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(S)-(+)-3-(Aminomethyl)-5-methylhexanoic acid is known generically as

pregabalin. The compound is also called (S)-(+)-B-isobutyl-y-aminobutyric acid,
10 (S)-isobutyl-GABA, and CI-1008. Pregabalin is related to the endogenous

inhibitory neurotransmitter y-aminobutyric acid or GABA, which is involved in

the regulation of brain neuronal activity. Pregabalin has anti-seizure activity, as

described by Silverman et al., U.S. Patent No. 5,563,175. Other indicﬁtions for

pregabalin are also currently being pursued (see, for example, Guglietta et al.,
13 U.S. Patent No. 6,127,418; and Singh et al., U.S. Patent No. 6,001,876).

A seizure is defined as excessive unsynchronized neuronal activity that
disrupts normal brain function. It is thought that seizures can be controlled by
regulating the concentration of the GABA neurotransmitter. When the
concentration of GABA diminishes below a threshold level in the brain, seizures

20 result (Karlsson et al., Biochem. Pharmacol., 1974;23:3053); when the GABA
level rises in the brain during convulsions, the seizures terminate (Hayashi,
Physiol. (London}, 1959;145:570).

Because of the importance of GABA as a neurotransmitter, and its effect

on convulsive states and other motor dysfunctions, a variety of approaches have
25 been taken to increase the concentration of GABA in the brain. In one approach,

compounds that activate L-glutamic acid decarboxylase (GAD) have been used to

increase the concentration of GABA, as the concentrations of GAD and GABA

vary in parallel, and increased GAD concentrations result in increased GABA
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15 S-enantiomers (see U.S. Patent No. 5,563,175 for synthesis via an azide
intermediate). Another method uses potentially unstable nitro compounds,
including nitromethane, and an intermediate that is reduced to an amine in a
potentially exothermic and hazardous reaction. This synthesis also uses lithium
bis(trimethylsilylamide) in a reaction that must be carried out at -78°C

20 (Andruszkiewicz et al., Synthesis, 1989:953). More recently, the racemate has
been prepared by a “malonate” synthesis, and by a Hofmann synthesis (U.S.
Patent Nos. 5,840,956; 5,637.767; 5,629,447; and 5,616,793). The classical
method of resolving a racemate is used to obtain pregabalin according to these
methods. Classical resolution involves preparation of a salt with a chiral resolving

25 agent to separate and purify the desired S-enantiomer. This involves significant
processing, and also substantial additional cost associated with the resolving
agent. Partial recycle of the resolving agent is feasible, but requires additional
processing and cost, as well as associated waste generation. Moreover, the
undesired R-enantiomer cannot be efficiently recycled and is ultimately discarded

30 as waste. The maximum theoretical yield of pregabalin is thus 50%, since only
half of the racemate is the desired product. This reduces the effective throughput

of the process (the amount that can be made in a given reactor volume), which is a
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Asymmetric hydrogenation processes are known for some compounds.

Burk et al., in WO 99/31041 and WO 99/52852, describe asymmetric

20 hydrogenation of B-substituted and B,B-disubstituted itaconic acid derivatives to
provide enantiomerically enriched 2-substituted suceinic acid derivatives. The
itaconic substrates possess two carboxyl groups, which provide the requisite steric
and electronic configuration to direct the hydrogenation to produce an enriched
enantiomer. The disclosures teach that salt forms of the formula RR'C=C

25 (CO2Me)CH7CO>Y ™ are required to obtain hydrogenated products having at
least 95% enantiomeric excess.

According to U.S. Patent No. 4,939,288, asymmetric hydrogenation does
not work well on substrates having an isobutyl group. We have now discovered
that an isobuty! cyano carboxy acid. salt or ester substrate, of the formula

30 iPrCH=C(CN)CH)CO9R, can be selectively hydrogenated to provide an
enantiomerically enriched nitrile derivative, which can be subsequently

hydrogenated to produce substantially pure pregabalin. This selectivity is
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R-enantiomer is produced only as a small percentage of the final product.

15 The present invention offers several advantages over previous methods of
making pregabalin. For example, processing to remove the undesired
R-enantiomer and subsequent disposal of this waste is minimized. Because the
S-enantiomer is greatly enriched in the final product, the asymmetric approach is
more efficient. Furthermore, the present method does not require the use of

20 hazardous nitro compounds, costly chiral auxiliaries, or low temperatures as

required in previous methods. Moreover, unlike the classical resolution

approaches or the chiral auxiliary route, which require stoichiometric amounts of
the chiral agent, this synthesis utilizes sub-stoichiometric quantities of the chiral

agent as a catalyst. Thus, the method of the present invention has both economic

25 and environmental advantages.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “lower alkyl” or “alkyl” means a straight or

branched hydrocarbon having from 1 to 6 carbon atoms and mncludes, for example,



| east 95% enantiomeric excess. According to U S. Patent No. 4,939, 288,
asymmetri c hydrogenati on does not work well on substrates ZValulng0n

i sobut yl Q&OUP' W have now di scovered that an isobutyl cyano carboxy
acid, sal tWO0/e%r substrate, of the fornula 30 i PrCH=C( WPR . can
be sel ectively hydrogenated to provide an enantionerically enriched
nitrile derivative, which can be subseéuently hydr ogenat ed to produce
substanti al | qg@g ¥ S, ek iy Ve od Trapl 0 01/ 55090
PCT/IBOl/OOO%Eﬂg%%ﬂggrt c lé§ﬂ§g &éb??g?%%l%%@@ﬁ%%ﬁgJﬁﬁghé%%gﬁép¥f;rences
in steric comfieyyk andtbalisad i nductive effects of a nitrile noiety conpared

to a carboxy grou eed., there 1 s _no teaching in the prior_.art of the
successf ul asym’re?]rl 7 %Hﬁy%g%)g%%ag OO tl%%af/boc&ﬁ:n%og{}lb%'ﬂgt% b boxy

ol efin of thi(sgt pheeyl) mSHMARYs @EFg., BijhchM)/bNbudleldwadpised €fgs innvent i on
provi des an efficient nmethod of preparl]

(S)-3- (im‘ nomETdRA" “’-ag-"ﬁﬁtsrﬁ‘i’rﬁ%‘}?afﬁér @13:%“6113@5?”@51&%’ paphtbyL-pRtttet hod

conprises asyphepbithe)n Yl @9enals Ak B uBuyiana subsdintkd g @ efin to
produce a cyano , precursor Of@é( - 3- (am nonet %)-5- met hyl hexanoi ¢ aci d.
The method f SPRSHERNS oelecsersirom alkyh COrallad apd B-afleyl, +Chnbalegeanb3-

i nt di at . 5 : ] _ ) _' i Th
i nt er nedi a ediﬁb%%}é@i&,@\}(%??ﬂé}%@{d}l’yN(Cﬁﬁgﬁ?gﬂdnd;t Il‘g'g)%létcﬂli The

asynmetric synthes am nonet hy aci d

descri bed he(€Hpy@3x+hiksgl, HTHR),s B8O ANH akylgm(mﬂ@ncHQjmp(p#@gabal in over
t he undesired R))-S- éam’ nonet hyl ) - 5- net hyl hexanoi ¢ acid. The R-enantioner

is proMficed ofiHz)aBOa(aliahp! (SR, o6id { 6H i $RNBrabigliothereds The present

i nvention offers. several advantages over _previous methods qof naking
pregabal i n. ﬁ@cylsléig%ﬁdé”?a VG @B Eﬁ‘ﬁa kg Yrbreeienable spd €9uPed ther- enant i omer

and subsequeptesetit iv@stdn i9 bhdnf. TyMea kebstitutediabdl TrARd incBRE IR IRy, |
S-enantioner is great enriched in the final product, the asynmnetric

il
approach is 4HBFRO ’Ipp%lyér?’r‘?hl‘FBWPH@r]nﬂr@}d dimethplagiraphenibt hod does not
require the use Oofhe@rhaAHAQHSEnt wﬂﬁﬁm&@ﬁ%ﬂ?@ﬁiﬂ%‘é‘?%ﬁm@m l'iaries,

or low tenperatures as_required in previous eover, unlike the
cl assi &al r ed6ih@riagd moiety (also as defined above). Examples inciude benzyl and

2-naphthlethyl. _
The disclosures in this application of all articles and references; including
patents, are incorporated herein by reference.
The present invention provides an efficient synthesis of ($)-3-
20 (aminomethyl)-5-methylhexanoic acid (pregabalin). This synthesis is depicted in
Scheme 1, below,
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Typi cal Subshfﬂmdﬁ pﬁeﬁfaﬁh ﬂﬁ@l&ﬂﬁ&el?ﬂﬁédéqg s BRIHL-RARAYduch tide @B hoxybi phenyl,
am nophenyl . The term "arylal kyl" means an

3-chlo naphtt]Jai % and d|n$

al kyl |ety‘( Fatg f4riasupmelss é‘im%“t‘ilﬁg?qltslﬁteééldolBWth an aryl noiety (al so
as defined above). Exanples include benzyl and 2-naphthlethyl. The

di sclosures in this application of all articles and references, including
patents, are incorporated herei A8 enc®l The present invention

provi des an efficient synthesis of (3§)-3"20 (am nonethyl)-5-net hyl hexanoi c
acid (pregabalin). This synthesis i CHdep cted in Schenme 1, bel ow, Schene
I 3 X

4

where X is CO2H or CO;"Y, and Y is a cation. Compound 4 can exist as the

individual E or Z geometric isomer, or a mixture thereof. Salts can be formed by

15 reacting the free acid (X is COoH) with a strong base such as a metal hydroxide,

e.g., KOH, Altemafively, the salt may be formed with, for example, a counterion
WH+ such as that derived from an amine (W) or a phosphine (W). Primary Cj.19
alkylamines and cycloalkylamines are preferred, in particular, tert-butylamine.
Tertiary amines such as triethylamine may also be used. Again, subsequent

20 reduction of the pitrile 2 by standard methods, followed by acidification of the
carboxylate salt, affords pregabalin.

In the general synthesis of pregabalin according to Scheme 1, the cyano
olefin compound 1a or 1b undergoes ester hydrolysis and asymmetric
hydrogenation to form the desired enantiomer of a 3-cyano-5-methylhexanoic acid

25 or the corresponding carboxylate salt 2. The olefin substrate can be the
individual E or Z geometric isomer, or a mixture thereof. Subsequent reduction of

the nitrile 2, followed by acidification of the carboxylate salt, affords pregabalin.



1. Sponge H3C N (cat.) H CH3 ~COz-Y 2 2. HOAc H3C N12 CH3 ' CO2H
Pregabalin I b 27 July 2004 WO 01/55090 PCTI|BOL/ 00024 -6- Whetw?@4R1 is

I ower al ky, arylalkyl or allyl; and Y is a cation, :%g erably
H+, the Sa+'90§ %%1“ primary or secondary am ne, an al kali né& ear?lwos\rgé‘t al, such

as tent-butyl ammonium or an al kal i tal such as sodium As |Ilustrat ed
in Schenme 1, a netal salt 2 (where Y i$ potassium for 5 exanple) of a
cyano al kanoi ¢ anukyﬁmeuhehﬁhgamamedsfepme&ﬂoﬁnmm exffFe  ester la or

| b by sequent as ena nd ester drolysis to the free
acid or salt?® l“ﬁ‘ﬂﬁ% %erfai&h%’&'ﬁgﬁmcﬂo g AR 4R DBPB‘%}I)Sr‘B'utl ne
hydr ogenat i ogs, snyhPH@sq@wd, ¥sthme&lly @faiRbeRim séah CRURHaRYnaci di fication of

t he carboxyl ate salt affords pregabalin. Alternatively, these steps can

be reversed, (NubikenaYay; Newhgyrarb Qi%swwgh@yirﬁm@tqchmwpb@énatlon is the
acid ors al { 48R CCHURHR e Wl ot SR BN EPRy B 1 2 catlon

Conpound 4 can exist as I ndi Vi ricisoner, or a
m xture ther &b 55839 anéﬁ.lﬁh%f?()r'ﬂ'edigbgdmﬁferﬂﬂﬁchasml@pfnhnulﬁree acid (X is
CO2H) with a strong base such as a nmetal hydroxide, e.g., KOH

Alternatively, the salt be formed with, for exanple, a counterion
T - T
“RR RR™

chiral-DuPHOS chiral-DuPHOS

wherein R is lower alkyl. Preferred alkyl groups for R are n-alkyl groups, such as,
for example, methyl, ethyl, propyl, butyl, pentyl or hexyl. More preferred alkyl

10 groups for R are methyl or ethyl. Other catalysts that can be used include rhodium
complexes of chiral-BPE and chiral-DIPAMP which have the formulas

chiral-BPE chiral-DIPAMP

Such catalysts generally are complexed with 1,5-cyclooctadiene (COD). These
agents are fully described by Burk et al. in J. Am. Chem. Soc., 1995;117:9375.

15 The asymmetric hydrogenation reaction is carried out under a hydrogen
atmosphere and preferably in a protic solvent such as methanol, ethanol,
isopropanol, or a mixture of such alcohols with water.

The cyano hexenoate starting materials (e.g., La) are readily available



WH+ such as that derived froman amne (W or a phosphine (W. Primary
Cl-10 al kyl ami nes and cycl oal kyl ami nes are preferred, in parkilec2004r
tert-butylgm Tertiary am nes such as triethylam ne e used.
Agai n. sub‘? gﬁrgsrqgo 20 reduction of the nitrile 2 by stand%@é{? 8@3,

foll owed by acidification of the carbgxylate salt, affords pregabalin. In
t he general synthesis of pregabalin acCording to Schene 1, the cyano

ol ef i n conpo@¥amdmotoet 410 Bl A0S, Fa. LI985F8599 7 STiey RMebesnipared i C

hydr ogenation to..for gheg sjred enantioner of a 3-cyano-5- nethyl hexanoic
acid 25 or t REOING 0S5BRS g’e@&hboxyl ate salt 2. The olefin substrate can
be the individual E or Z geonetric isoner, or a mxture thereof. Subsequent
reduction of the nitrile 2, followed by acidification of the carboxylate
salt, affords pregabalin. 27 July 266%%&% 01/ 55090 PCTI | BO1/ 00024 -7- The
asymmetric hydrogenation step is perfornmed in the presence of a chiral
catal yst, preferably a rhodi um conplex of an (R R)-DggHOS or (S, S)- DuPHOS
| i gand, comrer éial | y avai |l abl egkr om Street Chemccal s,| Inc,. (7 Milliken Wy,
Newbur yport Mé}i—%l@@%%) Chi r obabeh Techrrol GMvited (Canbridge
Sci ence ParKk, hbridge, Geat Britain (Ste U S. /Patefjt Nos. 5,532,395
and 5,171, 8923'13CThe l'i gand pceherably has the fiydrul a ¢ipi,r al - DUPHOS

chiral - DUuPHOS wherein Ris |lower alkyl. Preferred al kyl éroups for R are
n-al kyl groups, such as, for exanple, nmethyl, ethyl, propyl, butyl, pentyl
or hexyl. Mre preferred al kyIOR%) groups for met hyl or ethyl. O her

R a
catal ysts that B@yCGe uzleg i nchude rhoﬁ'@%0¥&mhg§WNal - BPE and
3

chi ral - DI PAMP whigh hav Cais ﬂ;ﬁ,g @egy OB chi fal - BPE chiral - DI PAMP

CH 1

: 3 CO,R

CH3COCI; base CH; CH, CO@80psi) : 2
a

5 wherein Rl is as defined above in Scheme 1 and R2 is COCH3 or COxalkyl,

In the synthesis of a compound 1a according to Scheme 2, amine catalyzed
addition of acrylonitrile (i.e., the Baylis-Hillman reaction) to 2-methylpropanal
affords the cyano allylic alcohol. Typical amines used to catalyze the
condensation include agents such as 1,4-diazabicyclo[2.2,2]octane (Dabco). The

10 cyano allylic alcohol is subsequently converted to either an alkyl carbonate (e.g.,
by reaction with an alkyl halo formate such as ethyl chloro formate) or the
respective acetate (by reaction with acetic anhvdride or acety! chloride). The
resulting 2-(2-methylpropy!)prop-2-enenitrile is then subjected to palladium-
catalyzed carbonylation to produce ethyl 3-cyano-5-methylthex-3-enoate 1a (e.g.,

15 where R! is methyl or ethy).

In one embodiment of the invention illustrated in Scheme 3 below,
-asymmetric hydrogenation is first carried out on 1a (where R1 is ethyl for
example) to form the (S)-3-cyano-5-ethylhexanoic acid ester 3. Use of chiral (8,5)
hydrogenation catalysts from the bisphospholane series, for example [(S,S)-Me-

20 DuPHOS]RE(COD)*BF 4~ on the ester substrates (e.g, Rlis alkyl) provides
products enriched in the desired S-enantiomer. The ester 3 is subsequently

hydrolyzed to the acid or salt 2. Scheme 3 below shows this synthetic route,



:Such catal ysts generally are conplexed with 1,5-cyc|ooctadg§}%§éé%P. These
ragents are fully described by Burk et al. in J. Am Chem o 5;
117:9375. 15 The asymmetric hydrogenation reaction is carried out under a
hydrogen awWeoHph®0e and preferably in a protic solvent such BSIIBEStAERO! ,

et hanol, isopropanol, or a mxture of such alcohols with water. The cyano
hexenoate starting materials (e.g., la) @&-e readily available 27 July 2004

1085, 5. 3307)  WRRE LA oL gl or SekaRer iy FisiSine 2 AR AR R here 2
CHO + Et 02CC D IBC CH2 H3C L,CN. CHR0001 ;
base OB GO %fwg@(%%%ﬁémﬁ%n %?z‘%ﬁ“ﬁéﬁe? -3-" CopRL

la 5 wherein .S 2 j . | . lna isCOCEH3 or

Cal kyl . 1 n%%%gsynf %gjsqeg&g)f’@%gégtﬂ gﬁsﬁ%??gggél%&g?%y%o%ﬁé%e 2, am ne
catal yzed addpfocesesyrovide fbrasubkteatt €orvierston of 418e8a9094Sakd édaf@pmegACt i on) to
2- methyl propanal , affords the cyano allylic alcohol. Typical am nes used

to catal yze t W& tBREBHES) S0Pt {nve Tagdisr snrchopengof the product can be
I, 4-di azabi cvcdipfcreddy2eRetid0fen/sBLba Willfa chiral resolving agent, as described

below.
Scheme 3
H.C : . H,C
3 N asymmetric 3 ANCN
hydrogenation :
CH3  ™Sco,Et CHy  “co,E
(8)-
1a 3
HyC CN
hydrolysis \l/\/
i\
CHy CO,Y
2
10 A preferred embodiment of the invention is illustrated in Scheme 4. where

the ester 1a is first hydrolyzed to the salt of the 3-hexenoic acid 4, (e.g.,4a as
shown in Scheme 4 where Y is sodium or potassium). The cyano hexanoic acid
salt 4a is then hydrogenated to the salt 2. The cyano hexanoic acid salt 4a may be
isolated, or may be prepared in situ prior to hydrogenation. Scheme 4 below

15 depicts this preferred embodiment, wherein Y is as defined above for Scheme 1. A
distinctive feature of the hydrogenation of the salt 4a is that the desired
S-enantiomer 2 is obtained by use of a chiral (R,R) catalyst from the

bisphospholane series, for example [(R,R)-Me-DuPHOS]Rh(COD)*BF4-. This

Tepresents an unexpected switch in absolute stereochemistry when compared to

20 hydrogenation of the ester substrate 1a (Scheme 3). In addition, the



10 cyan allylic alcohol is subsequently converted to either an al kyl
carbonate (e.g., by reaction with an alkyl halo formate sW@dHWugs2Gdhyl
chloro fornate) or the respective acetate (by reaction wth aceB{c
anhydri de BP%e¥| chioride). The resulting PCT/IB01/60024

2- (2-met hyl propyl ) prop-2-enenitrile is then subjected to palladium
catal yzed carbonyl ation to produce erﬂ§1 3-cyano- 5- net hyl hex- 3-enoate la

(e.g9., 15 wWaehtesBectiviry AEHiIENEH iRthe BldbshonatidlofAREsAAHAQS il highdr, t he i nventi on
illustrated in Schene bel gw, asymmetric hydrogenation is first carried

out on la (WHBFER g8 abpwi 5% ws- The £higA ficaies ¥ @penmobeppear to be |
(S)-3- Cyano'éﬂi@ﬁlhﬁh&%ﬁxﬁgﬂaﬁle%ﬁéﬂio%&cﬁﬁti@s arp%ﬁsep\fed%}hrrﬂét 1§i§cz§;ong'ydr ogenation
catal ysts fromthe bi sphosphol ane series, for exanple f S, S)-Me- 20
DUPHOS] Rh( CQe)g+ BF4 and fwsh-inbiallie Shdins $lf sleFraius atnnoBium)RWithsutddeligl ) provi des
products enrichﬁgyin th@ desired S—enantioqgr. The ester 3 is subsequently
hydrol yzed t¥UpfBY thepry> thr canfpasting preperiss,of subskeatesyd aand\ie may deri¥g nt het i ¢
route, 27 Jufrdm Bthe\Me@dtiond B8V ee hihbd B OQR 24 eadhsubdhateainB the 1S as defi ned
above for Scheme 1. By switching to the catalyst [(RR)- M-DuPHOS] Rh( COD) +
BF4- , the Hhedivgearies iomhenatdist tvhich i i oy mﬁ/qqnqemmlsﬂme direction and _
cyano- 5- net r%&&@)éﬁ%giapselegﬁ%'t\gdlﬁfng%kdr%?én%{ion IRl ?1@4‘141#%11&3}8@% hydr ogenati on
or su ohve at Teas

processes provide strate st on of o and

enant i oner i dy§rogematioh nbthe efter. la, the ofarRGUbtitneRG9ay Farticipate indiindicgient of t he

d . £ Ve.. | Lizati i t hi r al
ool 4P g’ aqhe it et aSabio i R8I ARl bR T C ™
\/ CNT  hydr ok Hadtih omidEHEndBN2H thEHBbEORIE grouy S)likelyao Be Mydhhattysi s H3C CN

Scheme 4
HyC CN H3C N CN
\’/N\( hydrolysis Y\[
———
CH3  ™Scoume CH3  ™co,y
1a 4a
H,C
asymmetric o . CN
hydrogenation :
— N
CH3 Sco,v
2

As a further embodiment, the invention provides novel compounds of the
15 formula 4

H,C




CH3 2 10 A preferred enbodi nent of the invention is illustrated in Schene
4, Wnere the ester lais first hydrolyzed to the salt.of t2YeluB-2¥Menoic
acid 4, 4a as shown in Schene 4 where Y is sodiumor ssium .
The cyano W&??ﬁ(ﬁ%’?‘b acid salt 4a is then hydrogenated to Pt‘#é'BE’é?” 242 The
cyano hexanoic acid salt 4a may be aﬁlated or may be prepared in situ
prior to hydrogenation. Schene 4 bel ow'15 depicts this preferred

nmbodi t, . t t
fGea?ulrremgf t he i@gﬁg;éé’@z{t&%@ﬁ" %Edj‘vﬁet??%zé%tg§%gﬁ§gé?#d E@gggrzdu nctive
S- enant i onmerSghems lo'pﬁe@é &ﬂﬁbo‘ﬂﬂds‘h@@u&iﬁﬂ@u&'&h{eﬂn thé %n@esﬁ@? ¥sHalihr OM t he

bi sphosphol ane series, for exanple ) +BF4-. This
represents an und® wréwqd@moa%s@ﬁ @@verﬁt@rté@én@mm@balw when conpar ed

to 20 hydr oggp&ict dition, the
27 July 00ROk iy B8 s By B SAh Ak RaldRRORIT ooyl o y achi eved

in the Dhydro@éh%’(tenhﬂm@iemh@n@ald the glesired faistmeérn Ghes high leypisofthey at | east
about 95% e. @, Y,does n e .critical,

si nce corrpar(gt))legg@rolg%ﬁg {& at%?%/quf’lces bsfcénovﬁgé}’ gs%[feﬁaﬁﬁ?naﬁ"fiﬂ? cations
(e.g., K}) dhdandabicaetablt (&S .datdnd 5.84¢,856 1U.S.tFateht a3 % T67arsuablem) . W t hout
being 5 bound, b the contr stin .p rties of substrates |a and 4a
may derive S\ovgﬁﬁ %‘f%&?‘#&‘“ﬁ‘fc&?‘a@f ﬁ?oﬁgﬂﬁé‘gg%?WPEn‘gFteb?r(ﬁ?ps of each
substrat e ankcdhbie. gr Maﬂ@l\, eiog fanél tsoploBarihtaal ﬂfethke)’\éy Adlixhie bEIr N mMay

|nflug ce both th I rec |on and degree of facial selectivity during

hydr ogénat i off ‘Effan ]61’ 1A genemplsexcpsy mamdelicrpgidris yed dt isptsogrotaditbatest er 1 a,

the cyano Sl&ﬁé‘ﬁibﬁ&zﬁiﬁcaﬂ%}fu@@ﬁﬁ'c&h@ﬁﬁﬁ‘orﬂw@xt}p&ﬁ%epgma0 10 the catalyst. This
effect appears to be entirely overridden in hydrogenation of the salt 4a.

in whi ch binding Pﬁvntaﬁéflba?ﬁmkﬁlmaloétaWlelsveIS|(l&é%yc)ftbe be dom nant. Scheme
4 H3CCN H3(ﬁ) %ﬂoﬁﬁgﬂj £l %Sénﬁcﬁed t%&@%a%%he (S)-enantlomer%%-' snnple

recrystallization from, for example, water/isopropyl alcohol. Pregabalin

15 containing higher levels (up to 3.5%) of the (R)-enantiomer), can also be enriched
by simple recrystallization from, for example, water/isopropyl alcohol, although
successive recrystallizations are usually required to reach >99.9% of t.hé
(S)-enantiomer. “Substantially pure™ pregabalin, as used herein, means at least
about 95% (by weight) S-enantiomer, and no more than about 5% R-enantiomer.

20 The following detailed examples further illustrate particular embodiments
of the invention. These examples are not intended to limit the scope of the
invention and should not be so construed. The starting materials and various
intermediates may be obtained from commercial sources, prepared from
commercially available compounds, or prepared using well-known synthetic

25 methods well-known to those skilled in the art of organic chemistry.

Preparations of Starting Materials

3-Hydroxy-4-methyl-2-methylene pentanenitrile
OH

YH_‘/CN

A 250 mlL, three-necked, round-bottom flask with overhead stirring is




| a 4a asymmetric hydrogenation H3C,,-,,-,,,/CNCH3 Q02-Y 2 As a further
enbodi nent, the invention provides novel conpounds of the Z2/5uly2Gdl a 4
H3CIm-CN 4_27 July 2004 WO 01/55090 PCTI|1B01100024 -11- wherein X is CO2H
or C02-Y, Wé’r?&’s?%%re Y is a cation as described above in PEAREHI0H These
compounds are useful substrates in the synthesis of pregabalin. In another
preferred enbodi nent of the invention!2the final pregabalin product may be

sel ectivel y uagesiblo jeed sty o) simRdebig Aeidhyiegioyi do Stil ! S

further enhanced enrichnent of the desired S hi gh | evel s of
t he (R)-enan{®iiGmeel) oflipt-diszabicycloid?.2pogme, SAmIb@.G6enelyell by cl-assi cal

resol ution vj - | ' Lt (U.S. Pate 840, 956; U. S.

Pat ent 5. 6371.5&#&@3{1@2?@ t@%ﬁéﬁt"igﬁﬂé‘r”glgﬁ%ﬁ“@?ﬁ @%mtpgco ystal lizations
i ncl ude, f orweraibt eactivatnExktues is atrredsdt SOYOTor @4 hours, covlet &as°C, atdhanol , and

| sopropanol , an he |ike) or 1 xture of .10 er and an_al cohol. In
general’, exc “g’gaﬁaﬁg‘éﬁféu‘}%qfégi@ @s@&@ﬁf’ﬂ@%cﬁﬁgﬁggﬂgﬁi cEﬁndel i C

aci d can be waed Thiproisdistxira@ed With N2GRDIOFaTettAfng chiftide Thabdnesly

pregabal i n conf ai ni_nq( |l ow, I eyels (<l 9% of the (R)-enantioier, can be

enriched to ayRpipTtpped pasin With4d mbrrfmetiyleneshlogde. (The combiard i zati on from
for exanpl e, mu@yiehd iLsaie PRXls o8 £RBGlrateBHs 9GRS eivﬁboll-éio‘ﬁ‘?@fn%ivﬁ‘ie@g. | gher
a enri che

| evels (up to 3650/% of the (R)-enantionei), can also be by sinple
recrystal | i Z&6i7¢w of $-hydroxy-drmeshodFpnethylorapentaienpleapy yelkdve oih 6ihickal t hough
succesgi ve rgef Wi td Zaksk o | . 9% of the
(S)-enanti ome%. " ﬁtst anftu:tegglaﬁg/oggﬁaﬁ%?éeéggﬁéﬁgﬁwdggm%g‘éﬁgﬁ@r}%}gﬁe nmeans at

| east assay, which may be used in the next step without further purification.

Carbonic acid 2-cyano-1-isopropyl-allyl ester ethyl ester

OCO,Et
CN

A nitrogen-purged 5 L, three-necked, round-bottom flask with overhead

15 stirring is charged with 150 g (1.2 mol) of 3-hydroxy-4-methyl-
2-methylenepentanenitrile, 1.0 L of methylene chloride, and 170 mL (2.1 mol) of
pyridine. The solution is cooled at 10°C to 15°C in an ice bath. Usinga 1 L
graduated addition funnel, a mixture of 0.5 L. of methylene chloride and 200 mL
(2.1 mol) of ethyl chloroformate is added slowly while maintaining the reaction

20 temperature at 20°C +5°C. The reaction is stirred at 22°C +3°C for about two
additional hours. The reaction solution is poured into a 6 L separatory funnel
containing 200 mL (2.3 mol) of hydrochloric acid énd 1.25 L of water. The lower
organic layer is washed again with a solution of 60 mL (0.7 mol) of HCl and 0.5 L
of water. The organic layer is dried over anhydrous magnesium sulfate (30 g),

25 filtered, and concentrated by rotary evaporation to provide 226 g of carbonic acid
2-cyano-1-isopropyl-allyl ester ethyl ester as a vellow oil which may be used in

the next step without further purification.



about 95% (by weight) S-enantionmer, and no nore than about 5% R-enanti oner.
20 The foll ow ng detailed exanples further illustrate part i ZFuludgr 2004

enbodi mentﬁ, fssdbfte invention. These exanples are not int 14 1Mt the
scope of the Thvention and should not be so construed. e starting
materials and various internediates gmy be obtained from comerci al
sources, prepared from commercially avail abl e conpounds. or prepared using
wel | - known sAuztihetii e-cRinabisoprehpyirndi estaxrqusing acenlioblerid)i | | ed in the art of
organi c chem stry. Preparations of Ségrtl ng Materials 3-Hydroxy

- 4- et hyl - 2- et hyl ene pent anenltrll ‘EJ—l CN A 250 nL, three-necked,
round- bottom fl ask with overhead LngCiNs 27 July 2004 WO 01/ 55090
PCT/ 1 BOL100024 -12- charged with 0. 6 g]f(1.6 mmol) of

37 ¢

2,6-di-tert-butyl -4-net hyl phenol (0.33 nol) of

| , 4-di azabi cvcl 0[ 2, 2. 2) oct ane_ . m. (0.66 nol) of |sobut ral dehyde, 52
m (0. 79 mol ) of ﬁa%lng)gfiﬁ'mlwqdﬁeL thrﬁ@rnvckzd Foundeposfomaiask with oxerhead. The

reaction m ﬁlHﬁ% H &ééeurvﬁ%%(%%gm ﬁ)‘»ld.rP)%Hﬁ?‘n ﬁ%m ed to 250 and 5

guenched into sol ution of rochloric acid and 100
nL of Swat er2-m¢ﬂ1élcmp@ctammmb @i&tlrdcn%ht'lwetcmomﬂaand%fnln(étdm;l) e‘.he chl ori de.

The aqueous Wgﬂﬁh}g 'f't@égfuubﬁ {secé{)leégtt ﬁ)d a4 ?§ e 1¥1M ﬂ:e a%lf QSI{}% ﬁ yl ene

chl ori de. conbi ne ene ch oride rayers ated by
rotary evapa@raduped acticbtzcmiuumai,ea mikn8e gf 10096L Fhethflene ch]ondc and 43 mL

3- hydr oxy- 4-get h tr| e as a.yellow pil (which 10 may
solidify tof H% (}q etzace fgl)(dﬁ {)aéﬁa‘?ﬂ&‘f’y%eﬂﬁl?tﬁﬁ“ﬁé Faf%he curve) by
HPLC assay, temﬁﬁrﬁhrefmﬁ"b:e_tﬂﬂﬁe'ﬂhd ﬁaadnbﬁ 15f‘5%3<rEd gtepcwWath eitabbiibhder
purifi 8at ion. Carbonic_acid 2-cyano-1 so(gr opyl-allyl ester ethyl ester

£

oserly 3Adifippal Seen Thscasign solution i peerehingcei L sepaianisrachm f | ask wi t h
g\é g" T?agd o 1(53&5? m;% SSQm]'_, 81.6 HRDHR tydtbiloricalidhnk Y56 nIP Pwlr. PrdWaELXY-4- i de,
organic layer is washed again with a solution of 20 mL (0.2 mol) of HCI and
250 mL of water. The organic layer is dried over anhydrous magnesium sulfate
(20 g), filtered, and concentrated by rotary evaporation to provide 66 g of acetic
15 acid 2-cyano-1-isopropyl-allyl ester as a yellow oil which may be used in the next

step without further purification.

Acetic acid 2-cyano-1-isopropyl-allyl ester (using acetic anhydride)
To a 500 mL, four-necked, round-bottom flask equipped with an overhead

stirrer, a temperature probe, a reflux condenser, and a nitrogen inlet is charged
20 acetic anhydride (40 mL, 0.45 mo}). This solution is heated to 50°C, and a

solution of 3-hydroxy-4-methyl-2-methylenepentanenitrile (50 g, 0.40 mol) and

4-(dimethylamino)pyridine (1.5 g) in tetrahydrofuran (25 mL) is added over

35 minutes. A temperature of 50°C to 63°C is maintained without external

heating. After the addition is complete, the reaction mixture is heated at 60°C for
25 75 minutes. The solution is cooled to 30°C, and the cooled reaction mixture is

diluted with 30 mL of tert-butyimethyl ether (MTBE) and 25 mL of water. This

mixture is cooled to 10°C, and a solution of 50% aqueous sodiuﬁ hydroxide

(37 g, 0.46 mol) diluted with 45 mL of water is added with cooling, such that the

temperature is maintained at about 15°C. For the final pH adjustment, 50%



pyridine- The solution is cooled at 10C to 15Cin an ice bath. Using a 1 L
graduated addition funnel, a mixt is added slowy while med7duli#04g t he
reaction 20 tenperature at 20C 5C. The reaction is stirred at 22C 3C for
about tvvoWQGHf%?“onal hours. The reaction solution is poliddBye®4a 6 L
separatory funnel containing 200 nL (2.% nol) of hydrochloric acid and
1.25 L of water. The | ower organic Iay'lr'is washed again with a solution

of 60 mﬁ é 0.7 @iebu@odiuﬂﬂydﬁmﬁe@-fg tO.lz)xﬁloMI@dz]tcalﬂTd dﬂ@pwﬁegaﬂfmalbﬁyé'ﬁ.ﬁi.s gribed
over anhydrous magnesi um sul fate (30 2 i ed, and concentrated by
rotary evapor affieraddggdOags gbwatornang 181%2’ &%F”Etﬂfil\é&ﬁ%i ‘ge re?‘-’tapalﬂ‘gﬁmlls ‘
-1 sopropyl -al | yfasEPhilseSirit¥d, T88 Lffer Bfzaftic)Rddubitagtrks WhareRd BRY whsedised in

the next step Wthout further purification. W 01/55090 -13- Acetic acid
2- cyano- | - i sopwithyb mil pfirinesiried opershaggesien sylfate Hhé pongentratysdn YxuedPy 2004

PCTI | BO1/{00024 i 5, k4] er. sallbpiipdabopdiom fl ask with
over head 5Ost i rP{%ﬁgmeﬁgg%ﬁg?gzggﬁg?ﬁa%%2 E%%%ﬂﬁ@égﬁoafug 3- hydr 01>5<y- 4-methyl 5
2- et hyl enepenyelanéit.rile, 0.4 L of nethylene chloride, and 80 nL (1 rnol)
of pyridine. The solution is cooled at 10Cto 15C in an ice bath. Using a

500 ML gradua ddif i el ! J xture of 100 nL of nethyl ene
chl ori de and 4?@{9%?%?&69%'5?#%? %"8’2‘%‘@% chloride is added slowy while

mai ntai ning the reaction tenperature 5C. The reaction is stirred at
22C 3C for about one 10 additional hpur.>[The reaction solution is poured
into a 4 L separatory funnel containingl85 nL (1.0 nol) of hydrochloric
acid and 750 nL of water. The |ower organi¢d.ger is washed again with a

solution of 20 nmL (0.2 nol) of HCl and 250 rr1_,2 of water. The organic |ayer
is dried over anhydadiigh pregieseddror suithforedead( @i is cliargddewidd;.0 gnd

concentrated by rotar v ration tq prqyide of acetic. 15 acid

2- cyano- Fél sop%@p@‘lﬂpﬁ)ﬁgﬂ’%'ﬁ a‘iféateagyeﬁ %%%‘P%‘?\Rﬁ?@ﬁeﬂ}@%@% in the
next step wi thogg (6.92 kBB hf fidlchide @8 bBininpeeiboficacidd-cyano-1-isopropyl-
2-cyano-1-isopropyl-allyl ester (usjing acetic anhydride). To 500 ni,
four - necked, r 6&)4&5&96%‘?3&?"?1’&%4(5%% ﬁg‘étémwl-t%}%ﬂﬁ‘ TBYROKiglg agintroduced at

280 to 300 psi, and the mixture is heated at 50°C overnight with stirring, The red-
brown solution is filtered through celite to remove solids. The filtrate is

15 concentrated by rotary evaporation to provide 165 g of crude yellow oily product,
ethyl-3-cyano-5-methyl hex-3-enoate, which assays 84% (area) by gas
chromatography (GC) as a mixture of the E and Z geometric isomers. The crude
product may be used without further purification, or alternatively. is purified by
vacuum distillation (0.6-1.0 mm Hg at 60°C-70°C) to give a colozless oil which

20 assays =95% (area) by GC.

Ethyl 3-cyano-5-methyl hex-3-enoate (using KBr)
A high pressure reactor with overhead stirring is charged with palladium
acetate (0.52 g, 2.3 mmol), triphenylphosphine (0.65 g, 2.3 mmol), potassium

bromide (5.5 g, 4.8 mmol), a crude oil containing carbonic acid 2-cyano-

[ )
L¥,]

1-isopropyl-allyl ester ethyl ester (240 g, 1.2 mole), triethylamine (2.2 g,

22 mmol), ethanol 2B (45 mL), and acetonitrile (200 mL). Carbon monoxide is
introduced at 50 psi, and the mixture is heated at 50°C overnight with stirring. The
pressure of the reactor is released to 10 to 15 psi after about 1. 3, and 6 hours and

is refilled with carbon monoxide to 50 psi. The reaction mixture is filtered through



stirrer, a tenperature probe, a reflux condenser, and a nitrogen inlet is
charged 20 acetic anhydride (40 mL, 0.45 nol). This sol uti &7 0 X®4ted to
50C, and a_solution of 3-hydroxy-4-nethyl-2- nmethylenepentanenitrile (50
g, 0.40 moWP YN 4. (di net hyl anino)pyridin e (1.5 g) in REEBAHIMof ur an
(25 nL) is added over 35 mnutes. A tepperature of 50C to 63C i s maintained
W t hout external heating. After the astlition is conplete, the reaction
mxture i s hegkge @Irno69581iher’me¥#rraléxsr6bﬁe&§§ted fﬁhﬁmﬁﬂa‘nﬁ%@@ﬂi@f cooled to 30C,
and the cooled reaction mxture is diluted with mL of tert- butyl methyl
et her (MTBE) hg¥age sspdded. dhe yasuléipg ks lswmt:djmwwbé@ﬂ wl of wak@@ndand a

sol ution of r 7 luted with 45
mL of water ?%ﬁag%gﬁgﬁoﬁgg%% lkrllytg pggl}’é%elﬁ(%tdgﬂldg @gl 1) C)r(a)nf) ijrlgel gldmal nt ai ned
at about 15CheF3drenodiead anmall Th]lsicaxdp pﬂidmnspurﬁréﬂ’dayﬁﬁctﬂdmlaydxaﬂﬂﬁonm 01155090

PCTI 1 BQ11000 A 0, odi um hydroxide 9.8 g (0.12 nol) is added

dr opwi g% i{)?%# ﬁﬁg‘%ﬁ'gﬁgf After adding 10 nL of water and 10 to 15 ni
of MIBE, the reaction mxture is phased and separated. The upper organic
product | avelEthys 3spped-sintethydhiek-pB6a6 (usidgtVe 3 L of brine, dried over
magnesi um sul fate, .and concentrated in vacua to 5 prow de 63.7 g (95% of

acetic acid 2- cyaf’gn“(}'u L PIESSBRS TEASYAN Wty oy prhgadk siipringdis ghasgadevith @f Bow oi | . Et hyl 3-
cyano- 5- net hxd)sh@m)%feﬂqaabenﬁmen@se%%na@&umaﬁ (@) 6531459 rﬁf?@i%f)r wi th

over head stlrrlngls charged with 3. g amél | adi um :
acetate, 7.0 TPHEDEPIpspRBS %5&(5 Ocmmsaéﬁmdw@ ToRtidee 4.5 (zm@nglxcd 92 ol ) of
The or udle o kksmRic 62523 60,3 N0 ORYhomAl | V! ester

et hyl ester, 1% gg y'llﬂ%f et hgn(g? Mo%%ﬁla‘%)f{mnoi%gﬁgg 1| %ﬂr%pc}ﬁced at 280 to
300 psi, and ali¥iestas, a1t th ofethansd Ca%tb@()@rmmdcmlgtumdmdiwﬁtm 66 psig. The red-
brown sol uti ] 6“9;“5 te 1o renove.sol i he .filtrate is
15 concent ratgl@deijﬂ]E?{ drall{qu Eéj‘l}ae@gllé)gr at |Og%{ ’f‘our W@(‘/F‘btgn%g@egmo %@8 Yellow oily
product, et fijiered tugphaehtc netemplve budids rherfitadtes codenbiatad baytar4% (area) by
gas dechr Omat QU 3Ry (BPkodtEnarll] KhcHoR nkrute 1S affud ik 1 AP o eyl SOTET S+ The

15 tert-butyl ether and washed with water. The solvent is removed on a rotary

evaporator to provide 7.7 g of crude yellow aily product, ethyl-3-cyano-5-methyl
hex-3-enoate (85 area percent on GC assay). The crude product may be used
without further purification, or alternatively, may be purified by vacuum
distillation (0.6-1.0 mm Hg at 60°C-70°C).

20 EXAMPLE 1
Synthesis of 3-cyano-5-methylhex-3-enoic acid salts
A. tert-Butylammonium salt of 3-cyano-5-methylhex-3-enoic acid
CN 1) LiOH H,0 THF

AN ' CN
\[}J\K i \r\i
- -
COEt 3) Bu'NH,/EtOAc

-t t
CO,*H;NBu




product may be used without further purification, or alternatively, is
purified by vacuumdistillation (0.6-1.0 mm Hg at 60C- 70C)27tJulyg a
colorless oil which 20 assays > 95% (area) by GC. Ethyl 3-cyano-5-nethyl
hex- 3- enoaV® %5&8Phg KBr) A high pressure reactor wth ove??%é&”‘éﬂf’?“rri ng is
charged with palladium acetate (0.52 % 2.3 mmol ), triphenyl phosphi ne
(0.65 g, 2.3 mmol ), potassium brom dd (5.5 g, 4.8 mol), a crude oil
cont ai ni ng carb@RKe aci - = - 3 | ester
(240 g, 1.2 mole), _triethylamne (2.2 g, mol ) etﬁanol (45 n), and
acetonitrile (200 hejpno-Candsinihexehendatte | 812t r od@ at S00psi, and the

m xture i s heat; 50C overnight with stigping. e pressure of the
reactor is refﬁe@g{eﬁﬁ?o 10 to 15 psi after 4!\% ut 11;§g and %%hours and is
refilled with Taahpnofmnoxi de to 50 psi. The reackd m xture is filtered

t hrough 27 July 2004 WD 01155090 PCT/I1B01/00024 -15- celite to renove
solids. The fiV@€Ate is concentrated in vacuo and28®l nL of hexane is
added. The re i 1 is washed twice with 500 mi. of water, and

t he hexane is%%d&g)é{qxr%(y 2?&0 to provide 147 §°6F%fdde et hyl

3- cyano- 5- net HEthyl Anesate3- enoate as an oil. This ewsuemipdoduct is purified by
fractional dist]l ion 5 (0.7 mm Hg at 6QC: 70C). hvl 3- cyano- 5- net hyl
hear - 3- enoat est%'llﬂglhﬁéa&ﬁ%r) A hi gh pressurgﬁ act O?E%vﬂth ovlé?head stirring
is charged with 0.5 g (0.5 mmol) of tris(dibenzZyrideneacetroneydi pal |l adi um

0), 0.5 2.0 | i_phenyipho in 5 5.0 mmo of sodi um
E)I’an’i de, ?1 (5 L %%{g@rﬂoﬂ§ oe&y%ﬁx' F?ngotgklgﬁ\?‘fng’g@%‘?%gﬁq@efs)81.“;3)5 g (50.0
mol ) of acéithiwmegidtbxRiedydmte-dre suspaiedpyd mixtlrd vt te@Sly@fofurdighdl 00 nL of

et hanol . Car ngxide is intraduced at 40 to 50 psi, and the mxture is
heated at 50‘23%0???3 OB SEFF‘??"F Ao RErOBRIRAPESI 1Bh is filtered

through cel inixntroisrexica (o 2dSN HihPardd dxbh @t BinloetG92GRALE {3 ed by rotary
evapor ati on.lé;gpl%b)c,? centrated reaction mxture is ‘dilut ed with 150 L of
“bu

met hyl ° 15 t comtbinse opgraiciaxsreate diied(MgHQa.. and e sobemdnt i s renpved
on a rotar r.to provigde 7.7 f.cryde yel |l ow oil roduct,
et hyl - 3- cyér{%@é?ér?g{l ﬁéﬁ%o to gwg ekt g—cyano-s-%et%ylhex-g-eno% acid. The crude P

acid is dissolved in ethyl acetate (400 mL), and a solution of tert-butylamine in

ethyl acetate (20 mL) is added. The temperature of the solution rises

approximately 10°C as a mass of white crystalline solid precipitates. The product

10 is collected by filtration and dried in vacuno. Yield 22.15 g. 97.9 mmol, §9%.

Al tert-Batyl ammonium 3-cyano-5-methylhex-3-enoate (alternative
method)
To an appropriately sized 3-necked round-bottomed flask is charged 50 g
of an oil containing ethyl 3-cyano-3-methylhex-3-enoate (29.9 g contained
15 weight, 165 mmol). A solution of KOH (91%, 10.2‘g, 165.1 mmol) in 50 mL of
water is charged to the ester solution over 20 minutes, and the solution is allowed
to stir for 1 additional hour. Water (50 mL) is charged. and the solution is
concentrated to 80 mL in vacuo. The water solution is washed with MTBE
(100 mL), and the product-containing aqueous layer is acidified to a pH of 1 with
20 concentrated hydrochloric acid (20 mL). The resulting acid is extracted into
MTBE (100 mL). The product-containing MTBE solution is concentrated

in vacuo. The resultant oil is dissolved in isopropy! alcohol (58 mL) and heptane



hex- 3-enoate (85 area percent on GC assay). The crude product may be used
wi thout further purification, or alternatively, may be puridilsly BP4vacuum
distillation (0.6-1.0 nun Hg at 60C-70C). 20 EXAMPLE | Synt hesi s of
3-cyano- 5- WotOm$dr - 3-enoic acid salts A tert-Butyl ammoPFTB0EE034 of
3-cyano-5-net hyl hex -3-enoic acid CN 1)Li OHH2O0THF 2) HCl ' 11~ CO2Et 3)
But NH2/ Et OAc 27 July 2004 WD 01/55090 -¥E€TI |1 BO1/ 00024 -16

Mat eri al MW Quangd t . | 3-6) - . s Ananard 8 Whdhedddth 02 9110
Li OH H2OA41. 961@%“%% %E%&ﬁ%%o@%%%ﬂﬁwﬁ%g%grtm Hydroch] ori c Acid
(2N) As requi r ed nifktnyd of AsetopyeadeohobGA imlgcnd beptarts (B & zers-BRItylgOING 5 127

Et hyl 3-cyano-5-net hyl hex- 3- enoat e (,Jmi_xt ur f_E .an | ; and

i t hi um hydr oxFléeégw\éFj’é‘?tsgluﬁP‘étosﬁEBé%}Hgﬁg#ﬂﬁﬁaﬁF% ure(ejSh'1§’|3J 1? gg@éﬁédr of uran and
vater. The sl Urgfxits give 86101, The bdliticds Elywed thelowviy @bl toaoamt enper at ur e.
The mxture is acidified to pH 2 (3N HCl) and e%tpirfggi g%ﬁl nto ethyl acetate

(3 x 5 159 nl) termeeatarsnbieresitentgimmyds Fooladie 0% i WD and t he

solvent is re | 1 G G HEop3T AYAHRP(RHES diHagvine3- enoi

acid. The cr udéﬁt\é%g#f%ﬁ%?g%%%}% I.n elébﬁﬁp?acet at(e (400 rrL);ﬁt and a

sol ution of tert50anL)y Tassold is driedatmiisn vaaoet atds °C 205GO)to igive2ddeti(62% e

tenperature of the solution.rises approxipatel 0C as Wi te

crystalline soI"%ffr v apmaRiyEy, 3¢ -%fngﬁxa@? ehodd s £hnfle AR 140
mixture of E and Z isomers. The Z isomer can be obtained in greater than 99%

10 isomeric purity by recrystallization from isopropy! alcohol and heptane.

B. Potassium salt of 3-cyano-5-methylhex-3-enoic acid

CN CN
1 comeos
+

CO,Et co

Material Source MWt  Quantity mmol
Ethyl 3-cyano-5-methylhex- PD 61966X130 18124 90.8g 501

3-enoate
Potassium hydroxide 85% Aldrich 56.11 33.1g 501
Methanol Fisher S0 mL
teri-Butylmethy] ether Fisher 900 mL

Potassium hydroxide is dissolved in methanol (70 mL} and added to
rapidly stirring ethyl 3-cyano-5-methylhex-3-enoate (mixture of E and
15 Z geometric isomers) at such a rate as to maintain the temperature below 45°C.
The residual methanolic potassium hydroxide is rinsed into the mixture with extra
methanol (2 x 10 mL). The mixture is heated at 45°C for 1 hour and then allowed
to cool to room temperature during which time a crystalline solid forms. rers-
Butylmethyl ether (600 mL) is slowly added to the mixture with vigorous stirring.
20 The solid is collected on a course frit filter, washed with fert-butylmethyl] ether
(3 x 100 mL), and dried to provide the title compound. Yield 83.9 g, 439 mmol,
88%.



10 is collected by filtration and dried in vacuo. Yield 22.15 g, 97.9 mmol,
89% A]. tert-Butyl anmoni um 3-cyano- 5- net hyl hex - 3-enoat e2(7allu%e3f(}9éti ve

nmet hod) To an appropriately sized 3-necked round-bottomed flask i s charged
50 g of aWod5®¥Hntai ning et hyl 3-cyano-5- et hyl hex- 3- enbat/Bo8§29 ¢
contai ned 15 weight, 165 nmol) . A solution of KOH (91% 10.2 g, 165.1
mml) in 50 nL of water is charged td8 he ester solution over 20 ni nutes.
and the solution is allowed to stj EJ.%additional hour. Water (50 mi)
is charged, and the solution is concentraied to 80 nL in vacuo. The water
sol ution i s wssireetriciHydrdgeitiiof P G-cyks)o-5-arthihe-Ppemdeigdid Sqint ai ni ng agqueous

| ayer is acidified t Hof | wt 0 congent ed hydrochloric acid (20
m.). The resg‘rti r{#ﬁ@aﬁgmgwma@fggﬁ(%-ﬁgganwt Yhexanoie aid  The resul tant
oil is dissolved_in,sopigpyl alcohol é"g‘% nL]}) and heptane, 27 July 2004 WO
01/ 55090 PCT/ | BO “17- (85 nb), [eR)-VePePEESIRIERDI BE4 | t ered t hrough
celite. The filter is washed wth—anxturg of rsopropyt al cohol (58
m.) and heptane (85 ni). E(f)rh' kam ne is chaHed to the solution to
forma thick gel-like slurrg. slurry is heatleggto reflux to give a
solution. The solution is allowed to slowy cool to room5 tenperature. The
resul tant sl urrﬁs/c,gol etto OCto 5C for 1.5 hours then filtered and

washed with a m xtlure ¢f isopropyl alcohol (50 nL) and heptane (150 nl).
The solid is dried under vacuumat 45C to 50C to give 23.1 g (62% of
tert-butyl ammoni um 3-cy 5+ 1 hex-3-enocate as a white solid which is a
m xture of E and Z i soners.2Thé i somer can be obtained in greater than
99% 10 i sone "‘_ixlﬂ y—1Y v 8 +Zat-a oS OprebhY a 6o and

hept ane. B. Potassiumsalt of 3-cyano-5- 3-et

CN CO2Et CO2- +kerNBtigiammhdriuth ealt ddLcyeaant | T Y2938 Et hy]9.8g Cyano-gh- net hyl hex-

5-methylhex-3-enoic acid

[(R.R)-MeDuPHOSIRh(COD) BF4- 604 49.6 mg 0.082
Methanol 32 200 mL
Hydrogen 2 44 psi (3 bar).

A round-bottom flask is charged with the tert-butylammonium salt of

3-cyano-5-methylhex-3-enoic acid (from Example 1A) and [(R,R)-

h

MeDuPHOS]Rh(COD)+BF4‘ under a nitrogen atmosphere. Deoxygenated.
methanol is added via syringe, and the solution is deoxygenated by repeated
partial evacuation and back filling with nitrogen. A 600 mL PARR pressure vessel

10 is purged with hydrogen by pressurizing and releasing the pressure three times.
The vessel is then heated to 55°C. The solution of substrate and catalyst is
transferred to the reactor by cannula, and the vessel is again purged with hydrogen
before finally pressurizing to 3 bar (44 psi). Stirring is started and hydrogen up-
take commenced. The vessel is repeatedly recharged to 3 bar pressure until

15 hydrogen uptake ceases (~45 min). After stirring under pressure at 55°C for an
additional 1 hour, heating is discontinued. Once the reactor cools to room
temperature, the hydrogen pressure is released, the vessel is purged with nitrogen,
and the reaction mixture is transferred to a round-bottom flask. The solvent is

removed in vacuo to give the crude product. A small sample is removed and



PD 61966X130 181.24 90.8 g501 3-enoate Potassi um hydroxide 85%Al drich 56.11
33.1 g501 Methanol Fi sher 90 ni tert-Butyl methyl etherFi sher27opdy 2404
Pot assi um e is dissolved in nmethanol (70 nmL.) and p@lq%g By rapidly
stirring e ?’éy @bcyano- 5- met hyl hex- 3-enoate (m xture of an ]f@?
geonetric isomers) at such a rate as to_jgrintain the tenperature bel ow 45C.

The residual nethanolic potassiumhydroxide is rinsed into the mxture with
extra nmet hanoton(varted tQ(B)Fﬂ_yyanG’-ﬁemﬁleh@WaeomsCIﬁéattIé%tmaﬂt WICAGUSPUS1T hour and

then allowed o c ta room s @ngy@talllne
solid formns. t%ﬂ ﬁltc lgeapg a%{{ﬁ m%%lﬁ"’%e \g&%i\ﬂ;fs 0ed to the

m xture with vcm&:@hﬁt@ﬂabwdlua@lcyﬁﬁbthmesmth%O%eeo(ISI)ect ed on a course frit
filter, washed with tert-butylnethyl ether (3 x 100 nmL), and dried to

provi de the title conmpound. Yield 83.9 g, 439 mmol, 88% 27 July 2004 WO
01/ 55090 PCT/ BBOl/ P@@gim $:8t OEMRMEDQSMMMBGIC Agidr(ogfestrats on of

3- tht d salts A tert-Butyl It of
(S;:Yg?gyain?S ﬁ%ﬁ'&@ﬁx@’éa{ﬁﬁ?é&’@lcu 4 ON [S(R R) - ﬁ/tremplﬁoé] ghm(mch;JTBEZ o

C02- +H3NBut -cN+ H3N nti | CN
t ert - But yl anmoni It of 3? y%h%@‘%%gg‘% Ef@égﬁﬁ W | hex- 3- enoi ¢
t han

acid [(R R)-I\/bDu HOS] (COZ)) BF4- 604 49*6 ng 0.082 32 200 mL
CO‘, K MeOH C02
Material MWt Quantity mmol
Potassium salt of 3-cyano- 191.3 11.05 ¢ 57.7

5-methylhex-3-enoic acid
[(R.R)-MeDuPHOSJRh(COD) 604 1lmginl0mL 182x10-3

BF4 MeOH S/C = 1000%/yy
Methanol 32 100 mL
Hydrogen 2 60 psi (4 bar)

A glass liner is charged with the potassium salt of 3-cyano-5-methylhex-
3-enoic acid (from Example 1B) and methanol and placed in a 600 mL PARR
hydrogenation vessel. The vessel is purged with nitrogen and then with hydrogen

10 via charging to 60 psi and stirring for 10 minutes to ensure thorough equilibration

of gases and releasing of the pressure on five cycles. The vessel is heated to 45°C,
and a solution of [(R.R)}-MeDuPHOS]Rh(COD) BF 4~ in deoxygenated methanol

(11 mg in 10 mL) is added via syringe. The vessel is again purged with hydrogen
and then pressurized to 60 psi with stirring. Periodically, hydrogen is added to

15 maintain the pressure between 50 to 65 psi. Hydrogen uptake ceases after
120 minutes. After 2 hours, the mixture is cooled to room temperature, the
pressure is released, and the solvent is removed to give the crude product. A small
sample is removed and acidified with 1 N HCl to give (8)-3-cyano-
S-methylhexanoic acid. GC analysis shows >99% conversion with 96.7% e.e

20 S isomer,



Hydrogen 2 44 psi (3 bar). 5 A round-bottomflask is charged with the
tert-butyl ammni um salt of 3-cyano-5-nethyl hex- 3-enoi ¢ acidd Jer¥¥¢Exanpl e

IA) and [ (R ) McDUPHGOS] Rh( COD) +BF 4- under a nitrogen atnosphere.
Deoxygenat W@ 0188hanol i s added via syringe, and the sol (RGTA®91/e9024
deoxygenat ed by repeated partial evacuation and back filling with
nitrogen. A 600 nL PARR pressure vess&d- 10 is purged wi th hydrogen by
pressuri zi ngcand pgh&ash Mi & _@_ U sel is then
heated to 55C. The sol uti&gn 0 ) %{%r% ehgrl%& t(sul-gsg%a?eﬁg’nsferred to

t he reactor Eﬁlal}’str(ﬁtﬂ)a'atlaﬁwﬂmémmﬂ) is again pur ged wi t h-hydrogen
before finall press%ﬁm ng to 3 bar (44 psi). Stirring is started and
hydr ogen up- tgKe hifrenced [(MM@\EEEﬁ@S]RIh&OIBﬁBBge e ed to 3 bar
pressure until |15 hydrogen uoptake—ceases (=45 . pfter] stirring under
pressure at 55C for ? dditional 1 Hour, heating is diseqnti nued. Once
the reactor cools to rg® t enper at unMeOHt he hydr ogen pressuF@'n ¥ rel eased,
t he vessel i|is-buraged with nlfrnnpn and.the reaction mxture is
transferred toMeFBlind- bottomflask The sAYP¥ent ngmltb’erm\?fé@loh n vacuo to
gi ve the cr udePpa&siise S-cyMoSITREthy Bt BlcRodis T8I 31
01/ 55090 PCT/ 1. 801100024 -19 converted to ) - met hyl hexanoi ¢
aci d by treat mMHRR)MtDuRHOSRISCODYUBRNI or 684 aci d12érmg extr@204on into

di chl oronmetha . GC anal ysis shows 100% conversion to the reduced cyano
al kane with 95Msthaeole. (S). B. Potassium sad2 of 1015mL

(S)-3-cyano- 5- p;ggll%b Jiexanoic acid (substratg}to g cat alyst (SIC) ratio
1000/ 1) ~CN [(R BuPHGS] Rh( COD) ' BF4- CN +K C02-+ K MQH

Mat eri al MNQJantl tymml Pot aSSI um salt of 3- cyanodad). 311 03 g57.7

5- met hyl hex- 3-enot : C 0-nmL 18.2 Xx
14-3

A glass liner was charged with potassium 3-cyano-5-methylhex-3-enoate
5 (from Example 1B) and methanol (1000 mL). The liner was placedina 2L PARR
hydrogenation vessel. The vessel was purged with nitrogen and then with
hydrogen via charging to 60 psi and releasing the pressure over five cycles. The
vessel was then heated to 45°C. A solution of [(R.R)-MeDuPHOSTRh(COD)*
BF4™ in deoxygenated methanol (15 mL) was added via syringe. The vessel was
10 again purged with hydrogen three times then pressurized to 65 psi and stirring
commenced. Periodically, hydrogen was added to maintain the pressure between
50 to 63 psi. Hydrogen uptake ceased after 2% hours, the vessel was cooled to
room temperature and left to stir overnight. The pressure was released, the mixture
was transferred to a flask, and the solvent was removed in vacno to give the
15 product. A small sample was removed and converted to methy! (8)-3-cyano-

5-methylhex-3-enoate. Gas chromatographic analysis showed >99% conversion
97.5%e.e.

D. tert-Butylammonium salt of (S)-3-cyano-3-methylhexanoic acid (S/C

ratio 2700/1, 557 mmol)
\r’\(‘m [(R.R)-McDuPHOS]Rh(COD)'BF Y\_/CN
q i
—+ 2
20 CO, P HyNBu! MeOH \C02'+H3NBu'




BF4- MeOH SI C = 1000wlw Met hanol 32100 nL Hydrogen260 psi (4 barzy A gl ass
liner is charged with the potassium salt of 3-cvano-5-net hy’Hak-2®4enoi ¢
acid (fro 1B) and net hanol and placed in a 600

hydr ogenat | n?)\;/r;e?)é(gel. The vessel is purged with ni trogenn;é%lgét eopluwith
hydrogen 10 via charging to 60 psi and s{irring for 10 minutes to ensure

t horough equilibration of gases and releasing of the pressure on five
cycles. The ves¥#teriab heated to 45C, and a soMWi onQuantity  mmol

[ (R R) - MeDUuPHOSHRR }—BF4-—i-n—deoxygenated—rpthanel—(3t—+rg4+A—10 nL) is
added via syri n&éf’Bbﬁxv %’%Vaﬁﬁ'él' hiad ZReCR hy%?r’o%%n 33hd t hen
pressurized to 6Qnpgé Wth stirring. Periodically, hydrogen is added to 15
mai ntain the pressure between 50 to 65 psi. Hydrogen uptake ceases after
120 minutes. Af {@RPMDUPBOSIRMCODYtREL is codli%4d to Fodmet emf&t&it ure, the
pressure is released, and the solvent is renoved to give the crude product.
A smal |l sanpl eM&haghpyved and acidified with B2N HO280dnki ve (S)- 3- cyano-
5- et hyl hexanoi gyaf‘o'gg, GC anal ysi s shows >99% cenverspigm th 96. 7% e.e 20
S isomer. 27 July 2004 WD 01/55090 CN -20- C. Potassiumsalt _of
(S)-3-cyano-5-net hyl hexanoi c acid (substrate to catalyst (S/C) ratio
3200/1, 640 mol) (4 BeRimMoPURERS e lvitRAMCOR) B ftinnP Lt 4B mP@0Rex~ - . . - RON
H' 002K + MeOH CO2-+K Materialm M Quantity mmol Potassium

3- cyano- 5- net hyf1eak a3d mstand (l@ﬂ.@hi@%@ﬂ@’% Plres)in REDUPARE) Rh( COD + BF4-

604 123 mg 0. 304, VB RBR Ossd 2TV RseMvas purged with nitrogen and then with

hydrogen via charging to 60 psi and releasing the pressure over five cycles. The

(1)

o

vessel was then heated to 45°C. A solution of [(R.R)-
MeDuPHOS]Rh(COD)*BF4- in deoxygenated methanol (15 mL) was added via

syringe. The vessel was again purged with hydrogen three times then pressurized
to 65 psi and stirring commenced. Periodically, hydrogen was added to maintain
the pressure between 50 to 65 psi. Hydrogen uptake ceased after 4 hours, then

10 after a further 1 hour, the vessel was cooled to room temperature. The pressure
was released, the mixture was transferred to a flask, and the solvent was removed
in vacuo to give the product. A small sample was removed and converted to
methyl (S)-3-cyano-5-methylhex-3-enoate by reaction with methanol and 1N HCI.

GC analysis showed >99% conversion 97.7% e.e.

15 E. Potassium salt of 3-cyane-5-methylhexanoic acid generated in situ

from ethyl 3-cyano-5-methylhex-3-encate

N 1) KOH/H,0/MeOH \( CN
2) [(R.R)-MeDuPHOS]Rh(COD) "BF ,~ [

—+
CO,E H, MeOH €Oy K




Hydrogen 2 60 psi (4 bar) A glass liner was charged wth potassi um
3-cyano- 5- net hyl hex- 3-enoate 5 (from Exanpl e 1B) and met harldlTufnddd m) .
The |i ner ed in a 2 L PARR hydrogenation vessel. el was
purged w t%?{f%ﬂgﬁen and then with hydrogen via chargi ngPCt-lil(;)i%%%ﬁ%gzéi and

rel easing the pressure over five cycles. The vessel was then heated to
45C. A solution of [(R R - MDUPHOS] RW(COD) + BF4- in deoxygenated net hanol
(15 m.) was hudedl via syringe. The vessehMWas 1Qragfisyn pur gefioW t h hydrogen

three tines ) .
Peri odi cal | y- YAper-Rehy a6y 50 to 65

psi . I—Iydrogepothg@,{@{(?@@g@@d after 2'/2 hours, theegygssel wagggooled to
roomtenperature and left to stir overnight. The pressure was rel eased, the
m xture was[(RRIAERURIEOSIRA(GOD) BBK, and®¥he sol Mehmgwas 2®geved i n vacuo
to give the 15 product. A small sanple was renpved and converted to nethyl
(S)-3-cyano-1"j5wlhyl hex-3 -enoate. Gas ¥ onat oi0aphi ¢ anal ysi s showed
>99% conver sy, 97.5%e.e. 20 D. ter t-Bytyl armgg' m sal t of
(S)-3-cyano-5-net hyl hexanoic acid (S/C ratio 27 , 557 mmol) CN

[ (R R) - Mc DuPHEBp&( COD) 7" BF4 H2 C017- 2H3NB6psi k&kdd) \ CO ~- +H3NBu' 27
JUly 2004 O o 4 Mat erial MM - Cuanti N0

tert - Butyl amoni um 3- cyano- 5- met hyl hex- 226. 33125.8 g557 3-enoate [(R R

- Mc DUuPHOS] Rh( C@)ABPﬂslé@niBZﬁmgngbBchm-moﬁaﬁaﬁﬂhmz}ehm (@eyeiz50- 65 psi

material prepared above), methanol (100 mL), and water (18 mL). Potassium

hydroxide is added with stirring. A liner is placed in a 600 mL PARR

Ad

hydrogenation vessel. The vessel is purged with nitrogen and then with hydrogen

5 via charging to 60 psi and releasing the pressure on 5 cycles. The vessel is heated
to 55°C. A solution of [(R,R)-MeDuPHOSIRK(COD)* BF 4" in deoxygenated

methanol (18.0 mg in 20 mL) is added via syringe. The vessel is again purged
with hydrogen and then pressurized to 60 psi with stirring. Periodically, hydrogen
is added to maintain the pressure between 50 to 60 psi. Hydrogen uptaké ceases

10 after 5 hours. After an additional 1 hour, the mixture is cooled to room
temperature, and the pressure is released. The mixture is transferred to a flask, and
the solvent is removed in vacuo to give the product. A small sample is removed
and converted to (S)-3-cyano-5-methylhexanoic acid by reaction with 1N
hydrochloric acid. GC analysis shows 98.7% conversion to the desired cyano

15 alkanoic salt with 96.6% e.e S isomer.

EXAMPLE 3
Hydrogenation of ethy! 3-cyano-5-methylhex-3-enoate

\l/»\CN [(R.R)-MeDuPHOS]Rh(COD) 'BF~ \]/\[;CN
H,

CO,E MeOH CO,Et




A glass liner was charged with tert-butyl amoni um 3-cyano- 5- net hyl hex-
3-enoate and nethanol (1000 nL). The liner was placed in a %7 jul .
hydrogenati on vessel. The vessel was purged with nitrogen and therl W th
hydr ogen VW& %BAPYi ng to 60 psi and rel easi ng the pressurkCTper00pI4y e
cycles. The 5 vessel was then heated to 45C. A solution of [(R R)-

Mc DUuPHQOS] Rh( COD) +BF4 i n deoxygenat ed"2|3'et hanol (15 nL) was added via

S I’I nge. The VVd.b aydri 1T pUI QCU VVI" IyUI ) ||r\,\, |.| |||..° +hen
pr/essgri zed to %@ ps ang stirring com*revr'{j([:ed g%'rﬁ 9’ di cal |r9m ydrogen was
added to nmi rHthylr3- cvthBS-mrm&hmes-maween B to 69344 . Hydrpgen upt ake
ceased after 4 hours, then 10 after a further 1 hour t he vessel was cool ed
to room t enpdfBRIMe-DIEOPIRREGOPEB yas r&eased 48 ni xtx ¢0vas
transferred fpﬁtﬁngaSk and the sol vent was rem)ved in vacuo to give the

pr oduct . npl e was renoved and converted™o net hyl

(S)-3-cyano FHyapdday | hex- 3-enoate by reaction % BI£ anol and IN HCl. CC
anal ysi s showed >99% conversion 97. 7% e.e. 15 E. PotasSsium salt of

3- cyano- 5- net hyl hexanoi ¢ acid generated in situ from ethyl :

3- cyano- 5- neAhy| N readti@ie @hreied ovittin a@@MLlﬂncm%&ﬂm)ﬁManmfecn%’ , TTCN -\ CO
Et 2) [(R R-MDUPHOS| Rh(COD ) BF4 2 H2 MeOH CO2-K 27 July

01/ 55090 PCFRPBAEMBS4> o frscier isasedin cornrngtiop wivla ghask jiner.

dell. 68
LS A L (R P SRR e Bt B vt A AU B 001 22020
Wat er 1818 mm%ﬂo@@ﬂzmn&sﬂx h{ier chareyd Wﬂgbtaxls?v d:}faneﬁ -thethyihex-3renbard t h et hyl

?lgzan r@ N E ) ”P%lﬁ\éln\ll;%ﬁen% ?pgﬂ'ﬁf]glgcsegqlg {he I;|1gcr0 reac orrI aar‘xld ﬂ'?errgi%%r %gct&'bl(s)v €), methanol

subsequently assembled. A hvdrogen atrnosphere is established by three cycles of

charging the vessel with hydrogen and releasing the pressure. Methano! (4 mL) is
added, and the vessel is then placed in an oil bath on a stirrer hotplate at 60°C and
allowed to come to thermal equilibrium (internal temp ~45°C). A small Schlenk
10 tube is charged with [(R,R)-Me-DuPHOSJRh(COD)* BF4™ and a nitrogen
atmosphere established by four cycles of partial evacuation and refilling with
nitrogen. The catalyst is dissolved in methanol such as to give a solution
containing 1.2 mg of catalyst in 1 mL of solvent. One milliliter of the catalyst
solution is added via syringe to the micro reactor. The vessel is again purged by
15 pressurizing with hydrogen to 60 psi and releasing the pressure for a further four
cycles. The vessel is then charged to 60 psi and is stirred until hydrogen uptake is
Judged to have ceased (~3 hours). The reactor is removed from the oil bath and
allowed to cool. The pressure is then released and the solvent removed in vacuo.

GC analysis shows 99% conversion, 22.7% c.e. R).

20 B. By following the general procedure of Example 3.1, 200 mg (1.190 mmol)
of methyl 3-cyano-5-methyl-hex-3-enoate was dissolved in 3 mL of methanol and
reacted with hydrogen gas (60 psi) in the presence of 43 mg (0.06 mmol) of
[(R_.R)-Et-DuPHOS]Rh(COD)‘*“BF4‘ to afford 10% conversion to methy! 3-cyano-
S-methylhexanoate having 33% e.e. (R).



hydroxide is added with stirring. Aliner is placed in a 600 n. PARR

hydr ogenati on vessel. The vessel is purged with nitrogen artd ket ¢ h
hydrogen 5 via charging to 60 psi and rel easing the pressure on 5 cycles.
The vesseWo8/H8Ht ed to 55C. A solution of [(RR) - MDuPHOS/IRMWEI®) | BF4-
I n deoxygenated nethanol (18.0 ng in 2Q nL) is added via syringe. The
vessel is again purged wth hydrogen ard" t hen pressurized to 60 psi with
stirring. Periodically, hydrogen isgodfgadge maintain the pressure between
50 to 60 psi. Hydrogen uptake ceases 10 after 5 hours. After an additional

| hour, the mSgtmvlreeisioﬁngobtdi# to room terrperature and the pressure is

rel eased. The ot LEO& %n{n{_lo P :fsrang;?sa tAﬂgSrPé:%- ano @El%th);llb&aﬁﬁt: \égﬁﬁtt% Inz

renoved i n vac € I'S fenove
converted to (egabatinano-5- net hyl hexanoi ¢ aci d by reaction W|th I N

hydrochl qQric acid. nal si, shows 98. 7% conver,si an 1.0 i red cyano
15 al kandic salt wﬁ@é’a@ é’ogs?l%ﬁ%&’waﬁﬁée Qﬁi}& R%e%cm of ethyl
3-cyano- 5- et hyd, ME—:sé’mé&‘r@@%@ﬂf& e i Bhdr) m@&g%@ﬁidﬂzélmvﬂmme

1 --9%~CN H2 CO2Et MeCH

27 Jul% 2004 WD 01/ 55090 gﬁéﬁo/ooom
-23 Materi al WO RRke+Afipe grastnA0-030g Pein® 7 sunehh #¥aier kB ) 8Rd 0. 36
92. 00 [ (RR) - Meg; PuRHGRE-ENGHEDueREA 16 4t) t@a PRRRGoHE: c%nMﬁ{ulfgiﬁBh fibkel

Hydr ogen60 psi (4 bar) A The reaction is carried out m. mcro
react or f|ttedcamlm(MOQQaJP@mfatghMe@éqmdtﬁhamwalsaimel’OABmXéﬁéoar eactor is used

1 conj uget | ONsWek A8 A58 15 ) Blater B! RN 1 SHROX O EDARRHNe:f our oyl es

of partial evacuation a '''ng w't | t'rogen e stirring. Aliner
charged with eﬁﬁdpfS(BpaihadrogdﬁatMgetdpmHﬁeMgm 5 and a magnetic stir bar

I's placed in the m'fhr sh.trney%(s:hﬁel’ed %u-ougthh paH1 o%gl?peg'cee?cltl-xg ﬁlter cake is rinsed
with water (20 mL) and 2B EtOH (7 mL). The combined filtrate is mixed with
glacial acetic acid (2.4 mL, 2.5 g, 41.6 mmol) and heated at 70°C for 30 minutes.

15 The mixture is cooled to 0°C. and the solid is collected by filtration, washed with
isopropanol (50 mL), and dried to give 3.2 g of preduct (20 munol, 49% yield).
HPLC assay of the material shows 99.7% (area under the curve) 3-.i'sobuty1
GABA. Enantiomer analysis (HPLC) indicates the 3-isobutyl GABA as a mixture
of isomers: 97.82% is the desired S-isomer (pregabalin), and 2.18% is the

20 undesired R-isomer,

B. Conversion ef fert-butyl ammeonium salt of (S)-3-cyano-S-
methylhexanoic acid to pregabalin
The S-cyano acid, tert-butyl ammonium salt (prepared or described n
Example 2A, 97% S-isomer, 8.0 g, 35.0 mmol) is charged along with potassium
25 hydroxide (91% flake, 2.2 g gross, 2.0 g net, 35.6 mmol), water (15 mL), and 2B
EtOH (11 mL) to a PARR bottle containing sponge nickel catalyst (A-7000, 5 g,
water wet). The slurry is shaken on a PARR shaker under 50 psi hydrogen at room
temperature overnight.
The slurry is filtered through a pad of Supercel. The filter cake is rinsed
30 with water (20 mL) and 2B EtOH (ethanoi denatured with toluene) (7 mL). The
combined filtrate is charged with glacial acetic acid (4.1 mL, 4.3 g, 71.6 mmol).

The resuiting solution is heated to 70°C and then allowed to cool slowly to room



subsequent |y assenbl ed. A hydrogen at nosphere is established b}/ t hree
cycles of charging the vessel with hydrogen and rel easi nthHé‘)b?@ésure.
Met hanol (4 nL) is added, and the vessel is then placed in an oil bath on
a stirrer WOOpFHPE at 60C and allowed to cone to ther nmalPEHBIVIOH um
(internal temp --45C). A small Schl enk 10 tube is charged with

[ (R R) - Me- DUPHOS] Rh(COD) + BF4 and a -ﬁﬁ’trogen at nosphere established by

four cycles i d t n. The
catal yst is tg%ggs}%ﬁ/eé?h? ﬁe}{('rqu%%i Iém%qs %ugﬁ{r?ed b@g?)vs\gba{grs%ﬂ]’%lg%%e cont ai ni ng
1.2 ng of cafiledrads The sl igHinsed mllmmomglaadm; thed fof BHayfintahecuuat al yst
solution is added .vi agﬁﬁ” n to the mcro reactor. The vessel is again

purged by 15°Y5PRES&YF ? 11Ggvels Ithh 6&@9@&%’@%@@?@1%@@%9 ng the

pressure forxdanifﬂéﬁﬂxla%fodh&% 979&%‘(&%:1) FRELMHATEEB Al $ 906Bf hih 88H. L0 60 psi
and is stirred until hyd roghn uptake is judged to have ceased (-3 hours).

The redctor Yesirgdefrisomer Pregahalinke oi | bath and allowed to cool. The pressure

th I d angd I ' h 99%
conver si on, 2. 74 onebliinsel BHY. bESRKEA ML Bl o PG Bt ShiBnl 1005 o
Exanpl e 3. 1,3-0000-Fegmethy|1G03-enmatsl (prepared peddsyribed i Frampls 1 A6ty |
-h 3- t t th hyd
S, om0 ot BLSEBy i B TBRITh o8 SASASS) s Pyroger

RR) - Et - DUuPHERL ﬁ;g:g)n:g?g&‘ t hyl 3-cyano-
[5- rrzet hyl hexanoate£ havi ng eg‘}gl%ag&ng%lsje%?{ﬁgﬁ%%@@%ﬂ% /5)5/090 d
PCT/ | BOL1000D4rged 260 kAl thavo] Slirt thetare! Biprdsiee pinged W}tb%argGﬂl(WEI’ si on of

otassium salt Qf (S)-3-cyano- exanoi ¢ aci.d regab I|n5The

g— cyano aci 2°J0 Fﬁgt g}is"}‘?}ﬁq"’é’g’ls&e{‘ﬁpgﬁﬁ‘rﬁ’&ﬂ AHSORRERE tﬁ‘?ﬁ“@%ﬁﬁg 94. 9%

S-isonmer, 8.4 Ahe 401600 i3 preSsufe s o t drOX| de (91%

fl ake, 44 0 n{;aw; oses 40. Oﬁlr;ré net, %@%@dnﬁ%’%(\aﬂ \/\gfaot%sr9 %%?h%?y and 2B E'EO—|
p

(i.e., denat@¥&d igpressurizsd e A psi (‘mb h’.&’ﬂfjogﬁoﬂml sppRRotsmightat 6%l tai ni ng sponge
1130, 10" Soviy ot TV AR RRl 18 bl B B G R ae i Thhcicen on a
PARR dhaker solution is transferred into a vessel containing a solution of potassium hydroxide
(91%, 10.3 g, 167 mmol) in 90 mL of water. The solution is concentrated to about
180 mL in vacuo. The concentrated solution is transferred to a 600 mL pressure
reactor containing sponge nickel A-7000 (12.0 g, 50% water wet). The solution is
purged with argon (3 x 50 psi), and then the reactor is pressured to 50 psi with
20 hydrogen and stirred overnight. The hydrogen pressure is released. The solution is
purged with argon and filtered. The filter cake is washed with 90 mL of methanol.
The filtrate is concentrated in vacuo to remove the methanol, and 72 mL of
isopropyl alcohol is charged. The solution is heated to 65°C. Glacial acetic acid
(9.4 mL, 171 mmol) is charged, and the solution is heated to 73°C. The solution is
25 quickly cooled to 50°C, then slowly cooled to room temperature. The slurry is
cooled to 0°C te 5°C for 3.5 hours. The slurry is filtered, and the cake is washed
with isopropyl alcohol. The solid is dried under vacuum at 45°C to give 18.4 g
(73%) of pregabalin as a white solid (99.89% S).
An argon-purged 170 L reactor is charged with tert-butyl ammonium
30 3-cyano-5-methylhex-3-enoate (10 kg, 44.2 mol prepared as described in
Example 1A) and [(R,R)MeDUPHOS]Rh(COD)BF4 (0.015 kg, 0.0025 mol). The



under 50 psi hydrogen at roomtenperature overnight. The slurry is filtered
t hr ough appad gf Sgpercel. The filter cake is rinsed with 3/7@&“&2@20 m.)

and 2B EtOH (7 nL). The conbined filtrate is mxed with glacial acetic
acid (2.4 W0012580g, 41.6 mmol) and heated at 70C for 30 PEFABOE#N2415 The

m xture is cooled to OC, and the solid is collected by filtration, washed
with isopropanol (50 nL), and dried t26- gi ve 3. g{g of prOdufttﬁlgocmle) 49%
ield HPL r

% |so%3utyl %g\th%sﬁ?ﬁérﬁ%IrﬁF&ger ana 81]1 ﬁb% %Zl(g (]:a“asl?gl {}’h i sobutyl GABA
as a m xt ur e100k of methemncs. Tl&?ree&ﬂ:%s @ao*.dﬁfeddnﬂ&&rﬁﬁdmﬁr iafdthen ﬂ{eﬁr@agﬁbw in) , and

2.18%is the, 20 .unde |red | rsiaon of tert butyl anmmoni um
sal t (:)f (S)- §205{§/k§n0 ﬁfﬁ %%PFS?SB“ 'tﬁggBSIﬁYl aod theggertedy ano aci d,

k ; gs ?ﬂeinethm@fmhfo dfy 97%
ts_elrtsobut?/l a’m‘lﬁaamirﬁpﬁ@ brdcpd&@ﬁr%a@ahﬁ a%g*rfb wi t h pot assi ur% 25 hydr oxi de

nol r
(91% f | ake8 % geagt‘J@F%@mnEﬂ%? Sag%ﬁféEe%ﬂgsatElmﬂSlpf)Solmﬂ@rpreﬁsfemgedand 2B Et OH
(11 M) Lo awRBEoRe k56 papnheingh i vBRONDGBLHEE 0 SRLE Wil nidisglf00. S 0.
water wet). The sl urry i s shaken on a PARR s psi© hydrogen a
room tenper aidwtlaerlbvmrmglgmt 27°Thie 38trThy hirdrofén fresed i¢ fleastgham thad of

20 nmL) and 2B Et OH

(Sg!toﬁ;(r:lg: dlﬂ% uer'Ieléls B\Aurg‘?#(e I Sgh%e)“ ?b?esoﬁt nlﬁ%@%ﬂéﬁ@d‘ Sfti)ul trate i s charged
with gl aci al coacitinga satiibn(of pdtasiium Aydogde (019629 46 4 mEi)%n besWrt i ng
soluti@n is heatg en al lowed to cool % to room 27 July
2004 01/ 5%H80 dﬁjcﬂaF}B% g@?ﬂls bsadl to cleam e frensie. hHFh'Eher eteion slurry is
then stirredcoater@aiei® BGolh@E 09561@[6'0?1, @“ﬁcu&h bisahGhn. ﬁh?ccﬁﬁlﬂkt&téas rinsed
with IPA (50 nL) and is dried fo days 1n a vacuum oven to give a solid
wei ghi ng 3. 45O4eB 1S Wrnsisured g 17)9|Ieﬂeél9t0r chpaDingrRRbyasi ricke] 461000 £3. gkg,t hedpr oduct

97. 20% el Y C 5 desire
g-sl somer %é?%ogg%"géf n) . b%;ﬁ*g%@ﬁ@?ﬁr%‘zﬁ%éé%% %prgggﬂ}’telﬂ?%&et or is charged

tert-butyl ammllmmess@n@gdandoﬁslrmmhyﬂfngnazdeynﬁadeve(rﬁgﬂﬂoan@ﬁgxda@egescr| bed in
Exanpl

18 1A 3p§'e59tu’e 1s released, and the solution is purged with nitrogen. The solution is
filtered into a 170 L still, and the filter and lines are rinsed with 30 L of methanol.
The filtrate is concentrate by vacuum distillation to a volume of 25 to 35 L,and
then 30 L of isopropy] alcohol is charged. The solution is concentrated by vacuum
distillation to about 18 L. Isopropyl alcohol (20 L) and water (5 L) are charged,
20 and the solution is heated to 60°C to 65°C. Glacial acetic acid (2.9 kg, 47.7 mol)
is charged, and the solution is heated to reflux. Water (8 L) is charged to make a
solution. The solution is quickly cooled to 50°C and then cooled to -5°C +5°C
over about 5.5 hours. The slury is held at -5°C +5°C for about 10 hours and then
filtered and washed with isopropyl alcohol (10 L). The solvent-wet filter cake is
25 charged to a 170 L still followed by water (20 L) and isopropyl alcohol (40 L).
The slurry is heated to reflux to make a clear solution, which is filtered into a
170 L reactor. The solution is quickly cooled to 50°C and then cooled to
-5°C £5°C over about 3.5 hours. The slurry is held a -5°C +5°C for about
16 hours. The solid is filtered and washed with isopropy! alcohol (10 L). The solid
30 is dried under vacuum at 45°C for 3 days to give 4.0 kg (57%) of pregabalin as a
white solid (99.84% S).



159.1 mmol ) and [ (R R) MeDUPHOSJRh(COD) BF4 (0.054 g, 0.0894 mol ). The
reactor is pressure purged with argon (3 x 50 psi). To a 130uhki2G08actor is
10 charge of nmethanol. The nmethanol is pressure gh/adbdsh argon
(3 x 50 g‘glé?.%éﬁhﬁe nmet hanol is then charged to the react (%&glgntég!]ni ng the
substrate and catalyst. The sol uti on_2i7_s pressure purged with argon (3 x 50
psi), and then the reactor is pressufized to 50 psi with hydrogen and
stirred overnight at 27C to 33' CEXAMMPLFER ogen pressure is rel eased, and

t he solution rged with,argorn. The, 15 _solutipn is transferred into a
vessel cont alliﬁlrﬁ%"gﬂg'bf’fﬁ'fyg w&"mﬁgﬂl’%&‘éﬁaﬁﬁ?’t‘ifﬂ dleaecid 919 10.3 g, 167
ml) in 90 nL of water. The splution icgtalé,gfncentrat ed t I\ﬂEOUt 180 nmL in

vacuo. The concentrate on is transferred a pressure
reactor containing sponde ni kel A-7000 12.0 g, ter wet). The
solution is purged with arg g)%}f( 50 pS2), and 6ﬁactor IS
pressured to 50 psi with 20 hygrogen ardeSHi rred overni .""The hydr ogen

pressure is released. The solution is purged with argon and filtered. The
filter cake is washed with 90 nL of nethanol. The filtrate is concentrated
in vacuo to Mewmse the nmethanol, and 724wl Of Qu&aRf OPYT alkQhol is
charged. Th olution is-heated to. 656C. _(Jacial acetic acid (9.4 n, 171
mol) is chat ¥ao-amathyhex-duneiciagifl i s hated to208@e The sdl3@ion is 25

qui ckl'y cool sbaw y co toro nper at The slurry
is cooled t[@ﬁ%e%&l&%@@_ Egﬁour S. %ﬂﬁggsl urr;‘liqrgélgfi I terg ) 7and t he cake
is washed with isopropyl alcohol. The solid is dried ungafmehtgyum at 45C
to give 18.3“4%6{0[3% of pregabalin as a white solid (99.89% S). An

ar gon- pur ge reactor is charged with tert- | ammoni um 30

3- cyano- 5- ndifybdeex- 3- enoate (10 kg, 44.2 nol 5p?ﬁpq:;rbglq as described in
Exanpl e | A)—and (R R-MeDUPHOS} RA( COD) BEA (0 Q15 kg0 0025 mnl). The 27
July 2004 WO 01/55090 PCTIIBOL/ 00024 -26- reactor is pressure purged with
argon (3 x 58 psiThe filtehexaiatOadid siab Hissolveddh ateganol 14 the @firal@fdignol . The
reactor iIs evacaHglt ed under. v%um and then the vacuum is broken with

argon. 5The st# ?dsmfheeggg’f}??' miasgrasshakgn eh2 Rcdon! Hirers wder vented.  Thi's
entire pur genBiRErAPsl A SEPRYA IndiPheaSy Tribn NIAE MFIHFORiod Saghar ged to

determined to be 24% complete, with the cyano hexanoic acid having 95% e.e.

(S).

One equivalent amount (0.18 mL) of triethylamine was added to the
10 reaction mixture, and shaking was continued for 5 additional hours (24°C, 50 psi).
The reaction mixture was filtered, and the solvent was removed by evaporation,
The product was analyzed by proton NMR and shown to contain about 43% of the

desired (S)-3-cyano-5-methylhexanoic acid having 95% e.e. for the S-enantiomer.

B. The above procedure was followed to react 250 mg (1.634 mmol) of
15 3-cyano-5-methylhex-3-enoic acid with hydrogen (50 psi) in the presence of 8 mg
(0.01634 mmol) of [(S,S)-Et-BPEJRh(COD)Y*BF4- and 0.023 mL (0.1634 mmol;

0.1 eq) of triethylamine in 5 mL of methanol at 24°C for 40 hours. The reaction

mixture was filtered, the solvent was removed by evaporation, and the product

was shown by proton NMR to be 71% (S)-3-cyano-5-methythexanoic acid with
20 84% e.e. for the S-enantiomer.



5 the reactor containing the substrate and catalyst. The solution is
pressure purged with argon (3 x 50 psi), and then the vess?e"liful}szo04

pressuri zed,hssgéh PSi W th hydrogen and stirred overni gQ-Ahorabfzat © 33C
The hydrogen pressure is released, and the solution is purgec} W th
nitrogen. The solution is filtered into a 170 L still containing a solution

of potassium hydroxide (91% 2.9 kg, 46. -%-mpl) in 25 L of 10 water. A5 L
Soncentrated 187a vaEamE PrEyRREwkTRpHIONELER (ihb besk s il YR,
concentrated sedction mixtirs. Thegnsiuer wascshown &y pton NMEdeotbe 26%ot®)&h ni ng sponge
ni ckel A-7000 (5.0 k The rged with
nitrogen (3 X ?.5&‘15’5% &‘ethﬁcﬁlg’ﬁﬁnofcﬁgdhraéaét%%eles pres%gﬁn;@glggo 50 psi with
hydrogen and stirred overnight. The hydrogen 15 pressure is rel eased, and

the solution igpur qgsiawv&Bro@edu&@ﬁ@ﬁollzmamqbwmmngm 3@ hinehed into a 170
L still, and the filter and lines are rinsed wt of metguanol The

filtrate ¥s coRceAr-ametyjhercengin asidwith hydrogsn (é(bp%e 1\98|h8}‘|‘§) Bith®s to 35 L,

concent ratod birosiea s e P fiRaed Bo i D ER PSR SR AT 01 (20 1)
and vater (5. Lhdhe chaelathy BnAhs bé@i%t(spjlcj/aﬁml‘seﬁtzﬁglh&ﬂm@ﬁc to 65C.

G aci al acetic™acl I's charged e solution is
heated to ref| asid haeinef6%8- eL)Torrf?@Srﬁmg@lﬁelto make a solution. The sol ution
is quickly cooled to 50C and then cooled to -5C 5C over about 5.5 hours.

The slurry is | d 5C 5C f 0 hou and .th t red and
washed with isdprop © PESSHE: f%‘@“‘l?@ %Srg%eiave PR thq(‘?l i tcéir c((%kegl s 25
charged t® a 1003b7 sindl) offtidthiavaihe Byas wided o th2 Gedediveaniknirs.Ofreogaetioml cohol (40

L). The slurry is heated t refI to ke a clear Lution, whichis
filtered i nto &s§9pp aﬁé’éﬁ "hgBqua?td’Ws|S§°V&hﬁ°@ﬁ%§%c¢§g'l"é‘§a’{°o§ 50C and
then cool ed tOmeﬁm&M\'@im@hﬁyssﬁ-e&. AR eSS -erbiBoblr ry is held a -5C 5C for
about 16 hours. The solid is filtered and washed with i sopropyl al cohol (10
L). The solid 30 is dried under vacuum at 45C for 3 days to give 4.0 kg
(57% of pregatfal i nThspracedmqf@xsmplecﬁE(%rwg)excwmi/yq-m@gn% 01155090
-27- EXAMPLE 5 l%q rn%goq?gitd'xgtﬂyl%m% WX 388a%o 'ﬁﬁtrg%lugﬁ éméur%,namd%e Rghifn(free

aci d)

15 was stopped at 16 hours. The product was shown by proton NMR to be 92%
converted to (8)-3-cyano-5-methyihexanoic acid having 56% e.e. for the

S-enantiomer.

G. By following the general procedures from above, 250 mg (1.634 mmol) of

3-cyano-3-methylhex-3-enoic acid was reacted with hydrogen (50 psi, 16 hours,
20 24°C) in the presence of 12 mg (0.01634 mmol) of [(R,R)-

DIPAMPIRh(COD)*BF4" in methanol (10 mL) to provide 51% of 3-cyano-5-

methylhexanoic acid having 72% e.e. for the R-enantiomer.

EXAMPLE 6
Recrystallization of Pregabalin
25 Pregabalin solid (117 kg, 735 mol) containing 0.6% of the (R)-enantiomer
is combined with water (550 L; 4.7 L/kg pregabalin) and isopropyl alcohol
(1100 L; 9.4 L/kg pregabalin). The mixture is heated to dissolve the solids (about
75°C +5°C). filtered while hot. and cooled to 0°C £5°C to crystallize the product.



catalyst COOH 5 10 H2 MeOH COOH Material MAN Quantitymmol

3- Cyano- 5- net hyl hex-3-enoi ¢ acid 153 200 ngl. 307 [ (S, S)- Me-BREIRH0EOD) } BF4
- 618.48 20 mg’ 0.0327 Methanol 4 ,,(2.5 nol % Hydrogen 5012;39 é4 bar) A
The free h®RAKETR? aci d was di ssolved in methanol, and t hePEHiBPHI00Hat o] yst
was added to the solution. The mixture was shaken at 24C for 19 hours under
hydr ogen at 50 psi. A sanple was anal yz?é’d by proton NMR, and the reaction
was det er m ngRe {ofid REcoRddRLHPLS Nids ey aving 95%
e.e. (S). One equivalent annunth?fblgéi\%{dnt of t%?@gﬁ@f&?%ﬂ%ﬁ%% dded to
the reacti onSthﬂ‘érFf@undﬁdfamatrﬁé (\?\/as‘lif’ﬁramdﬂuaahlﬂeﬁto@mﬂmﬁkg)nal hours

(24C. 50 psi) ther ti.on mxture ed, and the s
removed by evggbsr);t glee%gb & P UEVSIVG\EEIQ%%@ a‘B@”‘B?d?‘WSW[g’nd shown
to contain ab(f)enddmef (ptd&ﬁbalﬁt?&:hd@dﬁ%&‘th@-(}{yaﬁﬁu&n&e'[ hyl hexanoi ¢ acid

having 25% e.e. f the S—en%ébl oner. B The above procedure was foll owed
to react’ 250 nmgy (1 © paungT BCESSWW&@@-%U’@%F@IIOEM d with

hyd 50 &ule n
: {Sr g)gegt ( BPEf%ﬁl%béuﬂgn +gg§f %I;:ﬁxg@%w?;e zﬁldrEQe(wt (e@mgésﬁl%%n?mpg%}f 19efrso of

triethyl am neSkifieq Bﬂmaﬂd? whish Hiepatringtio meks ansrusa thersame it ISThéer eactl on
t f dth
mxture was fhddeRfRE that e fSHRLHEN s J’%@X?é@éd@@g‘ﬁ%@e an e

product was shown by proton NVR to yI hexanoi ¢
acid with 20"8era aed thaigpodificatisnemanbe mn@rﬂzer&i@’wlﬂeeﬂd@a@ag frofiiNhe
10 spirit or scope of the present invention as set forth in the claims. To particularly
point out and distinctly claim the subject matter regarded as the invention, the

following claims conclude this specification.



27 July 2004 WO 01/55090 P CT/1B01/00024 -28- C. The above ﬂﬁg%'q"ﬁ was
repeat ed, except that no base was added to the reaction mXture. e
product wasWoHdwH9by proton NVR to be 26% cyano- 5- net hyl kesangioa2éaci d
having 91 %e.e. for the S-enantioner. D. The above procedure was foll owed
to react 200 ng (1.307 mmol) of 5 3-cy¥én-5-nethyl hex 3-enoic acid with
hydrogen (50 psi, 100 hours) in the pégg@{)&e of 10 ng (0.01307 mml) of [
(S. S)-Et-DuPHOS] Rh( COD) +BF4-. The pr was shown by proton NMR to be
82% (' S) - 3- cyano- 5- net hyl hexanoic acid having 56%e.e. for the

S-enanti oner. :edure of Exanple 5D was repeated, except that 0.1
eq. (0.02 ni, ﬁillaé[-{gai%gqsﬁ’rml) of triethylam ne was added to the reactive
m xture. The reaction was stopped after 16 hours, and the product was shown

to be 86% (S)-13-cy =D !fq'??(ﬁ;@-- acid wi.th 68%e.e, for the
S-enant i oner. 1F. Tﬁgﬁﬁ?ﬁ%g’gt&% of” ah%lcéa@lég hyhsaaneiceaeid depvaiee t hat 1
eq. (0.18 nL, 1.30fthedeiulnf triethyl amine was added to the reaction

m xture, and the reaction 15 was stopged at 16 hours. The product was shown
by proton NVR to be 92% converted Ho - ya@n- 5- met hyl hexanoi c acid
having 56% e.e. for the S-enantioner. follow ng the general
procedures from above, 250 ng (1.634 m af

3- cyano- §- net hyl hex- 3-enoi ¢ acid was reattdd wXh hydrogen (50 psi, 16
hours, 20 24C) in the presence of 12 ng (0.0 1634 mmol) of [(RR)-

DI PAMP] Rh( COD) +BF4Wheier i GRgidbr CO9 Yrlahd tvherpoigiadetidnl % of 3- cyano-5 -
nmet hylhexanoi c ac'{d h%}‘/i 72%e.e. for the R-enantiomer. EXAWMPLE 6
Recrystal lization Bsgm @S‘%E’é’ﬁ?‘ﬁg asypupsEG ey tiahydigenhtion bY ak gikeriz36 nol

cont ai ni ng 0. 6% of thelferrdu®) - enantionmer s conbined with water (550 L; 4.7
L/ kg pregabalin) and isopropyl alcohol (1100 L; 9.4 L/kg pregabalin). The

mxture is heated to dissolve the sBt€ds (@boutcy75C 5C). filtered while
hot, and cooled to OC 5C to crystallize e oduct. 27 July 2004

G| By

10 in the presence of a chiral catalyst.

b

A method according to Claim 1 wherein X is CO27Y.

3. A method according to Claim 1, wherein the chiral catalyst is a rhodium

complex of an (R.R)-DuPHOS ligand, the ligand having the formula

—
(W]

wherein R is C;-C alkyl.

4. A method according to Claim 3, wherein the chiral catalyst is
[Rh(ligand)(COD)]BFy,
5. A method according to Claim 3, wherein R is methy! or ethyl.



WD 01/ 55090 PCTA0301/00024 -29- The solid is collected on 2 (j@n?r h%nuge and
rinsed with isopropyl alcohol. The danp solid is dried und ? & 19 at 35C

to 45C and woan/seidbl ed to give 91.8 kg (78.5% of pregababpgr@geshite
crystalline solid. The enantioner ratio is 99.94% (S)-enantioner
(pregabalin) and 0.06% of the (R)-enantigpner. 5 The invention and the

manner and prgcess ,of ing.and using it, are now described in such full,
~clear, conci sg; ané‘%%g‘?i(a grfhr?@t%l@laﬂlﬁqewaﬁlﬁ@%ﬂ}k@@risthn]iiscwhérloemei n the art

to which it pertai ASsoried o kenidnet HS8id l.I. 1s to be understood
that the foregoing describes pref erredtgg%%%ﬁnt%& of the present

i nvention and that nodifications nmay be nade therein w thout departing from

the 10 spirit7or spapghdlactdiinpkEER, 11 WNEELI th in the clains.
To particularly p@kzgt out andgdi stinctly c}q%aﬁ%%&h&ikg%tmeﬁﬂtofer regar ded

as the invention, me £gi} Bithg cl ai s conclude this specification. 27
July 2004 WD 01/55090 -30 CLAIMS What is clainmed is: PCTflIBOL/ 00024 1. A
met hod fsor plr_gparig%@]n (S) - 3-cyano-5- net hyl hexanoi c acid derivative of
the forrul a H3CCN of acidipg fClgim 2, epein therall@li meral iapotasshere Y is a
cation; the nethod conprising asymmetric catal ytic hydrogenation of an

al kene of the for‘ﬂul ﬁ_&) H3C~$N CH3 ~ X 10 in the presence of a chiral
catal yst. 2. A metREFILLEETUTRY I Glaim &i Wiereinghercetion iX ajsalt GlRpritnary

amine or a salt of secondary amine.
10. A method according to Claim 9, wherein the amine is ferf-butylamine.

11, A method according to Claim 1, which further comprises first converting a

10 carboxylic ester of the formula

\V’TCN

1
CO,R
wherein Rl is C;-Cq alkyl

to the carboxylate salt of the formula

\T'/\(CN

CO,Y

15 where Y is a cation.

12, A method according to Claim 11, wherein R1 is ethyl.

13. A method according to Claim 1 1, wherein the carboxylate salt is isolated
prior to hydrogenation.

14, A method according to Claim 11, wherein the carboxylate salt is prepared
20 in situ prior to hydrogenation.



3. A nmethod according to Claim1. wherein the chiral catal y?} .S QD hodi um
conplex of an (R R -DuPHOS ligand, the ligan d having the ;%? RR 1
wherein R i ¥O®15%880 al kyl . 4. A nmethod according to C ai m 3pCTiBer/en t he
chiral catalyst is (Rh(ligand)(COD)]BF4 5. A nmethod according to Claim
3, wherein Ris nethyl or ethyl. 27 Jul y322004 W) 01/55090 PCTIIB01100024
-31- b. A nethaqg, acgqﬁghg&cgg}dggq? Meadm g\l\ﬁl%grl &n{pggmggﬁgfrﬁ?né gwt Re E i soner

or the Z isoner or 1S a mxture of sald geonetrrc 1 met hod
accordi ng to d ai m )3nyenelmathdhaxatdioacid sarboxyldtksltito fetnal or  al kal i ne
earth nmetal 8. A rre{%_ggc ceording 1o <lai.m7, wherein the alkali netal is
potassium 9. A met ccor&?ﬁla%%mﬁl%? "1, wherein the cation is a salt
of a primary amne or a salt of secondary amine. 10. A nethod according to
Claim9. whereikp th 1 i -hutylam ne. 11. A nethod according to
Claim1, whi chI?Urt'ﬁ‘ecra'q%g’)lﬁrﬁglrol%st,ﬁeegf{J |‘$§t converting a 10 carboxylic ester of
the formula CN CO2Rl wherein RL ispfd:C6 al kylnto the carboxylate salt
of the formula CN (Q02-Y 15 where Y iS a . 12. A nethod according to
Claim1l, wherein RL is ethyl. 13. A nethed according to Caim 11, wherein

the carboxylate salt is isolated prior t@HQy enat i on.
g :

wherein X is COpH or CO5-Y, and where Y is a cation.

17. A compound of the formula

\CN

1
CO,R

wherein R! is C;-Cg alkyl.

10 18. A method for pfeparing a compound of the formula

CN

»

/

1
CO,R

wherein R1 is C}-Cg alkyl

the method comprising asymmetric catalytic hydrogenation of an alkene of

the formula
NN
CH3

1
CO,R

HyC

15 .

in the presence of a chiral catalyst.

19. A method according to Claim 18, wherein the chiral catalyst is a rhodium

complex of an (S,S8)-DuPHOS ligand, the ligand having the formula



14. A method according to Caim1l, wherein the carboxyl at e%@%% E@
prepared 20 in situ prior to hydrogenation. 27 July 2004 f %90

PCTI | BOL/ 00WQA41/55082 15. A net hod according to ClaimS. furrdrasoieonepri si ng
acidifying the (S)-3-cyano-5-nethylhexanoic acid carboxylate salt to form
(S)-3-cyano-5-net hyl hexanoi ¢ acid. 5 1633-A conpound of the fornula H3 C CN
CH3 "X wherein Xis CO2H or C02-Y, and where Y is a cation. 17. A
conmpound of the formula CN CO2RI vvhgg-{re' ikd -c6 alkyl. 10 18. A

met hod for preparing a conpound of e rein Rl is Cl-C6 al kyl

t he met hod conprising asymmetric ¢atalpytic h ogepation of an al kene of
the formula H3C/ CN 15 CH3 CO2 iA the pres of a chiral catalyst.

19. A nethod according to Claim1 8.\wherein the chiral catalyst is a

rhodi um conmplex of an (S,S)-DuPHOS R igand, tRe |igand having the fornula
27 July 2004 WO 0115509Q, wher gi is Cl1-C 6 al kyl. PCTIIB01/00024 20. A
nmet hod accordi ng t‘géfﬁ?l %ﬁswl]@fé@\ﬂqgﬁei n the chiral catalyst is

20. A method according to Claim 19, wherein the chiral catalyst is
[Rh(ligand}(COD)]BF4.

5 21. A method according to Claim 19, wherein R is methyl or ethyl.

. 22, A method according to Claim 21 wherein R1 is ethyl.

23. A method according to Claim 1 wherein the cation Y is selected from the

group consisting of H, the salt formed by reaction with a protonated

primary or secondary amine, an alkaline earth metal, and an alkali metal.

10 24. A compound of the formula

HyC CN

b

CH; “Scoory

wherein Y is a cation.

25. A method according to Claim 1 which further comprises the reduction of

the cyano group to form an amino group, and when Y is other than H,

15 protonation by reaction with an acid to produce pregabalin.

26. A process for preparing pregabalin comprising asymmetrically hydro genating
H,C




[Rh(ligand) (COD)JBF4. 5 21. A nethod according to daim 1927\3‘%9@%@ Ris
methyl or ethyl. . 22. A nethod according to Caim21 wherein " Is ethyl.
23. A nmet hod"QEEs¥8i ng to Claim1 wherein the cation Y i s BEl@Bst/end24 rom t he
group consisting of H+, the salt fornmed by reaction with a protonated
“primary or secondary amine, an al kaline3éarth netal, and an alkali netal.

10 24. A conpound ; g Y Wherein Y is a cation.
25. A net hod accorg{hﬁgeh?é;%%}&rﬁf%rg% W%ﬁ?ﬂg}.‘g&ﬁé@%g@%ﬁéhﬁéﬁéﬁﬁ&n of
the cyano grouptheeyimr groem aadiprarogitionfio theFewh@n Y is other than H+, 15
protonation by reaction with an acid to produce pregabalin. 26. A process
for preparing pregabalin conprising asymetrically hydrogenating H3C CN
CH3 GO0 Y O27 July 2004 WO 01/55090 PCT/1BO/00024 34 where Yis a
cation, in the presence of a chiral catalyst, foll owed by reducing of the
cyan group, and protonation to the free acid.



