STERECSELECTiI VE B) OCONVERS) O OF ALI PHATI C D) N) TR) LES
| NTO CYANO CARBOXYLIC ACIDS Field of the Invention The

w@e@sanisse nvention is directed to novel biocateCT1B2005/000873
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processes for the regio- and stereosel ective
conversion of selected aliphatic dinitriles into
correspondi ng cyanocar boxylic acids. Mre
particularly, the present invention provides nethods
for the converS|on of 2- |sobutyl su00|non|trlle into

i nter medl at ein the sycmdm\mof;\cms

(S)-3-(am nonet hyl ) - 5- c acid

(pregabalin). Pregaba 'Q‘%;m J]ﬁ&%%{‘&’ for treating

cer t ai HecRspsenliayentn dediseied tq gevepliagpfAVEC Plopespefgfor the regio- and
t sterabJuative anitbepior viesetectod alpfragedizitites irdé soreg@ngding Pandtarboxylic

anghsPSy&GH %h.&ué;tt STl stete%t inva oR pmvﬁg@%thb& tosmefct,ﬁ@tslox &Ff 2-

in i fun

ctio
| Ao PR RRe S B SLEhar T eouaP R b B atieh S R e gt
| inviengyinthesisT bfds)s’h@y»vmme;ttwl)ﬁ'vymewvly@;qasonoﬁc'dm@aﬂtta@n)n iPragigbalig can

L% (=04 t&ﬁ&@@teﬂgn 660 Ni¥dcls & s A6H 8P Gh PEtrElRRer baMirél@stion of
segu{gp é) sora%][s ag}n fa(t?{ ns?EhoYc dlg'%ﬁ%egetémce ﬁfetgh&% S ehﬁéctlpé Q\qtqprovmg

Sﬂmbﬁl' {aptignsit isrgis Hyefubl tﬁe&e?ﬁ@erﬁafﬁe@@ﬁbq?ﬂ?% car boxyl ic

aci ds and am des i s Bhgharauald of thalhvéngidn out usi ng a
St r OngTh@Cdngm%tlc %ﬁ)ﬂ/s@ Y @tjgé(rﬂi: n"fﬁneshtog&rr[eﬁﬁﬁatﬂ\go&rboxyhc acids and

erat ur

FTER EBER R TERHEN A VR AUE BT gR o SPeakum of uset
Fermphedaasioyentidnel chestigal Rydtolysts of pitrijesdo ik eerfeseending carboxylic acids

mﬁd réi’llnl%%' i tﬁﬂ%ﬁﬂly{cﬁﬁ@d butl tBanJ %ﬁ&@dadw o6 Uath§stadt BIyY reaction
nor
Vverggleﬁayreg%a‘a#? rt ;h&)ﬁ]%%lb% wnth coglgwngs %Ich ont!alﬂ %RQJVE aﬁrtctlonal

curs
CBPHPP F“Gh%'m("ﬁetﬂ? Pagr Stmt'w zet)cheff"?aé r“V‘H@}VSt'Sn'@a!b@f‘étd't pryanted by-
f médubtis glongchitnage quastljes of incagaanic $adis. o smirest tanwrrtayc nitle hgdvolysis

F\ﬁ uRRY AR &9&' nd @suttapgm@bh@rbf@tng% m&ﬂm&r high @R ir&gio-,

ts is aval best - known_ 1 n
Pl eaegtt'%?ﬂgtvoﬁs 7 1999 BveRRoe s tcf@“a&ﬁw@m&v% nefggnic salts is
pavoiderct i on of acryl am de (T. Nagasawa et al.

Ti bt eCTiﬂea be]‘sgl@tgwn Milustridi OapphSaoAO & ARitk-ddheding n&fﬂ/rﬁi& @Fé- the
E%(%a cj_t;?gGOf 1a4/78'%mde @p Wagasa\ﬂé/ I étoFl MthhOb 9%5 VO!1?(9 402- 48&) and

igginamisdT fNas?ﬁ@wwﬁ@bt/’é’Pl %’Bﬂ’@?"f Hieabieh (1 PBu ¥ §4. 1786 \787)atsing a
rrfe ﬁd?dra’t&‘étftemﬁ?hédoebchlhsrmddﬁ&(mas &t Seleral récantrendws Q. tyaninkova et

(%T' e&n%xzr drgargtpﬂéF/sW I2003-gvol 7 21%99 4-29%%n§@d CQNan@‘éﬁ'Exz%moph:les
0 b AT B 7 e R R TR PP e gh e

acbnveiting elzgmednverti ng enzynes. Enzymatic nitrile
hydr OlEﬁﬁﬁﬁh@ﬁlﬁ!eQ@Jrays\ég ek RYalfdet rbh/'nf&ﬂé%‘és WHith GBnve R R@dst to the
r{e:slml)ndmﬂ C )ﬁ‘ % gagzlrdg \?\%Pao rr‘l‘E'Hég hio@%tas%)s(y l\n)h%h a&{]%?t ﬁ@rﬂa‘l to the
@erreré@']ﬁtﬁ'ﬁ enwgs s, WYY e AR t%sta CRrapRediggefexylic
taGigé, len wQlsedin paritthatin vaita hitides hydretases to convert nitriles to carboxylic acids.
The use of a nitrilase enzyme to prepare a carboxylic acid from the corresponding
nitrile is disclosed in WO 02/072856. Incorporation of the enzyme into a polymer matrix with

cross-linking provided a catalyst with improved physical and biochemical integrity.



acids, can be used in conmbination with nitrile
hydratases to convert nitriles to carboxylic acids.

wab@snessof a nitrilase enzyne to prepare a car@DKB200I000873
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acid fromthe corresponding nitrile is disclosed in WO

02/ 072856. I ncorporation of £he enzyne into a pol ymer

matrix with cross-linking provided a catalyst with

i mproved physical and biochem cal integrity. The

regi osel ective preparation of wnitrilecarboxylic

aci ds Theormedgtiselpdizg irteparationwef ehhitiecarpdxgis griidshfrem aliphatic «, o-
biipgRdsalithsd biveiai@dt #6d sReed R WsSpatdtaineNs,s 508. For example,
ca?a]rf;st 51%% WgFQ filag& %TPVIt%Owa\;aseglgcatdg t&/ Sct nvgftlv% -m th?l%IHtlalioPl rje_ into 4-
| FeeePgD aBW‘é‘PﬂB’pent anoic acid. K Yamarmt o, et al. J.

Fer menk. YaBiaowet gt ae & remgpnt. £9&dinearing, 19938yol. 735125299 descrlbes the

d&%({}'f 'rrp&?oletl Bﬁls lﬂ§\§ngq;othmltﬁl5 ‘derﬁ‘lase%ﬁb Iar%nd?s%\/éc{\ﬂy l&péonvert trans 1,4

nitril rataz and se actl v| Q/to convert
trdﬁ}‘?éw‘iycd? ey ﬁ'&?c‘y“cyf”&ﬂ‘né%? Frigngegrooxylic eid
i r ans-Redgingelpdivs dioctrlyiia newersibmxgf| dingrilesciodtyano substituted carboxylic

Regis Os8k Bebi .\ssort%u Q&%tééhé/stdf (éh;fﬁQM:Voﬁ rmsa.rmraa c%pcﬁ,hag Jsrnbln%@rob.a
ano s u

BUSPRG P B S RL b Rion S i Rpear ana amicase
ks hi§- G3ManRy siPlcs. O Qhe"@e199§ 0z WQZé?P%I i phatic
ni trilsiseosartbtiviéi dngyntiitic &oM@isdhs @t infilesOhavdi bdeh | @scribed for the

99495 o 91?%@99 Q%%Eé& i@ Ghd é@kese%gn% ’E‘i AR GF wWilser et
S erpies f"e%%fmfs'eaﬁ%%ﬁﬁ'ye's QPATRRL PR s b?ﬁw NPk 2902461480 A
béeepsclesive nibikde froyme fian Pple@penca faecats HTCE 8if50dd used to prepare (R)-

Crﬁén@&?éyécldcfr@? ?a@&nlalﬂgn@éﬁnﬂ'ﬁé(l@ Vah&s et B Qil'ﬂ)ﬁl ENAoh.1 MEBHiol.,

Bﬁ% & e§7s I%é)zé‘%gasmc a%é%rﬁee Irfrgrlnn%I%rdg(%gceuls sfg?c{?chr%décnms 11216
meierara@yv hysrabeesy (e‘arg-me@whexwtnﬁu ip @i rpcegc ré?itzsﬁmf Fpeshyihexanitrile
Abvmb (-peretyhaastitid BreAdéd M3 Riey 6t allSmidlednBolfyyapmS B4, Rdk: 16,

'E‘?Q@f' 8. rﬁaﬁén‘# Nb, ré%b BACH erd"% f‘e@{%} %rébénﬁ‘g 3 %a@%“a’@ﬁ%&%es

nviron.

50283 Gﬁé’feperﬁn‘i‘ﬂ“ief iTORsRTTep SANRAISERSESBRETS ‘?’lt?dlﬂ?cﬁ?r%‘i%'ec“"e
N@ildv/Bydisleses Praeticpnre atamdol ayldhgm{irmld)ez @sre prepared from racemic a-aryl

(aﬁa éa lﬂ?tsb%lttnﬁéa&}/&r{e: lni‘ﬁ-nés uﬁnd %@mc‘accﬁé X&UT R0 cortammg a

exani tri -)-2-net hyl hexanl

- et
ARt (ke reaiaes e = °Se'e§fvataam~'rﬁ% My Wasp et al- 4. O
aea., 2003, voll67, 6&12)46]1e foregSing Refgrences Rio. he@b59@or86r§ted herein in
Herchaipd a pr ocess for prepari ng 2- al kanoi ¢ aC| d

am des,_e enanti g
N crozrr‘ g{\]er%peutlc thle ? racemlct gregosagrr eg?r{n ulglrh?1 cacy as an

ﬁyt&P'a‘luﬁéféshas EpeRPYng Meeaﬁab%’?i%ma@}' Eﬂ’éhea@&fe’éﬁ'ﬁ"d@é W&é"faéd the
po2 popreddifg ant-efeciRapegabalir §rlig tidpya aaluipdr-of syrsietid s to the

WMRATEMEY EArlchRS cdimbi RRLARER GRYS: §th A‘L?%Qample, ymmetric
cont ainin st ereosel ect i ve Nl tr ase and a
gildéqggs@gp g e 9%”%&%“8 5¥ag0 IMS |ttted 9@% olény\%g?)y re ﬁctlordafgthe cyano
Olvarnto theOGPresppoding @ine @Bﬂ@)es prlqebaflrmsqig@nmi}y reafidded firc e (S)
t@{?]a%tiJWrQbNteU @fé%sﬂ’@feﬁtt@glncaﬁn@uﬂhchﬂbnm|e2003/6ﬁ2l2?(§t yJ Tlhe

er a rticul ar
its e &htﬁe& Aflﬂﬁeﬁ aln{ ch%%t ﬁ'?.iad % gjgrbal éﬁ%l#chemﬁa e¥hods
B@'SQP%eﬂu"bldﬂ'fa%ﬁ'éteﬁ PRiA¥? P.p47 398 G fﬁ*é 6(333’%%&& $58mer .
Toward the goal of providing cost-effective pregabalin
drug therapy, a nunber of synthetic routes to the



()-enantiomer enriched conpound have been
i nvestigated. For exanple, asymmetric hydrogenation of

W0 b@sapsopri at e cyano substituted ol efi n fol | POETBA§5/000873
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reducti on of the cyano group to the correspondi ng

am ne provides pregabalin sulsstantially enriched in

the (S) enantioner (United States Patent Application

Publ i cati on No. 2003/0212290). The synthesis of
pregabalin, its derivatives and anal ogs by purely

cheni cal nethods is diuwnasceitheventibned States Patents
6, 642, BOthe @odesd b Tid; prasedt Gyéhdan, 3bd%- Suan@drsoselbctivd) ®iocatalytic
l Qé’n%}tsi'oﬁ)@ 8* glttpthgt?c fﬂﬁiﬁ%@sﬁ c%no&éﬂ%xﬁ[: ea%ﬁgtaré Q(‘!l‘ﬁ‘er\}tad Qg\ng enzyme

regli o- and stereosel ective biocatalytic conversions o
afdtgysig having niffiase PHY- t 0 cyanocarboxylic acids are

achi evée presenignventop melatestt alnget methaforrpmepaiinoran| (Slsasantiomer of a
agdnhpbubYof fofli@a Pr €sent invention relates to a novel

nmet hod for preparing an. (S)-enantioner of a conpound

of formula | : wherein C3 has ayfQ®) configuration; Rl

i s hydrogen, (Cl-C6) akkyl or,fhenyl; and R2 is

(C1-C8) al kyl, (C2-C8) fal keny] , (C3-C8) cycloal kyl,
-0(C 1-C6) al kyl, -CH2{CH2-O{ (Cl-C6Jal kVI, (CrC

f Gal kyl - OH, -phenyl - | -OH, -phenyl-O(C

1- C6) al kyl, phenylCidy subgtitute&8Nphenyl; with the

provi so that when R2 is thyl, Rl is hydrogen,

(C1-C6) al kyl or phenyl; ®&nprising the steps of: (

la) contacting a conmpound of forrmula Il: wth an

enzyne catalyst having nitrilase activity in a

r%’é%?"i‘ Sfﬁﬁ?Fea(Ti(g)rﬁ""é?H@R%‘lb) recovering the (S)-isoner of

t he coRjeucboed. (EcfishalkvhorPhgnvbandt he reacti on medi um

and, otk eaads) Mkyl, §CO0S Elkdrgl ,UOSOR B@RAEIKY RO)C G DATBA, -CHi,-CH,-O-

c LA . n f ar, I f el
s%:t%%glg 7 i(ér;11 Csc’ o%odn%ﬁerﬁgcf gagwgpna@%m sz(g H%a(!%ypv’fhtew o
sﬁk‘i‘ﬁ'“ﬁ%"&f\e%‘gabal in. In a preferred enbodi ment of the

i nventwitnhe dRivisarticht MR és matige Bbia deinddey, (B S oligé or renyEl

to C3 @hsiding thdlstébsRf: €f erred enbodi nent of the

i nvent o)n, tr}g i(:orrE)oundndoff fourlarrIHI all is aracenmc

m xt uré®corfBPFENHg "SR B8 S rers. - AA preferred

enbodi nent of the present’inveritdhon is the process
whereby racem c 2- isohytyl-sueCinonitrile (the

compound of forrmula 11 ereif RLis Hand R2 is

methyl) is converted ifto (S)43-cyano-5-nethyl hexanoic
acid (the conpound of wherein RL is H and R2
is methyl) conpriscCHg the teps OGN

with an enzyme catalyst having nitrilase activity in a reaction medium; and

(1b)  recovering the (S)-isomer of the compound of formula | from the reaction
medium; and, optionally recovering unchanged (R )-isomer of compound I1.

Compounds of formula | are useful in synthesizing compounds having pharmaceutical
activity, such as pregabalin.

In a preferred embodiment of the invention, R' and R? are independently hydrogen or
C; to C; alkyl.

In a preferred embodiment of the invention, the compound of formula Il is a racemic

mixture comprising 3R and 38 isomers.



(2a) contacting racem c 2-isobutyl-succinonitrile with
an enzyne catalyst having nitrilase activity in a

WO e@stidesso nedi um and (2b) recoveri ng PCT/IB2005/000873
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t pre era

(S) - 3-cyano-5- net hy! hexanoi ¢ acid fromthe aqueous

m xture; and, optionally reconering unchanged
(R)-2-isobutyl succinonitrile. Preferably the reaction
mediumis an aqueous nmedium In a preferred enbodi nent

of the present invention, the recovered and unchanged
(R) - i dopreferresf enthodipent nd thelprasent Swdigiergje tha biogess wberelyzrecemic 2-
b)éoﬂﬁﬁlsbébﬂmmrﬁerkﬂﬁ dbﬁ@&mb&ﬁ%rinma tllh\ﬁhe&ﬁrﬁﬁe%cﬁ afé AR methyl) is

or anl e r ed 1
ed u?t (%%Ccly rtog- etlay xan ic acn«%&he comgouad of formul lei;er%n R'isH

| AZAD ene 3 'prefe
sé'l‘ﬁl/%n% Weﬁ‘yl)é?"ﬂ%‘ﬁ@gthwﬁﬁsd’iﬁal ly the resulting racemate

of |1l (eay beonteemiygchethic Nscbui-suaeronitfie Witreara&raye sdtafseHaving
hu%a%é%@tﬁntﬁh a$éa‘3t¥6n(~ne3uﬂﬂw £ (2a). In one e”bOd' ment of.

resent iInventjon the enzyme catal isin the
for m ofzb?/\ho'ieém’ﬁﬁ"@r SbP ﬁ¥3"881"79§’y'h%35?t‘?‘%18f' f’8?‘ RE AUIHS mixture;
cedd, sptiopally récaveriyg ynacnfedd&)-2iselyutmssccinpuitrilef | ed enzynmes or

enzymp@@t@lyyﬁéraa&.aﬂheﬂms bBRBbUsink8dmON @ support. In

anot he en:g egec{m nQbodlment ct}?heo rr?ssc’aﬁtnl?wentﬁ1 @g recoVeredh and unchanged
enzyrre ca a arti

Eaniperey "(SFOW“N %\I'sl Sy ??GF‘?"?'Y @Ge’@maq"ﬁ d"l't é”eal[‘) bgse in the
apresanoéd of dnrbrdadid séleenhll A prefbfdd bask -1]0dzzabityElo[5@D.Jundec-7-ene and
(glp%%alsw/én@% tbl%e’ OD ﬁ&@ﬂﬁtﬂ@res&lﬁg{aéﬁgtemﬁl"n‘léy% (?ecg'élmm

(p Fi.ne_Chem cal s iC
C%V‘ﬁ‘h‘ﬁ)}ﬁ)e ahoye %{atﬁﬁ %f’cﬁ??eéat LGACHER: of the present
i nvent incme telndodiment iof - the evrasent ynventioa thel gngyme eatalyshistin the Zergh of
ONho'i’e SiRBRI dells, Bxtraai ot ickbial d?élmbérhdll? Belifiet &rizjrhedS purifdiizZenbfnes

Cat aﬁéf tﬁ%talygtg ha‘;j §e Pn%olg?ze% 8” gtsuppggl t eﬁ" Ero 18"21- 102 @

| mmbl Iplafgtaer(ﬁﬁnbEgmérrt@f fhe(mpﬁ l@@ﬁtﬂn@}h%nzym@’catalyst is a partially
Daurifiet @ndtyme. GBxamplay pf pagtiaty miritied dnagees fincite, Auedre detfisitei to NIT-

thal Nﬁn‘ﬁ)Z' mmtsl(B%@Qal‘}lﬁs ﬁl&quragédtana, |dA), BanB Mrifilsder fifh Arab:dops:s

embodi nitrilase enzynme catal yst
tgalﬁlf'arﬁﬁ'ffg Fﬁi%h‘f'ﬁ@ 6'1"%?;6'5??88d| ment, the reaction

nEdI a In @ peeferradi empddipentdf Hejrrésent invamtion ther nittiaser enzysep catalyst is

Waihr@bilizeBlos b 8lippbit.yExtahpleb bifih@bided\@fiRse dngyniadatzB6€ thelids it are

n'B't Pntédgﬁ;yﬁﬁnﬂﬁ &L( é}patlt%ytlés th q’a@J H{) &Q QITaR)g Mﬁg ilized on

e range of out' 6.0 to
E@ergTHEorm @g@hft & iGov &Gt |Delmnsmdt5 dSernpdnslt, @nd tndrllaep‘rooce@éldopsis
for the ?adr i_on of &k ; ized nitril
(143 7o (RSPINPSS 87 FREPH9Yt h arﬁf‘? 8"%%%“("&9% G d”‘F‘ﬂ’)' ized nitrifase
wnmq catatugt is NE-98&Bs of : (a) contacting racemc

2- i sohwhbivep braKddMRA, ik irdzRtioM ridliaddcopipayeaRs Giatliad Wadr or buffered
wa\(erng”rer?ergglyl/ é? %Eﬁe e%tvlra\{ertéélbdﬁgﬁg t(i']g Eﬁ :']rlnofﬂg Jﬁgg 8P%gout(ﬁi) about
r1@é)cqnp mqstrpéqjq;r@ﬁﬁ to @@j-l nb@ﬁ(;a@gq ?fﬁ:aout 6.0 to about 8.0.

(S) - 3-Tay preef- iMahinnl Alex amoesC toae i locesy ®r aie aepatatbal df; (S)-3-
q%q Q@Remsg,ﬁam&én@g aki Q@r@%bﬁnﬁc@mnsﬁr@ et of -

am nonet ?: 3/
contactln racemic 2-isobutyl-succinonitrile with an enzyme catalyst having

nitrilase actlwty in a reaction medium;
(b) recovering (S)-3-cyano-5-methylhexanoic acid from the reaction medium;

(c) converting (S)-3-cyano-5-methylhexanoic acid into an acid salt; and
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acid (pregabalin). Preferably, the acid salt has the
formula wherein Mis Na, K, Li, NH4, NH2R6R7, NH3R1 or

WOR{ORGOBRY wherein R6 and R7 are each i ndependeeit/iB2005/000873

(C1-C6) al kyl. For conveni ence, certain terns enpl oyed
in the specification, exanples and appendant cl ains
are collected here. Unless defined otherw se, al
technical and scientific terns used herein have the
same meani ng as commonly understood by one of ordinary
skill Kd) theydsugbndtiag Wiei adi $dtiits formv EhB-(amminobeihgRgsethilexanoic
t &lilpréabih). 1S a straight or branched group of froml1l
to 8 cgr? a& q&!u@ ﬂ%ﬂ ut not limted to nethyl,
et hyl TR eﬁﬂi’fﬁ FEBBUS1, and tert-butyl. The
tern1"cyc|oa|ky| as ysed hereln ¢Mcl udes noi eti es
derived fromcyclic hy ar containing fromthree
to seven ring carbon atgns, including cyclic

hydr ocar bon noi eti es sulpstituted mﬁth strai ght or

branched al kyl noieties. The t koxy", as used
herein, nmeans "al kyI O ", wherei kyl" is defined
as above. The term "al kenyl "is Eto ded to include

hiteksreia aribma, 1 hiaNns NBfR°RT, t her a strai ght or branched
confi QW@@'&N\AE:?WM%M}QR%ERD%WW car bon- car bon

doubl e bon ccur in any stable point along

t he ch?ﬁCH'"g%‘lfBﬂe“ ’é(cé @ﬂ% and propenyl. Al kenyl

gr oupsFarygsingerienge, weftin higimes  2mpleyed bip uthe 1specifigptionn exampies, and

NpBndaipEigidk lave bliédtedoitd) tunfes€ 36N othérRids, . all WtanitR &R scientific

rta:pn%nl?s.teg her"é1 hg\%etg |Jn<£hn| Qﬂénmly%ﬁér%& éit él’&u?ary skill
of ' a y d

facemate 1's usug
v\ﬂhé’l‘F %Vﬁi”h‘é’é‘i@ "P’é’§'8'|‘ P‘?P'Wg?r the generation of a
St er eoTrenérar alkyRss al steiphherrbednphedighvap bEram tia@earbon stbmg inehading

RERS i ACRI Ry, %%9\ :mv %orbutyt aﬁn&resmnenantl Oormer s
refers_to,conp

nonsup&Fp beérﬁblcécl[l 'h ar'?1 P?egr L?rﬁﬂ 'EQDJSF "é%{%'ﬁs o‘feﬂved flom cycli
mgwp@rgcpré,cgntmyg son threejie sqven w@rca[bﬁ@ alomy, nagfudl(lgc;)chc hydrocarbon
GRsiétied amzlatitmem wittAstralghtes blagghed Blkyl tnbietidser m

stere yat e 8.:C ) "

o PSR P2 RS P L8 USRI At ot o
$PEY%0i somer or an enantiomer-enriched mixture of

| sonerefteroneieylids hirodedrto moiuds poissarbbrectsine peeheomeraiht or

RAsarthéd cdHag Ration cBHSnsfn@rdﬁbrcﬁgth@@érS&f-daV&n rdBhiRs Bordd® wich may
react.l on ace. at om or

g{’ﬁ in faPy ﬁllag}%gcﬁm ?q‘\’/\ﬁp‘h c%nr, guc oasssé?lgﬁnel an{i 6)rr,|9£er811 g fl%er&l groups
afpicaihowl havee te @@“b‘é‘-’éla@é'ﬂ plogs, mpmtasw%v 3togpous 8 e?rh?rtths@

resul tieeiternt ReedatBVEY 84edNheddin, am&ins Gineequintofat Inéxtye @iifa pair of

enantiomers. A racemate is usually formed when synthesis resuits in the generation of a
stereocenter. As used herein, the term racemic mixture means racemate.

As used herein, the term enantiomers refers to compounds which at the molecular
level are nonsuperposable with mirror images of each other. Enantiomers may exist in either
the (R) or (S) configuration.

As used herein, the term stereoselective synthesis refers to a chemical reaction that
leads to formation of a single stereoisomer or an enantiomer-enriched mixture of isomers
from among two or more possible stereocisomers.

As used herein, the term regioselective refers to a reaction that takes place at a
single atom or group of atoms from among two or more possible atoms or groups of atoms.



a carboxyl group. " C' neans degrees-Cel sius; The term
"enzyne catal yst", as used herein, neans a catal yst

wokeshoisso characterized by either a nitril ase BCI/IB2A003/000873
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or a conmbination of a nitrile hydratase activity and

an am dase activity. The catad.yst may be in the form

of a whole mcrobial cell, perneabilized m crobi al
cell(s), one or nore cell conponent of a mcrobial

cell extract, partially purified enzyne(s), or

pUine rﬁglg&hlmhze)/hm(otﬁls ofssdinigilededulty ie ithe, cotvession of arsingle nitrile group to
egag}sdxg,r'gs-au@xcess refers to the nole fraction of the

dom na,ra(é %%gns of eqsa m xture of enantioners
expr ess&d"4s a 8? %rﬁ‘ége The term "aqueous reaction

m xt ur B ieEareszymerreielysth @s giedihpreinsMerns @ &etalye miick i 2haracterized
Ck’;\} ahyss ritMase dcvitgof ¥ caapietios omeatirierydriiass &dilitf and an amidase

&tn“é' l'm%eca%ﬁ/gl] r}{%)ﬁ% in Y%q'% &1 mzeylngroﬁatclaly Lﬁne&n@&d microbial

group to a carbox
T‘PF@‘S% 8P‘?n°r WP‘FrCF'l ‘é’"ﬁ?’tﬁ“b‘i’fé’s’@%\ﬁ' ic¢| ‘WZ‘“ é’é”'ﬁ?ﬁ’é’&”f%é PRAYRE(s), or
nmeifiss! eapymeglyme activity that converts a nitrile group

to an Aasnrhgaa Séré]hl Pthe T6HR ERhiBmeR BkaS eefegttd wet Mole TR&RS of the

cg r(rbnan (Tnan?omer r%xtsrga¥%%%%\l41%ltst 3 rgsnse asa togﬁ to a
acl rou APErrCan | ture

Col | ecteotam™ @elaaowrea@tlonme UPfa0R R §tye Bo W&fﬁﬂ% and enzyme
ManfsSAS larydy aquadlb hdida09, U S. A. Bi oCat al ytics Inc.

is | OGI"EE qg‘rrﬁhtrﬂagg a&lwtthnleéns%K% fre agtH‘t} that l%ertéo fﬂﬁ gl%ﬁp toa

CA, 91106 Fi ne em ca GH i's
ARy rFd g&‘ﬂjl ten- Strabe 5, D-52428 Jlich, Germany.
Det ai |Tbd tBxs Gitilp hydmatase factivitg dsrusechhérein Meres en @eszyme activity that

'&H@ﬁ&bﬁﬁhl@ér@t\ﬁt&i%arﬁltﬁb??%ynatijC n}st hod for prepari ng
| C aclds o

al i ph% (ier%ygntlll ase ac IVI [n‘eans Aal’q enzglme agtB/ert”;’f Ic r],\]/er(tf an aml e I,%1|roup to

dinitrites o urt
usegPoxyic eeigorayR: rray be used to prepare the dini t rile
(1) stat isngnemedreTypalGultur&ciotetionliotaeskedt 0801 BniveBRe Bbulevard,

Q\E}Qﬁﬁ%éﬂ?fg 2@]‘1 1 0@5@9 RISRE BfoCéthytEQ ‘n'c ag IO@Q&{] %'61?98 Iﬂol-lj]lll Avenue, Suite
SO RN S FBE AR, e et bt hyfo scnuten-
ridteba/d. ReStR®idcm@ernaiwl ) . Conpound VI may be used as

an internedi at e i pethitey DegeigiRE ioStheinveitemabal in (VI 1)
as ilkjst .@ée%{j .N&m?ﬁh Q\ﬁde% a.§te‘ﬁ ﬂfatlgfme%%eg\ﬂr p‘lﬁ.ﬁi d%hp%anc

t he race zat | on

ﬂ%@@d‘t?é%c ﬁcé’éyUP'@Uiarltffem&f@ﬂeW qrigulatidyy puigple getiapgommonly
nagsimhe a2t maydle wsed te prepare thenlinttile (Ilstértifig materfalsr ned by t he
condergdhONreRdrs tb%‘%réﬂlf%reﬁlbg@rhé/rq 8 thd brhéen%@elﬂtlon wherein a chemo-
ee%yy\é‘nlag <¥ t?laé: I%tugegdeln V()Jnversmn OW lgobkl)JX/I-sucmnonqrqe N) m?o (gI 3- cyano-5-
methylhexanoic acid (V1). Compound VI may be used as an intermediate in the synthesis of
pregabalin (VIl) as illustrated in Scheme 2. Step 3 of Scheme 1 depicts the racemization of
by-product (FR)- isomer (Va) and subsequent recycle into Step 2.

In Step 1 of Scheme 1 racemic 2-isobutyl-succinonitrile (V) is formed by the
condensation of isovaleraldehyde (lll) with ethylcyanoacetate (1V) followed by the addition of
KCN. The racemate arises from the stereocenter created at the C3 carbon atom of V.

Step 2 of Scheme 1 depicts the regio- and stereoselective hydrolysis of the dinitrile V

racemate yielding (S)-3-cyano-5-methylhexanoic acid (V1) plus unchanged (R)-isomer of V.



KCN. The racemate arises fromthe stereocenter created
at the C3 carbon atomof V. Step 2 of Schene 1 depicts

WO b@sne@so- and stereosel ective hydrol ysis of p&EIB2005/000873
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dinitrile V racemate yielding

(S) - 3-cyano- 5- net hyl hexanoi c-mcid (V) plus unchanged

(R -isonmer of V.The nitrifase catal yzed hydrol ysis of

2-isobutyl-succinonitrile (V) into (S)-3-cyano-5-

met hyl hexanoic acid VI is both regioselective and

st er eoShd riflesey eatalRed ihgdrelysisc ofi Apabytyhstictinegisie (Ypate (S)-3-cyano-5-

C ABMARSEMd &fd Ve bty Addds@EdtvPandidlecelEdiVd) ORaglos@Edmvi isBased

t t 0 ' '

& o e i, 8'coModiut g D EnrhEHG ORI b8 G cpon sty ony. The

preaefisRiinepressglertivgdr Yekithe 45k $rentoBRy 8 \§ isoriedomingnth gnveived in the

( Ednversioraiasiing e (Rpsemibiner espentialyhacigeged. As i | | ustrated

Ihn rsg h.g{]rﬂ;%sg%te@fh g'éﬁlerqeb §,a$rt aec\nét élt?fla §' §&§%@1§t§g&nWis\4ydrb§enated ina
» | subsequ In. :

(PR R e OB R PR SR SR S Grogabaiin). The

( yereigm isadairial outTih dher pEesenéeon aj hydroganetiandratlyst, praferablig Raney nickel.

PARERANE a6if s@ltsh}hdlh@é}@@ﬂiohﬁﬁl% srab@lusVia wew‘uemaielwa,gamewm,,

n eL7. aACl 0. S 1 u

A T R T

NH3R6 or NH(R 6 2R7 wherei eand R7 are

i ndependently (Cr dgtal kyl pipergh@ia®ne |1 | ) te)
( . o-5- mexhyf hexamrokeN aci d 3 v
(R)-12-i sobut yl - sueki noni t step e Scheme 2 z

(S)-3-cyano- 5- net rVI hexanoi ¢ acid salt Pregabal (I:Nn I n

the 'f egi o- and st & eosel ecti ve conuesetishubbfuctratidatdcenate)
Vinto (S)-cyanoacid VI, as depicted iy Sche I, the
nitrilase enzyne reacts predom nantly'with the (9S)
enantioner. Accordingly the red#t®dn m xt uge JlSse
increasingly enriched in the (R) #€r@apzi oner Va as the
conver si on progresses. Anot her j ective of the current

invention is to avoid ecoronm.¢ te by r | DoN or
reusi ng the unchanged (R)We Va.+Tment
invention, therefore, providesSggget hod for the>ey

racem zation of the (R -dinitwile (Step 3, Schene 1)

and subsequent recyﬁﬁ_g t hroough St egagd of(R§%g§Fﬁ_§ulc.cinonm"e

. -cyano-5-meg}ylhexano ci
Vari ous enzynes of e ‘present | nventi on,

nitrilase activity or a c&@BeB&2ion of nitrile

hydr at ase .and am dgf\g activities, cag be foun ugh
screeni ng uch R&Ne,szi chment™Ntsobati on

t echni ques, |which initially sel’est nicr oogbam-sheo H
based on their ability to grow in nedia containi ngzthe
enriched nitrile. OLghment isol ati on techni ques
typically involyg the®use of carbon-1imtedVibr
nitrogen-limted nmedia supplenmented with an enri chnent
nitrile, which can be the nitrile substrate for the
desi (8H3EyansBveetiythexanvicachd saltt ural | y sPrédabalin
nitrile conmpound. M croorgani sns that possess:

nitrilase activity can be initially selected
In the regio- and stereoselective conversion of racemate V into (S)-cyanoacid VI, as

depicted in Scheme 1, the nitrilase enzyme reacts predominantly with the (S) enantiomer.
Accordingly the reaction mixture is increasingly enriched in the (R) enantiomer Va as the

conversion progresses.
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based on their ability to grow in nmedia containing the
enrichnment nitrile. Gavagan et al., (Appl. Mcrobiol.

w@e@saelissdl . (1 999) vol. 52, 654-659) used enpCT/IBRBON000873

techniques to isolate a G amnegative bacterium

Aci dovorax facilis 72W (ATCCg55746), fromsoil, using

2- ethylsuccinonitrile as the sole nitrogen source.

Aci dovorax facilis 72W (ATCC 55746) was shown to be
useful for the selective conversion of

2- met Anopkrudbieciiya bt thielcerrdnbindsntigrain tp@nid @n@iomicansste. by recycling or
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eprespendoatcalbyxyiic ok ivsige enelvtichlamethedst sugh tay high pArfpimanee liquid
Ridmabgaghy 2646 1R0H @ﬂ&%aﬁfgfdph{y tor @§uid Bhralatbdriy hads Rpactrogetry
2Lrbl\é§p li'ec%? gue\élfo? kegﬂ tﬂé h@wo SIQQQIVI OQQHI&SVO%%?AC}IIE y2W (ATCC
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iSRE4eL reperfeddt FFﬂS?""IN%??B*msolso enzyme engi neering
t echnDoeses rdcrediganisnT abdvirgnaitrilade sicigyity we itrdel Sydvkliagshand amidase

aﬁmtlé’@ Ras> bdef- igélgt&Ct &er{w }eﬁ@ﬁé’éﬁlﬁ'é an ®P qenﬂil&y@& 173 (ﬂnprove various
ues utlll zin

evol ut
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eRipRRUREendfa igsr PaHgR df phIl 8nd Bndblity theemymk ttMapirete in a reaction
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aieDlyk| @l stomaviag itpiper betiviihorsnigleonestase and kenidzag retivitles’ in

beﬁnoh 'Eb t%viﬁé 2L InﬁrOQM?@Id biroGgHpLAGkd FBduct quality suatable for a particular
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and 8.0. Suitable buffering agents include potassium
phosphate and cal ci um acetate. As the reaction

w@ewsaaeds) t he pH of the reaction m xture nay BOEIEPE0S/000873
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due to the formation of an amni um salt of the
carboxylic acid fromthe corgesponding nitrile
functionality of the dinitrile. The reaction:can be

run with nno pH control, or a suitable acid or base

can be added over the course of the reaction to

mai nt afuitaliihenzyersi gatetystp Hor renweereersiom of icpripauadsedd oonie Il into
I éompsurﬂesﬁbrhm [ ta,e PO BN F WY Erolia calsYiSeihedBfikddGnicrobial cells,
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NI T-102 C2 is used in the range of about 0.001 g to
0.3 g noist weight per nL of reaction volune, with a

w@e@saorsed range of 0.01 to 0.15 g npi st wei ghPCPEB2008000873
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of reaction volune. Additionally, several |yophilized

| ysates prepared from m crobj@l cells and desi gnated

as NI T-101, NI T-102, NI T-103 (BioCatal ytics Inc.,
Pasadena, CA), and nitrilase from Arabi dopsis thaliana
(Jlich Fine Chemicals, Jlich, Germany) are al so useful
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regﬁpa] n havnPg use lgrgegp mstheltrsegt%i?l %CE%IS%JC{P%O% e}ﬂ% ?ec%ﬁ\ﬁnsmn

I1C CO
faawtbvﬂaw@,a%mmﬁ’ﬁwem@e) SBCdGSFar'ﬂ?l”E!'“ﬁé‘H‘?We'6é’tsaasﬁoi"t““”9*°"S
askske a(l(SB’arlnibyi'ald@ea‘Ee met hyl - hept anoi ¢ aci d;
(S)- 3EQ AN olfssdlgﬁ{]%tnpaﬁé@&?drﬁm%méﬂe the following compounds:

(S)-3- nonanoi ¢ aci d
(S)- féf&i’ﬁﬂ‘@ 'ET*W(’) aRERSoi ¢ aci d;

(S)-3-cyano-5-methyl-heptanoic acid;
(S)-3-cyano-5-methyl-hexanoic acid;
(S)-3-cyano-5-methyl-nonanoic acid;
(S)-3-cyano-5-ethoxy-hexanoic acid;
(S)-3-cyano-5-cyclohexyl-hexanoic acid; and -
(S)-3-cyano-5-trifluoromethyl-hexanoic acid.



(S) - 3-cyano- 5-cycl ohexyl - hexanoi ¢ aci d; and
(S)-3-cyano-5-trifluoronethyl -hexanoi c aci d. EXAMPLE 1

w@e@pan@Esd on of 2-1 sobutyl-succinonitrile A m RCTIBR06H000873
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et hyl cyanoacetate (733 g, 6.48 nol), isoval eral dehyde
(613.9 g, 7.13 nol), piperidrtie (5.5 g, 0.065 nol),
and hexane (0.5 L) was placed under reflux with

conti nuous renoval of water. Wien no additional water
was col l'ected, the m xture was cool ed and distilled
under vacuum to reane so@%éﬁﬂﬂiikopropanol (1L was
added to the remap iami df 2-1€ eHult itelesol uti on of

?ﬁé afz I;g ﬁx%@w e)@(l@: éyﬁzo%c&ate @iﬁ%t%a:éﬁg)mdl)n .sx\?aie%me%gdet(}m 9g,7.13
o ety B 5 B 855 o B 98 5 o et (erax it
t rrentinbedsdrearpvah ohwatsi mithen go 88dil@alf waterqwds, colleated; dmecmixture was
rrias&uw end\@istileH Srided Jaeldmaab réhdViesoent qsa@rosm $1eL)UﬁHs|aJddéﬁ to the

Q.Ra‘%‘mﬁ%%‘ II?Ledgl%/ oYVg% gf%%%@&t?m %g%xdteR %( & 4|8un)1( FT‘) |n water (2 L).

cJ@P erpction; m'tsitlredvamntawtawa# eploy @55C | duringraiidiign pfatm eﬁawumrpyamde
sblulﬂ‘ﬁtehhﬁ ltheh @&k~ abhﬁp)ﬂxmﬁfe@% MBE)'I TW@ ﬁéaMBBEmﬁiffE RS Histilled at

SR pE o oelER T 25 66 AR CEHTIL B h pe o
v &enmngratyre fogp Ye Tr@reaciongniggre pas sotias filuted udit vaten(OtSrLi) ked exyracted
anvitdi1|L mEy itdritRe) &RVl ERE) OThe MTBEEtratk wad wE4hBO ith ate(0.5 L),

C%n‘%@ep higee %ﬁg@% g%dw_%é ! 9@?&%%80@331 valuf @ give

6|8|73 9 oﬁ%lsobuﬁy_/l %CITorrﬂtrllequ)an 01 ﬂurn‘” edlsaqlglef m 2-|iqup}.ltyl g_ucgllonltnle can
1 b8 dbtéingd Hykdaguui. c&ﬁlla(lm(gtﬂ"rﬁ at0.2756wnbHy¥z) , 2.90 -2.97 (m
1"') . SE@W‘?F(CBCI 4%5’?1&19} 5943 2fg 0,08 (. H), 1.43 = 1.50 (m, 1H), 1.71 - 178

ano- 5- exanol C
21’1‘ SE It~ U d H‘Brﬁ (¢ 128 i {‘3}? *HP 1 9]?0'12 INmTIH)p2.
NI T-103. and Arabi dopsi s EXAMPBEZ nitrilase Three 8 niL
S Cﬁr‘éﬁ_\ﬁ@frﬁm §|1Q9§C%h3155ne!1w§ér%xﬁ?&@ A6 odalis¥bdith-succinonitrile with
2-1sobut y Nﬁ'l ul%ﬁ:#l‘ Pd El(ll?:_-‘;183, E itdo ]é t Ioana nitrilase
pOt assium

di t hi ofMpeP i Sc(WTCRp Plassyiels m‘rerga@fchargm with Pdssbutgsuseipgnitrile
S gloed),edmif 6f@nnivh JotdsSilim phbsphat8 Duffed (pH\Y.3,-21/A dithiothreitol (DTT)), and

( % 918 %? Ql Fﬁlésﬁ%néyﬂ%rseleg)@sﬁcﬁrﬁﬁ% 1(5‘;A 1T-1(a§eor8NI'in10§ 1&:‘5’&:\[@@& Inc.,

gl ass vial was ¢ -1 S0 -succinoni tri
Cimiijak el mbfs qVEH Eli'%so}‘fa'dYaSAi%’SF?Mﬁ'%?é,s"P‘fﬂﬂPP%‘Ewan'“"e
n{20md) aece1 im. B@ saMigpied dEphidersihttlage nirjidde Tn 8) mM phosphate buffer

ce,natﬁe) Rbtainind Poa v %trbwhe@&emeaénaa@etueba@m) @nmlnm DTT (Jilich
CE ine é)le lcaﬁjs,l,%lullgq,yI Germ-gm&‘] lI'heCth our rea(%fm mlxrtnres weré st{rred wlﬂh m V\?r}ehc stir-

action m X wer
n’%ﬂgﬁ@f |1é hat 8¢ paesd thep mif&dllfe"!atexwt@mﬁrﬁm Reatpte (2 x 6 mL). After
i iRflovihdlinalethyl R¥beastRE, e biueiubphriawat dbated itk 46 HOL0.15 mL)

e t
A.End ixtr%,c\g%ag/ytz'n :.ng{ J&gta{é @ﬁ 6 zfﬁﬁ H@R@@@{%& %ga&s ok a%‘a.ld&fy@eous
vm“ﬁ wEterfipnceqied, el vecyunpto givie 7.g: (34- éé’é’feéc{)ee %%tgr@%% yield),
08.1 tlag358% diefd), etld AQuan(1 3.5 aels) afdBE3-c@nc-8intetigthexknoincieid ((S)-
VEGHAT AR BhNiBnseforfBd WRNZAMI Ritthbe, T3 08T%nd A818%ha nitrilase,
yl e

respectively. Samples of (S)-3-cyano-5-methylhexanoic acid from each of the reactions were

treated with an excess of (trimethylisilyl)diazomethane to give their methyl ester derivatives
and analyzed by gas chromatography (GC) on a Chiraldex™ G-TA column (30 M x 0.25 mm
ID, 125 micron film thickness) to determine enantiomeric purities. The enantiomeric purities



8.1 ng (35.5%yield), and 4.0 ng (17.5%yield) of
(S)-3-cyano-5-net hyl hexanoic acid ((S)- CvHA) for the

wo e@stioizes performed with NIT-1 0 1, N T-102, MNTTiE208/000873
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and A thaliana nitrilase, respectively. Sanples of

(S) - 3-cyano- 5-net hyl hexanoi c-&id fromeach of the
reactions were treated with an excess of
(trimethylsilyl)diazomethane to g| ve their net hyI

ester derivatives and anal yzed as chr omat ogr aphy

( G)thep NITa1 OGN P2 & T-148) amd- FﬁAfhé’ﬁ"a iigsg @eagtiop RIOGStsrpre 96.3%,
| Dy1.102, 958U carmans Ewleta, &&béﬂﬁ%ﬁf@e&ﬁbaﬁb&"&ﬁntﬁnﬁw excess” )f )
enantioneric purities T%%@ nmeric puritiesof the

NIT 101 NIT 102, NI T-103 thallana nltrllase .
< U p ya "v- neth e—:.'.; i€ 1A i l t 4 'z W|th

rea .
e.e. respectlvely (e.e. nNHEMO2" enantl oner excess" )

EXANPL Ea ?25'?5@9&5@& |'e98|09f/esg§> ma?ntg%(&pe@ 3§ °@ﬁ§§‘éﬂarb%3 A0b %obutyl-

Acid from 2-1'so su oni

eesfeeie o5 anbi Un g enf ThntheLd b eyl dhesgle biter or
c haF)penteining h MM PEHeurt § MYLE BITA dneddtied befe()3 ABer gijring for 12.5 h, the
NI p-FodLEtz?lﬁthe agextradish valtg 2thiilacefateR® x U/ TAS Sihcetate extracts were

0s

PrSRBAR S ot Pal o 20 SRR B MGy B0kt il
e oK e i s o g gt i e embines
50dn€d|_)vnth drihgdratsiMyS Oa diddrat, en @ xbdricatitagedwedes vaainb\te dive a861g of (S)-

g u 91"'15/ partA‘If]\’as%{nﬁng Lb?t efﬂet Qe&h'l)nz- ro%crth véldyl Hgated with
e

acet 3 x.50 ). Th
et<ﬁmeth£a@§%%zgmf§%nmeﬂ SRR G e feura ] s § p pevest an
wementioweri pyety of 9§iSPeesde.wi t h anhydr ous MgSOX4, filtered,
and congemr @b@g 400 HBE): mmhum §p(n9itew¢ 1130561.@ @, 165161 - 1.68
CVHA [ C
tr(@ay'& 11%1(?189 W m}ﬁs’l%ﬁ q(’i‘ azgmetgﬁé ?'Qn%dé 85:%@%%3-”'
by GC as descrl bed in exa o reveal an
enant i ratidn [0 Pothasivih 6-5anetihth edhfidate36sh 2:Isob
MHz): d 0.93 - 0 97 s(.EQ.no@"l)me\}.t@thT-1oéc§7 (m 1H) 1 61

- 1. 82 - 1.89 (m IHy, 2Z2.57
1H)1, 2 T\gvg 125 J;E pgke(ezh reaqu)n vezse;%malntgln%at(% °Clvy%re e%@g@ with
4 BRseppiglFsatdinonitrief (6.P0b)ANEH08 C2 (1.70 g) and 118.2 mL of reaction buffer. After

(2$>)IITI ;oY @ﬁ"ﬁ e rﬁ%dhéf'rhﬁ%@@%?@déc@ﬁ%@& leav:ng the enzyme catalyst in the

ci no
2 ERRR RS DA Lol s Mol i1 iy Bl e o
eaobroxhaiely Binpiaptithen desatiest 9rd added fofsriredury reixtiurss. sﬁeagyons were
NIrdped0@ bfcddding -2/ €bb@y1-sacrthoditrie B.87Lg) @hd feaatdhibaffergufsf2emL) to each
Afrea%{ons\taésg{ an@ Stll’ﬁlg% ﬁ‘l% rjaactuan Q”nlpt[‘."%g l*&l't thXt Hﬂ&‘ SfOM\eFegCtIOHS were

eavl n e enzyne cat al I N r eact
v E9mRipted in pachvessgitoly peight el rRqgio ?efa%"@at "e'%}“*ieﬁé!efsaefﬂb'"ed
I @ad bitrected @it EIBE (8 iS5 BL). fTe MR exicacimvert yerdovad and theyaalieous
t hem aéjﬁs@&m& ed za;n»okthqﬁﬂgpqoﬁcoaém Bndd6@E86d wifl MITHE €5 x 500 mL). The

R%?@% ﬁﬁ f V@ffc%’dﬁg%aqureoqs éya(z%wag cog entrate under ¥acuum bo IF?ve an oill,
( whigh 2vam_f)eat% witl ater 648t Moh agd <8a5n a)- stTf“F resyling fgglution was
I @afecbht@tdd Mundet! n@suumono Zaiven. 248f ter(31.8y df epathdsins (B)3-€yano-5-

methylhexanoate. Methyi (S)-3-cyano-5-methylhexanoate was prepared from potassium (S)-
3-cyano-5-methylhexanoate and analyzed by chiral GC to reveal an enantiomeric purity of
99.1 % e.e.



conpl eted in each vessel (total of eight batch
reactions), the product m xtures were conbi ned and

wezaosaetsed with MIBE (3 x 500 ni). The MIBE exPCHm2905/000873
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were renoved and the aqueous part adjusted to pH 2.1
wi t h phosphoric acid and extnacted with MIBE (2 x 500
m.). The MIBE extract of the acidified aqueous part

was concentrated under vacuumto | eave an oil, which

was treated with water (100 nL) and KOH (8.5 g). The
resul t IHEVE 690t 409rMhgYS 0T nc® TR (Ma bk 1.0%d 825 (nactinh-430- 1.50 (m,

9'1N)e1 B4 268(nk, 3k), 3% - 08 (aomsﬁ& $I5MHE)D. aé- £.Y24R0 151,
t hyl hexanoat e. Met hyl EQQ(A@%!CQ/@F)O - met hyl hexanoat e

vvas pr epar ed from pot aSSI

reveal an enantl unmonczguﬂeltmtrgﬁen%ma:s@ e. 1H NI\/R

( DZO 43% M'%):Igsbe Qacgo?u vessel%nglgt(am Qt’_:% :lwa;? rgeld v?lt'f'l 2(|£9butyl
Zs@gn@m:gg (Qge ggwn(rjoz C%. (256p_|§) 126 g6f rezictg)g r, fpﬂ purged with

EXifddeh.E The Feseirgr raiktire iwas fstirf&s) foB240r andhba dedahiph te x 260 mt. glass

ﬁsag%, fe5 B s b ttthe éH&Sh REQLL Mhk eeaa.aanJpela% b echarging
nder Nt ro?len At o

VBE EEPIoAP R PHBRG P S0° S o Adreh Bl i (. 8fana 120
29 bigerstienyiufercryirgirenyith mitrbgen( gndsgrrigy the RgsTltingypixigge forRddn Reaction
géampﬂeZQo ﬂm@f wérE aflell tn BuhhiestwatitthePrid@eitluddachtic acid (60:40:0.09,
gktds)gag ggagtm L& & ya,fgidéws? el 5612 6d ninwmgn‘&a.kgd at 30
e Bwt caluyetwas r'F'L{teﬁ’e”“ih vt M2 §§'é‘?’°3°ﬂ'1’ea°1‘de@814p BHQW%V) and
I @RadrachsRYmrieEain aittod rﬁgactl\l'aﬁndidiaietebtam vessel contai ni ng

the Uﬁ@ﬁtf%tr@ Qé rﬂc“ﬂs %ellestgmé& Xut wﬁH E&én&k@ FHC crlé l Iﬁ'oc(ugt lﬁ)’gtures

react] on bu
%an BgeINsegye Setrt fepsligns were °8§‘B'P?GF Ay %ff%t%gr %'n} Gpvl ggetgie (2 x
ResacL).oThessmpdue arf Baslthen adjustaddo pfil Renith wMtHC! @nd extiattedy fvith ethyl
Wakfafe: (FEX hQ@Q{L?t rnk| dioh aasiaki gxtradid Of (HROaciiied. &fdeous part were

\é%\r’/r{?v d, ?nd Q/Qraagxﬁous ?Tge@U s%ﬁatg fi §%§£ﬁ;§ﬁl{)%(‘l£%rag§ quer vacuum
viasviels] (FI-EYH{ thhtoighpieteo. Brﬁeﬁi”a?r(bb“e'f’)r?ff(lshﬁ'i"ﬁéd’@?l qptaiged fom fifty

(tfa(ibm&cmm@glnmm/més/f)or raftiordedne Civientp-siwaem d Gy, wieeed! 4Bt 7.4viandh 15.1
)r(ﬂ}ﬁ-ﬁﬁllly ?esb%@fy Qﬂrﬁ ‘étd)énalyets Bﬂh@llnetﬂl;l egt'erf aerQﬁé Gfr(S) CMHA

e 0
BEGRILET R (BT PR D (RS EB SRR oS BRI UL PIogRge o
wer e conbi ned and extractEXAMRUES et hyl acetate (2 x
15’@ ion $18)-QVARMSmaAYIh e XS ict AraIraf P uUsibael-sGeditdnitrile with

AM FC and_gx!haes 6ol Al Nehodglaate (2 x 150

rrL) The et hyl aci di f

aq ueomfsseb%?rqf @/FETréaQS‘B’WH‘PFr‘l‘@j°°“bﬁ’?'%'6°f8\)§9rb“%(lrﬂ’1’§ﬂ?‘lﬁ'ﬁ’§e to (S)-CMHA
NBHY esT-10n G2 Wbataried dut e Hesgribedhth e@mplerit exxeptdthatrdantions were
Vd’%ﬁ'{éb‘ et ﬁdé’r' Sohni §)no mﬁeatdoéf RtroQdn RBsphefd. ( bl samples

fromfifty batch
r‘”é"’é%"t' agﬁ? b ﬁ?ﬁl‘% ?%Fesm%teeg ?XS'PP ? actions one,
t went W-tgtalkof fignbatéh fepgtionseere cagfie® outlvylth40ataéy§5refgz_lelum ambient
(aﬁ)mclz]sQM‘W Ihitial FeR5HRA GAtbs/Rleyminefréra keatlon &Blalbly&aSerOét fdul Bours were
t r
R A SR TR P 8 30 el e
enant| omeric purity of 99.0 %e.e.
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EXAMPLE 6 Preparation of (S)-3-Cvano-5-nethyl hexanoic
Acid from 2-1sobutyl-succinonitrile with NIT-102 C2

wQe@snoosebi ent At nosphere A series of batch reRCT/IRM65/000873

for the conversion of 2-isobutyl-succinonitrile to
(S)-CVvHA using NI T-102 C2 wagg.carried out as descri bed
in exanple 5 except that reactions were carried out
under anbi ent at nosphere instead of nitrogen

at nosphere. Reaction sanples were anal yzed by HPLC as
described in exanple 5. AXAMREDf fifty batch

frerta;_ct i ?m Wetiéh & ¥rf-BRG1aAHontlint (5)6 allud‘ﬁtnef ¥gdrBatnder
anbi ent “atmbsphere. Tnitial Teaction rates deter
from rreues B‘ﬁ‘"“'éeérfﬁ‘?'astﬂ? SRBYF Y f’oai’s°ﬁ‘btﬂ'rs§°°{/r\'§?'tté'%1§ gs%MHA

ABxeinpden@] repci®nsriA -(48) WENHAMhingdzndrextaetad yvith etbyll@petate (2 x 250 mL).
LR NdtiYy1 Sestate adxflacts! tebe, die@SHRE bhnaIoYs M%ANSIul dulfate, fitered and
AL ol 0 AR foo totsesman o
tsvecinopifleer S GAUSSYS Bar WaRARIUSed LRITE W HA and gpiracted with ethyl
(SDptaleNBA 26@manihe ethyl dcetatt éxoads B&te contdijtraiedrie a golnmbe pfetd0 mL
Zetrlllﬁt [T TS t\éﬁf-sd?ylgﬁmf [153GRL, A& €5 fnmolf wePSABE Jropwie The white

_acetate extract re_dried over .anhydraous .
s trlh R foiearay ooloclee o il gl B e e s00 0 o
Vidotyiammpniurg | (Fe3-arnabimetiahesneate.6 Methy \(Slet-eypne-pripethifpaxanoate
fWeisrb#égan(eR}mra thGARRhBhieH Q@LMBﬂld-5-h1Etﬁ)ghe_Rbl&Ja&CﬁmG guswpﬁby chiral

a S . . and extracted wt
\gfatfit)‘/’lrefg%@%%? g‘lfge“gpﬁg#&{;ﬁ“@rﬁg et h%/)l acetate extracts
were CohMRACPEEEA0 M1z S\PA0mMBI%0IM. 87D 146 —drid (P!, 1.54 - 1.61
S, TH)ed7anbi b, ef 2 Boit-glaah.niel), 2143 -2 .50l(m, 1512.96 -AEO4 (n, 1H).
was added dropw se. The vhidp &gystalline salt that
formed was collected by filiration and air-dried

Prepara f{S)-3-Amjnom t_h- Me, vihe assium (S)-3-Cyano-
(S) - 3- cyano- 5- met hyl hesMetnlkexangatd,y |
]S S) - 3'A|‘-‘|Mﬁﬁ‘r@'o_5§oﬁ@§hgﬁ|(§)@‘@@Rﬁ$-&etﬁﬁﬁe>@ﬁﬁﬂﬂ(&@5, o8 8 Mmol), water (50

- Quty ium - 3- - 5- net .
i 7532 ol RobipBagh G2 B SiagPRl, Nl GERAAR oMlort n 2 parr
ofhalgd uBly B esi of pdnemRn- (TRCNBtUresws fiptpd. -hegledtogrprroxiggaigly SO °C,
(tFbte®With acktic’fid-(6.4 mBY afditirrd@blernight Stdoom E}nﬁéra(ul‘a. Thédjnjxture was

nehOad - PUith 46% Tha 1 fateiSuriderlvaelil
gﬂr're]" ?Ldf—LbSl,Jed gg&gmw %F%ﬁ m;q”lﬂ?—b‘i.g/?‘Eg%il\/PLdE g ?ggl%ar z:{]td? o\ﬁ .ofm ‘o
(reyeve Mg  dipdtanipPane VPR RN BV R Ee B WighYas
(tiDn-=BidiBxcbwith-acic tid, Fefifrbdocvamizht & reommiesperplgrepfinddiierad tojgivmd-3 g
(o'?'%S)%:aﬁyr%ﬂﬁnE :ﬁ&@ﬂe‘iﬁw & 4 #HiteJerystélihe l&ol‘ﬂ.'mfﬁe, enantiomeric
wat er , 0 i.SOpr o -
ek e B AR R AR (2
unmetehe®0oip atid wising Ydrfeyie reagemh dNer 3c¢t-gipiso-frddorenhppidrlegipninamide)
[bgéltgﬁﬂftne tﬁnnth@?an@tBﬂsyHﬁpQ_rs@ctfe rc?ﬂhadzaai % h.GalﬁﬁhE i) ekGéddwith

.5, o an Lrr oM erni at room t enperat ure.
ﬁ%‘%ﬁ"ﬁ% Cf?rée%‘\?(g’g""ﬂ(%e’ﬂ:s)a(g?égtv&g to slightly above pH 7
with 45% KOH and concent rE#PLESder vacuumto
Preparation of (S)-3-Aminomethyl-5-Methylhexanoic Acid from f-Butylammonium (S)-3-
Cyano-5-Methylhexanoate

A mixture of t-butylammonium (S)-3-cyano-5-methylhexanoate (26 g, 113.9 mmol),
water (48.8 mL), ethanol (35.8 mL), KOH (7.2 g, 91% flake), and Sponge Nickel™ (A-7000,
16.3 g water wet, Activated Metals & Chemicals, Inc., Sevierville, TN) was shaken overnight

in a Parr Shaker under 50 psi of hydrogen. The mixture was filtered (celite) and the cake



renove nost of the isopropanol. |sopropanol (20 niL)
was added to the m xture, which was then acidified

wowdok/1e05ed i ¢ aci d, stirred overnight at room PCT/IB2005/000873
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tenperature, and filtered to give 4.3 g of

(S) - 3-am nonet hyl - 5- net hyl hexgnoic acid as a white
crystalline solid. The enantioneric purity was
deternmined to be 100% e.e. by preparing a derivative

of ('S)-3-am nonet hyl -5- net hyl hexanoi c aci d using
Mazshed/With wats @mbL) and ethanol (5 mL). Acetic acid (9.4 mL) was added to the filtrate
(alrr{d%eg l%su‘hm%'nﬂ&lfré Wa?stfrlleug{}ém QVA{ ;C |—Tl@I mhamgl%}edamed with

anal yzi (g) el/ % ? 250
4! Qame-/nﬂﬁ 114 éicfft%&"ﬂnd?‘f? ‘QE%& 8 “f“r‘? 9'(‘-59 % 4 e?1e’°t)|‘? g?ﬁeﬁglld A
(;leoB)(K((B@ db this mAtedial weXAlyRblEzed fnepht aixtupm ofg$opropyl alcohol and
(WRterdo W SXOFBHEY3-2RmbMERY- bh%lﬂ@)laﬁméﬁdld}nﬁﬁ@ﬂbe

f - But yl anmoni um (' S) - ZQvangq,asi Mah hyl hexanoate A

m xture of f- butyl_ammnl L )

(S) 3- Cyanp-“n‘ N O 4 1

wat er Thé SraBeniidalion edifh&?)&hsob&ﬁ sBcd'HobutrlleK@ds ( Jarr%dg put96r%matenal
frle@dsgr)ed G skoc%wgsn {;\‘r&!&ﬁ&c(é .mbu&ﬁuza&qmemm?m%m; A mixture

Act | vat ed Chem cal s Sevi ervi
%—&%ﬁs&&wwwnﬂgﬁt i 0 dPpely Po%eakeosRRIdD g ing
ofiazhlyichciolg 9 ]undere? -Aie(DBH £0.0%6, Bimmadrved refigsdifore) h. a&Netert(mamL)
Ccanass dme\/:\éafctl‘bn\/\ﬁ{dQﬁe teding Imidtur@ Bra€led AMOLthYl Bcdtid (2 x 10 mL).

'I_X{:II‘uetclor%blr{fl d.0 gﬁ‘llg eé’tra{nls“v)erél\@ashg(? ge%gen dalg'\wqﬁ 5&: I—LC%I Z%tnﬁ.lglb%aturated

r es
T9Heqys 66‘!&‘6‘? P chigrger 2P eddfied OYoF ALY ITaBOSSHM gfte, fitered, and
i congehigad uadet olaaliym atadgidk | reckmim cbesobuiglesucenohitrileg i (V.a4 Jgl. 84%).
%n@ﬁt%r&n@sun@ \A)Qg'ctef‘errﬁﬂéd S&l Gé‘ uQI% B'Gimaléel(@‘ 8 Tg‘)comnnt(gﬁ M x 0.25

stallized froma 1:1 m xture of

|%’8§%5€%’F'cr§?8’5‘ﬁ%f’k"§ﬁ% water to give 8.8 g of

(S) - 3- ani nonet hyl - 5- net hEXAMRERAI ¢ acid in 100% ee.
EXAMPLacdifiz s &i(R)2d-Is O ut@fs ut dirdnitditel sirziAnberBtd® (RA-400

pon' t &\Hbgrbt«5§ |Q/Q4R?¥ésﬂhﬁ g{?zl&ie\% égt RS QfHa Philadelphia, PA) was

Succl no S carril e

R B NASHVES &) f GHBHSE SRS R DY noretsr AP iscvashings were
reutsad bEthariol (@810t ) BOd(R)Riidobutyltstitrinehiilel ©2% €2) weke rildeiuo the resin

Qhd &B}esan.agsma%%m&ew PR ntrterre&c@or( rhix@® R vebs fikEled Y con@RPAted
dﬁnéez g%ciugrp Cﬁlla)e[ %suﬂu%\}/iﬁﬁtakeg u.P lnt?] eth(l [Sg%ate 625&18 and wgshmrtlj water
Wax 190y Xlagioreasyic phage wigdried O(el@nlwéyouﬁ\@ég'lfa@l@cﬁu'tfaée fifpged, and

reBehta®a uadul vichemnegivd ratdnfc Zrsxibutyl-eucebritale (@sh )it 9).
ethyl acetate (2 x 10 nL). The conbi ned organic

extracts were washed sequentially with 5% HC (20 nlL)

and saturated aqueous sodiumchloride (20 nL), dried
over anhydrous magnesium sul fate, filtered, and
concentrated under vacuumto give racemc
2-isobutyl-succinonitrile (1.14 g, 84% . Enantiomeric
purity was determ ned by GC using a Chiraldex(tm GTA
colum (30 Mx 0.25 mmID, 125 mcron filmthickness).
EXAMPLE 11 Racem zation of
(f?)-2-1sobutyl-succinonitrile Using Anberlite(r)

| RA- 400



Anberlite(r) I1RA-400 resin ( 1 g wet weight, Rohm &
Haas, Phil adel phia, PA) was stirred with 5% NaOH (10

worRgosfierss@0 m nutes and washed with water untiPCT/IB2005/000873
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- washings were neutral. Ethanol (25 nlL) and

(R)-2-isobutyl-succinonitrilge(69% ee) were added to
the resin and the resulting m xture refluxed for 2 h.
The reaction mxture was filtered and concentrated
under vacuum The residue was taken up into ethyl
acetate (25 nL) and washed GMAINS water (3 x 100 ni).
The organi ca RARSEroMRSparfd &%r&%ﬁ{d AR PUS magnesi um
sulfate, filtered, and concentrated under vacuumto
gi ve racem c 2- |sobutyl succi Hrile (0.81 g,
81% . CLAIM5 1. A netpod fog preparing a conpound of
formula |I: wherein has gn (S) configuration; RL is
hydr ogen, (Cl-C6) allkyl phenyl; add R2 is (Cl-C8)
al kyl, (C2-C8) al C8) cycloal kyl, -0(C
1-C6) al kyl, - CHMs CH2- Mal kyl, (Cr
C6) al ky! -CH, -phenyl-(Cr C6)al kyl -OH, -phenyl-0O(Cr
06) aI kyl, phenyl or subgtituted phenyl; with the
Lfd% (éylggnr E%t' net hyl, Rl is hydrogen,
conta

ising the steps of: (a)
'%f@’d’ag‘?f‘o?ﬁ:?d?}hﬂ Vb?fpf' nﬁﬁ'l‘"a II: with an enzyne

cat al yRétis {Cah)retkyhi(C+C4) akenyhcliCh- Ch)toycleatkyt-0(8acd) iatsyl, -CH-CHZ-O-

nRLcYSiky attqcggnkynr@raoxbﬁéayn@bgcﬁsm&@ﬁ RS- (2 c R, phenyl or
%n o e reaction nediun an

%’E? %ﬁ by ecoveri ng unchanged (3R) isomer of the

conpouwrié tr@fprorve? that when|R? ipmetiih eR g bysergem (CcGehili ar phenyl.

V\hereloemﬁr&indttfeet‘ép\éefed unchanged [3R) isomer of the

compoypd of b) is racem zed .into a

racerrg%e of or{tﬂ%{e'{gc%@ood @Ic’f% olraﬁrlul a ll by heating the

(3R) isomer with a base in the peesence of an organic

solvent. 3. The net hod,pof cl a2 wherein step (a) is

repeated using the racgmate rpcem zed fromthe

recovered unchanged (3R) isogpr of steg;(b). 4. A

nmet hod according to ei n sai d enzyme

catal yst is select@&d fromyfhe gr&bp consisting of

Nl T-101, NI T-102, NI T-103|and nitrilase from

Arabi dopsis thaliana. 5. AR'nmethod according to cl aim1

'Vmgﬁraﬁeelya@kga:;sﬁﬁgﬂg% dacm Iy hhedith; Qh di st I I ed

er e n e ran of fr
About (3. 0 FEVAIR e Fe0segTer PhEe SETRRAS aF DB i e reacton
chegliurm dndvdrtieraiyn redeeeriog nppbenugd GIR) fsomendf thelcompoup&yi-i@mula Ii.

Cyan025 ”Eﬁ'l’(b)/rhéﬁeé&%f@la% Aphdlein 6HE re%mum%aaéedf@mwn@r of the

emc 0 ty-su01 on| rile
cgre%oug orrJng gF} stg H}Bj IS racemlze a rggetr% te of?he compgund of formula Il

(bme@mg @ebﬁﬁ‘ﬁ ??’E%chth’ﬁ)?ﬁs? il thepr eqencem‘@n I‘?@?W@ﬁp"@f‘t claim®6
wher eBn sathd maboy ef edimunamargestep (a) is repeated using the racemate

(ERlin2ed AAPHE MESNEE NORREL] bR @imbRfk(B) 15 1 aceni zed

into racemc 2-i S0 r}/-succmonltrl brx % th
a 4. A method accordl g to claim 1 wherein said enzyme catalyst is elected from

the group consisting of NIT-101, NIT-102, NIT-103 and nitrilase from Arabidopsis thaliana.
5. A method according to claim 1 wherein said reaction medium is comprised of
distilled water or water buffered to a pH in the range of from about 5.0 to about 10.0.
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base in a solvent. 8. The nethod of claim7 wherein
step (a) is repeated using the racem c 2-

WO s@ba00sBe succi nonitrile racem zed fromthe rePCWEB2065/000873

unchanged (R)-2-isobutyl-succinonitrile of step (b).

9. A process for pr epari ng -17-

(S)-3-(am nonet hyl ) - 5- met hyl hexanoi ¢ acid (pregabalin)
conprising the steps of : (a) contacting
2-isobutyl-succinonitrile with an enzyme catal yst

havi n@. ni t mhd rasiodadcording to dlaim & wheraio thegampaail gifprmula)! is (S)-3-

c?&Q%ét%e((aﬁL cgacﬁi}/ﬁ‘lg Qorﬁpﬁﬁ& BMbrhﬁPéang kdeeri6 RGkobiit@!Eudchenitrile

reacti on

(85 thg et s st AR SPe LB R4 RpPisyecienies oy ¢

and (d) hydhreopethad iohglaimhé wheteid saisl fecqvered §pghanged (R)-2-isobutyl-
(sctndnifriRndr BEETRS) Y/ lagenfizedBiitd) chifiX @byl aadcHonitrile by heating with a

r8 ggo\llé ). 10. The process according to claim?9,
erern unchanged (R) - 3-cyano-5- net hyl hexanoi c _acid

i s redover & MEHAY Pﬁ@a'f“e%&’f‘?rﬁ'ﬂ SP?@d?h'ﬁw’%ﬂeatﬁ’ dpng Ly racpqic 2-
Tdveutprsoasaitria aacendiadgrohothe Irexovardl wdekamged(R3-&tisgpbutyl-succinonitrile
L(Jﬁ? ed (R) - 3-cyano-5- net hyl hexanoic acid of step

r acg 8“%%?%%;@? e?lgp?rg? m(%)g-énrﬂnometnyl) gj metR [Ifex&H0%E acid

of an orga
2pregpbbin gdmpddnerihaetaby9fi | e and step (a) is repeated

usi ng(Hai dedhRediy @- |3crbht$lcbbbﬂidbh|trﬂ?d,hﬂlﬂi #h0odhiznid l:aﬁalysﬂ.ﬁavm@hﬂnlase
r[agtwtoﬁaqéacgongi .wherein said enzyne cat al yst is a
tf Y P&sEN "orm of whol e m crobi

per medi | i 'Z’é‘iifeﬁ'i‘g(:(rsbﬁ'l"\fﬁ“° canstyihexappic Zeid @°"Zﬁ$'e FﬁaEtPB gregum;
cel | s{c)par tdnadrting (Sis-caned-netizipmenic ped infoiap dcié saltyands  or

an engyme ﬁ:}ﬂﬁoaleb(élhg IHETBRdM khiz R4 (§)-SERPeméthys3methyihexanoic
met hod accorgl( ga?ag@cl aim9 wherein said enzyne

catal yst i &« fromthe group consisting of
NI T-10Q., NItp- &(PEGSSNPCFO'PG‘S tenelaimi Pr Whergig yncapged (R)-3-cyano-5-

AeBlyiheh@psit scidié) ddcoddhét from the reaction medium of step (a).

11. The process according to claim 9 wherein said unchanged (R)-3-cyano-5-
methylhexanoic acid of step (a) is racemized by heating with base in the presence of an
organic solvent to form racemic 2-isobutyl-succinonitrile and step (a) is rep‘eated using said
racemic 2-isobutyl-succinonitrile.

12. 4 The method of claim 9 wherein said enzyme catalyst is a nitrilase in the form
of whole microbial cells, permeabilized microbial cells, extracts of microbial cells, partially
purified enzymes, puriﬁed enzymes or an enzyme catalyst immobilized on a support.

13. A method according to claim 9 wherein said enzyme catalyst is selected from
the group consisting of NIT-101, NIT-102, NIT-103 and nitrilase from Arabidopsis thaliana.



