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AN IMPROVED PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE
INGREDIENT IN REMODULIN®

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a Continuation of U.S. Application No. 12/334,731, filed

December 15, 2008, which claims priority from U.S. Provisional Patent Application
61/014,232, filed December 17, 2007, the entire contents of which are incorporated herein by

reference.

BACKGROUND

[0002] The present invention relates to a process for producing prostacyclin derivatives
and novel intermediate compounds useful in the process.

[0003] Prostacyclin dcrivatives arc wuscful pharmaccutical compounds posscssing
activities such as platelet aggregation inhibition, gastric secretion reduction, lesion inhibition,
and bronchodilation.

[0004] Treprostinil, the active ingredient in Remodulin®, was first described in US patent
4,306,075. Treprostinil, and other prostacyclin derivatives have been prepared as described
in Moriarty, et al in J. Org. Chem. 2004, 69, 1890-1902, Drug of the Future, 2001, 26(4),
364-374, U.S. Pat. Nos. 6,441,245, 6,528,688, 6,765,117 and 6,809,223. Their teachings are
incorporated by reference to show how to practice the embodiments of the present invention.
[0005] U.S. Patent No. 5,153,222 describes use of treprostinil for treatment of pulmonary
hypcrtension. Treprostinil is approved for the intravenous as well as subcutancous route, the
latter avoiding septic events associated with continuous intravenous catheters. U.S. patents
Nos. 6,521,212 and 6,756,033 describe administration of treprostinil by inhalation for
treatment of pulmonary hypertension, peripheral vascular disecase and other diseases and
conditions. U.S. patent No. 6,803,386 discloses administration of treprostinil for treating
cancer such as lung, liver, brain, pancreatic, kidney, prostate, breast, colon and head-neck
cancer. U.S. patent application publication No. 2005/0165111 discloses treprostinil treatment
of ischemic lesions. U.S. patent No. 7,199,157 discloses that treprostinil treatment improves
kidney functions. U.S. patent application publication No. 2005/0282903 discloses treprostinil
treatment of neuropathic foot ulcers. U.S. application No. 12/028,471 filed February 8, 2008,

11—
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discloses treprostinil treatment of pulmonary fibrosis. U.S. 6,054,486 discloses treatment of
peripheral vascular disease with treprostinil. U.S. patent application 11/873,645 filed
October 17, 2007 discloses combination therapies comprising treprostinil. U.S. publication
No. 2008/0200449 discloses delivery of treprostinil using a metered dose inhaler. U.S.
publication No. 2008/0280986 discloses treatment of interstitial lung disecase with treprostinil.
U.S. application No. 12/028,471 filed Fcbruary 8, 2008 discloscs trcatment of asthma with
treprostinil. U.S. 7,417,070, 7,384,978 and U.S. publication Nos. 2007/0078095,
2005/0282901, and 2008/0249167 describe oral formulations of treprostinil and other
prostacyclin analogs.

[0006] Because Treprostinil, and other prostacyclin derivatives are of great importance
from a medicinal point of view, a need exists for an efficient process to synthesize these

compounds on a large scale suitable for commercial production.

SUMMARY
[0007] The present invention provides in one embodiment a process for the preparation of

a compound of formula I, hydratc, solvatc, prodrug, or pharmaccutically acccptable salt

thercof.
H Y1_ﬁ_ﬁ_R7
My Lq
OH
H
O(CH,),,COOH 0
[0008] The process comprises the following steps:
(a) alkylating a compound of structure II with an alkylating agent to produce a
compound of formula 111,
H Y1_ﬁ_ﬁ_R7
H Y1~ C—C—R7 M; L4
frfi o
1 1
OH
H
OH H ) O(CH_),CN (1)
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wherein
w=1, 2, or 3;
Y, is trans-CH=CH-, cis-CH=CH-, -CH,(CH,),,-, or -C=C-; m is 1, 2, or 3;
R7is
)] -C,H;,-CHaj, wherein p is an integer from 1 to 5, inclusive,
2 phenoxy optionally substituted by one, two or three chloro, fluoro,

trifluoromethyl, (C;-C3) alkyl, or (C;-Cs)alkoxy, with the proviso that not more than two
substituents are other than alkyl, with the proviso that R; is phenoxy or substituted phenoxy,
only when Rz and R4 are hydrogen or methyl, being the same or different,

3) phenyl, benzyl, phenylethyl, or phenylpropyl optionally substituted on
the aromatic ring by one, two or three chloro, fluoro, trifluoromethyl, (C;-Cs)alkyl, or
(C:-Cy)alkoxy, with the proviso that not more than two substituents are other than alkyl,

@ cis-CH=CH-CH;-CH3,

%) -(CH,),-CH(OH)-CH3, or

(6)  -(CH):-CH=C(CHa,);

wherein -C(L;)-R7 taken together is

(H (C4-Cy)cycloalkyl optionally substituted by 1 to 3 (C;-Cs)alkyl,;

) 2-(2-furyl)ethyl,

3 2-(3-thienyl)ethoxy, or

€)) 3-thienyloxymethyl;

M; is a-OH:3-Rs or a-Rs:3-OH or a-OR;:B-Rs or a-Rs:B-OR,, wherein Rs is
hydrogen or methyl, R is an alcohol protecting group, and

L; is a-R3:B-Ra4, a-R4:B-Rj, or a mixture of o-R3:3-R4 and o-R4:3-Ri, wherein
R3 and R4 are hydrogen, methyl, or fluoro, being the same or different, with the proviso that
one of R3 and Ry is fluoro only when the other is hydrogen or fluoro.

(b) hydrolyzing the product of step (a) with a base,
© contacting the product of step (b) with a base B to for a salt of formula I

4819-1483-6493.2
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O

My Ly
OH
®
H HB
©
O(CH,),COO (1)

(d) reacting the salt from step (¢) with an acid to form the compound of formula 1.
[0009] The present invention provides in another embodiment a process for the

preparation of a compound of formula IV.

L

COOH (IV)
[0010] The process comprises the following steps:
(a) alkylating a compound of structurc V with an alkylating agent to producc a

compound of formula VI,

N

) CN VD

(b) hydrolyzing thc product of stcp (a) with a basc,
(©) contacting the product of step (b) with a base B to for a salt of formula IV,

and

4819-1483-6493.2
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Vs

(d) reacting the salt from step (b) with an acid to form the compound of

formula IV.

DETAILED DESCRIPTION

[0011] The various terms used, separately and in combinations, in the processes herein
described are defined below.

[0012] The expression “comprising” means “including but not limited to.” Thus, other
non-mentioned substances, additives, carriers, or steps may be present. Unless otherwise
specified, “a” or “an” means one or more.

[0013] Cis-alkyl is a straight or branched alkyl group containing 1-3 carbon atoms.
Exemplary alkyl groups include methyl, ethyl, n-propyl, and isopropyl.

[0014] Cis-alkoxy is a straight or branched alkoxy group containing 1-3 carbon atoms.
Exemplary alkoxy groups include methoxy, ethoxy, propoxy, and isopropoxy.

[0015] Cs7-cycloalkyl is an optionally substituted monocyclic, bicyclic or tricyclic alkyl
group containing between 4-7 carbon atoms. Exemplary cycloalkyl groups include but not
limited to cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.

[0016] Combinations of substituents and variables envisioned by this invention are only
those that result in the formation of stable compounds. The term “stable”, as used herein,
refers to compounds which possess stability sufficient to allow manufacture and which
maintains the integrity of the compound for a sufficient period of time to be useful for the
purposes detailed herein.

[0017] As used herein, the term “prodrug” means a derivative of a compound that can
hydrolyze, oxidize, or otherwise react under biological conditions (in vifro or in vivo) to

provide an active compound. Examples of prodrugs include, but are not limited to,

_5_
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derivatives of a compound that include biohydrolyzable groups such as biohydrolyzable
amides, biohydrolyzable esters, biohydrolyzable carbamates, biohydrolyzable carbonates,
biohydrolyzable urcides, and biohydrolyzable phosphate analogues (e.g., monophosphate,
diphosphate or triphosphate).

[0018] As used herein, “hydrate” is a form of a compound wherein water molecules are
combincd in a ccrtain ratio as an intcgral part of the structurc complex of the compound.
[0019] As used herein, “solvate” is a form of a compound where solvent molecules are
combined in a certain ratio as an integral part of the structure complex of the compound.
[0020] “Pharmaceutically acceptable” means in the present description being useful in
preparing a pharmaceutical composition that is generally safe, non-toxic and neither
biologically nor otherwise undesirable and includes being useful for veterinary use as well as
human pharmaceutical use.

[0021] “Pharmaceutically acceptable salts” mean salts which are pharmaceutically
acceptable, as defined above, and which possess the desired pharmacological activity. Such
salts include acid addition salts formed with organic and inorganic acids, such as hydrogen
chloride, hydrogen bromide, hydrogen iodide, sulfuric acid, phosphoric acid, acetic acid,
glycolic acid, maleic acid, malonic acid, oxalic acid, methanesulfonic acid, trifluoroacetic
acid, fumaric acid, succinic acid, tartaric acid, citric acid, benzoic acid, ascorbic acid and the
like. Base addition salts may be formed with organic and inorganic bases, such as sodium,
ammonia, potassium, calcium, e¢thanolamine, diethanolamine, N-methylglucamine, choline
and the like. Included in the invention are pharmaceutically acceptable salts or compounds of
any of the formulae herein.

[0022] Dcpending on its structurc, the phrasc “pharmaccutically acceptable salt,” as uscd
herein, refers to a pharmaceutically acceptable organic or inorganic acid or base salt of a
compound. Representative pharmaceutically acceptable salts include, e.g., alkali metal salts,
alkali earth salts, ammonium salts, water-soluble and water-insoluble salts, such as the
acetate, amsonate (4,4-diaminostilbene-2, 2 -disulfonate), benzenesulfonate, benzonate,
bicarbonate, bisulfate, bitartrate, borate, bromide, butyrate, calcium, calcium edetate,
camsylate, carbonate, chloride, citrate, clavulariate, dihydrochloride, edetate, edisylate,
estolate, esylate, fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate,

hexafluorophosphate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,

—6—
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hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, malate, maleate,
mandelate, mesylate, methylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate,
N-methylglucamine ammonium salt, 3-hydroxy-2-naphthoate, oleate, oxalate, palmitate,
pamoate (1,1-methene-bis-2-hydroxy-3-naphthoate, einbonate), pantothenate,
phosphate/diphosphate, picrate, polygalacturonate, propionate, p-toluenesulfonate, salicylate,
stcaratc, subacctatc, succinate, sulfate, sulfosalicylatc, suramatc, tannatc, tartratc, tcoclatc,
tosylate, tricthiodide, and valerate salts.

[0023] The present invention provides for a process for producing treprostinil and other
prostacyclin derivatives and novel intermediate compounds useful in the process. The
process according to the present invention provides advantages on large-scale synthesis over
the existing method. For example, the purification by column chromatography is eliminated,
thus the required amount of flammable solvents and waste generated are greatly reduced.
Furthermore, the salt formation is a much easier operation than column chromatography.
Moreover, it was found that the product of the process according to the present invention has
higher purity. Therefore the present invention provides for a process that is more
economical, safer, faster, greener, easier to operate, and provides higher purity.

[0024] One embodiment of the present invention is a process for the preparation of a

compound of formula I, or a hydrate, solvate, prodrug, or pharmaceutically acceptable salt

thereof.
T
My Ly
OH
H
O(CHy),,COOH o)
[0025] The process comprises the following steps:
(a) alkylating a compound of formula II with an alkylating agent to produce a

compound of formula 111,

4819-1483-6493.2
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B

H Y1_ﬁ_ﬁ_R7 My L4
M, L, OH
OH !
OH H (1) O(CH,)uCN (111

wherein

w=1,2,0or3;

Y, is trans-CH=CH-, cis-CH=CH-, -CH,(CH,),,-, or -C=C-; m is 1, 2, or 3;

R7is

(H -C,H2,-CHas, wherein p is an integer from 1 to 5, inclusive,

2 phenoxy optionally substituted by one, two or three chloro, fluoro,
trifluoromethyl, (C,-Cs) alkyl, or (C;-Cs)alkoxy, with the proviso that not more than two
substituents are other than alkyl, with the proviso that R is phenoxy or substituted phenoxy,
only when Rj and R4 are hydrogen or methyl, being the same or different,

3) phenyl, benzyl, phenylethyl, or phenylpropyl optionally substituted on
the aromatic ring by one, two or three chloro, fluoro, trifluoromethyl, (C;-Cs)alkyl, or (C;-
Cs)alkoxy, with the proviso that not more than two substituents are other than alkyl,

@) cis-CH=CH-CH,-CH3,

(5 -(CH,),-CH(OH)-CHj3, or

(6)  -(CH2):-CH=C(CHs);

wherein -C(L;)-R5 taken together is

H (C4-Cy)cycloalkyl optionally substituted by 1 to 3 (C;-Cs)alkyl;

2 2-(2-furyl)ethyl,

3) 2-(3-thienyl)ethoxy, or

@ 3-thienyloxymethyl;

M; is a-OH:B-Rs or a-Rs:B-OH or a-OR;:B-Rs or a-Rs:f-OR,, wherein Rs is
hydrogen or methyl, Rz is an alcohol protecting group, and

L; is a-R3:B-Ry, a-Ry4:B-R3, or a mixture of a-Rs:3-R4 and a-R4:3-R3, wherein
Rs and R4 are hydrogen, methyl, or fluoro, being the same or different, with the proviso that
one of Rs and Ry is fluoro only when the other is hydrogen or fluoro.

(b) hydrolyzing the product of step (a) with a base,

-
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© contacting the product of step (b) with a base B to for a salt of formula I

H Y1‘ﬁ_ﬁ_R7

My Ly
OH
®
H HB
©
O(CH,),,CO0 (1)
(d) reacting the salt from step (c) with an acid to form the compound of formula I.

[0026] In one embodiment, the compound of formula I is at least 90.0%, 95.0%, 99.0%.
[0027] The compound of formula II can be prepared from a compound of formula XI,

which is a cyclization product of a compound of formula X as described in U.S. Pat.

No. 6,441,245,
ORy QR Y1_ﬁ_ﬁ_R7
Mq L4
Y~ C—C—R
=~ 1 7
if H
O(CH2),CH3 X) O(CH2)nCH3 (XD)

Whereinnis 0, 1, 2, or 3.
[0028] The compound of formula II can be prepared alternatively from a compound of

formula XIII, which is a cyclization product of a compound of formula XII as described in

U.S. Pat. No. 6,700,025.

OR4

Y1‘9_9_R7
Cx M1 L4
Seao OH
S
My L4 H
OBn (XII) OBn (XIII)
[0029] One embodiment of the present invention is a process for the preparation of a

compound having formula IV, or a hydrate, solvate, or pharmaceutically acceptable salt

thereof.

4819-1483-6493.2
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L

COOH (IV)
[0030] The process comprises
(@) alkylating a compound of structure V with an alkylating agent such as

CICH;CN to produce a compound of formula VI,

.

V) CN (VI)

(b) hydrolyzing the product of step (a) with a base such as KOH,
(©) contacting the product of step (b) with a base B such as diethanolamine to for

a salt of the following structure, and

HQ

® NH,(CH,CH,0H),

(d) reacting the salt from step (b) with an acid such as HCI to form the compound
of formula I'V.
[0031] In one embodiment, the purity of compound of formula 1V is at least 90.0%,
95.0%, 99.0%, 99.5%.

—10-
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[0032] In one embodiment, the process further comprises a step of isolating the salt of
formula IV,.
[0033] In one embodiment, the base B in step (¢) may be ammonia, N-methylglucamine,

procaine, tromethanine, magnesium, L-lysine, L-arginine, or triethanolamine.
[0034] The following abbreviations are used in the description and/or appended claims,
and thcy have the following mcanings:

“MW?” means molecular weight.

“Eq.” means equivalent.

“TLC” means thin layer chromatography.

“HPLC” means high performance liquid chromatography.

“PMA” means phosphomolybdic acid.

“AUC” means area under curve.
[0035] In view of the foregoing considerations, and specific examples below, those who
are skilled in the art will appreciate that how to select necessary reagents and solvents in
practicing the present invention.
[0036] The invention will now be described in reference to the following Examples.
These examples are not to be regarded as limiting the scope of the present invention, but shall

only serve in an illustrative manner.
EXAMPLES

Examplc 1.  Alkylation of Benzindenc Triol

chOS, BU4NBF
Acetone, RT

11—
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Name MW Amount Mol. Eq.
Benzindene Triol 332.48 1250 g 3.76 1.00
K>COs (powder) 138.20 1296 g 9.38 2.50
CICH,CN 75.50 567 g 7.51 2.0
BuyNBr 322.37 36¢g 0.11 0.03
Acctonc - 29L -- --

Celite®545 -- 115 g -- -

[0037] A 50-L, three-neck, round-bottom flask equipped with a mechanical stirrer and a

thermocouple was charged with benzindene triol (1250 g), acetone (19 L) and K,COs
(powdered) (1296 g), chloroacetonitrile (567 g), tetrabutylammonium bromide (36 g). The
reaction mixture was stirred vigorously at room temperature (23+£2°C) for 16-72 h. The
progress of the reaction was monitored by TLC. (methanol/CH»Cly; 1:9 and developed by
10% ecthanolic solution of PMA). After completion of reaction, the reaction mixture was
filtered with/without Celite pad. The filter cake was washed with acetone (10L). The filtrate
was concentrated in vacuo at 50-55°C to give a light-brown, viscous liquid benzindene
nitrile. The crude benzindene nitrile was used as such in the next step without further

purification.

Example 2. Hydrolysis of Benzindene Nitrile

HO

KOH, MeOH
H,0O, Reflux
OL
CN
— 12—
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Name MW Amount Mol. Eq.
Benzindene Nitrile 371.52 1397 g* 3.76 1.0
KOH 56.11 844 g 15.04 4.0
Methanol - 12 L - -
Water - 425 L - -

*Note: This weight is based on 100% yield from the previous step. This is not isolated yield.

[0038] A 50-L, cylindrical reactor equipped with a heating/cooling system, a mechanical
stirrer, a condenser, and a thermocouple was charged with a solution of benzindene nitrile in
methanol (12 L) and a solution of KOH (844 g of KOH dissolved in 4.25 L of water). The
reaction mixture was stirred and heated to reflux (temperature 72.2°C). The progress of the
reaction was monitored by TLC (for TLC purpose, 1-2 mL of reaction mixture was acidified
with 3M HCI to pH 1-2 and extracted with ethyl acetate. The ethyl acetate extract was used
for TLC; Eluent: methanol/CH>Cly; 1:9, and developed by 10% ethanolic solution of PMA).
After completion of the reaction (~5 h), the reaction mixture was cooled to -5 to 10°C and
quenched with a solution of hydrochloric acid (3M, 3.1 L) while stirring. The reaction
mixture was concentrated in vacuo at 50-55°C to obtain approximately 12-14 L of
condensate. The condensate was discarded.

[0039] The aqueous layer was diluted with water (7-8 L) and extracted with ethyl acetate
(2 X 6 L) to remove impurities soluble in ethyl acetate. To aqueous layer, ethyl acetate (22
L) was added and the pH of reaction mixture was adjusted to 1-2 by adding 3M HC1 (1.7 L)
with stirring. The organic layer was separated and the aqueous layer was extracted with ethyl
acctatc (2 X 11 L). The combincd organic laycers were washed with water (3 X 10 L) and
followed by washing with a solution of NaHCO; (30 g of NaHCO; dissolved in 12 L of
water). The organic layer was further washed with saturated solution of NaCl (3372 g of
NaCl dissolved in water (12 L)) and dried over anhydrous Na,SO4 (950-1000 g), once
filtered.

[0040] The filtrate was transferred into a 72-L reactor equipped with mechanical stirrer, a
condenser, and a thermocouple. To the solution of treprostinil in reactor was added activated
carbon (110-130 g). The suspension was heated to reflux (temperature 68-70°C) for at least
one hour. For filtration, a pad of Celite®545 (300-600 g) was prepared in sintered glass

13—
4819-1483-6493.2

UTC_REM_II_000003387



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 19 of 206 PagelD: 704

funnel using ethyl acetate. The hot suspension was filtered through the pad of Celite®545.
The Celite®545 was washed with ethyl acetate until no compound was seen on TLC of the
washings.

[0041] The filtrate (pale-yellow) was reduced to volume of 35-40 L by evaporation ir

vacuo at 50-55°C for direct use in next step.

Example 3.  Conversion of Treprostinil to Treprostinil Diethanolamine Salt (1:1)

(1) EtOH, EtOAc
(1) Heptane Slurry

COO H,N
OH
Name MW Amount Mol Eq
Treprostinil 390.52 1464 g* 3.75 1.0
Diethanolamine 105.14 435 g 4.14 1.1
Ethanol -- 51L - -
Ethyl acetate -- 350L%* - --

Treprostinil Diethanolamine
Salt (seed) - 12¢g - -

*Note: This weight is based on 100% yield from benzindene triol. It is not isolated yield. The

treprostinil was carried from previous step in ethyl acetate solution and used as such for this step.

**Note: The total volume of ethyl acetate should be in range of 35-36 L (it should be 7 times the
volume of ethanol used). Approximately 35 L of ethyl acetate was carried over from previous step

and additional 1.0 L of ethyl acetate was used for rinsing the flask.

[0042] A 50-L, cylindrical reactor equipped with a heating/cooling system, a mechanical
stirrer, a condenser, and a thermocouple was charged with a solution of treprostinil in ethyl
acetate (35-40 L from the previous step), anhydrous ethanol (5.1 L) and diethanolamine
(435 g). While stirring, the reaction mixture was heated to 60-75°C, for 0.5-1.0 h to obtain a
clear solution. The clear solution was cooled to 55+5°C. At this temperature, the seed of
— 14—
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polymorph B of treprostinil diethanolamine salt (~12 g) was added to the clear solution. The
suspension of polymorph B was stirred at this temperature for 1 h. The suspension was
cooled to 20+£2°C overnight (over a period of 16-24 h). The treprostinil dicthanolamine salt
was collected by filtration using Aurora filter equipped with filter cloth, and the solid was
washed with ethyl acetate (2 X 8 L). The treprostinil diethanolamine salt was transferred to a
HDPE/glass containcr for air-drying in hood, followed by drying in a vacuum oven at
50+£5°C under high vacuum.

[0043] At this stage, if melting point of the treprostinil diethanolamine salt is more than
104°C, it was considered polymorph B. There is no need of recrystallization. Ifit is less than

104°C, it is recrystallized in EtOH-EtOAc to increase the melting point.

Data on Treprostinil Diethanolamine Salt (1:1)

Wt. of ‘Wt. of Treprostinil
Benzindene Triol Diethanolamine Salt (1:1) Yield Melting point
Batch No. ® @ (%) &)
1 1250 1640 88.00 104.3-106.3
2 1250 1528 82.00%* 105.5-107.2
3 1250 1499 80.42°%* 104.7-106.6
4 1236 1572 85.34 105-108

*Note: In this batch, approximately 1200 mL of ethyl acetate solution of treprostinil before carbon

trcatment was removed for R&D carbon trcatment cxperiments.

**Note: This batch was recrystallized, for this reason yield was lower.

Example 4.  Heptane Slurry of Treprostinil Diethanolamine Salt (1:1)

Name Batch No. Amount Ratio

Treprostinil

Diethanolamine Salt 1 3168 g 1

Heptane -- 375 L 12
15—
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Name Batch No. Amount Ratio
Treprostinil

Diethanolamine Salt 2 3071 g 1
Heptane -- 360L 12

[0044] A 50-L, cylindrical reactor equipped with a heating/cooling system, a mechanical
stirrer, a condenser, and a thermocouple was charged with slurry of treprostinil
diethanolamine salt in heptane (35-40 L). The suspension was heated to 70-80°C for 16-24 h.
The suspension was cooled to 224+2°C over a period of 1-2 h. The salt was collected by
filtration using Aurora filter. The cake was washed with heptane (15-30 L) and the material
was dried in Aurora filter for 1 h. The salt was transferred to trays for air-drying overnight in
hood until a constant wcight of trcprostinil dicthanolaminc salt was obtaincd. Thc matcrial

was dried in oven under high vacuum for 2-4 h at 50-55°C.

Analytical data on and Treprostinil Diethanolamine Salt (1:1)

Test Batch 1 Batch 2
IR Conforms Conforms
Residue on Ignition (ROT) <0.1% w/w <0.1% w/w
Water content 0.1% w/w 0.0% w/w
Mclting point 105.0-106.5°C 104.5-105.5°C
Specific rotation [a]25589 +34.6° +35°

Organic volatile impurities

» Ethanol *  Not detected » Not detected
» Ethyl acctatc * Not dctected +  <0.05% w/w
+ Heptane «  <0.05% w/w + <0.05% w/w
HPLC (Assay) 100.4% 99.8%
Diethanolamine Positive Positive
_ 16—
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Example 5.  Conversion of Treprostinil Diethanolamine Salt (1:1) to Treprostinil

HCI, H,O-EtOAc

Recrystallization
in EtOH-H,O

OH

[0045] A 250-mL, round-bottom flask equipped with magnetic stirrer was charged with
treprostinil diethanolamine salt (4 g) and water (40 mL). The mixture was stirred to obtain a
clear solution. To the clear solution, ethyl acetate (100 mL) was added. While stirring, 3M
HC1 (3.2 mL) was added slowly until pH ~1 was attained. The mixture was stirred for 10
minutes and organic layer was separated. The aqueous layer was extracted with ethyl acetate
(2 X 100 mL). The combined organic layers was washed with water (2 X 100 mL), brine
(1 X 50 mL) and dried over anhydrous Na;SO4. The ethyl acetate solution of treprostinil was
filtered and the filtrate was concentrated under vacuum at 50°C to give off-white solid. The
crude treprostinil was recrystallized from 50% ethanol in water (70 mL). The pure
treprostinil was collected in a Buchner funnel by filtration and cake was washed with cold
20% ethanolic solution in water. The cake of treprostinil was air-dried overnight and further
dried in a vacuum oven at 50°C under high vacuum to afford 2.9 g of treprostinil (Yield

91.4%, purity (HPLC, AUC, 99.8%).

Analytical data on Treprostinil from Treprostinil Diethanolamine Salt (1:1) to

Treprostinil
Batch No. Yield Purity (HPLC)
1 91.0% 99.8% (AUC)
2 92.0% 99.9% (AUC)
3 93.1% 99.7% (AUC)
4 93.3% 99.7% (AUC)
5 99.0 % 99.8% (AUCQC)
6 94.6% 99.8% (AUC)
17—
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Example 6.

according to the present invention

Comparison of the former process and a working example of the process

4819-1483-6493.2

Working example of the
Process according to the
Step Former Process present invention
No. Steps (Batch size: 500g) (Batch size: 5 kg)
Nitrile
1 Triol weight 500 g 5,000 g
2 Acctone 20 L (1:40 wt/wt) 75 L (1:15 wt/wt)
Potassium
carbonate 1,300 g (6.4 eq) 5,200 g (2.5 eq)
4 Chloroacetonitrile 470 g (4.2 eq) 2,270 g (2 eq)
Tetrabutylammoniu
m bromide 42 ¢ (0.08 eq) 145 g (0.03 eq)
6 Reactor size 72-Liter 50- gallon
No hcating,
7 Reflux time 8 hours Room temperature (r.t.) 45 h
Hexanes addition
8 before filtration Yes (10 L) No
Filter Celite Celite
10 | Washing Ethyl acetate (10 L) Acetone (50 L)
11 Evaporation Yes Yes
Silica gel column
Dichloromethane:0.5 L
Ethyl acetate: 45 L
12 | Purification Hexane: 60 L No column
Evaporation after
13 column Yes No
14 | Yicld of nitritc 109-112 % Not checked
Treprostinil (intermediate)
15 | Methanol 7.6 L (50-L reactor) 50 L (50-gal reactor)
Potassium
16 hydroxide 650 g (8 eq) 3,375g (4 eq)
17 Water 22 L 17 L
18—
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18 % of KOH 30% 20%
19 | Reflux time 3-3.5h 4-5h
20 | Acid used 26 L3 M) 12L (3 M)
Removal of
21 impurities 3 X 3 L Ethyl acetate 2 X 20 L Ethyl acetate
22 Acidification 0.7L 6.5 L
Ethyl acetate
23 extraction 5 X 17L=35L 90+45+45 =180 L
24 | Water washing 2 X8L 3 X40L
Sodium bicarbonate 120 g in 30L water + 15 L
25 washing Not done brine
26 | Brine washing Not done 1 X40L
27 Sodium sulfate 1 kg Not done
Sodium sulfate Before charcoal, 6 L
28 filtration ethyl acetate N/A
Pass hot solution (75°C)
170 g, reflux for 1.5 h, through charcoal cartridge
filter over Celite, 11 L and clean filter, 70 L ethyl
29 Charcoal cthyl acetate acetate
Yes, to get solid Yes, adjust to 150 L
30 Evaporation intcrmcdiatc treprostinil | solution
Treprostinil Diethanolamine Salt
1,744 g diethanolamine,
31 Salt formation Not done 20 L ethanol at 60-75°C.
To 20°C over weekend;
add 40 L ethyl acetate;
32 Cooling N/A cooled to 10°C
Wash with 70 L ethyl
33 Filtration N/A acctate
Air-dried to constant wt.,
34 | Drying N/A 2 days
Treprostinil (from 1.5 kg Treprostinil diethanolamine salt)
15 L water + 25 L ethyl
35 Hydrolysis N/A acetate + HCI
36 Extraction N/A 2 X 10 L cthyl acctatc
37 | Water wash N/A 3 X10L

4819-1483-6493.2
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38 Brine wash N/A 1 X 10 L
39 Sodium sulfate N/A 1 kg, stir
Wash with 6 L ethyl
40 Filter N/A acetate
To get solid, intermediate
41 Evaporation N/A Treprostinil
42 Crude drying on tray | 1 or 3 days Same
Ethanol & water for
43 cryst. 5.1L+51L 102 L +10.2 L (same %)
44 Crystallization in 20-L rotavap flask 50-L jacketed reactor
Temperature of 50°C to 0°C ramp, 0°C
45 crystallization 2 hr.t., fridge -0°C 24 h overnight
46 Filtration Buchner funnel Aurora filter
20% (10 L) cooled 20% (20 L) cooled
47 Washing cthanol-water ethanol-water
Buchner funnel (20 h) Aurora filter (2.5 h)
48 Drying before oven | Tray (no) Tray (4 days)
49 Oven drying 15 hours, 55°C 6-15 hours, 55°C
50 Vacuum <-0.095 mPA < 5 Torr
51 UT-15 yield weight |~ 535 ¢ ~ 1,100 g
52 % yield from triol) ~91% ~ 89%
53 Purity ~ 99.0% 99.9%
[0046] The quality of treprostinil produced according to this invention is excellent. The

purification of benzindene nitrile by column chromatography is eliminated. The impurities
carried over from intermediate steps (i.e. alkylation of triol and hydrolysis of benzindene
nitrile) are removed during the carbon treatment and the salt formation step. Additional
advantages of this process are: (a) crude treprostinil salts can be stored as raw material at
ambient temperature and can be converted to treprostinil by simple acidification with diluted
hydrochloric acid, and (b) the treprostinil salts can be synthesized from the solution of
treprostinil without isolation. This process provides better quality of final product as well as
saves significant amount of solvents and manpower in purification of intermediates.

[0047]

Although the foregoing refers to particular preferred embodiments, it will be

understood that the present invention is not so limited. It will occur to those of ordinary skill

20—
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in the art that various modifications may be made to the disclosed embodiments and that such
modifications are intended to be within the scope of the present invention.
[0048] All of the publications, patent applications and patents cited in this specification are

incorporated herein by reference in their entirety.

21—
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WHAT IS CLAIMED IS:

1. A product comprising a compound of formula I

H Y1'ﬁ_ﬁ_R7
Mq L
OH

H

O(CH,),COOH (I), wherein said product is

prepared by a process comprising

(a) alkylating a compound of structure II with an alkylating agent to produce a

compound of formula III,

H Y1_ﬁ_ﬁ_R7

H Y1_ﬁ_ﬁ_R7 My L4
M, L, OH
OH
H
on " (1) O(CH)CN (1)
wherein
w=1, 2, or 3;
Y is trans-CH=CH-, cis-CH=CH-, -CH2(CH2),»-, or -C=C-; m is 1, 2, or 3;
R7 is
D -C,H;,-CHj3, wherein p is an integer from 1 to 5, inclusive,

2) phenoxy optionally substituted by one, two or three chloro, fluoro,
trifluoromethyl, (C;-Cs) alkyl, or (C;-Cs)alkoxy, with the proviso that not more than two
substituents are other than alkyl, with the proviso that R; is phenoxy or substituted phenoxy,
only when Rj3 and R4 are hydrogen or methyl, being the same or different,

3) phenyl, benzyl, phenylethyl, or phenylpropyl optionally substituted on
the aromatic ring by one, two or three chloro, fluoro, trifluoromethyl, (C;-Cs)alkyl, or
(C1-Ci)alkoxy, with the proviso that not more than two substituents are other than alkyl,

“ cis-CH=CH-CH,-CH3,

&) -(CH;),-CH(OH)-CH3;, or

-22-
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(6)  -(CH):-CH=C(CHas);
-C(L)-R; taken together is
(H (C4-Cy)cycloalkyl optionally substituted by 1 to 3 (C;-Cs)alkyl;
2) 2-(2-furyl)ethyl,
3 2-(3-thienyl)ethoxy, or
€)) 3-thicnyloxymcthyl;
M; is a-OH:B-Rs or o-Rs:3-OH or a-OR;:B-Rs or a-Rs:B-OR,, wherein Rs is
hydrogen or methyl, R is an alcohol protecting group, and
L; is a-R3:B-Ra4, a-R4:B-Rs, or a mixture of o-Ri:3-R4 and o-R4:3-Ri, wherein
R3 and R4 are hydrogen, methyl, or fluoro, being the same or different, with the proviso that
one of Rz and R4 is fluoro only when the other is hydrogen or fluoro.
(b) hydrolyzing the product of formula III of step (a) with a base,
© contacting the product of step (b) with a base B to form a salt of formula I,

H Y1_ﬁ_ﬁ_R7

My Ly

OH

®
H HB
©
O(CH5),C00 (Is) and
(d) reacting the salt formed in step (c) with an acid to form the compound of
formula I.

2. The product of claim 1, wherein the purity of compound of formula I in said product

1sat least 99.5%.

3. The product of claim 1, wherein the alkylating agent is C1(CH,),,CN, Br(CH;),,CN, or
I(CH;)CN.

4. The product of claim 1, wherein the base in step (b) is KOH or NaOH.

5. The product of claim 1, wherein the base B in step (c) is selected from the group
consisting of ammonia, N-methylglucamine, procaine, tromethanine, magnesium, L-

lysinc, L-argininge, tricthanolaminc, and dicthanolaminc.

-23.
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6. The product of claim 1, wherein the acid in step (d) is HCl or HySOj.

7. The product of claim 1, wherein Y; is —CH>CH»-; M; is a-OH:B-H or a-H:B-OH; -
C(L1)-R7 taken together is -(CH»)4CHs; and w is 1.

8. The product of claim 1, wherein the compound of formula 1 is a compound of formula
V.

.

COOH (TV).

9. The product of claim 1, which the process does not include purifying the compound

of formula (IIT) produced in step (a).

10. A product comprising a compound having formula IV

HQ

(@)

COOH (IV), wherein the product is prepared by the process
comprising
(a) alkylating a compound of formula V with an alkylating agent to produce a

compound of formula VI,

-24-
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.

V) CN VD
(b) hydrolyzing the product of formula VI of step (a) with a base,
© contacting the product of step (b) with a base B to form a salt of formula IV,

and

IVy)
(d reacting the salt formed in step (¢) with an acid to form the compound of

formula IV.

11. The process of claim 10, wherein the product of step (d) has the purity of the

compound of formula I'V of at least 99.5%.
12.  The product of claim 10, whercin the alkylating agent is CICH,CN.
13.  The product of claim 10, wherein the base in step (b) is KOH.

14. The product of claim 10, wherein the base B in step (c) is sclected from a group
consisting of ammonia, N-methylglucamine, procaine, tromethanine, magnesium, L-

lysine, L-arginine, triethanolamine, and diethanolamine.

15. The product of claim 10, wherein the base B is diecthanolamine.

-25-
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16. The product of claim 10, wherein the acid in step (d) is HCI.

17. The product of claim 10, which the process does not include purifying the compound
of formula (VI) produced in step (a).

18. The product of claim 17, wherein the base B in step (c) is selected from a group
consisting of ammonia, N-methylglucamine, procaine, tromethanine, magnesium, L-
lysinc, L-arginince, tricthanolaminc, and dicthanolaminc.

19.  The product of claim 18, wherein the base B is dicthanolamine.

20. The product of claim 1, wherein the base in step (b) is KOH or NaOH and wherein the
base B in step (c¢) is selected from the group consisting of ammonia, N-
methylglucamine, procaine, tromethanine, magnesium, L-lysine, L-arginine,

tricthanolamine, and diethanolamine.

21. The product of claim 10, wherein the base in step (b) is KOH or NaOH and wherein
the base B in step (c) is selected from the group consisting of ammonia, N-
methylglucamine, procaine, tromethanine, magnesium, L-lysine, L-arginine,

tricthanolamine, and diethanolamine.
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ABSTRACT

This prcsent invention rclatcs to an improved proccess to prcparc prostacyclin
derivatives. One embodiment provides for an improved process to convert benzindene triol

to treprostinil via salts of treprostinil and to purify treprostinil.

4819-1483-6493.2

UTC_REM_II_000003401



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 33 of 206 PagelD: 718

Atty. Dkt. No. 080618-0629

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, | HEREBY DECLARE:

THAT my residence, post office address, and citizenship are as stated below next to my
name;

THAT I believe I am the original, first, and sole inventor (if only one inventor is named
below) or an original, first, and joint inventor (if plural inventors are named below or in an
attached Declaration) of the subject matter which is claimed and for which a patent is sought on
the invention entitled

AN IMPROVED PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE
INGREDIENT IN REMODULIN®

(Attorney Docket No. 080618-0629)

the specification of which (check one)

. is attached hereto.

X was filed on _December 15, 2008 as United States Application
Number or PCT International Application Number _12/334,731
and was amended on (if applicable).

THAT I do not know and do not believe that the same invention was ever known or used
by others in the United States of America, or was patented or described in any printed publication
in any country, before I (we) invented it;

THAT I do not know and do not believe that the same invention was patented or
described in any printed publication in any country, or in public use or on sale in the United
States of America, for more than one year prior to the filing date of this United States
application;

THAT I do not know and do not believe that the same invention was first patented or
made the subject of an inventor's certificate that issued in any country foreign to the United
States of America before the filing date of this United States application if the foreign application
was filed by me (us), or by my (our) legal representatives or assigns, more than twelve months
(six months for design patents) prior to the filing date of this United States application;

THAT I have reviewed and understand the contents of the above-identified specification,
including the claim(s), as amended by any amendment specifically referred to above;
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Atty. Dkt. No. 080618-0629

THAT I believe that the above-identified specification contains a written description of
the invention, and of the manner and process of making and using it, in such full, clear, concise,
and exact terms as to enable any person skilled in the art to which it pertains, or with which it is
most nearly connected, to make and use the invention, and sets forth the best mode contemplated
by me of carrying out the invention; and

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all
information known to me to be material to patentability as defined in Title 37, Code of Federal
Regulations, §1.56.

I HEREBY CLAIM foreign priority benefits under Title 35, United States Code §119(a)-
(d) or § 365(b) of any foreign application(s) for patent or inventor's certificate, or §365(a) of any
PCT international application which designated at least one country other than the United States
of America, listed below and have also identified below any foreign application for patent or
inventor's certificate or of any PCT international application having a filing date before that of
the application on which priority is claimed.

Prior Foreign . . Certified
Application Priority Copy
N L o
Number Country Foreign Filing Date | Claimed? Attached?

I HEREBY CLAIM the benefit under Title 35, United States Code § 119(e) of any United
States provisional application(s) listed below.

U.S. Provisional Application Number Filing Date
61/014,232 12/17/2007

I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United
States application(s), or § 365(c) of any PCT international application designating the United
States of America, listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States or PCT International application in the
manner provided by the first paragraph of Title 35, United States Code, § 112, I acknowledge the
duty to disclose information which is material to patentability as defined in Title 37, Code of
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Atty. Dkt. No. 080618-0629

Federal Regulations, § 1.56 which became available between the filing date of the prior
application and the national or PCT international filing date of this application.

U.S. Parent
Application Number

PCT Parent
Application Number

Parent
Filing Date

Parent
Patent Number

I HEREBY APPOINT the registered attorneys and agents at Customer Number

to have full power to prosecute this application and any continuations, divisions, reissues,
and reexaminations thereof, to receive the patent, and to transact all business in the United States

Patent and Trademark Office connected therewith.

I request that all correspondence be directed to:

Stephen B. Maebius
FOLEY & LARDNER LLP
Customer Number: 22428

Telephone:
Facsimile:

(202) 672-5569
(202) 672-5399

I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by
me to prosecute this application do not personally represent me or my legal interests, but instead
represent the interests of the legal owner(s) of the invention described in this application.

I FURTHER DECLARE THAT all statements made herein of my own knowledge are
true, and that all statements made on information and belief are believed to be true; and further
that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the
United States Code, and that such willful false statements may jeopardize the validity of the
application or any patent issuing thereon.
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Name of first inventor
Residence
Citizenship Country

Post Office Address

Inventor's signature

Date

Name of second inventor
Residence
Citizenship Country

Post Office Address

Inventor's signature
Date

Name of third inventor
Residence

Citizenship Country
Post Office Address

Inventor's signature
Date

Name of fourth inventor
Residence
Citizenship Country

Post Office Address

Inventor's signature

Date
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Hitesh BATRA
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Herndon, Virginia
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2461 Leyland Ridge Road
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Sudersan M. TULADHAR

Silver Spring, Maryland
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Herndon, Virginia

US

12953 Centre Park Circle #115
Herndon, Virginia 20171

Rlon i

1{12] 09

David A. WALSH

Palmyra, Virginia

Us

56 Wildwood Drive
Palmyra, Virginia 22963

Yorr . (3 2529
0 /

Page 4 of 4

UTC_REM_II_000003405



Case 3:14-cv-05499-PGS-LHG

Application Data Sheet

Application Information

Document 42-3 Filed 07/07/15

Application Type:: Regular
Subject Matter:: Utility
Suggested classification::

Suggested Group Art Unit::

CD-ROM or CD-R?:: None
Computer Readable Form (CRF)?:: No

Title::

Attorney Docket Number::

Request for Early Publication?::

Request for Non-Publication?::
Suggested Drawing Figure::
Total Drawing Sheets::

Small Entity?::

Petition included?::

Secrecy Order in Parent Appl.?::

Applicant Information

Applicant Authority Type::
Primary Citizenship Country::
Status::

Given Name::

Family Name::

City of Residence::

State or Province of
Residence::

Country of Residence::
Street of mailing address::

City of mailing address::

4834-0737-9728.1

Page 37 of 206 PagelD: 722

AN IMPROVED PROCESS TO PREPARE
TREPROSTINIL, THE ACTIVE
INGREDIENT IN REMODULIN®

080618-1162
No
No

No
No
No

Inventor
India

Full Capacity
Hitesh
BATRA
Herndon

VA

uUsS
2461 Leyland Ridge Road

Herndon

Page # 1

Initial

UTC_REM_Il_000003406



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15

State or Province of mailing
address::
Postal or Zip Code of mailing

address::

Applicant Authority Type::

Primary Citizenship Country::

Status::

Given Name::

Family Name::

City of Residence::

State or Province of
Residence::

Country of Residence::
Street of mailing address::
City of mailing address::
State or Province of mailing
address::

Postal or Zip Code of mailing

address::

Applicant Authority Type::

Primary Citizenship Country::

Status::

Given Name::

Family Name::

City of Residence::

State or Province of
Residence::

Country of Residence::
Street of mailing address::
City of mailing address::
State or Province of mailing

address::

4834-0737-9728.1

VA

20171

Inventor
Nepal

Full Capacity
Sudersan M.
TULADHAR
Silver Spring
MD

uUs

1501 Haddon Manor Court
Silver Spring

MD

20904

Inventor

uUsS

Full Capacity
Raju
PENMASTA
Herndon

VA

uUsS

12953 Centre Park Circle #115
Herndon

VA

Page # 2

Page 38 of 206 PagelD: 723

Initial

UTC_REM_Il_000003407



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 39 of 206 PagelD: 724

Postal or Zip Code of mailing 20171

address::

Applicant Authority Type:: Inventor
Primary Citizenship Country:: US

Status:: Full Capacity
Given Name:: David A.
Family Name:: WALSH

City of Residence:: Palmyra
State or Province of VA
Residence::

Country of Residence:: usS

Street of mailing address:: 56 Wildwood Drive
City of mailing address:: Palmyra
State or Province of mailing VA
address::

Postal or Zip Code of mailing 22963
address::

Correspondence Information
Correspondence Customer Number:: 22428
E-Mail address:: PTOMailWashington@foley.com

Representative Information

Representative Customer 22428

Number::

Domestic Priority Information

Application:: Continuity Type:: Parent Parent Filing
Application:: Date::
This Application Continuation of 12/334,731 12/15/2008
Page # 3 Initial

4834-0737-9728.1

UTC_REM_Il_000003408



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 40 of 206 PagelD: 725

12/334,731 An application 61/014,232 12/17/2007
claiming the benefit
under 35 USC
119(e)

Foreign Priority Information

Country:: Application Filing Date:: Priority Claimed::
number::

Assignee Information

Assignee Name:: United Therapeutics Corporation

Page # 4 Initial

4834-0737-9728.1

UTC_REM_Il_000003409



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 41 of 206 PagelD: 726

Atty. Dkt. No. 080618-1162

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Hitesh BATRA et al.
Title: AN IMPROVED PROCESS TO PREPARE

TREPROSTINIL, THE ACTIVE

INGREDIENT IN REMODULIN®
Appl. No.: Unassigned (CON of 12/334,731)
Filing Date: ~ Herewith
Examiner: Unassigned

Art Unit: Unassigned

INFORMATION DISCLOSURE STATEMENT
UNDER 37 CFR §1.56

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

Applicant submits herewith documents for the Examiner’s consideration in

accordance with 37 CFR §§1.56, 1.97 and 1.98.

Applicants respectfully request that each listed document be considered by the
Examiner and be made of record in the present application and that an initialed copy of Form

PTO/SB/08 be returned in accordance with MPEP §609.

Applicant requests that, in accordance with 37 CFR §1.98(d), the Examiner review all
applications relied on for an earlier effective filing date under 35 U.S.C. 120, including
application no. 12/334,731, filed 12/15/2008, for copies of references of record therein that
are not being provided here; although Applicant would be pleased (o provide copies of any

such documents at the Examiner’s request.

The submission of any document herewith is not an admission that such document
constitules prior art against the claims of the present application or that such document is

considered material to patentability as defined in 37 CFR §1.56(b). Applicants do not waive

4848-1555-1760.1 -1-

UTC_REM_Il_000003410



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 42 of 206 PagelD: 727

Atty. Dkt. No. 080618-1162

any rights to take any action which would be appropriate to antedate or otherwise remove as a

competent reference any document submitted herewith.

TIMING OF THE DISCLOSURE

The listed documents are being submitted in compliance with 37 CFR §1.97(b),
within three (3) months of the filing date of the application.

Although Applicant believes that no fee is required, the Commissioner is hereby
authorizcd to charge any additional fees which may be due to Deposit Account No. 19-0741.

Respectfully submitted,

Date JUL 18 2012 By
FOLEY & LARDNER LLP Stephen B. Maebius
Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5569 Registration No. 35,264

Facsimile: (202) 672-5399

4848-1555-1760.1 2-

UTC_REM_II_000003411



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 43 of 206 PagelD: 728

PTO/SB/08 (09-06)
Approved for use through 03/31/2007. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid
OMB control number.

Substitute for form 1449/PTO Complete if Known \
INFORMATION DISCLOSURE Application Number Unassigned
STATEMENT BY APPLICANT Filing Date Herewith
Date Submitted: _[|J] f 3 ZﬂIZ First Named Inventor Hitesh'BATRA
Art Unit Unassigned
- (use as many sheets as necessary) Examiner Name Unassigned
\Sheet | 1 lof |4 Attorney Docket Number | 080618-1162 )
U.S. PATENT DOCUMENTS
. Pages, Columns, Lines,
Erxamm CiteT DocumeTn Numbezr . Publication Date Name of Patentee or Applicant of gWhere Relevant
initialss | NO- Number-Kind Code® (i MM-DD-YYYY Cited Document Passages or Relevant
known) - _._Figures Appear
A1 2002/0173672 A1 11/21/2002 Moriarty et al.
A2 2004/0176645 A1 09/09/2004 Moriarty et al,
A3 | 2005/0085540 A1 04/21/2005 Phares et al.
A4 | 2005/0101608 A1 05/12/2005 Santel, Donaid J.
A5 | 2005/0165111 A1 07/28/2005 Wade et al.
1+ AB | 2005/0282903 A1 12/22/2005 Wade et al.
A7 | 2005/0282901 A1 12/22/2005 Phares et al.
A8 2007/0078182 A1 04/05/2007 Phares et ai.
A9 | 2007/0078095 A1 04/05/2007 Phares et al.
A10 | 2008/0200449 A1 08/21/2008 . Olschewski et al.
A11 | 2008/0249167 A1 10/09/2008 . Phares et al.
A12 | 2008/0280986 A" 11/13/2008 | Wade et al.
A13 | 2009/0036465 A1 02/05/2009 | Roscignoetal.
A14 | 2009/0163738 A1 06/25/2009 Batraetal.
A15 | 4,306,075 A 12/15/1981 Aristoff, Paul A. -
A16 | 4424376 A 01/03/1984 Moniot et al.
A17 | 4463183 A 07/31/1984 Haslanger, Martin F.
A18 | 4,486,598 A 12/04/1984 Aristoff, Paul A.
A19 | 4,544 764 A 10/01/1985 Aristoff, Paul A.
A20 | 4,668,814 A 05/26/1987 Aristoff, Paul A.
A21 | 4,683,330 A 07/28/1987 Aristoff, Paul A.
A22 | 5153222 A 10/06/1992 Tadepalli et al.
A23 | 6,054,486 A 04/25/2000 Crow et al.
A24 | 6,441,245 B1 08/27/2002 Moriarty et al.
A25 | 6,521,212 B1 02/18/2003 Cloutieretal.
A26 6,528,688 B2 03/04/2003 Moriarty et al.
A27 | 6,700,025 B2 03/02/2004 . Moriarty et al.
A28 | 6,756,033 B2 06/29/2004 ) Cloutieretal.
A29 | 6,765,117B2 107/20/2004 | Moriarty etal.
A30 | 6,803,386 B2 10/12/2004 Shorretal.
A31 | 6,809,223 B2 10/26/2004 Moriarty et al.
A32 | 7,199,157 B2 04/03/2007 Wade et al.
A33 | 7,384,978 B2 06/10/2008 Phares et al.
A34 | 7,417,070 B2 08/26/2008 Phares et al.
FOREIGN PATENT DOCUMENTS
. Pages, Columns, Lines,
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or Where Relevant
initials* No.' Country Code*Number™ MM-DD-YYYY Applicant of Cited Documents Passages or Relevant
Kind Code® (if known) Figures Appear T
B A35 | CA2710726 At 01/22/2012 Alphora Research Inc., CA
) [
Examiner Date I
Signature Considered !

"EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
cansidered. Include copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-ietter code (WIPO Standard ST.3). 4 For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language

Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the pubiic which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed appiication form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTC-9199 (1-800-786-9199) and select option 2.

UTC_REM_Il_000003412




Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 44 of 206 PagelD: 729
PTO/SB/08 (09-06)
Approved for use through 03/31/2007. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid
OMB control number.

Substitute for form 1449/PTO Complete if Known N
INFORMATION DISCLOSURE Application Number Unassigned
STATEMENT BY APPLICANT Filing Date Herewith
Date Submitted: JUL 1372012 First Named Inventor Hitesh BATRA
— Art Unit Unassigned
(use as marny sheels as necessary) Examiner Name Unassigned
\Sheet | 2 lof |4 Attorney Docket Number | 080618-1162 p.

FOREIGN PATENT DOCUMENTS

, i . . Pages, Columns, Lines
Examiner | Cite | __Foreign Patent Document Publication Date Name of Patentee or Where Relevant
Initials* | No." Country Codg"Number“’ MM-DD-YYYY Applicant of Cited Documents Passages or Relevant .
Kind Code’ (if known) Figures Appear T
A36 | CN 101891596 A 11/24/2010 Shanghai Techwell A
Biopharmaceutical Co. Ltd. v
A37 | CN 101891715 A 11/24/2010 Shanghai Techwell )
i L L . Biopharmaceutical Co. Ltd LY
A38 | EP 0004 335 A2 10/03/1979 .. Hoechst AG A
A39 | EP 0087 237 B1 05/14/1986 | The Upjohn Company
A40 | EP 0 159 784 B1 06/07/1989 | The Upjohn Company
A41 | EP0175450B1 03/22/1989 The Upjohn Company i
A42 | EP 0496 548 A1 1. 0772911992 Purdue Research Foundation s
A43 | WO 98/39337 A1 09/11/1998 Hoechst AG | A
A44 | WO 99/21830 A1 05/06/1999 United Therapeutics 5
Corporation 1 |
A45 | WO 03/070163 A2 08/28/2003 United Therapeutics
Corporation
A46 | WO 2005/007081 A2 01/27/2005 United Therapeutics
Corporation
A47 | WO 2007/134292 A2 11/22/2007 United Therapeutics
Corporation _
A48 | WO 2008/100977 A2 08/21/2008 N.V. Organon
A49 | WO 2009/117095 A1 09/24/2009 Arena Pharmaceuticals, Inc.
A50 | WO 2012/009816 A1 01/26/2012 Alphora Research Inc.

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), titie of the articie (when appropriate), title of the
item (book, magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue T
number(s), publisher, city and/or country where published.

A51 | ALEXANDER et al., “The Synthesis of Benzindene Prostacyclin Analogs as Potential Antiulcer
Agents,” Prostaglandins, 1986, 32(5):647-653.

Examiner | Cite
Initials™ No.

A52 | ARISTOFF et al., “Synthesis and Structure-Activity Relationship of Novel Stable Prostacyclin Analogs,”
Advances in Prostaglandin, Thromboxane, and Leukotriene Research, Samuelisson et al., .Eds., 1983,
11:267-274

A53 | ARISTOFF et al., “Synthesis of Benzopyran Prostaglandins, Potent Stable Prostacyclin Analogs, Via
an Intramolecular Mistunobu Reaction,” Tetrahedron Letters, 1984, 25(36):3955-3958.

A54 | ARISTOFF et al, “Total Synthesis of a Novel Antiulcer Agent via a Modification of the Intramolecular
Wadsworth-Emons-Wittig Reaction,” J. Am. Chem. Soc., 1985, 107:7967-7974.

Ab55 BATRA et al,, “Crystallization Process Development for a Stable Polymorph of Treprostinil
Diethanolamine (UT-15C) by Seeding,” Organic Process Research & Development, 2009, 13:242-249.

Examiner J Date
Signature | Considered

“EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant’s unigue citation designation number (optional). 2 See Kinds Codes of
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPC Standard ST.3). 4 For
Japanese patent documents. the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language
Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individuai case. Any comments
on the amount of time you require to complete this form andjar suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, cali 1-800-PT0-9199 (1-800-786-9198) and select option 2

UTC_REM_Il_000003413



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 45 of 206 PagelD: 730
PTO/SB/08 (09-06)
Approved for use through 03/31/2007. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid
OMB control number.

4 Substitute for form 1449/PTO Complete if Known N
INFORMATION DISCLOSURE  Application Number Unassigned
STATEMENT BY APPLICANT Filing Date “Herewith
Date Submitted: JUL 1% 2042 First Named Inventor Hitesh BATRA
e Art Unit Unassigned
(use as many sheets as necessary) Examiner Name Unassigned
\Sheet | 3 lof |4 Attorney Docket Number | 080618-1162 Yy,

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate). title of the
item (book, magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue T8
number(s), publisher, city and/or country where published.

AS56 | BELCH et al., “Randomized, Double-Blind, Placebo-Contralled Study Evaluating the Efficacy and
Safety of AS-013, a Prostaglandin E1 Prodrug, in Patients with Intermittent Claudication,” Circulation,
May 6, 1997, 95(9):2298-2302.

A57 | CHEMBURKAR et al., “Dealing with the Impact of Ritonavir Polymorphs on the Late Stages of Bulk
Drug Process Development,” Organic Process Research & Development, 2000, 4:413-417.

Examiner | Cite
Initials* No."

A58 | CHUNG et al., “Promoters for the (Alkyne)hexacarbonyldicobalt-Based Cyciopentenone Synthesis,”
Organometallics, 1993, 12:220-223.

A59 | CLARK et al., “High-Performance Liquid Chromatographic Method for Determining the Enantiomeric
Purity of a Benzindene Prostagiandin by a Diastereomeric Separation,” Journal of Chromatography,
1987, 408:275-283.

A60 | HARDINGER et al., “Triply-Convergent Syntheses of Two Homochiral Arene-Fused Prostacyclin
Analogs Related to U68,215," Bioorganic & Medicinal Chemistry Letters, 1991, 1(1):79-82.

AB1 | HICKS et al., “A Practical Titanium-Catalyzed Synthesis of Bicyclic Cyclopentenones and Allylic
Amines,” J. Org. Chem., 1996, 61:2713-2718.

AB2 | JEONG et al., “Catalytic Version of the Intramolecular Pauson-Khand Reaction,” J. Am. Chem. Soc.,
1994, 116:3158-3160.

'A63 | KHAND et al., “Organocobalt Complexes. Part Il. Reaction of Acetylenehexacarbonyl-dicobalt
Complexes, (R'C2R%C02(CO)s, with Norbornene and its Derivatives,” J. Chem. Soc., J.C.S. Perkin |.,
1973, 977-981. , B

A64 | MATHRE et al., “A Practical Enantioselective Synthesis of a,a-Diaryl-2-pyrrolidinemethanol.
Preparation and Chemistry of the Corresponding Oxazaborolidines,” J. Org. Chem., 1991, 56:751-762.

AB5 | Moriarty et al., “The Intramolecular Asymmetric Pauson-Khand Cyclization as a Novel and General
Stereoselective Route to Benzindene Prostacyclins: Synthesis of UT-15 (Treprostinil),” J. Org. Chem.
2004, 69, 1890-1902.

AB6 | MULZER et al., “Asymmetric Synthesis of Carbacyclin Precursors by Pauson-Khand Cyclization,”
Liebigs Ann. Chem., 1988, 891-897.

AB7 | NELSON, Norman A., “Prostaglandin Nomenclature,” J. Med. Chem., September 1974, 17(9):911-918.

AB8 | PAGENKOPF et al., “Photochemical Promotion of the Intramolecular Pauson-Khand Reaction. A New
Experimental Protocol for Cobalt-Catalyzed [2 + 2 + 1] Cycloadditions,” J. Am. Chem. Soc., 1996,
118:2285-2286. .
AB9 | PAGENKOPF, Brian L., “Substrate and Reagent Control of Diastereoselectivity in Transition Metal- 5
Mediated Process: Development of a Catalytic Photo Promoted Pauson-Khand Reaction.” Diss. Abstr.
Int., 67(12):7535, 1977, Abstract.

Examiner Date
Signature Considered

*EXAMINER; Initial if reference considered, whether or not citation is in conformance with MPEP 809. Draw kine through citation if not in conformance and not
considered. Inciude copy of this form with next communication to applicant. 1 Applicant’s unigue citation designation number (optional). 2 See Kinds Codes of
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by
the appropriate symbois as indicated on the document under WIPO Standard ST.16 if possible. 6 Applicant is to piace a check mark here if English ianguage
Transiation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This coilection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to compiete this form and/or suggestions for reducing this burden, should be sent ta the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450

If you need assistance in completing the form, call 1-800-PTQ-3199 (1-800-786-9199) and select option 2.

UTC_REM_Il_000003414



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 46 of 206 PagelD: 731
PTO/SB/08 (09-06)
Approved for use through 03/31/2007. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid
OMB control number.

( Substitute for form 1449/PTO Complete if Known \
INFORMATION DISCLOSURE Application Number Unassigned
STATEMENT BY APPLICANT Filing Date | Herewith
Date Submitted: QUL 1 3 2?3?2 First Named Inventor Hitesh BATRA
e Art Unit Unassigned
(use as many sheets as necessary) Examiner Name Unassigned
\Sheet | 4 lof |4 Attorney Docket Number | 080618-1162 y

NON PATENT LITERATURE DOCUMENTS

) ) Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
Examiner | Cite . . . ) N ;
Initiais* No 1 item (book, magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue T
’ number(s), publisher, city and/or country where published.

A70 | PAULSON, Peter L., “The Khand Reaction,” Tetrahedron, 1985, 41(24):5855-5860.

'A71 | SCHORE, Neil E., “Transition-Metal-Mediated Cycloaddition Reactions of Alkynes in Organic
Synthesis,” Chem. Rev., 1988, 88:1081-1119.

A72 | SHAMBAYATI et al., “N-Oxide Promjoted Pauson-Khand Cyclizations at Room Temperature,”
Tetrahedron Letters, 1990, 31(37):5289-5292.

A73 | SNELL et al., “Investigating the Effect of impurities on Macromolecule Crystal Growth in Microgravity,”
Crystal Growth & Design, 2001, 1(2):151-158.

A74 | Sorbera et al. “UT-15. Treatment of Pulmonary Hypertension Treatment of Peripheral Vascular
Disease,” Drug of the Future, 2001, 26(4), 364-374.

A75 | TAKANO et al., “Enantiodivergent Synthesis of Both Enantiomers of Sulcatol and Matsutake Alcohol
from (R)-Epichlorohydrin,” Chemistry Letters, 1987, 2017-2020.

A76 | VIEDMA, Cristobal, “Selective Chiral Symmetry Breaking during Crystallization: Parity Violation of
Cryptochiral Environment in Control?” Crystal Growth & Design, 2007, 7(3):553-556.

A77 | ZHANG et al., “A Nickel(0)-Catalyzed Process for the Transformation of Eﬁynes to Bicyclic
Cyclopentenones,” J. Org. Chem., 1996, 61.:4498-4499.

Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. include copy of this form with next communication to applicant. 1 Applicant’s unigue citation designation number (optional). 2 See Kinds Codes of
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-ietter code (WIPO Standard ST.3). 4 For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 8 Applicant is to place a check mark here if English language
Translation is attached

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours {o compiete
including gathering, preparing, and submitting the completed application form to the USPTO. Time wili vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, cail 1-800-PTO-9199 (1-800-786-2199) and select option 2.
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
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National Stage of an International Application under 35 U.S.C. 371
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New International Application Filed with the USPTO as a Receiving Office
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the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-14350
WWW.USpto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/548,446 07/13/2012 1629 1310 080618-1162 21 2
CONFIRMATION NO. 2092
22428 FILING RECEIPT
FOLEY AND LARDNER LLP
SUITE 500 OO R ELUE M
000000055586767

3000 K STREET NW
WASHINGTON, DC 20007

Date Mailed: 07/30/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Hitesh Batra, Herndon, VA;
Sudersan M. Tuladhar, Silver Spring, MD;
Raju Penmasta, Herndon, VA;
David A. Walsh, Palmyra, VA;
Assignment For Published Patent Application
United Therapeutics Corporation
Power of Attorney: The patent practitioners associated with Customer Number 22428

Domestic Priority data as claimed by applicant
This application is a CON of 12/334,731 12/15/2008 PAT 8242305
which claims benefit of 61/014,232 12/17/2007

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 07/25/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/548,446

Projected Publication Date: 11/08/2012
Non-Publication Request: No

Early Publication Request: No
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Title

PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE INGREDIENT IN REMODULIN®
Preliminary Class

514

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-14350
WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/548,446 07/13/2012 Hitesh Batra 080618-1162
CONFIRMATION NO. 2092
22428 PUBLICATION NOTICE

FOLEY AND LARDNER LLP
SUITE 500 [l |II|||||II||!IIﬂ|(LIMII|HI W I|||||!I!j||||| [ CEREY
3000 K STREET NW 000000057514237
WASHINGTON, DC 20007

Title:PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE INGREDIENT IN REMODULIN?

Publication No.US-2012-0283470-A1
Publication Date:11/08/2012

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PROTECTING GROUPS

T.W. Greene & P.G.M. Wuts, Protective Groups in Qrganic Synthesis (Z2nd edition) J.
Wiley & Sons, 1991.
P.J. Kocienski, Protecting Groups. Georg Thieme Verlag, 1994

Hydroxyl groups
Ketones and aldehydes
Amines

Carboxylic Acids

wone —

=N

ALCOHOLS
Ethers

= Methyl ethers
R-Oll - R-OMe difficult to remove except for on phenols
Formation: - CH2Np, silica or HBFy
- NaH, Mel, THF

Cleavage: - AlBr3, EtSH
PhSe -
- PhoP -
MesSil
OMe OH

[o) O
AlBrs, EtSH
@\/9 ra, EtS [iujfg/ TL 1987, 28 . 3659
o
éBZ 632

» Methoxymethyl ether MOM
R-OH — R-OCH;OMe stable to base and mild acid

'

Formation: - MeOCH>Cl, NaH, THF
- MeOCHCl, CH,Cl, iPr EtN

Cleavage - Me2BBr; TL 1983, 24, 3969
» Methoxyethoxymethyl ethers ~ (MEM)
R-OH - R-OCH;0OCH;CH;OMe stable to base and mild acid

Formation: - MeOCH2CH>;OCH>CI, NaH, THF
- MeOCH2CH,0OCH;Cl, CHClj, iPrpEtN TL 1976, 809

Cleavage: - l.ewis acids such as ZnBrp, TiCly. MezBBr;
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2
S\
B-Cl
MEM-O, I:s' HO, TL 1983, 24 , 3965, 396
CSH”/(;),,,l/o-SS(Ph)zzsu CSH“/Q»..,,,O-Si(Ph)leU
- canalso be cleaved in the presence of THP ethers
* Methyl Thiomethy! Ethers (MTM)
R-OH — R-OCHjSMe Stable to base and mild acid
Formation: - MeSCH3>Cl, NaH, THF
Cleavage: - HgClp, CH3CN/H;O
- AgNOs3, THF, H0, base
* Benzyloxymethy! Ethers (BOM)
R-OH —» R-OCH3;0OCH;Ph Stable to acid and base
Formation: - PhOCH2CH3>Cl, CHCly, iPraEtN
Cleavage: - Hy/ PtO;
- Na/ NHjs;, EtOH
* Tetrahydropyranyl Ether (THP)
()
OH ——~
H*.PhH  R—0770 Stable to base, acid labile
Formation: - DHP (dihydropyran), pTSA. PhH
Cleavage: - AcOH, THF, H»0
- Amberlyst H-15, MeOH
» Ethoxyethyl ethers (EE) JACS 1979, 101 ,7104; JACS 1974, 96 . 4745.
Formation:
R-OH ZO™™
- - — N
H R—0- 0 (R-OEE) base stable, acid labile

Cleavage: - AcOH, THF, H,0
- Amberlyst H-15, MeOH
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3
= Benzyl Ethers (R-OBny)
R-OH — R-OCH3Ph stable to acid and base
Formation: - KH. THF, PhCH>OCH;Cl
- PhCH20C(=NH)CCls. F3CSO3H JCS P1 1985, 2247
Cleavage: - Ha/ Pt();
- Li/ NHj3
* p- Methoxybenzyl Ethers (PMB)
Formation: - KH, THF, p-MeOPhCH2Cl
- p-MeOPhCHO0C(=NH)CClj, F3CSO3H TL 1988, 29, 4139
Clecavage: - Hjz / PtO;
- Li/ NHj
- bDQ
- Ce(NHj3)2(NO3)g (CAN)
- e

= o-Nitrobenzyl ethers

Review: Syr:t])ésis 1980. 1; Organic Photochemistry, 1987, 9, 225
NaH THF \/@

Formation: - as per benzyl ether

Cleavage: - photolysis at 320 nm

: (o] OH
hv, 320 nm, HO
pyrex, HZO . . JOC 1972, 37, 2281, 2282.
HO™ ‘OH

OH

Silyl Ethers Synthesis 1985, 817 Synthesis 1993, 11.
R-OH — R-O-SiRj

Formation: - R3Si-Cl, pyridine. DMAP
- R3Si-Cl. CHCly (DMF, CH3CN), imidazole, DMAP
- R3Si-OTT. iPr2EtN, CHzCly

Cleavage: - acid (lability depends on specific silyl ether)
- fluoride
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4
- Fluoride sources: - nBu4NF (basic reagent)
- HF / H20 /CH3CN TL 1979, 3981.
- HF e« pyridine Synthesis 1986, 453
- SiF4. CHRClp TL 1992, 33 . 2289
* Trimethylsilyl cthers Me3Si-OR - TMS-OR

- very acid and water labile
- useful for transiant protection
« Triethylsilyl cthers Et3Si-OR TES-OR

- considerably more stable that TMS
- can be selectively removed in the presence of more robust silyl cthers with with I~

mild acid
e ~
TESO A H,O/ACOH/THF _.OH
/V\/L (3:5:11), 15 br o Liebigs Ann. Chem. 1986, 1281
-~ ~OTBS 9
: (97%) oTBS
-
~
« Triisopropylsilyl ethers ~ iPr3Si-OR  TIPS-OR
- more stabile to hydrolysis than TMS
« t-Butyldimethylsilyl Ether (BuMe;Si-OR TBS-OR TBDMS-OR

JACS 1972, 94,6190

- Stable to base and mild acid
- under controlled condition is selective for 1° alcohols

t-butyldimethylsilyl triflate tBuMeSi-OTf TL 1981, 22 . 3455

- very reactive silylating reagent, will silylate 2° alcohols

Cleavage: - acid

- F- (HF, nBuyNF, CsF, KF)
TBSO HO '
~SN=""coMe  HF CHICN ~ TSN 0, Me

Q\/\/\/\/ (70%) Q\/\/\/\/

° oTBs o HO JCS Perkin Trans. 1 1981, 205
» (-Butyldiphenylsilyl Ether tBuPh;Si-OR BPS-OR TBDPS-OR 3>-OR

- stable to acid and base
- selective for 1° alcohols

Cleavage: - F-
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5
- MejSi- and iPr3Si groups can be selectively removed in the presence of TBS or TBDP
groups.

- TBS can be sclectively removed in the presence of TBDPS by acid hydrolysis.
TL 1989, 30,19

JOC 1981, 46 ,1506

AcOH / THF/ H0 TL 1989, 30, 19.

Me
Bu— S! o 1Bu =Si
Me Me
OTHP OH
PPTS / EtOH
l I JACS 1984, 106, 3748

Esters
= Acetates R-OAc

R-OH — R-0O;CCHjy

- stable to acid and mild base
- not compatable with strong base or strong nucleophiles such as organometallic reagent

Formation: - Ac20, pyridine
- AcCl, pyridine

Cleavage: - K2COj3, MeOH, reflux
- KCN, EtOH, reflux

- NHj, MeOH
- LiOH, THF, H;0
- enzymatic hydrolysis (Lipase) Org. Rxns. 1989, 37, 1.
OAc Porcine Pancreatic
E __pase TL 1988, 30, 6189
OAc

(96% ee)

= Chloroacetates

Formation:

O Me
cl o
o
Ac
Me (‘) H2NNHCOSH AcMe JCS CC 1987, 1026

OAc° /6—A€O
! /\g g/\Cl H H
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6
Cleavage: - can be selectively cleaved with Zn dust or thiourea.
= Trifluoroacctates R-OAc
R-OH — R-0O3CCF3y
Formation: - with trifluoroacetic anhydride or trifluoroacetyl chloride in pyridine
Cleavage: - KpCO3, MeOH
* Pivaloate  (t-butyl ester) R-OPiv

R-OH — R-O2C(CH3)3

- Fairly selective for primary alcohols

Formation: - thutylacetyl chloride or t-butylacetic anhydride

Cleavage: - removed with mild base

* Benzoate R-OBz
R-OH — R-0,CPh
- more stable to hydrolysis than acetates.

Formation: - benzoyl chloride or benzoyl anhydride in pyridine

Cleavage: - mild base
- KCN. MeOH, reflux

1,2 and 1,3- DIOLS

Synthesis 1981, 501 Chem. Rev. 1874, 74. 581
Acetals & Ketals
Ry

R, R
OH =0 2 3

R)TR, R 0”6

H*, -H,0 v {

H z R R,

« Isopropylidenes (acetonides)

- in competition between 1,2- and 1,3-diols, 1,2-acetonide formation is usually favored

Formation:

Me_ Me
OH MeQ OMe OMe pte
)\/ R, acetone or KN or %\ o o
R Y H
~ R
OH H " (catalyst) R

Cleavage: - cleaved with mild aqueous acid
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* Benzylidene Acetals
in competition between 1.2- and 1,3-diols, 1.3-benzylidene formation for is usual
favored.

Formation:

OH PhCHO Ph
-or- PR
R)\rR, PhCH(OMe), oo
H', -H,0 /\ (
OH 2 R R,
Cleavage: - benzylidenes can be removed by acid hydrolysis or hydrogenolysis (Ha,

Pd/C)

- benzylidene are usually hydrogenolyzed more slowly than benzyl ethers or olefins.

* p-Methoxybenzylidenes

Formnation: - as per benzylidene acetals
Cleavage: - hydrolyzed with acid about 10X taster than regular benzylidenes
- Ha. Pd/C

- Can be oxidatively removed with Ce(NH4)2(NO3)g (CAN)

OBn OBn
BnO o Ce(NH4)2(NO3)g
", - \'/\©\ CH4CN, H,0 BnO.,,, OH
o (95%)
MeO (@] OMe MeO™ 0 OH

QOther Reactions of Benzylidenes

- Reaction with NBS (Hanessian Reaction)
i o
ho//Lo NBS, CCl, L Br
0 o’g% — T e N Org. Syn. 1987, 65, 243
HO
Hol | n
€ OMe

- if benzylidene of a 1° alcohol, then 1° bromide

- Other Reactions
Ph

by Na(CN)BH;, QH
TiClg,CHyCN =
o o 4.CHs COzMe
\_ (. T Me0o,c” Synthesis 1988, 373
MeO,C  COMe OBn
O O Ph O OH
Q/Y TMS-CN (\/IV Tetrahedron 1985, 41, 3867
o BFyOEt
MeO" ~07 IR MeO" ~0O OXPh
H CN
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DIBAL-H

» Carbonates

TL 1988, 29, 4085

Formation:
O
OH /lL
R/kr R, (Im),CO o o
OH R R‘

Cleavage:

- stable to acid; removed with base

- more difficult to hydrolyze than esters

ALDEHYDES & KETONES
* Acetals & Ketals

Formation:
R):o MeOH
H* (cat
R (cat)
OH
HO™ >
H* (cat), PhH
-H,0

-or-

(CH,0SiMey),,
TMS-OTH, CH,Cl,

HO” >""0OH
H™ (cat), PhH

-H0

Cleavage:

- Cleavage rate of substituted 1,3-dioxanes:

j 1,3-dioxolanes

TL 1980, 21, 1357

R O
X > 1,3-dioxanes

Ry O

- Stable to base; removed with H3zO+

Chem. Rev. 1967, 67, 427.

X< X = XD
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9
- Ketal formation of a,3-unsaturated carbonyls are usually slower than for the saturat
case.
m
2 o)
D e oF
H* (cat), PhH P
© -H,0 o
* Thioacetals & Thioketals
Formation:
R S
R):o HS” ™" 5H x :
R‘ BFa'OElz' CHzclz R4 S

Cleavage: - Hg(ClO4)2, MeOH or other Hg*" salts
- Stable to mild acid & base

CARBOXYLIC ACIDS
Tetrahedron 1980, 36, 2409. Tetrahedron 1993, 49, 3691
Nucelophilic Ester Clcavage:. Organic Reactions 1976, 24, 187.

Esters
» Alkyl Esters

Formation: - Fisher esterification (RCOOH +R'OH + H+)
- Acid Chloride + R-OH, pyridine
- t-butyl esters: isobutylene and acid
- methyl esters: diazomethane (CH2Np)

Cleavage: - LiOH, THF, H;0
- t-butyl esters are cleaved with aqueous acid
- enzymatic hydrolysis ~ Org. Rxns. 1989, 37, 1.

OH Pig Liver Esterase OH
MeO,C co,Me __PHE8buUfer oo, CO,H
j\ Bu,SnO. PhH, TL )oj\
) = TL 1991, 32, 4239
R™ "OR R= Me, Et, tBu R™ "OH
« 2-Trimethylsilyl)ethoxymethy! Ester (SEM) HCA 1977, 60, 2711.
Formation:
DCccC
RCOM +  HO_O_~guye. R\[rov O siMe,

(o]

Cleavage: - ‘Cleaved with Bu4NF in DMF
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o Haloesters

Formation:
RCO,H + HO__CCl
Cleavage: - Zn(0) dust
- electrochemically

* Benzyl Esters
RCO2H + PhCH20H — RCO3Bn

Formation: - DCC and benzyl alcohol

Filed 07/07/15 Page 66 of 206 PagelD: 751

10

DCC

- Acid chloride of acid, benzyl alcohol, EtzN

- Hap, Pd/C
- Na, NH3

Cleavage:

« Orthoesters

Formation:

Synthesis 1974, 153 Chem. Soc. Rev. 1987, 75

TL 1983, 24, 5571

0 o)
cocl + ——EJ — __.__BFa'OE'LR_@_
R 0
OH o o

Cleavage:

AMINES

Carbamates

- Stable to base; cleavec with mild acid

e 9-Fluorenylmethyl Carbamate (Fmoc) Acc. Chein. Res. 1987, 20, 101
Formation:
O|'|O NaHCO ”OI'IO
HZO.adioxaane
RoNH  + —
o
DS o
Cleavage: - Clecaved with mild base such as piperidine, morpholine or dicyclohexylamin
» t-Butyl Carbamate (BOC)
Formation:
jl)\ (o]
o)
tBu0” "0~ "oiB
RoNH 2 2 R,N” ~OtBu
Clecavage: - with strong protic acid (3M HCI, CF3COOH)

- TMS-1
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» Benzyl Carbanate

Formation:

Cleavage:

Amides

» Formamides

Formatjon:

Cleavage:

¢ Acetamides

Formation:

Cleavage:

11

o\
o
o TL 1985, 26 . 1411

(Cbz)
L
o)
BnO” ~ClI
RoNH . RN 0-~Ph
-Hp, Pd/C
- PdCly, Et3SiH
- TMS-I
- BBry
- hv (254 nm)
- Na/ NHj;
HCO,EL o
R,NH
G R,N /”\H
- removed with strong acid
RANH Ac,0 o)
‘ R2N)l\CH3

removed with strong acid
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Preliminary communication

Application of the Pauson—-Khand reacuon to the synthesis
‘of pentalenic aad * .

Elizabeth G. Rowley and Neil E. Schofe *
Department of Chemistry, University of California, Davis, Davis,. CA 95616 (USA)
(Received November 13th, 1990; in revised form January 18th, 1991)

Abstract

A substituted pentynyicyclopentene precursor for the synthesis of pentalenic acid by intramolecular
Pauson-Khand cycloaddition reaction has been prepared in high yield. Reaction with Co0;(CO)y
produces triquinane econes in an overall yield of 33%. Three of the four postible stercoisomeric products:
are formed, with two of them, making up ca. 80% of the product mixture, possessing the necessary
exo-methyl stercochemistry at C-9 for further elaboration into pentalenic acid. A formal synthesis of the
latter was completed by reduction of one of the enone isomers mto a ketone which had previously been
carried on to the natural product.

Several years ago we demonstrated the use of the Pauson—Khand cycloaddition
reaction in the preparation of the angularly fused triquinane ring system [1]. Our
initial efforts at directing this methodology towards triquinane natural products led

" to a synthesis of (1 )-pentalenene (1) [2]. In order to assess the applicability of this
approach to more highly oxidized members of this class of natural products we
recently turned our attention to pentalenic acid (2) [3,4). This communication
describes our results in this aréa.

HO H
2 .

In a Pauson—-Khand-based synthesis of 2 the critical issues are the effects of the
oxygen functionality at C-5 on the yield of the cycloaddition reaction and on the
stereochemical outcome at C-9. In the synthesis of 1 stereocontrol at C-9 in the
crucial cycloaddition step was high (4:8 =ca. 8:1) and in the desired direction due
to steric interference between the methylene at C-S and the C-9 methyl in the

¢ Dedicated with the utmost respect and admiration to Professor Peter L. Pauson on the occasion of Ais
retirement.

0022-328X/91/$03.50  © 1991 — Elscvier Sequoia SA.
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C6

transition state leading to the undesired isomer (eq. 1). In contrast, the presence of a
protected alcohol at C-7 totally reversed this preference due to new steric interac-
tions introduced in the intermediates leading to diastereomers 7 relative to di-
astereomers 8.

R, R JH
LoxOn_ - o
JR=H 4, major S, minor
6, R = OCH,OCH, 7, minor 8, major

The necessary cyclization precursor for the synthesis of pentalenic acid was
prepared as shown in eq. 2. Oxidation of 9 [2] and treatment of the resulting
aldehyde with lithium acetylide gave 10 as a ca. 55: 45 mixture of diastereomers in
77% overall yield {S*]}. Although only one of these has the correct alcohol configura-
tion relative to that of the methyl group, it is known that the stereochemistry at C-5
may be corrected after formation of the tricyclic by oxidation followed by selective
reduction [4b,d,e].

_m_.>< LicCH_ LBuMeSiQ 2
on ESNDMSO /N P >£mm @
wo’ o +BuMe:SIO

9 1 .
Unprotected propargyl alcohols have generally not performed well as Pauson—
Khand cycloaddition substrates {6], and alcohol 10 showed no indication of cycliza-
tion to an enone upon treatment with Co,(CO)s and heating. The corresponding
tert-butyldimethylsilyl ethers typically are much better substrates [7], and treatment
of siloxy enyne 11 [8*] with dicobalt octacarbonyl under the same conditions used
for cycloaddition of 3 (heptane, sealed tube, 115°C, 19 h) gave a 33% yield of a
mixture of enones. The 'H NMR spectrum of the product of this reaction showed
three different vinyl signals, indicating that three of the four possible diastereomeric
products had formed.

Using the analysis developed for the cycloadditign of 3, one would expect the
stereochemistry of cycloaddition of 11 to be directed in the following manner.
Enyne diastercomer 11b should give a more favorable ratio of enone products with
respect to methyl stereochemistry at C-9 than the 88 : 12 ratio observed for 3. When
the alkene inserts into the cobalt complex so that the methyl group is on the endo
face of the macrocycle, it will experience a severe steric. interaction with the siloxy
group at C-5, and thus this pathway should be extremely disfavored (Scheme 1). In
contrast, the cycloaddition of 11a should be less selective because a steric interac- .
tion will develop no matter which way the alkene inserts (i.e., either C-9 methyl «»
C-5HorC-9H «» C-5 siloxy). )

Table 1 presents partial 'H NMR data for the three separated (by MPLC)
isomers of 12 {9*]. Stereochemistry at C-5 was assigned on two bases: protons on
the endo face of a bicyclo[3.3.0]octane fragment are shielded relative to protons on

* Reference number with asterisk indicates a note in the list of references.

f\
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the exo face [10] and the coupling constant .I(H,—H,) is approxnnau:ly 2 Hz when
H-5 is exo and 0 Hz when it is endo [11). The configuration of the methyl group was
assigned by comparing the chemical shifts for the vinylic protons with those in
enone 3 and its stereoisomer: 3, with the exo-methyl, displays a vinyl signal 0.15
ppm upfield of its endo-methyl isomer. The assignments indicate that, as expected,
enyne diastercomer 11b cyclizes virtually exclusively to a single enone, exo-12b,
whilé 11a shows much lower selectivity (ca. 3:2). Overall, enones possessing the
same exo-methyl configuration at C-9 as pentalemc acid make up nearly 80% of the
product mixture.

Reduction of the enone mixture with lithium in liquid ammonia and methanol
gave tricyclic ketones 13 {12°,13*} which were easily separated by MPLC, permit-
ting two-dimensional NMR experiments that supported the structural assignments
of the three isomers. The identity of exo-13a with an intermediate in Hudlicky’s
pentalenic acid synthesis [4c) confirmed these assignments. The preparation of
exo-13a thus represents a formal synthms of the natural product. Note that
exo-13b, the major isomer in this mixture, is also in principle a viable pentahc acid

Sandoz-Trep 0006517
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Table 1

NMR data for cuones 12

£

H
o o
Oreous OTBDMS
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OoTBDMS
Proton assignment exo-1l1a endo-12s exo-12d
H-3 5.83, 8 6.03,d, J=1.7Hz 5.85.d, J=1.7Hz
H-5 404, s 450, d, J~1.7Hz 449,d, J=1.7T Hz
H-1 241, m 244, m 243, m
H-7 207, 4, J=138Hz . 1.88,d, /=138 Hz 202, d, J=13.8 Hz
H-7 1.22, d, /J=13.8 Hz 1.63,d, J=138 Hz 1.44,d, J=13.8 Hz
Me-6 111, 1.14, 117, s '
Me-9 097, 4, J=72Hz 093, d, J=69 Hz 097,44, J=72 Hx
Me-6 0.87,s 069, s 0.80, s
'Bu-Si 0.86, s 091, s 0.90s
Me-Si 0.07, s 007, s 0.07, s
Me-Si 0.01, s 0.06, s 0.0S8, s

precursor via alcohol inversion (vide supra). Hudlicky also prepared ketone endo-13b,
and the NMR spectrum of this isomer does not match the spectra of any product of
our cycloaddition-reduction sequence. These results therefore confirm that the
interaction of the endo substituent at C-9 and the exo substituent at C-5 control the
stereochemistry of the Pauson—Khand reaction. v

Although the stereoselectivity of this' cycloaddition was acceptable for our
purposes, the yield was only about 2/3 that of the corresponding reaction in the
pentalencne synthesis. As a result, following the procedure of Smit and Caple [14]
the Co,(CO)¢ complex of 11 was adsorbed onto silica and the resulting red powder
heated at 80-90°C until the red color disappeared. Analysis showed that the
reaction did not go to completion: enones 12 were obtained in only 16% yield while
varying amounts of unreacted complexed and uncomplexed 11 were isolated to-
gether with an unidentified aromatic side product. This modification was not
further pursued. ’

Nonetheless, the feasibility of application of the Pauson—Khand reaction to the
synthesis of more highly functionalized triquinanes has been established, and
dramatic confirmation of our previously suggested guidelines for stereocontrol has
been provided as well. We are currently exploring the natural culmination of these
studies, syntheses of the highly biologically active pentalenolactones using routes
based on selective Pauson-Kband reaction. The results of these studies will be
reported in due course.

Acknowledgement. We thank the National Institutes of Health (Grant GM26294)
.and the Chevron Research Corporation for financial support of this research. This
material is based- upon work supported under a National Science Foundation
Graduate Fellowship to E.G.R. We also express our appreciation to Professor T.
Hudlicky for supplying copies of spectra, and to Professors R_ Caple and W. Smit
for providing results prior to publication.
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The Oxazoline-Benzyne Route to 1,2,3-Trisubstituted
Benzenes. Tandem Addition of Organolithiums,
Organocuprates, and a-Lithionitriles to Benzynes

Paul D. Pansegrau, Willlam F. Rieker, and A. 1. Meyers®

Coniribution from the Depariment of Chemistry, Colorado State University,
Fort Collins, Colorado 80523. Received February 19. 1988

Abstract: The generation of a benzyne intermediate 4 vis ortho lithiation of rcadily available (m-chlorophenyl)oxazoline 1

gives rise to a variety of polysubstituted benzene derivatives. The ke:

y property of 4 is its ability 10 form benzyne at temperatures

between ~10 and 0 *C, which allows a variety of nucleophiles to be placed in solution. As 1he ortho lithio intermediate loses
lithium chioride to form the benzyne, mostly clean regiospecific additions occur in situ. Removal of the oxazoline produces
a variety of benzoxc acids wulh substituents derived from nucleophilic and electrophilic entry onto the benzyane intermediate.

Kinetic and ther 1 has beea

ully achicved &

upon the nature of the nucleophilc present during

benzyne formation. In this fashion, isomeric benzenes with little or no isomeric mixtures were formed. Cycloedditions (4
+ 2) using furans, pyrroles, and thiophenes were also performed on the benzynyloxazoline.

Aromatic substitution has occupied a central role in organic
chemisiry for over 100 ycars and still continues 10 be an area of
considerable activity.! From the carliest studies on electrophilic
subsmution,‘ the Friedel-Crafts,? nucleophilic aromatic substi-
tution,* and free-radical substitution,’ the stream of publicstions
on every aspect of these important pr i to app
in periodicals. Among the most notable achievements in aromatic
chemistry was the advent of a benzyne® intermediate in cerwin
nucicophilic substitutions. The chemistry of benzyne has since
been well incorporated into the arsenal of synthetic chemutry and
today is aceepted as a valuable addition to synthetic design.” We
now describe in detail our own cfforts in adding further to the
synthetic utility of benzynes by demonstrating a series of re-
gioselective reactions derived from phenyloxazoline 1. $-10  The
(m-chlorophenyl)ouzohne 1, shown in Scheme 1, is readily
prepered in good yields from m-chlorobenzoic acid. Upon met-
alation with n-butyllithium at -78 °C in THF, the ortho-lithiated
derivative is formed!! and can be alkylated smoothly with rnethyl
iodide. However, it was our intention to coerce 2 into elimi

Scheme |

wer
1e° - 28%¢)

LiCl generating the benzyne 4. This plan was based upon ln—
erature precedent!? for generating benzyne from o-lithiochloro-
benzene, which eliminates LiCl at ~~100 °C. Thus, the formation
of the (2-methyl-3-chlorophenyl)oxazoline 3 was surprising.

, it was soon discovered that allowing the lithio derivative
to warm in THF solution in the presence of excess n-Buli, other

- nucleophiles, or other reactive species (e.g., a diene), gave the

expected benzyue adducts 5 and 6, respectively. Thus, the se-
quence shown in Scheme 1 will form the subject of this report.

(1) For delightful and informative reading on aromatic compounds, their
structure and reactions in the carly 20th century, see: Essoys on the History
af Organic Chewisiry in the UmudSlaul 1875-1933; Tarbell, D. 8., Tarbeidl,
A. T. Eds.; Folio: Nashwille, TN, 1986; pp 139-151.

(2) von Enl:r. H. ). Justus Liebigs Ann. Chem. 1983, 330, 280.

(3) Friede!, C.: Crafts, J. M. C. R. Hebd. Seances Acad. Sci. 1877, 84,

9.
(4) Miller, J. Aromatic Nucleophtlic Substitutiom, Elscvier: Now York,
1968.

(8) Bachmann, W. E.; HofTman, R. A. Org. React. (N.Y.) 1944, 2, 224.

(6) Roberts, J. D.; Simons, H. E.; Cartsmith, L. A.; Ysughn, C. W. J. 4m.
Chem. Soc. 1953, 7.! 3290.

(7) Por roviews, soe: (a) Ficlds, E. K. Org. Ckcm (N yY) l973 26, “9
{b) Barton, D. H. R.; Ollis, W. D. In Conr
Barton, D. H. R, Ollu.W D..Eds; Perpm. Oxfafd 1979 Vol l p411
(<) Hoffmanao, R. W, D«lydr b and Cy New
York, 1967. (d) For & recent mnauuve rnethod lo |en¢nce benzynes via
fluoride-Induced of o-silyl Y.

T.; Kobayashi, H. Chem. un 1983, 1211 Shuhnn.l( Snlechn. V.
Tetrakedron Lest. 1984, 27, 2827.

(8) Some of the -mdsure,cﬂcd here have appeared in preliminesy form:
(a) Meyers, A. I; Ricker, W, F. Tewrahedron Lets. 1982, 23. 209] {b)
Meyers, A. I.; Puuzgnu, P. D. 1bid. 1983, 24, 493S. (c) Meyers, A. l.:
Panscgrau, P. 'D. 14id. 1984, 25, 2941, (d) Meyens, A. L.; Pansegrau, P. D.

J. Chem. Soc.. Chem. Commun. l”!, 690.

(9) For a review on a in el philic and nucleophilic
substitution, see: Reuman, M.; Meyers, A, 1, Tatmlmlmn 1988, 44 108.
(10) For a review on Lu-

tomski, K. A.; Meyers, A. Lin A:ymmelritSymhun Morrison, J. D
Academic: New York, 1983; Vol. 3, p 213

(1) Mnyerl A. L: Mihelich, E. D. /. Or( Chem. 1975, €0, 3158. Ges-
chwend, H. W.; Hamdea, A. J. . Chem. 1978, 40, 2008.

a2 Gilmln, H.: Garsicti, R. D. J. Am. Chem. Soc. 1956, 73, 2217.

of Beazywe 4 with ans. When the hithiated
phenyloxazoline 2 was allowed to warm in its THF solution, and
no nucleophile or clectrophile was added, the reaction produced
the fluorenone 8 in 68% isolated yicld. This interesting process

was presumed to involve addition of the ortho-lithiated oxazoline
2 to the benzyne as the temperature rose. The regioselective
addition gave only 8, which was presumed to be thermodynam-
ically controlled and in agreement with other additions 1o benzynes
containing an electron-withdrawing group.”™ Furthermore, it was
felt that the ortho lithio derivative woukd be stabilized by chelation
in 2. Addition into the C=—=N link of the oxazoline would be

0002-7863/88/1510-7178501.50/0 © 1988 American Chemical Socicty

UTC_REM_Il_000003442



Trisubstituted Benzenes via Oxazoline-Benzyne

Table I. Addition of BuLi-Electrophile to 1 and Formation of
2,3-Disubstituted Benzoic Esters®
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Table 1. Addition of Organolithiums (3.0 equiv) to ¥ and Ratio of
Meta to Ortho Addition

entry cicctrophile E 10.% 1'% RLi 16%% 17+ % RLi 164% 17.“%
s Mel Me 68 77 ~BuLi 70 " e 38 e
b  CHy,0 CH,O0H 58 .59 ~Buli 46 120 @
¢ HCONMe, CHO 35 92 PhLi 48 24 .
d PhCHO CH{(OH)Ph 58 '
e <° cno oM 63 Oue! 46 b2 ]
]: :I ) @[
) Lo
<o©/k 2 0 68¢
f PhCOQ) J\ 63 62 * Ratios determined by gas chromatography unlcss otherwise stated.
- $Ratio determined by HPLC. ¢lsolated yield. ¢ Remainder of material
was 1 and/or 18. “Conains 12-15% 18, /Ethcr—pentane (1:1) used to
g PANCO j\ 67 76 solubilize the lithium reagents at ~78 °C.
NHPH : .
h CO, CO;Me 45 lithium approaches the benzyne, by chelation with the highly
i EtOH H 65 88

¢Reactions performed in p R pure, b
isolated products. ‘HMPA (J .0 equiv) added prior to melhyl sodide.

expected to furnish 7, and aqueous workup provided 8. In order
to confirm the regiochemistry, an X-ray structure of 8 was ob-
tained. This resuit prompted a study of other organolithium
reagents in the hope of preparing a variety of regioselectively
1,2,3-trisubstituted benzenes.

Since it was now cstablished that the benzyne 4 does not form
until temperaturcs of the solution of 2 reached ~0 °C, it would
be possible to introduce a variety of nucleophiles and allow benzyne
formation to take place in situ and be trapped by the nucleophile
present in the solution.

Addition of a-butyllithium (3.0 equiv) in pentanc to 1 at ~78
°C, followed by warming the solution to room temperature to allow
butyllithium addition to the benzyne and recaoling to -78 °C prior
to electrophilic quench, gave the adducts 10. The results with
a varicty of clectraphiles are summarized in Table I.  Hydrolysis
(4.5 N HCI) of the oxazoline and esterification with di hane

elec!ron-rich w-system present in the oxazoline 14, and this

& —-& &

4 (B o Senemt ar AL sgpregem) 14 ReCerm) "

complex forces the alkyl group into the orthe position of the
benzyne bond leading to 15 (or 9) and ultimately the products
described in Table I. That this chelation phenomenon (CIPE)
should be totally exclusive caused us some concern, and indeed,
upon examination of the crude adduct 10 (E = H) by gas chro-
matography we could, in fact, observe 10~12% of the m-butyl
isomer derived from proton quench of 13, It was now of interest
to assess the steric or electronic effects that were responsible for
this regiochemistry and to try to explain the difference between
major ortho addition with n-BuLi and major meta addition with

gave the benzoic esters 11, also described in Tabie 1.

. --Buls [’ .e%c .] n-Auls
pansans, -7 C -tLict " e

0yMe o mot
@Lf e
v

" " [T}

The use of pentane or hexane as a sclvent rather than THF,
ether, or DME was the result of optimization experiments. It was
found that nonpolar solvents, with 3.0 cquiv of ulkyllithiums as
the base and nucleophile, gave the highest yields.

The formation of the regioisomer 10 was confirmed by an
alternate unambiguous synthesis. From previous work in this
laboratory,!? we were able to form 10 (E = H) by merely treating
known (2-methoxyphenyl)oxazoline 12 with a-butylmagnesium
bromide. The products were identical in all respects. Fu €
11 (E = H) was dcgraded to phthalic acid for additional con-
firmation.

The formation of 9 rather than the meta addition product 13
was indeed surprising in light of the meta addition observed carlicr
to give the adduct 3. However, on the basis of the solvent polarity
study, wherein hexane or pentane proved to be superior to THF,
we fude that the regiochemistry observed is due (o a kinetic
complex-induced proximity effect (CIPE)." Thus, the organo-

{(13) Meyers, A. 1.; Mihelich, E. D. J. Am. Chem. Soc. 1978, 97, 738).

(o-lithiophenyl)oxazoline 2.

A scrics of organolithium reagents (Table 1) were added to
1 in pentane or in 1:1 pentane—cther at —78 °C and allowed to
metalate the ortho position of 1. After being warmed 10 room

Q. @ @ @

'
temperature, the organolithium was allowed to add to the benzyne,
followed by quenching with ethanol to furnish 16, 17, and
unexpectedly, 18. I is seen from the ratio in Table Il that there
is a definite preference for ortho addition in the benzyne for
n-butyl, sec-butyl, and phenyllithium. On thc other hand, o-cthyl
and o-methoxyphenyl lithiums are gly more petitive
for both ortho and meta positions. This could be due to a steric
crowding due to the ortho substituent or, more probably, the
presence of cther in the reaction, which increases the polarity of
the solvent thereby weakening the coordinating ability of the
oxazoline to the organolithium reagent. In support of this, in-
ternally coordinated organolithium reagents, such as 2, ignore the
kinetic effect of coordination and simply add to the benzyne in
a thermodynamically controlled p i.e., the meta-substituted
product 17 is formed exclusively. The phenyloxazoline 18 in the
product mixture is presumed not to come from direct halogen—
metal exchange but rather through the intermediacy of the ben-
zyne. Since it was observed only with #-buty) and sec-butyllithium
(Table 11), it can be cxplamed by a g-bydride elimination (eq 1)
! 10 the climination reported'? with lithium amides and
bcnzynes (eq 2). In an attempt to further elaborate aromatic rings
via the benzyne—oxazoline methodol Y the or y derivative
19 (prepared from the benzoic acid in 79% overall yleld) was
subjected to o-methoxy displacement by Grignard reagents® af-

(14) Beak, P.; Meyers, A. ). Acc. Chem. Res. 1986, {9, 356,
(15) Wittig, G.; Stoeber, 1. Justus Liebigs Ann. Chem. 1972, 758, 84.
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fording 208—<. It was now dcsirable to acentain whether treatment
e, nensy

x o1

= ‘
gy
6. T G
'l
with cxcess a-butyllithium (3-3.5 equiv) in peatanc would proceed

" 10e, Nels
with ortho lation and sub: loss of LiCl to furnish the
benzyne or whether benzylic metalation in 20a would compete
with the desired process. Benzylic metalation in (o-methyl-
phenyl)oxazolines is well-known.>'*  As it turned out, benzyne
formation, via ortho metalation, was the course followed, providing
the bis-ortho-substituted system 21, exclusively. However, for
20b and 20c, the addition to the benzyne intermediate was not
as regioselective, giving 21b and 21 ¢ as mixtures of ortho and meta

& O
& .| &G

210, (R o 8By} (113 ELLY
216, (R« 0} ey en

addition products. This lack of selectivity of butyllithium addition
10 the benzynes containing ortho substituents could be duc 10
out-of-plane twisting of the oxazoline moicty by bulky ortho
substituents 22, resulting in loss of proximily between the or-
ganolithium reagents and the ortho position of the benzyoe.
However, these derivatives 21a~c were all obtained as purc ho-
mogencous isomers after flash chromatography.

The surprising fact that ortho metalation in 20a,b. rather than
benzylic mctalation, was the major deprotonation pathway
prompted an experiment in competitive metalation using ether
rather than pentane as the solvent. Thus, 20a was metalated in

o o Os3
W, n-Butl -76° C oCH, c™, L]
poliE——hn cWEERR O ¢
75

'[.,.,. &l o

cther at =78 °C with 1 equiv of n-butyllithium and quenched
immediately thereafter with methanol-d. The ratio of benzylic
deuterium to ortho deuterium was 1:3, thus indicating even in s
polar solveni such as cther, ring metalation prodominates. Before
leaving this section on organolithium addition to benzynes, it
should be stated that the method utilized to prepare 21b, namely,
the (2,6-di-n-butylphenyl)oxazoline and ultimately the 2,6-di-
substituted benzoic acid, is inferior to our earlier report wherein
symmetrical 2,6-dialkyl derivatives are prepared.’
a-Lithionitrile Addition to Bemxyres. The addition to the ox-
azoline benzyne was cxtended to a-lithionitriles providing an
interesting, novel, and useful route to 1,2,3-trisubstituted benzenes
27. Although nitrile anions have been previously reported'® to
add to benzynes, the process described bercin (Scheme IT) is

{16) Xin, H. Y., Biebl, E. R. /. Org. Chem. 1983, 48, 4397.
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Table III. Addition of Lithionitriles to 1** and Formation of
Benzenes 37

lithionitrile _benzene 27
entry 23, R electrophile R R’ yield.* %
a H EtOH H H $7
b Et EtOH Et H 68
cx H Mel H Me 46
d Me Mel Me Mce 13
3 Et Mel Et Me 73
f H n-BuBs* H n-Bu 45
8l i-Pr EtOH -Pr H 42
h n-hept BtOH n-hept H 62
i PhCH, EIOH PhCH, H 56
j Ph E«.OH Ph H 21¢
¢ All reactions performed in 1:1 ether—p ne. ® Lithionitriles were

prepared in ethor with 0.5 equiv excess LDA. ©All yields are for iso-
lated, b 8 ial. ?Io edditi 19% of the isomeric 2-
cyano-3-phenyl product was isolated. * HMPA added prior to addition
of the halide.

considerably more interesting in that the net result is a fission of
the alkyl cyanide bond which formally adds across the benzyne
bonds. Specifically, treatment of 1 with 1.1 equiv of butyllithium
in pentane at ~78 °C gives the ortho-lithiated species 2. At this
juncture, a solution of lithiated alkyi nitriles 23 in ether was
introduced such that the solvent was now 1:]1 pentane—ether. Since
both species 2 and 23 are leophiles, no int tion occurs
between them other than possible chelation. As'the temperature
rises, LiCl is ejected forming the benzyne which, now as an
clectrophile, is readily attacked (24) by the lithiated nitrile fur-
nishing 25. The latter regiochemical result is again due Lo the
complex-induced praximity effect (CTPE)' which influences alky)
attack on the benzyne bond at the ortho position. The 3-lithio-
2.aikylnitrile 25 then undergoes intramolecular arylation to the
benzocyclobutanimine 26, which fragments to the more stable
3-cyano-2-alkylbenzene 27 (R’ = Li). Quenching lithiated 27 with
a proton or an alkyl halide furnishes the fina) product as the nitrile
27. A variety of lithiated nitriles were examined along with a
variety of clectrophilic quenches. These arc tabulated in Table
111

This interesting fragmentation (25-27) has some precedent in
the addition of enolates to benzynes as reported by Caubere.!?

(17) Caubese, P. Acc. Chem. Res. 1974, 7, 301. Caubere, P.; Carve. M.
C.; Gregoire, B. J. . Chem. 1984, 49, 2050; Carre, M.; Jamart-Gregoire,
B.; Geollroy, P.; Cau P. ?‘nm‘hbo.n I%‘. €4, 127.

(18) Since internally would be expected to be
poorly complexed prior to addition to the we ined lithicform-
LA i hilic agents. However, no addition 10 the
onz Sea
o~ u
@I * \J —_— @}'

+ +

benzyne covid be detected.

(19) Meyers, A. L; ten Hoeve, W. J. Am. Chem. Soc. 1980, 102, 7128.
{20) Elicfson, C. R. J. Org. Ckem. 1979, 44, 153).
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Trisubstituted Benzenes via Oxazoline-Benzyne

The attack of an enolate on benzyne furnishes 28, which rearranges

o % o
oy o

10 the benzocyclobutane 29. Because the enolates are derived from
cyclic k the fragr jon of 29 to 30 produces a macro-
cyclic benzoketone. Thus, this present process may be considered
analogous to that described by Caubere.

There were some notable limitations to this tandem alkylation
process. For ple, tertiary lithionitriles added both poorly
and nonselectively to the benzyne as shown in eq 3. Thus, steric

e We LI

Oaz oxtr
cn
>, —_— . s 3
LY e - ne cw

% 13m

factors begin to play a role in the complexation step 24 allowing
addition 1o occur under thermodynamic control. Howcver, this
is not a serious problem since highly branched ortho substitution
can be introduced by alkylation of the intermediate 26. For
example, the 2-isopropy) derivative in eq 3, obtained in only 36%
yield, was prepared by sequential alkylation in 73% yick (Table
11, emiry d). Another limitation noted was the poor addition
efficiency of (lithiophenyl)acetonitrile (Table IIL, entry j). The
“soft™ nature of this anion gave poor yields of 27 and a comparable
yield of the 3-phenyl isomer, analogous to the results shown in
eq 3.

The cyano derivatives 27 were readily hydrolyzed in 4.5 N HCI
furnishing the cyanocarboxylic acids, which were immediately
esterified with diazomethane giving the methyl esters in good to

co,
) [ cope
- o) wz @k, M0,
—e —_—
¥ Gy en hawwamn
7 ”n

cOo

moderate yields (Table ]V). [f the hydrolysis was performed in
refluxing 6 N sulfuric acid, both the cyano and oxazoline groups
were hydrolyzed 1o give the isophthalic acid 32, Furthermore,
this provided additional confirmation that the regiochemical ad-
dition of the lithionitriles proceeded as mentioned above (Scheme
m.

The data given in Table 1V indicate that the overall process
1 — 31 was accomplished in ~ 50% yield, and this is considered
rather satisfactory for the transformation which took place in three
steps from commercially available and inexpensive m-chloro-
benzoic acid.

Alkyl Cuprate Additions to Berzynes. In the previous discussion
on this methodoiogy, it was shown that alkyllithiums add to the
benzyne, furnishing as the major product {2-alkyl-3-E-pbenyl)-
oxazoline 10. It was, for reasons outside the scope of this report,
further desirable 10 reach the isomeric series (2-E-3-alkyl-
phenyl)oxazolines 33 (Scheme 111). Therefore, nuclcophiles that
may add to benzyne at the meta position were examined, and the
dialky) cuprates surfaced as the reagent of choice.

Treatment of 1 with 1.0 equiv of a-butylithium in ether to
generate the ortho lithio derivative 2 was followed by addition
of 3.0 equiv of the appropriate cuprate in ether. The two nu-
cleophilic reactants were, once again, inert toward each other until
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the solution was allowed 10 warm to room temperature. The
transformation of 2 into the benzyne in the presence of the cupratc
gave rise to addition product 34. The resulling mixed cuprate
34 was then recocled and quenched with methanol, acid chloride
(acety! or benzoyl), or allyl bromide. In this fashion, a series of
tri-substituted benzenes 33 was obtained (Table V) wherein the
electrophile entered exclusively at the ortho position. No trace
of the isomeric system 10 was found upon gas or high-pressure
liquid chromatography. In fact, the gas chromatographic analysis
of known mixiures of both isomeric series, compared to the crude
reaction product derived from the cuprate addition, showed less
than 0.01% (limits of detection) of 10 present in 33. A study of
various cuprates (Table V, entries b—d) showed that the extent
of benzyne trapping was not affected by the nature of the cuprate
(pentynyl® ar cyano™), so all subsequent reactions were perfarmed
with lithium dialkylcuprates.

It was found that only the clectrophiles listed in Table V were
satisfactorily incorporated into the cuprate 34, while other typical
electrophiles (alkyl halides, carbonyls, epoxides) gave only starting
materials or products of decomposition. This was interpreted to
mean that the R group on copper in 34 is transferred instead of
the aryl group, reacting with the introduced electrophile and
producing the organocopper species 36. In order to cffect the

on oz

' 1
Cv ]
u.u———.n.n.@ '—.@
" L]
Y

transformation to 33, 10 equiv of clectrophile were introduced
into the solution of 34. Organocopper reagents such as 36 are
known tg couple with allylic groups®® and acyl groups.”! More
recently, Alexakis has shown?? that arganocopper reagents will
couple with acetals in the presence of certain Lewis acids, however
this failed 10 bring about alkylation of 34.

Hydrolysis of the oxazoline 33 using 4.5 N hydrochloric acid
at reflux formed the carboxylic acid, which was immediately
treated with diazomethane affording the methyt esters of the

b o b~ &

32, W . W, R e (TN
JLTRE P 10, A e mBu OV}
1B/ NePn 04, A s PE (90%)

benzoic acids 35. In the case of the allyl-substituted benzencs
(33, E = allyl), hydrolysis did not give the benzoic acids, but
produced the | (dihydroi rins) 36 in good yiclds.
Presumably, the ecidic medium generates the carbocation which
is rapidly cyclized to the lactones.

Cycloaddition to Benzyne 4. Thc cycloaddition’™ of several
dienes to 4 was bricfly examined and gave satisfactory yields of
cycioadducts. Thus, a THF solution of | was treated with 1.1
equiv of »-BuLi at =78 °C, the diene (furan, pyrrole, or thiophenc)

(21) Normaant, J. F. Synshesis, 1972, 63.
1(}2)6;};!.‘&1!. A.: Ghiribi, A.: Normant, J. F. Tetrahedron Lett. 1984, 23,
30735, 3079.

{23) Corcy, E. J.; Beames, D. J. J. Am. Chem. Soc. 1973, 94, 1210.
(24) Levisslles, J.; Gorlier, J. P.; Hamon, S.; Wagon, J. J. Chem. Soc.,
Chem. Commun. 1973, 88.
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was added, and the solution was allowed to warm 10 -10 to =13
°C, followed by stirring at room temperature overnight. Cyclo-
adducts from the furan, pyrrole, and 2,5-diphenylisobenzofuran
37 and 38, respectively, were obtained in moderate yiclds. Once
again, very little cycloadduct was detected (HPLC) below —15
°C, indicating the stability of the lithiated species 2 below ~15
°C. In fact, a study of time vs percent yield of cycloadduct at
-12 °C showed that after 4 b only 56% cycloadduct and 40%
(m-chlorophenyl)oxazoline 1 were present. However, at 20 °C
the time—yield study showed 85% cycioadduct (~ 10% 1) present
after 1.75 h. This behavior of 2 going on to benzyne is consistent
with all the previous results mentioned carlier in this discussion.

It is interesting to note that previous base-induced benzyne
formation gave, on addition of furans, rearranged cycloadducts.™
However, under the mild conditions employed herein, no rear-
ranged cycloaddition products were observed, only those shown
as 37-39. The reaction of 2 with thiophene, however, did not lead
to a simple, expected cycloaddy 1 d, the thiophene addition
product 40 was formed. This may be explained as passing through
the ylide 39 which is formed by nucleophilic thioph dditi
to the benzyme.# Proton transfer (1,3) then leads to the product
0. However, trans-metalation between 2 and thiophene, followed
by addition of 2-lithiothiophene to the benzyne cannot be rigor-
ously excluded.

Experimental Section?’

2-(3-Chlorophenyl) -4,4-dimethyi-2 (1). ina 250-mL flask
were placed 100 g of 3-chlorobenzoic acid (0.639 mol; Aldrich) and 140
mL of thioayl chloride (228 g, 1.92 mol). The flask was heated in a 100
°C oil bath for 1 b and then removed from the bath. Excess thionyl
chloride was then removed [rom the mixture via distillation. The crudes
acid chioride was allowed 10 cool to room 1emperature, then dissalved in
290 mL of methylene chloride, and placed in s dropping funnel over a
1-L flask containing 114 g of 2-methyl-2-aminopropanol (1.28 mol, 2
equiv) in 290 mL of mcthylenc chloride. The flask was cooled ina 0 °C
bath, and the acid chloride was sdded dropwise to the stirred solution of
amino alcohol. After addition of the acid chloride was complete, the
reaction mixture was removed from the ice bath and stirred at room
temperature (or 14 h. The mixturc was filtered, the cake washed with
methylene chloride (150 mL), and the filtrate concentrated in vacuo to
leave a white solid, the crude amide alcohol (148 g, 0.649 mol, 102%).
The amide alcohol was immediately carried oo by dissolving in 170 mL
of benzene and S00 mL of methylene chioride. The mixture was trans-
ferved to a 1-L flask fitted with a dropping funnel, d .and a
mechanical stirres. A tatal of 140 mL of thiony! chloride (228 g, 1.92
mol) was slowly added to the stirred solution. The reaction mixture was
warmed to reflux and then cooled. The mixture was stirred at room
temperature for 2.5 h. The excess thionyl chloride was destroyed vis
dropwise addition of H;0 and 40% NaOH. Addition of 40% NaOH was
continued until the water layer was at pH 11, The water layer (750 mL)
was extracted with diethyl ether (2 X 1.75 L). The combined cther layers
were dried over anhyd p carb filiered, and concen-
trated in vacuo to leave crude 1 as » yellow oil (132.2 g. 0.631 mol, 99%).
Distillation in vacuo [bp 80-83 °C (0.05 mmHg)] provided 1 (93.7 g,
70%) as s colorless oil: IR (film) 2960 (C—H), 1645 (C=N), 1600

Cage 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 77 of 206 PagelD: 762

Pansegrau et al.

Table IV. Hydrolysis of (Cyanophcnyl)oxazolines 27 to Methyl
Cyanobenzoates 31

% overall
entry R R’ N~ % from 14
[ H H 98 56
b Et H 80 54
c H Mea 87 40
q Me Me 86 63
e Me Et m 56
f H Bu 70 42
8 H i-Pr 79 48
h H n-hept 83 50
i H PhCH, 86 48
<Al yickds arc for pure, homogeneous materiels. *All hydrolyses
were carried out in 4.5 N HCI, reflux, 12~15 h. ¢Hydrolyzed in 1:2
THF-H;O solution. ¢Physical data src p d as supp! y
matcrial.
Schewe 1T}
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(Cw=C) cm™: '"H NMR (CDCl,, 270 MHz) & 1.36 (s, 6 H), 4.08 (s, 2
H), 7.29 (1, 1 H, J = 7.85 Hz), 7.40 (ddd, | H, J = 1.48, 2.28, 7.58 Hz),
780 (dt. 1 H, J = 1.36, 7.58 Hz), 7.94 (1, | H, J = 1.47 H2); 13C NMR
(CDQCYy, 25 MHz) 8 28.19, 67.48, 78.99, 125.93, 127.91,129.14, 129.55,
130.71, 133.93, 160.37. Anal. Celcd for C(H;;NOCl: C, 63.01; H,
5.77. Found: C, 62.96; H, 5.78.
4-Chioro-8-(2-oxazoliny])flsorencme (8). To a stirred solution of 566
mg (2.70 mol of 1 in 15 mL of THF cooled to 78 °C under nitrogen
was added 1.04 mL of 2.75 M n-butyllithium (hexane) and the mixture
stirred for 30 min. The solution was then allowed to warm to —10 °C
and kept at this temperature for 2-3 h and then allowed to reach room
temperature overnight. The reaction mixture was poured into saturated
ium chloride solution and the organic layer removed by ether
extraction. The ether extracts were washed successively with water,
brine, and water, dried (MgS0,), and concentrated to a green oil. The
oil was subjs d to flash ch by (silica gel, ethyl acctate—
hexane 3:7). The first fraction contained a small amount of 1, the second
fraction contained 286 mg (68%) of the fluorenone 8: mp 136-137 °C
(hexanc—thyl acetate); 'H NMR (CDCl,, 60 MHz) 5 1.52 (s, 6 H), 422
(s, 2 H), 7.00~-7.60 (m, S H), 8.20 (dd, 1 H, J = 6.0, 3.7 H2): IR (KBr)
2995, 2800, 1715, 1660, 1590, 1110, 930, 730 ey MS, m/e 313 (M
+ 2), 311 (M*), 298, 296 (base, 281, 240, 227, 185, 150, 78). Ansl.
Caled for C,yHNO,CLl: C, 69.35; H, 4.53. Found: C, 69.23; H, 4.57.
This analytical sample was subjected to single-crystal X-ray deter-
ination (sce supp y material).

Butyithdun—| Tandess Additions to 10. Typical Procedure.
2.(2-a-Butyl-3- yiphenyl)- 4,4-dimethyl-2 fine (10s). A total
of 0.398 g of 1 (1.90 mol, 1 equiv) was placed in & SO-mL flask containing
an argon ph 20 mL of p was added, and the mixture was
stirred untif a b fution was obiained. The solution was then

cooled in an acetone—dry ice bath, and 2.60 mL of 2.20 M n-butyllithium
(5.72 mol, 3 cquiv) was added via syringe. The reaction mixlure was
stirred at low temperature for 0.5 h and then at room tempersture for
0.5 h. The flask was then r jed in the dry ice bath, and 1.0
mL of hexamethylphosphoramide (HMPA) (1.03 g, 5.75 mol, 3 equiv)
was added via syringe. No HMPA was used in any of the subscquent
procedures that follow. The reaction was stirred 3 min and then methy!
iodide (0.60 mL. 1.37 g. 9.64 mol, 5 equiv) was added via syringe. The
reaction mixture was allowed to slowly warm to room temperature with
stirring. The mixture was stirred a total of 5—6 h following addition of
methyl iodide and then concentrated in vacuo. The resulting red of) was
taken up in hexane (80 mL) or ether and hed with sa d sodi

chlaride (2 % 40 mL). The ocganic layer was dried over anhydrous

(25) Shepard, X. L. Teirahedron Lent. 1978, 3371, Kobrich, G. Chem.
Ber. 19589, 92, 2988,

(26) A relatod reaction between benzyns and N-methylpyrrole has been
reporied: Keubne, M. E.; Kitagawa, T. J. Org. Chem. 1964, 29, 1270.

(27) Microanalyses were performed by Desert Analytics. Tucson, AZ.

p carb , filtered, and concentrated in vacuo to leave a red
oil. Medium-preassure chromatography (5% cthyl acetate—hcxanes)
provided 0.315 g of 10a (1.29 mol, 63%) a1 a colorless oil: IR (film) cm™
2960 (C—H), 1645 (C=—N), 1590 (C=C) cm"'; 'H NMR (CDCl,, 100
MHz) 8 .94 (1, 3 H, J = 6.34 Hz), 1.15-1.46 (m, 4 H). 1.38 (3. 6 H),
2.34 (3. 3 H), 2.89 (v, 2 H, 7 = 7.81 Hz), 4.06 (s, 2 H), 7.00-7.26 (m.
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Table V. Addition of Cuprates to Benzyne 1 and Formation of 2,3-Disut d Mecthyl B as .
trisubstituted trisubstituted
clectro- benzene 33 ester 38.° clectro-  __ DSNZERE 33 cgier 38y
entry cuprate” phile R E kal kil entry cuprate® phile R E k3 %"
a  MeCuli McOH* Me H 66 92 i Me,CulLi o Me ~F 69 4
b  (a-Bu),CuLi MeOH* nBu H 56 95 ! atuld AN
¢ nBuCuCNLi MeOH:' n-Bu H 47 . j.. . (Bu)Culi _~_%* nBu ~F 88 d
d  mBu(pentynl)CuLi MeOH n-Bu H s3 . .
e  PhCuLi McOH* Ph H 67 99 k  PhyCuli o~ P A 68 . d
3 Me,Culi CH,COCl Me¢ McCO 47 99 1 Me,Culi PhCOCI  Me PhCO 37 98
8 (n-Bu),CuLi CH,COCI nBu MeCO 67 87 m  (n-Bu),Culi PbCOCI a-Bu PhCO 70 84
h Ph,CulLi CH,COCl Ph McCO 28 73 n Ph,CuLi PhCOCl Ph PhCO 66 90

* Three equivalents of cuprate added to lithiated 1. 8 Degassed methanol used. 'Ylelds are umu of pure, homogcneous. material.
were dihydroisocoumarins 36, ¢Physical data and cxperimental details are pr d as

2 H), 7.45(dd, 1 H, J = 1.95, 6.83 Hz); }*C NMR (CDCl,, 25 MHz)
814,00, 19.84, 23.29, 28.42, 29.94, 32.51, 67.78, 78.75, 125.11, 127.56,
128.20, 132.12, 136.55, 140.99, 163.18. Anal. Caled for C,yH;3NO: C,
78.32; H, 9.45. Found: C, 78.08; H, 9.09.

Hydrolysis of Oxazolines 10 to Methyl Esters (11). Typical Proce-
dure. Methy) 2-n-Butylbenzonts (311). In a 25-mL flask were placed
0.126 g of oxazoline 101 (0.54S moi) and 13 mL of 4.5 N HCL. The
solution was heated 1o reflux for 14 b and then allowed to cool to room
temperature. The mixture was p‘nmoned between diethyl ether (2 %
80 mL) and ed sodium The bined ether layers were
treated with 6 equiv of diazometbane, gencrated from 0.70 g of Diazald
(3.27 mol, 6 equiv), stirred for 2 h, then dried over anhydrous potassium
carbonate, filtered, and concentrated in vacuo (o leave s yellow ofl.
Column chromatography (16 g of silica. 5% ethyl acetate-hexanes)
provided 0.092 g of 113 (88%) as a colorlexs vil. A portion was purified
via buib-to-bulb distillation: bp 70 °C (0.0 mmHg); IR (film) 2960
(C—H), 1720 (C==0), 1600 (C=C) cm™'; 'H NMR (CDCl,, 270
MHz) § 0.93 (¢, 3 H, / = 7.33 Hz2), 1.34-1.45 (m, 2 H), 1.52-1,63 (m,
2H), 294 (2 H, /= 7.5T H2), 3.87 (3,3 H), 7.22 (d, 2 H, J = 7.64
Hz), .37 (d. | H, J = 7.47 Hz), 7.84 (4, | H, J = 7.80 Hz); ''\C NMR
(CDCl,, 25 MH2) 5 13.94, 22.76, 33.97, 34.14, 51.72, 125.40, 129.31,

130.31, 130.66, 13l53 l““ 167.91.
2-(5—Chloro- yl)-4,4-dimethyl-3 line (19). Ina
12-L Nask equipped with a ch llirfel‘\vmpheedZDLofH,O

and 38 g of N:OH (0 95 mol). The mixture was stirred until a homo-

blained. A total of 2.9 L of methylene chloride
was added l‘ollowed by 100 g of 5—chlorouhcyhc acid (Aldrich; 0.580
mal) and 19 g of tet ide (0.590 mol). The
mixture was stirred vxguruuly, and 165 mL of dimethyl sulfate (220 g,
1.75 mol) was slowly added to the mixture. The reaction mixture was
stirred at room temperature for 4 h, during whnch thc mpmc llyu was
separated and the water layer bed with methy! 2L).
The combined organic layers were dried over anhydrous m-gncnum
sulfate, filtered, and concentrated in vacuo to leave a yellow oil. A
portion was purified vis bulb-to-bulb distillation: bp 57 °C (0.02
mmHg); IR (film) 2950 (C—H), 1735 (C=0), 1600 (C==C), 1235
(C—0) ecm™; '"H NMR (CDCl,, 100 MHz) 5 3.88 (3, 6 H), 6.90 (d, |
H,J/ = 9.03 Hz), 741 (dd, | H, J = 2.69,9.03 Hz), 7715 (d, 1 H,J =
2.69 Hz). The material was carried on 10 2-methoxy-S-chlorobenzoic
acid below.

The ester was placed in a 3-L flask with 1 L of 10% sodium hydroxide.
The mixture was stirred at room temperature (or 16 h, during which the
mixture turmed to a white solid. The mass was dissolved in water, by
portions, and each portion acidified with concentrated hydrochloric acid
to precipitate the acid. Each portion was catracted with diethyl cther,
combined with the previous ether extracts, and finally dried over an-
hydrous magnesium sulfete. Filtration, followed by concentration in
vacua provided the crude acid (104.6 g, 97%). which was immediately
carried on to the oxazolioe 19.

The crude acid (104.6 g, 0.558 mol) was placed in & 1-L flask with
121 mL of thionyl chloride (197 g, 1.66 mol). The mixture was stirred
at room temperature for 0.5 h and then heated at reflux foc 0.5 h. Excess
thionyl chloride was removed via distillation. The resuiting acid chloride
was allowed to cool to room temperature, whereupon it solidified. The
solid was dissolved in 300 mL of methylene chloride and placed in &
dropping funne! over a 1-L flask containing 100 g of 2-amino-2-
methyl-1-propanol (1.12 mol) in 255 mL of methylene chloride. The
flask was cooled in an ice bath, and the acid chloride was added dropwise
to the stirred solution. After addition of the acid chloride was complete,
the mixturc was stirred at room temperature for 20 h. The mixture was
then filtered and the cake washed with 0.5 L of methylene chlaride and
concentrated in vacuo (o leave 145 g of amide alcohol &s a brown solid.
The amide alcohol was dissolved in | L of methylene chloride and placed

4These products

PP 7

in 8 2-L Nask. To the stirred solution was slowly added 12) mL of
thiony! chloride (197 g, 1.66 mol). After addition of the thionyl chlaride
was complete, the reaction was stirred st room temperature for 1.5 h.
Excess thionyl chloride was destroyed by dropwise addition of H,0 and
40% NaOH. Addition of 40% NzOH was maintsined until the water
layer was pH 11. The mixture was diluted with | L of saturated NaCl,
and the layers were separated. The water layer was washed with 1.5 L
of dicthyl cther, and the organic layers were combined and dried over
anhydrous potassium carbonate. Filtration and concentration in vacuo
gave crude 19 which was purified via bulb-to-bulb distillation to provide
110.0 g (79%) as a white solid: mp 48-50 °C; IR (film) 2970 (C—H),
1650 (C==N), 1600 (C=C), 1280 (C—O) cm™*; 'H NMR (CDCl,, 270
MHz) 51.39 (s, 6 H), 3.87 (s, 3 H), 4.09 (s, 2 H), 6.88 (d, 1 H,/ = 8.88
Hz), 7.31 (dd, | H, J = 2.55, 8.82 Hz), 7.73 (d. 1 H, J = 2.65 Hz); ¥C
NMR (CDQl,. 25 MHz) § 36.40, 59.84, 69.15, 78.66, 107.07, 112.09,
117.21, 121.98, 122.47, 143.57, 146.16. The material (I19) was carried
on 10 the compounds described below.

2-(2-Methyl-5-chlorophenyl)-4,4-dimethyl-2-oxazoline (20s). In 2
250-ml. Mask containing an argon atmosphere were placed 2.56 g (10.7b
mol) of 19, 100 mL of dicthyl ether, and SO mL of THF. To the resulting
solution was added 11 mL of 2.9 M methylmagnesium bromide (31.9
mol, 3 equiv) at room temperature with sumng. The reaction was stirred
at room temperature for 48 b, then poured into saturated sodium chloride
(200 mL), and shaken with dicthyl cther (2 X 250 mL). The combined
organic layers were dried over anhydrous potassium carbonate, filtered,
and concentrated in vacuo to lcave a yellow oil. Flash chromategraphy
{70 g of silica gel, 7.5% sthy) acctate—hexanes) provided 20a, which was
further purified via bulb-to-bulb distillation [mp 60 °C (0.02 mmHg)}
to provide 1.71 g (7.64 mol, 71%) as a colorless oil: IR (film) 2970
{C—H), 1650 (C==N), 1600 (C==C) cm™; 'H NMR (CDCl,, 270
MHz) 51.37 (s,6 H), 2.52 (s, 3 h), 4.05 3, 2 H), 7.12 (4, ) H,J = 8.17
Hz). 7.28 (dd, 1 H, J = 2.3}, 8.21 Hz), 7.76 (d, | H, J = 2.29 H2); '’C
NMR (CDQYy, 25 MHz) 5 20.95, 28.42, 67.95, 78.52, 128.90, 129.37,
129.96, 130.95, 132.12, 136,73, 161.13. Anal. Caled for C);H,(NOCI:
C,64.43; H, 6.3). Found: C, 64.30; H, 6.32.

2-(2-n-Butyl-6-methylphenyl)-4, 4-dimethyl-2-oxazoline (212). In a
50-mL. flask containing an argon atmosphere were placed 0.224 g of 20a
(1.00 mol. 1 cquiv) and 30 mL of peatane. The resulting solution was
cooled in an acetone—dry ice bath, and a total of 1.25 mL of 2.34 M
n-butyllithium (3.04 mol, 3 cquiv) was added via syringe. The reaction
was stirred at low temperature for 0.5 h, then removed from the low-
temperature bath, and stirred 8t room tcmperature for 40 min. The
reaction was then g hed with absolute ethyl alcohol and partitioned
between dicthy) ether (120 mL) and saturated sodium chioride (30 mL).
The ether layer was dried over anhydrous potassium carbonate, filtered,
and concentrated in vacuo to leave & ycllow cil. Flash chromatography
(12 g of silica gel, 5% cthyl acetate—hexanes) provided a total of 0.102
g of 21a {0.415 mol, 42%) as a colorlcss oil. A portion was further
purified via bulb-to-bulb distillation {mp 63 °C (0.05 mmHg)) to provide
a sample for combustion analysis: IR (film) 2960 (C—H). 1665 (C=
N), 1600 (C==C) cm™; 'H NMR (CDCl,, 270 MHz) 091 (3, 3 H, J
= 7.17 Hz), 1.31- 152(rn,2l<l) 1.41 (s, 6 H), 1.52-1.64 (m, 2 H), 2.32
(s, 3 H), 2.63 (1, 2 H, J = 7.77 Hz), 4.08 (3, 2 H), 7.00-7.04 (m, 2 H),
7.18 (1. 1 H, J = 7.65 Hz); ’C NMR (CDC),, 25 MHz) 4 13.94, 19.49,
22.76, 28.42, 33.44, 33.74, 67.83, 78.69, 126.28, 127.04, 128.50, 128.96,
136.55,141.51,161.89. Ansl. Caled for C,(HyNO: C, 78.32 H, 9.45.
Found: C, 78.06: H. 9.53.

2-(2,6-Di-a-butylpbesyl)- 4,4-dimetby)- 2-oxazoline (21b). In a manner
similar to 21s, the buty) oxazoline 20b was treated with-3.3 equiv of
n-butyllithium in pentane. Workup and flash chromatography gave 0.154
g (52%) of 21b as a colorless oil. A portion was further purified via
bulb-to-bulb distillation [mp 70 *C 0.05 mmHz)j to provide a sample
for combustion analysis: IR (film) 2960 (C—H). 1670 (C==N), 1030
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(C—0) am'; 'H NMR (CDCly, 270 MHz) $ 0.91 (1, 3 H, 7 = 7.28 Hz),
1.28-1.41 (m, 2 H), 1.41 (s, 6 H), 1.53-1.64 (m, 2 H). 2.62 (L, 2 H,J
= 7.77 Hz), 4.07 (5, 2 H), 7.03 (4. 2 H, / = 7.58 Hz2), 7.19 (4, | H, J
- 7.66 Hz); '*C NMR (CDCl,, 25 MHz) 5 13.89, 22.76, 28.31, 33.44,
33.68. 67.78, 78.63, 126.22, 128.09, 128.90, 141.40, 161.83. Anal. Calcd
for CyyHyyNO: C, 79.39; H, 10.17. Found: C, 78.74; H, 10.16.
2-(1-Ethyl-3- heuyl)-4,4-dirmetiryl-2 iime (37c). Typécal

Procedure. To a stirred solution of t (0.285 g. 136 mol) in 20 mL of
pentane under an argon atmasphere cooled in an acetone—dry ice bath
was addad 0.76 mL of 2.39 M n-butyilithium (1.33 equiv, 1.82 mol). The
reaction was stirred at low temperature (acetone—dry ice) for 0.5 b and
then the anion of acetonitrile was added via cannula in 20 mL of diethyl
ether. The anion was generated from 4.5 equiv of LDA and 0.30 mL of
acetonitrile (4 equiv) in 20 mL of diethyl ether cooled in an acetone—dry
ice bath for 0.5 h under an argon atmosphere.

The flask containing both ortho-lithiated 1 and the nitrile anion was
then removed (rom the low-temperature bath snd stirred at room tem-
perature for 45 min. During this period the reaction changed from light
yellow to dark biue. Ther jon was then r ied in an dry
ico bath and 1.0 mL of methy! iodide (or alkyl balide, or cthanol) (16.4
maol, 12 equiv) was added to the flask. The reaction was sliowed to slowly
warm o room temperature with stirring for 2 h. The reaction was
partitioned between anhydrous cther (60 mL) and aqueous NaCl solu-
tion. The caombincd cther layers were dried with anhydrous p i

Cage _3:14-(;V-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 79 of 206 PagelD: 764
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C. 72.70; H, 7.41. Found: C. 72.60: H. 7.49.

Hydrolysts of Allylb (33-%) to 5-Scbetl d 3-Methyl-3,4-
dibydroisocownarins (36). Typlesl Procedure. 3,5-Dimethyl-3,4-d}-
hydrotsocoumarts (361). In s 25-mL Nask were placed 0.123 8 (0.537
mol) of 33, 12.5 mL of 4.5 N HClL and a ic stir bar. A cond
was added, and the mixture was heated at reflux for 12-13 h. Tbe
mixture was then allowed 1o cool 1o room temperature and was parti-
tioned between dicthyl ether (2 X 100 mL) and aqueous sodium chloride
solution (40 mL). The cther layers were combined and dried over an-
hyd! p ium carb filtered, and concentrated in vacuo to teave
a yellow-whitc solid. Column chr graphy on 16 g of grade
silica gel using 5% cthyl acetaic-bexanes as cluent provided 0.075 g
(0.424 mol, 79%) of 36l as a white crysulline matcrial following com-
bination of eppropriate (ractions and r | on sol in vacuo. A
portion was recryatailized from ethy! b 10 provide white
needles: mp 98-100 °C; IR (film) 2960 (C—H), 1715 (C=Q), 1580
(C=C) em™'; '"H NMR (CDCl,, 270 MHz) 3 1.55 (d, 3 H, J =629
Hz), 2.32 (s, 3.H), 2.77 (44, 1 H, J = 11.27, 16.27 Hz), 2.95 (dd, ' H,
J = 3.33, 16.64 Hz), 4.65 (m. | H), 7.28 (¢, 1 H, / = 7.73 Hz), 7.40 (d,
)} H, 7 = 7.80 Hz), 7.98 (d. | H, J = 7.64 Hz); *C NMR (CDC, 25
MHz) & 18.79, 21.03, 31.93, 74.20, 124.70, 126.74, 127.80, 134.80,
137.49, 165.63. Anal. Caled for C;;H105: C., 74.98; H, 6.86. Found:
C, 74.99; H, 6.88.

Cycloadditions to

carbonate. The ether solution was then filtened, and the volatile organics
were remaoved in vacuo to leave a dark rod oil. Purification was achieved
via Nash chromatography on 12 g of silica gel using 7.5% ethylk ace-
tate—hexanes as cluent. In this manner 0.144 g (0.63 mol, 46%) was
obtained as & colorless oi} following removal of solvents in vacuo. A
portion was further purified via bulb-to-bulb distllation {mp 65 °C (0.05
mmHg)] 10 provide 27¢ as a white crystalline solid: mp 50-51 *C; IR
(film) 2960 (C—H), 2220 (CN), 1645 (O=N) cm™; 'H NMR (CDCl,.
270 MHz) 8 1.28 (t, 3H,J = 7.50 Hz), 1.41 (5, 6 H), 3.24 (q, 2 H, J
= 7.50 Hz), 4.12 (s, 2 H). 7.33 (1, | H, J = 7.80 Hz), 7.70 (dd. 1 H,
J = 1.40, 7.80 Hz), 7.94 (¢d. 1 H, J = 1.40, 7.80 Hz); 13C NMR
(CDC,y, 25 MHz) 3 15.40, 26.09, 28.36, 68.24, 79.04, 113.84, 117.64,
126.10, 128.90, 134.28, 134.74, 148.4], 160.78. Anal. Calcd for
Cy(HyNy: C, 73.66; H, 7.06. Found: C, 73.44; H, 7.20.

Additlen of Cuprates of Benzyme 4. Typical Procedure. 2-(2-
Acetyl3-methylpbesyl)-44-disoethyl-2-oxazoliee (330). A total of 0.157
g (0.750 mot) of 1 was placed in & 25-mL flask with 10 mL of dicthyl
cther. The solution was then cooled in a acetone—dry ice bath, and 0.35
mL (0.781 mol) of 2.23 M n-butyllithium was added via syringe. The
mixture was stirred at low temperature for 0.5 b and then 3 equiv of
lithium dimethylcuprate was added via caonula in diethyl ether. The
cuprate was generated from 0.420 g (2.20 mol) of Cul and 4.2 mL (4.83
mol) of 1.15 M methyllithium in 10 mL of diethyl ether at -10 °C for
0.5 h.

The main reaction flask was then r d from the 1 p e

y Bemzyne 4. Gemeral Proced Besayne-2,5-Di-
wetbylfursn Adduct 37 (X = O, R = Me). Toa stirred solution of 586
mg (2.80 mal) of § In 13 mL of THF, cooled Lo =78 °C, was added 1.08
mL of 2.7 M a-butyilithium solutian (hexanc), and the mixture was
allowed to stir for 30 min. Freshly distilled 2,S-dimethylfuran (2.70 g)
was added and the solution warmed 10 ~15 *C and stirred at this tem-
perature for 5 h. The mixture was allowed to warm t0 room temperature
and stirred overnight. The mixture was poured into saturated ammonium
chlorids and the organic material taken up in cther, washed with water,
dried (MgSO,), and rated. The resulting oil was flazh chroma-
tographed (silica gel, 20% EtOAc-hexanas) to give 38 mg of 1 and 442
mg (55%) of the desired adduct: mp 110-111 *C (hexanc—cthyl acctate);
'H NMR (CDC),) 6 1.37 (5.6 H), 1.82 (s, 3 H), 1.98 (5,3 H), 4.02 (s,
2 H), 6.68 (d, J = 5.0 Hz, 1 H), 6.87 (4, / = 5.0 Hz, 1 H), 7.00-7.39
(m, 3 H). Anal. Calcd for CyyHyNOy C,75.81: H, 7.11. Found: C,
75.46, H, 7.09.

Benzywe-21,5-Diphenylisobenzofuran Adduct 33 (X = O, R = Ph).
Following the procedure above, 206 mg of | and 203 mg of 1,3-di-
phenylisob (uran gave, aflter graphy, 145.4 mg (44%) of the
desired product: mp 173.5-174.0 °C (hexanc); 'H NMR (CDCYy) & 107
(s, 3H), 118 (s, 3 H), 2.71 (s, 1 H), 3.68 (s, | H), 6.88~7.96 (m, 17 H).
Anal. Caled for CyHasNOy: C, 83.95; H, 5.68. Found: C, 83.79; H,
5.68.

Furas Adduct 37 (X = O, R = H). Following the procedurc
abave, 503 mg of 1 and 2.5 mL of freshly distilled furan gave, after flash

bath and stirred at room temperature for 40 min. Following this period
of time, the flask was recooled in the acctone—dry ice bath and 0.53 mL
(7.75 mol) of acetyl chloride was added via syringe. The reaction was
allowed to slowly warm to room ture with stirring. The r i

hy, 363 mg (6%) of the desired product as an oil: *H NMR

(CDCly 8 1.36 (s, 6 H), 4.03 (5, 2 H), 5.67 (br s, | H), 6.28 (brs. 1 H),

6.78-7.68 (m, S H). Anal. Calcd CysH,sNO;: C, 74.68: H. 6.22.

Found: C, 74.39: H, 6.18.
o AT

was stirred for a total of 16 h following addition of the acetyl chloride.
If methano! is used as the quench, the reaction may be worked up im-
mediately. The mixture was then poured into a separatory funnel (230
mL) and shaken with diethy) ether (100 mL) and 5.66% ammonivm
hydroxide (2 X 150 mL). The cther layer was dried over anhydrous
potassium carbonats, filtered, and concentrated in vacuo to icave a yellow
oil. Flash chromatography of the ycllow oil on 12 g of silica gel using
7.5% ethyl acetate—hexanes as eluent provided 0.079 g (0.341 mol, 45%)

y ethylpyrrole Adduct 37 (X = NMe, R = H). Following
the procedure above, 506 mg of 1 and 1.96 g of freshly distilled N-
methylpyrrole gave, after chromstography (silica gel. 1% Ey,N, 5%
MeOH, 94% CHC,), 350 mg (57%) of the desired adduct, as an unsi-
able oil: MS, m/e 254 (M*); 'H NMR (CDCl,) & 1.33 (s, 6 H), 2.10
(br s, 3 H), 4.00 (s, 2 H), 4.45 (brs, 1 H), 5.18 (brs, ] H). The
compound, due 10 instability toward air and light, did not give a satis-
factory combustion analysis.

Ack Ao

of 47¢ as a colorless oil following combination of appropriate (r
and removal of solvent in vacuo. A portion was subjected 1o buib-to-buld
distillation {mp 93 °C (0.10 mmHg)} w provide a samplo for combustion
analysis: IR (film) 2960 (C—H), 1705 (C==0), 1650 (C=N) cm™"; 'H
NMR (CDCly, 270 MHz) 6 1.34 (s, 6 H), 2.27 (s, 3 H). 2.48 (5, 3 H),
4.05 (s, 2 H), 7.28~7.32 (m, 2 H), 7.70-7.75 (m, | H); '’C NMR
(CDCl,, 25 MHz) 5 19.02, 28,13, 32.04, 68.01, 79.16, 123.77, 126.45,
128.09, 132.99, 142.28, 160.32, 205.22. Anal. Caled for C,H;NO;:

g t. We arc grateful to the National Institutes
of Health for financial support of this work.
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Novel Electronic Effects of Remote Substituents on the Oxazabeorolidine-
Catalyzed Enantioselective Reduction of Ketones

K. ). Corey® and Christopher J. Helad

Deparunen ot Chemisirs . Harvard Uninversay. Cambndge. Massachuseus, 02138

Summary: A new class of highly enantioselecnve ovazaboroluline-catalvzed reductions of achiral
ketones is reporied which depends on siereaelecironic effeces involving p-substitured non-planar
aromatic ketones. or m-coordinated wransition-meral coniaining ketones, or strained ring ketones, as
-exemplified in Table 1. The discovery of these reactions was cuided by the transition-state model
1. for which thex provide experimental suppor. Becouse hl‘c’l enanrioselectivities (> 30 : 1) are
achievable. these reductions define an excellent merhexd far 1he svnthesis of, for example. chiral
benzhydrols. chiral propargylic, or chiral allylic alcohols,  Lower enantioselectivities observed
with CHaCl as solvent. relative 1o toluene axs solvent, ure consistent with the ransition-state model
1 and indicare thar C. H-Cl> hvdrogen bonds ir: the donor groups in the n—rleclmn rich carbonyl
suhstituent IR in 1 rhrrrh\ diminishing eleciron supply.

The caalytic cnantioselectise reduction of Ketomes mediaed by chiral oxazaborolidines! (CBS neduction!?)
is an inriguing synthetic reaction not oaly because of the very hroad range of practicat applivations.? but also
hecause of the clear insights into fine mechanistic detml which bave emerged from its investigation.!.3 The
enantiotace-selecuve reduction of a larpe number of achiral ketones with an S-proline derived oxazaborolidine can
be understood in termis of the transition state representation 1. in which Ry, and Ry refer to the effective stenic size
of these groups with respect to their effect on the cquilibrium (and rate) of coordination of the syn carbonyl lone
pair with the catalytic oxazaborohdine-borune comples. The hydnde transier occurs as an irreversible, rate-
limiting step afwer a gencrally lasy and reversible formation o the ketone-boranc-oxazaborolidine complex.
Howcever, in the case ol unusuzlly clectrophitic ketones, such as RCOXCFa, the transition state for hydride transfer
{within the three-component complex) is very carly and the hydnde transfer may occur at a raic which is
comparable to the association/dissociation of ketone with the oxazabarolidine-horane complex. €.3 [n this paper
we present a number of remarkabte new lindings regarding clectronic eltects on the elfective size of the groups Ry -
and Rg and on the cnantioselecuvity of CBS reductions,

The gencral idea which Torms the basis of this study may be ill astrawd by lhc speeilic case of p-mclhoxy-
p'-nitrobenzophenone 2a. This substrate may combine with the catalyviic horon cenwer (BX3) at cither lone pair a
or b. It can be argued that coordination of BXa. a rather bulky Lewis acid. will occur more strongly (and more
rapidly) at lune pair «. since the reschiing complex. tor example 3 with the (5)-caalyst and cawcho! borane (CB),
allows maximum g-clectron donation from p-mdthosvphenyl 1o the clecron: deticient carbonyl carbon with
simultancous orthogonality between the planes of the p-methoxyphenyl and p'-nitrophenyl groups (0 minimize
steric repulsion with the bulky BX3 maoicty. as is depicied n wemary complex 3. This mode of reduction, which
Ieads 1o the R-carbinol 4. ought (0 he considerably more favarabke than reduction of 2 via § (courdination to lone
pair H). assuming correetness of the mechanistic model. because S docs not allow conjugation of the p-
methoxyphenyl group with the electron deficient carbonyl carbon. The sume arguments apply o the reduction of
p-1aisopropylsilyloxy p-nitrobenzophenone 2b. which because of its ready solubility in organic solvents allows
reduction at lower iemperatures than does the p-methony analeg 23, The prediciions based on these

oh
. 24 @
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considerations were strikingly confirmed by experiments performed with unsymmeuical benzophenones and a
variely ot other ketonic substrates with the results summarized in Table 1.

The reduction ol p-trisopropyisilyloxy-p'-nitrobcazophenone (2b) in olucne at -78 °C was remarkably
selective and afforded the predicwed major enantiomuer 4b with 97.5 : 2.5 (39/1) selectivity. Reduction of 2b
under the same conditions ¢xcept for CHaClz us solvent also afforded mainly 4b, but was considerably less
selective (9/1). The reduction of p-mcthoxy-p'-nitrobenzophenone (2a) could not be carricd out at -78 °C due o
poor solubility of the substratc. Noncthcless. cven at (1 °)C the reduction procecded enantioselectively (10: 1 in
toluene. 7 : 1 in CH2Cl3) 1o give the predicwed major cnantiomer d4a.? In contrast 10 the major substitucat cffects
obscrved in the reductions of 2a and 2b. the (5)-oxazaborolidine catalyzcd reductions of 6-methoxy- and 6-niwo-
I-tetralone proceeded to give the (R)-alcahol with excellent enantioselectivity in each case (Table 1. entries 3 and
4) with no appreciable substituent effects. These data support the proposition that the enantioselectivity of the

reduction of 2a or 2b is due (o preferential coordination o lone pair ¢ as shown in 3 so as to allow maximum &-
clectron donation to the complexed carhonyl group. and that suhsmuml effects do not operate in coplanar aryl
ketones such as the I-tetralones.

Another way of cnhancing \h; r-clevtron donor properues “of an aromatic ring is by complexation with the
chromium tricarbonyl moiety.¥ As shown in Table I, cntry S, such complexation with one ring of a
benzophenone allows the realization of highly cnantioselective reduction (32 : 1 in toluenc) leading 10 the R-
cnantiomer, as expecied for reduction via coordination ot BX3 1o the lone pair anti 10 the Cr(CO)3-complexed
aromatic ring. In the BXa-complexed ketone. the d-clectrons of chromium can flow into the eleciron deficient
carbony) group if the interconnecting aromatic ring is coplanar. The synthesis of x-chromium-tricarbonyl-p'-
chlorobcnzophenone was effected as shown in Scheme | The absulute configuration of the reduction product
was cstablished by X-ray diffraction analysis.0

A ditfcrent case of this type of stereaclectronic etfect of remote aromatic substituents is rcvealed by entrics
6. 7 and 8 of Table 1. The supcrior m-conjugating/clectron-donating propestics of the E-siyryl and E-p-
mcthoxystyryl groups account for the excellent enantivmeric ratos for the reductions summarized in entries 6 and
7 (ca. 50 : 1) as contrased with the diminished sclectivity for the reduction E—p-mlrostyryl mcthyl ketone, entry 8
(ca. 6:1).7 In cach of these cascs the effective size of the E-styryl group is greater than methyl for the
swercoclectronic reasons dewiled above. which also account for the adverse effect of a p-nitro substituent on
cnantioselectivity. The previously observed cnantiosctective reduction of a number of E-B-substituted vinyl a-
alkyl ketones to R-vinyl carbinols using the (S)-proline-derived oxavzaborolidine as catalystiP 1€ is now readily
understandablc in the context of the prescat study.

The reduction of a.p-acctylenic ketones in the oxazaboralidine system proceeds with only mediocre
cnantioselectivity. For cxample, under the conditions outlined in Table 1. the reduction of 4-phenoxy-but-1-yne-
3-onc affords the corresponding propargylic alcohol in only 74% cc.8 However. the n-adducts of a.B-ynones
with the dicobalt hexacarbonyl moiety undergo the CBS reduction with superh enantioselectivity. As shown in
Table 1. entry 9, the Co2(CO)¢ adduct of non-3-yn-2-onc is reduced to the corresponding R alcohol in toluene
with 97% ee, 65 : 1 ¢nantiomeric ratio. Coordination of thc Co2(CQ))e unit with the C-C triple bond gready
enhances the clecuon-donating power relatve (o uncomplexed C=C.Y while also increasing cffective steric size..
Both effects contribute to cnanuoselection by favoring coardination of BX3 to the lone pair anii to the Co(CO)s-
complexed triple bond. This CBS reduction uf Co2A0COs-compleacd a.B-acetylenic kcioncs provides a very
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offective and useful new synthetic route o a broad range of propargylic akeohols. since the removal of cobalt is
readily accomplished as shown in Scheme 2 which also depicts the method used for dctermination of. the absolute
configuration of the feduction product. correlation with levorotatory (R) methyl benzoyllacuate. 1011

Cyclopropyl isopropyl ketonc!2 represents an interesting-test of the stereoclectronic proposal discussed
above. Since the cyclopropyl group is much more clectron-donating! ? than the isupropyl group, it was predicted
\hat the CBS reduction with the (8)-proline-derived oxazaburolidine should produce predominantly the R carbinol.
Indeed. this is the case. as is indicated in Scheme 3. Thus, despite the somewhat smaller steric size of
cyclopropyl relative to isopropyl. the cyclapropyl group cifectively functions as the bulkicr group for
stereaelectronic reasons!3-14 and directs BX3 coordination to the anti lone pair in the CBS .reduction. The
absolute configuration of the carhino! was esiablished by csterification with N-w1-hutoxycarbonyl)-(5)-alanine

{DCC. DMAP (cat). CH1Cla. 23 °C). recrystallization of the product and X-ray analysis. b5

The rcactions reported hercin represent a new class of highly cnantioselective carbonyl reduction,
dependent on swereoelectronic effects involving special groups or emotw substitucnts. The discovery of these
rcaclions was guided by thc wransition-siaic modcl 1. for which they provide sirong support. The greater
magnitude of the stereoclectronic effects in toluene vs CH2Cla as solvent (sec Tabke 1) is of great intcrest and may
be due to a hydrogen honding effect of CH2Clz which ctfectively reduces the eleciron-donating power of the n-
rich carbonyl substituent (Rq_in 1). Finally. these results are valuable because they open the way for numerous

cxtensions and practical synihetic applications. 16
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= 6 Hz, 4 H), 2.43 (t, J = 6 Hz, 4 H). The other isomer showed
the following 'H NMR signals: (CDCly) 5 0.88 (t, J = 6.8 Hz),
1.26 (m), 1.57 (m).
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Ortho Metalation Directed by «-Amino Alkoxides
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The addition of aromatic aldehydes to certain lithium dialkylamides in benzene or tetrahydrofuran gave a-amino
alkoxides which were ortho lithiated with excess n-butyllithium. Subsequent alkylation and hydrolysis provided
ortho-substituted aromatic aldehydes via a one-pot reaction. The ortho metalation of a-amino alkoxides derived
from 1- and 2-naphthaldehyde and various substituted benzaldehydes was examined. When N,N N’tri-
methylethylenediamine was used as the amine component of the a-amino alkoxide, metalation could be carried
out at lower temperatures. This rate increase is due to an intramolecular TMEDA-like assisted metalation. The
synthetic utility of this ortho metalation, including how varying the amine component of the a-amino alkoxide
affects the regiochemistry and metalation rate, is discussed.

In recent years there has been considerable interest in
the area of ortho metalation.! A variety of ortho-directing
groups have been utilized on various aromatic rings to
direct regiospecific metalation in the ortho position.
Carbonyl-derived dlrectmg groups include CONR,,?
CONHR,? oxazolines,* a-amino alkoxides® (prepared from
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Ibid. 1979, 44, 4802—-4808 de Silva, 8. 0,; Ahmad L; Smeckus, V. Can
J. Chem. 1979, 57, 1598-1606. Watanabe, M. Snieckus, V. J. Am. Chem.
Soc. 1980, 102, 1467-1460. Beak, P.; Brown, R. A. J. Org. Chem. 1982,
47, 34-46. Iwao, M.; Reed, J. N.; Snieckus, V. J. Am. Chem. Soc. 1982,
104, 5531-6533. Harvey, R. G.; Cortez, C.; Jacobs, 8. A. J. Org. Chem.
1982, 47, 2120-2125. Mills, R. J.; Snieckus, V. /bid. 1988, 48, 1566-1568.
Beak, P.; Chen, C-W. Tetrahedron Lett. 1983, 24, 2945-2948. Reed, J.
N.; Snieckus, V. Ibid. 1983, 24, 3795-3798. Billedean, R. J.; Sibi, M. P.;
Snieckus, V. Ibid. 1983, 24, 4516—4518.

(3) Puterbaugh, W. H.; Hauser, C. R. J. Org. Chem. 1984, 29, 853-858.
Slocum, D. W.; Jennings, C. A. Ibid. 1976, 41, 3653—-3664. Katritzky, A.
R.; Rahimi-Rastgoo, S.; Ponkshe, N. K. Synthesis 1981, 127-129.

(4) Meyers,A L; Mlhelxch E. D. J. Org. Chem. 1976, 40, 31583159,

d H W l-' d A Ibid. 1975, 40, 2008~2009. Meyers, A. I;
Luwmalu, K. Ibid. 1979, 44, 4464-4466. Meyers, A. L; Avila, W. B. Ibid.
1981, 46, 3881—3886 Meyers, A. L; Rieker, W. Tetrahedron Lett. 1982,
23, 2091 2094. Smith, A. B, III; Schow S. R,; Bloom, J. D.; Thompson,
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S.; Huumn N. S. Ibid. 1982, 47, 2837-2840
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McKenna, J.; Rodriquez, H. R. J. Org. Chem. 1976, 41, 3651-3652.

tertiary amides and RLi), CH(OR);,® imidazolidines,’ cy-
clohexylimines,® and a-amino alkoxides? (prepared from
aromatic aldehydes and lithium /N-methylpiperazide). We
recently reported an in situ protection of aromatic and
aliphatic aldehydes in high yield via the formation of a-
amino alkoxides.!® The a-amino alkoxides 3 are prepared

G G

2a.%X:0 3a. %0
b. X : N-Me b. X = N-Me

3 n-Buli

1 -
PhH, 80°C

by the addition of an aromatic aldehyde (1) to certain

(6) (a) Plaumann, H. P.; Key, B. A,; Rodrigo, R. Tetrahedron Lett.
1979, 4921-4924. (b) Winkle, M. R.; Ronald, R. C. J. Org. Chem. 1982,
47,2101-2108. (¢) Napolitano, E.; Giannone, E.; Fiaschi, R.; Marsili, A.
Ibid. 1983, 48, 36563-3657.

(7) Harris, T. D.; Roth, G. P. J. Org. Chem. 1979, 44, 2004-2007.

(8) (a) Ziegler, F. E.; Fowler, K. W. J. Org. Chem. 1976, 41, 1664-1568.
{b) Murahashi, 8-1, Tamba, Y.; Y M.; Yoshimura, N. Jbid. 1978,
43, 4099-4108.

(9) Comins, D. L.; Brown, J. D.; Mantlo, N. B. Tetrahedron Lett. 1982,
23, 3979-3982.

(10) Comins, D. L.; Brown, J. D. Tetrahedron Lett. 1981, 22,
4213-42186.
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yield (GC)
entry x metalation conditions 7 8 9
a A N 3 n-BuLi, 3 TMEDA, ether, raom temp, 7 h 15.1 5.7 12.4
b 5\/‘3 1 ¢t-BulLi, ether, ~78 - 0 °C 38.5 12,5 26.5
c e 1.1 n-BuLi, THF, =78 °C, 15 min 0 0 0
%
o H .
d "'O\J/'C 3 n-BulLi, benzene, reflux, 10 h 32 32.6 1.6
e wa ] 3 n-BuLi, benzene, reflux, 10 h 5 30 2.8
¢ w3 amma
'O\V n-BuLi, benzene, reflux, 10 h 55.7 19.4 1
g LIG\T/O— 3 n-BuLi, benzene, reflux, 10 h 9.3 42.7 1.6
h vy - 3 n-BuLi, THF, -20 °C, 24 h 27.9 51.3 4.9

amide bases such as lithium morpholide (2a) or lithium
N-methylpiperazide (2b). The in situ formed a-amino
alkoxide protects the formyl group toward organometallic
reagents. For example, the a-amino alkoxide 3b can be
treated with 3 equiv of n-BulLi in relfuxing benzene for
several hours with only minor decomposition resulting. In
fact, under these conditions the a-amino alkoxide functions
not only as a protecting group, but also as an ortho-di-
recting group for ortho metalation. Ortho lithiation of
a-amino alkoxides 3b gives dianions 4 which can be al-
kylated with various electrophiles. Quenching the reac-
tions with water or aqueous acid provides ortho-substituted
aromatic aldehydes (§) via a one-pot reaction.?

The convenience and synthetic potential of this reaction
have prompted us to investigate its scope. This paper is
a report on our continuing studies of ortho metalation
directed by a-amino alkoxides.}!

Results and Discussion

Ortho Metalation of 1- and 2-Naphthaldehyde. We
have investigated the ortho alkylation of 1- and 2-
naphthaldehyde by using a-amino alkoxides and other
aldehyde derivatives as ortho-directing groups. The amine
component of the a-amino alkoxide was varied to deter-
mine its effect on the regioselectivity of the metalation
step. The results of this study using 1-naphthaldehyde

- are given in Table I.

The metalated 1-naphthaldehyde derivatives were al-
kylated with methyl iodide and hydrolyzed with dilute
hydrochloric acid. The crude product was analyzed (GC)
for 1-naphthaldehyde, 2-methyl-1-naphthaldehyde, and
8-methyl-1-naphthaldehyde. When an imidazolidine was

(11) Comins, D. L.; Brown, J. D.; Mantio, N. B. “Abstracts of Papers™,
185th National Meeting of the American Chemical Society, Seattle,
Washington, March 20-25, 1983; American Chemical Society: Wash-
ington, D.C.; Abstr. ORGN 117. Comins, D. L.; Brown, J. D. Tetrahedron
Lett. 1988, 24, 5465-5468.

used as the ortho-directing group (entry a), a low yield of
methylated products was obtained with the 8-methyl-1-
naphthaldehyde predominating. The analogous reaction
with the dimethyl acetal derivative (entry b) gave a similar
result. Reaction of the cyclohexylimine of 1-naphth-
aldehyde with n-butyllithium (entry c) gave only addition
of the lithium reagent to the aromatic ring and no products
derived from ortho metalation were detected. The a-amino
alkoxides direct ortho lithiation mainly to the 2 position
of the 1-naphthaldehyde ring. The yields of methylated
products ranged from 20-57% depending on the structure
of the amine component. Although varying the amine
component of the a-amino alkoxide did affect the yield of
methylated products, it had little effect on the regiose-
lectivity of the metalation step. The a-amino alkoxides
derived from diethylamine, pyrrolidine, piperidine, and
N-methylpiperizine (entries d—g) were metalated with 3
equiv of n-butyllithium in refluxing benzene (10 h). These
conditions were necessary to effect metalation in high yield.
The «a-amino alkoxide derived from N.N.N “trimethyl-
ethylenediamine completely decomposed under these
conditions. It was subsequently discovered, however, that
metalation of this a-amino alkoxide could be effected at
room temperature in benzene or at =20 °C in tetrahydro-
furan (entry h). It is well-known that tetramethyl-
ethylenediamine (TMEDA) accelerates metalation reac-
tions.’? The rate enhancement discussed above is un-
doubtedly due to an intramolecular TMEDA-like assisted
metalation as shown below.

"
Li0 S’

OO ~eu

In contrast, the analogous reaction using N-methyl-

(12) Wakefield, B. J. “The Chemistry of Organolithium Compounds™;
Pergamon Preas: New York, 1974.
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Table 11
W,
x HO HO MO
— O™ QL
10 11 12 13
yield (GC)
entry X metalation conditions 11 12 13

a _,\/‘N_ 3 n-BulLi, 3 TMEDA, ether, room temp, 7 h 25.6 31.2 8.2
b é,\'/é, 1 ¢-BuLi, ether, -78 - 0 °C 21 13.5 9.8
c N 1.1 n-BuLi, THF, -78 °C, 15 min o} 0 0

e
d LiO\T/NC 3 n-BulLi, benzene, reflux, 10 h 2.1 51.4 6.2
e o\T/NG 3 n-BuLi, benzene, reflux, 10 h 3.4 33.7 5.9

" i .
f N/N‘ > 3 n-BulLi, benzene, reflux, 10 h 1 41 4.7
g BN 3 n-BulLi, benzene, reflux, 10 h 4.9 49.6 7.6
h LiO\T/'{ N— 3 n-BulLi, benzene, room temp, 3 h 10.8 51 15.4

piperazine as the amine component gave less than 5%
metalation (THF, -20 °C, 3 n-BuLi, 24 h).

A similar study was performed with 2-naphthaldehyde
and the results are given in Table II. The crude product
mixtures were analyzed for 3-methyl-2-naphthaldehyde,
1-methyl-2-naphthaldehyde, and 2-naphthaldehyde. In
all examples studied, 3-methyl-2-naphthaldehyde was the
major product. In general, a-amino alkoxides (entries d—h)
gave better yields and product ratios than the corre-
sponding imidazolidine and dimethyl acetal derivatives
(entries a-b). Attempted metalation—alkylation of the
cyclohexylimine of 2-naphthaldehyde gave mainly decom-
position (entry ¢). The a-amino alkoxide derived from
2—naphthaldehyde and N,N,N-trimethylethylenediamine
again showed a rate enhancement during the metalation
step. This allowed the metalation to occur at room tem-
perature in benzene (3 h). Subsequent methylation pro-
vided a 66% yield of ortho-substituted products (entry h),
the highest yield of all examples studied.

Low-Temperature Ortho Lithiation of a-Amino
Alkoxides Derived from N,N,N-Trimethylethylene-
diamine and Aryl Aldehydes. The discovery that a-
amino alkoxides derived from 1- or 2-naphthaldehyde and
the lithium salt of N,N N-trimethylethylenediamine could
be metalated at low temperature (~20 °C) prompted us to
reinvestigate our earlier work.? We felt that the milder

H\

HO v Li A HO
@ 1. LicNao~— TNy @‘
——— —

R 2 InwBuli - 2. H,0° 2

1 THEF, -20C s
metalation conditions, for metalation of aryl a-amino al-
koxides derived from N,N,N"trimethylethylenediamine,
would allow for higher overall yields than we obtained
originally for the one-pot ortho alkylation reaction. In
addition, the milder metalation conditions should allow
for more functional groups to be present on the aromatic
ring during this substitution reaction. The results of this

study are given in Table III.

The yields of the first three examples, utilizing benz-
aldehyde as starting material, are 8-21% higher than the
yields from our earlier work using N-methylpiperazine as
the amine component of the a-amino alkoxides. The
higher yields are indicative of less decomposition during
the metalation step. A chlorine substituent activates the
aromatic ring toward metalation.! The a-amino alkoxide
from o- or p-chlorobenzaldehyde was ortho lithiated in only
3 h at —20 °C. The analogous reaction with m-chloro-
benzaldehyde gave benzyne formation at —-42 °C. Since
the benzyne 6 forms in the presence of excess n-butyl-
lithium and the diamine of the a-amino alkoxide, we an-
ticipated addition of the lithium reagent to the benzyne
6 with some regioselectivity.? However, regioselectivity

(13) Yagupol'kii, L. M.; Matyushecheva, G. 1. Zh. Obshch. Khim. 1966,
36, 1181; Chem. Abstr. 1987, 66, 55126p.

(14) Noelting, E. Chem. Ber. 1904, 37, 1015-1028.

(15) Kenner, J.; Witham, E. J. Chem. Soc. 1921, 119, 1452-1461.

(16) Harding, K. E.; Leopold, E. J..' Hudrlik, A. M.; Johnson, W. S.
J. Am. Chem. Soc. 1974, 96, 2540~254

(17) Cresp, T. M.; Giles, R. G. F.; Saxgem., M. V,; Brown, C.; Smith,
D. N. J. Chem. Soc., Perkin Trans. 1 1974, 2435—2447

(18) Barnes, R. A.; Gerber, N. N. J. Org. Chem. 1981, 26, 4640-4543.

(19) Aldous, F. A. B.; Barrass, B. C.; Brewster, K.; Buzton, D. A;
Green, D, M.; Pmder,R M.; Rich, P Skeels M, Tutt, K. J. J. Med.
Chem. 1974, 17 1100-1111.

(20) Cannon. J. G.; Koble, D. L.; Long, J. P.; Verimer, T. J. Med.
Chem. 1980, 23, 760-754.

(21) ’l'ynmnn J. H.P.J. Chem. Soc., Perkin Trans. 1 1973, 1639-1647.

(22) Tanaka, A. K.; Kobayashi, A.; Yamashita, K. Agr. Biol. Chem.
1973, 37, 669-674.

(23) Lovie, J. C.; Tomson, R. H. J. Chem. Soc. 1961, 486—487.

(24) Braude, E. A.- Sondheimer, F. J. Chem. Soc. 1958, 3754—3766.

(25) An aryllit!num has been chlorinated with carbon tetrachloride:
Carlson, J., Sterling-Winthrop Research Institute, Rensselaer, New York,
unpubhahed results. For the reaction of carbon tetrachloride with ester
enolate anions, see: Arnold, R. T.; Kulenovic, S. T. J. Org. Chem. 1978,
43, 3687-3689.

(26) Alper, H.; Root, W. G. J. Am. Chem. Soc. 19758, 97, 4251~4257.

(27) Mao, C. L.; Barnish, I. T.; Hauser, C. R. J. Heterocycl. Chem.
1969, 6, 475-482.
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Liahs
HO HO HO
1. LAt = | 8oL u
_— | ——— .
2.3 wBuli u
THF, -42°~RT [] 80 : 50
1. LA
2. SaBuli,-710C
H
L /j\, HO
i 1. CH,1 N,
————
1 2. H,0" )
7 []

did not occur and a 50:50 mixture of 2- and 3-butylbenz-
aldehyde resulted. Metalation of m-chlorobenzaldehyde
was carried out at ~78 °C without benzyne formation, and
the resulting dianion 7 was alkylated with methyl iodide
to give 3-chloro-2-methylbenzaldehyde (8) in good yield.

We next investigated the ortho alkylation of methoxy-
benzaldehydes. p-Methoxybenzaldehyde gave only ortho
metalation—alkylation at the position ortho to the aldehyde
function. This result demonstrated that the x-amino al-
koxide, derived from N,N,N’trimethylethylenediamine,
is a better ortho director than the methoxy group. How-
ever, when the amine component of the a-amino alkoxide
is changed from N,N,N’-trimethylethylenediamine to
N-methylpiperazine, the regioselectivity is reversed and
metalation ortho to the methoxy group occurs. This useful
regiochemical control is discussed in detail in the next
section.

The «-amino alkoxides of m-methoxybenzladehyde,
3,4,5-trimethoxybenzaldehyde, and piperonal are doubly
activated toward ortho metalation, so clean alkylation at
the 2-position was anticipated. The ortho alkylation of
o-methoxybenzaldehyde failed as only decomposition og-
curred; however, the a-amino alkoxide formed from o-
methoxybenzaldehyde and lithium N-methylpiperazide is
more stable and can be metalated ortho to the methoxy
group with. n-BuLi/TMEDA (see Table IV).

An electron-donating methyl group on the aromatic ring
should decrease the metalation rate. This proved to be
true; however, m- and p-tolualdehyde were ortho lithiated
in high yield by using longer metalation time (48 h) at -20
°C. The ortho alkylation of m-tolualdehyde was highly
regioselective for the less hindered 6 position. The a-amino
alkoxide 9 prepared from o-tolualdehyde underwent lateral

-
|.i ual Al HO
M, w-Buli = 1. nPri v
S G T
2. H,0
* 10

1"

metglation at the methyl group, rather than ortho meta-
lation, to give the dianion 10 in high yield. This is not
unusual, for ortho methyl aryl oxazolines, N,N-diethyl
amides, and imidazolidines all metalate in this manner.l?
Alkylation of 10 with n-propyl iodide gave 11 in 85% yield.

Regioselective Metalation Controlled by Varying
the Amine Component of the a-Amino Alkoxide. Since
the directing power of an a-amino alkoxide could be altered
by simply varying the amine component, it appeared that
regiaselective control during the metalation of a diactivated
benzene ring was feasible. We examined the ortho meta-
lation-methylation of various methoxybenzaldehydes and
the results are shown in Table IV.

(28) Regioselective addition of organolithium reagents to the berizyne
!‘or?;ed from 2-(m-chlorophenyl)-2-oxazoline has been reported. Mevery,
A. L; Pansegrau, P. D. Tetrahedron Lett, 1983, 24, 4935—4938. Meyers,
A. L; Rieker, W. F. Ibid. 1982, 23, 2091-2094.
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p-Anisaldehyde (12) was treated with lithium N-
1. LNMP
2.6008uli,

:40
Me TMEDA
12 13

methylpiperazide (LNMP) followed by 2 equiv of sec-
BuLi/TMEDA in THF (20 °C) for 24 h. After methyl-
ation and workup, 4-methoxy-3-methylbenzaldehyde (13)
was isolated as the sole product in 73% yield. This is in
sharp constrast to the analogous reaction using N,N,N"
trimethylethylenediamine as the amine component, where
4-methoxy-2-methylbenzaldehyde was produced in 90%
yield (Table III). When the same strategy was utilized,
m-anisaldehyde was methylated in the 4-paesition in
moderate yield; only a trace of 2-substituted prpduct was
detected. The 3,6- and 2,4-dimethoxybenzaldehydes were
alkylated between the methoxy groups in excellent yield
as indicated in the table; when N,N,N’trimethyl-
ethylenediamine was used as the amine component for
these examples, a mixture of products resulted.

In light of the above results, metalation of the a-amino
alkozxide derived from o-tolualdehyde was reexamined. As

" .
HO N-pou HO
H 1 L L H, 1. CH CH M,
—— —_—
2. 3w-Buli 2. H,0°

PhH. 80°C

mentioned earlier, when N,N,N’trimethylethylenediamine
was used as the amine, lateral metalation occurred in high
yield (see Table III). However, use of lithium piperidide
to form the a-amino alkoxide effected ortho metalation—
alkylation at the 6-position to provide 2,6-dimethylbenz-
aldehyde (50% ).

Conclusion

This work significantly extends the scope of ortho
metalation. The metliod is convenient and allows for the
one-pot ortho alkylation of aromatic aldehydes. Re-
markable regioselective control can be obtained by simply
changing the amine component of the a-amino alkoxide,
a novel versatility which should be useful in synthesis.

Experimental Section

Reactions involving organometallic reagents were performed
in oven-dried glassware under a N; atmoephere. Tetrahydrofuran
(THF) was dried by distillation from sodium/benzophenone ketyl
prior to use. Benzene, N,N,N',N"“tetramethylethylenediamine
(TMEDA), N,N,N’-trimethylethylenediamine, N-methyl-
piperazine, piperidine, diethylamine, gnd lidine were distilled
from calcium hydride and stored over 4-A molecular sieves under
N, Other solvents and réagents from commercial sources were
generally used without further purification.

Meiting points were determined with a Thomas-Hoover ca-
pillary melting point apparatus and are uncorrected. 'H NMR
spectra were recorded on a Varian EM-360 spectrometer and IR
spectra were recorded on a Perkin-Elmer 710B spectrometer.
Gas-liquid chromatography (GC) was performed with a Hew-
lett-Packard Model 5880 A gas chromatograph equipped with a
30 m X 0.26 mm FSOT column packed with OV-17.

1,3-Dimethyl-2-(1-naphthyl)imidazolidine. Using the
procedure for the preparation of 1,3-dimethyl-2-phenyl-
imidazolidine,” 4.3 mL (32 mmol) of 1-naphthaldehyde and 4.1
mL (38 mmol) of sym-dimethylethylenediamine gave, after Ku-
gelrohr distillation (bp 130-140 °C (0.75 mm)), 6.97 g (96%) of
a clear oil: 'H NMR (CCl,) 5 9.2-8.8 (m, 1 H), 8.0-7.3 (m, 6 H),
3.9 (s, 1 H), 3.45 (m, 2 H), 2.556 (m, 2 H), 2.1 (s, 6 H); IR (neat)
2775, 1450, 1240 em™.

Anal. Caled for C;;H 3Ny C, 79.60; H, 8.02; N, 12.38. Found:
C, 719.73; H, 8.03; N, 12.40.
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Table I[II, Low-Temperature Ortho Lithiation of Aryl a-Amino Alkoxides
metalation?® mp, °C/
aryl aldehyde 1 conditions E product® 5 yield®  (Lit. mp, °C)
benzaldehyde -20 °C, 24 h Me,SiCl 2-trimethylsilylbenzaldehyde 82 g
Mel o-tolualdehyde 75¢ g
n-Bul 2-butylbenzaldehyde 68 8
CCi,* 2-chlorobenzaldehyde 68 £
PhCHO 1,3-dihydro-3-phenyl-1-isobenzofuranol 85 lactone 102-104
(103-104.5)*
PhC(=0)Ph 1,3-dihydro-3,3-diphenyl-1-isobenzofuranol lactone
115.5~117
: (116-117)"
4-chlorobenzaidehyde -20°C,3h Mel 4-chloro-2-methylbenzaldehyde 80 acid 166-167
(167-169)"
3-chlorobenzaldehyde ~78°C, 7h Mel 3-chloro-2-methylbenzaldehyde 62 acid 155~157
. (158)'*
2-chlorobenzaldehyde -20°C,3h Mel 2-chloro-6-methylbenzaldehyde 70 acid 98-100
’ (102)'s
4-methoxybenzaldehyde -20°C, 24 h Mel 4-methoxy-2-methylbenzaldehyde 90 acid 175-177
(176-177.5)*
3-methoxybenzaldehyde -20°C, 10 h Mel 3-methoxy-2-methylbenzaldehyde 80 acid 145-147
(148-149)""
3.4,5-trimethoxykenzaldehyde -20 °C, 3 h Mel 2-methyl-3,4,5-trimethoxybenzaldehyde 90 DNP 189-190¢°2
piperonal -20°C,3h Mel 2-methylpiperonal 90 72-74
(73-74.5)%
p-tolualdehyde -20°C, 48 h Mel 2,4-dimethylbenzaldehyde 80 g
m-tolualdehyde -20 °C, 48 h Mel 2,5-dimethylbenzaldehyde 60d.¢ g
o-tolualdehyde -20°C, 1.5h n-Prl 2-butylbenzaldehyde 85 8

¢ The reactions were performed on a 3 mmol scale using N,N,N'-trimethylethylenediamine as the amine component. The

metalation was carried out in THF using 3 equiv of n-BuLi.

% All products gave the expected IR and 'H NMR spectra.

¢ Yield of purified product obtained from preparative layer chromatography (silica gel, acetone-hexanes). 9 Yield

determined by GC.
carboxylic acids were prepared by Jones oxidation.
an authentic sample.

¢ 2,3-Dimethylbenzaldehyde (10%) was present in the crude product (by GC).
DNP = 2,4-dinitrophenylhydrazone. £ The product was identical with

 The lactones and

Table IV. Regioselective Alkylation of Methoxybenzaldehydes

aryl aldehyde metalation® conditions

mp, °C¢

p,
product?® yield® (Lit. mp, °C)

4-methoxybenzaldehyde 2-sec-BuLi, 2 TMEDA,

1-methoxy-3-methylbenzaldehyde 73 DNP 234-236

-20°C, 24 h (235-237)'®
3-methoxybenzaldehyde 3 sec-BuLi, 3 TMEDA, 3-methoxy-4-methylbenzaldehyde 66 DNP 238-240
-20°C, 12 h (241)"
2-methoxybenzaldehyde 3 n-BulLi, 3 TMEDA, 2-methoxy-3-methylbenzaldehyde 63 45-46
-20°C, 48 h (44-46)%
3,5-dimethoxybenzaldehyde 3 n-BuLi, -20°C, 24 h 3,5-dimethoxy-4-methylbenzaldehyde 95 90-91
(89-90)*

2,4-dimethoxybenzaldehyde
2,3-dimethoxybenzaldehyde

3 n-Buli, -20 °C, 24 h
3 n-BulLi, 3 TMEDA,
~-20°C, 48 h

2,4-dimethoxy-3-methylbenzaldehyde 95
2,3-dimethoxy-4-methylbenzaldehyde 62.

52-54 (54)%
acid€ 124-125
(125)*

9 The reactions were performed on a 3 mmol scale using N-methylpiperazine as the amine component. The metalation
was carried out in THF. ? All products gave the expected IR and 'H NMR spectra. € Yield of purified product obtained
from preparative layer chromatography (silica gel, acetone-hexanes). 9 DNP = 2,4-dinitrophenylhydrazone. € Prepared by

Jones oxidation,

1,3-Dimethyl-2-(2-naphthyl)imidazolidine. Following the
above procedure, 2-naphthaldehyde and sym-dimethylethylene-
diamine gave the product as a clear oil (91%) after Kugelrohr
distillation (bp 125-140 °C (0.75 mm)): 'H NMR (CCl,) § 8.2-7.3
(m, 7 H), 3.4 (m, 3 H), 2.5 (m, 2 H), 2.15 (s, 6 H); IR (neat) 2840,
2770, 1450, 1240 cm™.,

Anal. Calcd for C;sHygN,: C, 79.60; H, 8.02; N, 12.38. Found:
C, 79.49; H, 8.16; N, 12.41,

l-Naphthaldehyde Cyclohexylimine. The imine was pre-
pared from l-naphthaldehyde (1.0 equiv), cyclohexylamine (1.2
equiv, distilled), and a catalytic amount of p-toluenesulfonic acid
in benzene solution by azeotropic removal of water. The crude
product was purified by Kugelrohr distillation (bp 130-140 °C
(0.3 mm)) to give a clear oil (89%): 'H NMR (CCL,) 6 9.2 (m, 1
H), 8.85 (s, 1 H), 8.0-7.3 (br m, 6 H), 3.2 (br s, 1 H), 2.2-1.1 (br
m, 10 H); IR (neat) 2920, 2840, 1635, 1440 cm™.

Anal. Calcd for C;HgN: C, 86.03; H, 8.07; N, 5.90. Found:
C, 86.13; H, 8.07; N, 5.95.

2-Naphthaldehyde Cyclohexylimine. Following the above
procedure, 2-naphthaldehyde and cyclohexylamine gave the imine
as a white solid (65%) after recrystallization from methano): mp

86.5-87 °C; 'H NMR (CC),) 6 8.4 (s, 1 H), 8.3-7.3 (m, 7 H), 3.2
(br ?, 1 H), 2.2-1.1 (br m, 10 H); IR (KBr) 2919, 2840, 1635, 1450
cm™L

Anal. Caled for C;HgN: C, 86.03; H, 8.07; N, 5.90. Found:
C, 86.32; H, 8.27; N, 5.96.

Ortho Lithiation-Methylation of the Imidazolidines,
Dimethyl Acetals, and Cyclohexylimines of 1- and 2-
Naphthaldehyde. The lithiation-alkylation of these naphth-
aldehyde derivatives was carried out according to published
procedures for the analogous reaction with 1,3-dimethyl-2-
phenylimidazolidine,” the dimethy! acetal of benzaldehyde,® and
piperonal cyclohexylimine.® After hydrolysis with dilute hydro-
chloric acid, the crude product was isolated and subjected to GC
analysis using 2,3-dimethylnaphthalene as an internal standard.
See Tables I and II. .

Ortho Methylation of 1- and 2-Naphthaldehyde via a-
Amino Alkoxide Intermediates. General Procedure (See
Tables I and II, Entries d-g). To a stirred solution of the
secondary amine (3.3 mmol) in 8 mL of dry benzene under ni-
trogen was added n-butyllithium (3.3 mmol, in hexane solution).
After 15 min, the naphthaldehyde (3 mmol) was added slowly
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dropwise, and the mixture was stirred at room temperature for
15 min. A hexane solution of n-butyllithium (9 mmol) was added
slowly dropwise and the resulting mixture was heated at reflux
for 10 h. THF (10 mL) was added and the mixture was cooled
to -42 °C (CH;CN-dry ice) followed by the addition of methyl
iodide (18 mmol). After stirring for 30 min at —42 °C, the cooling
bath was removed and stirring was continued at room temperature
(30 min). The mixture was poured into cold stirred 10% hy-
drochloric acid (50 mL) and extracted with ether. The combined
extracts were washed with brine and dried over MgSO,. The crude
oil obtained on concentration was subjected to GC analysis using
2,3-dimethylnaphthalene as an internal standard.

Low-Temperature Ortho Lithiation—-Alkylation of a-Am-
ino Alkoxides Derived from N,N,N-Trimethylethylenedi-
amine and Aryl] Aldehydes. General Procedure. To a solution
of 0.41 mL (3.2 mmol) of N,N,N-trimethylethylenediamine in
8 mL of THF at —20 °C was added 3.1 mmol of n-BuLi dropwise.
After 15 min, the aryl aldehyde (3.0 mmol) was added, the mixture
was stirred for 15 min, and r-BuLi (9 mmol) was added via syringe.
After the reaction mixture was stirred (or placed in a refrigerator)
for the designated time (-20 °C), the electrophile (18 mmol) was
added (42 °C). The mixture was stirred for the designated time,
poured into cold stirred 10% hydrochloric acid, extracted with
ether, washed with brine, dried over MgSO,, filtered, and con-
centrated to give the crude product. Purification by preparative
layer chromatography (SiO,, acetone-hexanes) gave the desired
known aldehydes, or lactols, which were characterized as described
in the tables.

Regioselective Metalation Controlled by Varying the
Amine Component of the a-Amino Alkoxide. General Pro-
cedure. To a solution of 0.35 mL (3.2 mmol) of N-methyl-
piperazine in 8 mL of THF at -20 °C was added 3.1 mmol of
n-BuLi dropwise. After 15 min, the aryl aldehyde (3.0 mmol) was
added, the mixture was stirred for 16 min, TMEDA (6-9 mmol)
and n-BuLi or sec-BuLi (69 mmol) were added, and the mixture
was placed in a freezer (-20 °C) for the designated time (12-24
h). Methyl iodide (1.1 mL, 18 mmol) was added at -78 °C and
the mixture was allowed to come to room temperature (30 min).
The workup and purification were as described above. All
products were known compounds which were characterized as
described in Table IV.

o-Butylbenzaldehyde from o-Tolualdehyde. The a-amino
alkoxide was prepared in THF from o-tolualdehyde (3 mmol) and
the lithium amide of N,N,N"*trimethylethylenediamine as de-
sctibed above. A hexane solution of n-BuLi (9 mmol) was added
at =20 °C, and the mixture was stirred (-20 °C) for 1.5 h. After
cooling to =78 °C, n-propyl iodide (1.7 mL, 18 mmol) was added,
the cooling bath was removed, and the mixture was stirred at room
temperature for 30 min. The workup and purification were as
described above. This compound was identical with an authentic
sample prepared from o-bromobenzaldehyde, lithium morpholide,
and n-butyliodide via lithium-halogen exchange.!®

2,6-Dimethylbenzaldehyde from o-Tolualdehyde. The
a-amino alkoxide was prepared in benzene (room temperature)
from o-tolualdehyde (3 mmol) and lithium piperidide (3.1 mmol).
A hexane solution of n-butyllithium (8 mmol) was added slowly
dropwise, and the resulting mixture was heated at reflux for 15
h. Methylation and workup were the same as described above.
Purification by preparative layer chromatography (silica gel,
acetone~-hexanes) gave 200 mg (50%) of 2,6-dimethylbenzaldehyde
as a clear oil: mp (2,4-DNP) 248-250 °C (lit.* mp 250-252 °C);
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'H NMR (CCl,) 8 10.6 (s, 1'H), 7.5-6.9 (m, 3 H), 2.53 (s, 6 H);
IR (neat) 2975, 1700, 1200 cm™.

Acknowledgment. Financial support of this work by
the donors of the Petroleum Research Fund, administered
by the American Chemical Society, is gratefully ac-
knowledged.

Registry No. 1,3-Dimethyl-2-(1-naphthyl)imidazolidine,
88802-84-0; 1-(dimethoxymethyl)naphthalene, 33250-32-7; 1-
naphthaldehyde cyclohexylimine, 4323-24-4; lithium a-(di-
ethylamino)-1-naphthylmethoxide, 88802-85-1; lithium a-pyrro-
lidino-1-naphthylmethoxide, 88802-86-2; lithium a-piperidino-
1-naphthylmethoxide, 88802-87-3; lithium «a-(4-methyl-
piperazino)-1-naphthylmethoxide, 88802-88-4; lithium a-(tri-
methylethylenediamino)-1-naphthylmethoxide, 88802-89-5; 1-
naphthaldehyde, 66-77-3; 2-methyl-1-naphthaldehyde, 35699-44-6;
8-methyl-1-naphthaldehyde, 6549-57-1; 1,3-dimethyl-2-(2-
naphthyl)imidazolidine, 88802-90-8; 2-(dimethoxymethyl)-
naphthalene, 77196-31-7; 2-naphthaldehyde cyclohexylimine,
3525-72-2; lithium a-(diethylamino)-2-naphthylmethoxide,
88802-91-9; lithium a-pyrrolidino-2-naphthylmethoxide, 88802-
92-0; lithium a-piperidino-2-naphthylmethoxide, 88802-93-1;
lithium a-(4-methylpiperazino)-2-naphthylmethoxide, 88802-94-2;
lithium a-(trimethylethylenediamino)-2-naphthylmethoxide,
88802-95-3; 2-naphthaldehyde, 66-99-9; 3-methyl-2-naphth-
aldehyde, 17893-94-6; 1-methyl-2-naphthaldehyde, 35699-45-7;
benzaldehyde, 100-52-7; 4-chlorobenzaldehyde, 104-88-1; 3-
chlorobenzaldehyde, 587-04-2; 2-chlorobenzaldehyde, 89-98-5;
4-methoxybenzaldehyde, 123-11-5; 3-methoxybenzaldehyde,
591-31-1; 3,4,5-trimethoxybenzaldehyde, 86-81-7; piperonal,
120-57-0; p-tolualdehyde, 104-87-0; m-tolualdehyde, 620-23-5;
o-tolualdehyde, 528-20-4; 2-methoxybenzaldehyde, 135-02-4;
3,5-dimethoxybenzaldehyde, 7311-34-4; 2,4-dimethoxybenz-
aldehyde, 613-45-6; 2,3-dimethoxybenzaldehyde, 86-51-1; 2-(tri-
methylsilyl)benzaldehyde, 17887-55-7; 2-butylbenzaldehyde,
59069-42-6; 1,3-dihydro-3-phenyl- 1-isobenzofuranol, 65184-67-0;
1,3-dihydro-3-phenyl-1-isobenzofuranone, 5398-11-8; 1,3-di-
hydro-3,3-diphenyl-1-isobenzofuranol, 69621-97-2; 1,3-dihydro-
3,3-diphenyl-1-isobenzofuranone, 596-29-2; 4-chloro-2-methyl-
benzaldehyde, 40137-29-9; 4-chloro-2-methylbenzoic acid, 7499-
07-2; 3-chloro-2-methylbenzaldehyde, 874-27-1; 3-chloro-2-
methylbenzoic acid, 7499-08-3; 2-chloro-68-methylbenzaldehyde,
1194-64-5; 2-chloro-6-methylbenzoic acid, 21327-86-6; 4-meth-
oxy-2-methylbenzaldehyde, 52289-54-0; 4-methoxy-2-methyl-
benzoic acid, 6246-57-4; 3-methoxy-2-methylbenzaldehyde,
56724-03-9; 3-methoxy-2-methylbenzoic acid, 55289-06-0; 2-
methyl-3,4,5-trimethoxybenzaldehyde, 74327-91-6; 2-methyl-
3,4,5-trimethoxybenaldehyde DNP, 88802-96-4; 2-methylpiperonal,
58343-46-7; 2,4-dimethylbenzaldehyde, 15764-16-6; 2,5-di-
methylbenzaldehyde, 5779-94-2; 4-methoxy-3-methylbenz-
aldehyde, 32723-87-4; 4-methoxy-3-methylbenzaldehyde DNP,
32723-68-5; 3-methoxy-4-methylbenzaldehyde, 24973-22-6; 3.
methoxy-4-methylbenzaldehyde DNP, 53581-85-4; 2-methoxy-3-
methylbenzaldehyde, 67639-61-6; 3,6-dimethoxy-4-methylbenz-
aldehyde, 1011-27-4; 2,4-dimethoxy-3-methylbenzaldehyde,
7149-92-0; 2,3-dimethoxy-4-methylbenzaldehyde, 75889-47-3;
2,3-dimethoxy-4-methylbenzoic acid, 77868-39-7; sym-di-
methylethylenediamine, 110-70-3; N,N,N'-trimethylethylenedi-
amine, 142-25-6; N-methylpiperazine, 109-01-3.
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C(1) + C(3), 31.5, 29.0, 28.7 (2x), 22.5, 13.9 C(4)-C(9).
1-Phenylundeca-1,2-diene (11): bp 120 °C (0.4 mmHg); n%,
1.5320; IR 1951 cm™; mass, m/e 228, M"*; *H NMR (CCl,) see
8, with 5 1.15-1.80 (m, 12 H); *C NMR -.
4-Methyl-L-phenylpenta-1,2-diene (12): bp 102 °C (15
mmkHg); n®p 1.5395; IR 1946 cm™; mase, m/e 168, M~; 'H NMR
(CCly) 3 7.18 (br m, 5 H), 6.09 (dd, H,), 6.51 (dd, Hp), 242 (ddsspt,
Hy), 1.08 (brd, 8 H, J = 7 Hz), simulated ABX system (90 MHz)
3Jgx = 5.75,4J,p = —8.35, 8%J,x = 3.07 Hz; 13C NMR (CDCly) 8
203.5 C(2), 135.1, 128.4, 126.5, 126.3 (avom C ipso, m, p, o), 102.3
C(3), 96.8 C(1), 28.3 C(4), 22.4 C(5).
4-Methyl-1-phenylhexa-1,2-diene (13): bp 112 °C (15
mmHg), 72 °C (0.6 mmHg); n®;, 1.5465; IR 1949 cm; mass, m /e
172, M**; 200-MHz 'H NMR (CDCl,), 2 diastersomer pairs (I)
67.07-7.31 (br m, 5 H), 8.16 (dd, H,), 5.53 (dd, Hp), 2.19 (appar
septet, Hy), 1.30-1.56 (m, Hy), 1.07 (d, Hy), 0.95 (t, Hy), %, =
-6.38, Way = 6.39, Wy = 2.75, Mgy = 6.75, Wxz = 7.30 Hz: (I1)
5 7.07-7.31 (br m, 5 H), 6.14 (dd, H,), 5.62 (dd, Hp), 2.18 (appar
septet, Hy), 1-30-1.56 (m, Hy), 1.06 (d, Hy), 0.94 (t, Hp), U5 =
6.40, *Jan = 6.55, *Jaw = 2.49, Wy = 6.75, 3y; = 7.30 Hz; 13C
NMR (CDCly) 5 204.0 C(2), 136.1, 128.4, 126.4 (arom C ipso, m,
p + o), 100.7 C(3), 85.2 C(1), 35.3/36.2, 29.9/29.7, 19.9/19.8,
11.8/11.8 diaster C(4)-C(7).
4,4-Dimethyl-1-phenyipenta-1,2-diene (14): bp 102 °C (15
mmHg); n®p 1.6395; IR 1950 cro*; mass, m/e 172, M™; 'H NMR
(CCLy) 5 7.18 (br m, 5 H), 6.09 (d, H,), 5.48 (d, Hp), 1.10 (s, 9 H),
‘J\p = -6.45 Hz; WC NMR (CDCly) & 202.4 C(2), 135.2, 128.5, 126.5,

126.3 (arom C ipeo, m, p, o), 108.7 C(3), 96.2 C(1), 32.6 C(4), 30.2

C(5).

2,2-Dimothylhepta-3,4-diene (16): bp 32 °C (15 mmHg); n¥®,
1.4370; IR 19564 cm™!; mass, m/e 124 M**; 'H NMR (CCl,) 5
4.95-5.25 (m, 2 H), 1.95 (m, 2 H), 1.01 (s, 9 H), 0.97 (br t, 3 H);
3C NMR (CDCly) ¢ 200.6 C(4), 103.6 C(3), 94.3 C(6), 31.5 C(2),
30.1 C(1), 22.0 C(6), 13.2 C(T).

2,2-Dimethylocta-3,4-diene (17): bp 48 °C (16 mmHg); n®,
1.4390; IR 19568 cm™; mass, m/e 138, M**; 'H NMR (CC),) 5
4.96-56.25 (m, 2 H), 1.95 (m, 2 H), 1.42 (m, 2 H), 1.01 (s, 9 H), 0.95
(br t, 3 H); 8C NMR (CDCly) 4 201.1 C(4), 102.8 C(3), 92.5 C(5),
31.6 C(2), 30.2 C(1), 31.3, 22.4, 13.7 C(6)~C(8).

2,2-Dimethylnona-3,4-diene (18): bp 62 °C (15 mmHg); n%,
1.4402; IR 1968 cm™; mass, m/e 162, M**; 'H NMR (CCl,) 5
4.90~-6.20 (m, 2 H), 1.93 (m, 2 H), 1.10~1.60 (m, 4 H), 1.01 (s, 9
H), 0.88 (unresolved t, 3 H); 3C NMR (CDCly) & 201.0 C(4), 102.9
C(3), 92.6 C(5), 31.5 C(2), 30.1 C(1), 31.4, 28.8, 22.2, 13.8 C(6)-C(9).

2,2-Dimethyldeca-3,4-dlene (18): bp 78 °C (15 mmHg); n®,

1.4417; IR 1968 ¢cm™; mass, m/e 166, M**; '"H NMR (CCl) &
4.90-5.20 (m, 2 H), 1.93 (m, 2 H), 1.10-1.50 (m, 6 H), 1.01 (8,9 .
H), 0.87 (unresolved t, 3 H); }3C NMR (CDCl,) $ 201.0 C(4), 102.9
C(3), 82.7 C(6), 31.5 C(2), 30.1 C(1), 31.4, 29.1, 28.9, 22.4, 13.9
C(6)-C(10).

2,2,6-Trimethylhepta-3,4-diene (20): bp 39 °C (156 mmHg);
n%p 1.4356; IR 1957 cm™; mase, m/e 138, M**; '"H NMR (CDCly)
simulated ABMX,X'y (200 MHz) $ 5.17 (dd, H,), 5.12 (dd, Hp),
2.26 (ddsept, Hy), 1.02 (s, 9 H), 0.89 (d, 3 Hy), 0.98 (d, 3 Hy)
diaster Me, Vxyu = %Wyaq = 6.76, *Jgy = 5.31, ‘Jog = —6.22, S
= 3.36 Hz; C NMR (CDCly) & 199.4 C(4), 104.1 C(3), 100.1 C(5),
31.6 C(2), 30.1 C(1), 27.9 C(8), 22.5, 22.3 diaster C(7).

2,2,6,6-Tetramethylhepta-3,4-diene (21): bp 62 °C (15
mmHg); n*;, 1.4375; IR 1958 cm™; masa, m/e 152, M~; '"H NMR
(CCLy) 5 56.08 (s, 2 H), 1.00 (s, 18 H); 13C NMR (CDCl,) 5 188.1
C(4), 104.6 C(3) + C(5), 31.5 C(2) + C(6), 30.1 C(1) + C(7).

Trideca-3,4-diene (22): bp 98 °C (18 mmHg); n¥p, 1.4545; IR
1959 cm™'; mass, m/e 180, M**; '"H NMR (CCL) & 4.85~4.20 (m,
2 H), 1.76-2.20 (m, 4 H), 1.10~1.70 (m, 12 H), 0.98 (br t, 3 H),
0.87 (unresolved t, 3 H); 13C NMR (CDClyp) 5 203.4 C(4), 92.5, 81.5
C(3) + C(5), 31.8, 28.3, 29.2 (2x), 20.0 (2x), 22.8, 14.0 C(6)-C(13),
22,0 C(2), 13.4 C(1).

Tetradeca-4,5-diene (23): bp 110 °C (18 mmHg); "™y, 1.4558;
IR 1860 cm™; mass, m/e 194, M**; 'H NMR (CC),) 5 4.86~5.15
(m, 2 H), 1.75-2.15 (m, 4 H), 1.10~1.65 (m, 14 H), 0.90 (br t,3
H), 0.87 (unresolved t, 3 H); 13C NMR (CDCly) 5 203.9 C(5), 90.8,
90.6 C(4) + C(6), 31.8, 31.1, 29.3, 29.2 (2X), 29.0, 28.9, 22.6, 22.4,
14.0, 13.5 C(1)-C(3) + C(7)-C(14).

Pentadeca-5,6-diene (24): bp 125 °C (18 mmHg); n%p 1.4563;
IR 1960 cm™; mass, m/e 208, M**; 'H NMR (CCl,) as 23, but §
1.10-1.65 (m, 16 H), 0.88, 0.87 (2 unresolved t, 6 H); '3C NMR
(CDCly) & 203.8 C(8), 90.8 C(5) + C(7), 31.8, 31.3, 29.4, 29.2 (2X),
20.0 (2x), 28.6, 22.8, 22.1, 14.0, 13.8 C(1)-C(4) + C(8)-C(15).

2,2-Dimethyitrideca-3,4-djene (25): bp 120 °C (18 mmHg);
n®p 1.4512; IR 1958 em™'; mass, m/e 208, M**; 'H NMR (CCl,)
6 4.83-6.20 (m, 2 H), 1.70~2.16 (m, 2 H), 1.10~1.60 (m, 10 H), 1.01
(s, 9 H), 0.87 (unresolved t, 3 H); '*C NMR (CDCly) 5§ 201.0 C(4),
102.9 C(3), 82.7 C(5), 31.5 C(2), 30.1 C(1), 31.8, 29.4, 29.2 (3x),
28.8, 22.6, 14.0 C(8)-C(13).
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Wijkens for some of the chiral alchols, A. V. E. George and
8. Seijkens for NMR spectra, and Prof. H. J. T. Ros for
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Notes

Ortho Substitution of m-Anisaldehyde via
a-Amino Alkoxide Directed Lithiation
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The addition of aromatic aldehydes to certain lithium
dialkylamides gives a-amino alkoxides that can be ring-
lithiated with alkyllithiums. Alkylation and hydrolysis on
workup provides ortho-substituted aryl aldehydes via a
one-pot reaction.? This methodology works well for the
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one-pot substitution of heterocyclic aromatic aldehydes®
as well as for benzaldehyde derivatives.? Several research
groupe have used this methodology with succees;* however,
two laboratories® have informed us that the substitution
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Comins, D. L.; Brown, J. D. J. Org. Chem. 1984, 49, 1078,

J. Org. Chem, 1987, 62, 104.
(4) Liu, J.; Young, J.; Li, Y.; She, C. J. Org. Chem. 1988, 51, 1120,
; 3 M Ts Y. Ibid. 1988

. . Tetrahedron Lett. 1988, 27, 2479,

Peet, N. P.; McCarthy, J. R.; Sunder, S.; McCowan, J. Synth. Commun.

1888, 16, 1551. McCarthy, J. R.: McCowan, J.; Zimmarman, M. B.;

Wenger, M. A.; Emmert, L. W. J. Med. Chem. 1988, 29, 1588, Harvey,

R. G; Cortez, C.; Ananthanarayan, T. P.; Schmolka, S. J. Org. Chem.
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? Table I. Ortho Methylation of m -Anisaldehyde
entry® LiNR, conditions® yield' of 1, 2,3 and ¢, % ratiof 2:8:4:1
a I I 3 n-BuLi, THF, -20 *C, 10 h 85 90:5:3:2
LN
b 1 | 3 n-BulLi, benzene, rt, 8 h a0 88:1:10:1
U=NNT
c u _./'\N\ 3 n-Bulij, bentene, rt, 8 h 04 17:0:1:22
d u—u%"\ 3 n-Bull, benzene, rt, 2 b, reflux, 1 b 86 82:0:1:17
° u 'l‘ ’I‘ 3 n-Buli, THF, -20 °C, 10 h 76 18::14:70
4 umtd '3 n-BuLd, benzene, rt, 2 h 91 85:2:7:6
Ut 3 PhLi,* bensene, rt, 8 h 89 97.2:0.5:0.3:2
b | A 3 PhLY, toluene, rt, 4 h 86 $8:0:0.1:1.8
U=N"N
i | n',_ 3 PhLi, toluene, rt, 8 b 83 99:0:0:1
=N
§ \ A 3 PhLi, benzens, 1t, 8 h 91 96:0:0:4
U=N""N"

* The reactions were performed on a 3-mmol scale in 8 mL of the indicated solvent. *After the Indicated time, the mixture was cooled to
~78 °C while 8 mL of THF was added. Moethyl iodide (1.1 mL) was added slowly at -78 °C, and then the mixture was allowed to come to
room temperature (rt) (30 min) and poured into cold, vigorously stirred 10% HCl. Extraction with ether provided the crude products.

i ive-l h "
ay

‘Yiald of isolated aldebydes 2, 3, ¢, and 1 obtainad as & mixture from

determined by GC. *See ref 9.

Scheme 1
CHO CHO CHO

cotneW

1 2 3
CHO

OMe
Me

4

of m-anisaldehyde is not as regioselective for the 2-position
as we reported.” Because of the popularity of this
methodology and the fact that substituted anisaldehydes
are useful starting materials for the synthesis of natural
products, we decided to inveatigate the “m-anisaldehyde
problem” in detail.

The lithiation-methylation of «-amino alkoxides derived
from 1 can lead to three possible ortho-methylated anis-
aldehydes 2, 3, and 4 (Scheme I). Authentic samples of
these methylated anisaldehydes were prepared as shown
in Scheme II. A sample of 2 was prepared from 2-(2,3-
dimethoxphenyl)-4,4-dimet hyl-2-oxazoline (5).* Anis-
aldehyde derivative 3 was synthesized from 2-bromo-5-
methoxybenzaldehyde (6) by in situ protection? followed
by lithium~helogen exchange and methylation. Anis-
aldehyde derivative 4 was prepared by our published
procedure.* The a-amino alkoxide formed from m-anis-
aldehyde (1) and lithium N-methylpiperazide (LNMP) in
THPF was treated with sec-butyllithium /TMEDA. Sub-

100(88.) Leed, A. R.; Bosttger, 8. D.; Gapem, B. J, Org. Chern. 1980, 43,
(7) Comins, D. L; Brown, J. D. Tetrchedron Lett. 1981, 22, €213,

radial prep or graphy. ¢The product ratios were
Scheme I
0O N
OMe 4-5!-9.‘
st ar—r———— 2
OMe
s
H
0,
cHo LOg-N—\
Br S~~—0 u o
N YN~
e et
OMo 2 ,BuLi OMe
L]
Mel ; H;0*
————— i 3
Lio HN
CHO v\
/- NMe \vie
1) Li-N-~Y
R e
OMe 2) 3 soc-Bull/ TMEDA OMe
-25°C, 12h | U
1 7
Mol ; HyO®
————— . [']

sequent methylation of the dianion 7 and workup with
10% HCl provided 4 in 60% yield. We performed several
lithiation-methylation reactions of a-amino alkoxides
derived from m-anisaldehyde and analyzed (GC) the
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products for atarting material (1) and methylated deriva-
tives 2, 3, and 4. The results are given in Table L When
the reaction was run with N-lithio-N,N’,N “trimethy}-
ethylenediamine (LTMDA) by using our standard con-
ditions,* an oil was isolated in 85% yield, which contained
90% of the desired aldehyde 2, 8% of isowners 3 and 4, and
2% starting material (1). A similar reaction using benzene
as the solvent (entry b) also failed to give the desired
degree (>95%) of substitution at the 2-poeition. The use
of lithium N-methylpiperazide (LNMP) as the amine
component allowed for better regioselectivity, but incom-
plete metalation occurred (entries ¢ and d).

In an attempt to find an a-amino alkoxide with the
desired ortho-directing power, we examined the reaction
with V-lithio-N,N'N"trimethylhydrezine® (LTMH) as the
amine component. Interestingly, LTMH did form an ef-
fective ortho-directing a-amino alkozide of intermediate
strength (entries e and f). When LTMH was the amine
component, benzene the solvent, and phenyllithium?® the
base, a highly regioselective lithiation~methylation oc-
curred in high yield (entry g). Phenyllithium also proved
to be an effective base for metalations of LTMDA derived
a-amino alkoxides. In toluene or benzene, a highly re-
gioselective methylation occurred to give the desired 2-
l;xmthyl-a- methoxybenzaldehyde (2) in high yield (entries

=j).

Apparently, the lower basicity of phenyllithium, as
compared to n-butyllithium, is responsible for the in-

regioselectivity. The use of phenyllithium as a base
allowed us to solve the “m-anisaldehyde problem™. It is
likely that phenyllithium would be effective in other di-
rected lithiation reactions, and its potential as a base
should not be. overlooked.1®

Experimental Section
Reactions were performed in oven-dried glassware under aN,

OAc/hexanes) gave 410 mg (91 %) of a light yellow oil. This ail
consisted of 96% 3-methoxy-2-methylbenzaldehyde and 4%
isaldehyde as indicated by GC snalysis.

Acknowledgment. We thank Larry Overman and
Victor Snieckus for bringing the “m-anisaldehyde problem”
to our attention.

Dye-Sensitized Photooxygenation of the C=N
Bond!

Claire Castro, Michael Dixzon, lhsan Erden,* Pinar Ergonenc,
James R. Keeffe,* and Angela Sukhovitaky

Department of Chemistry and Biochemistry, San Francisco
State University, 1600 Holloway A , San Fr i
California 94132

Received November 7, 1988

Since the early 1970s, photooxygenations of a variety of
compounds containing the C=N bond have been report-
ed.*'?* In some cases these reactions appear to use or-

(1) A preliminary sccount of this work was repartad at the Pacific
Conference on Ch y and S Oct 27, 1968.
(2) For a review of reactiona of 10, with nitrogen hetaro-
cycles, see: George, M, V.; Bhat, V. C . Rav. 1979, 7B, 447-478. Alsc
i by Boysr: Boywe, J. H. Chem. Rev. 1988, 80, 4956-661.

(3) (a) Imines und! b jon and ph ik !

via reaction of the triplet stats with triplet : Toahirna, N.; Hiral,
H. Tetrahedron Lett. 1970, 435-436. &) Sm‘;‘. m'l?l cleavags
of the C,~—Cw= single bond subseq; to ph idative C,—H cleavag

by triplet oxygen: McCapra, F.; Burford. A. J. Chem. Soc., Chem, Com-
mun. 1978, 607-608. (c) N~H hyd react with oxygen in an ene

atmosphere. Tetrahydrofuran (THF) was dried by distill
from sodium/benzophenone kety!l prior to use. Benzene, toluene,
N,N'N"trimethylethylenediamine, N-methylpiperazine, and
N,N’N*“trimethy azine* were distilled from calcium hydride
and stored over 3-A molscular sieves under Ns. .
Gas-liquid chromatography (GC) was performed on a Hew-
lett-Packard Model 5890A gas chromatograph equipped with a
30 m X 0.25 mm FSOT column packed with OV-101. Radial
preparati r ch tography (radial PLC) was carried out
by using a Chromatotron (Harrison Assoc., Palo Alto, CA).
Preparation of 2-Methyl-3-methoxybenzaldehyde from
m-Anisaldehyde. General Procedure for the a-Amino Al-
koxide Directed Lithiation Reactions. To a solution of 0.41
mL (3.2 mmol) of N, N’N“trimethylethylenediamine in )8 kL of

C-hydroperozyazo adducts, thence fragmentation o
ucts; oxygen is not required: Ym.l-l.C.;Runicl,P.J.Dr,.m.
1968, 30, 2832~2834. Lewis, G. E.; Spencer, G. L. Aust. J. Chem. 1978,
B te) Bomsophe xim, thyl othaz, and base
a) Banzophenone oxime, its maet o , and its conjugate
are all cleaved to benzophenone by 'Oy: Wamser, C. C.; Herring, J. W.
J. Org. Cham. 1978, 41, 1476~1477. (b) Oximes and oxime ethers are, in
general, inert or almost 8o to * Acetons oxime shows marginal re-
activity. Val b oxima hy] sther does not react: Ito, Y.;
Konizhi, M.; Matauurs, T. Photochem. Photobiol. 1979, 30, 53-67. Cy-
clohazanone oxims, its methyl ether, and scetophenons oxime react very
sluggiahly with 'Oy Chawia, H. M.; Hassner, A. Tetrahedron Lets. 1988,
27, 46184622. Chawia and Hassner also showed that oxime carbamates
react with !0, preferentially at the C—N center rathsr than the C=N
center. The relative inertness of oximes to singlet oxygen ia confirmed
in the p.r:’-nt study. C-Nitroso P ds (formally ic with

was added 3.1 mmol of n-BuLi (23 M in b ) dropr
with cooling (ice bath). After 16 min at room temperature, m-
anigaldehyde (0.37 mL, 3.0 mmol) wes added (0—5 °C) and the

wi
oxime ethers) have bewn shown to quench 'Oy, *...probably
by an energy tranafer * Singh, P.; Ullman, E. P. J. Am. Chem.
Soc. 1978, 88, 3018-3019.

6) lm#lsﬁu}nvﬂydmodmdmdn‘mm

mixture was stirred at room tamperature for 15 min. A soluti

of phenyllithium (4.5 mL, 9 mmol) in cyclohexane /other® was
added with cooling (ice bath). After the mixture was stirred at
room temperature for 8 h, 8 mL of THF was added while the
mixture was being cooled to —78 °C. Methyl iodide (1.1 mL, 18
mmol) was added slowly at -78 °C, the cooling bath was removed,
and the mixture was allowed to come to room temperature (30
min). The mixture was poured into cold, vigorously stirred 10%
HCI and extracted with ether. The combined organic layers were
weshed with brine, dried (MgSO,), and concentratad to give 510
mg of a dark oil. Purification by radial PL.C (SiO,, 5~-20% Et-

(8) Trimethylhydrazine was propared by a litersture procedurs, see:
(ZZBI;.;-. J. B.; Aston, J. G.; Oakwood. T. 8. J. Am. Chem. Soc. 1968, 75,

(8) Phenyllithium was purchased from Aldrich Chemical Co. as a 2.0
M solution in cyclohezane—ather.

(l&) Pb‘nyl}l?ﬂun is an oﬂ'oct.lvn”bua for the r?ino;olacuvu a-liﬁhls»
tian of certain 1-(tert-butozycarbony - 1,4-dihydropyridines. Comis .
L.; Weglars, M. A. J. Org. Chem. 1988, 83, 4437. -

0022-3263/89/1954-3732801.50/0

sombling the res of 'Onn taa::mm-') 'b’.':d y 1@&&“
sembli reaction wi i or X jon:
Wassarman, H. H.; Stiller, K.; Floyd, M. B, ‘/ttrgndmn Lett. 1988,
3277-3280.

(8) (a) Foots, C. 8; Lin, J. W.-P. Tetrahedron Lett. 1948, 3267-3270.
Foote, C. 8.; u, A. A.; Lin, J. W.-P. Tetrahedron Lett, 1975,
1247-1260. (b) For a review, ses: Schaap, A. P.; Zakiika K. A. In Singlet
Oxygen; Wasserman, H. H., Murray, R. W., Eds.; Academic: New York,

1979; p 180.

(7) (s) Sydnones are proposed to react with 10, by 1,3-cycloaddition
with sub fra, ! Bbat, V.; Dixit, V. M.; Ugarkar, B. G;
Trozzolo, A. M.; Georgs, M. V. J. Org. Chem. 1979, 44, 2857-2961. ®)
An azomothine imine was shown by the same workars to be cleaved by
‘0, to aho(p’nent ketons. This reaction too A;:li‘ghtrbqh with lm
addition. (¢) Aziridines, via their azomethine o forma, afford
with '0, which can be rationalized by 1,3-cycloaddition followed by
fregmentations: Bhat, V.; e, M. V. J. Org. Chem. 1979, 44,
3288~3292. Bhat, V.; George, M. V. Tetrahedron Leit. 1977, 4133-4136.
(d) Diazoalkanss are cleaved by 'O, to nubonid compounds; in the

© 1989 American Chemical Society
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
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A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
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earned patent term adjustment. See 37 CFR 1.704(b).
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* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway
program at a participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww. ispto.gov/patents/init events/oph/index.isp or send an inquiry to PPHfeedback@uspio.qoyv.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
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DETAILED ACTION
Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

Claims 1-21 are rejected under 35 U.S.C. 102(b) as being anticipated by Moriarty
et al. (J. Org. Chem. 2004, 69(6), 1890-1902).

On Page 1892, column 1 Moriarty discloses compound 7 which has the same
structure as the instantly claimed product. On page1902, paragraph bridging column 1
and 2, Moriarty disclose a method of preparing compound 7. In the second column
99.7% pure compound 7 is disclosed thereby meeting the purity limitations of claims 2
and 11. The instant claims are product by process. Since the product disclosed in the
art is the same as the instantly claimed product, the patentability of the product is does
not depend on the method of its production.

“[E]ven though product-by-process claims are limited by and defined by the process,
determination of patentability is based on the product itself. The patentability of a
product does not depend on its method of production. If the product in the product-by-
process claim is the same or obvious from the product of the prior art, the claim is
unpatentable even though the prior art product was made by a different process.” In re

Thorpe, 777 F.2d 695, 698, 227 USPQ 964, 966 (Fed. Cir. 1985) (MPEP § 2113).
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Conclusion

Claims 1-21 are pending

Claims 1-21 are rejected.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Yevgeny Valenrod whose telephone number is 571-272-
9049. The examiner can normally be reached on 8:30am-5:00pm M-F.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Johann Richter can be reached on 571-272-0646. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/YEVGENY VALENROD/
Primary Examiner, Art Unit 1621
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Amendments to the Claims:

This listing of ¢claims will replacc all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (Currently Amended) A product comprising a compound of formula I

H Y1'ﬁ—ﬁ—R7
My Ly
OH

H

O(CH,),COOH () or a pharmaccutically acceptable salt thereof, wherein said

product is prepared by a process comprising
(a) alkylating a compound of structure II with an alkylating agent to produce a

compound of formula III,

H Y1’ﬁ“ﬁ—R7

H YT‘ﬁ-—ﬁ—R7 M1 L1
M Ly OH
OH H
OH H (10) O(CHy)aCN (11D
wherein

w=1, 2, or 3;

Y, is trans-CH=CH-, cis-CH=CH-, -CH,(CH3),,-, or -C=C-; mis 1, 2, or 3;

R7is

(1) -C,H;,-CHj, wherein p is an integer from 1 to 5, inclusive,

2) phenoxy optionally substituted by one, two or three chloro, fluoro, trifluoromethyl,
(C,-Cs) alkyl, or (C;-Cj)alkoxy, with the proviso that not more than two substituents are other
than alkyl, with the proviso that R; is phenoxy or substituted phenoxy, only when R; and R4

are hydrogen or methyl, being the same or different,

4830-7134-0818.1
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3) phenyl, benzyl, phenylethyl, or phenylpropyl optionally substituted on the aromatic
ring by one, two or three chloro, fluoro, trifluoromethyl, (C;-Cs)alkyl, or (C;-Cs)alkoxy, with
the proviso that not more than two substituents arc other than alkyl,
@ cis-CH=CH-CH,-CH3,
(5)  -(CH,),-CH(OH)-CH3, or
(6)  -(CH,);-CH=C(CHj3);
-C(L)-R~ taken together is

H (C4-Cr)cycloalkyl optionally substituted by 1 to 3 (C-Cs)alkyl;
2 2-(2-turyl)ethyl,
3) 2-(3-thienyl)ethoxy, or
4) 3-thienyloxymethyl;
M; is a-OH:B-Rs or a-Rs:B-OH or a-OR;:B-Rs or a-Rs:B-OR,, whercin Rs is hydrogen or
methyl, R, is an alcohol protecting group, and
L, is a-R3:B-Ry4, a-R4:B-R;, or a mixture of a-R3:-Ry4 and a-R4:-R3, wherein Rj; and Ry are
hydrogen, methyl, or fluoro, being the same or different, with the proviso that one of R3 and
Ry is fluoro only when the other is hydrogen or fluoro.

(b) hydrolyzing the product of formula III of step (a) with a base,

(©) contacting the product of step (b) with a base B to form a salt of formula I,

H Y1“ﬁ“’ﬁ"‘R7

OH

®
H HB
o
O(CH,),COO0 (Iy) and

(d) optionally reacting the salt formed in step (c¢) with an acid to form the

compound of formula 1.

2. (Currently Amended) The product of claim 1, wherein the purity of compound of
formula I in said product isat is at least 99.5%.

3. (Original) The product of claim 1, wherein the alkylating agent is CI(CH,),CN,
Br(CH,)yCN, or I{(CH;),CN.

4830-7134-0818.1
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4. (Original) The product of claim 1, wherein the base in step (b) is KOH or NaOH.

5. (Original) The product of claim 1, wherein the base B in step (¢) is sclected from the
group consisting of ammonia, N-methylglucamine, procaine, tromethanine,

magnesium, L-lysine, L-arginine, triethanolamine, and diethanolamine.
6. (Original) The product of claim 1, wherein the acid in step (d) is HCI or H2SOa.

7. (Original) The product of claim 1, wherein Y, is —CH;CHz-; M, is a-OH:B-H or
a-H:B-OH; -C(L)-R; taken together is —(CH,)4CHj;; and w is 1.

8. (Original) The product of claim 1, wherein the compound of formula I is a compound

of formula IV.

N

COOH av).

9. (Original) The product of claim 1, which the process does not include purifying the

compound of formula (III) produced in step (a).

10.  (Currently Amended) A product comprising a compound having formula IV

HO

N

COOH (IV) or a pharmaceutically acceptable salt thereof,

wherein the product is prepared by the process comprising

4830-7134-0818.1
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(a) alkylating a compound of formula V with an alkylating agent to produce a

compound of formula VI,

.

% CN (V1)

(b) hydrolyzing the product of formula VI of step (a) with a base,
(©) contacting the product of step (b) with a base B to form a salt of formula IV,

and

(IVy)
(d) optionally reacting the salt formed in step (¢) with an acid to form the

compound of formula IV.

11.  (Currently Amended) The process of claim 10, wherein the purity of product of step
(d) has-the-purity-of the-compound-of formulatV-efis at least 99.5%.

12.  (Original) The product of claim 10, wherein the alkylating agent is CICH,CN.
13.  (Original) The product of claim 10, wherein the base in step (b) is KOH.

14.  (Original) The product of claim 10, wherein the base B in step (c) is selected from a
group consisting of ammonia, N-methylglucamine, procaine, tromethanine,

magnesium, L-lysine, L-arginine, triethanolamine, and diethanolamine.

-5
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15. (Original) The product of claim 10, wherein the base B is diethanolamine.
16. (Original) The product of claim 10, wherein the acid in step (d) is HCL

17. (Original) The product of claim 10, which the process does not include purifying the

compound of formula (VI) produced in step (a).

18.  (Original) The product of claim 17, wherein the base B in step (c) is selected from a
group consisting of ammonia, N-mcthylglucamine, procaine, tromethanine,

magnesium, L-lysine, L-arginine, triethanolamine, and diethanolamine.
19. (Original) The product of claim 18, wherein the base B is diethanolamine.

20. (Original) The product of claim 1, wherein the base in step (b) is KOH or NaOH and
wherein the base B in step (¢) is selected from the group consisting of ammonia, N-
methylglucamine, procaine, tromethanine, magnesium, L-lysine, L-arginine,

triethanolamine, and diethanolamine.

21. (Original) The product of claim 10, wherein the base in step (b) is KOH or NaOH and
wherein the base B in step (c¢) is sclected from the group consisting of ammonia, N-
methylglucamine, procaine, tromethanine, magnesium, L-lysinc, L-arginine,

triethanolamine, and diethanolamine.
22.  (New) The product of claim 1, wherein step (d) is performed.

23. (New) The product of claim 22, wherein the product comprises a pharmaceutically

acceptable salt formed from the product of step (d).

24. (New) A process of making a pharmaceutical product comprising treprostinil or a
pharmaccutically acceptable salt therecof, said process comprising contacting a
solution of treprostinil with a base to form a pharmaceutically acceptable salt of

treprostinil, wherein the treprostinil in the solution has not been previously isolated.

-6-
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25. (New) The process of claim 24, further comprising isolating the pharmaceutically
acceptable salt of treprostinil and adding a pharmaceutically acceptable carrier to

form a pharmaceutical product.
26. (New) The process of claim 25, wherein the base is an inorganic base.

27. (New) The process of claim 26, wherein the salt formed by the inorganic base is a

sodium salt of treprostinil.

28. (New) The process of claim 26, wherein the salt formed by the inorganic base is a

potassium salt of treprostinil.

29. (New) The process of claim 24, further comprising isolating the salt product followed

by reacting the salt product with an acid to form a compound of the formula:

HQ

N

COOH

30. (New) The process of claim 29, wherein the salt product is a diethanolamine salt of

treprostinil.

31. (New) The process of claim 30, further comprising adding a pharmaceutically

acceptable carrier to the compound of the formula:

-
4830-7134-0818.1
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.

COOH

to form a pharmaceutical product.
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REMARKS

Applicants respectfully request reconsideration and allowancc of the present

application.
CLAIM STATUS

Applicants have amended claims 1, 2, 10, and 11 without prejudice or disclaimer, to
present the claimed subject matter in a clearcr manner. Support for the amended claims may
be found throughout the specification as filed. Additionally, claims 22-3 | have been added,
support for which can be found in paragraphs 46 (“the treprostinil salts can be synthesized
from the solution of treprostinil without isolation™), 20 (“the present description being useful
in preparing a pharmaceutical composition that is generally safe, non-toxic and neither
biologically nor otherwise undesirable and includes being useful for veterinary use as well as
human pharmaceutical use”), 21 (“[b]ase addition salts may be formed with organic and
inorganic bases, such as sodium, ammonia, potassium, calcium, ethanolamine,
diethanolamine, N-methylglucamine, choline and the like,” and “[i]ncluded in the invention
are pharmaceutically acceptable salts or compounds of any of the formulae herein”), as well

as the working examples. No new matter has been added.
After the amendment, claims 1-31 are pending. Claims 1, 10, and 24 are independent.
CLAIM REJECTION UNDER 35 U.S.C. § 102(b)

Claims 1-21 stand rejected under 35 U.S.C. 102(b) over Moriarty et al. (J. Org. Chem.
2004, 69(6), 1890-1902). Applicants request reconsideration.

The product of Moriarty 2004 is physically different from the product of claims 1 and
10, in which a base addition salt is formed in sifu with treprostinil that has not been
previously isolated. Specifically, when a batch of treprostinil acid made by the type of
process disclosed in Moriarty 2004 was analyzed by the applicants, it was found to contain

small amounts of 4 different impuritics (benzindene triol, treprostinil methyl ester, and 2

different stereoisomers of treprostinil). By contrast, not onc of these four impurities was

detectable in either a batch of treprostinil salt or a batch of treprostinil acid produced

-9-
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according to claims 1 and 10. This physical difference in the product results directly from the

steps recited in claims 1 and 10, in which a salt is formed in situ without previously isolating
treprostinil. Since Moriarty does not teach a product of present claims 1 and 10, withdrawal

of the rejection is requested.

Concerning new claims 24-31, the same argument above applies to these claims.
When a salt is formed with treprostinil in situ without previously isolating the treprostinil as
required by the steps of these claims, the impurities mentioned in the preceding paragraph
resulting from the Moriarty 2004 steps are not detected. Thus, both the steps of the process
for making pharmaceutical products recited in claims 24-31 and the products resulting from
those steps are different than the process and product of Moriarty 2004 cited in the Office
Action. Moriarty 2004 neither teaches nor suggests the advantages resulting from this

difference, including the avoidance of the 4 impurities listed abovc in the product.

-10-
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CONCLUSION

Applicants believe that the present application is in condition for allowance.
Favorable reconsideration of the application is respectfully requested. The Examiner is
invited to contact the undersigned by telephone if it is felt that a telephone interview would

advance the prosecution of the present application.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment,
to Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by a
check being in the wrong amount, unsigned, post-dated, othcrwise tmproper or informal or
even entirely missing or a credit card payment form being unsigned, providing incorrect
information resulting in a rejected credit card transaction, or even entirely missing, the
Commissioner is authorized to charge the unpaid amount to Deposit Account No. 19-0741. If
any extensions of time are needed for timely acceptance of papers submitted herewith,
Applicant hereby petitions for such extension under 37 C.F.R. §1.136 and authorizes payment

of any such extensions fees to Deposit Account No. 19-0741.

Respectfully submitted,

Date Catiiied By

FOLEY & LARDNER LLP Stephen B. Maebius
Customer Number: 22428 Agent for Applicants
Telephone:  (202) 672-5569 Registration No. 55,264

Facsimile: (202) 672-5399
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Commissioner for Patents
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Commissioner:

Transmitted herewith is an amendment in the above-identified application.

[ ] Small Entity status under 37 C.F.R. § 1.9 and § 1.27 has been established by a

previous assertion of Small Entity status.
[ ] Assertion of Small Entity status is enclosed.

[ X ] The fee required for additional claims is calculated below:

Claims Extra
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Amended Paid For Present Rate Claims Fee
Total Claims: 31 - 21 = 10 X $62.00 = $620.00
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Independent 3 - 3 = 0 x  $250.00 = $0.00
Claims:
First presentation of any Multiple Dependent Claims: +  $460.00 = $0.00
CLAIMS FEE TOTAL = $620.00
[ ] Applicant hereby petitions for an extension of time under 37 C.F.R. §1.136(a) for the
total number ot months checked below:

[ ] Extension for response filed within the first month: $150.00 $0.00
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Extension Fees Previously Paid: ©30.00
TOTAL FEE: $620.00

The above-identified fees of $620.00 are being paid by credit card via EFS-Wcb.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment,
to Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by the
credit card payment instructions in EFS-Web being incorrect or absent, resulting in a rejected
or incorrect credit card transaction, the Commissioner is authorized to charge the unpaid

amount to Deposit Account No. 19-0741.

If any extensions of time are needed for timely acceptance of papers submitted
hercwith, applicant hereby petitions for such extension under 37 C.F.R. §1.136 and authorizes

payment of any such extensions fees to Deposit Account No. 19-0741.
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Pleasc dircct all correspondence to the undersigned attorney or agent at the address

indicated below.

Respectfully submitted,

Date By

FOLEY & LARDNER LLP Stephen B. Maebius
Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5569 Registration No. 35,264

Facsimile: (202) 672-5399
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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YEVGENY VALENROD 1621 ,S\l*g‘”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on 8 February 2013.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5)X Claim(s) 1-31 is/are pending in the application.
5a) Of the above claim(s) 24-31 is/are withdrawn from consideration.

6)[] Claim(s) _____is/are allowed.

7) [0 Claim(s) ____is/are rejected.

8)[] Claim(s) _____is/are objected to.

9)[ Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hito/rveww usolo.gov/patents/init_events/ppivindax.jsp or send an inquiry to PPHieedback@uspio.qov.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[] accepted or b)[T] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al  b)[JSome* c)[] None of the:
1. Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
Interim copies:
a)lJ Al b)[JSome ¢)[]None of the: Interim copies of the priority documents have been received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) & Information Disclosure Statement(s) (PTO/SB/08) D Other:
Paper No(s)/Mail Date 12/20/12. er
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-13) Office Action Summary Part of Paper No./Mail Date 20130506

UTC_REM_II_000003503



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 135 of 206 PagelD: 820

Application/Control Number: 13/548,446 Page 2
Art Unit: 1621

DETAILED ACTION
Election/Restrictions

Newly submitted claims 24-31 are directed to an invention that is independent or
distinct from the invention originally claimed for the following reasons: Claims 24-31 are
directed to a process for making a pharmaceutical product while examined claims are
directed to a product.

Since applicant has received an action on the merits for the originally presented
invention, this invention has been constructively elected by original presentation for
prosecution on the merits. Accordingly, claims 24-31 are withdrawn from consideration
as being directed to a non-elected invention. See 37 CFR 1.142(b) and MPEP §

821.083.

Maintained Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

Claims 1-23 are rejected under 35 U.S.C. 102(b) as being anticipated by Moriarty
et al. (J. Org. Chem. 2004, 69(6), 1890-1902).

On Page 1892, column 1 Moriarty discloses compound 7 which has the same
structure as the instantly claimed product. On page1902, paragraph bridging column 1

and 2, Moriarty disclose a method of preparing compound 7. In the second column
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99.7% pure compound 7 is disclosed thereby meeting the purity limitations of claims 2
and 11. The instant claims are product by process. Since the product disclosed in the
art is the same as the instantly claimed product, the patentability of the product is does
not depend on the method of its production.

“[E]lven though product-by-process claims are limited by and defined by the process,
determination of patentability is based on the product itself. The patentability of a
product does not depend on its method of production. If the product in the product-by-
process claim is the same or obvious from the product of the prior art, the claim is
unpatentable even though the prior art product was made by a different process.” In re

Thorpe, 777 F.2d 695, 698, 227 USPQ 964, 966 (Fed. Cir. 1985) (MPEP § 2113).

Reply to applicants’ remarks

Applicants have traversed the above rejection on the grounds that the process by
which the instantly claimed product is prepared results in a product that is different from
the product of Moriarty. Specifically, applicants allege that treprostinil prepared by the
process of Moriarty contains 4 different impurities (benzindene triol, treprostinil methyl
ester and 2 different stereoisomers of treaprostinil), while the process in the instant
claims results in a product where such impurities are not present. Upon a closer
investigation of the Moriarty reference, Examiner has been unable to locate the
description of the above mentioned impurities being present. Likewise, no comparative
data demonstrating the difference between the two products has been found upon a

closer review of the specification. As such, the evidence presented by the applicant
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cannot be considered unless it is presented in a form of a declaration. Without such
evidence, the product of Moriarty meets the limitations of the instant claims and the

rejection of record is maintained.

Conclusion
Claims 1-31 are pending
Claims 1-23 are rejected
Claims 24-31 are withdrawn

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Yevgeny Valenrod whose telephone number is 571-272-

9049. The examiner can normally be reached on 8:30am-5:00pm M-F.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Johann Richter can be reached on 571-272-0646. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/YEVGENY VALENROD/
Primary Examiner, Art Unit 1621
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REMARKS
Applicants respectfully request reconsideration and allowance of the present

application.
CLAIM STATUS

Applicants have amended claims 11 and 17 to correct inadvertent typographical

errors. No new matter has been added.

Applicants have canceled claims 24-31, without prejudice or disclaimer. Applicants
reserve the right to file one or more continuing application directed to the subject matter of

the canceled claims.
After the amendment, claims 1-23 are pending. Claims 1 and 10 are independent.
CLAIM REJECTION UNDER 35 U.S.C. § 102(b)

Claims 1-21 stand rejected under 35 U.S.C. 102(b) over Moriarty et al. (J. Org. Chem.
2004, 69(6), 1890-1902). Applicants request reconsideration.

In the response filed February 8, 2013, Applicants submitted that the product of
Moriarty 2004 is physically different from the product of claims 1 and 10, in which a base
addition salt is formed in situ with treprostinil that has not been previously isolated.
Specifically, Applicants noted that when a batch of treprostinil acid made by the type of
process disclosed in Moriarty 2004 was analyzed by the applicants, it was found to contain

small amounts of 4 different impurities (benzindene triol, treprostinil methy! ester, and 2

different stercoisomers of treprostinil). By contrast, not one of these four impurities was

detectable in either a batch of treprostinil salt or a batch of treprostinil acid produced

according to claims 1 and 10. In their February 8" response, Applicants explained that this

physical difference in the product resulted directly from the steps recited in claims 1 and 10,

in which a salt is formed in sifu without previously isolating treprostinil.

In the Office Action, the PTO informed Applicants that “the evidence presented by the

applicant cannot be considered unless it is presented in a form of a declaration,” see sentence

-
4850-2329-4484.1
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bridging pages 3-4. The PTO decided to maintain the rejection because in the PTO’s apinion,
“[w]ithout such evidence, the product of Moriarty meets the limitations of the instant claims,”

see page 4.

To address the issue raised by the PTO, Applicants submit with the present response a
declaration under 37 C.F.R. § 1.132 by Dr. David Walsh. In section 7 of his declaration, Dr.
Walsh provides data from representative Certificates of Analysis with impurity profiles for
treprostinil prepared according to the process corresponding to “Moriarty”, treprostinil
diethanolamine prepared according to the process specified in claim 1 or 10 of the present
application, and treprostinil as the free acid prepared according to the process specified in
claim 1 or 10 of the present application. Based on the results provided, Dr. Walsh concludes
“that each of treprostinil as the free acid and treprostinil diethanolamine prepared according
to the process specified in claimd 1 or 10 of the present application is physically different
from treprostinil prepared according to the process of “Moriarty” at least because neither of
them contains a detectable amount of any of benzindene triol, treprostinil methyl ester,
TAU90 treprostinil stereoisomer and 2AU90 treprostinil stereoisomer, each of which were

present in detectable amounts in treprostinil produced according to the process of “Moriarty.”

Since Dr. Walsh’s declaration provides evidence that the product of present claims is
physically difference than treprostinil produced according to the process of Moriarty,
Moriarty cannot anticipate the present claims. Accordingly, Applicants request withdrawal of

the rejection.
CONCLUSION

Applicants believe that the present application is in condition for allowance.
Favorable reconsideration of the application is respectfully requested. The Examiner is
invited to contact the undersigned by telephone if it is felt that a telephone interview would

advance the prosecution of the present application.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment,
to Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by a

_8-
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check being in the wrong amount, unsigned, post-dated, otherwise improper or informal or
even entirely missing or a credit card payment form being unsigned, providing incorrect
information resulting in a rejected credit card transaction, or even entirely missing, the
Commissioner 1s authorized to charge the unpaid amount to Deposit Account No. 19-0741. It
any extensions of time are needed for timely acceptance of papers submitted herewith,
Applicant hereby petitions for such extension under 37 C.F.R. §1.136 and authorizes payment

of any such extensions fees to Deposit Account No. 19-0741.

Respectfully submitted,

- o

Vel P
Date (gt J, By
s " 7 y
FOLEY & LARDNER LLP s Alexey Saprigin /7
Customer Number: 22428 “ Agent for Applicants
Telephone:  (415) 984-9§10 Registration No. 56,439

Facsimile: (415) 434-4507
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (Previously Presented) A product comprising a compound of formula |
H Y1"ﬁ‘“ﬁ“R7
My Ly
OH

H
O(CH,),COOH (I) or a pharmaceutically acceptable salt thereof, wherein said
product 1s prepared by a process comprising
(a) alkylating a compound of structure II with an alkylating agent to produce a

compound of formula III,

¢

H Vi TR My Ly
M L OH
OH .
on M (11 O(CHo)CN (111)
wherein

w=1,2, or3;

Y, is trans-CH=CH-, cis-CH=CH-, -CH,(CHj),-, or -C=C-; mis 1, 2, or 3;

R7is

(N -C,H;,-CHj, wherein p is an integer from 1 to 5, inclusive,

(2) phenoxy optionally substituted by one, two or three chloro, fluoro, trifluvoromethyt,
(Cy-Cy) alkyl, or (C1-C5)alkoxy, with the proviso that not more than two substituents are other
than alkyl, with the proviso that R+ is phenoxy or substituted phenoxy, only when R; and R4

are hydrogen or methyl, being the same or different,

4850-2329-4484.1
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(3) phenyl, benzyl, phenylethyl, or phenylpropyl opticnally substituted on the aromatic
ring by one, two or three chloro, fluoro, trifluoromethyl, (C-Cs)alkyl, or (C;-Cj)alkoxy, with
the proviso that not more than two substituents are other than alkyl,
(4)  cis-CH=CH-CH»-CHs,
5 -(CH3)2-CH(OH)-CHj;, or
(0)  -(CH2);-CH=C(CHs);
-C(Ly)-R4 taken together is

() (C4-Co)eycloalkyl optionally substituted by 1 to 3 (Ci-Cs)alkyl;
2) 2-(2-furyl)ethyl,
3) 2-(3-thienyl)ethoxy, or
(4) 3-thienyloxymethyl;
M, is a-OH:B-Rs or a-Rs:B-OH or a-OR:B-Rs or a-Rs:B-OR,, whercin Rs is hydrogen or
methyl, R, is an alcohol protecting group, and
L; is a-R3:B-Ry4, a-Ra:3-R3, or a mixture of a-Ra:-Ry and a-R4:-R;, wherein Ry and Ry are
hydrogen, methyl, or fluoro, being the same or different, with the proviso that one of R; and
R4 is fluoro only when the other is hydrogen or fluoro.

(b) hydrolyzing the product of formula IIf of step (a) with a base,

(©) contacting the product of step (b) with a base B to form a salt of formula I,

H Y1"ﬁ“‘ﬁ"R7

My Ly
OH
®
H HB
©
O(CH;),COO (I,) and

(d) optionally reacting the salt formed in step (c¢) with an acid to form the

compound of formula I.

2. (Previously Presented) The product of claim 1, wherein the purity of compound of

formula [ in said product is at least 99.5%.

3. (Original) The product of claim 1, wherein the alkylating agent is CI(CH,),CN,
Br(CH,)CN, or I{(CH3)CN.

4850-2329-4484.1
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4. (Original) The product of claim 1, wherein the base in step (b) is KOH or NaOH.

5. {Original) The product of claim 1, wherein the base B in step (c¢) is selected from the
group consisting of ammonia, N-methylglucamine, procaine, tromethanine,

magnesium, L-lysine, L-arginine, triethanolamine, and diethanolamine.

0. (Original) The product of claim 1, wherein the acid in step (d) is HCI or H250,.

7. (Original) The product of claim 1, wherein Y, is ~CH,CH,-; M, is a-OH:}-H or
a-H:B-OH; -C(L)-R5 taken together is —~(CH;)4CHj; and wis 1.

8. (Original) The product of claim 1, wherein the compound of formula | is a compound

of formula [V.

Iv).
9. (Original) The product of claim 1, which the process does not include purifying the

compound of formula (III) produced in step (a).

10.  (Previously Presented) A product comprising a compound having formula IV

HQ

COOH (IV) or a pharmaceutically acceptable salt thereof,

wherein the product is prepared by the process comprising

A4-
4850-2329-4484.1
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(a) alkylating a compound of formula V with an alkylating agent to produce a

compound ot formula VI,

PP
S e
.

OH (V)

(VD)
(b) hydrolyzing the product of formula VI of step (a) with a base,
(©) contacting the product of step (b) with a base B to form a salt of formula IV,

and

(IVy)
(d) optionally reacting the salt formed in step (¢) with an acid to form the

compound of formula I'V.

11.  (Currently Amended) The preeess product of claim 10, wherein the purity of product
of step (d) is at least 99.5%.

12.  (Original) The product of claim 10, wherein the alkylating agent is CICH,CN.

13.  (Original) The product of claim 10, wherein the base in step (b) is KOH.

14.  (Original) The product of claim 10, wherein the base B in step (c¢) is selected from a
group consisting of ammonia, N-methylglucamine, procaine, tromethanine,

magnesium, [-lysine, L-arginine, triethanolamine, and diethanolamine.

-5-
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15.  (Original) The product of claim 10, wherein the base B 1s diethanolamine.
16.  (Original) The product ot claim 10, wherein the acid in step (d) is HCL

17.  (Currently Amended) The product of claim 10, whieh wherein the process does not

include purifying the compound of formula (VI) produced in step (a).

18, (Original) The product of claim 17, wherein the base B in step (¢) is selected from a
group consisting of ammonia, N-methylglucamine, procaine, tromethanine,

magnesium, L-lysine, L-arginine, triethanolamine, and diethanolamine.
19.  (Original) The product of claim 18, wherein the base B is diethanolamine.

20.  (Original) The product of claim 1, wherein the base in step (b) is KOH or NaOH and
wherein the base B in step (c) is selected from the group consisting of ammonia, N-
methylglucamine, procaine, tromethanine, magnesium, L-lysine, L-arginine,

tricthanolamine, and dicthanolaminc.

21.  (Original) The product of claim 10, wherein the base in step (b) is KOH or NaOH and
wherein the base B in step (c) is selected from the group consisting of ammonia, N-
methylglucamine, procaine, tromethanine, magnesium, L-lysine, L-arginine,

triethanolamine, and diethanolamine.
22.  (Previously Presented) The product of claim 1, wherein step (d) is performed.

23.  (Previously Presented) The product of claim 22, wherein the product comprises a

pharmaceutically acceptable salt formed from the product of step (d).

24-31. (Canceled)

6-
4850-2329-4484.1
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant: Hitesh BATRA et al.

Title: AN IMPROVED PROCESS TO
PREPARE TREPROSTINIL,
THE ACTIVE INGREDIENT IN
REMODULIN®

Appl. No.: 13/548,446

Filing Date: /1372012
Examiner: Yevgeny Valenrod
Art Unit: 1621

Confirmation 2092
Number:

REPLY UNDER 37 CFR § 1.116

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This paper responds to the outstanding Final Office Action dated May 15, 2013.

Amendments to the Claims are reflected in the listing of claims which begins on

page 2 of this document.

Remarks begin on page 7 of this document.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Hitesh BATRA et al.

Title: AN IMPROVED PROCESS TO PREPARE TREPROSTINIL, THE
ACTIVE INGREDIENT IN REMODULIX®

Appl. No.: 13/548,446

Filing Date: 7/13/2012

Examiner: Yevgeny Valenrod

Art Unit: 1621

Confirmation Number: 2002

DECLARATION OF DAVID WALSH UNDER 37 C.F.R. 1.132

I, David A. Walsh, do hereby declare:

1. Tam the Executive Vice President of Chemical Research and Development at the

United Therapeutics Corporation.

2. Thave extensive experience in the field of Pharmaceutical Chemistry as evidenced by
my Ph.D. degree received in organic chemistry from the University of New Hampshire and over
39 years of professional experience. My Curriculum Vitae attached as Appendix A provides

additional details on my qualifications and experience.

3. My employer, United Therapeutics Corporation, is the owner of the above identified

application.

4. I am not receiving additional compensation for providing this Declaration beyond my

normal compensation from my employer.

\?(u) ‘X\ %
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5. Tam familiar with the Office Action dated May 135, 2013, as well as with Moriarty et
al. (J. Org. Chem. 2004, 69(6), 1890-1902, “Moriarty”) cited therein.

6. Inmy opinion, each of treprostinil as the free acid and treprostinil diethanolamine
prepared according to the process specified in claim 1 or 10 of the present application is
physically different from treprostinil prepared according to the process of “Moriarty.” In
particular, each of treprostinil as the free acid and treprostinil diethanolamine prepared according
to the process specified in claim 1 or 10 differ from treprostinil prepared according to the process
of “Moriarty” in their respective impurity profiles. In support, I provide the following data
obtained from representative Certificates of Analysis with impurity profiles for treprostinil
prepared according to the process of “Moriarty”, treprostinil diethanolamine prepared according
to the process specified in claim 1 or 10 of the present application, and treprostinil as the free

acid prepared according to the process specified in claim 1 or 10 of the present application,

respectively.
Treprostinil free acid prepared according to “Moriarty”
Chromarographse Purity {HPLC) £AUSO: Not more than 0.4% ND
NEBE . PDR 14 2ATIG0: Not more than 0.1 % « (0.05%
9TWE6 (Benzindene Trial): Noi more than 0.2% 0.07%
IALSY: Naof more than 1.0% 0.3%
Treprostinit Methyl Esver: Notmiore than ¢.2%% L 05%%
Treprostinil Ethrv] Ester: Not mere than 0.3%% 3.1%
PRI SR Mot more than 0.5%% 1%
TIIWe3: Not more than (.3% 0.07%
Pmidentified af Not zyore than 0,196 AUC each ND
Total Related Substances Net mors than 3.0% 0.6%
NB1.POR 16

4852-8288-2836.1 %—W‘) "3;}’
Lﬁ\ut\‘
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Treprostinil diethanolamine prepared according to claims 1 or 10

LA Do Sperification

LAUSE Mot morethan 0.4 % N

2AUS0 ¥ot more than 0.1 % N

Impurities (HPLCY G7Wes Kot e than 0.2 % MEY
[Knovr Impuritias) 3ALTED Mot more than 8.5 % < 0,05 % wiw

(UTW-11-0327) Treprostinit Methyl Ester Not more than 0.2 % D

Treprostini Ethyl Ester Not more than 8.5 % M

TEOWGE Mot maore than 0.5 % MO

FRIWE3 Mot more thae 0.3 % EY

Impurities (HPLC)
{Unidentified Impurities] Mot more than 0.2 % AUC each 0.07 % AUC (RRT 0.26]
(UTW-11-8327)
Impurities {MPLC)
[Total Related Substances] ot more than 1.5 % G0 % wiw
{UTW-11-03273

Treprostindl as the free acid prepared according to claims 1 or 10

Compound Specifications
TAUSE Nat more than 0.40% NG
ZAUSD Mot more than §.10% MO
IALIGO ot more than 1,00% N
Impurities {HPLC) JEOWSS Mgt more than 0,50% 0.06 %% s
751Wa3 Mot more than 0.30% < 0.08 % wiv
SHNEER {Benzindene Triol] Mot more than 0.20% | NP
Traprostindl Ethyl Ester Nat more than 0.50% 0.13 % i
Treprostinil Methyi Ester Mok mere thap 0,20% ND
0 {i‘;‘;ﬂ“gg;;ﬁﬁi’@m Not mors than 0.10% AUC each NO
¥ S : - &
ot s (L) Not mere than 3.00% - 0.2%

In each case, in the above tables, “ND” means not detected. The far right column

represents the testing results for that product batch.

7. 'The impurity profiles shown above examine the following eight impurities: 1AU90,
2AU90 and 3AU90, each of which is a stereoisomer of treprostinil; triol; methyl ester of
treprostinil and ethyl ester of treprostinil; 750W93 and 751W93, each of which is a dimer of
treprostinil, in which the acid group of one treprostinil molecule esterifies with an alcohol group
on another treprostinil molecule. According to the first profile above, treprostinil produced
according to the process of “Moriarty” has 7 out of § impurities in detectable amounts.
According to the second profile above, treprostinil diethanolamine prepared according to the
process specified in claim 1 or 10 of the present application has only one impurity, treprostinil

stereoisomer 3A90, i a detectable amount. According to the third profile above, treprostinil as

— A
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the free acid prepared according to the process specified in claim 1 or 10 of the present
application has only three impurities, treprostinil ethyl ester, treprostinil dimers 750W93 and
751W93.

8. Based on the results shown above, I conclude that each of treprostinil as the free acid
and treprostinil diethanolamine prepared according to the process specified in claim 1 or 10 of
the present application is physically different from treprostinil prepared according to the process
of “Moriarty” at least because neither of them contains a detectable amount of any of benzindene
triol, treprostinil methyl ester, 1 AU90 treprostinil stereoisomer and 2AU90 treprostinil
stereoisomer, each of which were present in detectable amounts in treprostinil produced

according to the process of “Moriarty”.

9. I further declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true, and further, that these
statements were made with the knowledge that willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States.

4852-8288-2836.1 | 2
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Appl. No. 13/548,446

Code, and that such willful false statements may jeopardize the validity of the application or any

patent issuing thereon.

L_Wda

Signed this day of J"&’dff , 2013,

P .
56&&@? 72 2\)@9«5«&1

David A, Walsh

4852-8288-2836.1
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PTO/SB06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number [ Filing Date
Substitute for Form PTO-875 13/548,446 07/13/2012 | [ 7o be Mailed
ENTITY: [X] LARGE [] smALL [] MICRO
APPLICATION AS FILED - PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
—
X sasic FEE N/A N/A N/A 380
(37 CFR 1.16(a), (b), or (c))
L] searcr FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS ) N
(37 CFR 1.16(h)) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
n of paper, the application size fee due is $310 ($155
A;;%:_%ﬁﬂ'g’\‘ SIZE FEE for small entity) for each additional 50 sheets or
¢ 16(5) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
—
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL 380
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
| 06/05/2013 | Arrer PREVIOUSLY | PRESENT EXTRA RATE ($) ADDITIONAL FEE ()
E AMENDMENT PAID FOR
= B e vinus | - 31 -0 x 580 - 0
& glgg o -2 Minus | ~~+3 =0 x $420- 0
<§( I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
E I?stgl) (37 CFR * Minus | ** = X$ =
Independent B i —
= | e Minus - xs -
E I:l Application Size Fee (37 CFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD’L FEE
# If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. /GLORIA TRAMMELL/
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Application/Control No. Applicant(s)/Patent Under Reexamination
H““H““ ““HH““W ““ ‘“ “W ‘“ “‘ o o
YEVEGENY VALENROD 1621
CPC
Symbol Type Version
CPC Combination Sets
Symbol Type Set Ranking Version
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
562 466 clo|7]|cC 62 /00 (2006.01.01)
clo|7]|c 65 /00 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:
23
(Assistant Examiner) (Date)
/YEVEGENY VALENROD/
Primary Examiner.Art Unit 1621 06/10/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office Part of Paper No. 20130607
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Application/Control No. Applicant(s)/Patent Under Reexamination
H““H““ ““HH““W ““ “‘ ““““ “‘ o o

YEVEGENY VALENROD 1621

NONE
Total Claims Allowed:
23

(Assistant Examiner) (Date)
/YEVEGENY VALENROD/
Primary Examiner.Art Unit 1621 06/10/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none

U.S. Patent and Trademark Office

Part of Paper No. 20130607
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Application/Control No. Applicant(s)/Patent Under Reexamination
H““H““ ““HH““W ““ ‘“ “W ‘“ “‘ o o
YEVEGENY VALENROD 1621
X Claims renumbered in the same order as presented by applicant O CPA O T.D. O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
NONE
Total Claims Allowed:
23

(Assistant Examiner) (Date)
/YEVEGENY VALENROD/
Primary Examiner.Art Unit 1621 06/10/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none

U.S. Patent and Trademark Office

Part of Paper No. 20130607
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EAST Search History (Prior Art)

Ref Hits Search Query | DBs Defa | Plurals Time Stamp
# ult
Oper
ator
L1 9 ((HITESH) near2 (BATRA)).INV. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L2 7 ((SUDERSAN) near2 (TULADHAR)).INV. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L3 19 ((RAJU) near2 (PENMASTA)).INV. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L4 201 ((DAVID) near2 (WALSH)).INV. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L5 7 "6765117" | USPAT OR OFF 2013/06/10 14:30
L6 0 "20020173672" | USPAT OR OFF 2013/06/10 14:30
L7 1 ("20020173672").PN. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L8 1 ("2002/0173672").URPN. | USPAT OR OFF 2013/06/10 14:30
L9 1 ("4306075").PN. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L10 1 ("6441245").PN. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L11 1 ("5387713").PN. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L12 1 ("20050085540").PN. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L13 1 ("20070078182").PN. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L14 1 ("20070254032").PN. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR
L15 59 treprostinil diethanolamine | US-PGPUB; | ADJ OFF 2013/06/10 14:30
USPAT;
USOCR;
EPO; JPO;
DERWENT
L16 1 ("4845598").PN. | USPAT; OR OFF 2013/06/10 14:30
USOCR
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L17 1 ("4485598").PN. | USPAT,; OR OFF 2013/06/10 14:30
USOCR

L18 1 ("4486598").PN. | USPAT; OR OFF 2013/06/10 14:30
USOCR

L19 2 ("4486598").URPN. | USPAT OR OFF 2013/06/10 14:30

L20 69 treprostinil same diethanolamine | US-PGPUB; | ADJ | OFF 2013/06/10 14:30
USPAT;
USCCR;
EPO; JPO;
DERWENT

L21 10 L20 not L15 | US-PGPUB; | ADJ OFF 2013/06/10 14:30
USPAT;
USOCR;
EPO; JPO;
DERWENT

L22 200 L1orl2orL3or L4 | USPGPUB; | OR OFF 2013/06/10 14:30
USPAT

L23 8 L22 and treprostinil | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT

124 811 (562/466).CCLS. | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT;
USOCR

L25 2 L24 and treprostinil | USPAT OR OFF 2013/06/10 14:30

L26 12 L24 and treprostinil | US-PGPUB; | OR OFF 2013/06/10 14:30
USPAT

EAST Search History (I nterference)

Ref Hits Search Query | DBs Defa | Plurals Time Stamp
# ult
Oper
ator
L27 0 (562/466).CCLS. | UPAD OR OFF 2013/06/10 14:30
L28 0 ("treprostinil").PN. | UPAD OR OFF 2013/06/10 14:30
L29 2 ((HITESH) near2 (BATRA)).INV. | USPAT; OR OFF 2013/06/10 14:30
UPAD
L30 1 ((SUDERSAN) near2 (TULADHAR)).INV. | USPAT,; OR OFF 2013/06/10 14:30
UPAD
L31 12 ((RAJU) near2 (PENMASTA)).INV. | USPAT; OR OFF 2013/06/10 14:30
UPAD
L32 129 ((DAVID) near2 (WALSH)).INV. | USPAT; OR OFF 2013/06/10 14:30
UPAD
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

13548446 BATRA ET AL.
Examiner Art Unit
YEVEGENY VALENROD 1621
CPC- SEARCHED
Symbol Date Examiner

CPC COMBINATION SETS - SEARCHED

Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES

Search Notes Date Examiner
EAST 6/10/2013 YV
Inventor 6/10/2013 YV

INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
562 466 6/10/2013 YV
/YEVEGENY VALENROD/

Primary Examiner.Art Unit 1621

U.S. Patent and Trademark Office

Part of Paper No. : 20130607
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OK TO ENTER: /YV/
Atty. Dkt. No. 080618-1162
Appl. No. 13/54%,446

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant: Hitesh BATRA et al.

Title: AN IMPROVED PROCESS TO
PREPARE TREPROSTINIL,
THE ACTIVE INGREDIENT IN
REMODULIN®

Appl. No.: 13/548,446

Filing Date: /1372012
Examiner: Yevgeny Valenrod
Art Unit: 1621

Confirmation 2092
Number:

REPLY UNDER 37 CFR § 1.116

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This paper responds to the outstanding Final Office Action dated May 15, 2013.

Amendments to the Claims are reflected in the listing of claims which begins on

page 2 of this document.

Remarks begin on page 7 of this document.

4850-2328-4484 .1
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Application/Control No. Applicant(s)/Patent Under
Reexamination

Index of Claims 13548446 BATRA ET AL.

v Rejected - Cancelled N | Non-Elected A Appeal

YEVEGENY VALENROD 1621

H ““ Examiner Art Unit

= Allowed = Restricted | Interference o Objected

Claims renumbered in the same order as presented by applicant O cpA d T.D. O R1.47

CLAIM DATE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
22428 7590 06/12/2013
FOLEY AND LARDNER LLP VALENROD, YEVGENY
SUITE 500
3000 K STREET NW | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20007 1621
DATE MAILED: 06/12/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
13/548.,446 07/13/2012 Hitesh Batra 080618-1162 2092

TITLE OF INVENTION: PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE INGREDIENT IN REMODULINO

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 09/12/2013

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
PTOL-85 (Rev. 02/11)
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Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
iné)icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

22428 7590 0611212013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
FOLEY AND LARDNER LLP States Postal Service with sufficient postage for first class mail in an envelope
SUITE 500 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

transmitted to the USPTO (571) 273-2885, on the date indicated below.
3000 K STREET NW

(Depositor's name)

WASHINGTON, DC 20007

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/548,446 07/13/2012 Hitesh Batra 080618-1162 2092
TITLE OF INVENTION: PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE INGREDIENT IN REMODULINO
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 09/12/2013
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
VALENROD, YEVGENY 1621 562-466000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ! . 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat [ Corporation or other private group entity [J Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
[J Publication Fee (No small entity discount permitted) [N Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - # of Copies [1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).
Page 2 of 4

PTOL-85 (Rev. 02/11)
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5. Change in Entity Status (from status indicated above)
d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
(| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) 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 United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toa{llye Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexand%‘ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Page 3 of 4
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USp[O.gOV

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
13/548,446 07/13/2012 Hitesh Batra 080618-1162 2092
| EXAMINER |
22428 7590 06/12/2013
FOLEY AND LARDNER LLP VALENROD, YEVGENY
SUITE 500
3000 K STREET NW | ART UNIT PAPERNUMBER |

WASHINGTON, DC 20007

1621

DATE MAILED: 06/12/2013

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment 1s the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

PTOL-85 (Rev. 02/11)
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5§ U.S.C. 552) and the Privacy Act (§ U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.

UTC_REM_II_000003539



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 171 of 206 PagelD: 856

Application No. Applicant(s)
13/548,446 BATRA ET AL.
: TH i i AlA (First Inventor to
Notice of Allowability EE%IE% VALENROD ?gtmu i File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 6/5/13.

Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-23. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
nitp:/www usplo.gov/patenis/init_events/pph/index.isp or send an inquiry to PPHieedback@usplo.qov .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[]Some *c) [] None of the:
1. [] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Interim copies:
a) J A b) [J some c) ] None of the: Interim copies of the priority documents have been received.

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application humber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [ Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [] Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [J Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/YEVGENY VALENROD/
Primary Examiner, Art Unit 1621

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-13) Notice of Allowability Part of Paper No./Mail Date 20130607

UTC_REM_Il_000003540



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 172 of 206 PagelD: 857

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

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
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national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the application:

Listing of Claims:

1. (Previously Presented) A product comprising a compound of formula I

H Y1_ﬁ_ﬁ_R7
My Ly
OH

H

O(CHz),,COOH (I) or a pharmaceutically acceptable salt thereof, wherein said

product is prepared by a process comprising
(a) alkylating a compound of structure Il with an alkylating agent to produce a

compound of formula III,

B

i or
My Ly
OH
H
OH H () O(CH2MCN (1)
wherein
w=1, 2, or 3;
Y is trans-CH=CH-, cis-CH=CH-, -CH,(CH3),,-, or -C=C-; m s 1, 2, or 3;
R7 is
ey -C,H2,-CHz, wherein p is an integer from 1 to 5, inclusive,
2) phenoxy optionally substituted by one, two or three chloro, fluoro, trifluoromethyl,

(C;1-Cs3) alkyl, or (C1-Cs)alkoxy, with the proviso that not more than two substituents are other
than alkyl, with the proviso that R; is phenoxy or substituted phenoxy, only when R; and Ry
arc hydrogen or mcthyl, being the same or different,

3 phenyl, benzyl, phenylethyl, or phenylpropyl optionally substituted on the aromatic
ring by one, two or three chloro, fluoro, trifluoromethyl, (C;-Cs)alkyl, or (C;-Cs)alkoxy, with
the proviso that not more than two substituents are other than alkyl,

2
4820-8094-9524.1
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(GY) cis-CH=CH-CH,-CH3,
() -(CH>),-CH(OH)-CHj3, or
(6)  -(CH2):-CH=C(CHa);
-C(Ly)-R; taken together is

(1) (C4-Cr7)cycloalkyl optionally substituted by 1 to 3 (C1-Cs)alkyl;
2 2-(2-furylethyl,
3) 2-(3-thienyl)ethoxy, or
(G)) 3-thienyloxymethyl;
M; is a-OH:B-Rs or a-Rs:B-OH or a-OR;:B-Rs or a-Rs:p-OR,, wherein Rs is hydrogen or
mcthyl, R, is an alcohol protccting group, and
L; is a-R3:B-Ry4, a-R4:B-R3, or a mixture of a-R3:B-R4 and a-R4:B-Rs, wherein R3 and R4 are
hydrogen, methyl, or fluoro, being the same or different, with the proviso that one of R3 and
R4 is fluoro only when the other is hydrogen or fluoro.

(b) hydrolyzing the product of formula III of step (a) with a base,

(©) contacting the product of step (b) with a base B to form a salt of formula I,

H Y1_ﬁ_ﬁ_R7

M; Ly
OH
@
H HB
©
O(CH,),COO (Is) and

(d) optionally reacting the salt formed in step (¢) with an acid to form the

compound of formula I.

2. (Previously Presented) The product of claim 1, wherein the purity of compound of

formula I in said product is at least 99.5%.

3. (Original) The product of claim 1, wherein the alkylating agent is CI(CH,)wCN,
Br(CH,),,CN, or I(CH,),,CN.

4. (Original) The product of claim 1, wherein the base in step (b) is KOH or NaOH.

4820-8094-9524 .1
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5. (Original) The product of claim 1, wherein the base B in step (c) is selected from the
group consisting of ammonia, N-methylglucamine, procaine, tromethanine,

magnesium, L-lysine, L-arginine, tricthanolamine, and dicthanolamine.

6. (Original) The product of claim 1, wherein the acid in step (d) is HCI or H,SO,.

7. (Original) The product of claim 1, wherein Y; is CH>CH,-; M; is a-OH:B-H or
a-H:B-OH; -C(L,)-R; taken together is -(CH;)4CH3; and w is 1.

8. (Canceled)

9. (Currently amended) The product of claim 1, whieh wherein the process does not

include purifying the compound of formula (IIT) produced in step (a).

10.  (Previously Presented) A product comprising a compound having formula IV

HQ

.

COOH (IV) or a pharmaceutically acceptable salt thereof,

wherein the product is prepared by the process comprising
(a) alkylating a compound of formula V with an alkylating agent to producc a

compound of formula VI,

V) CN (VD)

4-
4820-8094-9524.1
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(b) hydrolyzing the product of formula VI of step (a) with a base,
© contacting the product of step (b) with a base B to form a salt of formula IV,

and

(Vo)
(d optionally reacting the salt formed in step (¢) with an acid to form the

compound of formula IV.

11.  (Previously presented) The product of claim 10, wherein the purity of product of step
(d) is at least 99.5%.

12.  (Original) The product of claim 10, wherein the alkylating agent is CICH,CN.
13.  (Original) The product of claim 10, whercin the basc in step (b) is KOH.

14.  (Original) The product of claim 10, wherein the base B in step (¢) is selected from a
group consisting of ammonia, N-methylglucamine, procaine, tromethanine,

magnesium, L-lysine, L-arginine, triethanolamine, and diethanolamine.
15. (Original) The product of claim 10, wherein the base B is diecthanolamine.
16. (Original) The product of claim 10, wherein the acid in step (d) is HCL.

17.  (Previously presented) The product of claim 10, wherein the process does not include

purifying the compound of formula (VI) produced in step (a).

4820-8094-9524 .1
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18.  (Original) The product of claim 17, wherein the base B in step (c) is selected from a
group consisting of ammonia, N-methylglucamine, procaine, tromethanine,

magnesium, L-lysine, L-arginine, tricthanolamine, and dicthanolamine.
19. (Original) The product of claim 18, wherein the base B is diethanolamine.

20. (Original) The product of claim 1, wherein the base in step (b) is KOH or NaOH and
wherein the base B in step (c) is selected from the group consisting of ammonia, N-
methylglucamine, procaine, tromethanine, magnesium, L-lysine, L-arginine,

tricthanolamine, and diethanolamine.

21.  (Original) The product of claim 10, wherein the base in step (b) is KOH or NaOH and
wherein the base B in step (c) is selected from the group consisting of ammonia, N-
methylglucamine, procaine, tromethanine, magnesium, L-lysine, L-arginine,

triethanolamine, and diethanolamine.
22.  (Previously Presented) The product of claim 1, wherein step (d) is performed.

23.  (Previously Prcsented) The product of claim 22, wherein the product compriscs a

pharmaceutically acceptable salt formed from the product of step (d).

24-31. (Canceled)

4820-8094-9524 .1
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Hitesh BATRA et al.

Title: AN IMPROVED PROCESS TO
PREPARE TREPROSTINIL,
THE ACTIVE INGREDIENT IN
REMODULIN®

Appl. No.: 13/548,446

Filing Date: 7/13/2012
Examiner:; Yevgeny Valenrod
Art Unit: 1621

Confirmation 2092
Number:

AMENDMENT UNDER 37 CFR 1.312

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:
Applicant acknowledges receipt of a Notice of Allowance in the above-captioned

application. Prior to payment of the issue fee, please amend the application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on

page 2 of this document.
Remarks/Arguments begin on page 7 of this document.

Please amend the application as follows:

4820-8094-9524 .1
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Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further cotrespondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certilicate of maiiinfg can only be used for domestic mailings of the
Fee(s) Transmittal. This certilicate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address) APELS. Fach additional paper, such as an assignment or Tormal drawing, must
Eavc its own certificate of mailing or transmission,

g 7560 061122613 Certificate of Mailing or Transmission
. . ’ . e 1 hereby certify that this Fee(s) Transmittal is being deposited with the United
FOLEY AND LARDNER LLP States Postal Skervice with sufficient postage for first class mail in an envelope
SUITE 500 addressed to the Mail Smg ISSUE T address above, or being Facsimile
3000 K ‘;;I"R["‘I"*'I‘ NW transmitted to the USPTO (571) 273-2885, on the date indicated below.
WASHINGTON, DC 20007

{(Depositor's nare )

{Sigruture)

(Date)
APPLICATION NO. I FILING DATE l FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO
13/548,446 071372012 Hitesh Batra 080G18-1162 2092
TITLE OF INVENTION: PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE INGREDIENT IN REMODULINO
1 APPLN. TYPE ENTITY STATUS l ISSUE FEE DUE ] PUBLICATION FEE DUE I PREV. PAID ISSUE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 3300 30 $2080 09/12/2013
I EXAMINER I ART UNIT l CLASS-SUBCLASS l
VALENROD, YEVGENY 1621 562-466000
g‘.] (Rhlmic;(tSL))r correspondence address or indication of "Fee Address” (37 ?.\I"'or printing 0I~l the patent tir()nl page, list | Fol ey & Lardner LLP
- W (1) the names of up to 3 registered patent attorneys e
(I Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . R T b 2
(2) the name of a single Tirm (having as a member a
[ “Fee Address” indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTQ/SB/AT; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identificd below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
United Therapeutics Corporation Silver Spring, MD

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ individuat A Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Iee(s): (Please first reapply any previously paid issue fee shown above)
Bl 155ue Fee [ A check is enclosed.
@ Publication Fee (No small entity discount permitted) & Payment by credit card. Form PT0-2038 is attached.
[ Advance Order - # ol Copies B The Director is hereby authorized to charge_the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number l}g” b5§ i (enclose an extra copy of this form).
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5. Change in Entity Status (from staius indicated above)
J Applicant certifying micro entity statws. See 37 CER 1.29 NOTI Absent a valid certification of Micro Entity Status (see form PTO/SB/1SA and 158), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: IT the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant asserting small entity status, See 37 CFR .27

J Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) 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 United States Patent and Trademark Office.

Pl pue_ JUN 182013

AU

S ./
,«;f s ;";:"\u} .

o7 77 .
Stéphen B. Maebius Registration No, 39 264

Authorized Signature

Typed or printed name __

This collection of information 15 required by 37 CFR 1311, The information 15 required (o obtain or retain a benefit by the public wiich 18 (o file (and by the USPTO to process)
an application. Confidentiality is governed by 35 LLS.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submnitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief tion Officer, U.S. Patent and Trademark Office, 1.5, Department of Commerce, P.O
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND | 5 OR COMPLETED FORMS TO THIS ADDRESS. SEND TO- Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313~ 1450,

Under the Paperwork Reduction Act of 1995, no persons are required (o respond (o a collection of information unless if displays a valid OMB control number

Page 3 of 4

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE

UTC_REM_II_000003552



Case 3:14-cv-05499-PGS-LHG Document 42-3 Filed 07/07/15 Page 184 of 206 PagelD: 869

Atty. Dkt. No. 080618-1162

REMARKS

This amcndment is being filed prior to or concurrently with payment of the issuc fcc.
Entry of the foregoing amendment is respectfully requested. The amendment is made to
cancel claim 8 and to correct a minor typographical error in claim 9. The amendment does

not change the scope of the claims. Accordingly, entry of the amendment is requested.

A detailed listing of all claims that are, or were, in the application is presented with an

appropriate defined status identifier.

After amending the claims as set forth above, claims 1-7 and 9-23 are now pending in

this application.

It is believed that no fees are due in connection with this Rule 312 amendment. In the
event this is not correct, the undersigned authorizes the Commissioner to charge Deposit

Account No. 19-0741.

Respectfully submitted,

Date June 18, 2013 By /Stephen B. Maegbius/
FOLEY & LARDNER LLP Stephen B. Maebius
Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5569 Registration No. 35,264

Facsimile: (202) 672-5399

4820-8094-9524 .1
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)
2 o\ UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/548,446 07/13/2012 Hitesh Batra 080618-1162 2092
22428 7590 06/26/2013 | |
EXAMINER
FOLEY AND LARDNER LLP
SUITE 500 VALENROD, YEVGENY
3000 K STREET NW ART UNIT PAPER NUMBER
WASHINGTON, DC 20007 | | |
1621
| MAIL DATE | DELIVERY MODE |
06/26/2013 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
) . 13/548,446 BATRA ET AL.
Response to Rule 312 Communication . -
Examiner Art Unit
YEVGENY VALENROD 1621

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. The amendment filed on 18 June 2013 under 37 CFR 1.312 has been considered, and has been:
a)X entered.

b) (] entered as directed to matters of form not affecting the scope of the invention.

c)[] disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d) [] disapproved. See explanation below.

e) ] entered in part. See explanation below.

/YEVGENY VALENROD/
Primary Examiner, Art Unit 1621

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20130621
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OKTO ENTER: /YV/
Atty. Dkt. No. 080618-1162

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Hitesh BATRA et al.

Title: AN IMPROVED PROCESS TO
PREPARE TREPROSTINIL,
THE ACTIVE INGREDIENT IN
REMODULIN®

Appl. No.: 13/548,446

Filing Date: 7/13/2012
Examiner: Yevgeny Valenrod
Art Unit: 1621

Confirmation 2092
Number:

AMENDMENT UNDER 37 CFR 1.312

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:
Applicant acknowledges receipt of a Notice of Allowance in the above-captioned

application. Prior to payment of the issue fee, please amend the application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on

page 2 of this document.
Remarks/Arguments begin on page 7 of this document.

Please amend the application as follows:

4820-8094-9524 .1
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/548,446 07/30/2013 8497393 080618-1162 2092
22428 7590 07/10/2013
FOLEY AND LARDNER LLP
SUITE 500
3000 K STREET NW

WASHINGTON, DC 20007

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANTY(S) (Please see PAIR WEB site hitp:/pair.uspto.gov for additional applicants):

Hitesh Batra, Herndon, VA;

Sudersan M. Tuladhar, Silver Spring, MD;
Raju Penmasta, Herndon, VA;

David A. Walsh, Palmyra, VA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Electronic Acknowledgement Receipt
EFS ID: 17851300
Application Number: 13548446
International Application Number:
Confirmation Number: 2092
Title of Invention: PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE INGREDIENT IN
‘ REMODULINO
First Named Inventor/Applicant Name: Hitesh Batra
Customer Number: 22428
Filer: Alexey V. Saprigin/Karen Walker
Filer Authorized By: Alexey V. Saprigin
Attorney Docket Number: 080618-1162
Receipt Date: 08-JAN-2014
Filing Date: 13-JUL-2012
Time Stamp: 13:00:28
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $100
RAM confirmation Number 9398
Deposit Account
Authorized User
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
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Case 3:14-cv-00499-PGS-LHG Document 42-5 Filed O/7/Q0 /7715 I;()gge 190 of 206 PjagelD: 875
1 Request for Certificate of Correction COC.pdf no 3
d354fa5bd08d430444455be9f704488c9al
Warnings:

Information:

30441
2 Fee Worksheet (SB06) fee-info.pdf no 2
02179a308a3eb11527002940bb150e6172
96aeac
Warnings:
Information:
Total Files Size (in bytes): 120757

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

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Electronic Patent Application Fee Transmittal
Application Number: 13548446
Filing Date: 13-Jul-2012
Title of Invention: PROCESS TO PREPARE TREPROSTINIL, THE ACTIVE INGREDIENT IN
REMODULINO
First Named Inventor/Applicant Name: Hitesh Batra
Filer: Alexey V. Saprigin/Karen Walker
Attorney Docket Number: 080618-1162
Filed as Large Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sub-Totalin
UsSD($)
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Certificate of Correction 1811 1 100 100
Extension-of-Time:
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Miscellaneous:
Total in USD ($) 100
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Atty, Dkt. No. 080618-1162

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Hitesh BATRA

Title: AN IMPROVED PROCESS TO
PREPARE TREPROSTINIL,
THE ACTIVE INGREDIENT
IN REMODULIN®

Patent. No.: 8,497,393

Issue Date: 7/30/2013

Examiner: Yevgeny Valenrod

Art Unit; 1621

Confirmation Number; 2092

REQUEST FOR CERTIFICATE OF CORRECTION
PURSUANT TO 37 C.F.R. §1.323

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

Enclosed, in duplicate, is a Certificate of Correction, Form PTO-SB/44, for United
States Patent Number 8,497,393 issued July 30, 2013.

Correction of the term”tromethanine” to “tromethamine” in five instances in the

claims is requested.

Applicants submit that the noted errors do not constitute new matter, and correction

thereof would not require reexamination.

Pursuant to 37 C.F.R. §1.323, Applicants request that the enclosed Certificate of

Correction be approved.

Since the noted errors are not the fault of the Patent Office, payment is enclosed of the
required fee of $100,00.

4841-6757-5063.1
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Atty. Dkt. No. 080618-1162

The above-identified fees are being paid by credit card via EFS-Web,

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment,
to Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by the
credit card payment instructions in EFS-Web being incorrect or absent, resulting in a rejected
or incorrect credit card transaction, the Commissioner is authorized to charge the unpaid

amount to Deposit Account No. 19-0741.

Respectfully submitted,

Date AN O 8 2014 By

FOLEY & LARDNER LLP Alexey V. Saprigin
Customer Number: 22428 Agent for Applicants
Telephone:  (415) 984-9810 Registration No. 56,439

Facsimile: (415) 434-4507

4841-8757-5063.1
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MODIFIED PTO/SB/44 (04-05)

Approved for use through 04/30/2007. OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,497,393

APPLICATION NO. 13/548,446

DATED : 7/30/2013

INVENTOR(S) : wtzfg F||3ATRA; Sudersan M. TULADHAR; Raju PENMASTA; David A.

Itis certified that an error appears or errors appear in the above-identified patent and that said Letters
Patent is hereby corrected as shown below:

Replace the term “tromethanine” with --tromethamine -- as follows:

Col. 19, claim 5, line 38;
Col. 20, claim 13, line 55;
Col. 20., claim 17, line 66;
Col. 21, claim 19, line 6; and
Col. 21, claim 20, line 11.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Foley & Lardner LLP

3000 K Street, N.W., Suite 600

Washington, D.C. 20007-5143

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to
take 1.0 hour to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent
to the Chief Information Officer,

U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR

COMPLETED FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for
Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

4845-0325-0455.1
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,497,393 B2 Page 1 of 1
APPLICATION NO. : 13/548446

DATED : July 30, 2013

INVENTOR(S) : Hitesh Batra et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims:
Replace the term “tromethanine” with --tromethamine-- as follows:

Col. 19, claim 5, line 38;
Col. 20, claim 13, line 5;
Col. 20, claim 17, line 66;
Col. 21, claim 19, line 6; and
Col. 21, claim 20, line 11.

Signed and Sealed this
Eighteenth Day of March, 2014

Debatle X Loa

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,497,393 B2 Page 1 of 1
APPLICATION NO. : 13/548446

DATED : July 30, 2013

INVENTOR(S) : Hitesh Batra et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims:
Replace the term “tromethanine” with --tromethamine-- as follows:

Col. 19, claim 5, line 38;
Col. 20, claim 13, line 55;
Col. 20, claim 17, line 66;
Col. 21, claim 19, line 6; and
Col. 21, claim 20, line 11.

This certificate supersedes the Certificate of Correction issued March 18, 2014.

Signed and Sealed this
Twenty-seventh Day of May, 2014

Debatle X Loa

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Office
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Case 3:14-cv-05498-PGS-LHG Document 3 Filed 09/02/14 Page 1 of 1 PagelD: 125

AQ 120 (Rev. 08/10)

Mail Stop 8
. REPORT ON THE
To. Director of the U.Sbl;iz_:zznt and Trademark FILING OR DETERMINATION OF AN
) ACTION REGARDING A PATENT OR
P.O. Box 1450 TRADEMARK
Alexandria, VA 22313-1450
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of New Jersey on the following:
Trademarks or X Patents. ( the patent action involves 35 U.S.C. § 292.)
DOCKET NO. DATE FILED U.S. DISTRICT COURT
3:14—cv—05498-PGS—-LHG 19/2/2014 TRENTON, NJ
PLAINTIFF DEFENDANT

UNITED THERAPEUTICS CORPORATION

TEVA PHARMACEUTICALS USA, INC.

PATENT OR
TRADEMARK NO.

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

1 US 6,765,117 B2

July 20, 2004

United Therapeutic Corporation

2 US 8,497,393 B2

July 30, 2013

United Therapeutics Corporation

3 US 7,999,007 B2

August 16, 2011

United Therapeutics Corporation

4 US 8,653,137 B2

February 18, 2014

United Therapeutics Corporation

5 US 8,658,694 B2

February 25, 2014

United Therapeutics Corporation

In the above——entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
____Amendment _ Answer ___ Cross Bill ____ Other Pleading
TRADEMARE NO. O A T A HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

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

DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE
William T. Walsh s/ Marlene Kalbach 9/2/2014

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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A0 120 (Rev. 08/10)

Alexandria, VA 22313—-1450

Mail Stop 8
i REPORT ON THE
TO: Director of the U.Sblf’tz_:tent and Trademark FILING OR DETERMINATION OF AN
' P.0. Box 1450 ACTION REGARDING A PATENT OR

TRADEMARK

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

Trademarks or X Patents. ( the patent action involves 35 U.S.C. § 292.)
DOCKET NO. DATE FILED U.S. DISTRICT COURT
3:14-cv—05499-PGS—-LHG [9/2/2014 TRENTON, NJ
PLAINTIFF DEFENDANT
UNITED THERAPEUTICS CORPORATION SANDOZ, INC.

TR RO, D R A IMARK. HOLDER OF PATENT OR TRADEMARK
1 US 8,497,393 B2 July 30, 2013 United Therapeutics Corporation
2
3
4
5

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

DATE INCLUDED INCLUDED BY

___Amendment __ Answer _ Cross Bill ___ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
|
2
3
4
5
In the above——entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE
William T. Walsh s/ Marlene Kalbach 9/2/2014

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Atty. Dkt. No. 080618-1162

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Hitesh BATRA

Title: AN IMPROVED PROCESS TO
PREPARE TREPROSTINIL,
THE ACTIVE INGREDIENT

IN REMODULIN®

Patent. No.: 8,497,393

Issue Date: 7/30/2013
Examiner: Yevgeny Valenrod
Art Unit: 1621

Confirmation Number: 2092

REQUEST FOR CERTIFICATE OF CORRECTION
PURSUANT TO 37 C.F.R. § 1.323

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

Enclosed is a Certificate of Correction, Form PTO-SB/44, for United States Patent
Number 8,497,393 issued July 30, 2013.

Correction of the “aOR;:f-Rs” with --aOR;:B-Rs -- in two instances in the

specification, and in one instance in the claims, is requested.

Applicants submit that the noted errors do not constitute new matter, and correction

thereof would not require reexamination.

Pursuant to 37 C.F.R. §1.323, Applicants request that the enclosed Certificate of

Correction be approved.

Since the noted errors are not the fault of the Patent Office, payment is enclosed of the

required fee of $100.00.

4837-5248-4385.1

UTC_REM_II_000003569



