo-9 taxene-11 (ou 10(3-methoxy 10-desacetoxy-baccatine Ill) peut etre prepare 

de la maniere suivante : 

30 A une solution de 3,62 g d'acetoxy-4a benzoyloxy-2a epoxy-5~.20 hydroxy-

1(3 methoxy-10(3 oxo-9 bistriethylsilylrn •. ')'-7(3,13a taxene-11 dans 30 cm3 de dichloro

methane, maintenue sous atmosphere d'argon, a une temperature voisine de 0°C, on 

ajoute lentement 50 cm3 de complexe fluorure d'hydrogene-pyridine (3HF.Et3N). 

Apres 48 heures a une temperature voisine de 20°C, le melange reactionnel est verse 

35 sur une suspension de 100 cm3 d'une solution aqueuse sursaturee en 
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hydrogenocarbonate de sodium maintenue a une temperature voisine de 0°C. Apres 

decantation. la phase aqueuse est reextraite avec trois fois 80 cm3 de 

dichloromethane, puis deux fois 80 cm3 d'acetate d'ethyle. Les phases organiques sont 

rassemblees, sechees sur sulfate de magnesium, filtrees sur sulfate de magnesium et 

5 concentrees a sec sous pression reduite (0,27 kPa) a une temperature voisine de 40°C. 

On obtient ainsi 3,45 g d'une meringue jaune que l'on purifie par chromatographie a 
pression atmospherique sur 150 g de silice (0,063-0,2 mm) contenus dans une colonne 

de 3,5 cm de diametre en eluant avec un melange methanol-dichloromethane (S-95 en 

volumes) en recueillant des fractions de 35 cm3. Les fractions ne contenant que le 

10 produit cherche sont reunies et concentrees a sec sous pression reduite (0,27 kPa) a 
40°C pendant 2 heures. On obtient ainsi 1,97 g d'acetoxy-4a benzoyloxy-2a epoxy-

5(3,20 trihydroxy-lf3,7j3,13a methoxy-10(3 oxo-9 taxene-11 sous forme d'un solide 

blanc dont les caracteristiques sont les suivantes : 

- spectre de R.M.N. lH (400 MHz ; CDCl3 ; deplacements chimiques o en ppm; 

15 constantes de couplage Jen Hz) : 1,10 (s. 3H : CH3) ; 1,19 (s, 3H : CH3) ; 1,48 (d, 

J = 8,5, lH : OH en 13) ; 1,70 (s, 3H : CH3) ; 1,81 et 2,61 (2 mts, lH chacun : CHz 

en 6) ; 2,09 (d, J = 5, lH : OH en 7) ; 2,11 (s, 3H : CH3) ; 2,30 (s, 3H : COCH3) ·; 

2,32 (d, J = 9, 2H : CH2 en 14) ; 3,48 (s. 3H : OCH3) ; 3,97 (d, J = 7, lH : Hen 3) ; 

4,18 et 4,33 (2 d, J = 8,5, lH chacun : CH2 en 20) ; 4,31 (mt, lH : H en 7) ; 4,93 

20 (mt, lH : Hen 13) ; 4,99 (s, lH : Hen 10) ; 5.01 (d large, J = 10, ll_-I : Hen 5) ; 5,66 

(d, J = 7, lH: Hen 2); 7,49 (t, J = 7,5, 2H: OCOC6H5 Hen meta); 7,63 (t, J = 7,5, 

lH: OCOC6H5 Hen para) ; 8,12 (d, J = 7,5, 2H : OCOC6H5 Hen ortho). 

L'acetoxy-4a benzoyloxy-2a epoxy-5(3,20 hydroxy-1(3 methoxy-10(3 oxo-9 

bistriethylsilyloxy-7f3,13a taxene-11 (ou 10(3-methoxy 10-desacetoxy 7,13-bistriethyl-

25 silyl-baccatine III) peut etre prepare de la maniere suivante: 

A une solution de 5 g d'acetoxy-4a benzoyloxy-2a epoxy-5(3,20 clihydroxy-

1(3,10(3 oxo-9 bistriethylsilyloxy-7f3,13a taxene-11 dans 25 cm3 d'iodomethane, 

maintenue sous atmosphere d'argon, a une temperature voisine de 0°C, on ajoute par 

portions 375 mg d'hydrure de sodium a 50 % en poids dans l'huile de vaseline. La 

30 solution est maintenue sous agitation pendant 45 minutes a une temperature voisine 

de 0°C, puis pendant 5 heures 30 minutes a une temperature voisine de 20°C. Le 

melange reactionnel est de nouveau refroidi a une temperature voisine de a 0°C, et 

l'on ajoute par portions 125 mg d'hydrure de sodium a 50 % en poids dans l'huile de 

vaseline. Apres 1 heure a 20°C, puis 18 heures a 5°C, le melange reactionnel est dilue 

35 par addition de 50 cm3 de dichloromethane, verse sur 50 cm3 d'une solution aqueuse 
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saturee en chlorure d'ammonium et decante. La phase aqueuse est extraite par 2 fois 

30 crn3 de dichloromethane, puis les phases organiques sont rassemblees, lavees avec 

10 cm3 d'eau distillee, sechees s~ sulfate de magnesium, filtrees sur verre fritte, et 

concentrees a sec sous pression reduite (0,27 kPa) a une temperature voisine de 40°C. 

5 On obtient ainsi 5,15 g d'une meringue jaune que l'on purifie par chromatographie a 
pression atmospherique sur 300 g de silice (0,063-0,2 mm) contenus dans une colonne 

de 5 cm de diametre (gradient d'elution: acetate d'ethyle-dichloromethane de 0-100 a 
10-90 en volumes) en recueillant des fractions de 30 cm3. Les fractions ne contenant 

que le produit cherche sont reunies et concentrees a sec sous pression reduite 

10 (0,27 kPa) a 40°C pendant 2 heures. On obtient ainsi 3;62 g d'acetoxy-4a 

benzoyloxy-2a epoxy-5(3,20 hydroxy-1(3 methoxy-10(3 oxo-9 bistriethylsilyloxy-

7f3,13a taxene-11 sous forme d'une meringuejaune·pale dont les caracteristiques sont 

les suivantes: 

- spectre de R.M.N. lH (600 MHz ; CDCI3 ; deplacements chimiques o en ppm ; 

15 constantes de couplage Jen Hz): 0,58 et 0,69 (2 mts, 6H chacun: CH2 ethyle) ; 0,97 

et 1,04 (2 t, J = 7,5, 9H chacun : CH3 ethyle) ; 1,15 (s, 3H : CH3) ; 1,18 (s, 3H : 

CH3) ; 1,58 (s, lH : OH en 1) ; 1,68 (s, 3H : CH3) ; 1,89 et 2,48 (2 mts, lH chacun: 

CH2 en 6) ; 2,04 (s, 3H: CH3) ; 2,15 et 2,23 (2 dd, J = 16 et 9, lH chacun: CH2 en 

14); 2,29 (s, 3H: COCH3) ; 3,40 (s, 3H: OCH3); 3,83 (d, J = 7, lH: Hen 3) ; 4,15 

20 et 4,30 (2 d, J = 8,5, lH chacun : CHz en 20) ; 4.43 (dd, J = 11 et 7, lH : H en 7) ; 

4,91 (s, lH : Hen 10) ; 4,96 (d large, J = 10, lH : Hen 5) ; 5,01 (t large, J = 9, lH : 

Hen 13) ; 5,62 (d, J = 7, lH : Hen 2) ; 7,46 (t, J = 7,5, 2H : OCOC6H5 Hen meta) ; 

7,60 (t, J = 7,5, lH: OCOC6H5 Hen para) ; 8,09 (d, J = 7,5, 2H: OCOC6H5 Hen 

ortho). 

25 L'acetoxy-4a benzoyloxy-2a epoxy-5(3,20 dihydroxy-1(3,10(3 oxo-9 

bistriethylsilyloxy-7f3,13a taxene-11 (ou 10-desacetyl 7,13-bistriethylsilyl-baccatine 

III) peut etre prepare de la maniere suivante : 

A une solution de 14 g d'acetoxy-4a benzoyloxy-2a epoxy-5(3,20 

tetrahydroxy-lf3,7f3,10f3,13a oxo-9 taxene-11 (10-desacetyl-baccatine III) dans 

30 50 cm3 de pyridine anhydre, maintenue sous atmosphere d'argon, a une temperature 

voisine de 20°C, on ajoute 10,8 cm3 de chlorure de triethylsilyle. Apres 17 heures a 
une temperature voisine de 20°C, le melange reactionnel est porte a une temperature 

voisine de 115°C, puis on ajoute 10,8 cm3 de chlorure de triethylsilyle. Apres 3 

heures 15 minutes a une temperature voisine de 115°C, le melange reactionnel est 

35 ramene jusqu'a une temperature voisine de 20°C, dilue avec 30 cm3 d'acetate d'ethyle 
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et 100 cm3 d'eau clistillee. Apres decantation, la phase aqueuse est extraite avec 2 fois 

50 cm3 d'acetate d'ethyle. Les phases organiques sont rassemblees, lavees avec 

50 cm3 d'une solution aqueuse saturee en chlorure de sodium, sechees sur sulfate de 

magnesium, filtrees sur verre fritte puis concentrees a sec sous pression reduite 

5 (0,27 k.Pa) a une temperature voisine de 40°C. On obtient ainsi 63,1 g d'une huile 

brune que l'on purifie par chromatographie a pression atmospherique sur 800 g de 

silice (0,063-0,2 mm) contenus dans une colonne de 7 cm de cliametre (gradient 

d'elution : acetate d'ethyle-dichloromethane de 0-100 a 5-95 en volumes) en 

recueillant des fractions de 60 cm3. Les fractions ne contenant que le produit cherche 

10 sont reunies et concentrees a sec sous pression reduite (0,27 kPa) a 40°C pendant 2 

heures. On obtient ainsi 9,77 g d'acetoxy-4a. benzoyloxy-2a. epoxy-5f3,20 dihydroxy

lf3,10f3 oxo-9 bistriethylsilyloxy-7{3,13a. taxene-11 sous forme d'une meringue creme 

dont les caracteristiques sont les suivantes : 

- spectre de R.M.N. lH (400 MHz ; CDCl3 . deplacements chimiques o en ppm ; . 
15 constantes de couplage J en Hz) : 0,55 et 0,68 (2 mts, 6H chacun : CH2 ethyle) ; 0,94 

et 1,03 (2 t, J = 7,5, 9H chacun : CH3 ethyle) ; 1,08 (s, 3H : CH3) ; 1,17 (s, 3H : 

CH3) ; 1,58 (s, lH : OH en 1) ; 1,73 (s, 3H : CH3) ; 1,91 et 2,57 (2 mts, lH chacun: 

CH2 en 6) ; 2,04 (s, 3H: CH3) ; 2,12 et 2,23 (2 dd, J = 16 et 9, IH chacun: CH2 en 

14) ; 2,30 (s, 3H : COCH3) ; 3,88 (d, J = 7, lH: Hen 3) ; 4,16 et 4,32 (2 d, J = 8,5, 

20 lH chacun: CH2 en 20) ; 4,27 (d, J = 1, lH : OH en 10) ; 4,40 (dd, J = 11 et 7. lH: 

25 

Hen 7) ; 4,95 (d large, J = 10, lH : Hen 5) ; 4,95 (mt, lH : Hen 13) ; 5,16 (d, J = 1, 

lH : Hen 10) ; 5,60 (d, J = 7, lH: H'en 2) ; 7,46 (t, J = 7,5, 2H : OCOC6H5 Hen 

meta) ; 7,60 (t, J = 7,5, lH : OCOC6H5 H en para) ; 8,09 (d, J = 7,5, 2H : 

OCOC6H5 Hen ortho). 

Les nouveaux produits de formule generale (I) dans laquelle Z represente un 

radical de fonnule generale (II) manifestent une activite inhibitrice significative de la 

proliferation cellulaire anonnale et possedent des proprietes therapeutiques pennettant 

le traitement de malades ayant des conditions pathologiques associees a une 

proliferation cellulaire anonnale. Les conditions pathologiques incluent la proliferation 

30 cellulaire anonnale de cellules malignes ou non malignes de divers tissus et/ou 

organes, comprenant, de maniere non !imitative, les tissus musculaires, osseux ou 

conjonctifs, la peau, le cerveau, les poumons, les organes .sexuels, les systemes 

lymphatiques ou renaux, les cellules mammaires ou sanguines, le foie, l'appareil 

digestif, le pancreas et les glandes· thyroides ou adrenales. Ces conditions . . 
35 pathologiques peuvent inclure egalement le psoriasis, les tumeurs solides, les cancers 
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de l'ovaire. du sein, du cerveau, de la prostate. du colon, de l'estomac, du rein ou des 

testicules, le sarcome de Kaposi, le cholangiocarcinome, le choriocarcinome, le 

neuroblastome, la tumeur de Wilrns, la rnaladie de Hodgkin, les melanomes, les 

myelornes multiples, les leucernies lyrnphocytaires chroniques, les lyrnphomes 

5 granulocytaires aigus ou chroniques. Les nouveaux produits selon !'invention sont 

particulierernent utiles pour le traitement du cancer de 11ovaire. Les produits selon 

l'invention peuvent etre utilises pour prevenir OU retarder !'apparition OU la 

reapparition des conditions pathologiques ou pour traiter ces conditions 

pathologiques. 

10 Les produits selon !'invention peuvent etre administres a un rnalade selon 

differentes fonnes adaptees a la voie d'adrninistration choisie qui, de preference, est la 

voie parenterale. L'administration par voie parenterale comprend les administrations 

intraveineuse, intraperitoneale, intramusculaire ou sous-cutanee. Plus particulierement 

preferee est I' administration intraperitoneale ou intraveineuse. 

15 La presente invention comprend egalement les compositions pharrnaceu-

tiques qui contiennent au moins un produit de forrnule generale (I) en une quantite 

suffisante adaptee a l'emploi en therapeutique humaine OU veterinaire. Les 

compositions peuvent etre preparees selon Jes methodes habituelles en utilisant un ou 

plusieurs adjuvants, supports ou excipients pharrnaceutiquement acceptables. Les 

20 supports convenables incluent les diluants, les milieux aqueux steriles et divers 

solvants non toxiques. De preference les compositions se presentent sous forme de 

solutions ou de suspensions aqueuses, de solutions injectables qui peuvent contenir 

des agents emusifiants, des colorants, des preservatifs ou des stabilisants. Cependant, 

les compositions peuvent aussi se presenter sous fonne de comprimes, de pilules, de 

25 pouclres ou de granules administrables par voie orale. 

Le choix des adjuvants ou excipients peut etre determine par la solubilite et 

les proprietes chimiques du produit. le mode particulier d'administration et les bonnes 

pratiques pharmaceutiques. 

Pour !'administration parenterale, on utilise des solutions ou des suspensions 

30 steriles aqueuses ou non aqueuses. Pour la preparation de solutions ou de suspensions 

non aqueuses peuvent etre utilises des huiles vegetales naturelles telle que l'huile 

d'olive, l'huile de sesame ou l'huile de paraffine ou les esters organiques injectables tel 

que l'oleate d'ethyle. Les solutions steriles aqueuses peuvent etre constituees d'une 

solution d'un sel pharrnaceutiquement acceptable en solution dans de l'eau. Les 

35 solutions aqueuses conviennent pour l'administration intraveineuse dans la mesure oii 
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le pH est convenablement ajuste et ou l'isotonicire est realisee. par exemple, par une 

quantite suffisante de chlorure de sodium OU de glucose. La sterilisation peut etre 

realisee par chauff age ou par tout autre moyen qui n'altere pas la composition. 

II est bien entendu que tous les produits entrant dans les compositions selon 

5 l'invention doivent etre purs et non toxiques pour les quantites utilisees. 

Les compositions peuvent contenir au moins 0,01 % de produit therapeuti

quement actif. La quantite de produit actif clans une composition est telle qu'une 

posologie convenable puisse etre prescrite. De preference, les compositions sont 

preparees de telle fa~on qu'une dose unitaire contienne de 0,01 a 1000 mg environ de 

10 produit actif pour !'administration par voie parenterale. 

Le traitement therapeutique peut etre effectue concuremment avec d'autres 

traitements therapeutiques incluant des medicaments antineoplastiques • des anticorps 

monoclonaux, des therapies immunologiques ou des radiotherapies ou des 

modificateurs des reponses biologiques. Les modificateurs des reponses incluent, de 

15 maniere non limitative, les lymphokines et .Ies cytokines telles que les interleukines, les 

interferons (a. (3 OU o) et le TNF. D'autres agents chimiotherapeutiques utiles dans le 

traitement des desordres dus a la proliferation anormale des cellules incluent, de 

maniere non limitative, les agents alkylants tels que les moutardes a l'azote comme la 

mechloretamine, le cyclophosphamide, le melphalan et le chlorambucil, des sulfonates 

20 d'alkyle comme le busulfan, les nitrosourees comme la carmustine, la lomustine, la 

semustine et la streptozocine, les triazenes comme la dacarbazine, les antimetabolites 

comme les analogues de l'acide folique tel que le methotrexate, les analogues de 

pyrimidine comme le fluorouracil et la cytarabine, des analogues de purines comme la 

mercaptopurine et la thioguanine, des produits naturels tels que les alcaloldes de vinca 

25 comme la vinblastine, la vincristine et la vendesine, des epipodophylloto.xines comme 

l'etoposide et le teniposide, des antibiotiques comme la dactinomycine, la 

daunorubicine, la doxorubicine, la bleomycine, la plicamycine et la mitomycine, des 

enzymes comme la L-asparaginase, des agents divers comme les complexes de 

coordination du platine tel que le cisplatine, les urees substituees telles que 

30 l'hydroxyuree, les derives de methylhydrazine comme la procarbazine, les 

suppresseurs adrenocoticol'ques comme le mitotane et l'aminoglutethymide, les 

hormones et les antagonistes comme les adrenocorticostero"ides comme la prednisone, 

les progestines comme le caproate d'hydroxyprogesterone, !'acetate de 

methoxyprogesterone et l'acetate de megestrol, les oestrogenes comme le 

··•, 
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diethylstilbestrol et l'ethynylestradiol, les antioestrogenes comme le tamoxifene, les 

androgenes comme le propionate de testosterone et la fluoxymesterone. 

Les doses utilisees pour mettre en oeuvre les methodes selon !'invention sont 

celles qui pennettent un traitement prophylactique OU un maximum de reponse 

5 therapeutique. Les doses varient selon la forme d'administration, le produit particulier 

selectionne et les caracteristiques propres du sujet a traiter. En general, les doses s6nt 

celles qui sont therapeutiquement efficaces pour le traitement des desordres dus a une 

proliferation cellulaire anormale. Les produits selon !'invention peuvent etre 

administres aussi souvent que necessaire pour obtenir l'effet therapeutique desire. 

10 Certains malades peuvent repondre rapidement a des doses relativement fortes OU 

faibles puis avoir besoin de doses d'entretien faibles ou nulles. Generalement, de 

foibles doses seront utilisees au debut du traitement ·et, si necessaire, des doses de plus 

en plus fortes seront administrees jusqu'a l'obtention d'un effet optimum. Pour d'autres 

malades il peut etre necessaire d'administrer des doses d'entretien 1 a 8 fois par jour, 

15 de preference 1 a 4 fois, selon les besoins physiologiques du malade considere. Il est 

aussi possible que pour certains malades il soit necessaire de n'utiliser qu'une a deux 

administrations journalieres. 

Chez l'homme, les doses sont generalement comprises entre 0,01 et 

200 mg/kg. Par voie intraperitoneale, les doses seront en general comprises entre 0,1 

20 et 100 mg/kg et, de preference entre 0,5 et 50 mg/kg et, encore plus specifiquement 

entre 1 et 10 mg/kg. Par voie intraveineuse, les doses sont generalement comprises · 

entre 0,1 et SO mg/kg et, de preference entre 0,1 et 5 mg/kg et, encore plus 

specifquement entre 1 et 2 mg/kg. Il est entendu que, pour choisir le dosage le plus 

approprie, devront etre pris en compte la voie d'administration, le poids du malade, 

25 son etat de sante general, son age et tous les facteurs qui peuvent influer sur 

l'efficacite du traitement. 

L'exemple suivant illustre une composition selon l'invention. 

EXEMPLE 

On dissout 40 mg du produit obtenu a l'exemple 1 dans 1 cm3 d'Emulphor 

30 EL 620 et 1 cm3 d'ethanol puis la solution est diluee par addition de 18 cm3 de serum 

physiologique. 

La composition est administree par perfusion pendant 1 heure par 

introduction dans du solute physiologique. 

NEPTUNE GENERICS  EX. 01145



5 

• 
24 

REVENDICA TIO NS 

1 - Nouveaux taxo1des de formule generate : 

0 

Z-0 11 ''. (I) 
0 

danslaquelle 

Z represente un atome d'hydrogene ou un radical de fonnule generale : 

R1NH 0 
~ ~ II 
~ (II) 

RJ ~ 
OH 

dans laquelle : 

R 1 represente un radical benzoyle eventuellement substitue par un ou 

plusieurs atomes .ou radicaux, identiques ou differents, choisis parmi les atomes 

10 d'halogene et les radicaux alcoyles contenant 1 a 4 atomes de carbone, alcoxy 

contenant 1 a 4 atomes de carbone ou trifluoromethyle, thenoyle ou furoyle ou un 

radical Rz-0-CO- dans lequel R2 represente : 

- un radical alcoyle contenant 1 a 8 atomes de Carbone, alcenyle contenant 2 a 8 

atomes de carbone, alcynyle contenant 3 a 8 atomes de carbone, cycloalcoyle 

15 contenant 3 a 6 atomes de Carbone, cycloalcenyle contenant 4 a 6 atomes de Carbone, 

bicycloalcoyle con tenant 7 a 10 a tomes de carbone, ces radicaux etant eventuellement 

substitues par un ou plusieurs substituants choisis panni les atomes d'halogene et les 

radicaux hydroxy, alcO>..J' contenant 1 a 4 atomes de Carbone, dialcoylamino dont 

chaque partie alcoyle contient 1 a 4 atomes de carbone, piperidino, morpholino, 

20 piperazinyl-1 (eventuellement substitue en -4 par un radical alcoyle contenant 1 a 4 

atomes de carbone ou par un radical phenylalcoyle dont la partie alcoyle contient 1 a 4 

atomes de Carbone). cycloalcoyle contenant 3 a 6 atomes de Carbone, cycloalcenyle 

contenant 4 a 6 atomes de carbone, phenyle (eventuellement substitue par un ou 

plusieurs atomes ou radicaux choisis parmi les atomes d'halogene et les radicaux 

25 alcoyles COntenant 1 a 4 atomes de Carbone OU alcoxy COntenant 1 a 4 atomes de 
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carbone). cyano, carboxy ou alcoxycarbonyle dont la p~rtie alcoyle contient 1 a 4 

atomes de carbone, 

- un radical phenyle ou a- ou (3-naphtyle eventuellement substitue par un ou plusieurs 

atomes ou radicaux choisis panni les atomes d'halogene et les radicaux alcoyles 

5 COntenant 1 a 4 atomes de Carbone OU alcoxy COntenant 1 a 4 atomes de Carbone OU un 

radical heterocyclique aromatique a 5 chainons choisi de preference parmi les radicaux 

furyle et thienyle. 

10 

- ou un radical heterocyclyle sature contenant 4 a 6 atomes de carbone eventuellement 

substitue par un ou plusieurs radicaux alcoyles contenant 1 a 4 atomes de carbone, 

R3 represente un radical alcoyle droit ou ramifie contenant 1 a 8 atomes de 

carbone, alcenyle droit ou ramifie contenant 2 a 8 atornes de carbone. alcynyle droit ou 

ramifie contenant 2 a 8 atomes de carbone, cycloalcoyle contenant 3 a 6 atomes de 

carbone, phenyle ou a- ou (3-naphtyle eventuellement substitue par un ou plusieurs 

atomes ou radicaux choisis panni les atomes d'halogene et les radicaux alcoyles, 

15 alcenyles, alcynyles, aryles, aralcoyles, alcoxy, alcoylthio, aryloxy, arylthio, hydroxy, 

hydroxyalcoyle, mercapto, fonnyle, acyle, acylarnino, aroylamino. alcoxycarbonyl

amino, amino, alcoylamino, dialcoylamino, carboxy, alcoxycarbonyle, carbamoyle, 

alcoylcarbamoyle, dialcoylcarbamoyle, cyano, nitro et trifluoromethyle, ou un 

heterocycle aromatique ayant 5 chainons et contenant un ou plusieurs heteroatomes, 

20 identiques ou differents, choisis parmi les atomes d'azote, d'oxygene ou de soufre et 

eventuellement substitue par un ou plusieurs substituants, identiques ou differents, 

choisis parmi les atomes d'halogene et les radicaux alcoyles, aryles, amino, 

alcoylamino, dialcoylamino, alcoxycarbonylamino, acyle, arylcarbonyle, cyano, 

carboxy, carbamoyle, alcoylcarbamoyle, dialcoylcarbamoyle ou alcoxycarbonyle, etant 

25 entendu que, dans les substituants des radicaux phenyle, a- ou (3-naphtyle et 

heterocyclyles aromatiques, les radicaux alcoyles et les portions alcoyles des autres 

radicaux contiennent 1 a 4 atomes de carbone et que les radicaux alcenyles et alcynyles 

contiennent 2 a 8 atomes de carbone et que les radicaux aryles sont des radicaux 

phenyles ou a- ou f3-naphtyles, 

30 R4 represente un atome d'hydrogene ou un radical hydroxy ou un radical 

alcoxy contenant 1 a 6 atomes de carbOne en chame droite ou ramifiee, alcenyloxy 

contenant 3 a 6 atomes de carbone en chaine droite ou ramifiee, alcynyloxy contenant 

3 a 6 atomes de carbone en chaine droite ou ramifiee, cycloalcoyloxy contenant 3 a 6 
atomes de carbone, cycloalcenyloxy contenant 3 a 6 atomes de carbone, alcanoyloxy 

35 dont la partie alcanoyle contient 1 a 6 atomes de carbone en chaine droite ou ramifiee, 
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alcenoyloxy dont la partie alcenoyle contient 3 a 6 atomes de carbone en chaine droite 

ou ramifiee, alcynoyloxy dont la partie alcynoyle contient 3 a 6 atomes de carbone en 

chaine droite OU ramifiee, alcoxyacetyle dent la partie alcoyle COntient 1 a 6 atomes de 

carbone en chaine droite ou ramifiee, alcoylthioacetyle dont la partie alcoyle contient 1 

5 a 6 atomes de carbone en chaine droite ou ramifiee, alcoyloxycarbonyloxy dont la 

partie alcoyle contient 1 a 6 atomes de carbone en chaine droite ou ramifiee, ces 

radicaux etant eventuellement substitues par un OU plusieurs atomes d'halogene OU par 

un radical alcoxy contenant 1 a 4 atomes de carbone, alcoylthio contenant 1 a 4 

atomes de carbone, ou un radical carboxy, alcoyloxycarbonyle dont la partie alcoyle 

10 contient 1 a 4 atomes de carbone, cyano, carbamoyle, N-alcoylcarbamoyle ou 

N,N-dialcoylcarbamoyle dont chaque partie alcoyle contient 1 a 4 atomes de carbone 

ou forme avec l'atome d'azote auquel elle est liee un radical heterocyclique sature 

contenant 5 ou 6 chainons et eventuellement un second heteroatome choisi parmi les 

atomes d'oxygene, de soufre ou d'azote eventuellement substitue par un radical alcoyle 

15 contenant 1 a 4 atomes de carbone ou un radical phenyle ou un radical phenylalcoyle 

dent la partie alcoyle contient 1 a 4 atomes de carbone, ou bien R4 represente un 

radical benzoyloxy ou heterocyclylcarbonyloxy dans lequel la partie heterocyclique 

represente un heterocycle aromatique 5 ou 6 chainons contenant un ou plusieurs 

20 

I 

heteroatomes choisis parmi les atomes d'oxygene, de soufre ou d'azote, 

Rs represente un radical alcoxy contenant 1 a 6 atomes ce carbone en chaine 

droite ou ramifiee eventuellement substitue par un radical alcoxy contenant 1 a 4 

atomes de carbone, alcenyloxy contenant 3 a 6 atomes de carbone. alcynyloxy 

COntenant 3 a 6 atomes de Carbone, cycloalcoyloxy COntenant 3 a 6 atomes de Carbone, 

cycloalcenyloxy contenant 3 a 6 atomes de Carbone, ces radicaux etant eventuellement 

25 sub.!ititues par un ou plusieurs atomes d'halogene ou par un radical alcoxy contenant 1 

a 4 atomes de Carbone, alcoylthio COntenant 1 a 4 atomes de Carbone, OU un radical 

carboxy, alcoyloxycarbonyle dont la partie alcoyle contient 1 a 4 atomes de carbone, 

cyano, carbamoyle, N-alcoylcarbamoyle ou N,N-dialcoylcarbamoyle dont chaque 

partie alcoyle contient 1 a 4 atomes de carbone ou fonne avec l'atome d'azote auquel 

30 elle est liee un radical heterocyclique sature contenant 5 ou 6 chain.ens et 

eventuellement un second heteroatome choisi parmi les atomes d'oxygene, de soufre 

ou d'azote eventuellement substitue par un radical alcoyle contenant 1 a 4 atomes de 

carbone ou un radical phenyle ou un radical phenylalcoyle dont la partie alcoyle 

contient 1 a 4 atomes de Carbone. 
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2 - Nouveaux taxoldes selon la revendication pour lesquels Z represente un 

atome d'hydrogene ou un radical de formule generale (II) dans laquelle R 1 represente 

un radical benzoyle ou un radical Rz-0-CO- dans lequel R2 represente un radical tert

butyle et R3 represente un radical alcoyle contenant 1 a 6 atomes de carbone. alcenyle 

5 contenant 2 a 6 atomes de carbone, cycloalcoyle contenant 3 a 6 atomes de carbone. 

phenyle eventuellement substitue par un ou plusieurs atomes ou radicaux, identiques 

ou differents choisis parmi les atomes d'halogene et les radicaux alcoyles, alcoxy, 

dialcoylamino, acylamino, alcoxycarbonylamino ou trifluoromethyle ou un radical 

furyle-2 ou -3, thienyle-2 ou -3 ou thiazolyle-2, -4 ou -5 et R4 et Rs. identiques ou 

10 differents, representent un radical alcoxy droit ou ramifie contenant 1 a 6 atomes de 

carbone. 

3 - Nouveaux taxoldes selon la revendication 1 pour lesquels Z represente un 

atome d'hydrogene ou un radical de formule generate (II) dans laquelle R 1 represente 

un radical benzoyle ou un radical Rz-0-CO- dans lequel Rz represente un radical tert-

15 butyle et R 3 represente un radical isobutyle, isobutenyle, butenyle, cyclohexyle, 

phenyle, furyle-2, furyle-3, thienyle-2, thienyle-3, thiazolyle-2, thiazolyle-4 ou 

thiazolyle-5, R4 et Rs representent chacun un radical methoxy. 

4 - Procede de preparation des taxoldes selon l'une des revendications 1, 2 ou 

3 pour lequel Z represente un radical de formule generate (II) caracterise en ce que 

20 l'on esterifie un produit de formule generale : 

R4 0 

HO ..... (III) 
0 

OCOC6H5 

dans laquelle R4 et Rs sont definis comme dans l'une des revendications 1, 2 ou 3, au 

moyen d'un acide de formule generale : 

R1' .... R6 
N 0 
~ (IV) 

R3 ~ OH 
0-R7 
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clans laquelle R 1 et R 3 sont definis comme precedemment, ou bien R6 represente un 

a tome d'hydrogene et R 7 represente un groupement protecteur de la fonction 

hydroxy, et ou bien R6 et R7 forment ensemble un heterocycle sature a 5 ou 6 

chainons, ou d'un derive de cet acide pour obtenir un ester de formule generale : 

R
4 

0 

(V) 

0 

dans laquelle Rl, RJ. R4, Rs. R6 et R7 sont definis comme precedemment, dont on 

remplace les groupements protecteurs representes par R7 et/ou R6 et R7 par des 

atomes d'hydcogene. 

5 - Procede selon la revendication 4 caracterise en ce que l'esterification est 

10 effectuee au moyen d'un acide de formule generate (IV) en presence d'un agent de 

condensation et d'un agent d'activation dans un solvant organique a une temperature 

comprise entre -10 et 90°C. 

6 - Precede selon la revendication 4 caracterise en ce que l'esterification est 

effectuee au moyen d'un acide de formule generate (IV) sous forme d'anhydride 

15 symetrique en operant en presence d'un agent d'activation dans un solvant organique 

a une temperature comprise entre 0 et 90°C. 

7 - Precede selon la revendication 4 caracterise en ce que l'esterification est 

effectuee en utilisant l'acide de formule generale (IV) sous forme d'halogenure ou 

sous forme d'anhydcide mixte avec un acide aliphatique ou aromatique, 

20 eventuellement prepare in situ, en presence d'une base en operant dans un solvant 

organique a une temperature comprise entre O et 80°C. 

8 - Precede selon la revendication 4 caracterise en ce que l'on remplace les 

groupements protecteurs R7 et/ou R6 et R7 par des atomes d'hydcogene en operant, 

selon leur nature de la maniere suivante : 

25 1) lorsque R6 represente un atome d'hydrogene et R7 represente un groupement 

protecteur de la fonction hydroxy, on remplace les groupements p~otecteurs par des 

NEPTUNE GENERICS  EX. 01150



29 

atomes d'hydrogene au moyen d'un acide mineral ou organique utilise seul ou en 

melange en operant clans un solvant organique choisi panni les alcools. les ethers, les 

esters, les hydrocarbures aliphatiques, les hydrocarbures aliphatiques halogenes, les 

hydrocarbures aromatiques ou les nitriles a une temperature comprise entre -10 et 

5 60°C, 

2) lorsque R6 et R1 ferment ensemble un heterocycle sature a 5 ou 6 chainons de 

formule generale : 

H 
R1-N'XO (VI) 

R~ R9 

dans laquelle R 1 est defini comme precedemment, Rs et R9, identiques ou differents, 

10 representent un atome d'hydrogene ou un radical alcoyle contenant 1 a 4 atomes de 

Carbone, OU un radical aralcoyle dont la partie alcoyle COntient 1 a 4 atomes de 

carbone et la partie aryle represente, de preference, un radical phenyle 

eventuellement substitue par un OU plusieurs radicaux alcoxy COntenant 1 a 4 atomes 

de carbone, ou un radical aryle representant, de preference un radical phenyle 

15 eventuellement substitue par un OU plusieurs radicaux alcoxy contenant 1 a 4 atomes 

de carbone, ou bien Rg represente un radical alcoxy contenant 1 a 4 atomes de 

carbone ou un radical trihalomethyle tel que trichloromethyle ou un radical phenyle 

substitue par un radical trihalomethyle tel que trichloromethyle et R9 represente un 

atome d'hydrogene, ou bien Rs et R9 ferment ensemble avec l'atome de carbone 

20 auquel ils sont lies un cycle ayant 4 a 7 chainons, on remplace le groupement 

protecteur forme par R6 et R7 par des atomes d'hydrogene en operant, selon les 

significations de R 1· Rs et R9, de la maniere suivante: 

a) lorsque R 1 represente un radical tert-butoxycarbonyle, Rg et R9, 

identiques ou differents, representent un radical alcoyle ou un radical aralcoyle ou 

25 aryle, ou bien Rg represente un radical trihalomethyle ou un radical phenyle substitue 

par un radical trihalomethyle, et R9 represente un atome d'hydrogene, ou bien Rg et 

R9 ferment ensemble un cycle ayant de 4 a 7 chainons, on traite l'ester de formule 

generale (V) par un acide mineral ou organique eventuellement dans un solvant 

organique tel qu'un alcool pour obtenir le produit de formule generale : 
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(VII) 

OCOC6H5 

dans laquelle R3, R4 et Rs sont definis comme precedernrnent, que l'on acyle au 

moyen de chlorure de benzoyle dans lequel le noyau phenyle est eventuellement 

substitue, de chlorure de thenoyle, de chlorure de furoyle ou d'un produit de formule 

5 generale: 

(VIII) 

dans laquelle R2 est defini comme precedemment et X represente un atome 

d'halogene ou un reste -O-R2 ou -O-CO-O-R2, pour obtenir un produit de formule 

generate (I) dans laquelle Z represente un radical de fonnule generale (II). 

10 b) lorsque R 1 represente un radical benzoyle eventuellement substitue, thenoyle ou 

furoyle ou un radical R20-CO- dans lequel R2 est defini comme precedemment, Rs 

represente un atome d'hydrogene ou un radical alcoxy contenant 1 a 4 atomes de 

carbone ou un radical phenyle substitue par un ou plusieurs radicaux alcoxy 

contenant 1 a 4 atomes de carbone et R9 represente un atome d'hydrogene, on 

15 remplace le groupement protecteur forme par R6 et R1 par des atomes d'hydrogene 

s'effectue en presence d'un acide mineral ou organique utilise seul ou en melange en 

quantite stoechiometrique ou catalytique, en operant dans un solvant organique 

choisi panni les alcools, les ethers, les esters, les hydrocarbures aliphatiques, les 

hydrocarbures aliphatiques halogenes et les hydrocarbures aromatiques a une 

20 temperature comprise entre -10 et 60°C, de preference entre 15 et 30°C. 

9 - Procede de preparation d'un nouveau taxo!de selon l'une des 

revendications 1, 2 ou 3 pour lequel Z represente un atome d'hydrogene, R4 est 

defini comme dans l'une des revendications 1, 2 ou 3 mais ne peut pas representer un 

atome d'hydrogene ou un radical hydroxy et Rs est defini comme dans l'une des 

25 revendications 1, 2 ou 3 caracterise en ce que l'on traite la 10-desacetyl-baccatine III 

de formule: 
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par un halogenure de silyle de fonnule generale : 

(R')3-Si-Hal 

• Feuille 

(IX) 
0 

(X) 

dans laquelle les symboles R', id~ntiques ou differents, representent un radical alcolyle 

5 · contenant 1 a 4 atomes de carbornt eventuellement substitue par un radical phenyle, 

ou un radical phenyle pour obtenir un produit de formule generate : 

10 

0 

(XI) 

OCOC6H5 

dans laquelle R' est defini comme precedemment, que l'on traite par un produit de 

formule generale : 

(XII) 

dans laquelle R4 est defini comme dans l'une des revendications 1, 2 ou 3 et X 1 

represente un atome d'halogene ou un reste d'ester reactif tel qu'un reste d'ester 

sulfurique ou sulfonique pour obtenir un produit de formule generale : 

R4 0 

(XIII) 
0 

OCOC6H5 

15 clans laquelle R' et R4 sont definis comme precedemment, dont on remplace les 

groupements protecteurs silyles par des atomes d'hydrogene pour obtenir un produit 

de formule generate : 
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0 

HO ..... (XIV) 
0 

dans laquelle R4 est defini comme precedemment. qui est etherifie selectivement en 

position 7 par action d'un produit de formule generale : 

Rs-X2 (XV) 

5 dans laquelle Rs est defini comme dans :l'une des revendications 1, 2 ou 3 et X2 

represente un reste d'ester reactif ou un atome d'halogene pour dormer le produit de 

formule generale (I) dans laquelle Z represente un atome d'hydrogene. 

10 - Procede de preparation d'un nouveau taxolde selon la revendication 1 

pour lequel Z represente un atome d'hydrogene, R4 represente un atome d'hydrogene 

10 ou un radical hydroxy et Rs est defini comme dans l'une des revendications 1, 2 ou 3 

caracterise en ce que l'on fait reagir un produit de formule generate : 

Rs-X2 (XV) 

sur un produit de formule generate: 

0 

HO"'" (XIV) 
0 

OCOC6H5 

15 dans laquelle R4 represente un atome d'hydrogene ou un radical hydroxy. apres 

metallation de la fonstion hydroxy en position 7, en operant dans un solvant organique 

a une temperature comprise entre 0 et 50°C. 

11 - Procede de preparation d'un produit selon l'une des revendications 1, 2 

ou 3 pour lequel Z represente un radical de fonnule generale (II), R4 est defini 

20 comme dans l'une des revendications 1, 2 ou 3 mais ne peut pas representer un atome 

d'hydrogene ou un radical hydroxy et Rs est defini comme dans l'une des 
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revendications l, 2 ou 3 caracterise en ce que l'on traite un produit de formule 

generate: 

(XVI) 

dans laquelle Rl, R3, R6 et R1 sont definis comme dans l'une des revendications 1, 2, 

5 3 ou 4 au moyen d'un produit de formule generale : 

10 

(R')3Si-Hal (X) 

dans laquelle les symboles R', identiques ou differents, representent un radical alcoyle 

contenant 1 a 4 atomes de carbone, eventuellement substitue par un radical phenyle, 

ou un radical phenyle pour obtenir un produit de fonnute generate : 

0 
R1, ,R6 

N 0 

R3~0" .. 
O-R7 

(XVII) 

0 

OCOC6H 5 

dans laquelle R', Ri. R3. R6 et R1 sont definis comme precedemment, qui est 

fonctionnalise en position 10 au moyen d'un produit de fonnule generate : 

(XII) 

dans laquelle R4 est defini comme dans l'une des revendications 1, 2 ou 3 et X 1 

15 represente un atome d'halogene ou un reste d'ester reactif pour dormer un produit de 

formule generale : 

(XVIII) 
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dans laquelle R', Ri. RJ. R4, R6 et R7 sont definis comme precooemrnent dont le 

groupement protecteur silyle est rernptace par un atome d'hydrogene pour donner un 

produit de formule generate : 

I 
(*'X) 
/:. 

5 qui, par action d'Un. produit de fonnule generate (XV) conduit au produit de fonnule 

generate (V) dont les groupements protecteurs sont remplaces par des atomes 

d'hydrogene pour dormer un produit de formule generale (I) dans laquelle Z 

represente un radical de formule generale (II). 

10 

12 - . Precede de preparation d'un produit selon la revendications 1 pour 
lequel Z represente un radical de formule genera le (I), R4 represente un atome 

d'hydrogene ou un radical hydroxy et Rs est ctifhil comme dans l'une des 

revendications 1, 2 ou 3 caracterise en ce· que l'on fait reagir un produit de formule 

generate: 
Rs-X2 (XV) 

15 dans laquelle Rs est defini comme dans l'une des revendications 1, 2 ou 3 et X2 

represente un atome d'halogene ou un reste d'ester react if, sur un produit de formule 

generate: 

"({(IX) 

OCOC6H5 

dans laquelle R4 represente un atome d'hydrogene ou un radical hydroxy. Ri. R3 sont 

20 definis comme dans l'une des revendications 1, 2 ou 3, R6 et R7 sont definis comme 

dans la revendication 4 en operant dans un solvant organique a une temperature 

comprise entre 0 et 50°C, suivie du remplacement des groupements protecteurs par 

des atomes d'hydrogene pour obtenir un produit de formule generate (I) dans laquelle 

·"~ . 

. 

; 
( _,/ 

,~~ \ .,., 
r .> 
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Z represente un radical de fonnule generate (II) et R4 represente un atome 

d'hydrogene ou un radical hydroxy. 

13 - Composition phannaceutique caracterisee en ce qu'elle contient au 

moins un produit selon rune des revendications 1. 2 ou 3 pour lequel Z represente un 

5 radical de fonnule generale (II) en association avec un ou plusieurs diluants ou 

adjuvants pharmaceutiquement acceptables et eventuellement un ou plusieurs 

composes compatibles et pharmacologiquement actifs. 

ORIGINAL 
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ou un radical phenyle, sur la 10-desacetyl-baccatine III pour obtenir un produit de 
formule generale : 

(XI) 

OCOC6H5 

dans laquelle R' est defini comme precedemment, puis action d'un produit de formule 

s generate: 

(XII) 

dans laquelle R'4 represente un radical alcoyle, alcenyle,alcynyle, cycloalcoyle, 

cycloalcenyle, alcanoyle, alcenoyle, alcynoyle, alcoxyacetyle, alcoylthioacetyle ou 

alcoyloxycarbonyle eventuellement substitue, ou un radical· benzoyle ou 

10 heterocyclylcarbonyle, ces differents radicaux et substituants ayant une definition 

identique a celle donnee dans la definition de R4 et X 1 represente un reste d'ester 

reactif ou un atome d'halogene pour obtenir un produit de formule generate : 

0 

(XIII) 
0 

OCOC6H5 

dans laquelle R' et R4 sont definis comme precedemment dont les groupements 

15 protecteurs silyles sont remplaces par des atomes d'hydrogene pour obtenir un 

produit de formule generate : 
R

4 
0 

H0 1•· .. (XIV) 
0 

OCOC6H5 

dans laquelle R4 est defini comme precedemment, qui est etherifie selectivement en 

position 7 par action d'un produit de formule generate: 

NEPTUNE GENERICS  EX. 01158



·-
11 

· (XV) 

clans laquelle R' 5 represente un radical alcoyle. alcenyle, alcynyle, cycloalcoyle, 

cycloalcenyle eventuellement substitue, ces differents radicaux et substituants ayant 

une definition identique a celle donnee clans la definition de Rs et X2 represente 

s atome d'halogene ou un reste d'ester reactif tel qu'un reste d'ester sulfurique ou 

sulfonique pour dormer le produit de formule generale (III). 

Generalement, l'action d'un derive silyle de formule generate (X) sur la 

10-desacetyl-baccatine III est effectuee dans la pyridine ou la triethylamine 

eventuellement en presence d'un solvant organique tel qu'un hydrocarbure aromatique 

10 comme le benzene, le toluene ou les x:ylenes a une temperature comprise entre 0°C et 

la temperature de reflux du melange reactionnel. 

Generalement, l'action d'un produit de formule generale (XII) sur un produit 

de formule generale (XI), est eff ectuee, apres metallation de la fonction hydroxy en 

position 10 au moyen d'un hydrure de metal alcalin tel que l'hydrure ·de sodium, un 

15 amidure de metal alcalin tel que l'amidure de lithium OU d'un alcoylure de metal alcalin 

tel que le butyllithium, en operant dans un solvant organique tel que le 

dimethylfonnamide ou le tetrahydrofucane a une temperature comprise entre 0 et 

50°C. 

Generalement le remplacement des groupements protecteurs silyles du 

20 produit de fonnule generate (XIII) par des atomes d'hydrogene s'eff ectue au moyen 

d'un acide tel que l'acide fluorhydrique ou l'acide trifluoroacetique en presence d'une 

base telle que la triethylamine OU la pyridine eventuellement substituee par un OU 

plusieurs radicaux alcoyles contenant 1 a 4 atomes de Carbone, eventuellement 

associee a un solvant organique inerte tel qu'un nitrile comme l'acetonitrile ou un 

25 hydrocarbure aliphatique halogene comme le dichloromethane a une temperature 

comprise entre 0 et 80°C. 

Generalement l'action d'un produit de formule generate (XV) sur un produit 

de formule generale (XIV) s'effectue dans les conditions indiquees precedemment 

pour l'action d'un produit de formule generale (XII) sur un produit de formule 

30· generale (XI). 

Les produits de fonnule generale (III) dans laquelle R4 represente un atome 

d'hydrogene ou un radical hydroxy et Rs est defini comme precedemment, peuvent 

etre obtenus par action d'un produit de formule generale (XV) sur un produit de 

formule generate (XIV) clans laquelle R4 represente un atome d'hydrogene ou un 

35 radical hydroxy dans les conditions decrites precectemment pour !'action d'un produit 

de fonnule generate {XIl) sur un produit de formule generale (XI). 
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Les produits de fonnule generate (XIV) clans laquelle R4 represente un 

atome d'hydrogene peuvent etre obtenus clans les conditions decrites dans des 

demandes internationales PCT WO 94/11547 et PCT WO 93/06093. 

Selon l'invention, les produits de formule generate (I) dans laquelle Z 

s represente un radical de formule generate (II), R4 est defini comme precooemment 

mais ne peut pas representer un atome d'hydrogene ou un radical hydroxy et Rs est 

defini comme precedemment, peuvent etre obtenus a partir d'un produit de formule 

generale: 

(XVI) 

10 clans laquelle Ri. RJ. R6 et R1 sont definis comme precedemment par silylation en 

position 7 au moyen d'un produit de formule generate (X) pour obtenir un produit de 

formule generate : 

Rt" .R6 
N 0 

R3~01 •·· 
O-R7 

0 

(XVII) 

0 

dans laquelle R', Ri. R3, R6 et R7 sont definis comme precedemment, qui est 

15 fonctionnalise en position 10 au moyen d'un produit de formule generate (XII) pour 

donner un produit de formule generale : 

(XVIII) 

----
i '·- ·. '' :12e 
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par un halogenure de silyle de forrnule generale : 

(R') 3-Si-Hal 

(IX) 

(X) 

dans laquelle les symboles R', identiques ou differents, representent un radical alcolyle 

s contenant 1 a 4 atomes de carbone eventuellement substitue par un radical phenyle, 

ou un radical phenyle pour obtenir un produit de fonnule generate : 

10 

0 

(XI) 
0 

OCOC6H5 

dans laquelle R' est defini comme precedemment. que l'on traite par un produit de 

formule generale : 

(XII) 

dans laquelle R'4 represente un radical alcoyle, alcenyle. alcynyle, cycloalcoyle, 

cycloalcenyle, alcanoyle, alcenoyle, alcynoyle, alcoxyacetyle, alcoylthioacetyle ou 

alcoyloxycarbonyle eventuellement substitue, ou un radical benzoyle ou 

heterocyclylcarbonyle, ces radicaux et substituants ayant une definition identique a 
15 celle donnee dans la definition de R4 clans les revendications 1, 2 ou 3 et Xi 

represente un atome d'halogene ou un reste d'ester reactif tel qu'un reste d'ester 

sulfurique ou sulfonique pour obtenir un produit de formule generale : 

0 

(XIII) 
0 
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clans laquelle R' et R4 sont definis comme precedemment, dont on remplace les 

groupements protecteurs silyles par des atomes d'hydrogene pour obtenir un produit 

de formule generale : 

HO ..... (XIV) 

s dans laquelle R4 est defini comme precedemment, qui est etherifie selectivement en 

position 7 par action d'un produit de formule generale : 

R'5-X2 (XV) 

_dans laquelle R's represente un radical alcoyle, alcenyle, alcynyle, cycloalcoyle, 

cycloalcenyle eventuellement substitue, ces differents radicaux et substituants ayant 

1 o une definition identique a celle donnee dans la definition de Rs dans l'une des 

revendications 1. 2 ou 3 et Xz represente un reste d'ester reactif ou un atome 

d'halogene pour dormer le produit de formule generale (I) dans laquelle Z represente 

un atome d'hydrogene. 

10 - Precede de preparation d'un nouveau taxo1de selon la revendication 1 

15 pour lequel Z represente un atome d'hydrogene, R4 represente un atome d'hydrogene 

ou un radical hydroxy et Rs est defini comme dans l'une des revendications 1, 2 ou 3 

caracterise en ce que l'on fait reagir un produit de fonnule generate: 

R'5-X2 (XV) 

sur un produit de formule generate : 

R 0 
4 

HO II• .. (XIV) 
0 

20 

·•· 
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dans laquelle R4 represente un atome d'hyclrogene ou un radical hydroxy. apres 

metallation de la fonstion hydroxy en position 7. en operant dans un solvant organique

a une temperature comprise entre 0 et 50°C. 

11 - Precede de preparation d'un produit selon l'une des revendications 1, 2 

s ou 3 pour lequel Z represente un radical de forrnule generale (II). R4 est defini 

comme dans l'uile des revendications 1, 2 ou 3 mais ne peut pas repre5enter un atome 

d'hyclrogene ou un radical hydroxy et Rs est defini comme dans l'une des 

revendications l, 2 ou 3 caracterise en ce que l'on traite un produit de forrnule 

generate: 

10 

(XVI) 

dans laquelle Ri. R3· R6 et R7 sont definis comme dans l'une des revendications 1, 2, 

3 ou 4 au moyen d'un produit de forrnule generate : 

(R')JSi-Hal (X) 

dans laquelle les symboles R'. identiques ou differents, representent un radical alcoyle 

15 contenant 1 a 4 atomes de carbone, eventuellement substitue par un radical phenyle, 

ou un radical phenyle pour obtenir un produit de fonnule generate : 

20 

0 

(XVII) 

0 

OCOC6H5 

dans taquelle R', Ri. RJ. R6 et R7 sont definis comme precedemment, qui est 

fonctionnalise en position 10 au moyen d'un produit de forrnule generate: 

R'4-X1 (XII) 

dans laquelle R4 est defini comrne dans la revendication 9 et X 1 represente un atome 

d'halogene ou un reste d'ester reactif pour dormer un produit de formule generate : 
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(XVIII) 

OCOC6H5 

dans laquelle R', Ri. RJ. R4, R6 et R7 sont definis comme precooemment dont le 
groupement protecteuc silyle est remplace par un atome d'hydrogene pour donner iin 

produit de formule generate : 

(XIX) 

qui, par action d'un produit de fonnule generate (XV) conduit au produit de formule 

generate (V) dont les groupements protecteurs sont remplaces par des atomes 

d'hydrogene pour donner un produit de fonnule generate (I) dans laquelle Z 

represente un radical de formule generate (II). 

12 - Procede de preparation d'un produit selon la revendications 1 pour 

lequel Z represente un radical de fonnule generate (I). R4 represente un a tome 

d'hydrogene ou un radical hydroxy et Rs est defini comme clans l'une des 

revendications 1, 2 ou 3 caracterise en ce que l'on fait reagir un produit de formule 

generate: 
R'5-X2 (XV) 

dans laquelle Rs est defini comme dans la revendication 9 et X2 represente un atome 

d'halogene ou un reste d'ester reactif, sur un produit de fonnule generate : 
R4 O OH 

(XIX) 

0 
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dans laquelle R4 represente un atome d'hydrogene ou un radical hydroxy. Rt. RJ sont 

definis comme dans l'une des revendications 1. 2 ou 3. Rt) et R1 sont definis comme 

dans la revendication 4 en operant dans un solvant organique a une temperature 

comprise entre 0 et 50°C, suivie du remplacement des groupements protecteurs par 

s des atomes d'hydrogene pour obtenir un produit de formule generate (I) dans laquelle 

Z represente un radical de formule generate (II) et R4 represente un atome 

d'hydrogene ou un radical hydroxy. 

13 - Composition pharmaceutique caracterisee en ce qu'elle contient au 

moins un produit selon rune des revendications 1, 2 ou 3 pour lequel Z represente un 

10 radical de formule generale {II) en association avec un ou plusieurs diluants ou 

adjuvants pharmaceutiquement acceptables et .eventuellement un ou plusieurs 

composes compatibles et pharmacologiquement actifs. 

I 
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