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SYNTHESIS OF (S)-(+)-3-(AMINOMETHYL)-S-METHYL HEXANOIC ACID

FIELD OF THE INVENTION
The invention encompasses syntheses of (S)-(+)-3-(aminomethyl)-5-methylhexanoic
acid, (S)-Pregabalin.

BACKGROUND OF THE INVENTION
(S)-Pregabalin, (S)-(+)-3-(aminomethyl)-S-methylhexanoic acid, a compound having
the chemacal structure,

1s also known as y-amino butyric acid or (S)-3-isobutyl GABA. (S)-Pregabalin,
marketed under the name LYRICA®, has been found to activate GAD (L-glutamic acid
decarboxylase). (S)-Pregabalin has a dose dependent protective effect on seizure, and is a
CNS-active compound. (S)-Pregabalin is useful in anticonvulsant therapy, due to its
activation of GAD, promoting the produbtion of GABA, one of the brain's major inhibitory
neurotransmitters, which is released at 30 percent of the brains synapses. (S)-Pregabalin has
analgesic, anticonvulsant, and anxiolytic activity.

Several processes for the synthesis of (S)-Pregabalin are known. For example, U.S.
Patent No. 5,599,973 (973 patent”) discloses the preparation of (S)-Pregabalin using a
stoichiometric amount of (4R,5S)-(+) 4-methyl-5-phenyl-2-oxazolidinone as a chiral
auxihary that may be recycled. See, e.g., 973 patent, col. 14, . 29 to col. 18, 1. 23 (example

1). In general, however, the route disclosed in the 973 patent is of limited use on an
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industrial scale, principally due to the low temperature required for the reaction (e.g., -78°C),

the use of pyrophoric reagent (e.g., butyl lithium), and a low overall yield (e.g., 59%, 65%).
U.S. Publication No. 2003/0212290 (“°290 publication’) discloses the synthesis of
(S)-Pregabalin by an asymmetric hydrogenation of a cyano-substituted olefin of formula 7, to
5  produce a cyano precursor of (S)-3-(aminomethyl)-5-methyl hexanoic acid of formula 8,

which 1s further reduced to obtain (S)-Pregabalin, as described in the following scheme

CN
{(R,R)- McDuPHOS]Rh(COD)*BFct

~

CO,R

CO,R

8
However, the disclosed method requires the use of carbon monoxide under high pressure
10 .. .

raising serious problems in adapting this process for production scale

Another process 1s disclosed by G.M. Sammis, et al., J. Am. Chem. Soc., 125(15)

4442-43 (2003), 1n which an aluminum salen catalyst 1s used in the conjugate addition of
hydrogen cyanide to o, B-unsaturated imides

___TMSCN, iPrOH, Cat - o iPrOH, Cat - Ph n

9 10

O CN
NaOH, THF

—.—.._..»

5% mo] p'.Oz

500 pSl Hz
HO

11

15

Pregabalin

Thas process 1s also not practical for large scale production due to the use of highly poisonous
reagents. In 11)

addition, the last reduction step requires high hydrogen pressure, which only
adds to the difficulties required for adapting this process for use on an industrial scale

International Publication WO 2006/110783 reports several processes for preparing
(S)-Pregabalin via the following intermediate and 1ts analogues
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>/\A NO,

R,00C” “COOR,

wherein R, and R; are independently H, a straight or branched C;.;g alkyl, Cs.10 aryl, or Cs
allyl.

U.S. Publication Nos. 2007/0191636 and 2007/0197827 also disclose processes for
preparing (S)-Pregabalin.

Thus, there 1s a need 1n the art for additional process for the preparation of (S)-
Pregabalin that provide (S)-Pregabalin 1n high quality, and that can be adapted to large

(industnal) scale production.

SUMMARY OF THE INVENTION

In one embodiment, the invention encompasses a compound of the following formula

R

[
#
/| ‘y

Ar NH ' N

O O

5
wherein Ar 1s a Cg.19 aromatic group, and R 1s a straight or branched C,_4 alkyl, ester, or
carboxylic acid.
In another embodiment, the invention encompasses a process for preparing (S)-
Pregabalin via the compound of claim 1.
In another embodiment, the invention encompasses a process for preparing (S)-

Pregabalin comprising: (a) combining a compound of the following formula 4

R

.

Ar NH

NHCOOR,

with an acid and a phenol of formula 2;
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OH OH

R2 or \6 R2

; and (b) recovering (S)-Pregabalin, wherein Ar 1s a Cq.19 aromatic group, R 1s a straight or

branched C,4 alkyl, ester, or carboxylic acid, R; 1s a straight or branched C,.s alkyl, aralkyl,

or substituted aralkyl, R; 1s H, alkyl, alkoxy, halogen, or mercapto, R4 1s H, alkyl or halogen,
5 and the ning Z 1s a 5-8-membered ring containing carbon and optionally at least one nitrogen,

sulfur or oxygen.

The compound of formula 4 may be prepared by a process comprising combining a

compound of formula 1

10  with bromine and a base 1n a straight or branched alkyl alcohol.

Alternatively, the compound of formula 4 may be prepared by a process comprising:
(1) combining a compound of formula 3

R

P

Ar NH X
|
O O
3
with an azide nucleophile to obtain a compound of formula 5,
R
Ar/I “NH N,
|
O O
15 S
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and (11) combining the compound of formula 5 with an alcohol to obtain the compound of
formula 4, wherein Ar 1s a Cg.1¢9 aromatic group, R 1s a straight or branched C,4 alkyl, ester,

or carboxylic acid, and X is a leaving group.

5 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1llustrates an infrared spectrum of the compound of formula 5, wherein Ar 1s

phenyl and R 1s ethyl.

DETAILED DESCRIPTION OF THE INVENTION

10 In one embodiment, the invention encompasses an azide of the following formula 5
R
Ar) “NH N,
5 :
5

~ wherein Ar 1s a Cg4.19 aromatic group, and R is a straight or branched C,4 alkyl, ester,
or carboxylic acid. Preferably, Ar is phenyl and R is ethyl.
The azide of formula 5 1s used as an intermediate 1n the synthesis of (S)-Pregabalin as
15  will be demonstrated below.

The invention also encompasses asymmetric syntheses of (S)-Pregabalin via a chiral

intermediate of the following formula 4

R

[
*
) Yy

Ar NH

NHCOOR,

20  wherein Ar 1s a Cg.19 aromatic group, R 1s a straight or branched C; 4 alkyl, ester, or
carboxylic acid, and R, 1s a straight or branched C,.s alkyl, aralkyl, or substituted aralkyl.
These asymmetric syntheses produce (S)-Pregabalin with relatively high enantiomeric and
chemical punty, while avoiding an optical resolution step. These asymmetric syntheses are
also economical and easy to conduct, and thus suitable for large scale production. These

25  asymmetnic syntheses can be illustrated by the following Scheme 1.
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Scheme 1.
R )R
Ar” UNH NH, Ar” NH X
O O O O
1 \ / 3
]
Ar ""'INH
NHCOOR,
O
4
Hydrolysis

!

HNG

wherein Ar 1s a Ce.19 aromatic group, R 1s a straight or branched.C,4 alkyl, ester, or
5 - carboxylic acid, R; 1s a straight or branched C,_s alkyl, aralkyl, or substituted aralkyl, and X is
a leaving group.

Preferably, the Cg.19 aromatic group is naphthyl, phenyl, substituted phenyl, or
substituted naphthyl, more preferably phenyl. Preferably, the substituted phenyl is a phenyl
group substituted with at least one of alkoxy, halogen, alkyl, carboxylic acid, or ester. A

10  preferred alkoxy phenyl 1s methoxyphenyl. Preferred halogenated phenyls are
chlorobenzene, bromobenzene, and fluorobenzene. Preferred alkylated phenyls are either
toluene or ethylbenzene. Preferably, the carboxylic acid substituent 1s -COOH, -CH,COOH, -
CH(CH3)COOH or -C(CH3);COOH. Preferably the ester substituent is a methylester,
ethylester, 1sopropylester, n-butylester, 1sobutyl, or t-butyl derivative of one of the above-

15  listed carboxylic acid substituents. The most preferred Ce.;9 aromatic group is phenyl.

Preferably, the C;4 alkyl 1s methyl, ethyl, i1sopropyl, n-butyl, isobutyl or t-butyl, and
more preferably methyl.

Preferably, the ester 1s a C; 4 ester.

Preferably, the carboxylic acid is a C,_; carboxylic acid.

20 Preferably, the straight or branched C,_s alkyl is methyl.

Preferably, the aralkyl 1s a C5.j¢ aralkyl, and more preferably benzyl.
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Typically, the leaving group is denved from an acid activating agent. The term *‘acid
activating agent” refers to a substance containing a group that activates a carbonyl group, i.e.,
makes the carbonyl group more susceptible to nucleophilic attack, when attached to 1t.
Preferably, the leaving group is a halogen or a mixed anhydride. Preferably, the halogen is

5 either Cl or Br. Preferably, the mixed anhydride 1s -OCOR3, wherein -OCORj is derived

from a haloformate, an acid halide, or an anhydnde, such as acetic anhydride, di-t-butyl
dicarbonate (“(BOC);0”), and the like. Preferably, R; is an alkyl group.

One synthetic path follows the conversion of compound of formula 1 to the

compound of formula 4 by a Hoffman reaction as depicted below

R
R

1.
) "“”Tﬂ;j””* L .
0 O NHCOOR,
O
1

10 *
wherein Ar is a Cg.19 aromatic group, R is a straight or branched C;.4 alkyl, ester, or
- carboxyhc acid, and R 1s a straight or branched C,_s alkyl, aralkyl, or substituted aralkyl.
- The compound of formula 1 can be prepared, for example, according to the process

~ disclosed in U.S. Publication No. 2007/0197827 and its international counterpart
15 International Publication No. WO 2007/035890.

The Hoffman reaction comprises combining the compound of formuta 1 with bromine
and a base 1n a straight or branched alkyl alcohol, aralkyl alcohol, or substituted aralkyl
alcohol to obtain a mixture, and heating the mixture to obtain the compound of formula 4.

20 Typically, the compound of formula 1 and the alcohol are initially combined to obtain
a solution. Preferably, the aralkyl alcohol 1s a C;.)¢ aralkyl alcohol, and more preferably
benzyl alcohol. Preferably, the alcohol 1s a straight or branched alkyl alcohol. Preferably, the
straight or branched alkyl alcohol is methyl, ethyl, isopropyl, n-butyl, isobutyl, or t-butyl
alcohol, and more preferably methanol or ethanol.

25 Then, the solution is preferably cooled prior to the addition of the base. Preferably,
the cooling is to a temperature of about 10°C to about -30°C, and more preferably to about
5°C to about 0°C.

Preferably, the base is either a metal alkoxide or a metal hydroxide. Preferably, the
metal alkoxide 15 a C, 4 alkoxide, and more preferably is selected from the group consisting

30  of sodium ethoxide, sodium methoxide, potassium methoxide, potassium ethoxide, and
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potassium tert butoxide. Preferably, the metal hydroxide 1s selected from the group consisting
of lithium hydroxide, sodium hydroxide and potassium hydroxide. The more preterred base
1s either sodium hydroxide or potassium hydroxide

Typically, the addition of the base provides a first mixture. Typically, this mixture 1s
cooled prior to the addition of the bromine because the addition of the bromine causes an
exothermic reaction. Preferably, the mixture 1s cooled to a temperature of about 10°C to
about -30°C, and more preferably to about 15°C to about -25°C.

Typically, the addition of the bromine provides a second mixture, which 1s maintained
while cooling as described above before being heated. Preferably, the second mixture 1s
maintained with cooling for about 0.5 hour to about 4 hours, and more preferably for about 1
to about 2 hours.

Preferably, the second mixture 1s heated to a temperature of about 50°C to about 70°C,
and more preferably to a temperature of about 55°C to about 65°C. Usually, the heated
mixture 1s maintained for a period of time, during which the formation of the compound of
formula 4 1s expected to occur. Preferably, the heated mixture 1s maintained for about 0.5
hour to about 4 hours, and more preferably for about 1 hour to about 4 hours.

The compound 4 thus obtained may be recovered prior to being hydrolyzed to obtain

'(S)-Pregabalin. The compound of formula 4 may be recovered, for example, by evaporating

the solvent; extracting with a solvent selected from a group consisting of dichloromethane,

ethylacetate and toluene; and evaporating the solvent.

The recovered compound of formula 4 may have a purity of at least about 80% area
by HPLC, preferably about 90% to about 100% area by HPLC, and more preferably about
92% to about 100% area by HPLC.

The second synthetic path follows the conversion of compound of formula 3 to the

compound of formula 4:

R
R

Ar/l “NH X .
m/ A N
0 s NHCOOR,
O
3

4

wherein Ar i1s a Cg 19 aromatic group, R 1s a straight or branched C, 4 alkyl, ester, or
carboxylic acid, R, 1s a straight or branched C,.s alkyl, aralkyl, or substituted aralkyl, and X 1s

a leaving group as descnibed above.
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The compound of formula 3 can be prepared, for example, according to the process
disclosed in U.S. Publication No. 2007/0197827 and its international counterpart
International Publication No. WO 2007/035890. The compound of formula 3 can be
recovered prior to being converted to the compound of formula 4 or can be converted in-situ
to the compound of formula 4.

The conversion comprises combining the compound of formula 3 with an azide

nucleophile to obtain the compound of formula 5,
R

) “NH

O O

Ar

S

and combining the compound of formula 5 with an alcohol to obtain the compound of
formula 4.
Typically, the azide nucleophile 1s a substance containing a nucleophilic “N;” group.

Examples of such substances include, but are not limited to, NaN3, diphenylphosphoryl azide,

| tnialkyl silyl azide, trialkyl tin azide, and like metal azides. More preferably, the azide

nucleophile is NaN3.

The azide nucleophile can be provided in the form of a solid or in an aqueous or
organic solution. Typically, the compound of formula 3 1s combined with the azide
nucleophile at a low temperature. Preferably, the compound of formula 3 is combined with
the azide nucleophile at a temperature of about 30°C to about -30°C, and more preferably at
about -10°C to about -20°C.

The reaction between the azide nucleophile and the compound of formula 3 typically
leads to a slurry. The slurry, usually, further comprises an organic solvent. This organic
solvent 1s either the solvent from the reaction used to produce the compound of formula 3
when the reaction 1s one-pot, or a new solvent used to dissolve the compound of formula 3
when the reaction begins with a recovered compound of formula 3.

Preferably, the organic solvent 1s selected from the group consisting of aromatic
hydrocarbons, aliphatic hydrocarbons, ethers and ketones. Preferably, the aromatic
hydrocarbon 1s a Cg.19 aromatic hydrocarbon, and more preferably toluene, xylene or ethyl
benzene. Preferably, the aliphatic hydrocarbon is a Cg.;¢ aliphatic hydrocarbon, and more

preferably either hexane or heptane. Preferably, the ether is a C;.9 ether, and more preferably
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diethylether, diisopropylether or t-butylmethyl ether. Preferably, the ketone i1s a Cs_¢ ketone,
and more preferably acetone, methylethyl ketone or methylisobutyl ketone. The more
preferred solvent 1s acetone or toluene.

The above slurry is typically maintained for a sufficient time to provide the compound
of formula 5. Preferably, the slurry 1s maintained for about 0.5 hour to about 4 hours, more
preferably for about 0.5 hour to about 2 hours, and most preferably for about 1 hour to about
2 hours.

The slurry of the compound of formula 5 may be used to synthesize the compound of
formula 4 directly, without 1solation of the compound of formula 5 from the slurry.
Alternatively, the compound of formula 5 1s separated from the slurry by addition of water
and an organic solvent prior to its use in the synthesis of the compound of formula 4.
Preferably, the organic solvent 1s the same as described above. The water dissolves the
inorganic salts while the compound of formula 5 1s transferred into the organic phase.
Optionally, the aqueous phase can be further extracted with the organic solvent to increase
the yield of the compound of formula 5.

The compound of formula 5 can be characterized by an infrared spectrum having an
azide peak at 2134 cm™. An infrared spectrum for a representative compound of formula 5,
wherein Ar 1s phenyl and R 1s ethyl, is illustrated in Figure 1.

The organic phase having the compound of formula 5 is then combined with an
alcohol to obtain the compound of formula 4. Preferably, the organic phase i1s added slowly
to the alcohol, more preferably the organic phase 1s added over a period of about 0.5 to about
10 hours, and most preferably over a period of about 0.5 hour to about 4 hours. Preferably,
the combination i1s done while heating the alcohol, more preferably while heating the alcohol
to a temperature of about 50°C to about 110°C, and most preferably while heating the alcohol
to a temperature of about 50°C to about 70°C. Preferably, the alcohol 1s in the form of a
solution of the alcohol 1n an organic solvent. Preferably, the solvent 1s the same as mentioned
above. Preferably, the alcohol 1s a C,_s alcohol, and more preferably methanol, ethanol,
1Isopropanol, t-butanol, n-butanol, 1sobutanol, or neopentylalcohol. More preferably, the
alcohol 1s either methanol or ethanol. The heated combination 1s then maintained, preferably,
for about 0.5 to about 6 hours to provide the compound of formula 4. More preferably, the
heated combination 1s maintained for about 0.5 to about 4 hours, and most preferably for

about 2 to about 4 hours, to provide the compound of formula 4.

10
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The compound of formula 4 may be recovered prior to being hydrolyzed to obtain
(S)-Pregabalin. The compound of formula 4 may be recovered, for example, by evaporating
the solvents.

The recovered compound of formula 4 may have a purity of at least about 85% area
by HPLC, preferably about 92% to about 100% area by HPLC, and more preferably about
95% to about 100% area by HPLC.

The compound of formula 4 can then be converted to (S)-Pregabalin, for example, by
the process disclosed in U.S. Publication No. 2007/0197827 and 1ts international counterpart
International Publication No. WO 2007/035890.

Typically, the conversion of the compound of formula 4 to (S)-Pregabalin is done by
hydrolyzing the amide and amine group. The hydrolysis of the compound of formula 4 to
give (S)-pregabalin can be done without 1solating the compound of formula 4, i.e., a one-pot
process.

The hydrolysis comprises combining the compound of formula 4,

R

/J”NH

Ar

NHCOOR,

with an acid and a phenol of formula 2;

OH OH

R2 or C R2

, and recovering the (S)-Pregabalin thus obtained, wherein Ar i1s a Cg.;¢ aromatic group, R is a
straight or branched C, 4 alkyl, ester, or carboxylic acid, R, 1s a straight or branched C, s
alkyl, aralkyl, or substituted aralkyl, R, 1s H, alkyl, alkoxy, halogen, or mercapto, R4 1s H,
alkyl or halogen, and the ning Z 1s a 5-8-membered ring containing carbon and optionally at
least one nitrogen, sulfur or oxygen.

The preferred alkyl group is methyl or ethyl. The preferred halogen 1s either Cl or Br.
The most preferred phenol 1s unsubstituted phenol, i.e., CsHsOH.

11
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Preferably, R 1s alkyl, alkoxy, or halogen. Preferably, the alkyl 1s methyl, ethyl, or
propyl. Preferably, the alkoxy i1s methoxy, or exthoxy. Preferably, the halogen is chlorine,
bromine, or 10dine.

When the hydrolysis 1s done in one-pot, the phenol and the acid are mixed with a
mixture having the compound of formula 4. Optionally, the mixture having the compound of
formula 4 can be cooled prior to the addition of the acid and phenol. Preferably, the mixture
1s cooled to a temperature of about 50°C to about 0°C, and more preferably to about 30°C to
about 25°C.

The combination of the compound of formula 4, the phenol, and the acid provides a
second mixture, wherein the phenol preferably plays the role of a scavenger of impurities

such as N-benzylated pregabalin of the following formula.

CH,

HN

OH

HaC CH,

Preferably, the acid 1s a strong mineral acid, and more preferably hydrochloric acid,
sulfunic acid, or poly phosphoric acid. As used herein, unless otherwise defined, a “strong”
mineral acid 1s one that, when dissolved in aqueous media, produces a pH of less than about
1.5.

The second mixture also comprises an inorganic salt, such as sodium chloride,
potassium chloride, magnesium sulfate, and sodium sulfate. The use of such a salt allows one
to heat the second mixture to high temperatures, leading to a shorter reaction time.

Preferably, second mixture is heated to a temperature of about 60°C to about 130°C, and more
preterably about 80°C to about 110°C.

Typically, the second mixture 1s heated for a period of time sufficient to obtain an (S)-
pregabalin salt. Preferably, the mixture 1s heated for about 5 to about 24 hours.

The reaction time is also related to the kind of mineral acid that is used. Preferably,
the mixture 1s heated for about 18 to about 24 hours when the mineral acid is hydrochloric

acid and for about 5 to about 10 hours when the mineral acid is sulfuric acid.

12



10

15

20

25

30

CA 02681313 2009-09-18
WO 2008/118427 PCT/US2008/003898

Typically, the acid protonates the amine group of (S)-Pregabalin, thus providing an
acid salt of (S)-Pregabalin, from which free (S)-Pregabalin is recovered by extractions and
reaction with a base. The recovery typically compnses: adding an inorganic base to the
second mixture; extracting the acid salt of (S)-Pregabalin from the mixture with a Cy.g
alcohol; adjusting the pH of the extract to about 4 to about 7 and thereby precipitate (S)-
Pregabalin. The precipitated (S)-Pregabalin is then collected. Preferably, the inorganic base
1s added to the second mixture in an amount sufficient to adjust the pH of the combination to
about 1 to about 3. Preferably, the inorganic base 1s sodium hydroxide. Preferably, the pH of
the extract 1s adjusted to about 4 to about 7 by adding a base. Preferably, the base 1s an
organic base and more preferably tributylamine. Preferably, the C,4.g alcohol is 1so-butanol.

The (S)-Pregabalin obtained by the above-described process has a purity of at least
about 80% area by HPLC, preferably at least about 98% area by HPLC, and more preferably
about 99% to about 100% area by HPLC. The (S)-Pregabalin obtained by the above-
described process also has less than 0.15%, preferably, less than 0.1%, more preferably less
than 0.06%, even more preferably less than 0.02% and most preferably less than 0.01% area
by HPLC of the N-benzylated pregabalin impunty.

Having described the invention with reference to certain preferred embodiments,
other embodiments will become apparent to one skilled in the art from consideration of the
specification. The invention 1s further defined by reference to the following examples. It
will be apparent to those skilled 1n the art that many modifications, both to matenals and

methods, may be practiced without departing from the scope of the invention.

EXAMPLES

Infrared Spectroscopy:

Infrared spectroscopy of the compound of formula 5 was performed with a Nicolet

Avatar 370 DTGS system over a range of 4000-400 cm’, using KBR pellets.

Example 1: Preparation of (3S)-5-methyl-3-(2-0x0-2 {[(1S)-1-phenylethyl]amino} ethyl)

hexanoic acid (the precursor to compound 1)
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with toluene (400 ml), (S) (-)-phenylethylamine
(142.35 g,1.1764 mole), and 4-dimethylaminopyridine (0.7176 g, 0.0059 mole). The mixture

was cooled to a temperature of -10°C to -15°C, followed by addition of a solution of 3-

1sobutyl glutaric anhydnde (100 g, 0.59 mole) in toluene (100 ml), over a period of 45-60
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minutes, and stirring for additional 1.5-2 hours, at a temperature of -10°C to -15°C . The
miaxture was then extracted with 10% aqueous solution of NaOH (500 ml), and the aqueous
phase was washed with toluene (1x250 ml). The pH of the aqueous phase was adjusted to 2-
2.5 by adding a solution of hydrochloric acid (1-12N). The aqueous phase was further
extracted with toluene (1x 800 ml) at a temperature of 70-80°C. The toluene layer was
washed with 10% sodium chloride solution {700ml) at a temperature of 70-80°C followed by
crystallization to obtain 125 g (73.0% yield) of a white solid of (3S)-5-methyl-3-(2-0x0-2-
{{(1S)-1-phenylethyl]amino} ethyl) hexanoic acid with an optical purity of 99.75% area, as
measured by chiral HPLC.

Example 2: Preparation of (3S)-5-methyl-3-(2-0x0-2 {[(1S)-1-phenylethyl]amino} ethyl)

hexanoic acid (the precursor to compound 1)

A three-necked flask equipped with an addition funnel, thermometer pocket, drying
tube and a mechanical stirrer, was charged with toluene (800 mi), (S) (-)-phenylethylamine:
(284.7 g,2.353 mole), and 4-diméthylamin0pyridine (1.435 g, 0.0118mole). The mixture was
cooled to a temperature of -10°C to -15°C, followed by addition of a solution of 3-1sobutyl

- glutaric anhydnide (200 g, 1.176 mole) in toluene (200 ml), over a period of 45-60 minutes,

- and stirnng for-additional 1.5-2 hours, at a temperature of -10°C to -15°C . The mixture was

then extracted with 10% aqueous solution of NaOH (1000 ml), and the aqueous phase was
washed with toluene (1x500 ml). The pH of the aqueous phase was adjusted to 2-2.5 by
adding a solution of hydrochloric acid (1-12N). The aqueous phase was further extracted
with toluene (1x 1600 ml) at a temperature of 70-80°C. The toluene layer was washed with
10% sodium chlonde solution {1400ml) at a temperature of 70-80°C followed by
crystallization to get 257 g (75.0% yield) of a white solid of (3S)-5-methyl-3-(2-0x0-2-
{[(1S)-1-phenylethyl]amino} ethyl) hexanoic acid with an optical punity of 99.8% area , as
measured by chiral HPLC.

Example 3: Preparation of (R)-3-1sobutylpentanedioic acid amide-((S)-1-phenylethyl)amide
(compound 3)
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with methylene dichlonide (1000 ml), (3S)-5-

methyl-3-(2-o0x0-2 {{(1S)-1-phenylethyl]Jamino} ethyl) hexanoic acid (200 g, 0.687 mole),
and with triethylamine (7.65g, 0.756 mole), and cooled to 0°-5°C followed by addition of
ethyl chloroformate (90 g, 0.825 mole). The mixture was stirred for 1-2 hours at a
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temperature of 20°C to 25°C, followed by quenching with 25% aqueous ammonia (1000 ml).
The resulted slurry was filtered and washed with water and dried to get 140 g (70.0% yield)
of a white solid of (R)-3-1sobutylpentanedioic acid amide-((S)-1-phenylethyl)amide of
formula 3, with a punty of 95% area, as measured by HPLC.

Example 4: Preparation of (R)-3-1sobutylpentanedioic acid amide-((S)-1-phenylethyl)amide

(compound 1)
A three-necked tlask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with methylene dichloride (500 ml), (3S)-5-
methyl-3-(2-0x0-2{[(1S5)-1-phenylethylJamino} ethyl)hexanoic acid (100 g, 0.343 mole), and
with triethylamine (41.67g, 0.412mole), and cooled to -15°C to -20°C followed by addition
of ethyl chloroformate (39.1 g, 0.36 mole). The mixture was stirred for 1-2 hours at a
temperature of -15°C to -20°C, followed by quenching over a solution of 20% aqueous
ammonia (280ml). The dichloromethane was distilled out from the mass followed by
filtering the resulted slurry, washed with water and dned to get 87 g (87% yield) of a white
solid of (R)-3-1sobutylpentanedioic acid amide-((S)-1-phenylethyl)amide of formula 1, with a
purity of 98% area, as measured by HPLC.

Example 5: Preparation of (R)-3-1sobutylpentanedioic acid amide-((S)-1-phenylethyl) amide
(compound 1)
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with methylene dichloride (125 ml), (3S)-5-
methyl-3-(2-0x0-2{[(1S)-1-phenylethyl]Jamino} ethyl) hexanoic acid (25 g, 0.086 mole),
triethyl amine ( 10.43 g, 0.129 mole), and cooled to 0°-5°C followed by addition of pivaloyl
chloride (12.43 g, 0.103 mole). The mixture was stirred for 1-2 hours at a temperature of
20°C to 25°C, followed by quenching with 20% aqueous ammonia (250 ml). The resulted
slurry was filtered and washed with water and dried to get 15.2 g (61% yield) of a white
solid of (R)-3-1sobutylpentanedioic acid amide-((S)-1-phenylethyl)amide of formula 1, with a
purity of 95% area, as measured by HPLC.

Example 6: Preparation of (R)-3-1sobutylpentanedioic acid amide-((S)-1-phenylethyl) amide

(compound 1)
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with acetone (125 ml), (3S)-5-methyl-3-(2-oxo-
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2{[(1S)-1-phenylethyl]amino}ethyl) hexanoic acid (25 g, 0.086 mole), triethyl amine (10.43
g, 0.129 mole), and cooled to 0-5°C followed by addition of pivaloyl chloride (12.43 g,
0.103 mole). The mixture was stirred for 1-2 hours at a temperature of 20°C to 25°C,
followed by quenching with 20% aqueous ammonia ( 250 ml). The resulted slurry was
filtered and washed with water and dried to get 10.68 g (43.4% yield) of a white solid of (R)-
3-1sobutylpentanedioic acid amide-((S)-1-phenylethyl)amide of formula 1, with a purnty of
95.4% area, as measured by HPLC.

Example 7: Preparation of {(S)-4-methyl-2-[((S)-1-phenylethylcarbamoyl)-
methyl]pentyl } carbamic acid methyl ester (compound 4)

A three-necked flask equipped with an addition funnel, thermometer pocket, drying
tube and a mechanical stirrer, was charged with methanol (2000 ml), (R)-3-
1sobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (200g,
0.689 mole) and cooled to 0° to S°C followed by addition of sodium methoxide (149 g,
2.758 mole). The reaction mass was cooled to -15 to -25°C followed by addition of bromine
(165.5 g, 1.034 mole) and stirred for 1-2 h at -15 to -25°C. The mixture was gradually
warmed to a temperature of 0°C and then to 55-65°C, followed by stirring for 1 to 2 hours.
The solvent was then stripped off and water was added to the mass. The resulted slurry was
further extracted with toluene, toluene layer washed with brine followed by stripping off the
solvent results 1n 215 g (97% wield) of {(S)-4-methyl-2-[((S)-1-phenylethylcarbamoyl)-
methyl]pentyl} carbamic acid methyl ester (4) with a purity of 90.9% area, as measured by
HPLC.

Example 8: Preparation of {(S)-4-methyl-2-[((S)-1-phenylethylcarbamoyl)-

methyl]pentyl } carbamic acid methyl ester (compound 4)
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with methanol (1000ml), (R)-3-
1sobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (50g,
0.1724 mole) and cooled to 0° to 5°C followed by addition of sodium hydroxide (27.58 g,
0.6896 mole). The reaction mass was cooled to -15 to -25°C followed by addition of bromine
(41.38 g, 0.2586 mole) and stirred for 1-2 h at -15 to -25°C. The mixture was gradually
warmed to a temperature of 0°C and then to 55-65°C, followed by stirring for 1 to 2 hours.
The solvent was then stripped off and water was added to the mass. The resulted slurry was

further extracted with toluene, toluene layer washed with brine followed by stripping off the
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solvent results 1n 53 g (96% yield) of {(S)-4-methyl-2-[((S)-1-phenylethylcarbamoyl)-
methyl]pentyl}carbamic acid methyl ester (4) with a purity of 92.89% area, as measured by
HPLC.

Example 9: Preparation of {(S)-4-methyl-2-[((S)-1-phenylethylcarbamoyl)-

methyl]pentyl} carbamic acid methyl ester (compound 4)
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with acetone (25 ml), (3S)-5-methyl-3-(2-0xo-
2{[(1S)-1-phenylethyllamino} ethyl) hexanoic acid (5 g, 0.0172 mole), and with
tnethylamine (2.17g, 0.0215 mole), and cooled to -10° to -20°C followed by addition of
solution of ethyl chloroformate (2.05 g, 0.0189 mole in 5 ml acetone). The mixture was
stirred for 1 hour at a temperature of -10° to -20°C, followed by addition of solution of
sodium azide (2.8g, 0.0429 mole 1n water). The resulted slurry was maintained for 1 hour at -
10° to -20°C, quenched over ice water followed by extracting the mass with sufficient
amount of toluene. The toluene layer was slowly added over a refluxing mixture of toluene

and methyl alcohol, followed by stirming for 2 to 4 hours. The stripping off the solvent results

- 11 4.95 g (89.7% yield) of {(S)-4-methyl-2-[((S)-1-phenylethylcarbamoyl)-
- methyl]pentylcarbamic acid methyl ester (120) with a punty of 97.4% area, as measured by

HPLC.

Example 10: Preparation of (S)-Pregabalin

A three-necked flask equipped with an addition funnel, thermometer pocket, drying
tube and a mechanical stirrer, was charged with methanol (2000 ml), (R)-3-
1sobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (200g,
0.689 mole) and cooled to 0° to 5°C followed by addition of sodium methoxide (149 g,
2.758 mole). The reaction mass was cooled to -15 to -25°C followed by addition of bromine
(165.5 g, 1.034 mole) and stirred for 1-2 h at -15 to -25°C. The mixture was gradually
warmed to a temperature of 0°C and then to 55-65°C, followed by stirming for 1 to 2 hours.
The solvent was then stripped off and water was added to the mass. The resulted slurry was
further extracted with toluene, toluene layer washed with brine followed by stripping off the
solvent. 4N hydrochloric acid (2580 ml), phenol (10.72 g, 0.114 mole) , sodium chlonde
(78.15 g, 1.342 mole) was added to the mass and was heated to 105°-110°C for 15-24 hours,
and then cooled to room temperature, 1.e., about 20° to about 25°C. An aqueous 40% sodium

hydroxide solution was added in an amount sufficient to provide a pH of 1. The solution was
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then extracted with 600ml of 1so-butanol, the organic layer was separated, and Bu3N was
added 1n an amount sufficient to provide a pH of 4. The (S)-Pregabalin was precipitated,
filtered, and washed with 100ml of 1so-butanol which on crystallization from 1sobutanol
water mixture results in (S)-Pregabalin as white crystals in a 56% yield. Punity: 99.85% area
by HPLC. N-benzylated pregabalin: 0.01% area by HPLC.

Example 11: Preparation of (S)-Pregabalin
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with methanol (500 ml), (R)-3-
isobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (25g,
0.086 mole) and cooled to 0° to 5°C followed by addition of sodium hydroxide (13.79 g,
0.3448 mole). The reaction mass was cooled to -15 to -25°C followed by addition of bromine
(20.69 g, 0.129 mole) and stirred for 1-2 h at -15 to -25°C. The mixture was gradually
warmed to a temperature of 0°C and then to 55-65°C, followed by stirring for 1 to 2 hours.
The solvent was then stripped off and water was added to the mass. The resulted slurry was
further extracted with toluene, toluene layer washed with brine followed by stripping off the
solvent. 4N hydrochloric acid (300 ml), phenol (1.1 g, 0.0117 mole) , sodium chlornde (16.04
g, 0.2741 mole) was added to the mass and was heated to 105°-110°C for 15-24 hours, and
then cooled to room temperature, 1.¢., about 20° to about 25°C. An aqueous 40% sodium
hydroxide solution was added 1n an amount sufficient to provide a pH of 1. The solution was
then extracted with 600ml of 1so-butanol, the organic layer was separated, and BusN was
added in an amount sufficient to provide a pH of 4. The (S)-Pregabalin was precipitated,
filtered, and washed with 100ml of 1so-butanol which on crystallization from 1sobutanol

water mixture results in (S)-Pregabalin as white crystals in 52.7% yield. Purity: 99.95% area
by HPLC. N-benzylated pregabalin: 0.02% area by HPLC.

Example 12: Preparation of (S)-Pregabalin
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with methanol (500 ml), (R)-3-
isobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (25g,
0.086 mole) and cooled to 0° to 5°C followed by addition of sodium hydroxide (13.79 g,
0.3448 mole). The reaction mass was cooled to -15 to -25°C followed by addition of bromine
(20.69 g, 0.129 mole) and stirred for 1-2 h at -15 to -25°C. The mixture was gradually
warmed to a temperature of 0°C and then to 55-65°C, followed by stirnng for 1 to 2 hours.
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The solvent was then stripped off followed by addition of 4N hydrochloric acid (300 ml),
phenol (1.83 g, 0.0194 mole) , sodium chlonde (16.04 g, 0.2741 mole) and was heated to
105°-115°C for 15-24 hours, and then cooled to room temperature, 1.e., about 20° to about
25°C. An aqueous 40% sodium hydroxide solution was added 1n an amount sufficient to
provide a pH of 1. The solution was then extracted with 150ml of 1so-butanol, the organic
layer was separated, and Bu3N was added in an amount sufficient to provide a pH of 4. The
(S)-Pregabalin was precipitated, filtered, and washed with 100ml of 1so-butanol which on

crystallization from isobutanol water mixture results into (S)-Pregabalin as white crystals in a

53.86% yield. Purity: 99.94% area by HPLC. N-benzylated pregabalin: 0.01% area by
HPLC.

Example 13: Preparation of (S)-Pregabalin
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with methanol (2000 ml), (R)-3-
1sobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (200g,
0.689 mole) and cooled to 0° to 5°C, followed by addition of sodium methoxide (149 g,'
2.758 mole). The reaction mass was cooled to -15 to -25°C, followed by addition of bromine
(165.5 g, 1.034 mole) and was stirred for 1-2 h at -15 to -25°C. The mixture was gradually
warmed to a temperature of 0°C and then to 55-65°C, followed by stirring for 1 to 2 hours.
The solvent was stripped oft and then 4N hydrochloric acid (2580 ml), phenol (10.72 g,
0.114 mole) , and sodium chloride (78.15 g, 1.342 mole) were added to the mass, followed by
heating to 105°-110°C for 15-24 hours, and then cooling to room temperature, i.e., about 20°
to about 25°C. An aqueous 40% sodium hydroxide solution was added in an amount
sufficient to provide a pH of 1. The solution was then extracted with 600ml of 1so-butanol,
and the organic layer was separated. Bu3N was added in an amount sufficient to provide a pH
of 4. The crude (S)-Pregabalin was precipitated, filtered, and washed with 100ml of 1so-
butanol providing (S)-Pregabalin with purity of 95.87% area by HPLC.

Example 14: Preparation of (S)-Pregabalin
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with acetone (200 ml), (3S)-5-methyl-3-(2-oxo-
2{[(1S)-1-phenylethyl]amino} ethyl) hexanoic acid compound (50 g, 0.172 mole), and with
tnethylamine (21.7g, 0.215 mole), and cooled to -10° to -20°C followed by addition of

solution of methyl chlorotormate (18.67 g, 0.196 mole in 50 ml acetone). The mixture was

19



10

15

20

25

30

CA 02681313 2009-09-18
WO 2008/118427 PCT/US2008/003898

stirred for 1 hour at a temperature of -10°to -20°C , followed by addition of solution of
sodium azide (27.92g, 0.429 mole in water). The resulted slurry was maintained for 1 hour
at -10°to -20°C , quenched over ice water followed by extracting the mass with sufficient
amount of toluene.. The toluene layer was slowly added over a refluxing mixture of toluene
and methyl alcohol, followed by stirring for 2 to 4 hours followed by stripping of solvents
results into an oily mass. 4N hydrochloric acid (600 ml), phenol (2.42 g, 0.0257 mole),
sodium chlornide (40.2 g, 0.687 mole) was added to the o1ly mass and was heated to 105°-
110°C for 15-24 hours, and then cooled to room temperature, 1.e., about 20° to about 25°C.
An aqueous 40% sodium hydroxide solution was added 1in an amount sufficient to provide a
pH of 1. The solution was then extracted with 150 ml of 1so-butanol, the organic layer was
separated, and Bu3N was added 1n an amount sufficient to provide a pH of 4-4.5. The (S)-
Pregabalin was precipitated, filtered, and washed with 25ml of 1so-butanol which on

crystallization from 1sobutanol water mixture resulted 1n (S)-Pregabalin as white crystals 1n a

67% yield. Punty: 99.9% area by HPLC.

Example 15: Preparation of (S)-Pregabalin

A three-necked flask equipped with an addition funnel, thermometer pocket, drying
tube and a mechanical stirrer, was charged with acetone (200 ml), (3S)-5-methyl-3-(2-oxo-
2{[(1S)-1-phenylethyl]amino} ethyl) hexanoic acid (50 g, 0.172 mole), and with
triethylamine (21.7g, 0.215 mole), and cooled to -10°to -20°C followed by addition of
solution of methyl chloroformate (18.67 g, 0.196 mole in 50 ml acetone). The mixture was
stirred for 1 hour at a temperature of -10° to -20°C, followed by addition of solution of
sodium azide (27.92 g, 0.429 mole 1in water). The resulting slurry was maintained for 1 hour
at -10° to -20°C , quenched over 1ce water followed by extracting the mass with sufficient
amount of toluene.. The toluene layer was slowly added over a refluxing mixture of toluene
and methyl alcohol, followed by stirring for 2 to 4 hours followed addition of 4N
hydrochloric acid (600 ml), phenol (2.42 g, 0.0257 mole) , sodium chloride (40.2 g, 0.687
mole) was added to the mass and was heated to 105°-110°C for 15-24 hours, and then cooled
to room temperature, 1.€., about 20° to about 25°C. An aqueous 40% sodium hydroxide
solution was added in an amount sufficient to provide a pH of 1. The solution was then
extracted with 150 ml of 1so-butanol, the organic layer was separated, and Bu3N was added
1In an amount sufficient to provide a pH of 4-4.5. The (S)-Pregabalin was precipitated,

filtered, and washed with 25ml of iso-butanol which on crystallization from isobutanol water
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mixture results in (S)-Pregabalin as white crystals in a 65% yield. Purity: 99.98% area by
HPLC, N-benzylated pregabalin: 0.01% area by HPLC.

Example 16: One pot Preparation of (S)-Pregabalin from (R)-3-1sobutylpentanedioic acid
amide-((S)-1-phenylmethyl) amide

A three-necked flask equipped with an addition funnel, thermometer pocket, drying
tube and a mechanical stirrer, was charged with methanol (2000 ml), (R)-3-
1sobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (50g,
0.172 mole) and cooled to 0° to 5°C followed by addition of sodium methoxide (37.25 g,
0.689 mole). The reaction mass was cooled to -15 to -25°C followed by addition of bromine
(41.4 g, 0.258 mole) and stirred for 1-2 h at -15 to -25°C. The mixture was gradually warmed
to a temperature of 0°C and then to 55-65°C, followed by stirring for 1 to 2 hours. The
reaction was cooled to 25-30°C followed by addition of 4N hydrochloric acid (600 ml),
phenol (2.42 g, 0.026 mole) , sodium chlornide (10.1g, 0.1724 mole). The mass was heated to
105°-110°C for 15-24 hours, and then cooled to room temperature, 1.e., about 20° to about

25°C. An aqueous 40% sodium hydroxide solution was added in an amount sufficient to

-provide a pH of 1. The solution was then extracted with 300 ml of 1so-butanol, the organic

layer was separated, and Bu3N was added 1n an amount sufficient to provide a pH of -4-5.
The (S)-Pregabalin was precipitated, filtered, and washed with 100ml of 1so-butanol which on

crystallization from 1sobutanol water mixture results in (S)-Pregabalin as white crystals in a

46% vyield. Punty: 100% area by HPLC.

Example 17: One pot Preparation of (S)-Pregabalin from (R)-3-1sobutylpentanedioic acid

amide-((S)-1-phenylmethyl) amide
A three-necked flask equipped with an addition funnel, thermometer pocket, drying

tube and a mechanical stirrer, was charged with methanol (1000 ml), (R)-3-
1sobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (50g,
0.172 mole) and cooled to 0° to 5°C followed by addition of sodium hydroxide (27.52 g,
0.688 mole). The reaction mass was cooled to -15 to -25°C followed by addition of bromine
(41.38 g, 0.258mole) and stirred for 1-2 h at -15 to -25°C. The mixture was gradually
warmed to a temperature of 0°C and then to 55-65°C, followed by stirming for 1 to 2 hours.
The reaction was cooled to 25-30°C followed by addition of 4N hydrochloric acid (600 ml),
phenol (2.42 g, 0.026 mole) , sodium chlonde (10.1g, 0.1724 mole). The mass was heated to
105°-110°C tor 15-24 hours, and then cooled to room temperature, 1.e., about 20° to about
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25°C. An aqueous 40% sodium hydroxide solution was added in an amount sufficient to
provide a pH ot 1. The solution was then extracted with 300m! of iso-butanol, the organic
layer was separated, and Bu3N was added in an amount sufficient to provide a pH of 4-5.

The (S)-Pregabalin was precipitated, filtered, and washed with 100ml of 1so-butanol which on
crystallization from 1sobutanol water mixture results in (S)-Pregabalin as white crystals in a

59.5% yield. Purty: 99.44% area by HPL.C. N-benzylated pregabalin: 0.06% area by HPLC.

Example 18: Conversion of the Compound of Formula 4 to (S)-Pregabalin: Example 14 of
International Publication No. WO 2007/035890

A 0.2 ] reactor was loaded with 70% sulfuric acid (200 g) containing compound 26
(10 g, 0.031 mole), and was heated to 115-120°C for 5-10 hours, and then cooled to room
temperature, 1.e., about 20° to about 25°C. An aqueous 40% sodium hydroxide solution was
added 1n an amount sufficient to provide a pH of 1. The solution was then extracted with 35
ml of 1so-butanol, the organic layer was separated, and Bu3N was added in an amount
sufficient to provide a pH of 4. The (S) Pregabalin was precipitated, filtered, and washed
with 10 ml of 1so-butanol. After drying at 55°C under vacuum, (S)-Pregabalin was obtained
as white crystals 1n a 40.4% yield. Punty: 99.95% area by HPLC.

“Compound 26 has the following chemical structure:
Ar R

~ NHCOOCH;

HN
O CH,

CHy
wherein Ar 1s a Cg.j9 aromatic group, and R 1s a straight or branched C,4 alkyl, ester or

carboxylic acid.

Example 19: Conversion of the Compound of Formula 4 to (S)-Pregabalin: Example 16 of
International Publication No. WO 2007/035890

A flask was loaded with 47% HBr (12 ml), water (6 ml), and compound 26 (6 g), and

then was heated to reflux for 3 hours. The solution was cooled to room temperature, and
water (12 ml) was added. An aqueous 47% sodium hydroxide solution was added to obtain

pH of 3. The solution was then extracted twice with 1sobutanol (15 ml), the combined
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organic layers were evaporated and fresh isobutanol was added (15 ml). Bu3N (3.8 g) was
added. The mixture was cooled to 2°C for 1 hour, then (S)-Pregabalin was filtered, and
washed with of 1so-butanol (3 ml). After drying at 55°C under vacuum, (S)-Pregabalin was

obtained as white crystals in a 90% yield.

Example 20: Preparation of (S)-Pregabalin

A three-necked flask equipped with an addition funnel, thermometer pocket, drying
tube and a mechanical stirrer, was charged with methanol (2000 ml), (R)-3-
1sobutylpentanedioic acid amide-((S)-1-phenylmethyl) amide, compound of formula 1 (200g,
0.689 mole) and cooled to 0° to 5°C, followed by addition of sodium methoxide (149 g,
2.758 mole). The reaction mass was cooled to -15 to -25°C, followed by addition of bromine
(165.5 g, 1.034 mole) and was stirred for 1-2 h at -15 to -25°C. The mixture was gradually
warmed to a temperature of 0°C and then to 55-65°C, followed by stirring for 1 to 2 hours.
The solvent was stripped off and then 4N hydrochloric acid (2580 ml), and sodium chlonde
(78.15 g, 1.342 mole) were added to the mass, followed by heating to 105°-110°C for 15-24
hours, and then cooling to room temperature, 1.e., about 20° to about 25°C. An aqueous 40%
sodium hydroxide solution was added in an amount sufficient to provide a pH of 1. The
solution was then extracted with 600ml of 1so-butanol, which on crystallization from

1sobutanol water mixture resulted 1n (S)-Pregabalin as white crystals in a 64.9% yield; Purty
99.68% area by HPLC, N-benzylated pregabalin: 0.13% area by HPLC.
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We claim:
1. A compound of the following formula 5
R
Ar) ' NH N,
0 :
5

wherein Ar is a Cg. 19 aromatic group, and R 1s a straight or branched C,4 alkyl, ester, or

carboxylic acid.

2. The compound of claim 1, wherein the Cg.¢9 aromatic group 1s naphthyl, phenyl,

substituted phenyl, or substituted naphthyl.

3. The compound of claim 1 or 2, wherein the C, 4 alkyl 1s methyl, ethyl, 1sopropyl, n-butyl,
1sobutyl, or t-butyl.

4, The compound of claim 1, wherein Ar 1s phenyl and R is ethyl.

5. A process for preparing (S)-Pregabalin comprising:

a) combining a compound of the following formula 4

R
Ar) “NH

NHCOOR,

O

4

with an acid and a phenol of formula 2
OH OH
R4
G =
=
2
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: and

b) recovering (S)-Pregabalin,
wherein Ar 1s a Cg_19 aromatic group, R is a straight or branched C,.4 alkyl, ester, or carboxylic
acid, R1 1s a straight or branched C,_s alkyl, aralkyl, or substituted aralkyl, R2 1s H, alkyl, alkoxy,
halogen, or mercapto, R4 i1s H, alkyl or halogen, and the ring Z 1s a 5-8- membered ring

containing carbon and optionally at least one nitrogen, sulfur or oxygen.

6. The process of claim 5, wherein the Cq.1¢ aromatic group i1s naphthyl, phenyl, substituted

phenyl, or substituted naphthyl.

7. The process of claim 5 or 6, wherein the C;4 alkyl 1s methyl, ethyl, isopropyl, n-butyl,
1sobutyl, or t-butyl.

8. The process of any one of claims 5 to 7, wherein the ester is a C,.4 ester.
9. The process of any one of claims 5 to 8, wherein the carboxylic acid is a C;.; carboxylic
acid.

10. The process of any one of claims 5 to 9, wherein the C,_s alkyl is methyl.

11.  The process of any one of claims 5 to 10, wherein the aralkyl is a C5.;¢ aralkyl.
12. The process of any one of claims 5 to 11, wherein the acid is a strong mineral acid.
13. The process of claim 12, wherein the strong mineral acid is hydrochloric acid, sulfuric

acid, or polyphosphoric acid.

14.  The process of any one of claims 5 to 13, wherein the phenol of formula 2 is an

unsubstituted phenol.

_25
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15.  The process ot any one of claims 5 to 14, wherein the compound of formula 4, the acid,

and the phenol are combined in the presence of an inorganic salt.

16. The process of claim 15, wherein the inorganic salt is sodium chloride, potassium

chloride, magnesium sulfate, or sodium sulfate.

17. The process of any one of claims 5 to 16, wherein the combination of the compound of

formula 4, the phenol, and the acid is heated to obtain a salt of (S)- pregabalin.

18.  The process of claim 17, wherein the combination is heated to a temperature of about

60°C to about 130°C.

19.  The process of claim 17, wherein the (S)-Pregabalin is recovered by a process
comprising:
1) adding an inorganic base to the combination;
11) extracting the salt of (S)-Pregabalin from the mixture with a C,.g alcohol:
111) adjusting the pH of the extract to about 4 to about 7 and precipitate (S)- Pregabalin;
and

1v) collecting the precipitated (S)-Pregabalin.

20.  The process of claim 19, wherein the inorganic base in step i) is added in an amount

sufficient to adjust the pH of the combination to about 1 to about 3.
21. The process of claim 19 or 20, wherein the inorganic base is sodium hydroxide.

22. The process of any one of claims 19 to 21, wherein the pH is adjusted in step iii) by

adding a base.
23.  The process of claim 22, wherein the base is an organic base.
24.  The process of claim 23, wherein the organic base is tributylamine.
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25. The process of any one of claims 19 to 24, wherein the C4.3 alcohol 1s 1so-butanol.

26.  The process of any one of claims 5 to 25, wherein the (S)-Pregabalin has less than 0.15%
arca by HPLC of N-benzylated pregabalin.

27.  The process of any one of claims 5 to 26, wherein the compound of formula 4 1s prepared

by a process comprising combining a compound of formula 1

with bromine and a base in a straight or branched alkyl alcohol.

28.  The process of claim 27, wherein the straight or branched alkyl alcohol 1s methyl, ethyl,
1sopropyl, n-butyl, 1sobutyl, or t-butyl alcohol.

29.  The process of claim 27 or 28, wherein the base that 1s combined with the compound of

formula 1 and the bromine 1s a metal alkoxide or a metal hydroxide.

30. The process of claim 29, wherein the metal alkoxide 1s a C,4 alkoxide.

31. The process of any one of claims 27 to 30, wherein the base that is combined with the

compound of formula 1 and the bromine 1s sodium hydroxide or potassium hydroxide.

32.  The process of any one of claims 27 to 31, wherein the combination of the compound of

formula 1, the bromine, the base, and the alcohol is heated to obtain the compound of formula 4.

33.  The process of claim 32, wherein the combination of the compound of formula 1, the

bromine, the base, and the alcohol 1s heated to a temperature of about 50°C to about 70°C.
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34.  The process of any one of claims 27 to 33, wherein the compound of formula 4 1is

converted to (S)-Pregabalin without 1solation.

35.  The process of any one of claims 5 to 26, wherein the compound of formula 4 1s prepared
by a process comprising:

(1) combining a compound of formula 3

with an azide nucleophile to obtain a compound of formula 5,

and (11) combining the compound of formula 5 with an alcohol to obtain the compound of

formula 4, wherein X is a leaving group.

36.  The process of claim 35, wherein the leaving group is a halogen or a mixed anhydride.

37. The process of claim 35 or 36, wherein the azide nucleophile is NaNj,

diphenylphosphoryl azide, trialkyl silyl azide, or trialkyl tin azide.

38.  The process of any one of claims 35 to 37, wherein the compound of formula 3 is

combined with the azide nucleophile at a temperature of about 30°C to about -30°C.

39.  The process of any one of claims 35 to 38, wherein the step (i) comprises combining the

compound of formula 3 with the azide nucleophile and an organic solvent.
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40.  The process of claim 39, wherein the organic solvent is selected from the group

consisting of aromatic hydrocarbons, aliphatic hydrocarbons, ethers and ketones.

41.  The process of claim 39, wherein the organic solvent is acetone or toluene.

42.  The process of any one of claims 35 to 41, wherein the compound of formula 5 1s

recovered prior to combination with the alcohol.
43.  The process of claim 42, wherein the compound of formula 5 is recovered by extraction.
44,  The process of any one of claims 35 to 43, wherein the alcohol 1s a C;.5 alcohol.

45. The process of any one of claims 35 to 44, wherein the alcohol 1s methanol, ethanol,

1Isopropanol, t-butanol, n-butanol or isobutanol.

46.  The process of any one of claims 35 to 45, wherein the compound of formula 5 is added

to the alcohol while heating the alcohol.

47.  The process of claim 46, wherein the alcohol is heated to a temperature of aboﬁt 50°C to
about 110°C.

48.  The process of any one of claims 35 to 47, wherein the compound of formula 4 is

converted to (S)-Pregabalin without isolation.

49.  The process of any one of claims 5 to 26, wherein the compound of the formula 4 is

prepared by a process comprising combining a compound of the following formula 5

O
O=
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with an alcohol to obtain the compound of the formula 4.

50. The process of claim 49, wherein the alcohol of claim 49 1s a C,.s alcohol.

51.  The process of claim 49 or 50, wherein the alcohol of claim 49 is methanol, ethanol,

1sopropanol, t-butanol, n-butanol or isobutanol.

52.  The process of any one of claims 49 to 51, wherein the compound of formula 5 is added

to the alcohol of claim 49 while heating the alcohol of claim 49.

53.  The process of claim 52, wherein the alcohol of claim 49 is heated to a temperature of

about 50°C to about 110°C.

54.  The process of any one of claims 49 to 53, wherein the compound of formula 4 is

converted to (S)-Pregabalin without isolation.

55. A process for preparing (S)-Pregabalin comprising:
a) combining a compound of the formula 5 according to any one of claims 1 to 4 with an

alcohol to obtain a compound of the following formula 4

/v/J”NH

NHCOOR,
O

4

b) combining the compound of the formula 4 with an acid and a phenol of the following

formula 2
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and

¢) recovering (S)-Pregabalin,
wherein Ar is a Cg_19 aromatic group, R is a straight or branched C,4 alkyl, ester, or carboxylic
acid, R1 1s a straight or branched C,.s alkyl, aralkyl, or substituted aralkyl, R2 is H, alkyl, alkoxy,
halogen, or mercapto, R4 is H, alkyl or halogen, and the ring Z is a 5-8- membered ring

containing carbon and optionally at least one nitrogen, sulfur or oxygen.
56.  The process of claim 55, wherein the alcohol is a C,.5 alcohol.

57. The process of claim 55 or 56, wherein the alcohol is methanol, ethanol, isopropanol, t-

butanol, n-butanol or 1sobutanol.

)8.  The process of any one of claims 55 to 57, wherein the compound of formula 5 is added

to the alcohol while heating the alcohol.

59.  The process of claim 58, wherein the alcohol is heated to a temperature of about 50°C to
about 110°C.

60.  The process of any one of claims 55 to 59, wherein the compound of formula 4 is

converted to (S)-Pregabalin without isolation.

61. A process for preparing (S)-Pregabalin comprising:
(1) combining a compound of formula 3

R

Ar NH

3

with an azide nucleophile to obtain the compound of formula 5 according to any one of

Claims 1 to 4, and
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(1) converting the obtained compound of formula 5 to (S)-Pregabalin, wherein X is a

leaving group.
62.  The process of claim 61, wherein the leaving group is a halogen or a mixed anhydride.

63.  The process of claim 61 or 62, wherein the azide nucleophile is NaNj,

diphenylphosphoryl azide, trialkyl silyl azide, or trialky! tin azide.

64.  The process of any one of claims 61 to 63, wherein the compound of formula 3 is

combined with the azide nucleophile at a temperature of about 30°C to about -30°C.

65.  The process of any one of claims 61 to 64, wherein the step (i) comprises combining the

compound of formula 3 with the azide nucleophile and an organic solvent.

66.  The process of claim 65, wherein the organic solvent is selected from the group

consisting of aromatic hydrocarbons, aliphatic hydrocarbons, ethers and ketones.
67.  The process of claim 65, wherein the organic solvent is acetone or toluene.

68.  The process of any one of claims 61 to 67, wherein the converting the compound of
formula 5 to (S)-Pregabalin comprises combining the compound of the formula 5 with an alcohol

to obtain a compound of the formula 4

R

) “NH

Ar
NHCOOR,

O

4

and converting the compound of the formula 4 to the (S)-Pregabalin.

69.  The process of claim 68, wherein the compound of formula 5 is recovered prior to

combination with the alcohol.
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70.  The process of claim 69, wherein the compound of formula § is recovered by extraction.
71.  The process of any one of claims 68 to 70, wherein the alcohol is a C,_s alcohol.
72.  The process of any one of claims 68 to 71, wherein the alcohol is methanol, ethanol,

1Isopropanol, t-butanol, n-butanol or isobutanol.

73.  The process of any one of claims 68 to 72, wherein the compound of formula 5 is added

to the alcohol while heating the alcohol.

74. The process of claim 73, wherein the alcohol is heated to a temperature of about 50°C to

about 110°C.

75.  The process of any one of claims 68 to 74, wherein the compound of formula 4 is

converted to the (S)-Pregabalin without isolation.

76.  The process of any one of claims 68 to 75, wherein the converting the compound of the

formula 4 to the (S)-Pregabalin comprises combining the compound of the formula 4 with an

acid and a phenol of formula 2

and recovering the (S)-Pregabalin,
wherein R1 is a straight or branched C,. alkyl, aralkyl, or substituted aralkyl, R2 is H, alkyl,
alkoxy, halogen, or mercapto, R4 is H, alkyl or halogen, and the ring Z is a 5-8- membered ring

containing carbon and optionally at least one nitrogen, sulfur or oxygen.

77.  The process of claim 76, wherein the C,_s alkyl is methyl.
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78.  The process of claim 76 or 77, wherein the aralkyl is a Cy.;¢ aralkyl.

719.  The proccess of any one of claims 76 to 78, wherein the acid is a strong mineral acid.

80.  The process of claim 79, wherein the strong mineral acid is hydrochloric acid, sulfuric

acid, or polyphosphoric acid.

81.  The process of any one of claims 76 to 80, whercin the phenol of formula 2 is an

unsubstituted phenol.

82.  Thce process of any one of claims 76 to 81, wherein the compound of formula 4, the acid,

and the phenol are combined in the presence of an inorganic salt.

83.  The process of claim 82, wherein the inorganic salt is sodium chloride, potassium

chloride, magnesium sulfate, or sodium sulfate.

84.  The process of any one of claims 76 to 83, wherein the combination of the compound of

formula 4, the phenol, and the acid is heated to obtain a salt of (S)- pregabalin.

85.  The process of claim 84, wherein the combination is heated to a temperature of about
60°C to about 130°C.

86.  The process of claim 84, wherein the (S)-Pregabalin is recovered by a process
comprising:

1) adding an inorganic base to the combination;

1) extracting the salt of (S)-Pregabalin from the mixture with a C4_g alcohol:

111) adjusting the pH of the cxtract to about 4 to about 7 and precipitate (S)- Pregabalin;

and

1v) collecting the precipitated (S)-Pregabalin.
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87.  The process of claim 86, wherein the inorganic base in step 1) is added in an amount

sufficient to adjust the pH of the combination to about 1 to about 3.
88.  The process of claim 86 or 87, wherein the inorganic base is sodium hydroxide.

89.  The process of any one of claims 86 to 88, wherein the pH is adjusted in step iii) by
adding a further base.

90.  The process of claim 89, wherein the further base is an organic base.

91.  The process of claim 90, wherecin the organic base is tributylamine.

92.  The process of any one of claims 86 to 91, wherein the C,.g alcohol is iso-butanol.

93.  The process of any one of claims 76 to 92, wherein the (S)-Pregabalin has less than
0.15% area by HPL.C of N-benzylated pregabalin.
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