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Table I 
RA^OR* 

X n N^^Ra 
y\// 

Ri 

% yield (method) mp,"-6 0C R* X R t  R2 Ra no. 
Ph -CHJCHJ-

-CHJCHJ-
-CHJCHJ-
-CHJCHJ-
-CHjCHf-
-CH2CH2-
-CHJCHJ-
-CHJCHJ-
-CH2CH2-
-CH2CHJ-
-CHJCHJ-

75(A) 
36(A) 

COjEt 
COjEt 
COjEt 
COJCHJ 
COjEt 
Ph 
COjEt 
COjCHjPh 
CONHPh 
COjEt 

olF CHj H 6a 
Ph Et oil5 fib H 

4(A) Ph oU* Pr H 6c 
COJCHJ 
COjEt 
COjEt 

65(B) 
70(B) 
30(B) 
45(C) 
51(C) 
43(C) 
88(C) 
64(D) 
71(E) 
76(E) 
64(E) 
46(E) 

143-6 F Pr 11a 
Oil4 lib i-Pr 

/•Pr 146-8 
158-9 

F He 
Ph Pr F 16a 
Ph Pr on* 16b F 
Ph Pr F 161-3 16c 
4'CNPh i-Pr oil' 16d F 
CH, CH3 Pr oil* 18 F 

Et Ph H i-Pr 23a F 84-7 
2*pyridyl 
S-pyridyl 
4-pyTidyl 

Pr Et H 23b 84-6 
i-Pr Et H F 96-8 23c 

Pr Et H 23d F 123-5 
"All compounds possess 'H NMR spectra consistent with assigned structure. &Combustion analyses within ±0-4% of theoretical unless 

otherwise noted. 'This compound was pmified, but not analyzed before use hi the next step. 

Scheme Vnr Table 11 
Ph 

7 -
CHO 

f"1 CHO X. n p. F. to 01 J D1 i N Rg 

t\ n 
Rs Pn' JONHPn Pn' CONHPn 

Kt Ra % yield mp^'C no. X Rt n7e 31 
COjEt CHj 
COjEt Et 
COjEt 
COSCH3 
COjEt 

COjEt 
COjCH^h 
CONHPh 
COjEt 

H Ph 
H Ph 
K Ph 

12a F C02CH3 
12b F COsEt 
12c F COjEt 
17a F Ph 
17b F Ph 
17c F Ph 
17d F 4«CNPh 

F CHj 
24a F Ph 
24b F 2-pyridyl H 
24c F 3-pyridyl H 
24d F 4-pyridyl H 

F H 

100-1 77 7a 
oii< 7b 88 

i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 

oil' 100 7G 
oilf 90 HO, 

XOjJBu oil' 95 
Ph oil* 90 o F. P. ar ol i a-B ' 81 127-8 

oile 60 
86 164-5 

oile 75 pn' Pn' 'CONHPn CONHPn 

CH3 66 oilc 19 
{*)•33 

1 ?H 
•(a) CHj^oJcPh, 2LDA, MgBra. -78 •C; (b) NaOCHal 

r Ph 
Ph 

OLi 

(c) •^'OtBu (d) EtjB. NaBH; (e) HJOJ, CHaOH; (i) NaOH: (s) PhCH3, rellux. 

propane" and deprotection (Scheme VI, method E). Fi
nally, the 3,4-dichloro, 3,4-dibromo, and 3-trifluoroacetyl 
analogues (30a-c) were prepared from 1 by protection of 
the 4/-hydroxyl as the tert-butyldimethylsilyl ether, fol
lowed by electrophilic substitution on the pyrrole ring15 

and deprotection with n-6u4NF buffered with acetic acid 
(Scheme VII). The assignment of the regiochemistry of 
30c was made in a manner analogous to 11c and lid. 
• Chiral lactone (+)-33 was prepared by application of the 
asymmetric aldol procedure developed by Braun (Scheme 

sa 85 oile H 
70 120-2 

O 93 oil* 
oil* 95 
oU* Ph 90 28 

aAll compounds possessed ^ NMR and IR spectra consistent 
with assigned structure. ''Combustion analyes within ±0.4% of 
theoretical unless otherwise noted. 'This compound was purified 
by chromatography, but not analyzed before use in the next step. 

VIII).16 Thus, reaction of aldehyde 17c with the mag
nesium enolate of GSH+)'2-acetoxy-l»l,2-triphenylethanol 
afforded alcohol 31 in 60% yield and 97% ee. Trans-
esterification (NaOCHa, CH3OH) followed by Claisen 
condensation with excess lithio tert-butylacetate produced 
-5-hydroxy-jS-keto ester 32 in 75% yield. After reduction 
with EtsB and NaBH^ base hydrolysis, and lactonization, • 
(+)-33 was isolated as a 98:2 mixture of stereoisomers. 
Fortuitously, the 6,1 pair selectively crystallized from ethyl ' 
acetate-hexanes and pure (+)-33 ([cr]2^ = +24.53°, 0.53% 
in CHCI3) could then be isolated from the mother liquors 
as a foamy solid.17 

(13) Broadbent, K. S.; Burnham, W. S.; Olsen, R. K.; Sheeley, R. 
M. J. Hetemycl. Chem. 1968,5, 757-67. 

(14) Suzuki, E.; Inone, 3.; Goto, T. Chem. Pkarm. Bull. 1968,76, 
933-8. 

(15) Aiello, E.; Dattolo, G.; Cirrincione, G.; Almerico, A. M.; D'As* 
dia, I. J. Hftencycl. Chem. 1982, 19, 977-9. (16) Braun, M.; Devant, R. Tetrohedren Lett. 1984, 5031^<j g 
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Table III 
HQ ty 

X r u N Rj 

\ / 
fi2 

relative 
ICgo + jtM potency* X Ri R4 mp, 0C no. R3 formula" 

H F ( 1. H ».Pr 105-6 CMHMFNO, 
C^HJJNOS 
CaH^NOj 
CaH^NOs 
CMHMFNO, 
CajH^PNO, 
CJJHJJFNOS . 
CJSHMFNQS 
QMH^FNOS 
C^HaFN^O, 
CaoHajFNjOj ' 
CaHaFNOa 
CKHMFNO, 
CJSHJTFNA 
CjjHnFNjOa 
CJJHJTFNJOJ 
CaHjjFNO, 
CMHaCUFNOj 
Ca)HKBrjFNOa 
C2AHOF4N0, 
CsHsFNA 
CSHJJFNA 

023 10.9 
H Ph C02Et 

CO:Et 
COjEt 
COJCHJ 
COjEt 

COjEt 
COjCHjPh ».Pr 
CONHPh 
COjEt 

CHj ©U 0.6 4.0 
3b H Ph Et 69-8 089 6.3 
3c H Ph i-Pr 

ffi 
i-Pr 

157-9 
169-170 
121-3 
158-9 
159-160 
174-5 
104-110 

23.5 017 
3d F COJCH3 

COjEt 
C02Et 

0.180 14^ 
3e F 2.8 0.35 
3f F Ph 0.050 100 

F Ph 3g »-Pr 0.20 35.5 
3h F Ph 0.040 24.0 
0i:)-3i F Ph 

i«Pr 
i-Pr 
j-Pr 
j.Pr 
i-Pr 

0.025 
0.280 

81.4 
oil 3j 4-CN-Ph 16̂  

CHj CHa oil 3k F 0140 
0347 
0.046 

16.0 
F Ph H oil 31 12.5 

H F 2-pyridyl 
3-pyridyl 
4-pyridyl 

186-7 Sin 76 
H F 70-4 3n 0071 9.4 
H i-Pr 3o F 174-6 

135-6 
129-131 

0310 2.1 
Ph 3p F H ».Pr 

».Pr 
0120 36.3 

a ci 0028 
0.028 
0.800 

30a F 78.6 
78.6 ' 30b F Br i-Pr Br 141.2 

30c F COCF, H oil i-Pr 8.8 
(+)-33 CONHPh 

CONHPh 
F Ph {•Pr 

i-Pr 
foam 
foam 

0.007 500 
(-)-33 F Ph 0.440 13.9 

eompactin 0.030 100 
'Analytical results are within ±0.4% of theoretical values except where otherwise noted. 6CoA reductase Inhibition (COR) screen; a 

measure of the direct conversion of D,L-[MC]HMG-COA to mevalonic add. Assays of each inhibitor were performed at four concentrations 
in triplicate. The precision for eompactin was 37%. See ref 7 for experimental details. 'Calculated as follows: (ICM of compactin/ICjo of 
test compound determined simultaneously) x 100. Compactin arbitrarily assigned a value of 100. 

Alternatively, relatively pure (+)- and (-)-33 could be 
obtained by preparation of the corresponding diastereo-
meric (flj-fr-methylbenzylamides, separation by prepara
tive HPLC, hydrolysis, and relactomzation.6b This process 
afforded 94.6% pure (+)-33 ([a]2^ = +25.5°, 0.51% in 
CHClg) and 97.8% pure (-)-33 ([a]2^ = -24.8% 0.51% in 
CHCI3). 

Biological Results and Discussion 
The compounds listed in Table III were all hydroly2ed 

to the corresponding dihydroxy acid sodium salts and 
evaluated for their ability to inhibit a partially purified-
preparation of rat liver HMG-CoA reductase.3 Two con
clusions were readily apparent. The first was the confir
mation of the 5-isopropyl as the preferred substituent 
(compare 3c with 3a and 3b). The second was the sig
nificant increase in in vitro potency found with the in
troduction of certain lipophilic electron-withdrawing 
groups into the 3 and 4 positions of the pyrrole ring (e.g., 
CI or Br, compare 1 with 30a and 30b), such that, these 
compounds displayed potency equivalent to compactin. 
This effect did not hold for the esters or ketones (COjMe, 
CO^Et, COCF3, compounds 3d, 3e, 30c), except when 
combined with a phenyl (compounds 3f, 3h, and 3i). There 
also appeared to be a positional effect, since the 3-carb-
ethoxy-4-phenyl analogue (3f) was 4 times more potent 
than the 3*phenyl-4-carbethoxy analogue (3g). In vitro 
activity for the 3-phenyl analogues were improved sig

nificantly by increasing the size of the 4-substituent 
(compare 3h, 3i, and 3g with 31). Potency was also in* 
creased when the 3-phenyl was replaced with a 3-(2> 
pyridyl) moiety (compound 3m). The 3-(3- and 4-pyridyl) 
isomers (3n and 3o) were equipotent to phenyl (31). In
troduction of the electron-withdrawing cyano group into 
the 4-position of the 3-phenyl (35) led to a slight reduction 
in potency. Finally, as others have reported, in the case 
of 31 essentially all of the biological activity was contained 
in the dextrorotatory stereoisomer ((+)-33 vs 3i).6b We 
speculate that the activity found in (-)-33 (97.8% pure) 
is derived from the 2% contamination with (+)-33. 

An attempt was made to confirm these observations with 
a quantitative structure-reactivity relationship (QSAR) 
analysis. In the early stages of the development of the 
series, there was an indication that size, as parameterized 
by MR of the combined 3* and 4-substituents, as well as 
electronic-withdrawing character might be possible con
tributors to activity and this preliminary analysis partially 
guided further synthesis. Synthetic constraints precluded 
the preparation of an optimally designed set, however, and 
the set of compounds described in this paper did not ul
timately support the derivation of a significant Hansch 
equation including these parameters. Furthermore, 
available parameters for electronic and lipophilic effects 
of these highly hindered functional groups are likely to be 
seriously inaccurate. Nevertheless, the trends observed 
from plots and single parameter correlations supported the 
observation that a size benefit exists, but derives mainly 
from the 4-substituent, as opposed to the 3-substituent. 
Polar functionality can be tolerated in this region, although 
there is a 

(17) A similer sequence was employed by Lynch et al.: Lynch, J. 
E.; Volante, R. P.; Wattley, R. V.; Shinkai, 1. Tetrahedron 
Lett. 1987,1385-8. suggestion that lipophilicity may ultimat^^ay 
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the dominant role among-the simple parameterized effects, 
since Pi^4 has one of the best single parameter correlations 
with activity (r = 0.46). Clearly, other factors not readily 
parameterized have equal or larger influence on relative 
activity in this series. The activity of polar-substituted 
analogues is enhanced when the polar group is "insulated" 
from the enzyme as in 3in vs 3a and 3o. Similarly, the 
better activity of 3f over 3g may derive from the better 
shielding of the polar ester group in the former compound 
by the flanking phenyl groups as opposed to a phenyl and 
isopropyl group in the latter. The activity of the halo-
genated analogues 30a and 30b is better accommodated 
by a lipophilidty effect, rather that a size or dispersion 
effect reflected in MR. Other QSAR analyses of synthetic 
HMG-CoA reductase inhibitors have reached similar 
conclusions about structural variations in this region of 
related molecules.18-19 

In conclusion, although it is still most critical in this type 
to have the optimal substituents flanking the dihydroxy-
glutarate side ftham, ie., 4-fiuorophenyl and isopropyl,7 this 
work shows that further modulation and improvement in 
potency at inhibiting HMG-CoA reductase may be ob
tained with a variety of additional substituents capable 
of interacting with an apparently fairly spacious hydro
phobic region distal from the side-chain location. The 
importance of this interaction is further supported by the 
potent inhibition evidenced by other inhibitors which 
possess substituents in this region.1 Preparation of the 
optically pure H^R-isomer ((+)«33) of the most potent 
compound in this series (3i) resulted in a compound which 
was 5 times more potent than the fungal metabolite com-
pactin in vitro. Further in vivo studies with (+)-33 will 
be described in subsequent papers from this laboratory. 

Experimental Section ' 
Unless otherwise noted, roaterials were obtained from com

mercial suppliers and were used without further purification. THF 
was distilled from sodium and benzophenone. All organic extracts 
were dried over MfS04 except when otherwise noted. Melting 
points were determined on a Thomas Hoover melting point ap
paratus and are uncorrected. Infrared spectra were determined 
on a Nicolet MX-1FT-IR spectrophotometer. NMR spectra were 
determined on either a Varian EM-39Q spectrometer, or a Varian 
XL-200 or Bruker 250 MHz instrument Chemical shifts are 
expressed as parts per million downfield from internal tetra-
methylsilane. Elemental analyses for-carbon, hydrogen, and 
nitrogen were determined on a Perkin-Elmer Model 240C ele
mental analyzer and are within 0.4% of theory unless noted 
otherwise. Optical rotations were determined with use of a 
Perkin-Elmer 241 polarimeter. Routine HPLC analyses were 
performed with use of a Varian 5500 unit equipped with a Beodyne 
7126 loop injector, a Dupont variable wavelength detector, and 
an octadecylsSane (AUtech CIS 600RP, CH3CN-H2O eluant, 60:40, 
v/v) or silica gel column (Beckman Aitex Ultrasphere 5 pm) 
interfaced to Varian 402 data system for computation of peak 
areas. Chiral HPLC analyses were performed with use of a 
Cbiracel of lO-pm column (Diacel Chem. Ind., LTD). 

Method A. Ethyl 3-[2-(l^-Dioxolan-2-yl)ethyl]amino-2-
pentenoate (4b). A solution of methyl propionylacetate (12£5 
mL, 100 mxnol), 2-(2-aimnoethyD*l,3-dioxolane8 (12.3 g, 105 mmol) 
and one drop of glacial acetic acid was stirred and heated in 
refluxing toluene (200 mL) for 2 h with azeotropic removal of 
water. The cooled solution was concentrated to provide 24 g of 
pure 4b, which was used without further purification. 

Ethyl 2-Ethyl-l-{2-(lf3-dioxolBii-2-yl)ethyl3-4^diphenyl-
IH-pyrrole-S-carboxylate (6b). A mixture of benzoin (4.25 g, 
20 mmol), 4b (5.44 g, 22 mmol), and ZnClj (6 g, 44 mmol) in 50 

Roth et al. 
y 

mL of absolute ethanol was stirred and heated at reflux for 48 
h. The cooled solution was diluted with ether (500 mL), washed 
with water (50 mL), 2 M HC1 (2 X 50 mL), saturated aqueous 
bicarbonate (50 mL), and brine (50 mL), and dried. Flash 
chromatography (silica gel, 10:1 v/v hexane-ethyl acetate) pro
vided 3 g (36%) of 6b: 90-MHz NMR (CDClj) 5 0.98 (t, 3 H, J 
= 7 Hz), 1.34 (t, 3 H, J = 7 Hz), 1.85 (m, 2 H), 3.08 (q, 2 H, J 
= 7 Hz), 3.7-4.1 (m, 8 H), 4.60 (t, 1 H, J = 4 Hz), 7.1 (s, 5 H), 
7.22 (s, 5 H) ppm. 

Ethyl 2-£tbyl-l-[l-(3-oxopropyl)]-4,5-dipheny]-lir-
pyrrole-3-carboxylate (7b). A solution of 6b (2.4 g, 5.7 mmol) 
in 100 mL of absolute ethanol containing 1 drop of concentrated 
HC1 was stirred and heated at reflux for 24 h. The cooled solution 
was concentrated and dissolved in 125 mL of 4:1 acetone-water, 
and 1 g of p-TSA-HsO was added. The resulting solution was 
stirred and heated at reflux for 24 h. The cooled solution was 
concentrated and partitioned between ether and water. The ether 
layer was then washed with saturated aqueous bicarbonate and 
brine and dried. Filtration and concentration afforded 1.9 g of 
7b (88%): 90-MHz NMR (CDCia) 61.0 (t, 3 H, J = 7 Hz), 1.28 
(t, 3 H, J = 7 Hz), 2.58 (m, 2 H), 3.10 (q 2 H, J = 7 Hz), 4.05 (q, 
2 H, J = 7 Hz), 4.2 (m, 2 H), 7.05 (s, 5 H), 7.1-7.4 (m, 5 H), 9.50 
(s, 1 H) ppm. 

Ethyl 3-[[2-(l,3-Dioxolan-2-yl)etbyl]ammo]-4-methyl-2-
pentanoate (4c). A solution of ethyl isobutyrylacetate (6 g, 42 
mmol) and 2-(2-aminoethyl)-l,3-dioxolane (5.4 g, 46.7 nimol) in 
toluene (50 mL) containing 2 drops of glacial acetic acid was stirred 
and heated at reflux with azeotropic removal of water for 2 h. 
Concentration provided crude 4c which was used without further 
purification. 

Ethyl l-[2-(l,3-D:oxolan-2-yl)ethylJ-2-(]'methylethyl). 
4,5-diphenyl-lff-pyrrole-3-carboxylate (6c). A mixture of 4c 
(17 g, 80 mmol), benzoin acetate (75 mmol, 19 g), and ZnCij (20 
g, 147 mmol) in 100 mL of ethanol was stirred and heated at reflux 
for 2 days. The mixture was cooled to room temperature, poured 
into ether (1L), washed with water (200 mL), 2 M HC1 (100 mL), 
H20 (100 aL), and brine, and dried. Flash chromatography (silica 
gel, 10:1 v/v hexane-ethyl acetate) provided 1.2 g of 6c: 90-MHz 
NMR (CDCI3) 6 0.90 (t, 3 H, J =« 7 Hz), 1.45 (d, 6 H, J = 7 Hz), 
1.90 (m, 2 H), 3.45 (septet, 1 H, 7 Hz), 3.8-4.1 (m, 8 H), 4.60 
(t, 1 H, J - 4 Hz), 7.0 (s, 5 H), 7.0-7.3 (m, 5 H) ppm. 

Ethyl l-(3-Oxopropyl)-5-(l-niethylethyl)-4,5-diphenyl-lH-
pyrrole-3-carboxylate (7c). A solution of 6c (1.3 g, 3 mmol) 
and p-TSA-H20 (0.6 g, 3 mmol) in 50 mL of 4:1 acetone-water 
was stirred and heated at reflux overnight. The cooled mixture 
was poured into ether (200 mL), washed with saturated aqueous 
bicarbonate (2 X 50 mL), water (50 mL), and brine (50 mL), and 
dried. Filtration and concentration provided 1.0 g (100%) of pure 
7c which was used without further purification: 90-MHz NMR 
(CDCla) a 0.90 (t, 3 H, J = 7 Hz), 1.40 (d, 6 H, J = 7 Hz), 2.55 
<m, 2 H), 3.44 (septet, 1 H, J = 7 Hz), 3.95 (q, 2 H, J = 7 Hz), 
4.15 (m, 2 H), 7.0 (s, 5 H), 7-7.3 (m, 5 H), 9.43 (s, 1 H) ppm. 

Method B. JV-[2-(l,3-Dioxolan-2-yl)ethyl3-DL-valine, 
Methyl Ester (9). A solution of the methyl 2-hromo-3-
methylbutyrate (4.6 g, 23.6 mmol), 2-(2-ammoethyl)-l,3-dioxolane 
(2.9 g, 25 mmol), and triethylamioe (3.5 mL, 25 mmol) in 25 mL 
of acetonitriie was stirred and heated at reflux for 20 h. The cooled 
solution was poured into ether (500 mL) and extracted with 2 M 
HQ (2 X 50 mL). The aqueous layer was made alkaline with 257o 
aqueous NaOH and extracted with ethyl acetate (2 X 100 mL). 
The combined ethyl acetate extracts were washed with brine and 
dried. Filtration and concentration provided 3 g (55%) of 9 as 
a yellow ofc 90-MHz NMR (CDCI3) S 0JB3 (d, J = 7 Hz, 6H), 1.70 
(br s, 1 H, 4NH), 1.86 (m, 2 H), 2.60 (m, 3 H), 2.94 (d, J « 6 Hz, 
1 H), 3.68 (s, 3 H), 3.85 (m, 4 H), 4.89 (t, J = 4 Hz, 1 H) ppm. 

iV-[2-(I^3-DioxoIan-2-y])ethyl]-Ar-(4-fluoroben2oyl)-DL-
valine (10). To a stirred solution of 9 (3 g, 13 mmol) and tri-
ethylamine (3.6 mL, 26 mmol) in 20 mL of CHjClj, cooled to 0 
0C, was added a solution of 4-fluorobenzoyl chloride (1.65 mL, 
14 mmol) in 10 mL of CHjCk* The solution was stirred 50 min 
at 0 0C and 60 min at room temperature. It was then poured into 
ether (200 mL), washed with water (2 X 50 mL), saturated aqueous 
bicarbonate (50 mL), and brine (50 mL), and dried. Hash 
chromatography (silica gel, 1:1 v/v hexane-ethyl acetate) provided 
3 g (65%) of crude (±)-methyl /v-(4-fluorobenzoyI)-N-[2-(2-
ethyl)-l,3-dioxolanyl)vaUne: 90-MHz NMR (CDCI3) & O.Bfg^r 

(18) Aggarwal, D.; Saha, R. N.; Gupta, J. K.; Gupta, S. P. <7. 
Pharmaeobio-Dyn. 1988,31, 591. 

(19) Prabbakar, Y. S.; Saxena, A K.; Doss, M. J. Drug Des. Deliv. 
1989,4,97; 
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tiiethylamme. The resulting mixture was cooled to 0 0C under 
dry nitrogen. A solution of 11 mL (105 mmol) of isobutyiyl 
chloride in 50 mL of CHgCl: was slowly added with stirring. After 
addition was complete, the mixture was stirred for an additional 
1 h and then poured into 100 mL of ether. The ether solution 
was washed successively with water (25 mL), 2 M HC1 (25 mL), 
saturated aqueous bicarbonate (25 mL), and brine (25 mL), and 
dried. Filtration and evaporation of the solvents yielded 35 g of 
a-[[2-(l,3-dioxoIan-2-yl)ethyl](2-methyl-l-oxopropyl)amint>]-4-
fluorobenzeneacetic acid, ethyl esten 90-MHz NMR (CfiCls) & 
12. (m, 9 H), 1.7 (m, 2 H), 2.85 (m, 1 H), 3.35 (m, 2 H), 3.80 (m, 
4 H), 4.20 (q, 2 H, J * 7 Hz), 4.60 (t, 1 H, J = 4.5 Hz), 5.81 (s, 
1 H), 6.8-7.3 (m, 4 H) ppm. 

A solution of this ester (35 g) and 12 g (300 mmol) of NaOH 
in 480 mL of 5:1 methanol-water was stirred and heated at reflux 
for 2 h. The solution was cooled to room temperature, concen
trated, and diluted with 500 mL of water. The resulting solution 
was extracted with ether. The aqueous layer was then acidified 
with ice-cold 6 M HC1 and extracted with ethyl acetate (2 x 300 
mL). 

d, J « 7 Hz, 6 H), 1.8-2.5 (m, 3 H)t 3.45 (br dd, J « 6, 8 Hz, 1 
H), 3.72 (s, 3 H), 3.80 (m, 6 H), 4.80 (m, 1 H), 6.9-7.5 (m, 4 H) 
ppm. 

A solution of this methyl ester (1 g, 2.83 mmol) and NaOH (0.4 
g, 10 mmol) in 10 mL of 4:1 methanol-water was stirred and 
heated at reflux for 3 h. The cooled solution was diluted with 
water and extracted with ether. The aqueous layer was acidified 
with 6 M HC1 and extracted with ethyl acetate (2x). The com
bined ethyl acetate extracts were washed with brine and dried. 
Filtration and concentration provided 0.96 g (2.8 mmol) of 10 as 
a gum: (CDCI3) B 0.85 (m, 6 H), 1.8 (m, 2 H), 2.5 
(m, 1 H), 3.3-3.9 (m, 7 H), 4.6 (m, 1H), 6.8-7.4 (m, 4 H) ppm. 

Dimethyl l-[2-(lf3-Dioxolan-2-yl)ethyl]-2-(4-fluoro-
phenylJ-S-U-methylethylJ-lH-pyrrole-S^-dicarboxylate 
(11a). Dimethyl acetylenedicarboxylate (1.3 tnL, 10.6 mmol) was 
added to a solution of 10 (1.8 g, 5.28 mmol) in 10 mL of acetic 
anhydride at room temperature. Carbon dioxide evolution began 
immediately. The solution was stirred a farther 2 h, concentrated 
to remove excess dimethyl acetylenedicarboxylate and solvent, 
and then filtered through silica gel. This provided 2 g (89%) of 
11a as a colorless solid. Reaystallization from isopropyl ether-
hexane afforded colorless crystals: mp 143-146 "C; IR (KBr) 1719, 
1449,1241,1209,1178,945 cm"1; 200-MHz NMR (CDCI3) S 135 
(d, J = 7 Hz, 6 H), 1.80 (m, 2 H), 3.18 (septet, J = 7 Hz, 1 H), 
3.56 (s, 3 H), 3.7 to 4.0 (m, 6 H), 3.83 (s, 3 H), 4.64 (t, J = 4 Hz, 
1 H), 7-7.3 (m, 4 H) ppm. Anal. C, H, N. • 

Dimethyl 2-(4-Fluorophenyl)-5-(l-inethylethyl)-l-(3-oxo-
. propyl)-li7-pyrrole-3,4-dicarboxylate (12a). A solution of 11a 

(0.5 g, 1.18 mmol) and p-TSAHH^O (0.23 g, 1.2 mmol) in 12 mL 
of 5:1 acetone-water was stirred and heated at reflux for 48 h. 
The cooled solution was concentrated, diluted with ether (200 
mL), washed with saturated aqueous bicarbonate (2 x 50 mL) 
and brine (50 mL), and dried. Flash chromatography on silica 
gel (4:1 v/v hexane-ethyl acetate) provided 0.4 g (90%) of pure 
12a: 90-MHz NMR (CDCI3) 11.35 (d, J = 7 Hz, 6 H), 2.61 (t, 
J « 7 Hz, 2 H), 3.18 (septet, J = 7 Hz, 1 H), 3.53 (s, 3 H), 3.81 
(s, 3 H), 4.03 (t, J = 7 Hz, 2 H), 6.9-7.3 (m, 4 H), 9.45 (s, 1 H) 

The combined ethyl acetate extracts were washed with brine, 
dried, filtered, and evaporated to yield 30 g of crude 15 as a gum 
which was used without further purification: 90-MHz NMR 
(CDCI3) 5 1.11 (d, 6 H, J = 7 Hz), 1.4-1.9 (m, 2 H), 2.85 (m, 1 
H), 3.32 (m, 2 H), 3.75 (m, 4 H), 4.52 (t, 1 H, J = 4.5 Hz), 5.73 
(s, 1 H), 6.8-7.3 (m, 4 H) ppm. 

l-[2-(l,3-Dioxolan-2-yl)ethyl]-5-(4-fluorophenyl)-2-(l-, 
methylethyl)-iV,4-diphenyl-lH-pyrrole-3-carboxainide (16b). 
A solution of 95 g (260 mmol) of 15 and 98 g (439 mmol) of 
//,3-diphenylpropynamide21 in acetic anhydride (200 mL) was 
heated at 90 0C with stirring for 4 h (vigorous gas evolution). The 
mixture was then cooled to room temperature, concentrated, and 
chromatographed twice on silica gel (4:1 v/v hexane-ethyl acetate) 
to separate the product (fy = 0.35,4:1 hexane-ethyl acetate) from 
the N,3*diphenylpropynamide (fy = 0.5). Recrystallization of the 
product from isopropyl ether provided 59.5 g (119 mmol) of 16b 
as colorless crystals: mp 159-162 0C; 200-MHz NMR (CDCI3) 
6 1.54 (d, 6 H, J = 7 Hz), 1.91 (m, 2 H), 3.60 (septet, 1 H, J = 
7 Hz), 3.7-4.1 (m, 6 H), 4.74 (t, 1 H, J = 4.3 Hz), 7.0-7.3 (m, 15 
H); IR (KBr) 3400,1658,1596,1530 cm"1. Anal. C, H. N. 

5-«-Fluorophenyl)-2-(l-methylethyI)-l-(3-oxopropyl)-
AM-diphenyMH-pyrrole-S-carboxamide (17c). A solution 
of 59 g (118 mmol) of 16c and 0.4 mL of concentrated HC1 in 1200 
mL of absolute ethanol was heated under reflux with stirring for 
24 h. The mixture was cooled to room temperature and con
centrated and the residue taken up in 3:1 acetone-water (1200 
mL). p-TSA-HoO (5 g) was added. This mixture was heated 
under reflux with stirring for 2 days, cooled to room temperature, 
and partitioned between ether (1000 mL) and brine (200 mL). 
The organic layer was separated, washed successively with sat
urated aqueous bicarbonate (2 x 200 mL) and brine (100 mL), 
dried, filtered, and concentrated. The resulting oil was dissolved 
in the minimum amount of hot isopropyl ether, and the crystals 
which formed upon cooling were collected by filtration to yield 
36.8 g (81 mmol) of 17e, mp 164-5 ®C. A further crop of 9.8 g 
was obtained from the mother liquor: 200-MHz NMR (CDClj) 
61.52 (d, 6 H, J = 7 Hz), 2.68 (br t, 2 H, J = 4 Hz), 3.63 (septet, 
1H, J = 7 Hz), 4.27 (br t, 2 H, J = 4 Hz), 6.86 (br s, 1H), 7.0-7.2 
(m, 14 H), 9.60 (s, 1 H); IR (KBr) 3400,2966,1720,1673,1596, 
1511 cm"1. Anal. C, H, N. 

Methyl 7-[2-(4-Fluorophenyl)-5-(l-methylethyl)-3-
phenyl-4-[(phenylamino)carbonyl3-lflp-pyrrol-l-yl]-3-
hydroxy-5-oxo-l-heptanoate. A solution of methyl acetoacetate 
(26.4 mL, 243 mmol) in 250 mL of anhydrous THF was added 
dropwise to a stirred suspension of hexane-washed sodium hydride 
(6.4 g, 267 mmol) in 200 mL of THF at 0 0C. When gas evolution 
was complete, 97.2 mL of a 2.5 M solution of n-butyllithium in-
hexanes was added dropwise over 1 h. ' 

The resulting solution was stirred for 30 min at 0 0C and cooled 
to -78 cC, and a solution of 36.8 g (81 mmol) of 17c in 100 mL ' 
of THF was added over a period of 30 min. The resulting solution 
was stirred for 30 min at -78 0C, then warmed to 0 0CI and held 
for an additional 1 h. 

ppm. 
Ethyl l-[2-(l,3-Dioxolan-2-yl)ethyl]-2-(4-fluorophenyI)-

5-(l-methylethyl}*4-phenyl-lJ7-pyrrole-3-carboxylate (11c). 
A mixture of 10 (3.0 g, 8.8 mmol), acetic anhydride (15 mL), and 

' ethyl phenylpropiolate (3.0 g, 17.6 mmol) was stirred at 110 "C 
for 5 h. The solution was then cooled and the excess acetic 
anhydride removed under vacuum. The residual dark oil was 
purified by flash chromatography on silica gel (4:1 v/v ethyl 
acetate-hexane). The product solidified on standing and was 
reciystallized from ether-hexane. The first crop gave 2.2 g (30%) 
of pure lie: 90-MHz NMR (CDClj) $ 0.65 (t, 3 H, J = 7 Hz), 
1.10 (d, 6 H, J = 7 Hz), 1.7-2.0 (m, 2 H), 3.00 (septet, 1 H, J = 
7 Hz), 3.6-4.0 (m, S H), 4.60 (t, 1 H, J = 4 Hz), 6.9-7.4 (m, 9 H) 
ppm. 

Method C. Ethyl a-[[2-(l,3-Dioxolaii-2-yl)ethyl]aniino]-
4-fluorobenzeneacetate (14). A solution of 26 g (220 mmol) 
of 2-(2-aminoethyl)-l,3-dioxolane in 50 mL of acetonitrile was 
added at room temperature with stirring to a solution of 52 g (200 
mmol) of ethyl ir-bromo-^fluorobenzeseacetate30 and 42 mL (300 
mmol) of triethylamine in 350 mL of acetonitrile. The resulting 
mixture was stirred at room temperature overnight and then 
poured into ether (500 mL). The suspension which resulted was 
washed with water (300 mL) and 2 M HC1 (2 x 300 mL). The 
combined addic extracts were made alkaline with 25% aqueous 
NaOH and extracted with ethyl acetate (2 x 500 mL). The ethyl 
acetate extracts were combined, washed successively with water 
and brine, and dried. Filtration and concentration yielded 49.5 
g (82£%) of 14 as an oil: 90-MHz NMR (CDClj) 6 1.18 (t, 3 H, 
<7 = 7 Hz), 1.85 (m, 2 H), 2^0 (br s, 1 H), 2.6 (m, 2 H), 3.85 (m, 
4 H), 4.1 (q, 2 H, J = 7 Hz), 4.22 (s, 1H), 4.83 (t, 1 H, J = 4.5 
Hz), 6.8-7.3 (m, 4 H) ppm. 

ff-[{2-(l,3-Dioxo]an-2-y])ethy]3(2-methy]-l-oxopropyl)-
&mino]-4-flaorobenzeneacetic Acid (15). 14 (30 g, 100 mmol) 
was dissolved in 200 mL of C^Clj with 28.6 mL (205 mmol) of 

. J 

j : 

(20) Epstein, J. W.; Brabander, H. J.; Fanshawe, W. J.; Hofmann, 
C. M.; McKenzie, T. C.; Saiir, S. R.; Osterberg, A. C.; Cosulich, 
D. B.; Lovell. F. M. J. Med. Chem. 1981,24, 481-90. (21) Cabre, J.; Palomo, A, L. Synthesis 1984, 413-7. 
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The mixture was then ecidiiied by the dropwise addition of 
300 mL of ice-cold 3 M HC1, diluted with ether, washed with water 
and brine, dried, filtered, and evaporated. Flash chromatography 
on silica gel (3:1 v/v hexane-ethyl acetate) yielded 37.9 g of methyl 
7-[2-(4-fluorophenyl)-5-(l-methylethyl)-3-phenyl-4-[(phenyl-
amino)carbonyl]-ltf-pyiTol-l-yl]-5-hydroxy-3-oxo-l-heptaiioate: 
90-MHz NMR (CDCI3) 6 1.50 (d, 6 H, J = 7 Hz), 1.8 (m, 2 H), 
2.45 (d, 2 H, J = 7 Hz), 2.8 (br s, 1 H), 3.33 {s, 2 H), 3.5 (m, 1 
H), 3.67 {s, 3 H), 3.8-4.0 (m, 2 H), 6.8-7.3 (m, 14 H) ppm. 

(i)-traiis-5-(4-Fluorophenyl)-2-(l-iaethylethyl)-JV,4-di-
phenyl-l-[2-(tetrahydrCH4-hydroxy-6-oxo-2F-pyran-&-yl)-
ethyl]-l£r-pyrroIe-3-carboxamide (3i). Air (60 mL) was 
bubbled via a syringe through a solution of methyl 7-[2-(4-
fluorophenyl)-5-{l-methylethyl)-3-phenyl-4-[(phenylaamo)-
carbonylJ-lH-pyrrol-l-yl)-5-hydroxy-3-oxo-l-heptanoate (48 g, 
84 mmol) and 92.5 mL of a 1M THF solution of tributylborane 
in 100 mL of anhydrous THF. The mixture was stirred overnight 
at room temperature and then cooled to -78 0C. Sodium boro-
hydride (3.85 g, 102 mmol) was added to the cooled mixture in 
one portion. The vigorously stirred suspension was allowed to 
warm slowly to 0 0C over 3 h (vigorous gas evolution ensued). 

The dry ice-acetone bath cooling the reaction vessel was re
placed by an ice bath and 18.3 mL of glacial acetic add was added 
dropwise, followed by 204 mL of 3 N NaOH and 30.5 mL of 30% 
aqueous HjOi-

The mixture was vigorously stirred and allowed to warm to 
room temperature overnight. The mixture was partitioned be
tween ether and water. The aqueous layer was separated, acidified, 
and extracted with ethyl acetate (2x). 

The ethyl acetate extracts were washed with brine, dried, and 
evaporated to yield crude (fl*tfl')-3,5-dihydroxy-7-[(4-fluoro-
phenyl)-5-{l-methylethyl)-3-phenyl-4.[(phenylamino)-
carbonyl]-lH-pynoH-yl]-l-heptanoic add which was used without 
further purification. 

The crude acid was taken up in toluene and heated at reflux 
for 6 h with azeotropic removal of water. Chromatography (silica 
gel, 1:1 v/v hexane-ethyl acetate) provided 30 g of 3i as a foamy 
solid, mp 90-97 0C. . 

This material was found by HPLC analysis to be a 9:1 mixture 
cis and trans isomers. Recrystailhation from toluene-ethyl acetate 
yielded essentially pure trans 3i: mp 148-9 0C; 200-MHz NMR 
(CDC13> 5 1.52 (m, 6 H), 1.6-2.0 (m, 4 H), 2.48 (br s, 1 H), 2.51 
(m, 2 H), 3.55 (septet, 1 H, J = 7 Hz), 4.0-4.2 (m, 2 H), 4.29 (m, 
1 H), 4.52 (m, 1 H), 6.90 (br s, 1 H), 7.0-7.3 (m, 14 H) ppm; IE 
(KBr) 3400,1734,1654,1597,1511 cm"1. Anal. C, H, N. 

Phenylmethyl l-[2-(l^-Dioxolan-2-yl)ethyl]-5-(4-fluoro-
phenyl)-2-(l-methylethyl)-4-phenyl-l.H'-pyrrole-3-
carboxylate (16a). A solution of 15 (10 g, 29 mmol) and benzyl 
phenylpropiolate (7.7 g, 44 mmol) was stirred and heated in 30 
mL of acetic anhydride at 90 ®C for 6 h. After cooling to room 
temperature, the solution was concentrated, diluted with ether, 
washed with water, saturated aqueous bicarbonate, and brine, 
and dried. Flash chromatography on silica gel (10:1 v/v hex
ane-ethyl acetate) provided 5.9 g (-45%) of crude 16a. Recrys-
tallization from isopropyl ether provided 4.8 g of colorless 16a: 
mp 158-9 0C; m (KBr) 1683 cm"1; 200-MHz NMR (CDCI3) 6 0.93 
(t, 3 H, J = 7 Hz). 1.48 (d, 6 H, J - 7 Hz), 1.93 (m, 2 H), 3.50 
(septet, 1H, J = 7 Hz), 3.7-4.1 (m, 8 H), 4.71 (t, 1H, J = 4.4 Hz), 
6.95-7*2 (m, $ H) ppm. Anal. C, H, N. 

Method D. l-[2-(lT3-Dioxolan-2-yl)ethyl]-2-(4-fluoro-
pheiiyl)-3,4-dimethyl-5*(l-methylethyl)-lB'-pyrrole (18). A 
solution of 11a (1.0 g, 2.37 mmol) in 5 mL of CHjClj was added 
dropwise to a stirred suspension of lithium aluminum hydride 
(0.3 g, 7.4 mmol) in 20 mL of ether at room temperature. When 
addition was complete, the mixture was heated to reflux for 30 
mln, cooled to room temperature, and quenched by dropwise 
addition of water (0.3 mL), 25% aqueous NaOH (0.2 mL), and 
water (0.9 mL). After stirring vigorously for 30 min, the mixture 
was filtered and washed well with CHjCl* The filtrated was dried, 
filtered, and concentrated, providing 0.78 g (90%) of pure diol. 

Trifluoroacetic add (5.2 mL, 67 mmol) was added to a stirred 
solution of the diol (1.23 g, 3.4 mmol) and triethylsilane (1.2 mL, 
7.5 mmol) in 10 mL of CHjClj cooled to 0 0C under dry nitrogen. 
The solution was stirred for 2 h at 0 0C before warming to room 
temperature for 1 h. It was then poured into 300 mL of 50:50 
ether-hexane and washed with saturated aqueous bicarbonate 

Roth et al. 

(3 X 50 mL) and brine (50 mL), and dried. Flash chromatography 
on silica gel (10:1 v/v hexane-ethyl acetate) provided 0.80 g (71%) 
of 18 as an oil: 90-MHz NMR (CDCI3) 6 1.32 (d, 6 H, J « 7 Hz), 
1.7-1.9 (m, 2 H), 1.86 (s, 3 H), 2.07 (s, 3 H), 3.10 (septet, 1 H, J 
»» 7 Hz), 3.7-4.0 (m, 6 H), 4.58 (t, 1 H, J = 4 Hz), 6.9-7.3 (m, 4 
H) ppm. 

Method E. Methyl 4-Methyl-3-oxo-2'(phenyl-
methylene)pentanoate (21a). A mixture of methyl iso-
butyzylacetate (144 g, 1 mol), benzaldehyde (116 g, 1.1 mol), 
piperidine (4 mL), and HOAc (12 mL) ia 200 mL of toluene was 
stirred and heated at reflux with azeotropic removal of water for 
3 h. The solution was cooled, poured into ether (1L), washed 
with 1M HCl (200 mL), saturated aqueous bicarbonate (200 mL), 
and brine, and dried. Concentration and distillation (bp 127-130 
cC/l mmHg) provided 186.6 g (80%) of 21a as a mixture of 
diastereomers (isomer 1, major ~70%): 90-MHz NMR (CDCI3) 
6 0.98 (d, 6 H, J « 7 Hz), 2.58 (septet, 1 H, J = 7 Hz), 3.70 (s, 
3 H), 7.28 (s, 5 H), 7.68 (s, 1 H) ppm. Isomer 2: 90-MHz NMR 
(CDCy S 1.14 (d, 6 H, J « 7 Hz), 3.14 (septet, 1 H, J = 7 Hz), 
3.70 (s, 3 H), 7.80 (s, 5 H), 7.48 (s. 1 H) ppm. 

l-(4-Fluorophenyl)-5-methyl-2-phenyl-l,4-hexanedione 
(22a). To a solution of 21a (376 g, 1.62 mol), 4-fluorobenzaldehyde 
(201 g, 1.62 mol), and EtjN (15S mL) in a 3-L three-neck 
round-bottom flask with an air-driven stirrer was added 2-(2-
hydroxyethyl)-3-methyl-4-benzylthiazol5um chloride (65.5 g, 243 
mmol). The mixture was stirred and heated at 70 0C for 24 h. 
After cooling to room temperature, the mixture was diluted with 
ether (3 L), washed with water, dilute HCl, saturated aqueous 
bicarbonate, and brine, and dried. The crude oil which remained 
after filtration and concentration was dissolved in THF (1500 mL) 
and added to a solution of NaOH (130 g) in 750 mL of water. The 
mixture was vigorously stirred overnight, acidified (pH 5) with 
6 N HCl, and extracted with ether. The ether layer was washed 
several times with 3 N NaOH and water (to remove a low base 
soluble material) and brine and dried. The crude material was 
filtered through silica gel (100 g) and concentrated. It was then 
Kugelrohr distilled in two portions to afford 314 g (66%) of 22a: 
bp 145 0C (0.3 mmHg) IR (film) 1711,1684,1600 cm-1; 200-MHz 
NMR (CDC13) 6 108 (d, 3 H, J = 7 Hz), 1.13 (d, 3 H, J = 7 Hz), 
2.65 (septet, 1 H, J = 7 Hz), 2.77 (dd, 1 H, J = 18, 4 Hz), 3.63 
(dd, 1 H, J = 18,10 Hz), 5.07 (dd, 1 H, 10,4 Hz), 7.10 (m, 
2 H), 7.27 (m, 5 H), 7.98 (m, 2 H) ppm. 

l-(3^-Diethoxypropyl)-2-(4-fluorophenyI)-5-(l-methyl-
ethyO-S-phenyl-liT-pyrrole (23a). To a solution of 22a (230 
g, 0.77 mol) in 1L of toluene was added 3,3-diethoxy-l-amino-
propane19 (176 g, 1.2 mol) at room temperature. The mixture . 
solidified, but dissolution occurred on adding p-TSA-H20 and 
heating to reflux (Dean-Stark) for 24 h. To the cooled solution 
was added 100 mL of absolute ethanol and the mixture concen-
txated and filtered through silica gel The residue on concentration 
was dissolved in the minimum amount of isopropyl ether and 
allowed to crystallize. A first crop of 89 g (mp 84-7 0C) was 
isolated. A further 145 g were isolated as an oil: IR (KBr) 2973, 
1603,1511 cm*1; 200-MHz NMR (CDCl^) 31.11 {t, 3 H, J = 7 Hz), 
1.35 (d, 6 H, J = 7 Hz), 1.75 (m, 2 H), 3.04 (septet, 1 H, J = 7 
Hz), 33-3.6 (m, 4 H), 3.91 (m, 2 H), 4.27 (t, 1 H, J = 4.4 Hz), 6.20 
(s, 1 H), 7.0-7.4 (m, 9 H) ppm. Anal. C, H, N. . 

Methyl 3-(4-Fluorophenyl)-3-oxopropajioate. To a sus
pension of dimethyl carbonate (195 g, 2.17 mmol) and hexane-
wasbed NaH (72gl 3.0 mol) in dry THF (600 mL) at 60 0C was 
added 164 g (1.2 mol) of p-fluoroacetophenone dropwise. The 
reaction was maintained at gentle reflux by adjusting the tem
perature and addition rate (exothermic). After the addition was 
complete, the reaction was heated at reflux for 4 h, then cooled 
to room temperature. 

The reaction was poured carefully into ice cold acetic add (183 
mL, 3.2 mol) and water (400 mL). The product was extracted 
with ether (2X), and the combined ether layers were washed with 
saturated aqueous bicarbonate, brine and dried. Distillation . 
provided 204 g (96%) of desired product (bp 91 eC/0.5 mmHg): 
90-MHz NMR (CDCI3) 5 3.65 (s, 3 H), 3.92 (s, 2 H), 6.82-7.20 (m, 
2 H), 7.57-8.01 (m, 2 H), 12.45 (singlet, 1 H) ppm. 

Methyl 3-(4-Fluorophenyl)-3-oxo-2-(phenylmethylene)-
propanoate (26). A mixture of methyl, 3-(4-fluorophenyl)-3« 
oxopropionate (100 g, 510 mmol), benzaldehyde (59.5 g, 561 mmol), 
piperidine (2 mL), and acetic acid (6 mL) in toluene (1^0£S|L) 
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was stirred and heated at reflux with azeotropic removal of water 
for 4 h. The solution was cooled and filtered through silica gel 
(600 g) with toluene as eluant. Concentration afforded 127.2 g 
(88%) of 26 as a mixture of E- and ^-isomers: 90-MHz NMR 
(CDCI3) 9 Z22 (s, 3 H, isomer 1), 3.62 (s, 3 H, isomer 2), 6.80-8.11 
(m, 10 H) ppm. 

l-(4-Fluorophenyl)-3-phenyl-o-xnethylhexane-l,4-dione 
(27). A mixture of 26 (130 g, 454 mmol), isobutyraldehyde (41 
mL, 454 mmol), E^N (33 mL), and 2-(2-hydroxyethyl)-3* 
methyl-4-benzylthiazolium chloride (24 g, 91 mmol) was stirred 
and heated at 70 eC for 18 h. Additional isobutyraldehyde (6 g) 
was added and stirring continued for a further 6 h. After cooling 
to room temperature, the mixture was diluted with ether, washed 
with 2 M HC1 (2x), saturated aqueous bicarbonate, and brine, 
and dried. The crude product was used without further purifi
cation. • 

To a solution of the crude diketo ester (31 g, 86.9 mmol) in 5:1 
THF-H2O (500 tfiL) was added NaOH (8 g, 200 mmol) in one 
portion. A small amount of methanol was added to ensure ho
mogeneity. The reaction was stirred overnight at room tem
perature. The solvent was removed on the rotary evaporator, and 
the residue was dissolved in ether. This was then washed with 
2 M HC1 and brine and dried. Purification by flash chroma
tography (9:1 v/v ethyl acetate-hexane) gave 9.0 g (35%) of 27 
as an oil: 90-MH2 NMR (CDCI3) 6 0.8 (d, 3 K, J = 7 Hz), 1.2 
(d, 3 H, J = 7 Hz), 2.4-3.0 (m, 1 H), 3.6-4.0 (m, 1 H), 4.4-4.55 
(m, 1. H), 6.8-7.3 (m, 7 HJ, 7.7-7.9 (m, 2 H) ppm. 

5-(4-Fluorophenyl)-2-(l-methylethyl)-3-phenyl-ljEf-
pyrrole-l-propanal (28). To a solution of 17 (9.0 g, 30.2 mmol) 
and 3,3-diethoxy-l-aminopropane (6.6 g, 45.3 mmol) in toluene 
(150 mL) was added a catalytic amount of p-TSA-H20. The 
resulting mixture was heated to reflux with azeotropic removal 
of water (DeanrStark) overnight. 

The solution was cooled and concentrated, and the residue was 
purified by flash chiomatogiaphy on silica gel (10:1 v/v ethyl 
acetate-hexane). This provided 2.4 g (19%) of the pyrrole acetal 
as an oil and 7.1 g of recovered 27. The pyrrole acetal was taken 
up in 5:1 acetone-water. Camphorsulfonic acid (0.2 g) was added 
and the solution refluxed for 18 h. The cooled solution was 
concentrated, diluted with ether, washed with water, bicarbonate, 
and brine, and dried. Flash chromatography on silica gel (9:1 v/v 
hexane-ethyl acetate) afTorded 1.9 g of 28 as an oil: 90-MHz NMR 
(CDCI3) « 1.3 (d, 6 H, J = 7 Hz), 2.56 (m, 2 H), 3.22 (septet, 1 
H, J = 7 Hz), 4.37 (m, 2 H), 6.1 (s, 1 H), 6.9-7.5 (m, 9 H), 9.5 (s, 
1 H) ppm. 

(2J?)-£raas-4-[[(l,l-Dimethylethyl)silyl3oxy3-6-[2-[2-(4-
fluorophenyl)-5-(l-methylethyl)-lJ?-pyrrol-l-yl3ethyl]-
tetrahydro-2if-pyran-2-one (29). To a solution of 1 (0.52 g, 
I.5 mmol) and terf-butyldimethylchlorosilane (0.27 g, 1.8 mmol) 
in 5 mL of dry DMF was added imidazole (0.31 g, 4.5 mmol) in 
one portion. The solution was stirred overnight at room tem
perature before partitioning between hexane (100 mL) and water 
(50 mL). The aqueous layer was extracted with two 50-mL 
portions of hexane. The combined hexane extracts were washed 
with water (2 x 25 mL) and brine (25 mL) and dried. Filtration 
through silica gel and concentration provided 0.7 g (100%) of 29 
as a colorless oib 90-MHz NMR (CDCI3) 6 0.10 (s, 6 H), 0.90 (s, 
9 H), 1.30 (d, J « Hz, 6 H), 1.4-1.8 (m, 4 H), 2.48 (m, 2 H), 2.95 
(m, 1 H), 3.9-4.3 (m, 3 H), 5.85 (d, J « 2 Hz, 1 H), 6.02 (d, J = 
2 Hz, 1 H), 6.8-7.3 (m, 4 H). 

(2J?)-traiJ5-6-[2-[3,4-Dichloro-2-(4-fluorophenyl)-5-(l-
methylethyl)-lfl'-pyrrol-l-yl3ethyl3tetrahydro-4-hydroxy-
2H-pyran-2-one (30a). N-Chlorosuctinimide (6.48 mmol, 0.87 
g) was added in one portion to a stirred solution of 29 (1.49 g, 
3.24 mmol) in dty DMF (10 mL) cooled to 0 eC under dry nitrogen. 
The solution was stirred for 1 h at 0 eC then warmed to room 

' temperature over 3 h. This was then diluted with water (50 mL) 
and extracted with ether (2 X 100 mL). The ether extracts were 
diluted with 100 mL of hexane, washed with water (50 mL), 
saturated aqueous bicarbonate (50 mL), 10% aqueous NaHSOs 
(50 mL), and brine (50 mL), and dried. After filtration and 
concentration, the crude product was dissolved in THF (15 mL) 
and treated with glacial acetic add (0.75 mL, 13 mmol) end n-Bu^F 
(9.72 mL of 1M THF solution). The solution was stirred for 5 
h, diluted with ethyl acetate (100 mL), washed with saturated 
aqueous bicarbonate (2 X 50 mL) and brine (25 mL), and dried. 
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The residue which remained after filtration and concentration 
was flash chromatographed on silica gel (2:1 v/v hexane-ethyl 
acetate). This provided 0.50 g (357o) of 30a as a colorless solid. 
Re crystallization from ether-hexane provided colorless crystals: 
mp 129-131 0C; IR (KBr) * 3550, 2990,1711,1518,1225,1160, 
1055,851,816 cm"1; 200-MHz NMR (CDCla) 5 1.44 (d, J = 7 Hz, 
6 H); 1.8 (m, 4 H), 2.12 (d, J = 3 Hz, 1 H, OH), 2.55 (m, 2 H), 
3.10 (m, 1H), 4.0 (m, 2 H), 4.30 (m, 1H), 4.45 (m, 1 H), 7.0-7.4 
(m, 4 H) ppm. Anal. C, H, N. 

(2iJ)-tr3iis-6-[2-[2-(4-Fluorophenyl)-5-(l-methylethyl)-
3-(trifliioroacetyl)-l.H'-pyrrol-I-yI3ethyI]tetraliydro-4-
hydroxy-2H-pyran-2-one (30c). Trifluoroacetic anhydride (0.17 
mL, L2 mmol) was added dropwise to a stirred solution of 29 (0.50 
g, 1.09 mmol) in 2 mL of DMF cooled to 0 0C under nitrogen, 
lie b'ght yellow solution was stirred for 1 h at 0 eC, diluted with 
150 mL of 50:50 ether-hexane, washed with saturated aqueous 
bicarbonate (3 X 50 mL), and brine, and dried. Filtration and 
concentration provided a single product which was dissolved in 
5 mL of anhydrous THF and stirred overnight at room tem
perature with 4 equiv of glacial acetic add and 3 equiv of n-Bu^NF. 
The mixture was then diluted with ether, washed with 2 M HC1 
and brine, and dried. Flash chromatography on silica gel (2:1 v/v 
hexane-ethyl acetate) provided 0.25 g of 30c as an oil: IR (KBr) 
3450,1687,1609 cm*1; 200- MHz NMR (CDCI3) 6 1.31 (d, 6 H, J 
= 7 Hz), 1.4-2.0 (m, 5 H), 2.6 (m, 2 H), 3.00 (septet, 1 H, J = 7 
Hz), 3.9-4.1 (m, 2 H), 4.33 (m, 1H), 4.49 (m, 1 H), 6.48 (q, 1 H, 
J « 2.1 Hz), 7.0-7.4 (m, 4 H) ppm. Anal. C, H, N. 

[5-(iJ",5*)]-5-[2-(4-Fluorophenyl)-5-(l-methyIethyl)-3-
phenyl-4-[(phenylamino)carbonyl]-lJT-pyrro]-l-yl]-3-
hydroxy-l-pentanoic Acid, 2-Hydroxy-lt2,2-triphcnyIethyl 
Ester (31). n-Butyllithium in hexane (285 mL, 2.2 M) was added 
dropwise with stirring to diisopropylamine (92 mL) in THF (300 
mL) at -50 to -60 eC in a 1000>mL one-neck flask via a dropping 
funnel under nitrogen. The yellow solution was allowed to warm 
to approximately -20 °C, then cannulated into a suspension of 
99 g of (S)-(+)-2-acetoxy-l,l,2-triphenylethanolls in 500 mL of 
anhydrous THF'at -70 0C. When addition was complete, the 
reaction mixture was allowed to warm to -10 0C over a period 

- of 2 h. Meanwhile, a suspension of 0.63 mol of MgB^ was pre
pared by addition of 564 mL (0.63 mol) of bromine dropwise into 
a suspension of 15.3 g of magnesium (0.63 mol) in 500 mL of THF 
in a 3-L flask equipped with reflux condenser and mechanical 
stirrer. The MgBr: suspension was cooled to -78 0C and the 
enolate solution cannulated into the suspension over 30 min. 
Stirring was continued for 1 h at -78 eC. 17c (150 g) in 800 mL 
of THF was then added dropwise over 30 min. The solution was 
stirred for 1.5 at -78 0C and then quenched with 200 mL of gladal 
acetic add at -78 cC. After warming to 0 0C, 500 mL of water 
were added and the mixture concentrated in vacuo at 40-50 eC. 
1:1 ethyl acetate-heptane (500 mL) was added to the yellow slurry, 
which was then filtered. The filtrate was washed extensively with 
0.5 N HC1, then several times with water, and finally with cold 
(-20 eC) ethyl acetate-heptane (3:1). The light brown crystalline 
product was dried in vacuo at 40 0C, affording 194 g of crude aldol 
product Recrystallization from ethyl acetate at -10 0C yielded 
100 g of 31 (mp 229-230 "C) which analyzed as a 97.4:2.2 mixture 
of the 5-isomers by HPLC: IR (KBr) 3400, 2961, 1716, 
1663,1595,1511,701 cm"1; 200-MHz NMR (CDCI3) i 1.44 (d, 6 
H, J = 7 Hz), 1.5 (m, 2 H), 2.12 (m, 2 H), 2.39 (br s, 1 H) 3.40 
(septet, 1 H, J = 7 Hz), 3.62 (m, 1 H), 3.81 (m, 1 H), 4.07 (m, 1 
H), 6.63 (s, 1 H), 6.8-7.5 (m, 29 H) ppm. Anal. C, H, N. 

Methyl (J?)-(+)-5-[2-(4-Fluorophenyl)-5-(l-methyl-
ethyl)-3-phenyl-4-[(phenylamino)carbonyl]-lH-pyrrol-l-
yl]*3-hydroxy-l-pentanoate. To a suspension of 162 g (0.206 
M) of the triphenylethanediol ester prepared above in 800 mL 
methanol-THF (5:3) cooled to 0 cC was added 11.7 g of sodium 
methoxide. The mixture was stirred until dissolution occurred 
and then put in the freezer overnight. The reaction mixture was 
then allowed to warm to room temperature, quenched with 15 . 
mL of glacial acetic acid and concentrated in vacuo at 40 0C to 
obtain an oil, which was partitioned between water (500 mL) and 
ethyl acetate (2 X 300 mL). The combined organic extracts were 
washed with saturated aqueous bicarbonate and brine, dried, and 
filtered and the solvent evaporated. The residue was chroma
tographed on silica gel (1:4 v/v, ethyl acetate-heptane) to yield 
109 g of the methyl ester as a colorless oil which solidified^n 

r 

1 

4 gtf 
' v  

\ 
If -r it; 
li-

tfj 

Sawai Ex 1005 
Page 3017 of 4322



>*r • i 

M ? - ;  • ! ' '  

ggsfizigggwnni WIPI m 

366 Journal of Medicinal Chemistry, 1991, Vol. 34, No. 1 Roth et al. 

stending. Recr/stallization from ether-heptane yielded 73.9 g 
of colorless crystals: mp 125-6 0C; Icr]20^ = 4^3° {1.17 M 
CHaOH); IR (KBr) 3400,2960,1720,1646,1511,1160,755 cm 
250-MHz NMR {CDCI3) 51.53 (d, 6 H, <7 = 7 Hz) 1.6-1.7 (m, 2 
H), 2.30 (d, 2 H, <7=6 Hz), 2.88 (br s, 1 H), 3.57 (septet, 1 H, 
J = 7 Hz), 3.67 (s, 3 H), 3.85 (m, 1H), 3.97 (m, 1 H), 4.15 (m, 
1 H), 6.85 (s, 1 H), 6.95-7.25 (m, 14 H) ppm. Anal. C, H, N. 

1,1-Dimethylethyl (5)-7-[2-(4-Fluoroplienyl)-5-(I-
methylethyl)-3-pheByl-4-[(phenylamino)carbonyi]-lH-
pyrrol-l-yl]-5-hydroxy-3-oxo-l-heptanoate (32). Diiso-
propylaznine (75 mL, 550 nunol) was dissolved in THF (250 mL) 
in a 2000-inL three-neck flask equipped with thermometer and 
dropping funnel under nitrogen. The mixture was cooled to -42 
0C end then 200 mL of 22. M n-butyUitHuiti in hexane was added 
dropwise over 20 oin. After stirring for 20 min, 62 mL (460 mmol) 
of tert-butyl acetate dissolved in THF (200 mL) was added over 
30 min. This mixture was stirred for 30 min at -40 °C, then a 
further 140 mL of 2.2 M n-butyllithium was added over 20 min. 
When addition was complete, 81 g (153 mmol) of methyl (£)-
(+)-5-(2-(4-fluorophenyl)-5-(l-methylethyl)-3-phenyl-4-{(phen-
ylamino)carbonylH#-pyrroI-l-yl]-3-hydroxy-l-pentanoate in 
anhydxous THF (500 mL) was added as quickly as possible 
without allowing the temperature to rise above -40 eC. Stirring 
was continued for 4 h at -70 0C. The reaction mixture was 
quenched with glacial acetic add (69 mL) and allowed to warm 
to room temperature. It was then concentrated in vacuo and the 
residue taken up in ethyl acetate, washed extensively with water, 

• saturated aqueous NH4CI, saturated aqueous bicarbonate, and 
brine. The organic layer was dried and filtered and the solvent 
evaporated to produce 73 g of 32; IR (KBr) 3400,2933,1700,1665, 
1511,1151 cm"1; 200-MH2 NMR (CDCI3) 11.45 (s, 9 H), 1.53 (dd, 
6 H, J « 7.1 Hz), 1.6 (m, 2 H), 2.51 (s, 1H), 2.53 (d, 1H, J = 2 
Hz), 2.80 (d, 1 H, J = 2 Hz, OH), 3.31 (s, 2 H), 3.60 (septet, 1 H, 
,7 = 7 Hz), 3.9-4.0 (ra, 2 H), 4.09-4.22 (m, 1 H), 6.85 (s, 1 H), 
6.95-7.2 (m, 14 H) ppm. Anal. C, H, N. 

(+)-(4iJ )-frajjs-2-(4-Fluorophenyl)-o-(l-methylethyl)-
Ar^-diphenyl-I-[(tetrahydro-4-hydroxy-2-oxo-2fi'-pyran-6-
yl)ethyl]-lJ?-pyrrole-4-carboxamide ((+)-33). To a solution 
of 73 g (119 mmol) of'32 in THF (500 mL) was added triethyl-
borane (120 mL of a 1 M THF solution) and pivalic add (0.7 g). 
The mixture was stirred for 10 min and cooled to -78 eC and 
methanol (70 mL) was added, followed by NaBH< (4.5 g, 119 
mmol). The mixture was stirred at -78 0C for 6 h, then poured 
slowly into a 4:1:1 mixture of ice-30% aqueous HjOj-water. This 
mixture was stirred overnight and then allowed to warm to room 
temperature. Chloroform (400 mL) was added and the mixture 
partitioned between chloroform and water. The aqueous layer 
was further extracted with chloroform. The organic extracts were 
combined and washed extensively with water until a test for 
peroxide was negative. The organic layer was dried, filtered, and 
evaporated. The residue was flash chromatographed on silica gel 
(1:3 v/v ethyl acetate-bexane) to yield 51 g of crude dihydroxy 
ester which was dissolved in THF-methanol and 1N NaOH {100 
mL) was added with stirring at room temperature After 4 h, the 
solution was concentrated, water (100 mL) was added, and it was 
extracted with ether (2 x 100 mL). The aqueous layer was 
addified with 1N HC1 and extracted with ethyl acetate (3 x 200 
mL). The combined organic layers were washed with water. The 
organic layer was dried, filtered and evaporated. The residue was 
taken up in toluene (2 L) and heated to reflux (Dean-Stark) for 
20 mm. After cooling, the procedure above was repeated. The 
reaction was left at room temperature for 10 days and then 
concentrated to yield 51 g of crude (+}-33 as a colorless foam. This 
was dissolved in the minimum amount of chloroform and chro-
matographed on silica gel (1:1 v/v ethyl acetate-heptane) to yield 
23 g of impure (+)-33. Further chromatography on silica gel 
(98.5:1.5 v/v cblorofonn-propanol) yielded 13.2 g of (+)-33 as a 

crude solid. . 
Recrystallization from ethyl acetate-hexane produced 8.2 g of 

crystals shown to be a mixture of isomers by HPLC. Concen
tration of the mother liquors yielded 4.6 g of an oil which was 
shown to be 100% of pure (+)-33 by HPLC. Chromatography 
(silica gel, 98:2 v/v chlorofonn-2-pTopanol) afforded 4.18 g of 
(+)-33 as colorless foam, [a]23!, - +24-53° (0.53% in CHCI3). 

o-Methylbenzeneacetamides. A solution of 3i (30 g, 55.5 
mmoL) in (RM+)-a-methyIbenzylaimne (575 mL, 4.45 mol, 98% 
Aldrich) was stirred overnight at room temperature The resulting 
solution was diluted with ether (2 L) and washed exhaustively 
with 2 M HC1 (4 x 500 mL), water (2 X 500 mL), and brine (2 
x 500 mL). The organic extract was dried, filtered, and con
centrated in vacuo to yield 28.2 g of the diastereomeric o-me-
thylbenzylamides as a white solid, mp 174-7 0C. The o*me-
thylbenzylamides were separated by dissolving 1.5 g of the mixture 
in 1.5 mL of 98:1.9:0.1 chlorofora-ffiethasoKNHtOH and injecting 
onto a preparative HPLC column (silica gel, 300 mm x 41.4 mm 
i.d.) hy a gas-tight syringe and elutmg with the above solvent 
mixture. Diastereomer 1 eluted at 41 min. Diastereomer 2 eluted 
at 49 min. Center cut fractions were collected. This procedure 
was repeated 3 times and the like fractions combined and con
centrated. Examination of each by analytical HPLC indicated 
that diastereomer 1 was 99.84% pure and diastereomer 2 was 
96.53% pure. Each isomer was taken on separately. 

(+)-(4i2)-£rans-2-(4-Fluorophenyl)-5-(l-methylethyl)-
iV,3-diphenyl-l-[(tetrahydro-4-hydroxy-2-oxo-2B'-pyran-6-
yl)ethyI]-lJ7-pyrrole-4-carboxaimde ((+)-33). To an ethanolic 
solution (50 mL) of diastereomer 1, (Si?- (3H*,5JR*]}-7- [2- (4-
fluorophenyl)-5-(l-methylethy])-3-phenyl-4-[(phenylamino)-
carbonyl)-lK-pyrrol-l-yl]-3,5-dihydroxy-Ar-[(i?)'-l-phenyl-
ethyl]-l-heptanaimde, (1 g, 1.5 mmol) was added 1N NaOH (3.0 
mL, 3 mmol). The resulting solution was heated to reflux for 48 ' 

The solution was cooled to room temperature and concentrated 
in vacuo. The residue was resuspended in water and carefully 
acidified with 6 N HCL The resulting addic solution was extracted 
with ethyl acetate. The organic extract was washed with water 
and brine, dried, filtered, and concentrated m vacuo. This residue 
was redissolved in toluene (100 mL) and heated to reflux with 
azeotropic removal of water for 3 h. This was cooled to room 
temperature and concentrated in vacuo to yield 1.2 g of a yellow 
semisolid. Flash chromatography on silica gel (2:3 v/v ethyl 
acetate-hexane) afforded 0.42 g of a white solid which still con
tained some impurities. This was rechromatographed (same 
system) to produce 0.1 g of essentially pure (+)-33, as a white foam. 
HPLC showed this material to be 94.6% chemically pure ((a]2^ 
= +25.5° (0.51% in CHCI3). The peak with a retention time of 
53.46 min was tentatively assigned to an unknown diastereomer 
resulting from the 2% (S)-(-)-a-methylbenzylamine present in 
the Aldrich a-methylbenzylamine. 

Preparation of (-)-(45)-£reus-2-(4-Fluorophenyl)-5-(l-
methylethyl)-N,3-diphenyl-l-l(tetrahydro-4-hydroxy-2-
oxo-2H-pyraii-6-yl)ethyI]-lH'-pyrrole-4-carboxamide ((-)-33). 
Carrying out the procedure described above on diastereomer 2 
afforded 0.6 g of a foamy solid which was flash chromatographed 
on silica gel (1:1 v/v ethyl acetate-hexane) to afford 0.46 g of 
essentially pure (-)-33, as a white foam. HPLC showed this 
material to be 97.83% chemically pure, [e]23^ — -24.8% (0.51% 
in CHC13). 
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jraii5-6-[2-(Substituted-quinolinyl)ethenyl/ethyl]tetrahydro-4-hydroxy-2iJ-pyran-2-
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A series of substituted quinoline mevalonolactones were prepared and evaluated for their ability to inhibit the enzyme 
HMG-CoA reductase both in vitro and (cholesterol biosynthesis) in vivo. Since previous studies suggested that 
the 4-(4-fluorophenyl) and 2-(l-methylethyl) substituents afforded optimum potency, attention was focused on 
variations at position 6 of the quinoline ring. Biological evaluation of a small number of analogues bearing a variety 
of 6-substituents showed that modification at this position had little effect on potency. Several compounds (8b, 
8e, and 11) were identified that showed comparable potency to compactin and mevinolin in both the in vitro and 
in vivo assays. 

We have previously described two series of novel 
HMG-CoA reductase inhibitors. In each series the 
structurally complex hexahydronaphthalene ring system 
common td the naturally occurring fungal metabolites 
compactin and mevinolin was replaced by a five-membered 
monocyclic heteroaromatic system, such as the nonbasic 
pyrrole3 and pyrazde3 ring systems. Inhibitors containing 
basic six-membered monocyclic heteroaromatic4 and 
nonbasic5-6 heteroaromatic ring systems have been re
ported. 

This report describes the synthesis and biological ac
tivity of a series of quinoline mevalonolactones, the first 
HMG-CoA reductase inhibitors to contain a basic bicydic 
heteroaromatic ring system. 

In addition, many of the compounds described herein 
exhibit improved in vitro potency when compared to both 
the pyrrole and pyrazole mevalonolactones previously re
ported. 

Chemistry 
Most potent inhibitors of HMG-CoA reductase have the 

4-hydroxy-2H-pyran-2-one moiety flanked by a bulky li
pophilic group and an alkyl group, where both of these 
groups are anchored in the correct spatial arrangement by 
various carbocyclic and heterocyclic structures.7 

We initially investigated the synthesis of quinoline-
containing mevalonolactones in which the lactone moiety 
was connected to position 3 of the quinoline nucleus via 
a two-carbon spacer and was flanked at positions 2 and 
4 by an alkyl group and a 4-fluorophenyl group, respec-

con-
•me-
me-
ture 
ting 
mm 
/ent 
ated 
lure ' tively.2-3 By attaching the lactone moiety at position 4 of 

the quinoline nucleus and employing an alkyl flanking 
group at position 3 we were able to investigate whether the 
"benzenoid" ring of the quinoline nucleus could replace the 
4-fluorophenyl flanking group and give a compound which 
retained biological activity. Our general synthetic strategy 
to the quinolin-3-ylmevalonolactones employed the 
Friedlander reaction between a suitably substituted ben-
zophenone derivative and an active methylene compound 
to construct the target quinoline nucleus (Scheme I). 

Acid-catalyzed condensation of the requisite 2-amino-
benzophenones8 with various /3-ketb esters produced esters 
la-e. Reduction to alcohols 2a-e followed by Swero ox
idation afforded the corresponding aldehydes 3a-e, which 
were converted, with >95% E selectivity, to ar,^-unsatu
rated esters 4a-e by reaction with carbomethoxy-
methylenetriphenylphosphorane. DIBAL-H reduction 
afforded alcohols 5a-e, which were oxidized to aldehydes 
6a-« by employing either MnO* or the Swem procedure. 
Condensation with the dianion of ethyl acetoacetate* then 
gave o-hydroxy-0-keto esters 7a-e. Stereoselective re
duction employing the boron-chelation method of Nara-
saka and Pai10 gave, after hydrolysis, a mixture of erythro-
and threo- 1,3-dihydroxy acids (>12:2) which were lacton-
ized by refluxing in toluene with azeotropic removal of 
water. Generally, the lactones were crystalline, such that 
the small amount of the ds stereoisomer present was easily 
removed by recrystallization, providing almost exclusively 
the racemic trans stereoisomers 8a-e. 

Compounds containing a saturated bridging unit were 
readily available from 4 via catalytic hydrogenation to give 
9. The same sequence of steps utilized for the synthesis 
of lactones 3a-e was then employed to convert 9 to lactone 
10. 

Treatment of lactone 8d with m-chloroperbenzoic acid 
in refluxing dichloromethane produced N-oxide 11, which 
was expected to exhibit very different physicochemical 
properties than the parent quinoline (vide supra). 

Lactone 8d was also synthesized as the pure, biologically 
active 3fl,5S stereoisomer employing Heathcock's 0-keto-
phosphonate lactone synthon11 (Scheme II). Thus, 0-
ketophosphonates 12 and 13 (prepared as an 8:1 mixture 
of diastereomeis employing the literature procedure13) were 
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13). 
:r 2 (1) A preliminary report of this work was presented at the 196th 

Meeting of the ACS, Miami, FL, September 10-15, 1989, 
MSDI 73. Following this report workers at Bayer AG pres
ented data on a similar series of compounds at the 10th In* 
"temational Symposium on Drugs Affecting Lipid Metabolism. 
Houston, TX, November 8-11,1989, Abstracts 510, 511. 

(2) Roth. 5. D.; Ortwine, D. F.; Stratum, C. D.; Sliskovic, D. R.; 
Wilson, M. W.; Newton, R.S.J. Med. Chem. 1990,33,21 and 
references contained therein. 

(3) Sliskovic. D. R.; Roth, B. D.; Wilson. M. W.; Hoefle, M. L.; 
Newton. R. S. J. Med. Chem. 1990,33. 31. 

(4) Beck. G.; Kesseler, K4 Baader, E.; Bartmann, W.; Bergmamu 
E.; Grander, H.; Jendralla, B.; v. Kerekjarto, B.; Krause, R.; 
Paulus, £.; Schubert, Wess, G. J. Med. Chem. 1990,33,52. 

(5) Coppola, G. M.; Scallen, T. J.; DelPrete, A.; Montano, R. 
Heterocycles .1989,29,1497. 

(6) Kathawala, F. G.; S call en, T. Engstom, R. G4 Weinstein, D. 
B.; Schuster, H.; Stabler, R. Abstracts of Papers, 194th Na
tional Meeting of the American Chemical Society, New Orle
ans, August 30~September 4,1987; American Chemical Socie
ty: Washington, DC, 1987; MBD1 79. 

(7) Roth, B. D.; Sliskovic, D. R.; Trivedi, B. K. Anna. Rep. Med. 
Chem. 1989, 24.147. 
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(8) Walsh. D. A. Synthesis 1980, 677 and references contained 
therein. 

(9) Huckin. S. K; Weiler, L.«/. Am. Chem. Soc. 1981, 96, 1082. 
(10) (a) Narasaka, K.; Pai, H. C. Chem. Lett. 1980,1415. (b) Ibid. 

Tetrahedron 1984,40, 2233. 
(11) Heathcock, C. H.; Hadley. C. R.: Rosen, T.; Theisen, P. D.; 

Hecker, S. J. J. Med. Chem. 19S7, 30, 
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'(a) pTSA, toluene, A; (b) DIBAL-H. CH2C],f -78 0C; (c) (COCl)^ DMSO, TEA, -78 0C: (d) PhjP-CHCOjCHa; (e) DIBAL-H, CHJC12. 
-78 "C; (f) Swern or MnO„ toluene, A; (g) "CHjCO-CHCOsEt; (h) B(Et)3. NaBH4. (CH^CCOjH then HA: (») NaOH then HCI; (j) tolu 
A; (k) /nCPBA, CHiCU. A; (I) 10% Pd/C, H,, MeOH. 

ene. 

fication followed by lactonization and chromatography 
gave predominantly ira^s-lactone (+)-17 (transrds = 26:1). 
HPLC analysis of the corresponding (J?M+)-or-methyl-
benzamide derivatives indicated an enantiomeric purity 

coupled with aldehyde 3, employing the conditions de
veloped by Roush and Masamune13 (LiCl, DBU, CHsCls), 
in 64% yield. This yield represents the best achieved." 
The resulting enones (14 and 15) were deprotected and 
stereoselective!)' reduced (EtgB, NaBHJ to give a mixture 
of erythro- (16) and t/ireo-l,3-dihydroxy esters. Saponi-

of 89% ee. 
In an attempt to iacrease the aqueous solubility of these 

compounds (and thereby improve absorption in vivo), a 
dimethylammo'group was incorporated into position 2 of 
the quinoline ring in place of the isopropyl group (Scheme (12) This ratio of diastereomers may be improved to 22:1 by em

ploying (AM-d'-naphthyDethanol as chiral auxilliary; see: 
Theisen, P. D.; Heathcock. C. H. J. Org. Chem. 1988.53,2374. 

(13) Blanchette. M. A.: Choy, C. 0.; Davis, J. T.; Essenfield, A. P.; 
Masamune, S.: Roush, W. R. Tetrahedron Lett. 1984,25,2183. 

(14) A variety of other conditions were examined, e.g., KjCOj/lS-
cro\vn-6/toluene, (NH4)2C03/toluene, and NaH/THF, how
ever. ail of these led to ^-elimination products derived from 
both the starting materials (12 and 13) and products (14 and 
15). See: Rosen, T.: Heathcock, C. H. J. Am. Chem. Soc. 1985, 
107, 3731. 

III). 
Treatment of benzophenone 18 with ethyl malonyl 

chloride and silica gel gave l,2-dihydroqu2noline 19 in 88% 
yield. Chlorination using phosphoryl chloride gave ester 
20, which was then reduced and reoxidfeed to aldehyde 21. 
Nucleophilic substitution of the chloride with dimethyl* 
amine gas in toluene at 130 0C (autoclave) gave di-
methylamino aldehyde 22. Aldehydog^was then con-
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. Scheme III8 Scheme 11® 
F F F 

O ° n R- n ? 
+ (MeOJaP̂ ^X^Aô  

12: fl = H: R1 e f-BuMesSiO 
13: R s f-8uMe2SiO: R: = H 

b 
+ CICCHjCOjEt -i— 

CHj .COjEt .CHO F. 
O I 

NH2 
H 18 
19 3d 

F F F 

1 n R'-.yR1 (f r ( 
O^CHa b.e c.d 11 F. .CHO wV00** u; N^Cl N^CI 

21 14: R = H;R1 = f-BuMejSiO 
15: n = {-BuMesSiO; R1 - H 

20 

F F 

.CHO Ph OH OH O 

vx CH, d.o 
11 

d 
F, 

^N^N(CH3)2 N(CH3)2 

22: X = CHO 2$ 

I' 16 23: X s CHssCHCOjCHj F OH 

ic 
24: X s CH=sCHCHjOH 

f irt0^0 p OH 
F. 

0 
H 

(+M7 

8 (a) LiCl, DBU, CH^CU -10 0C: (b) HF. CHjCN; (c) BtEt),, 
NaBH^ (CHj)aCC0?H then HJ02; (d) NaOH then HC1; (e) tolu
ene, 

verted to the desired lactone 26 by employing the chem
istry described previously. 

Quinolm-4-ylraevaionolactone 34 was synthesized as 
shown in Scheme IV. Methyl 3-methyl-4-quinoline-
carboxylate15 (27) was reduced to alcohol 28 and then 
oxidized under Swern conditions to aldehyde 29. a,0-
Unsaturated aldehyde 32 was constructed in an entirely 
analogous manner to that depicted in Scheme I and was 
subsequently treated with the dianion of ethyl acetoacetate 
to yield 33, which was converted to the target lactone 34 
(transxis - 23:1). 

Biological Results 
The lactones listed in Table I were saponified to the 

3,5-dihydroxy acids and tested for their ability to inhibit 
the enzyme HMG-CoA reductase, employing two proto
cols.2 Method I (cholesterol synthesis inhibition screen or 
CSI) measured the rate of conversion of [MC]acetate to 
cholesterol by employing a crude liver hoznogenate derived 
from rats fed a chow diet containing 5% cholestyramine. 
Method II (HMG-CoA reductase inhibition screen or COB) 
was a more specific screen employing a partially purified 
microsomal enzyme preparation to measure the direct 
conversion of ["CJHMG-CoA to mevalonic acid. The 

N^N(CHJ), 
26 

8 (a) CH2C1, then SiOa; (b) POClj. A; (c) DIBAL-H. CHjCU. -75 
0C; (d) (COCn2, DMSO. TEA. -78 EC; (e) HN(CH3)J. toluene, au-
toclave, 130 0C; (f) PhjP-CHCOjCHj, CH2Cls; (g) 'CHsCO-. 
CHCOjEt; (h) Bffitfc. NaBH,, (CH^JCCOJH then H205; (i) NaOH 
then HC1; (j) toluene, A. 

biological activities aie displayed in Table I as an IC50 
the concentration needed to inhibit enzyme activity by 
50%). Compactin was employed as the internal standard 
in each testing protocol. The compounds were also eval
uated for their ability to inhibit cholesterol biosynthesis 
in male rats, as determined by the inhibition of the in
corporation of sodium [l-^Cjacetate into plasma (UC]* 
cholesterol after po administration of the test substance.16 

This screen was designated the AICS (acute inhibition of 
cholesterol synthesis) screen. 

Most of the compounds tested were more potent than 
compactin in the in vivo screen and €b-e exhibited both 
in vitro and in vivo potencies comparable to those of 
mevinolin. 

As expected, an isopropyi group at position 2 of the 
quinolinyl-3-mevalonolactones produced a compound, 8b, 

ne. 

hy 
1). 
yl-
:ty 

ise 
, a 
of 
ne 

\ 

er 
(16) Alberts, A W.; Chen. J.; Kuron. J.; Hunt, V.; Huff, J.; Hoff

man. C.; Rothrock, J.; Lopez, M.; Joshua. H.; Harris, E.; 
Patchett, A.; Monaghan, &; Cunie. S.; Stapley, E.; Albers-
Schonbetf. G.: Hensens. 0.; Hoogsteen, K.: laesch. J.; 
Springer. J. Proc. .Natl. Accd. ScL 77, 3997. 

> j 

/!• 
li- (15) Lindberg, U. H.: Ulff. B.: Yeoman. G. Acta. Pharm. Suec. 1963, 

5, 441. n* 
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Table I. Physical properties tmd in Viiro and in Vivo HMG-CoA Reductase Inhibiiorj' Activities of Quinoiine Mevaionolactones 1 

Sliskovic e: ci. 

I OH 

9 r\ 
1 XT-O^O R'. 

H 

I 

CSI6-e rel (CSI)* COR^ AICS* 
ICjo. MM potency !C», (% inhtbn) Rl R2 mp, "C X formula® no. 

0.030 
0.025 

0.025 36 compactin 
mevinolin 0.028 118 72 

18 (1.5) 
61 (1.5) 

CI CH3 -CH=CH- 188-190 CaHuClFNOj 
CI CH(CH3)2 -CH=CH- 173-175 CajH-sClFNOj 
H CHtCHjJj -CH—CH- 168-170 CaHj4FN03 
H CH(CH3)2 -CHJCH,- 199-202 CajHseFNOj 
F CHfCHaJj -CH=CH- 174-176 CajHjjF^NOs • 
F CH(CHj), -CH=CH- foam CwHsaF^NOyO^SC^HeO^ ND» 

11 (iV-oxide) F CH(CH3)2 -CH=CH- 235-238 C2SH23F2NO, " " 
OCH3 CH(CH3), -CH«CH- foam C^H^FNO/ 
H N(CHJ)2 -CH—CH- 150-152 C^HnFN^OyO.SC^HgO, 

198-200 C„HlTNO3-0.25C4HsO2 >1.0 

0.4 6.3 0.72 Sa 
0.032 
0.042 

100 0.025 Sb 
75.8 0.032 70 8c 
<1 >1.0 10 

0.05 0.20 77.6 68 8d 
ND* 69 17 

0.018 
0.013 
0.047 

112 0.079 47 
0.053 60 100 £e 

13.2 0.35 52 26 
42 <1 34 

9 Analytical results are within s0.4% of the theoretical values unless otherwise noted. 4 Cholesterol synthesis inhibition (CSI). Assays of 
each inhibitor concentration were performed in triplicate, and the precision for compactin was 37%. 'All compounds tested had a diaste-
reomeric purity of >95% of the trans diastereomer as determined by HPLC and/or 200-MHz NMR. ^Potency of compactin arbitrarily 
assigned a value of 100 and the ICM value of the test compound was compared with that of compactin determined simultaneously. 'All 
compounds were dosed in DMA/PEG solution of 1.0 mg/kg unless otherwise indicated in parentheses. 'Anal. Calcd: C, 71.70. Found: C, • 
70.67. >9S7o pure by HPLC. 'Not determined. ''HMG-CoA reductase inhibition (COR). Assays of each inhibitor concentration were 
performed in triplicate, and the precision for compactin was 377o. 

siderably less potent than the corresponding unsaturated 
bridge containing compound 8c. 

As previous studies suggested that the 4-(4-fluorophenyl) 
and 2-(l-inethylethyl) substitution afforded optimum po
tency, attention WaS foCUSed On variatinnc at pr.gitmw fi r»f 
the, qnrnftjine ring.'/From tfrgjiMItad number of com-

•"pounds prepared (i.e., 8b-e), it can be seen that varying 

Scheme IV' 
C02CH3 X 

.CHj .CH3 

I x. 
N N 

28: X = CH2OH 27 
b 

the substitution at position 6 did not significantly effect 
either in vivo or in vitro potencies. The dimethylamino 
containing compound 26 retained in vivo potency wher. 
compared to the corresponding isopropyl-containing com
pound Sc> but was somewhat less potest ^ vifrn -
• ""IT-Uxide 11 was as poient in vitro as compactin and 
mevinolin and more potent than the corresponding free 
base but was slightly less potent in vivo. 

Quinolin-4-ylmevalonolactone 34 was considerably less 
potent than either compactin or mevinolin in vitro, how
ever it was comparable to compactin when tested in vivo. 
The source of the in vivo activity for 34, despite its lack 
of in vitro activity, is unclear. 

Conclusion 

T 
29: X a CHO 

HO. •co2et X 
O 

•CH, .CH3 
e-9 

N* N' 

30:X = CO2CH3 33 

I* 
1 
31: X s CHjOH 

h 
T 

32: X = CHO OH 
A series of quinoiine mevalonolactones was prepared and 

evaluated for their ability to inhibit the enzyme HMG-CoA 
reductase in vitro and cholesterol biosynthesis in vivo. By 
focusing on compounds possessing the 4-(4-fluorophenyl) 
and 2-(l-methylethyl) substituents found to be optimum 
in previous studies, several compounds, i.e., 8b, 8e, and 11, 
were identified that were of comparable potency to com
pactin and mevinolin both in vitro and in vivo. Modifi
cations at position 6 of the quinoiine ring had little effect 
on potency. 

In conclusion it has been shown that the quinoiine nu
cleus can be used as a suitable repiacement for the hexa-
hydronaphthalene ring present in the fungal metabolites 
compactin and mevinolin. Compounds have been de
scribed which are equipotent to both naturally occurring, 
HMG-CoA reductase inhibitors under the conditions 
studied. 

H' •o^o 

.CH5 

N 
34 

6 (a) DIBAL-H. CHXU. -78 0C; (b) (COCDj, DMSO. TEA. -78 
•C; (c) Ph3p=CHCO,CH3. CHXk (d) -CH,CO-CHC02Et; (e) B-
(Et)3. NeBH«, {CH3)3CCO-H then KJ02; (f) NaOH" then tfCl; (?) 
toluene. £. 

significantly more potent both in vitro and in vivo than 
the corresponding 2-methyl compound 8a. Compound 10, 
which has a saturated two-carbon bridging unit between 
the quinoiine moiety and the mevalonolactone, was con- 528 

• '• 

f !  

- i  
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Pr '• m 
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Experimental Section in vacuo. The residue v.-as flash chromatogtaphed. eluting whh 
10% echyi aceiate-hexanes. 10 yield 5c (4.7*g,'9l%) as a oale 
yellow oil: !H NMR (C0C13) 5 7.99 (d, 1 H), 7.60-6.97 (m. 7 H), 
6.48 (d, 1 H), 5.45 (dt, 1 H), 4.00 (bs, 2 H), 3.48 (heptet. 1 H , 
2.05 (bs, 1 H), 1.38 (d. 6 H) ppra. 

(£)-3-[4-(4-Fluorophenyl)-2-(l-methylethyl).3. 

Unless otherwise noted, materials were obtained from com
mercial suppliers and used without further purification. Tetra-
hydiofuran (THF) was distilled from sodium and benzophenone. 
All organic extracts were dried over MgSO* except where otherwise 
noted. Melting points were determined on a Thomas-Hoover 
melting point apparatus and are uncorrected. Infrared spectra 
were determined on a Nicolet MX-1FT-IR spectrometer. Nuclear 
magnetic resonance spectra were determined on either a Varian 
EM-390 or a Varian XL-200 specttometer. Chemical shifts are 
expressed as parts per million downfield from internal tetra-
methylsilane. Elemental analyses were determined on a Per-
kin-Elmer 240C elemental analyzer. HPLC analyses were per
formed on a Varian 5500 HPLC with a UV 200 detector (wave
length was 251 nm) and an octadecylsilane column (AUtech 
Econisil C18; mobile phase, 50:50 0.05 M citric acid (pH = 
4.0)-CH3CN3. Optical rotations were performed on a Perkin-
Elmer 241 polarimeter. The detailed protocols of the in vitro 
biological assays are described in ref 2. 

Methyl 4-(4-Fluorophenyl)-2-(l-methylethyl)-3* 
quinolisecarboxylate (1c). A solution of methyl 4-methyl-3-
oxopentanoate (14.7 g, 0.102 mol), (2-ainmophenyl)-4-(fluoro-
phenyUroethanone15 (18.34 g, 0.085 mol), and a small amount of 
p-TSA in toluene (400 mL) was heated under reflux with azety 
tropic removal of water for o h. The solution was then cooled 
and concentrated in vacuo. Flash chromatography of the residue, 
eluting with 10% ethyl acetate-hexane, gave 1c (7.66 g, 28%); 
>H NMR (CDClg) 6 3.05 (d, 1 H), 7.72-6.95 (m, 7 H), 3.52 (s, 3 
H), 3.16 (heptet, 1 H), 1.40 (d, 6 H) ppm. Anal. (CMHtBFN02) 
C, H, N. " 

quinoIinyl]-2-propenal (6c). To a solution of oxalyl chloride 
(1.66 mL, 0.019 mol) in anhydrous dichloromethane (25 mL), at 
-78 0C under an atmosphere of nitrogen, was added dimethyl 
sulfoxide (2.75 mL, 0.038 mol) in dichloromethane (25 mL). The 
resulting solution was stirred for 15 nun at -78 "C and then a 
solution of 5c (4.7 g, 0.015 mol) in dichloromethane (50 mL) was 
added dropwise. This was stirred for 1 h and then quenched by 
the addition of triethyiamine (10.2 mL, 0.073 mol) and saturated 
aqueous ammonium chloride solution (15 mL). The organic layer 
was separated and the aqueous layer was extracted with additional 
dichloromethane. The combined organic layers were dried, fil
tered, and concentrated in vacuo to yield 6c (4.37 g, 94%): 1H 

i) 

NMR (CDCI3) 5 9.36 (d, 1 H), 7.96 (d, 1 H), 7.63-7.00 (m, 8 H), 
5.90 (dd, 1 H), 3.4 (heptet, 1 H), 1.4 (d, 6 H) ppm. 

Ethyl (i?)-7-[4-(4-Fluorophenyl)-2-(l-roethyIethyI)-3-
quinolinyl]-5-hydroxy-3-oxo-6-heptenoate (7c). Ethyl acet-
oacetate (Z2o g, 0.017 mol) in anhydrous THF (25 mL) was added 
dropwise to a stirred suspension of sodium hydride (607o oil 
suspension, 0.74 g, 0.018 mol) in anhydrous THF (25 mL) at 0 
0C under a nitrogen atmosphere. When gas evolution was com
plete, a 2.4 M solution (7.2 mL, 0.017 mol) of n-butyllithium in 
hexanes was added over 30 min. This was then treated with a 
solution of 6c (3.68 g, 0.011 mol) in anhydrous THF added • 
dropwise over 30 min. The resulting solution was stirred for 1 
h at -78 0C and then quenched by the addition of glacial acetic 
acid (15 mL) with vigorous stirring. The resulting mixture was 
then partitioned between diethyl ether and water. After sepa
ration of the phases, the aqueous layer was reextracted with diethyl 
ether, and the combined organic extracts were washed with 
saturated aqueous sodium bicarbonate and dried. The solvents 
were removed in vacuo, and the residue was flash chromato
gtaphed with hexanes-ethyl acetate as eluant to yield 5.1 g (95%) 
of the title compound 7c as an orange oil: 'H NMR (CDC13) S 
8.07 (d, 1 H), 7.64-7.17 (m, 7 H), 6.62 (d, 1 H), 5.34 (dd, 1 H), 
4.59 (m, 1 H), 4.21 (q, 2 H), 3.4S (heptet, 1 H), 3.41 (s, 2 H), 2.44 
(d, 2 H), 1.38 (d, 6 H), 1.29 (t, 3 H) ppm. 

[4«,6^(£)]-6-i2-[4-(4-Fluorophenyl)-2-(l-methylethyl)-3-
quinolinyl]ethenyl]tetrahydro-4-hydroxy-2H'-pyran-2-one 
(8c). To a room temperature solution of triethylborane (7.2 mL 
of a 1 M THF solution; 0.007 mol) under a dry-air atmosphere 
was added, with stirring, a catalytic amount of pivalic acid (0.7 
g, 0.0007 mol). The resulting solution was stirred at room.tem-
perature for 10 min before a THF (25 mL) solution of 7c (3.0 g, 
0.007 mol) was added dropwise. The resulting solution was stirred 
at room temperature for a further 15 min before cooling to -78 
eC. Methanol (5 mL) was added followed by the addition of 
sodium botohydride (0.28 g, 0.007 mol) in one portion. Vigorous 
effervescence ensued. This mixture was stirred at -78 0C for 6 
h. It was then quenched by pouring into ice-cold 30% hydrogen 
peroxide (10 mL). The mixture was allowed to warm slowly to 
room temperature and then was partitioned between chloroform 
and water. The organic layer was washed extensively with water, 
dried, and concentrated in vacuo to yield 3.07 g of the corre
sponding 1,3-diols as a mixture of erythro end threo diastareomers 
which were used without any further purification. 

This residue was then redissolved in THF (50 mL) and 
methanol (5 mL) and treated with 1 N aqueous sodium hydroxide 
(6.7 mL). The resulting solution was stirred at room temperature 
for 2 h and then concentrated to dryness. The residue was then 
partitioned between water and ether. The ether layer was ex
tracted with 1 N aqueous NaOH. The aqueous layers were 
combined, acidified with concentrated HC1, and extracted with 
ethyl acetate. The ethyl acetate extracts were combined, washed 
with water, and dried. Removal of the solvents in vacuo yielded 
a yellow foam which was dissolved in toluene (100 mL) and heated 
for 3 h f t reflux with azeotropic removal of water. The cooled 
solution was concentrated and the residue flash chromatographed 
on silica gel, eluting with 50% hexanes-ethyl acetate to yield 8c 
(1.26 g, 56%) as a white solid, which was shown to be a 97:3 
mixture of trans and cis diastereomers by mp 168-170 

•s of 
ste-
.rily 
•All 

/ere 
4-(4-Fluorophenyl)-2-U-m«thyl«thyl)-3-quinoHnemethanol 

(2c). To a solution of 1c (7.66 g, 0.024 mol) in dichloromethane 
(100 mL) at -78 9C under an atmosphere of nitrogen was added 
55 mL of a 1.0 M solution of DIBAL-H. The resulting solution 
was stirred for 3 h before quenching with saturated aqueous 
sodium sulfate (20 mL). After warming to room temperature, 
the solution was filtered through Celite and the resulting filtrate 
dried and concentrated in vacuo to yield 6.61 g (94%) of 2c: 'H 

ted 

iyl) 

,f 
>m- NMR (CDC13) S 7.97 (d, 1 H), 7.57-6.93 (m, 7.H), 4.52 (bs, 2 H), 

3.62 (heptet, 1 H), 1.9 (bs, 1 H), 1.43 (d, 6 H) ppm. Anal. 
(C19H18FN20) C, H, N. 

ing 
ect 

4-(4-Fluorophenyi)-2-(l-methylethyl)-3-quinolinecarbox-
aldehyde (3c). To a solution of oxalyl chloride (2.3 mL, 0.027 
mol) in anhydrous dichloromethane (50 mL), at -78 0C under an 
atmosphere of nitrogen, was added dimethyl sulfoxide (3.8 mL, * 
0.053 mol). After complete addition the resulting solution was 
stirred for 15 min at -78 0C and then a solution of 2c (6.05 g, 0.02 
mol) in dichloromethane (50 mL) was added dropwise. This was 
stirred for a further 1 h at -78 0C and then quenched by the 
addition of triethyiamine (14.3 mL, 0.103 mol) and saturated 
aqueous ammonium chloride solution (15 mL). The organic layer 
was separated and the aqueous layer was extracted with additional 
dichloromethane. The combined organic layers were dried, fil
tered, and concentrated in vacuo to yield 3c (6.38 g, quant.) as 
a pale yellow solid: mp 119-1210C; ̂  NMR (CDClj) 6 9.92 (s, 
1 H), 8.02 (d, 1 H), 7.72-7.52 (m, 1 H), 7.37-6.98 (m, 6 H), 3.94 
(heptet, 1 H), 1.38 (d, 6 H) ppm. Anal. (CigH^FNO) C, H, N. 

Methyl (i?)-3-[4-(4-Fluorophenyl)-2-(l-methyiethyl)-3-
quinoliiayl3-2-propenoate (4c). Methyl {triphenyl-
phosphoranylidene)acetate (7.5 g, 0.024 mol) and 3c (6.38 g, 0.021 
mol) in dichloromethane (100 mL) were stirred at room tem
perature under nitrogen for 72 h. The solution was then con* 
centrated in vacuo. Flash chromatography on silica gel, eluting 
with hexanes-ethyl acetate, gave 4c (5.62*g, 74%) as a pale orange 
solid: rap 147-149 0C; LH NMR (CDCI3) i 7.96 (d, 1 H), 7.72-7.04 
(m, 8 H), 5.58 (d, 1 H), 3.63 (s, 3 H), 3.38 (heptet, 1 H), 1.35 (d, 
6 H) ppm. Anal. (CRHJOFI^^) C, H, N. 

(£)-3-[4-(4«Fluorophenyl)-2-(l-raethylethyl)-3-
quinolinyl]-2-propen-l-ol (5c). To a solution of 4c (5.62g,0.bl6 
mol) in dichloromethane (100 mL) at -78 0C under an atmosphere 
of nitrogen was added -37.7 mL of a 1.0 M solution of DIBAL-H. 
The resulting solution was stirred for 2 h at -78 0C and then 
quenched by addition of saturated aqueous sodium sulfate (15 
mL). After warming to room temperature, the solution was filtered 
through Celite. The resulting filtrate was dried and concentrated 
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before cooling to-78 0C. Methanol (1 mL) was added, followed 
by sodium borohydride (0.024 g, 0.0006 raoi) in one portion. 
Vigorous effervescence ensued. This mixture was stirred at -78 
0C for 6 h and then quenched by pouring into ice-cold 30% 
hydrogen peroxide (1 mL). The mixture was allowed to warm 
slowly to room temperature and then partitioned between chlo
roform and water. The organic layer was washed extensively with 
water, dried, and concentrated in vacuo to yield a foam (0.25 g) 
which contained compound 16 as its major component. 

The crude product was then dissolved in THF (5 mL) and 
methanol (0.5 mL) and treated with 1 N aqueous sodium hy
droxide (0.46 mL). This solution was stirred at room temperature 
for 3 h, and then all solvents were removed in vacuo. The residue 
was partitioned between diethyl ether and water. The aqueous 
layer was acidified with 1 N hydrochloric acid, extracted with ethyl 
acetate, dried, filtered, and concentrated in vacuo to yield a yellow 
foam, which was redissolved in toluene (60 mL) and heated for 
6 h at reflux with azeotropic removal of water. The cooled solution 
was concentrated and the residue Hash chromatographed on silica 
gel, eluting with 30% ethyl acetate-hexanes, to give 17 (0.035 g, 
18%) as a white foam: [a]D » +3.4* (c = 0.235, CHCfe); HPLC 
analysis of the corresponding (RM+)-a-methylbenzylanirde de
rivative indicated an enantiomeric purity of 89% ee; lH NMR 
(CDCIj) 6 8.09 (dd, 1 H), 7.47-7.37 (m, 1 H), 7.27-7.18 (m, 4 H), 
6.99 (dd, 1 H), 6.68 (d, 1 H), 5.38 (dd, 1 H), 5.20-5.10 (m, 1 H), 
4.25-4.19 (m, 1H), 3.46 (heptet, 1H), 2.77-2.52 (m, 2 H), 1.83-1.26 
(m, 9 H) ppm. Anal. (CaHasFjNOyO^C^HgOa) C, H, N. 

Ethyl 4-{«l-Fluorophenyl)-lf2-dihydro-2-oxo-3-quinoline-
carboxylatc (19). Ethyl malonyl chloride (125 g, 0.84 mol) was 
added in portions to a solution of 18" in dichloromethane (1 L) 
at 0 0C under an atmosphere of nitrogen; The reaction mixture 
was warmed slowly (~1 h) to room temperature, dried, and 
concentrated to an approximate volume of 600 mL. Silica gel (50 
g) was then added. The resulting suspension was stirred overnight 
at room temperature, and filtered, and the silica gel was washed 
extensively with ethyl acetate. The filtrate was then concentrated 
and the residue triturated with hexanes to yield 19 (192 g, 88%) 
as a white solid: mp 204-206 SC; 'H NMR (CDClj) o 12.60 (bs, 
1 H), 7.60-7.10 (m, 8 H), 4.17 (q, 2 H), 1.04 (t, 3 H) ppm. Anal. 

- (Ci8HmFN03) C, H, N. 
Ethyl 2-ChIoro~4-(4-f]uorophenyl)-3-quinoIinecarboxylate 

(20). A solution of 19 (12.8 g, 0.041 mol) in phosphorus oxychloride 
(40 mL) was heated to reflux under an atmosphere of nitrogen 
for 1 h. It was then cooled and concentrated in vacuo and the 
resulting residue neutralized by the careful addition of cold 1 N 
sodium hydroxide solution. This was then extracted with ethyl 
acetate; the organic solution was filtered through a small bed of 
silica gel to yield 20 (13.2 g, 98%) as a white solid: mp 113-114 
0C; lH NMR (CDCy 6 8.02 (d, 1H), 7.75-7.70 (m, 1H), 7.52-7.43 
(m, 2 H), 7.34-7.28 (m, 2 H), 7.20-7.12 (m, 2 H), 4.14-4.07 (q, 2 
H), 1.02 (t, 3 H) ppm. AnaL (C^wClFNOa) H, N, CI, F; C: calcd, 
65.56; found, 66.17. 

2-Chloro-4-(4-fluorophenyl)-3-quinolinecarboxaldehyde 
(21). Compound 20 was reduced to the corresponding alcohol, 
2-ch}oro-4-{4-fluorophenyl)-3-quinolinemethanol, in 837o yield 
in a manner analogous to the reduction of compounds la-e to 
compounds 2a-e in Scheme I: mo 159-160 0C; ^ NMR (CDCI3) 
0 8.07 (d, 1 H), 7.79-7.70 (m, 1 H), 7.53-7.22 (m, 6 H), 4.67 (d, 
2 H), 2.24 (t, 1 H) ppm. Anal. (Cl6HuCIFNO) C, H, N. 

This compound was then oxidized to 21 in a manner analogous 
to the oxidation of compounds 2a-e to compounds 3a-e in Scheme 
I: mp 168-169.5 0C; yield 90%; NMR (CDC13) 5 10.25 (s, 1 
H), 8.12 (d, 1 H), 7.91-7.83 (m, 1 H), 7.57-7.53 (m, 2 H), 7.36-7.22 
(m,.4 H) ppm. Anal. (CigHgClFNO) C, H, N. 

2-(Dimethylamino)-4-(4-fluorcphenyl)-3-quinoline-
carboxaldehyde (22). A solution of 21 (5.28 g, 0.019 mol) and 
dimethylamine (15 mL) in toluene (75 mL) was heated in an 
autoclave at 123-126 0C for 14 h. It was then cooled and con
centrated in vacuo. The residue was partitioned between ethyl 
acetate and saturated aqueous potassium carbonate solution. The 
organic layer was dried, filtered, and concentrated in vacuo. The 
residue was flash chromatographed on silica gel, eluting with 10% 

0C; ^ NMR (CDCI3) 6 8.02 (d, i H). 7.71 (dt, 1 H). 7.51-7.28 (m. 
6 H), 6.69 (d. 1 H). 5.48 (dd. 1 H), 5.24 (bs, 1 H), 5.10-5.00 (m. 
1 H). 4.0 (bs. 1 H), 3.48 (heptet. 1 H), 2.67-2.31 (m, 2 H), 1.57-1.42 
(m. 2 H). 1.33 (d. 6 H) ppm; IR (KBr) 3430.2967,1715,1514,1256, 
1224. 1160,1067, 9-74 cm"1. Anal. (C^FNOa) C, H, N. 

Compounds 8a-e were synthesized by the general method 
outlined in Scheme I and exemplified for compound Sc; their 
physical and biological properties are listed in Table I. 

[4a,60(.E)]-6-[2-[6-Fluoro-4-(4-fluorophenyl)-2-(l-
inethylethyl)-3-quinoIinyl}ethenyl]tetrahydro-4-hydroxy-
2if-pyras-2-onel iV-Qxide (11). A dichlJkomethane solution 
(100 mL) of 8d and m-CPBA was heated under reflux for 6 h 
under an atmosphere of nitrogen. The solution was then cooled 
and washed with saturated aqueous sodium bicarbonate solution. 
The organic layer was then dried, filtered, and concentrated in 
vacuo to yield an orange foam (1.24 g), which was flash chro
matographed (eluant, 30% ethyl acetate-hexanes) to yield 11 (0.77 
g. 74%) as a white solid: mp 235-238 0C; XH NMR (CDCI3) 6 8.81 
(dd, 1 H), 7.49-7.41 (m, 1 H), 7.20 (d, 4 H), 7.01 (dd, 1 H), 6.53 
(d, 1H), 5.44 (dd, 1 H), 5.18-5.13 (m, 1 H), 5.02 (bs, 1 H), 4.15-4.09 
(m, 1 H), 3.74 (m, 1 H), 2.79 (bs, 2 H), 2.60 (d, 2 H), 1.55 (d, 6 
H) ppm; IR (KBr) 3430,3260,1730,1624,1513,1303,1248,1218, 
1049, 831 cm"1. Anal. (CJSHOFJNOJ C, H, N. 

The compounds bearing a saturated two-carbon spacer between 
the quinoline nucleus and the lactone moiety can be synthesized 
in an entirely similar manner to that of lactones 8a-e. The 
experimental details for the key reduction of the a,/3-unsaturated 
esters 4 is exemplified below for the preparation of compound 

Methyl 3»[4-(4-Fluorophenyl)-2-(l-methylethyl)-3-
quinoiinyljpropasoate (9). Compound 4c (10.0 g, 0.029 mol) 
and 10% Pd/C (0.75 g) were stirred in methanol (250 mL) at room 
temperature under 50 psi of hydrogen gas. After 5 h, the sus
pension was filtered and the filtrate concentrated in vacuo to yield 
10.14 g of an orange oil. Trituration with hexanes afforded 6.06 
g (60%) of 9 as an off-white solid: mp 117-119 0C; ^ NMR 
(CDClj) a 8.06 (d, 1 H), 7.62 (t, H), 7.33 (t, 1 H), 7.29-7.16 (m 
5 H), 3.64 (s, 3 H), 3.44 (heptet, 1 H), 2.96 (t, 2 H), 2.39 (t, 2 H) 
1.44 (d, 6 H) ppm. Anal. (C^H^FNO^) C, H, N. 

[i2-(i2m^*)]-l-Phenylethyl 3-![(l,l-Dimethylethyl)di 
methyisilyl3oxy3-7-[6-fluoro-4-{4-fluorophenyl)-2-(l 
methylethyl)-3-quinolinyl]-5-oxo-6-heptenoate (14). To a 
solution of 3d (0.6 g, 0.002 mol) and 0-ketophosphonates (12-13 

.8:1 mixture of diastereomers) (1.35 g, 0.003 mol) in dichloro 
methane (10 mL) at -10 ®C under a nitrogen atmosphere wa 
added a small amount of LiCl and DBU (2.85 mL, 0.019 mol) 
The resulting orange solution was stirred at -10 0C for 1.5 h ant 
then quenched by addition of ice-cold phosphoric acid (0.5 M] 
The organic layer was separated, washed with water, dried, filtered 
and concentrated in vacuo to yield a yellow oil (1.65 g). Flash 
chromatography on silica gel, eluting with 10% ethyl acetate-
hexanes gave recovered aldehyde 3d (0.29 g, 0.0009 mol, 48%), 
14-15 (0.42 g, 0.0006 mol, 337o), and recovered /9-ketophosphonate 
12-13: lH NMR (CDCI3) 5 7.98 (dd, 1 H), 7.51 (d, 1 H), 7.33-6.84 
(m, 11 H), 5.89 (d, 1 H), 5.77 (q, 1 H), 4.45 (m, 1 H), 3.34 (heptet, 
1 H), 2.59 (d, 2 H), 2.40 (d, 2 H), 1.48 (d, 3 H), 1.33 (d, 6 H), 0.78 
(s, 9 H), 0.01 (s, 6 H) ppm. 

[4jR-[4tt,6j5(i?)]3-6-[2-[6-Fluoro-4-(4-fluorophenyl)-2-(l-
methylethyl)-3-quinolinyl]ethenyl]tetrahydro-4-hydroxy-
2fr-pyran-2-one (17).' A solution of 48% aqueous HF (0.36 mL, 
0.0007 mol) in acetonitrile (3 mL) was added to a solution of 14-15 
(0.42 g, 0.0006 mol) in acetonitrile (3 mL). The resulting solution 
was stirred at room temperature for 1.5 h. It was then diluted 
with diethyl ether (20 mL) and washed with saturated aqueous 

. sodium bicarbonate solution. The organic layer was dried and 
concentrated in vacuo to give the desilylated compound (0.31 g, 
0.0006 mol. 89%) as a colorless oil, which was used in the next 
step without any further purification: ^ NMR (CDClj) 5 8.02 
(dd, 1 H), 7.58 (d, 1 H), 7.39-6.83 (m, 11 H), 5.93 (d. 1 H), 5.85 
(q, 1 H), 4.34 (m, 1 H), 3.34 (heotet, 1 H), 2.59 (d, 2 H), 2.48 (d, 
2 H), 1.52 (d, 3 H), 1.37 (d, 6 H) ppm. 

The alcohols were then dissolved in anhydrous THF (5 mL) 
containing pivalic acid (0.006 g, 0.00006 mol) under a dry-air 
atmosphere at room temperature. To this solution was added 
triethylborane (0.63 mL of a 1 M THF solution; 0.0006 mol). The 

• resulting solution was stirred at room temperature for 10 min 
(17) Suzuki. K.; Weisburger, E. K.; Weisburger, J. H. J. Org. Chem. 

1961, 26, 2239. 530 
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Methyl (£)-3'(3-methyl-4-quinolinyl)-2-propenoate (30) 
was prepared in 76% yield via treatment of 29 with methyl 
(triphenyiphosphoranylidene)acetate in an analogous manner to 
the preoaration of compounds 4a-e in Scheme I: lH NMR 
(CDCW 3 8.70 (s. 1 H)f 8.10-7.34 (m, 5 H), 6.21 (d, 1 H), 3.80 (s, 
3 H), 2.42 (s, 5 H) ppm. AnaL (CHHUNQ*) C, H, N. 

(£}-3-(3-Methyl-4-quinoliayl)-2-propen-l*ol (31) was pre
pared in 71 % yield from 30 via DIBAL-H reduction: 1H NMR 
(CDCI3) 0 8.65 (s, 1 H), 8.10-7.85 (m, 2 H), 7.66-7.33 (m, 2 H), 
6.92 (d, 1 H), 6.11 (dt, 1 H), 4.35 (bs, 3 H), 2.46 (s, 3 H) ppm. 

(£)-3-(3-Methyl-4-quinolxnyl)-2-propeaal (32) was prepared 
in 71% yield from 31 via a Swern oxidation. NMR (CDC13) 
5 9.75 (d, 1 H), 8.63 (s, 1 H), 8.02-7.14 (m, 5 H), 6.38 (dd, 1 H), 
2.41 (s, 3 H) ppm. 

{4a.6£(ir)]-6-[2-(3-MethyI-4-quinolinyl)ethenyl]tetra-
hydro-4-hydroxy-2£f-pyran-2-one (34) was prepared in 107e 
overall yield from aldehyde 32. The low yield is due to inefficient 
extraction of the dihydroxy acid from the aqueous phase during 
the acidification procedure: rap 198-200 9C; lH NMR (CDC13) 
S 8.61 (s, 1 H), 7.94-7.87 (m, 2 H), 7.55-7.34 (m. 2 H), 6.87 (d, 
1H), 5.92 (dd, 1H), 5.46-5.37 (m, 1 H), 4.90 (bs, 1 H), 4.26 (bs, 
1 H), 2.62 (d. 2 H), 2.33 (s, 3 H), 2.15-2.03 (m, 1 H), 1.89-1.76 
(m, 1 H) ppm. 

In Vivo Acute Inhibition of Cholesterol Synthesis Assay 
(A1CS). Male Sprague-Dawley rats (250 g body weight), pre
viously fed 2.5% cholestyramine for 3 days, were randomly divided 
into groups (iV = 5/group) and given a single dose of vehicle 
(controls) or compound by an oral gavage at the indicated doses. 
One hour after drug dosing, all rats were injected intraperitoneally 
with sodium [l-,4C]acetate (20.0 MCi/rat in 0.3 mL of saline). After 
50 min, blood samples were taken, plasma was obtained by cen-
trifugation, and plasma (wC]cholesterol -was measured after sa
ponification and extraction. 

ethvl acetate-hexanes, to yield 22 (4.2 g, 77%) as an orange solid: 
'H NMR (CDCI3) 0 9.73 (s. 1 H), 7.78-6.96 (m, 8 H), 3.10 (s, 6 
H) ppm. Anal. (C^HjjFNaO) C, H. N. 

Methyl (£)-3-[2-(dimethylamino)-4-(4-fluorophenyl)-3-
quinolinyl]-2-propenoate (23) was prepared analogously to 
compounds 4a-e in Scheme I: yield 92%; 1H NMR (CDClj) 0 

7.78-6^7 (m, 9 H), 5.98 (d, 1H), 3.60 (s, 3 H), 2.95 (s, 6 H) ppm. 
AnaL (QnHwFNA) C. H, N. 

(£)-3-[2-(Diraethylaraino)-4-(4-fluorophenyl)-3-
quinolinyl}-2-propen-l-ol (24) was prepared analogously to 
compounds 5a-e in Scheme I: yield 98%; 1H NMR (CDCl3) 0 
7.72 (d, 1H), 7.50-7.30 (m, 1 H), 7.20-6.98 (m, 6 H), 6.31 (d, 1 
H), 5.72 (dt, 1H), 3.99 (bd, 2 H), 2.96 (s, 6 H), 1.54 (bs, 1H) ppm. 
Anal. (CaoHwFNsO) H; C: calcd, 74.51; found, 72.52; N: calcd, 
8.69; found, 7.84. • 

(£)-3-[2-(Dimethylamiso)-4-(4-fluorophenyl)-3-
quinolinyj3-2-propenal (25) was prepared analogously to com
pounds 6a-e in Scheme I: yield 92%; NMR (CDCI3) b 9.35 
(d, 1 H), 7.75 (d, 1 H), 7.58-6.98 (m, 8 H), 6.32 (dd, 1 H), 2.99 
(s, 6 H) ppm. AnaL (CaJ^FNjO) H, N; C: calcd, 74.98; found, 
72.85. 

[4a(6jS(£?)]'$*[2*t2>(Dimethylamino)-4-(4-f]uorophenyl)-3-
quinolinyl]ethenyljtetrahydro-4-hydroxy-2F-pyran-2-one 
(26) was prepared in 29% overall yield from compound 25 in an 
analogous manner to the preparation of lactones 8a-c from al
dehydes 6a-e: mp 150-152 6C; lH NMR (CDCI3) 2 7^3 (d, 1H), 
7.57-7.50 (m, 1 H), 7.26-7.16 (m, 6 H), 6.49 (d, 1 H), 5.66 (dd, 
1 H), 5.16-5.06 (m, 1H). 438-4.25 (m, 1 H), 3.01 (s, 6 H), 2.75-2S0 
(q, 2 H), 2.07 (bs, 1 H), 1.82-1.51 (m, 1 H) ppm. Anal. (C,4-
H3FN2O3.0.5C<H$OJ) C, H, N. 

3-Methyl-4-quinoHnemethanol (28) was prepared in 73% 
yield via a DIBAL-H reduction of 27:" 'H NMR (CDCl,) 6 6.55 
(s, 1H), 8.17-730 (m, 2 H), 7.68-7.42 (mt 2 H), 5.05 (s, 2 H), 2.46 
(s, 3 H), 2.20 (bs, 1 H) ppm. 

3-Methyl-4-quinolinecarboxaldehyde (29) was prepared in 
70% yield from 28 via a Swern oxidation: XH NMR (CDClj) b 
10.77 (s, 1 H), 8.68 (s. 1 H), 8.52-8.41 (m, 1 H), 8.03-7.87 (m, 1 
H), 7.67-7.34 (m, 2 H), 2.67 (s, 3 H) ppm. 
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Jed, A new series of disubstituted tetrahydrofuran and dioxolane derivatives were prepared and evaluated for their PAF 

antagonist activity in the FAF-induced in vitro platelet-aggregation and in vivo hypotension tests. Several of these 
compounds exhibited more potent activity than the structurally related 2-[iV-acetyl-iV-[[[[2-methoxy-3-[(octa-
deeylcarbamoyl)oxy]propoxy]carbonyl]amino]methyl]-l-ethylpyridimum chloride (CV-6209,3) in the in vitro assay, 
whereas all showed less potency in the in vivo test. The role of both the-substituent nature and the placement and 
number of oxygen atoms in the ring are discussed. A qualitative SAR study was carried out on these nuclei. 

In vivo experiments have demonstrated PAF's role in 
several pathological conditions,6 such as asthma,7 inflam
mation,8 anaphylactic shock,9 gastric ulceration,10 and 
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cy 
(d. 

• Platelet activating factor (PAF, 1) is a naturally oc
curring phospholipid first described in 1972.1 It is pro
duced by stimulated basophils, neutrophils, platelets, 
macrophages, endothelial cells, and IgE-sensitized bone 
marrow cells.2 PAF is involved in a wide range of bio
logical actions such as stimulation of platelets and leuko
cytes, bronchoconstriction, hypotension, negative inotropic 
cardiac effects, and increase in vascular permeability. 
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(6) (a) //etc JJorizons in Platelet Activating Factor Research; 
Winslow, C. M., Lee, M. L^ Eds.; Wiley: New York, 1987. (b) 
Braquet, P.; Touqui, L.; Shen, T. Y.; Vargaftig, B. B. Phar
macol. Rev. 1987, 39, 97. 

(7) (a) Page, C. P. Developments in Asthma. A View of Current 
Research-, PJB Publications: Richmond, Surrey, England. 

'• 1987. (b) Mencia Huerta, J. M.; Benhamou, M. tn Asthma. 
Clinical Pharmacology end Therapeutic Progress', Kay, A. B., 
Ed.; Blackwell Scientific*. Oxford, 1986; pp 237-250. (c) Pat
terson, R.; Bernstein, P. R.; Harris, K. £.; Krell, R. O. J. Lab. 
Clin. Med. 1984,104,340. (d) Morley, J.; Page, C. Sanjar. 
S. /nt. Arch. Allergy Appi Immunol. I9$5. 77,73. (e) Page. 
C. P.; Archer. C. B.; Paul, W.; MorJey, J. Trends Pharmacol. . 
Sci. 1984. S, 239. 
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mol) of 6 and 10 mL of HCOOH was heaUd at reflux for 14 h. 
Thoi, 200mL of water was added and the solution was made base 
(pH 9) by addition of sodjnim carbonate. The resulting solution 
was extracted with benzene 0 x 150 mL); the organic extracts 
were dried (NajSO*) and evaporated to five a residue, which 
crystallized as ydktw needles from acetone-hexane. 11: iHNMR 
(DMSO) 9.22 (1H, s, Cl-H), 8.97 (1 H, ex, t, NifCHj), 3.40 (2 
H, t, C10-H and CT-H), &00 (1H, d, J * 8.6, C3-H), 7^2 (1H, 
t, C9-H), 7.59 (1H, t, C8-H), &83 (1H, d, J = 9.0, C4-H), 3.46 
(2 H, qu*, -NHCHaCHj-), 2.62 (2 H, t, CHjC^NMe,), 2^8 (6 
H,S,N(CH3)4). 

Compounds 12,13, and 16-22 were obtained in an analogous 
manner. Compound 14, required a reilun'ng time of 28 h. 

(b) 5-I[2-(I)iniethylaniino)ethyl]anuno]-l-octylijnida20-
[4 ,̂l-(7e]acridin-6-one (15). A mixture of 1.48 g <0.004 mol) 
of hydrochloride 6,8 mL (0.045 mol) of nonanoic add, and 10 
mL of bromobenzene was beated at reflux for 12 h. After cooling, 
the solution was diluted with CHC1* (100 mL) and extracted with 
5% aqueous HCI The aqueous extracts were made basic with 
NaOH and extracted with benzene. The organic extracts, dried 
with CaCl* were evaporated to dryness, and the crude product 
was crystallized from benzene-heptane. 15: lH NMR (CDjOD) 
&S6(lH,d, C7-H), 850 ft H, d, ClO-H), 132 (1H, t, C9-H), 7.88 
(1 H,d,«r=&8, C3-H), 7JS9 (1H, t, C8-H), 6.84 (1H, d, J=8 ,̂ 
C4-H), 3.66H)J8 (27 H, m, series of overlapping signals relative 
to the aliphatic moieties). 

Registry No. 3,99139-99-8; S-HCl, 123381-64-6; S-MeSOaH, 
99140-00-8; 4, 99140-23-5; 4-HC1, 123381-65-7; 4-MeS03H, 
99140-24-6; 5,123381-83-9; 5>HQ, 1233$l-66-3; 6,123381-84-0; 
6-2Ha, 123381-67-9; 7, 123381-85-1; 7-2HC1, 123381-68-0; 8, 
123381-86-2; 8-2HC1, 123381-69-1; 9, 123381'87-3; 9-2HC1, 
123381-70-4; 10,123381-88 ;̂ 10-2HC2,123381-71-5; 11,123381-
89̂ ; n.2Ha 123381-72-6; 12,123381-90-8; 12.2HC1,123381-73-7; 
13,123381-91-9; 13-2HC1,123381-74-8; 14,123381-92-0; 14-2HC1, 
123381.75-9; 15,123381-93-1; 15-2HC1,123381-76-0; 16,123381-
94-2; 16-2HC1,123381-77-1; 17,123381-95-3; 17-2HC1,123381-78.2; 
18,123381-96-4; 18-2HC1,-123411-29-0; 19,123381-97-5; 19-2Ha . 
123381-79-3; 20,223381-98-6; 20-2H CI, 123381-80-6; 21,123381- ! 

99-7; 21-2HC1,123381-81-7; 22,123382-00-3; 22-2HC1,123381-82-8; I 
MejNCCH ĵNHj, 108-00-9; Me^NCCH^NH* 109-55-7; Me -̂ : 
(CH ĵN  ̂3209-46-9; EtCOjH, 79-09-4; PrCQsH, 107-92-6; : 
Me2CHCOjH, 79-31-2; PbCOjH, 65-85-0; l-chloro-4-nrtro- : 
aCTidin-9(10H)-one, 20621-51-6; nonanoic acid, 112-05-0. 

Synthesis and Biological Activity of New HMG-CoA Reductase Inhibitors. 1. 
Lactones of Pyridine- and Pyrimidine-Substituted 3,5-Dihydroxy-6-heptenoic 
(-heptanoic) Acids s 

i 

G. Beck, K. Kesseler, E. Baader, W. Bartmann,* A. Bergmann, E. Granzer, H. Jendralla, B. v. Kerekjarto, 
R. Krause, E. Paulas, W. Schubert, and G. Wess 

Hoschst AC, Postfach 80 03 20, 6230 Frankfurt/M. 80, West Germany. Received October 24,198$ 

Lactones of pyridine- and pyrimidine-substituted 3,&• dihydroxy-6-heptenoic (-heptanoic) adds 2-4 have been 
synthesized. Extensive exploration of structure-activity relationships led to several compounds exceeding the inhibitozy 
activity of mevinolin (lb) on HMG-CoA reductase, both in vitro and in vivo. First clinical trials with 2i (HR 780) 
are in preparation. 

v 

S 
I 

I 
synthesis at the level of the major rate-limiting enzyme 
S-hydroxy-S-methylglutaxyl-CoA reductase (HMG-CoA | 
reductase). Through a feedback mechanism, inhibition of f 
HMG-CoA reductase results in an increase of LDL-re-
ceptor synthesis with subsequent removal of UDL from the a 
bloodstream.6 

Only a few years after the discovery of the LDL receptor 
by Brown and Gbldstein in 1973,1 the fungal metabolites 
compactin (la)w and mevinolin (lb)45 have-been isolated. 
Both compounds axe potent inhibitors of cholesterol bio-

(1) Goldsteio, J. L; Brown, M. S. Proc. Natl. Acad. Sci. U.S.A. 
1973, 70, 2804. 

(2) (a) Eado, A; Kuroda, M.; Tsujita, Y. J. Antibiotics 197$, 25, 
1346. .(b) Endo, A; Kuroda, M; Tanzawa, K. FEBS Lett. 
1976, 72, 323. (c) Brown, A G.; Smale, T. C.; King, T. J.; 
Haseztkamp, EL; Thompson, R. H. <7. Chem. Soc. Perkin Trans. 
1 1976,1165. 

(3) Alberts, A. W.; Chen, J.; Kuroo, G.; Hunt, V.; Huff, J.; Hoff
mann, C.; Rothiock, J.; Lopez, M.; Joshua, H.; Harris, E.; 
Patchett, A.; Monaghan, R.; Currie, S.; Stapley, E.; Albers* 
Schonberg, G.; Hensens, 0.; Hirshheld, J.; Hoogsteen, K.j 
Liesch, Springer, J. Proc. Natl. Acad. Sci. USA. 1980,77, 
3957. 

(4) (a) Hoffmann, W. F.; Alberts, A. W.; Anderson, P. S.; Chen, J. 
S.; Smith, R. L.; Willard, A.K.J. Med. Chem. 1986,29,849. 
(K) Mol, M. J. T. M.; Erkelens, D. W.; Gevers Leuven, J. A.; 
Schouten, J. A. Lancet 1986,936. 

(5) (a) Serizawa, N.; Nakagawa, K; Hamano, K.; Tsujita, 
Terahara, A; Kuwano, H. J. Antibiotics 1983,36,5. (b) Drugs 
Future 1987,12, 437. 
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lb: RS CHJ  3 : A - B  =  ( Z ) - C H » C H ;  Y » C H . N  
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4 : A - B  =  C H J -CHJ  JY B C H . N  f 

5 
(6) Brown, M- S.; Goldstein, J. L. Sci. Am. 1984, 52. ^^2 

0022-2623/90/1833-0052S02.50/0 © 1989 American Chemical Society I 
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Table I. Physical Properties and Inhibitory Activities of Lactones 2-4 l 
HO 

XT 5 
Is 

A'* R 

isr R' R8 

N^Y 3, 
4 ,  R3 

0; 2: A-B = (£)-CH=CH 
3: A-B = (2)-CH=CH 
4: A-S • CHjCHj 

8, 

•7; . purifien* % yield* formula mp, 0C aaal.e XCao,̂  aM R8 R3 no. V 
lb $ H- CH3 CH CHj 

CH CH, 
CH CH, 

4-FCJH4 
4-ClCeH, CH3 
4-FCA C«Hs 
4-FC«H4 CcHs 
^FCA CH, 
4-FC«H4 i'CjH, 
4-FCeH« t-C.Hs 
4-FCeH, c-CgHn 
^FC^ 
^FCgH^ 
4-FCeH« 
4.FC«H4 
4-CH30C«H, CJHS 
4.CFaC»H4 C,HS 
4-FC«H4 CjHj 
^FC^H, CjHj 
I-CJHJ 
4«FCIH4 CH, 
4-010^4 CH3 
4-FC6H, 
^.FCeH, cCeHu 
4.FC6H4 CeHj 
4»FC6H< 
4»FCjH« 
4-.FC6H4 
4-ClC«H4 CH3 
4.FC6H4 
4-FCsH4 
4.FC6H4 CH, 

CjoHajFNOj 205 
CJOHJOCINOS on 
CaHaFNOa 149 
CjsHj+FNOs on 
CjjHj^Oa on 
CwHfflFNOg 
CaHjoFNOs 
C^HaFNOj 
CjrH^NOa 141" 
CMHJJFJNOJ OU 
CjgHsoFNOj oil 
C^Hg^FNOa 80 
CJJH55NO4 
CaHjsFaNOa oil 
CMHSSFNOS oil 
CJOHSOFNQ, 
OnHssFNO, oil 
CJSHJJFNJOJ 174-176* 
CffHuONsOj oil 
COHJTFNJOJ oU 
CwHaFNA 128 
CjgHjjFNjOa 164-166'' 
CaH^FjNzOj 138-140 
CjoHaFNOs 188 
CajHajFNOa 216 
CJJHIJCINJOJ 
CjgHagFNOj 
CnHaFNOa oil 
Ci^HjiFNjOa 170-172 

A 16 2a C, H, F, N 
C, H, CI, N 
C.H.F.N 
C, H, P. N 
C. H, F, N 

137-140 C,H,P,N 
158-160* C, H, F, N 
135-136 C, H, F, N 

C, H. F, N 
C, H, F, N 
C. H.F.N 
C, H, F, N 
C, H, N 
a H, F, N 
C. H.F.N 

196-198 C, H, F, N 
C, H, F, N 
C, H, F, N 
C, H, CI. N 
C, H, F, N 
C,H,F,N 
C, H, F, N 
C, H, F, N 
C,H,F,N >1000 
C, H, F, N 

165-166 C, H, CI, N >1000 
53-55  C ,H,F ,N  

C, H. F, N 
C, H, F, N 

260 •2; 2b A 15 94 X B 13 2e 38 
11- CH K, C 13 2d 40 -8; C CH *-

CH i-CjHt 
CH I.CJH, 
CH t-CjH, 
CH J'CjH; 
CH t-CjH, 
CH i-CaH, 
CH i-CjH, 
CH i-CjH, 
CH t-CjH, 
CH t-C4Ht 

e-C&j, 
4-FCjH^ 

23 2e 9 7 N- C 28 2f 3 >6; C 16 2? 1 
C 13 2h ro- 4 

CA C 24 2! 3 
i-FCeH, 
2,5-(CH3)2C5H, 
S^-tCHaJjCeH, 

22 C 2j 2 
C 28 2k Q 
C 26 21 8 
C 30 2D oil 13 
C 2n 21 36 

2o C 19 18 
CH 2p C 11 30 
CH 2Q CJHJ C 25 4 
N CH3 
N CH3 
N /-CaH, 
N :-C3H7 
N i-CjH, 
N i-QjH, 
CH CH3 
CH CH3 

2r D 18 500 
2s D 20 600 
2t E 13 3 
2u C 19 1 
2v D 18 3 

| 4.FC6H< 2w C 22 1 
CH3 3a 8 A 

3c CeHj B 8 100 
N CHa 3s D 18 
CH CsHj 
CH 1-C3H7 
N CH3 

4d C6H5 17 3 
4i CeHs 19 

a 4r 18 1000 
'Purified by flash chromatography on silica using the following eluents: A ethyl acetate/methanol 10:1, B cyelohexane/ethyl acetate 1:4, 

. [ O cyciohexane/ethyl acetate 2:1, D ethyl acetate, E cyciohexane/ethyl acetate'!:!. 6Represents overaU yield for purified material from 
{ Wittig reaction of 6. 'Analytical results for purified material were within di0^7« of the theoretical values. 'Tested is the ring-opened 

potassium dihydroxycarboxylate form, for assay protocol see the Experimental Section. r (a]®D ~ +26° (c « 1, methanol). ' [er]®D = +25<, 

(c = 1, methanol). 'Obtained as an oil, which crystallteed on standing for several weeks; melting point determined after recrystallization 
from diisopropyl ether/ethyl acetate 2:1. h [«]WD = +21* (c = 1, methanol), = +14° (c = 1, methanol). 

synthetic analogues related to mevinolin (lb). In our 
laboratories structurally simplified HMG-CoA reductase 
inhibitors have been synthesized as well.10'11 Structure-
activity relationships (SAR) in previous series7-1111 revealed 
timt the chlral lactone moiety in mevinolin (lb) is essential 
for strong biological activity, whereas the hexahydro* 
naphthalene moiety allows more structural variations. In 
the present paper we describe the synthesis and biological 
activity of new HMG-CoA reductase inhibitors 2-4, which 
contain for the first time monocyclic,12 six-membered 

1 

i me . 
*'0^;' ! Recent reports by Merck Sharp & Dohme,7 Sandoz,8 and 
n 0' Warner-Lambert9 have described natural products and 
rre- \ 
.the 

(7) (a) Stokker, G. E.; Hoffmann, W. F>; Alberts, A. W.; Cragoe, 
E. J., Jr.; Deana, A. A.; GilfQlan, J. L.; Huff, J. W.; Novello, F. 
C.; Prugh, J. D.; Smith, R. L.; WDlard, A. K. J. Med. Chem. 
1985,28,347. (b) HoCfmaxm, W. F.; Alberts, A. W.; Cragoe, E 
J., Jr.; Deana, A. A.; Evans, B. GilfUJan, J. L.; Gould, N. P.; 
Huff, J. W.; Novello, F. G; Prugh, J. D.; Rittle, K. E.; Smith, 
R. L.; Stokker, G. E.; Willard, A. K. J. Med. Chen}. 1986,29, 
159. (c) Stokker, G. £.; Alberts, A. W.; Anderson, P. S.; Cragoe, 
E. J., Jr.; Deana, A. A^ GiUillan, J. L; Hirshfield, J.; Holtz, W. 
F.; Hoffmann, W. F.; Huff, J. W.; Lee, T. J.; Novello, F. C.; 
Prugh, J. D.; Rooney, C. S.; Smith, R. L.; Willard, A. K. J. 
Med. Chem. 1986,29,170. (d) Hoffmann, W. F,; Alberts, A. 
W.; Anderson, P. S.; Chen, J. S.; Smith, R. L.; Willazd, A. K. 
J. Med. Chem. 1986,29,849. (e) Stokker, G. Alberts, A. 
W4GUfUlan, J. L;Huff, J. W.; Smith. TIL. J.Med. Chem. 
1986 29 

(8) (a) Sandoz, patent WO 84/02131,1984. (b) Sandoz, patent 
WO 86/00307,1986. (c) Sandoz, patent WO 86/07054,1986. 
(d) Sandoz, European Application EP-A-0221025,1987. 

(9) Wamer-L^nbert, European Application EP-A-0179559,1986. 

(10) Baader, E.; Bartmann, W.; Beck, G.; Bergzaann, A.; Granzer, 
E.; Jendralla, H.; v. Kerekjarto, B.; Kesseler, K.; Xrause, R.; 
Paulus, E. F.; Schubert, W.; Wess, G.; 4th. Internationa] Con* 
ference of Chemistry and Biotechnology of Biologically Active 
Natural Products, Budapest, August 10-14,1987, submitted 
for publication (Raven Press, New York). 

(11) (a) Bartmann, W.; Beck, G.; Granzer, E.; Jendralla, H.; v. 
Kerekjarto, B4 Wess, G. Tetrahedron Lett. 1986,27,4709. (b) 
Baader, E.; Bartmann. W.; Beck, Be^aann, A; Jendralla, 
H.; Kesseler, K.; Wess, G.; Scbubert, Granzer, E-jv, Ker
ekjarto, B.; Krause, R. Tetnaedron Lett. 1988,29,9533 

BJ 

4 

M'/J 
I ' •  

Sawai Ex 1005 
Page 3027 of 4322



iMMBmagamaaw MW«<Baattw*>jii>ei"y<iTaB»jqiie3raHttraMMi«iiiMninimii«i»iii •••VJI—nam,. rrrrmu-wsi. 

Beck e£ al. 54 Journal of Medicinal Chemistry, 3990, Vol 33, No. 2 

Scheme I* 
„,(*« IM^YOH 

"X? PPhjSr 

,?0p-0Me . R,Vv ftl 
V 

CHO FI3 .T HyY 

R» 
S 7:6 9:H 6 

3 : 2  10:2 

n^0 n^0 

••A*1 "vC"1 
cl 

M«sCHj: R4=SiJC6H5^C(CHj)3 
W 

V Ny* 
fc 

Ny-r 
RJ RJ 

11 :E 2:E 4  

3:2 12:Z 

«(a) n-BuLi, THP, fr-20 0C, (b) HOAc. HaO, TOP, reflux, (c) NIS, TBAI, CH^Clj, 20 "C, (d) TBAF, HOAc, THF, 20 *0, (e) Hj, Pd/C cat, 
MeOH, EtOAc, 20 °C. 

Scheme IP 
ftOOTC A (Y=CH) 

COjRi 

- YC. 0 0 
AAO,, . R> 

" 16 >• COjRS 

'VvR! 
14 15 

NyY 

£ 

NyY 

••OjR* 
•c 

• 
RV JU MH 20 j r-21:X » OH 

* SJ V — + RJCH0 0RS HN^N 

H3 

f 
i 

- 2 2 : X * B r  
HCl 

0 
u. $;X« PP/tjBr 14 17 10 13 

ROUTE 8 (Y«N) 

•(a) KO-e«Bu cat, 20 0C, (b) NH^OAc, FeCIreHjO, HOAc, reflux, (c) KOAc, PbMe, reflux, (d) DDQ. PhMe, reflux, (e) LiAlH*, 
THP, 20 "C,«) PBr3, CHjCla, 20 #C,.(g) PPha, PhMe, reflux. 

heteroaromatic groups with basic properties. 
Chemistry 
.The new compounds 2-4 were synthesized in optically 

pure fora by the general method shown in Scheme Z and 
are listed in Table I. Compounds 2 were obtained,through 
Wittig reaction with the chiral aldehyde 5 and ylides 
generated from the phosphoniuxn salts 6, followed by 
cleavage of the lactol ether moiety of 7, oxidation of 9 to 
lactones 11, and desilylatian. ^-configurated analogues 3 
were prepared through the general sequence 8 10 —12 
— 3. 

The Wittig reaction proceeded with high stereoselec
tivity, leading predominantly to the biologically more 
potent £ isomers. Double-bond geometry was assigned on 
the baas of the % NMR coupling constants of the olefinic 
protons (E isomers, J ® 16 Hz; Z isomers, J - 11 Hz). 

The saturated analogues 4 were synthesized by catalytic 
hydrogenation of compounds 2 or 3. 

In all cases, the configuration of the lactone moiety • 
results from synthesis via the optically pure 42?,65 alde
hyde 5.13 Compound S was easily prepared through Swem ) 
oxidation" of the corresponding alcohol 13,13 obtained 
stereoselectively from glucose. 

"Xx 
""•OH 

13 

For compound 2i the assigned relative configuration has | 
been additionally confirmed by X-ray crystallographic i 
analysis. 

(13) Yang, Y. L.; Falck, J. R. Tetrahedron Lett. 1882, 23, 4305. 1 
(14) Swem, D.; Manusco, A.; Huany, S. J. Org. Chem. 1978, 43, • 

2480. 

(12) Quinoline-containing HMG-CoA reductase inhibitors have re« 
cently been produced by Warner-Lambert, U.S. Patent 
4761419 A, 1988. 534 | 

i '  
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(HEP G2, a human hepatoma ceil line), determined by 
decreased incorporation of sodium [14C]acetate into cho
lesterol (Table 11). Selected compounds were further 
evaluated for their ability to inhibit hepatic cholesterol 
synthesis and to decrease cholesterol levels in several an
imal species upon po administration.20 

AH biological experiments were performed with optically 
pure lb as reference for direct comparison. 

In general, the structure-activity relationships of pyri-
midines (2r-w) are comparable to those of the corre
sponding pyridines (2arq) (e^j. 2i vs 2vf 2a vs 2r, 2} vs 2w; 
Table I). The inhibitory potency strongly depends on the 
substitution pattern of the heteroaromatic ring. We10~12 

and others7 have recently shown that substitution in 2-, 
- 4-, and 6-position of the central aromatic ring leads to 

strong biological activity. 
However, through appropriate choice of substituents, 

the inhibitory potency of the compounds can be further 
increased by 3 orders of magnitude. 

The biological activity of compounds 2 reaches a max
imum if an isopropyl group is introduced in position 2 of 
the central heteroaromatic ring (e.g. 21 vs 20,2p, 2d, and 
2a}. Polar substituents in position 4, which seem to mimic 
the polar ester moiety of mevinolin, have previously been 
shown to result in compounds with high activity.7 

In our series 4-(chlorophenyl)- and 4-(fluorophenyl)-
substituted analogues are equally potent inhibitors (e.g. 
2a vs 2b, 2r vs 2s). 4-(Methoxypheny 1) or 4-[(trifluoro-
methyDphenyl] substitution leads to significant loss of 
activity (2m, 2n, vs 2i). 

Substitution in position 6 turns out to be the most 
critical for optimal biological activity. Marked increase 
of potency is obtained not only by introduction of bulky 
alkyl groups (e.g. 2f, 2g, 2h, 2t vs 2e, 2s) but also by the 
use of phenyl moieties (e.g. 2i, 2J, 2k, 2v, 2w). 

In order to further understand the structure-activity 
relationships, inhibitor 2x was compared with mevinolin 
(lb) by using computer-assisted methods. 

For both compounds a conformational analysis was 
carried out in order to determine their low-energy con
formations. Structure 2i was fitted to lb by reorienting 
it as a whole and allowing groups to move independently 
(for details, see the Experimental Section). 

A graphical representation of the fit of 2i against lb is 
shown in Figure 1. If the lactone moieties are oriented 
the same way in both conformers, the isopropyl group of 
2i occupies partly the region of the hexahydronaphthalene 
system of lb. At the same time the 4-fluorophenyl group 
of 2i occupies most of the space of the ester group of lb. 
The phenyl ring of 2i, however, completely extends beyond 
the volume of lb. 

Since 2i and all other compounds bearing bulky sub
stituents as R3 (e.g. 2f, 2h> 2j, 2n, 2t, 2w) are more potent 
than mevinolin, one might speculate that K3 serves as an 
additional anchor, interacting with a second hydrophobic 
region of the enzyme and thus increases binding. A final 
explanation might be expected by the elucidation of the 
tertiary structure of the HMG-CoA reductase. All Z 
double bond isomers 3 showed only weak in vitro activity 
(e.g. 3a, 3c, 3r). Also hydrogenation of £ isomers 2 in most 
cases significantly decreased inhibitory potency (e.g. 2i vs 
4i, 2r vs 4r). However, rather unexpectedly, 4d was 10 
times more active in vitro than 2d. This points to a del
icate balance21 between the length of the carbon bridge and 
the steric bulk of K1 with regard to adaptation of the 
inhibitor to the active site of the enzyme. 

•I. 

Table II. Inhibitory Effect of Compounds 2-4 on the de Novo 
Choiestarol Biosynthesis of HEP-G2 Cell Cultures" 

HO. XX 
s* 

NS-dY 

flP 

rY 
Rf» 

2: A-B = (£H:H=:CH 
3: A-8 s (̂ CHs=CH 
Ax /WBsCHsCHx 

ICjo, rel 
BO. Y R> Ra R® nM potency* 
lb LOO SO 
2ft CH CH* ^FCA CH, 
2c CH CH, 4-FC.H, C«Ha 
2e CH ^FCA CH3 
2g CH t-CjH? 4-FC«H, e.C,H9 
2h CH 4-FCgH, 
21 CH I'-CJHT 4-FCSH, C«Hs 
21 CH /-CJHT 4-PCA 4-FCSH, 
2k CH i-CjHf 4-FC(H4 (̂CHJr 20 

2000 aos 
90 056 

1.00 50 
20 2£0 
9̂  5.26 
5.0 10.00 
7.5 6.67 

at, 2.50 
CtH, 

201 CH i-CjH, 4-CHjOCgH  ̂ CJHJ 
2p CH c-CfHit 4-FC«H, 
2q CH 4.FCeH« I-CJH, 
2t N J-CJHT 4.FC,H4 
2u N I'CjHt 4.FC|H4 
2y N /-CJHT 4»FC^4 
2w N i-CsH, 4-FC«H4 
3c CH CHj 4-FCtH4 
4i CH i-CjH, 4.FC6H4 

150 0.33 
C#, >5000 >0.01 
CeHs 5.00 10 
'•CjHr 
c-C^Hn 

4.8 10.42 
26 1^2 

CA 5 iaoo 
A-FCJli 18 2.78 
CfH, 5000 aos 
CjHj 370 ai4 

"For assay protocol, see the Experimental Section. 4Potency of 
mevinolin (lb) was arbitrarily assigned a value of 1.00. 

The synthesis of phosphoniuxn salts 6, via esters 20, is 
j outlined in Scheme 11. Pyridine esters 20 (Y = CH) were 
; obtained through Michael addition15 of keto esters 14ie and 
I enones 15,17 followed by oxidative cyclization18 of the in-
t termediate 1,5-diketones 16 (roiite A, see Table III). 
| Pyrimidine esters 20 (Y s N) were synthesized through 
| condensation of 14 with aldehydes 17 and amidinium salts 
1 18,w followed by oxidation of the resulting 1,4-dihydro-
M pyrimidines 19 by 2,3-dichloro-5,6-dicyano*l!4-ben20-
| quinone (DDQ; route B, see Table III). In all cases, esters 

g 20 were transformed to phosphonium salts 6 in three steps 
I via reduction, halogenation of the resulting alcohols 21, and 
i finally reaction of bromides 22 with triphenyl phosphine 

I 

(MHi. 

i (see Table IV). 
lytic [ 
| Biological Results and Discussion 

•jety | The new pyridine and pyrimidine analogues 2-4 (Table 
Jde* 6 I) were evaluated for their ability to inhibit solubiiized, 

partially purified rat liver HMG-CoA reductase in vitro. 
Compounds 2-4 were also investigated for inhibition of 
cellular HMG-CoA reductase in cultures of hepatic cells 

vem 
ined 

(15) Connor, R-; Andrews, D. B. J. Am. Chem. Soc. 1934,56,2713. 
(IS) Jackman, M.; Klenk, M.; Fishbum, 6.; Tullar, B. F.; Archer, 

S. J. Am. Chem. Soc. 1948,70,2884. 
(1?) (a) Drake, N. L.; Allen, P. In Organic Synthesis; John Wiley 

& Sons, Inc. New York, 1932; CoUect. Vol 1, p 77. (b) Kohler, 
r E. b.; ChadweU. H. M. Ibid, p 78. 

Rehberg, K.; Kroehnke, F. Justus Liebigs Ann. Chem. 1968, 

{*9) (a) Dox. A. W. In Organic Synthesis; Wiley and Sons Inc., New 
York, 1932; Collect. Vol I, p 5. (b) Brown, D. J.; Lan, Mori, 
K. J. Chem. 19$4,37,2093. (c) Hagemeyer, J. Gam-
mans, W.*«L U5. 3,402, 193 (Eastman Kodak Co.); Cnem. 
Abstr. I960, 70, 3316. 

as 
faic 

<305. 
\ 43, (20) Results will be published separately. 535 
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Table III. Physical Properties of Esters 20 
COjB5 

uyJ 
ft? R' 

T 
R8 

Rs purificn* % yield^ fonaula mp, 0C R® Bnalc S? no. Y R* 
C, H, P, N 
C, H, CI, N 
C, H, P, N 
C, H,P, N 
C, H,F, N 
C, H, F, N 
C, H, P, N 
C, H.P.N 
C, H, F, N 

109-111 C, H, F, N 
C, H, P, N 
C, H, P, N 
C.H.N 
a H, F, N 
C, H, F, N 
C, H, P, N 
C, H, F, N 
C.H.P.N 
C, H, CI, N 
C.H.F.N . 
C,H,F,N 
C, H, F, N 

105-108 C, H.F.N 
0 Purified flash chromatography on silica using the following eluents: A cyclohexane/ethyl acetate 2:1, B cydohexane/elhyl acetate 1:1, . 

C eyclofcexane/ethy] acetate 4:1, D Qrclohexane/ethyl acetate 3:1, E cyclohexane/ethyl acetate 8:1, F cyclohexane/methanol 9:1. 
6 Represents overall yield from Michael reaction of keto esters 14. c Analytical results were within ±0.4% of the theoretical values. 

PPhaBr 

CH3 CMHMFNO, ©a 
CttHwClNOi oU 
CS,H1IFNO2 ©a 
CSHJOFNOJ oil 
CjeHjoFNO* ofl 
CwHj4FN02 oil 
CnHjeFNOs oQ 
CJJHJJFNOJ oO 
CaHaFNOj oil 
COHJJFJNOJ 
CSHKPNO, oil 
CJJHJSFNOZ on 
CwH^NOa 
C2<H22F3N02 oil 
CaH»FN02 oil 
CKHJSFNOJ oil 
C^HajFNOz 114 
CisHisFNtOj oil 
CJJHISCINJOJ oil 
C19HJ3FN2O2 141 
CasH^FN^Os oil 
CJJH^FNJOJ 105 
CjjHaftNA 

20a CH CH3 4>FCBH( CHZ 
20b CH CH3 4-00^ CH3 CH3 
20c CH CHj 4.FC6H4 CfiHj 
20d CH CJHJ 4-FCfiH< CeHs 
20e CH i-CaH, ^FCjH^ CH3 
20f CH i-tyj, 4-FCjH« i-CjH, 
20g CH i-CaH, 4-FC8H4 t-Cfo 
201i CH i-CaH, 4-FC6H< c-CgHu CJHJ 
20i CH /-CsH, 4.FCSH, C^ 
20j CH i-CjH, 4-FC6H< 4-FC6H4 CjHs 
20k CH i-CjH, 4-FC6H< CA 
201 CH t-CsH, 4-FC^H« aXCHjĴ a CjHi 
20S2 CH i-CsHr 4-CH3OC^4 CeHs 
20n CH i-CjH, 4^^^ <***5 
20o CH t-CA 4-FC6H< CfiHs 
20p CH c-CfiHn 4-FCgH< C^H; 
20q CH 4-FCSH4 i-CaH? CJHJ 
20r N CH3 4-FC«H< CH3 
20s N CH3 4-0106^ CHj 
20t N J-CJH7 4-FCSHJ I'-CJHT 
20u N t-Cyi, 4-FCeH4 c-CeHu CiH6 
20v N i-CjH, 4-FCsH4 C«HS 
20w N i-CjH, 4-FQH4 4-FC«H4 CjH, 

66 A 
B 73 

CjHs B 69 
C& 23 C 
CjHs . D 58 
CjHj 68 C 
CjHs E 46 

45 E 
C^Hj D 66 

E 55 
E 79 
E 61 

CaHj E 66 70-74 
CA E 71 
CA C 22 
CjHs C 55 
CHa D 52 
CjH, F 43 
CsH, F 47 
C*H5 33 A 

B 47 
CjH, C 51 

C 73 

Table IV. Physical Properties of Pbosphonium Salts 6 

.R2 R'. 
IQ rY 

Rs 

formula anaL* ap, 0C Y . R* R3 R3 - % yield® no. 
C, H, Br, F, N, P 
C, H, Br, CI, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C.H.BT.F.N.P 
C. H, Br, CI, N.P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 
C, H, Br, F, N, P 

CMHaBrFNP 
C^HaBrClNP 
CtfHwBrFNP 
CsaHa^rFNP 
C^HssBrFMP 
CaHj^BrFN? 
CjrHjjBrFNP 
CwHwBrFNP 
CsH^BrFNP 
Cs^HsBrFjNP 
C41 HjgBrFNP 
C«iHMBrFNP 
C«oH„BrNOP 
C<oH34BrF3NP 
C^jHjsBrFNP 
CwHasBrFNP 
CjsHwBrFNP 
CjtHjiBrPNJP 
CO.HJTBICINJP 
CJSHJSBTFNJP 
CjaHjjBrFNjP 
CjaHagBrFNaP 
CjaHjjBrFjNjP 

218-220 4-FCsH, 
4-ClC^ 
4-FC{H4 
4-FCgH4 
4-FCJH4 

i-CjH? 4-FC|H4 
i-CsH, 4.FC«H4 

4.FC6H4 
4-FCSHJ 

i-CaHt 4-FC«H4 
t-CjHT 4-FCjH« 
»-CjHt ^FCgH* 
i-CsH, 4-CH30C6H4 CsHs 
i-CjH, A-CT&lt 
t-CJU 4-FC«H4 
c-Cyij, 4»FCsH4 
4-FC<H4 i-CjH, 

^FCeH* 
4-010^ 

t-CjHj 4-FC$H< 
i-CjH? 4-FCSH4 
i-CaH, . 4.FC6H< 
i-CjH, A-FCJU 

CH3 63 CH CHa 6a 
oil CH3 32 CHj CH fib 
230-232 
218-220 

CeHs 64 CH CHa 6c 
C6HS 91 CH H8 6d 

209 CH3 29 CH i-i 6e 1 
lOO8 i-CaH, 

t-Qfi, 
ff-CgHu 

60 CH 6f 
63 lOO8 CH 6g 

223-226 
268-274 
235-239 

64 '•CjH, CH 6h 
C6HS 34 CH /•CjHy 61 
4-FCEH4 
ZS-iCHJ&fo $4 
S -̂CCH ĴCSHJ 58 

42 CH 6j 
250 CH 6k 
250 CH 61 

67 270-275 CH 6m 
CsHs 82 250 CH 6n 
C^s 55 250 CH . 60 

70 270e CsH, CH 6p 
254 CeHs 41 CH 6q 
232-236 
217-219 
166-169 

CHa 4o N CHA 6r 

j 

1 

CH, 56 CH3 N 6s 
i-CaH, 
oCgHn 

40 N 6t 
oil 42 N 6a 

CeHs 69 272-274 
210-214 

N 6v 
4.FC6H4 70 N 6w 

"Represents overall yield from reduction of esters 20. 6 Analytical results were within AO.4% of the theoretical values. 'Decomposition.- • 

their sodium salts in the ea2yzne test (Table II). A series- - ; 
of compounds (e.g. 2g-k, 2v, 2w) are more potent in HEP j [ 
G2 cells than mevinolm. \ 

Inhibition of hepatic cholesterol ude novo"1 synthesis in i I 

vivo after oral administration to rats for selected com- s [ 
pounds 2 also exceeds that of mevinolin.20 Several com- | e 

. pounds (e.g. 2i and 2t) were also investigated in normo- vl 
lipemic rabbits. Analogue 2i (10 mg/kg) afterad- $B 

In HEP G2 cells, lactones 2-4 show comparable struc
ture-activity relationships (SAR) as indicated above for 

(21) Although these results are somewhat conflicting, they are in 
line vnth observations made in a series of HMG-CoA reductase 
inhibitors containing a central phenyl moiety.7 Depending on 
the substitution pattern Of the aromatic ring, saturation of the 
ethylenic bridge in some cases decreased activity,'75 whereas in 
other cases it increased activity.7** 
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angJes between the central pyridine ring and the ethylene 
bridge, the fiuorophenyl, and the phenyl group are 50.8°, 
833°, and 18.3° (confonner A) and 51.4°, 71.5°, and 17.6* 
(conformer B). The congruescy of the parameters of the 
two molecules was not optima  ̂because of the unsatis
factory crystal quality usually obtained 'when two mole
cules of different conformation are crystallizing together. 

HMG-COA Reductase Inhibitors. 2 

H 

% W P 
'4 

i 
i? 

es 

i t* 

i Conclusion 
The pyridine and pyrimidine analogues 2-4 synthesized 

for this study are potent inhibitors toward HMG-C6A 
reductase. SAR studies showed that a similar 2,4,6-sub-
stitution pattern of the pyridine and pyrimidine ring was 
necessary for optimal biological activity. Different from 
SAR studies in other series,9 we showed that bulky lipo
philic substituents in position 6 of the central aromatic ring 
add significantly to the biological activity of synthetic 
HMG-CoA reductase inhibitors. A series of compounds 
2 and 4 exceeded the activity of mevinolin in HEP G2 cells, 
as well as in the reduction of plasma cholesterol levels in 
normolipemic rabbits. Some of these compounds are 
currently being evaluated for development as antiarter-
iosderotic drugs. With the pyridine analogue 2i (HE 780) 
toxicological studies in rats and monkeys have already been 
performed.20 The first clinical trials with this compound 
are in preparation. 

I sss f m 1 

; I 

[v. •; 1 
figure 1. Superposition of structures of lb (blue) and 21 (red). 
.Except for the phenyl ring, 2i occupies the same regions of space 
as lb. 

, i Experimental Section 
Reaction with materials sensitive to air or moisture were run 

in dry-glass apparatus under an argon atmosphere with absolute 
solvents. All reactions were monitored by TLC. Unless noted 
otherwise, reaction mixtures were worked up by quenching with 
water, separation of the organic layer, and extraction of the 
aqueous phase with ether. The combined organic extracts were 
washed with water or brine, dried over MgSO^ and evaporated 
on a rotary evaporator. Melting points were determined on a 
BQchi capillary melting point apparatus (according to Dr. Tottoli) 
and are uncorrected. lH NMR spectra were recorded on a Bruker 
WP60 or WM270 spectrometer using C£CJ3 as solvent. Chemical 
shifts are given in ppm relative to tetramethyUilane as an internal 
standard. Mass spectra were recorded on a Kratos MS 9 (FAB) 
or MS SO (CI) mass spectrometer. Optical rotations were de
termined on a Perkin-Elmer 141 polarimeter. 

£-Keto Esters 14. These compounds were synthesized ac
cording to the method of Jackman.16 

Enones 15. These compounds were prepared according to 
literature methods.17 

Amidinium Hydrochlorides 18. These compounds were 
prepared according to literature,19 if not commercially available. 

General Procedure for the Synthesis of Pyridine' and 
Pyrimidme-S-carboxylic Acid Esters 20a-w (Table III). 
3-(4-Fluorophenyl)*2-(l-oxoetiiyI)-S-oxoberanoic Add 
Methyl Ester (16a). A solution of 4-(4-fluorophenyl)but-3-en-
2-one (15a; 4L0 g, &25 md) in ether (600 mL) was added dropwise 
to a mixture of methyl acetoacetate (14a; 58.1 g, 0.50 mol), po
tassium hydroxide (1.2 g), and ethanol (12 mL). During the 
addition, the reaction temperature was kept below 30 AC. The 
resulting solution was allowed to stand for 3 h, was acidified (pH 
5) by addition of acetic acid, and successively shaken with water 
and saturated NaHCOs solution. Usual workup gave 50.6 g (72%) 
of 16a as a yellow oil, which was used in the next step without 
purification: lH NMR 6 0.8-1.0 (6 H, m), 1.9 (3 H, s), 2.2-2.9 (2 
H, in), 3.1-4.1 (7 H, m), 7.0-7.8 (4 H, m). 

l,4*Diliydro<4-(4-fluor0phesy])-2»jsopropyl-6-phenyl-
pyrimidine-3-carboxylic Acid Ethyl Ester (19v). To a sus
pension of benzamidine hydrochloride (18b; 102.2 g, 0.85 mol) 
and potassium acetate (90.7 g, 0.94 mol) in 1.5 L of toluene were 
added 4-methyl'3>oxopentanoic arid ethyl ester (98.6 g, 0.62 mol) 
and 4-fluoroben2aldehyde (17a; 77.0 g, 0.62 mol); the mixture was 
stirred for 24 h under reflux, with a Dean-Stark trap, until no 
more water separated. The reaction mixture was cooled and 
worked up in the usual manner. The residual oil was 

:3, 
1:1. 
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i Figure 2. Computer-generated OKTEP drawings of conformers 
i A (lert) and B (right) of compound 2i forming an asymmetrical 
1 unit vathin the unit cell. 

I 
I 

ministration for 19 days decreased serum total and LDL-
cholesterol levels by 35% and 53%, respectively (mevinolin 
sj 10 tag/kg for 19 days: total cholesterol -17%, LDL-
cMesterol-30%). Oral treatment with 2t (5 mg/kg) for 
10 days resulted in a SO^decrease of total cholesterol. 

X-ray Crystallography for 2i 
, The X-ray structure analysis of 21 resulted in two dis

tinct molecules forming an asymmetric unit, which show 
quite different conformations (Figure 2). The lactone ring 
of molecule A adopts a boat conformation; that of molecule 
pis in the chair conformation. Further, large differences 
* the torsion angles 01-C5-C6-C7 (43.4° and 130.4°, 
ĵ spectively) were detected. There are no substantial 
^erenees in bond lengths or bond angles; all the different 

S 0f atoBB aze not coplanar, because otherwise 
| he steric hindrance would be too large. The dihedral 

lion. 
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tographed on silica gel. Elution with cydohexane/ethyl acetate 
4:1 provided 19v (110 g, 50%) as a viscous, yellow oil: ^ NMR 
{ 1.2 (3 H, t, J = 7 Hz), 1.3 (6 H, d, J = 7 Hz), 4.0-4.5 (3 H, m), 
5.8 (1 H, s), 7.0-7.9 (10 H, m). AnaJ. (CajH^FNjOj) C, H, F, N. 

2,6-Dmiethyl-4-(4-fluorophenyl)pyridiae-3-carbojcylic Add 
Methyl Ester (20a). A suspension of 16a (28.0 g, 100 mmol), 
ammonium acetate (120 g), and iron(III) chloride hexahydrate 
(120 g) in acetic acid (1000 mL) was refluxed for 4 h with con
tinuous stirring. Hie resulting deep red mixture was cooled and 
filtered. After washing of the remaining solid with toluene and 
ethanol, the filtrates were combined and evaporated. The residue 
was suspended in water, neutralized by addition of solid NaHCOj, 
and worked up as usual. Chromatography gave 20a (23.6 g, 91%) 
as a white solid: mp 89-90 0C; ^ NMR 5 2.6 (6 H, s), 3.7 (3 H, 
s), 7.0-7.5 (5 H, m); MS CisH^FNOj m/e = 259 (M+). Anal. 
(C15HMFN02) C, H, F, N. 

4-(4-Fluorophenyl)-2-isopropyl-6-piienylpyTimidine-3-
carboxylic Acid Ethyl Ester (20v). To a solution of 19v (24.2 
g, 66 mmol) in toluene (300 mL) was added 2,3-dichloro-5,6-di-
cyano-l,4-benzoquinone (DDQ; 18.0 g, 79 mmol), and the mixture 
was stirred for 3 h at 50 cC. The reaction mixture was cooled, 
the solvent was evaporated, and the dark residual oil was extracted 
five times with cyclohexane/ethyl acetate 4:1 (100 mL). The 
organic extracts were evaporated and the brown, residual oil was 
chromatographed on silica gel. Elution with cyclohexane/ethyl 
acetate 4:1 provided 20v (19.9 g, 82%): mp 105-107 0C; lH NMR 
i 1.1 (3 H, t, J » 7 Hz), 1.4 (6 H, d, J = 7 Hz), 3.2 (1 H, h, J = 
7 Hz), 4.2 (2 H, q, J = 7 Hz), 7.0-8.0 (7 H, m), 8.5-8.8 (2 H, m). 
Anal. (CSJHJIFNJOJ) C, H, F, N. 

General Procedure for the Synthesis of Pyridine and 
Pyrimidine Phosphonium Salts 6a-w (Table IV). [2,6-Di-
methyl-4-(4-fluorophenyl)pyridin-3-yl]methanol (2ia). A 1.0 
M solution of LiAIH^ in THF (30 mL, 30 mmol) was added to 
a solution of 20a (7.80 g, 30.1 mmol) in THF (40 mL). The 
resulting reaction mixture was stirred at room temperature for 
1.5 h and poured onto water. After usual workup, the crystalline 
residue was washed with a 1:1 mixture of cyclohexane and ethyl 
acetate, which gave 21a (6.5 g, 93%) as a white solid; mp 124 
0C; TO NMR 6 2.0 (1H, s), 2.5 (3 H, s), 2.7 (3 H, s), 4.6 (2 H, s), 
6.9 (1 H, s), 7.0-7.5 (4 H, m); MS CMHMFNO m/e = 231 (M+). 
Anal. (C„HMFNO) C, H, F, N. 

Bromo[2,6-diniethyl-4-(4-fluorophenyl)pyridin-3-yl]-
methase (22a). A solution of 21a (6.4 g, 27.7 mmol) and 
phosphorous tribromide (5.3 mL, 54.4 mmol) in a mixture of 
toluene (50 mL) and dichloromethane (25 mL) was stirred at room 
temperature for 1 h. The resulting mixture was poured onto 
saturated NaHCOj solution and worked up as usual to yield 
essentially pure 22a (6.4 g, 79%) as a pale yellow solid, mp 86-87 
eC, which was used in the next step without purification: lH NMR 
* 2.5 (3 H, s), 2.7 (3 H, s), 4.4 (2 H, s), 6.9 (1 H, s), 7.0-7.5 (4 H, 
m); MS CuHuBrFN m/e = 295,293 (M+). Anal. (C^BrFN) 
C, H, F. N. 

[2,&-Dijnethyl-4-(4-fluorophenyl)pyridin-3-yl]methyltri-
phenylphosphonium Bromide (6a). A solution of 22a (6.4 g, 
22.5 mmol) and triphenylphosphine (6.2 g, 23 mmol) in toluene 
(200 mL) was refluxed for 5 h. Upon cooling, a white precipitate 
formed, which was collected on a Buchner funnel, washed with 
ether, and dried in vacuo to yield analytically pure 6a (64 g, S9%): 
mp 218-220 0C; lH NMR 5 2.3 (3 H, d, J = 2 Hz), 2.5 (3 H, d, 
J - Z Hz), 6.5 (2 H; d, J - 16 Hz)', 6.8-7.9 (20 H, m); MS 
CaHaBrFNP m/e = 476 (M+). AnaL {QjjH^rFNP) C, H, Br, 
F, N, P. 

General Procedure for the Synthesis of Lactones 2-4 
(Table I). (£)- and (Z)-4(J?)-[(tert-Butyldiphenylsilyl)-
oxy3-6(S)-[2-[2,6-dimethyl-4-(4-fluorophenyl)pyxidin-3-yl]-
ethenyl]-2(i?)-methoxy-3,4^,6-tetrahydrtj-2^-pyrans <7a and 
8a). A 1.6 M solution of n-butyllithium in hexane (12 mL, 19.2 
mmol) was added dropwise to a solution of 6a (9.70 g, 17.5 mmol) 
in THF (100 mL) at 0 0C. The resulting reaction mixture was 
stirred for 0.5 h, then a solution of 5 (7.29 g, 18.4 mmol) in THF 
(40 mL) was added, and the stirring was continued for 1 h. The 
solution was poured onto water, acidified (pH 5-6) by addition 
of acetic acid, and extracted several times with ether. The com
bined organic layers were shaken with saturated NaHCOj solution 
and further worked up as usual. The remaining oil was chro
matographed to provide 7a (4.99 g, 48%) as an oil and the cor-

Beck et al. 

responding Z isomer 8a (2.36 g, 22%) as a white solid. 7a: TO 
NMR o 1.1 (9 H, s), 1.1-1.9 (4 H, m), 2.5 (3 H, s), 2.6 (3 H, s), 
3.5 (3 H, s), 4.2 (1H, mc), 4.5 (1H, mc), 4.9 (1 H, mc), 5.5 (1 H, 
dd, J - 16 Hz, 6 Hz), 6.4 (1 H, d, J = 16 Hz), 6.9-7.7 (15 H, m); 
MS CjrH^aFNOsSi m/e = 596 (M + l)4'. Anal. (CtfHrtFNOjSi) 
C, H, F, N. 8a: mp 111-113 cC; TO NMR b 0.9 (9 H, s), 1.0-1.8 
(4 H, m), 2.6 (6 H, s), 3.3 (3 H, s), 4.2 (1 H, mc), 4.3 (1 H, mc), 
4.5 (1 H, m), 5.5 (1H, mc), 6.3 (1 H, d, J « 10 Hz), 6.9-7.8 (15 
H, m); MS C^H^FNOaSi m/e = 596 (M + 1)+. Anal. (Cjr 
H<2FN03Si) C, H, F, N. 

{E)- and (Z)-4(iJ)-[(ter£-ButyldiphenyIsilyl)ory]-6(S')-
[2-i2,6-diinethyl-4-(4-fluorophenyl)pyridin-3-yl]ethenyl]-2-
hydroxy-3,4,5,6-tetrahydro-2fl'-pyrans (9a and 10a). A so
lution of 7a (4.93 g, 8.4 mmol) in THF (60 mL), water (60 mL), 
and acetic add {Z00 mL) was refluxed for 48 h. Toluene (150 mL) 
was added and the resulting mixture was evaporated. The residue 
was shaken with saturated NaHCOa solution and worked up as 
usual. Chromatography (silica gel, cyclohexane/ethyl acetate 1:1) 
gave 9a (3.14 g, 63%): mp 119 0C; TO NMR 51.1 (9 H, s), 1.2-2.0 
(4 H, m), 2.5 (3 H, s), 2.6 (3 H, s), 3.9-5.0 (3 H> m), 5.1-5.6 (2 H, 
m), 6.4 (1 H, d,J= 16 Hz), 6.9-7.8 (15 H, m); MS C^H^FNOsSi 
m/e = 581 (M+). AnaJ. (CasH^oFNOaSi) C, H, F, N. 

The corresponding Z isomer 10a was prepared by the same 
procedure in 60% yield: mp 147-149 0C; TO NMR 6 0.9 (9 H, 
s), 1.0-1.9 (4 H, m), 2.5 (6 H, s), 4.0-4.4 (2 H, m), 4.8-6.5 (3 H, 
m), 6.9-7.6 (15 H, m); MS CssH^jFNOsSi m/e = 581 (M+). Anal. 
(C^oFNOsSi) C, H, F, N. 

(E)• and (2)-4(i2)-[(ieri-Butyldiphenylsilyl)oxy]-6(S)-
[2-[2,6-dimetbyl-4«(4-f]uoropheny2)pyridin-3-yljethenyI]-
3,4,5,6-tetrahydro-2i7-pyran-2-ones (11a and 12a). A solution 
of 9a (3.00 g, 5.18 mmol), N-iodosuccinimide (5.82 g, 25.9 mmol), 
and tetra-n-butylammonium iodide (1.91 g, 5.18 mmol) in di
chloromethane (70 mL) was stirred for 2 h at room temperature, 
poured into a saturated Na^Oj solution, and worked up in the 
usual manner. The remaining oil was treated with diisopropyl 
ether and Altered. After evaporation, the oily residue was 
chromatographed (silica gel, deactivated with 10% water; cy
clohexane/ethyl acetate 1:1) to yield pure 11a (2.45 g, 76%) as 
an oil: TO NMR 6 1.1 (9 H, s), 1.3-1.7 (2 H, m), 2.4-2.6 (8 H, m), 
4.2 (1 H, mc), 5.2 (1 H, mc), 5.4 (1 H, mc), 6.5 (1 H, d, J = 16 
Hz), 6.9-7.7 (15 H, m); MS CaeHaFNOaSi m/e = 580 (M + 1)+. 
Anal. (CsgHoaFNOaSi) C, H, F, N. 

In a similar run, the corresponding Z isomer 12a was obtained 
from 10a in 76% yield: mp 188 0C; TO NMR S 0.9 (9 H, s), 1.3-1.7 
(2 H, m), 2.4 (2 H, mc), 2.6 (6 H, s), 4.2 (1H, mc), 5.0 (1 H, mc), 
5.6 (1 H, mc), 6.5 (1 H, d, J = 11 Hz), 6.9-7.5 (15 H, mc); MS 
C^H^FNOaSi m/e = 580 (M + 1)+. Anal. (CwHasFNOaSi) C, 
H, F, N. 

(J2)' and (2)-6(S)-[2-[2,6-Dimethyl-4-(4-fluorophenyl)-
pyridin-3-yl]ethenyl]-4(iJ)-hydroxy-3,4^,6-tetrahydro-2fl'-
pyran-2-ones (2a and 3a). Tetra-n-butylammonium fluoride 
trihydrate (3.42 g, 10.8 mmol) was added to a solution of 11a (2.10 
g, 3.64 mmol) and acetic acid (8.3 mL, 14.5 mmol) in THF (35 
mL). The resulting solution was stirred at room temperature for 
15 h and then quenched with saturated NaHCOa solution. After 
usual workup, the crude product was purified by chromatography 
(silica gel, desactivated with 10% water; ethyl acetate/methanol 
10:1) to give 2a (0.97 g, 78%) as a white solid: mp 205 0C; TO 
NMR S 1.6-1.9 (3 H, m), 2.5 (3 H, s), 2.6 (3 H, s), 2.6-2.8 (2 H, 
m), 4.3 (1 H, mc), 5.3 (1 H, mc), 5.5 (1 H, mc), 6.6 (1 H, d, J = 
16 Hz), 6.9 (1H, s), 7.0-7.3 (4 H, m); MS CaoHaFNOa m/e = 341 
(M+). Anal. (CjoHjoFNOa) C, H, F, N. 

The corresponding Z isomer 3a was prepared from 12a anal
ogously in 75% yield: mp 188 0C; TO NMR 51.5 (1H, mc), 1.8-23 
(2 H, m), 2.4-2.6 (8 H, m), 4.2 (1H, mc), 4.8 (1H, mc), 5.6 (1H, 
mc), 6.5 (1H, mc), 6.9 (1H, s), 7.0-7.4 (4 H, m); MS CaH^FNOj. 
m/e = 341 (M+). Anal. (CaoHjoFNOa) C, H, F, N. 

6(i2)-[2-[4-(4-FIuorophenyl)-2-(l-methylethyl)-6~phenyl-
pyridin-3-yl]ethyl]-4(J2)-hydroxy-3,4,5,6-tetrahydro-2fl'-
pyran-2-one (4i). A mixture of 2i (l.OO g, 2.3 mmol), triethyl 
amine (50 ^L), methanol (10 mL), and ethyl acetate (10 mL) was 
shaken under an hydrogen atmosphere,'until no more hydrogen 
was consumed. This mixture was filtered through a pad of Celite 
and evaporated to give 4i (0.91 g, 91%) as an oil: TO NMR 5 
I.3-1.8 (11 H, m), 2.3-2.8 (4 H, m), 3.4 (1 H, h, J - 7 Hz), 4.2 
(1 H, mc), 4.5 (1 H, mc), 7.1 (2 H, mc), 7.3-7.5 (6 H, ng^l (2 
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H, mc); MS C^HaFNOj m/e = 433 (M+). AnaL (C^HMFNO,) 
C, H, P, N. 

Biological Assays. HMG-CoA Reductase Inhibition Assay. 
The inhibitory activity of compounds 2-^4-on rat liver HMG-CoA 
reductase was estimated with solubie-enzyme preparations ob
tained from the microsomal fraction.22 Tbe test was performed 
ac-ording to the method described by Avigan.23 The complete 
assay medium cobtaioed the followmg in a total volume trf 0.2 
jaU Tris, 6mM; EDTA, 2.5 mM; DTT 2.5, mM; NADP, 50 mM; 
^ucose S-phosphate, 50 mM; gjucose G-pho^ihate dehydn^ezzase, 
2J8 tmits; HMG-CoA, 0.91 zrtM containing 100 nCi (3.7 kBq) of 
[14C] HMG-CoA (Mew England Nudeai); partially purified en
zyme stock solution, 50 ML. Test compounds 2-4 as well as lb 
(after conversion to their corresponding potassium 3(£),5(S)~ 
dihydroxy cstrboxyktes through reaction with 1 equiv of potassium 
hydroxide in ethanol) were added to the assay system in 10-nL 
volumes at multiconcentration levels. The complete assay was 
inribated at 37 0C with shaking during 20 mm and the reaction 
wt. stopped by addition of75ftLof2NHC104. After 1 h at room 
temperature and 10 min in an ice bath, 75 /iL of 3 N potassium 
acetate and 150 of water were added, and the precipitate was 
centrifuged. The supernatant (250 pL) was applicated to an 0.6 
x 8.0 cm column containing 100-200-mesh AG 1X8, CI form 
(Bio-Rad). Mevalonolactone was eluted with 3£ mL of Milli-Q 

I, fe water and 0.5*niL portions of the eluate were mixed with 10 mL 
1 i of Quickscint 212 (Zinsser) for measurement in -a Beckman 

scintillation counter. The assay was carried out in triplicate; the 
average of six values was calculated for the percentage inhibition, 

j- e IC» values were obtained by plotting the percentage inhibition 
•n against test compound concentration. 

inhibition of Acetate Incorporation in Cholesterol in 
Cultures of HEP G2 Cells. Monolayers of HEP G2 cells in 
RPMI1640 medium (Flow) with 107c delipidated fetal calf serum 
were preincubated for 1 h with suitable concentrations of the test 
compounds 2,3, or 4. After addition of KC-labeIed sodium acetate, 

' the incubation was continued for 8 h. pH] Cholesterol was added 
r- I as an internal standard and an aliquot of the cells was saponified 
as ; with alkali. The lipids were extracted with chloroform/methanol 
0, -i H. After addition of carrier cholesterol, the lipid mixture was 
.6 I separated preparatively on TLC plates using chloroform /acetone 
*. i 9:1. The cholesterol zone was visualised with iodine vapor and 

a T'JC radios earner and scraped out. The amount of [UC] 
iU e choiisterol was determined scintigraphicaUy. With another aliquot 
.7 of cell monolayers, cell proteins were determined for calculation 

of ("C] cholesterol biosynthesis per millfgram of cell protein. The 
same procedure was done at three different inhibitor concen
trations, using cells of the same culture, and additionally without 
preincubation with a test compound (solvent control). 

For each compound, IC  ̂values were calculated by plotting 
the ratio between the relative amount of [14CJ cholesterol syn-

je thesiied in inhibitor-treated cells and in solvent controls against 
10 : inhibitor concentrations. Relative potencies were calculated on 
35 g the basis of lb as external standard. 

I-'ypocholesterolemic Activity in Rabbits. Normolipemic 
nals white New Zealand rabbits (3-5.5 kg) in groups of four to 

p six animals received the compounds, suspended in 1% aqueous 
(carborymethyi)celluiose (Tyiose) daily in the morning by stomach 
tube; tbe control groups were given only Tyiose. In samples of 
venous blood, taken every 3-4 days 20 h after the oral adminis
tration, serum total cholesterol was ercymatically determined by 
test combination of Boehringer-Mannheim (CHOD-PAP high-
Performance method). The serum chcJesterol level of drug-treated 
groups was compared with that of control groups. After the time 
of "admmistration* a time of "withdrawal" followed. 

Conformational Analysis asd Structural Comparison of 
Compounds lb and 2i. A computer-assisted conformational 
Bftalysis of lb and 2i was carried out using a commercially available 
Program2* in order to determine their low-energy conformations. 

An initial conformation of lb was modeled from the confor-
nation of compactin (la) as determined by X-ray crystallogra-
phy ^ systematic confonnational search with rotatable bonds 

J22) PhUippi, B. W.; Shapiro, D. J. J. Lipid Res. 1979, 20, 588. 
(23) Avigan, J.; Bathena, S. J.; Sehreiner, M, E. J. Lipid Res. 197S, 

16,151. 
124) SYBYL Tripos Associates, St Louis, MI 63117. 
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computer-assisted analysis (hydrogen atoms omitted). 

13-14,12-13,1-12,9-24,19-24,19-20, and 20-22 (see Figure 3) 
being varied in 30® steps over a range of 360° led to 13 669 con
formations. Atom number 14 was the anchor atom. Scale factors 
for the van der Waals radii of 0.85 for 1,5 and greater interactions, 
0.75 for 1,4 interactions, and 0.55 for H-bond interactions were 
specified in order to make sure that the initial conformation was 
contained in the set of generated conformations. A set of 1605 
conformations were within 5.0 kcal/mo) of the energy minimum. 
Hie minimum was located at the starting conformation with an 
energy of -9.8 kcal/mol (Figure 3). All energy values did not 
include Coulombic interactions. 

A systematic conformational search was carried out in order 
to also determine the low-energy conformations of 2i. The initial 
conformation was taken from the crystal structure (see Figure 
2). Since there are two conformations present in the crystal, the 
one which has the lactone in almost the same conformation as 
lb (conformer B) was chosen* The energy of this conformation 
could be minimized24 from 262.7 to 5.0 kcal/mol. Although the 
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'fckS (25) Brown, A. G.; Smale, T. C. J. Chem. Soc. Perkin Trans. ] 1976, 
1165. 

(26) Since the crystal structure of lb is not known, ia was used for 
. analysis. Compactin differs from lb by just one methyl group, 

suggesting that the conformational energies of both com
pounds should be similar. 
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energy decreased substantially, the original and minimized 
structure showed a standard deviation of only 0.15 A. The high 
energy of the crystal structure is due to tenninal hydrogens being 
slightly displaced. The systematic conformational search2* yielded 
1056 conformations. The rotatable bonds 5-6,6-7, 7-8,12-22, 
10-16, and 9-13 (see Figure 4) were varied in steps of 30°, 180®, 
30°, 30°, and 30° over ranges of 360°, 360°, 360o» 180°, 180°, and 
360°, respectively. Atom number 5 was chosen to be the anchor 
atom. The van der Waals radii were scaled by 0.9 for 1,5 and 
greater interactions, 0.8 for 1,4 interactions, and 0.6 for H-bond 
interactions. With these scale factors the initial conformation 
was contained in the set of generated conformations. 

From the 1056 conformations generated, 348 were within 5.0 
kcal/mol of the minimum of 3.5 kcal/mol found. The energies 
did not contain Coulombic interactions. With use of computer 
graphics, these conformations were oriented in space such that 
the lactone moiety approximately fitted the lactone of lb and the 
fluorophenyl group qualitatively matched the ester group of lb. 
The structure of 2i thus selected was then subjected to a flexible 
fit24 against lb. • 

The conformation of 2i chosen graphically differs from its 
crystal structure. However, with an energy value of 4.0 kcal/mol, 
it stjll is one of the low-energy conformations. For the flexible 
fit a force constant of 100.0 kcal/mol A2 was specified among the 
oxygen atoms 56, 57, and 58 of 2i and 26, 27, and 28 of lb. A 
force constant of 20.0 kcal/mol A3 was given for atom pairs 8 and 
27 of 2i and 1 and 24 of lb. The fit energy of 16.0 kcal/mol was 
counterbalanced by an energy of 17.4 kcal/mol of 2i. The standard 
deviation of the specified atoms was calculated to be 0.217 A. 
When the fitted structure was relaxed, its energy is lowered to 
8.1 kcal/mol, which appeared to be mainly due to releasing angle 
strain. The structure underwent only slight changes as indicated 
by standard deviation of atoms of 0.066 A. 

, Beck et al. 

X-ray Structural Analysis of 2L Compound 2i (60 zng) was 
recrystallized from a mixture of 1 mL of diisopropyl ether and 
0.5 mL of ethyl acetate. The crystal used for X-ray analysis was 
0.55 X 0.35 X 0.13 mm, sealed in a Lindeman glass capillary: 25 
reflections for cell refinement, Mo-Ka radiation, Nicolet B3 
computer-controlled diffractometer, monoclinic, 02, Z — 8, a = 
34.99 (2) A, b * 8.201 (4) A, c = 16.66 (1) A, & = 104.98 (3)°, V 
= 4618.2 A3, D = 1.241 g/cm3, M = 0.8 mm-1, Si scan, 20^ = 56°, 
3° 0/min, 1 standard reflection (8 0 0), variation 2.8%; 6421 
reflections measured, 4616 of the 5942 unique reflections had I 
> c (7) and were used for the structure analysis, -46 < h < 2,0 
< k < 10, -21 < / < 21, no corrections for absorption or extinction. 
The phase problem could not be solved by the usual direct 
methods, but it was solved by the random-start multisolution 
program SHELXS-BG;71 in the final refinement all hydrogens were 
also refined, partly found in a difference electron density synthesis 
and partly calculated by using a model with idealized geometry 
(C-H 0.96 A); other atoms were refined anisotropically; least-
squares refinement on F with 4609 data, 720 parameters: ur = 
l/o- (F), R{1) ~ 0.108, fl(2) = fl(u/) = 0.045, S = 1.7 max &/o = 
0.1; 10 largest peaks in final difference electron density synthesis 
between 0.27 and 0.31 e A"3; calculations were performed with 
a Nova 3/12 computer and SHELXTL scattering factors and /', {" 
from /niernationa/ Tables for X-ray Crystallography (197-4). 

Supplementary Material Available: Analytical and spectral 
data for compounds 2a-w, Sa.c.r, and 4d,i,r and analysis data 
for 6a-w and 20a-w (10 pages). Ordering information is given 
on any current masthead page. 

i 
3 

(27) Sheldrick, G. M. In Crystallographie Computing 3, Sheldrick, 
G. M., Krueger, C., Goddard, R., Eds.; Oxford University 
Press, 1985; p 175. 
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Synthesis and Biological Activity of New HMG-CoA Reductase Inhibitors. 2. 
Derivatives of 7-(liJ-Pyrrol-3-yl)-substituted-3,5-dihydroxyhept-6(jE,)-eiioic 
(-heptanoic) Acids 

61 tL 

iU 

as 
25 
13 

V H. JendraUa, E. Baader, W. Bartraann ,* G. Beck, A. Bergmann, E. Granzer, B. v. Kerelqarto, K. Kesseler, 
R. Kiause, W. Schubert, and G. Wess 

Hoechst AG, Postfach 800320,6230 Frankfurt (Main) 80, West Germany. Received October 24,1988 
21 
i J  
• 0 
ya. 

A series of 7-(lJf-pyrrol-3-yl)-substituted-3,o-dihydroxyhept-6(E)-eiK)ates (-heptanoates) 1 and 2 have been prepared 
and tested for inhibition of 3-hydroxy-3-methylglutaiyl-coenzyme A reductase. The most potent compounds exceeded set 

.on mevinolin's activity in vitro and in viva ire 

identical, except for the ratio of the two enantiomers. They 
have been assigned different numbers for the sake of- un
ambiguous differentiation in tables with biological results. 

Aldehydes 6 were subjected to a highly stereoselective 
aldol reaction,w using the dianion 8 (generated from 
(S)-(-)-phenyl 2-hydroxy-2^-diphenylacetate7 and 2 equiv 
of LDA) to give 9. In all cases, the indicated 3(S)-hydroxy 
isomer 9 exceeded its undesired BR diastereomer by more 
than 96:4 (HPLC). Compound 9 was transformed into the 
corresponding methyl ester 10 with sodium in methanol. 
Reaction of 10 with 4 equiv of the enolate of fert-butyl 
acetate yielded the tert-butyl 0-keto-MS)-hydroxy car-
boxylate 11, which was transformed to 3(j?)f5(A)-di-
hydroxyheptan oate 13 (R1 = i-Bu) in analogy to the ra-
cemic ester 7 described above. 

As shown by the HPLC analysis, 13 exceeded its un
desired 3S,5H diastereomer by more than 96:4. Addi
tionally according to 'H NMR (BuChfc)*) analyses, 13 had 

, . , an optical purity of more than 92% ee. Saponification of 
Compounds 1 cannot be obtained m reasonable yield by the tert-butyl ester 13 gave the corresponding sodium salt 

utilizing the glucose-derived "compactin aldehyde" 3. This s ̂ a). 
difference in behavior compared with pyridine and pyri- -fhe sodium'salts of the i (A-B = (£)-HC=CH) 
midine analogues1 stems from the instability of pyrroles  ̂̂  sensitive while the hydrogenated analogues 2 (A-B 
against acid-catalyzed hydrolysis. Instead, compounds 1 CH2CH^ are perfectly stable. When the olefinic methyl 
and 2r respectively, were prepared from the appropriate ^rs 1 (Rl - CH3) or their precursors 7 were dissolved 
aldehydes 4 (Scheme I). Compounds 4 were converted JJJ CDCK had not been thiou^i basic 
with >95% E selectivity to the corresponding a^-unsat-
urated aldehydes 6, by utilizing cts-(2-ethoxyvinyl)lithium 
according to Wollenherg.2 Alternatively, some aldehydes 
4 were converted by Emmons-Horner coupling with di-
isopropyl (cyanomethyl)phosphonate to the a^-unsatu-
rated nitriles 5. Compounds 5 were reduced and then 
hydrolyzed to aldehydes 6. Addition of the dianion of 
methyl acetoacetate gave the racemic /S-keto-5-hydroxy 
esters 7. Highly stereoselective reduction of the keto 
group3'4 was conducted with triethylborane and sodium 
horohydride to give methyl ftfr-dihydroxy carhoxylates 1, 
Rl = CH3. 

Catalytic hydrogenation of 1 led to 2. Saponification 
of the methyl esters 1 and 2 gave the corresponding sodium 
salts 1 and 2 (R1 = Na), respectively. 

Selected examples of these racemic sodium salts 2 were 
also synthesized in optically active form 13, having the 
biologically active configuration ZRT5R (Scheme II)- It 
should he emphasized that 2 and 13 are structurally 

In continuation of our work on HMG-CoA reductase 
inhibitors with a central heterocyclic ring containing ni
trogen atoms,1 we report here on analogues 1 and 2 with 
a l/f-pyrrol-3-yI central moiety. 

try 
ist» 
•j = 

7 = 

ssis ' 
'ith • HQ 

V^COjR' 
IfiH 

pH 74). 
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lata PR A 

)rL f^ N 
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rick, 
1 and 2: R1 = CH3, H. Na: 

A-B= (£) — CH s=CH (1).CH2CH2 (2): 
R8-R5 = see Tzbte I 

rsity 

Chemistry 

immediately before use, they decomposed very quickly, 
while 2 was stable. Likewise, the olefinic compounds 1 and 
7 decomposed when chromatographed through silica gel 
in the absence of triethylamine, while the saturated ana
logue 2 was stable. Protolytic removal of the 5-hydroxy 
group of 1 leads to a cation that has a highly stabilizing 
resonance structure with a positively charged tetravalent 
nitrogen when A-B = HC>=CH, but not when A-B = 
CHjCHfr 

Aldehydes 4 were prepared following several synthetic 
routes as outlined in Schemes HI-VI. 

On the basis of the work of Gomez-Sanchez et aL,8 

substituted nitroethenes 15 were reacted with 2 equiv of 
0-keto esters 169 to give the hydroxylamines 17. Upon 
heating 17 with primary amines, especially anilines, the 
pyrrotecarboxylic acid esters 18 were obtained; they gave 
aldehydes 4 after reduction/oxidation (Scheme IU). 

According to H. Meyer10 pyrrole esters 18 or 21 could 
also he prepared by ^decondensation of nitroethenes 15 

(5) Braun, M.; Devant, R. Tetrahedron Lett. 1964,25,5031. 
(6) Devant,R4Mahler,U.;Braun, M. Ghem.Ber. 1988,127,397. 
(7) Commercially available as (<S)-(-)-HYTRA from Merck-

Schudihardt, West-Germany. 
(8) Gomez-Sandtet, A; Stiefel, B. M; Ferolndez, R.; Pascual, C.; 

BeUanato, J. J. Chem. Soc., Perkin Trans. 1 1982,441. 
(9) Jackman, M; Klenk, M.; Fishbom, B.; Tullar, B. F.; Archer, 

S. J. Am. Chem. Soc. 1948,70,2884. 
(10) .Meyer, H. Liebigs Ann. Chem. 1981,1534. 

0022-2623/90/1833-0061S02.50/0 © 1989 American Chemical Society 

(1) -Beck, G.; Kesseler, K; Baader, R; Baitmann, W.; Bergmann, 
A; Granzer, E4 Jendralla, H.; von Kerek^rto, B^ Krause, S.; 
Paulus, E.; Schubert, W.; Wess, G. J. Med. Chem. Preceding 
paper in this Issue. 

(2) Wftllftufrfiy, R_ H4 Alhfaati, K. F.; Penes,. R. J. Am. Chem. Soc. 
1977,99,7365. 

(3) Kathawala, F. GA Prager, B.; Prasad, K.; Repic, O4 Shapiro, 
M. StaWer, R. S^ Widler, L. Helv. Chim. Acta 1986,69,803. 

(4) Naras&ka, KA Pai. F.-C. Tetrahedron 1984,40,2233. 541 
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Scheme Ie 

•W 
COJCHJ 
OH 

H CHO 
R\ RS. CHO 

N 

RS. f^sio, OCH3 rr H h.ff H a-<3 
'/ 

R* N R' R2 ft4 R4 N R2 

J I l R3 CHO Rs R3 

7 6 4 3 

i-l 
'.9 

HQ HQ H CN 

X3« XT OjR1 CQjR1 

Rl OH H '/ S 

H K" ^NXR8. 

! 
P? 

R4 5 I 
R3 

2 1 

- (a) EtOCH-CHSn(n.Bu)3;i (b) n.BuLi/-70 6C; (c) NH4C1/H20; (d) TsOH/H20; (e) NCCH,P0<O-i-Pr)2/NaH/0 ^C; (1) (t-BuJzAlH; (g) 
NflHjPCVHjO; (h) CH3C0CHjC0jCHjyNaH/n.BuLi/-15 6C; (i) EtjB; (j) NaBH,/-75 «»C; (k) NaOH/H,0/CH3OH; Q) Pd/C/H2. 

Scheme IIa 

0^0. 

IjflOH 
H r 

R6 Ph 
OH 

9^.5 Ph R* H / |— 9 

J- it" 
•^N R2 

OLi Ph 6 . + 4̂ 0 
10 R* s CH3 Ph Ph 

.R4 8 
I 
R3 

HO, ,0'Bu HQV^CO2R' 
l^i-OH 

0Y f̂ 
H V0" 

CBu 
(«) 
(S)O 

OH H / f R5. K N RS 

H. H t.g '/ « 'I 10 
F^-^N R2 R* N RA R* 

I I 
R3 R3 R3 

12 11 13 
41 (a) THF/-80 to -90 SC, 2 h; (b) 0.5 equiv of NaOCHj/CH3OH/23 0C; (c) 4 equiv of CHaC02tBu/4 equiv of LDA, -80 eC; (d) 1.05 equiv 

of EtsB/24 equiv of CHs0H in THF/-70 6C; (e) (1) 1.3 equiv of NaBH</-70 "C, (2) CH3OH/25 eC; (f) Pd/C/Hj;' (%) NaOH/HjO/ 
CHaOH/12 h. 

Scheme III" Scheme IVa 

o o o o 
AJ. i COjEt 

R4 b OCHj 
I R2 OEt —-16 R4CH2N02 -i— RSCH=CN02 R2 HN 

19 b 
15 14 R3 

/ 20 

O i CHjO ft4 

il N 

Rs EtO A c.d CHjQ 4.* 
—OH a 4 R* FT R? R2 R* R* I 

R3 
P? 

21 18 
CHaO'/ \) - (a) R'NHj/AcOHZ-HsO; (b) 15/A; (c) LfAZH*; (d) MnOj. 

17 
easily obtained by addition of 1 equiv of amine to the • 
fi-keto ester 19 under acid catalysis. 

However, when Ra was bulky (e.g. R2 " isopropyl), 
amines R3NH2 (especially, anilines) attacked the ester • 

542 

"(a) R4CH0; (b) NaOCH3; (c) R3NH2/A; (d) LiAlH^; (e) MnOj. 

with enamino esters 20 (Scheme IV). When substituent 
R2 was not sterically demanding (e.g. R2 = CH3), 20 were 

vwinuttamd wc. 
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HM^-CoA Reductase JnhiWors. 2 

Table I. Inhibition of Solubilized Rat Liver HMG-CoA Reductase in Vitro0 for Compounds of the General Structure l,e 2,c and 13d 

Journal of Medicinal Chemistry, 2990, Vol. 33, No. 1 • $3 

HQ 
V^COaR* 
Is^OH 

F*H 

R\ A 

R4 R2 

I 
fl* 

1*.2C, and is" 

R3 R1 B2 R* R* anaL* ICSo,'' nM rel' pot. A-B formula no. 
p-Ce&F 
p-CsH<F 
p-CjH^P 
P-C^P 
P-C^P 
IKC^P 
P-CW 
P^P 
p-CjH^P 
p-C^P 
p^KP 
p^^P 

Na CHj Ph 
Ma i-Pr Ph 
Na j-Pr Ph 
Ma i-Pi Ph 
Na CH3 Ph 
Ma CH3 Ph 

H CaHjsFNO^Na C, H,N 
CjsHnFNO.Na . C,H,N 
CjsHsgPNO^Na C,H, N 
CjjHjsPNO^Na C, H, N 
CjjH ŝPNO^Na C,H,M 
CjsHnPNO^Na C, H, N 
CaHasFNO^a C,H,N 
CuHsrFNO^Na C.H.N 
CoHasFNO^Na C, H, N 
C^HsiFNO^Na C, H, N 
CoHjjFNO^Na C, H, N 
C9GHnPN04Na C, H.N 

CH—(3H 
CH=CH 
CH2CH2 
CHsQHa 
CH-=CH 
CHJCHJ 
CH=CH 
CHjCH. 
CH=CH 
CHJCHJ 
CHjCHj 
CH=CH 

la 65 12 
H lb 7 110 
H 2b 6 128 
H 13b 3 257 
CHj le 250 3 
CHj 2c 70 11 

CH3 i-Pr 
CHS t-Pr 
i-Pr i-Pr 
t-Pr i-Pr 
i-Pr i-Pr 
i-Pr 

H Na Id 330 
H Na 2d 100 9 
H Na le 117 6 
H Na 2e 18 42 
H Na ISe 9 85 

0 H Na If 69 12 
' 

0 H P-C5H4F 

P-W 
p-CjHiF 
p-CJi^P 

Na t-Pr CHJCHJ CjeHjiFNO^'a C, H, N 2f 9 92 5 

CHj t-Pr Ph 
i-Pr Ph 
t-Pr Ph 

' Na C^HaFNC^Na 
C^HjiPNO.Na 
CgrHjjFNOjNa 

C, H, N 
C .H.N 
C, H, N 

lg CH«CH 
CHJCHJ 
CHJCHJ 

12S 6 
CHj 2g Na 149 

Na CH5 13g 2.5 300 
' j mevinolin 

"The assay system described in refl was used. ''King-opened sodium dihydroxy caiboxyJate form, optically pure. 'Hacetnic. d Optically 
t active ZR,bR configuration. 'Analytical results were within ±0.4919 of the theoretical value. 'IC» values were determined by using four or 
I five concentrations of each inhibitor. 'For estimation of relative inhibitory potencies, mevinolin was assigned a value of 100. The ICjo value 
I of test compound was compared with that of mevinolin, corrected for the somewhat different molecular weight 

8 100 

® Scheme V« Scheme VI8 
J 
I O 0 O O  

I Ra-OL ,̂ _i_ KIAJLN 
*  R *  O  O  

^Ph b 
i^CHs-CNOa + R* OEl "" 

1 i 19 H 19 IS 

I 22 COjEt ns. JS-
Y' HN Ra^ 

o i b.c 
N'Ph 4 R5> ,Ph R8 

R4 

 ̂4 V \V H 
R? R3 R'-^N' I k> 21: n2 = R,=s/-Pf. 

R3 * ^ R< = H, 23 
E5 24 

•H20; (C) 15/A; (d) 
e{a) RJNH2/CHJOH/25 AC/l day, (b) LiAIH,; (c) 4 equiv of 

/0.02 equiv of {Ph3P)3RuCl2. 

of the alcohol with N-methylmorpholine-N-oxide11 gave 
the corresponding aldehyde 4. This convenient three-
component coupling may also be applicable for the 
syntheses of pyrrole esters 21 with other substitution 
patterns for RHfc5. 

Biological Results and Discussion 
The racemic sodium saks (1 and 2, R1 = Na) as well as 

the optically active sodium salts 13 (R1 = Na) were eval
uated for their ability to inhibit solubilized, partially pu
rified rat liver HMG-CoA reductase in vitro CTable f) and 

functionality much faster than the keto group of 19. In 
this case, it was necessary to preform the anilides 22 
(Scheme V). Addition of aliphatic or aromatic primary 
amines IPNHa to 22 under acid catalysis gave 23, which 
were cydocbndensed with nitroethenes 15 to give 3-

: Pyrrolecarbanilides 24. While amides on LAH reduction 
4 , usually lead to the corresponding amines, carbanilides 24 
:! could be reduced to the corresponding aldehydes 4 via 
'1 N-iQethylation, LAH treatment, and subsequent oxidation. 
E A new three-component coupling reaction allowed a 

(S 0J^pot synthesis of ethyl l,2-diisopropyl-4-(4-fluoro-
IB ph5nyl)-lH-pyTrole-3-carboxylate (21, Scheme VI). 

When a mefchanolic solution of ^-nitro-p-fluorostyrene 
e S (15j R4 «H,RS = p-CeH.F), ̂ -keto ester 19 (R2 = i-Pr), 
;§ ^d isopropylamine was stirred at ambient temperature, 

1, ig ^ pyrrole ester 21 was obtained in 50% yield. LAH 
1 -B 'Eduction followed by ruthenium (II)-catalyzed oxidation 

543 
(11) Sharpless, K. B.; Akashi, K.; Oshima, K. Tetrahedron Lett. 

197$, 25, 2503. 
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Table III. Inhibicioti of Hepatic Cholesterol ~De Novo* 
Synthesis in Vivo (Rat, Orally)® 

Table XL Inhibition of Cellular HMG-CoA Reductase in 
Cultures of HEP G2 Cells^ for Sodium Salts of the General 
Fonnulfl I4 and ^ 

HO X?; 
: H 

OjR' HO. •g COjR1 

OH 
| H 
s* K N 

ns. A 

R2 R* 
I 
Ra I 

R* 
land 2 

1cand 2C 
relative 
potency 

% cholesterol 
"de novo" synthesis ICan* pM relative* potency 

xnevinolin* 0.05 100 no drug 100 
znevinoljn* 0.83 la 6 100 14 

lb 0.014 330 255 lb* 5.5 
2b <0.01 >500 2b* 250 5.6 

5.0 1c 2©* 9 136 
0.57 9 2c 2r 6.0 233 

Id 6.0 1 "Assay described in ref 1$. * Lactone form, optically pure, 5 
xng/kgbw. eRacemic sodium salts, 10 mf/kgbw. For definition of 
Ri-R» and A-B see Table I. 

2d 0.27 19 
0.05 100 le 
0.002 -2500 2e 

If 0.106 47 
For better comparison of structure-activity relationships 

in 1 and 2 as well as with extensive work on analogues of 
the phenolic type (isocyclic central aromatic, A = oxygen, 
B « CH2),W'15 R4 was kept constant as p-fluorophenyl. 

The work on analogues of the phenolic type1445 has 
shown that alkyl substitution of the second ortho position 
is essential and leads to optimal biological activity for an 
isopropyl substituent. 

We concentrated on R2 = methyl or isopropyl, since 
ortho substituents smaller (methyl, ethyl, longer n-alkyl) 
or larger (cyclopentyl, teri-butyl) than the isopropyl group 
decreased activity in analogues of the phenolic type14,15 and 
since halogen substituents (CI, Br) led to good activity but 
increased toxicity. 

Table I shows that the isopropyl derivatives were more 
potent than the methyl derivatives by a factor of 10-40 
(e.g. lb vs la, Ig vs Ic, 2g vs 2c). 

There is much tolerance concerning R3. Variation of R3. 
(Ph, i-Pi, cydohexyl) led to only small activity changes (e.g. 
2b vs 2e vs 2f, lb vs le vs If, la vs Id). 
' Substitution of R4 = hydrogen for a methyl group either 
slightly decreased (e.g. la vs 1c) or slightly increased (2b 
vs 2g and lb vs lg) activity, depending on the nature of 
the other substituents. Hydiogenation of the trans olefinic 
bridge (A-B - (£)-HC«*CH) had little influence on the 
biological activity of 1 in vitro (e.g. lb vs 2b, Ic vs 2c,' Id 
vs 2d, le vs 2e, If vs 2f, lg vs 2g); however, the hydro-i 
genated derivatives 2 were much less add sensitive (vide 
supra) and much more active in vivo. 

In the HEP 02 cell-test (Table II) the racemic comr 

pounds lb, 2b, and 2e are 3.5,5.0, and 25 times, respeo-' 
tively, more active than optically pure mevinolin sodiuni 
salt of the same concentration. General trends in Tables 
1 and II are comparable. The superiority of lb, 2b, and 

2f 0.018 275 
'Assay described la the preceding paper.1 * Ring-opened sodium 

dihydroxy carboxylate form, optically pure. 'Racemic. For defi
nition of RHR* asd A-B see Table I. rflCw values varied some
what for different batches of cells. Mevinolin sodium salt averaged 
ICM « 5 x 10"8 M and was used in every run as an internal stand
ard. The measured IC's for test compounds 1 and 2 were corrected 
for deviations of mevinoJin's IC from its average value. * Mevinolin 
was assigned a value of 100. Potencies were obtained by compari
son of racemic test compounds 1 or 2 with the internal standard 
mevinolin. 

to inhibit cellular HMG-CoA reductase in cultures of 
hepatic cells (HEP G2, a human hepatoma cell line), as 
determined by the inhibition of the incorporation of so
dium [wC]acetate into cholesterol (Table II). 

Selected compounds were evaluated for their ability to 
inhibit hepatic cholesterol ude novo" synthesis in male rats 
after po administration, as determined by the inhibition 
of the incorporation of sodium (14C]octanoate12 into hepatic 
cholesterol (Table IH). 

Selected compounds were further evaluated for their 
' ability to decrease plasma cholesterol levels in normoli* 
pemic rabbits and dogs after po administration. 

All tests were1 also conducted under the same experi
mental conditions with optically pure mevinolin. The 
respective results are included in Tables I-m. For sub
stitution patterns "b", V, and V, we prepared and tested 
the racemic 2 as well as the optically active 3J?, 5J? sodium 
' salt 1$. Optically active compounds 13 proved to have 
twice the potency in HMG-CoA reductase inhibition than 
the structurally identical but racemic 2 (Table I). This 
result was expected, since the antipode of the configuration 
drawn for 1,2, and 13, is biologically inactive.13 

(12) Dietschy, J. M.; McGarry, J. D. J. Biol. Chem. 1974,249,52. 
Andersen, J. M; Dietschy, J. M. J. Lipid Res. 1979,20,740. 
Staage, S. F.; Dietschy, J. M. J. Lipid Res. 1983,24,72. 

(13) 3-epi, 5>epi, and 3,5-bis epi isomers of coxnpactin and mevi
nolin have been reported to be biologically inactive: Heath-
cock, C. H.;Hadley, C.R; Rosen,T.;Theisen,P.D,;Hecker, 
S. J. J. Med. Chem. 1987, 30,1858. Slokker, G. Rooney, 
C. S.; Wiggins, J. M.; Hirshfield, J. J. J. Org. Chem. 1986,51, 
4931. The biological inactivity of synthetic comp&ctin ana
logues with 35 configuration has also been reported: Lee, T.-J. 
Trends Pharmacol. Set. 1987 , 8, 442 and references cited 
therein. 

g 

(14) Baader, E.; Bartoann, W.; Beck, G4 Beigmann, A.; Graazer,* 
E.; Jendralla, H.; von KereHjarto, B.; Kesseler, IC; Krause, IU 
Wess, G. International Sympceium on Cholesterol Control And 
Cardiovascular Diseases: Prevention And Therapy, Milan 
(Italy) July 7-9,1987; Abstract book page 133. 

(25) European Application 0216 127,1987. 
(16) Dietschy, J. M.; Spady, D. K. J. Lipid Res. 1984, 25, 1469-

Alfln-Slatfir, R. B.; Deuel, H. J., Jr.; Scholta, M. C.; Shimodal 
F. X. Group Report No. N3,1950; University of Southern 
California, Consolidated Eng. Corp. 
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MS CaJiasFjNO, FAB m/e = 502 (M + H+), 468, 235. Anal. 
(CJSHJSFJNOT) C,H,F,N. 

l«Plicnyl-2-methyl-3-(methosycarbonyl)-4-(4-fluoro-
phenylJ-lJET-pyzTOle (18a). Aniline (5.59 g, 60 mmol) was added 
to a solution of hydroxylamino compound 17 (15 g, 30 mmol) in 
ethanol (600 mL). The mirture was refluxed for 24 h. Aniline 
(1.1 g) was added aad the mixture was refluxed for 16 h. The 
solvent was removed in vacuo and the residue was distributed 
between dichloromethane and 1N hydrochloric add. Hie organic 
layer was washed with saturated sodium bicarbonate solution and 
then with brine, dried, and concentrated. The residue was 
chromatographed with ft-hexane/ether/dichlorouethane 
(16:3.5:0.5) over silica, giving 4.0 g of reddish, thick oil: NMR 
5 2.43 (3 H, s), 3.70 (3 H, s), 6.70 (1H, s), 6.87-7.66 (9 H, m); MS 
C19H16FN02 m/e = 309 (M+);278,248. Anal. (CigHaeFNOa) C, 
H, F, N. 

l-Isopropyl-2-methyl-3-(inethoxycarbonyl)-4-(4-fluoro-
phenyl)-ljff-pyrrole (18d). Isopropylatoine (3.6 g, 60 mmol) 
was added to a suspension of hydroxylamino compound 17 (15 
g, 30 mmol) in methanol (500 mL). The suspension was heated 
fiw 2 hat 40 #C and for 5 h at 50 0C, changing to a dear solution. 
The solvent was removed in vacuo and the residue was chro
matographed with n-herane/ether (4:1) over sQica to yield 7.3 
g of l^le reddish crystals: mp 97-99 0C; NMR S L42 (6 H, d), 
2^3 (3 H, s), 3.65 <3 H, s), 4^7 a H, sept), 6.60 (1H, s), 6.80-7.46 
(4 H, m); MS C^HuFNO, m/e = 275 (M*), 244,202,20L Anal 
(CleHtfFNOi)C,H,F,N. 

Ethyl l-Phenyl-2,5-dimethyM-(4-fluorophenyl)-lfi'-
pyrrole4wjarboxylate (21c). A solution of20 (23.1 g, 113 mmol) 
and 15 (20.5 g, 113 mmol) in ethanol (250 mL) was refluxed for 
30 h. The solvent was evaporated in vacuo and the residue was 
chromatographed over silica (1 kg) with grdohexane/ethyl acetate 
(95:5) to give 26.0 of a colorless oil: NMR 11.05 (3 H, t), 1.85 
(3 H, s), 13 (3 H, s), 4.1 (2 H, q), 65-7.6 (9 H, mh MS Ca HJOFNOJ 
m/e « 337 (M+), 308,292. Anal. (CajHoFNOj) C, H, F, N. 

Preparation of Substituted Iflf-PyrroIe^-caifcoxaldehydes , 
4 from Substituted 3-(Aikoxycaxbonyl)-lB'-pyrroles 18 or 
21. General Procedure. A solution of ester 18 or 21 (82 mmol) 
in ether (150 oL) was added dropwise at 0-5 *C to the stirred 
suspension of lithium aluminum hydride (7.3 g, 200 mmol) in ether 
(300 mL). The suspension was stirred for 1 h at 0 eC and then 
for 2 h at room temperature. At 0 eC, 35 mL of ethyl acetate and 
then 16 mL of water followed by 24 mL of 2 N aqueous sodium 
hydroxide were added dropwise. The suspension was stirred for 
20 min at room temperature and filtered. The filtrate was con* 
centrated in vacuo and the residue was chromatographed over 
1 kg ofstiica with cyclohexane/ethyl acetate (2:1) containing 02% 
triethylamine (yield 85-95%). 

To a solution of the substituted 3*(hydroxymethyl)pyTrole (70 
mmol) in ether (1.2 L) and triethylamine (12 mL) was added 
activated manganese dioxide (1823 g). The suspension was stirred 
at room temperature under nitrogen. After 24 h, the same amount 
of manganese dioxide was added. After 24 h the solid was removed 
and washed with ether. The ClGates were concentrated in vacuo; 
the residue was chromatographed over silica with cydohexane/ 
ethyl acetate (6:1) containing 0.1% triethylamine (yield 65-85%). 

l-Phenyl-2,5-dimethyl«3'(hydroxymethyl)-4-(4-fluoro-
phenyl)-lJ?-pyrrole: colorless oil, crystallizing on standing; 
NMR 6 1.3 (1 H, br s), 2.0 (3 H, s), 2.1 (3 H, s), 4.56 (2 H, s), 
6.9-7.65 (9 H, m); MS C»Hi8FNO m/e «= 295 (M+), 278 (M+ -
OH). Anal. (C19HISFNO) C, H, F, N. 

l-Piienyl-2-methyl-3-(liydroxymethyl)-4-(4-fluopo-
phenylHil-pyrrole: pale yellow, resinous solid; NMR 61.5 (1 
H, br s), 126 (3 H, s), 4.63 (2 H, s), 6.87 (1H, s), 6.93-7.70 (9 H, 
m); MS CigH^FNO m/e = 281 (M+), 264 (M* - OH). AnaL 
(CiaHj6FNO) C, H, F, N. 

l-Isopropyl-2-methyl-3-(hydroxymethyl)-4-(fluoro« 
phenyl)-lF-pyrrole: colorless oil; MS CLSH18FNO m/e = 247 
(M+ - OH), 188. Anal. (CUHMFNO) C, H, F, N. 

l-Phenyl-2-methyl-4-(4-fluorophenyl)-lH-pyrrole-3-
earboxaldehyde (4a): yellow, resinous solid; NMR & 2.50 (3 H, 
s), 6.80 (1H, s), 6.85-7.70 (9 H, m), 10.03 (1H, s); MS CUHMFNO 
m/e = 279 (M+), 278 (M+ - H). AnaL (CMHMFNO) C, H, F, N. 

l-Phenyi-2^-dimethyl-4-(4-fluorophenyl)-lH-pyrrole-3-
carboxaldehyde (4c): yellow solid; NMR $ 1.94 (3 H, s), 2.35 
(3 H, s), 6.95-7.7 (9 H, m), 9.85 (1H, s); MS CJ^HJ^FNO m/S45 

JjMG'CoA Reductase Inhibitors. 2 L 

especially 2e compared with mevinolin is more pronounced 
> in the cell test Inhibition of hepatic cholesterol ade novo" 

synthesis in vivo by oral lb or 2b is about 2.5 times 
stronger than that for mevinolin (Table HO. In normally 
fed rabbits (n = 6), 20 mg/kg racemic 2b decreased total 
piawtfl diolesterol levels by 34% after oral administration 
for 10 days (optically pure mevmolin at 10 mg/kg for 10 
days, 25%), v^iile lb was totally inactive under the same 

\ conditions. The reason for the lack of activity of lb in the 
\ rabbit experiment is currently not known.22 The chemi

cally demonstrated add sensitivity of lb (vide supra) would 
suggest that, contrary to 2b, lb may not survive the 
stomach passage. However this view is not consistent with 
the comparable activity of lb and 2b to inhibit hepatic 
cholesterol "de novo" synthesis in rats after po adminis
tration (Table HI); In normally fed rabbits (n = 4), 10 
mg/kg racemic 2e decreased total plaqwa cholesterol levels 
by 42% after oral administration for 6 days (optically pure 
mevmolin at 10 mg/kg for 6 days, 25%).17*1® 

In normally fed male beagle dogs (n = 4), 20 mg/kg 
— 1 racemic 2b decreased LDL-cholesterol levels by 48% and 

I increased HDL-cholesterol levels by 14% after oral ad* 
| ministration for 14 days (optically pure mevinolin at 10 

? mg/kg for 19 days: LDL-cholesterol -18%, HDL*chole-
Ipg I sterol +2%).18 

1 In conclusion, some compounds of general formula 2 
'' exceeded mevinolin in their ability to mhibit HMG-CoA 

\yL 1 reductase in vitro and to inhibit cholesterol biosynthesis 
^ i in viva They are promising candidates for development 
•on i as antiarterosclerotic agents. 

4 
B-

t i  

5 
3 

i :  
& t 

• :  

•I 

1 
l' 
% 

£ 
5 Of 1 :enp i l;: 

| Experimental Section 
| For general remarks see the preceding paper in this issue.1 lH 

^ . .  9  NMR spectra were recorded in CDCI3, unless noted otherwise. 
^ I All starting materials wire commercially available unless indicated 
oup i otherwise. 

i 

and I 
but | 

l-(p-Fluorophe&yl)-2*nitropropene (15). A solution of 
p-fluorobenzaldehyde (84 g), nitroethene (69.4 g), and n-butyl-
amine (4 mL) in xylol (110 jnL) was refluxed for 20 h under a 
Dean-Stark trap. On cooling to 0 eC, 21.7 g of the product 
crystallized (mp 64-65 SC). To the filtrate were added nitroethene 
(41.4 g) and n-butylamine (3 mL), and the solution was refluxed 
for 14 h under a Dean-Stark trap. The solution was evaporated 
in vacuo and the residue was digerated with methanol at 0 eC, 
until crystallization occurred. The crystals were collected and 
washed with cold methanol (53.8 g, mp 65-66 0C). AnaL (C9-
HJPNOJ) C, H, F, N. 

Ethyl 3-(Phenylammo)*bat*2(£)-enoate (20). A solution 
of anil me (45^ mL, 03 mol), ethyl acetoacetate (^5 mL, (X5 mol), 
and glacial acetic add (1 mL) in toluene (100 mL) was refluxed 
for 4 h under a Dean-Stark trap. The solvent was evaporated 
find the residue was distilled to give 57.9 g of colorless oil: bp 
118-120 #C (1.5 mm); MS CiaH15N02 m/e = 205 (M+). Anal. 
(CKHJSNO,) C, H, N. 

•Ar,Ar-Bis[3-(4-fluoropheflylM'(methoxycarbony])-5-
Biethyl.2T3-dihydrofuran-2-yI3hydroxylaiDine (17). To a 
stirred solution of sodium methanolate (2.92 g, 54 mmol) in 
methanol (54 ml) was added methyl acetoacetate (20.9 g, 180 
naioi) dropwise at 0 0C followed by 4-fluoro-^-mtrostyrene19 (30.1 
g> 180 mmol). After 15 sun, a thick mash formed that was allowed 
to.5tandfor2hatO*C. The solid was collected by suction, washed 

ice-cold methanol, and dried over in vacuo to give 22.0 
8 of odorless solid; rop 139-141 *C; 7X> g of product were obtained 
ffom the mother liquor; NMR 6 2.25 (6 H, s), 3.32 (3 H, s), 3.50 
'» H, s), 4.30 (2 H, dd), 5.40 (2 H, d), 7.16 (8 H, d), 8.72 (I H, s); 
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^7) Hypoeholesterolemie activity in rabbits was tested following 
n the protocol described in ref 1. 

Hypocholesterolenuc activity in animal studies will be de-
rio\ <a 111 a future publication. 
U9) Gattennann-Wieland Die praxis des Organlschen Chemikers, 

43rd*ed.; W. de Gruyter: Berlin. 1982; p 361. 
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293 (M+). Anal. (C^gH^FNO) C, H, F, N. 
l-Isopropyl-2-inethyl-4-(4-nuorophenyl)-l£r-pyrrol€-3-

earboxaldehyde (4d): colorless oil; NMR 6 1.43 (6 H, d), 2.60 
(3 H, s), 4.30 (1H, sept), 6.68 (1H, s), 6.9-7.56 (4 H, m), 9.92 (1 
H,s);MSC1sH16FNOm/e = 245(M+),202. Anal. (CJSHJJFNO) 
C, H, F, Ni 

3-Oxo-4-methylpeiitaDoic Add Asilide (22). A solution of 
ethyl 3-ojco-4-tnethylpentanoate9 (47.4 g, 0.3 mol), aniline (27.93 
g, 27.3 mL, 0.3 mol), and acetic add (0.6 mL) in toluene (360 mL) 
was refluxed for 4 h with a Dean-Stark trap. The cold mixture 
was washed twice with 0.5 N hydrochloric add, twice with satu
rated sodiuin bicarbonate solution, once with brine, dried, con
centrated, and chromatographed with toluene/ethyl acetate (10:1) 
over 1 kg of silica, giving 40.5 g (66% yield) of a pale pink oil: 
NMR S 1.2 (6 H, d), 2.8 (1 H, sept), 3.65 (2 H, s), 7.0-7.75 (5 H, 
m), 9.1-9.4 (1H, br s); MS Cj^jjNOa m/e = 205 (M+), 93. Anal. 
(CaHjjNOj) C, H, F, N. 

3-(Phenylanuno)-4-methylpent-2(£)-€noic Acid Anilide 
(23b). A solution of ethyl 3-oxo-4-methylpentanoate9 (31 mL, 
0.2 mol), aniline (37 mL, 0.41 mol), and acetic add (1.0 mL) in 
toluene (50 mL) was refluxed for 6 h with a Dean-Stark trap. The 
solvent was removed in vacuo. On cooling the residue crystallized. 
It was recrystallized from toluene/petroleum ether (80-110 0C) 
(2:1) to yield 38-7 g of colorless solid: mp 147-148 0C; a second 
crop of crystals can be obtained from the mother liquor; NMR 
6 1.1 (7 H, d + m), 2.9 (1 H, sept), 4.75 (1 H, s), 6.8-7.6 (10 H, 
m), 11.1 (1 H, br s). Anal. (CiaH^O) C, H, N. 

5-(Isopropylamiiio)-4-inethylpent-2(£^-enoic Acid Anilide 
(23e). To a solution of anilide 22 (35.7 g, 174 mmol) and acetic 
add (0.6 mmol) in toluene (600 ml), refluxing under a Dean-Stark 
trap, was added isopropylamine (20.6 g, 348 mmol) dropwise over 
3 h. The mixture was refluxed for 16 h, concentrated in vacuo, 
and cooled, leading to crystallization. The solid was digerated 
with diisopropyl ether/petroleum'ether (1:1), collected with suction 
filtration, and washed with petroleum ether, giving 28.9 g of 
colorless solid: mp 152-153 0C; NMR 6 1.1 (6 H, d), 1.25 (6 H, 
d), 2.73 (1H, sept), 3.8 (1H, m), 4.43 (1H, s), 6.7 (1 H, s), 6.9-7.6 
(5 H, m), 9.1-9.6 (1 H, br s); MS C^NjO CI m/e = 247 (M 
+ H+), 154. Anal. (CuH^NjO) C, H, N. 

3-(Cyclohexylaraino)-4-methylpent-2(£)*enoic Acid Ani
lide (23f). A solution of anilide 22 (31.6 g, 154 mmol), acetic acid 
(1.5 mL), and cyclohexylamine (30.55 g, 308 mmol) in toluene (750 
mL) was refluxed for 20 h under a Dean-Stark trap. The solvent 
was removed in vacuo, the residue was swirled with 150 mL of 
diisopropyl ether, collected with suction filtration, and washed 
with petroleum ether to give 27.1 g of a colorless solid (an addition 
8.9 g came from the mother liquor): yield 82%; mp 123-132 ?C; 
NMR 5 1.15 (6 H, d), 1.0-2.1 (10 H, m), 2.7 (1 H, sept), 3.45 (1 
H, m), 4.4 (1 H, s), 6.55 (1 H, m), 6.9-7.6 (5 H, m), 9.5 (1H, br 
s) MS CxgHaNaO m/e = 286 (M+), 194,93. AnaL (CJDHMNJO) 
C, H, N. 

Preparation of Substituted I JJ-Pyrrole-S-carboxanilides 
24 from Enamino Anilides 23. General Procedure. A solution 
of the nitro olefin 15 (95 mmol) and enamino carboxanilide 23 
(100 mmol) in ethanol (300 mL) was refluxed for 12 h under 
nitrogen. Most of the solvent was removed in vacuo. Cooling 
of the residue in an ice bath gave crystals that were swirled in 
cyclohexane/ethyl acetate (200 mL}, collected, and recrystallized. 

. ' l-Phenyi-2-isopropyl-4-(4-fluorophenyl)-lB'-pyrrole-3-
carboxasilide (24b): yield 78%; mp 192-194 eC (from meth
anol); NMR S 1.30 (6 H, d), 3.14 (1H, sept), 6.73 (1H, s), 7.00-7.70 
(10 H, m). Anal (CjgHjaFNjO) C, H, F, N. 

l^-Diisopropyl-4-(4-fluorophenyl)-lB,-pyrrole-3-carbox-
anilide (24e): yield 50%; mp 131-133 0C (not recryst); NMR 
61.45 (6 H, d), 1.'55 (6 H, d), 3.75 (1H, sept), 4.6 (1 H, sept), 6.7 
(1H, s), 6.7-7.6 (10 H, m); MS CaHaFNjO m/e « 364 (M+), 272, 
230. AnaL (CMHMFNJO) C, H, F, N. 

l-Cyclohexyl-2»isopropyl-4-(4-fluorophenyl)-l.Er-pyrrole-
S-carboxanilide (24f)> yield 52%; mp 215-216 CC (not reciyst); 
NMR 5 0.9-2.2 (16 H, d + m), 3.5-4.3 (2 H, m), 6.65 (1 H, s), 
6.8-7.6 (10 H, m) MS CasHaFNjO CI m/e = 405 (M + H+), 312, 
230. Anal (CjeH^FNaO) C, H, F, N. 

l-Phenyl-2-isopropyM-(4-fluorophenyl)-5-methyl-li7-
pyrrole-3-carboxanilide (24g): yield 80%; mp 190-192 0C (from 
cydofeexane/ethyl acetate); NMR 81.3 (6 H, d), 1.83 (3 H, s), 3.2 
(1 H, sept), 6.8-7.6 (15 H, m); MS CrHjjFNaO m/e = 412 (M+), 

Jendralla et al. 

320 (M+ - PhNH). Anal. (CnHaFNaO) C, H, F, N. 
Preparation of Substituted 1 H-Pyrrole-S-carboxaldehydes 

4 from Substituted IH-Pyrrole-S-carboxanilides 24. General 
Procedure, (a) N-Methylation. To a mechanically stirred 
solution of anilide 24 (55 mmol) in toluene (300 mL) was added 
a 50% dispersion of NaH in mineral oil (5.5 g, 115 mmol) at 25 
eC under a nitrogen atmosphere. The suspension was wanned 
for 30 min at 60 CC and for 10 min at 100 0C. The suspension 
was cooled to 20 6C and methyl iodide (62.5 g, 440 mmol) was 
added. It was refluxed (bath at 75 0C) for 4-16 h, depending on 
steric hindrance (TLC conttol). With external cooling with dry 
ice/methanol, first water (80 mL) was added dropwise, followed 
by ether (400 mL). The organic phase was separated, washed with 
brine, dried, and concentrated in vacuo. The residues often 
crystallized when swirled with n-hexane or diisopropyl ether to 
a colorless to pale yellow solid. Oily products were purified by 
chromatography with cydohexane/ethyl acetate/triethylamine 
(8:2:0.01) over silica. 

l-Phenyl-2-isopropyl-4-(4-fluorophenyl)-Ar-methyl-l£r-
pyrrole-3-carboxanilide: yield 94%; mp 126-127 0C (not re-
ciyst); MS CnHjsF^O m/e = 412 (M+), 306,262. Anal. ((V 
HJSFNJO) C, H, F, N. 

lt2-Diisopropyl-4-(4-fluorophenyl)-N-methyl- liT- ; 
pyrrole-3-carhoxaniUde: yield 73%; oil; NMR 6 1.40 (12 H, d), 
3.23 (4 H, s + sept), 4.40 (1H, sept), 6.50 (1H, s), 6.5-7.5 (9 H, 
m); MS C^H^FNjO m/e = 378 (M+), 272,91. Anal. (C^H^F-
N20)C,H,F,N. 

l-Cyclohexyl-2-isopropyl-4-(4-fluorophenyl)-JV-methyl-
lJ7-pyrrole-3-carboxanilidc: yield 98%; mp 102-105 eC (not : 
recryst); NMR 5 1.35 (3 H, d), 1.50 (3 H, d), 1.1-2.2 (11 H, m), 
3.25 (3 H, br s) 3.95 (1 H, m), 6.4-7.4 (10 H, m); MS CtfHajFNjO i 
CI m/e = 419 (M + H-1'), 312. Anal. (C^^O) C, H, F, N. j 

l-Phenyl-2-isopropyI-4-(4-fluoropheny])-5-methyl-Ar- ; 
methyMH-pyrroIe-S-carboxanilide: yield 84%; mp 62-63 CC i 
(not recryst); NMR S 1.2 (3 H, d), 1.3 (3 H, d), 1.8 (3 H, s), 2.8 ! 
(1H, sept), 3.17 (3 H, s), 6.5-7.5 (14 H, m); MS CaHsrFNjO m/e [ 
= 426 (M+), 320 (M* - PhNCH3). Anal. (CjsHnFNjO) C, H, F, 

(b) Reduction. To a suspension of lithium aluminum hydride 
N. 

(60 mmol) in dry THF (120 mL) under nitrogen was added > 
dropwise a solution of N-methylanilides (29 mmol) in THF (120 ' 
mL). The mixture was refluxed for 20 h and then cooled to 0 0C. I 
Ethyl acetate (15 mL) and then water (5 mL) followed by 2 N ii 
sodium hydroxide solution (10 mL) were added dropwise. The 3 
mixture was stirred for 30 min at 25 ®C. The solids were removed ' 
and washed with ether. . 

The filtrate was concentrated in vacuo. The residues often 
crystallized when swirled with n-pentane., Oily products were ] 
purified by chromatography with toluene/ethyl acetate/tri- i 
ethylamine (20:1:0.01) over silica. 

l-Phenyl-2-isopropyl-3-(hydroxymethyl)-4-(4-fluoro-
phenylJ-ljET-pyrrole: yield 92%; oil; NMR 5 1.28 (7 H, d + m), 
3.03 (1 H, sept), 4.70 (2 H, s), 6.73 (1 H, s), 6.90-7.70 (9 H, m); 1 

MS CaoH^FNO m/e = 309 (M+), 294, 276. Anal. (CjoHaFNO) . 
C, H, F, N. 

l,2-Diisopropyl-3-(hydroxymethyl)-4-(4-fluorophenyl)-
IH-pyrrole: yield 75%; pale yellow oil that slowly crystallized; 
NMR S 1.2-1.6 (12 H, m), 2.35 (1H, br s), 3.33 (1 H, sept), 4.40 

. (2 H, s), 4.50 (1 H, sept), 6.70 (1 H, s), 6.8-7.65 (4 H, m); MS . 
C17H2FNO CI m/e = 275 (M+), 258,242,200. Anal. (C^HaFNO) , 
C, H, F, N. ; 

l-Cyclohexyl-2-isopropyl-3-(hydroxymethyI)-4-(4-fluoro- : 
phenyl)-IJT-pyrrole: yield 67%; mp 114-116 ®C (not recryst); 
NMR S 1.37 (6 H, d), 1.2-2.1 (10 H, m), 3.30 (1 H, sept), 3.96 (1 : 
H, m), 4.38 (2 H, s), 6.70 (1 H, s), 6.95 (2 H, m), 7.47 (2 H, m); • 
MS CJOHJGFNO m/e = 315 (M+), 300, 282, 200. Anal. (Cjo- ' 
H26FNO) C, H, F, N. 

l-Phenyl-2-isopropyl-3-(hydroxymethyl)-4-(4-fluoro-
phenyl)-5-methyl-lH-pyrrole: yield 63%; colorless solid; NMR 5 
6 1.25 (6 H, d), 1.9 (3 H, s), 2.8 (1H, m), 4.35 (1H, s), 4.55 (2 H, t 
s), 6.85-7.75 (9 H, m); MS CJIH^FNO m/e = 323 (M*), 308 (M+ ? 
- CH3), 290 (M+ - CH3 - H20). Anal. (CajH^FNO) C, H, F, N. | 

(c) Oxidation. Variant A. To a mechanically stirred sus
pension of Celite (50 g) and finely powdered CrOj (25 g, 250 mmol) v. 

in dry dichloromethane (250 mL) at 15 eC was added dropwise j 
a solution of dry pyridine (39.5 g, 500 mmol) in CHjClSt^ n*L)- 5 
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Pyrrole-Substitated Acrylonitriles 5. General Procedure. 
At 0 0C a solution of diisopr^yi (cyanomethyDphosphonate (13^ 
g, 66.0 mmol) is dry THF (200 ml>) was added dropwise to a 
suspension of sodium hydride (3.78 g of a 50% dispersion in 
mineral oil, 78.7 mmol) in diy THF (700 mL). After 40 min at 
0 *0, a solution of aldehyde 4 (44.0 mmol) in THF (100 mL) was 
added -dropwise. The mixture was stirred for 2 h at room tem
perature. The reaction mixture was poured into 1L of brine. The 
organic phase was seperated and the aqueous phase was extracted 
with'ether. The combined organic phases were dried and con
centrated in vacuo. The residue was chromatographed over silica 
with cyclohexane/ethyl acetate (6:1), containing 0.1% triethyl-
amine. 

^-[l-Phenyl-2-methyI-4-(4-fluorophenyl)-ljH'-pyrrol-3-
yl3-(J5)-acrylonitriIe (5a): yidd 78%; pale yellow solid; NMR 
6 2.30 (3 H, s), 5.23 (1H, d), 6.73 (1H, s), 7X-7.6 (10 H, m); MS 
CaoHjsFNa 'ro/e = 302 (M*). Anal (C^HjsFNz) C, H, F, N. 

^-[l^-Diisopropyl-4-(4-fluoroplienyI)-Lff-pyrrol-3-yl]-
(£)-aCTylomtriIe (5e): yidd 91%; crystals; mp 121-123 eC (not 
reciyst); NMR & L43 (12 H, 2 X d), 3.30 (1H, sept), 4.50 (1H, 
sept), 4^3 (1H, d), &60 a H, s), &9-7^ (4 H, m), 7^3 (1H, d); 
MS C^HaFNj m/e = 296 (M+), 281,256,239. AnaL (C^FNs) 
C, H.F.N. 

i5-[l-CyclohexyI-2-isopropyl-4-(4-fluorophenyl)-lfl' • 
I^rrol-3-yl]-(^)-acrylotutrile (5f): yield 96%; pale yellow solid; 
mp 130-132 °C (not recryst); NMR $ 1.40 (6 H, d). 1.2-2.1 (10 
H, m), 3.30 (1H, sept), 4.00 (1 H, m), 4.95 <1H. d), 6.60 (1 H, 
s), 6.9-7.4 (4 H, m), 7^5 (1H, d); MS QBHJSFNJ m/e = 336 (M+). 
321, 239. AnaL ((^HJSFNJ) C, H. F, N. 

Preparation of Pyrroles-Substituted Acroleins 6 from 
Acrylonitriles 5. General Procedure. To a solution of nitrile 
5 (24 mmol) in dry THF (200 mL) was added dropwise 60 mL 
(72 mmol) of a 1.2 M solution of diisobutylaluminum hydride in 
toIueneat00C. The mixture was stirred for 1 h at 0 0C and then 
for L5 hat room temperature. At 0 0CI saturated aqueous sodium 
dihydrogen phosphate solution QOO mL) and then water (200 mL) 
were added dropwise. The mixture was stirred for 1 h at room 
temperature and then saturated with sodium chloride and ex
tracted with ether. The combined organic phases were washed 
with saturated aqueous sodium bicarbonate and then dried and 
concentrated in vacuo. The residue was chromatographed over 
silica with cyclohexase/ethyl acetate (5:1), containing 0.1% 
triethylamine. 

3-[l-Phenyl-2-methyM«(4-fluorophenyl)-l£f-pyrrol-3-
yl]-(.E)-propenal (6a): yield 70%; pale yellow solid; NMR 5 2.36 
(3 H, s), 6.26 (1 H, dd), 6.97 (1 H, d), 7.15-7.70 (10 H, m), 9.54 
(d, 1 H); MS CwHisFNO m/e • 305 (M+), 290,276,264. AnaL 
(CaHisFNO) C, H, F, N. 

3-[l^-Diisopropyl-4-(4-fluorophenyl)-lfir-pyrxol-3-yl]-
(ir)-prt)penal (6e): yield 70%; crystals; mp 119-121 eC; NMR 
61.45 (12 H, 2 x d), 3.45 (1H, sept), 4.5S (1 H, sept), 6.00 (1 H, 
d), 6.65 (1H, s), 64-7.5 (4 H, m), 7.63 (1H, d), 9.45 (1H, dy, MS 
CuHaFNO m/e = 299 (M+), 256,214. Anal. (C^SJFNO) C, 
H.F.N. 

3-[l'Cyclohexyl-2-isopropyl-4-(4-fluorophenyl)-lH-
pynt>l-3-yl]-(^)-propenal (6f): yield $1%; pale yellow crystals; 
mp 124 »C (not reciyst); NMR 51.46 (6 H, d), L3-2.2 (10 H, m), 
3.50 (1H, sept), 400(lH,m), 6.05 (1H, dd), 6.65 a H, s), 64-7.5 
(4 H, m), 7.65 (1H, d), a50 (1H, d); MS CaĤ FNO m/e = 339 
(M*), 296,214. AnaL (CaH^FNO) C, H, F, N. 

Synthesis of Pyrrole-Substituted Acroleins 6 from Al
dehydes 4 with the Wollenberg Reagent. General Procedure. 
To a solution of l-etho*y-2-(tri-7i-butylstannyl)ethylene20 (3.46 
g, 9.6 mmol) in dry THF (110 mL) was added a solution of 
n-butyllithium m n-hexane (6.25 mL of a 1.6 M solution, 10 mmol) 
at -70 eC under nitrogen. After 2 h at -73 eC, a solution of the 
aldehyde 4 (8 mmol) in THF (12 mL) was added dropwise. During 
this operation, the reaction temperature rose to -66 eC. After 
2 h at -73 eC and 10 min at -50 0C, a saturated aqueous airt-
monium chloride solution (18.6 mL) was added dropwise at -40 
4C. The mixture was allowed to warm to room temperature: The 
organic layer was separated; the aqueous layer was extracted twice 

After stirring at room temperature (20 min), a solution of the 
substituted (hydroxymethyljpyrrole (25 mmol) in CHjCl? (250 
TOU was added dropwise but quickly. The reaction temperature 

: *as kept between 20 and 24 "C. After 15 min cyclohexane (500 
: mL) was added. The solid was suction filtered and washed with 

dichtoromethane/cydohexane (3:7). The filtrate was concentrated 
And chromatogxaphed with cydohexane/ethyl acetate/triethyl
amine (4:1:0.01) over 500 g of silica. 

Variant B.u To a solution of N-methylmorpholine N-oxide 
• : (45.8 g, 400 mmol) in acetone (400 mL, dried over KJCOJ) was 

; ^dded tris(tripheiylph08phine)nrthenium(II) dichloride (3.8 g, 
1 ; 4.0 mmol). The mixture was stirred 20 min at 20 0C. A solution 
1 of the substituted (hydrQxymethyl)pyrrole (100 mmol) In dry 1 K acetone (600 mL) was added dropwise. The mixture was stirred 

for 10-20 hat room temperature. After complete reaction (TLC, 
f S cycbhexajie/ethyl acetate/triethylamine 4:l^).l)l the mixture was 
t g filtered through a short, thick silica pad. The pad was washed 

•g with ether (3 L); the filtrate was concentrated in vacuo. The 
" \ r^idue, pure 4, usually crystallized, when digerated with n-pentane 
^  !  a t 0oa 
r \ l-Phenyl-2-isopropyl-4-(4-fluorophenyl)-lflr-pyrrole-3-

[ carboxaIdehyde(4b): yieId(variantA)35%>(variant3)87%; 
v | pale yellow solid; mp 119-120 'C; NMR 61.36 (6 H, d), 3.16 (1 

)> I iTsept), 6.65 (1H, s), 7.0-7.7 (9 H, m), 10.1 (1 H, s); MS CJO-
J. | HWFNO m/e = 307 (M+), 292. AnaL (CjoHuFNO) C, H, F, N. 
•r* r l̂ -Diisopropyl-4-(4-fluoropheiiyl)-lfr-pyrTole-3-carbox-

s aldehyde (4e): yield (variant B) 87%; yellow oil; NMR S 1.43 
I; I {6 H, d), 1.47 (6 H,d), 3.80 (1H, sept), 4.57 (1H, sept), 6.62 a 
* | H,s),7.06(2H,m),7^7(2HIm),9.89(lH,s);MSC1tH»FNO 
J- [ m/e « 273 (M+), 258, 244. AnaL (CuHjJPNO) C, H, F, N. 
*T [ l-CyclohexyI-2-isopropyl-4-(4-fluorophenyl)-lfl'«pyrrole-

& S^arboxaldehyde (4f): yield (variant B) 98%; colorless crystals; 
•» mp 134-135 0C; NMR 11.45 (6 H, d), 1.1-23 ao H, m), 3^5-4.35 
R (2 H, m + sept), 6.65 (1H, s), 6.9-7.6 (4 H, m), 945 (1H, s); MS 
\ C^HMFNO m/e = 313 (M+), 298,231,216. Anal. (C^H^FNO) 

' < | C , H , F , N .  
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l-Phenyl-2-isopropyl-4-(4-fluorophenyl)-5-methyl-lH'-
pyrrole-3-carboxaldehyde (4g): yield (variant A) 45%; pale 

. t yellow solid; NMR 6 IJ& (6 H, d), 21 (3 H, s), 3.1 (1H, sept), 6.9-7.6 S i O H, m), 10.0 (1H, s); MS ^HjoFNO m/e = 321 (M+). Anal. 
C I (CjjHafNO) C, H, F, N. 

j Synthesis of l^*Diisopropyl-4-(4-fluorophenyl)-lH-
he | pyrrole-3-carboxaldehyde (4e) via Three-Component Gou* 
| pling Reaction According to Scheme VI. (a) Three-Com-

; ponent Coupling. Ethyl l,2-DiisopropyI-4-(4-fluoro-
£n' | phenyl)-lH*pyrrole«3-carboxylate (21e). To a suspension of 
| 4*fluoro-0-nitrQStyrene!* (209 g, 1.25 mol) in absolute methanol 
; (500 mL) was added ethyl 3*oxo*4*methylpentanoate9 (214 g, 1.35 

•i | mol) under ice cooling followed by isopropylamine (128 mL, 1.50 
| mol), both in one portion. Absolute methanol (1L) was added, 
| the ice bath was removed, and the reaction mixture was stirred 
' § for 48 h in a tightly stoppered flask. Volatile components were 

•0* i removed in vacua The brown, viscous oil was filtered with 
B toliieiie/o.1% triethylamine through 5 kg of sQica gel (70-200 fan) 
R 10 give 197 g (49.7% yield) of a yellow solid: mp TTr-li 0C; NMR 
 ̂» (CDjClj) j 1.07 (3 H, t), L36 (6 H, d), 1.42 (6 H, d), 3.73 (1 H, 

sept), 4.06 (2 H, q), 4.50 (1H, sept), 6.60 (1H, s), 6.80-7.40 (4 
H, m); MS (DD, posit, isobutane) C^H^FNO^ m/e - 318 (M 
+ H+), 317,302. AnaL (C^HMFNC )̂ C, H, F, N. 

''B .. Reduction. l^-Diisopropyl-3-(hydroxymethyI)-4-(4-
'.m nuorophenylJ-liT-pyrrole. A solution of the ethyl ester (197 

4tV B ^ ^ mo^ ether (750 mL) was added dropwise at 0 eC to a 
. n B ^P^nsion of lithium aluminum hydride (473 g, 1.24 mol) in ether 
mV H * L '^e reaction mixture was stirred for 1 h at 0 0 C and for 
^ E J at.^0 0C. At 0-10 0C ethyl acetate (150 mL) was added 

.tg yopwise, and then water (38 mL) followed by 2 N sodium hy-
oxide solution (75 mL) was added. The mixture was stirred 

e min at room temperature. The inorganic solids were re* 
^ B Btoved by suction nitration and washed thoroughly with ether. 

M*.S[ triethylamine (1 mL) was added to the combined filtrate and 
\g ̂^iogs and the solvent was-removed in vacuo to give a yellow 
is 7? '® (131 g, 77% yield) that had spectra identical with those of 

doQ K * authentic material described above, 
vise's B Oxidation was performed as described above to give 4e 
lU-1 a solid in 92% yield. 
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with ether. The combined organic layers were washed with brine 
and then dried and concentrated-in vacuo. The residue was taken 
up in THF (93 xnL) and water containing p-toluenesuifonic acid 
(18 mL) and stirred for 1 h at room temperature. The organic 
layer was separated and the aqueous layer was extracted with 
ether. The combined organic layers were washed with brine and 
thea dried and concentrated. The residue was chromatographed 
with cydohexane/ethyl acetate/triethylaxoine (3:1:0.1) over 460 
$ of sUica. . 

S-[l-Phenyl-2-methy}-4-(4-fluorophenyl)-li7-pyrrol-3-
yI3-(j5)-pfopenal {6a): yield 98%; spectra, see above. 

3-Cl-Phenyl-2-isopropyM-{4-nuorophecyl)-lH-pyrTol-3-
yl]-(j&)-propenal (6b): yield 50% (46% recovered starting 
material); NMR $ 1.35 (6 H, d), 3.16 (1 H, sept), 6.05 (1 H, dd), 
6.63 (1 H, s), 7.0-7.5 (9 H, m), 7.75 (1 H, d), 9.50 (1 H, d); MS 
CaHaoFNO DC1 m/e = 334 (M + H+), 290. Anal. (CaH^FNO) To a solution of ^-keto-S-hydrosy ester 7 (5 mmol) in dry THF 
C,H,F,N. (70 asli) was added dropwise a solution of triethylborane in THF ' 

3-[l-I>henyl-2,5-dimethyl-4-(4-fIuorophenyl)-lH'-pyrrol- (6 mL of a 1 M solution, 6 xnmol) during 5 min. After 20 ain 
3-yl3-(E)-propenal (6c): yield 88%; amorphous solid; NMR S at 20 ®C, 14 mL of dry air was bubbled through the solution with 
1.9 (3 H, s), 2.2 (3 H, s), 6,07 (1H, dd), 6.9-7.7 (10 H, m), 9.45 a syringe. After 2 h at 20 eC, the reaction mixture was cooled ?• 
(1H, d); MS CjaHjeFNO m/e = 319 (M+), 290 (M+ - CHO). Anal. to -75 *C. Sodium borohydride (24$ nag, 6.5 maol) was added > 
(C2iH18FNO) C, H, F, N. at once. After 12 h at -75 6C under nitrogen, the mixture was •; 

3-[l-Ifiopropy]*2-methyl-4-(4-fluorophenyl)-lfl,-pyrrol-3- allowed to warm to -10 ®C and saturated sodium dihydrogsn 
y]H-£)*propena! (6d): yield 94%; colorless solid; NMR 51.47 phosphate solution (35 mL) was added dropwise. The reaction f 
(6 H, d), 2.43 (S H, s), 4.42 (1H, sept), 6.20 (1H, dd), 6.72 (1H, mixture was partitioned between ether and brine. The organic • 
s), 6.9-7.5 (4 H, a), 7.50 (1H, d), 9.48 (1H, d); MS CITHJ8FNO layer was washed with brine, dried, and concentrated. The residue 
m/e « 271 (M+), 256,242,200. Anal. (CyjHieFNO) C, H, F, N. was stirred for 3 h with dry methanol (300 mL). The solvent was . 

3-tl-Phenyl-2-i$opropyl-4-(4-fiuorophenyl)-5-raethyMi7- evaporated and the residue was chromatographed with cyclo* * 
pyrrol'3*yl]-(J5)-propenal (Bg): yield 91%; yellow solid; NMR hexane/ethylacetate/triethylamine (1:1:0.1) through silica to yield 
5 1.3 (6 H, d), 2.0 (3 H, s), 3.1 (1H, sept), 6.1 (1 H, dd), 7.0-7.8 60-85% of a thick, pale yellow oil. 
(10 H, a), 9.5 (1H, d); MS CajH^FNO DCI m/e-348 (M + H+). Methyl 3(JZ5)t5(5S)-djhydroxy.7.[l-phcnyl.2.methyl'4. 
Anal. (CsgHaFNO) C, H, F, N. (4-fluorophcnylMH-pyrrol-3'yllhept-6(^)-enoatc (la): NMR . 

^-KetO-J-hydroxy Esters 7. General Procedure. To a 5 2.12 (2 H. m), 2.24 (3 H, s), 2.37 (2 H, s), 2.54 (1 H, dd), 2.75 
suspension of sodium hydride (12.7 mtnol) in THF (86 mL) was (1H, dd), 3.72 (3 H, s), 4.26 (1H, m), 5.32 (1H, tn), 5.75-5.85 
added dropwise a solution of methyl acetoacetate (1.43 g, 12.33 (2 H, m), 6.78 (1H, s), 7.00-7.10 (2 H, m), 7.28-7.50 (7 H, m); 
mmol) in THF (10 mL) at -15 X during 5 min. The solution MS C2SHajFN04 m/e = 423 (M*), 306,264. Anal. (CJJHJSFNOJ • 
was stirred for 50 min at -15 °C. A solution of A-butyllithium C, H, F, N. 
in hexane (7.68 mL of a 1.6 M solution, 12.26 mmol) was added Methyl 3(iRS)̂ (5J2)-dihydroxy-7-[l-phcnyl-2-isopropyl-
during 10 min. The reaction mixture was stirred for 20 min at 4-(4-f]uorophenyl)-lH-pyrrol-5-yl]hcpt.6(JE)-enoate (lb): 
-15 0C. A solution of aldehyde 6 (7.0 mmol) in THF (25 mL) NMR (CM 51.30 (7 H, d + m), 1.57 (1H, dt), 2.03 (1 H, dd), ' f 
was added during 10 min. The reaction mixture was stirred for 2.18 (1H, dd), Z70 (1H, br s), 3.09 (1H, sept), 3.27 (3 H, s), 3.45 
45 min at -15 0C. At -10 "C, a saturated sodium dihydrogen (1 H, br s), 4.03 (1 H, zn), 4.34 (1H, m), 5.67 (1H, dd), $.50 (1 ; 
phosphate solution (13 mL) was added dropwise. After 5 min H, s), 6.87-7.15 (8 H, m), 7.45 (2 H, dd); MS CsrHaoFNO* "*/e . • 
at 0 "C, the mixture was distributed between ether and brine. = 451 (M*), 433,334,292,290,276. Anal. (C^H^FNOj) C, H, • 
The organic layer was separated and the aqueous layer was ex- F, N. 
tracted with ether. The combined organic layers were washed Methyl 3(JJ5),5(5i? )-dihydroxy-7.[l-phenyl-2,5-di-
with brine, dried, concentrated, and chromatographed with cy- methyl-4-(4-fluorophenyl)-l/7-pyrrol-3-ylJhept-6(i?)-enoate 'i 
dohexane/ethyl acetate/triethylamine (2:1.-0.1) over sflida, giving (1c): NMR (C$D«) S137 (1 H, dt), 1.67 (1 H, dt), 1^0 (3 H, s), 
a pale yellow oil (76-85% yield). 2J0S (3 H, s), 2.05-2.12 (1 H, dd), 2.26 (1 H, dd). 2.40 {1 H, d), 7 

Methyl 5(ES)-hydroxy-3-oxo-7-[l-phenyl-2-iaethyl-4-(4- 3^6 (3 H, s), 3.48 a H. d), 4.11 a H, ra), 4.30 (1 H, m), 5.72 (1 ;> 
fluorophenyI)-lH'-pyiTol-3-yl3hept-6(i5)-cnoate (7a): NMR H, dd), 6.72 (1 H» d), 6.85-6.91 (2 H, m), 6.95-7.17 (5 H, m), '• 
6 Z27 (3 H, s), Z55 (1H, br), 2.80 (2 H, m), 3.50 (2 H, s), 3.74 7.32-7.40 (2 H, m); MS CagHjgFNO  ̂m/e « 437 (M+), 419,320, 
(3 H, s), 4.69 (1H, q), 5.65 0- H. dd). 6.60 (1H, d), 6.76 (1 H, s), 302,278. AnaL (QsH^FNOJ C, H, F, N. •; 
7 .00-7 .12  (4  H, m),  7 .30-7 .52  (5  H, m);  MS C2sH2<FN0 4  m/e  =  Methy l  3 (^5)^ (S ' jB ) -d ihydTOxy -7 - [ l - i sopropy l -2 -methy l -  J .  
421 (M+), 403,345,302. Anal (CaH^FNO.,) C, H, F, N. 4-<4-fluorophenyl)-U5r-pyrrol-3-ylJhept-«(jB).enoate (Id): H 

Methyl 5(JZS)-hydroxy-3-oxo-7-[l-phenyl-2-isopropyM- NMR (C«D  ̂S 0.98 (6 H, d), 1.40 (1 H, dt), 1.68 (1H, dt), 2.05 ; 
(4-Jluoi-ophenyl)-lJ3'-pyrrol-3-yl]hept-6(JS)-enoate (7b): MS (3 H, s), 2.09 a H. dd), 2.27 (1 H, dd), 3.27 (3 H, s), 3.73 (1H, 
CwH^PNQ, m/e = 449 (M+), 432,373,334,290. AnaL (CJT sept), 4.14 a H, m), 4 J4 (1 H, m), 5:72 (1 H, dd), 6.50 (1H, s), ^ 
HSgFN04} C, H, F, N. 6.73 (1H, d), 6,98 (2 H, m), 7.43 (2 H, m); MS CaH^FNO  ̂m/e j 

Methyl 5(.R5)-hydroxy-3-oxo-7-{l-phenyl-2^>-diinethyl- = 389 (M*), 272,230. Anal. (C^i^FNOJ C, H, F, N. J. 
4-(4-fluorophenyl)-lH-pyrrol-3-yl3hept-e(JB).-enoate (7c): Methyl 3(fi5)^(5i?)-dihydroxy-7-Cl^-diisopropyl-4-(4- | 
NMR S 1.6 (1H, s), 1.9 (3 H, s), 2.13 (3 H, s), 2.36 (2 H, s), 3.57 fluorophenyl)-lH-pyrrol-3-yl]hept-6(r)-enoate <le): NMR | 
(2 H, AB), 3.73 (3 H, s), 5.99 (1H, d), 6.16 (1H, dd), 6.94 (1H, (CD2C12) 61.35 (6 H, d), 1.42 (6 H, d), 1.50-1.70 (2 H, m), 2.45 | 
d), 7.08-7.33 (5 H, m), 7.44-7.58 (4 H, m); MS CjsHjeFNO, m/e (2 H, d), 2.62 (1H, br s), 3.31 (1H, sept), 3.54 (1 H, d), 3.68 (3 1 
« 435 (M*), 417,320,319,316,290. AnaL C, H, H, s), 4.22 (1H, m), 4.33-4.52 (2 H, sept + m), 5^2 (1H, d), 6.58 k 
F, N. (1H, d), 6.62 (1H, s), 7.00 (2 H, m). 7^1 (2 H, m); MS (̂ HazFNO, | 

Metlo'l 5(i2S)-hydroxy-3-oxo-7-[l-isopropyI-2-methyM- m/e » 417 (M*), 399 (M+ - HjO), 300, 258, 212. AnaL (Cjr̂  
(4-fluorophenyl)-lH-pyrrol-3-yl]hept«6(JE)-enoate (7d): HajFNO )̂ C, H, F, N. § 
NMR 51.44 (8 H, d + m). 1.58 (1H, br s), 2.37 (3 H, s), 3.58 (2 Methyl 3 (RS ),5(5S )-dihydroxy-7-[ 1-cyclohexy 1-2-iso-1 
H, s), 3.75 (3 H, s), 435 (1H, sepi), 6.02 (1H, d), 6.27 (1H, dd), propyl-4-(4-fluorophenyl)-llf'pyrrol-3-yl3hept-6(E)-enoate i 
6.67 (1H, s), 7.06 (2 H, m), 7.28 (2 H, m); MS CjjHjeFNO* m/e (If): NMR (CD2Cls) 9 L25-2.05 (12 H, m), 1.34 (6 H, d), 2.45 J 
« 387 (M+), 369, 272. AnaL (C^HMFNO )̂ C, H, F, N. (2 H, d), 2.62 (1H, d), 3.30 (1H, sept), 3.55 (1H, d), 3.69 (3 H, J 

Methyl 5(55)-hydroxy-3-oxo-7-|1.2-diisopropyl-4-(4- s), 335 (1H, tt), 420 (1H, m), 4.38 (1H, tn), 5.33 (1H, dd), 6.58 5 
fiuorophenyD-lff-pyrroW-ylJhept-fi^J-enoate (7e): NMR (1H, d), 6.62 (1H, s), 7.00 (2 H,m), 730 (2 H. m); MS CpH^NO, | 
(CD Ĉy 6 1.36 (6 H, d), 1.42 (C H, d), 2.37 (1 H, d), 2.68 (2 H, m/e « 457 (M+), 439 (M+ - HaO), 421 (M+-2HiO), 366,340,298. | 
m), 3^0 (1H, sept), 3.48 (2 H, s), 3.70 (3 H, s), 4.44 (1H, sept), 212. Anal. (C^HjsFNO^) C, H, F, N. 548 | 

* 

Jendraila et al. 

4.59 (1 H, ta), 5.32 (1 H, dd), 6.62 (1 H, d), 7.00 (2 H, m), 7.30 . 
(2 H, m); MS CwH^NO^ m/e = 415 (M+), 397,300,256. Anal. 
(C^HaFNO,) C, H, F, N. 

Methyl 5(i25)-hydroxy-3-oxo-7-[l-cycloiiexyl-2-iso-
propyM-(4-fluorophenyl)-lH-pyrrol-3-yl]hept-6(jB)«enoate 
(7f): NMR (CDjClj) 5 1.35 (6 H, d), 1.3-2.3 (10 H, m), 2.35 (1 
H, d), 2.65 (2 H, d), 3.30 (1 H, sept), 3.50 (2 H, s), 3.70 (3 H, s), ' 
4.00 (1 H, m), 4.60 (1 H, m), 5.35 (1 H, dd), 6.65 (1 H, s), 6.65 • •; 
(1 H, d), 6.85-7.50 (4 H, m); MS C^HaFNC^ m/e « 455 (M+), . i 
437,340,296,214. Anal. (C^H^FNO^) C, H, F, N. ; 

Methyl 5(HS)-hydroxy-3-oxo-7-[l-phenyI-2-isopropyl-4- '' 
(4-fluotbphenyl)-5-methyl-l£r>pyrrol>3^I]hept-6(£)-enoate 
(7g): MS CjjHaoFNOi m/e« 463 (M*), 446. AnaL (CaHaeFNOJ 
C, H, F, N. 

^.j-Dihydi-oasy Esters 1 (R1 a CH3). General Procedure. 
V. 
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lution of diisopropylamine (97 mL, 70.0 g, 692 rnmol) in dry THF 
(500 mL), cooled with dry ice, was added a L6 M solution of 
n*butyUithiuxn in hexane (430 XDL, 688 nuiiol) via a Flex-needle.21 

The mixture was stirred for 30 min at 0 0C under nitrogen. 
Another 4-L*four-necked flask, equipped with a mechanical sturer, 
low-temperature therrooineter, dropping funnel with cooling 
finger, and nitrogen inlet/mercury bubbler, was charged with 
(SM-)-phenyl 2-hydn«y-2j2-diphei^acetate7 (101.7 g, 313 mmol) 
and i^y THF (1L). The suspension was cooled with dry ice. 

A LDA-solution (vide supra) was transferred via a Flex-needle 
through a septum into the dropping funnel and added to the 
stirred suspension at such a rate that the reaction temperature 
stayed below -20 ®C. The mixture was stirred for 30 min at 0 
•C and became a reddish-brown, dear solution. A precooled 
solution of aldehyde 6 (300 mmol) in dry THF (300 znL) was added 
to this solution of dianion Sat-90 ®C. The reaction mixture was 
stirred for 1-2 h (TLC control) at this temperature. The cold 
mixture was poured into the mechanically stirred saturated 
aqueous solution of aTmpnm'urp chloride (2 L) and stirred for 20 
min (pH 8, 0 "C). The organic layer was separated and the 
aqueous layer was extracted with ether. Tbe combined organic 
layers were washed with brine, dried, and filtered, and the solvent 
was evaporated in vacuo to give a pale yellow solid that according 
to TLC consisted mostly of aldol product 9 with small amounts 
of unreacted chiral acetate and traces of unreacted aldehyde 6. 
For purification, the crude solid was shaken with hot toluene/ethyl 
acetate (2 L, 6:4 + 0.1% triethylamine). After the suspension 
had come to room temperature it was filtered, and the soUd after 
washing with toluene was discarded. Combined filtrate and 
washings were evaporated in vacuo, and the remaining solid 
residue was stirred with n-pentane (2X1 L), The resulting 
suspension was suction filtered. Colorless solid 9, obtained in 
99-98% yield, was pure by TLC. The pentane solution contained 
unreacted aldehyde 6. 

The dtastereomeric excess (de) of the desired 35 isomer of -9 
was 95-96% according to HPLC analysis (LiChrosorb SI 60 Merck 
506487,40 °C, L2 mL/min n-hexane/methyl tert-butyl ether 3:1). 

(5)-(-)-2-Hydro3cy-lA2-triphenylethyl (3S)-hydroxy»5-
[l-phenyI'2-isopw>pyl-4-(4-fluorophenyl)-lflr-pyrirol-3-yl]-
pent-4(S)-enoate (9b): mp 183-190 "C; NMR (CDgCJa) S 1.22 
(6 H, 2 X d), 1.63 (1 H, s), 1.57 (1 H, d), 2.38 (2 H, d), 3.00 (1H, 
hept), 4.37 (1H, m), 5.28 (1H, dd, J = 16 and 7 Hz), 6.59 (1H, 
s), 6.67 (1H', dd, J * 16 and 1.5 Hz), 6.69 (1H, s), 6.93-7.58 (24 
H, m); MS (DCI, posit, isobutane) C^H^FNO^ m/e - 665 (M+), 
648 (M+ - OH), 376, 334. AnaL (C^H^NO^) C, H, F, N. 

(S)-(-)*2-Hydroxy-l^^-triphenylethyl (35)-hydroxy-5-
[l4*diisopropyI-4-(4.fluorophenyl)-lJS'*pyrrol-3-yIJpent-4-
(S'benoatQ (9e): mp 194 eC; NMR (CDXlj) i 1.32 (6 H, d), 1.43 
(6 H, d), 2.10 (1H, d), 2.38 (2 H, d), 258 (1H, s), 3.27 (1H, sept), 
4.37 (1H, m), 4.43 (1H, sept), 5.23 (1H, dd, J= 16 and 7 Hz), 
6.53 (1 H, dd, J » 16 and 1.5 Hz), 6.62 (1 H, s), 6.63 (1 H, s), 
6.93-7.01 (2 H, m), 7.05-7.37 (15 H, m), 7.50-7.60 (2 H, m); MS 
(FAB, NBA/UI) CuHtfFNO* m/e = 638 (M + Li+), 631 (M*), 
614 (M* - OH), 358,342, S00. AnaL (C^^jFNOJ C, H, F, N. 

(b) Transesterification of 9 to Optically Active Methyl 
Esters 10. General Procedure. To a suspension of ester 9 (178 
mmol) in absolute methanol (1.4 L) was added dropwise a solution 
of sodium (2.0 g, 89 zsmol) in absolute methanol (200 mL) at 20 
"C. The mixture was stirred for 3 h at room temperature. At 
<10 "C, the mixture was neutralized by dropwise addition of the 
solution of acetic add (5.1 mL, 89 mmol) in methanol (15 mL). 
Triethyiamine (0J> ml) was added, and the solvent was evaporated 

HMO'COA Reductase Inhibitors. 2 

Methyl 3(JS5)p(5i2)-dihydroxy-7-[l-phenyl-2-isopropyl-
4-(4-fluorophenyl)-5-methyMH-pyrrol-3-yl3hept.6(jF)-enoate 
(lg): NMR (CA)« 1-3 (7 Hi d + m), 1.6 (1 H, a), 1.95 (3 H, 
s), 2.0-2.3 (2 H, m), 2.5 (1H, br s), 3.1 (1H, sept), 3.3 (3 H, s), 
3.5 (1H, s), 4.1 (1H, m), 4.3 (1H, m), 5.7 (1H, dd), 6.8-7.5 (10 
H, m); MS CMHJBFNO, «/« • 465 (M*), 447 (M+ - HaO). Anal. 
(CaHsaFNO,) C,H,F, N. 

Bydrogenated ^Dihydroxy Esters 2 (H1» CH3). General 
Procedure. Ten percent palladium on diarcoal (25 g) was added 
under nitrogen to a solution of the olefinic &J-dihydr©xy ester 
1 (R1 = CH3) (70 mmol) in methanol (1^ L) and triethylamine 
(13 mL). The mixture was shaken for 20 min in a 
atmosphere at atmospheric pressure and room temperature. Hg 
(1240 mL) was taken up (theoretical 1570mL). The catalyst was 
filtered off and washed with methanol. The filtrate was con
centrated in vacuo. The residue was chromatographed with 
cyclobexane/ethyi acetate (5:3), containing 0.1% triethylamine, 
through L3 kg of silica. The Hist compound eluted was the pure 
product 2 (yield 75-80%, pale yellow thidcoO). Shortly thereafter 
a diastereomer of 2 (yield 6%) was eluted that stemmed either 
from incomplete stereoselectivity during the borane-catalyzed 
reduction of keto ester 6 (steps i, j) or from some isomerization 
during the catalytic hydrogenation. As a last fraction, the lac-
tonized form of 2 (yield 4-5%) was obtained, containing some 
diastereomers. TLC (cyclohexane/ethyl acetate 1:1, silica) Rf 
values: 1 (starting material), 0.26; 2,0.29; diastereomer of 2,0.25; 
{•lactone of 2,0.19. 

Methyl 3(JKS)^(5S)-dibydroxy-7-[l-pheiiyl-2-isopropyl-
4.(4-fluorophenyl)-lH-pyrrol-3-yl]heptanoate (2h): NMR 
(CjDj) i 1.03 (1H, dt), 1^8-1.43 (1H, m), 1.32 (3 H, d), 1.33 (3 
H, d), 1.60-1^5 (2 H, m), L94 (1H, dd), 2.12 (1H, dd), 2^0-3.02 
(1H, m), 3.03-3.22 (3 H, m), 3.24 (3 H, s), 3.43 (1H, br s), 3.75 
(1H, m), 3^8 (1H, m), 6.58 (1H, s), 6.94 (2 H, m), 7^)3-7.15 (5 
H, m); 7.42 (2 H, m); MS C^HRFNO, PAB m/e «454(M+H+)1 
292. Anal. (CwHaaFNO^ C, H, F, N. 

Methyl 3(i?S),5(^S)-dihydroxy-7-(l-phenyl-2^di-
methyl4-(4-nuorophenyl)-lB'-pyrrol-3-yl]heptanoate (2c): 
NMR (CeDj) 51.10 (1H, dt), 1.38 (1H, dt), 1.50-1.76 (2 H, m), 
I.97 (3 H, s), 2.01 (1H, dd), 2.08 (3 H, s), 2.17 (1 H, dd), 2.77 (2 
H, m), 2.86 (1 H, d), 3.27 (3 H, s), 3.50 (1 H, d), 3.72 (1 H, a), 
3.95 (1H, m), 6.90-7.13 (7 H, tt), 7.28-7.36 (2 H, m); MS C^-
H30FNO4 m/e - 439 (M+), 407,279. Anal. (C^HsoFN) C, H, F, 

Methyl S(i25),5(J2S)-dihyfiroxy-7-[l-isopropyl-2-methyl-
4-(4-fiuorophenyl)*lff«pyrro!-3-yl]heptanoate (2d): NMH 
(CA) 61.02 (6 H, 2 X d), 1.38 (2 H, dt), 1,50-1.75 (2 H, m), 1.97 
(1H, dd), 2.10 (3 H, s), 2.15 (1H, dd), 2.82 (2 H, m), 3.27 (3 H, 
s), 3.70 (1H, m), 3.78 (1H, sept), 3.93 (1 SLm), 6.58 (1H, s), 6.98 
(2 H, m), 7.39 (2 H, m); MS CaHwFNO* DCI m/e = 392 (M + 
H+), 391,360,331,230. AnaL (C^HjoFNOO C, H, F, N. 

Methyl 8(i2S)t5(Jl2S)'dihydroxy*7-[l^*diisopropyl-4-(4-
fluozophenyl)*l£>-pyrro2-3*yl]heptaaoate (2e): NMR (CDjCy 
i 1.36 (6 H, d), 1.42 (6 H, d), 1.4-1.55 (4 H, m), 2.40 (2 H, d), 
2.50-2.76 (2 H, m), 2.87 (1H, br s), 3.22 (1H, sept), 3.60 (1H, 

(Id):B bt d). 3-68 (3 H, s), 3.76 a H, qui), 4.12 (1H, qui), 4.43 (1H, sept), 
i 2 05'' I 6-62 (1H, s), 7.03 (2 H, m), 7.32 (2 H, m); MS C^H^FNO, DCI 
(l H,'; I ?/e * 420 (M + H+), 419 (M+), 259. AnaL (C^H^FNO*) C, H, 
H s)j i B ' 

t, m/e^g Methyl 3(i£5)^<^5')-dihydroxy-7-[l-cyolohexyl-2-iso-
Propyl-4.(4-fluorophenyl)-lfl-pyrrol-3-yl)heptanoate (2f): 
NMR (CDjClj) i 1.36 (6 H, d), 1^-1.8 (10 H, m), 1.32-105 (4 H, 

139 (2 H, d), 150-172 (2 H, m), 168 (1H, br s), 3.22 (1H. 
s«pt), 3.61 (1H, br d), 3.67 (3 H, s), 3.76 (1 H, qui), 3.94 (1H, 
tt), 4.12 (1H, qui), 6.61 (1H, s), 7.02 (2 H, m), 7.31 (2 H, m); MS 
CrHjjFNO. m/e = 459 (M+), 427 (M+ - CH,OH), 299,298,256. 
Awl (CJTHMFNOJ C, H, F, N. 

Methyl 3(B5)^(JtS)-dihydroxy-7-[l-phenyl-2-isopropyl-
^*(4»nuorophenyl)-5-ttethyHflr-pyrroU3-yl]heptanoate(2g): 

•iso-ll ^ (W 51.1-1.5 (2 H, m), L3 (6 H, d), 1.6-12 (7 H, m + 
loate r ^2 (4 H, m), 3.3 (3 H, s), 3.45 (1H, br s), 3.8-4.1 (2 H, 

1) 245- I ®>.6>7^(9H,m);MSCS8H3iFN04FABm/e*468(M + H+). 
9 (3 H,? i An^- (CaH^FNO,) C, HTFf N. 
i),6^8l [ _ Optically Active HMG-CoA Reductase Inhibitors of 
*FNQ<i : ^aeral Formula 13 via Asymmetric Synthesis According 
40 29M >. Scheme II. (a) Diastereoselective Aldol Reaction of 

' 5} { Enolate 8 with Aldehydes 6. General Procedure. To a so-
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(21) Commercially available from Aldxich Chemical Co., Milwau
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(22) Hie oral activity in the rat is an acute experiment, in which 
the hepatic cholesterol biosynthesis wihiWti<>n is measured 
within 3 h after po administration. Oral activities in the rabbit 
and dog are chronic experiments, in which decrease of serum 
cholesterol is measured. The decrease of serum cholesterol 
-should be coupled to the hepatic cholesterol biosynthesis in* 
hibition, but only via a long, complex chain of biochemical 
reactions. 'It seems possible that pronounced differences of the 
two compounds in metabolic stability and pharmacokinetics 
are responsible for the lack of oral activity of the unsaturated 
compound lb in the rabbit model. 
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3.63 (1 H, br s), 4.16 (1 H, m), 4.39 (1H, m), 5.37 (1H, dd), 6.60 ' 
(1H, s), 6.71 (1H, dd), 7.03 (2 H, m), 7.30-7.52 (7 H, m); MS (DCI, ; 
posit, isobutane) CsoH^FNO^ m/e = 493 {M+), 476 (M"1" - OH), •• 
458 (M+ - OH - H20). Anal. (03^^04) C, H, F, N. ! 

ferf-Butyl 3(jB),S{S)-dihydroxy-7-[l^-dusopropyl»4.(4- ; 
fluorophcnyl)-l£>pyrrol-3-yl]hept-6(£)-ezioate (12e): MS • 
CDCI, posit, isobutane) CyjHaaFNOi m/e = 459 (M+). Anal. 
(C^H M F NO^C.H .P .N .  

(e) Catalytic hydrogenations of fert-butyl esters 12 were i 
performed in analogy to that of the corresponding methyl esters • 
2 (vide supra), yield 75-82%. 

tert-Butyl 3(i? )>5(i?)-dihydroxy-7-[l-phenyI-2-iso-
propyl-4*{4-fluorophe&yl)*ljEr-pyrrol«3«yl]heptanoate: mp . 
108-110 *0, NMR (CDjCy S 1.25 (6 H, d), 2.46 (9 H, s), 1.40-1.57 • 
(4 H, m), 2.33 (2 H, m), 2.63-2.91 (2 H, m), 3.02 (1H, hept), 3.13 
(1H, br s), 3.67 (1H, br s), 3.79 (1 H, qui), 4.11 (1 H, br qui), 
6.62 (1H, s), 7.05 (2 H, TO), 7.30-7.50 (7 H, m); MS (DCI, posit, 
isobutane) CwHasFNO, 496 (M + H+), 495 (M+), 440 (M + H+ 

- isobutene), 293. Anai. (CaoH^PNO*) C, H, F, N. 
ifert-Butyl3(iJ),5(jB)-dihydrosy-7-[l^diisopropyl'4-(4-

fluorophenyl)-lB'-pyrrol-3-yl3heptanoate: mp 128-130 0C; 
MS CDCI, posit, isobutane) C27H<oFK04 m/e B 462 (M + H***), 
461 (M+), 406 (M + H+ - isobutene), 259. Anal. (C^oFNO.,) 
C, H, F, N. 

/5,5-Dibydrosy Sodium Carboxylates l or 2 (R1 = Na). 
General Procedure. To a solution of methyl ester 1 or 2 (Rl 

= CH3,48 mmo!) in methanol (500 mL) was added dropwise 1 
N aqueous sodium hydroxide solution (50 mL, 50 mmol) during 
1 h at 0-10 0C. The mixture was stirred for 1 h at O 0C and for 
1 h at room temperature. The mixture was filtered and the nitrate 
was evaporated in vacuo. The residue was taken up in ethanol 
(100 mL), evaporated in vacuo, and dried in high vacuo. The 
residue was stirred with ether (300 mL). The solid was collected 
by suction filtration, washed with pentane, and dried for 4 h in 
vacuo in a desiccator over phosphorous pentoxide and potassium 
hydroxide; pale yellow solid, yield 64%. The ethereal mother 
liquor was evaporated in vacuo and treated as described above 
to give a solid with the same melting point and ^ NMR; yield 
31%, combined yield 95%. 

Sodium 3(B5),5(5i?)-dihydroxy-7-[l-phenyl-2-is0' 
propyl-4-(4-fluorophenyl)-lir-pyrrol-3-yl]hept-6(i?)-enoate 
(lb): mp 232-234 'C dec; NMR (DMSO-dg) * 1-20 (6 H, d), 

. 1.25-1.62 (2 H, m), 1.80-2.11 (2 H, m), 2.98 (1 H, sept), 3.72 a 
H, m), 4.20 (1H, m), 4^3 (1H, br s), 5.37 (1H, dd), 6.52 (1 H, 
d), 6.80 (1 H, s), 7.14 (2 H, t), 7.30 (1 H, br s), 7.40-7.60 (8 H, 
m). AnaL (CogH^FNO^Na) C, H, N. 

Sodium 3(i25 ),5(.RS)-dihydroxy-7-[l-phenyl-2-iso-
propyI-4-(4-fluorophenyl)-lfi,-pyrroI-3-yl]heptanoate (2b): 
mp 231-233 0C dec. Anal (CJ6H2SFN04Na) C, H. N. 

Sodium 3{i?),5(2?)-Dihyclro3y-7-[l-pheByl-2-isoprDpyl-
4-(4-fluorophenyl)-lflr-pyrrol-3-yl]heptanoate (13b). The 
emrespODdisg f erf-butyl ester (48 g, 97 nunol) was suspended in 
ethanol (250 mL) at 5 ®C. Sodium hydroxide (1N, 98.8 mL) was 
added dxopwise. The suspension was stirred for 20 h at room 
temperature, becoming a clear solution. Solvents were removed 
in vacua The residue was washed with ether and then with 
pentane to give 44.6 g (yield 99.8%) of a colorless solid: mp 
252-254 aC dec; NMR (DMSO-dg) 61.22 (6 H, d), 1.20-1.50 (4 
H, m), L83 (1H. dd, <f = 15 and 8 Hz), 2.04 (1 H,dd,</= 15 end 
4 Hz), 2.50-2.67 (1H, m), 2.71-2^7 (1H, m), 2.96 (1H, hept), 
3.61 (1 H, br s), 3.74 (1 H, m), 4.70 (1 H, br s), 6.77 (1 H, s), 
7.10-7.21 (2 H, m), 7.32-7.57 (7 H, m). AnaL (CjsHjjFNO^a) 
C, H, N. 

Sodium 3(J?),5(J2)-dihydroxy'7-[l,2-diisopropyl*4-(4-
fluorophenyl)-lJ?-pyTrol-3-yl3heptanoate (13e) was obtained 
from the corresponding tert-butyl ester in analogy to the method 
for l3b (vide supra) to give a colorless solid: mp 255 "C dec, NMR 
(DMSO-ds) 61.30 (6 H, d), 1.37 (6 H, d), 1.82 (1 H, dd, J = l5 
and 8 Hz), 2.03 (1H, dd, <7 = 15 and 4 Hz), 2^2-2.48 (1H, in). 
2^2-2.67 (1H, m), 3.18 (1H, hept), 3.57 (1H, br s), 3.76 (1H, 
hept), 4.41 (1H, hept), 4.57 (1H, br s), 6.80 (1H, s), 7.12 (2 H. 
m), 7.33 (2 H, m). AnaL (CaHa^NO^Na) C, H, N. J 

Biological assays: see the preceding paper in this issue.* 
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at <20 ®C in vacuo. The solid residue was taken up in ether and 
half-concentrated brine. The ether phase was washed with sodium 
bicarbonate and then with brine. The solvent was removed in 
vacuo. The liberated diol was removed from methyl ester 10 by 
filtration with diisopropyl ether/cydohexane (1:1) through 2 kg 
of silica: yield 94-100% 10; pale-yellow oil. 

Methyl esters 10 decomposed quickly in solution at room 
temperature, especially on air contact 

Methyl (35 )-hydroxy-5-[ l-phenyl-2-isopropyl-4-(4-
fluorophenyl)-lH-pyrrol-3*yl3pent-4(^)'enoate (10b): NMR 
(CD2C12) 51.26 (6 H, d), 148 (2 H, AB of AB X), 3.03 (1H, hept), 

' 3.60-3.71 (1H, m), 3.67 (3 H, s), 4.53 (1H, br s), 5.37 (1H, dd), 
6.58 (1 H, s), 6.72 (1 H, dd), 7.00 (2 H, m), 7.27-7.49 (7 H, m). 
Anal. (CaHaeFNOs) C, H, F, N. 

Methyl (35)-bydroxy-5-[l,2-diisopropyl-4-(4-fluoro-
pheny!Hfr-pyrrol-8-yl3peBt«4(jB')»enoate (IQe): MS (DCI, 
posit, isobutane) CJSHMFNOS m/e = 373 (M+), 356 (M+ - OH). 
Anal. (CjjHaPNOa) C, H, F, N. 

(c) Transformation of S-Hydroxy Methyl Esters 10 to 
^•KetO'S-hydroxy Jerf-Butyl Esters 11. Genera] Procedure. 
tert-Butyl acetate (81.3 g, 94 mL, 700 mmol) was added dropwise 
at -75 eC under Ng to a solution of LDA (730 mmol) in THF/ 
hexane (1:1,1L). After 40 min at -70 0C, the solution of methyl 
ester 10 (178 mmol) in THF (100 mL) was added dropwise. The 
mixture was stirred for 10 min at -70 eC and then for 1 h at -30 
*C. The cold solution was poured into mechanically stirred, 
half-saturated ammonium chloride solution (2 L). After 10 min, 
the organic phases were washed twice with sodium bicarbonate 
solution and then with brine, dried, filtered, and evaporated. 
Toluene (100 mL) was added and then evaporated at 20 eC (to 
remove the excess tert-butyi acetate). Residual volatile compo
nents were removed in high vacuo (24 h). tert»Butyl esters 11 
were obtained as yellow, very viscous oils in 95-100% yield. 

tert'Butyl (5S )-hydroxy-3-oxo-7-[ I-phenyl-2-isopropyl-
4»(4*f]uotophenyIHiI-pyrrol-3-yl}hept-6{.E,)-enoate (1 lb): 
NMR (GDsCW 51.25 (6 H, d), 1.46 (9 H, s), 2.68 (2 H, d), 3.03 
(1H, hept), 3.37 (2 H, a), 3.68 (1H, m), 4.60 (1H, m), 5.37 (1H, 
dd), 6.60 (1 H, s), 6.74 (1 H, dd), 7.03 (2 H, m), 7.30-7.52 (7 H, 
m); MS (DCI, posit, isobutane) C30HJ<FNO< m/e - 491 (M*), 474 
(M+ - OH), 418 (M+ - isobutene), 390 (M+ - COjtBu), 334. AnaL 
(CwH^FNOJ C, H, F, N. 

tert'Butyl (5S)-hydroxy-3-oxo/7-[l,2-diis©propyl«4-(4-
fluoropheiiyl)-lH-pyrrol-3-yl]hept-6(£)-enoate (lie): NMR 
(CDaCl2>«1-36 (6 H, d), 1.40-1.48 (15 H, s + 2 x d), 1.57 (1H, 
d), 2.67 (2 H, d), 3.32 (1 H, hept), 3.36 (2 H, s), 4.45 (1H. hept), 
4.57 (1H, m), 5.32 (1H, dd, J • 16 and 7 Hz), 6.62 (1H, dd, J 
a 16 and 1.5 Hz), 6.63 (1H, s), 7.00 (2 H, m), 7.30 (2 H, m); MS 
(DCI, posit, isobutane) CJTHWFNO, m/e = 457 (M+), 440 (M+ 

- OH), 397. Anal. (CrHagFNO  ̂C, H, F, N. 
(d) Diastereoselective Reduction of £-Keto*$-hydroxy 

tert-Butyl Esters 11 to 0,5-Dihydroxy 'tert-Butyl Esters 12. 
General Procedure. Triethylborane (185 mL of a 1M solution 
in THF) was added dropwise at 20 BC to a solution of 130 mL 
of absolute methanol in 510 mL of dry THF. A solution of crude 
tert-butyl ester 11 (177 mmol) in THF (150 mL) was added 
dropwise. The mixture was stirred for 1 h at -70 "C. Sodium 
boiohydride (8.73 g, 231 mmol) was added at once. The mixture 

- was stirred for 1.5 h at -70 0C and then poured into half-con
centrated ammonium chloride solution (2 L). The mixture was 
stirred for 15 min and the organic phase was separated. The 
aqueous phase was extracted twice with ether. The combined 
organic layers were washed with brine, and the solvent was 
evaporated in vacuo. The residue was taken up several tunes in 
wet methanol and this solvent was evaporated in vacuo at <20 
eC. TLC (100% diisopropyl ether) indicated the successful 
conversion of the unpolar boron ester of the diol (Rf ~0.57) to 
free diol 12 (Rf —0.19). Pure 12 was obtained after chromatog
raphy through silica (2 kg, 70-200 ;tra) with diisopropyl ether as 
a colorless solid (yield 70-80%). 

tert -Butyl 3(B ),5(S )-dihydroxy-7-[ l-phenyl-2-iso-
propyi-4'(4-fluorophenyl)-lj?-pyrrol-3-yl3hept*6(£)-eaoate 
(12b): mp 107-110 0C; NMR (CD2Cy a 1.26 (6 H, d), 1.48 (9 
H, s), L55 (2 H, m), 2.38 (2 H, d), 2.87 (1H, t), 3.03 (1H, hept), 
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Phosphorus-Containing: Inhibitors of HMG-CoA Reductase. 2.1 Synthesis and 
Biological Activities of a Series of Substituted Pyridines Containing a 
Hydroxyphosphinyl Moiety2 

2804 

Jeffrey A. Robl,* Laurelee A. Duncan, Jelka Pluscec, Donald S. Karanewsky, Eric M. Gordon, Carl P. Ciosek, Jr., 
Lois C. Rich, Viviane C. Dehmel, Dorothy A. Slusarchyk, Thomas W. Harrity, and Kelly A. Obrien 

The Bristol-Myers Squibb Pharmaceutical Research Institute, P.O. Box 4000, Princeton, New Jersey 06548-4(300. 
Received February 22,19S1 

A aeries of W,4,(5),6-8ubstituted pyridines containing a hydroxyphosphinyl functionality have been prepared and - . 
were evaluated for their ability to inhibit the enzyme HMG-CoA reductase. Systematic substitution of both S^H4 

and X-Y led to compounds of type 3-6 with is vitro potency greater than that of mevinolin CNa salt). 

Scheme I' Introduction 
High serum cholesterol levels have been linked to the 

development of atherosclerosis and coronary heart disease 
(CHD).3 A major constituent of serum cholesterol, low 

• density lipoprotein (LDL), is widely believed to be ath
erogenic upon oxidative modification in vivo,4 and there
fore methods to reduce circulating levels of LDL are highly 
desirable. Mevinolin (1) and pravastatin (2), two dosely 

'p'^s^C01M 
x.-f OH 

Where X-Y Is 
C-Cp)1CK-CHW(4}. 

CHjCH, (SJ.wCHjOf?) 
R'.R'lsaBcyifefyl 
and M tsNaorU 

related natural products, are currently finding use as 
therapeutic agents in the treatment of hypercholesterole
mia.6 These compounds act as HMG-CoA reductase 
(HMGR) inhibitors. Through a complex sequence of 
regulatory mechanisms, they serve to increase hepatic LDL 
receptor levels, thereby lowering LDL concentration in the 
plasma.6 Inhibition of HMGR, the rate-limiting enzyme 
in the biosynthesis of cholesterol, is therefore a proven 
approach to the treatment of hypercholesterolemia. 

In an attempt to design better, more potent reductase 
inhibitors, mudz effort has bees expended on replacing the 
complex decalin portion of the mevinic acids (i.e. 1 or 2) 
with structurally simpler, achiral aromatic surrogates.7 In 

ff-Wce K-V-OI. 
12 R1 

MitnedA 
Wwre • 

FPxK 
10 

"ykf* MffhodB 
mm • 
tf.H 

0 
7 ^  .  HO, b COjNa 

"Y*? 
MO + 

OH a 
R'-CHO 

11 S 
B'. 

ft' CO£t ÔH R»' 
R* 1, R • a-M« {MevtmRn Na) 

2, R • p-OH (Pravastain) 

Br 

ft*. 
A I 

R»' S' 1< if « 
R* 

4(e) EtONa, BtOH, room teapentuie; (b) 10, EtONa, BtOH, 
room temperature; (e) S, plperidme, HOAc, PhH, reflux, -HjO; (d) 
R^COCHjR5, LiN(TMS)a, IMF, -78 0C; (e) NH4OAC, Cu(OAc)„ 
HOAc, reflux; (f) LiAlH^, THF; (g) Dess-Martin periodinane, 
tert.butyl alcohol, CHsClj, room temperature, or (CO)aCli, DMSO, 

-78 then ^E2A or TPAP, 4*methylmorphoiise N-axide, 
4A adecular sieves, CHjClj, room temperature; (h) CBr*. PPhj, 
CHjCl,(CHjCN); C) n-BuLi (2.2 equiv), THF, -78 •C, then satu
rated KH4CI quench 

Scheme Ild (1) For parti in this series, aees Karaneffsby, D. S.; Badia, M. C.; 
Ciosek, C. P., Jr.; Bobl, J. A; Sella, M. J.; Siapldas, L. M4 
DeLange, B.; Harrity, T. Bfller, S.' A; Gordon, B. M. 
Pho8phorug»Containing Inhibftors of HMG-CoA Reductase. 1. 
4-[(2-Aiylethyl)hydroxyphoephijiyl]-3-hydrojybtitanoic Adds 
A New Class of CeU Selective Inhibitors of Cholesterol Bio-

- synthesis. J. Med. Chem. 2990,33,2952-2956. 
(2) Presented in part at the 199th Meeting of the Americau 

Chemical Society, Boston, MA, April 1990, Abstract MEDI 
126. 

(3) Endo, A. Coapactin (ML-236B) end Related Compounds as 
Potential Cholesterol-Lowering Agents That Inhibit HMG-
CoA Reductase. J. Med. Chem. 1985, SS, 402-405 and refer
ences therein. 

(4) Steinberg, D.; Parthaaarathy, S.; Carew, T. Khoo, J. C.; 
Witrtum, J. L Modifications of Low-Density Lipoprotein That' 
Increase its Atherogeaidty. N. Eng. J. Med. 1989, 920, 
915-924. 

(5) (a) Hoeg, J. M.; Brewer, H. B., Jr. S-Hydroxy-&-MethyI-
giutaiyl-CoEnzyme A Reductase Inhibitors in the TVaatment 
of Hypercholesterolemia. J. Am. Med. Assoc. 1987,256(24), 
3532-3586. (b) Grundy, S.M. HMG-CoA Reductase Inhibitors 
for Treatment of Hypercholesterolemia. N. Eng. J. Med. 1983, 
31$, 24-31. 

(6) Brown, M. S.; Goldstein, J. L. A Receptor-Mediated Pathway 
for Cholesterol Homeostasis. Science 1986,232, 34-47. 

HO 
HO OH b.c 

HO OH 18 

O OSJfMluIrtPfcj 
HTO-P^Js^COiMa Jii£ 

V-PrO 20 

OSKt-ewrtPh, d 
J^Av^COiM* 

19 

O CSJ(}-biily))Fft, 
MeO-P^̂ ^̂ lŝ COjMa 

a 

O OSHWrtflPhi 
• MeO-P X̂ŝ OjMo 

DCHA-HO 21 

"(a) See ref 12; (b) tf-BulPfajSiO, DMAP, imidazole, DMFj (c) 
Nal, MEK, reflux; (d) (i-PiOXP, 160 0C; (e) TMSBr, BSTFA, 
C&Qrf (f) MeOH, DCC, pyridine; (g) dicycbhexylamme, EtjO; 
(h) 5% KHSO4, then TMSDEA. CHjClj; (0 (CO^Ch, catalytic 
DMF, CHjClj. 

most cases, the 3,5-diliydroxyheptanoic add portion of the 
molecule, the pharmacophore that interacts with5&13-

0022-2S23/91/1834-2804S02.50/0 © 1991 Americen Chemical Society 
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hydroxy-S-methyiglutaiyl (HMG) binding doroaia of the 
enzyme,s has been retained. In our previous communi
cation,1 we described a rationale for the design of a new 
class of HMGR inhibitors that utilizes a hydroxy-
phosphinyl functionality in place of the commonly ex
ploited &5 hydroxy functionality present in the 3,5-di-
hydrozyheptanoic acid phazsoacophore. The hydroxy-
phosphinyl group was designed to bind to the protonated 
form of the catalytic group, which serves to activate sub-
strate carbonyl groups toward delivery of a hydride ion in 
the en2ymatic reduction of HMG-CoA to mevalonic acid. 

We have prepared hydroxyphosphinyl-containing 
HMGR inhibitors utilizing a wide variety of aromatic 
hydrophobic binding domain surrogates. ID this paper, we 

Scheme III" 

OSfiMtVPrt 

-ssu' 

I 

.# ft". .fl' .R" R'. b 

nf- I « it " 

TiwitVmfl Uftaa WftiM EffliiUWWMW 
o o urt. 

 ̂CM 
coyo 

OH 
*'T 

s.'Y 
R* 

& •R* A1. R'. 

A1 

R* 
aS.X-YbOUCKn) 
as.x.vbagCK} 

"(a) BujSnH, cat. AIBN, 140 0C, then I2, BtaO; (b> t-BuLi, THF, 
-78 •»€, then 22, THF, -100 0C; (c) TBAF, HOAc, THF; (d) H3, 
Pd/C, MeOH; (e) NaOH, H20, diozane, A. 

(7) (a) Stokker, G. £.; Hofflauua, W. F.; Alberts, A. W.; Cragoe, E. 
J.; Deft&a, A. A.; GUiQlan, J. U Huff. J. W.; Novello, F. C.; 
Prttth. J. D.; Smith, R. L; Willard, A. K. 3-Hydroiy-3-
methylglutaivl'Coeazytae A Reductase lohibiton. 1. Struc
tural Modiiic&tion of ^-Substituted 3,5-dihydrozypeQtaaoic 
Adds and 7%eir Lactose Derivatives. J. Med. Chem. 1985,28, 
347. (b) Hoffman, W. F4 Alberts, A. W.; Cragoe, E. J.; Dean a, 
A. A.; Evans, B. E.; GSlfillan, J. L.; Gould, N. P.; Huff, J. W.; 
Novello, F. Piugh, J. D.; Kittle, K. EL; Smith, R. L.; Stokker, 
G. E.5 Willaid, A. K S-Hydroxy-S-methyJglutaryl-coenzynie A 
Reductase Inhibitors. 2. Structural Modification of 7-(sub-
stituted aryJ)-3,Wihydroxy-6-beptenoic Acids and Their 
Lactone Derivatives. J. Mid. Chem. 1986,29, 15&-169. (c) 
Stokker, G. E.; Alberts, A.W.; Anderson, P. S.; Cragoe, E. J.; 
Deana, A. A; Gilfillas, J. L.; HInhfield, J.; Hoitz, W. J.; . 
Hoffman, W. Huff, J. W.! Lee, T. J.; Novello, F. C.; Prugh, 
J. D.; Rooney, C. S.; Smith, R. L.; Willard, A, K. 3-Hydroxy-
3-2&ethy]g]utaiy]<eoeSQane A Reductase Inhibitors. 3. 7* 
(3,&*Disubstituted [l,l'-biphenyl]-2-yl)-3,5-dihydroxy-G-hep-
tenoic Acids and Their Lactone Derivatives. J. Med. Chem. 
1986,29,170-181. (d) Stokker, G. E.; Alberta, A. W.; GOffllaD, 
J. L.; Huff, J. W.; Smith, H. L. 3-Hydraay-3-inethy]g]utary]-
coenzyzne A Reductase Ishlbitors. 5. 6-(Fluoren-9-yl)- and 
6-(Fluoren-9-5didenyi)-3><3flvdttayheptaiKMc Adds and Tbejr 
Lactone Derivatives. J. Afed. Chem. 1986,29,852-855. 
Balasubramanian, Brown, P. L.; Catt, J. D.; Han, W. T.; 
Parker, R. A^ Sit, S. Y.; Wright, J. J. A Potent, Tissue-Selec
tive, Synthetic Inhibitor of HM 
Chem. 1989,32,2038-2041. © 
Hoefle,M.L4StrattoD,C.D^SU 
Newton, R. S. Inhibitors of Cholesterol Biosynthesis. 1. 
trans-6-(2-PyiroI-l-ylethylM-hydK>xyp3rTaij-2-<Hies, a Novel 
Series of HMG-CoA Reductase Inhibitors. 1. Effects of 
Structural Mpdifkations at the 2- and S-Positions of the Pyr-
role Nudeua. Kf. Med. Chem, 1990.33.21-31. @Sli3ko^ 
R.; Roth, B. D.; Hoefle, M. L^ Wilson, M. W.; Newton, R. S. 
Inhibitors of Choksteroi Biosynthesis. 2. Ij&Trisabstituted 
(2-(Tetrahydn>-4Jiydioij^2-ffi 
Med. Chem. 1990. 33. 31-38. 
Bartznazm, W4 Beck, Bergmann, A.; Granzer, E.; Ker-
ekjarto, B. Kesseler, K.; Krause, R^ Sdrabext, W.; Wess, G. 

. Synthesis and Biological Activity of New HMG-CoA Reduc
tase Inhibitors. 2. Derivatives of 7-(lff-Pyn*ol-3-yl)-sub3ti-
tuted-3^-dih3dioxyhept-6(E)-enoicf-heptanoic) Adds. *"?-
Med. Chem. 1990.33.61-70. Roth. B. H: Blanhlev. C. J-
CbiKholowaki, A. Ferguson, E^ Hoefle, M. L4 Ortwine, D. 
F.; Newton, R. S4 Sekerke, C. S4 Sfiskovic, D. Stratton, C. 
D.; Wilson, M. W. Inhibitors of Cholestero] Biosynthesis. 3. 
Tetrahydro-4-hydro*y-6-[2-{lH-pyTTol-l-3d)etî l]-2H-pyTan-
2-one Inhibitors of HMG-CoA Reductase. 2. Effects of In
troducing Sttbstitueats at Positions Three and Four of 
Pyrrole Nudeus-^y. Med. Chem. 1991.34.357-366. @ I 
kovic, D. R4 Ficard, A4 Roark, W. Ji; Roth, B. DjEe^guson, 
E.; Krause, B. R^ Newton, R. S.; Sekerke, C. S.; Shaw, M. K. 
InhibitorB of Cholesterol Biosynthesis. 4. trans-6-[2-(Subgti-
tuted qmnolinyl)ethenyl/ethyl]tetrahydro-4-hydroxy-2H-
pyran-2-ones, a Novd Series of HMG-CoA Reductase In&ib-
itora.Med. Chem. 1991.34.367-373. 

(8) Abelee, K. H.; Nakomura, C. E. Mode of Interaction of ̂ -Hy-
dnncy-^-rnethylglutaryl CoEn^me A Reductase with Strong 
Binding Inhibitors: Compactin and Related Compounds. 
Biochemistry 1985,24,1364-1376. 

Scheme IV* 
H Br 

R'. .R' R'- a.b or 
iN Rs' R9 

17 16 ft* R* 

AcwyteifeUnkecllnWaois 

MeO '̂̂ Y Ĉ0}Me 
O M< -̂ r cw 

Oft OK 

R'. .R* ft'. .ft* c 
H* B®' 3 

R* R« 

27. B - Si(t̂ w!yQPh2 
28.R-H 

•(a) n-BuLi (LI equiv for 17, 2.2 equtv for 16), THF, -78 *C, 
then 22, THF, -78 "C; (b) TBAF, HOAc, THF, then CHjN,, EtjO; 
(c) NaOH or LiOH, HjO, diozane, 50 *C. 

describe the utilization of substitoted pyridines2^ in the 
synthesis of hydroxyphosphinyl containing inhibitors 3-6, 
in which both the linker" portion (X-Y) of the molecule 
and the substituents on the pyridine "anchor* have been 
widely varied. 

Chemistry 
Methods for the synthesis of the requisite pyridine 

nuclei are depicted in Scheme I. Claisen-Schmidt con
densation of methyl ketone 7 with aldehyde S provided 
trans^enone 9. Ethoxide-catalyzed Michael addition of 
0-keto ester 10 to 9 gave the desired adducts 11, usually 
as a 1:1 mixture of diastereomers. Method B provides 11 

G-CoA Reductase. J. Med. 
Roth, B. Ortwine, D. 
skovic,D.R.; Wilson, M.W^' 

c,D. 

an-S-yBedryDpyrazdes. 
Jendralla, H.; Baader, E4 

(9) During the course of this work, others have diadosed their 
efforts on pyridine based 3,5-<iih^droxyheptanoic add con
taining HMGR inhibitors; see %) Beck, G.; Kesseler, K.; 
Baader, E.; Bartaann, Bergmans, A.; Granzer, E^ Jen
dralla, H4 Kerekjarto, B. v^ Kzause, R.; Paulas, Schubert, 
W.; Wess, G. Synthesis and Biological Activity of New HMG-
CoA Reductase Inhibitor. 1.. Lactones of PyrHine- and Py-
rixnidine-Substituted 3^-Dihydroxy-6-heptenoic(-heptanoic) 
Adds. J. Med. Chem.1990.33.52-60. ..(b) Angerbauer, R.; 
Fey, P.; Hubsch, W.; Phillips, T.; Bischoff, H.; Petriana. D.; 
Sdunidt, D^ Thomas, G. European Patent Application EP-A-
0325130. (c) Chucholowski, A. W.; Roth, B. D.; Creewell, M. 
W4 SUskovic, D. R. Eun^ean Patent ApplicatioirE^A-
0306929. 
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Table I. Pyridyl Alcohols 14 

HoM et al. 

% yield0 

mp, eC (method) R1 R4 R2 R3 anaL* foraula no. 
C3H7 H 
CjH, H 

14a 
14b 4.FCBH< 
14c 4-FCeH4 
14d 4<FC6H4 
14e 4*FCeK4 
14f 4*FC«H< 
14s 4-FCeH4 
14h 4.FCA 

4.FCA 
4-FC8H« 

14k l-FCA 
4-FCeH, 

14BI 4<FCeH4 
14n 4<FCeH4 

CaHaFKO C( H, N 
CBZQ'NO C, H.F.N 
CMH^FNO C, H, F, K 
CMHBFNO C, H.F.N 
CaH^NO <r 
CjjHaFNOS C, H, F, N, S 
CMHMFNO C, H, F, N 
CaHaFNO C, H, F, N 
CUHMFNO C, H.F.N 
CZ8H26FNO C, H, F.N 
CaHwFNO C, H.F.N 
CaHaFNO C, H, F, N 
CJSHMFNO C,H,F,N 
CaHaoFNOa C, H.F.N 

Wt 167-169 
114-115 
122-124 
73-75 
130-132 
151-153 
154-155 
sa-eo 
94-95 
139-140 
112-113 
101-104 
143-145 
114-115 

82(B) 
S-MeCA 
(̂(̂ HftCH^CA 

1-napbtbyl 
2^,5,6»(F)4CeHj 
2-thienyl 

65(B) 
40(B) 
30 (B) 
60(B) 
37(B) 
22(B) 
57(B) 
34(B) 
13(B) 
49(B) 
40(B) 
56(B) 

CsH, H 
CsH, H 
QJHT H 
C&, H 

H CHj 
CjH, H WsH? 

141 e-CjHj 
(CeHjJjCH 
e*C4H» 

C3H7 
C3H7 

H 
14j H 

CsH, H 
141 i-CsH, H 

CaH, H l.adBinanty] 

60 
42(B) K^H} H 

68(A) 
53 (A) 
21 (A) 
52(A) 
8(A) 

CJJHMFNO C, H.F.N 
CJJHUFNO C, H, F, N 
QMHJJFNO C, H, F,N 
(̂ FNO C, H, F, N 
CaHuFaNO e 
Ca^oFNO' C, H, F, N 
CjjHaFNO C, H, F, N 

4>FC«H4 
4-FC6H4 
4-FCsH4 
4-FC#H< 
4-FC6H4 
4.FC5J« 
4.FC6H4 

CH3 182-184 
228-230 
244-246 
169-171 
163-165 
166-167 
138-139 

W*H, 
i-CjH, 

140 
CH-CHs CoHt 14p 

i-O ,̂ t-CaH? CJJ, 14q 
i-CjH, CeH, CeHs 14r 
i-CaH, CeH, F 146 
WS3H7 13(A) 14t n = 1 

n - 2  *++ 

I i-C,̂  41(A) 14u 

"A 
(CHJ 

4-FCJH4 I-CJHT 11 — 3 
4.FCeH4 
4.FC«H< 
4-FCeH4 
4»FCeH4 CsHg 
4-FCsH< CHj 

^F-S-MeCgHj 
4-F-2-MeCeH3 i-C^Hy H 

161-162 68 (A) C^HMFNO 
20(B) CaH^FNO 
62 (B) CsxHuFMO 
71 (A) CJJHJQFNO 
61 (A) CJJHJOFNO 
72(A) CjpH^FNO 
31 (B) CJIHJOFNO 
60 (B) CajHaFNO 
66 (B) CgHgFNO 

14v- C. H.F.N 

C,H,F,N 
C, H.F.N 

t.C4H9 
oC.H, 
e*CjH8 

H CsHe oil 14w 
CeH, H 176-177 

140-142 
180-181 
178-180 
172-173 
159-160 
134-135 

14x 
CeH* 14y CH3 

CH3 CsHj 14z 
CH3 C&s C, H. FT N 

C, H, F, N 
C, H.F.N 
C, H.F.N 

14aa 
14bb 4-FC6H4 H 

i-C3HT H 
CeH8 
CeHs 14co 
C&5 14dd 

aRepresents overall yield from 12 (method A) or from 9 (method B). ^Analytical results were within ±0.4% of the theoretical value. 
* Microanalysis was aot performed. Compound possessed 1H NMR and MS in accord with assigned structure. ''Anal. Calcd: C, 79.25. 
Found: C, 78.74. 

in generally good yields in the cases where R3 - H but was 
unsatisfactory in cases where R3 was alkyl or aryL In these 
cases, introduction of the R3 substituent was best carried 
out utilising aethod A- 0-Keto a,/&-imsaturated ester 12, 
generated by Knoevenagel condensation of 0-keto ester 10 
with aldehyde 8, readily undenvent Michael addition with 
lithium enolate R'CCOLij^CHR* to give 11 as a complex 
mature of diastereomers. Treatment of 1,5-diketone 11 
with NH<OAc in hot HOAc afforded the intermediate 
dihydiopyridine, which underwent Cu(OAc)£ oxidation10 

in situ, affording pyridyl ester 13. Utiluation of either 
method A or method B allowed for the rapid and con
venient generation of tetra- and pentasubstituted pyridines 
13, in which the substituents RMR4 could be independently 
selected from a variety of alkyl or aiyl groups. Simple 
LiAlH4 reduction of 1$ gave pyridyl alcohols 14 (Table 1). 
Alcohols 14 provided aa entry to phosphonic acid based 
inhibitors 6 (see Scheme V), but a one-carbon homologa
tion was necessary for generation of the phosphinic acid 

of compounds (see Schemes lU and IV). Oxidation 
of 14 could be effected under a variety of conditions to give 
the corresponding aldehydes 15. Reaction of 15 with 
CB^/PPha provided the vinyl dibromides11 (Table 11) in 

(10) Bell, T. W.; Rothenberger, S. D. Synthpis of Annelated Pyr
idines from l.S'DQcetone Equivalents usmg Cupric Acetate and 
Ammonium Acetate. Tetrahedron Lett. 1987,4817-4820. 

(11) Corey, E. Fuchs, P. L. A Synthetic Method for Fortnyl-
Ethynyl Conversion (RCHO - RC^CH or R(^CR/)- Tefra-
hedron Lett. 1972.3769-3772. 

generally excellent yields. Treatment of 15 with n-BuLi 
in THF at -78 "C generated the corresponding acetylenic 
anions in situ. The anions could be utilized in carbon-
phosphorus bond formation directly or quenched with a 
proton source to give acetylenes 17. 

The routes we have developed1 for the synthesis of both 
the phosphinic and phosphonic add based inhibitors utilize 
phosphonochloridate 22 as a synthon for the introduction 
of the 3-hydroxy-4-(hydroxyphosphinyl)butanoic side 
chain. The S enantiomer of compound 22 was prepared 
by a multistep route (outlined in Scheme II) from iso* 
ascorbic acid via known12 bromohydrin ester 18. Silylation 
of 18 followed by Finkelstein reaction on the silylated 
bromide provided 19 in 74% overall yield. Arbuzov re
action of 19 was best effected with triisopropyl phosphite 
to give 20 in 75% yield. Phosphorus deesterification with 
TMSBr followed by reesterification with MeOH/DCC in 
pyridine gave the corresponding phosphonic acid mono-
methyl ester, which was conveniently isolated and stored 
in stable form as its dicyclohexylamine salt 21. Regen
eration of the free acid followed by subsequent treatment 
with TMSDEA and oxalyl chloride thus provided phos-

(12) (a) Bock, 2C; Lundt, L; Pedersen, C. Synthesis of (S)- and 
(BM-Aunno-S-hydroxybutytic Add (GABOB) and (S)- and 
(fi)-CaRutme from Azabinose or "Ascorbic Acid. ActoChem. 
ScaruL, B 1983,37,341-344. (b) IsbeU, H. S.; Frush, H. L. 
Oxidation of L-ascorbic acid by hydrogen peroxide: -fiRpaxa-
tion of Lrthreonic add. Ccrbohydr. Res. 1979, 72,3aB304. 
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Table II. Pyridyl Vinyl Dibromidea 16 

Journal of Medicinal Chemistry, 1991, Vol. 84, No. 9 2807 

% yield6 

(method)* Rl R* R3 R4 np, *C no." 
4-FCA 
4-FC6H4 
4.FCeH< 
4-FCeH, 
4-FC^L 

' 4-FCeH, 
4-FCeH, 
4-FCeH, 
-t-FCsE, 
4-FCsH, 
4-TCeH  ̂
4.FC6H< 
^FC  ̂
4-FC8H, 

16a i-CsH, 
i-CgH, 
i-CsH, 
J-CgH, 
i-C3H7 
i-CaH, 
i-CsH, 
i-CsH, 
i-CsH, 
i-CaH, 
i-C3H7 

i-CgH, 
i-CsH, 

H CsHs oil 88(C) 
68 (D) 
62 (D) 
74(D) 
62 (D) 
86(D) 
94 <D) 
71 (D) 
71 (D) 
86(D) 
68(D) 
72 (D) 
69 (D) 
74(D) 

16b H 2-MeCfiH, 
S^CeHgCH^CeH, 
1-naphthyl 
2,3,5,6-(F)4C6HI 
2-thienyl 

108-110 
H 16c foam 

16d H foam 
H 16e 77 
H 16f 107-108 

16g H CH3 oil 
16b H . i-CaH, 

c-C^ 
(CeHjJjCH 
t-CA 

-52-53 
161 H oil 
16j H 141-142 

98-100 
98-100 
176-177 
129-131 

16k H 
161 H 0-CeHM 

1-adamantyl 16m H 
16n H 

x> 
& 
i-C,H7 
i-CsH, 
i-CjH, 

4-FCsH, 
4.FCeH, 
4-FCeH, 
4-FC6H< 

- 4-FC8H4 

4.FC6H4 

CH3 C«H8 16o 169-170 
155-1S7 

85 (D) 
82(D) 
83 (D) 
88(D) 
76 (D) 
58 (D)d 

CH2CH9 
I-C3H7 

I6p CeHs 
16q CjHs foam 

CeHs CeHj 16r 155-158 
105-107 F CeHj 16s 

i-CjH; let n = 1 foam 
{CWj),. c 

4-FCeH< 
4-FCeH, 
4-FCeH, 
4-FC6H< 
4.FC6H4 
4*FCeH4 
4-FCeHJ 

I-CjH, 
i-CaH, 
t-C4H9 
cCsH, 
c-CaHg 

n « 2 121-122 
173-175 

76(E) 
83(D) 
68 CD) 
69(E) 
77(B) 
72(B) 
73(B) 
84(C) 
89 (D) 
75(D) 

16a 
n - 3 16v 
H CgHj ©a 16w 
H CgHj I61 170-172 

155-157 
137-138 
141-143 
124-126 
102-104 
128-129 

CH3 C«H» 16y 
CjHs CHa C«Hs 16z 
CH, CH3 c«H5 16aa 
4-FC«H4 
i-CaH, 

{•CJHT CeH, H 16bb 
4-F-3-MeCeHj 
4-F-2-MeCjHj 

H C«H, I6ec 
i-CaH, H CjHs I6dd 

' 0 All spectral data were copsbtent with assigned structures. 6Represents overall yield from 14. 'Represents method of oxidation. Method 
C: Dess-Martin periodinase, tert-butyl alcohol, CHjCl!, room temperature. Method D: (CCOjClj, DMSO, CHjCl^ -78 ®C, then TEA. 
Method E: TPAP, 4>methylmorpholine jV*oxide, 4A molecular neves, CHjCl^ room temperature. 'CHgCN used as solvent in the formation 
of 16w from 15w. 

phonochloridate 22. Si^lation of the free add of 21 prior 
to treatment with oxaiyl chloride generates TMSC1 rather 
than HC1 as a byproduct of the reaction, allowing the 
fert-butyldiphenylsilyl protecting group to remain intact 

Scheme IQ outLnes the route developed for the synthesis 
of frans-vinyl (X-Y = CH=CH(t)) and ethyl (X-Y = 

linked inhibitor? 4 and 5. Hydrostannylation of 
acetylene 17 with tributyltin hydride under free-radical 
conditions13 followed by treatment of the intermediate 
frans-vinylstannane with iodine stereospedScaBy provided 
the frans-vinyl iodides 23 in good yields. Metallation of 
23 with icrt-butyllithium generated the corresponding 
vinyl anion, which was subsequently coupled with phos-
phonochloridate 22 at -100 eC to give 24 in yields aver
aging 55%. Higher reaction temperatures led to a sub* 
stantial dirainution in product yield. Deailylation with 
buffered fluraide provided 25, wbich was saponified to give 
trans-vinyl-linked inhibitors 4, or, was subjected to cata-
lytic hydrogenation followed by saponification to give ethyl 
linked inhibitors 5. 

Synthesis of ethynyl (X-Y - C^J) linked inhibitors 3 
was, in general, more straight forward (Scheme IV). The 

Scheme Vfl 

R*. .VP ab 
.N 

R» 14 
»• 

Oxomethyteiw Unked frrfiaMor 

O O 
NaO% MOOH 

1 OR I OH o 

.R1 R1. R'. 

N >N 
R* R* 6 

R* R4 

29.R*Si(tbutyl)Pli2 
30.R-H 

•(a) 22, pyridine, 4 0C; (b) TBAF, HOAc, THF; (c) NaOH, HjO, 
dioxane, 55 eC. 

litWum anion'of 17, generated by the reaction of either 16 
or 17 with n-butyllithium, smoothty underwent coupling 
with phosphonochloridate 22 at -78 0C to give 27, usually 
in 65-80% yields. Desolation followed by saponification 
thus provided diacids 3. In the case of the ethynyHinked 
compounds, deavage of the silyl ether of 27 with fluoride 

led to partial deesterification at the nffihyl 
phosphinate ester. Reesterification with diazometharfe^s 

(13) TolstQkov, G. A.; Miftakhov, M. S.; Danilova, N. A.; Vel'der, 
Y. L. Regio- and Stereoeelective Hydrostannylation of 3-
Hydroxy-4-pbenoxy-l-butyne: Effective Approach to Inter
mediates in the Total Synthesis of vAiyloxyprostaglandins. 
Synthesis 1986,496-499. 

ion also 

'1 

g. 
r> ' 

Sawai Ex 1005 
Page 3048 of 4322



ij'. . 

m,: i 0 

iMducai tnniv 

Robl et al. 2808 Journal of Medicinal Chemistry, 1991, Vol. 34, No. 9 

In order to study the xelationship between activity, the 
linker group X-Y, and the alkyl substituent at R2, a variety 
of inhibitors were synthesized in which the R2 group (R2 

= methyl, ethyl, cydopropyl, and isopropyl) as well as the 
linker X-Y (teC, CH=CH(t), CHJCHJ, and CHaO) were 
varied. These studies show there is a strong interdepen
dence between R2 and X-Y. Where R2 is isopropyl or 
cydopropyl (e^ 3-6a^c,otp,vfy), the general order of ac
tivity with respect to X-Y is CH=CH(t) > CH^O i CfeC 
> CHjCHa. In general, compounds pcssessing the trans-
vinyl group are 2-32-fold more active than their acetylenic 
or methylene ether counterparts and &-95-fold more potent 
than their ethyl-linked counterparts. A reversal in activity 
occurs when R2 is methyl. In this case (e.g. 3aa, 5aa» and 
6aa)» the order of activity & CH2CH2 » » CHaO. 
As expected, ethyl substitution at Rz (e^. 3-6z) exhitits 
activity that is intermediate between that of isopropyl and 
methyl substitution (i.e. CH2CH2 ^ C^C for X-Y). In 
essentially all cases studied, the trans-vinyl group was 
found to be the superior .linking functionality, regardless 
of the substitution pattern at R1 and R2. The SAR of the 
phosphonic add based inhibitors 6 (X-Y is CH2O) more 
dosely parallels that of the inhibitors possessing the ace
tylenic or trans-vinyl linkers, rather than the isosteric 
ethylene linkers. These data indicate that the alkyl R2 

group must be tailored to the appropriate linker X-Y is 
order to optimize inhibitory potency. On the basis of these 
SAR, the most potent compounds possess either an iso
propyl or a cydopropyl group at R2, a trans-vinyl or coo* 
methylene linker for X-Y, a 4-fluorophenyl group at R1, 
and substitution at both R3 and R4. Indeed, most of the 
compounds that possess low to subnanomolai activity 
against HMGR (i.e. 40, 4p, 4V, 6V, and 6y) fulfill these 
criteria. / 

Since the main site of both LDL synthesis and expres
sion of LDL receptors is in the liver, inhibition of chole
sterol biosynthesis in extrahepatic tissue may lead to un> js 
desirable side effects. We therefore felt it would be ad
vantageous to develop HMGR inhibitors that would be 
selective for hepatic cells over extrahepatic cells.15 Con
sequently, the phosphorus-based inhibitors were evaluated 
for their ability to inhibit cholesterol synthesis from 
["CJacetate in both hepatic and nonhepatic cells (Table 
IV). For comparison, aevinolin (1) and pravastatin (2) 
were also evaluated. One striking difference between 
pravastatin and mevinolin is exhibited in their ability to 
inhibit cholesterol synthesis in whole cells. Pravastatin 
shows inhibition in freshly isolated rat hepatocytes com-

necessaxy in order to obtain the desired products, 28, in 
consistently good yields. 

Phosphonic acid based inhibitors 6 were generated as 
shown in Scheme V. Reaction of pyridyl alcohols 14 with 
phosphonochloridate 22 in pyridine gave 29, which were 
subsequently desdlylated and saponified to give inhibitors 
of type 6. Treatment of diesters 30 with base led to a 
mixture of both 6 and 14, resulting from competing hy
drolysis of the methyl and pyridylmethyl phosphonic es« 
ters. 
Biological Results 

Compounds 3-6 were tested for inhibition of the con
version of14C-HMG-CoA to {14C]mevalonic acid by par
tially purified HMG-CoA reductase (Table m). Activities 
axe expressed as concentration of drug producing 50% 
inhibition of the enzyme C/50 value). Ilie of the so
dium salts of mevinolin (1) and pravastatin (2) are shown 

' for comparison. Structure-activity relationships were 
studied by (0 varying the nature of the substituents ortho 
to the binding domain pharmacophore, (u) varying the 
substituents at carbons C-5 and C-6 (R* and R4) on the 
pyridine ring, (Hi) varying the nature of the "linking* group 
X-Y, and (iv) fusing the C-5 and 0*6 positions of the 
pyridine ring with cydoalkylbenzo substituents. 

Workers at -Merck Had previously shown7^ in a di-
hydroxyheptanoic acid based inhibitor series that, for 
optimal inhibitory potency, an aryl and an alkyl group 
must flank the HMGR binding domain pharmacophore. 
Early in our studies, we found that placement of the alkyl 
substituent (preferably isopropyl) at R2 and the aryl sub
stituent (preferably 4-fluorophenyl) at R1 lead to com
pounds of higher potency relative to their regioisomers 
(compare 8a and 4a with 3bb and 4bb). Subsequent 
studies were carried out utilizing this substitution pattern. 
It is apparent that the enzyme is able to accommodate a 
wide variety of substituents at C-6 (R4) of the pyridine 
nucleus. Very large groups such as naphthyl (3d), 2-
benzylphenyl (3c), and adamantyl (3m) are well tolerated. 
In general, the presence of sterically demanding groups 
such as diphenylmethyl (3j) and tert-butyl (3k) is preferred 
over smaller substituents such as methyl and isopropyl. 
A notable exception is seen in the case where R4 is cydo
propyl (3i). This compound was found to be 20-fold more 
active them its isopropyl counterpart (3h). 

Substitution at C-5 (R3) of the pyridine nudeus with an 
alkyl or aryl group dramatically increases intrinsic potency 
(compare compounds 3o-r with 3a). The effect is greatest 
with methyl and decreases with increasing steric bulk (i.e. 
for R3, methyl > ethyl > isopropyl > phenyl) with R4 as 
phenyl It is believed that this effect is due to a favorable 
skewing of the R4 phenyl group out of the plane of the 
pyridine ring. In order to test this hypothesis, a series of 
coBformationally restricted cydoaikylbenzo-fused pyridines 
were evaluated (compounds 3t-v). Cydopentyl- and ey-
dohexylbenzo-fused pyridines 3t and 3a were essentially 
equipotent to their nonfused counterpart 3a, whereas cy-
doheptylbenzo-fused pyridine 3v was 4-5-fold more active. 
The propylene bridge in 3v necessarily holds the fused 
phenyl group out of the plane with the pyridine ring.14 

The convene is true with methylene or ethylene bridging 
units. As proposed above, deviation of planarity of the R4 

phenyl substituent leads to optimal inhibitory potency. 

(15) For papers concerning cell and tissue selectivity of HMGR 
inhibitors, see: (a) Tsujita, Y.; Kuroda, M.; Sfaiaada, Y4 
Tanzawa, K.; Arai, M.; Kaneko, I.; Tanaka, M.; Masuda, H.; 
Tarumij C.; Watanabe, Y.; Fiji, S. CS-514, A Competitive In* 
hibitor of 3-Hydioxy-S-methylglutaiyl Coenzyme A Reductase: 
Tissue Selective Inhibition of Sterol Synthesis and Hypolipi-
demic Effect on Various AsuDft] Species. J$toehim. Biophys-
Acta 1986,877,50-60. (b) Hefticnce 7e. @Geimersfaau»en 
J. L; Hunt, V. M.; Bostedor, R. G.; Bailey, P. J.; Karkas, J. D.l 
Alberts, A W. Tissue Selectivity of the Cholesterol-Loweria? 
Agents Lovastatia, SimvastatiQ, and Pravastatin in Rats in 
Vim Bioehem. Biophys. Res. Commun. 1989, 667"67S. 
@ Roth, B. D.; BOMA, T. M. A; Blankley, C. Chucholow-
sld, A W.; Creger, P. L4 Creswell, M. W.; Ferguson, E.; New
ton, R. S.; O'Brien, P.; Picard, J. A; Roark, W. H; Sekerke, 
C. S.; Sliskovic, D. R.; Wilson, M. W. Relationship between 
Tissue Selectivity and Lipophilidty for Inhibitora of HMG-
CoAReductase. J.Med. Chem. 1991.34,463-466. (e) Shaw, 
M. K.; Newton, R. S.; SHskovic, D.R; Roth, B. IX; Ferguson, 
£.; Krause, B. R. HEP-GS Cells and Primary Rat Hepatocytes 
D^fer In Their Response To Inhibitors Of HMG-CoARfiduc-
tase. Bioehem. Biophys. KM. Commun. 1990,170,395. 

(14) For a stuc^y on tbe conformational analysis of bridged bi-
phenyls and ̂ -bipyridines, see: Jaime, C.; Font, J. Confor
mational Analysis of Bridged Biphenyls and 2^'-Bipyridines 
Empiri&lPorce Field Calculations (MM2-V4). J. Org. Chem. 
1990,55,2637-2644. 34. 
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Tabid III. lohlbition of HM6-CQA Reductase in Vitxo for CompoundB 
Wo. dc* % yield" 

X-Y M (e, MeOH) (method)6 oM fonnula' B* R4 IP R* no. 
4.0 \* 
,2A$ 2 

CmC Li 590) 
CH-=CH(t> LI 4^(056) 36 (P) 
CHiCHj L! -13 (0.45) IP 
CHjO Na -2.4 (0.47) 34(3) 
OsC Li +4.0 (0.59) 15(H) 

Na +3.4(0^3) 55 (H) 616 
Na +45(030) 33 00 28.7 
Na +2.7 (0.48) 26(H) 

OeC Na +7.6(095) 33(H) 1^6 
Na +4.7 (a62) 22 (H) 
Na +5.6 <0.78) 16(H) 
N. +5.1(074) 28(H) 

C-C Na +45(038) 17© 
OBC Na +6  ̂(0.77) 33(H) 
CH-CH(t) Na 495(060) 16(F) 
CHgCHj Na +09 (068) 28(G) 
CHjO Na -L6 (0.43) 32 (J) 
OeC Na +4.4(04© 340© 
OC Na +5  ̂(072) 15(H) 
CSEC Li +65 (072) 13 (H) CrHĵ O^Lij-l̂ HjO 84« 

62.0 3a 4>FC(H4 
4a 4-FC«H4 
5a +FG(H« 
6a 
3b 4-FCGH< 
3c 4-FC«H< 
3d 4-FC#H, 
3e 4-FCA 
3f 4-FCA 
3s 4>FC(H« 
3b 4.FCAH< 
3i 4-TCJU 
3j 4-FCA 
3k 4-FCIH4 

4k 4-FC«H4 
5k 4-FC#H4 
6k 4-FC«H4 

31 4.FCA 
3B 
3B 4-FC8H, 

ttyz, & 
«J»HT H 
i-CsHr H 
tftH, H 
i-CJJ, H 
i-C»H7 H 

H 
i-C»H7 H 
i-CJl7 H 
i-CjH, H 
i-CjH7 H 
i-CsHj H 
i-CsH, H 
{•GtHr H 
i-CjH, H 
J-CJHT H 
i-ĉ l7 H 

H 
K^Ht H 
i-CjHj H 

CA L9 CA 181 CgHs 12.7 CA 32£ 2-MeC^H4 
2-(C6HSCH3)C6HI CaC 
l-na îhyl C ŝC 
2A4I5-FAHI C®C 
2*tfaienyl 

83 

231 OsC CH3 809 C=EC i*CsHi 4J OeC c-CjHs 
143 ((̂ CH 

t-CA 
t-CA 

c-CgHu 
l-adamant̂  

^£jQ 
& 6.1 

12 
m 
1.4 

L5:' f ASA 
43^ 

6o 
4.5 CMC Li +9.4 (0.36) 46(H) 

CH-=CH(t) Na +10.0 (0.50) 47(F) 
CHJCHJ Na +08 (0.49) 65 (G) 
CHjO Na -2J) (O50) 34 (J) 
OBC Na +1L1 (045) 53(H) 
CH-«CH(t) Na +109 (052) 36 (F) 
CHJCHJ Na +1.0 (048) 68 (G) 
CH20 Na -01 (082) 33 (J) 
OoC Na +11.0 (0^9) 40(H) 
OBC Na +12.1(0.52) 49(H) 
CaeC Na +5.8 (0.48) 40 (H) 
CatC Li +14.1(0.46) 18(H) 

j-CjH? CHj CgHs 
CHa C^Hs 

^CjH, CHj C^Hs 
CH, CjHs 

j-CjH? CHjCHj CjHj 
»-C,H7 CHJCHJ C,HS 
i'CiKj CHJCHJ CfHs 

CHjCHj CeHj 
i-C^H, ; 
i-CjH? ' 
i-CjH, F 
i - C , H 7  n - l  

3o 4-FC»H* 
4o 4-FC«H4 
So 4'FC^< 
6o 4-FCflH4 
dp 4.FC#H< 
4p 4-FC(jH< 
5p 4-FCjHy 
6p 4>FCeH4 
34 4-FC(H< 

4-FCflH4 
4-FC8H4 

4-FCeH4 

L2 
95 
5.1 
5  ̂

^ 055 
19.1 

ik-SL 2£ 

CjiHsjFNOjPLiyl̂ lHjO 75.6 

Sf CeH8 
CflH8 3r 
CflHj 38 

3t 

"6 
CsaHsFNOsPN&fS^SHjO 52.5 
CsH^TTNOaPNarOSO^O 14.4 
CsH^OsPNao-lSOHiO 1.3 
C3»H91FNOePNa3-2.04H3O 18.6 
CaHaFNOePNaz^OHjO 1.2 
CrHaFNOgPLirLOlHaO 68.4 
CaiH3.FN06PNa9-2.0H90 90  ̂
CsJHoFN06PNar2^0H20 29 
CjtHaFNO^Naj-l̂ SHjO 4.6 
C57HaFN06PN«1.1^3H20 2  ̂
CnHpFVOjPNvl̂ SHjO 92 
C3gHaFNOePNaJ.1.75HjO L3 
qHÎ FN0 >̂N«r2.0B2O 109  ̂
C^HtfFNO«PNarL75HsO 4.7 
CaHĵ FNOsPNaj-LZSHjO 79.8 
CsHjsFNQePNaj-S.iaH,© 19.4 
QsHjiFNOePN^TSHzO 1300 
CaHoFNOaPNas-Z-OoHjO 235 
CuHaFNOsTOarl-MH^O 1300 
CaHaFNOsPLIs.HiO 
CaHjsFNOePUriSSHsO 45.3 
CyjHjjFNOiPLij- L1 IHjO 22.0 
C7THjSFNO6PNar3.0HsO 156 
CnH^FNOfiPNafS^HjO 3  ̂
CaKaFNOaPNaa-l̂ SHaO 115 

CvC Na +114 (0.40) 18(H) 
CmC Na.+112(0.60) 66(H) 
CH-CH(t) Na +124(0.45) 21(F) 
CHJCHJ Na +14(0.38) 80(G) 
CHjO Na -03(0.34) 28 (J) 
OoC Li +13.1 (042) 17 (H) 
CMC Na +&6(08l) 59(H) 
CHjO Na -L2 (050) 35 (J) 
C»C Na +8 (̂0.62) 57(H) 
CH-CH(t) Na +6.7(0^0) 30(F) 
CHsCHj Na -03(032) 76(G) 
CHjO Na -14(0.41) 32 (J) 
OaC Na +8.1 (035) 21 (H) 
CH«CH(t) Na +1L8(0.48) 13(F) 
CHjCHj Na 0(033) .46(G) 
CHjO Na -0.7 (0.45) 22(3) 
C=C Na +7  ̂(04) 19(H) 
CHJCHJ Na 0 (044y 44* 
CHjO Na -0.7 (0.68) 29 (J) 
CsC Li +7£ (0.85) 41 a) 
CH«CH(t) Li +1^ (0.45) 12(F) 
C=C Li +9.5(0.78) 53(H) 
CsC • Na +8.8 (0^8) 33 (I) 
CH-CH(t) Na +L6 (0.41) 12(F) 
CH2CHJ Na -L9 (0.43) 63(G) 

i-C,H, 3u 4-FC8H4 
3v 4-FCeH  ̂
4v 4-FCsH4 
5v 4-FCeH4 
6v 4-FCaH4 
3w 4-FC«H( 
3s 4-FC11H4 
6z 4-FC«H< 
3y 4-FC6H4 
4y 4-FCeHi 
By 4-FCaH, 
6y 4-FCiH4 
3z 4-FCfH4 
42 4-FCgH4 
5z ^-FCgHt 

•6z 4-FCgH< 
3aa 4-FCV{4 
5aa 4-FCeH, 
6aa 4-FC4H4 
3bb t-C^H, 
4bb i-CjH; 

n « 2 
n • 3 
n • 3 
ft « 3 
n - 3  

I'-CJH, 
i-CjH, 
i-CjH, 
i-CaH, 
t-CfH, H 
C-C5H5 H 
c-CjHj H 
c-CjHs CH) 
c-CaHs CH, 
C-CJHJ CH, 

GiH< 
C«H, 
CjHi 
C«H« 
CsHs 
CsHj 

e-CjHs CH, CfHj 
CJHJ CH, CgHj 
CJHJ CH, CflHs 
CJHJ CH, 
CJHJ CH, 
CH, CH, 
CH, CH, 

CgH, 
C8H5 
CeH, 
C«H8 

CH, CH, CfHj 
420 4>FCeHt H 

4-FCgH4 H 
Sec 4-F-3-M«CeH3 
3dd 4-F-2»MeC«H, i-CjH, 
4dd 4-F-2-MeCeH3 i-CjH, 
6dd 4-F-2-M«CJHa Î HT 

C«H4 
CeHj 

H C«H8 
H CgH, 
H .CjH, 
H CeH, 

'Represents ovnall yield from vioyl dibromide 16 or acetytene 17. ^Method F (Scheme ni,«tepaa-c,e). Method G (Scheme HI, steps d, e from 
25). Method H (Scheme IV, etepe a-c bom 16). Method I (Scheme XV, steps arc from 17). Method J (Scheme V. steps a-c). 'Analyzed for C, H, N, 
F.andP. Restdts were within ±04% of theory unless otherwise noted. * Compounds were assayed against rat xnicroeoma] reductase ti/u'ag 100 MM 
R^-HMG-CoA and 2.7 mM NADPH. See the Erperimental Section for a descriptian of this assay. Reductase enzyme values and 95% confidence 
jfrtfrri* "wy frnTn tK* —gawmta r*"T"* T«h«h»tf<ni r^pKwrfmi* from g-5 gperimanta. He average 95% 
confidence interval for 7W values reported was ±18.4% with a range of 8-40%. 'Dihydroxy add form, sodium salt. 'An&L Calcd: H, 5.36. Found: 
H, 5.82. * Obtained via faydrogenation of 27 rather than 25. A Not analyzed for phosphorus. 'AnaJ. CaJed: H, 4,18. Found: H, 3.68. •-3^° 
(MeOH, c « 0.44). 

parable to mevinolin but is a much weaker inhibitor in 
human fikin fibroblasts (31-fold). In fact, mevisolin is 
7.7-fold more potent in fibroblasts than in hepatocytes. In 
contrast, our phosphorus-containing inhibitors exhibit a 

4-140-fold selectivity for inhibition in hepatocytes versus 
fibroblasts, with So being the most selective. This selec
tivity is directly related to the presence of the pho&hmic 
add functionality. The corrssponding dihydroxyhe^Sfeic 
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Table XV. Inhibition of Cholesterol Synthesis from ("CJAcetate in Hepatocytes and Fibroblasts and Inhibition of Cholesterol 
Biosynthesis from ("CIAcetate in Rats on lotravenotis Qv) and Oral (po) Administiarion8 

in vivo testing i\4 9 (EDsvic^k) fibroblasts* 
CTgo.nM) 

reductase 
(/JO, nM) 

hepatocytes 
(/go, nM) »v Po feo selectivity' no. 

I-. 0.13 0.033 0.40* 4.0 .146 18.8 
0.053 0.75 24.0 100 3080 31 2 

33 3a 59 197 9300 47 0.47 
21.4 2000 26 022 4a 1.9 77 

3o 4.5 140 0.13 3.1 81 11300 
3k 3£ 6.1 5S6 2400 4  ̂ 0.7 

0.1 0.46 4o 1̂  260 2000 . 7.7 
Niy 4.5 3  ̂3p $19 6750 13 
03* >10 055 4p 241 4700 19.5 

"The average 95% confidence intervals for the reported reductase, hepatocyte, and fibroblast values were ±18.4,403, and 56.9%, 
respectively. Tie swage 95% confidence intervals for the iv and po EDJQ values were 33.8 and 37.6%, respectively. All compounds were 
tested in 2-5 experiments. 6Human skin fibroblasts. 'Selectivity is measured as a ratio of fibroblasts/Iso hepatocytes. 'Tested as the 
dihydroxy add form, sodium salt 'Tested po as the corresponding S-lactone form. 'Not determined. 

. add16 of 4& (where the P(0)0H group in 4ft Is replaced 
by (S)-OH) is 69-fold more potent in fibroblast (/» s 2*6 
nM) than in hepatocytes (J50 = 180 nM). These and other 
examples1 indicate that hepatocyte selectivity is a general 
phenomenon in the phosphinic and phosphonic add class 
of reductase inhibitors. 

Also listed in Table IV are data obtained for the in
hibition of cholesterol biosynthesis from [14C]acetate in 
rats for a selected number of inhibitors. In general, these 
phosphinic acids are not as effective as the mevinic adds 
1 and 2 upon intravenous (iv) or oral (po) administration. 
An exception is compound 4o, which shows in vivo activity 
comparable to that of both 1 and 2. Hie oral activity of 
these phosphorus-containing HMGR inhibitors shows no 
direct correlation with either in vivo reductase inhibitory 
potency or with in vivo activity after intravenous admin
istration. However, there does appear to be a correlation 
between iv in vivo activity and activity in isolated rat 
hepatocytes. For example, despite the fact that 3o and 
3k are neatly equipotent against HMGR, 3k is a 7-fold 
weaker inhibitor of cholesterol biosynthesis in hepatocytes. 
This is mirrored in a 5-fold loss in potency relative to So 
upon iv administration. However, 3o is still 4-fold less 
active than mevinolin (1) on iv administration despite 

// equivalent intrinsic potency against reductase. This sug
gests that the poor in vivo activity of these compounds may 
be due in part to poor bioavailability to the liver, the target 
organ. Differences in oral activity (e.g., compare 3o and 
4o) are probably due to poor oral absorption. The reasons 
for the lack of correlation between the in vitro and in vivo 
potendes of these compounds are currently under inves
tigation. 
Conclusion 

A potent series of phosphorus-containing reductase in
hibitors has been synthesized based on the utilization of 
highly substituted pyridine nudei as hydrophobic anchor 
groups. By proper selection of both the pyridine anchor 
group and linker X-Y, compounds with enzyme inhibitory 
activities comparable to or greater than mevinolin (Na salt) 
have been attained. As determined with rat hepatocytes 
and human skin fibroblasts, these compounds also show 
a degree of hepatocyte selectivity not generally exhibited 
in the dihydroxyheptanoic add class of inhibitors. In these 
studies, compound 4o exhibited acute in vivo activity in 
rats comparable to the clinically proven agents 1 and 2. 
Inhibitor 4o has been studied for cholesterol-lowering 

activity in other animal spedes such as rabbits, dogs, and 
monkeys. The results of these studies will be presented 
separately. In addition, an extension of this work to other 
aromatic and heteroaroznatic hydrophobic anchor systems 
will also be the subject of future disdosures. 
Experimental Section 

All reactions were earned out under a static atmosphere of argon 
and stirred magnetically unless otherwise noted. All reagents used 
were of commerda] quality and were obtained from Aldrich 
Chemical Co. Dry THF and EtjO were obtained by distillation 
from the sodium ketyl of benzophenone under nitrogen. Dry 
CHJCSJ was obtained by distillation from CaH^ under nitrogen. 
Pyridine and dioxane were obtained from American Bur dick and 
Jackson and were stored over 4A molecular sieves. Boiling points 
are uncorrected. Melting points were obtained on a Hoover 
XJni»mtJt melting point apparatus and are uncorrected. Infrared 
spectra were recorded on a Mattson Sinus 100-FTIR spectro
photometer. 'H NMR spectra were recorded on a JEOL JNM-
GX270spectrometer using Me^Si as an internal standard. Optical 
rotations were measured m a 1-dm cell on a Perkin-Elmer 241 
polarimeter and c is expressed in g/100 mL. All flash chroma
tographic separations were performed using E. Merck silica gel 
(60, partide size, 0.040-0.063 mm). MCI Gel CHP-20P is a highly 
porous polystyrene-divinytoenzeae copolymer resin (75-150 jiM) 
supplied by Mitsubishi Chemical Industries Ltd. Reactions were 
monitored by TLC using 0.25 mm E. Merck silica gel plates (60 
Fja) and were visualized with UV light, 5% phosphoznoiybdic 
acid in 95% EtOH, or p-anisaldehyde in EtOH/H^SO^/HOAc. 

Genera] Procedure for the Synthesis of 1,5-Diketones 11. 
Method A. 2<[(4*Fluorophenyl)xnethylene]«4-methyl-3-oxo* 
pentaaoic Add, Ethyl Ester (12, R1 = 4-FCgH4, ^ i-Cs&i). 
A mixture of 4-fluorobenzaIdehyde (3.00 g, 24 mmol)> ethyl iso-
butyrylacetate (3.82 g, 24 nunol), piperidine (240 uL), asd HOAc 
(42 pL) was rail used in benzene (15 mL) with removal of water 
(Dean-Stark trap) for 22 h. The coded mixture was diluted with 
EtsO, washed successively with 2% HC1, saturated NaHCOj, H2O, 
and brine, dried (NajSO*), filtered, and stripped to yield an oil. 
Distillation of the oil (bp 110-113 0C (0.25 xzunHg)) afforded 12 
(Rl = 4-FCeH{, R4 »i-CgH?, 5.32 g, 83%) as a pale yellow liquid. 
The compound was obtained as a 1:1 mixture of £ and Z isomers 
(a and h): TLC R, 0.35 (20% EtOAc is hexanes); NMR 
(CDCI3) 51.07 (d, J-7.2Hz, 6 HJ, 1.18 (d, J• 7.2 Hz, 6 Hb), 
1.25-1.35 (m, 6 Hub), 2.70 (m, 1 H.), 3.14 (a, 1 Hb), 4.25-4.37 
(m, 4 Ho,,), 7.01-7.09 (m, 4IW, 7.34-7.49 (m, 4 7.53 (s, 
1 Hb), 7.72 (s, 1HJ; IR (neat) 1722,1699,1605,1510,1239 cm"1. 
Anal (CJSH^FOJ) C, H, F. In the same manner, ethyl 3-cydo* 
propyl-3-oxopropionate1' (R5 = c-C^Hs)> methyl propiooylacetate 
(R2 = CHjCHj), and ethyl acetoacetate (R* == CHs) were reacted 
with 4-fluorDbenzaldehyde to give the corresponding Knoevensgel 
condensation products 12 in 8270, 70%, and 687o yields, re* 
spectively. 

(16) The corresponding dihydroxyheptanoic add (Li salt) of 4a was 
prepared in racemic form from 15a utilizing methods similar 
to that described in ref 7c. 

(17) Jackman, M.; Bergman, A. J.; Archer, S. The Preparation of 
Some 6-Substituted-2>thiour&dls. <7. Am. Cfiem. SocJiiff, 70, 
497-500. 
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of ester 13o (4.571 gr 12.11 mmol) in dry THF (20 mL). Ten 
minutes after the addition, the cooling bath was removed and the 
mixture was stirred at room temperature for 4 h. Additional 
LiAIHt (500 mg) was added, and stirring was continued for 2 more 
h. The solution was recooled to 0 0C and quenched in succession 
with H20 (2 mL), 10% NaOH <2.5 mL), and H20 (6 mL). The 
solution was filtered, and the sahs were washed with EtOAc The 
filtrate was washed with H2O and brine and then dried (NaaSOJ. 
filtration and removal of the solvent afforded a solid The solid 
was recrystallized from BtOAc/hezane to provide compound 14o 
(3.729 g, 92%) as white crystals: mp 182-184 0C; TLC R, 0.20 
(20% EtOAc in hexanes); lH NMR (CDCIa) 3 L29 (t, J = 5.3 Hz, 
1H, OH), 1.36 (d, J » 7.0 Hz, 6 H), 1.96 (s, 3 H), i50 (m, 1H), 
4.44 (d, J = 5.3 Hz, 2 H), 7.12-7.26 (m, 4 H), 7.33-7.47 (m, 3 H),' 
7.54-7.60 (m, 2 H); ©.(KBr) 3420, 1509, 1218 cm"1. Anal. 
(CaHaFNO) C, H, K,T. 

General Procedure for the Synthesis of Pyridyl Vinyl 
Dibromides 16 (Table 11). Oxidation with Dess-Martin 
Periodinane.u 4-(4-Fluorophenyl)-2-(l-niethylethyl)-6-
plienyl-3-pyridinecarboraIdehyde (25a). A slurry of Dess-
Martin period inane (8.60 g, 20.3 mmol) m CHjClj (100 mL) was 
treated with tert-butyl alcohol (LS mL, 1.49 g, 20.2 mmol), and 
the mixture was stirred at zoom temperature for 15 min. A 
solution of alcohol 14a (5.011 g, 15.6 mxnol) in CHjClj (85 mL) 
was then added over a 5-min period. After 30 min, the mixture 
was diluted with Et^O and 1N NaOH and stirred rapidly for 10 
min. The organic layer was separated and washed in succession 
with 1N NaOH, H20, and brine, dried (NagSO*), filtered, and 
stripped. The solid residue was flash chromatographed (10% 
EtOAc in hexanes as eluant) to give aldehyde 15a (4.314 g, 87%) 
as a white solid: mp 105-107 DC (hexaite); TLC Rt (0.50 (20% 
EtOAc in hexanes); ̂  NMR (CDClj) 61.41 (d, J = 6.6 Hz, 6 H), 
3.98 (m, 1H), 7.16 (m, 2 H), 7.33-7.53 (m, 5 H), 7.57 (s, 1H), 8.17 
(m, 2 H), 10.07 (s, 1 H); IR (KBr) 1688,1573, 1508,1233 cm"1. 
Anal. (C^HxsFNO) C, H, F, N. 

Oxidation with TPAP/NMO.19 6-(Cyclopropyl)«4-(4-
fluorophenyl)-5-methyl-2-(l-methylethyl)-3*pyridine-
carboxaldehyde (ISy). A solution of 4-methylaorpholine N-
oxide (4.002 g, 34.2 mmol) in CHjClj (130 mL) was dried over 
MgS04 for 15 min. The solution was filtered directly into a 
500-mL flask, using approximately 30 mL of CHjClj to effect the 
transfer. The flask was then charged with dry 4AinoIecular sieves 
(16 g), alcohol 14y (5.686 g, 17.05 mmol), and tetrapropyl-
ammonium pemithenate (TPAP, 301 mg, 0.86 mmol). After being 
stirred at room temperature for 30 min, the black solution was 
diluted with EtjO (200 mL), stirred for 5 min, and then filtered 
through a plug of silica gel (65 X 30 mm), washing with EtjO. The 
filtrate was stripped to give a pale yellow solid. The solid was 
recrystallized from EtOAc/hexaae to give aldehyde 15y (3.9S2 
•g) as white crystals. Flash chromatography of the mother liquor 
(20% EtOAc in hexane as eluant) gave additional product, which 
was recrystallized from hexane (499 mg). Total pooled solids, 4481 
g (79%): mp 137-139 0C; TLC J?/ 0.50 (20% EtOAc in hexane); 
lH NMR (CDCI3,270 MHz) 51.00 (m, 2 H), 1.24 (m, 2 H), 2.00 
(s, 3 H), 3.16 (m, 1 H), 7.14-7.26 (m, 4 H), 7.39-7.58 (m, 5 H), 
9.88 {s, 1 H); IR (KBr) 1686, 1545, 1508, 1223 cm'1. Anal. 
(CaHuFNO) C, H, F, N. ' 

Oxidation with Oxalyl Chloride/DMSO.20 4-(4-Fluoro-
phenyl)-6,7-dihydro-2-(l-niethylethyl)benzo[6,73cyclo-
liepta[l^-i]pyridijae-3'carboxaldehyde (25v). A-78 "C so
lution of oxalyl chloride (630 jiL, 917 mg, 7.2 mmol) in CHjClj 
(40 mL) was treated dropwise with a solution of dry DMSO (1.10 
mL, 1.21 g, 15.5 mmol) in CHjC^ (1 mL). After 10 min, a solution 

phosphorus-Containing Inhibitors of HMG-CoA Reductase 

y?-(4-Fluorophenyl)-a-(2-methyl-l-oxopropyl)-5-oro-
benzenepentanoic Acid, Ethyl Ester (llo). A -78 6C solution 
of LiN(TMS)2 (1.0 M in THF, 14.1 mL, 14.1 mmol) in dry THF 
(15 mL) was treated with a solution of propiophenone (1.900 g, 
14.2 mmol) in THF (1.5 mL) over a 5-min period. After 1 h, a 
solution of compound 12 (K1 = 4-FC6H4, R2 = i-CjHj, 3.717 g, 
14.1 mmol) in THF (3 mL) was added dropwise to the above 
solution. After 1.5 h, the mixture was quenched with saturated 
NH4CI and warmed to room temperature. Hie mixture was 
diluted with HjO and subsequently extracted twice with EtjO. 
The combined Et^O extracts were washed with brine, dried 
(NajSOJ, filtered, and stripped to give an oil. Flash chroma
tography (15% EtOAc in hexane as eluant) afforded Michael 
adduct llo (4.755 g, 85%) as a complex mixture of three dia-
stereomers. The mixtw4 was used directly in the next reaction: 
TLCR/0SH131 (20% EtOAc in hexanes); IR (CHCJj) 2974.1740, 
1713,1682,1510,1224 cm'1. In most cases, an excess of ketone 
R^COCHjR3 (1.2 equiv) and LiN(TMS)2 (1.2 equiv) relative to 
12 were used for the formation of compound 11. The crude 
adducts were used directly in the next reaction prior to removal 
of the volatiles by vacuum distillation (0.2 mmHg at 80 0C). 

Method 6. 3-(4-Fluoro-3-methylphenyl)-l-phenyl-2-
propen-l-one (9, Rl = 4.P, S-MeCeH* R4 = CgHj). A mixture 
of 4-fluoro-3-inethylbenzaldehyde 8 (16.000 g, 115.8 mmol) and 
acetophenone (13.920 g, 115.8 mmol) in absolute EtOH (120 mL) 
was treated with a solution of EtONa in EtOH (21 % wt solution, 
4.3 mL, 11.6 mmol). A precipitate soon fell out of solution. After 
stirring at room temperature for 16 h, the mixture was cooled to 
-10 eC and the precipitate was collected by filtration. The solid 
was washed with cold EtOH and dried in vacuo to yield enone 
9 (R1 * 4-F, S-MeCsHs, R'» CgHj, 2&560 g, 85%) as a pale yellow 
solid: mp 100-1010C; TLC B, 0.42 (20% EtOAc in hexane); lH 
NMR (CDCy 3 2.32 (s, 3 H), 7.04 (t, J « &8 Hz, 1H), 7.40-7.62 
(m, 6 H), 7.75 (d, J «15^ Hz, 1H), 7.97-&06 (m, 2 H); IR (KBr) 
1659,1600, 1587,1501, 1247 cm*1. Anal. (C^aFO) C, H, F. 

/?-(4-Fluoro-3-methylphenyl)-a>(2-methyl-l-oxopropyl)-$-
oxo-5-phenylpentanoic Acid, Ethyl Ester (llcc). A slurry of 
enone 9 (R1 = 4.F, S-MeC^Hg, R* = C«Hs, 23.165 g, 96.5 mmol) 
and ethyl isobutyrylacetate (22.88 g, 144.6 mmol) in absolute 
EtOH (400 mL) was treated with a solution of EtONa in EtOH 
(21% wt solution, 5.4 mL, 14.5 mmol). After being stirred at room 
temperature for 4.5 h, the solution was concentrated to 200 mL 
and partitioned between 50% saturated NK4CI and EtOAc. The 
layers were separated, and the EtOAc layer was washed with HjO 
(2x) and brine (2X), dried (NajSO^), filtered, and stripped to yield 
anofl. The oil was taken up in warm hexane and cooled to produce 
a solid. The solid was boQed in hexanes and cooled to give Michael 
adduct llcc (30.815 g, 80%), a 1:1 mixture of diastereomers, as 
a white amorphous solid: TLC Rf 0.34 and 0.30 (20% EtOAc in 
hexanes); % NMR (CDCI3, 270 MHz, integration values are 
relative) & 0.70 (d, J = 6.6 Hz, 3 H), OS4-1.05 (m, 6 H), 1.07-1.13 
(m, 6 H), 1.24 (t, J = 7.2 Hz, 3 H), 2.18 (s, 6 H), 2.39 (m, 1 H), 
2.76 (m, 1 H), 3.20-3.52 (m, 4 H), 3.93 (q, J = 7.2 Hz, 2 H), 
4.06-4.23 (m, 6 H), 6.83 (pseudo t, 2 H), 7.01 (m, 4 H), 7.38-7.57 
(m, 6 H), 7.87 (m, 4 H); IR (KBr) 1738,1711,1683,1503,1245 
cm"3. Anal. (C^FO,) C, H, F. 

General Procedure for the Synthesis of Pyridyl Alcohols 
14 (Table I). 4-(4-Fluorophenyl)-5-methyl-2-(l-methyl-
ethyl)-6-phenyl-3-pyridinecarboxylic Add, Ethyl Ester (13o). 
A mixture of llo (4.730 g, 11.87 mmol), NH«OAc (2.745 g, 35.6 
mmol), and Cu(OAc)2 (5.935 g, 29.7 mmol) in glacial HOAc (30 
mL) was gently refluxed for 24 h. The solution was cooled to room 
temperature and subsequently poured into an ice-cold mixture 
of concentrated NH4OH (50 mL) in HjO (100 mL). The mixture 
was extracted twice with EtjO, and the pooled Et^O extracts were 
washed with H2O and brine, dried (Na^SOJ, filtered, and stripped 
to yield an oil The oil was flash chromatographed (20% EtOAc 
in hexanes as eluant) to give pyridyl ester 13o as an oil (3.916 g, 
87%), which slowly solidified on standing: mp 84-88 cC; TLC 
R/ 0.47 (20% EtOAc in hexanes); *H NMR (CDCI3) 51.00 (t, J 
= 7.0 Hz, 3 H), 1.33 (d, J = 6.5 Hz, 6 H), 2.04 (s, 3 H), 3.12 (m, 
1H),4.01 (q, J* 7.0 Hz, 2 H), 7.05-7.59 (m, 9 H); IR (KBr) 1718, 
1510,1270 cm"1. Anal. (C^HMFNOJ) C, H, F, N. 

4-(4-Fluorophenyl)-5-methyl-2-(l-methylethyl)-6-
phenyl-3-pyridinemethanol (14o). An ice-cold slurry of LiAJH^ 
(1.49 g, 39.3 mmol) in dry THF (50 mL) was treated with a solution 

(18) Dess, D. B.; Martin, J. C. Readily Accessible 12-1-5' Oxidant 
for the Conversion of Primary and Secondary Alcohols to Al
dehydes and Ketones. J. Org. Chem. 1983, 48, 4155-4156. ' 

(19) Griffith, W. P.; Ley, S. V.; Whitcombe, G. P.; White, A. D. 
Preparation and Use of Tetra-n-butylammonium Perruthenate 
(TBAP reagent) and Tetra-n-propylammonium Perruthenate 
(TPAP reagent) as New Catalytic Oxidants for Alcohols. J. 
Chem. So:., Chem. Commun. 1987,1625-1627. 

(20) Mancuso, A. J.; Huang, S.-L.; Swern, D. Oxidation of Long-
Chain and Related Alcobols to Carbonyls by Dimethyl Sulf
oxide "Activated" by Oxalyl Chloride. J. Org. Chem. 1978,43, 
2480-2482. 558 
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of alcohol 14v (2.000 f, 5.5 mmol) in THF (5 xnL) was added 
dropwise to the above mixture. Fifteen minutes after the addition, 
TEA <4.6 znL) was added and the mixture was stizred at -78 0C 
for 5 mm and then -warmed to room temperature. The mixture 
was diluted with E^O and washed twice with HgO and once with 
brine. The organic layer was dried (Na^SOJ, filtered, and stripped 
to give a yellow oil, which produced a solid upon cooling to -78 
eC in hexane. The mixture was crystallized from hexane to give 
aldehyde I5v (1.775 gt 89%) as white needles: mp 132-134 9C; . 
TLC R, 0.54 (20% EtOAc m haxanes); ̂  NMR (CDCI3,270 MHz) 
a 1.37 (d, J = 7.0 Hz, 6 H), 2.06 <m, 2 H), 2.18 (m, 2 H), 2.62 (m, 
2H),3J6 (m, 1H), 7.11-7.48 (m, 7 H)t 7^9 (d, J = 8.0 Hz, 1H), 
9.90 (s, 1 H); IR (KBr) 1693, 1546, 1507, 1223 cm"1. Anal 
(C^HaFNO) H, F, N; C: calM 80^0, found 79^8. 

3-(2^-Dibromoethenyl)>4*(4-flaorophen3rl)-6l7 îhydrO' 
2-(l-metliyletliyl)benzo[6,7]Q'clohei>ta{l^Z-2>]pyxidine (16v). 
A solution of carbia tetrabromide (2^36 g, 7.0 mmol) in CHjClg 
(6 mL) was added over a 7-min period to a cold (0 0C) solution 
of aldehyde 15v (L688 g, 47 mmol) and iriphenylphosphme (3.©8 
g,14.1iDmol)mCH2Cl2(20mL). After the addition was complete, 
the cooling l»th was removed and the mixture was stnred at room 
temperature for 25 min. The solution was quenched with satu
rated NaHCOj and extracted twice with CHjC^. The organic 
layers were dried (NagSO*), filtered, and concentrated. The 
concentrate was flash chromatographed (40% CHjClj in hexane 
as eluaat) to give vinyl dibramide 16v as a solid. Hecrj^tallization 
of the material from EtOAc/hexane provided pure 16v (2257 g, 
93%) as a white solid: mp 178-175 0C; TLC R/ 0.44 (10% EtOAc 
in hexases); lH NMR (CTjClj, 270 MHz) 61.33 (broad, 6 H), 2.06 
(m, 2 H), 2.18 (m, 2 H), 2.61 (m, 2 H), 3.19 (m, 1H), 7.03-7.43 
(m, 8 H), 7.84 (d, J - 8.4 Hz, 1H); IE (KBr) 2950,2920,1603, 
1508,1222 cm'1. Anal (C»H»BrjFN) C, H, Br, F, N. 

(5)*4»Iodo-3»[[(l,l«diinethylethyl)diphenylsilyl]oxy]bu> 
tasoie Acid, Methyl Ester (19). A solution of bromohydrin 18 
(4.00 g, 20.4 mmol), imidazole (6£4 g, 102 mmol), andDMAP (12 
mg) in dry DMF (40 mL) was treated with tert-butylchlorodi-
phenylsilwe (5.84 mL, 6.17 g, 22^ mmol), and the homogeneous 
mixture was stirred at room temperature overnight The mixture 
was partitioned between 5% KHSO4 and EtOAc, and the organic 
phase was washed with HgQ and brine, dried (NagSO4), filtered, 
and stripped to give 9.32 g (100%) of the crude silyl ether (TLC 
Rf 0.75 (25% EtOAc is hexanes)). A solution of the silyl ether 
(9^2 g, 20.1 mmol) in dry methyl ethyl ketone (MEK, 60 ™T.) 
was treated with sodium iodide (15.06 g, 100.5 mmol), and the 
yellow suspension was refluxed for 5 b. The mixture was cooled, 
diluted with EtOAc, and filtered, and the filtrate was washed with, 
dilute NaHSOs and brine. The organic layer was dried (Na^OJ, 
filtered, and stripped to give a yellow oil Flash chromatography 
(25% CH2CI2 in hexanes as eluant) afforded iodide 19 (7.69 g, 
74% from 18) as a colorless oil: TLC R* 0.75 (25% EtOAc in 
hexanes); % NMR (CDC13,270 MHz) * 1.05 (s, 9 H), 2.67 (m, 
2 H), 3.20 (m, 2 H), 3^8 (s,3 H), 3.95 (m, 1H), 7.28-7.72 (m, 10 

(S)-4-[Bis(isopropyloxy)pho8phinyl]-3-[[(l,l-d3XQethyl-
ethyl)diphenylsilyl}oxy}biitanoic Add, Mediyl Ester (20). 
Freshly distilled triisoproj^ phosphite (113.4 ml^ 93^2 gm, 451 
mmol) was added in one portion to iodide 19 (21.70 g, 45.1 mmol), 
and the mixture was heated at 155 eC for 16.5 h. The mixture 
was cooled to room temperature, and the excess triisopropyl 
phosphite and volatile reaction products were removed by short 
path distHlation (10 mmHg) followed by Kugelrohr distillation 
(100 0C, 8 h at 0.5 mmHg). The product was further purified 
by flash chromatography (6&1 hexanes-acetone-toluene as 
eluant) to afford 20 (17.68 g, 75%) as a dear viscous oik TLC 
£#0.32 (6:3:1 hexanes-acetone-toluene); % NMR (CDC13,270 
MHz) i 1.01 (s, 9 H), 1.12 and L19 (2 d, J = 6.3 Hz each, 12 H), 
L87-224 (m, 2 H), 2.60 and 2£5 (2 d, J - 7.4 Hz each, 1H), 2^8 
and 2J4 (2 d, J » 3.7 Hz each, 1H), 3^9 (s, 3 H), 4.44-4^7 (m, 
3 H), 7.35-7.45 (m, 6 H), 7.65-7.70 (m, 4 H). 

(S)-4-(Hydroxymethoxypho8phinyl)-3-[[(l,l-diniethyl-
ethyl)diphenylsilyl]oxy]butanoic Acid, Methyl Ester, Di-
cyclohexylamine (1:1) Salt (21). A solution of compound 20 
(10.66 g, 30.5 mmol) in dry CH2CI2 (80 mL) was treated dropwise 
(5 minutes) .with bis(trimethylsilyl)trifluoroacetamide (BSTFA, 
8.71 mL, 8.44 g, 32.8 mmol), followed by dropwise addition (10 
min) of trimethylsilyl bromide (TMSBr, 6.75 mLt'7.84 g, 51.3 
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mmol). After stirring at room temperature for 20 h,-the reaction 
mixture was quenched with 200 mL of 5% KHS04 and stirred 
vigorously for 15 min. The aqueous layer was extract with EtOAc 
(3X), and the pooled organic layers were washed with brine, dried 
(Na^SOJ, filtered, and stripped The residue was azeotroped twice 
with 50 mL of toluene. The precipitate that formed was sus
pended in toluene and removed by filtration. The filtrate was 
concentrated, and the azeotrope/fllter process was repeated to 
give a viscous, clear oil The oQ was dissolved in pyridine (50 mL) 
and subsequently treated with dicydohexylcarbodiimide (DCC, 
4.65 g, 22.6 mmol) followed by methanol (1.67 mL, 1.31 g, 41 
mmol). After being stirred at room temperature for 20 h, the 
mixture was filtered through a pad of Celite, which was subse
quently washed with EtOAc. The fifaate was stripped, redissohred 
in EtOAc, and washed with 5% KHSO4 (2x) and brine. Hie 
EtOAc solution was dried (NagSOJ, filtered, and stripped, and 
the residue was azeotroped twice with toluene. The residue was 
suspended in toluene and filtered. The filtrate was again con* 
centoated, taken op in toluene, filtered, stripped, and placed under 
high vacuum to give the corresponding phosphonate monoester 
(10.2 g, >100%, TLC R( 0.50 (7:2:1 n-Pr0H-NH40H-H20)) as 

Tne monoester (1.16 g, 2^7 mmol) was 
dissolved m dry E^O (10 mL) and treated with dicyclohexylamine 
(0.528 mL, 0.481 g, 2.65 mmol). The resulting homogeneous 
solution was stored at room temperature for 7 h and at -20 0C 
for 16 h. The solid/liquid suspension was warmed to room tem
perature and filtered, and the solid was washed with cold EtjO 
and dried in vacuo to give 21 (1.25 g, 77% yield) as a white 
powdery solid: mp 155-156 0C; TLC R, 0.57 (20% MeOH in 
CH8C18); ^H NMR (CDCI3,270 MHz) 5 1.00 (s, 9 H), 1.08-1.92 
(m, 22 H), 2.56-2.62 (m, 1 H), 2.64-2.77 (m, 2 H), 3.11 (d, J = 
11.0 Hz, 3 H), 3.22 and 3.28 (2 m, 1 H), 3.52 (s, 3 H), 4.02 (m, 1 
H), 7.32-7.40 (m, 6 H), 7.65-7.71 (m, 4 H);.IR (KBr) 1736 cm"1; 
[a]D « -16.0° (MeOH, c = 3^7). AnaL (Cz^OePSi-C^HaaN) 
C, H,N. 

General Procedure for the Synthesis of Acetylenic Linked 
Phosphinic Adds 3. (5)-4-[[[4-(4-Fluorophenyl)-2-(l-
methyIethyl)benzo[6,73cyclohepta[l,2-A3pyridjn-3-yl]-
ethynyl]methoxyphosphinyl]-3-[[(l,l-dimethylethyl)di-
phenylsilyl3oxy]botanoic Acid, Methyl Ester (27v). DCHA 
salt 21 (3.682 g, 5.83 mmol) was partitioned between EtOAc and 
5% KHS04. The EtOAc layer was washed three times with 5% 
KHSO4 and then with brine, dried (N^SQJ, filtered, and stripped 
to give a colorless oil (phosphonic add monomethyl ester). The 
oil was dissolved in dry CHjClj (10 mL) and treated with di-
ethyl(trimethylsUyl)aixune (2.10 mL, 1.61 g, 11.1 mmol). After 
the mixture was stirred at room temperature for 1 h, the solvent 
was removed in vacuo and the residue was azeotroped with dry 
toluene (15 mL). The residue was redissolved in dry CHaC^ (15 
mL), coded to 0 0C, and treated with 2 drops of DMF and oxalyl 
chloride (620 pL, 902 mg, 7.1 mmol). After 15 min, the solution 
was wanned to room temperature and stirred for an additional 
45 min. The solvent was stripped, and the yellow residue 
(phosphonochloridate 22) was azeotroped with toluene (15 mL) 
and dried in vacuo (oil pump) for 1 h. 

Meanwhile, a solution of vinyl dibromide 16v (2.000 g, 3.83 
mmol) in THF (10 mL) at -78 0C was treated with n-BuLi (2.5 
M in hexane, 3.3 TWT-, 8.2 mmol) over a 1-min period, and the 
resulting dear green solution was stirred at -78 ®C for 50 min. 
The acetylenic anion solution was added dropwise via canula over 
a 10-min period to a -78 0C solution of the above prepared 
phosphonochloridate 22 in THF (12 mL). The resulting mixture 
was stirred at -78 "C for 30 nun end then quenched with 50% 
saturated NH^CL The solution was warmed to 0 0C and poured 
into saturated NaHCOs* The aqueous phase was extracted once 
withEtgO.' The EtgO layer was washed with brine, dried (NajSOJ, 
filtered, and stripped to give an dl. The residue was flash 
chromatographed (40% EtOAc in hexanes as eluant) to afford 
compound 27v, a mixture of diastereomers, as a colorless foam 
(1517 g, 82%): TLC R, 0^1 (40% EtOAc in hexanes); ̂  NMR 
(CDCI3,270 MHz) 51.02 (s, 9 H), 1.31 and 1.35 [2d, J- 6.6 Hz 
each, 6 H), 2.00-2.38 (m, 6 H), 2.47-2J1 (m, 4 H), 3.30 and 3.37 
(2 d, J„j» = 12.6 Hz each, 3 H), 3.54 (m, 1H), 3.58 (s, 3 H), 4.51 
(m, 1 H), 6.99-7.46 (m, 13 H), 7.58-7.72 (m, 4 H), 7.83 (d, J = 
7.2 Hz, 1H); IR (KBr) 2168,1740,1508,1224,1036 cm"1. In the 

a dear, viscous oil 
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case where acetylene 17 is used in the coupling reaction, 
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hexane to give compound 23o (1.335 g) as white crystals. The 
mother liquor was flash chromatographed (5% EtOAc in 
as eluent), and the desired fractions were pooled, stripped, re-
crystallized, and pooled with the above solid to give a total of 1.637 
g (87%) of trans-vinyl iodide 23©: mp 148.5-150.0 CC; TLC R, 
0.13 (2% EtOAc in hexanes); lH NMR (CDClj, 270 MHz) 81.29 
(d, J * 7.0 Hz, 6 H), 2.00 (s, 3 H); 3^1 (m, 1H), 6.03 (d, J = 15^ 
Hz, 1H), 7.05-7^2 (m, 5 H), 7.34-7.49 (m, 3 H), 7^9 (m, 2 H); 
IR (KBr) 2961,1508,1221,841 cm*4. AnaL (CaHaFIN) C, H, 
F,I,N. 

(JE),(5)-4-[[2-[4-(4-Fluorophenyl)-5-methyl-2-(l-methyl-
ethyl)-6-phenyl-3-pyridinyl3ethenyl]methoxy-
phosphinyl]-3-[[(l,l-dimethylethyl)diphenyl8ilyI]oxy3bu-
tanoic Acid, Methyl Ester (24o). A solution of frans-vinyl iodide 
23o (1.400 g, 3,06 mmol) in THF (6 mL) was added over a 5-min 
period to a -100 0C solution of fresh tert-butyllithium (1.7 M in 
pentane, 3.70 mL, 6-3 mmol) in THF (8 mL). The resulting deep 
red solution was stirred at -100 eC for 25 min and then added 

' via canula over an 8-min period to a -100 eC solution of phos-
phonochloridate 22 (prepared as in the example for compound 
27v from 3.288 g 21) in THF (15 mL). The resulting yellow 
mixture was stirred at -100 0C for 5 min and at -78 "C for 25 
min aod then quenched with 50% saturated NHjCL The solution 
was wanned to room temperature, diluted with HjO, and poured 
into saturated NaHCOs. The aqueous phase was extracted twice 
with EtsO. The combined Et^O layers were washed with hrine, 
dried (NajSO^), filtered, and stripped. The resulting yellow oil 
was Sash chromatographed (50% EtOAc in hexanes as eluant) 
to afford adduct 24o, a 1:1 mixture of diastereomers, as an off-
white foam (L541 g, 66%): TLC J?/0.22 (40% EtOAc in hexanes); 
XH NMR (CDCI3,270 MHz) 3 1.01 and 1.03 (2 s, 9 H), 1.20-L31 
(m, 7 H), 1.78 (m, 1H), 1.98 and 2.00 (2 s, 3 H), 2.56 (m, 1 H), 
2.81 (m, 1H), 3.19 (pseudo t, = 11.5 Hz, 3 H), 3.21 (m, 1H), 
3.59 and 3.61 (2 s, 3 H), 4.38 and 4.52 (2 m, 1H), 5.01 (dd, J -
173,24.8 Hz, 0.5 H), 5.26 (dd, J « 173,24.3 Hz, 0.5 H), 6.89-7.72 
(m, 20 H); IR (CHCI3) 2959,1740,1605,1508,1223,1036 cm"1. 

(£),(5)-4-[[2-[4-(4-Fluorophenyl)-5-methyl-2-(l-niethyl-
ethyl)-6-phenyl-3-pyridinyl]ethenyl3inethoxy-
phosphinyl]-3-hydroxybutanoic Acid, Methyl Ester (25o). 
A solution of compound 24o (1.519 g, L98 mmol) in THF (15 mL) 
was treated with HOAc (640 /iL, 671 mg, 11.2 sunol) followed by 
tetra-n-butylammonium fluoride (1.0 M in THF, 10.0 mL, 10.0 
mmol). After being stirred at room temperature for 19 h, the 
solution was poured into saturated NaHCOa and extracted with 
EtOAc. The EtOAc extract was washed with brine, dried 
(NajSOJ, filtered, and stripped to give an oil that was subse
quently flash duomatographed (40-60% acetone in hexanes as 
eluant). Compound 25o (978 mg, 94%) was obtained as a white 
foam: TLC J?r0.34 (1:1 acetone-hexanes); lli NMR (CDCI3,270 
MHz) i 1.30 (d, J = 7.0 Hz, 6 H), 1.68-1.93 (m, 2 H), 2.00 (s, 3 
H), 2.57 (m, 2 H), 3.30 (m, 1 H), 3.43 and 3.47 (2 d, Jgp = 4.7 
and 4.1 Hz, 3 H), 3.66 and 3.79 (2d,J = 2.4 Hz each, 1H, OH), 
3.72 (s, 3 H), 4.19 and 4.31 (2 m, 1 H), 5.51 (dd, J = 17.6, 24.6 
Hz, 0.5 H), 5.52 (dd, J = 17.6,24.3 Hz, 0.5 H), 7.10-7.65 (m, 10 
H); IR (CHClg) 2961,1736, 1605,1510,1221,1034 cm"1. 

(5)-4-[[2-[4-(4-Fluorophenyl)-o-methyl-2-(l-inethyl-
ethylJ-S-phenyl-S-pyridinylJethylJniethoxyphosphinylj-S-
hydroxybatanoic Acid, Methyl Ester (26o). A mixture of 
compound 25o (494 mg, 0.94 mmol) and 10% Pd on carbon (110 
mg) in MeOH (20 mL) was shaken under 50 psi of H2 for 3 daya. 
The solution was filtered through Celite, stripped, and flash 
chromatographed (50% acetone in hexanes) to give compound 
2$o (419 mg, 85%) as a colorless oil: TLC R/ 0.36 (1:1 acetone-
hexanes); H NMR (CDCIa, 270 MHz) 61.33 (d, J = 6.6 Hz, 6 H), 
1.57-1.91 (m, 4 H), 132 (a, 3 H), 2.42-2.59 (m, 2 H), 2.6CH2.74 
(m, 2 H), 3.25 (m, 1H), 3.55 and 3.57 (2 d, JHJ? = 10.8 Hz each, 
3 H), 3.72 (s, 3 H), 3.78 and 3.87 (2 d, <1 = 3.0 fe each, 1H, OH), 
4^5 and 4.40 (2 m, 1 H), 7.11-7.25 (m, 4 H), 7.33-7.47 (m, 3 H)," 
7.56 (m, 2 H); IR (CHClg) 1734, 1509, 1221,1179,1040 cm"1. 

(S)-4-[[2-[4-(4-Fluorophenyl)-5-methyl-2-(l-methyl-
ethyl)-&-pheiiyl-3-pyridanyl]ethenyl]hydroxypho8phinyl]-
3-hydroxybutanoic Acid, Disodium Salt (4o). A solution of 
compound 2So (461 mg, 0.88 mmol) in dioxane (5 mL) was treated 
with 1N NaOH (3.2 mL, 3.2 mmol), and the mixture was stirred 
at 60 eC for 1.5 h. The solvent was evaporated, and the residue 
was dissolved in H2O and chromatographed on CHP-2&6(@5 mm 

Phosphorus-Containing Inhibitors of HMG-CoA Reductase 

of n-BuLi is added to a solution of the acetylene in 17 in.THF 
at -78 eC. After 20 min, the acetylenic anion solution is then 
coupled to 22 as described above. 

(5')-4-[t[4-(4-FluorophenyI)-2-(l-methylethyI)benzo[6,7]-
cyclohepta[l,2-i ]pyridin-3-yl]ethynyl]methoxy-
pho8phinyl]-3-hydrorybutanoic Acid, Methyl Ester (28v). 
A mixture of compound 27v (2.487 g, 3.15 mmol) and HOAc (810 
pL, 850 mg, 14.1 mmol) in THF (40 mL) was treated with tet-

. ra-Rsbutylamm'onium fluoride (1.0 M in THF, 11.0 mL, 11.0 
mmol). After stimng at room temperature fori 8 h, the solution 
was diluted with EtOAc and washed with 5% KHSO* (3*) and 
once with brine. The EtOAc layer was dried (NajSO*), filtered, 
and stripped to afford a yellow oO. • The oil was dissolved in EtjO, 
cooled to 0 0C, and treated with excess diazomethane for 10 min. 
The excess diazomethane was destroyed by the addition of HOAc, 
and the solvent was removed in vacuo. The residue was flash 
chromatographed (40% acetone in hexanes as eluant) to afford 
compound 28v (1.534 g, 89%) as a colorless foam: TLC R/ 0.38 
(1:1 acetone-hexanes); 1H NMR (CDCI3,270 MHz) 6 1.40 (d, J 
= 6.6 Hz, 6 H), 1.94-2.15 (mr 4 H), 2.15-2.28 (m, 2 H), 3.53-3.67 
(m, 4 H), 3.59 (d, JH? = 12.6 Hz, 3 H), 3.57-3.70 (m, 2 H, Cff-
(CHak and OH), 3.73 (s, 3 H), 4.36 (m, 1H), 7.12-7.48 (m, 7 H), 
7.85 (d, J * 6.6 Hz, 1H); IR (KBr) 2170,1737,1508,1223,1035 
cm"1. 

(S)-4-[t[4-(4-Fluorophenyl)-2-(l-methylethyl)benzo[6,7]-
cyclohepta[l,2-d]pyridin-3-yl3ethynyl]hydrosy-
phosphinyl3-3-hydroxybutanoic Acid, Disodium Salt (3v). 
A solution of compound 27v (780 mg, 1.42 mmol) in dioxane (7 
mL) was treated with 1 N NaOH (5.0 mL, 5.0 mmol), and the 
mixture was stirred at room temperature for 18 h. The solvent 
was evaporated, and the residue was chromatographed on CH-
P-20P (25 mm X 90 mm), eluting in succession with HjO (200 
mL), 50% MeOH in H20 (200 mL), and MeOH (100 mL). The 
desired fractions were pooled and evaporated, and the residue 
was taken up in H20 and lyophilized to give 3v (744 mg, 90%) 
as a white solid: TLC £,0.17 (8:1:1 CHjClj-HOAc-MeOH); ̂  
NMR (CD3OD, 270 MHz) 61.36 (d, J = 7.0 Hz, 6 H), 1.55-1.72 
(m, 2 H), 2Jn-230 (m, 4 H), 2.26 (dd, J = 7.8,15.0 Hz, 1H), 2.40 
(dd, J = 4.2,15.0 Hz, 1H), 2.59 (m, 2 H), 3.83 (m, 1H), 4.19 (m, 
1H), 7.16-7.42 (m, 7 H), 7.72 (m, 1H); IR (KBr) 2164,1634,1508, 
1213,1184,1058 cm-1. Anal. (CjgHtfFNNaaOjP-O.SOHaO) C, H, 
F, N, P. 

General Procedure for the Synthesis of trans-Vinyl- and 
' Ethyl-Linked Phosphinic Acids 4 and 5. 3-(l-Ethynyl)-4-
(4-fluorophenyl)-5-inethyl-2-(l-methylethy])-6-phenyl-
pyridine (17o). To a solution of n-BuLi (2.5 M in hexanes, 4.00 
mL, 10.0 mmol) in dry THF (8 mL) af-78 ®C was added a-solution 
of vinyl dibromide 16o (2.267 g, 4.63 mmol) in dry THF (8 mL) 
over a 5-nim period. After being stirred at -78 0C for 1 h, the 
pale green solution was quenched with saturated NH4CI and 
warmed to room temperature. Hie mixture was diluted with H2O 
and extracted with EtjO, and the EtjO extract was washed with 
brine, dried (Na2S04), filtered, and stripped to yield a solid. The 
residue was recrystallized from EtOAc/hexazte to afford acetylene 
17o (1.420 g, 93%, 2 crops) as a white solid: mp 178.CH178.5 0C; 
TLC R* 0.43 (10% EtOAc in hexanes); lH NMR (CDCI3,270 MHz) 
$ 1.34 (d, J = 7.0 Hz, 6 H), 2.04 (s, 3 H), 3.18 (s, 1 H), 3.69 (m, 
lH), 7.15 (m, 2 H), 7.27 (m, 2 H), 7.36-7.48 (m, 3 H), 7.60 (m, 
2 H); IR (KBr) 3165,2099,1509,1213 cm'1. AnaL (CaHjoFN) 
C, H, F, N. • . 

(£)-4-(4-Fluorophenyl)-3-(2-iodoethenyl)-5-methyl-2-(l-
methylethyl)-&-phenylpyridine (23o). A mixture of acetylene 
17o (L355 g, 4.1 mmol) and A1BN (2D mg) in tri-n-butyftm hydride 
(2.0 mL) was rapidly heated to 120 0C. After 4 min of heating, 
the mixture was treated with additional BusSnH (0.6 mL) and 
the temperature of the reaction was raised to 140 0C. Approx
imately 20 mg of AIBN was added to the reaction mixture 1 and 
2 h after heating was initiated. After 3 h, the mixture was cooled 
to room temperature, diluted with EtjO (50 mL), and treated with 
solid Ij (3.50 g, 13.8 mmol). The dark reaction mixture was stirred 
for 45 min and then poured into a 50% saturated NaHCO^ so
lution containing 6.7 g of Na^Oj. The layers were shaken and 
separated. The ethereal layer was washed successively with HgO, 
1.7 M NH4OH, and brine, dried (Na^OJ, filtered, sod stripped 
to yield a wet solid. The solid was taken up in Et^O, filtered 
through Celite, and stripped. The residue was recrystallized from 
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X 80 sun), elutiag in succession with H2O (150 mL) and 50% enzyme activity is determined by measuring the conversion of \ 
MeOH in H20 (200 mL). The desired fractions were pooled and the "C-HMG-CoA substrate to ["Cjmevalonic acid. Livers are : 
evaporated, and the residue was taken up in H2O and lyophilized removed from 2-4 cholestyramine-fed, decapitated, Sprague- I 
to give 4o (430 mg, 87%) as a white solid: TLC Rj 0.10 (8:1:1 Dawley rats, and homogenized in phosphate buffer A (potassium ? 

CHjClj-HOAc-MeOH); 1H NMR (CD3OD, 400 Mm) 51.27 (d, phosphate, 0.04 M, pH 7.2; KC1,0.05 M; sucrose, 0.1 M; EDTA, ; 
J = 7.0 Hz, 6 H), 1.54 (dd, J — 7.2,14.5 Hz, 2 H), 1.93 (s, 3 H), 0.03 M, aprotinin, 500 KI units/mL). The homogenate is spun l 
Z3Z (mi, 2 H), 3^7 (m, 1H), 4.10 (m, 1 H), 5.85 (dd, J = 18.0, at 1600Qg for 15 min at 4 "C. The supernatant is removed and i 
19.8 Hz, 1H), 7.07 (pseudo t, J * 18.0 H2,1H), 7.19 (d, J = 7.0 recentrifuged under the same conditions a second time. The I 
Hz, 4H), 7.37-7.54 (m, 5 H); MS-(FAB) [M-2Na + 3 H]+ 498. second 16000^ supernatant is spun at lOOOOO# for 70 min at 4 0C. * 
AnaL (C^H^FNNajOjP'l^HjO) C, H, F, N, P. Pelleted microsomes are resuspended in a Tmnimnm volume of : 

(S )-4-[[2-[4-(4-Fluorophenyl)-5-methyl-2-(l-methyl- buffer A (3-5 mL per liver) and homogenized in a glass homo- = 
ethyl)-S-phenyl-3-pyridmyl3ethyl]hydroxyphosphinyl]-3- genizer. Dithiothreitol is added (10 mM), and the preparation J 

• hydroxybotanoic Acid, Disodium Salt (5o). Saponification is aliquoted, quick frozen is acetone/dry ice, and stored at —SO 1 

of ethyl linked phosphinate 26o was similar to that of ircns-vi- ' eC. The spedflc activity of a typical microsomal preparation is • 
nyl-linked phosphinate 25o to give So in 77% yield: TLC i?/-0.10 0.68 Juno! of mevalonic acid/mg of protein per minute. The ; 

(8:1:1 CHjClj-HOAc-MeOH); % NMR (CD3OD, 270 MHz) 61.41 reductase is assayed in 0.25 mL, which contains the following 
(d, J « 7.0 Hz, 6 H), 1.49 (dd, </ = €.0,12.6 Hz, 2 H), 1.71 (m, components at the indicated final concentrations: 0.04 M po- • 
2 H), 1^3 (s, 3 H), 2.35 (m, 2 H), 2.78 (m, 2 H), 3.58 (m, 1 H),' tassium phosphate, pH 7.2; 0.05 M KG; 0.10 M sucrose; 0.03 M 
4.25 (m, 1H), 7.20-7.6Q (m, 9 H); IR (KBr) 2961,1579,1509,1405, EDTA; 0.01 M dithiothreitol; 3.5 mM NaCI; 1% dimethyl sulf-
1157 cm"1. Anal. (CjrHssFNNazOsP-S.SSHaO) C, H, F, N, P. 

General Procedure for the Synthesis of Phosphonic 
Monoesters 6. (£)-.4-[[[5-Ethyl-4-<4-fluorophenyl)-2-(l-
inethylethyI)-6-phenyl-3-pyridinyl]methoxy]methoxy-
phosphinyl]-3-[[(l,l-dimethylethyl)diphenylsilyl]oxy]bu-
tanoic Acid, Methyl Ester (29p). A 0 0C solution of phos-
phonochloridate 22 (from 2.89 g, 4.57 mmol DOHA salt 21) in 
pyridine (20 mL) was treated with a solution of alcohol 14p (888 
mg, 2.54 mmol) in dry pyridine (7.0 mL). The resulting mixture 
was stirred at 0 °C for 16 h, diluted with EtOAc, and washed with 
50% saturated NH4C1. The organic layer was then washed with 
HjO followed by brine, dried (NajSO*), filtered, and stripped. The 
amber residue was subject to flash chromatography (30% EtOAc 
in hexane) to give adduct 29p (1.104 gm, 56%) as a yellow oik 
TLC fl/033 (45% EtOAc in hexanes);« NMR {CDCI3,270 MHz) 
5 0.70 (m, 3 H), 1.00 (s, 9 H), 1.22-1.38 (m, 8 H), 1.90 and 2.12 
(2 m, 1H), 2.37 (m, 2 H), 2.55 and 2.81 (2 m, 1H), 3.29-3.39 (m, 
4H),3£8(s,3H), 4.43 (m, 1H), 4.59 and 4.71 (2 m, 2 H), 7.02-7.70 
(m, 9 H); IR (CHjCla) 2954, 1740,1511,1223,1015 cm"1. 

(S)-4-IIl5-Ethyl-4-(4-fluoropheny3)-2-(l-methy]ethyl)-6-
phenyl-3-pyridinyl]methoxy]methoxyphosphinyl]-3' 
hydroxybutanoic Acid, Methyl Ester (30p). The silyl pro
tecting group on 29p was removed via the same procedure as that 
described for compound 24o to give 30p in 90% yield: TLC Jt/ 
0.59 (1:1 acetone-hexanes); 1H NMR (CDCI3,270 MHz) 5 0.70 
(t, J = 6.8 Hz, 3 H), 1.34 (d. J = 7.0 Hx, 6 H), 1.92 (m, 2 H), 2.39 
(q, J = 6.8 Hz, 2 H), 2.57 (d, J = 7.2 Hz, 2 H), 3.43 (m, 1H), 3.63 
(d, = 10.8 Hz, 3 H), 3.72 (s, 3 H), 4.31 (m, 1H), 4.85 (m, 2 
H), 7.12-7.28 (m, 5 H), 7.39-7.56 (m, 4 H); IR (CHaCl^ 1734,1636, 
1510,1221 cm"1. 

(5)-4-[[[5-Ethyl-4-(4-fluorophenyl)-2-(l-methylethyl)-6-
phenyl-S-pyridinylJmethoxyJhydroxyphosphinylj-S-
hydroxybutanole Acid, Di&odium Salt (6p). A solution of 
compound 30p (650 mg, 1.20 mmol) in dioxane (10 mL) was 
treated with 1N NaOH (3.7 mL, 3.7 mmol), and the mixture was 
stirred at 55 eC for 3 h. The solvent was evaporated to give a 
white solid. The residue was slurried in warm H2O and chro» 
matographed on CHP-20P (25 mm x 100 mm) eluting in suc
cession with H20 (200 mL) and 60% MeOH in H20 (400 mL). 
The desired fractions were pooled and evaporated, and the residue 
was taken up in H3O and lyophilized to give 6p (435 mg, 65%) 
as a white solid: TLC R, 0.31 (8:1:1 CH2Cl2-HOAc-MeOH); lH 
NMR (CD3OD, 270 MHz) 5 0.65 (t, J = 6.8 Hz, 3 H), 1.30 (d, J 
= 7.0 Hz, 6 H), 1.48 (dd, J = 7.6,16.0 Hz, 2 H), 2.28 (q, J = 6.8 
Hz, 2 H), 2.37 (m, 2 H), 3.66 (m, 1H), 4.19 (m, 1H), 4.64 <m, 2 
H), 7.18-7.50 (m, 9 H); IR (KBr) 2935,1581,1510,1404,1222, 
1020 cm-1. Anal. (C27H»FNNa206P'H20) C, H, F, N, P. 

Biological Assays. Rat Hepatic HMG-CoA Reductase 
Inhibition. Rat hepatic HMG-CoA reductase activity is measured 
using a modification of the method described by Edwards.31 Rat 
hepatic microsomes are used as a source of enzyme, and the 

oxide; 50-200 pg of microsomal protein; 100 MM of uC-tD,L}-
HMG-CoA (0.05 jiCi, 30-60 mCi/mmol); 2.7 mM NADPH. Re- : 
action mixtures are incubated at 37 6C. Under conditions de- ' 
scribed, enzyme activity increases linearly up to 300 fig of mi* ' 
crosomal protein per reaction mixture and is linear with respect 
to incubation time up to 30 min. The standard incubation t1*™0 

chosen for drug studies is 20 min, which results in 12-15% con
version of HMG-CoA substrate to the mevalonic acid product. 
[D,L}HMG-COA substrate is used as 100 ^M, twice the concen
tration needed to saturate the enzyme under the conditions de
scribed. NADPH is used in excess at a level 2.7 times the con- . 
centration required to achieve maximum enzyme velocity. 
Standardized assays for the evaluation of inhibitors are conducted 
according to the following procedure. Microsomal enzyme is 
incubated in the presence of NADPH at 37 "C for 15 min. DMSO 
vehicle with or without test compound is added, and the mixture 
further incubated for 15 min at 37 0C. The enzyme assay is 
initiated by adding "C-HMG-CoA substrate. After 20 min of 
incubation at 37 0C, the reaction is stopped by the addition of 
25 ML of 33% KOH. pHJMevalonic add (0.05 fiCi) is added, and 
the reaction mixture allowed to stand at room temperature for 
30 min. Fifty microliters of 5 N HC1 is added to lactonize the 
mevalonic acid. Bromophenol blue is added as a pH indicator 
to monitor an adequate drop in pH. Lactonization is allowed to 
proceed for 30 minutes at room temperature. Reaction mixtures 
axe layered onto 2 g of AG 1-X8 anion exchange lesin (Biorad, 
formate form), poured in 0.7 cm (i.d.) glass columns, and eluted 
with 2.5 mL of HjO. The first 0.5 mL is discarded, and the next 
2.0 mL is collected and counted for both tritium and carbon-14 
in 10.0 mL of Opti-fluor (Packard) scintillation fluid. Results 

'are calculated as nanomoles mevalonic add produced per 20 min 
and are corrected to 100% recovery of tritium. Drug effects axe 
expressed as values (concentration of drug producing 50% 
inhibition of enzyme activity) derived from composite dose re
sponse data from 2-5 experiments. 

Inhibition of Cholesterol Synthesis in Freshly Isolated 
Rat Hepatocytes. Inhibitors of HMG-CoA reductase are 
evaluated for their ability to inhibit [I4C}aeetate incorporation 
into cholesterol in freshly isolated rat hepatocyte suspensions using 
a modification of the methods originally described by Capuzzi.22 

Sprague-Dswley rats (180-220 g) are anesthetized with Nembutal 
(50 mg/kg). The abdomen is opened, and the first branch of the 
portal vein is tied closed. Two dosing sutures are placed on the 
distal section of the portal vein, and the portal vein is canulated 
between the sutures and the first brandling vein. The liver is 
perfused et a rate of 20 mL/min with prewarmed (37 9C) oxy-

s! 

genated buffer A ((HBSS, Hanks' Balanced Salt Solution) without 
caldum or magnesium containing 0.05% EDTA) after severing 
the vena cava to allow drainage of the effluent The liver is 
additionally perfused with 200 mL of prewarmed oxygenated 
buffer B (HBSS containing 0.05% bacterial collagenase). Fol
lowing perfusion with buffer B, the liver is exdsed and decap* 
sulated in 50 mL of Waymouth's medium, allowing free cells to 

(21) Edwards, P. A.; Lemoagello, D.; Fogelmann, A. M. Improved 
Methods for the Solubilization and Assay of Hepatic 3-
Hyd;oxy-3-methylglutaryl Coenzyme A Reductase. J. Lipid 
Res. 1979, 20, 40-46. 

Capuzzi, D. M; Margolis, S. Metabolic Studies in Isolated Jtat 
Liver Cells: 1. Lipid Synthesis. Lipids 1971, 6, ®6-S07. 

(22) 
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and are Approximately 15% of the label present in the total lipid 
extract. 

• Inhibition of cholesterol synthesis is detennined as described 
fcrhepetocytes. Results are expressed asvalues and are derived 
from composite dose response curves from two or more experi
ments. 

In Vivo Cholesterol Biosynthesis Inhibition in Bats. The 
methods used for intravenous Gv) and oral (po) drug testing were 
adapted from a procedure originaliy described by Sandoz.34 Male 
Sprague-Dawtey rats (200-300 g) were adapted to a reverse light 
cyde for 7-10 days and fed Purina rat chow (no. 5001) ad libituxn. 
In order to measure cholesterol synthesis, sodium (l-14C]acetale 
(1-3 mCi/mmol) (25 pCi/100 g of body weight) was injected 
mtraperitoneally Op) 2 h before the mid-dark point in the diurnal 
cycle. Two hours after the mid-dark point nwitwalg were an
esthetized ip with ketamine/^ylazme and bled into EDTA-treated 
centrifuge tubes from the abdoxmnal aorta. Plasma was obtained 
by centrifugation at HOOg for 10 min. One-nulliliter plasma 
gomplAo were aliquoted aid either processed directly or frozen 
at -20 0C. For hr testing, the salt forms of test compounds were 
routinely dissolved in saline and injected ivinto the tail vein 5 
min before [MC]acetate iqjection. For po testing, drugs were 
dissolved in saline and given by gavage 30 min before [I4C]acetate 
injection. Cholesterol synthesis was measured by determining 
the level of "C-labeled nonsapamfiable lipid present in 1 mL of 
plasma; the method used is a modificati(Hi of the method described 
byDugan.25 One milliliter physiological saline was added to 1 
mL of plasma, followed by the addition of 5.0 mL of 10% KOH 
in absolute ethauoL Samples were mixed and saponified at 75 
0C for 1 h. After cooling, approximately 0.02 pCi (44,000 dpm) 
[W-3!!] cholesterol (40-60 Ci/znmol) was added to each sample. 
Sarnies were extracted once with 5 mL of petroleum ether, and 
the organic phase was backwashed with 5 mL of saline. Tins 
extraction procedure resulted in 50-90% recovery of the added 
[^cholesterol mtenwl atapdard. The extracts were dried in glass 
vials, and the residue resuspended in 0.5 mL of CHClj-MeOH 
(2:1). Samples were counted for both % and MC in 10 mL of 
Optifluor scintillation fluid. The pH]cholesterol internal standard 
recovery value from each sample was used to correct each sample 
to 100% recoveiyof f14CJ cholesterol. In early experiments, sample 
extract residues were tedissolved in 100 mL of CHCla-MeOH (2:1) 
and chromatographed on silica gel (Whatman LK6D) thin-layer 
plates using either hexanes-EtjO-HOAc (75:25:1) or CH3C13-
aeetone (60:1). Using either chromatographic system, greater than 
90% of the "C-label cochromatogrcphed with authentic chole
sterol Thus, to simplify the method, the TLC step was omitted 
in subsequent experiments and results were calculated as "C* 
labeled consapomfiable plasma lipid values, of which, greater than 
90% of the "C-label is authentic cholesterol. The percent in* 
hibition of cholesterol synthesis was derived by comparing 14C* 
labeled npnsaponifiable plasma lipid values per milliliter of p,aaTwa 

from control and drug-treated animal groups (4-5 rets/group). 
Percent inhibition is plotted relative to the log drug dose and a 
linear best fit regression line is determined for each experiment 
Mean EDM values (level of drug required to suppress cholesterol 
synthesis in vivo by 50%) were calculated from two or more 
experiments. 

phosphorus-Containing Inhibitors of HMG-CoA Reductase 

disperse into the medium. Hepatocytes are isolated either by 
low-speed centrifugation for 3 min at 50g at room temperature 
or by unit gravity sedimentation at 4 ®C for 30-45 min. Pelleted' 
hepatocytes are washed once in Waymouth's medium, counted, 
and assayed for viability by trypan blue exclusion. These he-
patocyte enriched cell suspensions routinely show 70-90% via
bility. Hepatocytes are resuspended at 5 X10® cells per 2.0 mL 
in fticubatwn medium (IM) (0.02 M 'ftis-HCl (pH 7.4), 01M KC1, 
0.33 mM MgClj, 0.01 mM MnCl* 0.001 mM sodium succinate, 
0.003 mM Coenzyme A, 0.33 mM sodium citrate, 0.67 mM nic-
otinaniide, 0.23 mM HADl*, 1.7 mM glucose-6-phosphatej. Test 
compounds are routinely dissolved in HjO, DMSO, or DMSO-H^ 
(1^3) and added to the IM. Final DMSO concentration in the £M 
is 51.0% and has no significant effect on cholesterol synthesis. 
Incubation is initiated by adding ("CJacetate (58 mCi/mmol, 2 
pG/mL) and pkx^g the cell suspensions (2.0 mL) in 35-inm tissue 
culture dishes at 37 *C for 2.0 h. Following incubatioD, cell 
suspensions are transferred to glass centrifuge tubes and "spun 
at 50g for 3 min at room temperature. Cell pellets are resuspended 
and lysed in 1.0 mL of H30. lipids are extracted essentially as 
described by Bligh and Z^er.33 Following extraction, the lower 
organic ph^e is removed and dried under a stream of nitrogen 
and the residue resuspended inlOOfiL CHCV-MeOH (2:1). Hie 
total sample is spotted on silica gel (LK6D) thin-layer plates and 
developed in CHjCJj-acetone (60:1). Plates are scanned and 
counted "ting a BioScan automated scanning system. Radiolabel 
in the cholesterol peak (ft* 0.28) is detennined and expressed as 
total counts per peak and as a percent of the label'in the total 
lipid extract. Cholesterol peaks in control cultures routinely 
contain 5000-20000 dpm, and are approximately 30% of the label 
present in the total lipid extract Drug effects (percent inhibition 
of cholesterol synthesis) are determined by comparing the percent 
of label in the cholesterol peak for control and drug treated 
cultures. Dose response curves are constructed from composite 
data from two or more studies and results are expressed as 
values (concentration of drug which inhibits cholesterol synthesis 
50%). 

Inhibition of Cholesterol Synthesis in Human Skin Fi
broblasts. Human skin fibroblasts (passage 7-27) are grown in 
minimal essential medium (MEM, Gibco) containing 10% fetal 
calf serum. For each experiment, stock cultures are trypsinized 
to disperse the cell monolayer, counted, and plated m 35-xazn tissue 
culture wells (5 x 10* cells/2.0 mL). Cultures are incubated for 
18 h at 37 °C in 5% C02/95% humidified room air. Cholesterol 
biosynthetic enzymes are induced by removing the serum con* 
taining medium, washing the cell monolayers with MEM, adding 
1.0 mL of MEM containing 1.0% fatty add free bovine serum 
albumin, and incubating the cultures as additional 24 h. Test 
compounds are dissolved in HjO, DMSOi or DMSO-EM (1:3) 
(final DMSO concentration in cell cultures £1.0%) and added 
to the cultures, and the cultures axe preincubated for 30 min at 

. 37 0C in 5% 002/95% humidified room air. Following prein
cubation with drugs, sodium [l*14C]acetate (2.0 pCi/mL, 58 
mCi/mmol) is added, and the cultures are reincubated for 4 h. 
After incubation, the culture medium is removed and the cell 
monolayer is scraped into 1,0 mL of HjO. lipids in the lysed cell 
suspension are extracted as described for hepatocyte suspensions. 
The organic phase is dried under nitrogen, and the residue is 
resuspended and analyzed as described for hepatocytes. Chole
sterol peaks in control cultures routinely contain 8000-12000 dpm 

a 

o 
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e 
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) 
i 

(24) Wareing, J., U.S. Patent 4,613,610 and PCT Int. Appl., WO 
86/00367. 

(25) Dugan, R. E.; Slakey, L. L; Briedis, A. V.; Porter, J. W. Factors 
affecting the Diurnal Variation in the Level of g-Hydroxy-0-
methylglutaiyl Coenzyme A Reductase and Cholesterol Syn-. 
thesrang Activity in Rat liver.- Arch. Biochem. Biophys. 1972, 
152,21-27. 

(23) Bligh, B. G.; Dyer, W. J, A Rapid Method of Total lipid Ex-
traction and Purification. Can. J. Biochem. Physiol. 1959,37, 
911-917. 
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O-V-O-IG^OĴ C, erf- co")vv p cx.c H t̂ -

TVvoVa. YJ ,̂-clll̂  î -c^b^-A-
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circle requests 

jR, UV-Vis OR NMR60 90 ( 200 Wicro Misc Request Sheet /?/ V 
empirical formula mp. 

Ccbw 
solvent or medium bp 

' unit head sample # 
book page line 

^requestor 
^ v- O o 

bldg. lab. .IW-AW-KP ext. 
.^Cfpure • crude 

- iCj 
date submitted 

do not fill in hazards: . . sensitivities: 

i 
nature of request: 
problem statement or 
specific instructions: 

ML % ^ 
Ti 13c 

VT 

Cx o 31P NON cm cn 
VI o 

O E h  COM LSB { A -r \ 
synthetic pathway: 

reagents, solvents 
esp. last solvent: 

\ DSPT OFR 
\ 

vj-y 
NOE COSY 

"7 
60 NNE 

SSL 90 

HOM 200 
suspected structures 

in order of prob.:  ̂CK. 
(I— 

HMG D20 

DIP CH NOE models available 
C. pi*\j ' 'TJ , 

Or- -Ut. ^ ' 

TR | UV |H nmr| micro |. MS f other measurements count y k-O 
•« a.*^Ldljk,*+ B • < . <j. ,, 

i* Till in #& circle requested elements moi. wx. 

req. 
» 

drying ®C hrs. O formula C N done H 

] misc. & comments: 
I calc. 
j 

: ( 

l found 
sample # t 

I book # 
• J. 

87147/81 (Rev. 1) 
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•»»t Jn ,5»V^U.V JMKS 

^UaKuV-Vis ^;OB:.JMHBO -xtBO-^nO, 'lyiicro'lMfMis^fe^ReaueitSheet^ „ 

• .ti | mm&JK 
solvent or medium •• v n; ^^.vy - i 

'c^eC 
».i 

wSf^lS^f :>•; 

 ̂< ĵ ead 

• b,d, 

•*'<•••,?•.•.• ^ date submitted 1 - ^Z:y; • ••• /\-7. :-^r •'.•:--

i':,^;. book -page :|ine , 
'  • '  '  < • • •  *•  • • « : • t .c? i* », , » •• 

• .ir'-r. •••m^z î-K 'i •;. 

• '•• ' -•.•'/ ' .•.: •••.'*• •J' 

: > > _ .  

sensitivities: '' "'•"*' .- "1- . _ -'::hazaVds:'^";-".: . •'. .  >^r jV- '"; '^'1 '^';- •>i!^$r.'do not fill in 

• ^ • -^ • •: • ••• •- •:: 

• , .v_nature of request: 
• -^problem statement or 

'••?- specific instructions: 
; •• .^•^,'. . .. 

4j:: 

:;. , i  Ti"- :  13C 

KV- -.. . ,.:: ,• 

-' ' '"•"^::'3 L_ 

; .  . • . '  : \  . . .  

'•^Vy . - .  V ; ;^  

•.-" ••'•'%: •"'W. '" 

V . \ : ,  ' - " •  

•• .' •:• : • 

31 p c > .  NON ._>•»: ' _ 

r-.- ..• ^•••••<-: v:. 
•;;.1!:& - COM LSR 

: Q)" 
V',*-vlv. 

•A "• ' 

' 

synthetrc pathway: 
:: reagents, solvents 

P '.' OFR- DEPT. 
_ 4 . "M- • -»%• 

*.« »l • 

u  ̂esp. last solvent: 
• •'/. . NOE COSY 

• .•.••'•.ri" 

NNE 60'^ ^r<-

4^ -* .  

*;• •• SEL 90^,;.; 

.^'4 '/suspected structures 
j' • in order of prob.: 

i f  ; -  /  
models available 

T?* • *• •< 

• •• ^ S204« :••• ^ " 

.PH^V,  OIF.. 
•••.'•/* "' •_ ^•'. . .r^..' NOE 

^ ; '  S :51 \  
it •?. ^ J-SC?..'V •.*.• 

^Z-'' '•:•'• •" f-

• :?f^. 

other measurements | IR | UV |H nmr] micro] MS '.J'fry'-V?."''"'! • .^raun 'ftv^^ 

îS.; ;• ™M:=,SiSivSI$E 

?'* $ : -.V 
~ :- '• • 

fe:!5; : :. 

• • T - l * * " '  

i; 
-calc. _ 

 ̂ 5|:-ĵ yn  ̂:»:. ;;; j. , -r̂ rrr*—  ̂
* -••• •• .irl&Z&i "" 

•Miu'i -:^ 

i 

<!;!!< 

SST'-' "'• SffeV' --iilll! 
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'  y  •  • • • • . .  J &  
•• '•••:- * -u requests :^ 

•:-V Request Shee 

• :  - • • •  

IB):7'.UV-Vis OR WMR60 90 " f  200 icro . . Misc 
empiricai formula mp. 

b'̂ v -̂
:;l '  ̂  c • \ x i  

"Mfc V • • , . v »•' " :  4  •  • •  '  

J r * - ' « •  • •  • '  '  - •  b p  • solvent or medium V • •• . • 

' " r V . -;:{Jy-'.,5ample # 

•^.::.;Vvb00k Pa9e 'line ' 

— n - w 

v.--: 

•>'V,"?^'e.o,fe5"est: 

problem statement or 
.^specific Instructions: 

unit head 
•:•••• *>. —J ow*To^ 

^^JiW-AW-KP 

s^^0^p;;bde•-^ 
bldg. •"•V'v. • •' 'ext.'- -; •' ''••••-iab. 

i. ^ 

v. ; {jate submitted Tv:W ;v.-'1 /.f «„•» 
-V' ' 

t  •  • ^N . ' ' ' '  * ' ? ; '  

•KI"-'--'.- ' ' 

" do not fill in 

--.•s 

* «**v T1 13C 

 ̂CO-^LH-  ̂V'5>V. 

IV C^Ocfx, 

V- •}, U'ri • 
VT 'H 

31p NON 

OH COM LSR •s CoT crvf trU O • 
. synthetic pathway: 

reagents, solvents 
esp. last solvent: 

OPR 06PT * w •^O CJ\ 
( NOE COSY YJ 

NNE 60 

SEL 90 

HOM 200 
suspected structures 

in order of prob.: ^ ^vv HMG D20 
Cj^J- C v  (^xnr=? ^ / hO P 0  OIF CH NOE models available 

f other measurements UV IR H nmr  mic ro  MS count 

• ; fill in #•&circle requested elements • ^ mol.vvt. 

• formula C .£•; N - O 
" H ' / 1  ^ • ^ • ; R E Q -

•1"'V :5Jry,n9:%-:! done ®C..,; , h'rs.^'' 

' - V misc. & comments:' ; calc. 
•5 

•*» 

• - v^.v-.. 
u; '  

Mk~ 
••• -.V.'-

87147/81 (Rev. 1) ^ ' 

found 

?-:• 

iZ'" " 
' -..fV-.y . 
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NMR60 sf?0 '/^- 200) Micro y!"?, Misc •^•V-.X^Request SheetU#^^^ 

•*"* mmmpmrnm. 
^IR^UMis feOR WMR6I vmwfxHr^W3m&^-

Wf i£-.#.'.^ y- k^4r •.,. ~ 
••solventorme'3ium':^V^---:V^^ "'• •''•-•'j'h •'•"'bp^" O^-^x,.^. •< 

Hpit ^ 

vM^i0in mmm^-xy 

't 
v.•'..:••• 

• ..•••*•. 
•̂V.'V "' •• ''• H ' 

.:•:.. .yjjjj 

rS%' 

tgg&M- U ~  ̂  

sifc; :,• ^msmstmrnmim-Sk •'•:• .v-.j- j .  

,**. --

teT" f!f,;*®S|iS5» ii^,^.tHreofrequest: ''••• 
' •^'"problem statement or 

--'• :r 

V , .. ,. .... ...... 
'  • "  ' • •  •  %&•%&;.  V<<.-

.'• ..-^.'specific instructions: 
^ •  i i . * :  •  v  • " • • • ' . :  .  

». . ; i,- ... . \ %. .'• 

Tr .^c-.^v-' 

.••• * . 

•• -•".*; VT 1 IU  £ .  . .  

^>1 ^ r ' * 3ip ::.i 'C%. NON 

•••• 

... - \v. : 
, . •• i ^ 

CHT, . "'.•^•.•'•|y-v •' .•»•• .'y -•?: -^•v.. 
*•*•' • V 

COM LSR , 
• •-!• . 

synthetic pathway: 
reagents, solvents 

P**"' 'esp. last solvent: 

OFR O'EPT >'. 
> • ' • •  "  : : •1:.-.. - ̂  -.V 

..•. • »• • S - ' • • • \ t 
w NOE COSY 

• \ 5v. 
V. NNE 60 

•». 

" •̂ ;. -
SEL 90 * • ~.\. • i-i '-i--

. ' . Z i ' s-.-yc.' 

•'•. •,̂ Zir.: -̂a~-''-c' • - • vy • -v rx - ;• 
HOM ••200'^r'. 

•u-.^y.-..-t. - — I >t 
. 'r .r-- -•• • .v:-

^" * HMG p20 ̂  

1 'suspected structures . 
: • ^--i in order of prob.: 

G^-iu ; . wi-^Cc -> 
'. .- v:"? ^ •.. • •; ^ CĤ  • .DIF*" 

NOE ' ' - ^.V- - » .'•• 
'V •' 

'models available 
• 

•. i 
:• '--i V": 

CL ;:v^ .•?: •••• 

• >*• 

'•...;• • ; •".v  ̂

,  ' . i ' : , ; . .  .-•  • •v '  v-iS*-?.' .H v' • ••" 

*.y: 
. .  • .  • r\ ••• ii * » 

- . 

. ... •.• ••.' ÎR .L^V : . |H rvinr|.nTjcro| i ,MS J; •. 
••! fill in #& circle requested*elements v'v^^ mol^wt.-'l^---^.' ' 

,,,_' cS:saa**î  
sii... ^X-:; misc. & corhmentsV'-r' 

" :  ^ ®l i? ̂ -i!M 
 ̂m lis m. m m m iMMmmr 

f other measurements.•"• 
.  y  

• V.*, 

c k«. ••" calc. 

., •il̂ nd, .K 7 - r  S iH 
5vf< 

wm$33 pi^' 
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500 Micro • i^iMisc Request Sheet >'$ /^sliV-Vis -OR NMR90 -200 
•V v*?? 

^.: empirical 
 ̂ : ;. <?5^U 1 • : ' " 

1 
z Ĵtwrnfa 

--sg;:) .w ;̂-: 
solvent or mklium 

>Vi -v' 

A'VvV'v $ 

MfM.# -
•?'.?&?'•" book page, line . 

•'.•!?-
•-J.- ...<•.• 

••' requestor^?/O unit head .V • wt-tf-V.' 
A » 

• ;;5a^^:iw-AW-KP.:, 
• pure :vv:. CST crude 

bkfg. 

date submitted -5" • j) ' •"• '• '•:f :' ^ i-;' -
SAMPLE WEIGHT . ••>"> • ^fi!!-in 

• •• 
'"̂ '?%.:t-'- sensitivities: ; /•'%?;^zrdsi 

* 'A,' 

Required -i • .. 

-.o 
• la, routine 0^0 13C ^•31P 

. . .  •  '  , : V O - v ' : . v : . v / - "  
'••V • * • •*•• • ..• • • • 
* " ' "  •  e x p a n d  s p e c t r a l  r e g i o n  f r o m  ^ ' - " ' V : .  ; t o  

. . . . , •  •  - r f ^v : '• •'••'• 

'/ ' • assign for 

for 200 or 500 mHz 

i f  I j  
1 13 • H {500J • '"C 1 H -90 

• save on tape if pure 

Q check for impurities {state level) 
13c 200 

% 
31 500 

COM 
DEC NON 

%> HOM 
DSC synthetic pathway: 

reagents, solvents 
esp. last solvent: 

CO DEPT 

SEL 
OEC 

OIF 
NOE 

• 'Vj O2O NOE \ EX 

SOLV 
SUPP COSY 

CH LSR 

suspected structures 
in order of prob.: RELA T1 

VT 

models available 
SPIN 

MQ SIM 

NOSY 

STRUCT 

J data available 
™î>i nfiMgrttnaa • a a 0+m • 

; fill in #& circle requested elements 

|  IR |  UV |Hnmr|  micro"  MS j  |  count 

mol. wt. 
.« 

ft 
"^Ying 

| formula C :• H •' N 
^ 

« calc. 

O 

misc"- & comments;"- , 

" ' ®  y £ l  %l: iM. .[ 
#5 ;̂ fp«  ̂

; ;3i;¥ mj at- .IsU, ̂  MS 
. .\.>rVy i^ur: >••?:*. -y.̂ - .•••.-•, Sr^VA4^ ! 

H—• ... -•• 

rp0^}-- ,...:.;. •••.;';| 'found 

•ww®-* 
•: \ ••:•:• ::r .. 

•.-J •(•. 

' - *s ? V 
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OR HMR90 200 - 500 Micro Misfc ^Request Sheet 

•;:».. 

lR /XJV-Vis n? Ai* * 

' •  • i v ' . J .  .  . . .  -  b p  

1 •^- •'• 

, v . ? i  

Q 

solvent or medium ". 

>—•-<C .".sample # 
- ; book page line 

unit head 

s:'1 IW-AW-KP 
• • pure "• crude 

lab. ^-SX bldg. . ext. / > •. . 

.J; [cio t !  ^7 ' *3 \  • '. •' v: •: 

date submitted 

do riot fill in y hazards: sensitivities: SAMPLE WEIGHT 

Required 
for 200 or 500 mHz 

Q routine B • 13C "Q 31P 

• expand spectral region from . 

O assign for 

• save on tape if pure 

to 

1 13 • 'H (500) • ,WC 
1H do 

200 13 c 
• check for impurities (state level) % 

500 31P 

4 COM 
DEC NON 

» 

c W synthetic pathway: 
reagents, solvents 
esp. last solvent: 

HOM 
DEC 

OEPT 
X 

SEL 
DEC 

DIF 
0- NOE 

NOE 02O 
EX 

SOLV 
SUPP COSY 

CH LSR 
suspected structures 

in order of prob.: RELA 
T1 

VT 
models available 

SPIN MQ SIM 

NOSY 

STRUCT 

1 J UV |H nmrl micro |~ data available MS count 
v .V. • v 

ill in #& circle requested elements moi. wt. 

req. 
drying ~ • •  " C  h r - s .  brmula C ' H O N done 

misc. & comments: v* ^"s"' 
-• • 

Ul • • calc. 
-te&JY*.. s-.r.-

. *  • *  

• 87.147/81 (Rev. 2) 

found . 
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..v,̂  , -$-s . 
-'- -".quests #-ipW-

X/IÎ IR ;;;. oyvis ::V _OR vNMR9dl3op iMicro' JVIisc Request SI - f%Q £• 
.4^/ IMPS*.. :!!* ^ ••"• solvent or medium ..•••T." ' 

^ mp. 

... 

;•;-^W-AW-KP . 
~f .;-;V:0 pure "'^'O- crude 

unit head J.^AiJvryy. requestor/i -; 
•ta^p&L-•* *<3 

* bl<i9.^. -.^:;^;vi?b./- ^... u ^ext. '•. •; vj ̂ .; 

date submitted 

hazards': •':: 

^  • :  f • '  : " "  
'"C/f 31p 

ilV r̂Q.;: expand spectral region from V 

•;*'-.Ĵ -.. % • "-i *' <3 
-v^V- • ;• assign for •• • H (500) • C 

:. 
v. ;; •:'save on tape if pure 

' :=*-\ ."•. check for impurities (state level) 

'.••»-- £ j '.;^ yji..-."'. 

^f'^v • 
-••««-- .- .li -7J—« . -•y 

•C'i 
/A.*-!*- •" .";* 

'""'SAMPLEWEIGHT -••-.• ••• -j d0.^!^^-;v:-V ,•> 

/(9^ -y7 . •••; 

. ' a -
Required 
for 200'or 500 mHz 

to 

90 

200 13c 
% 

3,p 
500 

r 
COM 
DEC NON 

O" :A/> £, C 1 
HOM 
DEC 

.., synthetic pathway: 
•.•ri-WS'k;';': reagents, solvents 

7'esp- last solvent: 

OEPT » • - ,  

1 SEL OIF 
I oec NOE 

NOE 020 

EX 
n 

> SOLV 
SUPP COSY 

CH LSR 

suspected structures 
in order of prob.: RE.UA Ti 

VT 

- S 3  /  models available 
/•» 

jJ, ob 

^y â- . ci-, O. : 0-G> fTH I 

SPIN MQ SIM 

NOSY 

STRUCT 
N ,  {  ,  

j micro j MS J . ' |~ I I UV I 
« • « • m  

data available H nmr IR count 
.AitV..:,;)' ' 

&,<..•••< 
v^^-S: -

•••- \ • ca'c. 

moLwt/* - . -• fill in #& circle requested elements ' . . jv.'t.. ' 
•.'•?-*:• -• 

drying"^-— 
done 

0C hrs. 
formula C 0 H , \ N 

* — > % 

.  s " .  - • . .  •  • • ; ̂ » 
misc.' & comments: "£ 

—  ' f . - •  •  " '  •••;• 

!'•' ' '• .:-v:;'. î ^^^found • "T - / ̂ Vyi'̂  
r - . '.•• i'-.vV '̂ .4 A-4.V.: v4 "••Vjv sample ir5?' /v— • % . > • . •  b o o k  ' •  ^  >  ' .  

•8 

Tw, 

Sawai Ex 1005 
Page 3123 of 4322



-- UV Vis OB •' WMRgO._: 200 cf 1500 .:,Micro'--g^: Misc Request Sheet • /(j/ 

jfTO & fs^\ ̂ ^1 ••• 

..3 y's;' solvent or medium &•;*+•-•*-" '•. *• •*?. :.•> j : bp * / 

CrW'^IW-m-KP ' • • b'dg. 

:Sfflf^̂ '-l̂ jjyKj. ,.^'fi !• . '. • • •>••:. * date submitted ,T^-^T). 

f^v 
Ws;:?ase??a.D "c m Hap": w o  . . =  -
"̂Ŝ vU ^ save on tape if pure 

check for impurities (state level) 

• SAMPLE WEIGHT Si0: •*• •'-1 hazards: -

• • V •*• .* »• • • ;1 
* *• • • .••*• ' *••.** '•v.' Required 

•••r".-
for 200 or 500 mHz . 

. to 
'•m "* 

90 1H 
1  j V '  

13C 200 

% 
500 31P 

.¥ COM NON DEC c b  
'^•"^"synthetic pathway. 
^ffe'<v -v reagents, solvents 
rjOT^'-T., T'esp. last solvent: 

V HOM 
xsA 

D6PT 
' , <? 

;#• DEC —• )L 
SEL OIF 
DEC NOE 

020 NOE 
EX 

SOLV . 
SUPP COSY 

CH LSR ' 
suspected structures 

in order'of prob.: RELA T 

VT 
models available 

SPIN 
SIM . 

MQ 

NOSY 

STRUCT 

data available 
I-""*— —- / JHJ 

IR UV H nmr micro -MS . -• •-•count • •'• 

t • *• •: • ; %—•• 

• / .A-.v:-mol wt. 

r.^'r^-iri'- ̂  ^ .'v- .1 - .,-
-.;v- -r-^.. ;-. .. .. . ^v;..---: 

«.^•.-. -,. _-. -. -a 
ir & circle requested element^ fill in I 

A •=' ' •^4,;, v • 
req.-

done 

' * "  "s'> 

•: ••• ' j formula C 

0 

• ^C.^.-nVhrs."^-*' -.-:>, r- drying •.-" * f** • • 

O H • • N 
."'r-.'• -•..- •>:. 3.W-" 

;V;'%i:. :'*?'V"; 

: : 
v! jpkC' • " i ! f . "  • ' • • • :  •  .  

'ST^ -.' S r 

« 

•' misc. & comments: '•• : . 

,:- .?v. .' • At • Vv£ 

^^^W'?-!feund 

^87147/81 ̂ 2^5:^: 

-- -.A-.J?-." 

-M* 
•••^^ 

ly.?; 
•;it -• • '  1 : .  

• ••-i 
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v'&X 

UV-Vis > O^HMB9.0 ^20D ^ 5P0, Micro ^ Misc / RenuastSliwtl^ //jZ 1 
"feiJPlSH #ii'V Hi*fo'™ia 

.^jp' -'•'"' • solvent-or medium -..-

ft^s^^Wample# 
^SS^S^'ok'Spage line 
S'::;.-. 

: mp. IIIC*3 
v- -tSWrng 

•:v 
Sr.rSVs-'^SV 

bp 

pimmm unit head J", t MO VK'S^.r8q"8ft?r ' 
^ 1 A O'y lab. . "g . IW'AW-KP bldg. . ext. -f8^fr» ^ pure • crude 

.9> date submitted 

^•. .•••... do not fill in • .^-"-sensitivities:'- hazards: .•'.SAMPLE WEIGHT 
v.* •*' '*" 

•••i. 

•'V 
•Required 
for 200 or 500 mHz " 

-.•'x-.r ' v.-

• ? •  r o u t i n e  •  ̂  •  1 3 C  • " •  
:.":M . 

• expand spectral region from to 

• • assign for 

. • save on tape if pure 

• check for impurities (state level) 'I ' • % 

• (500) O 13C >: 'H 90 

13C 200 

C> • 3 V soo 

CH6 COM NON DEC 

synthetic pathway: 
reagents, solvents 
esp.-last solvent: 

•v^J 
OEP.7 "HOM 

DEC 

SEL DIF 
DEC NOG 

Noe 02° 
EX 

SOLV • 
SUPP COSV 

CH LSR 
suspected structures 

in order of prob.: RELA T 

VT 
models available 

SPIN MQ SIM 

dl CL] (el (,(.3.0 NOSY 

STRUCT 

-J IR I m 9 9 i +9mb 

UV H nmrj micro| MS ^ data available • •• - . count 
• • 9 m m + % m  

j fill in #& circle requested elements 

j ' \ • -vi"' * i5̂ *:' - req.. 

! formula C . H NXKl  O .^--.^.-4^'; •. d?!n9 -done ~ C ^ h r s :&V. 
- . • 1 " I.. 

mot'vvt.";" "r*-. 
0^^ 

^m ^ misc. & comments:^._ •'•...'Vr ' ' 
i talc. ft . 

•.v •'. T:. •'•£?'<rz ••'-•:'• 

•̂ r̂SV'! - : ' ^ r- ifk 

• m m found 

IPr' • 
vftA.; :«. 

2) • -

v '  

SySS 
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sts m Misc UV Vis OR NWIR90 200.. .500 Micro " Request Shee »r 

iiF . -1 empirical formula 
^0C cn 

. 5*% -• • 
w' 

solvent or mediufn '•S/.i'--

•> 

l {EMC 4^P^mple#;' hook ,• page line rr.— . 
1 V. IW-AW-KP"- '.:^ '• •• . bldg. .^^•^'v.f^v'-.:;lab. 

-date submitted ' 

:= SfiEî w «ig?iiisi 
Required * 

• 13C ' ': for200or 500mHz -^ -.. ^ ̂  

. ̂ ^••./expand spectral region from **'•'"•' -X V'- 'xo ' K-." 

• 1H (500) • 13C 

requestor ^ 
• ' •unithead-s|S'ia:.,^ ,K * V .  

• ••?. 

^"'I'^sensitivities: • 

0imM- - v - ;  
"•'C.î Di '.routine""" 
zi'tsr '-•••• ••••• 

.•s'.v. ^ 

• ••..; do not fill in 
• »•• • .V 

• 'H 

5"''!V^;.,:.D assign for .v5 
90 'h 

• save on tape if pure 

• ' check for Impurities (state level) 
13c 20O 

% 
SCO 31P 

COM 
DEC NON 

It-*- . 
synthetic pathway: 

reagents, solvents 
esp. last solvent: 

HOM 
DEC • 

OEPT 
f*/ ^ 

\ SEL 
DEC 

DIF 
Noe 

NOE 'd20 

EX y-h) 
SOLV 
SUPP CO$Y 

CH LSR 
suspected structures 

in order of prob.: 
RELA T 

VT models available 

SPIN MQ 
SIM 

oL, Ct.i <?& / NOSY • 
]<:•. • • • 

STRUCT 

(  ̂ I UV |Hnmr|micro| MS I T" 
J — - — J . — w l ,  1  L  

^ data available count 
I 

] fin in #& circle requested elements mol.wt.' "A; •. . 
a 

req.^ 

done ' H N •• 0; 0C — hrs. drying i formula C 
•- >:' '. ,r. I *••* * 

9 

misc. & comments: • calc. 
**#•* ' * 

I 

I 
•S. 

l̂ w! 
'•* • 

. /*•?" • # s»' .# : '>&:•'• 

^ 
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' / i y ?  %^mW^AnsT: OR ;.NMR90 I20q- -^SOO \Micro .:*> ^v^.- .  • 

wtS Iff ̂  Wt SJi® SS®&»s3S 'SM. mkwm .̂'sz 'a.#* 
£ «••• 1W-AW-KP i. '••;.: .3. bldg;--:sysg?-^. ••• Jab. &..•>- ' J g .  

• cnJde -v.- '  ̂

•sSSS® ?̂"' 

- -^rf " 

^Ec%:r 

s^ r̂<;C-..book .page line. . 

v. z; . - ' -
•<ĉ .';f"—: :—: ... 

.** « •*• 

.*<••*• *' 

•*'•• Q p ure 

date submitted 

. hazards: ' '..'V r-̂ w-1: sensi ti vi ti es: ?-. - ; . .. '•:. SAMPLE WEIGHT 

7*0rfi?*-
f-^F" - ' •' -

• 1 ^ •.i 
• routine • ̂  • 13C .• 31P 

* *T 

Required 7 -.;... 

for 200 or 500 mHz 
V'T' vt- *t 

^r-V- -.-• : -
•'.>*; Q expand spectral region from 

4 ~ '  •  •  •  " "  
to 

1 13 - ' • • ̂ {SOO) • 13c •^iKi • assign for 

• save on tape if pure -
200 13^ 

D check for impurities (state level) % 
- • - • 

*3V 500 

OV| 5? 
/ -

COM 
DEC ••;. NON CU-

HOM 
DEC 

•' synthetic pathway: 
reagents, solvents 
esp. last solvent: 

DEPT 

SEL 
DEC 

DIF 
NOE 

';- .v* 

NOE p20 
EX 

SOLV 
SUPP COSY 

CH LSR w • •• suspected structures 
: In order of prob.: C / 7  RELA T 

'4^: 
VT ' 

-' models available 
SPIN MQ 
SIM 

NOSY 

• STRUCT 

J H^mrj miGrc 1 MS IR . U V  data available • •" count * 
V9 •  •  v» 

7 " i fill in ir & circle requested elements 

• ; ! ;  •  
\ formula :C ' ,'H N • 0 ^: 

V ^ ^ :••>' A " - \  

•• •• v-.v-Vu*. 
mol. wt. . . •' 

. req,: 
drying ••"-done'_l 

I 

0C '••'• hr's. •• 
% • • • ' .  

misc. & comments: . 
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iR-r-\UV-Vis . . OR r HMR90 ^00.ff»;500--/^^fe î̂ ^^Rgq,,,̂ h^t^^^ 

-j-u î-A..- .•• - ••• -t- • :;;;|̂ /;;| '/#„ f̂ggf 

lW?s5iil|̂ ^̂ WipW' 
bid9:;.y.; - -M- =:•• «>iab::a,;::;.iiv 

• * * : . • *• • Sg'  •  - V  • .  .  '  . » • : * - -  , •  . :  ' • •  . • • • / • • . • • * • ' •  S >  • - • '  V  * ? • . • " •  • *  .  

;•• : •• ^ ••• ^.<- :^Cr\:- -••. j.:-v. • 
date submitted ' . - •9 .  -  . , '  • :=-- ' t . . r -  • ' • • •"• • • ; • • ;  

solvent or medium 

sample#' 
. book . page line 

'•unit head •; 

.1W-AW-KP . 
• crude ..; [3 pure ^ O f c r P M -  3 © '  

, do riot fill in hazards: '• sensitivities: "SAMPLE WEIGHT 

Required -

'.Hr-AV.-' for 200 or 500 mHz • routine • • 13C • 31P : 
I—* 

o/r< • . expand spectral region from to 

• .1H (500) • • 13C • assign for 

• save on tape^if pure. . 

• ; check for impurities (state level) 

* • v * v« 
'90 * 

«o nc:.v<' 

-v ... •- . v--. w-

•'•• NOE D26& 

% CSc/:. 
• 

! . synthetic pathway: . 

esp- last $olvent:'. .'.••; •.-'•:".r 
1 • i.-'.r •.' 

V i "  

'•V* * 

mmm 

MmmmmwKm 4mgmm 
jlpu wm 1 M ŝ gpi 

•B1--'- I' 
m j 1 

.•fc-̂ p 
I 

Fl Ŝ B i, 

" lip 
f,i.'i?;f"i—'ilili^St'iKf;:;;, 
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•  . . .  c i r c l e  r e q u e s t s  

: Uy^tfis OR NMR9D 200 500 Micro Misc ; : • Request Sheet' fg m 
empirical formula 

"V^-r 
solvent or medium 

requestor/v 

bp • . 

sample # 
book, •'"'page line 

unit head 

! ext. bldg. lab. -IW-AW-KP 
••.v 

S pure • crude . 

date submitted 

do not fill in sensitivities: hazards: SAMPLE WEIGHT 

Required 
for 200 or 500 mHz ¥ • routine • • 13C • 31P 

n expand spectral region from 

• assign for 

• • save on tape if pure 

• check for'impurities (state level) . 

to 

' • .1H (500) • 13C 90 1H " 

13ri 200 

% 
' \ i  GU . o • o •31_ • 500 

•• COM ' • • 
DEC N0N 

-Ti. 

OEPTTHOM ' /:• 
DEC 

O l F . l l v  
DEC|N06 'A 

NOE 
.-'T: ..EXV. -t". 

. .. -TTSV? 

• ^ted^ctures:: . ;• . , «v; 7 ::! • \ .. ifSS 

SIM 

lis 

| j  • ' "  " I  
v^;; :VVl i/. :v̂  '^r-' r-:^: -s-:-:-

sm m. m -M mm. mm 

synthetic pathway: 
'• i'i .^reagents, solvents 

* * 

SSL' - D'I yr\:;.: ̂ p.lart solvent: 
'  " ' v - / :  . • • . :  • : • • • • ' • '  •  

»•  ?  ,  ' » *••••'•.» 

. • * » » >  

' • ! .' 

:*** 

Sawai Ex 1005 
Page 3129 of 4322



ci 

Request Sheet MR 200 Micro UV-Vis OR NMR 90 Misc • 
empirical formula mp. 

Cb<-S Ic 
i 

\ 

solvent or medium bp 

sample # 
book page line 

unit head requestor » \ 

bldg. IW-AW-KP lab. ext. 
——0 pure • crude 14r \ 

date submitted 

REeeiTOO hazards: '• sensitivities: 

/ a716.. H^30JA 
\ 

d ANALYSIS nature of request: 
problem statement or 
specific instructions: / IC 

t 
fk~i VT 

NON other 

G LSR 
v 

synthetic pathway: 
reagents, solvents 

. esp. last solvent: 

OFR DT 9 A C. 
NOE DP cu-K VO 

NNE 60 

SEL 

HOM 
suspected structures 

in order of prob.: HMG d20 / 

models available 

IR UV H nmr micro OTHPT mRasuremftnts MS m nt 

fill in # & circle requested elements mol. wt. 

req. 
0C drying hrs. formula C N 0 H done 

misc. & comments: 
calc. 

WATTANASIN EXHIBIT 

C-3 found Wattanasln v. Fujikawa et a). 
Interference No. 102,64s 
Interference No. 102,975 

sarr 

87147/81 
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1 m Request Sheet' 1R UV-Vis OR NMR 90)/ 200 Micro Misc 
mp. empirical formula : c  

bp solvent or medium 

sample# 
book page line 

unit head 

s lab. ext. btdg. IW-AW-KP 
S-^ ^^S^pure O crude 

\ 
date submitted 

do n<5t fill in 
"»• v. • sensitivities: - hazards: 
»-• ; v f )  

' •  7 5 1  in 
- 1 , 8 4  

•'V- ANALYSIS 

J I  
nature of request: 
problem statement or 
specific instructions: 

[ C V *  
\ 

Ti 13, 

VT H 

NON other 

V\ VJ LSB COM 

OFR or synthetic pathway: 
reagents, solvents 

*... esp. last solvent: 
u -

NQE OP 

t) ^ 
60 • NNE 

s SEL Q> 
HOM 200 

I ^ suspected structures 
in order of prob.: HMG 020 

V 1 to u  

4 models available 

OR o  

H nmrj^mtcro j MS J J 

mol. wt. 

I other measurements IR UV co'mt 

II in circle requested elements 

req.« 

done 
0C hrs. drying 

ormula C N O H 

misc. & comments: 
calc. 

found 
book # sample# 

87147/81 
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<"\ cir 

Request Sh'eet ^ Misc 0 (  200 UV-Vis OR NMR60 o !R 
mp. empirical formula 

•Fj'liv,. Ic 

bp solvent or mec\um 
unitXead _ requestor sample # 

book page line 
lab. bldg. ext. IW-A" :P 

• crude • Aire 

date submitted 

do not fill in 

c C E i V E D  

6 2 5 5  

sensitivities: ^-2^''2-4H32ARDS: 

n 

H J H v m. 1 3 . 8  nature of request: 
problem statement or 
specific instructions: 

••jr.UlMENTM. ANALYSIS 
H * : -it 

T I  L3C 1 

\' 
VT 1 

cnt NON other >, 

COM L5R 

synthetic pathway: 
reagents, solvents 

. esp. last solvent: 

OFR OT 

zx , / OP NOE 
s», 

NNE 60 

\ \  set 90 U 
\ 

HO 
suspected structures > 

in order of prob.: 
O 

HMG D2O 
V 

models available 

IR UV other measurements H nmr micro MS count 

fill in #& circle requested elements mol. wt. 
"3 
ft req._ 

done •'3 formula C drying 0C hrs. H N O 
f? 
' < ) \ -

misc. & comments: •i calc. 
\ *1 • 

1 

"/ir 
) found 

sample # book # •I 
* 
> 

87147/81 1 
• 
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/ ^ s  
200 UV-Vis OR NMR6£r 90 IR Misc Request Sheet icro 

empirical formula mp. 

Ic ZXiULl 

mediu>Q\^ solvent or bp 

sample# 
book page line 

unit head ^ requestor . 
_ryj u > 

IW-AW-KP bldg. lab. ext. 
O pure • crude 

date submitted 

do not fill in hazards: sensitivities: 

n P.CCE;V::D 
m A k ^ k  

:N:-raurt£NTAL ANALYSIS H nature of request: 
problem statement or 
specific instructions: i s .  

C 
Tl 

v \  IHJ V 

NON ler 

U~7\ ISR COM 

DT synthetic pathway: 
reagents, solvents 
esp. las.t solvent: 

OFR 

OP NOE 

60 NNE 

90 SEL 

200 IM 
suspected structures 

in order of prob.: HMG D2O 

models available 

other measurements "J H nmr micro IR UV MS count 
J 

' fill in IT & circle requested elements mol. tot. 

req. 
0C drying hrs. 

done formula C N O H 

misc. & comments: 
calc. 

found 
book # sample # 

87147/81 
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circle t /?/ UV-Vis OR NMR6Q 90 XgODJ^MIcro' YIR Misc Request Sheet 
mp. empirical formula 

I c  ^Ok\ Cboe^ 
solvent or medium bp 

sample rr 
book page line 

unit head requestor 
^  . >  O o  o — a j i t Q  

bldg. lab. IW-AW-KP ext. 
.^"pure • crude 

date submitted 

$ do not fill in hazards: sensitivities: 
R E C E I V E D  

sm m:iu^ 
"7 

.i'. 1 J'.; 
( :'CV-H nature of request: 

problem statement or 
specific instructions: 

l!>i'iTi'>uMEHTAt ANAU^SIS H .tr 

Tl 13c 

VT 

\ 
NON other 

COM LSR V 
synthetic pathway: 

reagents, solvents 
esp. last solvent: 

OFR DT 

DP NOE 

NNE 60 

90 SEL 

HOM 
suspected structures 
. in order of prob.: HMG D20 

models available 

I j u v  ] UtJ other measurements IR H nmr micro count 

fill in #& circle requested elements mol. wt. 

req. 
0C drying hrs. done formula C H N 0 

misc. & comments: 
^5 calc. 

found 
sample rf book# 

87147/81 

* •. i'** 
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circ' 

IB UV-Vis OR NMR60 90 Misc Request Sheet' icro 
mp. empirical formula 

^0 
Ok* 

solvent or medium bp 
unit head sample # 

book page line 

requestor 
s. 

bldg. fab. IW'AW'KP. ext. 
^S^pure • crude 

o date submitted 

do not fill in hazards: sensitivities: 

/•* •- ' > / vr A 
V n-U I 

bi 
S t F . " 5 J 4  

nature of request: 
problem statement or 
specific instructions: 

*^3 ^5— IStJ 

T 13c 1 

ft y VT 

I NON other 

OHx) COM CSfi 

OFR DT synthetic pathway: 
reagents, solvents 
esp, last solvent: 

k; 

OP NOE 

NNE 60 

SEC 90 

HOM 2QI 
suspected structures 

in order of prob.: HMG 020 

models available 

IR | UV H nmr micro MS other measurements count 

fill in rrSt circle requested elements mol. wt. 
u req. 

0C hrs. drying done .$ formula C O H N 

'li misc. & comments: 
• .•> calc. 
I 

4 

S 

\ found 
book TT • ? sample# 

n 87147/81. 
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t?3 cir 

gjKf̂ ooiNyii Misc Request Sheet UV-Vis OR NMR60 icro 
mp. pirical formula 

Ic Q)^ 
solvent or medium bp 

unit head sample # 
book page line 

....requestor , 
'T! . N... ̂ c>w>V Q-

lab. bldg. IW-AW-KP ext. 
• crude • JID pure T— 

date submitted 
do not fill in u >  

hazards: sensitivities: 

f -^^EiVED' 
nw-aes .  H nature of request: 

problem statement or 

specific instructions:. 
:.=Vj;NTAL ANAUTSI^ ; 

T 13c 1 

z VT 1 

.Q\ 
31P NON 

Q) COM LSR r • u 
p co^-) OFR O'EPT synthetic pathway: 

^ reagents, solvents 
esp. I^st solvent: 

\ 
T NOE COSY 

NNE 60 

SEL 90 

suspected structures 
,in order of prob.: HMG D2O 

DIF 
CH NOE 

models available 

f other measurements | 

» fill in #& circle requested elements 

IR UV H nmr micro MS count 

mol. wt. 

req. 
6C drying hrs. ormula C H 0 N done — 

* •  

misc. & comments: 
ca!c. r 
found 

VlJfi;5fe.;87147/8V(Rev.1) 
J  A '  v  •  

book # sample # 

i r 
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cir 

200 Misc Request Sheet IR UV-Vis OR NMR6D 9 icr 
mp. empirical formula 

2c c bp solvent or medium 
requestor unit head sample # 

book page line 
lab. bldg. ext. IW-AW-KP 

f-O""pure • crude 

date submitted 
do not fill in hazards: sensitivities: 

j H 
RECEIVSD 

( 
^ 3 5  r n - l A l  \  w nature of request: 

problem statement or 

specific instructions: N^HUMENTAl ANALYSIS 

13c T 1 

7 1 
la"" VT 

' Ul̂  3lp NON u s 
'CbR. G I COM LSR 

• OFR OEPT c „ synthetic pathway: 

reagents, solvents 
esp. last solvent: c COSY NOE 

s*. -v-e. ~ 
I  60 NNE 
rk 

SEL wr \ 

suspected structures 

in order of prob.: WoL. 
HMG D20 . 

'3 I 
OIF CH NOE 

models available 

7 I R  I U V  | H  nmr| micro MS count f other measurements IJLK*** f « > l 1*. 
^ > A 1 *• fc*-***-** 1 ft*-**-**'" * * 

mol. wt. 
J fill in T r &  circle requested elements 

req. 
0C hrs. drying 

done 
0 formula C H N 

misc. & comments: 

calc. * 

c • 

» 

book # j found sample # 

87147/81 {Rev. 1} « f 
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circle requests 

(3 • Request Sheet Misc UV-Vis OR NMR60 90 icro 

/?s nip. empirical formula 

• fJVm-
bp solvent or medium 
requestor unit head sample # 

book page line 
lab. ext. bldg. IW-AW-KP 

^JETpure ^Sro ^ • crude VivT- -a - < 
date submitted 

do not fill in 
! a-.hazards: sensitivities: RECEIVED 

2683.: H^/ 1485 • 
i nature of request: 

problem statement or 
specific Instructions: 

• VENIAL ANALYSIS 

T, 13C m VT 

31p • NON 

LSR COM CH 
\ -- cr\h try. O OFR OEPT synthetic pathway: 

reagents, solvents 

esp. last solvent: 

w 
c ^ NOE COSY 

VJ 

NNE 60 

90 SEL 

W>^U- ^ * 

cyJt- cx (̂ Lnr4  ̂/ r̂ i 

200 HOM i  suspected structures 

in order of prob.: 
\ 

HMG D20 

DIF CH NOE 
models available 

I f other measurements IR UV H nmr micro MS count 

a 
:J till in #& circle requested elements moi. wt. 

req. • • V hrs. drying 
•\ formula C done O H N 

misc. & comments: 
* calc. 

\ 

•» found 
book # sample # 

87147/81 (Rev. 1) 5 
* I 

•» 

*4 •* «, 

Sawai Ex 1005 
Page 3138 of 4322



/?y, circle 

Request Sheet 200 UV-Vis OR NMR60 ySO Micro IR Misc 
mp. empirical formu 

( 2c 

sotvent or medium bp 
requestor , 

. v>,A ^ Qt^-xATT" ts»^4 Uj sample # 

book page line 
ext. lab. IW-AW-KP bldg. 

^Uptife • crude 9^-^ o ̂  •> 
date submitted 

do not fill in 
hazards: sensitivities: 

RciGEiVUD 
\ 

' ,?v686-lMU85 1  ti  nature of request: 
problem statement or 
specific instructions: 

INSTRUMENTAL ANALYSIS • 

T «C 1 

VT, H 

NON 

^ ' CM % 
COM LSR 

\\ 
OFR 0*6PT 1 1  o synthetic pathway', 

reagents, solvents 
esp. last solvent: 

COSY Noe K) 

NNE 60 

SEL 90 

f__T 
•wî U 'l̂   ̂

HOMi 200 

suspected structures 
in order of prob.: HMG D20 

DlF CH NOE 

models available AO 

7R I UV |Hnmr|micro|  MS f other measurements 
count 

K 

mol, vrt. 
!• fill in #&-circle requested elements 

req. 
6C hrs. drying 

done O : formula C H N 

misc. & comments: 
•' ca/c. 

found book # sample # 

87147/81 (Rev. 1) 
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ci 

;/^R Request Sheet IR UV-Vis OR 00 500 Micro Misc 
empirical formula mp. 

I 
lc 

w solvent or bp 

unit head requestor ^ sample # 
book page line 

lab. IW-AW-KP bidg. ext. 
\3c>' 17 S" crude • pure 

date submitted ^ 

do not fill in sensitivities: hazards: SAMPLE WEIGHT 

fxCaVZO 
Required 
for 200 or 500 mHz 3256 JUL-5 .87 :  routine J3 • 13C 

• expand spectral region from 

• assign for 

• save on tape if pure 

• check for impurities (state level) 

• 31P 

i-1 iSTfrtjMcNTAt•ftMALYSIS : to 

" a© • (500) • 13C 

200 13c 
% 

500 31> 

COM 
DEC f NON 

%)r CO synthetic pathway: 
reagents, solvents 
esp. last solvent: 

HOM 
DSC 

OEPT 
3-

SEL 
DEC 

OIF <1 NOE 

\ o2o NOE 
EX 

SOLV 
SUPP 

COSY 

CH LSR 
suspected structures 

in order of prob.: RELA T, 

VT 
models available 

SPIN MQ SIM 

NOSY 

STftUCT 

[ I H^nmrj UV micro data available IR MS count 

fill in #& circle requested elements mol. wt. 

req._ 

done •c drying hrs. formula C H N O 

misc. & comments: calc. 

found 
book # sample# 
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circle -Quests, ''' 

Request Sheet /fp-Misc IR UV-Vis OR/ NMR90 ^OO 500 Micro 
mp. empirical formula 

rc c 
bp solvent tmmej 

unit head reques,or sample # 
book pa9e line 

lab. IW-AW-KP bldg. ext. 
• pure crude 

date submitted ^ ^ 

EgCfflWEp-
3326 JUH.  12 .87  

.^SflTAL ANALYSiS 

hazards: sensitivities: SAMPLE WEIGHT 

Required 
for 200 or 500 mHz 

© routine 0 • 13C • 31P 

G expand spectral region from 

• assign for 

• save on tape if pure 

• check for impurities (state level) 

to 

1 13 • H (500) • '^C 90 

13c 200 

% 
31P 500 

.<# COM 
DEC NON 

o H  OEPT HOM 
OEC synthetic pathway: 

reagents, solvents 
esp. last solvent: / SEL 

OEC 
OIF 

<0 NOE \ 
NOE D20 

EX 

SOLV 
SUPP COSY 

CH LSR 
suspected structures 

in order of prob.: RSLA Ti 

VT 
models available 

SP.IN MQ SIM 

NOSY 

STRUCT 

IR UV H nmr micro MS data available count 

fill in rr & circle requested elements mol, wt. 

req._ 

done 
0C drying hrs. formula C N 0 H 

misc. & comments: 
calc. 

found 
book rr sample # 

i\fr-
5^,87147/81 IRev. 2) 

• • 
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m circle 
500 Micro IR UV-Vis OR/piMR90 Misc •2 Request Sheet 

empirical formula mp. 
fc 

\ s • \ 
solvenwarKif bp 

unit head sample # 
book page line 

requestor 

bldg. lab. IW-AW-KP ext. 
• pure Q crude 

<-19^ date submitted 
do not fill in hazards: sensitivities: SAMPLE WEIGHT 

•RECEIVED 
. . ^ 5 0  i y .H, 19..B7 i 

5 
Required 
for 200 or 500 mHz 

O routine • ̂  • 13C • 31P 

• expand spectral region from 

• assign for 

• save on tape if pure 

• check for impurities (state level) 

to 

m? 1 13 • 'H (500) • '^C 

•d f r y  
200 13C 

% 
31P 500 

• ! COM 
DEC NON 

synthetic pathway: 
reagents, solvents 
esp. last solvent: 

HOM 
DEC 

DEPT rr^-
— fv-/ 

\ - 6)"> 
J' < 

' J'-P - ^ SEL DIF \ DEC NOE 
.'s.* 

NOE 020 \ EX 

SOLV 
SUPP COSY 

CH LSft 
suspected structures 

in order of prob.: R6LA 
T1 

VT 
models available 

SPIN MQ SIM 

NOSY 

STRUCT 

uv micro IR H nmr MS data available count 

fill in # & circle requested elements - . mol.vvt. 

req. 
0C drying hrs. formula C H N O - done 

misc. & comments: calc. 

found 
sample # book # 

87147/81(Rev.2) 

Sawai Ex 1005 
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Iff circ 

OP /NIVIR90 VRO 500 Micro Misc Request Sheet !R UV-Vis 
mp. empirical formula 

C ' -VI Ic 
• • •-•••/% bp solventNjr m 

unit head ^ \v 11— r e q u e s t o r / . - '  • _  
Vv,  ̂sample # 

book page line k 
lab. bldg. 1W-AW-KP ext. 

i 

D pure G crude 

-̂(c; ̂ 17 date submitted 
x/ do not fill in hazards: sensitivities: SAMPLE WEIGHT:** 

RECEIVED 
24Si mi9 .87 : Required 

for 200 or 500 mHz 
• routine .• 1H • 13C • 31P T '• I 

• expand spectral region from to 

• 'HtSOO) O 13C 1 • assign for 

• save on tape if pure 

1H 

200* 13C ' 

% I • check for impurities (state level) 
31P 500 

COM 
DEC NON 

HOM 
DEC synthetic pathway: 

reagents, solvents 
esp. last solvent: 

DEPT 
OH V 

<c ro'l ^ , SEL 
DEC 

OIF 
.J • 

NOE 

O2O > 
\ NOE 

EX 

SOLV 
SUPP COSY 

CH LSR 
suspected structures 

in order of prob.: RE LA Ti 

VT 
models available 

SPIN 
SIM 

MQ 

NOSY 

STRUCT 

£ data available 

I fill in #& circle requested elements 

IR UV H nmr micro MS count 

mol. wt. 

req._ 

done 
0C drying hrs. O formula C N H 

misc. & comments: 
calc. 

found 
book ir sample # 

87147/81 (Rev. 2) 

Sawai Ex 1005 
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cird* "o^uests 
IR UV-Vis OR NIYl 200 \ 500\ Micro Misc Request Sheet 

.^VUV mp. empirical formula 

solvent or meoium bp 
sample # 

book page line 
unit head • requestor I 

- <•» V 
>  5  i J  IW-AW-KP bldg. lab. ext. 

0 pure • crude 

date submitted 

do not fill in hazards: sensitivities'. SAMPLE WEIGHT 
RECEIVED 

-•8556 JUL,-2.37 Required 
ti for 200 or 500 mHz 

• routine 0'1H • 13C • 31P IT.ALANALYSIS ^ 
• expand spectral region from to 

1 13 • 'H (500) • ,-C • assign for 

• save on tape if pure 

<o H 

w/; 200 lTc 
• check for impurities (state level) % 

500 31P 

u COM 
NON OSC 

, c I' ^ C'" 
synthetic pathway: 

reagents, solvents 
esp. last solvent: 

HOM 
DEC 

OBPT 

set 
DEC 

OIF 
I NOE 

N06 02O 
ex 

L n '1  f  SOLV 
SUPP COSY \ 

CH LSR 
suspected structures 

in order of prob.: R6LA Ti 

VT 
models available 

SPIN Ma SIM 

NOSY 

STpfUCT 

f -& 
data available J I J micro j IR UV H nmr MS 1 count 

fill in #& circle requested elements mol. wt. 

req._ 

done 
0C drying hrs. 0 formula C H N 

misc. & commems: 
caic. 

found 
sample# book ~ 

87147/81 (Rev. 2) 

Sawai Ex 1005 
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circle requests 

Ofl/ NMR90 \200 \ 500 Micro " IR UV-Vis Misc Request Sheet 
7 empirical formula mp» 

O/ CD^ c 
3 

djyjn bp sdivenvor me 
S1 - — re''ue"°r 

unit head sample# \ 
book page line 

lab. bidg. IW-AW-KP ext. 
{^aC- |S3'3p Z\ pure • crude 

date submitted'"?'-
T7 

do not fill in hazards: sensitivities: SAMPLE WEIGHT 

RECEIVED 
•>2615 JUL,-7,87 -Required 

for 200 or 500 mHz 
Q routine 0 1H • 13C • 31P 

iNSTRU!46MTAL ANALYSIS ; 
• expand spectral region from to -i*'' 

13 1 • assign for 

• save on tape if pure 

• 'H (500) • C '90/K V 

200 13c 
• check for impurities {state level) % 

500 31P 

COM 
oec NON 

vx synthetic pathway: 
reagents, solvents 
esp. last solvent: 

DEPT HOM 
OEC 

SEL DIP 
OEC NOE 

NOE 020 
EX 

SOLV 
SUPP COSY 

CM LSA 
suspected structures 

in order of prob.: RELA 
T1 

VT 
models available 

SPIN MQ 
SIM 

NOSY 

STRUCT 

|~ data available 

I fill in #& circle requested elements 

J IR | UV H nmrj micro j MS J I count 

mol. wt. 

req. 
0C drying hrs. formula C H N O done 

misc. & comments: calc. r 

-

87147/81 {Rev. 2) 
Ww? 

found 
sample# book# 

V 

-

Sawai Ex 1005 
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sts 3-Ox 500 Micro Misc IR UV-Vis • MR9{r\2 Request Shec 
mp. empirical formula 

Ic 
mediupi solvent bp 

QL (^cfo( unit head sample # 
book page line 

equesior 

4 6 ^  bldg. lab. IW-AW-KP ext. 

(AOf i -  ISt-Ai 5? crude • pure 

v-^s-en date submitted 
/ do not fill in hazards: sensitivities: SAMPLE WEIGHT 

DECEIVED 

3677 JUL.  10.87 i  
i 

Required 
for 200 or 500 mHz • 

• routine • ̂  • 13C • 31P 

• expand spectral region from 

• assign for 

• save on tape if pure 

• check for impurities (state level) 

INSTRHMFNTAI ANA1 VfilS ; to 

13 1 • H (500) • ,0C 

200 13C 
% 

500 3,P y COM 
DEC NON 

0(7 
synthetic pathway: 

reagents, solvents 
esp. last, solvent: 

HOM 
DEC —,0̂   ̂

DEPT 

SSL DIF 
DEC NOE 

O2O NOE EX 

SOLV 
SUPP COSY 

CH LSR 
suspected structures 

in order of prob.: RELA 
Ti 

VT 
models available 

SPIN MQ SIM 

NOSV 

STRUCT 

IR UV H nmr data available micro MS count 

fill in # & circle requested elements mol. wt. 

req._ 

done 
cC drying hrs. formula C H 0 N 

misc. & comments: calc. 

found 
book rr sample # 

87147/81 (Rev. 2) 

Sawai Ex 1005 
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Request Sheet IR UV-Vis OR NM990/20Q 0 Micro Misc 
mp. empirical formula 

2c 
Is CD 

solvent or medium' bp 
sample # 

book page line 
unit head requestor 

lab. IW-AW-KP bldg. ext. 

166-^0 S pure • crude 

date submitted 
do not fill In sensitivities: hazards: SAMPLE WEIGHT 

RECEIVED 
Required 
for 200 or 500 mHz S7S3 juL 16,87 

• routine • 31P 
. \ z :R \h *W;AL  ANALYSIS • expand spectral region from 

• assign for 

• save on tape if pure 

G check for impurities (state level) 

to 

1 • . 'H (500) • 13C 

200 13c 
% 

500 31P 

COM 
DSC >CH o NON 

HOM 
DEC 

synthetic pathway: 
reagents, solvents . 
esp. last solvent: 

• OEPT 

S6L OIF 
DEC NOS 

NOE 020 
EX 

SOLV 
SUPP COSY i 

CH LSR 
suspected structures 

in order of prob.: RELA 
T1 

VT 
models available 

SPIN 
SIM MQ 

NOSY 

STRUCT 

|~ data available ~ J Ti | UV 1 H nmr micro MS count 

fill in #& circle requested elements mol. wt. 

req— 

done 
0C drying hrs. formula C N O H 

misc. & comments: c^lc. 

found 
book # sample rr 

87147/81 (Rev. 2) 

Sawai Ex 1005 
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Request Sheet 3.0 *f IR UV-Vis OR. MM 200^^500 Micro Misc 
empirical formula mp. _°c 

t x n  
solvent or medium bp 

sample# 
book page line 

unit head requestor 

• *1 •, IW-AW-KP bldg. lab. ''*5 ext. 
G pure • crude 

date submitted 
/ do not fill in hazards: sensitivities: SAMPLE WEIGHT „ 

RECEIVED 
Required 
for 200 or 500 mHz .. • 3 S 7 4  j y L . 2 Z 3 7  

• routine 0^0 13C O 31P 
WST'FcUMSWTAL - ANALYSIS V / 

• expand spectral region from 

• assign for 

Q save on tape if pure 

D check for impurities (state level) 

to 

• (500) • 13C 90 

200 >< % 
500 31P 

COM 
JjON 060-

HOM 
DEC 

synthetic pathway: 
reagents, solvents 
esp. last solvent: 

06PT 

SSL OIF 
oec NOE 

cj) cH O .v. a. J •so NOE 
EX 

SOLV 
SUPP 

COSY 

\ / •  /* N CH LSR 
suspected structures 

in order of prob.: RELA 
Tl 

<r 
2.- VT 

models available 
SPIN ' MQ sm 

NOSY 

ST£ UCT 

data available JH nmrj^microj MS J IR UV count 

fill in #& circle requested elements mol. svt. 

req. 
0C drying hrs. formula c H N 0 done 

misc. & comments: 
calc. 

found 
book rr sample # 

87147/81 (Rev. 2) 
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los circle 

IR UV-Vis Oft NMR Misc 20Q^A 500 Micro Request Sheet 
empirical formula mp. 

C<t> : °C 

fe solvent or medium bp 
g. petkLj. sample # 

book page line 
unit head requestor 

bldg! ^4 IW-AW-KP lab. ext. 
19^ S pure • crude 

0-date submitted 

hazards: do not fill in sensitivities: SAMPLE WEIGHT 

'  F-'ECSIVSD 
• •3934 JUL.27.87 

INSTRUMSNTAL ANALYSIS 

Required 
for 200 or 500 mHz • routine • 1H Q 13C • 31P 

O expand spectral region from 

• assign for 

• save on tape if pure 

• check for impurities (state level) 

to 
1 13 • 'H (500) • "C ''-W«i*-xVex » . 

9] H 

' 20 13 C «' -% 

10 P 

COM ^ 
Jgpgc/ 

- 5? 

0V1 •c NON o-
I synthetic pathway: 

reagents, solvents 
esp. lasj solvent: 

OUb HOM 
DEC 1 6PT 

SEL OIF 
DEC NOE —-fj \ f D2O NOE 

EX 

SOLV 
SUPP 

COSY 

^ 1 /" (2— 

0CcH -̂ ̂ d \ < $   ̂  ̂ 7 

^4-^ 

suspected structures 
in order of prob.: 

CH LSR 

RSLA j  
1 

models available vr 

SPIN MQ 
SIM 

NOSY 

RUCT, 

data available 
% 

| fill in #& circle requested elements 

IR UV H nmr micro MS 

mol. wt. 

req.» 

done 
formula C H N O > drying hrs. 

calc. 
misc. & comments: 

found 

book # sample # 
87147/81 (Rev. 2) 
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circ 
IR UV-Vis OR NMRM/20 0 Micro Misc Request Sheet 

empirical formula mp. • v vy'% I 
lo 

solvent or medium bp 
sample # 

book page line 
requestor y : « j unit head 

IW-AW-KP bldg. ''-I ^ •'t tab. ext. O -'0 Q pure • crude 

1 - 2.-) ;t date submitted 
hazards: sensitivities: do not fill in SAMPLE WEIGHT 

DECEIVED 
3 9S3 JUL 27.87 Required 

for 200 or 500 mHz D routine • 'H BJL • 

• expand spectral region from 

P assign for 

• save on tape if pure 

D check for impurities (stats' level) 

1 31 P 

— . \ r,'! h J M £ M T A L.. A N A L Y SIS to 

• 1H (500) • 13C 

"BO 

( 
% 

ov, f 
500 P 

J 
A*et) v NON synthetic pathway: 

reagents, solvents 
esp. last solvent: r HOM 

DEC 
OBPT 

\ 
fc 

SEL OIF 
DEC NOS 

7^3 
020 NO6 EX 

CL,^; P i "  S.C\sr^ SOLV 
SUPP COSY 

suspected structures 
in order of prob.: H CH LSR 

Qoc^P^(vk 
t r JT" 7 cAo RELA 

T1 
models available 

VT 

SPIN MQ SIM 

NOSY 

T: 
|~ data available 

] fill in #& circle requested elem 

R IR Ld J*. 
H nmr micro j MS ôeni ents 

moi. wt. 
formula C H N O req. 

0C drying hrs. done calc. 

misc. & comments: 

found 

87147/81 (Rev.2) sample# book ir 
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Date: 
SAND02 RESEARCH INSTITUTE 

EAST HANOVER, NEW JERSEY 

CHEMICAL INFORMATION Compound No.: 
SANDOZ 

Emp. Form 

Mol. Wt. 

Structure: 

m.p. 

b.p. 

'Others 

Hanover 

AM/AV 

Tr 

Agro 

Name: 

Screen: Pat. Disclosure No. Screen: Remarks: • 

^0 L & D No. 

GH! Known Unknown 

GLUC Preparation of Physiol. Solution: 
H6 

HI 

PL AM/AV 

TC Tr 

Agro 

Compare 
With: 

Synthesis: 

WATTANASIN EXHIBIT 

D-l  
Wattanasln v. Fujikawa et al. 

Interterenca No. 102,648 
Interference No. 102.975 

Chemist: 

Chem. No.: 

Sawai Ex 1005 
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M Date: SAOTDOZ RESEARCH 
DEPARTMENT HANOVER 

SAMOOZ Compound No.: 
CHEMICAL INFORMATION 

Structure: 
0 M:  ̂• Emp. Form 

Mol. Wt. 

/ m.p. 
Otl on O 

b.p. 
OC^CU^ O i l '  * Others 

Hanover 

AM/AV 

u Tr 

Agro 

Name: 

. SCO-VU-U j VH:. C 

VC^jL^p 1U ^ o ̂  A. vr>JlJZ~ 

v/ Screen: Remarks: Screen:• 
Eat. Disclosure No. ^H* 
L & D No. — 

c  s x  "T" AO 
G H I  

Unknown Known GLUC 
H G  

.Preparation of Physiol. Solution: HL 
r 

AM/AV P L  
TC_ If 

zry Agro 

0 i~cn-v 6 
Compare 
With: 

or 
C & -  V i - o -

C K C  ^  p i n  S« OKJ CL 

Synthesis: 

\ - C C ttoH-k <-«*.£*-
\ [ ; 

\+CR. 

Z-frt-l I 

ao-i-tfJi. /LbA ft Z\ 

U't /»V H-i 

•c> p.a.e.. I 
^ Pln^ -(TTT 

p r W o  J - .  Cfto C -̂o 4 

^ Qb,on+ 

S, UJ f \  xt A ^,I0 /  *(r-

1 0 ^ 9 -  I U -

KJ "S" ^ U >  ^  D l ^ A U - H  

^ K VN o ^ 
iirvtfY 

Chemist: WATTANASIN EXHIBIT 

D-2 
Wattanaaln v. Fujikawa et al. 

Interference No. 102,646 
interference No. 102,975 

Chem. No.: 

Sawai Ex 1005 
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0 l o j  A Date: SAINT) OZ er fc( I RESEARCH 
D E P A R T M E N T  

\ \ 

H A N O V E R  
SAM OOZ Compound No.: 

CHEMICAL INFORMATION 

Structure: C u o v ^ • Emp. Form h I 

MoJ. Wt. 
% - r m.p. 

cm  ̂ Q 
b.p. ( I 
'Others Cn v z u - a .  

NJ-' 

!Jr- ? Hanover 

AM/AV 

Tr 

Agro 
ST) 

Name: 

< J C >'-i-' ^4 . i"™' 
. y.i -s •••(j 'w."rr—r. J 

.•••; O-'-wi- . 

Screen: Remarks': 
-- •A.' 1; 

•y Screen: • 
Eat. Disclosure No. 
L & D No. . 

^ Known Unknown 

AO —-i.1 

I GHI 
GLUC C ""'J • 
HG 

.Preparation of Physiol. Solution: 
HL 

AM/AV PL 
JC. Tr-

Agro 

£ rt~V~ 
Compare 

'jt With: 
' • • • • .  s  

Synthesis: 

/ 
:c^? £ - ci-/ 

-• •" k-Ci;> 5 I "" 
ij -* "s 

C y i  .  

760 7 t  !}r. 
0<' -r 

i. 

SoCJ: • 
1U 

p ^ 

CK 
TO O '-52 o - 5, P C o t f ^  b 

p/lrzr-J'-'P r ^ o e r )  
<-

CJl - \ CLH 
} f; L"., }sj f-

•?? U o l i  
 ̂ :'J*J p< - £ .VJ A s !- r-. Lufl L/T-Chemist: 

Chem. No.: 

8 3 5 2 0 / 7 4  R e v .  6  

Sawai Ex 1005 
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Ji/0 A e  Date: SA>TI)OZ R E S E A R C H  
D E P A R T M E N T  

1 i toi .j •. 

H A N O V E R  
1AMDOZ 

Compound No.: 
i j - ^ L C j  CHEMICAL IHFORMATIOH 

Structure: 
^ >. \ 'n ^ ^ ^ Emp. Form 

MoL Wt. • 
> Cru. 

m.p. 

b.p. 
TJ5' 

^Others 

Hanover 

AM/AV 

Tr 

Agro 
i' £ Z.-

Name: 

Screen: Remarks: >>. 

— f-Xi I'JL " ^ 

V Screen:• 
Rat. Disclosure No. ^ 1 '' 0 

L & D No. • ^ i-

i*. j 

A.O 
GH! 

i v- • 5 r .•-<• Known Unknown S C'i'xi. 

• i j  .  
GLUC 
HG 

.Preparation of Physiol. Solution: HL 
AM/AV PL 

TC Tr-
Agro 

Compare 
With: 

O v' \ : O <*• 

Synthesis: 

r'r 
O "s.-

o  

v J ) ^ d 
' r  

i  ^ -F 
C — " »  • . /  

•' • I' 

I 

Chemist: •/ /.T . ^ /-c-v f-

S 'X Chem. No.: I ; 

83520/7^ Rev. 6 

Sawai Ex 1005 
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<3// 
Date: 

SANDOZ RESEARCH INSTITUTE 
EAST HANOVER, NEW JERSEY 

CHEMICAL INFORMATION A 
SA.NDOZ 

Compound No.: 

C - f -  13,3 

4 ^ . 5 2 7  
Emp. Form 

Mol. Wt. 
Structure: 

© m.p. 
OH oH O 

b.p.  
o c 

•Others 

5"0 "m g Hanover 

AM/AV 

Tr 

Agro 
3o-y-f I 

Name: 

^ Pat. Disclosure No, 

V_ L & D No. 

^ Known 

Remarks: ^ •  SCO^I IGVL S'OTn^ 

" " " J  ^  
Screen: Screen: 

<251 AO 

Unknown JS. CS TC GHI 
C  ̂ T V  N/ •GLUC Preparation of Physiol. Solution: 

H G  
"S 3> r<i ft 

HL-
CTV AM/AV PL E ^.•VoH 

' TC Tr 
<7V Agro 

<^or\ C ^ 

Compare ^ "2. O 
With :  

tO o Synthes i s :  
O o svoH 

oc^CKg 

\ )  ' p ^ A r U-n 
2.? C0^ ^ 

(€."5 '.H 

+ r CD czn A  
*  H c i  f-a 

30-^37 2-

tp O j <2»C<S. H5 
acJJ-VaV^. Q P tv^ P ^ - ^ *  

.1 ^  3 ) \ a f H | — H  

ChemYst^^^P „ n V 
Ucx-trVovsasm 

fZOtr- 43 

o 
\ 

p̂  ._ Juc"t  ̂ <n^ 2.? £^6 fO \ J o f - J f  

83520/7* Rev. 7 Chem. No.: 
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Ja 
Date: 

SANDOZ RESEARCH INSTITUTE 
EAST HANOVER, NEW JERSEY 

CHEMICAL INFORMATION A Compound No.: 

C, i -13 f-. SANDOZ 0̂  

WO-
Emp. Form:. £-2̂  
Mol. Wt. 

26  Structure: 

•4Z7- 4 & 7  
7 ^\0OC m.p. <P cH oH & b.p. 

^Others ' \ 

< 
e^Q YYlg Hanover 

AM/AV 

Tr 

Agro 

Name: 

^ Pat. Disclosure No. 2.^ ̂  Remarks: ^*7^3 > qs - * 

Tef-rVger-

Screen: ^ Screen: 

£ £ ? .  K/ AO L & D No. 
"te ^ s x ^  Unknown ^ a_ ^ Known GHI 

csxv V/ GLUC 
Preparation of Physiol. Solution: 

HG 

HL T> M A D 
OV 

£V6 H £• 
AM/AV PL 

. TC Tr 

cv Agro c C r n c  
Compare 
With: £ 2 - 3 ^ 0  

Synthesis: (O cH OH <= 

0CVVCW3 r<CI 'p-^OcA\A<J' pOo^oH 
-P 

0% c 3o44f 

\yJGx-H-e\WOv sm f R . 

C h e m .  N o . :  | a O ^ - -  ^ 9 ^ - 2 0  

*— Chemist: 

83520/74 Rev. 7 

Sawai Ex 1005 
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2/? 
Date: 

SANDOZ RESEARCH INSTITUTE 
EAST HANOVER. NEW JERSEY 

CHEMICAL INFORMATION A Compound No.: 

C f - t Z S '  SANDOZ 

H2,o M 0M-F Emp. Form: 

Mol. Wt. : 
Structure: 

F 
m.p. 

b.p. 

'Others 

H o otV ^ 

OCtf^Qi ̂  

\\ ^ 

V ~~ 
KJ 

XO • O ""J-Hanover 

• AM/AV 

iJl^ Tr 
30 

Agro 

Name: 

Remarks: * r  . ^ Ox. t ta iK ^  ̂  ̂  
j2_jn  ̂ *^> •. t̂ r̂ -o  ̂  ̂  ̂

<JU-p 

x Pat. Disclosure No. 

L & D No. — 

Screen: Screen: 

C ^ l  AO 
Unknown GH) L/ Known C S T C  

1/ GLUC Preparation of Physiol. 2;: ..-.on: 
HG 

HI t) K f\ " ^ 

PL AM/AV 6Y-
TC Tr 

E-V-o+l tr Agro 

o V-

C C _ K C _ So<; [ut-nSto^. Compare 
With: 

F 
Synthesis: 

O o e f o w  k 

'3^ 
Co u^rr^0 + 

A ^ .ttUL » *  

rioHHS 
£V£.^V 

• Kio-̂  f  jv. BuLi ^ Hw (is ^rsducJ"" 

O H ^ et^fc G r̂Ŝ " 
t-H^otv ^TnF 

^ 1 Ctt^o H 

^ c. t k )  /  f i . .  P A T f c L  ,  

iD-OC,-  l^o _ 

Ctfc 

1A ^ M^AU-H 
^  KKO^ .  

?i0 

30^ Chemist: 

Chem. No.: 83520/74 Rev. 7 
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Date: 
SANDOZ RESEARCH INSTITUTE 

EAST HANOVER, NEW JERSEY'' 

CHEMICAL INFORMATION A 
SANDOZ 6 ^ - < 7 ^  lA Compound No.: 

<X. 

Emp.  Form:  ^  g- ^25~'*" 

Mol .  Wt .  

S t ruc ture :  

F 4 4 5 -  5  
I m.p. 

] <LjJ OH OH o > 2*2- 5" b.p. 

*Others 

ren: 
• J Hanover 

AM/AV 

Tr 

Agro ^ of^-8 

Name: 

Pat. Disclosure No. Remarks: 3 
L & D No. 

Known 

Screen: Screen: • 
: S e-fiy«Hwo : +bT-€0 ^>^5 

keep 'Tef'y\t-|eYo-'^'e 
AO v/ 

Unknown V/ GHI 

C S  T NJ v/ GLUC Preparation of Physiol. Solution: - v  

HG 

Tm P» T> HL 

PL AM/AV <3V 
TC Tr  £ ^VOH 

Agro crv  

C ro c  ̂̂  ̂  <2. 
Compare -
With: S2-" 

F Synthesis: f^Tl oH OH o 

0 f j - H5qH ? 
0£ C 

-Hf 

1)04^ 

^ UJ ceW<A-Ao.s Pa_t-el 
Chem.  No.: 12. 0 ^ - 0 . 0  1- 3 ^  
Chemis t :  

83520/74 Rev. 7 
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:«ic IOTO 
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'• '/ H  H O  0 0 1 0 6 9 - 1 9 8  1 1 2 7 - 0 1 1 - 3 4  

COHPOTi 

2 9 9 - 8 4  

scso n»i - siCAiiein •as** 
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H  
S f i *  

2qq-gu 

ICS5 IWJ • •ICBlSevB^ iis&f 

S R H - 0 6 4 9 3 S  0 . 4 2 3 0  
F 

:AU :UTO 

3 0 4 4 7  1 0 - 0 8 - 8 7  H  

0/\= cu •^ s ' t  

^  C  
/ 

1 2 0 b - " l 9 0 - L : i  1 2 3 8 - 0 1 5  

h  cceni 

2 9 9 - 8 4  

ICS3 ILXI • imejiiai. Bjsar 

S P . H - 0 b 4 ( 5 3 5  0 . 5 3 0 0  
t 

oait rtstts 

' ^ 1 1  0 4 4 8  1 0 - 1 3 - 8 7  ! u 

N 1 2 3 5 - 0 1 6  1 2 0 5 - 2 0 1 - 3 0  

Mfl" u 
I 

2 9 9 - S 4  

L 
|;CS3 lifi - 'icKiiOaiL asui 

I  

S f t H - 0 f e 3 2 2 4  0 . 0 0 1 9  

& o<"c IU:B 

2 5 0 4 1  0 7 - 2 S - 8 4  \ 

j ^ -A 0. ,0 

X 
«{'£•«<: 

i 0 3 6 - 0 3 7 - 4 1  1 0 6 9 - 0 5 3  i  

0r c:*" 

WATTANASIN EXHIBIT " 3 1 - 8 4  
D-3 

Wattanasln v. Fujikawa et aJ. 
Interference No. 102,648 
Interlerence No. 102,975 
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5 WM St.-ia - rt" 
&£>6K yJZ • 

o pcuj^. 5t»*5T 

l a -iv&w 2/^ 

Sandoz Compounds Tested for  HHG-CoA Reductase 

t 

1) Following compounds weighed out  to make fow.m di lut ion:  
1 ^ 3 - 3 ^ 4 ( ^ 4  8 ^ )  i - B o r v v f t  ^  

j . t / O ^YW- 1 8 . 8 3 0  /wJJ. Dr^^-
i 'i-sC/Cr i.s-0̂ 4 LW is.'ilZ r-4. 

A  -3 ,  a  Ser ia l  . S^^^  £ .3  35  

jsh-a'iofatzssDi) -^o ru+f+s i s " . 4 f i  ^  
fonowing Arompounds saponified In 50° waterbath for  2 hrs:  

ir3-

and kept  frozen at  -80° unti l  
Protein concentrat ion of 
_  mg/ml 

3)  Samples were pre-lncubated A 0 minutes in 37® waterbath.  

2)  Microsomes were made on 8W _  
thawed and rehomogenlzed for  this  experiment,  
microsomes .  /f tn X In  X .kf l  = \ . \  f t  

4)  2 0 y l  2mH NADPH added to each sample with repeating Eppendorf .  

20yl  [^C]HHG-CoA added to each sample with repeating Eppendorf .  

5)  Samples Incubated 3,0 mln In 37® waterbath.  

6)  Reaction stopped with addit ion of 50yl  conc.  HCl (12M).  

7)  lOOyl [^H]HVA added to each sample with plpetman.  

8)  Samples on benchtop Lo minutes before putt ing samples on columns.  

9)  Factor  for  calculat ions Hft.mf . 

RESULTS OF EXPERIMENT: 

WATTANASIN EXHIBIT \ 
E-l  

Wattanasfn v. Fujikawa et al. 
IMerterence No. 102.646 
toterfafence Nb. 102.975 
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216 

8 / 2 0 / 8 5  

A S S A Y  F O R  H M G - C o A  R E D U C T A S E  

T h a w  f r o z e n  m i c r o s o m e s  I n  i c e  w a t e r  f o r  a p p r o x i m a t e l y  3 0 - 4 5  m i n u t e s ,  
a n d  r e h o m o g e n i z e  m i c r o s o m e s  w i t h  a  t i g h t - f i t t i n g  p e s t l e  1 0 X .  

1 )  

2 )  C h e c k  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  s a m p l e  b y  t h e  m e t h o d  o f  
B r a d f o r d ,  u s i n g  a  1 : 1 0  d i l u t i o n  o f  m i c r o s o m e s .  I f  n e e d e d  d i l u t e  
m i c r o s o m e s  w i t h  B u f f e r  A  +  T O m H  D T T  ( p H  7 . 2 ) .  M i c r o s o m e s  s h o u l d  
h a v e  a  p r o t e i n  c o n c e n t r a t i o n  o f  1  . . 0  m g / m l  t o  1 . 5  m g / m l .  

3 )  2 0 0  p i .  B u f f e r  A  +  D T T  i s  u s e d  f o r  b l a n k ,  r u n  p a r a l l e l  w i t h  t h e  
e n z y m e  s a m p l e s .  

4 )  2 0 0  y l  o f  t h e  m i c r o s o m a l  s u s p e n s i o n  i s  u s e d  t o  a s s a y  e a c h  s a m p l e .  

5 )  P r e - i n c u b a t e  s a m p l e s  a t  3 7 °  C  i n  s h a k i n g  w a t e r b a t h  f o r  2 0  m i n u t e s .  

W i t h  E p p e n d o r f  r e p e a t i n g  p i p e t t e ' ,  a d d  2 0  p i  2 m M  N a d p h  t o  e a c h  s a m p l e  
a t  t i m e d  I n t e r v a l s .  

6 )  

W i t h  E p p e n d o r f  r e p e a t i n g  p i p e t t e ,  a d d  2 0 n l  [ ^ C j H M G - C o A  ( 3 0 , 0 0 0  7 )  
d p m ,  2 . 5  m M  f i n a l  c o n c e n t r a t i o n ) .  

8 )  I n c u b a t e  s a m p l e s  3 0  m i n u t e s  i n  s h a k i n g  3 7 °  w a t e r b a t h .  

9 )  S t o p  r e a c t i o n  w i t h  3 0 y l  1 2 M  H C L  a t  t h e  s a m e  t i m e d  i n t e r v a l s  a s  b e f o r e .  

1 0 )  A d d  1 0 0  y l  [ ^ H j m e v a l o n a t e  i n  d i s t i l l e d  w a t e r  ( 9 0 , 0 0 0  d p m )  t o  e a c h  
s a m p l e  w i t h  p i p e t m a n .  

1 1 )  I n c u b a t e  s a m p l e s  a t  r o o m  t e m p e r a t u r e  f o r  a t  l e a s t  6 0  m i n u t e s .  
( S a m p l e s  m a y  b e  l e f t  a t  r o o m  t e m p e r a t u r e  o v e r n i g h t . )  

1 2 )  A f t e r  r o o m  t e m p e r a t u r e  i n c u b a t i o n ,  e a c h  e n t i r e  a s s a y i n g  v o l u m n  i s  
a p p l i e d  t o ,  a n d  a l l o w e d  t o  d r a i n  i n t o  t h e  t o p  o f  t h e  r e s i n  c o l u m n .  
T h e  s a m p l e  i s  e l u t e d  w i t h  2  m l  o f  d i s t i l l e d  w a t e r ,  a n d  c o u n t e d  i n  a  
d u a l  c h a n n e l  d e t e c t o r  w i t h  5  m i s  o f  M e r i t  R a d i o a s s a y  M e d i u m  ( I s o l a b ,  
I n c . )  

1 3 )  A c t i v i t y  i s  c a l c u l a t e d  u s i n g  t h e  i n t e r n a l  s t a n d a r d  m e t h o d  o f  G o l d f a r b  
a n d  P i t o t .  

WATTANASIN EXHIBIT 

E-2 
Wattanasln v. Fujikawa et aJ. 

Interference No. 102,648 
Interference No. 102.975 
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21! 

P R E P A R A T I O N  O F  C O L U M N S  U S E D  F O R  
H M G - C o A  R E D U C T A S E  A S S A Y  

1 )  D o w e x  1 - X 8  2 0 0 - 4 0 0  m e s h  w a s  o b t a i n e d  f r o m  P o l y s c i e n c e s f  I n c .  T h e  
c h l o r i d e  s a l t s  o f  t h e s e  r e s i n s  w e r e  c o n v e r t e d  t o  t h e  h y d r o x i d e  f o r m  
w i t h  2 0  v o l u m n s  o f  I N  s o d i u m  h y d r o x i d e  f o l l o w e d  b y  5  v o l u m n s  o f  
d i s t i l l e d  w a t e r .  T h e  s u b s e q u e n t  c o n v e r s i o n  t o  t h e  f o r m a t e  s a l t  w i t h  
3 - 4  v o l u m n s  o f  I N  f o r m i c  a c i d  i s  i n d i c a t e d  b y  a  d i s t i n c t  r e t u r n  o f  
t h e  r e s i n  t o  a  l i g h t e r  g o l d e n  c o l o r .  E x c e s s  s a l t  i s  r e m o v e d  b y  
r i n s i n g  e x t e n s i v e l y  w i t h  d i s t i l l e d  w a t e r .  T h e  w e l l  d r a i n e d  b u t  d a m p  
r e s i n  i s  s t o r e d  i n  t h e  d a r k  a t  4 °  C .  

2 )  C o l u m n s  a r e  p r e p a r e d  b y  p o u r i n g  a  s l u r r y  o f  r e s i n ,  c o n s i s t i n g  o f  o n e  
p a r t  f o r m a t e  r e s i n  a n d  t h r e e  p a r t s  w a t e r  i n t o  a  p o l y s t y r e n e  c o l u m n  
( Q S - J  f r o m  I s o l a b ,  I n c . ) .  D i m e n s i o n s  o f  t h e  s e t t l e d  r e s i n  a r e  D . 7  b y  
4  c m  ( 1 . 5  m l  i f  5  m i s  o f  s l u r r y  a r e  a p p l i e d ) .  

\ 
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-' ; • ĵ P --« ^ • , , \ 
7- <<*{ 

Ca j  ̂2. i  ̂  ̂
^cws^ 

f1 

6517 '^oO^ ) 
^v-Ay7 

 ̂ • '. :i*-h 

=)$•.• i1 -  . r o ' A , 1  
- £.r A, ^ s 

d\^ -r | 0 6^Y>̂ -: 
(2̂ -̂ . a )-! 

'̂ •'+to2  ̂ ^Y?.(̂ ~' (L&c'b^ 

oJ^*> . o c i .  L . / V - n . .  .  Pcr^^ tA /is#:./.-
|-ioaAA^'^-/ .j ev^r :'V.^v.• • •. -CI.. -•^a'. . 

O • 1 ^^<5— 

P\ 1 -%<. 

=5 
•••»• •» 

• O ip » .. 

•• V J 
\v 

• 

'~1 v;- • • -- . 

^ . i 

i; ./< 1 t.y <AS^X . > ^ 2  y ^ o ^  C^^WA^LOI, '?V^2 

-^'VvtV-' ^ XZL- v/^S 

( * S - V A )  

y 

••̂  a 
/" ' \ hx^—£ ti 

C\i.ct^\^7^3l^ 
<? 

^5 * ,T 

v'QiJi 

2  ̂

1 
<7^- 2- --g-p 

~0̂  Peftormed by-

Osnt'sl Ui:-KsBKBfcs/^ Witness- ^-
ig^ffija^rnijaiitMi^iiararBiBa 

:..* . -z5 
.xS-̂  3d5 gaai a m-m 

m s®: 
mi' jgHiy 
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. .û  
C^ciS— 

e'uO « 0 :  ^  ̂  

IV^- .,;0 
Tc \ ̂ \ -V^ X-.^.il B  + o- r)C \ 6  

G x7 'Vl\ V^c ' c  "m -P- Trr—f— J ' i  
. .i^r^fe^"""-'!—1—1 

(&[ J-C-ty ; nS.̂ Î-7??—T 
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44..} r W7. -jl •..1007 , • 
". ,1033 1  c -1887- !! •M.aViuisv 

.i034' fye(e ^ 
• B f . .ioo&i t i w j r f Q  •  

1010 Jlh. i-:01MT ii 
' . Z7 ' 

i !  

!> _„v ,  

• . -.1035 ^*•'2 ) ife 
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:  I  • •  • •  

__ _.±0i7 j jiiriar^®1. 

c't-ioiS $ 

: i 04 i l ;  / 77-JUL I 7 .1667 

.~d0.4Z. o o o - i i i -^r ; 
..104.3 jcoc -i+c->f • 

2)88'.. 

. '.1044 •2 2 iHc 

- I'll-i+L-'Zi i 
_ sV-37! 

102i. | i>cr. srr. jp j-J*- 2:'?.-IM7 
•TioM '" " 

•coc - tyo^^ 
:"' :i045' 1; 

.•4*"2r , s* 

! sU-:2-: '.ff-
"_'1046 |jjho^Vjj :! 

JWL 2 2 *B7 
-IP^T".! iycSikJ:.!^ 

~ 1048 
"""1049 

I "A1- 2-0.1flS7 

?"0,<BT " 

•AL 2fO,«7 

j  •»•$"'- "I / -- R j 

• Z/V^3_' 

^ fl. ̂ 10^5'; 

JUL *; JUL 2 2?M7 
!! 

I Ljwfr 4. Te 5-^ 
i - /  } ^>^S:£^-//. 'fWr ?.?1907 

•1050 I lylG-fll- 2 3 19*7 l 1 - j f Z - [ C  ^2:0 ;WT 

Sawai Ex 1005 
Page 3254 of 4322



9
 

i 
i 

;>
 

! ̂
 

i 
!C

bj
 

! 
' 

iT
3
 

1 

• c
n 

iff
c*

 A
o

i 

i 

C^
5 

IT
^ 

! 
• •

 
O

 
!i

-,
 H

.
'
-

.
y

 it
' i

 
0
'-

0
!

 
O

jO
 i

 
o

!
-
g

ig
-
i.

-
O

iO
 
i
p

 
o

 
cr>

 
-in

: 
o>

 $
2 

i o
ij

-i
j 

m
 

! 
H

30
1 

.tn
 

'C
n 

K
v 

pL
; 

o
'C

Q
- 

G
O

 
^
 O

T 
•: 

W
H

v
 -

c
o
 

l 
"
 

' 

u,.
pu

. 
- 

s i
 i 

J.
 \
_

 
!

 ^
 I 

h
^

 
' 

O
 j 

o
i
o

 o
 

, 
-g

f 
i 

-g
jc

t)
 

cr>
 

i 
^
 ! 

O
lC

Q
. Q

Q 

P
i 

i 
^

 
=

<
fc

 
o
 

o
 

O
l 

CD
 

I 
<T

> 
? 

! -
<l

 i
 

: t
O

 p
 ^

 
O

l 
i 

"•
••k

" 
- is 

iS
-1

 s
: 

• -
.i

t 
• 
E

 • 
jc

, 

€
N

 
.
 \ 

jJ
 '

. 
' 

^
 

^
 

^
 

•IT
0 

• r
•,

 i 

,.
 

i v
 

.M
 

!V
 

f^
5"

' 
^
 ' 

l£
 

• 
cx

 • 
!K

 
!Z

:;
 
iv

 
U

 
•• 

• 
jc

^ 
. 

^
 

^•
• 

iv
 

I ?
 " 

i?
' 

^
 

M
 

s+
x 

! i
 

.'
! •

*•••
•• 

M
' '
i
 •* 

•••••
•• 

j v
 

' 
* 

1*^
7 •

 '
 ! ̂

 
. V

 
f^

'-
 !

>
!'

 h
i. 

.1 n
 h

 

^
 

'f
:V

; •
 f

p 
. 

V
3 

^
<

-5
. 

•• 
i>

o
. 

V
 -

' T
.:1" 

• 
; 

!
u

 
!
l 

• 
• 

--
J 

i 
i 

V
 
^
 

!V
> 

V
 

v
 

U
-i 

. 
i 

I 
I \

 
CN

 
t 

o
 

V
 

<5
^ -

 i 
•.•

' •
 ij

_-

V
- 

^
 

' :)
} 

I 
-•.:

 
\
 

'*"
•* 

tA
J 

lO
- 

" 
• 

I 1 
• •

1 

v
.-

 i
 * 

iu
i 

•' 
|£

- 
i^

o 
:\r

i 
^3

: 
J

 
—0

' 
I 

ft 
\
 

'c
? 

! 
V

 
i 

• 
*•*

 
•...

 ;(
V 

• • • 
:. 

O
 

!
 .«

 •
• .

. 
; 

A 
. 

V
 

/.
te

r 
^

 ' -
 n

 -
v 

^
 4

^ 
K 

i-
0

 
V

*'
 

I 
U

o 

Ik
ik

 
f
 f

W
iS

i^
t 

fi
 

V
f 

ff
 i

"
Jr

H
 
t 

f: 
^
 

jg
 

! 
*J:-

 
I 

*
. 

i*
 

• 
! 

•»
 i

 "
 

c
 

ro
 

I 
»
 

! 
 ̂

£
 

i 
£
 

M
'l

 
1

0
 

:
 

M
 

•u
s 

i" 
-u

i 
; 

w
 

^
 I 

i 

: w
-

a
 ^g"
 

• 
! 

10
 

J 
 ̂

. 
ro

 
CD

 
H

 
, '

 ̂
 '
! 

05
 

: 
?
 i 

! I
 : 

I 
• S

; !
 §

 ; 
|;

 1
; 
i|

 S
 

CD
 

• 
(i)

 
03

 
€

!s
!S

iS
-i

S
|S

 
I 

. !
 

1 

S 
*

"
l

 
•&

 
'•

'•
*

 
; 

I 
ff

 
•J

 
g 

' 
- e

. 
j 

I 
k-

« 

I 
I 

I 
I 

I 
•.

 <r
> 

0
' 

= 
I 

o
 

I 
I •

• 
I 

• 
j 

• 
I 

' •
 

i.c
* 

i 
•0

3'.
 

-^
r 

. 
I 

• 
'
 

^
 

i.!
 

) 
i i

 :
• 

i 
!

 ̂
 

i 
I 

{ 
* •

 
• 

v 
I 

£
; 

P
-
 
^

 »A
. .

L
:.

 H
V

. 
^

 |
 ̂

 V
 

P
i 

0
1
 

o
i'

o
 

o
 

i 0
 

o
 

^
 !

 
C

Q
; 

C
D

l 
c

p
!
^

 
/
?

 
-'

o
o

 
j 

C
O

 
C

O
 
^

 
^

li
-r

f^
!-

-a
i!

 
tO

ll
-

X
Q

 ••
 j

CO
 

i c
o

 
-<

1 
 ̂

i 

K
* 

• P
- 

! 
• 

/-s
 

j 
£**

\ 
| 

i O
 

: 
S

':
S

 ^
 

O
 

i 
O

J 
• 

00
 

o
 

; 

t 

e|
|!

.s
|l
'l 

oo
 I 
^

 ! 
G

O
 

w
 

.i
s 

p-
 

û
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SANDOZ,  INC.  .  
E .  HANOVER,  N.J .  

Dr. R. Damon Dec. 3, 1984 DATE: FROM 

Prof. T. Scallen 
TO 

HMG CoA REDUCTASE SCREENING PURPOSE 

PRECAUTIONS &/0R 
SPECIAL INSTRUCTIONS & SOLVENTS QUANTITY COMPOUND No.  .  

#63-364(25489) 

63-365(25490) 

63-366 (25496) 

63-369(25512) 

6mq CMC. DMA, EtOH (Refriaerafrfi) 

—QMS-,—EtQH ( ppf-ri gp>-ra-t-p) 

CMC, DMA, 5tQH (Refriaera-^ft) 

IQma 

14.5mq 

3. 9rQq DMA 

• 
C . 

#6 3-162/3(25500) IQma 

63-270/2(25501) lOmg 
DMA^ Ethfmol (Rpfri gprat-o) 

(Rp-Fr-j gf>ra<- 0 )  CMC 

V. 
WATTANASIN EXHIBIT 

1-1 
FOR LABORATORY USE ONLY Wartanasln v. Fujikawa et al. 

Inteiferancd No. 102,640 
Interference No. 102.97S 82374/80 (flev. 
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SANDOZ,  INC.  
E .  HANOVER,  N.J .  ?ay 

June 3, 1985 Dr. R. Damon DATE: FROM: 

Prof. T. Scallen TO:  

HMG CoA REDUCTASE SCREENING PURPOSE:  

PRECAUTIONS &/OR 
SPECIAL INSTRUCTIONS & SOLVENTS 

CMC. DMA. EtOH (Refrigerate) 

50/D 

QUANTITY 

#63-518/2(RN 26020) 7.5mq 

63-537/Na(RN 26039) I9mg 

63-547(RN 26075) 
63-548(RN 26080) 

j/"6 3-549 (RN 26082) 

63-550/Na(RN 26083) 
63-551(RN 26084) 

63-552/Na(RN 26085) 22mq 

63—553(RN 26086) 

63-554/Na(RN 26087) 24mq 

63-555/Na(RN 26088) 5.Omq 

63-556(RN 26093)_ 

63-558/Na(RN 26098) _ 

63-559 (RN 26106) 

COMPOUND No.  

6. Omg DMA 

CMC, DMA, EtOH (Refrigerate) 2. Omg 

CMC, DMA. EtOH (Refrigerate) 2. Omg 

5. 2mg 
20mg 

DMA 
CMC, DMA, EtOH (Refrigerate) 

» . 

20mq 

(Refrigerate) DMA 
CMC. DMA. EtOH (Refrigerate) 14mq 

5. 2mg DMA 
5mg DMA 

63-550/2-Na(RN 26-108) 0.6mq 

63-563 (RN 26127) 

DMA 

lOmq DMA 

63-56 4/Na (RN 26129)' lOmq 

63-565 (.RN 26128) 

63-566(RN 26148) 

63-567 (RN 26149) 

63-568 (RN 26157) 

DMA 

lOmq DMA 

lOmq DMA 

2. 7mg DMA 

25mg DMA 

63-560 (RN 26107) 5mg Water 

H,  Lukas  FOR LABORATORY USE ONLY 

82374/80 IRev. 1) 
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SANDOZ.  INC.  
E .  HANOVER,  NJ .  &S 

j p e t .  i ,  1 9 8 7  Dr.  R.  Damon F R O M :  DATE:  

P r o f .  T .  S c a H e n  TO: 

HMG CoA REDUCTASE SCREEN PURPOSE:  

PRECAUTIONS &/OR 
SPECIAL INSTRUCTIONS & SOLVENTS COMPOUND No.  QUANTITY 

164-906/Na-(RN 30393)  

( R N  30^1)  

(RN 30^2)  

(RN WkW 
( R N  30 ^ 4 ^8)  

(RN 

XM-30A85l_ 

8 0 .0  mq 50 /W 

^-933  CMC.  DMA.  EtOH (Ref r igera te )  50 .0"mq 

6A-93^/Na •  1  SO.O mo 

20 ,0  mq 

M 1 1  

M-ns 1 1  1 1  1 1  

64-936/Na 20 .0  mq 1 1  1 1  M 1 1  

jj'-S' tZ/Na CHC.  DHA (Compare  w?rh  ^62^526 & JfSk-JlJ) 

(Ref r igera te )  Compare  wi th  62-526  

Qr  58- .S12  and  6*1-727  

P.. 6 mg 

1 . 5  f n g  1 1 1  

FOR LABORATORY USE ONLY 
i/ 

H .  L u  ka  s  
8 2 3 7 4 / 8 0  {Ri; v  1 )  
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\ 

Jiv ADMINISTK.  
SERVICES 

SAIMDOZ 
.RMACEUTICALS CORP.  

MAIL SERVICES REQUEST 

. DEPT: P R E C L I J .BLDG. H 
R E S  .  

DATE:  EXT: ROM: 
k 0 3  S  0  : ' i G  R  A  L ' J K A S  1 0/2/->7 .7 C 5 •! 

6 7 8 9 5 

IDENUFICATION 
(JOB) NUMBER 61529 COST UNIT 8 2 

STATE REALISTIC 
« DATE NQT RUSH. 

ASAP, ETC. TYPE OF MAIL (CHECK DESIRED BLOCKS): MAILING DATE REQUESTED: 

• APPROXIMATE ARRIVAL DATE SHOULD BE 

Z MOST ECONOMICAL WAY • REGISTERED MAIL 

• FIRST CLASS MAIL"' 

• AIR MAIL 

EX OVERNIGHT SERVICE 

CERTIFIED fi/lAIL • UNITED PARCEL 

• RETURN RECEIPT ' 

i 

SK NO * - •  YES VALUE: INSURANCE NEEDED 

ITEM DESCRIPTION & QUANTITY OF EACH:  
(SPECIAL INSTRUCTIONS)  

ADDRESSEE:  

P r o f .  T .  S c a l l e n  
D e p t .  O f  B i o c h e m i s t r y  
S c h o o l  o f  M e d i c i n e  
U n i v e r s i t y  o f  N e w  M e x i c o  
A l b u q u e r q u e ,  N e w  M e x i c o  
8 7 1 3 1  

H a n o v e r  s a m p l e s  7 

F..0R LABORATORY US £ OH LY ! 

DATE: 10/2/87 C - ITEMS FOR MAILING WILL BE RECD. FROM: 

DORSEY SAND02 

SALES REPRESENTATIVES 

REGIONAL MANAGERS 

AREA SALES MANAGERS 

TECHNICAL REPRESENTATIVES 

MANAGERS, GOVERNMENT AFFAIRS 

MEDICAL SCIENCES LIAISON 

MANAGERS 

MEDICAL SCIENCES LIAISON 

HOSPITAL REPRESENTATIVES 

AREA HOSPITAL SALES'MANAGERS 

IN-HOUSE DISTRIBUTION" 

DATE RECEIVED WORK ORDER 'V 
7 

MISCELLANEOUS INFORMATION 

DATE RECEIVED MATERIAL 
• • J •. 

DATE DISPATCHED i/ 
2A SUPPLY COST 

—7 

I WEIGHT. 

• TOTAL PIECES 

$ t PREPARATION TIME 

, -TOTAL POSTAGE 

82100/33-1 (Rev. 7) White — Mailroom; Canary — Returned to Originator when job is completed. 
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3̂ 5 
Title-

^gofe 
From-

Prof. b33i>i 
V \ 

- - r  . j#* 

•Ll: ! „Li-gsy '. 
k 2 5 4 9 6  S f l H - 0 6 3 3 b 6  ffiar."' i 

5 s 

is • i L„LPAIENI....ANDJ._ 
TRADEMARK DEPTJ_ 

m ^'FEB'TrnSRO i3? 

i£i£.L- • - -" f—t"""! a 
\̂  10: 

ri • k i—:— 
o I 0 0 7? » H H 
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S4 I 
T—! T 

15; 
TESTS2 

wf 
t-T-S» 

.HEH.HQ, 

T 1 0 7 9 - 1 1 1 - 1 9  ! 

Wi HOL.UeiCHT DATE 

4 6 1 . 6 0 6  1 1  - 2 6 - 8 l l  i^U 
m 120' CHEMISTS OlaCL.NO. K H T H A W R L A  

W f l T T f l N f l S I N  
i 

1 2W-Qil 

i TE3TSI AMOUNTS 
0 . 0  to CSI 1 4 . 5  0 . 0  S C R L L E N  

£&'" 25; MICROSOMRL flSSRT (SCRLLEN) 

V. INHIBITION l.r'.i 
CONC. rm- DATE QflTE Inh OflTE DATE 

12. ( U M )  
SOLVENT SOLVENT SOLVENT SOLVENT ! >T Thvv A 

30-irffo 1000 
V© 100 ; A .:—L._I *75: ^ 1 0  Lj •v.-

3? ^ i  BSg 

M 
iS12 

35, 0 .  1  
. .... 

0 . 0 1  
v 
>j 

V 0 . 0 0 1  
I ! •ft 

b —• 0 .0001 
: i 1 > rn •/rg IC50 140 

t—1— r  {XJ 
i  s T .  ? i  I i  

i  i  

r 
m * •! i  

Performed by- *•- v 
WATTANASIN EXHIBIT 

"W .  J - l  N 

Witness- Wattanasln v. Fujikawa et a!. 
Interference No. 102,G48 
Interterence No> 102,975 

.  i -Xi 

: (  
X 
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iv 5«K« 

3M Dc ' Tltle-
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w .«s—-
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(0 \ r\ 10 r"-
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lb 8 'O* 
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C9 2 

1 127-011-34 igg. 

iOflTE M0L.WE1CHT 

433.552 05-17-85 >: • 
i 

,**<»• •" 
CHEH1STS lOlSCL.NO, 

K f t T H R W f l L R  
W R T T R N f t S I N  

299-84 
i 

4TEJTJ1 [RKOUHTS 
4.8 C5I, C5TC» C5TV » 

4.8 SCRLLEN liiO r« 
\ 
i 25 MICROSOMAL fiSSfiT (SCPLLEN) 

X INHIBITION ! 

CONC. 
i (UM) WT DATE our onrc Oflre 

S SOLVgHT sctvtKr SOLVENT 1 

30: i 
1 1000 

- -v-Tll >=> 100 
••r-m -i j— 

72. ^ 1 0  . •-

Z6 z- J—j""!? L 
35 :  A 0 .  1  0 
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0 . 0 1  0 
-J'CB 0.. 001 
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.-'si n I /Is 0.0001 

i J7775 •40* ' IC50 •4- V.pj 
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T'TT 1—-
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,•3. 
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Z7. Wi •>. WHness-
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#v  Title-
197 Proj Date M 

Cont'd From-I r 

3^1 ; '  r- '  7 
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i 
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15?̂ ** * * 
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••-v.vv.A.v .• ., i  f ! :27^-:^A7^r ^ . 4'' i  

OflTE HOI.WEIGHT 
J. 

05-:7-8c 387.483 
:20: JCHEMISTS DJSCL.HO. 

KfiTHflWRLR 
^RTTRNflSIN 

299-84 ; ;• 

TESTSl flHOUNTS 

CSI 2 . 0  0.0 SCRLLEN 

25: M I CROS.OMR^-fiSSRX., (SCRLLEN) 
i 

'/. INHIBITION ; 

C O N C .  mc . [OflTE OflT OflTE - • DATE 

(UMJ 
SfliVENr SOLVENT SOLVENT SOLVENT 

30'-1000 
i. *>o 100 

T'L -R-10 
i 

; it 2-i 
1 35; 0. -1  • o 

i 0.01 0 
T  

! 0 . 0 0 1  0 •r 

i 
; 

j  C . 0 0 0 1  i  

^50 W . K  MOT ; 

! ! ! ! 
! : } 

i  ; ! 

! i. t 7 
I 

t  
J ! 

Performed by-
** j 

Ĉ L . Cont'd to-Witness- \ o 

v 
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J "© 

13 • - T* 

5̂. Proj, Title-- -fgl Date 

Cont'd From 
i 

11 33 o u 
t !  I  

30441 SRH-064933 

5 =R I 

i  K 
H 

0, 

not  li 
a \ 

'H 

i '15 
! :CHCH.HO. TE5TS2 

1206-176-43 

OHTE MQL.HEIGHT 

09-21-87 433.552 
i2C CHEMISTS . _01SCL.NO. 

PRTEL 
WflTTRNflSIN 

299-84 

•TESTSl fiHOUNTS 
50.0 

50.0 SCRLLEN 
CSI CSIC CSIV 

;  i  

MICROSOMAL RSSRT (SCRLLEM 

7. INHIBITION 
CONC. OflT QflTE DATE ORTE 

i/ (UH) 
SCL-VEKT. 
ViwA-

SOLVENT SaLYENT SOLVENT 

1 0 0 0  

100 

Sv 10 4 
1 1 .'i 

0 .  1  ^ /-
0 . 0 1  

"x 
0 .  0 0 1  

0 . 0 0 0 1  I LSI 

[^57 ' IC50 | ; 
I ! 1 

I -T" I '  
i  

S! 
i ,  )  j  

<: 
Performed by-

j 1 Witness- . Cont'd to 
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2s: 

33! 14 Date l  l l l c - D 
Cont'd From- C 

i  
i—r 

i 

30442 • SRH-064934 
i  

• ! 5 : r 
n o 0y\ • *"< 

ij !] !10 ! 

H 
:  i  NR* i  

i i s :  
TESTS2 CHEH.HO. 

1206-179-30 

HQL.HEIGHT ORTE 

427.48 09-21-87 
:20 CHEMISTS OlSCL.HO. 

PflTEL 
WRTTRNRSIN 

299-84 

•TESTSl RMOUNTS 
50.0 

50.0 SCRLLEN 
CSI CSIC CSIV 

• :25 MICROSOMAL RSSRT (SCRLLEN) -

•/. INHIBITION 
CONC. ofiTtf/ if 

( U M )  MIL DATE DATE DATE 
I  

SOLVENT SOLVENT SOLVENT 

30. 
1 0 0 0  \c i  i  

\o 100 

'7k i-1 0  
• ,  i —  

^ V. 1 

35 K 0 .  1  

/^•) 0 . 0 1  

0 .  0 0 1  

0 . 0 0 0 1  
i '  

1AL IC50 - ;40 I  i  

I I  

T 
I  
I  I  

Performed by-

1 Witness- Cont'd to- .. 
& •-»BH? N/\ <•:* 
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INVIYO-CHOC.ESTESOL'SYNTHESIS 1KH1B'IT 1 dS-'̂ C '̂E f̂̂ ri319' " • 

SAT COMPOUND REGNO DOSE nCI/tH STATISTICS 
. cg/kg 

5 :  ' •  
r* • 

r"L:. ; 

8  L A N K  
1AC-STANSARD 

7  
20176 * EFFICa S3 •jsLa 

1 CONTROL 
2 CONTROL 
3 CONTROL 
A CONTROL 
5 CONTROL 
6 CONTROL 
73 CONTROL 
*0 CONTROL 
81 CONTROL 
32 CONTROL 
S3 CONTROL 
€A CONTROL 

933 
515 
6*6 
S78 
93a 
3Sfl 
756 
*47 
S I A  
o^s  
672 
714 

• 11 
. -MEAN * 671.e  

STO 2:1.0 

-••jp 
iJBSl* 
i3^S,e 

s 

S£  SO. s  8 

15 

I5A-29S 
6 <1-298 
Si-nio 
64-2&8 
oa-i^e 
-rA-ase 

7 26277 
28277 
26277 
26277 

; 2S277 
2S277 

I . 00 
1 . 00 
i . 00 
i . OC 

203 MEAN a 
STD 

i 5 i . 7 
U3.€ 

& c .  

e 361 20: 
S2 S £  

10  6 . 3  78 t C 
2 1 i . GO 

1. 00 
7 i <.0i 

-77 
P 

2 2  115 XCKC = 

44 -296  
iis-295. 
64 -2S3  
e« -296  
• ?^ -29S  

13. 29277 
2S277 
26277 
2-9277 
2S277 
25277 

235. 1 
61. i-
23.2 
6 .  3  

< . 0 1  
- 65 .0  

. 300 311 
2S<S 
2S7 
307 

MEAN -
1  U . 300 

. 300 

.300 

. 300 

. SCO 

STD a 

25 i-j i 5 SE 
16  t 
17 i i "  F 
16  1 37 XCnG s 

CM-25f 
$4 -296  
6 4 - 2 S 6  
64 -296  
6 4 -2 9 6  
64 -295  

•25-2 77 
22277 

366. 7 .  1 0 0  
. :co 
.  1 0 0  
. 100 
. 100 

-361 HEAi1, ' » 
STD : ̂  61.5 

33 .3  
4. i 

< . C i  
-A2. 1 

20 357 S 

2 1  26277 
2S277 

246 
392 
499 

SE i3o! * 22  
23 2:5277 

2*277 
? 

*1 —r *"*:—j 2A . ICO * C K G  -425 

6 4 - 2 . 3 3  
6 4 - 9 3 3  
6 4 - 9 3 3  
£4-933 
g u - S S S  
* * - * 2 2  

^ c 304^7 
VGi-si" 
30 4 « 7 

M£AN a 528.1 • 
253. 4 

: .  00  636 
1 . 0 0  STD 26 275 

136 
5-24 

I.00 236 

1 0 3 .  5  27 1 . 0 0  
i .  0 0  

SE B 

26 2 C 4 A 7  2 .  0  05 e 
t. 

.:-:'4-7 
3C-4 7 

29 
iO 

N .  5 .  P 
- 3 6 .  3  1 . 0 0  i  i  7  *CKG « 

r ^ - 5 ? ?  
V A - C S S •  
6 A - » ^ 3  
6 4 - ^ 5 3  
' : 4 . 0 3 3  
6 4 - 5 3 3  •  

31  S £ 7 .  4  
100. 5 
Al.  0  

lv4-7 

304 a 7 
304 4 7 
304*7 
20^47 

- 300 =  2 0  M E A N  »  
. 200 £ A 6 

=  2 S  
666 
2 5 6  
616 

STD.  «  
. 3C0 33 SE m 

1 .  6  .300 S4 t e 

A C ,  it K . S .  . 300 
-17.0 2* .300 X C H G  a  
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n C l / d l  . . . •  S T A T I S T I C S  R A T  C a r t P Q U K D  R S G N O  D O S S  
a g / k g  

•• • :—:—. 

;  ; r - ' j  j  — :  

! • • 

I"' 

I; £55 tttAN = 
7 3 5  S T D  
3 7 0  S E  

5 4 7 . 0  
1 A 7 . 2  

6 0 .  i  

.  3 7  8 4 - 9 3 3  
3 6  6 ^ - 9 3 3  

•  •  3 9  6 4 - 9 3 3  
A O  6 - 1 - 5 3 3  
f i t  6 4 - 9 3 3  
* . 2  6 4 - S 3 3  

3 0 ^ 4 7  
3 0 4 4 7  
3 0 4 6 7  
3 0 4 4 7  
3 0 4 4 7  
3 0 4 4 7  

. 100 
; IOO 
.  100  
.  100  
,  i O O  
. 1 0 0  

p :  
10 I. 5 3 7 6  t  51 

591 H .  S »  P  
6 5 2  X C K G  - - 1 8 . 6  

1 . 0 0  
1 . 0 0  
l . C ' O  
1 . 0 0  
1 .  C O  
1 . 00 

2 3 0 . 0  
7 3 .  2  
3 1 .  Q  
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< . . 0 1  
-es . s  

* 4 - 5 3 5  
6a-S35 

6 4 - 9 3 5  
6 4 - 9 3 5  
S i - 9 3 5  

304 4 J 
3 0 4 4 1  
3 0 4  U 1  
3 0 4 4 1  
3 0 6 4 1  
3 0 4 4 ]  
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3 0 7  S T t >  =  
ies SE = 
3 2 1  \  
1 2 4  p  
2 6 1  ? . C H G  =  

t t 3  
4 4  
t t j  

A7 
i.6 

4 7 ^ . 2  -54- 9 3 5  ' 30&41, 
^ 0 4 4  1 
: - 0 4 a i  
3 0 4 4 1  
^ • 0 4 6  1  
304 a i 

.  3 0 0  7 7 6  
282 
5 3 0  
4 1 3  

M E A N  x  
S7I» 
SS 

n's1 

1 7 5 . 5  64-935 .  3 0 0  
. 3 0 0  
. 3 0 0  
. 3 0 0  
.  3 0 0  

S O  
7 3 . 3  

C 4 - CJ 3 ? 
S  1  A 

2. I 
6 4 - 9 3 5  
* 4 - 5 3 6  

N .  S .  3 4 4  P  
4 3 6  t f C K G  *  

5 3  20  
I - 2 S . 7  * 4  
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S T D  
SE 
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1 1 9 .  1  

4 3 . 6  
3 .  L  
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64-935 
£ 4 - S 3 S  
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•  3 0 4 4  1  

3 0 6 4 1  
3 0 4 4 1  
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. 100 
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2 S 6  
4 2 5  

£6 
57 e 
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.  3 0 0  
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£ 2  
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3 0 5 5 S  
2 0 S 5 S  
3 0 5 5 9  

-53 
o i  s .  e  60 t ;  

2 1 7  
3 2 7  

.  3 0 0  

.  3 0 0  
< .  01  

- 7 5 . 3  
o; P  

X C H G  s  6 c  3 1 
3 0  

I*"' 3 0 5 5 $  
3 0 5 5 S  
5 0 5 S S  
3 0 5  5 5  

262  
4 3 &  
5 5 S  
1 6 6  
2 2 5  
6 0 4  

M E A N  =  
S T D  

3 3 1 . 7  6 7  6 2 - 3 2 0  
6 2 - 3 2 0  

, 100 
.  100  I? 1S5.7 ' 

7 4  ,  i  
£? 

5 2 - 3 2 0  
6 2 - 3 2 0  
3 2 - 3 2 0  
£ 2 - 3 2 0  

. 100 S E  "0  i r  3 . 5  . 100 7 1  t  
' 5 0 5  5 9  . 100 <•. 01 

- 5 0 . 6  
e ' i  
7 1  

P 
* : SVC'KC = S v - 5 5 8  . 100 

SK i :  3 <" 35 4 4 5 .  1  
^ 4  .  1  

3 S  .  4  
3 .  i  

•j. o :  
- 3 3 .  S  

12-0O-e7 

c  2 - 2 2 0  5 0 5 5 9  
3 0 5 5 S  

. 0 3 0  

.  0 3 0  
6 2 - 1  •  M E A M  «  
4 7 2  S T D  =  
5 7 1  S E  

. 2 7 4  *  
5 1 7  c  
3 1 5  X C K G  -

C o o p ' s !  * ,  *  d  

7 3  
.TD - 3 2 0  
O 2 - . 3 2 0  
5 2 - 3 2 0  
6 2 - 3 2 0  

7 -
3 * K ( . 3 0 5 6  =  

3 0  =  5 5  
3 0 5 5 $  
2 C " 5 5 &  

. 0 3 0  

. • 0 3 0  

. 0 3 0  
'  . 0 3 0  

7 5  
7 5  
7 7  

• T ' 5  
i )  

K2 - 3 2 0  

n JO 

5  ?  XS 

\-r-
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2 9 8 5 1  2 8 0 - 2 5  • >  /i 4 5 6 £ 
(5 4-569 

I  09-J0\ \ '~8 '7  3% 5  :  7  -  f i  5  5  
2 9 6 5 2  2 3 0 - 8 5 . =  
2 9 7 4 o  1 0 1 - 8 5  5  
2 3 7 4 3  1 0 1 - 8 5  >  
2 9 7 4 4  1 0 1 - 8 5  >  
2 9 7 4 4  1 0 1 - 3 5  >  
2 9 7 4 5  1 0 1 - 8 5  =  
2 9 7 5 6  2 9 8 - 8 5  >  
29835 570-83. 
2 9 8 3 6  5 7 0 - 8 3  >  
2 9 8 3 9  3 6 7 - 8 6  >  
2 9 8 4 0  3 6 7 - 8 6  >  
2 9 8 . 4 1  3 6 7 - 8 6  >  
2 9 9 0 4  2 8 0 - 8 5  =  
2 9 9 2 7  3 8 7 - 8 5  >  
2 9 9 4 2  . 3 6 6 - 8 6  '  
3 0 0 0 4  2 8 0 - 8 5  =  
3 0 6 2 7  1 0 0 - 8 5  =  
3 0 8 7 7  1 0 0 - 8 5  =  

. 1 6  1  5  -  J  U N : - 8 ' 7  
. 3  0 5 - M A Y - 3 7  
. 3  0 5 - M A Y - 3 7  
. 3  0  5 - M A Y - 8 7  
. 3  0 5 - M A Y - 8 7  

. 4 8  i 4 - J U b - 8 7  
7  .  o "  ^ 9 1  7 - 0 5 3  
. 3 4  0 9 - D E C - 8 7  

&  1  7  -  0  8 1  
9 17 - (.15 0 
9 1 7 - 0 5 0  
9 1 7 - 0 5 1  
9  1 7 - 0 5 1  
9 1 7 - 0 8 6  •  

£  4  6  0  ' 2  
6 4 6 0 2  
6 4 6 0 4  
6 4 6 0 4  
6  4  6 0 4  
6 4 6 0'8 
6 4  6 3 8  9 1 7 - 1 4 0  

9 1 7 - 0 6 6  
9 1 7 - 0 6 8  
9 1 7 - 0 6 8  
9 1 7 - 0 8 9  
9 1 7 - 1 1 1  
9 1 7 - 1 1 3  
9 1 7 - 1 4 1  
9 1 7 - 1 2 6  
9 1 7 - 1 5 9  
9 1 7 - 1 5 9  

6 4 6 3 9  
6 4 6 4 0  
6 4 6 4 1  
6 4 6 4 2  
6 4 6 7 3  
6 4 6 8 6  
6 4 6 9 1  
6 4 7 2 2  
6 4 7 2 3  
6 4 7 2 3  

1  0 9 - J U K - 8 7  
1  0 9 - J U K - 8 7  
1  0 9 - J U N - 8 7  
1  0 9 - J U N - 3 7  

2 . 6  1 8 - S E P - 8 7  
1 0  1 8 - S E P - 8 7  

- 5 8  1 6 - D E C - 8 7  
. 2  2 3 - O C T - 8 7  

. 1 6  1 9 - F E B - 8 8  

. 0 9  1 9 - F E B - 8 8  

li" 

<; 

REGKO PATENT R ED5Q EDATE ' S A U N U ^ J  R E F  

3 0 7 6 6  1 0 0 - 8 5  =  
3 0 0 0 9  1 0 0 - 8 5  =  
: { 0 0 5 9  2 3 5 - 8 4  >  
3 0 7 - 6 5  2 9 5 - 8 4  =  
3 0 0 6 0  2 9 5 - 8 4  =  
. ' 3 0 0 6 7  2 9 8 - 8 4  =  
3 0 0 6 8  2 9 8 - 8 4  =  
3 0 3 4 6  2 6 0 - 8 5  =  
3 0 1 9 9  2 9 5 - 8 4  =  
3 0 2 8 0  3 8 4 - 8 5  =  
3 0 7 6 9  3 8 4 - 8 5  =  
3 0 3 7 8  3 6 6 - 8 7  >  
3 0 3 7 9  3 6 6 - 8 7  >  
3 0 3 9 3  2 8 0 - 8 5  =  
3 0 7 7 2  2 8 0 - 8 5  =  
3 0 4 4 1  2 9 9 - 8 4  >  
3 0 4  4  7  2 5 9 - 8 4  =  
3 0 4 8 8  2 9 9 - 8 4  >  
3 0 6 2 3  2 9 8 - 8 4  =  
3 0 6 2 9  1 0 1 - 8 5  =  
3 0 6 3 0  1 0 1 - 8 5  =  

. 2 2  I 9 - F E B - 8 8  

. 3 6  1 S - S E P - 8 7  
. 1  1 4 - J U L - 8 7  

. 0 1 6  1 9 - F E B - 8 8  
» 0 1 6  2 0 - O C T - S 7  
. 1 1  0 1 - J U L - 8 7  
. 0 4  i y- F E B - 8 8  
. 7 4  i 3 - O C T - 8 7  

, 1  1 2 - O C T - 8 7  
. 0 7  0 9 - D E C - 8 7  
. 0 8  1 9 - F E B - 8 3  
. 3  0 6 - O C T - 8 7  
. 3 ' O f i - O C T - 8 7  

. 0 4 5  0 5 - J A . V - 8 8  
. 1  1 5 - J A N - 8 8  
1  0 9 - D E C - 3 7  

. 4 9  O S - D E C - 8 7  
1  0 9 - D E C - S "  

. 1  i S - F E B - 8 8  
. 7 6  0 5 - J A N - S 8 1  

. 0 9  1 9 - F E B - 8 8  

$ 4 7 2 3  
6 4 7 2 3  

9 1 7 - 1 5 9  
9 1 7 - 1 0 7  
9 1 7 - 0 9 0  U 4 7 4 4  

6 4 7 4 5  
J> 4 7'! 5 
6 4 7 4 7  

9 1 7 - 1 5 4  
9 1 7 - 1 2 7  
9 1 7 - 0 8 7  
9 1 7 - 1 6 5  
9 1 7 - 1 2 3  
9 1 7 - 1 1 9  
9  1 7 - 1 3 5  
9 1 7 - 1 6 7  
9 1 7 - 1 1 9  
9 1 7 - 1 2 0  
9  2  7 - 1 5 0  

6 4 7 4 8  
6 4  7 9  2  
6 4 8 1 6  
6 4 8 4 4  
6 4 8 4 4  
6 4 8 9 6  
6 4 8 9 7  
6 4 9 0 6  
£ 4 9 0 6  
6 4 9 3 3  
6 4 9 3 5  
1 S 4 9 3 6  
b 4 9 9 9  
6 5 0 0 2  
6 5 0 0 3  

9 1 7 - 1 5 5  
9 1 7 - 1 3 8  
9 1 7 - 1 3 8  
9 1 7 - 1 3 5  
9 1 7 - 1 6 8  
9 1 7 - 1 4 4  
9 1 7 - 1 5 9  

REGNO PATENT R E D 5  0  E D A T E  SAHNUM REF 

3 0 9 0 2  J 0 1 - 8 5  =  
2 5 8 8 7 '  1 0 2 - 8 2  >  
2 6 3 6 2  1 0 1 - 8 2  >  
2 9 5 8 7  1 0 1 - 8 2  >  
2 4 0 2 2  
2 3 5 9 1  5 0 2 - 8 2  >  
2 9 5 8 8  i 0 2 - H 2  ;  
2 9 5 8 9  1 0 2 - 0 2  >  

. 0 6  1 3 - F E 3 - 8 8  
0 6 - M A Y - 8 7  
0 6 - M A Y - 8  7  

6 5 0 0 3  
8 6 6 6 5  
8 7 4 6 9  
3  9 8 2  6  

3 1 7 2 2 3  
R 8 0 3 4 f l  
•^1-06 So 

8 0 8 2 0  

9 1 7 - 1 7 0  '  
9 1 7 - 0 5 6  
9 1 7 - 0 5 6  

1 0  
J 10 

i o  •06-MAY-87 
1 6  2 0 - M A K - 8  4  
1 0  i a - . A U G - ' r . 7  

9 1 7 - 0 5 7  
- 3 1 2 - 1 8 3  
y  i 7 - O i J 8  

1  7 - 0 0 8  
\ s  \  7 - O S M ;  

1 0  
\ 0 

18 -AL. :G - tS7 
•  b ' -AL'G-HV 

{ 4 i ;  r - o f o r n s  . se lectee.  

•  S Q L /  
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86 i  Date 4^3*^7  Pro). Title-
Cont'd From-

T7 eA" /•<"" 

^ • 

•P. 
L _  

s ) 
B^2^a3^aab^-

J5L®<I--?S-L<| • 

: _is-_2. 

H , SU IcT ; .Qt trf '• 
" L I  a t " " :  : r"!"-' 

. • > ' • — • j — . , ••—— , . —r i li 
10! 

l i  
: ! I 11 

l i  ,...._^3Z2— ^A-

I !  

1 !  ('ScM 4«iEH -̂.̂ E3::>iilPi 
\.-rv: ^irUUj. 

S'l-y^ : -^ri 
l i ; .v> <1. Gwd ̂ . OicU 
5 i&jr'tXs ; \AA 'i-r\ / . vt>1'^ : —r3>. 

. ..l^^Tr̂ A—..ajW; J vyy..,.^ 
.. .V5je-,.tt5 'v:4 • , 

1 SJa^^fr^QyiY^- ;^_: 

• • ; :0frC^^SS2 
'. .?abwf^3^=&Ai*lky .2./-Ci^A:.. ci wiwa  ̂

.......1 Aajy #.... 
, .. oJri—i" ^2-<; rjcft-rrl.. . 

^ x f C ;VwV.f,.!?U4y^ .. . 
. ^W^idLr^-O'l. ^ I^<L\ ; £^Vvg^cUp/4_- ^k;C) .. { . 

4.^4--..^: lixafi., .^r>oE :..̂ ^C5„g3^y. .= 
i • ^ 

iAy-1 

•srQr 
•-©-!= ^f--r • . ,„^3EC^- '' f OJ 

"•fTir^^v" :30 Ô -1?t* ... ' ^' c 

k.< w -1 : - -O j ;  
•-rrr-.r-^:.:.- '"-T wr»n=S'.v'.: ' • li-"•-•-*-•'• ••• 

'TVe^H. r. [^5\;^^._... [ 
•" 

. ^'VNVV. .'if 

] SD^ L̂^. 

; : ..^.lL..Z '. '&& "JlSL—.. 
..3Yv:^..q.sL^. 

_^*!.. .. 

I! . . .jyvta^u\/o 
A 

. . * | H { tsl 
C-i is ^03.1 v' /,^ 

—• 5 4-^^—i 

! 

Ill 
I] 

S-*!C> i 
. . 1.—..-.'Z-l «- -—f^-- -

ii 

WATTANASIN EXHIBIT Performed by- L-l 
J Waltanasin v. Fujikawa et al. 

Interference No. 102,648 
totertefeno» No. 102.975 

Witness-

r 

•*<.,. 'N ( 

•' -
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99 
Date pro] 

Cont'd From* 

Title 

3*11 ...'"'If •it ?* ?s 
]•-••• \^17 • 
L L-...„.. |A c C. ^ <r*0\s- lh  

ZZEL", ju^.^fA^12 
—;-— 

: • 

1 
MU 

>V< 
^%r' 

Si3>-U 

C_C' os'C '̂1̂  

5 •• "I! 
N d - f i z x  

•^i 

* 
H 
'M 

^sOQ •10 3 •t* 
f 

!1 «c 
"To _ _U_t' C- ^ C; ^ 

p:c>..&3k£-& ^i.:^.^!; 
_ id ̂ ^^5/ ̂  ̂1 5.dQ— ... 
^J—CMP1: —A -.e^Z). 

2.ve-±^>" y^.5i 
 ̂ • c£zv,1 .ly^ VNA^W..^ .i5: ^ 

.5.1. ! .̂ 1 e.̂ rrgl.... 

./f—• •ti 
r^ 

C H ̂  fyX25?. )«. ^wA 

<s A y> * 1̂  —V -̂gV .̂̂ ' i„  ̂  

k il 

-I* 

.feUi<kLLî  ̂  f '20: i-O' • H •O w s 

« ^ 

ihr^t-Pjci : .. fe-. rj/YSy VU.^ ^. 
-..fcf?>Vv crH^y ,_ • ;-^ 

PW^V-U 

<^bjw. C^v> 
<^\ (UAVX-Q? 

5; T M 

#4 
•YVVA V V \j: 

ZsiSiS yyivczna 

30: ^r^.c 
i  

•••vr' •H--- -N-.. j  C !  
.f 

4 

c^l* 
,44 

""^•J ,35 
-y 

•? 

3.?. .̂ ĵ . ŷ 
•q W) : 

40 

1 

, 
1 Performed by-

i>' 
Witness-

j Cont'd to 

j'w*. 
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103 pate £*" ^ Proj 

Cont'd From-

. 
Title 

ff 3̂  ,9: a  
'$'£• ~eLk f ' \  •o •+• y 

. A/i^/h-11 

g ^ 

• 

; •• 

.l^avd"' .0 

0 . (T ; : 

. Wie^; 

9̂ ' ^i0 4-;^lrs^ 
. ft. • 

.aits sJt^ ̂ 4. —JJ&L .-^.! 
T 

4r 
 ̂V v 1%,. . .OV^iS7; (ra-C^4TG  ̂!  ̂

I 15 
/ 

V .1. 
I 

r"£i^' 
20-4^7 

e A .. cfr^r 

- ,; : Cwcjl*} V^bS.^.'. .bfr >\*:foxk. . .^o^: . ^bphn^afced 
b r t l f e  W^3A^.cl. -Ctvv'll-a------^-^ WwuC 

j S^b^5i<». . +« . . ^oyv^L -̂S -fjc) • ^ 
cni; ,. .  rnril^hr^s: 

VK? 

_ io-'G?? 

— -^^C"'"S 
c; 

S'i-k-^: \- J 
50 y. -/eU^ <ro 

30: 

35 

40: 

{'aJhiA -r^ r-i-9 Performecf by-

Witness- j Cont'd to' 
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119 
7̂ Proi, Title-Date Sit 'Cart'd From*. pr 
4 K  ' *  I '  obf 

L.-'fr+r 
• • 

c. \ - p 
^•fVvt'V', 

% 

:::'rAO e- •  ^ o p '  ) l: 

"~ "i,;B .C-O-'O.,^ .r>.^-A 
. . 

,. olr- 2-^:. 
. 

. .feSA.t/V-AA^ . 

10 L.1 . %*>?'*--
§r /.̂  

{^«jg—103-3 V; eAUw . . 
o f t t o U v x o , .  . ^ ^ d .  J^..^-pWVVvwvs^ . . 
('C.-, c{,f7 - • •A^" -f2. r P-

:+u To v* ,.Tt 
I S  J-

i< ^ 

/• £_ \ ̂ 

e.. ^ . - O -  * / £ • . * '  •  
.  > i.  ̂  -

• f o• 

f^JijLck- ..Q^ .-.\0k . dtad- . yv^aU^aL 

iU cM^O c . 
j^6- -1 "Sv?^'"'"CA^oSr1 a^J) 

Yelf^sAvOtf)» ^^..'V'vv ĉ"  ̂
. ^.b< QC, ... .^... '^'f^.V 0^<?-; 11;w 1 ̂  ,avv̂ -

. i \ -w^vV.^^ -. 

WJLcXp fv'7yu€_ . ir'?,_. " 

^/y^- •25 i 

^4 .  J*  •  rO 
;  r  A  "  ^  7  s V 

V 

Q_ >—^ » 2.̂ *..?/: r-'O . fj: 
^5..> <r; 

H . \ o j 
I rim» •'— •<-« . — .. ».•... »|«.».^/»/ -rfiv i^-

| 7 7 ^ ^ £ ; ^ ^ ' ' ^ i !  '  '  ' r  7 "  
if"™'-: 

j- •} f •: i 
4C 

• 

•rfWOW— 

Performed by-

Witness- 'CK fSW/t ; Cont'd to-
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124 
j Date ~"proj Titlft' 

Cont'd Rom- fts 
^rt-

C-) SOOj .C.1 • O W  
C P" ^1 

\ ro^.Ci C.̂  
ji.ô .n.VSo 

£.̂ 5") 
&3 

10 

'X". .  ^  
. . .  r__ .  

^D; Qy^Jl̂ . 

s- o 
..." <.oC/ 

cvt^ 

'.z 
s 

15-

.a 
rr 

!LA/^> fUdjifi 
— . . I S ^ o v ^ .  

;\2ii îcps ; -  wra-s 
; U oa^. X  4?j.„ .±2_. .  i .j£!i c  

-SCh ̂ . ab. '̂ SSL .(U^HL . 
; . <JR.^ : .._ tf/^..§.„. Sti^x'SiJl .„ .J>Pt?- Y't 

^ShftVoHp" V^"""^VYY^^^""" ^^ ' ^ T j c ^ ' " '^^v^OU^UV. 
 ̂\94>AirPteid . ftahCCL 5ô ^d"̂ pl; \A»  ̂

Iŵ V̂̂ ŴV̂ , <dir^d-.... Jpi!hcA-i{i 
uJh-; ._AJ\^:. . .',^v^.r^f Y î: 

o •  \ Z 6 £  -  M  

20: 

.^VgviVNi U ,̂ 

••2̂  ̂
•3 

Kto^l 
.V 

1 Mt>. 

^i.^i 

*/ 30 <? 

35 

40' 

kL^o( *>̂ p Performed by- £) 
J3ZMZ1 Wltness- ConVd to-

. 
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3H 
167 

Date^i Pro). 
Cont'd From-

Title-

-fT^wy ST 9* \ •«. ^ -p 
S .0 

c 
?5)3. 

"(~e"- '(TOT iv YA/U ) 
!• 

- ... .3.-^-: Ph- f i -cr /V^ 
.A...jp/yi.^. fc 9^-

^J-L:v.iA.s4-r. U-2_.. : 

. VAA.î C. w.^/s . .Tte.-..J.Q..̂ . ?rj 
... ...<^i^ . ... ^ :^V' . 

;5wr^"'' d - • — \C-? 
»***•••• < ••»< 

\  H ' - IM •  •  

c© • Co • . f.ft.-cfe) l—l. 

' M 
S :̂ 

5©^ • <<§? = . •*.. 

—cĉ  • O 
: •%yi!*ki,Jl. •wer* 

... . c^OJM^^o^ (A^l^ ..Ot^l^VsiUcl -
VrOv (fi-vSoAfi . cior^e^- LA^giW^ 

-• ySr^VO-i?. . .Kf.e\\<5V0} .^po^v . VJr ^ 6 • 6*2-0> 3 7 ^ a: 
' . . L . .r&ffi' 

_.rPwi;v  ̂ : AT? . ) & £ .  C a '  

.•£•• I o*«V P&\ u VA v\ C vfflV 

V 

.Yvivit:: 
) 

i ' :.4:?3 C-' 

• . ^ i'v^.CX i"oC~"\^o--
_$5:(v  ̂ CNX61F\̂ 3̂"?T "iyil i 

—T"~™ 

ri&.MA, ^.. 

7 i f e i  ^<>w^ 

p 
^'7^ .4y 

u-^v ~ 

I <. 

fkQiJ Performed by-

Witness- ^ jKAs^ tn-

' • • 
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*• St JV 

- •  i  

-T' 

5 #  /  
sgaHBrnaa isei •LUC •3* .-.ll. 

il mmzis 

173 I Â&rfr) Proj .  Date  Title- • 
Cont'd From- . 

Ŵ . "~1 

&-
- o c ^pw. f\).^.0H ) ( 

fSrS?; 
""^5" _ 

|i f .  • • r̂ ) 
N «..Q.c» 

Q .—3.°^; .. y  • . .  

\^.pjS-)l&7A.̂ .̂. o X:|§S<rn ' CGJO^^S^.^IO. 
. . it̂ iaAEL . : • ._3 v̂vXiii&' o . 
— aia^t:£i©w ;...-„T___:. 

-. u • • H**1 

15 

II 

Tb • ,i.Vi , dJ^.^ !^te.£.._. OQC .ctTc^.aa^ Ij 
OL^T -.Cug <fov;2...U^4 . 

...:. .Cfl \/V\^oc_.. ..JSJ^HT: 
™cfc. C^^AW- ^ ! co^ • <vvv.-. ojcJiA™.^ iyoidLHr J>; 

vA c^^AAs'oiU cyy, ^W'T^V*.̂  . .Os »̂.lc:. . .̂-±5..... ^Ajr„> 1—.- . . 

-£>'i [*--• 
^r^nCKAf- _ 

;• j".' o 
• ] J 

U 
JfiO. 

i-.i: 
•25 

P 
•nLn .v 

' i :~! C j H j N | .o j-

.._ I^>1.'} vr-il^r^T. I 1 
' ' 3 1 ~  : "̂ -rTv.i-T -̂ip̂ T—j 

r — •* V 

i }-. (?_«. 

• . %£&. -  — &* • • -••• . . 

30 /;. •. ^ • 5 

..Qjitepj . -d-Gyi IvcuHrcL fT-- V5 

. "yelioW. • Qn«c*.v^...> *' - ^ : • — 

TKefiiYr.: Zr.^i*) 
f CAtf*^ 

.35. , 
Ov^.. 

* ** 
i "mh • __ 

"^Vl^ ^f^vyTil>- y*i 
"CVaflC^ 02^%:lJ) 

— , Vy=> »vi'1~ 40 

?v ! 
yvvfr ^2-f- . '-.-

i ,' 

&? 
^ .^/<A.. rn^'  • w 

rYV/N-V •OA' I ' 1 

AC? > 

.  .  . . .  -  . . • « • • • -  A*"  

... UA -tU .c-

Y^fBK k^T- ̂  Performed by-

Witness- ^ f&Usz i Cont'd to-
> : 

• ,  r Â 
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v^<&jw 

W M •^5 uSsS 

17? 
pats %P PfQ|. —| Title' 

Cont'd From 
~~jJ F 4^ CLHfe .Wnn 4$. m-^y- », 

"p-

S 
5 

s^-fC 

.57° 

t?_g6=r23--r-S^ : ? .:.l£fiJLfi 
•• 0 '̂V"% -.'-. i =! .. S.fta v^-i 

'jhsJ'ufe/U-C â: —:" 

! CcrS' zq ̂  
•-V 

•5-

jfiLf > ^ ^ ^ 

^Tti •  ̂ . 
: ^•••--HP-.«^^^ r̂̂  : C 

'20! 

' M«V c r! O. i  i • mj.. -.• • ! y?'̂ ; •25 ^p.. - '-'• ^ >- /• * 

vr-.p, f t-i ;.T."r:i V • ••• v» Ji* •* 
H* / 

EttTf 
30: 

Ps'  ̂ VcA .̂d ; i A> 

:SJ£hjj^^_-XSlLC<J!3 
iTrA^.i .V>">̂ .y 

• 
gjhAJlf .. y^e'^^v»: ^ 

CzA 

Iri Wr 

. Vv,9w..c— J-lOr-: A- .. 

Vv^ n C/v^, 35: 

J I 

I 40; 
I 

ifZ^j 

t̂WtZe 
^r- <?-) Performed by-

Witness- TOTAL P.05 
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3>? 
180 

Date ^ Title- t -ii 
U Cont'd From-

W C^p . . .  CLttO 

! ^ '|-cl,i*siy-e 
. ... rf S^_r^tc^' 

.... r^Z- ̂  4-: t> 
4  . . . .  

s.0 
......2  ̂

.. 

<2^ 3 .-

7^33) - 'T'S Vvi-Y" ro • *72.̂  ̂ - M M )  
CLpJ^crs jy^e.. C<>.'3 ©2 1671 

"t'' v -^rvS,; • . s. ^iv^Lfec- •* 10, 

' ' 

i 

15. 

Rilf i .ik.O^rJ îl"..!.. . !"7 ; 1"7 

(JOCK^ Vv^ o J ^ftA "̂O jOl 20 

(T^TV .. }„)&&£.. 

77™'" 
. _ • . . . . .  :  w ;  .  

*11  , - > -  -

T O- -• N C H ;-J 25 ..i. i'-f 

ir '>-^v"--v-4 ^—'••? 
fr"?i-̂ Srvf£l- \h' 

_ « . . .  .  

'-"'<U'" 
f. / ... i .. . . 

; CjA 
••: ^ 

.,.t^'H-\. r? oJh^f <A'rftvv 

t >v cntvflltf, j..v „ 
tjv^. 

 ̂v-C_ 

30; 

pa.(i..r...jiU._ : pho-59 "w 
f. pair . > 

SfEiVOvo. CbJ^s'ob.. OV-JTHT' 
W^w.k... cî 06-tcsO-'34p  ̂ V3̂  'TYww 

.35 

HVvC (Wy. 'i. . ^ 

f a z C H  O& y Q t f -  h r > ,.„dc '̂1M '?0ZOiJ 
..^.k^ -y+M^r .?&. 

• ». —^w,.. rt\-*+v ..._ 
f$0 -~~~ 

.  ? 9 - ^  r y i ^ C T l l ' / J . :  î o-'W"" " 

^0 
; 

d?3W J-...CSL:...?r-^:.U' ^ 

^ ^ S-?) 

— ĥ̂ -—:— 
Performed by-

Witness- ! Cont'd to-
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Date *7^9^ Pro}. Title-
Cont'd From 

& 
p~  ̂

ty>f 

.. . ^lvOL^y-r?r%..— \ 

_JZJ^3 
Z'^H 

5 

— ^CdTal^... . 
' U 4 .Jj 

, c; a^£_2-„<3L 
w lAAAA^i --r—zsy^L-

L Ovx 10 

^-_ '/V1=o^ 
.--•Arr. ; 

. . . " t e  .  \iyAt y... . 15 
C- l  

l«p»** » fc' • I 

20 tas 
T»5~r 

.© 
.. ,Q .. — • 

•iwiwi 

—.CH-sTs^d „.pJr .^r î 
: • : • 25 -V 

' fi"\^tA^ di ^ f ol ol, ^) vCpv i _ ^'p^WidL^^ 
• -.Co .̂l&s.hA- £bi..tay.p.... 

_. . f:ft> 
30 

^3 C*. wi •. " i. « •. ;.~-
:., .ê ĵSaiaĴ  •  ̂

.̂ 37 NQl iovo J}'.c&. 
-CH.£x_^qY,: Qbi. ; "M). C -̂ —î l! ; 

5^5. -

Ca{' 

a-^-. 
La.-l3l-_iaii41 44> P fcyVy > • 1 * ̂  : ^jj SX£' 4 T') 

fep cUiol P^.L 

4o> 
.  ̂̂ ovUVg-

35* 

— rpl  ̂ 'J-W C  ̂5" £ *^2? ̂  p^^VVVW 

9-^.- i?n. JTCX .r̂ s ̂  
too . h a i f lG  -V^g- VG); 

. 

r NTt. 
-iO 

S..^* -

Performed by- i 

Cont'd to-Witness-
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3Si 
181 

Title-•*)'- 'zSj&O pr0j Ll' j  sii =P.F »t'd From-
• KI L' 

^ CHO. 
M 

PV . (sikv^cSp. i •• 
•\l  IT AJ^ /t  <u (_ 
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a o\ s 

•iii 

^ j L &GrW. & r . .  -
if (?.}^ ̂  
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•4 C$.:.°t?te<":%!̂ > : 
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if! x^? '  - iJH 
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I  -•• •) 

' ' ? .•ai 
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"(& ) — -̂6 
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yU'ct • -.0*Xv>'cA^ .ocv^ 

. Y^/d^w 
5*" .. .vwrt 

20 } 
M 

Loo^>i. 
i,(L>'cc»^ .. .^,1. 

.^: . ^(v^WTia^ , .4. 
. WIKAV^^VW.  /y^jvt. 

^.^.UtS0§;.oj. ^\M.Cr }<& <>-%•£). 0 ' 

l::i5'(S4^ ." 

I. ^ > 
.  S t A i J . f? .  
i v " 

.v£~. 
. •'^OTJv-r:.... ivy 

^  ' . I  
THte.oy-y. .: 

30 s ; 

! } 

35 5 

t 
f i 

0̂ 0 •"I 
tl '. 

. . .  . . . j  II 
.  — i f  

wf 
Tty Performed by-

^7  ̂Witness-
! Cont'd to-

Sawai Ex 1005 
Page 3295 of 4322



3SX 
183 

Date1r^3r Proj. Title-

f i • Cont'd From-

y .  i . c s : .  _  
Hi ) . T<C. 1 

V j " r<y- 0 

* 3An 

.  -  \ ~ \ < £  0  S C o -  6 [c>'%^^yY \A^)  
i*j.v^ . : A ^ j !Z}h>s c tPAjSp^rrf^J. . 

i ? yyji— .. 

_ 3̂  
'J 

' 0 '  •  i » i  

•  l ' <  

.  ^  " t e ' * . . ' . . . I . ? . a b -
15 

1 • u 

Cq •? - IO^P 
. X». L^lfir.:.-^..t.. 

_..A^4..'YJL . i-: .r W.. tn —- Gi-w 
11 20 

. n 
••k«r»' 

•:® rjj 
> !u 

«y .  25 
P jr 

- — .'-'..'J . i . . . , .  , '  j— - ... • - | . . »i 

kdJjlA . V: £..'V^L. AWL-Vlosfê  <xddU<A ri 
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3X2 

MR. J. BOROVIAN 
MR. T. DOYLE 
MR. R. HONOR 
MR. W. JEWELL 
MR. M. KASSENOPP 

MR. T. MC GOVERN 
MRS. L. ROTHWELL 
MR. G. SHARKIN .. 
MR. R. VILA 
MR. P.'WEINFELDT 

J. NADELSON 
L. SALANS 
R. SAUNDERS 
D. WEINSTEIN{2) 
D. WINTER 

DR. D. CORNISH 
DR. J. FOLEY 
DR. G. HARDTMANN 
DR. W. HOULIHAN 
DR. F. KATHAWALA 
BASLE (2) 

DR. 
DR. 
DR. 
DR. 
DR. 

MINUTES 

PATENT COMMITTEE MEETING 

HELD WEDNESDAY, APRIL 2 9 ,  1987 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * 

WATTANASIN EXHIBIT 
Exhibit M-1 

Wattanasin v. Fujikawa at al. 
Interference No. 102,646 
Interference No. 102.975_ 

5 
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' Minutes 
April 1987 

3. notices of allowance: 

3;1 in-part; Tfc 
a 

13 

^respecting 3.2 Th 
th i 

65 

4. PINAL REJECTIONS: 

4.1 T 

5. DISCLOSURES: 

The following disclosure has been rated "A": 5.1 

3 "A" and a 
latter from a 
».S. patent 
considering 
tent 
a separate 

ter in due 

5.2 

The following disclosures have been rated "X"; 5.3 

The following disclosures have been rated "B": 5.4 

299/84 FHW WATTANASIN 

5.5 
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zw 
{ 

dr; l. ostberg 
dr. l. salans 
dr. r- saunders 
dr. d. weinstein(2) 
dr. d. winter 
basle (2) 

mr. t. mc govern 
mrs. l. rothwell 
mr. g. sharkin 
mr. r. vila 
mr. f. wexnfeldt 

mr. j. borovian 
mr. t. doyle 
mr; r. honor 
mr. w. jewell 
mr. m. kassenoff 

dr. d. cornish 
dr. j. foley 
dr. g. hardtmann 
dr. w. houlihan 
dr. f. kathawala 
dr. j. nadelson 

minutes 

patent committee meeting 

held wednesday, july 29, 1987 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

WATTANASIN EXHIBIT 
Exhibit M-2 

Watlanasln v. Fujikawa et af. 
Interference No. 102,648 
Interference No, 102,978 
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31S 

Minutes 
July 1987 

5. DISCLOSURES: 

The following disclosures are rated "X": 5.1 

Ir- ̂  yv.;- - -i. .• 

" The following disclosures are rated *"6": 5.2 

299/84 WARRANASIN FHW 

m -  - g  

j ?fcj. 
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T. MCGOVERN 
MRS. L- ROTHWELL 

G. SHARKIN' 
R. VILA 
F. WEINFELDT 

MR. J. BOROVIAN 
MR. T. DOYLE 
MRS. J- GIESSER 
MR. R. HONOR 
MR. W. JEWELL 
MR. M. KASSENOFF 

DR. L. OSTBERG 
DR. L. SALANS 
DR. R. SAUNDERS 
DR. D. WEINSTEIN(2) 
DR. D. WINTER 
BASLE (2) 

MR. CORNISH 
FOLEY 
HARDTMANN 
HOULIHAN 
KATHAWALA 
NADELSON 

'DR. D. 
DR. J • 
DR. G. 
DR. W. 
DR. F. 
DR. J. 

MR. 
MR. 
MR. 

MINUTES OF THE 

PATENT COMMITTEE MEETING 

HELD WEDNESDAY/ OCTOBER 28, 1987 

* * * * * * * * * *  * * * * * * * * * * * *  * * * * * * * * * * * * * * * * *  

WATTANASIN EXHIBIT 
Exhibit M-3 

Wattanaslnv. Fujikawa et a). 
Interference No. 102,648 
Interference No. 102,975 
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Minutes -• 
October 1987 
Page 3 

The following disclosures aire "rated X. " " 5.3 

299/84 WATTANASIN FHW 

The following disclosures are rated B. 5.4 

REV:Imc 
11/6/87 
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3tt 
MR. m. KASSENOFF 
MR. T. MC GOVERN 
MRS.L, ROTHWELL 
MR. G. SHARKIN 
MR. R. VILA 

DR. L. OSTBERG 
DR. L. SALANS 
DR. R. SAUNDERS 
DR. D. WEINSTEINC2) 
DR. D. WINTER 
BASLE (2) 

MR. J. BOROVIAN 
MR. T. DOYLE 
MRS.J. GIESSER 
MR. R. HONOR 
MR. W. JEWELL 

CORNISH 
FOLEY 
HARDTMANN 
HOULIHAN 
KATHAWALA 
NADELSON 

DR. D. 
•DR. J. 
DR. G. 
DR. W. 
DR. F. 
DR. J. 

MINUTES 

PATENT COMMITTEE MEETING 

HELD WEDNESDAY, NOVEMBER 2 5 ,  1987 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * 

1A. FOREIGN FILINGS: 

WATTANASIN EXHIBIT 
Exhibit M-4 

Wattanasln v. Fujfcawa ot al. 
interferencd No. 103,648 
Interference No. 102,975 

• * 
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Minutes 
November 1987 

fCont.) *• e . 

5. DISCLOSURES: 

5.1 The following disclosures are rated "x": 

299/84 WATTANASIN PHW 

6 

8 1  

9i 
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1% 
<* 

% • •  » • .  

"DR. D. CORNISH 
DR. J. FOLEY 
DR. G. HARDTMANN 
DR. W. HOULIHAN 
'DR. F- KATHAWALA 

• DR. J. NADELSON 

L. OSTBERG 
DR. L. SALANS • 
DR. R. SAUNDERS 
DR. D. WEINSTEIN(2) 
DR. D. WINTER 
BASLE (2) 

DR. MR. J. BOROVIAN 
MR- .'T. DOYLE 
MRS. J'. GIESSER 
MR. R. HONOR 
MR. W. JEWELL 
MR. M. KASSENOFF 

T. MCGOVERN 
MRS. L. ROTHWELL 

G. SHARKIN 
R. VILA 

MR. 

MR. 
MR. 

MINUTES OF THE 

- PATENT COMMITTEE MEETING 

HELD WEDNESDAY * JANUARY 27, 1988 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

1.A. FOREIGN FILINGS: 

WATTANASIN EXHIBIT 
Exhibit M-5 

Wattanasln v. Fujikawa et a). 
.Interference No. 102,648 
Interference No. 102,975 

• • - 3*1^ 
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31! gj? 

Minutes 
Jan. 1988 
Page 4 

'1-v 
r-f 
•-•J; 

\ 

5. DISCLOSURES': 

The following disclosures are rated A. 5.1 

.lity search 
'formed) . 

.ction 
'only). 

299/84 WATTANASIN JMG 

D P v • 1  

. 
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WATTANASIN EXHIBIT 
Exhibit N 

Wattanasln v. Fujikawa et al. 
Interference No. 102,648 
Interference No. 102,975 
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WATTANASIN EXHIBIT 
Exhibit O 

Wattanasln v. Fujikawa et al. 
Interference No. 102,648 
Interference No. 102.975 
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, <̂ ccSr {LQ4< 6Ĵ ~ LV^^- fVftClfilj 

(70'4O dv^-va^c. ^Tviij1 <s^/^-?>~irv.hwi pa-ecuO^^&nA 
\f*ke> -r^PoJ^A ^r>K) TLO. 3 (̂7^  ̂ f^xiUci- " ••. :' 
wv-CT^'V**^ cKA .r . )« p ̂  14 C) A t '6r i^g--^ ^; ; 
' f^^U Co^ww (-  ( - (^M) y - r^P- -vo^6 wvg. j  

Pi , - - l7b'^ Vw >V!^ VM ^ 1 
^ , y -y ' ^ V^WV ~ 

- ^ ( O ^  '  0 ^ 0 ^ 0 6 - ^ 3 / ^  ' h ^ y  

-M^SE 

3? •.  ̂

-C-

/-> 

<5 : N-13 
c 0 

Performed by-

V^H:fT«®a- C-O^'-d iC' 

"/" # r«- ' "-•-. '>• ^SSS ûibtSSS; 
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BIOLOGICAL ACTIVITY DATA REPORT (FOR PATENT DEPT.) 

HH DISCL. NO.: 299-84 INVENTOR: S. Wattanasin 

DATE: May 24, 1988 ATTORNEY: M. Kassenoff 

ACTIVITY TO BE-DISCLOSED: 
Inhibition of cholesterol biosynthesis, 
ant iatherosclerotic 

1 .  
antihypercho1 esteremic, 

IF ANY COMPOUNDS COVERED BY ABOVE-NOTED DISCLOSURE HAVE MORE THAt 
ONE ACTIVITY, INDICATE TOTAL NUMBER OF ACTIVITIES AND PREPARE A 
SEPARATE B.A.D.R. SHEET FOR EACH. TOTAL NO. OF ACTIVITIES: 1 

•; 3.a) TEST METHODS USED TO ESTABLISH ACTIVITY: 
HMG-CoA reductase inhibition in rat liver microsomes (DT 64) 
Cholesterol synthesis inhibition invivo in rats (DT 65) 

b) DOSAGE RANGES BASED ON ACTUAL DOSES USED IN TEST PROCEDURE: 
0. 050 

;! 

ii; 

1.5 mg/kg 

'i1 COMPOUNDS TESTED WITHIN DISCLOSURE WHICH EXHIBIT WEAK OR 
GREATER ACTIVITY: 
Q4-935, 64-933 

4. 

5 • DOSAGE SCHEDULE Broad Ranges: 
Large / small animals: 
Large animals: 

a) mg/kg. 
mg/day. 

. 10 to 1.0  
b) 20 200 to 

6 .  MOST PREFERED COMPOUND FOR ACTIVITY DESIGNATED: 

64-935. 

7. . OTHER PREFERRED OR POTENTIALLY PREFERRED COMPOUNDS FOR DESIGNATEE 
ACTIVITY: 
64-936, 63-366, 64-933, 64-934 

8 .  ED50 FOR THE PREFERRED COMPOUND IN EACH OF THE TEST METHODS 
INDICATED IN 3a) FOR THE DESIGNATED ACTIVITY: 

COMPOUND IC50 uM DT64 ED50 mg.kg DT65 Potency x Mevinolin* 

Compact i n 
Mevino 1 in 
64-935 
64-936 
64-933 

* C1inica1 dose of 

1. 01 
0. 14 
0. 41 
0. 53 

3.5 0. 11 
1 (standard) 0. 41 

0. 49 
> /.<? 
2. 40 

mevinolin (Lovasatin) = 20-80 mg/day 

0.3 

2. 37 

•j-

WATTANASIN EXHIBIT 
Exhibit Q 

Wattanasin v. Fujikawa et aJ. 
Interference No. 102,648 

_Jnterf̂ enceBNo;_l02197  ̂

V 
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Ho 
(CSI—DT&4 > IC50 TAbU£ RAT MICROSOMAL ASSAY 

THIS FILE IS A CALCULATED ESTIMATE OF THE IC50 (CONCENTRATION WHICH REDUCES 
THE CONVERSION OF HMG-CoA TO MEVALONATE BY 50%) USING ALL THE STUDIES 
ON THE RELEVANT COMPOUNDS UP TO THE SORT DATE. 

SORT BY: DISCLNO LAST UPDATE: 02-04-38 

COMMENTS REF IC50 uM DATE REGNO OISCL COMPOUND 

1014-248 
1014-249 
1014-257 
1014-257 
1014-258 
1014-259 
1014-.277 
1014-277 
1014-278 
1014-278 
1014-279 
1014-279 
1014-27.9 
1014-281 
1014-T-2B1 
1014-282 
1014-282 
1014-294 
1014-294 
1014-295 
1014-295 
1014-296 
1069-002 
1069-002 
1069-003 
1069-003 
1069-004 
1069-004 
1069-005 
1069-005 
1069-006 
1069-006 
1069-013 
1069-013 
1069-014 
1069-036 
1069-037 
1069-038 
1069-053 
1069-053 
1069-054 
1069-055 
1069-055 

25. 0000 
0. 0180 
0. 0450 
0. 5250 
0. 3630 
0. 0400 
0. 4000 
0. 6900 
0. 5300 
0. 9040 
0. 5800 
0. 6400 
0. 9000 
1. 9100 
2. 3200 
3. 1600 
6. 3200 
1. 1600 
2. 0200 

>10. 0000 
>10. 0000 
>10. 0000 

0. 1000 
0. 3430 
0. 2250 
0. 2630 
0 .  1 1 1 0  
1. 5600 
0. 0020 
0. 0020 
0. 0030 
0. 0035 
0. 0140 
0. 0190 
0. 0260 

>10. 0000 
0. 0042 
0. 0058 
0. 0030 
0. 0440 
o. ooeo 
0. 0320 
O. 1450 

02-07-84 
02-07-84 
04-18-84 
02-29-84 
02-22-84 
02-22-84 
05-23-84 
03-26-84 
04-18-84 
03-26-84 
06-12-84 
05-23-84 
03-26-84 
03-28-84 
03-28-84 
06-12-84 
03-28-84 
05-10-84 
05-10-84 
05-07-84 
•65-10-84 
05-07-84 
06-04-84 
06-04-84 
06-12-84 
06-04-84 
06-04-84 
06-04-84 
06-04-84 
06-12-84 
06-04-84 
06-12-84 
06-06-84 
06-06-84 
06-06-84 
08-04-84 
08-01-84 
08-04-84 
09-10-84 
09-12-84 
09-05-84 . 
09-10-84 
09-12-94 

SAH-062977 
SAH-062978 
SAH-063033 
SAH-063033 
SAH-063034 
SAH-063035 
SAH-063074 
SAH-063074 
SAH-063075 
SAH—063075 
SAH-063076 
SAH-063076 
SAH-063076 
SAH-063083 
SAH-0630B3 
SAH-0630S4 
SAH-0630S4 
SAH-063144 
SAH—063144 
SAH-063145 
SAH-063145 
SAH-063146 
SAH—063158 
SAH—063f58 
SAH-063159 
SAH-063159 
SAH-063160 
SAH-063160 
SAH—063161 
SAH—063161 
SAH-063162 
SAH—063162 
SAH-063174 
SAH—063174 
SAH-063175 
SAH—063229 
SAH—063230 
SAH-063231 
SAH-063269 
SAH—063269 
SAH—063270 
SAH-063271 
SAH-063271 

24162 
24163 
24315 
24315 
24316 
24317 
24446 
24446 
24448 
24448 
24449 
•24449 
24449 
24511 
24511 
24512 
24512 
24750 
24750 
24755 
24755 
24756 
24809 
24809 
24810 
24810 
24811 
24811 
24821 
24821 
24822 
24822 
24865 
24865 
24866 
25075 
•25078 
25079 
25205 
25205 
25206 
25208 
25208 

:295-84 
295-84 
•295-84 
*195-84 
•:95-84 
:I95—84 
•Z95-S4 
•:95-S4 
*195-84 
•195-84 
::95-84 
.•195-84 
195-84 
'195-84 
•195-84 
••-95-84 
'.95-84 
•195-84 
•:95-84 
•195-84 
'195-84 
-:95-S4 
".95-84 
•;95-84 
'*.95-84 
•195-84 
'195-84 
•195-84 
'195-84 
*195-84 
195-84 
195-84 
*195-84 
-"-95-84 
'195—84 
*195-84 
195-84 
195-84 
"195-84 
*195-84 
'195-84 
•195-84 
•195-84 

SAPONIFIED 

SAPONIFIED 

SAPONIFIED 

SAPONIFIED 

SAPONIFIED 

SAPONIFIED 

SAPONIFIED 

SAPONIFIED 

SAPONIFIED .  
k i te  
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11-24-86 
05-01-87 
05-01-87'' 
07-07-87 
07-07-87 
07-07-87 
07-07-87 
01-12-88 

1149-227 
1149-293 
1149-294 
1149-297 
1238-001 
1238-002 
1238-003 
1238-030 

0. 0320 
0. 0320 
0. 0030 
0. 0030 
0. 0220 
0. 0450 
0. 0080 
0. 0020 

.195—84 
195-84 
*195—84 
*i95—84 
'-;95-84 
•:95-84 
•795-84 
"195-84 

SAH—064484 F 29413 
SAH—064744 E 30059 
SAH—064745 S 30060 
dAH-064745 S 30060 
SAH—064815 E 30198 
SAH-064816 S 30199 
SAH-063162 S 30203 
SAH-064745 30765 

1069-113 
1069-197 
1069-198 — 
1238-013 
1238-014 
1238-015 — 
1238-016 

12-13-84 
06-13-84 
06-13-84 
10-08-87 
10-08-87 
10-08-87 
10-13-87 

1. 5800 
7. 3100 
3. 7750 
2. 3700 
2. 6100 
0. 4130 
0. 5300 

•v SAH-063366 
SAH-063549 

!-^ SAH-063548 
SAH-064933 E 30441 

-rSAH-064934 S 30442 
vSAH—064935 E 30447 

: —^SAH—064936 S 30448 

25496 
26082 
26080 

'*99-84 
•199-84 
•199-84 
'199-84 
•199-84 
'199-84 
•199-84 

ED50 TABLE SAT INVIVO ACETATE INCORPORATION (CSIV-DT65) 

(DOSE WHICH REDUCES THE 
USING ALL THE STUDIES 

THIS FILE IS A CALCULATED ESTIMATE OF THE ED50 
INCORPORATION OF 14C-ACETATE INTO CHOLESTEROL BY 507.) 
ON THE RELEVANT COnPOUNDS UP TO THE SORT DATE. 

SORT BY: REGNO LAST UPDATE: 1-06-8*5 

REGNO CISCL ED50 
mg /k g 

DATE 
m m — d d — y y  

COMMENTS COMPOUND REF 
b k — p g  

SAH-064745 
SAH-064745 
SAH-064745 
5Ah'-C63162 
SAH-063162 
SAH-063162 
SAH-064119 
SAH—064744 
SAH-064816 
SAH—064483 
SAH-064063 
SAH—064309 
SAH—063231 
SAH-064393 
SAH-063161 
SAH—063989 
SAH—063425 
SAH—064305 
SAH—064480 
SAH-063270 
SAH—063270 
SAH-063270 
SAH—064307 
SAH-063159 

0. 016 
0.  016 
0.  016 
0. 019 
0. 040 
0. 079 
0. 08 
0. 10 
0. 10 
O. 13 
O. 19 
0. 19 
O. 25 
0. 25 
O. 250 
0. 28 

30060 
30765 

10-20-87 
02-19-88 
02-19-88 
09-18-87 
09-18-87 
10-11-84 
05-16-86 
07-14-87 
10-12-87 
02-06-87 
04-17-86 
11-03-86 
08-30-84 
02-25-87 
11-29-84 
04-04-86 
03-20-85 
11-03-86 
02-06-87 
02-07-85 
10-11-84 
01—21—85 
02-06-87 
06-19-84 

•J95-84 = 
*295-84 = 
•-.95-84 = 
-95-84 -
•;95-84 = 
•195-84 = 
'195-84 « 
'195-84 > 
•195-84 « 
•195-84 « 
•X95-84 = 
*195-84 = 
'"95—84 > 
*195-84 = 
•X95-84 > 
'195-84 = 
'195-84 > 
*195-84 > 

•^95-84 > 
•195-84 = 
*195-84 = 
•195-84 = 
*195-84 -
*195—84 > 

917-127 N=9 
917-154 N=3 ES BATCH 
917-154 N~12 2BATCHES 
917-101 N-10 

N=19 3BATCHES 
812-266 N-B 
869-228 N=6 
917-090 N=3 -217. @.10 
917-119 N=6 
917-024 N=3 
869-211 N=3 
869-283 N=3 
812-250 
917-031 N=6 
812-293 -1260.2-5 
869-195 N=6 
869-046 N-3 
869-280 N=3 -347. <*. 3 
917-023 N=3 +3X <*. 3 

N=ll 2BATCHES 

ALL 
25500 
ALL 
25085 
27563 
30059 
30199 
29412 
27424 
28718 
25079 
29163 
24821 
27237 
25687 
28701 
29404 
ALL 
25206 
25501 
28705 
24810 

0. 3 
0. 3 
0. 3 
O. 308 
O. 33 
0. 362 
O. 47 
O. 5 

812-267 
869—Ol8 
917-020 N-6 
812-219 
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tzx 
812-219 N-l -87@0. 5 
812-220 
812-294 
917-011 N=3 
812-201 
812-208 
812-208 
812-220 
917-024 N=3 -28% @1.0 
917-041 N=3 -41% ©1. 0 
869-263 N=6 
869-298 N=6 
917-029 N=6 -247. ©1. 25 
869-283 N-3 -16% @1. 5 
869-269 N=3 -24% @2. 4 
812-204 
812-201 

06-19-84 
06-19-84 • 
11-29-84 
10-30-86 
05-07-84 
05-18-84 
05-18-B4 
06-19—84 
02-06-87 
03-18-87 
07-17-86 
10-02-86 
02-24-87 
11-03-86 
07-24-86 
05-14-94 
05-07-84 

0. 5 '^95-84 <1 
'195—84 < 
•195-84 > 
•:95-B4 = 
•195-84 > 
•295-84 > 
'295-84 > 
*195—84 = 
•-:95-84 > 
"195-84 > 
•195-84 = 
•195-84 = 
•195-84 > 
•195-84 > 
•195-84 > 
:I95—84 < 
•195-84 > 

SAH—063162 
•SAH—063175 
•SAH-063230 
SAH-064391 
SAH-063035 
SAH—063145 
SAH—063146 
SAH-063174 
SAH-064481 
SAH—064482 
SAH—064064 
SAH—064204 
SAH—064141 
SAH—064308 
SAH—064193 
SAH-063076 
SAH-063084 

24822 
24866 
25078 
29161 
24317 
24755 
24756 
24865 
29406 
29411 
27433 
27793 
27630 
28717 
27760 
24449 
24512 

0. 5 
0. 500 
0. 51 
0. 6 
0. 6 
0. 6 
0. 706 
1. 0 
1. 0 
1. 05 
1. 21 
1. 25 
1. 5 
2. 4 
2. 5 
2. 5 

- ? <  ̂ / - o  30441 •:99-S4 = 0, fl9^ J  12-09-87 
30447 .*299—84 ^ 12-09-87 

917-138 N=3 
917-138 N=3 r 

SAH-064933 
->SAH-064935 
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Starting material III is known and can be obtained by 
methods described by Morrison and Mulholland, 1958, J. 
Chem. Soc. p. 2702f viiich is hereby incorporated by 
reference. Next, V is reduced with lithium aluminum 
hydride, (LAB*) to give VI, This reaction has also been 
described by Fehnel, 1968. J. Heterocyclic Chem 4:565, 
which is also hereby incorporated by reference. In Step 
A-3, VI is oxidized to VII. Step A-4 is a Wittig reaction 
producing VIII. Compound VIII is then reduced using 
diisobutylaluminum hydride (DIBAL) to IX. In Step A-6, IX 
is oxidized to X. The aldehyde X is then reacted with ethyl 
acetoacetate in Step A-7 to give XI. Compound XI is reduced 
to give XII. Next, in Step A-9, XII is hydrolyzed to the 
salt form XIII. 

Compounds of both Formula I and II may be made 
according to Reaction Scheme B. Starting material for 
Reaction Scheme B is Compound VI from Reaction Scheme A. 

REACTION SCHEME B 
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QUINOLINES AS HMG-CoA REDUCTASE INHIBITORS. 
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Weinstein1 
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Inhibition of HMG-CoA reductase, the rate limiting enzyme in cholesterol biosynthesis, 
has proved to be an effective method of lowering serum low density lipoprotein(LDL-C) levels in 
both animals and man. Efforts at Sandoz Research Institute in the design and synthesis of new 
HMG-CoA reductase inhibitors have led to the discoverry of a number of classes of compounds 
which inhibit the enzyme HMG-CoA reductase. We present here the synthesis of quinolines as 
potent inhibitors of this enzyme in vitro and cholesterol biosynthesis in vivo. 
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QUINOUNES AS HMG-CoA REDUCTASE INHIBITORS. 

S. Wattanasin1, F.G. Kathawala1, R. Patel1, T. Scallen2, R.G. Engstrom1, and D.B. 

Weinstein1 

1Sand02 Research Institute, E. Hanover, New Jersey 07936 
department of Biochemistry, School of Medicine, University of New Mexico, 

Albuquerque, New Mexico 87131 

Inhibition of HMG-CoA reductase, the rate limiting enzyme in cholesterol biosynthesis, 
has proved to be an effective method of lowering serum low density lipoprotein(LDL-C) levels in 
both animals and man. Efforts at Sandoz Research Institute in the design and synthesis of new 
HMG-CoA reductase inhibitors have led to the discoverry of a number of classes of compounds 
which inhibit the enzyme HMG-CoA reductase. We present here the synthesis of quinolines as 
potent inhibitors of this enzyme in vitro and cholesterol biosynthesis m vivo. 
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INTRODUCTION -

Inhibition of 3-hydroxy-3-methylglutaryl-coenzymeA, the rate-
limiting enzyme in cholesterol biosynthesis, has proved to be 
an effective method of lowering serum low density lipoprotein 
(LDL-C) levels in both animals and man. Epidemiological 
evidence implicating elevated LDL-C as a major risk factor for 
the development of coronary heart disease, have stimulated 
intensive efforts directed towards the development of agents 
affecting serum LDL-C levels. 
Recent reports have described XU 62-320, an indole analog of 
compactin and mevinolin, as one of the most potent HMG-CoA 
reductase inhibitors both in vitro and in vivo studies. 
Discovery of XU 62-320 has prompted a search of a variety of 
new structural prototypes as potential inhibitors of HMG-CoA 
reductase. Described in this paper are the results of our initial 
study with a series of quinoline derivatives as HMG-CoA 
reductase inhibitors. 

q-iniro 

Sawai Ex 1005 
Page 3372 of 4322



Acetyl CoA 

1 r 

HMG'Co'A" 

Mevinolin (Mevacor) HMG CoA 
Reductase • XV 62320 

Mevalonate 

Isopentenyl — 
Pyrophosphate 

>- Dimethylallyl 
— Pyrophosphate 

T 
^ '  

Isopentenyl 
tRNA 

Geranyl 
Pyrophosphate 

i '  

Farnesyl 
Pyrophosphate 

trans-prenyl-
transferase 

cis-prenyl-
transferase 

Squalene 
Synthetase 

Squalene 

T 

i 
i Triparanol 

t AY-9944 
Ubiquinone Cholesterol Dolichol 

Sawai Ex 1005 
Page 3373 of 4322



HMG-CoA REDUCTASE INHIBITORS 
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GENERATION'OF NEWLEADS 
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SYNTHESIS OF ortho-AMINO KETONES 

0 

C02H Ac20 
O > 

NH2 N - CH3 

RMgBr,.THF 

R R 

HCI 
0 O 

EtOH NH NH2.HC1 
A o CH3 

R = 3,5-DimethyIphenyI 
= isoPropv! 
= 4-FIuorophenyl 

¥ 

• - VLj 

Sawai Ex 1005 
Page 3376 of 4322



SYNTHESIS OF l^-SUBSTITUTEP OUINOLINES 
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INTRODUCTION OF THE PIHYDROXY SIDECHAIN 
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. INTRODUCTION OF THE DIHYDROXY SIDECHAIN 
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INHIBITORY EFFECT ON HMG-COA REDUCTASE (Rat Liver Microsome ) 

RELATIVE POTENCY* 

HO HO O O 

O 0 
O O 

H3C H3C 0 o 
? H ! H 

CH3 > CH3 CH3 CH3 J 

H3C 

Mevinoline Compactin 
7.2 1 

H3C CH3 H3C CH3 HO 
Cs OH OH 

C02Et 
0 ^ 0  

CH3 CH3 cs 
N N 

CH3 . CH3 

SDZ 63-366 SDZ 63-549 
0.14 0.64 

* The relative potency of the test compound was determined by comparing its IC50 

value** with that of compactin, which was tested simultaneously and arbitrarily 
assigned a relative potency value of 1 * 

** Method according to : Ackerman et.al. J. Lipid Res., 18 , 408-413 (1977) 
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RELATIVE POTENCY* ' 

._H3C, .CH3 
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OH OH 
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SDZ 64-936 XU 62-620 
1.9 146 
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INHIBITORY EFFECT ON CHOLESTEROL SYNTHESIS (RATS) ED^ (mg/Kg) 
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CONCLUSION 

1. QUINOUNE ANALOGS HAVE BEEN SYNTHESIZED AS NOVEL HMG-COA 

REDUCTASE INHIBITORS, BASED ON THE STRUCTURE AND SAR DATA 

OF XU 62-320 

2. THESE ANALOGS ARE POTENT INHIBITORS OF HMG-COA REDUCTASE 

IN RAT MICROSOMAL ASSAYS AS WELL AS CHOLESTEROL BIOSYNTHESIS 

FROM C14-ACETATE IN VIVO. 

3. THE MOST ACTIVE COMPOUND (SDZ 64935) IS AS ACTIVE AS MEVINOLIN 

BUT IS FIVE FOLD LESS ACTIVE THAN XU 62-320 IN IN VIVO ASSAYS. 
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for Case No. 600—7025/CIP 
Application of 

Serial No. 07/047/358 
Filed May 5' 1987 

t? 
2/c 20 FAIZULLA G. KATHAWALA •• sT. * 

-T/vo 

0 n&tfW •>• •••iTT "3«!K" 

.--r.- 10/11/88 REV: line 

•V 

; • *• ?.*' 

• -^V:' 

• '•rf" 

•• • 

•••»: 

«• 

i ?wi. 
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(L OIIC!  ̂  
|J t% IsJ La IM 

UNITED STATES DEPARTMENT OF COMMERCE'' 
*( ): Patent and Trademark Office 

>A 
tea 

1/ -J& © 
Address : COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington. D C. 30831 îSrTToQt' 

SERIAL NUMBER ) FILING DATE | I ATTORNEY DOCKET NO. 
J  6U»">u; i5 /CT 

FIRST NAMED APPLICANT 

"F" KATHAWALA ( )  7  /  0 7 T  35 (3 0 5 / 0 S5 / (i) / 
600~7025/CIP 

07/047,358 5/5/87 
p c-ERALO 0> SHAP'.HXN 
SANDOZ CORF', 
J59 ROUTE :10 
I AST HANOMERT N«J 07936 

KATHAWALA 
EXAMINER 

PATiliN yWJL.WUUt.s'K 

BRISCOE,K TPjwil.'.'AfiK O^PT.  
I PAPER NUMBER ART UNIT m i n ii^sa rzi 

hn GT 121 
DATE MAILED: 

05/11/88 
5/11/88 Thit i» % eomrrmrilculor* lioin *h» otarnlner In ehargs ©t your Ippllcttlon. 

COMMISSIONER OF PATENTS AND TRADEMARKS 

P^This application Vias been examined [^Responsive lo communicalion tiled on ^ \ This action Is niade final. 

A shortened statutory period (or response to this action Is set to expire 

Failure to respond wllhln the period (or response will cause (he application to become Abandoned, 

month(s). days from the date of. this letter. 

35U.S.C. 133 , 

Part I THE FOLLOWING ATTACHMEHT(S) ARE PART OF THIS ACTION: 

L Q Notice ol References Cited by Examiner, PTO-G92. 

3. Q'Nollce of Art Cited by Applicant, PTO-1449 

5. Q information on How to Effect Drawing Changes, PTQ-1474 6. Q 

2. Q Nolice re Patent Drawing, PTO-940. 

4. Q Notice of Informal Patent Application, Form PTO-152 

Part II SUMMARY OF ACTION 

3 "i-
1. I c^f^laims 

\ - T- => 
are pending En the application. 

Of the above, claims are withdrawn from consideration. 

2. Claims have been cancelled. 

\ — 1 "i -a-v̂  - •a-',r\ 
3. I •T'ciaims are allowed.. 

- 3 *_ 
4. \ <*0131(115 are re]ecled. 

5. Q Claims are objected to. 

6. Q Claims are subject to restriction or election requirement. 

7. • This application has been filed with Informal drawings which are acceptable for examination purposes until such time as allowable subject 
matter is Indicated. . 

8. Q Allowable subject matter having been indicated, formal drawings are required in response to this Office action. ' 

9. j | The corrected or substitute drawings have been received on. 

I | not acceptable /see explanation). 
. These drawings are Q acceptable} 

10. Q TheQ proposed drawing correction and/or the Q proposed additional or substitute sheet(s) of drawings, filed on 
has (have) been Q approved by the examiner. • disapproved by the examiner (see explanation). 

ll/'Q The proposed drawing correction, filed , has been • approved. • disapproved (see explanation). However, 

- the Patent and Trademark Office no longer makes drawing changes. It Is now applicant's responsibility to ensure that the drawings are 

corrected. Corrections MUST be effected in accordance with the instructions seMorth on the attached letter "INFORMATION ON HOW TO 

EFFECT DRAWING CHANGES", PTO-1474. 

12. Q Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certified copy has Q been received Q not been received 

I ) been Died in parent application, serial no. ; filed on 

13. Since this application appears to be in condition for allowance except for formal matters, prosecution as lo the merits is closed in 

accordance with the practice under Ex parte Quayle, 1935 C.O. 11; 453 O.G. 213. 

14. Q Other 

' -
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Case No. 600-7025/CIP 

Serial No. ( '047/358 

PATENT 

IN THE UNITED SThTES PftTBUT AND TRADBHARK OFFICE 

In re Application o f  

Art Unit: 121 FAIZULLA G. KATHAWALA 

Examiner: K. BRISCOE Serial No. 07/047/358 

Filed: May 5, 1987 
f(o> lh:i k OKa i i 'snrfuncta it Lbii't, i iin'ijpy euriily 

duponfod wil.'i Iho United Stnlui POJMI 5o<vi:<) 
lliit clstk mnil in an onvolopo nddrMind lo; Commlj-
lionaf of P«i6im and Tudiir.isrlij, VVoshinatm, D. C 

. 'i * For: PYRIMIDINB DERIVATIVES : 
tout, o n  ..October .n/._1988 

.  I P a f c d D t p o i U )  
._Biftharja._E^_.^ilfiL 

Nsmtj of apifrlleanf, auig»«o. or 
Roglnofod RQUvientaNvA 

REQUEST FOR EXTENSION OF TIME 

Honorable Commissioner of Patents 
and Trademarks 

Washington/ D.C. 20231 
Data A/ Slgnatura 

Dear Sir: 

It is respectfully requested that the period for 

responding to the Office Action of Hay 11/ 1988 

or taking an appeal or further action in connection 

with the above-identified application/ originally set 

/ be extended for two to expire on August 11/ 1988 

(2 ) inonth(s) to October 11/ 1988. 

I I A check in the amount of $ 

for this extension is enclosed* 

0 Please charge the extension fee of $170.00 required 
by 37 CFR 1.17(c) to Deposit Account No. 19-0134 in 

the name of Sandoz Corporation. 

to cover the fee 

Respectfully submitted/ 

Richard E. Vil^ 
Attorney foe FAIZULLA G. KATHAWALA 
(201) 503- 7852 

JNG:lmc 

SAND02 CORP. 
59 Route 10 
E. Hanover/ N.J. 07936 

Enclosures: Postcard; COM Stamp 

SUBMITTED IN DUPLICATE 

. 
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it \? 
«? 

«*/ 5i? UM3TSD STAT£3 DS^ASTMSJUT Or COMWEHCS 
Patsnt and Tradc^nark Offics 
Address : COMMISSIONS?? OF PATENTS AND TRADEMARKS 

Washington. D.C. £0231 

m 
] /  

Xi"o2l. 

ATTO.RNcY DOCKET NO. SERIAL NUMBER . | FILING SATE FIRST NAMED APPLICANT I 
aoo-yo'V'/o:*. j-. AMl>K RSOts 07/165 ?o56 0:3/0:!>/B£ 

EXAMINER r-GE:iAl..C' D> 3H^R-:JK 
1 SAMDCZ 

59 ROUTE :lij 
!: * H/>rOUj:,F: v KJ 079356 

[)l;Nr2.B 
FATE NT AND 

TRADEMARK DEFT, 
ART UNIT PAPER NUMBER 

J U N  i  5  1 9 6 9  i 
sasc' /">* 

L J u<>/; ?/£•;• DATE MAILED: 

NOTICE OF ABANDONMENT 

This application Is abandoned in view of: 

1. • Applicant's failure to respond to the Office letter, mailed 

2. • Applicant's letter of express abandonment which Is in compliance with 37 C.F.R. 1.138. 

3. • Applicant's failure to timely file the response received 
In the Office letter. 

within the period set 

'O Applicant's failure to pay the required issue tee within the statutory period of 3 months from the 
/• mailing date of .- r of the Notice.of Allowance. 

r ""yj?"* O / 
• The issue fee was received on 

• The issue fee has not been received in AIJowed-Files Branch as of • . 

In accordance with 35 U.S.C. 151, and under the provisions of 37 C.F.R. 1.316(b), applicants) may 
petition the Commissioner to accept the delayed payment of the issue fee if the delay In payment 
was unavoidable. The petition must be accompanied by the issue fee, unless it has been previously 
submitted, in the amount specified by 37 C.F.R. 1.17 (I), and a verified showing as to the causes of 
the delay. 

If appiicant(s) never received the Notice of Allowance, a petition for a new Notice of Allowance and 
withdrawal of the holding of abandonment may be appropriate in view of Delgar Inc. v. Schuyler, 
172 U.S.P.Q. 513. 

5. • Applicant's failure to timely correct the drawings and/or submit new or substitute formal drawings by 
as required In the last Office action. 

• The corrected and/or substitute drawings were received on 

6. • The reason(s) below. 

rjrtftEirr »*HY :i:NQLar->ii:::v TO <•: 
WATTANASIN EXHIBIT 

Exhibit S-4 
Wattanasln v. Fujikawa el a!. 

Interference No. 102,646 
Interference No. 102.975 

a\-
i'hiF:c:iA l)tU'\ 
RJ&LISHING 
:7'CI3> lifi.r-'STSS? 

[ 
f t f o  Exhibit No. =S£ ID 

Date 

DiAsio Reporting PT 0-1432 (REV. 5-M) 
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=TOl-85 4 86> 

UNITED STATES DEPARTMENT DF COMMERCE / 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. D.C. 20231 

-.v. .n / 
• 

fi • 

^  %  \ W /  fel 

NOTICE OF ALLOWANCE 
AND ISSUE FEE DUE 

PATENT"AND "I 
TRADEMARK DEPT. 

JAN 5 - 1SS9 

All communications regarding this 
application should give the serial 
number, date of filing, name of 
applicant, and batch number. 

Please direct all communications 
to the Attention of "OFFICE OF 
PUBLICATIONS" unless advised 
to the contrary. 

GERALD D* SHARKIN 
SANDOZ CORP* 
59"ROUTE'10 " 
E« HANOVERr NJ 07936 

r 

.; 3, 
The application identified below has been examined ana found ailowaoie 
for issuance of Letters Patent. PROSECUTION ON THE MERITS IS CLOSED. 

EXAMINER AND GROUP'ART UNIT DATE MAILED TOTAL CLAIMS FILING DATE SC/SERIAL NO. 

07/165*656 03/08/88 017 DENTZf B 121 01/03/89 

ANDERSON* Firs! 
Nitnuttf 
A|)|)lnj;ii)i 

PAUL L. 

<ft8+AMmDED?RIVATIVES lJSEFUL AS CHOLE:sTEROt- BIOSYNTHESIS TITLE OF 
INVENTION INHIBITORS 

ATTY'S DOCKET NO. 1 CLASS-SUBCLASS I BATCH NO. | APPLN. TYPE \ SMALL ENTITY ) PEE DUE Y DUE 7 
60 0-70^/CONT oo( ( 51^-300 • 000 F15 UTILITY NO *560* 0^/03/89 

The amount of the issue fee is specified in 37 C.F.R. 1.18. If the applicant qualified for and has filed a verified statement of small entity status in 
accordance with 37 C.F.R. 1.27. the issue fee is one-half the amount for non-small entities. The issue fee due printed above reflects applicant's 
status as of the time of mailing this notice. A verified statement of small entity status may be filed prior to or with payment of the tbsue fee. 
However, in accordance with 37 C.F.R. 1.28. failure to establish status as a small entity prior to or with payment of the issue fee precludes 
payment of the issue fee in the amount so established for small entities and precludes a refund of any portion thereof paid prior to establishihg 
status as a small entity. 
THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE as indicated above. The application shall 
otherwise be regarded as ABANDONED. 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 Office.'Where'an'authohzation to charge the issue 
fee to a deposit account has been filed before the mailing of the notice of allowance, the issue fee is charged to the deposit account at the time of 
mailing of this notice in accordance with 37 C.F.R. 1.311. If the issue fee has been so charged, it is indicated above. 
In order to minimize delays in the issuance of a patent based on this application, this Notice may have been mailed prior to completion of 
final processing. The nature and/or extent of the remaining revision or processing requirements may cause slight delays of the patent, in 

.. addition, if prosecution is to be reopened, this Notice of Allowance will be vacated and the appropriate Office action will follow — 
in due course. If the issue fee has already been paid and prosecution is reopened, the applicant may request 9 refund or request that'the fee be. .• 
credited to a deposit account. However, applicant may request that the previously submitted issue fee be applied. If abandoned, applicant may 
request refund or credit to a deposit account. •*' J. — — -• — - — — - — —— • -- — 
in the case of each patent issuing without an assignment, the complete post office address of the inventor(s) will be printed in the patent heading 
and in the Official Gazette. If the inventor's address is now different from the address which appears in the application, please fill in the 
information in the spaces provided on PTOL*85b enclosed. If there, are address changes for more than .two .inventors, enter the additional 
addresses on the reverse side of the PTOL-85b. v.'**— 

The appropriate spaces in the ASSIGNMENT DATA section of PTOL-85b must be completed in all cases. If it is desired to have the patent issue to 
an assignee, an assignment must have been previously submitted to the Patent and'Tradernark.Office or must be submitted not later than the date 
of. payment of the issue fee as required by 37 C.F.R. 1.334. Where there is an assignment, the assignee's name and address must be provided on 
the PT0L-85b to ensure its inclusion in the printed patent. 
Advance orders for 10 or more printed copies of the prospective patent can be made by completing the information in Section 4 of PTOL-85b and 
submitting payment therewith. If use of a deposit account is being authorized for payment. PTOL*8Sc should also be forwarded. The order must 
be for at least 10 copies and must accompany the issue fee. The copies ordered will be sent o'nly to the "address specified in section 1 or 1A of 
PTpL-85b. 

F1 N0te attached communication from the Examiner. 

fj This notice is issued in view of 
—applicant's communication filed 

IMPORTANT REMINDER «• • 
Patents issuing on applications filed on or after Dec. 12. 
1980 may require payment of maintenance fees. See 37 CFR 
1.20(e)—(i). • 

AAVWJ 

• .  ̂  
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U.S. Oepanment 
' „ Patent and T VJI 9$)>iRF V - Sc*. ISSUE FEE TRANSMITTAL 

Tt„s form IS provided .n beu of a formal iransm.tial and should be used tor iransrnitiing ;he Issue ree. Sec-Jons JA through 4 must b 

completed as appropnaie. 

IWEM^ORISJ ADOflESS CHANGc 
% 

INVeNTORS.NAME 

MAILING INSTRUCTtONS 

Aff further corrcspondc/fcc including the Issue Fc 
] ihe Puicni, ync advanced urdcrs will be maj/cd to 
/ cnicrcd in .sccliort i on PTOL-SJc, unless you direct 01 h 
I .spu'jf>irtf the appropriate nurne and address in l.\ bcK 

(Soic: i'cu bo.x 5 below for correspondence concern// 
tcnancc fee paymcnIS.J 

2A. The COMMISSIONER OF PATENTS AND TR> 
MARKS is requested fo apply the Issue Fee rc 
application idenziiied below. 

SC. SERIAL NO [ 

Street Address 

City. Slate and ZIP Code 

CO INVENTOR'S NAME 

'{Signaiu'e of party <n intsres: of record^ {Dale/ 
Street Address 

Note: The Issue Fee will not be accepted from any 
other than the applicant; a registered aiiomei 
agent; or zhe assignee or other parry in inieres', 
shown by the records of the Patent and Tra< 
mark Office. — 

Cuy. State ana Z'P Code 

| | ChtJck if ortrtiiio»>9f chanyes are on reverse side 

I DATE MAILED EXAMINER AND GROUPrART UNIT FILING DATE TOTAL O-AMS SC/SERIAL N'O. 

D£NTZr & 01/ vcrwo/oo XZ1 01/03/89 

^.LNUULt DERIVATIVES USEFUL AS CHOLESTEROL BIOSYNTHESIS XNHIBXTDRS 
(AS AMENDED) 

PAUL L. Fust 
Namml 
Aopiicani 

TJTL6 Of 
INVENTION 

ATTY'S DOCKET NO. ) CLASS-SUBCLASS / BATCH NO. / APPLN. TYPE / SMALL ENTITY / FEE DUB f DATE OUB 

*560 * 00 Q4/03SB9 60 0-70^/CON 51-^-3001000 P15 UTXLXTY NO 

26. for printing on the paxen: front 
page, ftsr rhe names of no: more 
than 3 registered paten: anor-
neys or agents OR a/temanVeiy. 
rhe name oi a firm having as a 
member a registered attorney 
or agent. If no name ts listed, 
no name will printed. 

1A, Funher correspondence to be maifed to the fo/lowfng: 

1 

2 

3 

OO NOT USE THIS SPACE 

3. ASSIGNMENT DATA {print or jypej 4. The folJowing fees are enclosed: 
• Issue fee • Advanced order Q Assignment recording 

The following fees shou/d be charged 
to deposit acc. no. 

{PTOL-SSc or additional copy of PTOL-S5P must be enc.'osed) 

O Assignment recording 
O Any additional fees due 

A. <1/ This application is NOT assigned. 
Assignment previously submitted to the Patent and Trademark Office. 
Assignment submitted herewith. 

( 2 )  
13} 

B. For Priming On The Parent: {Unless an assignee is identified below, no 
assignee data will appear on the patent. Inclusion of assignee data below is 
only appropriate when art assignment has been previously submitted TO the 
PTO or is submitted herewith. CompJetion of this form is NOT a substitute 
for filing of an assignment as required by 37 C.F.fl. T.334J. 

O Issue fee 
O Advanced order 

N'umber of advanced order copies requested. 
{II NAME OF ASSIGNEE: /must be for JO or mere copies 

5. Ail correspondence relating to maintensnce feas -.v;.1' be 
addressed to the correspondence address unless a uparate 
"Fee Address" is provided to the Parent and Tradema*- Office 
137 C.F.fl. 1.363}. A "Fee Address" may be subrmrfec rv the 
owner of record with the payment of the issue fee or Itr'eafter 
by using form PTO-153 7. 

(2) ADOfiESS: (City & State or Country} 

(3) STATE OF INCORPORATION. IF ASSIGNEE IS A CORPORAT/ON. 

TRANSMIT THIS FORM WITH FEE 
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U.S. Departmem of Commerc 
Patent and Trademark O/fic ISSUE FEE TRANSMITTAL PTOl BSc(REV a 861 

2A. The COMMISSIONER OF PATENTS AND TRADE
MARKS is requested to apply the Issue Fee to the 
application identified below. 

GERALD D» SHARKIN 
SAND02 CORP# 
Z9 ROUTE 10 
E» HANOVERr NJ 07936 

(Date) (Signature of party in interest of record) 

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 Trade
mark Office. 

' EXAMINER AND GROUP ART UNIT DATE MAlUsD FILING DATE TOTAL CLAIMS SC/SERIAL NO. 
u,/VJ.oO}>o&0 ' U^/Oy/BhJ 017 OEmZt B 121 01/03/89 

i-VN&ERSOHr PAUL L* Fust 
Narmtd 
Applicant 

<^S'^AHEHDED>'KJ,VH ' 'I,VT'A UYFCI"UL AS • CHOLESTEROL BIOSYNTHESIS INHXBXTORS TITLE OF 
INVENTION 

1 CLASS-SUBCLASS \ 
SI^-300,000 

DATE DUE BATCH NO. APPLN. TYPE SMALL ENTITY FEE DUE ATTY'S DOCKET NO. 
oU U-V UH*i/UUN F'i5 UTZLITf MO t-5«f>0»00 0^/03/89 

2B. For printing on the patent front 
page, list the names of not more 
than 3 registered patent attor
neys or agents OR. alternatively, 
the name of a firm having as a 
member a registered attorney 
or agent. If no name is listed, 
no name will printed. 

1 A. Further correspondence to be mailed to the following: 

1 

2 

DO NOT USE THIS SPACE 

3. ASSIGNMENT DATA (print or type) 4. The following fees are enclosed; 

• Issue fee • Advanced order Q Assignment recording 
A. (1) _ This application is NOT assigned. 

|2) _ Assignment previously submitted to the Patent and Trademark Office. 
<3) J Assignment submitted herewith. 

The following fees should be charged 
to deposit acc. no. ^—-

(PTOL-85c or additional copy of PTOL-85b must be enclosed) 

O Issue fee 
D Advanced order 
• Assignment recording 
D Any additional fees due 

8. For Printing On The Patent: (Unless an assignee is identified below, no 
assignee data will appear on the patent. Inclusion of assignee data below is 
only appropriate when en assignment has been previously submiued to the 
PTO or is submitted herewith. Completion of this form is NOT a substitute 
for filing of an assignment as required by 37 C.F.R. 1.334). 

(1) NAME OF ASSIGNEE: ~ : 7" 

(2) ADDRESS: (City & State or Country) 

Number of advanced order copies requested. 
|3) STATE OF INCORPORATION. IF ASSIGNEE IS A CORPORATION; 

(must be for 10 or more copies 

TRANSMIT THIS FORM WITH PTOL-85b WHEN AUTHORIZING USE OF A DEPOSIT ACCOUNT 

• 
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Serial No. 165,656 

Art Unit 121 

An Examiner's Amendment to the record appears below. 
Should the changes and/or additions be unacceptable to 
applicant, an amendment may be filed asprovided by 37 
CFR 1.312. To ensure consideration of such an 
amendment, it MUST be submitted no later than the 
payment of the Issue Pee. 

Authorization for this Examiner's Amendment was 

given in a telephone interview with Ms. Giesser on 

December 21, 1980. 

Non-elected claims 18 and 19 have been canceled 

without prejudice to the filing of one or more 

divisional applications drawn thereto. 

Claim 16, line 3, after "compound" —according to 

claim 1— has been inserted. 

Claim 16, last line said compound of claim 1" 

has been canceled. 

Any inquiry concerning this communication should be 
directed to Examiner Dentz at telephone number 
703-557-3572. 

12/22/88;df 

. EXAMINER 
GROUP ART UNIT 121 

- -  • • •  
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PTO-103X 
(Rev. 11*66) yd^EcSX 

<fM% in UNITED STATES D ARTMENT OF COMMERCE 
Patent and Tradem^i < Office 
ASSISTANT SECRETARY AND COMMISSIONER 
OF PATENTS AND TRADEMARKS 
Washington, D.C. 20231 • . 

FILING RECEIPT 

% 3J3 ^CORRECTED j C4.J? 

FILING DATE \ GRP ART UNIT | F1L FEE HEgP | DRWGS ATTORNEY DOCKET NO. TOT CL 1ND CI SERIAL NUMBER 

-noisicwjcif $ 450.00 600 07/254,514 10/06/88 0 14 121 1 

PATENT AND 
TRADEMARK DEPT. GERALD D. SHARKIN 

SANDOZ CORPORATION 
59 ROUTE 10 
EAST HANOVER, NJ 07936 MAY 7 -1990 

"Receipt is acknowledged of the patent applicotion identified herein. It will be considered in Its order and you will be notified es to the 
examination thereof. Be sure to give the U.S. SERIAL NUMBER. DATE OF FILING, NAME OF APPLICANT, and TITLE OF INVENTION when 
inquiring about this application. Fees transmitted by check or draft are subject to collection. Please verify the accuracy of the data 
presented on this transmittal. 

Applicant{s) 
FAIZULLA G. KATHAWALA, MOUNTAIN LAKES, NJ. 

CONTINUING DATA AS CLAIMED BY APPLICANT-
THIS APPLN IS A CIP OF, 07/047,358 05/11/88 

WHICH IS A CIP OF 06/722,829 04/12/85 ABAN 

FOREIGN FILING LICENSE GRANTED 12/29/88 
TITLE 
PYRIMIDINE DERIVATIVES 

PRELIMINARY CLASS: 514 

WATTANASIN EXHIBIT 
Exhibit T 

Waltanaski v. Fujikawa et al. 
Interference No. 102,648 
friterterenca No. 102.975 

(see reverse} 
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"7*M ^—j&s&djJL* <7 J ?  
l i  

^^/.'AlOL^x/g ftn/fti.nfis o P* 
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f 1/lcVr-/i;g.S» "7-//^yf^r?/^ Micom'' 
2000 

k compatible 
C^5£- AJQ. 6 0 0 ^ - ^  

data data data data data data data dsta data data data data data data c&ta data data 
data data data data data -Jsia clati data data data data data data date dsta data data 
da^a dais data data data data data daia data data data data data data data data data 
data data data data data dale cata data data data data data data data data data 
daSa data data data data data data data data data data data data data data data data 
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••vs da^ -.l.-jts data data data data data data data data data data data data data data 
rjata data data data data data data data data data data data data data 

viata data data data data data data data data data data data data data data.%data data :'Si 
jsts dsrty data data data data data data data data data data data data data .data : data ^ 

. i B .t- a  .v'data data data data data data -data data data data date data data data data r'* 
' jVhi j.suj dais data data data data data data data dais data data data data data 

. CKS da^ dsta data data data data data data data data data data data data data 
2 da^a data data da?^ data data data data data data data' data data "data data 

jsU; -jiiU data data data d-rL:; data data data data data data' data data data data data 
3ata ::ata dnts data data d.3 :̂5 ^.iata data, data data data data data data data data data , 

;:ata d.?ta data dais d«ta data d3ia data data, data data data data data data data data. 
data data data data data data data data data data data data data data data data • "y? 
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•iata data data data data data data data data data data data data data data data data 
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J T W .  . ^ 1  i  V . r ^ C C  LOC^  . .  _ ^ o y ^  c x t ^ v ^ - f e ^  1 ^  

. . _ Vo.  _ C .J qv 1 t t v  -, J[V .̂ -.'V3J . . . .  _ 

4-1^^. _C . ^.Ok\/.A. i^4r - ..^ ft-. _ . 

.. .(r? W-U.VC. XTUO**-... .5«li<A .H^,^ ., _ ...n^rJH^-.C.. 

Xo. Ok. 

• . 

Sawai Ex 1005 
Page 3401 of 4322



9 

111 rer \ 
So CI V 

<m. 
*> 

A ̂  —g^ol^o Ut̂ . OACQ-B^I C 

\_^0 J o , Q-q-p^^^_ŷ oL̂  
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Jgdt—iAb Ŵ̂ -t-.-CO.cA tx .̂o *̂ 4 _ _ Jjr̂ }̂ Jr>rA... ̂ VJ-US.SM.YJL---^ -3==^—1— 
Ittf JTUC.—C -I ^ 

.<^;jl5:_.AoA'dl <-AC.o_i .̂V-

CĴ A. Û.vo ̂••.' J-*Jt 

•VTJ Vftju pw^uc^ O-A Ajfc 

Sawai Ex 1005 
Page 3402 of 4322



L 

m 
irtr o \ 

fXotV) x 
C-l 

\y 
"Volu ĵAt 
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..JXtt-fr C— Ci J.JL^JL _ .JA\* p.to i SA. <-U-i t?v ^ ̂ >-V«_^fc— 

<Jt̂ <JKc«N UJOkS -?̂ "- --• — 

~_5£__S Apf-... > .Vo... ... _ .CSV4- . .C o...c -.0̂  ̂. 

LP.7._..yrCjL .So.li^h'pw .... 

... \ . - T^JL. 

LO.JLVJI ^y^.biio-A. ..}.. co<3̂ kjur; S-^"" 

P-̂ -oSr ^O^Liu^ bi.C^V: > COô r̂ yr 
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'•T A\i_x>3. A 

East Hanover, New Jersey 

To: Jody Giesser 

From: Henry Mah 

Date: November 8, 1988 

Subject:Nomenclature on the -following 

L&D # 15994 

PLEASE NOTE THE CHANGE. IN THE NUMBERING DF THE COMPOUNDS. 
COMPOUNDS (2) AND (3) ON THE ORIGINAL SHEET ARE IDENTICAL. 

(1) (2) -v 

0 

J1 
0' 

0 

N 
"-N CI 

<3> (4) ..-̂ y 

0 0 

J 

v-"N XN 
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(7) (6) 

Ci j  
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0 X 
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IJ 
;•' v 

' ... 

N r 
^-• v'-̂ - "•v. 

N T N 

<9) <B) 
-̂s 0 0 

D '0 

I C"̂ - -̂. O^ 0 

"N N 

(1) Methanone „ < 2-afTiinophenyl) phenyl-
hydrochloride 

(2) 3-Qu:lnol inecarbo^y 1 ic acid,, 2-( l-methylesthyl )~4-phenyl-
ethyl ester 

<3) S-Quinolinemethanol , 2-(1-methylethy3. )~4-ph®nyl-

(4) 3-QuinolinecarboKsldehyde, 2-<1-methylethyl)-4-pheny1-

(5) 2-Propenoic acid ,, 3--[2-( 1-methylethyl )-4-phenylquinolin-3-y 13-
methyl ester, (E)-

3-C2-< 1-methylethy 1 )-4-phenylqLLinolin~3-yl 3-
< E) -

(6) 2-Propenol 

(7) 2-F'ro penal, 3-112- ( 1-rnethy lethy 1) -4-pheny 1 qui no 1 in~3-y 1 3-
<E>-

(8) 6~Heptenoic acid, 5~hydroxy-7-C2-<1-methylethy1)-4-phenyIquinolin-
3-y13-3-OKO-

ethyl ester, (E)— 

<9>6-Heptenoic acid, 3,5-dihydroxy-7-i;2-(l--methylethy 1)-4-
phenylquinolin-3-ylJ— 

ethyl ester, (E)"-

M 
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151 
SAMDOZ RESEARCH INSTITUTE 

East Hanover, New Jersey 

Ms. Jody Giesser To s 

Henry Mah From: 

November 14, 19S8 Date: 

Subject Nomenclature on the -following 

LS?D # 16008 

CD ' (2) 
• 

• 

A 
N 

A "N 

(3) (4) 
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.0. , -K. 

f I 0 

N T 0 
CI 

N 

WATTANASIN EXHIBIT 
Exhibit V-2 

Wattanasfai v. Fujikawa et al 
Interference No. 102,648 
Interference No. 102.975 i 
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fi X 0' 0 
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v. 
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V̂ ' o • (8) 
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.--•?.-v.. 
Fii • 0 tBu / Fh 

i "S i  \ vtBu 
-S i  / SQ 0 \ Fh I Ph' (10) 0 X ̂ \ ? I 

J s.. x̂ - x' 
Q^'\r,^ N' Q 

X ĴV V. 
0 0 

N 

(1) 4H--3, l-Hen20x<=i2ine-4-one, 2~methy l~ 

(2) Acetamide;, N—C 2-( 3 9 5-d imethy .1 bensoy 1 ) pheny 1 3 -

<3> Methanone, (2-aminophenyl) (3:«5-dimethylphenyl )-
hydrochloride 

(4) 3-Guina]. inecarboxy 1 ic acid, 4- (3,5-dimethy 1 pheny 1) -2-methy 1 — 
methy l  este?r  
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Iss 
{5) 3-Quinolinemethanol4-(3,S-dimethy1pheny1)-2-methyl 

( 6) Quinol i.ne , S-chloromethy 1 -4- < 3 , 5-di methyl pheny 1) -2-methy 1-

<7) Phosphonic acid, C [!4-<3s5—dimethylphenyl )--2-methy Iquinolin-
3-yl^methyl 1- • 

diethyl ester 

(3) fe-Heptenaic acid, 3 , b-bisil C ( 1 , 1 -dimethy .1 ethy 1) dipheny 1 si 1 y 1 3o>;y U-
7-C4-(3,5-dimethyl phenyl)-2-methy1quinolin-3-y13~ 

' ethyl ester, CCR*,S*)-<E)3-, <+,-)-

(9) 6-Heptenoic acid, 7~C4-(3,5-dimethyIpheny1)-2-methyIquinolin~3-y13-
SjS-dihydroxy-

ethyl ester? C<R*,S*)-(E)3-, ( + ,-)-

6--C2-C4—<355—dimethy 1 pheny 1)-2--methy Iquinol in-<10)2H-Pyran~2-one, 
3-yl Hethe'ny 1 3tetrahydro-

Ctrans-(E)3-, 

Ov Â-

'wj. 
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SANDOZ PATENT AND TRADEMARK DEPARTMENT 

Telex 240867 ' 
Telefax {201) 503-8807 

DATE: December 14,- 1988 

TO: Dr. Sompong Wattanasin 

FROM: Joanne M. Giesser 

Quinoline Analogs of Mevalonolactone and Derivatives 
Thereof 

SUBJECT: 

Enclosed is the first draft of the patent application entitled 
"Quinoline Analogs of Mevalonolactone and Derivatives Thereof". 
Please feel free to make any changes you think are appropriate 
and call me at X8420 so we can discuss the next draft. 

Regards,. 

JMGslmc-
Enc. 

v, f 

WATTANASIN EXHIBIT 
Exhibit W 

Wattanasin v. Fujikawa et al. 
Interference No. 102,648 
Interference No. 102.975 

85330^81 A IRev, 2) 

. t'w-A 
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The compounds of both Formula I may be prepared 

according to the following Reaction Scheme A. 

QjGQ&M-L—REACTION SCHEME A 
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M & v X 
580$ ' CPJLSW.̂  C'» «— • R 

j"nf 1 U'X + 

N H 2 - H C 1  
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R R o o 
^1 CH^OH C02^ v p-l 

o >) I o 
N I N R R A - 2  ^  

^ 
( V I )  ( V )  

C H O  PH^P-^ 
3 o 

N R &fe^p_'£A-4 Step A— 3 
( V I I )  

R o 
co2ê  X-u 

CICAL o o 
K R 

^X_ S z z o  A-5 

(VIII) 

WATTANASIN EXHIBIT 
Exhibit X 

Waflanaslnv. Fu^cawaela). 
Interference No. 102,648 
Interference No. 102.975 
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w 
Starting material III is known and can be obtained by. 

methods described by Morrison and Kulholland, 1958, J. 

Chem. Soc. p. 2702, which is hereby incorporated by 

reference. Next, V is reduced with lithium aluminum 

hydride, (LAH) to give VI, This reaction has also been: 

described by Pehnel, 1S68. J, Heterocyclic Chem 4:565, 

which is also hereby incorporated by reference. In Step 

A-3, VI is oxidized to VII. Step-A-4 is a Wittig reaction 

producing VIII. Compound VIII is then reduced using 

diisobutylaluminum hydride (DIBAL) to IXl In Step A-6, IX 

is oxidized to X. The aldehyde X is then reacted with ethyl 

acetoacetate in Step A-7 to give XI. Compound XI is reduced 

to give XII. Next, in Step A-9, ,XII is hydrolyzed to the 

salt form XIII. 

Compounds of both Formula I and II may be made 

according to Reaction Scheme B. Starting material for 

Reaction Scheme B is Compound VI from Reaction Scheme A. 

REACT.ION SCHEME B 

R R o o 3 
•seei i 

h (34. OH o o 
•N 

l * -
XT, R R 

Step- B-

• (XIV) (IV) 
R o  

X. 0 f P(C»t3) X 
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N O i o fecrhggffg 

N XR 

R •S^P B-2 (XV) 

fi 

• rst J. 
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eA^^ok Vxa .vi% o UĴ . _!AXLlj«fcfcA-»&. V-J o gv 

Icc^ ___  ̂"̂ yu ĉ x*.tfsju ̂  
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United States Patent M [113 Patent Number: 4,588,715 
[45] Date of Patent: May 13, 1986 Damon, 11 

[54] HEPTENOIC ACID DERIVATIVES 

[75] Inventor; Robert E. Damon, 11, "Wharton, N.J. 

[73] Assignee: Sandoz, Inc., E. Hanover, N.J. 

[21] Appl. No.: 616,720 

[22] Filed: 

[51] Int. CI.4 

[52] U.S. a. 

[58] Field of Search 

R1 CH=rH 
R*—Si ,D 

i 
R3 

c A' Jun. 4,1984 
B 

C07F 7/08; A61K 31/695 
wherein R1, R2and R3 are alkyl or aryl groups, A, B, C 

« and D are non-reactive substituents or two are joined to 
.... 549/214, 292; 556/441; form ^ additional ring, and Z is either of the formula . 

424/184; 560/56; 514/63 z,. * 

References Qted 
U.S. PATENT DOCUMENTS 

4,000,265 12/1976 Quilichini 
4,255,444 3/1981 Oka «t sJ. 
4,262,013 4/1981 Mistui et al. ... 
4,293,496 10/1981 WUUrd 
4,361,515 11/1982 Terahara et al. 
4,375,475 3/1983 Willard et al. . 
4,420,475 12/1983 Damon, 11 
4,472,426 9/1984 Hoffman et al. 

FOREIGN PATENT DOCUMENTS 

-.7713317 5/1979 France 

[56] 
—CH—CHj— CH—CHj—COOR4 

i I 
OH OH .. 424/184 

.. 549/292 

.. 549/292 
, 549/292 
„ 549/292 

..... 549/292 
.... 424/184 

549/292 

wherein R4 is H, lower alkyl or a cation; or a -6-oxotet-
rahydropyran-2-yl ring of the formula Z"i 

jj 
fOH m 

o 
424/184 II 

O 
Primary Examiner—Alton D. Rollins 
Assistant Examiner—D. L. Dinner 
Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Frederick H. Weinfeldt 

e.g. 4-hydroxy-6-{2-[2-(methyldiphenylsilyl)phenyl]e-
thenyl]ethyenyl}-tetrahydro-2H-pyran-2-one, (trans, 
trans). The compounds inhibit cholesterol biosynthesis 
and are useful as anti-atherosclerotic agents. 

22 Claims, No Drawings 
[57] ABSTRACT 
Compounds of the formula 

WATTANASIN EXHIBIT 
Exhibit Z 

Wattanasln v. Fujikawa et al. 
Interference No. 102,648 
Interference No. 102,975 
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United States Patent [wj . [ii] Patent Number: 4,613,610 

[45] Date of Patent: Sep. 23,1986 Wareing 
•r 

[54] CHOLESTEROL BIOSYNTHESIS 
INHTBITING PYRAZOLE ANALOGS OF 
MEVALONOLACTONE AND ITS 
DERIVATIVES 

[75] Inventor: James R. Wareing, Randolph, N.J. 

[73], Assignee: Sandoz Pharmaceuticals Corp., E. 
I Hanover, N.J. 

[21] -Appl. No.:;' 741,903 

Jun. 6, 1985 

!U 

•Rj Ry 
R* Rs. 

If" f 
"X 

Ri Ri 

[22] FUed: 
wherein 

Ri is Ci-salkyl not containing an asymmetric carbon 
atom, 

each of R2 and Rjis.independently hydrogen, Cj.jal-
kyl, n-butyl, i-butyl, t-butyl, Ci-jalkoxy, n-butoxy, 
i-butoxy, trinuoromethyl, fluoro, chloro, phenyl, 
phenoxy or benzyloxy, 

each of Rj and R6 is independently hydrogen, Ci.jal* 
kyl, Cioal^oxy, trifluoromethyl, fluoro, chloro, 
phenoxy or benzyloxy, 

• each of R4 and R? is independently hydrogen, Cj-ial* 
kyl, Ci-ialkqxy, fluoro or chloro, with the provisos 
that not more than one of R2 and Rj is trifluoro
methyl, not more than one ofRjand R3 is phenoxy, 
not more than one of R2 and R3 is benzyloxy, not 
more than one of Rs and Re is trifluoromethyl, not 
more than one of Rj and Re is phenoxy, and not 
more than one of R5 and R* is benzyloxy, 

Related U.S. Application Data 
[63] . Continuation-in-part of Ser. No. 623,393, Jun, 22, ] 984, 

abandoned. \ 

A61K 31/415; C07D 231/12; 
. C07D 405/06 

514/406} 548/374; 
548/378 

548/374, 378; 514/406 

[51] Int. Q/ 

[52] u.s. a 

[58] Field of Seaick 
/ 
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3,983,140/^/1976 Endo et al 
4,198,425/ 4/1980 Mitsui et a] 
4,248,889 2/1981 Oka et al 
4,255,444 3/1981 Oka et al 
4,308,378 12/1981 Stokker 
4,351,844, 9/1982 Patchett et al 
4,361,515 11/1982 Terahaxa et al. 
4,375,475' 3/1983 Willard et al. 
4,376,863 3/1983 Lam 
4,387,242 6/1983 Lam 
4,440,927 4/1984 Prugh 
4,474,971 10/1984 Wareing ...... 
4,503,072 3/1985 Hoffman et al. 

FOREIGN PATENT DOCUMENTS 
895445 4/1983 Belgium 

38061 10/1981 European Pat. Off. 
6803* 

56-7775 1/1981 Japan 
WO84/02J3I 6/1984 PCT InO AppL ....... 
W084/02903 8/1984 PCT Int'l AppI 

OTHER PUBLICATIONS 
Hulcher, Arch. Biochem. Biophys. 146,422-427 (1971). 
Sato et al., Chem. Pharm. Bull. 28, 1509-1525 (1980). 
Singer et al., Proc. Soc. Exp. Biol. Med. 102, 370-373 
(1959). 

Primary Examiner—Richard A. Schwartz 
Auistant Examiner—Kurt G. Briscoe 
Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Melvyn M. Kassenoff 

ABSTRACT 

[56] 

.... 549/292 

.... 549/292 ' 
560/56 

.... 549/292 

... 549/292 

.... 549/292 
549/292 
549/292 
549/292 
560/119 
549/292 

... 549/214 

... 514/529 

X is —(CHOffl—» —CH=CH—, —CH= 
CH—CHi— or —CH2—CH=CH—, wherein m is 
0, 1, 2 or 3, and 

vv:̂ *. Z is 

CHi OH 
/ \ / 

—CH C Rio 
I \ —CH—CHi—C—CH2—COORu or RlO* I I CHz O OH OH \ / 549/292 

549/292 
1/1983 European Pat. Off. 549/292 

549/292 
548/467 
549/292 

C 
n 
o 

wherein Rio is hydrogen or CjoaJkyI, wherein 
R12 is a physiologically acceptable and hydrolyz-

able ester group, and 
M is a pharmaceutically acceptable cation, 

with the provisos that (i) the—X—Z group is in the 4-
or 5-position of the pyrazole ring, and (ii) the R| group 
and the —X—Z group are ortho to each other, • 
the use thereof for inhibiting cholesterol biosynthesis 
and lowering the blood cholesterol level and, therefore, 
in the treatment of hyperlipoproteinemia and athero
sclerosis, pharmaceutical compositions comprising such 

' compounds and processes for and intermediates in the 
synthesis of such compounds. 

27 Claims, No Drawings 

i 

n , 
[57] 
Compounds of the formula 

' 1 • -W 
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United States Patent ti?) 

Kathawala 

[U] Patent Number: 4,739,073 
[45] Date of Patent: Apr. 19,1988 

[54] INTERMEDIATES IN THE SYNTHESIS OF 
INDOLE ANALOGS OF 
MEVALONOLACTONE AND DERIVATIVES 
THEREOF 

IU 

Ri 
[75] Inventor. FalzoIIa G. KAduwsli, Mountain " 

Lakes, NJ. 
R$« 

and the other is primary or secondary Ci^alkyi not 
containing an asymmetric carbon atom, Cs^cycloalkyl 
or phenyKCHz)/*—, wherein 
JU is hydrogen, Cj.jalkyl, n-butyl, i-butyl, t-butyl, Ci. 

salkoxy, n-butoxy, i-butoxy, trifiuoromethyl, fiuoro, 
chloro. phcnoxy or beazyloxy, 

Rj is hydrogen, CioaUcyl, Ci.jaikoxy, trifluoromethyl, 
fiuoro, chloro, phenoxy or benzyioxy, 

Rsa is hydrogen, Ci.jalkyJ, Ci-ialkoxy, fiuoro or chloro, 

[73] Assignee: Saadox PhannseeatlcaU Corju, E. 
Hanover, NJ. i 

\ 

[21] Appl. No.! 707,854 

[22] Filed: Mar. 4,1585 

and Related US, Application Data 
[63] CostiDuatiDO of Set. NO. 548,850, Nov. 4,1983, which 

is a costiouatioa-in-pan of Ser. No. 443,668, Nov. 22, 
1982. 

m is 1, 2 or 3, with the provisos that both Rs and Ksa 
must be hydrogen when R4 is hydrogen, Rsa must be 
hydrogen when R; is hydrogen, not more than one of 
R4 and Rj is trifluoromethyi, not more than one of R4 
and Rs is phenoxy, and not more than one of R4 and 
Rs is benzyioxy, 

R2 is hydrogen, Ci.jaUcyl, n-butyl, i-butyl, t-butyl, Cj-
ecycloalkyl, Ci.jaUcoxy, n-butoxy, i-butoxy, trifluoro
methyi, fluoro, chloro, phenoxy or benzyioxy, 

JL) is hydrogen, Cj-jalkyl, Ci.jalkoxy, txifluoromethyl. 
fluoro, chloro, phenoxy or benzyioxy, with the provi
sos that Rj must be hydrogen when R2 is hydrogen, 
not more than one of R2 and Rj is trifluoromethyi, not 
more than one of R: and Rj is phenoxy, and not more 
than one of R2 and Rj is benzyioxy, 

X is —(CHiJn— or —CH=CH—, wherein n is 0, J, 2 or 
3, and 

[51] IntCL* 
[52] US. O. 

CfrTD 405/06} C07D 209/12 
549/406; 548/414; 

548/494 
548/465, 467, 494, 468, 

548/414, 406 
[58] Field of Search ..... 

7: 

[56] References Cited 
US. PATENT DOCUMENTS 

3,259,633 7/1966 Metiesics ctaL _ 
4^48,889 2/1981 Oka eta] 
4,255,444 3/1981 Okaetal 
4,27X533 6/1981 Gradient et aL ». 
4,375,475 3/1983 WiUard et aL 
4,474,971 10/1984 Wareing 

o .... 548/493 
.... 514/532 
..- 514/460 • 

514/212 
514/460 
549/214 

Z is 

fU OH CHj v 
 ̂ -S / I 

—CH—CHj—C—CH2—COORr or —CH C—R*. 

0-c-iH! 

Primary Examiner—Donald G. Daus 
Assistant Examiner—WlUiain A. Teoli, Jr. 
Attorney, Agent, or Firm—Gerald D. Sharldn; Richard 
E. Vila; Melvyn M. Kassenoff 

I 1 
OH OH 

H 
o 

wherein 
Rtf is hydrogen or Ci.jalkyl, and 
R? is hydrogen, Ci.jaJkyl, n-butyl, i-butyl, t-butyl, 

benzyl or M, wherein M is a pharmaceutically 
acceptable cation, 

the use thereof for inhibiting cholesterol biosynthesis 
and lowering the blood .cholesterol level, and, there
fore, in the treatment of hyperlipoproteinemia and ath
erosclerosis, pharmaceutical compositions comprising 
such compounds and processes for and intermediates in 
the synthesis of such compounds. 

157] ABSTRACT 
Compounds of the formula 

Ri R 

x-z. 
N 

Rj R0 

wherein one of R and K* is 20 Claims, No Drawings 
* 
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United States Patent [19] 

Anderson 
[11] Patent Numben 4,751,235 
[45] Date of Patent: Jun. 14,1988 

Attorney, Agent, or Firm—Gerald D. Sbarkin; Richard 
E. Vila; Melvyn M. Kasscnoff 

ABSTRACT 
7-(mdoli2m-2-yl)hept-6-enoic adds of the formula I: 

[54] ANTI-ATHEROSCLEROTIC INDOUZINE 
DERIVATIVES 

[75] Inventor: Panl L. Anderson, Randolph, NJ. 
[73] Assignee: Sandoz Pharm. Corp^ Bast Hanover, 

(573 

NJ. 
[21] AppL No.: $45,750 
[22] Filed: Dec. 23,1986 
[51] Int. Q.4 

[52] u^a 
[58] Field of Search 

I R* 

Y—Z A61S 31/435; C07D 471/04 
514/299; 546/112 

.... 546/112; 514/299 
H 

R1 

References Qted 
US. PATENT DOCUMENTS 

4^48,889 2/1981 OkaecaL 
4,235,444 3/1981 OkaecaL 
4,375,475 3/1983 WillardecaL 
4,474^71 10/1984 Waremg 
4,320,026 5/1985 RosseelsetaL 

FOREIGN PATENT DOCUMENTS 
8402131 6/1984 PCTIntlAppl. 
8402903 8/1984 PCT latl AppL . 
8600307 1/1986 PCT latl AppL . 
8603488 6/1986 PCT IDH Appl. . 

Primary Examiner—Richard A. Schwartz 
Assistant JSxaminer—Bernard L Dentz 

[56] 
wherein each of R1 and R2 is, independently, H, alkyl, 
cycloalkyl, aralkyl or aryl. 

424/308 
424/279 
549/292 
549/214 
546/112 

Y b —CH=CH—, or —CHj—CHj—; art 

Z is CH—CHi—CH—CHjCOOR* 
I I 

OH OH 

in which R* is H, an ester residue or cation; or the lac
tone thereof. The compounds are useful as hypocholes-

- teremic agents. 
... . 4 

.-••r 7 

. TO 'Chuma, No Drawings 

Sawai Ex 1005 
Page 3430 of 4322



&lc6(<lT COO - ~703-

United States Patent us] 
% 

Wareing 
4,755,606 

Jul. 5, 1988 
{U] Patent Number: 
[45] Date of Patent: 

Primary Examiner—Richard A. Schwartz [54] JMDDAZOLYL-a^DI^DEPHENYL-BUTYL-
SILYLOXY) CARBOXYXJC ACID ESTER 
INTERMEDIATES 

[75] Inventor: James R. Wareing, Randolph, NJ. 

Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Melyyn M. KassenoiT 

[57] ABSTRACT 
Compounds of the formula [73] Assignee: Sandoz Pharm. Corp., E. Hanover, 

< 
NJ. 

x—z Ri [21] AppL No.: 79,194 
[22] Filed: JuL 29,1987 

\ / 

H 
"T 

N—Ri 
Related XJJS. Application Data 

Division of Ser. No. 863,267, May 14, 1986, aban
doned, which is a continuatioD-m«part of Ser. No. 
736,679, May 22, 198S, Pat. No. 4,668,794. 

[51] IntCl/ 
[52] UAQ 
[58] Field of Search 

i s R3 [60] 

and the pharmaceutically acceptable acid addition salts 
thereof, wherein the various substituents are defined 
herein below, 
the use thereof for inhibiting cholesterol biosynthesis 
and lowering the blood cholesterol level and, therefore, 
in the treatment of hyperUpoproteinemia and athero-
sclerosis, pharmaceutical compositions comprising such 
compounds and processes for and intermediates in the 
synthesis of such compounds. 

C07D7/18 
.... 548/110 
.... 548/110 

[56] References Cited 
U.S. PATENT DOCUMENTS 
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6/1987 Jewell et aL 548/491 12 ClaimSj No Drawings 

1 r-r' 

j 

•l 

rj 

I 

Sawai Ex 1005 
Page 3431 of 4322



y?? 
yoo 

United States Patent [193 

Kathawala 

[U] Patent Number: 4,822,799 

[45] Date of Patent; Apr. 18, 1989 

87/02662 5/1987 World Int. Prop. 0. . 

• OTHER PUBLICATIONS 
Hulcher, Arch. Biochem. Biophys. 146,422-427 (1971). 
Sato et al., Chem. Phann. Bull. (Tokyo) 28, 1509-1525 
(1980). 
Singer et al., Proc. Soc. Exp. Biol. Med. 102, 370-373 
(1959). 

Primary Examiner—Mary G, Lee 
Assistant Examiner—John A. H. Russell 
Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Melvyn M. KassenofF . 

ABSTRACT 

[54] PYRAZOLOPYRIDINE ANALOGS OF 
MEVALONOLACTONE AND DERIVATIVES 
THEREOF USEFUL FOR INHTBITING 
CHOLESTEROL BIOSYNTHESIS IN 
MAMMALS 

[75] Inventor: Faiznlla G. Kathawala, Mountain 
Lakes, NJ. 

[73] A&ignee: Sandoz Phann. Corp., E. Honover, 
NJ. 

[21] Appl. No.: 149*232 

[22] Filed: 

[51] IntCL* 
[52] U.S. CL 
[58] Field o/Search 

Jan. 27,1988 [57] 
C07D 471/04; A61K 31/395 

514/303; 546/119 Compounds of the formula 
546/119; 514/303 

*2 [56] References Cited 
U.S. PATENT DOCUMENTS 

4,248,889 2/1981 Oka et al 
4,255,444 3/1981 Oka et al 
4,293,496 10/1981 Willard 
4,459,422 7/1984 Willard et al 
4,479,965 10/1984 Tcrahara et a] 
4,571,428 2/1986 Kapa 
4,588,715 5/1986 Damon 
4,613,610 9/1986 Wareing 
4,647,576 3/1987 Hoefle et al 
4,751,235 6/1988 Anderson 
4,755,606 7/1988 Warring 

FOREIGN PATENT DOCUMENTS 

84/02131 6/1984 World Int Prop. O. . 

R3. X-Z, 

... 424/308 

... 424/279 

.260/343.5 
560/59 

... 424/279 

... 556/437 
514/63 

... 514/406 

... 514/422 

... 514/299 

... 548/110 

N - N  Rt N 
R4 

and processes for and intermediates in the synthesis 
thereof, pharmaceutical compositions comprising such 
a compound and the use of such compounds for inhibit
ing cholesterol biosynthesis and lowering the Wood 
cholesterol level and, therefore, in the treatment of 
hyperlipoproteinemia and atherosclerosis. 

20 Claims, No Drawings 
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United States Patent [19] 4,851,427 

Jul. 25, 1989 
[i i] Patent Number: 
[45] Date of Patent: Wareing 

[54] PYRROLE ANALOGS OF 
MEVALONOLACTONE, DERIVATIVES 
THEREOF AND PHARMACEUTICAL USE Rj. x—z 

[75] Inventor: James R. Wareing, Randolph, N.J. 
N 

R* Ri [73] Assignee: Sandoz Pbann. Corp^ E. Hanover, 
NJ. 

wherein Rj is Cj-ealkyl not containing an asymmetric 
carbon atom, Cj-Tcycloalkyl or [21] Appl. No.: 919,275 

[22] FUed: Oct 15,1986 *5 

R6 

Related U.S. Application Data 
[63] CoQUnuation-in-part of Ser. No. 791,198, Oct. 25,1985, 

abandoned. 
RT 

A61K. 31/40; C07D 707/337; 
C07D 405/04; C07D 405/05 

514/422; 514/427; 
548/517; 548/562 

548/517, 562; 514/422, 
514/427 

[51] Int. Q.4 

wherein Rs, Re and'Ry are as defined below, 
R2 is Ci-6alkyl not containing an asymmetric carbon 

atom, Cjlicycloalkyl or 
(52] U.S. a. 

[58] Field of Search 
R« 

R9 References Cited 
U.S. PATENT DOCUMENTS 

4.198.425 4/1980 Mitsui et aJ 
4,255,444 3/1981 Oka et al 
4,459,422 7/1984 WUlard et aJ 
4.472.426 9/1984 Hoffman et aJ 
4,474,971 10/1984 Wareing 
4,588,715 5/1986 Damon 
4,613,610 9/1986 Wareing 
4.647,576 3/1987 Hoefle et aJ 
4.681,893 7/1987 Roth 

FOREIGN PATENT DOCUMENTS 
11923 6/1980 Europeaa Pat. Off. . 

179559 4/1986 European Pat Off. . 
2261965 6/1973 Fed. Rep. of Germany . 

84/02131 6/1984 PCT Infl Appl. . 
84/02903 8/1984 PCT IntU Appl. . 

OTHER PUBLICATIONS 
Hoffman et al., J. Med. Chem., 29, 159-169, (1986). 
Hulcher, Arch. Biochem. Biophys., 146, 422-427, 
(1971). 
Sato et al., Chem. Pharm. Bull., (Tokyo), 28,1509-1525, 
(1980). 
Singer et al., Proc. Soc. Exper. Biol. Med., 102, 
370-373, (1959). 
Stokker et al., J. Med. Chem., 28, 347-358, (1985). 
Stokker et al., J. Med. Chem., 29, 170-181, (1986). 

[56] / B 

.... 424/279 
424/279 
560/59 

.... 424/279 

.... 549/214 
514/63 

.... 514/406 
... 514/422 
.... 514/422 

RlO 

wherein Rg .  R?  and Rio are as defined below. 
Rj is hydrogen, Ci-^alkyl not containing an asymmet

ric carbon atom, Cs-icycloalkyl or 

Rn 

R12 

/ c  

RlJ 

wherein Ru> R12 and R13 are as defined below, 
R4is hydrogen, Ci-^alkyl not containing an asymmet

ric carbon atom, Cr-Tcycloalky] or 

Ru 

Ru / i  
R|6 

wherein Ru ,  R15  and Rie  are as defined below, 
X is —(CH2)ffl—, —CH=CH—, —CH= 

CH—CHz— or —CHz—CH=CH—, wherein m is 
0, 1, 2 or 3, and 

Primary Examiner—Richard L. Raymond 
Attorney. Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Melvyn M. Kassenoff 

Z is [57] ABSTRACT 
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United States Patent m 4,87(5,'280 

Oct. 24,1989 
[11] Patent Number: 
[45] Date of Patent: Damon, II 

[54] ARYLCTCLOHEXANE AND 
ARYLCYCLOHEXENE ANALOGS OF 
MEVALONOLACTONE DERIVATIVES AND 
THEIR USE 

Rj 

x—z 
*•* 6 1 [75] Inventor: Robert £. Damon, 11, Wharton, NJ. 

I j-Ru ^T 

[73] Assignee: Sandoz Phann. Corp., E. Hanover, R3 RI 
NJ. 

wherein Ri is hydrogen, Cioalkyl, n-butyl, i-butyl or 
t-butyl, 

Ri is hydrogen or Ci.salkyl, 
R3 is hydrogen or Ci.salkyl, 
R4 is hydrogen, Ci^alkyl, n-butyl, i-butyl or t-butyl, 
Rj is hydrogen, Ci.salkyl, n-butyl, i-butyl, t-butyl, 

Ci.salkoxy, n-butoxy, i-butoxy, fluoro, chloro, tri-
fluoromethyl, phenoxy or benzyloxy, 

Rfiis hydrogen, Ci-salkyl, Ci.salkoxy, fluoro, chloro, 
trifluoromethyl, phenoxy or benzyloxy, with the 
provisos that not more than one of Rj and R$ is 
trifluoromethyl, not more than one of Rj and R« is 
phenoxy, and not more than one of R$ and R4 is 
benzyloxy, or 

R$ and R« are attached to adjacent carbon atoms and 
taken together form a radical of the formula 
—CH=CH—CH=CH—, 

Rfe is hydrogen, Ci.ialkyi, fluoro or chloro, 
X is —-CH2CH2— or 

[21] Appl. No.; 166,356 

[22] Filed: Mar. 10,1988 

A61Z 31/19; A61K 31/215 
514/510;549/292; 

514/460; 514/532• 562/469 
549/292; 562/469 

[51] IntCM 
[52] US. CI. 

[58] Field of Search 

[56] References Cited 
U.S. PATENT DOCUMENTS 

3,983,140 9/1976 Esdo et al 
4.248.889 2/1981 Okaetal 
4,375,475 3/1983. WiUardetal. 
4,474,971 10/1984 Warelag 
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4.650.890 3/1987 Jewell et&l 
4,772,626 9/1988 Smith et&l 

FOREIGN PATENT DOCUMENTS 
86/03488 6/1986 PCT Infl Appl. . 
1325056 8/1973 United Kingdom 

OTHER PUBLICATIONS 

Hulcher, Arch. Biochem. Biophys. 146,422-427 (1971). 
Singer et al., Proc. Soc. Exp. Biol. Med. 102, 370-373 
(1959). 
Stokker et al., J. Med. Chem. 28, 347-358 (1985). 

260/343.5 
.. 424/308 
.. 424/279 
.. 549/214 
.. 549/292 
.. 556/446 
.. 549/292 

K 
\ / C=C , 
/ \ 

H 

5 *7 OH 
3| 2 

Z i» — CH—CHj—C—Cffe—COORg or —CH 
6 4 1 c—R7 , 13 

c -™ 3  
I 562/469 
OH O OH 1 

I!2 
o  

wherein R7 is hydrogen or Cjoalkyl* and 
Rg is hydrogen, R9 or M, wherein Rjis a physiologi

cally acceptable ester group, and M is a phanna-
ceutically acceptable cation, and the broken line 
represents a double («r) bond .or two hydrogen 
atoms (one on each carbon atom), the use thereof 
for inhibiting cholesterol biosynthesis and lowering 
the blood cholesterol level and, therefore, in the 
treatment of hyperlipoproteinemia and atheroscler
osis, pharmaceutical compositions comprising such 
compounds and processes for and intermediates in 
the synthesis of such compounds. 

13 Claims, No Drawings 

Primary Examiner—Robert T. Bond 
Assistant Examiner—B. A. Trinh 
Attorney, Agent, or Firm—Gerald D. SharJcin; Richard 
E. Vila; Melvyn M. Kassenoff 
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[11] Patent Number: 5,001,255 

[45] Date of Patent: Mar. 19, 1991 
United States Patent u?] 
Katbawala et al. 

4,474,971 10/1984 Wareing 
4,588,715 5/1986 Damon 
4,613,610 9/1986 Wareing 
4,647,576 3/1987 Hoefle 
4,654,363 3/1987 Pmgh 

FOREIGN PATENT DOCUMENTS 
142146 5/1985* European Pat. Off. . 

84/02131 6/1984 PCT Int'l Appl. . 
84/02903 8/1984 PCT Int'l Appl. . 
86/03488 6/1986 PCT Infl Appl. . 

OTHER PUBLICATIONS 

Hulcher, Arch. Biochem. Biophys. 146, 422-427 (1971). 
Sato et al., Chem. Pharm. Bull. 28, 1509-1525 (1980). 
Singer et al., Proc. Soc. Exp. Biol. Med. 102, 370-373 
(1959). v 

Primary Examiner—Paul J. Killos 
Attorney, Agent, or Firm—Gerald D. Sharkin; Richard 
E. Vila; Melvyn M. KassenofT 

ABSTRACT 

549/214 
. 514/63 
514/406 
514/422 
. 560/56 

[54] IDENE ANALOGS OF 
MEVALONOLACTONE AND DERIVATIVES 
THEREOF 

[75] Inventors: FaizuIIa G. Katbawala, Mountain 
Lakes; Sompong Wattanasin, 
Hopatcong, both of N.J. 

[73] Assignee: Sandoz Phann. Corp., E. Hanover, 
N.J. 

[21] Appl. No.: 214,560 

[22] Filed: Jul. 1,1988 

Related U.S. Application Data 
[63] Continuation-in-part of Ser. No. 837,479, Mar. 7,1986, 

abandoned, which is a continuation-in-part of Ser. No. 
677,917, Dec. 4, 1984, abandoned. 
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560/56, 53; 549/264, 

549/291; 562/462, 466; 514/530, 569 

References Cited 

U.S. PATENT DOCUMENTS 
3,207,779 9/1965 Cutler 
3,532,752 10/1970 Shen 
3,668,241 6/1972 Cragoe et al 
3,983,140 9/1976 Endo et al 
4,006,180 2/1977 Cragoe et al 
4,012,524 3/1977 Cragoe et al 
4,057,573 11/1977 Haas et al 
4,070,539 1/1978 Cragoe et al 
4,125,731 11/1978 Sugie et al 
4,137,322 1/1979 Endo et al 
4,198,425 4/1980 Mitsui et al 
4,248,889 2/1981 Oka et al 
4,255,444 3/1981 Oka et al 
4,308,378 12/1981 Stokker 
4,361,515 11/1982 Terahara et al. .... 
4,375,475 3/1983 Willard et al 

[51] Int.Cl.s 
[52] U.S. a. 

[57] [58] Field of Search 
Compounds of the formula i 

[56] 
R3, 

Ro 
.... 560/56 
.... 560/56 
.... 560/56 
260/343.5 
.... 560/56 
.... 560/56 
.... 560/56 
.... 560/56 
.... 560/56 
.. 424/273 
.. 424/279 
.. 424/308 
.. 424/279 
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the use thereof for inhibiting cholesterol biosynthesis 
and lowering the blood cholesterol level and, therefore, 
in the treatment of hyperlipoproteinemia and athero
sclerosis, pharmaceutical compositions comprising such 
compounds and processes for and intermediates in the 
synthesis of such compounds. 
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APPEMLS-S 

•INTERFER2HCES 
HAY 26 1993 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

INTERFERENCE NO. : 102,648 
V. 

EXAMINER-IN-CHIEF: 

MICHAEL SOFOCLEOUS FUJIKAWA ET AL 

FUJIKAWA ET AL MOTION FOR SANCTIONS, 
37 CFR §1.616 

HONORABLE COMMISSIONER OF PATENTS AND TRADEMARKS 
20231 WASHINGTON, D.C. 

BOX INTERFERENCE 

SIR: 

Pursuant to the provisions of Rule 616, and in accordance with 

the provisions of 37 CFR §1.635, Fujikawa et al hereby request an 

order entering sanctions against the party Wattanasin for 

deliberate and knowing of violation of 37 CFR §10.62(b) and 

§10.63(a). Specifically, Fujikawa seeks sanctions for Wattanasin's 

introduction of, and reliance on, the testimony of one Melvyn 

Kassenoff, a crucial witness of the party Wattanasin with respect 

to the issues of abandonment, suppression and concealment, while at 
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the same time listing the same Melvyn Kassenoff as ''Of Counsel" on 

the Record filed by Wattanasin in the above Interference, and 

refusing to exclude Melvyn Kassenoff from participation in the 

preparation of Wattanasin's Brief and Reply Brief, and in 

participation and preparation for Final Hearing* Further, to the 

extent Melvyn Kassenoff has acted as Counsel, in an advisory 

capacity, for the party Wattanasin throughout the Interference, 

such action further aggravates the violates of 37 CFR §10.62. 

For the convenience of the Examiner, Fujikawa requests three 

different sanctions of varying severity, in the alternative. As a 

final matter Fujikawa requests a conference call be initiated on 

this matter at the earliest convenience of the EIC. 

I. STATEMENT OF FACTS 

In Wattanasin's Designation of Lead Attorney, filed March 

Melvyn 

1. 

23, 1992, Diane E. Furman was designated as Lead Attorney. 

Kassenoff was designated as "Deputy Lead Attorney with full power 

and authority to act in the absence, for any reason, of the Lead 

Attorney.11 
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2. At no time during this Interference has there been any 

need for action on the party Wattanasin in the absence of Lead 

Counsel Furman. A review of the Record reflects that only Lead 

Counsel Furman has appeared on behalf of Wattanasin, with 

supplemental questioning during certain depositions conducted by 

Mr. Richard Vila. No action has been taken, directly, by Melvyn 

Kassenoff in this Interference. 

The Declaration of Melvyn Kassenoff was submitted by 3. 

Wattanasin as evidence with respect to the issue of abandonment, 

The Declaration can be found at suppression or concealment. 

The Declaration Wattanasin Record (herein after WR) pages 227-232. 

is replete with statements of subjective intent that can be 

verified only by Melvyn Kassenoff's memory. See, e.g., paragraph 

4, WR-228, "I was aware that patent disclosure 229/84 of Sampong 

Wattanasin had received an "A" rating, 

the case would be filed..." 

It was my intention that 

Similarly, paragraph 6 of the 

Declaration refers to Melvyn Kassenoff's "best recollection that in 

February of 1988, I was in communication with Dr. Wattanasin 

concerning information...". Finally, see paragraph 11, which 

refers to Melvyn Kassenoffs assertion that at no time "did I or, 

insofar as I aware, any other member of the patent and trademark 
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department of Sandoz Corporation, ever have any intention not to 

file a United States patent application...". 

Due to the conclusory nature of some of the assertions in 

Melvyn Kassenoff's Declaration, and the lack of clarity of certain 

terms used, such as "backlog", Melvyn Kassenoff s cross-examination 

was taken, that cross-examination appearing at WR-234-317. 

4. 

On Hay 15, 1993, Wattanasin filed and served its Record, 

which lists, as "Of Counsel" Melvyn M. Kassenoff, as well as 

While Richard E. Vila has appeared in the 

proceedings, as a questioner in certain depositions, Melvyn M. 

Kassenoff had not previously appeared in the proceedings in any 

Thus, receipt of the Record filed by Wattanasin, which 

occurred on May 19, 1993, was the first opportunity undersigned 

Counsel had to be apprised of the fact that witness Melvyn 

Kassenoff would be undertaking an active, advocacy role in this 

proceeding. 

On the following day, undersigned Counsel forwarded a letter 

via facsimile to Lead Counsel Furman objecting to reliance on 

witness Melvyn Kassenoff as Counsel, and specifically requesting, 

in writing, reassurance: 

5. 

Richard E. Vila. 

faculty. 
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That Mr. Kassenoff will have no participation 

in the preparation of the Brief, advice to 

yourself or other Counsel acting in this 

matter, appearance at, or suggestions with 

regard to Final Hearing, or any other 

participation in this matter. 

It was further indicated that a Motion for Disqualification would 

be promptly filed if such written confirmation was not received. 

Relevant case citation was included in the letter. 

On May 24, 1993, undersigned Counsel received a letter via 

facsimile from Lead Counsel Furman, refusing to provide the 

reassurances requested, and indicating reliance on 37 CFR 

§10.62(b)(2)-(4). A copy of that letter is enclosed herewith as 

Exhibit A. 

On May 25, 1993, undersigned Counsel verified, by 

teleconference, that Wattanasin would oppose this Motion. 

6 .  

II. ARGUMENT 
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MELVYN KASSENOFF'S APPEARANCE AMD PARTICIPATION AS 
COUNSEL VIOLATES 37 CFR §10.62(b) AND §10.63(a) 
AS WELL AS 37 CFR §10.110 

A. 

The provisions of 37 CFR §10.62(b) are specific and 

unequivocal. 

A practitioner shall accept employment in a 

proceeding before the Office if the 

practitioner knows or it is obvious that the 

practitioner or another practitioner in the 

practitioner's firm ought to sign an affidavit 

to be filed in the Office or be called as a 

witness 

The Rule provides for exceptions to this provision, 

exceptions applies rests on the party trying to rely on those 

Universal Athletic Sales Company v. American Gym,, 

Recreational and Athletic Equipment Corporation, Inc 

Proof that the 

exceptions• 

192 USPQ 

193, 198-199 (3rd Cir. 1976), cert, denied, 193 USPQ 570 (1977). 

It is unquestioned that Melvyn Kassenoff appeared as a witness. In 

view of his listing as "Of Counsel", and Counsel for Wattanasin's 

refusal to provide written assurances that he would not act in 

x.t 
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support of Wattanasin in the Brief or at Final Hearing, Fujikawa is 

forced to conclude that he is also acting, actively, as Counsel for 

Wattanasin in this matter* 

A brief inspection of the four possible exceptions clearly 

demonstrates that they do not apply in this case, 

exception provides that simultaneous employment and testimony may 

proceed 

The first 

If the testimony will relate solely to an 

uncontested matter. 

This is clearly not applicable herein* Melvyn Kassenoff's 

testimony goes solely to the issue of abandonment, suppression or 

concealment. This is clearly a contested issue in the case. 

Moreover, the specifics of Melvyn Kassenoff's testimony, including 

the clauses quoted above, are highly contested, particularly with 

respect to the issue of "backlog" and the "intentions of Sandoz". 

Simultaneous employment and testimony may also go forward 

If the testimony will relate solely to a 

matter of formality and there is no reason to 
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believe that substantial evidence will be 

offered in opposition to the testimony. 

Similarly, the testimony relates not to a matter of formality, but 

to a crucial issue in the case, abandonment, suppression or 

concealment. Moreover, Melvyn Kassenoff himself offered testimony 

in contradiction to his Declaration, on cross-examination, see, 

e.g., WR-253-257 with regard to the issue of "backlog". See also, 

WR-266-267 with regard to the issue of who was to be assigned 

responsibility for the application in question. See also the 

testimony of Giesser, WR-319-463. Clearly, exception 2 to Rule 

10.62(b) is not applicable. 

The third exception to the prohibition on simultaneous 

representation and testimony on behalf of a client applies only 

If the testimony will relate solely to the 

nature and value of legal serves rendered in 

the case by the practitioner or the 

practitioner's firm to the client. 

This clearly does not characterize Melvyn Kassenoff's testimony in 

His testimony goes not only to value of his own this matter. 
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services, or the practitioner's firm, but to the practice of the 

firm in general, to the firm's activity with regard to other cases 

(and inventors other than Wattanasin) and the methods by which the 

real party-in-interest for Sandoz arrives at a decision to file a 

Clearly, exception 3 is not applicable. 

Finally, the fourth exception is an omnibus exception, which 

provides that if the practitioner has distinctive value as Counsel 

in the particular case, simultaneous representation and testimony 

Quite clearly, that is not applicable herein. 

Counsel for Wattanasin has gotten along quite well without reliance 

on the activities of Melvyn Kassenoff. 

filings in this case without ever seeing the name Melvyn Kassenoff 

as the attorney acting on behalf of Wattanasin. 

case. 

may be permitted. 

One can scan the over 140 

Quite simply, 

until receipt of the Record, attorney Melvyn Kassenoff's activity 

on behalf of Wattanasin was unknown to Fujikawa, 

made painfully clear by Fujikawa during cross-examination of 

Wattanasin, at which Melvyn Kassenoff was present, for undisclosed 

Specifically, at WR-97, Melvyn Kassenoff broke into the 

This fact was 

reasons. 

exchange to say 

Let me ask one question on redirect. Page 97, 

lines 9-10. 
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In response, as no question had been asked, no objection was 

advanced, but undersigned Counsel made it clear that activity by 

the witness on behalf of the party was improper. WR-97, lines 11-

In response, Mr. Vila, appearing for Wattanasin, indicated 

that the question would be taken up later, WR-97, lines 13-14, and 

If Melvyn Kassenoff's unique 

12. 

in fact, it was never taken up. 

attributes were really so critical to the representation of 

Wattanasin that he be permitted to participate both as Counsel and 

as witness, it is absolutely clear that he would have appeared, in 

some capacity, in this proceeding, prior to filing of the Record. 

In point of fact, Melvyn Kassenoff was an emergency contact person, 

in Furman's absence, and as Lead Counsel Furman has never been 

absent from the proceedings, Melvyn Kassenoff's role was never 

triggered. 

It should be noted that Melvyn Kassenoff may have acted, 

without notice or visible presence, by providing advice as Counsel 

This is regrettable, but 

undersigned Counsel could not have earlier brought this Motion, as 

Melvyn Kassenoff's involvement was made overt only upon the filing 

of the Record by Wattanasin. 

Even in the event Sandoz should argue that its actions do not 

constitute a violation of §10.62(b) and §10.63(a), it is absolutely 

to Wattanasin to Lead Counsel Furman. 
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clear that the practice engaged in by Sandoz on behalf of 

Wattanasin, employing, as an attorney, a critical and contested 

witness in the case raises at least the appearance of professional 

impropriety. Clearly, if Such is precluded by 37 CFR §10.110. 

Sandoz determined at some point in the course of conduct of the 

interference that it was necessary to have Melvyn Kassenoff 

testify, and Sandoz believed it could not secure other Counsel to 

represent Wattanasin's interests, it was incumbent on Sandoz to 

draw the attention of the EIC and Fujikawa to the fact that its 

witness was simultaneously engaging in the representation of 

Wattanasin, and establishing the grounds for exception to §10.62 

and §10.63, in an open and fair manner, which would have permitted 

sufficient time to review the entire matter, rather than just prior 

to filing of the Brief. By failing to fully disclose and discuss 

this matter in a fashion that would avoid the appearance of 

professional impropriety, Sandoz has violated the restrictions of 

37 CFR §10.110, and should appropriately be sanctioned. 

B» DISQUALIFICATION IS AN APPROPRIATE REMEDY 

37 CFR §10.62(b) and §10.63(a) parallels disciplinary rules of 
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the Code of Professional Responsibility, including DR5-101 and 102. 

The Code specifically provides that disqualification of Counsel 

acting as a witness, and the members of the witness' firm, in the 

case the patent and trademark department of Sandoz, is an 

appropriate remedy when the party elects to present the testimony 

of its Counsel without satisfying the exceptions to Rule 10.62(b). 

Accordingly, as an appropriate sanction, Fujikawa hereby requests 

disqualification of all members of the Sandoz patent department 

from further participation in this Interference. Specifically, 

Fujikawa requests that the EIC issue an order directing Sandoz not 

to further participate in this Interference, to secure outside 

representation, and act only to provide a complete copy of the file 

and Record, already conveniently prepared, to outside Counsel who 

will act further in this case without contact with or participation 

by Sandoz Counsel. Clearly, the Rule does not contemplate the 

simultaneous representation and testimony by Counsel for a party. 

It is noted that Wattanasin's opening Brief is currently due 

June 15, 1993. Fujikawa appreciates the imposition on outside 

Counsel to grow familiar with the case solely from the Record and 

file an adequate Brief by the June 15, 1993 deadline. Nonetheless, 

this problem was of Wattanasin's own making, Wattanasin ought to 

pay the price. However, if this sanction is applied, Fujikawa 

• .'v^. 
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would be agreeable to an extension of time of up to two weeks In 

which to provide outside Counsel opportunity to grow familiar with 

the file. 

Disqualification of all members of the Sandoz patent 

department from further representation on behalf of Wattanasin is 

accordingly requested. 

C. IN THE ABSENCE OF DISQUALIFICATION, AN 
APPROPRIATE SANCTION WOULD BE TO PRECLUDE 
SANDOZ FROH RELYING ON THE TESTIMONY OF MELVYN 
KASSENOFF 

Fujikawa notes that Wattanasin has provided abundant testimony 

Fujikawa also notes from a plurality of witnesses in this case, 

that as to the facts allegedly testified to by Melvyn Kassenoff, 

similar facts are established by reference to the Declaration of 

Giesser and Rothwell, and therefor, Melvyn Kassenoff's testimony as 

Testimony as to opinion, thought 

In the event the 

to those facts are redundant. 

processes and the like, should not be permitted. 

EIC finds the sanction of disqualification too severe under the 

circumstances, it is respectfully requested that Wattanasin be 

denied opportunity to rely on the testimony of Melvyn Kassenoff. 

This would permit Melvyn Kassenoff to fully act as Counsel on 

behalf of Wattanasin, without unduly prejudicing Wattanasin due to 

Sawai Ex 1005 
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the largely duplicative nature of the factual testimony provided, 

and at the same time avoid the impropriety and improper practice 

prohibited by the rules. 

In the absence of disqualification, Wattanasin should be 

precluded from relying on the testimony of Melvyn Kassenoff to 

support its position in this Interference. 

TO THE EXTENT WATTANASIN IS PERMITTED TO RELY 
ON THE TESTIMONY OF MELVYN KASSENOFF, IT 
SHOULD BE SEVERELY DISCOUNTED 

D. 

It is recognized that there is precedent that suggests that 

notwithstanding the impropriety of an attorney acting on behalf of 

a client also offering testimony on that client's behalf, the 

testimony is not thereby rendered incompetent, and admission, per 

se, does not constitute reversible error. Universal Athletic 

Sales. Supra at 199. It is to be noted that this finding is 

largely due to the fact that the Code of Professional 

Responsibility does not have the force or effect of a statute. 

Universal at 198, FN 19, In contrast, Counsel for Wattanasin has 

violated the specific wording of a regulation, which in this case 

does have the force and impact of statute. Accordingly, it is 

believed that disqualification, or in the alternative, preclusion 

of reliance on the testimony of Melvyn Kassenoff by party 

Sawai Ex 1005 
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Wattanasin is required. Nonetheless, even if not required, it is 

believed that the case law clearly establishes that where not 

required by law, such tainted testimony should be severely 

discounted. Quoting from the Universal opinion at page 199s 

The Court noted that the relationship of such 

a witness to his client detrimentally effected 

the weight to be accorded his testimony and 

therefor "discounted" its value, 

approach, which would appear to be equally 

applicable to attorneys who serve as experts 

for their clients, also reflects our view. We 

believe that, while a District Court may in 

limited circumstances receive the testimony of 

a lawyer-witness, the value of that testimony 

must be discounted because of the interest of 

the lawyer or his firm in the outcome of the 

litigation. 

Such an 

It should be noted that this discounting referred to in the 

decision may be so severe as to be cause to vacate a decision based 

Universal at page 203. on the testimony adduced. 

- • 
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There is abundant precedent for severely discounting the 

testimony of a witness who acts as Counsel for the client on whose 

behalf the testimony is introduced, largely acknowledging the fact 

that such discounting is the only remedy, as the disciplinary rules 

have no statutory effect. This was clearly expressed by the Court 

in Lau Ah Tew v. Dulles. 257 F.2d 744 (9th Cir. 1958), the Court 

observing: 

It is usually inappropriate for an attorney 

connected with the trial of a case to testify 

on behalf of his client. He should ordinarily 

withdraw before becoming a witness, 

omitted). 

relationship of such a witness does not effect 

his competency. (Cite omitted)• However, an 

attorney who assumes the burden of a witness 

while representing his client in a lawsuit 

does so at the very great detriment to the 

credibility of his testimony. (Numerous cites 

omitted). 257 F.2d at 747. 

(Cites 

It is true that the professional 

The Board of Patent Interferences, in Wilder v. Snyder. 201 USPQ 

927 (POBI 1977) took cognizance of this rule of law in citing 
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The Court's discussion appears 

at page 934 of the decision, wherein it is noted that the law 

directs that 

CJS Witnesses Section 71, page 467. 

The professional relationship of the witness 

effects his credibility.... 

Disqualification was considered in the decision Little Caesar 

Enterprises. Inc. v. Dominos Pizza, Inc.. 11 USPQ 2d 1233 (Comm. of 

Pats. 1989). Therein it was noted that the rules preclude conduct 

that would be prohibited by the disciplinary rules of the ABA Model 

Code of Professional Responsibility. Clearly, the conduct engaged 

in by Wattanasin is precluded, see the decision, at page 1235. 

This includes the situation where an attorney is or ought to be 

called to testify on behalf of his client. Thus, the Commissioner 

of Patents and Trademarks, having established that Wattanasin's 

practices here specifically violates the rules, sanction of the 

type requested and recognized by prior precedent is appropriate. 

In the absence of disqualification or preclusion of reliance 

on Melvyn Kassenoff's testimony, Fujikawa submits that an 

appropriate sanction would be to severely discount Melvyn 

Kassenoff's testimony, as is required by prior precedent. 
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E. SUMMARY 

It is beyond question that Wattanasin's offering of Melvyn 

Kassenoff's testimony, while simultaneously employing Melvyn 

Kassenoff as Counsel in this Interference, violates the explicit 

provisions of 37 CFR §10.62 and §10.63. The appropriate measure 

for such a violation would be disqualification. Time pressures may 

preclude the appropriate remedy from being applied herein. 

Accordingly, in the alternative, it would be appropriate simply to 

preclude Wattanasin from relying, in any fashion, on the testimony 

Should the EIC find this sanction too severe. of Melvyn Kassenoff. 

at a minimum, it is believed that the Rules, and prior case law, 

clearly directs that the testimony of Melvyn Kassenoff be strongly 

discounted, that testimony having been prejudiced and tainted by 

Melvyn Kassenoff's involvement and complicity in the preparation of 

Wattanasin's case. 

Due to the impending date for filing the Brief, and the nature 

of the violation, it is respectfully requested that a conference 

call on this issue be conducted, to expedite matters. 

Sofocleous is not in the office through May 28, 1993. Accordingly, 

on his return to the office, a conference call is respectfully 

EIC 
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requested. 

As noted above, Counsel for Wattanasin was contacted, and 

indicated that this Motion would be opposed. 

Respectfully submitted, 

SPIVAK, MCCLELLAND, 
EUSTADT, P.C. 

OBLON, 
MAIER-

7 
'Steven B. Kelber 
Registration No.: 30,073 
Attorney for Fujikawa et al 

ENCLOSURE: COPY OF MAY 24, 1993 LETTER 
TO STEVEN B. KELBER FROM 
DIANE FURMAN (EXHIBIT A) 
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CERTIFICATE OF SERVICE 

I hereby certify that true copies of: 

FUJIKAWA ET AL MOTION FOR SANCTIONS, 
37 CFR §1.616 and MAY 24, 1993 LETTER 
TO STEVEN B. KELBER FROM DIANE FURMAN 
(EXHIBIT A) 

1. 

CERTIFICATE OF SERVICE 2. 

were served upon Counsel for Wattanasin as follows: 

Diane E. Furman 
SANDOZ CORP. 
59 Route 10 
E. Hanover, New Jersey 07936 

via FACSIMILE and FEDERAL EXPRESS, this 25TH day of MAY, 1993. 

• KELBER "ST 

Interference 102,648 
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P I  
MfiY 24 '93 15*28 SANDOZ CORP. POT. AND TilA 

ASANDO 
59 ROUTE 10, EAST HANOVER NJ 07936 

May 24/ 1993 

24 1993 
WINT AND ItAMDUMC MPAITTMCMT 

MAY 
TELEFAX 201 503 6607 

OBLON, SPIVAK, MCCLELLAND 
MAIER & NEUSTADT, P.C 

VIA TEL8FAX 
(703) 413-2220 

Steven B. Kelber, Ssq. 
Obion, Spivak, McClelland, Maier and Neustadt, F.C-
1755 S. Jefferson Davis Highway 
Crystal Square S, Ste. 400 
Arlington, VA 22202 

Res WATTANASIN v. FUJIKAWA ©t al. 
Interference Nos. 102,648 and 102#975 

Dear Stave: 

I am in receipt of your telefax letter of May 20* 1993. 

With regard to attorney Melvyn Kaeeenoff'6 of counsel status 
in the*o interferences, we believe his involvement falls squarely 
within the ambit of 37 CFR SIO.62(b)(2)-(4), cf. 1045 06 36. 

I* 

Firstr as you have recognized/ Mr. Kassenoff is 
witness in these interferences/ not an opinion witness* 
testimony goes to the nature of his legal services rendered in 
connection with the involved Wattanasin application. 

a fact 
His 

Secondr given the distinctive nature of Mr. Kassenoff's 
expertise in the relevant technical area of HMG-CoA reductase 
inhibitors, as well as his status as a former Patent Examiner 
having extensive knowledge of . Patent and Trademark 
procedures, it would work a substantial hardship on the Wattanasin 
real party of interest, i.e. Sandoz Corporation/ if Mr. Kassenoff 
were to be prevented from providing technical or legal advice in 
this matter. 

Office 

% 

*  E X H I B I T  

May. 24. 3:3iPM Received Time 
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MAY 24 '93 15:28 SANDOZ CORP. PftT. AND TM4 
s  P.2  

Kelber 
Hay 24, 1993 
page 2 

Indeed, practically speaking, the standard which you now -
evidently seek to impose on the party Wattanasin, would effective
ly deprive any corporation which is a party of Interest in an 
interference, of the unique legal and technical skill of its own 
in-house patent staff simply because one or more of' those same 
attorneys may almost necessarily be called as a fact witness 
concerning activities within the scope of their employment in 
connection with an involved application. 

The fact is, since virtually "day one" of these interfer
ences, you were'on notice that Mr. Kassenoff is a designated 
deputy lead attorney for the party Wattanasin/ with full power and 
authority to act in my absence (Int. No. 102,646, Wattanasin paper 
dated March 23, 1992). 

Yet, for whatever reason, you failed to raise any issue in 
this regard when the Kassenoff Declaration of February 19, 1993 
was served, and you even went ahead and took complete 
cross-examination by deposition from Mr. Kassenoff. 

We will assume that you do not mean to impugn Mr. Kassenoff s 
probity, his conduct as an officer of the court, or his testimony 
under oath as a fact witness concerning his activities in 
connection with the involved Wattanasin application. 

Accordingly, we simply find no inconsistency in Mr* 
Kassenoff's status as a fact witness and as an attorney of counsel 
for the party Wattanasin. 

Since your position finds no support either in your own legal 
citations or in the Patent and Trademark Office Code of Ethics, or 
any legal authority of which we are aware, we must inform you that 
we cannot accede to your request that Mr. Kassenoff refrain from 
providing advice in respect of the above interferences. 

Received Time May, 24. 3:31PM 
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MAY 24 '93 15:29 SANDOZ CORP. PAT. AND TM4 

Kelber 
May 24, 1993 
page 3 

P.3  

II. with reference to the pentultimate paragraph of your letter, 
your attention is directed to pages 10-11 of the Wattanasin 
record, which comprise a "Cross-Reference Index oft Parties' 
Exhibits Harked for Identification at Cross-Examination 
Depositions with Documents of Record". 

More specifically, wattanasin Deposition Exhibit W-3 is 
cross-referenced to Wattanasin Exhibit B-2. As the wattanasin 
deposition transcript/ p. 69, makes clear, the deposition 
testimony refers to pages 164, 165 and 166 of Exhibit B-2, the 
pages of which are clearly marked at the upper right hand corner. 

If you still insist upon copies of all of the exhibits of the 
relevant depositions, please let me know, and I will have them out 
to you as seen as possible. 

ill. A second copy of the Wattanasin record was mailed to you by 
first-class mail on Friday, May 21, 1993. 

Very truly yours, 

Diane E. Furman 

DEFsrmf 

Received Time May. 24. 3:31PM 
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Paper No. 96 All eommnMiemtioKt rtspectlag tUt 
emu skemU Utntify it by namhet 
mad Mmmet ofpvtiu. U.S. DEPARTMENT OF COMMERCE 

Patents and Trademark Offtca 

Address: BOX INTERFERSNCE 
Commissioner of Patents and Tredemarks 
Washington, O.C. SOS31 ^SSJSLS, 

Telephone: (703)557-4007 
Facsimile: (703)557.8642 # 

IWWSO 
Interference No. 102,648 

\ ̂  .ww Wattanasin et al. 

B0̂ Ĉ6S 
V. 

Fujikawa et al. 

Receipt is acknowledged of the following papers, filed on 

May 26, 1993 by Fujikawa: 

Motion to consolidate the record (Paper No. 90). 

Motion for sanctions under 3-7 CFR 1.616 (Paper No. 95). 

For the reasons stated therein, the unopposed motion to 

consolidate the record is granted subject to (l) Wattanasin et al. 

and Fujikawa et al. clearly identifying the party and interference to 

which the testimony is directed, (2) dividing the record, where 

possible, into separate volumes that will related to a single 

interference, (3) providing a separate index as required in 37 CFR 

1.653(c) and (4) maintaining the testimony of the witnesses relating 

to the two interferences separate and distinct insofar as possible. 

The motion (item 2) for sanctions will be considered after 

the expiration of the time for filing an opposition and reply thereto 

to the motion. 

1. 

2. 

Michael Sofocleous 
Examiner-in-Chief 
(703) 557-4066 

FORM PTO-78B 
(Rev. 11-92) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE . 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

I 1 0 2 , 9 7 5  Interference Nos. | ESSlii V ,  

Examiner-in-Chiefs M. Sofocleous FUJIKAWA et al. 

FYI COMMUNICATION 

wfOv [995 
VIA EXPRESS MAIL 

RECEIVED IN 
rOX fNTCRFFREWr 

Honorable Commissioner of Patents and Trademarks 
Washington, DC 20231 

Attention? Mrs. Hall 

I appreciated your telephoning me on Tuesday, May 25, 

1993 concerning the Consolidated Record of the party 

Wattanasin in the above interferences. 

In response to your telephone call, I am enclosing the 

following documents with this letter: 

I. 

Page 162 of the Wattanasin record: you indicated 
that this page was missing from bound Volume II; 
and 

( i )  

(2) Exhibit S-4: you indicated that while our extra two 
spiral-bound courtesy copies of the Wattanasin 
Exhibits did contain Exhibit S-4, a loose copy of 
Exhibit S-4 was missing. 
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May 28, 1993 
Wattanasin 
Int. No. 102,648, 102,975 
BPAX 
page 2 

(continued) 

II. Other corrections which you have called my attention to 

are as follows; 

-TABLE OF CONTENTS: 

Index (3) (i.e. the Cross-reference Index) begins at 
page 10 (not page 9 as indicated); 

-CROSS-REFERENCE INDEX, p. 10: 

Exhibit W-l is marked for identification at page 283 
the record (not page 83 as indicated)? 

Exhibit W-3 is marked for identification at page 104 
the record (not page 372 as indicated). 

of . 

of 

III. You have also requested a second set of the Wattanasin 

record (i.e. 15 volumes comprising 3 copies each of Vols. 

I—V) and exhibits. 

It was not clear to me that Examiner-in-Chief Sofocleous 

had requested duplicate sets of the Wattanasin consolidated 

record and exhibits for the above interferences. Since I 

have limited remaining bound copies in my posessioh, I will 

• - -J. 
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May 28, 1993 
Wattanasin 
Int. No. 102,648, 102,975 
BPAI 
page 3 

wait until I can speak with the EIC on his return to the 

office next week to confirm that he does want the additional 

copies. 

Respectfully submitted, 

Diane 
Attorney for Wattanasin 
Registration No. 31,104 
201-503-7332 

. Furman 

SANDOZ CORPORATION 
59 Route 10 
East Hanover, NJ 07936 

DEF xrmf 

May 28, 1993 

Ends.: As noted 
cc: S. Kelber (w. Record, p. 162, Exhibit S-4) 

1 hereby certify that this eorrespondence is being 
deposited with the United States Postal Service as 
first class mail in an envelope addressed to: Commis
sioner of Patents and Trademarks, Washington, D.C. 
20231. on May 199/1 

(Date of Deposit) 

illcant, assignee, or 
jlReDrasentativa 

Name 

hi 
iture 

of Signature 
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CERTIFICATE OF SERVICE 

It is hereby certified that a true copy of the paper 

entitled: 

COMMUNICATION 

and enclosures were served on counsel for the party Fujikawa 

et al., this 28th day of May 1993, by postage pre-paid 

first-class mail addressed to the following: 

Obion, Spivak, McClelland, Maier & 
Neustadt, P.C. 

Attn: Steven B. Kelber, Esq. 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 

Diane E. Furman 
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p. us rUN 04 '93 16:57 SANDOZ CORP. PAT. AND TM 

IN THg UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

Examiner-in-Chiefi M. Sofocleoue v. 

FUJIKAWA Ot al. 

JUN 4 - 1993 

BOARD OF PATENT APPEALS 
WATTANASIN REQUEST FOR EXTENSION OF TIME AND INTERFERENCES 

JUN 7 1 9 9 3  

The party Wattanasin hereby respectfully petitions 

for an extension of time of one month, from June 15, 1993 

to July 15, 1993, for filing the two Wattanasin opening 

briefs in the above-numbered interferences, as well as a 

corresponding extension of the dates for taking subsequent 

action. 

Steven Kelber, Esq., counsel for Fujikawa et al., who 

was consulted prior to the filing of this motion# has 

indicated that he will oppose any extension of time to 

Wattanasin/ except on the following conditions 

that the EIC agree to rule on Fujikawa's Motion for 
Sanctions of May 25, 1993 prior to the due date of the 
opening briefs, in which case Mr. Kelber would not oppose a 
IQ-dav extension beyond the date of the ElC's decision. 

However/ the party Wattanasin is simply herein request

ing grant of a one-month extension of time to file the two 

opening briefs in the above interferences, and corresponding 

extensions of the subsequent due dates* 

Sawai Ex 1005 
Page 3465 of 4322



P.2/5 JUN 04 '93 16:58 SANDOZ CORP. PflT. AND TM 

Wattanasin 
Request for Extension of Time 
Interference Nos. 102,648/ 102,975 
page - 2 -

DISCUSSION 

On May 25, 1993, undereigned counsel for Wattanasin was 

served with Fujikawa's motion for sanctions, in the above 

interferences• 

Given the severity of the sanctions demanded by counsel 

for Fujikawa — including complete disqualification of the 

entire Sandoz in-house patent staff and retention of outside 

counsel on'short notice and at significant expense/ and, in 

particular, the discrediting of the testimony of Melvvn 

Kassenoff, Esq. — this matter requires immediate and 

complete attention of the undersigned, who is also carrying a 

full workload otherwise. 

The Wattanasin opposition paper is due June 14, 1993. 

The Wattanasin opening briefs are currently due June 15# 

1993* 

Clearly, one effect of the Fujikawa motion at this point 

in the interferences is to distract Wattanasin at a critical 

period during which the opening briefs are being prepared. 
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P. 3/5 JUN 04 '93 16859 SflNDOZ CORP. PAT. fiND TM 

Wattanasin 
Request for Extension of Time 
Interference NOB* 102,640, 102,975 
page « 3 -

.In point of fact, the apparent basis for the Fujikawa 

motion would seem to have existed for some months, ever since 

Mr. Kassenoffa affidavit was caused to be filed in February 

of 1993 in response to the Fujikawa notice concerning an. 

Issue of abandoment. Fujikawa have been on notice since the 

very beginning of these interferences that Mr. Kassenoff is a 

deputy lead counsel of record. Fujikawa even took 

cross-examination of Mr* Kassenoff in March of 1993 without 

raising the issue of his status as deputy lead counsel* 

Now, evidently timed in a fashion to conflict with the 

preparation of the Wattanasin main briefs, Fujikawa have come 

forward with their motion for sanctions* 

Wattanasin does not believe that the Fujikawa motion has 

any merit whatsoever, and will be filing an opposition in due 

course. 

Prior extensions in this interference have been reason

ably limited and generally confined to the logistics of 

testimony. At least one motion, unopposed by Wattanasin, was 

granted mainly for the convenience of Mr. Kelber, who now 

chooses, as counsel for Wattanasin sees it, to belatedly 

complicate the important period leading to the filing of the 

two main briefs. 
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P. 4/5 JUN 04 '93 16?59 SftNDOZ CORP. PAT. AND TM 

Wattanasin 
Request for Extension of Time 
Interference NOB. 102,648, 102,975 
page 4 -

It is submitted that the requested extension of time is 

justified, and its granting is respectfully requested* 

Finally, it is suggested that a conference of the 

parties and the EIC on this matter may be worthwhile. 

Accordingly, Wattanasin now moves to re-set the relevant 

dates of the above interferences as follows) 

Wattanasin opening briefs due 

Fujikawa brief due 

Wattanasin reply brief due... 

July 15, 1993. 

August 15> 1993. 

;September 4, 1993* 

Respectfully submitted. 

Diane E. Furman 
Attorney for Wattanasin 
Registration No. 31,104 
201-503-7332 
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P.5/5 JUN 04 '93 17:00 SANDOZ CORP. PPT. AND TM 

CERTIFICATE OF SERVICE 

It is hereby certified that a true copy of the papef 

entitled* 

WATTANASIN REQUEST FOR EXTENSION OF TIME 

was served on counsel for the party Fujikawa et al 

day of June 1993, by telefax addressed to the followingx 

this 4th • / 

(703) 413-2220 
Oblonf Spivakr McClelland, Maier & Neustadt, P.C. 
Attns Steven B. Kelber, Esq. 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 

Diane E» T\ urman 
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P. 1/5 JUN 04 '93 16:57 SAN̂ "*" CORP. PAT. AND TM 

WM 0̂ 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENGBS 818S3 jUW 

P^>=t̂ F̂ |̂ 5'TANASIN 
interference Nos. 102,648/ 102#975-
Examiner-in-Chief« M. Sofocleous v. 

RECEiVbD 
FUJIKAWA et al. 

JUN 4 - 1993 

aOARD OF PATENT APPEALS 
WATTAHASIN REQUEST FOR EXTENSION Of TIME AND INTERFERENCES 

JUM ~l 1993 

•xajhiner-ln-Chief 
By./.. 

The party Wattanasin hereby respectfully petitions 

for an extension of time of one month, from June 15, 1993 

to July 15, 1993, for filing the two Wattanasin opening 

briefs in the above-numbered interferences, as well as a 

corresponding extension of the dates for taking subsequent 

action. -

Steven Kelber, Esq., counsel for Fujikawa-et al«, who 

was consulted prior to the filing of this motion, has 

indicated that he will oppoee any extension of time to 

Wattanasin, except on the following conditions 

that the EIC agree to rule on Fujikawa's Motion for 
Sanctions of May 25, 1993 prior to the due date of the 
opening briefs, in which case Mr. Kelber would not oppose a 
IQ-dav extension beyond the date of the EICrs decision. 

However, the party Wattanasin is simply herein request

ing grant of a one-month extension of time to file the two 

opening briefs in the above interferences, and corresponding 

extensions of the eubsequent due dates. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES •̂ 100 

WATTANASIN 
'Interference Nos. 102,648, 102,975 

FY/ 
V . 

Examiner-in-Chiefs M. Sofocleous 
J U N 17  1993J  FUJIKAWA et al. 

. KCMED /A( 
FIOX INTERFERENCE WATTANASIN OPPOSITION 

TO FUJIKAWA MOTION FOR SANCTIONS 

STATUS 

By motion of May 25, 1993 in the above-identified interfer

ences, the party Fujikawa et al. have requested sanctions against 

the party Wattanasin for alleged violation of Sections 10.62(b) 

and 10.63(a) of 37 CFR. 

The purported violation concerns Wattanasin's introduction of 

and reliance on testimony of Melvyn M. Kassenoff, Esq., a patent 

attorney on the staff of the Sandoz Corporation Patent and Trade

mark Department"'", going to the issue of abandonment, suppression 

or concealment, while he is at least apparently participating in 

the interferences as "deputy lead counsel". 

The sanctions demanded by Fujikawa are as follows (in the 

alternative); 

1. Disqualification of all members of the Sandoz Patent 
and Trademark Department from further participation in 
the interferences; 

Striking the testimony of Kassenoff; 2 . 

3. "Severely discounting" the testimony of Kassenoff. 

Melvyn M. Kassenoff has been employed in the Sandoz Patent and 
Trademark Department for about 20 years. 
1. 
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Wattanasin 
Interference Nos. 102,648, 102,975 
Opposition to Fuj. Mot. Sanctions 

It is Fujikawa motion. opposes the 

respectfully submitted that the Fujikawa motion is completely 

devoid of support in fact or law; and that furthermore, that it is 

Wattanasin now 

belated, having been raised over three months after the Kassenoff 

testimony was made of record, and over one year after Mr. 

Kassenoffrs designation as a counsel in these interferences. 

Accordingly, Wattanasin requests that the Fujikawa motion, 

and each and every sanction requested therein, be denied. 

STATEMENT OF FACTS 

When these interferences first went forward, management at 

Sandoz Pharmaceuticals Corporaton, the assignee of interest of the 

party Wattanasin, made a decision to rely for representation on 

the Sandoz in-house patent staff (consistent with the usual 

practice of Sandoz in patent interferences). 

1. 

Effective March 23, 1992, the undersigned, Diane E. Furman, 

an attorney in the Sandoz Corporation Patent and Trademark 

Department, was designated the lead attorney of record for the 

interferences. Melvyn M. Kassenoff, Esq., also with Sandoz, was 

designated deputy lead counsel, with full power and authority to 

2 .  

2 
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Interference Nos. 102,648, 102,975 
Opposition to Fuj. Mot. Sanctions 

act in the absence of the lead attorney.1 (see Exhibit A) 

3. The designation of Kassenoff was made in recognition of the 

fact that he has substantial experience, unique to the Sandoz 

Patent and Trademark Department, in the subject matter area of 

these interferences, i.e. HMG-CoA reductase inhibitor compounds. 

Melvyn Kassenoff is also regarded as the Sandoz Patent and 

Trademark Department's foremost expert on PTO rules and 

regulations, and had more experience in interference procedure 
2 under the new rules than any other member of the department. 

Kassenoff's role as an attorney in these interferences has 

been primarily as a consultant or "sounding board," providing 

occasional advice on procedural and scientific issues. 

4. 

testimony 5. Kassenoff did not provide 

interferences as to priority. 

in these any 

It was only when Fujikawa raised the issue of abandonment, 

supression or concealment, that it became apparent that Mr. 

6 .  

Melvyn M. Kassenoff is also listed as an attorney of record 
on the involved Wattanasin application. Another Sandoz patent 
attorney of record on the application, Richard E. Vila, Esq., 
became active in the interference at the deposition stage. 

1. 

It is noted that Mr. Kassenoff is the only member of the 
Sandoz staff who is a former patent examiner, and also is 
distinguished by having an advanced degree (M.S.) in chemistry. 

2. 

3 
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Kassenoff had relevant testimony which needed to be taken in order 

for Wattanasin to present a complete defense. More specifically, 

Kassenoff's testimony goes to the period between the last 

documented laboratory work in connection with the Wattanasin 

invention and the filing of the involved Wattanasin application. 

Although Mr. Kassenoff himself did not draft the Wattanasin 

involved application, his testimony of record shows that he 

participated in information gathering for the application, and 

that he was familiar with Sandoz patent policies and procedures as 

they applied to filing the Wattanasin case . 

Wattanasin filed the Kassenoff declaration in February of 

1993 (Exhibit B). At that time, not one word was heard from Mr. 

Kelber as to any impropriety in Mr. Kassenoff's concurrent 

designation as deputy lead counsel or in his continuation in such 

capacity. , 

7. 

In fact, in March of 1993, virtually one year to the day from 

Mr. Kassenoff's designation as deputy lead counsel of record, 

Steven B. Kelber, counsel for Fujikawa, came to the Sandoz Patent 

8 .  

3. Until January 1, 1993, when Mr. Kassenoff became supervisor 
of Patents Group II, one of two patent groups comprising the 
Sandoz Patent and Trademark Department, he reported to Mr. Vila, 
(who is supervisor of Patents Group I), and had no formal 
supervisory responsibilities. However, since about 1982, Mr. 
Kassenoff had certain de facto responsibilities in relation to 
HMG-CoA reductase matters, including assisting of junior 
department members working in the area, i.e. Joanne M. • Giesser, 
Esq. (now departed from Sandoz), who drafted the involved 
Wattanasin application, and the undersigned lead counsel. 

4 
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and Trademark Department in East Hanover, New Jersey, and 

subjected Mr. Kassenoff to rigorous cross-examination by 

deposition (see Kassenoff cross-examination transcript at pages 

233-318 of the Wattanasin Record), without ever raising the 

question of impropriety as to Mr. Kassenoff's continuing status as 
4 deputy lead counsel. 

Subsequently, the Wattanasin Record was filed and served. 

The Record cover pages (Exhibit C) bear a designation of Mr. 

Kassenoff and Richard E. Vila, Esq.: as being "of counsel". 

change was made in the status of Mr. Kassenoff as deputy lead 

counsel. 

9. 

5 No 

10. Thereafter, a letter was received by the undersigned from Mr. 

Kelber (Exhibit D) identifying Mr. Kassenoff as a "critical fact 

witness" for Wattanasin and objecting to his participation as an 

attorney for Wattanasin. 

4. During the cross-examination session at Sandoz, Mr. 
Kassenoff refrained from taking any testimony since he was a 
witness at the session, but the subject of his continued 
participation as deputy lead counsel was never questioned or 
discussed, let alone protested, by Mr. Kelber. 

It should be noted that it has been the practice in the 
Sandoz Patent and Trademark Department, at least in cases before 
the Court of Appeals for the Federal Circuit, that the briefs and 
record would designate as of counself one or more of the immediate 
supervisors of the principal attorney of record, and/or to 
indicate that the named individuals had background or consultant 
status in connection with the case. This practice was followed in 
the current interferences. 

5. 

5 
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Interference Nos. 102,648, 102,975 
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11. On May 25, 1993, Fujikawa filed their motion for sanctions, 

which Wattanasin now opposes. 

STATEMENT OF THE ISSUES 

The critical issue is whether Melvyn M. Kassenoff's testimony 

for Wattanasin violates any known legal requirement, or even 

presents an appearance of impropriety, or needs to be discounted, 

in view of his status as deputy lead counsel (or "of counsel"! in 

this matter. 

APPLICABLE LAW AND ARGUMENTS 

As a first matter, there is nothing in the Federal Rules of 

Evidence, which govern these interferences, which' prevents an 

attorney from testifying on behalf of his client. 

The most pertinent regulations bearing on the circumstances 

under which an attorney may serve as a witness for his client are 

located at 37 CFR §§10.62(b) and 10.63(a).- (both effective 1985) 

(Exhibit E). These sections essentially track the language of the 

American Bar Association Code of Professional Responsibility, 

Disciplinary Rules (DR) 5-lbl(B) and 5-102(A), respectively. 

6 
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1. 37 CFR §10>62. 10,63 

(i) 37 CFR §10.62(b) indicates that prospective employment 

should be refused by a practitioner or another practitioner in his 

firm when the practitioner or his associate "ought to be" called 

as a witness for the client in the matter. 

(ii) 37 CFR §10.63(a) likewise indicates that a practitioner 

who has already undertaken employment should withdraw if it 

becomes apparent that the practitioner or another in his firm 

"ought to" testify on behalf of the client.1* 

Of course, by their strict wording, both rules are directed 

to situations involving "firms," a term which is left undefined in 

the definitions section of Part 10 of 37 CFR. 

usage, however, the term "firm," would not even apply to an 

in-house corporate patent department. 

In conventional 

However, assuming arguendo that Rules 10.62(b) and 10.63(a) 

would apply to in-house counsel, both rules are subject to four 

defined areas where an attorney's testimony for his client need 

not require him to withdraw from representations 

(1) If the testimony will relate solely to an uncon-
tested matter. 

37 CFR §10.63(b) is directed to a case where the testimony is 
"other than" on behalf of the client, and is therefore 
inapplicable to the present situation.. 

6. 
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(2) If the testimony will relate solely to a matter of 
formality and there is no reason to believe that 
substantial evidence will be offered in opposition to 
the testimony. 

(3) If the testimony will relate solely to the nature 
and value of legal services rendered in the case by the 
practitioner or the practitioner's firm to the client. 

(4) As to any matter, if refusal would work a sub
stantial hardship on the client because of the distinct
ive value of the practitioner or the practitioner's firm 
as counsel in the particular case. 

Sub-paragraph (1) 

Sub-paragraph (1) above may or may not apply to the present 

However, it is respectfully submitted that 

Kassenoff testimony certainly falls within any one or more of 

sub-paragraphs (2), (3) and (4). 

the situation. 

Sub-paragraph (2) 

Concerning sub-paragraph (2), Mr. Kassenoff's testimony in 

part clearly relates essential to formalities, e.g., the existence 

of his handwriting in certain documents of record [e.g., see pages 

4-5 of the Kassenoff Declaration (WR at 230-231)]. 

Sub-paragraph (3) 

Furthermore, Mr. Kassenoff's testimony should be entirely 

permitted under sub-paragraph f 31, which goes to the nature and 

value of legal services. For example, he provided testimony 

concerning his involvement as a member of the Sandoz Patent and 

8 
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Trademark Department in the activities leading to filing of the 

Wattanasin application, and policy and practices applied to the 

filing of the Wattanasin application, as well as examples of cases 

which he drafted in the HMG-CoA reductase area [e.g., see pages 

1-5 of the Kassenoff Declaration (WR at 227-231)]. 

Indeed, if there were any doubt that, the Kassenoff testimony 

falls squarely within the purview of at least sub-paragraph (3), 

the underlying PTO commentary makes this crystal clear: 

"One comment suggested that proposed §10.62 should 
specifically authorize a registered patent practitioner 
to testify concerning attorney diligence in patent 
cases. This suggestion is not to be adopted. However, 
it should be clear that in most cases, the exception of 
proposed §10.62 (b)(3) would apply.*** f citation to 
Wilder v. Snyder, 201 USPQ 927 (Bd. Pat. Inter. 1977] 

[emphasis supplied] 1045 OG 367 fsee Exhibit F) 

Thus, while the PTO drafters did not incorporate into Rule 

10.62(b) the above proposed language relating to admissible 

attorney testimony as to diligence — probably in the desire to 

adhere strictly to language paralleling the sister ABA 

disciplinary rules, DR 5-101(B) and 5-102(A) the commentary 

Fujikawa motion, is Conspicuously absent from the 
reference to this PTO commentary, to which Fujikawa were expressly 
directed by Wattanasin in the undersigned's letter included as 
Exhibit A to the Fujikawa motion. 

any 

9 
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does clarify that the present circumstances should fall within the 
sub-paragraph (3) exception. 

The commentary goes on to state that "the weight to be given 
testimony by a practitioner on behalf of his or her client would 

which, of course, the be determined on a case-by-case basis" 
Board is free to do with respect to any testimony. 

In short, there is nothing in Mr. Kassenoff's testimony, 
required by Fujikawa's raising of the abandonment issue, which 
does not legitimately come within exception (3), above. 

Sub-paragraph (4) 
With respect to sub-paragraph (4), the "hardship exception," 

it is a given that disqualification of Mr. Kassenoff from this 
matter would work a substantial hardship on the party Wattanasin. 
As indicated above, Mr. Kassenoff not only has distinctive 
knowledge of the HMG-CoA reductase inhibitor area, but also 
considerable and valued expertise concerning PTO interference 
procedure. In particular, Mr. Kassenoff has been engaged in the 
drafting and prosecution of HMG-CoA cases, and building of a 
patent estate in this subject matter area, since about 1982. Mr. 
Kassenoff has been a primary liaison with Sandoz management 
concerning both Sandoz and third-party coverage in the HMG-CoA 
reductase area. Disqualification of Mr. Kassenoff as a counsel in 
these interferences would unfairly deprive Sandoz of Mr. 
Kassenoff's wide technical and patent knowledge gained from, 
substantial experience in the HMG-CoA area. Furthermore, Mr. 
Kassenoff, as a member of the Sandoz Patent Committee, also has 

10 
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intimate knowledge of the procedure and practices of the Committee 
in the rating of patent disclosures. 

Accordingly, it is believed that the present facts amply 
justify application of subparagraph (4) permitting attorney 
testimony in hardship cases. 

2. Caselaw 

There appears to be no decisional law under the 1985-enacted 
o 

37 CFR 10.62 or 10.63, save for the Domino case referred to by 
Fujikawa, where, in fact, the Commissioner was concerned with Rule 
10.63(b) which is not at issue here, and in any event, denied a 
motion for disqualification. 

This points up a fundamental problem with the legal authority 

relied on by Fujikawa in their brief: in the context of a highly 

fact-dependent inquiry such as one directed to attorney 

impropriety and sanctions, Fujikawa are casting about for support 

in various judicial dicta and broad-brush restatements of the law 

— in complete disregard, however, of the underlying facts which 
9 distinguish their cited caselaw from the instant situation. 

Little Caesar Enterprises Inc. v. Domino's Pizza Inc., 11 
USPQ2d 1233 (Comm. 1989). 
8 .  

Fujikawa certainly cast wide for the broad dicta appearing in 
Lau Ah Tew v. Dulles, 257 F.2d 744 (9th. Cir. 1958), a naturaliza
tion case where the attorney's testimony in question concerned his 
ability to recognize the identity of his client, a petitioner for 
naturalization. 

9. 

11 
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For example, the 1977 Wilder case (Exhibit G) mentioned in 
the PTO commentary on Rule 10.62(b) and also cited by Fujikawa, 
involved an interference situation where the Board, in fact, 
found "no reason not to accord weight" to testimony given by an 
attorney for the senior party. 

Universal Athletic Sales Co. v. American Gym, Rec. £ Ath. 
Equip. Corp., 192 USPQ 193 (3d Cir. 1976), cert, den. 193 USPQ 570 
(1977) (Exhibit H), relied on extensively by Fujikawa, * is 
concerned with a situation where an attorney in the law firm 
representing the infringement defendant testified as a purported 

The expert as to the invalidity of plaintiff's patent at issue. 
Third Circuit vacated the district judge's finding of patent 
invalidity on the ground that the arguable deficiency of the 
witness as an expert and his role as an attorney, should have 
prevented his testimony from being given controlling weight to 
rebut the presumption of validity of an issued patent. 

Therefore, the Universal case, notwithstanding its 
broad-brush restatements of the law amounting to dicta, is limited 
on its facts to a situation involving expert testimony by a law 
firm attorney — which is recognized to be severely deficient to 
begin with — being given controlling weight in overcoming the 
presumption of validity attaching to an issued U.S. patent. The 
Third Circuit ruling overturning the trial judge's unpatenta
bility finding had to be colored by the obvious deficiencies of 
the witness's purported expert testimony. 

12 
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By contrast, Mr. Kassenoff is an in-house counsel being 
relied on as a fact witness, as even Fujikawa acknowledge. 
Kassenoff is not being offered as an expert witness. Nor is Mr. 
Kassenoff testifying as to the validity of an issued patent, 
sum, it is difficult to find any substantive influence that the 
Universal case on its facts could have as to these interferences. 

Mr. 

In 

In very illustration of this point, the court in the 
succeeding interference case of Wilder, while paying "lip service" 
to the broad pronouncements in Universal and similar language in 
97 C.J.S. Witnesses §71, in fact, chose to admit into evidence the 
attorney testimony at issue in Wilder. 

Even more instructive in an interference setting is a case 
overlooked by Fujikawa: Wick v. Zindler, 230 USDPQ 241 (Bd. Pat. 
Inter. 1984) (Exhibit I). In that case, the attorney, Holtz, who 
prepared the involved application of the senior party, also served 
as a designated co-counsel in the interference. Holtz's testimony 
was needed to corroborate the senior party's date of conception. 

The junior party moved to exclude the Holtz testimony. In 
deciding the motion, the Board first referred to the Wilder case 
for authority that an attorney is competent to serve as a witness 
for or against his client. In dictum, the Board also recited that 
this testimony could be discounted. However, in fact, the Board 
went on to consider the testimony: 

13 
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Nevertheless, under the circumstances of this case 
where Holtz has identified certain documents that the 
inventor used to explain the invention during 
conferences with him, we believe that his testimony as 
to when the conferences occurred and that the invention 
was then explained and understood by him is entitled to 
sufficient weight to corroborate conception. We note 
that Holtz supported his tesitimony with documentary 
evidence in the form of calendar entries... and entries 
in his law firm's log of invention disclosures ... 
[emphasis supplied] 

230 USPQ at 246 

Finally, reference is made to the case of SMI Industries 
Canada Ltd. v. Caelter Industries, Inc., 223 USPQ 742 (NDNY 1984) 
(Exhibit J), which involved an action for patent and trademark 
infringement, and unfair competition. Denying plaintiff's motion 
to disqualify defendant's law firm under DR 5-102(A) of the ABA 
Code of Professional Responsibility, the parallel section to 37 
CFR 10.63(a), the court stated that the resulting loss of services 
would create precisely the kind of hardship which is protected 
against by sub-paragraph (4) of DR .5-10l(B) [analogous to 37 CFR 
1 0 . 6 2 ( b ) ( 4 ) ] :  

Even assuming, arguendo, that members of the 
Limbach firm ought to be called as witnesses at trial, 
the court concludes that disqualification is not 
appropriate in this case. As noted previously, DR 
5-101(B)(4) provides that an attorney may continue 
representation of his client in a proceeding in which 
the attorney'is called upon to testify if disqualifica
tion would work a special and unwarranted hardship on 
the client by virtue of the distinctive value of the 
lawyer or his finrra's counsel in the case. 

14 

Sawai Ex 1005 
Page 3485 of 4322



Wattanasin 
Interference Nos. 102,648, 102,975 
Opposition to Fuj. Mot. Sanctions 

In the present case, George Limbach has represented 
the related predecessor coporation of defendant in 
patent and trademark matters since 1967, and the Limbach 
firm has represented defendant and its related companies 
since early in 1968. The attorney-client relationship 
has become intimate, and the firm has acquired special
ized knowledge of defendant, defendant's related 
companies, and their operations. The Limbach firm's 
representation of defendant in the present action 
involves a complex set of legal and factual issues which 
the firm has been familiar with for many years. At this 
late juncture it would work a substantial hardship upon 
the defendant to require it to retain new counsel. 
Moreover, there is no basis for concluding that the 
continued representation by the Limbach firm will 
prejudice the plaintiff in this proceeding in any way or 
taint the underlying trial. Accordingly, plaintiff's 
motion to disqualify pursuant to Canon 5 is denied, 
[emphasis supplied] 

223 USPQ at 748. 

It is believed that the disqualification of Kassenoff or any 
other in-house Sandoz attorney would present no less hardship on 
the party Wattanasin than is described in the above' SMI decision 
concerning the Limbach disqualification. 

Counsel for Wattanasin can understand that there would be 
legitimate concern to separate the role of an attorney as a 
witness from the role of an advocate at trial before a 1ury. 
Avoiding prejudice before the jury is a guiding consideration in 

However, even in these cases, the many disqualification cases, 
courts have often simply prevented the attorney giving testimony 
from appearing in court before the jury as trial counsel for his 
client. 

15 
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Of course, the present case does not involve a jury trial, 
but a proceeding conducted before a panel of Examiners-in-Chief. 
Surely the concern to avoid prejudice that informs the ABA's 
restraints against attorney testimony in jury trials, would not 
obtain in a patent, interference proceeding. 

Particularly in a case where an attorney is testifying on 
behalf of his client, there is a harsh injustice to the client to 
force him to choose between the attorney's legal knowledge and the 
attorney's often critical knowledge as fact witness. The hardship 
is even greater when an attorney is forced to abandon his legal 
role in mid-stream in order to have his testimony received into 
the record. 

In particular, the policy which Fujikawa now seeks to apply 
against Wattanasin is manifestly unfair: If the EIC were to 
approve the Fujikawa motion, this would mean that any corporation 
which is a party of interest in an interference, would effectively 
be deprived of the unique legal and technical skill of its own 
in-house patent staff simply because one or more of those same 
attorneys may almost necessarily be called as a fact witness 
concerning activities within the scope of their • employment in 
connection with an involved application. 

In summary, the express terms of 37 CFR §10.62(b) and 
§10.63(a), and the weight of decisional authority as well as 

16 
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policy considerations, are squarely against disqualification of 
the Sandoz Patent and Trademark Department, or Mr. Kassenoff 
individually, from the present interferences. Similarly, it is 
submitted that under the present circumstances, there is 
absolutely no reason or justification for discrediting the 
Kassenoff testimony. 

Given the improbability under all relevant legal authorities 
of his obtaining disqualification of the Sandoz Patent and 
Trademark Department or of Mr. Kassenoff alone, what Mr. Kelber is 
transparently really after is "discounting" or "discrediting" of 
the Kassenoff testimony. 

Why Mr. Kassenoff's testimony should be "discounted" as 
opposed to that of any other witness is not entirely clear, 
the other deposed Wattanasin witnesses, Mr. Kassenoff was sub
jected to rigorous cross-examination by Mr. Kelber. 

Like 

Even more so 
than the other, non-attorney witnesses, Mr. Kassenoff would have 
been conscious of his obligation, as member of the bar and an 
officer of the court, to uphold his oath. Likewise, Mr. Kassenoff 
would have been aware of the severe toll on his professional 

Mr. Kassenoff status that could attend violation of his oath, 
furthermore being an acknowledged fact witness, there is no good 
reason to discredit his testimony, and none is really offered by 
Fujikawa. 
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Wattanasin 
Interference Nos- 102,648, 102,975 
Opposition to Fuj. Mot. Sanctions 

FUJIKAWA BELATEDNESS 

For whatever reason, Fujikawa have until now — over three 
months after the Kassenoff testimony was presented and over a year 
after Mr. Kassenoff's designation as a deputy counsel of record — 
failed to raise any issue of disqualification or "discounting" of 
testimony, and even have taken cross-examination from Mr. 
Kassenoff without raising the issue. 

In short, Fujikawa are raising an issue long after it should 
have been raised. To all appearances, Fujikawa saved their motion 
for a time when opposition to it would have been due one day 
before Wattanasin's main briefs. 

It has to be concluded that the probable cause for the 
Fujikawa motion for sanctions is that counsel for Fujikawa 
happened to elicit from Mr. Kassenoff on cross-examination, 
information going to Sandoz Patent and Trademark Department 
procedure and the like, which could not be favorable to Fujikawa. 
Grasping for a rationale to eliminate or discredit this testimony, 
Fujikawa counsel have fabricated a strategy based on allegations 
of attorney impropriety. Such belated action and conduct should 
not be.permitted. 

18 

Sawai Ex 1005 
Page 3489 of 4322



Wattanasin 
Interference Nos. 102,648, 102,975 
Opposition to Fuj. Mot. Sanctions 

CONCLUSION 

Accordingly, the Fujikawa motion for sanctions should be 
denied on the basis of any one or more of the following reasons; 

1. The testimony of Melvyn M. Kasssenoff for the party 
W a t t a n a s i n  f a l l s  w i t h i n  t h e  p r o t e c t e d  a c t i v i t y  o f  3 7  §  1 0 . 6 2 ( b )  ( . 2 )  
and (3), because it constitutes testimony going to formalities and 
the factual circumstances of his activities in relation to the 
Wattanasin invention; 

2. The testimony of Melvyn M. Kassenoff also falls within 37 
CFR 10.62(b)(4), because otherwise the party Wattanasin would be 
deprived of Kassenoff's in-house technical and patent law 
expertise, which would work a serious hardhip; 

3. The Fujikawa motion is belated, as it could have been 
filed much earlier. The suggestion by Mr. Kelber that he only 
became aware of the situation upon filing of the Wattanasin Record 
is without merit. Mr. Kassenoff has been listed as deputy lead 
attorney from the beginning of this matter. 

4. None of the sanctions sought by Fujikawa is justified, 
and in fact would only serve to give Fujikawa undeserved advantage 
to the extent the Kassenoff testimony was discounted. Counsel for 
Fujikawa caused this testimony to be taken, and subjected Mr. 
Kassenoff to cross-examination under oath. Counsel for Fujikawa 

19 

*^4 

Sawai Ex 1005 
Page 3490 of 4322



Wattanasin 
Interference Nos. 102,648, 102,975 
Opposition to Fuj. Mot. Sanctions 

should face the testimony rather than have the PTO discount it 

advance for no justifiable reason. 

in 

Finally, Mr. Kassenoff has not been an active participant in 

these interferences (particularly following his changed 

responsibilities as of January 1993, referred to above); rather, 

he has served as a consultant on an intermittent basis concerning 

technical or PTO procedural matters. Wattanasin would be willing 

to remove Mr. Kassenoff as deputy lead counsel, but cannot without 

hardship meet Fujikawa's demands, which would deny the undersigned 

any right to consult with Melvyn Kassenoff concerning these 

interferences. 

Respectfully submitted, 

~i 
Diane E. Furman 
Attorney for Wattanasin 
Registration No. 31,104 
201-503-7332 

SANDOZ CORPORATION 
59 Route 10 
East Hanover, NJ 07936 

June 14, 1993 

I hereby eertify that this oorrespondance is being 
deposited with the United States Poatal Service as 
first class mail in an envelope addressed to: Commis
sioner of Patents and Trademarks, Washington, D.C. 
a0231,on June 14, 1993 

"(Date of Deposit) 
Diane Furman 
~ rMiit assionee, or 

ftMreenfetive 
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CERTIFICATE OF SERVICE 

It is hereby certified that a true copy of the paper 

entitled: 

WATTANASIN OPPOSITION 
TO FUJIKAWA MOTION FOR SANCTIONS 

was served on counsel for the party Fujikawa et al., this 14th day 

of June 1993, by first-class mail addressed to the following: 

Obion, Spivak, McClelland, Maier' & Neustadt, P.C. 
Attn: Steven B. Kelber, Esq. 
1755 South Jefferson Davis Highway 
Crystal Square 5, Ste. 400 
Arlington, VA 22202 

mmrM 
• E. Furman Diane 
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Case No. 600-7101/CONT 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 
Interference No. 102,648 

Examiner-in-Chief s 

Sofocleous 

v. 

PICARD et al. 

v. 

FUJIKAWA et al. 

Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 
BOX INTERFERENCE 

20231 

37 CFR 1.613 DESIGNATION OF LEAD ATTORNEY 

FOR THE PARTY WATTANASIN 

In accordance with 37 CFR 1.613, the undersigned, Diane 

E. Furman, is hereby designated as the lead attorney for the 

party Wattanasin'in the above-identified interference. 

Melvyn M. Kassenoff, Registration No. 26,389, attorney 

of record at phone no. (201) 503-8477, is hereby designated 

deputy lead attorney with full power and authority to act in 

the absence, for any reason, of the lead attorney. 

per the power of record, the address for both of the 

is: 

As 

Patent and Trademark Department, Sandoz foregoing 

Corporation, 59 Route 10, East Hanover, New Jersey 07936. 

Respectfully submitted, I hereby certify that this corrgsscndence is bciri? 
deposited with the United States Postal Seivicy ̂ s 
first class mail in an envelope addressed to- Comrnis* 
fiioner of Patents and Trademarks. Washington, D.C. 

/llLwifoit 

20231, on 1992... 
_ . (Date al Deposit) Diane B. Furman r/??/? 

Diane E. Furman Mame of apsftcant, assignee, or 
Jj ReaisttfS&d Reoresentatiya Attorney for the Party Wattanasin 

Registration No. 31,104 
MarWfs, 1992 201-503-7332 (phone) 

201-503-8807 (facsimile) Date of Signature 

SANDOZ CORP. 
59 Route 10 ' 
E. Hanover, NJ 07936 
KMF:def 
March 23, 1992 
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362 
Case No. 600-7101/COHT/INT.(2) 
Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN 

Interference Nos. 102,648, 102,975 

Examiner-in-Chief: M. Sofocleous 

v. 

FUJIKAWA et al. 

DECLARATION OF MELVTN M. KASSENOFF PURSUANT TO 37 CFR §1.672 

I, Melvyn M. Kassenoff, do hereby declare as follows: 

All of the below-indicated activities took place in the 1. 

United States. 

I have been employed by Sandoz Corporation in the Patent 

and Trademark Department since 1972. . My. current position is 

Director, Patent and Trademark Affairs. I am an associate counsel 

of record in these interferences. -

2. 

I have had responsibility for the filing and prosecution 

of Sandoz patent applications in the HMG-CoA reductase inhibitor 

area since 1982. However, this area was only a very small portion 

of my total workload, the bulk of which comprised prosecuting 

applications in the azo dye area originating from research done by 

Sandoz AG in Basle, Switzerland. 

3. 

Since about 1981, Sandoz Research Institute has been engaged 

in a research effort to develop compounds having utility as 

HMG-CoA reductase inhibitors for use in the treatment of 

hypercholesterolemia. This project resulted in numerous patent 

disclosures being submitted to the Patent Department, including 

Patent Disclosure 299/84 of Dr. Wattanasin. 
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363 
Kassenoff 
Declaration 
page - 2 

Prior to approximately April 1987, when he took permanent 

leave for health reasons, Mr. Fred Weinfeldt, a senior patent 

attorney in the Sandoz Patent Department, shared the 

responsibility of filing of patent applications in the HMG-CoA 

reductase inhibitor area. In August 1987, Mrs. Joanne M, Giesser 

joined the Department as a patent attorney and took over a portion 

of Mr. Weinfeldt's docket of patent disclosures to be filed. 

4. Within a week or two following the January 27, 1988 

Patent Committee meeting, I was aware that Patent Disclosure 

299/84 of Sompong Wattanasin had received an "A" rating. It was 

my intention that the case would be filed by Mrs. Giesser or 

myself depending on who was available after existing filing 

priorities had been completed, inasmuch as following Mr. 

Weinfeldt's departure, a backlog in unfiled HMG-CoA reductase 

disclosures had been developing.' 

It is noted that the Sandoz U.S. filings in the HMG-CoA 

reductase area commenced in about 1982 and continued into 1991. 

For example, a representative list "of Sandoz original (including 

CIP) U.S. patent application filings in the HMG-CoA reductase 

inhibitor area comprises the following: 

5. 

Case 600-6951 filed Nov. 22, 1982 (abandoned) 
Case 600-6951/B filed Nov. 4 1983 (R60 of which) issued as 

U.S. 4,739,073 (1988) 
L 

Case 600-6951/C filed Nov. 22, 1982 (pending) 
Case 600-7013 filed June 4, 1984 now U.S. 4,588,715 (1986) 
Case 600-7015 filed June 22, 1984 (abandoned) 
Case 600-7022 filed Dec. 4, 1984 (abandoned) 
Case 600-7025 filed Apr. 12, 1985 (abandoned) 
Case 600-7028 filed May 22, 1985 now U.S. 4,668,794 (1988) L 
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367 
Kassenoff 
Declaration 
page - 3 

Case 600-7015/B filed June 6, 1985 now U.S. 4,613,610 (1986) 
Case 600-7035 filed Oct. 25, 1985 (abandoned) 
Case 600-7022/B filed Mar. 7f 1986 (abandoned) 
Case 600-7041 filed Apr. 30, 1986 (abandoned) 
Case 600-7028/B filed May 14, 1986 (R60 of which) issued as 

U.S. 4,755,606 (1988) 
Case 600-7035/B filed Oct. 15, 1986 now U.S. 4,851,427 (1989) 
Case 600-7050 filed Dec. 23, 1986 now U.S. 4,751,235 (1988) 
Case 600-7025/ filed May 5, 1987 (abandoned) 

CIP 
Case 600-7022/C filed Jul. 1, 1988 now U.S. 5,001,255 (1991) 
Case 600-7025/ 

CIP/CIP/CIP filed Oct. 6 ,  1988 (abandoned) 
Case 600-7025/ 
CIP/CIP/CIP/ 

filed Jan. 16, 1990 (pending) 

filed Mar. 
filed Jan. 27, 1988 now U.S. 4,822,799 (1989) 

filed Mar. 10, 1988 (abandoned) 
filed Mar. 10, 1988 now U.S. 4,876,1989 (1989) 

CIP 
Case 600-7041/ 

6, 1987 (abandoned for R60) CIP 
Case 600-7064 
Case 600-7041/ 

CIP/CIP 
Case 600-6955/ 
XN//B/CONT/X 

Case 600-7087 
Case 600-7101 
Case 600-7087/B filed May 
Case 600-7104 filed May 
Case 600-7041/ 

CIP/CIP/II filed Jul. 13, 1989 now U.S. 4,870,199 
Case 600-7104/ . 

filed Oct. 13, 1988 (abandoned) 
filed Mar. 3, 1989 (abandoned for R60 cont.) 

8, 1989 (abandoned) 
22, 1989 (abandoned) 

CIP filed Feb. 20, 1990 (pending) 
CAse 600-7087/C filed Sept. 5, 1990 (abandoned) 
Case 600-7087/D filed Feb. 26, 1991 (pending) 

Appendix Z hereto contains copies of the cover sheets of some 

of the above-indicated U.S. patents which issued on the above 

cases. 

It is my best recollection that in February of 1988, I 

was in coiranunication with Dr. Wattanasin concerning information 

6. 
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36$ 
Kassenoff 
Declaration 
page - 4 -

which was needed by the Patent Department in order to prepare an 

application based PD 299/84. (The application that was 

subsequently filed was designated as, and is referred to herein 

as, "Case 600-7101".) 

Exhibit K hereto comprises a true copy of a page containing 

my . handwritten notations concerning Case 600-7101 and a 

handwritten date of February 12, 1988. ' 

These notes comprise a checklist of information items which 

needed to be developed or confirmed in order to draft Case 

600-7101. The fact that these notes were made on the reverse side 

of the second attachment page to PD 299/84? and furthermore, that 

paragraph 2 discusses the .scope of the disclosure and in 

sub-paragraph (c), refers to "other substitu [sic] on the 

quinoline ring," indicates their pertinence to the involved 

Wattanasin application. 

These notes further indicate that I spoke, with Sompong 

Wattanasin ("S.W.") on February 12, 1988 concerning his quinoline 

compounds and requested that he provide me with certain 

information. * 

7. On or about March 1, 1988, I received from Dr. Wattanasin 

certain reaction schemes which were to be included in case 

600-7101. . 

Exhibit 0 comprises a copy of material which *1 received from 

Dr. Wattanasin for the preparation of Case 600-7101. This shows 

two different reaction routes to preparing quinoline compounds of 

the case. 
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. 3(6 
Kassenoff 
Declaration 
page - 5 -

It was my practice to request the Sandoz Biology 

Department to send me IC5Q and ED5Q values for compounds X was 

planning to cover in a patent application, as well as other 

biological information necessary to properly draft a patent 

application directed to a pharmaceutical. 

8 .  

Exhibit Q hereto comprises a Biological Data Report and 

computer printout which I received from the Sandoz Biology 

Department. The Wattanasin disclosure number, i.e. "299/84" is 

written in my handwriting on the front page/ and the compounds of 

Patent Disclosure 295/84 as well as PD 299/84 are included in the 

printout. 

The printout bears a date of May 23, 1988. 

1988 I filed Case 600-7022/C based on PD 9. On July 1_ 

295/84, which was indicated for filing ahead of PD 299/84. 

Exhibit R hereto comprises a copy of the front page of U.S. 

Patent No. 5/001,255, which issued on Case 600-7022/C, and 

indicates a filing date of July 1, 1988. 

10. With reference to Exhibit Y-2: page 2 of this computer 

printout bears a date of January 11, 1989 written in my 

handwriting. 

11. At no time subsequent to the "A" rating of Patent 

Disclosure 299/84 did I or, insofar as I am aware, any other 

member of the Patent and Trademark Department of Sandoz 

Corporation, ever have any intention not to file a United States 

patent application on the quinoline compounds of said patent 

disclosure in due course. 
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Si? 
Kassenoff 
Declaration 
page - 6 

The undersigned declares 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 this application or any patent issuing 

thereon. * 

I hereby subscribe my name to the foregoing Declaration this 

j?'" day of February,, 1993. 

TfUltyyi 17]* H'&ywytHf • 
MELVYN M. KASSENOFF 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

WATTANASIN v. FUJIKAWA ET AL. 

INTERFERENCE NO. 102,648 
INTERFERENCE No. 102,975 

WATTANASIN CONSOLIDATED RECORD 

VOLUME I 

[PAGESl - 1 3 5 ]  

Diane E. Furman 
Sandoz Corporation . 
Patent and Trademark Department 
Building 418 
59 Route 10 
E. Hanover, NJ 07936-1080 
(201) 503-7332 
Attorney for the party WATTANASIN 

Of Counsel 
Richard E. Vila 
Melvyn M. KassenofF 
Sandoz Corporation 
Patent and Trademark Department 
Building 418 
59 Route 10 
E. Hanover, NJ 07936-1080 
(201)503-7852 

May 15, 1993 
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OBLOK, SFXVAX, MCGXBLXAKO, MADBK a NBTJSXAJDT, F.O. 
ATTOKNEYC AT LAW 

FO U RTH  FLOOR 
I7BB JEPTCK SO N  DAVIS  HISHWAY 

A R LI N GTON,  VI R GI NI A 2 2 2 0 2  U .S .A .  

NOSHAN FI OBbON 
MARVIN J. aCIVAK 
e. IHVIN HCCLCLIAND 
ancaoav J. MAISB 
AflTMUK I .  N6UBTAOT 
KOBEKT C, MILLKII 
•ICMAftO e>. HCUV 
VAME6 S. BANIITON 
BSKHAHS «. KUBBTCMS 
•0»»»T T, POUt 
DAVID J. HtRA 
CHAHLBfl I. aHOkt 
VINCENT J. tUNDtHolCH' 
WILLIAM 5. BeAUMONT 
6T6VCN B. KCbBBN1 

BTUART B. OWORK 
N O B B m  F i  a N u a t  
JCAN'*AUL LAVAIXCVC, PH. Q. 
j t fpnsr  H.  KAUrMAN 
BRIAN B, ANOBHteN1 

flOBEHTA S> BNIN 
WILLIAM B. WALHEK* 
TIMOTHY R, BCHWAim, P H . 6 .  
niCHAHO M. STCRM* 
JOHN H. w6»eo 
BTEPHSN 0. BWTBB. *Hi B. 

PATSNTi TRABGMABK ANB COWRiaHT LAW 
AND HBUTEB FSBSRAL AN* ITC LITIQATION 

AAVIB Ai MOVAIft • 
MABTIN M.WLTlCH 
CARh Bi 8CHUSR 
B8NNIB R. BALCV 
BTftVCN P. WCIHROVCH 
P. JAY HINB8 
JOBIPH T. LEONC 
BARRV P. HILlCA 
$yftlNOCR 6ACHAH 
JAMBB Jt KUkBASKI 
FBBBBRICK B. VABTlNC, Ph. 6,' 
MURRAY TILLMAN' 
ROBERT W. HAUL, PH.D.* 
RI4HARB L. SHINN, PH.B.» 
AMBRKW B. raRTMEv. PH.D.* 
MARC R. LAB6010, PH.D.1 

AICHAAD A. MKIPBLB, PH, B,* 
J. DBR5K MABONi PH.B.* 
KENNBTH B. WELLS* 
ANBREW B. BRIFFIi1 

WICHAftO L. TfitANOR, PH.D," 
KARCN L. SHANNON, PH.D.* 

WEST COABT 0"ICt 

BOB t THS ALAMEOA, 8UITE I tO 

BAN JOSX, CAUFORHIABBltB 

TBLBPHONB 

I40B> 

FACSIMILE . 
14081 MB'SBBB 

T E u e  P H O N E  
(70J) 413-3000 

FACSIMILE 
(703) 41 S*B880 

TEUtX 
SABASB OPAT UR »lt*R MEMBCRBHIPOTHEH THAN VIRGINIA 

'REOIBTEREB PATENT ABENT 

May 20, 1993 
VIA FACSIMILE 
1-201-503-8007 

TWO PAOSS 
—PATENT AND— 
JRADEMARK DEPT. 

MAY 211993 
n£f= 

MILTflH BTEAMAN* 
BAMVCL NI BLECH' 
JOHN 0.TKBBANBkr* 
ALTON B. JtOUIH* 
JOHN K.O. ClARXC1 

Diane Furman, Esquir® 
SANDOZ CORPORATION 
Patent and Trademark Department 
59 Route 10 
S. Hanover, NJ 07936 

Interference No. 102,648 
Interference No. 102,976 
Wattanaein v. Fujikawa et al 
our Ref•s 

Re: 

49-111-0 and 49-123-0 DIV 
Dear Diane: 

I noted two itome with some oonoern on receipt of your 
Consolidated Record in the above Interferences, 
foremost, I am particularly concerned that you have listed as "Of 
Counsel" Melvyn H. Kassenoff. As you are aware, Mr. Xaesenoff was 
a critical fact witness for you in this case, providing an 
extensive Declaration, and an even longer and more contested cross-
examination. It is wholly and completely inappropriate to have a 
fact witness participating as an attorney on behalf of the same 
party. univaraal,, Athifttlc .gjaJlaftM...CQCTpany.„„ll.v.- tosxAflAn, 
Recreational and Athletio Ecrulpment Corporation. 546 F.2d 530, 539, 
FN 21 (3rd Cir. 1976), Cert, denied, 430 US 984 (1977), See also, 
SMI Industries Canada, Ltd. v. caelter tnduBtrieflr 223 USPQ 742 (ND 

It is particularly offensive to me to have listed 
Melvyn M. Kassenoff as "Of Counsel" when I indicated, during the 
Wattanasin cross-examination, that I had discomfort with a witness 
taking the examination of another witness. Your Record, page 97, 

In any event, it is demonstrably improper to have a fact 
witness acting as an attorney on behalf of the party for whom he 

First and 
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OBLON, SPFVAK, MCCLELLAND, MAIEH a> NEXTSIAM, P.O. 

Page Two (3) Diane Furnaii/ Esquire 
SANDOZ CORPORATION 
Patent and Trademark Department 

appeared as a witness. We require that you immediately reassure 
us, in writing, that Mr. Kassenoff will have no participation in 
the preparation of the Brief, advice to yourself or other Counsel 
acting in this matter, appearance at or suggestions with regard to 
Pinal Hearing, or any other participation in this matter. Mr. 
Kassenoff's participation should have ended with the statement "No 
further questions". 

Because we must move for disqualification promptly if we do 
not receive your written confirmation that Mr. Kassenoff will not 
participate, please forward it via facsimile. We would also expect 
you in due course to file a paper with the Patent Office indicating 
that Mr. Kassenoff was improperly designated as "Of Counsel", and 
will not participate in the matter beyond his appearance as a fact 
witness. On this matter, we require your urgent cooperation. 

1 am also surprised that you failed to include as exhibits, or 
provide a cross-reference, with respect to the exhibits submitted 
during cross-examination depositions. I appreciate that these 
exhibits appear elsewhere, but a review of your record, and the 
cross-examination transcripts provided therein, makes no sense, 
because it is not apparent to anyone that exhibit W-3, for 
instance, corresponds to anything of record. As these were your 
depositions, they were your responsibility to submit. We will be 
filing a cross-reference table next week, to at least simplify 
matters. I would appreciate it if you could provide us with copies 
of all the exhibits, since you received the original depositions. 
This, of course, would not pertain to the exhibits submitted in the 
Holmlund deposition. 

I look forward to hearing from you in the near future. 

Very truly yours, 

OBLON, SP1VAK, MCCLELLAND, 
MAIER & 'ADT, P.C. 

en B. Kelber 
SBK/bb 

P.S. I note further we received only one record copy. We should 
have received two under the Rules. Please forward another 
as soon as possible. 
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10.57(c)(4) March 8, 1985 •ff • 

PATENT AND TRADEMARK CASES - RULES OF PRACTICE 

••pT" Confidences or secrets necessary to establish or 
collect the practitioner's fee or to defend the 
practitioner or the practitioner's employees or 
associates against an accusation of wrongful conduct. 

(4) 

A practitioner shall exercise reasonable care to prevent 
the practitioner's employees, associates, and others whose 
services are utilized by the practitioner from disclosing 
or using confidences or secrets of a client, except that 
a practitioner may reveal the information allowed by 
paragraph (c) of this section through an employee. 

(d) 

§10.58-10.60 [RESERVED] 

§10.61 CANON 5. 

. : • A practitioner should exercise independent professional 
judgment on behalf of a client. -vr • 

REFUSING EMPLOYMENT WHEN THE INTEREST OF 
THE PRACTITIONER MAY IMPAIR THE PRACTITIONER'S 
INDEPENDENT PROFESSIONAL JUDGMENT. 

§10 .62  

Except with the consent of a client after full disclosure, 
a practitioner shall not accept employment if the exercise 
of the practitioner's professional judgment on behalf of the 
client will be or reasonably may be affected by the prac
titioner's own financial, business, property, or personal 
interests. 

A practitioner shall not accept employment in a pro
ceeding before the Office if the practitioner knows or it is 
obvious that the practitioner or another practitioner in the 
practitioner's firm ought to sign an affidavit to be filed in 
the Office or be called as a witness,' except that the 
practitioner may undertake the employment and the 
practitioner or another practitioner in the practitioner's 
firm may testify: 

(1) If the testimony will relate solely to an uncontested 
matter. 

<a) 

-•'II''-• i.'. 

• 

(b) 

•My.-r, 

V.\ 

' *** 

v? v 

P h T -19 
RULES SERVICE CO. 

- 686.27 -
COPYRIGHT, 1985 KENSINGTON, M D .  

: £1*7 

•• 
•ir.' 

'*r 
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•??; March 8, 1985 10.62(b)(2) 

PATENT AND TRADEMARK CASES - RULES OF PRACTICE 

If the testimony will relate solely to a matter of 
formality and there is no reason to believe that 
substantial evidence will be offered in opposition 
to the testimony. 

If the testimony will relate solely to the nature and 
value of legal services rendered in the case by the 
practitioner or the practitioner's firm to the client. 

( 2 )  

( 3 )  

As to any matter, if refusal would work a substantial 
hardship on the client because of the distinctive 
value of the practitioner or the practitioner's firm as 
counsel in the particular case. 

( 4 )  

WITHDRAWAL WHEN THE PRACTITIONER BECOMES 
A WITNESS. 

If, after undertaking employment in a proceeding in the 
Office, a practitioner learns or it is obvious that the 
practitioner or another practitioner in the practitioner's 
firm ought to sign an affidavit to 'be filed in the Office or 
be called as a witness on behalf of a practitioner's client, 
the practitioner shall withdraw from the conduct of the 
proceeding and the practitioner's firm, if any, shall not 
continue representation in the proceeding, except that the 
practitioner may continue the representation and the 
practitioner or another practitioner in the practitioner's 
firm may testify in the circumstances enumerated in 
paragraphs (1) through (4) of § 10.62(b). 

§10.63 
' r / V '  

(a) -wssn-

. . . .  
/-".V 

v 

- -

T/'foy-.v 

If, after undertaking employment in a proceeding before 
the Office, a practitioner learns or it is obvious that the 
practitioner or another practitioner in the practitioner's 
firm may be asked to sign an affidavit to be filed in the 
Office or be called as a witness other than on behalf of 
the practitioner's client, the practitioner may continue the 
representation until it is apparent that the practitioner's 
affidavit or, testimony is or may be prejudicial to the 
practitioner's client. 

(b) 
i:: 

Tf" 

• -"i* 

•* 

N 

- 686.28 -
COPYRIGHT, 1985 

P i T -19 
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draw. A fifth comment suggested that there is no need give permission and such permission would not obvijb 
for a petition to withdraw "when there is already a sub- tne rationale behind.the rule. _ 
stitute attorney." The,comment did not define a "substi- Three comments were received which suggested 
tute attorney." If a power of attorney is revoked (37 . a patent attorney or agent should be able to acquirc^Sg 
CFR §1.36) when a "substitute attorney" is appointed, a proprietary interest in the subject matter of a patent nJslff 
petition to withdraw is not necessary. If a revocation is ceedi'ng before the PTO. There are inventors 
not filed, any attorney of record continues to bfe an at- would not be able to apply for a patent and secure twfl 
torney of record until the power is revoked or the attor- assistance of a registered practitioner unless the' pragu-lg 
ney withdraws. The suggestion made in the fifth com- tioner may take an interest in the patent as part or Jlarll 
ment is not being adopted. his or her fee. The text of proposed § 10.64(a) is be&Vfl 

One comment was concerned with timing of a changed to permit a practitioner to acquire an mterestwifl 
decision on a petition to withdraw and suggested that a a patent case. Acquiring an interest in trademark aatfll 
time be given for the PTO to act. It was further other non-patent cases would continue to be prohibited^ T* 
suggested that if the PTO foils to act within a specified Proposed §10.64(a) is now consistent with InfonnrivrL 
time, that failure to act is to be construed as approval uf Opinion No. 280 of the American Bar A^sociatwi- i l̂ 
the petition. This suggestion is not being adopted. In pa- which states: "A lawyer may acquire an interest in a |a 
tent cases, it is presently contemplated that action will tent' for his [or her] fee." Newly proposed §10.64{a)(# || 
be taken by the Director in the Examining Group in would not change PTO policy which prohibits a prac&§ 
which the patent application is pending or by the Chair- tioner from obtaining a proprietary interest for the SQ]C$ M 
man of the Board or Patent Inteferences, if the applica- purpose of obtaining a filing date under 37 CFR,! 1 
tion is involved in an interference. In trademark cases, it § 1.47(b). See Manual of Patent Examining Procedur&f H 
is presently contemplated that a decision on a pedtion to §4O9.03(f)(5th Ed. Aug. 1983). r p  
withdraw would be made by the Director, if an applica- Two comments questioned the need for proposed! 1 
tion is pending before a trademark attorney (examiner), §10.65(b) as it appeared in the advance notice. In r©$3 § 
or by the Chairman of the Trademark Trial and Appeal sponse to these comments, it has been decided to deleted i 
Board in those cases where the application is before the paragraph (b) from proposed §10.65. . .ye | 
board on an ex parte appeal or for inter partes proceed- One comment suggested that Rules 5.1 and 5.2 of their § 
ings. Model Rules of Professional Conduct of the American^ 1 

One comment suggested that proposed §10.40 doss Bar Association (1983) "are more in tune [than proposed^ £ 
. not address the situation where an attorney resigns as '§10.66(a)] with the present day practice of law.''It ir'<? 3 

member of a corporate legal department. Under current said that the ABA rules "account for supervisory re]*& s 
practice (37 CFR §1.36) and proposed §10.40, leave to tionships found in law firms and in corporate legal 
withdraw would ordinarily be granted to any pracdtio- partments." Proposed § 10.66(d) permits the Ditectorcc' P - ' 5  

ner who resigns as a member of a corporate patent the Commissioner to authorize tne creation of "Chines2§-:j 
and/or trademark legal department. Walls." In determining whether a "Chinese Wall" 

One comment suggested that proposed §10.48 would or should, be erected, the Commissioner should be free^Sv 
not permit a registered patent attorney and a general to take into account all factors. Compare Plus Produtî ,̂ 
lawyer to share legal fees even when the patent attorney v. Con-Stan Industries, Inc., 221 USPQ 107Bp 
and general lawyer are members of the same firm. Two (Comm'r.Pat 1984) and Sunkist Grower*, Inc v. Tflra 
comments suggested that proposed §10.49 would not Benjamin Ansehl Co., 221 USPQ 1077 (Comrn'r-Wtll; 
permit formation of partnership between a patent attor- 1984). 
ney and a general attorney. It was not the intent of the Two comments were received which indicated, in the|||i 
rules published in the advance notice to prevent such words of one comment, that "[ujnder many local jurists 
sharing of legal fees or to preclude formation of such dictions, it is permissible for a non-lawyer to own stockjg 
partnerships. In view of the changed definition of "prac- in a professional corporation or to be a director or ofB^g 
titioner" in proposed §10.1(r), the concerns expressed in cer thereof." Accordingly, subparagraphs (I) and (2) ofjln 
the three comments should no longer exist. See also the- proposed §10.68(c) as they appeared in the advance DO»1<J5 
change made to the preamble of proposed §10.1. Anoth- tice have been deleted! Paragraph (c) of proposed ^ 
er comment suggested that proposed §1(M9 would make §10.68(c) has been revised to limit its application toy* 
it impossible for a patent attorney and a suspended or those situations where the non-practitioner has the right cr'-
excluded practitioner to remain partners. This would be to direct or control the professioxial judgment of thc'J^ 
true if the suspended or excluded practitioner continues practitioner. The ownership of professional corporations;-^-; 
to practice law before the Office. If the suspended or ex-, or assodations and the directors and ofiicers thereof aie-.££-
eluded practitioner does not practice law before the matters which are deemed better, left to state law. ' : 
PTO, then no problem is foreseen. As pointed out in dis- One comment was received with respect to proposed^1 

cussing the comments concerning proposed §10.158, §10.8S(a)(7) as it appeared in the advance notice; Sectioo rj^ SJ 
however, when a partner is suspended or excluded from 10.85(a)(7) as it appeared in the advance notice has been m 
practice before the PTO, business may not be able to deleted as being unnecessary. See Fedders, 56 Notre :-•« 
continue as usual. Dame Law. 5, 59-60 (1980). B 

One comment suggested that the reporting require- Several comments were received discussing proposed .ui'ijflj 
ments of proposed §10.57 may be different than those §10.85(b)(l). Some comments suggested the entut'^fl 
imposed by the Code of Professional Responsibility of a subparagraph should be deleted. Others suggested 
given State. This may be true. However, the reporting should be strengthened. It has been decided to delete 
requirements of the States are not uniform. It follows from the text of §10.85(b)(l) as it appeared in the a4*<> E 
that the PTO caimot propose a rule which will be con- vance notice the "except when the infonnatioo v - S 
sistent with rules in all States. is protected as a privileged communication." This ; ,S 

K One comment suggested that proposed §10.62 should amendment was suggested by the Statewide Grievance S 
j specifically authorize a registered patent practitioner to Committee of Connecticut and the Patent, Trademark. H 

testify concerning attorney diligence in patent cases, and Copyright Section of the Indiana State Bar Assoda-
This suggestion is not to be adoped. However, it should tion. . « 
be clear that in most cases, the exception of proposed . Three comments relative to proposed §10.87 were re> jg 
§10.62 (b)(3) would apply. As pointed out in the ad- ceived. All three pointed out a mispelling of the word § 
vance notice,' however, the weight to be given testimony "advice." One comment questioned whether a practiUO- 1 
by a practitioner on. behalf of his or her client would be ner could tell a party who refuses to retain counsel that 1 
determined on a case-by-case basis. Wilder v. Snyder, 201 "I don't thinlr you' have a leg to stand on." Proposed •• jj 
USPQ 927, 934 (Bd.Pat.Int. 1979^/The same comment §10.87 covers those cases in which the party is reprc- F-
suggested that permission by a client should be made the sented by counsel. If a party refuses to retain counset 
basis for permitting a practitioner to testify. This sugges- then a practitioner may deal with that party as he would •. t. 
tion is not being adopted. Virtually all clients would with a lawyer for that party. In response'-to another ^ 
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Wilder, Reick, and Piatt v. Snyder 927 201 USPQ 

an output readily discernible from the other 
(MR-26). The evidence also tends to show 
that there are devices functioning as fre
quency translators which are not considered 
to involve modulation (MR-33, 60, 61). 
Funher, the evidence indicates there are 
devices functioning as temporal modulators 
which are not considered to perform strict 
frequency translation (MR.64). However, 
when asked on direct examination what 
ways were known to obtain freouency 
translation, the expert witness Mezrich 
volunteered: 

Mezrich repeated this view in response to 
Question 78 on direct examination: 
(MR-36) 

As I think I said before, by taking par
ticular pains you can temporally, 
modulate a wave and then by removing or 
filtering out the effects of this modulation 
you can result with a replica of the input 
signal at a new channel, but you have to 
have gone to some pains to do that. 

The Lee brief does not call attention to 
this testimony. We are raising this point on 
our own. 

This indicates that there are sub-systems 
which function as frequency translators and 
which do involve lemfioral modulation. We will 
employ the following diagram to illustrate 
the situation we see indicated by this 
evidence. -

ii 

(MR-33,34) 
You could amplitude modulate a signal 
and by using filters to suppress some com
ponents you don't want or select a par
ticular component, generate a frequency 
to translate a signal. This is a particular 
case where you can modulate something 
to produce a frequency translation. 

II. 
temporal jiodulafcors ' frequency ̂ translators 

frequency translators 
not invoking 
modi/l ati on 

temporal modulators 
not effecting 
frequenqy translation 

frequency translators 
Involving 
modulation 

[5] We find that the Lee claims cor
responding to the counts, as they preclude 
no particular types of frequency translators, 
clearly encompass category "B", above. We 
further find that the M 
responding to the counts, as they do not 
oreclude further operations on one of the 

earns, such as the filtering of an amplitude 
modulated beam (of the type described at 
MR-33, 34, 36 by Mezrich), also encompass 
category "B", above. On this basis it is our 
view that the respective claims of the parties 
corresponding to the counts call for the 
same invention in that they embrace 
overlapping subject matter (category UB") 
and, thus, there is an inter/erence-in-fact. 
Mezrich has failed to sustain his burden of 
proof and we see no reason to exercise our 
discretionary authority under 37 CFR 
1.259. . 

Patent and Tradcxurit Office? 
Board of Patent Iittet&rences 

Wilder, Reick, and Picut v. Snyder 

Opinion dated Oct. 21, 1977 
Patent No. 4,141,361 issued Feb. 27, 1979 

ezrich claims cor-

PATENTS 
1. Interference — Burden of proof — In 

general (§41.051) 
J  

Junior party whose application is copen
ding with that of senior party bears burden 
of proof by preponderance of evidence. 
2. Interference — Evidence — In general 

(§41.351) 
Interference — Practice (§41.60) 

As we find an interference-in-fact to exist 
and Mezrich raises no other issues which 
would preclude judgement against him, 
priority of invention as to both counts 1 and 
2 is hereby awarded to Tzuo-Chang Lee, the 
senior party. 

Pleading and practice in Patent Office 
— Rules effect (§54.9) 

• Party's sketches made during taking of his 
testimony and introduced into evidence, but 
not noticed in its service under Patent Rule 
287(a),' nor included in its motion under Pa
tent Rule 287(d)(1), since they did not come 
into existence until time testimony was 
taken, are properly in evidence. 

Ii 
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236,177, 3. Interference — Evidence — In general tion date until party's reduction of his iriven-
(§41.351) tion to practice. benefit of 

July 
a^plicatH 9. Interference — Reduction to practice Interference — Practice (§41.60) 

Pleading and p 
— Rule* effect (§54.9) 

— Testa (§41.758) ractice in Patent Office 
Serial Nc 
awarded 

Some inventions are of such simple nature 

mitted to rely on those exhibits, which were humah or ahimal body, 
introduced during testimony of his ' 
witnesses, but were not 'noticed in service 
under. Patent Rule 287(a), are-given no con
sideration. 

Michael 
L. W 
Wilder 

on 

10. Attorneys •— Propriety of conduct Olson, T 
Ltd., ,1 
Alster, 
Chicat 
Arliny 

(§17.7) 
Evidence —•' Weight and credibility. 

4. -Interference — Burden of proof — In 
general (§41.051) 

(§36.40) 
Interference — Evidence — In general ''ti 

Before Ci I n t e r f e r e n c e  (§41.351) E v i d e n c e  
aminei Corroboration (§41.355) Interference — Practice (§41.60) 

Board. 
Cham]: Party having burden of proof must es- . 

tablish his case by corroborated testimony; 
proof of alleged inventor's conception and 
reduction to practice requires full cor
roboration by other than inventor's own self j 
serving testimony or records. 

This ir 
tion of St 
of Febnii 
Wilder et 
July 22,1 
the basis 
Wilder e; 

Assign 
Mid 

5 .  I n t e r f e r e n c e  E v i d e n c e  s Corroboration (§41.355) 
Interference — Practice (§41.60) | 
Co-applicant's testimony regarding sub«^a 

stantially all of his work in constructing and /.jj 
testing invention* that stands un*.'^ 
corroborated is given no weight. '38 

6. Interference — Evidence — Concep-
tion (§41.953) 

are .v-; 
Franklin m The Sny 

II 
s 

sofar as 1 

(D Bo 
purpose ( 
than thei 
Also, bot 
sideratioi I n t e r f e r e n c e  —  E v i d e n c e  

Corroboration (§41.355) 4'!,' argumeni 
Wilder el 
preponde 
the junic 
copendin 

•V:.\ Interference — Evidence — Reduction 
to practice (§41.361) 

Fient. 

xX 11. Interference — Issues determined 
Alleged corroborator's testimony from 

which it is not evident that he knew con- _ . , . , ... 
struction of invention or that he saw com- Question of third party inventorship is 
pleted invention model provides proof of not ancillary to priority and therefore not 
neither conception nor reduction to practice enM'cd to consideration at final hearing, 
of invention. 12. Interference — Priority (§41.70) 

(§41.45) 

The i: 
manually 

m a 
to claims 
and 19 b 
adequate 

. rep.roduci 
Count 2 

7, Interference — Conception (§41.10) 
Conception must include all essential 

elements defined in courlts. 

Party who was first to conceive and first to 
reduce invention to practice is entitled to 
prevail in interference. 

P a r t i c u l a r  p a t e n t s  —  S u r g i c a l  
Evacuator 

8. Interference — Diligence — Excuses 
(§41.253) 

Snyder, application, Surgical Evacuator, ^ 
awarded priority against Wilder, Reick, and' 

• Picut, application. 

A s r Interference — Diligence —• Period of 
diligence (§41.257) 

Attorney's time consumed in rendering 
infrinjgement opinion on invention does not 
constitute excuse for lack of diligence; 35 patenl interference No. 98,632, between 
U.S.C. 102(a) requires party's diligence Joseph R. Wilder, Franklin G. Reick, and 
from time just prior to opponent's concep- Frederick R. Picut, application, Serial No. 

operab 
body f) 
said e\ 
tion, a 
formed 
tainer 
mosphi 

!! 
•j 

•tfji 
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mal position which it tends to assume by 
reason of its resiliency across one end of 
the container and being operable upon 
the manual actuation thereof to a stretch
ed negative pressure applying position 
within the container confines and toward 
the opposite end thereof with the outer 
face of the diaphragm remaining open to 
atmosphere during this movement, said 
container being provided with an opening 
into which a conduit of flexing tubing 
may be connected, the other end of said 
tubing being of a material compatible 
with human tissue and being arranged for 
insertion into a body wound, whereby as 
said diaphragm returns to normal posi> 
tion across the said one end of the con
tainer the negative pressure applied by 
the diaphragm within the container will 
effect the extraction of body fluids from 
the wound by continuous suction, said 
fluids being thereby expressed into the 
container for storage therein. 

Count 3 • 

238,177, filed Mar. 27, 1972, accorded 
benefit of application, Serial No. 57,288, fil
ed July 22, 1970, and Harold I. Snyder, 
application, Serial No. 254,080, filed May 
J 7, 3 972, accorded benefit of application, 
Serial No. 9,610, filed Feb. 9, 19/0. Priority 
awarded to party Snyder. 
Michael Ebert, New York, N.Y., and John 

L. White, Arlington, Va., for party 
Wilder. 

Olson, Trexler, Wolters, Bushnell & Fosse, 
Ltd., Richard A. Giangiorgi, Caliste J. 
Alster, and Richard B. Trexler, all of 
Chicago, 111., and Charles L. Sturtevant, 
Arlington, Va., for party Snyder. 

Before Champion, Forrer, and Calvert, Ex
aminers of Interferences. 
Champion, Examiner of Interferences. 

This interference is between an applica
tion of Snyder having an effective filing date 
of February 9, 1970, and an application of 
Wilder et al. having an effective filing date of 
July 22, 1970. Snyder is the senior party on 
the basis of his earlier effective filing aate; 

!•' 

A self-contained, independently-operable 
surgical evacuator unit adapted to drain 
fluid from a body site and to transfer fluid to Wilder et al. are the junior party. 

•are 
Franklin G. Reick and Joseph R. Wilder. 
The Snyder application is unassigned, in
sofar as the record shows. 

a. a cup formed of rigid material and 
having a continuous side wall and an 
unbroken end waJJ; 

b. an elastic membrane covering the 
cup and sealed to the lip thereof to 
define a sump chamber to hold liquid, 
said membrane in its unstretched state 
being substantially planar; 

c. an inlet-exhaust fixture mounted 
on said side wall and communicating 
with said chamber, said fixture when 
functioning in an inlet mode being 
adapted for connection to a drain tube 
leaaing to a body site to be drained; 
said fixture also being arranged to func
tion in an exhaust mode; and ' 

d. an actuator member associated 
with said membrane and 
manually-operable by an inwardly-
directed force to effect inward 
stretching of said membrane to displace 
the atmosphere of said chamber 
through said fixture in the exhaust 
mode and to create in the inlet mode of 
said fixture a negative pressure acting 
to draw fluid into said chamber when 
the member is released, said membrane 
then being capable of returning to its 
original unstretched state without .the 
use of an external force whereby fluid 
withdrawn from the body site proceeds 
to fill said chamber. 

[1] Both parties took testimony for the 
purpose of establishing priority dates earlier 
than their respective effective filing dates. 
Also, both parties filed briefs for our con
sideration and appeared and presented oral 
argument through counsel at final hearing. 
Wilder et al. bear the burden of proof by a 
preponderance of the evidence since they are 
the junior party and their application is 
copending with that of Snyder. 

The Subject Matter 
The invention is a diaphragm-type, 

manually-operable' surgical evacuator for 
drawing body fluids from closed wounds. 
Counts 2 ana .3, corresponding respectively 
to claims 1 and 27 of Snyder and to claims 9 
and 19 of Wilder et al., are in issue. They 
adequately describe the invention and are 
reproduced below: 

Count 2 
A self-contained, independently 

operable, evacuator for the extraction of 
body fluids, for ambulatory human use, 
said evacuator comprising in combina
tion, a container, a resilient diaphragm 
formed as a movable end wall of said con
tainer with its outer face open to at
mosphere, said diaphragm having a nor-

i 
1 

i i  
111 }• 
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Wilder et al. file a motion under 37 C.F.R. 
1.287(d)(1) that he be permitted to relv 
the exhibits. Accordingly, we will give them 
no consideration. . 

Issues 
Wilder et al. have asserted that they con

ceived the invention on either November 17, 
1969 or January 9, 1970, and that they ac
tually reduced the invention to practice on 
February 13, 1970. They further assert that . 
they were diligent during a period beginning ... 
prior to Snyder's conception date and en- Wilder1; Priority Case 
- g with their actual Ruction to practice , Th jnvemors are named on the 

Febn^ry 13, 1970. W.lder et al. make no wnd , application: Joseoh R. Wilder, 
?nS Trf hS => medical dtfctw: Franklin G. iReick, a "fra 

07n ^ ?uVniPnfH , inventor; and Frederick R. Picut, 
July 22, 1970 elTecuve fi ing date. .. president of Picit Manufacturing Co., Inc. . 

Snyder asserts a date of conception as ear- 2 of he h inventors, Reick 
ly as December 5 1969, but no later than h , if Tw(; h 

flecemberSO 1969. He asserts that he wa? witn„ses tcJr,ed on behalf of Wilder et al.: 
d.ligent from the date of h.s concept,on until Paul McMahon, an ^pbyee of Picut, and 
a constructive reduction to pract.ee as of his Mfch , Eb h ^ ' who fi,. 
February 9, 1970 effective lil.ng date. ^ th(, WMer'et alHapplica,ion. f . , 

3. According to Reick's testimony, he is a 
prolific inventor, having been granted 

On July 9, 1976, prior to the beginmng of Pate.nts in numerous and varied fields. He 
: Wilder et al. period for taking tlstimony, works out of a home laboratory. 

Wilder et al. filed a motion under 37 C.F.R. 4. Reick first met Dr. Wilder in May of 
1..287(d)(1) to be permitted to rely on 1969, and he, Dr. Wilder and Picut had 
further documents and things (Paper No. their first meeting during the same month. 
43) not noticed in the service under 37 During the period immediately thereafter, 
C.F.R. 1.287(a), which documents and the three met two or three times a week to 
things were later introduced into evidence as discuss various projects on which they were 
Wilder et al. Documentary Exhibits 6 to 9 associated. 

Physical Exhibits B, C and E. Snyder 5. The subject of surgical evacuators was 
opposed the motion (Paper No. 44)  on the first discussed during this period when it 

round that he did not receive it until the was suggested by Dr. Wilder that Reick im-
eginning of the Wilder, et al. testimony prove the "Snyder HEMOVAC," a surgical 

period. Decision on the motion was deferred evacuator disclosed in McEIvenny et al. Pa-
to final hearing (Paper No. 47). In view of tent No. 3,115,138. Although structurally 
the reasons on which Wilder et al. based the different, the HEMOVAC functions as a 
motion, and in view of the fact that Snyder vacuum to draw fluids from closed wounds 
has failed to show that he was prejudiced by in a manner analogous to the involved in-
the belated notification of the additional vention. 
documents and things, the motion isgran/ed. Reick testified that during the period 

[21 Snyder has objected to sketches made August-October, 1969, he constructed a 
by Keick during the taking of Reick's rough prototype of an evacuator for use in 
testimony. The sketches were introduced feasibility studies, a recently constructed 
into evidence as Wilder et al. Exhibits 11, replica of which was introduced into 
13, 21, 28, 29 and 30, but were not noticed evidence as Wilder et al. Physical Exhibit 5, 
in the Wilder et al. service under 37 C.F.R., the original having been discarded in 1969. 
1.287(a). Obviously the exhibits could not The prototype consists of a tin can having 
have been noticed, nor included in the one open end, a stretchable member made 
Wilder et al. motion under 37 C.F.R, of polyurethane secured in sealed 
1.287(d)(1), since they did not come into ex- relationship across the open end, and a flexi-
istence until the time the testimony was ble tube having one end inserted through 
taken. Hence, the sketches are properly in and secured with glue to the cylindrical side 
evidence. wall of the can. Depressing tne membrane 

[3] Snyder has objected to Wilder et al. into the can and then releasing it causes air 
Documentary Exhibits 1 to 4, 10, 14, 22 to 1° exhaust and then intake through the fiexi-
27, and Physical Exhibits A and D. The ex- ble tube. Reick stated that the prototype 
hibits were introduced into evidence during proved the feasibility of using an open-end-
the taking of the testimony of the Wilder et ed container and diaphragm combination as 
al. witnesses, but were not noticed in the a means for creating a vacuum in a surgical 
service under 37 C.F.R. 1.287(a). Nor did evacuator. 
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I  through Zimmer. I mention this only 
because I believe Joe is scheduled to see 
Zimmer on another item. 

The fact that you can design a superior 
evacuator in which the springs are an in
tegral part may avoid some but not all of 
the claims. One need infringe only a 
single claim to infringe a patent. Claim 4 
in tne McElvenny patent appears to be of 
broadest scope. Would you, therefore, 
with your proposed evacuator in mind, 
study claim 4 and tell me to what extent, 
if any, you deviate in the slightest respect 
from what is set forth in claim 4. 

If, in fact, your new design infringes the 
patent, however superior it may be, you 
will not be in a particularly good bargain
ing position with Snyder or anyone else, 
for Snyder then has tne power to stop you 
dead in your tracks. 

7. No witness corroborated the construc
tion of the tin can prototype, or that it was 
even in existence in 1969. . 

8. Reick stated 
about October 17, 
17. 1969. he constructed at least two other 
models of a dia 
evacuator. None o 
traduced into evidence since, according to 
Reick, they were thrown away; however, 
during the taking of his testimony, Reick 
sketched the evacuators on sheets of paper. 
The sketches, introduced into evidence as 
Wilder et al. Exhibits 11 and 13, show the 
structure defined by the counts in issue, 
with the exception that they omit the flexi
ble drain tube. Reick stated that in addition 
to constructing the models he also tested 
them to the extent of manually operating the 
parts. 

9 The only witness to corroborate any of With regard to the meaning of the 
Rwck s work on the model evacuators con- statemcnts he madc jn the second 
structed in October-December, 1969 was paragraph of his November 15th letter to 
McMahon, and he testified only that he jrbertt rteick testined as follows at WR 210: 
made cups for the evacuators; he did not 
testify that he ever saw the completed 
evacuators, or that he knew the exact con

. struction of the evacuators in which the cups 
were to be used. 

f 

that during the p 
1969 to about D< 

eriod of 
ecember 

phragm-type surgical 
r the models were in-

XQ203. In the letter of November 15th 
you were talking about blow-molding 
the KRATON rubber into a con
voluted sidewall to give you sidewall 
flexibility? 

A.-That's right. 
XQ?04. Like an accordion? 
A. This was an exploratory, very flexible 

thing which we didn't pursue as far as 
• development is concerned. 

10. In support of their asserted 
November 17, 1969 conception, Wilder et al. 
rely on the testimony of the inventor Reick 
and the corroborating witness Ebert, and 
Wilder et al. Exhibits 8 and 12. 

11. Exhibit 8 is a letter, dated November 
15, 1969, sent by Reick to his patent at
torney Ebert. Attached to the letter when 
sent was a copy of the above-noted 
McElvenny  e t  a l .  pa ten t .  Pe r t inen t  pa r t s  o f  0 7 s .  
the letter state: ' 

14. With respect to Reick's November 
15th letter and his own letter of November 
17th, Ebert testified as follows at WR 274, 

However, you must remember that I 
was in constant touch with Frank [Reick] 
and shortly qfler I wrote this letter which 
acknowledged the November 15, 1969 
letter I had telephone conversations with 
Frank, and there any doubts as to what he 
meant were resolved in my mind. 

What he had in mind was a rigid can 
with a membrane on top so that the — by 
"membrane" I mean something whicn 
could be depressed and when released 
would create a partial vacuum, and which 
made it possible to do away with the con
necting tube on the top wall, which was 
the principal objection to this 

Attached patent for "HEMOVAC". 
I can design a superior evacuator from 
blow molded thermoplastic rubber. The 
springs will be designed into the walls of 
the container as an integral part of it. 
Very cheap to manufacture. 
If you think such an approach would not 
infringe McElvenny perhaps we should 
make a prototype. 

12. Exhibit 12 is a letter dated November 
17, 1969, and was written by Ebert in 
answer to Reick's letter of November 15th. 
It reads as follows (original emphasis): 

I refer to your letter of November 15 HEMOVAC. (Emphasis added) 
regarding the Snyder HEMOVAC which 

15. In his testimony, Ebert does not give 
any exact dates of his telephone conver
sations with Reick; nor does he explain how 
much time was involved when he stated 
"shortly after I wrote this letter [of 
November 17, 1969]." 

is covered by McElvenny patent 
3,115 j 38. . 

On the folder you sent me describing 
the HEMOVAC produced by Snyder 
Mfg. Co., at the very end there is printed 
^immer I'.S.A. Apparently Snyder sells 
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•; 

16. Wilder et a). Exhibit 15 is a drawing Clerk and Accountant for Mr. Trexler and 
of a surgical evacuator conforming to all or paid Kinggard's drafting bill, 
the essential elements of counts 2 and 3 with 24. Snyder Exhibit 3 is a sheet of paper 
the exception that the inlet-exhauS? fixture containing sketches and handwritten 
is mounted in the base of the cup rather matter. Mr. Trexler testified that he 
than on the side wall as set forth in count 3. prepared the exhibit on December 5, 1969 
The drawing was prepared by Reiek and £8 the resuit of previous discussions with 

^ an a«onipanying letter Snyder, and that he used the exhibit in giv-
(WX 16) dated January 6, 19/0. jng the case to Kinggard to prepare patent 

17. Ebert acknowledged receipt of the drawings. 
Exhibit 15 drawing in a letter dated January 25. Kinggard testified that Exhibit 3 was 
9l L970,W: 17). ai?d> the letter inquired given t0 hfrn on December 5, 1969 by Mr. 
of Reick if he intended to make a ' working trexler, and that he' prepared the Snyder 
model. Reick,, in, a letter of reply dated patent drawings from tne subject matter dis-
January 15, 1970 (WX 18), stated in effect closed thereon. Copies of the drawings 
that he would not make any further prepared by Kinggard were introduced into 
"samptes' until the invention "cleared' as Snyder Exhibits 12a and 12b. 
Ebert's desk 0-e. when, and if, Ebert decid- Kinggard stated that the drawings were 
ed the invention did not infringe the completed on December 30, 1969, and that 
McElvenny patent). Was paid for their preparation on that 

18. In a letter to Reick dated January 30, date. Schrampfer corroborated the pay* 
1970 (WX 20), Ebert advised that the device ment. 
disclosed in Exhibit 15 did not infringe the 26. After Kinggard had completed the 
McElvenny patent, and further that "there patcm drawings Mr. Trexler prepared a 
appears to be some possibility of obtaining draft of the Snyder application and forward, 
patent protection on your device. ed it to Snyder on January 9, 1970 (SX 4). 

19. Reick testified that he did no work on 27. The draft was'returned to Mr. Trex-
the mvenuon at least from Januanr 6, 1970 ier who then ^ade additions to the applica-
until he received Ebert s letter of January tion, and on Januar " " 
30th, but that he thereafter made several forwarded the draft to , 
"elegant models which were completed on 
February 13, 1970 and sent to Ebert. 

20. No witness testified as to having 
Reick construct the "elegant models, nor 
did any witness testify as to having seen any 
of the models tested. 

Oc t bu. 
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Snyder (SX 5) (SX 
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1 & 28. Snyder executed the applica 
papers and returned them to Mr. Trexler 
who received them on February 3,1970 (SX 

tion 

if seen 
PS' 

123; 
.. -, , . 29. A letter of transmittal was prepared 
21. Ebert corroborates the cor- by Mr. Trexler and the application sent to 

respondence between himself and Reick, ' the Patent Office on February 5,1970 where 
j \eSiV ?l • rê l?'e 5 Krt1 't was given a filing date of February 9, 

models sometime in February of 1970. 1970. 
Ebert in his testimony describes the models 
in detail, stating that they conformed to the 
drawings of the Wilder et al. apolication [4j 1. A party having the burden of proof 
smce the drawing, were made from the m£st' cstabljsh7his case by corroborated 
models. However, Ebert s testimony is silent testimony. R^in v. Spalding, 49 CCPA 
as to whether or not anv tests were per- g70 297 F.2d 256, 132 USPQ 285 (1962). 
formed on the models while they were in his of an alleged invcnto^ conception 
possession. and reduction to practice requires full 
Snyder's Priority Cast roboration by other than the inventor's own 

' self serving testimony or records. Eastman 
22. Mr. Trexler, attorney for Snyder, was Kodak Company v. E. I. Du Pont de 

the first fact witness deposed during the Nemours & Company, Inc., 161 USPQ150, 
Snyder testimony period. His deposition 157 (D.C. E.D. Tenn 
was taken by Mr. Alster. Thereafter, Mr. 
Trexler took the depositions of the remain
ing Snyder witnesses. 

*23. In addition to Mr. Trexler and the in-
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Conclusion* of Law 

cor-

1969). 
2. To carry their burden of proof. Wilder 

et al. depend for the most pan on the activi
ty of Reick. However, Reick is an inventor 
named, in the Wilder et al. application, and 

ventor Snyder, witnesses testifying on behalf his testimony regarding substantially all of 
of Snyder were Norman R. Kinggard, the his work in constructing and testing the in-
patent draftsman who prepared the Snyder vention stands uncorroborated, 
patent application drawings, and Hejen m 3. None of Reick's testimony respec-
Schrampfer. who was the Chief Docket ting nis alleged activity during the August-

not u 
the V\ 
panyi 
197 

6. 
Ebert 
Wild< 
letter 
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October, 1969 period, including the alleged 
building of the "tin can" prototype, will be 
given weight since it is without corrobora
tion (See Findings of Fact 6 and 7). 
Moreover, the activity is unsupported by 
contemporaneous documents or models. 

[6] 4. Reick's testimony that he built and _ 
tested models of the invention during the derstood by Ebert, the Wilder et at. concep-
period October-December, 1969 (See Fin- tion of count 2 was complete. Ebert> letter 
ding of Fact 8) is of little value. Except for of January 9, 1970 acknowledging receipt of 
the testimony of McMahon, who stated that the Exhibit 15 drawing establishes the date 
he built cups for the suction device during of conception of count 2. As to count 3, the 
this period, Reick's testimony is un- drawing fails to include all of the essential 
corroborated. With respect to McMahon's features.recited; it does not disclose the in-
testimony, it is not evident that he knew the let-exhaust as being located in the side wall 
construction of the surgical evacuator in of the cup, but ratner in the base thereof, 
which the cups were to be used, or that he [8] 7. The pf-eliminary statement of 
ever saw a completed evacuator. Mc« Wilder et al. alleges reasonable diligence 
Mahon's testimony thus provides proof of toward an actual reduction to practice of the 
neither a conception or a reduction to prac- invention commencing November 18, 1969 
tice of the invention. and ending with an actual reduction to 

[7] 5. We do not find that Wilder et al. practice on February 13, 1970. Wilder et al. 
Exhibits 8 and 12 and the testimony of admit that they were inactive from January 
Reick and Ebert (Findings of Fact 10-15) 6, 1970 until the end of the month, but 
are sufficient proof to establish a conception assert that.their lack of diligence during this 
of the invention by Wilder et al. on the period is excused due to the fact that they 
November 17, 1969 date alleged by Wilder were waiting for their attorney, Mr. Ebert, 
et al. Reick's Exhibit 8 letter to Ebert, to render an infringement opinion on their 
dated November 15, 1969, fails to disclose a invention (See Findings of Fact 17-19). We 
resilient diaphragm or membrane across consider this position untenable. We do not 
one end of a container as a means ofcreating decide whether an attorney's time con-
a vacuum in a surgical evacuator. A concep- sumed in rendering an infringement opinion 

' tion must include all essential elements constitutes "commercial exploitation" as 
Snyder has urged, but we do find that such 
activity does not constitute an excuse for 
lack of diligence. On this exact point, 
Wilder et al. nave cited no decisions, and we 
know of none- Accordingly, assuming that 
Snyder conceived the invention as late as 

~ e 6 of 
et al. 

17), and the testimony of Reick and Ebert 
(Findings ofFact 16and 17) are sufficient to 
establish proof of conception of the inven
tion defined by count 2, but not count 3, on 
the date of January 9, 1970. When the Reick 
drawing (WX 15) showing all of the essen
tial elements of count 2 was received and un

defined in the counts, Interference Law and 
Practice, Rivise and Caesar, Vol. 1, Sec. 
123; Cislak v. Wagner, 42 CCPA 701, 215 
F.2d 275, 103 USPQ 39 (1954), and the 
resilient diaphragm or membrane is clearly 
an essential element of counts 2 and 3 here . 
in issue. Nor does Eben's answering letter of January 23, 1970, as admitted on pag 
November 17, 1969 reflect that he un- the Wilder et al. main brief, Wilder 
derstood Reick to have had knowledge of a were not diligent from a time just prior to 
surgical evacuator having a resilient that date until they reduced the invention to 
diaphragm or membrane as a means to practice, as recju/red by 35 USC 102(g). 
create vacuum. Moreover, Ebert's testimony u'Amico v. Koike, 347 F.2d 867, 146 USPQ 
that "shortly after" November 17, 1969 132 (CCPA 1963). . 
"any doubts as to what he [Reick] meant 
were resolved in my mind" does not provide 
proof of conception on the November 17th 
date inasmuch as Ebert did not provide an 
explanation of the time involved in his use of 
the term "shortly after." His testimony was 
taken seven years after the events took place, 
and in that context "shortly after" could 
mean as much as several months, possibly 
not until just prior to the time he received 
the Wilder et al. Exhibit 15 drawing accom
panying Reick's letter dated January 6, 
1970. 

[9] 8. Moreover, we conclude that the 
evidence fails to establish that Wilder et al. 
reduced the invention to practice on the 
February 13, 1970 date they have alleged. 
While no witness corroborates the testimony 
of Reick that he built and tested the inven
tion on that date, the evidence does establish 
that a model conforming to the terms of the 
counts was received by Ebert immediately 
thereafter. However, even assuming that 
construction of the invention was complete 
on the February 13th date, the record is 
devoid of any corroborated proof that it was 

6 We conclude that Reick's letter to tested. While some inventions are of such a 
Ebert dated January 6, 1970 (WX 16), the simple nature that they require no testing, 
Wilder et al. Exhibit 15 drawing, Ebert's Mason v. Hepburn, 13 App. D.C. 86, 1898 
letter to Reick dated January 9, 1970 (WX CD 510, 84 OG 147, such is not the case 
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with respect to the present invention. 
Without detailing all the tests we consider 
necessary for an actual reduction to prac
tice, we are of the opinion that the surgical 
evacuator defined by the involved counts 
would at least require operation of the suc« 
tion element to determine whether it would 

.hold a vacuum for a reasonable length of 
time. Moreover, particularly since the 
counts specify that the evacuator is for the 
extraction of body fluids, we think the 
evacuator would require testing on a human 
or animal body, or a simulation thereof, in 
order to determine whether it would per
form its intended function successfully un
der conditions of actual use. Successful 
testing would require the vacuum to be 
strong enough to evacuate fluids from a 
wound and yet be sufficiently weak to avoid 
flesh being sucked into the opening 
tube. Lack of such testing by Wilder et al. 
precludes the finding of an actual reduction 
to practice. 

9. On the basis of the above conclusions 
Wilder et al. have failed to overcome the 
February 9, 1970 effective filing date of 
Snyder and are not entitled to prevail in this 
interference. 

tion of the trial court to permit counsel to 
testify, and not prejudicial error to allow 
it. The professional relationship of the 
witness affects his credibility and not his 
competency, and irrespective of whether 
he withdraws as counsel or of the proprie
ty of his testifying, counsel in a cause is a 
competent witness, and may testify either 
for. or against his client. 

•See also Universal Athletic Sales Co. v.^ 
American Gym, Rec. & Ath. Equip. Corp.,* 

193 (3d. Cir. 
570 (1977). 

Nev 

Bu 

TRADEM 
1. Marks 

546 F,2d. 530, 192 USPQ 
1976), cert. den. 193 USPQ 

owne 
ticula 

[11] 11- Upon considering the Snyder 
recoro as a whole, we conclude that Snyder 

UNFAIR ( 
if 

Names • 
name 

Names -

has established a conception of the invention 
in issue on December 5, 1969. The Snyder 
.Exhibit 3 sketches made by Mr. Trexler on 

s in the t'lat ciate disclose all of the count 
limitations, as appears clear from the ex
hibit, and also as evidenced by the 
testimony of Kingeard who stated that he 
preparea the Snyder patent drawings from 
the sketches on instructions from Mr. Trex
ler. Mr. Trexler testified that he prepared 
the sketches as the resujt of previous dis
cussions with Snyder, and he further 
testified that he dictated the specification of 
the Snyder application from the drawings 
prepared by Kinggard. Realistically, the 

>v the priority case for Snyder. Initially, only reasonable conclusion to be drawn 
der et al. have objected to counsel for from these facts is that Mr. Trexler possess-

Snyder testifying as a fact witness (Finding ed full knowledge of the invention at the 
of Fact 22). They contend that Mr. Trex- time he made the Exhibit 3 sketches, and 
ler's appearance as the first witness for that he gained his knowledge from Snyder. 
Snyder provided him with the opportunity The argument by Wilder et al. to the effect 
to fill any "gaps" left in his own testimony that Mr. Trexler is the inventor of the sub-
with the testimony of subsequent witnesses, ject matter of the counts involves the ques-
With resoect to this contention, it is pointed tion of third party inventorship, which is not 
out that Mr. Alster could have also filled in ancillary to priority and therefore not cn-
the "gaps" had he continued taking the titled to consideration at final hearing, 
testimony of the subsequent Snyder Mortsell v. Laurila, 49 CCPA 1028, 3(fl 
witnesses. On pages 19 and 20 of the Snyder F.2d 947, 133 USPQ 380 (1962). 
record, Mr. Trexler has explained his [12j 12. Accordingly, we find that Snyder 
reasons for appearing as a Snyder witness, is lemjtled t0 prevail in this interference on 
and under the circumstances of this case we the additional ground that he was the first to 
find no reason not to accord woghMo his conccive and first reduce th inv<.ntion 

/e','WarroHowf"a?^ ̂  ^ redUC,i0n 

Witnesses §71, p. 467 (footnotes omitted): ™ 
In the final analysis the question of 

whether counsel should testify in a case 
with which he is professionally connected 
is one of legal ethics restine largely wi 
his own conscience, although a court rule 
or code of ethics concerning such 
testimony should be observed by counsel. 
While a court looks with great disfavor on 
the giving of testimony oy an attorney 
who participates in the trial in which he is 
a witness, it is clearly within the discre-
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[10] 10. Nevertheless, for the sake of 
completeness, we will decide the issues rais
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Award of Priority 
Priority of invention of the subject matter 

of the counts here in issue is hereby awarded 
th to Harold I. Snyder, the senior party. 
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193 Uniotrsal Athletic Salts Co. v. American Gym 192 USPQ, 192 USPQ, 

Court of Appeals, Third Circuit who had no expertise in weight training, 
held bachelor's degree in electrical engineer-0 weak and of insuf-

/e viscera from the 
[unction is concern-
1 for i he purpose of 
W lubrication pur-
p be for the purpose 
]t the scallop meats 
5$ed. The disclosure 
jupportthe inheren- • 
is to be present. 
Jig in the Wenstrom 
| believe that the in-

jver sprays 208 is for 
Ig viscera from the 
|Wenstrpm express
es purpose, which 
Jise of water sprays. 
t; us that the sprays 
Iced at all of the nips 
iers, rather than at 
Ivn in Figure 11, if 
I the rollers was the 
srays. 
of the Parties 

ing, worked as examiner for seven years and 
patent attorney for thirty-five, and handled 
patent work primarily pertaining to elec
trical engineering and had limited 
background in mechanical engineering 
although he had handled patent matters 
relating to turbines, motors, and generators, 
as expert in action involving "Body Exer-

ppeals — Orders cising Apparatus" patent, but his limited 
29.20) experience with class of devices present in 

. . , litigation should have substantially cir-
28 U.S.C. 1292(a)(4) authorizes appeal cumscribed weight accorded his testimony, 

from federal district court judgment in pat
ent infringement action that is final except Attorneys — Propriety of conduct 
for accounting; court of appe-'- ; --Jj- - -
tion under 28 U.S.C. 1292(a)(1) over app 
from federal district court that, in effc 

Universal Athletic Sales Co. 
v. American Gym, Recreational & Athletic 

Equipment Corporation, Inc., et al. 

No. 76-1023 Decided Nov. 19,1976 
As amended Dec. 30, 1976 

PATENTS 
1. Courts of A 

appealable (§29.20) 

nting; court of appeals hasjurisdic-
:r 28 U.S.C. 1292(a; 

(§17.7) 
eal 

Evidence — Expert testimony (§36.10) 

Pleading and practice in courts — 

from federal. district court that, 
denied injunction against further infringe
ment. 

ect, 

eaaing ana p 
Trial (§53.60) 2. Evidence—Expert testimony (§36.10) 

„ , ... ... Accused infringers'law firm should have 
Evidence Weight and credibility withdrawn once it decided that its associate 

would testify, or else firm should have found 
Federal district court erred in'according another expert; infringement action tried 

great weight to opinions of witness whose without jury could have been adjourned, 
qualifications as expert are questionable in- without prejudice to parties or waste of 
sofar as instant litigation is concerned; court's resources, until accused infringers 
federal district court erred in failing to dis- • selected another expert or law firm, 
count testimony given by associate in law 
firm representing accused infringers. 

(§36.40) 

his interference took 
witnesses, with per-

•anted by the Board ' 
ault we find with a 
Tiy is that it is an ex-
ive disclosures of the 
£e of Wenstrom, an 
sand his disclosure, 
/that the testimony 
;he meaning of art 

As to the testimony 
ithis Board will give 
nony of any witness 
id into a disclosure 
clearly is not there, 
ling, 1016 C.D. 3 

7. Attorneys — In general (§17.1) 

3. Evidence — Expert testimony (§36.10) Evidence — In general (§36.01) 
Patentability— New use or function— Testimony of associate in accused in-

Analogous art (§51.533) fringers' law firm is not incompetent in case 
I Which art is pertinent one must be deter- ."hi,ch £ I'lZ 
Led when considering whether witness 

stssassfife&ssat 
infringement action did not err solely by not 
extirpating testimony. 

with body building machines to assist trial 
Judee in action involving patented "Body 
Exercising. Apparatus," and weight lifter r^.p=eb^' *«««»• - ̂  *—1 m,,, 

training devices. Evidence — Weight and credibility 
(§36.40) 

jpriority 
is hereby awarded to 
I the junior party 

4. Evidence — Expert testimony (§36.10) 
Presumption from patent grant 

Weight of (§55.9) 
It is doubtful whether witness that had lit

tle familiarity with design of weight lifting 
machines prior to litigation, did not under- It 5s one thi for trial courl t0 ive 
take extensive study of technical references testimonv of interested witness some weight 
with respect to body-exercismg apparatus m in reaching decision, but quite another to 
connection with lawsuit, anJ confined ex- permit pre|umption 0f patcMm validity to be 

rebutted by-primary reliance on it; federal 
district court erred when it placed con
trolling weight, as to patent validity, on 
opinions of lawyer associated with defense 
counsel; there is considerable doubt that 
heavy presumption of patent validity can be 
overcome by testimony of attorney on behalf 

amination to elements of prior art selected 
by accused infringers'counsel, was suited to 
serve as expert in case in which germane art 
was design of body-training devices. 

5. Evidence — Expert testimony (§36.10) 
Federal district court did not clearly 

abuse its discretion in recognizing witness, of his client. 

[f 

j:  

' '^1 
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9. Presumption from patent grant — Pat- 15. Patentability — Invention — In 
ent Office consideration of prior art general (§51.501) 

f 

(§55.5) Patentability — Tests of — Skill of art 
(§51.707) Presumption from patent grant — 

Weight of (§55.9) Pleading and practice in courts — 
Issues determined — Validity or in-Fundamental canon governing judicial 

consideration of patent validity is that 
presumption of validity attaches to patents; . t , r ,... . , . 
presumption of validity often is further rein- L™1 of ordinary skill in pertinent art is -
forced where Patent and Trademark Office mandatory cmenon under Graham v. John 
specifically considered references of prior art Pj"6 148 USPQ 459; trial judge who 
invoked by accused infringer to invalidate ^icated record was deficient as to level of 
-atent; precision exhibited by Patent and s^] *n pertinent an should have 
JrademJrk Office reinforces presumption of refused t0 invalidate claims as obvious. 
validity in case in which examiner specifical- 16, Courts of Appeals — Issues deter-
ly considered prior art patent relied on by mined (§29.10) 
accused infringers and their expert stated ' 
that examiner made "good search"; patent 
invalidity must be demonstrated by clear 
and convincing proof. 

fringement only (§53.507) 

¥ 

Court of A 
ings of 

p peals —Weight giv 
District Court — ' 

and infringement (§29.359) 

en find-
Validity 

Patentability — Evidence of — In 10. Patentability — Invention — In general (§51.451) general (§51.501) 
Patentability — Evidence of — 

Commercial success — In general 
Patent may be deemed invalid if it is "ob

vious." . 
J ' (§51.4551) 

11. Patentability — Invention — In Patentability — Evidence of — Delay 
and failure of others to produce in-general (§51.501) 
vention (§51.459) Most authoritative construction of 35 

U.S.C. 103 appears in Graham v. John 
Deere Co., 148 USPQ 459, which has en
during vitality. ' • 

Secondary criteria for obviousness need 
not be considered in case in which evidence 
adequate to justify invalidating claims un
der 35 U.S.C. 103 was not presented; 
device's commercial success and failure of 
others to obviate hazards and requirements 
of traditional method would reinforce con
clusion that claims are not obvious; re
quisite findings as to Graham v. John Deere, 
148 USPQ 459, criteria that are not sup
ported by sufficient evidence are clearly 
erroneous, so that conclusion as to invalidity 
cannot stand. 

h 
1 1  

12. Patentability — Evidence of — State 
of art (§51.467) 

Patentability — Invention — In 
general (§51.501) 

It was proper to disregard devices design
ed subsequent to patent when analyzing 
prior art's scope and content. 

] !  13. Evidence . — Expert testimony 
(§36.10) 17. Courts of A ^ ppeals — Weight given 

findings of District Court — Validi
ty ana infringement (§29.359) 

Presumption from patent grant — 
Weight of (§55.9) 

There may be some instances where trial 
court can review prior art references without 
expert assistance; trial judge ordinarily 
decides whether he needs expert assistance 
to understand or evaluate reference reliedon 
as prior art; experts are not absolutely re
quired, and court may disregard their 
testimony if it appears unreasonable, but 
judge should rely on expert testimony in 
cases involving complex inventions. 

• ,  

Court of appeals does not sustain federal' 
district court's conclusion that claims were 
anticipated, absent sufTiciem evidence to 
rebut heavy presumption of patent validity. 

18. Patentability — Anticipation — 
Publications — What is publication 
(§51.2277) 

14. Patentability — Invention — In 
general (§51.501) 

Photograph may qualify as "printed 
differences between challenged claims and publication for purposes of 35 U.S.C. 102; 
prior art whose content was not convincing- photograph may disclose invention as well 
ly demonstrated. as or better than drawing and is "printed 

It would be difficult to evaluate 

- ' fi-i* 
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publication" for purposes of statute; rcstric- Floyd B. Carothers, Pittsburgh, Pa., for 
ting interpretation of section's "printed" Donald E. Pinchock. 
publication requirement solely to traditional 
priming press would ignore realities of 
modern scientific and teennofogical period; 

nvention — In 

Before Adams, Rosenn, and Garth, Circuit of — Skill of art Judges. 
photograph may so anticipate patent as to Adams, Circuit Judge, 
render it invali . ^ issue in this case is the validity of a 
19. Patentability - Anticipation - Umttd StatK patent' that pmaim to a 

Publications _ In genera, 
Universal Athletic Sales Co. at the time of 

Magazine photograph that is not full, suit, the patent consists of eight claims, and 
clear, and exact representation of device, it the district court struck down two of them 
being questionable whether one skilled In on grounds of anticipation and obviousness.2 

germane art could produce patented device We must decide whether these rulings were 
based on photograph^ examination, does warranted, 
not render patent invalid on ground of an
ticipation. 

Ice in courts — 
r— Validity or m-
153.507) 
'in pertinent art is 
:r Graham v. John 
•9; trial judge who 
cient as to level of 
^t art should have 
fas as obvious. 

— Issues deter-

(§51.2271) 

• •*: 

•i 
$ 

i 
question of 
the Court. 

Two issues underlie the basic 
patent validity which is before 
The first concerns the controlling weight ac
corded by t he trial judge to the testimony of 
defendants' principal expert witness, 

Fact that it is unclear whether prior art associate in the law firm representing two of . 
patent encompasses ail or substantially all the defendants. Assuming that such 
of patented invention's elements, and testimony deserved little or no weight, as 

dence does not reveal whether one skilled plaintiff maintains, we must then decide the 
germane art or mechanical engineer second issue, whether there was nonetheless 
id develop patented invention based on evidence sufficient to support the district 

£rior art patent or his own skills, warrants court's decision, 
conclusion that accused infringers failed to 
demonstrate invalidity under 35 U.S.C. 102. 

height given find-
fourt — Validity 
I§29.359) 

20. Patentability — Anticipation 
Patents — In genera] (§51.2211) an 

dence of — In 

•SJ-
Ividence of — 
ss — In general evi 

• #  in 
cou 

fence of — Delay 
Irs to produce in- t  

.'•I 

f • I. 5.= 
Modern technology has, of course, per-

Particular patents — Ap- vaded' almost every province of human 
paratus endeavor. The Zinkin patent demonstrates 

2,932,509, Zinkin, Body Exercising Ap- some^ha^u^ — "elght-iming. 
paratus, judgment invalidating claims 3 and Specifically, the patent rdates to the chest-
4 vacated. press exercise, one ofthe cornerstones of the 

bodily arts. As athletes and physical fitness 
_ ,xt enthusiasts well know, the chest press 

Appeal from District Court for Western enables the zealous practitioner to develop 
pjjtnct of Pennsylvania, Knox, J.; 187 (he musculature of his upper torso. Like 

many modern advances, the Zinkin patent 
attempts to-retain the advantages of old 
methods, while -conferring added benefits 
with the new. 

f ; - obviousness need 
: in which evidence, 
idating claims un-
as not presented; 
cess and failure of 
s and requirements 
ould reinforce con-
: not obvious; re-
ham v. John Deere, 
, that are not sup-
dence are clearly 
sionas to invalidity 

!• 
•p; 

•'& 

•H 

!* 

, « ;  

i '  

.y USPQ104. 
Action by Universal Athletic Sales Co., 

against American Gym, Recreational & 
Athletic Equipment Corporation, Inc., 
Grayson Industries Corp., American Super in the traditional chest press, the exer-
Gym Corp., Super Athletics Corporanon, ciser lies on a bench and raises a free barbell 
Ronald Arbasek, and Larry Salkeld, Donald from his chest to a position in which his 
E. Pinchock, and S. David Brodsky, doing anns arc fuj}y extended. He raises and 
business as Super Athletics Corporation, for lowers the barbell for as long as he desires or 
patent infringement and unfair competition. 
From judgment for defendants in part 
plaintiu appeals. Vacated. 

y 

I 1— Weight given 
I Court — Validi- i jnt (§29.359) 

j 
patent grant .— 

if 

not sustain federal 
in that claims were 
jcient evidence to 
j of patent validity. 

^Anticipation ^ — 
hat is publication 

1 United States Letters Patent No. 2,932,509 
for "Body Exercising Apparatus," issued on April 
12. I960. 
' The original opinion of the district court is 

reported at 397 F.Supp. 1063, 187 USPQ 104 
(W.D. Pa. 1975). That opinion subsequently was, 
amended, and the amenoed judgment is'set forth 
at 397 F. Supp. at )074. For the amended opin
ion, see Appendix at 61*63. (Note that the ap~ 
pendtx was filed jointly by the panics.) 

Robert D. Yeager and Robert DeMajistre, 
both of Pittsburgh, Pa., and Lewis M. 
Dalgarn, Los Angeles, Calif. (Nilsson, 
Robbins, Dalgarn & Berliner, Los 

' Angeles, Calif., of counsel) for appellant. 

I 

•1 

ij 
.^lify as "printed 
J of 35 U.S.C. 102; 

invention as well 
g and is "printed 

iv, Pittsburgh, Pa., and 
a, Monroevtlle, fe., for 

Thomas H. Murra 
Hymen Diamon 
appellees. 

4 
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mechanism. The design of the apparatus is 
such that the handles, the attached bar and 
the weights cannot strike the exerciser even 
should he falter. In addition, the Zinkin 
machine may be utilized without the 
assistance of a spotter. The patented ap
paratus thus eliminates the safety hazards 
posed by the conventional chest press and 
obviates its manpower requirements as 
well.* 

is able, The exercise requires the continuing 
assistance of another person, the "spotter. 1 

Not only must the spotter hand the barbell 
to the exerciser at the inception of the 
routine, but he must also attempt to retrieve 
the bar should it begin to totter. Occasional
ly, the spotter is unable to catch the barbell 
so that it falls upon the exerciser, causing in
jury that can be quite serious. 

The patent in this appeal discloses anap-
paratus which permits an exerciser to 
simulate, safely and effectively, the chest 
press exercise.' To use the patented ap
paratus, the exerciser lies upon a table in a 
supine position and pushes against handles 
in an upward movement. These handles 

. shift in an arcuate fashion, analogous to the 
movement of t he bar in the chest press exer
cise. They extend from a box-like structure 
which supports and contains the lifting 

t 

This action was initiated by Universal 
against the defendants as part of a complex 
litigation involving, inter alia, questions of 
patent infringement, unfair competition, 
copyright infringement and antitrust 

"" Universal alleged patent violations. When 
infringement in its complaint, "the defen-
' pleaded invalidity of the patent itself, 

district court severed the patent in-
gemem and unfair competition issues for 

trial,4 and the patent issue, alone, is before 
us on appeal. After a nonjury trial, the dis
trict court initially adjudged the Zinkin pat
ent entirely invalid. However, an amended 

"3. A body exercising apparatus comprising ord.er v1»?Ied the earlier judement leaving 
an elongated substantiilly horizontal tablehav- as lnvalld Patent claims numbered 3 and 4. 
ing a predetermined head end and a foot.end, Defendants had developed a body-exer-
an elongated barcxtended from the head endof cising apparatus very similar to that covered 
the table in substantia! alignment therewith by the Zinkin patent. Indeed, the district 
and having anend adjacent to the table and an court found {hat »rhe defendants' chest WSt-FteSZpress. apparatus would inKngc the Zinkin 
about a substantially Horizontal axis patent if the Zinkin patent were not * * •" 
transversely of the table and in spaced relation invalid. In their b 
to the head end thereof whereby elevationai 
movement of the bar causes the end thereof ad
jacent to the table to describe an arc with its 
concave side disposed toward the table, a pair mination of infringement by the trial judge, 
of handles aligned transversely of the table, rnstead they rely sojely upon his ^ng 0f 
means rigidly mounting the handles on the bar ' ' ' ' r 9 

for integral pivotal movement therewith, stop 
means engageable with the bar limiting 
downward travel of the handles-to positions in 
upwardly spaced relation to the table, and 
means connected to the bar resistive to upward 
pivotal movement thereof." 

dants 
The 
frin 

' The claims ofthe Zinlcin patent that are con
tested by the defendants contain the following 
descriptions: 

I ̂  

< ( 

11 
n 

riefs, defendants list 
several differences between their own device 
and that of Zinkin. Nevertheless, the defen
dants do not vigorously contest the deter-

' The problems inherent in the simple chest 
press exercise had spurred several previous 
attempts at improvement. See Briefof Appellants, 
at 10-14. The "cradle" device, for example, udliz-
ed a rack which held the barbell at the beginning 

"4. A body exercising apparatus comprising and end of^the exercise. This primitive apparatus,' 
an elongated substantially horizontal table however, did not eliminate the need for a spotter 
adapted to support a person in supine position during the course of the exercise. Moreover, the 
thereon having a preoetermined head end and cradle device was unstable and often flipped over, 
foot end, a framework adjacent to the headend injuring the exerciser, his spotter or others, 
of the fable, an elongated bar pivotally Subsequent improvements included the "power 
mounted in the framework in substantial align- rack" and the "verti-slide." While these advances 
ment with the table for movement about a sub- remedied the dangers posed by the chest press, 
stantiaiiy horizontal axis transversely of the their proreciive features often proved disruptive to 
table in spaced relation to the head end thereof the exercise routine. Consequently, prior to the 
and said oar being extended toward the table, a • Zinkin patent, many devotees of the chest press 
pair of handles rigidly mounted on the bar and 'continued to use the free barbel] in spite of its 
disposed on opposite sides of the head end of perils, inconvenience and added expense. The dis-
the table, said bar terminating short of the trict court did not consider these primitive im-
table and leaving the area above the head end provements as "prior art" with respect to the 
thereof free from obstruction, adjustable weieht Zinkin apparatus, nor do any of the defendants, 
means borne by the bar, and a stop mounted in » For a report on the related proceedings, see 
the framework engageable with the bar limiting the original district court opinion, 397 F.Supp. at 
downward pivotal movement thereof to a posi- 1065, 187 USPQ at 106 and n.l. 
tion with the handles disposed at an elevation * 397 F.Supp. at 1070-71, 187 USPQ at 
above the table." 109-111. 
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invalidity, and attempt to buttress his 
analysis in this respect. At trial, as in the 
appeal now before us, the primary focus was 
on whether the Zinkin patent was "an
ticipated" or made "obvious" by the prior 

II. design of the apparatus is 
lies, the attached bar and 
t strike the exerciser even 
In addition, the Zinkin 

e utilized without the 
otter. The patented ap-
nates the safety hazards . 
entional chest press and 
power requirements as 
i 

i initiated by Universal 
ints as part of a complex 
, inter alia, questions of 
nt, unfair competition, 
sement and antitrust 
universal alleged patent 
is complaint, the defen-
tlidity of the patent itself. 
: severed the patent in-
:air competition issues for 
:nt issue, alone, is before 
• a nonjury trial, the dis-
adjudged the Zinkinpat-
I. However, an amended 

[2] For the district coun to grant con
trolling weight to the testimony of Mr. Lyle 
constitutes error for two reasons. First, 
because Mr. Lyle's qualifications as an ex
pert are questionable, at least insofar as this 
litigation is concerned, the trial judge erred 
in according great weight to his opinions. 
Second, the district court committed error 
in failing to discount the value of the 
testimony, given the interest in the litigation 
of the law firm with which Mr. Lyle was 

art. 
Two references were relied upon by the 

district court in holding the Zinkin claims 
invalid: a patent issued to C. A. Simmons in 
187r and a magazine photograph, dated 
1950, of a lifting machine designed by Sam 
Loprinzi.1 Disclosing a lifting machine for 
"developing the muscular system," the Sim- associated, 
mons device consists of weighted levers A, 
which the exerciser apparemjv lifts and Universal first contends that Mr. Lyle's 
lowers as part of the exercise. The Loprinzi testimony should have been excluded 
machine is described in the photograph cap- because he was not an expert with respect to 
tion as a "super-duper pressing apparatus," the patent claims at issue here, 
but the magazine caption itself provides no ^ Coun previou5]y h 
tnformauon as to the features of the device standard whicf; governs; the competency of 
or how it was to be used. Defendants pnn- an • witnesssin a particu|ar case. As we 
cipal expert v^ness attempted to explain its note/ Uniled s * fid.M Acres of 
features based solely on his examination of Und," an expert witness " 'must have such 
the photograph. . skill, knowledge and experience in [the] 

That expert was Firman Lyle, an field or calling as to make it appear that his 
associate lawyer in the law firm that opinion or inference will probably aid the 
represented several of the defendents.* Con- trjer jn his search for truth.' ,,'1 Ordinarily, 
trolling weight was given by the district the determination of competency of an ex-
coiirt tohis testimony .as to obviousness and pen witness rests within the discretion of the 
anticipation: "The court chooses to adopt trial court." The Supreme Court has posited 
the view of defendant's expert Finnan that "the trial judge has broad discretion in 
Lyle."10 Relying on the Simmons patent, the (he matter of the admission or exclusion of 
Loprinzi photograph, and Mr. Lyle s expert evidence, and his action is to be 
testimony as to these references, the trial coun sustained unless manifestly erroneous."" It 
concluded that the two central claims of the follows that this Court will nor interfere with 
Zinkin patent are void, since they were an- the decision of the trial judge as to an ex-
ticipated arid made obvious by prior an. pen, absent an abuse of discretion. 

[1] For reasons to be discussed in this [3] In considering whether the trial judge 
opinion, we have decided that the judgment should have recognized Mr. Lyle as an ex-
of the district court must be vacated." pert in this litigation, wc must first deter

mine which art is the pertinent one. Univer-" 
' Patent No. 117,339, dated July 25,1871, fora **1 asserts that the relevant art is weight-

"Lifting Machine." * training, whereas the defendants and the 
• The photograph appeared in Strength and . district court selected mechanical engineer-

Health Magazine, May-June 1950, at 50. _ ing. We doubt whether any mechanical 
' See Appendix at 280 (Trial Transcript at engineer could provide meaningful opinions 

regarding the oevices at issue here. For an 
engineer to assist the trial judge in his 

as delineated the 

Earlier judgment, leaving 
aims numbered 3 and 4. 
developed a body-exer-
•y similar to that covered 
:nt, Indeed, the district 
j"the defendants' chest 

• f .  5 
: « •  

•ij 

puld infringe the Zinkin 
'oatent were not * * *" * 2  

Eriefs, defendants list 
ictween their own device 
Nevertheless, the defen-
?usly contest the deter-

ii: 

I 
pent by the trial judge, 
olely upon his ruling of 

ierent in the simple chest 
spurred several previous 
jit. See Brief of Appellants, 
pcvicc, for example, uti'liz-
le barbell at the beginning 
(This primitive apparatus,' 
|at< the need for a spotter 
jte exercise. Moreover, the 
jble and often flipped over; 
& his spotter or others, 
fits included the "power 
at." While these advances 
gosed by the chest press, 
pften proved disruptive to 
onsequemly, prior to the 
£votee$ of the chest press 
-ee barbell in spite of its 
d added expense. The dis-
sider these primitive im-
irt" with respect to the 
lo any of the defendants, 
related proceedings, see 

t opinion, 397 F.Supp. at 
> and n.l. 

li 

:« 

li . 
i \  

I j .  

!ii 383). 
397 F.Supp. at 1070, 187 USPQ at 109-110. 

"This Court has jurisdiction pursuant to 28 
U.S.C. §1292(a)(l), for the district coun be
low, in efTect,- denied an injunction against funher 
infringement. It may be that we also possess 
jurisdiction pursuant to 28 U.S.C §I292(a) resolution of which should materially enhance 
(4), which authorizes an appeal from a district resolution of this protracted litigation, 
court judgment in a patent inTringemem action " 362 F.2d 660 (3d Cir. 1966). 
that is final except for an accounting. But see 0 Id. at 667 quoting Jenkins v. United States, 
9 J. Moore's Federal Practice H110.19(4} 307 F.2d 637, 643 (U.S. App. D.C. 1962), in turn 

. (1975). Because we believe that these provisions quoting McCormick, Evidence §13 (1954). 
constitute sufficient grounds for jurisdiction, we " See, e.g., Salem v. United States Lines Co., 
did not certify this case for appeal under 28 370 U.S. 31, 35, reh. denied 370 U.S. 965 (1962); 
U.S.C. §12920}), as desired by the district United States v. 60.14 Acres of Land, 362 F.2d 

" 660, 663 (3d Cir. 1966); Arnold v. Loose. 352 

:! 

coun. See 397 F. Supp. at 1074. Absent these 
sources of jurisdiction, nowever, we would have 
issued the requisite §1292(b) certificate be
cause this case raises substantial issues, the 

F.2d 959 (3d Cir. 1965). 
070-71, 187 USPQ at " Salem v. United States Lines Co., 370 U.S. 

31, 35 (1962). 
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search for truth would require that he have corded his testimony. The trial court thus 
at least some familiarity with body-building erred in attaching controlling weight to the 
machines. At the same time, a mere weight opinions of defendants' expert, 
lifter probably would be of marginal Q ( 
assistance to a court in evaluating the design ' 
facets of exercise apparatus. Consequently, 
the art germane to the present case is the 
design of body-training devices. 

[4] Having selected the relevant art, we 
may consider whether Mr. Lyle possessed 
the qualifications to be an expert in this 
case. It is apparent that he had little 
familiarity witn the design of weight-lifting 
machines prior to the present litigation. The 
record reveals that Mr. Lyle did not under
take, even in connection with this law suit, 
any extensive study of technical references 
with respect to body-exercising apparatus w bc cal|ed as t on 
His examination was confined to the of hif c,icm . . Under SUch cir

cumstances, the attorney, or his firm, must 
decide whether to serve either as an ad
vocate or as a witness in a particular case. 

Universal also challenges the expert 
testimony of Mr. Lyle, citing the conflict 
between nis association with defense counsel 
and his role as an expert witness. Over the 
objection of Universal, the district court per
mitted Mr. Lyle to testify as an expert." 

[6] Ordinarily it is inappropriate for an. 
attorney, or a lawyer in his firm, to testify on 

t 
M 

behalfof a client. Rules DR5-101 and 102 of 
the Code of Professional Responsibility" 
provide that a lawyer shall refuse employ
ment or withdraw as counsel if the "lawyer 
learns or it is obvious that he or a lawyer in 

elements of prior art selected by defendants' 
counsel, i.e., the Simmons patent and the 
Loprinzi photograph. As a result, it is 
doubtful whether he was suited to serve as „ . . , „ , , - . , 
an expert here. . . Recognmng that the role of an advoca e 

and of a witness are inconsistent * * [5] Even assuming that the disciplines the Code wou]d t0 prec|ude the 
designated by the parties were the apposite teslimony of ^ £ylc here.. As the dis-
ones, Mr. Lyle s standing as an expert in ciplinary rules logically apply to expert as 
this litigation still may be called into ques- ^ as j witnesses, the law firm should 
tion. He had no expertise whatsoever in havc withdrawn once it decided that its 
weight training, as he repeatedly conceded associate wou|d lestify> or e]se the firm 
during the course of his testimony. It is should have found another expert.*' 
also questionable whether Mr. Lyle possess
ed any skill or knowledge in the field of 
mechanical engineering. A recipient of a 

L"d tSsCevi^ ^tlSnl'riS " Code of ProreS5ional 

the United States Paten, Office and for thir
ty-five years as a patent attorney for Sy]vania Supreme .Court explicitly adopted the 
Westinghouse. Although he did handle pat- Code in 1974 for members of the Pennsylvania 
ent matters relating to turbines, motors and bar, among whose ranks are Mr. Lyle and de-
generators, which have mechanical facets, fendams1 attorneys. See Pennsylvania Rules of 
his patent work primarily pertained to elec- Court 1975 at 175-241. However, it is apparent 
trical engineering. Experience may vest one t^c 9?^ „wa! aPpl'cable in Pennsylvania 
with the qualifications of an expert," but P™ J - ̂  of 
Mr. Lyle had only a limited background of Court fa pa xxxvi (1938);B ^mrast 

even in the province of mechanical engineer- seither the District Court for ^ Western 
inS' • District of Pennsylvania, which tried the pre-' 

However, since Mr. Lyle may possess skill sent case, nor this Court has expressly adopted 

,hA!S="Sh the Code d«s not have the foree or 
1 yman ith respect t echamcal ap effect of a statute, it delineates the basic norms of 
paratus, we cannot find that the district professional conduct, and courts generally have 
court clearly abused its discretion in considered the Code as highly persuasive in dis-' 
recognizing him as an expen. Nevertheless, ciplinan- matters. See, e.g., Handelman v. Weiss, 
coupled with the arguable deficiencies in his 368 F.Supp. 258, 261 n.4 (S.D. N.Y. 1973); 

Estates Theatres, Inc. v. Columbia Pirtures In-

* 

8 

" See Appendix at 273-79 (Trial Transcript at 
376-382). 

; 

i :• 

i »  

qualifications as an expert witness, Mr. 
Lyle's limited experience with the class of 
devices present in this litigation should have 
substantially circumscribed the weight ac

" See, e.g., Appendix 
Transcript at 458, 211, 6 

Sec, e.g., United States v. 60.14 Acres of 
Land, 362 F.2d 660, 667 (3d Cir. 1966). 

dus., Inc., 345 F.Supp. 93, 95 n.l (S.D. N.Y. 
1972); E. F. Hutton Sc Company v. Brown, 305 
F.Sug^ 371, 377 n.7 (S.D. Tex. 1969). 

5-9. 
" The defendants contend that DR5-10J and 

102 do not reach the testimony of Mr. Lyle. An 
exception to these rules allows a lawyer-witness to 
continue the representation of his client: "As to 
any matter, if [withdrawal] would work a sub-

at 327, 394-95 (Trial 
632). 
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[7] Even though the Code inveighs subject the attorney to separate disciplinary 
against the participation of Mr. Lyle !as a action. Thus, while we do not approve of the 
witness, it does not necessarily follow that practice of an attorney testifying as an ex-
any alleged professional misconduct on his pen witness for a client of his law firm, and 
pan would in itself render his testimony, certainly in the absence of some necessity for 
once it was adduced, a nullity. This is so such testimony, we cannot say that the dis-
because the Code does not delineate rules of trict court committed error solely by not ex-
evidence but only strictures on attorney con» tirpating that testimony. In so concluding, 
duct. Moreover, it is well settled tnat a we are in accord with the couro of appeals 
lawyer is competent to testify on behalf of in several other circuits." 
his client." Of course, such testimony may in the case at hand, however, the district 

court did err when it relied so heavily on the 
testimony of Mr. Lyle. Jn Lau Ah Yew v. 
Dulles," the Ninth Circuit, after criticizing 

stamial hardship on the client because of the dis* the practice of an attorney testifying as a lay 
tinctivc value of the lawyer or his firm as counsel witness for his client, declared that 
in a particular case."^ £>R5-101 (B)(4). Defense testimony competent. But the court noted 
counsel asserted at inal that this exception per- h the rclationship 0f such a wilness t0 his 
mitted the firm to continue its representation of ^n,; .k. 
the defendants, even if Mr. Lyle testified as an ex- client detrimentally afTected the weig 
pert. The law firm contended, and the district accorded his testimony and th 
court agreed, that withdrawal would cause "discounted" its value." Such an approach, 
"substantial hardship" for their clients, as the which would appear to be equally 
firm had spent great time and resources in applicable to attorneys who serve as experts 
preparing for the case. _ ^ for their clients, also reflects our view. We 

Because the action was tned below without a believe that, while a district court may in il limited circumstances receive the testimony 
waste of court resources, until defendants selected 0 ? lawyw-wtness, the value of that 
another expert or, if they still desired {he testimony must be discounted because of the 
testimony ofMr. Lyle, another law firm. There is interest of the lawyer or his firm in the out-
nothing m the record which indicates that the law come of the litigation, 
firm with which Mr. Lyle was associated had 
such distinctive value in this litigation as to call 
DRS-lOl (b)(4) into play. 

Nevertheless, we do recognize that DRS-101 
and 102 are somewhat ambiguous as to whether 
these disciplinary rules apply iiterally to Mr. Lyle . 
and his law firm. DRS-101 and 102 require the 

e trial court thus 
ling weight to the 

jxpert. 

nges the expert 
citing the conflict 
Ith defense counsel 
witness. Over the 

.'district court per-
v as an expert." 
Appropriate for an 
is firm, to testify on 
R5-J01 and 102 of 
1 Responsibility" 
ill refuse employ-
isel if the "lawyer 
: he or a lawyer in 
d as a. witness on 

Under such cir-
or his /3rm, must 

ij either as an ad-, 
^a particular case, 
{tie of an advocate 
insistent * * V,J8 

jj to preclude the 
ttiere. As the dis-

r': 

ht to be 
icrefore 

>* 

fpply to expert as 
1; law firm should % 

( decided that its 
or else the firm 

icr expert." [8] Here, there Is little indication that the 
- distnet judge, as the sole trier of fact, 
scrutinized tne expert testimony of Mr. Lyle 

. «  

1 (Trial Transcript at 
i 

al Responsibility was 
in Bar Association in 
: in }9?0. The Penn-
plicitly adopted the 
of the Pennsylvania 
s Mr. Lyle and de> 
insylvania Rules of 
/ever, it is apparent 

.:ble in Pennsylvania 
te of Lohm, 440 Pa. 

withdrawal of an attorney from the conduct of a 
trial if he or another lawyer in the firm to 
be called as a witness on behalf of his client. Such 
language suggests that these sections of the Code apply where the client invokes the attorney-diem 
were concerned only with the lawyer-witness who pnrikgc, a long-sanding rule of evidence. A 
has crucial information in his possession which client may refuse to disclose, and prevent his 
must be divulged. Under this test, Mr. Lyle hard- |awyer from disclosing, confidential com-
ly may be characterized as a wuncss who "ought' rauJ1jcations between the attorney and his client, 
to testify on behalf of his firm s client. Defense gee 8 Wigmorc on Evidence, §§2290-2329. (Mc-
counsel could have called any number of other ex- tfaughton rev.-1961). Generally, invocation of the 
pens to the stand. p»<re is no suggestion in the privilege results in the exclusion of the attorney's 
record, nor could there be, that Mr. Lyle alone icsiimony. The attorney-client privilege even cm-
possessed the expertise necessary ro assist the braces a lawyer not presently in the employ of the 
trier of fact. Because the defendants expert was client, so long as he was the client's lawyer at the 
not an indispensable witness, arguably his- tjme 0f the privileged communication. See 
testimony at trial did not breach the mandate of Wigmorc, supra, §2323. In the case at bar, the at

torney-client privilege obviously was not claimed, 
" See, e.g.. City Bank of Honolulu v. Rivera andso Mr. Lyle's testimony is not incompetent. 

DaWla, 438 F.2d 1367, 1369 (1st Cir. 1971); " See cases cited in note 22 supra. 
United States v. Harry Barfield Company, 359 It would be appropriate to consider ihcor-
F.2d 120, 124 (5th Cir. 1966); United Parts Mfg. porating within the body of evidentiary rules the 
Co, v. Lee Motor Products, Inc., 266 F2d 20,24, current disciplinary norm proscribing the. 
121 USPQ 206, 208 (6th Cir. 1959); Lau Ah Yew! testimony of a lawyer for his client. The recently 
v. Dulles, 257 F.2d 744, 746 (9th Cir. 1958). promulgated Federal Rules of Evidence, however, 
While three of these cases were decided before the do not render such testimony incompetent. Nor is 
promulgation of the Code of Professional Respon- there any judicial precedent, insofar as we are 
sibility, Canon 19 of the predecessor Canons of aware, to support announcement of such a rule at 
Ethics was roughly identical to DR5-101 and 102. this time. 
Consequently, the principles enunciated in the " 257 F.2d 744 (9th Cir.. 1958). 
pre*Code cases would appear to retain vitality. M See id. at 746-47. 

!: 
Naturally, the statement in the text does not 

I 457 (1970); Rules J jl938). By contrast, 
jt for the Western 
ybich tried the pre-
as expressly adopted 

not have the force or 
fes the basic norms of 
Jjurts generally have 
ily persuasive in di5-: 

tfandelman v. Weiss, 
j (S.D. N.Y. J?73); 
slumbia Pictures In-

the Code. 

95 n.l (S.D. N.Y. I flpany v. Brown, 305 
jfex. 1969). 

fi that DR5<10l and 
tony of Mr. Lyle. An 
ijjs a lawyer-witness to 
fibf his client: "As to 
jf would work a sub-

fli 
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I 
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with the proper circumspection." It is one Not only has a unanimous Supreme Court 
thing for a trial coun to give the testimony of noted that "patentees are heavily favored as 
an interested witness some weight in a class of litigants by the patent statute,"" 
reaching a decision. But it is quite another but we have stated on several occasions that 
to permit the presumption of patent validity the burden of proving patent invalidity is a 
to oe rebutted by primary reliance on the heavy one." Moreover, such invalidity must 
testimony of that witness. Even if, in the be demonstrated by "clear and convincing 
context of this case, it was not error to per- proof."11 In the case at bar, the evidence as 
mit Mr. Lyle to testify, we conclude that the to invalidity, once the testimony of Mr. Lyle 
district court erred when it placed con- is discounted, consists of only two items — 
trolling weight, as to patent validity, on the the Simmons patent and the magazine 
opinions of a lawyer associated with defense photograph of Loprinzi's "super-duper 

" pressing apparatus." This evidence in itself 
is not adequate to rebut the presumptive 

Because the district court gave undue validity of the Zinkin patent, or to sustain 
weight to the testimony of Mr. Lyle, we the lower court s rulings as to obviousness 
must consider whether the remaining an° anticipation, 
evidence in the record is sufficient to sustain . 
the ruling that the patent claims are invalid. ' 

[9] It is a fundamental canon governing 
juaicial consideration of patent validity that 

atents 
nke.3' 

1 
I 
i 

counsel.2' 
III. " 

J  

; I We now turn to the ruling of the district 
court on the issue of obviousness. Although 
the trial judge invoked the proper 
authorities and standards in his considera
tion of this question, we believe that he erred 
in applying them to the Zinkin claims. 

[10] Inasmuch as this Court has adum
brated the precepts of obviousness on 
previous occasions," we need not do so here. 

• Instead, we enunciate only the analytical 
framework necessary for this case. Simply 
stated, a patent may be deemed invalid if it 
is "obvious." 35 U.S.C. §103 provides, in 
part: "A patent may not be obtained * * * 
if the differences between the subject matter 
sought to be patented and the prior art are 
such that the subject matter "as a whole 

a presumption of validity attaches to p 
•issued by the United States Patent O 

" When he refused to disqualify Mr. Lyleasan 
expert witness, the trial judge did state: "We will 
permit the witness to testify, but as to what effect 
this has upon his credibility, that will be up to the 

.court • * Appendix at 278-79 (Trial 
Transcript at 381-82). Nevertheless, there is no 
subsequent suggestion in the record that the dis
trict court evaluated Mr. Lyle's testimony with ^ I 

the requisite special care. 
,T In so holding, we express considerable doubt 

that the heavy presumption of patent validity can 
be overcome by the testimony of an attorney on 
behalf of his client. For a discussion of the 
presumption, see Pan III infra. 

H 
: ;  
; :  

" 35 U.S.C. §282 provides, in peninent part: 
!'A patent shall be presumed valid " " \ The 
buraen of establishin " invalidity of a patent or " Blonder-Tongue Laboratories v. University 

of Illinois Foundation, 402 U.S. 313, 335, 169 
USPQ 513, 522 (1971). 

f any claim thereof shall rest on the party asserting 
it." , 

Where the Patent Office specifically has con- 10 E.g., Trio Process Corporation v. L. 
sidered references of prior an invoked by a defen- Goldstein's Sons, Inc., 461 F.2d 66, 70, 174 
dant to invalidate a patent, the presumption of USPQ 129, 131-132 (3d Cir.), cert, denied 409 

' validity often is further reinforced. See, e.g., U.S. 997, 175 USPQ 577 (1972); Eagle Iron 
v. Ford Motor Co., 452 F,2d 163, Works v. McLanahan Corporation, 429 F.2d 

1375, 1382, 166 USPQ 225, 230 (3d Cir. 1970); 
Schmidinger v. Welsh, 383 F.2d 455, 462, 155 
USPQ 289, 295 n.10 (3d Cir. 1967), cert, denied,-

F.2d 1143, 1156 (8th Cir. 1971); Tapco Products 390 U.S. 946, 156 USPQ 720 (1968). 
Co. v. Van Mark Products Corp., 446 F.2d 420, ,l Trio Process Corporation v. L Goldstein's 
426, 170 USPQ 550, 554 (6th Cir.), cen. denied Sons, Inc., 461 F.2d 66, 70, 174 USPQ 129, 
404 U.S. 986, 172 USPQ 1.(1971); cf. Philips 130-131 (3d Cir. 1972). Cf. Woodstream Cor-
Electronic and Pharmaceutical Industries Corp. poration v. Hcrter's, Inc., 446 F.2d 1143, 1149, 
v. Thermal and Electronics Industries, Inc., 450 170 USPQ 380, 384 n.4 (1971). 
F.2d 1164, 171 USPQ 641 (3d Cir. 1971). In the " See, e.g., Trio Process Corporation v. 

~ Goldstein's Sons, Inc., 461 F.2d 66, 70-73, 174 
USPQ 131-134 (3d Cir. 1972); Philips Electronic 
and Pharmaceutical Industries Corp. v. Thermal 
and Electronics Industries, Inc., 4D0 F.2d 1164, 

Ellipse Corp. 
170, 171 USPQ 513, 517 n.6 (7th Cir. 1971), cen. 
denied, 406 US. 948, 173 USPQ 705 (1972); 
Woodstream Corporation v. Herter's, Inc., 446 

case at hand, the Patent Office specifically con
sidered the Simmons patent, as Mr. Lyle noted in 
his testimony. See Appendix at 368 (Trial 
Transcript at 564). The defendants' expert also 
stated that the examiner had made a "good 1172-75, 171 USPQ 641, 646-649 (3d Cir. 1971); 
search." The precision exhibited by the Patent Eagle Iron Works v. McLanahan Corporation, 
Office reinforces the presumption of validity ac- 429 F.2d 1375, 1377-79, 166 USPQ 225, 226-228 
corded the Zinkin claims. (3d Cir. 1970). 
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would have been obvious at the time the in- latter. As Mr. Lyle's testimony must be dis-
vention was made to a person having or- counted, the district court would be hard 
dinary skill in the an to which the subject pressed to evaluate the photograph. Even 
matter pertains.'.' with Mr. Lyle's assistance, the trial judge 

[111 As observed in Trio Process Cor- appeared to be troubled about the features 
poration v. L. Goldstein's Sons, Inc.," the of the Loprinzi device. Indeed, his opinion 
most authoritative construction of section- reflects uncertainty concerning that ap-
103 appears in Graham v. John Deere Co." paratus." While the Simmons patent may 
There the Supreme Court established three have been more easily examined, since the 
mandacory criteria with which to frame defendants did produce detailed patent 
judicial determinations as to obviousness: .specifications, there were unanswered 
"The scope and content of the prior art questions regarding its content as well. .For 
* * •; difTerences between prior art and the example,  it is unclear whether the described 
claims at issue ' * *; and the level of or- apparatus could be used for the chest-press 
dinary skill in the pertinent art * * V" exercise. In theabsenceofexpert testimony, 
The Supreme Court also set forth several other than that of Mr. Lyle, the trial judge 
permissive, or "secondary," considerations: could not properly appraise the prior art, 
"commercial success, long felt but unsolved narrow in scope as it was. Although there 
needs, failure of others, etc., might be utiliz- may be instances where a trial court may be 
ed to give light to the circumstances sur- able to review prior art references without 
rounding the origin of the subject matter expert assistance, the devices in this litiga-
sought to be patented."54 This past term the »'on do not lend themselves to such 
Supreme Court continued to apply these evaluation." 
criteria, thereby indicating the enduring [14] The district court also found that 
vitality of Graham.'' While the district the differences between the prior art and the 
court, in the present case, specificaDy con- claims ar issue were such that the invention 
sidered the three mandatory tests, it erred in is obvious. Nevertheless, because the defen-
its evaluations under these tests, largely dants did not convincingly demonstrate the 
because of the dearth of evidence submitted content of the prior art, we believe that it 
by the defendants. • . 

ae Court 
fvored as 
latute, 
ions that 
idity is a 
lity must 
nvincing 
dence as 

"59 

Mr. Lyle 
items — 
nagazine 
er-duper 
: in itself 
ijumptive 
i sustain 
/iousness 

e district 
^Jthough 
proper 

snsidera-
. he erred 
aims. 
is adum-
jness on 
o so here. 

f  

Jnalytical 
j; Simply 
l-alid if it 
jvides, in 
fed * * * 

[12) In analyzing the "scope and con
tent" of the prior art, the trial judge in
dicated that the only relevant references ^ ̂  FiSuppi at 1069f 187 USpQat 109. 
offered by the defendants were the oimmons The trial judee, in discussing the Lopnnzi ap-
patenc and the Loprinzi photograph. ^ He paratus, stated: "From looking at the picture, it is 
properly disregarded exercising machines not clear in what direction the levers can be mov. 
designed subsequent to the Zinkin patent, ed, but the caption 'supcr-duper pressing ap-
Although his opinion does not explicitly dis- paraius'-would clearly indicate to one familiar 
cuss the scope of the prior art, the fact that w,t}? we'ght-training that the movement is ver-

there were only two references suggests that S^ndc'tnfy offhe other, but that, too, is not cer-
the scope of the prior art is quite limited. tafn from /he picturc and caption... . 

[13] The trial judge did attempt to ex- " Ordinarily, the trial judge decides whether 
amine the content of the Simmons patent he needs expert assistance to understand or 
and the Loprinzi photograph. It is evident evaluate a reference relied on as prior art. Experts 
that he relied considerably upon the are not absolutely required, and a distnet court 
testimony of Mr. Lyle in analysing the 

Walker on Patents §231 (2d ed. 1965) and cases 
cited therein. Nevertheless, in cases involving 
complicated inventions, the better rule is that the 
judge should rely on expert testimony. In 
Nyssonen v, Bendix, 342 F.2d 531,144 USPQ 555 

i . :  

fct matter 
$r art are 
5a whole 
6 

ars that each level is moved in-k University 
;335, 169 

In v. L. 
. 70, 174 
enied 409 
agle Iron 
429 F.2d 
lir. 1970); 
462, 155 

•t. denied, 
» 461 F.2d at 70, 174 USPQat 131-132. 
54 383 US. 1, 148 USPQ 4 59 (1966). See also 

United States v. Adams, 383 U.S. 39, 148 USPQ 
479 (1966). 

» -383 U.S. at 17, 148 USPQ at 466. Subse-

r'oJdscein's 
SPQ 129, 
earn Cor-
143, 1 149, 

Ion v. L. 
10-73, 174 
Electronic 
i Thermal 
r.2d 1164, 
:ir. 1971); 
rporation, 
>, 226-228 

(1st Cir. 1965), for example, the First Circuit , 
stated: "a patent speaks to its art and what it says ( 

be told in complicated cases like this only by 
one skilled in the art." Id. at 537, 144 USPQ at 
559-560. Not only are the devices in this litigation 
somewhat intricate, but the evidence pertaining 
to them is unclear. We believe that the trial judge 
should have required the testimony of one sxilled 
in the design of weight-lifting machines before in
validating the Zinkin claims. Even if defendants 
had produced such an expert, it still is 
questionable whether the factual proof submitted 
in this case was su/Hcient to void the patent. 

can 
quently, the Supreme Court, in referring to these 
lests, "admonished that 'strict observance' of 
those requirements is necessary." Anderson's 
Black Rock, Inc. v. Pavement Salvage Co., 396 
U.S. 57, 62, 163 USPQ 673, 675 (1969). 

14 383 U.S. at 17-18, 148 USPQ at 466-467. 
j: Sec Sakraida v. Ag Pro, Inc., 

47 L.Ed.2d 784, 189 USPQ 449 (1976); Dann v. 
Johnston, U.S. , 47 L.Ed.2d 692, 189 
USPQ 257 (1976). 

U.S. 

* 

I 1; 

I 
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would be difficult for any court to evaluate testimony the district coun substantially 
differences between that prior art and the relied, could provide meaningful opinions 
challenged claims. Even if it would be possi- thereon, given his inexperience in 
ble to do so, there is little evidence to sup- mechanical engineering. The trial judge 
port the conclusion that any variances suggested that the record as to the level of 
between defendants' references and the ordinary skill in the pertinent art was 
Zinkin claims are "insignificant." "deficient." Having so indicated, he should 

We recognize that there may be some im- have refused to invalidate the challenged pat-
portant dilTerences between the prior art ent clairns as obvious, 
and the Zinkin claims. It is questionable, for [16] This Court need not consider the 
example, whether either the Simmons pat- permissive, or secondary, criteria mandated 
ent or the Loprinzi apparatus obviates the in Graham for determinations of ob* 
spotter requirement of the chest-press exer- viousness. For we are convinced that the 
cise, as does the Zinkin device. Tne caption defendants failed to provide adequate 
of the Loprinzi photograph depicts Sam evidence to justify invaliaation of the Zinkin 
Loprinzi "coaching a pupil in the use of claims under section 103. Even if the per-
[the] super-duper pressing apparatus." missive tests were applied, the commercial 
Arguably, Mr. Loprinzi is acting as a success of the Zinkin machine" would rein-
spotter as well as a coach in the picture, just force our conclusion, as would the "failure 
as Harold Zinkin performed both roles in of others" to obviate the safety hazards and 
his gymnasium before designing his . manpower requirements of tne traditional 
machine. Moreover, it is unclear whether" chest press exercise.0 Thus, we cannot say 
the Simmons and Loprinzi devices circum- that the Zinkin claims are so obvious as to 
vent, as does the Zinkin apparatus, the safe- render them invalid." 
ty hazards posed by tne chest press. 
Technically, there are various difTerences in »• 
design between the prior art and the f17i Besides holding the Zinkin claims 
challenged claims, involving, inter alia, the vojd (or obviousness, the district court con-
types of handles, the "stops/ the require- ciucled that they were anticipated by prior 
ment of a single bar and the positioning of arL 35 u.s.C. §102 provides, in pertinent 
numerous elements. While there is some part: "A person shall be entitled to a patent 
doubt whether the differences between the un|ess _ (a) the invention was * 
references and the Zinkin claims are so sub- patented or described in a printed publica-
stantial as to defeat the allegation of ob- tion in (hjs or a foreign country, before the 
viousness, we conclude that the evidence is invention thereof by the applicant for patent 
insufficient to sustain the conclusion of the * • '."The defendants had contended, and 
trial judge that all differences were such as ^ trial judge agreed, that both the Sim-
to render the patented device obvious. mons patent ana the Loprinzi photograph 

anticipated the Zinkin claims so as to render 
them nugatory under the statute. Since 
there is insufficient evidence to rebut the 
heavy presumption of patent validity, we do 
not sustain tnis conclusion of the district 
coun. 

...• .i. 

I 
I 

I 
* 

I 

i [  

i j  

i i  

a a 

[15] With respect to the third mandatory 
criteria under Graham, that is, the level of 
ordinary skill in the pertinent art, the dis
trict court acknowledged that "The record 
on this point is somewhat deficient."4® Even 
so, the trial judge declared that "any com
petent mechanical engineer * * * could 
readily create a machine substantially the 
same as that of plaintiffs."41 As discussed 
above, we believe that the pertinent art is 

-neither weight-lifting nor mechanical 
engineering, but ratner the design of 
boay-exercising_ apparatus. Not only end the 
district court fail to select the properart, but 
it is questionable whether the evidence sub
mitted by the defendants speaks to the level 
of ordinary skill in the design of weight-lif
ting devices. Assuming that mechanical 
engineering is the relevant art, we are skep
tical whether Mr. Lyle, upon whose 

11 

" 397 F.Supp. at 1066, 187 USPQac 106-107. 
While the district court expressly recognized the 
commercial success of the Zinkin chest, press 
machine, it did not utilize this fact in its analysis 
of obviousness. 

0 See note 4 supra. 
" Such a holding is not at all inconsistent with 

Philips Electronic and Pharmaceutical Industries 
Corp. v. Thermal and Electronics Industries, • 

i  I  

Inc., 450 F.2d 1164, 171 USPQ641 (1971). There 
this Coun declared that a trial judge's findings as 
to the Graham criteria are to be evaluated under 
the "clearly erroneous" standard of Fed. R. Civ. 
Pro. 52(a). In the case at bar, the requisite find
ings would appear to be clearly erroneous, as 
there is insufficient evidence to support them. 
Thus the district court's conclusion as to invalidi
ty cannot stand. • 

'0 397 F.Supp. at 1070, 187 USPQ at 109. 
Id. 
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