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BACKGROUND OF THE INVENTION

(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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Pregabg i n i ﬁ)rU}?"ﬁflﬂé Yieh eltaheBMo fEec@tMe@ aptﬁyr?}}{? Eerl'tegs 5&4 lﬁéér di sorders,

pain, and psychotic disordérs. “The 1nvention a prOV| nmedi at es
useful in t h&hysr bggemmersiabhtiliiy of pisgstiahin rég@ir@ah=H9nt method for

preparing the S-enantiomer substantjally free of the R-enantiomer.
Several methods have been used to prepare pregabalin. Typically, the
racernic mixture is synthesized and then subsequently resolved into its R- and
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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asynmetri c&g%?ﬁ’g@ S. Pregabalin is useful 5 for the tre%%wmmgﬁ‘d
prevention of seizure disorders, pain, and psychotic disorders. BACKGROUND
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generical ly asmpgfefQfhed produclibecssoappispsifys al so called (S)-(+)-p-

I sobut yl -y-am nobyt yr iai:_ acid, 10 (S)-isobutyl-GABA , and Cl-1008.
Pregabalin is rel ﬁ{eg%]) 1p hpyhoen penshpsized dirgctkivisi sevarsl differersisyrathetivi t t er

y-am nobut yr kg, ] ' F L] as described by Sil.yernman et
al., US. Pat eﬁ?ﬁﬁo@i&tg?% 3,1%7’@;%8%@“ %nﬁ&llhéﬂaé |8tﬁl wft‘fprer?)tl"é@g%’Jél &L are al so
current |y behndpr parelile dorteolled comditionx AN $nthei@iduirbquit tRluse of 15 U. S.

Pat ent . 6 418: .a in et al., US . Patent No. 6,001,876). A

sei zur ed\lios d ‘%%%Sé)a“l'glgthégg‘ggwgg'oﬁ?@ﬁ@ﬁ?%ﬁ achiral puiligrytp inteadues the t hat

di srupts nor sedeoteniidal Eontigtiatitn ddstred f1 thdARA Btodubiat s S @i be
controlled b%ﬁ‘r‘ﬁrz ?lﬁ{’c{u ti ng@?ﬁe cor?cgn_t rati onlisoc;c ?ﬁg%%%%ﬁg]%ﬁ?%?@énsm tter.

Wien the con thse gepeial gRieRies Bravidetley torgebcompousthinl ligh evel in the
brain, sei zuggatiomEHd khel KA Ao SRRGER s Bi.oc .Pharmacol ., 1974;

23: 3053); when the GFG%W I eeére.l ri ge_s lfanf(?rllaég%?gl%nsgg‘%’%sl{gec@f)sﬁ%ﬁysi ons, the
sei zures t er FPAAY 805 masAgens whichriegdifficult to apdoas) wel B 58ecid bryoE@)ic Because of
the i muort angg CRABARAShéy ' [ nd its effect on convulsive
states and ot (13P?1fler1rlntoﬁ3 dysf&ﬁ%ﬁdﬁé‘%ﬂgﬂfgﬁr@ y‘%(')f approaches have 25 been
t aken to i ncr easeBicawepmgekalininbsingndayklofABS 4 donirieecirphbinackiticane appr oach,
conpounds t hg{,q4a6 i,y ~Qleut anc .aci d_decar boxyl ase (GAD) have been used
to increaseﬁltb he ’E%n@%gf Jrngtt?if%i’r?ﬁ %}ﬁ C&% ,‘)Staegtce?th"& %ﬁﬁ&%r’ﬁ‘e&%‘fq h¥S of GAD and
GABA vary ilrgsacak kgithesimnial ordec telrseablGAD conneRIM hahiRASrAE SHa i N

| ncreased G ﬁ’obe%g nekids ¥% bzqug 3\(/\91':19 1(45% egt?\(r)e, foligalzglpl?gl \a:rl'h%?eot%él product is

15 formed with a substantial excess of the correct enantiomer. An object of this
invention is to provide such a process, namely an asymmetric hydrogenation
process. '

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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of the process (t?%%gr%hﬁﬁ gﬁnﬁé?gfé%gs%vgmhnﬁ%énﬁa%%ew&i Rf@‘ﬂo‘r‘se‘ﬁfétb%‘ig ol une),
whi ch is a 2ThaBingpregeitdin. 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,
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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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require the use of 20 hazardous nitro conpounds, costly chiral auxiliaries,
or low tenperatures as required in previous nethods. Mreover, unlike the
cl assical resolution approacheslért hi.cal auxiliary route, which
require stoichionetric anounts of tHe chiral agent, this synthesis
utilizes sub-stoichionmetric quantitiéds of (the chiral agent as a catal yst.
Thus, the nethod of the present invefon Ras both econonic 25 and

envi ronment al advant ages. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used
herein, the term"lower alkyl" or "alk4l" means a straight or

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.
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di met hyl am nophenyl. The term "aryl al kyl" means an al kyl noiety (as defined

above) substituted 15 wth an aryI noi ety (also as_defined above).
Exanpl es i ncl ude bepzyl E?thlethyl
~nd r

al kyl
of the
i ncl ud

application of all ticlres

i ncorporated herein peferens The fresen;
efficient synthesis {f (S)- S’E;igénlnonethy

(pregabalin). This s &si 571

Sponge

e

10

15

eplcted in

erences,,lnc

g osures inthis
\\ ” ents, are
p ventlp rovi des an
5t et hyf hexanoic acid
ot | ow, Schene | 1.

H3C Ni (cat.) H CH3 ~COz-Y 2 2. HOAc H3

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
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

SRS PR e

chiral-BPE

skl

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.

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.,

1a) are readily available



N12 CH3 ' CO2H Pregabalin Ib 27 July 2004 WO 01/ 55090 PCTI | BOl/ 00024 - 6-
wherein R1 is lower alkyl, aryl, arylalkyl or allyl; and Y 37y 28%i on, and
pr ef er abl vy, e salt of a primary or secondary ani ne, ine earth
nmet al , sucﬁogﬁstrsso%'{e]nt-butyl ammoni um or an al kali netal sPu(gIEIB sﬂh)g%di um As
illustrated in Schene 1, a netal salt (where Y is potassium for 5

exanpl e) of a cyano al kanoic aci d ma"§ be obtained fromthe cyano
hexenoate e$Yanarhao erall Bul\C/ReNSQN kA 1985FB1BIT) Theh ol BOSRAArEPN and ester
hydrolysis to th free acj cLFor salt. Subsequent reduction of the nitrile 2
by routine hIPERRRSCBME 2itel™a catal yst such as nickel, followed by
acidification of the carboxylate salt, affords pregabalin. Alternatively,

t hese steps can be reversed, such that the 10 substrate for asynmetric
hydrogenation is the acid or salt 4 SERRDCN CH3 ~X 4 where X is CO2H or
C02-Y, and Y is a cation. Conpound 4 can exist as the individual E or Z
geonetric isoper, or a mxture thereof. Salts can beghorned by 15 reacting
the free acid ? is CO2H) withe~q strong base gueh as|a netal hydroxide,
e.g., KOH AlternattNely,+the salt neRatbe forned Wt exanpl e, a
counterion W /Such as that Iderived’“f'r‘om'%tn am ng¢ (W fior a phosphine (W.
Primary Cl- 1034 kyl am nes ag#,cycl oal kyl am nesigre pr rred, in
particular, tert-butylam ne. %erti ary am nes such as tri‘et hyl am ne may

al so be used. Again. subsequent 20 reduction of the nitrile 2 by standard
met hods, followed by acidifi cabRdbn of the ate salt, affords

car bo;[gfyl:
pregabal i n. Inﬂtﬁf@enegﬁh syn{hesis oftprEYERal I3 WMO Schene 1,
3
la

t he cyano ol efi n,conpo ENuMest er hydrolysis and
asymretric hydrogenation to|forfpthe 1 enant i gOBIEICyano- 5-
met hyl hexan0|(ﬁ{3%6|di; base CHy CH, CO (280 psi) 2

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,



:25 or the correspondi ng carboxylate salt 2. The ol efin substrate n be the
“individual E or Z geonetric isoner, or a mxture thereof. gﬁb@é’q%@%t
treduction of the nitrile 2, followed by acidification of the carboxylate
salt, affor?©aiséepabal in. 27 July 2004 WO 01/55090 PCTI | BO1/BOOBS1/60024 The
asymmetric hydrogenation step is perforned in the presence of a chiral

catal yst, preferably a rhodi um conplex of-@&n (R R)-DuUPHOCS or (S, S)-DuPHOS

Nevbur yport . - VDEELY 14 oagtne A0RTH o6 SEermerbolin o Bghine & T seiebet (Babbr | dge
Sci ence ParKk, ' Ltal.n) (see U.S. Patent S..b , 395
and . 171, Bo7) TP HBSIR ety Bt Pty oR neti s ol Oh errl S AR

chi ral - DUPHOS [=%H ' -al red .al kyl .groupns for R are
n-al kyl gr oups%é?hﬁggflh%ﬁ%wgég%%ﬁ esf'fgllr:' %ﬁca@,h ?ﬁex}gfig’ﬁﬁgl%utyl , pentyl
or hexyl. Moreppresesprodidalfisysubiibate tauRssibof & ledse 0%t yd erhtiembyd . Ot her
catal ysts that capn be used include rhodium conplexes of chiral-BPE and

chi ral - DPPAVP SHICERERGFS- OV bt “ash uvther spréchonst ef thearoBmEcathbe al - DI PAVP
Such catal ysts nal : - . ' . These
agents are ful?fg&gkgsl%rgie eé’g(’ﬁ/ ur %ﬁ gg%h{%:}%ﬁﬂiﬁ%ﬁ%%&?&%@%{e &%%
117:9375. 15 Thedowsymmetric hydrogenation reaction is carried out under a
hydrogen atnosphere and preferably in a protic solvent such as nethanol,
et hanol, isopropanol, or a mxture of such alcohols with water. The cyano
hexenoate starting materials (e.g., |aBchane3readily available 27 July 2004
WO 01/55090 PCTI | B01100024

HyC s CN asym metr.ic HyC /\/CN
hydrogenation :
CH3  ™Sco,Et CHy  “co,E
(8)-
1a 3
H4C 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



-8- (Yamanoto et al., Bull. Chem Soc. Jap., 1985;58:3397). They can be
prepared according to Scheme 2, bel ow, Schene 2 CHO + Et O2CCJulyoz00 Dabco

113CCN CR H3C CH2 OR2 H3C L CN CH30001 ; base CH3 CH? Ca%})' Pd( OAc) 2
H3C/ CN  PPRSIVER®Y  CcO (280 psi) CH3 "CRRL la 5 wherdi e % a5
defined above in Scheme | and R2 is or CQ2al kyl. In the synthesis
of a conpound la according to Schene 27" am ne catal yzed addition of

acryl oni tri | @afdosElestivith AciBevek i thefhl §roBehati SRS thOt 4aGs AuckBighet pr opanal
affords the cyano allylic alcohol. Typical amnes used to catalyze the

condensat i onfYPHREPNA E2RGEAS e Thg choior oficalanY doenst 2opeaiPpdEt ane  (Dabco) .
The 10 cyang@lhylih& BhpAapk eh&ﬁ%kﬁ?&%@h‘i@f&%XR&FJ&‘&%&%H&EI% gijdaer an al kyl
carbonate (e.g., by reaction with an alkyl halo formate such as et hyl

chl oro f or neeg), KON ahdifion-mealie chiione (ag.eleatiatyl Amfonaet)l Withwittbeingcet i C
anhydri_de or, ac ride). . The resultin

2. (2- et hyl pb°85§f>§/ hw%r.%" ¢ SPMfssting preperties of H&%g%t%}ﬂeﬂdé‘a 3y 955ME adi um

catal yzed cafdpBmiaiiferabiond bOELRat k] %?mﬁ%@eac'ﬁ-suﬁénla&l An@Xe3- €NOate la
(e.g., 15 where Rl is nethyl or ethyl) n one enbodi nent of the invention

i |1 ust r at ed Hedigaicener i3 teedatalyst, whishrinatn mey inflheorschosh thodireationiandt carri ed
out on la (wWhete PRI R Y t :
(S)-3-cyano- S-Eeet ﬁﬁaﬁgx%?no?clba%lﬁ{ggggﬁ%ﬁg&@h%@%%'iI?‘gf’ Il(1 gl,eS) hydr ogenat i on
cat al yst s f rhydragheatioi ohthe sprbrolaathe cyanoisebstitfent mexparpitipate fntEndis -

10 the catalyst. This effect appears to be entirely overridden in hydrogenation of the

salt 4a, in which binding by the carboxylate group is likely to be dominant.

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




20 DUPHOS] Rh( COD) +BF4- on the ester substrates (e.g., R is alkyl)

provi des products enriched in the desired S-enantioner. THY JaktZ1043 is
subsequent | hydrol yzed to the acid or salt 2. Schene 3 below shows this
synt heti c Wé&%’ég,'/mz? July 2004 WD 01/55090 PCTI | B01/ 00024 < B8 n v is
as defined above for Schene 1. By switrcghi ng to the catalyst [(RR)-

Me- DUPHOS] Rh(COD) + BF4- , the hydrog'e1 ation product is enriched in (R)-3-
cyano- 5- net [ heGl. - . ' . ydr ogenat i on
o ocesses. promitdb SO BO0H T Bl whS X o SRR itindifbge V)

enant i oneri cSdhe@Bi THERM MA@ are Hefid Q¥bshRtedRihe SiitHeRe bf SRE4HalAENT Of the

product can be effected by selective recrystallization wth a chiral

resol ving agent, 'Bandbersfereed emborisnent sfthe vemionatbe Gnelassashelin i ¢ H3C ' -
\/ CNT  hydr oggfnat i b%c@aﬁec%l%Elith_(sf-ééﬁsdelii??c'ég W&B&'g)!%l? H3C CN = CH3

2 10 A preferred enbodi nent of the Invention i trated In Schene 4,
where 5t he efyther epbanced dririckmentpl theldpsived S-isomeére T bighlevelef Biehexenoi ¢ aci d

4, (e.g., 4gpa d ' 0 re. Y. is.sodi um or .notassi,un . The
cyano hexangﬁRg%%%rﬁlg%\éggwo %%ﬁ@&%%é?%ﬁ&ﬁgwgw%] ﬁeﬁ%lgg%ﬁ P25 The cyano
hexanoi ¢ aci$imsaddlic4eidisay(bB. Patswb 84@656; O1.S.PaenbR 6P Eyar®kable situ prior to
hydr ogenat i on chene .4 bel.ow 15 Icts,this preferred enbodi nent, wherein
Yis as def iSﬁggﬁag%{\?gd}%Fecg‘éerfg?%ﬂ%%gﬁwnﬁ% “fiﬁcfgrie&?‘@mf’ al"8iFeo Gt t he

hydr ogenat i ciicohbl (elag n&ﬂ’gaholé@thér@l,hh@ﬁsobﬁ?a:ﬂﬁ%h&ﬂﬁ1ik§)ﬁ%ﬂiﬂnﬁg§f 2 is

obt ai 8d by use of a cgllral (R.R) catalyst fromthe _bisphosphol ane
series? for AEARAan pepiok)ln genersh sacessmrmfetopridarysed. Irjsialso noted that

mandelic acid can be used in combination with another acid.

Alternatively, pregabalin containing low levels (<1%) of the

(R)-enantiomer, can be enriched to >99.9% of the (S)-enantiomer by simple
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




represents an unexpected switch in absolute stereochernistry when conpared
to 20 hydrogenation of the ester substrate |la (Schene 3). |37 Jatid2G04on, the
27 July 2004 WO 01/55090 PCT/I1BOL /00024 -10- enantioselectivity achieved
in the hydV8JdH¥9 on of the salt 4a is much higher, typi ¢ BI04 a5t
about 95% e.e. The choice of cation Y does not appear to be critical,

si nce conparabl e enantiosel ectivitiesldre observed with nmetallic cations

(e.qg., K}) ARt i C ' 6(Et&h- 1= ium) . Wthout
being 5 bouﬁ%}gﬁ%gﬁﬂg?rﬁ%{I%exﬁ%glr%??g’gt?ﬁ%[ %?%%he%gﬁg?&su trates la and 4a
may derive G3Erma) @fdﬁ:‘?frélambﬁ@d@&ﬂ@hstab%tﬁﬁmdn(&ﬁmelboflal groups of each

substrate an Wﬁ i ' he cat.al , i I turn may
i nfluence bog?l t aeld%?g’c#{%%@%%ﬁo%gaéce O%dﬁ" ‘?=%?Z12%F@€H°9i‘ify during
hydr ogenat i owatef. Thtieactioafmirturelis sred a1 50 Efor RY Howgeonalkd @R OC, e ester 1 a,
t he cyano substi.t yent .participate in bpnding to 10 the catalyst. This
ef f ect Jappea‘i?ll‘g’n?hc?H ogﬁ@ﬁy@ ‘ift}é\f‘élr ﬁﬁd&ﬁl) P]hh it iaasi.?BQ : salt 4a.
i n whi ch bi nehtag Thy prlobiget eaxhieotyd @il 120 AURf ttyldae tMofide. T8e dabant . Scheme
4 H3CCN H3C. ,hydrola(sus il CH3_ \CO2Et CH3 '-'C02-Y 'la 4a
asymretric Vgenatreirt agagewith 25 ml of methyleneghlogde The gomBingd f ur t her
enbodi ment ,  kHBEyleRVEiride TavefsQ¥d SRSerhaia by ¢AIRUNASSRE 1§ PRviatZolgq mul a 4
H3CIM-CN 4 27 July 2004 WO 01/ 55090 Y ftiarfth 16 Bfoviab7slsy
(96..7%) of 3-hydroxy-4-methyl-2-methylenepentanenitrile as a yellow oil (which
10 may solidify to a white solid on standing), 96.7% (area under the curve) by HPLC

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.



PCTI 1 B01100024 -11- wherein X is CO2H or (C02-Y, and where Y is a cation
as descri bed above in Schene 1. These conpounds are usef ul27shuls200dt es in
the syntheg) regabalin. In another preferred enbodi e

i nventi on, tO@e %Iﬁéﬂ pregabal in product may be sel ecti vgﬁ?/}r};gg?o@%t allized
with (S)- mandel i ¢ acid to provide stilht 5 further enhanced enrichnent of
the desired S-isoner- Thus, high levels of the (R -enantioner (up to at

| east 50% oizmtbeczdé@m&d]—hyptdpﬁlsﬂlﬂadrerr(mmgmtew}dnhtorﬁe)t he S-mandelic acid
salt (U S. Patent 5,840,956; U S. Patent 5.637.767). Suitable solvents for
such sel ective recrystallizations i “Yde, for exanple, water or an

al cohol (e.g., nethanol, ethanol, L sggmNopanol, and the like) or a

m xture of 10 water and an al cohol. eneral, excess mandelic acid is
used. It is also noted that nandellic agid can be used in conbination with
anot her acid. Alternatively, egabalin_containing |low_ |levels (<I % of the
(R) - enant i oner, ﬁtaéewseéﬁgfe} ‘gfée‘ﬂﬁe@%‘ﬁﬂ ttoﬁém(f@fk@’rlféﬁt@fb??é‘r by sinple
recrystalli ; r al cohol . Pregabalin 15
cont ai ni ng ﬁ%ﬁs%ﬂe@éﬂdgﬁﬁs 0 3 5 °w¥‘%ﬁ’?$%§ a@%antlomar) can al so be
enri chéd bﬁ-@?thpk@emetempsm D4 cofirsthyléneshioriflarand $aml @ malpofer / i sopr opy!

al cohol , t ti usu required to
reach >99. Q%Pgtghrre&%? §€lﬁ§§?lc§%%ﬁ&?%i%§ﬁgn {%Ibf@ gﬁff‘% %é abal in, as
used herein gratﬁ@aueé additidrefastel, aahmhire QSP&O(r:hiyoﬂme@Wtehe Shl@tdzrind apeil, and no
nore than a | owi n alled exanpl es further
illustrate glrét oy ﬁceetéﬁ%‘i)od} ﬁéﬁﬁdge 436"\%9?? el‘T?é%I’é’ exanpl es are not
i ntended to tbm;seramﬂemezm:o_@ecofhetﬂa@cuoh ﬁsz%ﬁEd Qtrlz2a©d-35(|f'%|a9mﬁ%he be so

constr The starting materials and various internedi ates nay be

obt ai ﬂﬁd fr@ﬁﬁ’é‘ﬁ?ﬁﬁ?‘& 'ghe istiop salution is panrediinte vl sepamrerciendly avai |l abl e
compounds. Qbn@fERASAHL (190 BNl a O 2RGS0 Lok WRLD RS oYE! |- known to
those skilled int eart of organic chemstry. Preparations Starting
Materi al s 3-9gaacdayer ivwashbedagaimwighes spitionef @@nﬂe(ﬁ@rm@lb pfHElar@H CN A 250 ni,

three- neckeds &ﬁugﬂuﬁ&t m&mﬁyWé Ehe% Q/Epa?nﬁgdrgttlsl r'hgénré I Ssul%a7 te July 2004

(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%



WD 01/ 55090 PCT/1B0L100024 -12- charged with 0.36 g (1.6 rrrml} of

2,6-di -tert-butyl -4-nethyl phenol. 37 g (0.33 nol) of 27 July 2004

| , 4- di azabi cvcl o£2, 2.2)octane . 60 nL (0.66 nol) of isobutyral dehyde, 52
m. (0.79 mbPPVE%crylonitrile, and 7.2 nmL (0.4 nol) of P\Eél%&é?l!“"we
reaction mxture is stirred at 50C for hours, cooled to 25C, and 5
quenched into a solution of 33 nL (0.38 nol) of hydrochloric acid and 100
rr1H of water. I&iﬁoxlﬁs@dﬂﬁihﬁdﬁox@deti&lgg&ﬂz bl s ded ﬂﬂop@fsemé? ﬁydl@Heblf@m.ori de.
The aqueous aci ayer_is extracted again_w L of net ene
chloride. The Adgtaddaw 105k AYVEREAEH0S? 33@11 %ﬁégdp%re@gﬁ’éléﬂ i Ed by
rotary evapora? A8 4R %QME&Q’hZ%p]?ergrgaﬁﬁ%Jd)&t 18¥er is separated and washed

3- hydr oxy- 4- nemi_lll - 2-met hyl enepentanenitrile as a yelpl ow oil (which 10 may
solidify to a {26 mippf tiinerdried gier magnesigs spidfale, apd songprefeated iR ¥aQigit9e) by
HPLC assay, | ' 185 S ne

purifi catsj?on. m@f? 8?? a ?%ﬁﬁ%cbg%%&{z Pgaé’tﬁrlz%ﬁ‘f’gﬁlfgl?%eééﬁ%pﬁ hyl ester
OCO2Et CN A meltavogen- purged 5 L, three-necked, round-bottomflask with
overhead 15 stirring is charged with 150 g (1.2 nmol) of 3-hydroxy-4- ride,
and 170 nL (2. I . dine solution is cooled at 10C to 15Cin
an ice bath. Létﬁr}g‘g%fy@o[s'mé@ gh%te%—éﬂ-%ition funnel, a mxt is added ,
slowy while maintaining the reactson erature at 20C 5C. The
reaction is stirred at 22C 3C for abput Yfwo additional hours. The reaction
solution is poured into a 6. L separatory funnel containing 200 nL (2.3
nol) of hydrochloric acid and 1.25 L of t@'z-EtThe | omer organic |ayer is
washed again with a solution of 60 nL (0.7 nol¥) of HO and 0.5 L of

wat er. The organi ¢ haye presudireazebr onthroverhbadctierirg ivalpnesl with 30kf ate (30 g),

25 filtered, a oncent.r d by rotar oration to provide 22 of
car boni c{%ci d ?g?‘ggpg}?goffgﬁa,%g{%gﬁﬁ}qgﬁ § @Pﬁg’%‘f‘gﬁ og%ﬁb?n IS ygl | ow
oi | which may bes W$®oz inbl) of the cARRS bil Sb@Rinigtchdibhic fabidDhgan@ Widobtopgl-i on. WO

01/55090 -13- Acetic acid 2-cyano-I-iso roE)yI -allyl ester, (using acetyl
chloride) Oac allylester ethyl ester, and 500 mL of ethanol."Carbon monoxide is introduced 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



27 July 2004 PCTI | BOL/ 00024 A nitrogen-purged 5 L, three-necked,
round-bottom flask with overhead stirring is charged with 23duly20944 mol)
of 3-hydr 4-met hyl 5 2-nethyl enepentanenitrile, 0.4 L of nethyl ene

chl ori de, E%H"@ﬂmﬁt (1 rnol) of pyrldlne The sol ution i ECHEH8M24at 10C to
15C in an ice bath. Using a 500 ML ?duated addition funnel, a m xture of
100 m. of nethylene chloride and 43 13 (0.6 nol) of acetyl chloride is
added sl oWy cufite kPreREOEAIINITHY flithRe 1:@BfdchRAled IBARKS MHK06 nftl 0f25C 5C. The
reaction is stirred at 22C 3C for about one 10 additional hour. The
reaction sol Bexada i addeb Jpeepsilfipemixturelis wasbed twies yith 60wl of svarer.aindi ng 85 ni

(1.0 nol) of ﬂl;%g I @ﬂg f The Io_ : ganic

| ayer is wash gg@%%"t @%‘gg |(¥)c§9de%ggomvf\ﬁjfige§1y Vﬁﬂa‘ygnd 250 i,
of water. Thée:eﬁg:amtcad@mlrThiscd:depnbdumesfpmﬂemy@u&mmgmmauam sulfate (20
g), filtere & S by rotary evaporation to provide 66 g of
acetic § aé?z g@éﬁg&# fog ropyl-ally! ester as a yellow oil which may
be used |n the next step without further purification. Acetic acid

2- cyano- 1- |S(Eiﬁﬂmdyarad-Fyﬁeﬂgﬁhaf3-(9#&1&‘1945&@6%3}-) anhydride) To a 500 ni,
f our - necked, roun éﬁtomflask e d with an overhead stirrer, a

t enper at ure probe! RSB Teaskod &f %‘W%F%@Fﬁ“ﬂﬁﬂe?& s charged 20
acetic anhydp. 9emmpoms(dme@laealeaeemﬁbjdﬁpaﬁmﬂﬁl(@ano5@ @isgp S0C and a

solution of 3- hydroxy 4-me | - 2- nethyl enepentanenitril %0 , 0.40 nol)

and  4- (di metFRFERYP 9’1}39% |0c$|31(5é> ramoR of odiym ltoétlﬁiﬁaﬁybdnb\(%ﬁ%mn(%fnt) is
added gyer 33jifpRityRehyldhihERRS ﬂgybm&) SPGet acﬁ?’?c*a%e %&wed Wi t hout

external heating. "After the addition is conp ion m xture is
heated at 60@l¥lgster, 26d 7B mi. niiethanol. ﬂaebmommxnims mtrmchmécbat 4000 B(Dﬁ:s1, and t he

cool ed react %iﬁ but et her
(MIBE) and 2?&%’ t‘dfe% hgat Ki géc%’dfo %Jirl]% {H&‘%tgng%e[{hg 7 yi‘ﬂe soI ution
of 50% aqueo@é;telsddlroughhyhlmmredmvé Stidg., T’lﬁfﬂtﬁatmlc)an&n{rméceﬁywmrh 45 mL of

water is add t hat .t he . s nai_nt ai ned at
about 15C. Fggapt"#“’? c@‘ﬁl"%%?‘%%ﬂﬁ?i‘%ﬁ@‘ &@ggde m%gr&l%%'@iw Wethyl 155090
PCTI | BCﬁlOOOM-butbeﬂneﬁﬁmﬁoasﬁecS@Hh valeh YTHE enb &l isSeBotd(dd-alrdtafp! ) 1S added

dropwi se to a final CEJ g
evaporator t; prov1de 7 g of crude yellow oily 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
N CN 1) LiOH H,0 THF

' CN
: -
COLEt 3) Bu'NH,/EtOAc

-t t
CO,*H;NBu




After adding 10 nL of water and 10 to 15 nL of MIBE, the reaction m xture
is phased and separated. The upper organic product |aver % Jabpdi04ted and
washed wth 25 nL of brine, dried over magnesi um sul fate, and concentrated
in vacua tWOPEFBY| de 63.7 g (95% of acetic-acid 2-cyanotQ/iBo1/00024

i sopropyl-allyl ester as a pale yellow oil. Ethyl3- cyano-5-nethyl
hex-3-enoate CN CO2E t A high pressdﬁe reactor with overhead stirring is
charged with 3p@efal0 (13-4 nmoi ) of pdihﬂﬁlunl ) ; o (26.8 mmol)
of triphenyl phosphine, and 226 g (0.92 no % of e Crude oIl containing

car boni ¢ aci d Ethyldremne-2-matindhaxpienoate | y11823¢er e20@2 g est erl0 and 500 niL of
et hanol. Carb gﬁ)ﬁ ide is introduced at to psi, d the m xture
is heated at gﬂg ovérnight with stirring. 4?‘% redﬁ)'algown sﬁlraution is
filtered throuphragflrbfugint 0 remove solids. The fi lt?f e is 15 concentrated
by rotary evaporation to provide 165 g of crude yellTow oily product,

et hyl - 3- cyano- 82§t hyl hex- 3- enoat e, whi ch assays23#4¥% (area) by gas

chr omat ogr aphyg AR Aiqixpure of the E and Z geonetric isomers. The
crude product ﬁrray K usédcﬂira%lf)t hout further puriqu%c{%‘{"i’IS?lu, or alternatively,
is purified byEthyizeetata distillation (0.6-1.0 mMmASgeqtre®§0C 70C) to give a
col orl ess oil | assays > 95% (are y GC,_.Ethyl 3-cyano-5-nethyl
hex- 3- enoat e (%\Qibﬁg’hﬁﬁ% A hi gh pressure ?%};\ tor %Fﬁ overlféad stirri ng i s
charged with palladium acetate (0.52 g, 2.3 nmol), triphenylphosphi ne

0.65 g, 2.3 molgg. Si romd ) 8 1), crude oil

((:ont ai gi ng car bom}lg%&%ﬁ)ﬁ%ﬁ%} o%@?%%@ﬁ'ﬁ%ﬁpég@@%@é?ﬁa@ hyl ester
(240 g, 1.2 lithiue) hydtaxidethysagrirneuspehdad B, a BAnIO pralglidaneh amB (45 nl), and
acetonitril %e{t%rOQhe”H . Lar bon rgonox%\fie i,s introduced at 50 psi, and the
mxture is heated at 50¢ BYLMP GHECHY A Fopss o 1ong. temprsatugsy EB&ure of t he

reactor is rmixeasiddciitfied bl 2ISNPRI) AdREra@fPiHlo elhyl FeetBDE H hours and is
refilled vvitﬁ c bgﬂe nonoxi de to 50 psi. The reaction mxture is filtered
P;}‘?‘{z)e

t hrough 27 J Ay Lened ooty lapoTre o GOeF9y).-ang the solvent is

removed in vacuo to give crude 3-cyano-5-methylthex-3-enoic acid. The crude

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



celite to renove solids. The filtrate is concentrated in vacuo and 800 niL
of hexane is added. The resulting mixture is washed tw ce iy 98 ni of
water, and the hexane is renoved in vacuo to provide 147 g of crude ethyl
3- cyano- 5- Wetops$090 hex- 3-enoate as an oil. This crude prodtE¥IBOY08Hr i fi ed by
fractional distillation 5 (0.7 mm Hg at 60C—70C) Et hvl 3- cyano- 5- et hyl
hear - 3-enoate (using NaBr) A high pressth’e reactor with overhead stirring
is charged wt t gharcetddiigal | adi um
(0), 0.5 g (2. B3 %ﬂdé'%sgl es)nfi}%dotéfﬁﬂﬁéeﬁ%?{éﬁg Sy of sodi um
brom de, 4.5 nhnﬁ%rdbfmfopytﬁlcomi (dBmﬂc)pandbgﬂtmer(% mgmtﬁ?é"BU’fléaIB@egG (50.0

nol ) of acetlc aC|d no-1-.isopf. .. mL of
et hanol . Car bofP%# %?fey[a O?Fﬁﬁoﬂﬂﬁgtgglpéetl'lk llu%y,s'@'l psgii:rry 1§ﬂ tge mxture is
heated at 50C fGlux24 gRedkslutddd. IThé bdliitidn g allobed tbElowly ol tmtroom is filtered

through celite to renove solids. The filtrate is %dfn ﬁggﬂ d by rotary
evapor at i dn. Tﬁ@iménméﬁ%&aﬁtéh’@ﬁ’llﬁ)%qlﬁdﬁQr(étq% o7 eﬂ 150 nL of

methyl 15 tertﬁit@l‘éﬁé%‘ E{ﬁg&“@tﬂqw&lyﬁp}%ymrsﬁfol (SBHEL)S&H\h@ tnd S renoved

on a rotary evapor provi crude l ow oi ly g oduct
et hyl - 3- cyano- 5}5ﬂ&hhyr£he ktﬂw-lésdmdamﬁa\(asmme‘é @mﬁ@ﬂtmme@ 63 . The

crude product sed w thout f rificatio tively,
may be purified® éﬁ GRS CV"Imé’t' E!‘(B" %gfnﬁa‘ﬁa%aﬁgl Ohgg%}l%g%
EXAMPLE | Syntfig@ieSofd and zciy@ﬂ@s Sﬂﬁmlbmman baomﬂmd:m@emhrsmws%q
tert-Butyl amoni um salt of 3-cyano-5-nethyl hex enoi ¢ acid CN

1) Li OHH2&THF @}neﬂepumﬂw llizgfiopfipRy Etpéﬂa?,l""hé’gﬂﬁﬁ??taﬁﬁo4 WD 01/ 55090
PCTI 1 BO1/ 00024 -16 Material MH Quantitymmol Et hyl

3- cyan- 5- net hylfiex- pofRQaineil bf 34¥4h D2 nipiydhex-3-enoic acid

CN CN
\r\\‘[ KOH/MeOH
| KOH/MeOH

CO,Et co, K

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%.



Li OH H2041. 9613.0 g310 Tetrahydrofuran75 nL Water25 nL Hydrochloric Acid
(2N) As required Ethyl AcetateAs required tert-butyl ani ne73.2749ly2004127

Et hyl 3-cyano-5-net hyl hex-3-enoate (m xture of E and Z i soners) and

| i t hi um hyWOPUEM0 hydrate are suspended in a mixture of tBEVERI/AH uran and
water. The slurry is vigorously stirred for 4 hours at roomtenperature.
The mixture is acidified to pH 2 (3NI8CI) and extracted into ethyl acetate
(3 x 5 150 nL). The conbi ned organhm?f are dried (MgSO4). and the
solvent is renobved in vacuo to gi Ve Crude” 3-cyano- 5- net hyl hex- 3-enoi c

aci d. The cr dsienmateic dyidrogdu®ion of 8cbyirv-Steilylincet-edoic 43Dinl ), and a

solution of tert-butylanmne in eth cetate (2 is added. The
tenperature 8f tHE™ lgl{yflﬁ'i‘\“"r“i“gégh 3%@'35&3’ ABt-ar etgﬂgégfgmg ass of white
crystalline solid pprgci pidsgptes. The product _10 is collected by filtration

and dried in vacudy d 22.15 g, 97[G-RrYeDuBdOSIEY(CODABELuUt yI anmoni um
3-cyano-5-net hyl h -3-lenoate (alternattve —TeTnod) To an appropriately

si zed 3-necked round- bof 8§ed“%§&slg i s charged SHzg of an oil containing
et hyl 3-cyano- 5- net hyl hex-"32e & (29.9 g cont®epEd 15 wei ght, 165 mmol)

A solution of KOH (91% 10.2 g, 165.1 mmol) in 50 nL of water is charged
to the ester solytion, oveN 20 mnutes. and the solution is allowed to stir
for 1 additional Hour.fWater (50 nmL) is charged, and the solution is
concentrated to 80 nL in vacuo. The water solution is washed with MIBE (100
m.), and the product-con @brﬂ’rPgNggueous | ayer is acidified to a pH of |
with 20 concentrated hydro¢hléric acid (20 nL). The resulting acid is

extracted i ntWE—&Ge—mﬁ—e.—%he—PﬁWW%ma@a n
i sopropyl al cohol (58 mL) and heptane 27 2004 RS/ 550980

PCT/ | BO / 0002 4er+Bidtylafisbonitin saleafd-dyans sol p2d.33 1s Tiddgred tRgough celite.
The filter cakesi ) shed with., a mxture of isopropyl alcohol (58 nL) and
hept ane (85 mL) > JUPHSETSAONACHKe is charged to the solution to form a

thick gel-1i k?(R?ﬂiPMeEuPﬁb@]}ﬁl(ébWBﬁ* heat ggh t o 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



reflux to give a solution. The solution is allowed to S|OV\A£/ cool to room5
tenperature. The resultant slurry is cooled to OC to 5C forZ7July H¥idrs t hen
filtered d with a m xture of isopropyl alcohol ( Joofidd heptane
(150 m). eo\ﬁsgo '?d is dried under vacuum at 45C to 50C t%&él%é og% lg
(62% of tert-butyl ammoni um 3-cyan-5-n®t hyl hex-3-enoate as a white solid
which is a mxture of E and Z isoners. The Z isonmer can be obtained in

greater than 9&MMvétedte (Her-txenpdrmethylbsxaneie ngid by freatmgnt with 4996PHS sopr opy |

al cohol and heptane, B. Raot i - - I s Ryoépoi ¢ acid
ON KOrIMeOH CNEPRIEEze R eﬂﬁﬁ%f%%ﬁ}@@f}%ﬁﬂ%ﬂﬁﬁ? ﬁﬁ%sn‘gﬁw

3- cyano- 5- net hydnversion RIXhe 1068613 and A kari24viR53)%g 881(S3- enoat e Pot assi um .

hydr oxi de 85%Al drich 56. 11 33.1 g501 Met hanol Fi sher 90 niL tert-Butyl net hyl

et her Fi sher 900 nL Pot assi um hydroxi de is dissolved in nethanol (70 nL) and

added to rapiBly sPaétassiumgsat 6f(S)-3-~cypgymmbntethyhénahpieacid-(eehstnate ©ni xt ure of E
and 15 Z geonetrigc | r uch a rate as to maintain the tenperature
bel ow 45C. Théat?'&ti@@ﬁaﬁétlﬁﬁe?ﬁgl i c potassiumhydroxide is rinsed into the

mxture W th exyr metdyanol } E% 'Eur I s-heat@d at 45C for
1 hour and then d to cgé‘)ljsf%e%rurﬁhgsé I??*F Wn' which tinme a
crystalline soli . tert- Butylnethyl ether (600 ) is.slowly added
to the mixture with vigegogdg stirring. The solid is collecwed an a
course frit filter, washed with tert-buts Prrethyl‘ ether (3 x 100 nL), and
dried to provifigfag TItIe conpound. YW&hd 83. Guahtind39 MDImmoB8% 27 July
2004 WD 01/55Q090 PCT/1BQ1/ 00024 -18- _

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,



EXAMPLE 2 Asymretric Hydrogenation of 3-cyano-5-netltylhex -3-enoic acid
salts A. tert-Butylammoniumsalt of (S)-3-cyano-5-nethyl héXadbiZ04 acid CN
[ (R R) - MeDUPHOS] Rh( COD) +BF4 H2 (C02- +H3NBut MeOH \ CO2- + H3NBut Materi al
MA Quanti V¢ 0 tert-Butylamonium salt of 3-cyano- 72GBIN®IH g 84
S-met hyl hex- 3-enoi ¢ acid [(R R)- McDUPHOS] Rn(COD) BF4- 604 49.6 ng 0. 082

Met hanol 32 200 mL Hydrogen 2 44 psi 8-bar). 5 A round-bottom flask is

charged withcthe i hex- 3- enoi ¢
acid (from Egta I%ﬁlﬁ%lm]é%{i fg Qcmﬁ&%x%@%iwwuénder a nitrogen
at nosphere. %@@tretiO-”Mhéﬂ@knmd) added via syringe, and the sol ution
i's deoxygenat ed rz&gat ed partial evacuati on and back filling with
nitrogen. A6 pr e SRR MeDuBEOBIRMETORY BEy g rogen by
pressurizing ard re| easi ng tfrerpressure—three—times. Th vessel is then
heated to 55C. The s Jgnn of substrHpe and catalyst is ransferred to
the reactor by annul d the vesskkOHs again purged with F?;z Fogen
before finally [f)rncr‘llr|7|nr1 to 3 bar (44 psi). Stirring is started and
hydr ogen up- t Ma&rebnmenced. The vessel is M@Beat@@%r ecm{mjed to 3 bar
pressure unti "PdasseEIGRR- IRk ‘ 457 735 §a5 i ng under
pressure at 55C for an “additi onal 1 hour eating 18 discontinued. Once
the reactor cofRR)MeDuRHOSTRANGEDH BF £, théO‘hydrd@érmg)ressOﬂém s rel eased,
the vessel is ged with nitrogen, and the reaction mxture is
transferred toR@ﬂ}ﬁBﬂnd bottom fl ask. The sod¥Zent i¢¥ mLenoved in vacuo to
gi ve the crudeHB % . Asmall sample is reimved @nd 27 July 2004 WO
01/55090 PCT/1.B01100024 -19 converted to g Byano 5- et hyl hexanoi ¢
acid by treatnent w th aqueous (4 bar)

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)-MeDuPHOS]RR(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'\(‘?” [(R.R)-MeDuPHOS]Rh(COD) ' BF,,” Y\_/CN
H, :

—+ t
20 CO,5 " HyNBu MeOH \C02'+H3NBu'




hydrochl oric aci-d and extraction into dichloronmetha . GC anaIJysi S shows
100% conversion to the reduced cyano al kane with 95. 0% e. &7 Jul)2008,

Pot assi um gal (S) - 3-cyano- 5- net hyl hexanoi ¢ acid (subs 5

cat al yst (%?’6?’5%% 0 1000/ 1) ~CN [ (RR) - Mc DuPHOS] Rh( COD)* B%‘Eﬁf“@@“%é CHK H2
C02-+ K McOH Materi al MY Quant i t ymol Plc\)%g_zsi umsalt of 3-cyano-191.311.03
g57.7 5-nethyl hex-3-enoic acid [(R R) - PHOS] Rh( COD) 60411 ng in 10 nL
18.2 x 14-3 BF4AMdtldl SI C = 1000wlw Met hanol 321BIWml Kpdntitgen@bolpsi (4 bar)
A glass liner i wi-t-H—t-he HHA-S9 0 ARG ret-hyl hex-
3-enoic acid (f HEHRX- arrdOPPacetfihe a $30 L PARR
hydr ogenati on vesggdte The vessel is purged with nitrogen and then with
hydrogen 10 via charging to 60 psi and stirring for 10 mnutes to ensure

t hor ough equi | i BReR ) HRDUBHOFHRCCORNBE| easi ndU8f t helpriegsur &3 five
cycles. The vessel is heated to 45C, and a sol ution of

[ (R, R)-I\/bDuPHOSW(EGﬁD) BF4- i n deoxygenat ed mg'?hanolzoo(@i mg in 10 nL) is
added via syri n%dm'ég}p vessel is again purged wpth hyddsagen and then
pressurized to_60 pSi with stirring. Periodically, hydrogen is_added to 15
mai ntain the pressure between 50 to 65 psi. Hydrogen uptake ceases after

120 m nutes. After A2:haunss wish@alFed With %ert-ButPlRRbRdivhP3-tARILI SeRGhat-ure, the
pressure is rel eased, and the sol'vent is renoved to %I ve the ctude product.
el

A smal |l sanplienogtepagaetane (H009dank) Thelnaimanplacad ipel It BABRve (S) - 3-cyano-
5- et hyl h ' ' ' % i i-nh 96. 7% e. e 20
3 somer 57" JufdtSifion thes 8 Rk 31 BRPUBga Al FRONEaRl b ik oe

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

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




C. Potassiumsalt of (S)-3-cyano-5-nethyl hexanoic acid (substrate to

cat al yst (S/C) rati o 3200/1, 640 nmmol) [(R R -MDuPHOS | RA(Jeb3iofs F4
PCT/ 1 BA / ,,RCN H"' Q02K + MeCOH CO2-+K Materi al tity mol
Pot assi um cllfésr?%GS met hyl hex 3-enoate 181.2 123 g640 rchbordii

[ (R R) - I\/tDuPHOS) Rh(COD + BF4- 604 123 0. 204 Met hanol 32 1015 nL Hydr ogen
2 60 psi (4 bar) A glass liner was chafged with potassium

3-cyano- 5- neMa;ehhbx 3- enoate 5 (from ExaMlJVe 1B)Qt&ﬁdtyﬁ'8t hangamol 1000 ni).

The |iner w ation : he _vessel was
purged with Siva é\ne’cl‘??te hydr O} Vi aIQ:gl]ag gi ng t 890 psi and

rel easi ng thpotys@@gw@m@a/@r five cycles. The vgsggl,ywas thegyheated to
45C. A solution of [(R R - MDuPHOS] Rh( COD) + BF4- I n deoxygenat ed net hanol
(15 m) was HBAYeMeDePHOSIRAGEODBRyvesseblias 1018ymen puzged 1043t h hydrogen
three tinmes then pressurized to 65 psi and stirring comrenced.

Peri odi cal | yMetgatlogen was added to maint®in thel2dmessure between 50 to 65
psi. Hydrogey,ipt ake ceased after 2'/2 hoyrs, th ssel was cooled to
roomtenperature and left to stir overnight. The préssure was rel eased, the
m xture wasHydragmferred to a flask, and the s&(bpﬂ(\ctbams rermved in vacuo
to give the A rted to nethyl
(S)-3-cyano- 5- math | hex- 3 -enoate Gas chrorrat ographl C anal ysi s showed
>99% conver si on AZlasokner &.chagedwith euhyk}amny-banﬂhvﬂhum-smate ((Bfartmg

[CR R - Ve D i i 2ol el ) 2ol Rt mt POt s nur

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

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




27 July 2004 WO 01/55090 PCT/1BO /00024 -21 Material MY Quantitymol
tert- Bﬁt y| anmoni um 3- cyano- 5- net hyl hex- 226.33125.8 g557 3-2ned Y0 R R)

- Mc DUPHOS] Rh( COD) +BF4- 604125 ng0. 082 Met hanol 32200 nl  Hydr ogen250- 65 psi A

gl ass |ineWORS50@harged with tert-butyl anmoni um 3- cyano- SPGRABALA0AMY -
3-enoate and methanol (1000 ni). The |iner was placed in a 2 L PARR
hydr ogenati on vessel. The vessel was B8r ged with nitrogen and th?inv\é\“h
hydr ogen vi asghgcgi o 60 pst—and—retgasine Be presstf-e—ove

cg;cl eg. The 5 veéssel was then heated to SHU on of PP R -
McDuPHOS] Rh( Giii)i-8Bfy4no-bmedathexeermbed metgianol (0l36 fL) was2added via
syringe. The vessel was ag]ai n 8urged W th hydro%en three tines then
pressurized [(foRyYeRIPRANRMTOD) BRacomitced. :

added to maintajn ,the pressure between 50 to 65 psi. Hydrogen uptake
ceased after%g{h%ﬂ?} :

to room tenpalwidgeg. The pressure was rel easgfpglpgayi Xt ure was

riPBdi cal2 ¥ 108ydr ogen was

s, then 10 after a further 1 h8lr, the vessel was cool ed

transferred to a flask and the solvent was renmbved in vacuo to give the

product. A small sanple was renoved and converted to nethyl

('S) - 3- cyano- &- metThehduetornis eaeiad Btg;iﬂ : 36%&1&?03@%&&%&5%2?% igjg tidnyf HCI .
anal ysis showed >99% conversion 97, 7%e.e. 15 E. F .
3- cyzmo- 5- neﬁﬂﬁvm?@zé’ﬁld’ff‘c’* HU5TR TgeiRE At Ekinicanjgpatign withgrglass hiper.

. o ~f...,,rrCN
i 3) TR R DIEr S M O 3 B S F 0 e st g by
01/ 55090 PCHY9gsowiole gtiming. 2% liner charged with ethyl 3-cyano-5-methylhex-3-enoate
5 and a magnetic stir bar is placed in the micro reactor, and the micro reactor is
subsequently assembled. A hydrogen atmosphere 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)* BF 4~ 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).

GC

\ CO



Mat eri al MY Quantitymol Ethyl 3-cyano-5-nethyl hex-3-enoate 181.210.81 g59.7
Pot assi um hydr oxi de1l. 68 mL58. 4 [ (R R)-McDuPHOS] R(COD)  BRA-Jubodd o
ng29.8 x 10-3 Met hanol 32120 nL Wat er 1818 nmL Hydrogen260 psi (4 bar) A gl ass
liner is dWAPHBEPOW th et hyl 3-cyano-5- net hvl hex- 3- enoat e RGHVIEAYG00R4

mat eri al prepared above), nethanol (100_.rnL), and water (18 nlL). Potassium
hydroxi de is added with stirring. A li néf i s pl aced in a 600 nL PARR

hydr ogenati on vessel. The vessel is ?éﬁ\ﬂﬂiﬁ’ﬂth nitrogen and then with
hydrogen 5 via charging to 60 psi and releasing the pressure on 5 cycles.
The vessel is Syewhesid of Pregabtlin A sol ution of [(RR)- MDuPHOS] Rh(COD)I  BF4-

i n deoxygenate hanol L) Js ad The
vessel is agai g plq%“é’aers\‘/a“ﬁ]».‘sﬂ%’y%f?%mesﬁ lta“%égﬁ%a%ﬁféejglgﬁh :ﬁjieaﬁﬁlagg% i with
stirring. Peripgsigdliny, hydrogen is added to maintain the pressure between
50 to 60 psi. Hydraqge t ake ceases 1 fter our Al er addi ti onal

| hour, the m xtur g”é’p %‘E‘JdtPSEF%'ﬂ)‘H]sglf&’ﬁ?P e&taﬁp tE%( Q‘Sure i s

rel eased. The 94 9% WriSorhey, 8.0 2Nl SR 1§@haigéd|a@<ﬁig,mﬂ1'§ﬂ3tasklbﬁzlﬁxﬁ}dk&i&t i's
removed in vacuo to give the product. A small

| d
converted to (G)%HakgAidl me ﬁ’étshﬁokpé?&ﬁ%ﬁ Q:7§E’i“ﬁ)’ QIZQL‘ES’J‘ien&%g%‘(Pﬁn
hydrochl oric gﬁ'edder@‘nré’dﬁ'@ﬂ%%ﬁlﬁn )@%‘%L%o Zym%ﬁlesdoﬁf&lrﬁ% %ﬂaﬁggﬁéﬁe‘l ed cyano

15 al kanoic salt wth .6%e.e | somer enation of ethyl
3- cyano- 5- et hmw(Agﬂ%@&n@awd M@MS[E@RQ%)W%M] 0@@1}? 4.BF4

, 1 -- 9% mCN H2 %{Zlﬁ Fpéqﬁ Peld-1 BO /00024
-23 Mat elrl al M/\§ an |tymm hat%zvei}ano y %él?(?g%%%{oatefsw 36
g2. 00 under 50 psi hydrogen at room temperature ovemlght

The slurry is filtered through a pad of Supercel. The 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



[ (RR) - Me- DUPHOS] Rh( COD) BF4-6041.2 ng2 x 10-3 Methanol 5 nL Hyijro en60 psi
(4 bar) A The reaction is carried out in a 50 nL micro reddt’dry ¢t ed with
an injection septumand valve. A mcro reactor is used in conjunction with
a gl ass | iWems50pfet hanol is deoxygenated by four cycles HCEIBAVI0BR
evacuation and refilling with nitrogen while stirring. A liner charged
with ethyl 3-cyano-5 -nethyl hex-3-enodfe 5 and a magnetic stir bar is
placed in t ] nd . }.CI.0 t ' equent |y

Psseml ed. - ACHbad TREEASInePS if 2% Shiisr LREH' 2T Are ndESR e o

char gi ng t hefilwess Fhe wilidhs fysdd agRNPANSD ME) ariss B8ed L2 A5 RSH dvecuulet hanol (4
m.) is added, and th?_ vessel s then0 placed. in an oil bath on a stirrer
hot pl ate at TEEINERE a splidovisiine’ ¢ 84R1-¢'6 overal wigld) ARG ARAlYSm (i nternal tenp

--450) . A sngbdtifies the SRfiuct al@7.99'¢%€(aﬂei®i %ﬁ%@%@%ﬁbdﬁ% & wiven BLE’&*OS} Rh(/COD) +

BF4 and a nitrogen atnosphere estab y four cycles of partia

evacuafi on affEiredetispmpr{gregakalin). ni t rogen. The catal yst is dissolved in

met hanol such as Y i | Nnj st inl n
of solvent. One r'fﬁ) ?%q'ﬁggedg@bﬁﬁeﬁ%ﬁug%%%ﬂ%%ﬁ Fé%’ﬁ?%%ﬁ%%ﬁw a syringe
to the m cr o-exsactancthilhex-3remwt (preparad as despribed édExampS1AB3égsuri zing with
hydr ogen to psi..and I | e a further r cycles.
The vessel ilggtlhrgfﬁoﬁﬁ%drggéﬁ%b(@%}{)@@@ﬁﬁ?%ﬁ(é‘ﬁ%e% Oﬁﬁ%ﬂmﬁ‘g}&?@@en upt ake

is judged tlgagg‘ﬁ,\@{nggaé?qug(eﬁgﬁ 0§1)(3 ngg%S{)feﬁg% p(gooir& g%gm(%d fromthe oil

bath and allowed to co préssure i's’t el ea and the sol vent
renovéd i n vherged 360GGL afislethandl. Eieonsth&©%esposssee puged witR afme3 . (R). 20 B.

By follow ng.th eneral procedure of ample 3.1, 200 1.190 nmol) of
net hyl 3- cygsr?d’-S -%ﬁ%ﬂofﬁgﬁﬁfﬂgﬁﬁPﬁﬁggﬁﬁ@gﬁ% ?ﬁur%“ig?ﬁ met hanol
and react eccanllytsh Thy S61@ENs BrRSsufBhr@Slwith Aed\8 PIEReNER Bén thd My (0. 06
mol ) of [RR)-Et-DuPHOS] Rh(COD) +BF4 - to a%ford 10% conver sion to net hyl

3-cyano- 5- feAdsFlineRsHozeddo Shasiiwig hydoeegen and simpd ommnightiay 2280 WO 01/ 55090

PCT/ 1 BO1100 XAVPLE 4 nghesi s Pregabal i n_ A, Conversion of
pot assi um s gffcb?%?g%%%rgsﬁg{e% lf%ietaﬁ%/dl’ Fi‘?edité%%‘%l%%&eﬁuﬁﬁe? gHit argon. The
15 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



pregabalin 5 The S-cyano acid, potassiumsalt (prepared as described in
Exanpl e 2B, 94.9% S-isomer, 8.0 g, 41.4 mml) is charged a7y 2%¥h

pot assi um hydroxide (91% flake, 44.0 ng gross, 40.0 ng net, 0.7 mmol),

wat er (15 W@O0R/5508hd 2B EtOH (i.e., denatured with tol ueneJT/ABeD0I4) to a
PARR bottl e containing sponge nickel catalyst (A-7000, Activated Metals
and Chemicals, Inc., P.O Box 4130, 1&6Severville. TN 37864, 5 g, water
wet). The sl ' . 5 ' rogen at room
tenperature %@?ﬁ%ﬁgmﬁﬁ%@g{fﬁ%%@ﬁﬁﬁ%a‘gg ﬂ?g&gsﬁugé%lgr gf Super cel .
The filter cal)eL pEmefhasddThewtdctor wadvatuated Qinddr)vaauneh, 28 thes Bd vaduuml.) . The
conbined filt{nrate is,.mxed.wth. glacial, acetic acid (2.4 nL. 2.5 g, 41.6
mmol ) and hegtbé%(cawt?@@q’lonesﬁlﬂﬁ? Frﬁfsé‘g‘?edltgggﬁﬁ wiharggreanddhengsned 1 o 0C, and
the solid i sThigkhtire begte Byockdiré fsaédeied rBSHBR. The Rethb SN GRARQL, (50 nL), and
dried to give 3.2 g of pro UCtgssro mol , 49% yield). HPLC assay of the
materia sho r@@t.og%r’(t%{&é‘& riefraterrad exiplye) The solsion dspress@amarged Enant i oner
anal ysi s ( HPkfg) adcBf i T256Ss; = | - : e | somers:

07 82% i s the Hatrs G sie?sé%r}hg‘?&f‘lﬁ)?’gg'g{%]llf’%%%“gﬁﬂd‘%f@fg‘&?‘?ﬁh%“ﬁ‘;egeﬁo undesi r ed
R-i somer. B.adstivwed syesmightfat P&1( 1038t Tha hydroganpreshse ioflea®t: Ardafano- 5-

nmet hyl hexanoj ci.d to pregabalin_The S-cyano acid, tert-butyl ammonium
sal t (preparéeogfmoFlsd%'g% qo‘fﬁlglgmfb’ﬂgen&%erfﬁi”ém?hﬁﬁ@?&‘é‘-"i%}@ﬁéﬁ“u& 0 g, 35.0
mol ) s chacgethiad adunidnt df ppRERES hitFoxidSONYE D 9Xiedfs 4 Jb¥ih bakers 2-2 ¢

gr oss and 2B EtOH (11 m) to a PARR

2. 0 net, . 6 I ter (15 nli),
bot t | elopont ngﬁFrné i‘gb‘ﬁ@lb%%‘k@\gﬁéé}?%il(t9§ka( rguder [pegThe fijgeteds wet ) . The
slurry i s shaeduaRdd PARES BRKEG ddndgs va@ﬁuﬁﬁisﬁﬁéﬁ&%pﬁlﬁgc&fcﬁ&t&?ﬁ
gh a pad of Supercel.

tenperature overnight. The slurry is filtered throu

The filter cRRBIORdSFanslemad togpl Wit 1saciencentaini spoygeamekeRB8-B0OS.0 ket hanol
denat ured W 43, (@l 7 : C lned fiktrate. is charged with

gl acial acetic aciedg’?ﬁ?li&ﬁf{u@%ipg%&}ﬁg%% €3 * %ES]iggfﬂ’lﬂfeng solution is
heated to 70©cirds pressriadd towe dsitvathdrydtogsi a sirred ovigh Thd Mjd¥og2@04 WO

P 24 - 25¢ g ._.Ih ' I ' h
01755430 PCILLEAY 00024 525, LopetaluL s, e Leaction SIULry s then

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).



filtered. The solid is rinsed with IPA (50 nL) and is dried for 2 days in a
vacuum oven to give a solid weighing 3.4 g (61.0% overal | 37iJlx3004HPLC
anal ysis i.fies the product as 97.20% (area) 3-isob , 99.92%
of whi ch ig@@ﬂ%&@d&s desired S-isoner (pregabalin). An arg(b)gnc%ilgg?ge 600 niL
pressure reactor is charged tert-butyl,amoni um

3-cyano- 5- net hyl hex- 3-enoate (prepared as described in Exanple 1A 36 g,
159.1 mmol ) and [ (R R) MeDUPHOSJRh(ECORMVBIEEZ 5 (0. 054 g, 0.0894 mmol ). The
reactor is p sure .purged with argon (3 x, 50, psi). ,-Jo a 1000 nL reactor is
10 char ged ﬁrﬁ{engflg'ﬁﬁg Gl '”i'ﬁé—gﬁﬁ' Eiate;de ‘:dp@'f’%g@&re purged with argon
(3 x 50 psi). The nethanol iscﬁhen ch@gﬁgﬁg to the react containing the
substrate and catal yst> ofution i s pressur u Wi th argon (3 x 50
psi), and then the readtor |s pressurized to 50 i Wwth hydrogen and
stirred overnight at 27C to §0$ The h@ﬁrogen press S el eased, and
the solution purged with argon. fI{Ie 15 gebmtion is transtferred into a
vessel containing a solution of potassium hydroxide (91% 10.3 g, 167
mmol) in 90 nL of water. The solution is concentrated to about 180 nlL in
vacuo. The cdmesiltrated solution Is tramyterr edQui@y 600 Mgmpflessur e
reactor contaiping-sponge nickel A-7000 0 g 0% wat e s The

JE kel A a A

sol ution is >-h¥geumiy e waeiceddy 50 18i), and0®men the Aé88tor is
pressured t (YY) hydr ogen tirre rni ght hydr ogen
pressure i s%%%é%?ﬂ]#ﬁ@g%?l égf‘on i saﬂgifr%ged V\n'd%(ﬁﬁ{gr gon a?igﬁx}iel tered. The
filter cake is washed with 90 nL of nethanol. The filtr@&.2mo$%goncentrated
in vacuo to yemmy t he nethanol, and 72 rnL of igﬁ{)ropyl al cohol is
charged. The 'solution is heated to 65C. d aci al 48tic acid (9.4 m, 171

nmol ) is chdigkeenand the solution is heated t59 péB3@barhhe sol ution is 25
qgui ckly co i nslowy cooled to roomtenperature  The slurry

is cooled to OCto 5Cfor 3.5 hours. The slurry is filtered, and the cake
is washed wAth Thefreopyancit edtiolas difitdvesiGh imdthiafolgdrdatl smdbsaalpguum at 45C

to give 18.4 73%. of pregabalin as a white solid (99.89%5S). An
ar gon- pur gedw%fé‘gqfl tp é‘%?épblﬁov-gf%eﬁamww shikep gt $4°6ufey19 hawrowidein 30
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July 2004 WIeBrhBisdgthe AGT¢onBOA¢, 0002 e 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. for the S-enantiomer.



-26- reactor is pressure purged with argon (3 x 50 psi). To a 170 L still
is charged 100 L of nethanol. The reactor is evacuated unde¥’ bl and

t hen the %Hgggo d s broken with argon. The still is pressidd,getes2 90 Psi
wi th argon an t%en vented. This entire purge procedure is repeated tw ce
nore. The methanol is charged to 5 the reactor containing the substrate and
catal yst. The solution is pressure purge#- with argon (3 x 50 psi), and
then the vessel~is ' b WL r il d

overni ght - at 25% 0 B5EY pESRUEE watkcBBed Ll WATIBRE wl e Shib S
solution is purgedominidurai Theggaluct Wisshewh by potoni MR thibe 26%, (Sit2o a 170 L
still containing a sol utjon of t.assi wm hydr.oxi de (919 .9 kg, 46.4 nol)
in 25 L of 10%“W#t% "Fﬂe‘ﬁy e’ﬁm%saﬁf&ol}a“ﬁ%}té%é’n%'f?r)sih%%g'éa%[%é%g'ean the transfer
line. The filtrate is concentrated to a volune of 50 to 60 L by vacuum
distillation. Tis garaeRtbrkathre W MlbAE {oSedct 2005he (1.307 thioh of 70 L reactor
contai ni ng sponge nickel A-7000 (5.0 &%h 50% water wet). The solution is
purged with ni Sreygen3sthylisa-3yeno)c acidwih hydsegen(epsi.d00ihguis} Bdls 1 zed to 50

psi w th hydrogen and irr ernigh I u is

rel eased, and g’ﬁeée@Sloaﬁﬁlﬁ (ﬁglﬁﬁﬁﬁ@@?\ﬂf E‘ﬁgﬂﬁf'%ggﬁgmﬁég?& ﬁf‘?bxgﬁei s
filtered into ' : el th bl 850,363 LV £68S;-AE@yhbRssd W th 30 L
of met hanol . %ﬁ%&%\%ﬁts?g%\gﬁ?}sgﬂg%&%ﬁt r_tat e bngg%u%m distillation to a

vol ume of 25 t eci@Baving 5604 e.et fosthedBenantdmersopr opyl al cohol is charged. The
solution is concentrated by vacuum distillation to about 18 L |sopropyl

al cohol (20 L) ,and ter (5 L re ed, 20 .and the | ut} s heated

to 60C to 65C. ac&ﬁ?prgﬁ ec‘}fﬁfﬂal_’%%‘gffpe %fi’?e’ﬁ%ﬁ’t)t atlﬁ'g Eh 0?jg}e ~ and t he

sol utionigs heatigd7 endadfiisthyiMame ivak 8dde)t té the chuatigedixhae Ifkeestiorsol ut i on.

The solution is quickly_ cooled to C and then, cool ed to ~5C 5C pver about
e & SRS

5.5 hours. The Y& 8PpPRediadien iy pugy an e pvag snm 19 At %eEn

filtered and vashgthetddt ASPRIPBEY: el £ AR S-briboer. The sol vent-wet filter
cake is 25 charged to a 170 L still followed by water (20 L) and i sopropyl

al cohol (40 L). The slurry is heated to reflux to nmake a clear sol ution,
which is filtefFed i AhopracedirmiExawpletSdrwasTereatsd) axesrothar & eqiPdRmE.cool ed to

50C and then cqq| - B r . d¥adisphel d a
75 5C for - abogt? Sttt udd atly o e SOMHE A8, githd oqBn 10 5
al cohol {30 L) wa3kiepdlat t6 h@Bs.iThe dradect wasdeew/cpronNMRBIChE 82%3 days to
give 4.0 kg (SZg velgt];d t%r(gggg?zlﬁo%-r%%th?lhe%o}ceacxsdq’lalv%g(58%egé%r%é 27 Jul'y 2004

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.



W 01155090 -27-- EXAMPLE 5 Hydrogenati on of 3-cyano-5-nethyl hex-3-enoic
acid (free acid) catalyst COOH 5 10 H2 MOH COOH Mat eri al27vialy 2004

Quant i t ymol ano- 5- net hyl hex- 3-enoi ¢ acid 153 200 ngl. 307

[(S,S)- Me- %P@}’F&%boo)}fsm - 618.48 20 ng 0.0327 Met hanol BCTABIYI0B24p| o
Hydrogen 50 psi (4 bar) A The free hexanoic acid was dissolved in

nmet hanol, and the chiral catalyst was -28dded to the solution. The nixture
was shaken at TREGIG & coliSerlOM £ cdifiifhe aldiflisOBGh RbprafyRRonol M TRARLE WS

anal yzed by proton NVR, and the reaction was eter ne8 to Yo

conpl ete, wi twlldh%dreﬁ)damderhfema@S&@|tcd4ﬂﬁ’@\mdg:e95%1edm giv(B)8kgne equi val ent

anount (0.18 )0 Qf thyl a the .reaction fure, and
shaki ng was cg%s oL reggbaﬂé a%l&' 8?5? }H%Eﬁcj’él RBANGN Iato 1S 9%[':2%@ eaction
m xture was f(S){eﬁmﬁldmeﬁ@ehghlb@n$ﬁlrhd\/@ﬂﬁ%wﬂler(ﬂﬁaﬁﬁﬂorﬁ&% evaporation. The

product was analy b%‘g{)r ot an. NVR angﬁhown to contai n about 43% of the

desired 5( S) - 3- cyano* 108 Adehe manner ard Rrosesy phTgalgmRAnd usingfit aretew

S-enant i omer . dddcritkkien SR %G, lareﬁlce&l&s% éﬁﬁ%xid?lténﬂg\ﬁéjtote&a]ﬁ q my (1.634
mmol ) of 15 31{%5 no 5-net hyl hex-3-enoic acid wth rogen 50 psi) in the

presence of 8° 1p Gre@rdawhy ‘IBertGmS[thiag?afEltusBﬂE]Smet?bBM and 0.023
L (0. 1634 Miadderstddd dnaPth t9badind BsDbibabtdibired chpaillenfilor Rl lARY At 24C For

40 hours. The reaction mxture was % ereg H\bﬁe o) ven renoved by
evapor at i on, &Hentionangihaaedificatiass E&hsobwnb@e wrmlmﬂmmdpm’tMg ﬁﬁﬂf’;ﬂle

(S) - 3- ciyyano- Sgpiriiir BB 61 AP 8}e§exﬁl?ﬂ\gntm {42 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.



20 84%e.e. for the S-enantiomer. PCT/1B0OL100024 CN 27 July. %ﬁgg
01/55090 P CT/1B01/00024 -28- C. The above procedure was repea except

t hat no basWOW#s§508dded to the reaction m xture. The produktTaRagogHown by
proton NMR to be 26% cyano-5-net hyl hexanoic acid having 91 %e.e. for the
S-enantioner. D. The above procedure wd8- followed to react 200 ng (1.307
nmmol) of 5 3-cyan-5-net hyl hex 3-eno§g ﬂc: d with hydrogen (50 psi, 100
hours) in the presence of 10 ng (0.01 ) of [

(S. S)-Et-DuPHOS] Rh( COD) +BF4-. The product was shown by proton NVR to be
82% (S)-3-cya xanoi c acid having 56%e.e. for the

S-enanti oner. %é{ﬂ@&%ﬁgggdure of Exanple 5D was repeated, except that 0.1
eq. (0.02 ni, 10 0.1307 rrm)l) of triethylam ne was added to the reactive
m xture. The reacti I=Te f R 16 h and the product was shown
to be 86% (S)- 3 cyﬁﬁ%ﬁw&f& H’P REX EFB YR %”\Xlﬁkyﬂ‘%%%cea éfP deriyptivene
S-enantioner. F. T ﬂ}Qrfwedere of Exarrpl e 5E was repeated. except that 1
eq. (0.18 ni, 1.307 nmmol) of triethylam ne was added to the reaction

m xture, and the reaction 15 was stgpﬁ 6.88urs. The product was shown
by proton NVR to be 92% converted to (9S)-3-cyano-5-net hyl hexanoic acid
havi ng 56% e.e. for the S-enantioner.

SGﬁBy ol | ow ng the general
procedurgs from above, 250 ng (1.634 m

3-cyano- 5- net hyl hex-3-enoi c_acid was react ed vvlth hydrogen (50 psi, 16
hours, 20 24C) in Mﬁere@r%ﬁefﬁ@ﬁiom@z&mmwh&em@acm) of [(RR)-

DI PAI\/P] Rh( COD) +BF4 hanol m.), to provide 51 % of 3-cyano-5 -
met hylhexanoi ¢ "ﬁ%@ﬁ%m?ﬁ%l%aww: ¢y iR hydengenasive of aEXviRlE 6
Recrystal lization tlﬁffoxﬁﬁﬂ)agabal in 25 Pregabalin solid (117 kg. 735 nol
containing 0.6%of the (R - enantioner is conbined with water (550 L; 4.7

L/ kg pregabalin) and isopropyl alcoHef. (11Q0 L;c}9.4 L/ kg pregabalin). The
m xture is heated to dissolve the solidsy(abyut

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.



75C 5C). filtered while hot, and cooled to OC 5C to crystal ?Z%el tzt6§4
product. 27 July 2004 WO 01/55090 PCTA0301/00024 -29- The ' 4

col l ected owaepissossri fuge and rinsed with isopropyl al cohoberhfigeshasm
solid is dried under vacuumat 35C to 45C and then mlled to give 91.8 kg
(78.5% of pregabalin as a white crystatj.ine solid. The enantionmer ratio is

99.94% (S)-enantiqner reggbalin) and 0.06% of the (R)-enantioner. 5 The
i nvention and%t he %ﬁﬂﬂgédo%‘fﬁg‘gﬁ%‘& mds WhemRinrike alkenedsiba & isemeranr eienow

described in such Zuldmer 6f BamixGRWsS@ cedRb terms as to enable any
person skilled in the art to whi chsit gSer?“&?#??‘t% make and use the sane.

It is to be wunderstood that the foregoing describes preferred enbodi nents

of the presenf. i nuenith@ncaddinghet1Rdi Fh&ati i de fherein
wi t hout departing ;Jgamthe 10 Epi rit of scope o tl?ﬁ}elsagr%lel{s%ﬁrtletﬁlr%enti on as

set forth in the ch&tHgcarftompal-ticularly point out and distinctly claim
the subject matter regarded as the invention, the follow ng clains

concl ude thi sgspeci fieﬁl%%li on. 27 July 2004 WO 01/55090 -30 CLAIM5S What is
claimeds: PCTf | BEFme@swrding o whaih ddvliesein Hreeybiealii meggaldnp@tSsiige, cyano- 5-
met hyl hexanoi c acid derivative of the formula H3CCN CH3 X wherein X is
CO2H or Q0 §( an \Aﬂﬁrde Y i.s a cation; the nethod conprising asymetric
catal yti ¢ hydrogerafibifeGreosinainelaan bf wherdie thesation is 2 SHBGROMIM ~ X 10 in
the presence of a wfiht &la BRlo8katShdary 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.



2. A nethod according to Cdaiml wherein Xis CO2-Y 3. A ng(ﬂgdz i:ordi ng
to daim1l. wherein the chiral catalyst is a rhodium conpl ¥

(R R) - DUPHOBOI81§3®%, the ligan d having the fornula R R RRCTBAHeNORI n R i s
Cl-C6 al kyl. 4. A nethod according to Claim3, wherein the chiral catalyst
is (Rh(ligand)(COD)]BF4, 5. A nethod atcor di ng to Claim3, wherein Ris
met hyl or ethylis 27 9 , 24 -31- b. A met hod
according to Caim %%Hév%oedrz%igﬁd}:ﬁgégafﬁ%éﬁﬁé}gﬁy@%ggﬁgﬁgg E)l-‘tjehe Z isoner or
is a mxture of sai ®)fewyane-fineetindiomvencc add cabomidtosiltacfomdi ng to O aim 1,
wherein the cation }§.an. al kali tal .or .. alkaline earth netal 8. A nethod
according to d ai m@aﬁé}g?oe’?'ﬁnettwggeé‘ﬂ?é? fidetal is potassium 9. A method
according to Claim1l, wherein the cationis a salt of a primary amne or a
salt of secondggy api : according to Caim9. wherein the
amne is tert-gﬁ'tyl glrﬁgﬁlg?&]%ffﬁf%né?hﬁgd according to Caim1, which further
conprises first converting a 10 carp lic este(FNof the formula CN CO2R1
wherein RL is Cl-C6 al kyl to the carboxy alt of the formula CN Q02-Y
15 where Y is a cation. 12. A nethod accofding to Claim1l, wherein Rl is
ethyl. 13. A nethod according to C aim 11(;H¥\/ne }n the carboxylate salt is
i solated 2 prior to hydrogenati on. '

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

[ Rh(li gand) ( COD) JBF4.

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




5 21. A nmethod according to daim19, wherein Ris nethyl op %9%04. 22. A
nmet hod according to Claim2l1 wherein R is ethyl. 23. A metzlodl accordi ng
to daim1 WEHEF®R0the cation Y is selected fromthe grouBCEHIRIEE24 ng of
H+, the salt fornmed by reaction with a protonated prinmary or secondary
“amine, an alkaline earth nmetal, and an -dfkali netal. 10 24. A conpound of
the formula H3C CN Y rel i S ation.. 25. A nmethod according
to Claim1 which fl‘frht Eer%n%lroﬁggstﬁ% gg(erng%ﬁﬁ?%918#313'?%331%4&@?@%@18o
form an ani noofthegpancegrdumhed piotomtioh hethetthancidr, 15 protonation by
reaction with an acid to produce pregabalin. 26. A process for preparing
pregabal in conprising asymetrically hydrogenating H3C CN CH3 GO0 Y O 27
July 2004 WO 01/55090 PCT/1BO/00024 34 where Y is a cation, in the
presence of a chiral catalyst, followed by reducing of the cyan group, and
protonation to the free acid.





