PREPARATI ON OF PREGABALI N AND RELATED COWO JM S
BACKGROUND OF THE | NVENTI ON FI ELD OF | NVENTI ON Thi s

w0 pwefoisen rel ates to nmethods and material s foPCT/IB2005/001924
preparing enantiomnericallyenriched g-am no acids via
enzymatic kinetic resolution, and is particularly

usel b R0 AMIBRISE BRALATAT N A5 Relet s Riikbuos

subunit, including pregabalin and rel ated conpounds.

DI SCUSSI ON' Pr eBalg GROUND OF THE INVENTION
(S) (+)-3-am nonet hyl - 5- et hyl - hexanoic acid, is
|ated to the endogenous inhibitory neurotransmtter
UﬂJ@QﬁHﬁ“%ﬂﬁ}@b% acid (GABA), which is involved in the

e% AV R AE1aRE 3 MefoHs anaeﬁars%blg%%%@gﬁgﬂd%ngauy-

Its anti-seizure activit Y,

enricii¥dtyedrhinblacids vitehzImatid¢ Rin&ic BsolBtiby,endanpaticudirly usehd fors
t hought to be useful for treating, among other

prepagiog thaniion acidpiiahexhiny einding gflinty t@éb@hﬂmﬁh%@\%@@ém@nd
W th psychonotor stinulants, inflamation,

Su"“@h!ﬁ"ﬂ‘kﬂ“@ﬁ pegihekin apd ARlejed CRINBOMYSi sm i nsommi a, and

vari ous psychiatric disorders, including nmania and

DIS g disorder. See, respectively, U S. Patent No.
c@fsggg 488 to L. Bueno et al., U S. Patent No.

6 B@@b&ﬁrﬂ, ®p(HD-3- d\m@nmtl&lﬁ-mﬁhymcahoic anid, 19.:8ateP4¢ thet
endogegont PR YO EFSBIIS TGO e IR BN Dfg & olved in
B L A e
discusded j ;1n U $ Pa%i: Dot 5, 563 1B 805, E]Silvbrman etl%.gmsisls &(ﬁghwto be useful
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psyck%%dt&‘%‘tﬁﬁnﬁﬁﬂs fiarfthhtid Eﬂ)éﬁ%?rﬁestliﬁﬁﬁ&%%'e' AcdRPisBERRomnia, and

prepared in various wayS. Typically, a racem c m xture
various pchiatricribsneddry,| induding manidandsnpoler distrden See, respectively, U.S.

patenf X3 B30 A L TR A T M S B Yty B

C.A. 'S’étgﬁlr ARAUN. Patedt NB! QOGL, 876 t@tlermgh 1.8, Pa@dnt Nof 894,459 to
nt hesi s. See, res ectlvel Pat ent No.

,lgm,e era. ,t[bS,EPat@t 6;,839;4@% t@p §{:hner et al.; U.S. Patent No. 6,127,418
to L. Bueno et al.; U.S. Patent No. 6,426,368 to L.. Bueno et al.; U.S. Patent No. 6,306,910 to

L. Magnus & C. A. Segal; and U.S. Patent No. 6,359,005 to A. C. Pande, which are herein
incorporated by reference in their entirety and for all purposes.

Pregabalin has been prepared in various ways. Typically, a racemic mixture of 3-
aminomethyl-5-methyl-hexanoic acid is synthesized and subsequently resolved into its R- and
S-enantiomers. Such methods may employ an azide intermediate, a malonate intermediate, or
Hofman synthesis. See, respectively, U.S. Patent No. 5,563,175 to R. B. Silverman et al.;
U.S. Patent Nos. 6,046,353, 5,840,956, and 5,637,767 to T. M. Grote et al.; and U.S. Patent
Nos. 5,629,447 and 5,616,793 to B. K. Huckabee & D. M. Sobieray, which are herein
incofporated by reference in their entirety and for all purposes. In each of these methods, the
racemate is reacted with a chiral acid (a resolving agent) to form a pair of diastereoisomeric
salts, which are separated by known techniques, such as fractional crystallization and
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U S. Patent Nos. 6,046, 353, 5,840,956, and 5, 637, 767

to T.M Gote et al.; and U S. Patent Nos. 5, 629, 447
w@arwed9d16, 793 to B. K Huckabee &D. M Sobi er apCT/ig0ein01924

are herein incorporated by reference in their entirety
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whi ch are separated by known techni ques, such as

the unidegiced Brearntianyertinfrequeatly discaded ﬁn@mﬁp@rgroaph gificimgy eecycled,
theref{Ficl PLA0d R U RY PGB an ffth Qkgh9epasi ng beyond the

'on o I"ong with the
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5,847r gfﬂ@ 365191' &4, ﬁs@gB\g@sng%a%% PR £1P€o Cs‘tﬁ% é/n et al,

r egab’ een "3 ntheérze rect
whiclu 5ﬂemgr®n ﬁiaormlratadrhy tafaeyce i 4&&115@)&1{&43' and for all purposes Although

t hy He | - 2- oxazol i di none. . See, U. S.
these lﬁgﬁt@q#s e Btyegg@ 1116’9 1g@ e@grgtozliqic tglrtg}j,-;hq}gqge Iess desirable for
large Rcdid er?tﬁ)ékts LRcRfs: tﬂ%’g?mﬁ vﬁ Q%Qrﬁgmvéﬂ;' Hospl: R/qg%eﬁ%?(g Iga kile {ral

[ vernan et are herel cor at ed
auxﬂiayy) rtMt rareeahﬁfecultrtothlaedlb amdll stspeaaidryagenal elqummqnomersach

Al t hough t hese rrethods provi de pregabalin in high
requied ARETAHRS (STRPIREFTCSy Which £9n B 8 lowaas ﬁgﬂ rabl e for

I g Qe%elgt;l:ylaé %M{:}g t]e%S })ﬁteﬁﬁ Hg'zﬁlo?'nﬁé’cu’?&? l QHeé]%(I)dr oafl making pregabalin

conpar rea nts
via agxndtiiahygrogéretion o€ a diydrformbbtituted oledindtbgrodse wehiralayano

Speci ryogeni.c nt to reac re uired |
precugfiE oL DG o B TR B A bR RO 4 ssigns U Patent
Applfcﬁt@rﬁ{‘N bY2008021 SHRFA YioBufdd ant M%é&@&\be%beg 15,0293 Ewhiéh is

hod of nmki ng pregabalin V|a asynmetric

hereii ;rxstpqg»eateri byrefefenee inytseotirthior iatl pugwsed. efliercyano preouserds

subsediaSitly Bincel 30 SR IFEh AN, Pleasummeriolydrossaation gy § chirel

cataly%ﬁ &iaﬁ{%&@g%ﬂngled 5?% ﬁ%l}slttg%ggétﬁl\lg{/dggg é(%\@ b1s§@r9%bﬁr% 11%319(@ sﬁéh as (R,R)-

Me DIéI?IéDﬁ iThe orqtiancaeadtsty svbstastishryeichment of pefrgabalen 9vetr 6R) 3-
al | Q The ¢ precursor is subsequently
(mnomoet@ggg e%éY v%xaf)lr)le%a alin. The asymetric

hyrieqaf@had 8fuseddindy.S. Pateti Aplicat@dralNy S1008/021 2290 A1 represents a
conprised of a transition nmetal bound to a

comrpreigiy Sishlerraethpg frrprepsgias PergalpFipRpUL fyehenipmeerpRis would be

desirfTBE PG b ESLAGRAL bRbnSEBhinE IR, RLIRAGARPBdpfctary

ligand (R,R)-Me-DUPHOS, are often difficult to prepare because they possess two chiral
centers, which adds to their cost. Furthermore, asymmetric hydrogenation requires the use of

special equipment capable of handling H,, which adds to capital costs.
SUMMARY OF THE INVENTION

The present invention provides materials and methods for preparing enantiomerically
enriched y-amino acids (Formula 1) such as pregabalin (Formula 9). The method of the

present invention involves a kinetic resolution of a racemic cyano diester intermediate
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The nethod discussed in U S. Patent Application No.

2003/ 0212290 Al represents a commercially viable
woreaohoehodpor preparing pregabalin, but further PCT/IB2005/001924

inprovenents woul d be desirable for various reasons.

(Foma,ﬁ%élor g?%;@a l%lé hos h' ne | kf&a%ﬂﬁéqg aﬁ%{tfég?lga%ely hydrolyze

an es@t frloiedybt the @nt@mm&@ ’m@ﬁasﬁlﬁng ARyrHRAsEEsSd M oedidd (Bbrmula 3 or
centers, which adds to their cost. Furthernore

FormgleyIrbsew il 15 syilistaialiyenantiopuen, npdes goas duiacs r%%w% & yigld the

s GEU AL SR B D R ) B s

enantidN@ MEb@1P5 oY Foesulias Phbalthe RifetidREb1066n EQr bepiegfddrih B
enantionerically enriched g-am no acids (Fornula 1)

enzymMea@umm@H@mnwaewmm tteyebyimpronegheeral vickk
p g me@ }ﬂlee%déiogefgéfrp éﬁg}u %g‘nt%dgélﬁ]%e% véreeal?gtllﬂg p?&egsfes for

cyano Tt e
prepa'ﬁ‘ﬁg @Hérﬁlo%%hcmy Briched Zfiﬁﬁdﬂ@ aélb@(Folrl’ﬁuﬁdlaﬁidﬂEbrﬁma 9). For example,
enantiosel ectively hydrolyze an ester noiety of the
the optically-aetiiveat-aminbresidsesn be pregaid orithvokyding chiral guxiliaries or
For muj

propri Y T oESHE SHARE Ro f B SO oW et sbSts o Sinep grrymatc

procés&ssehﬁ b@lcérﬁed g854t 66 @éiﬁﬁgrétﬁféeinﬂ%@hﬂlﬂo’sﬁmﬂccﬂiéﬁu&' &% imed
acids (Formula 1 or Formula 9). The unreacted

methedsaahpuldrh@tp irgmingl ssh&luging r:@rfh@ns arisigy fompihetue okspeeialized

ut he .. sed t en r
cquirfire biheh o SRR B RR e Ao F RAY B st 35 e R e
example! e predentGhinfiBsl caEbdadd & f)@bﬁreiiir@hbﬁlﬁrﬁﬁﬁh&mg from a racemic
advant ages over existing processes forégre pari

cyan@ﬁmtltwww (Forrapilgheogd aald 20%itas 1 (Froatieg @élngleab?ach
Y
recycl pTHE gglgz%efglgagag@gg om0 39 PLh géakgﬁﬁtr%g e S0t 3508 savings
in coStfof Roody dvet afeynﬂynht@gﬁfmﬂldamﬂaaﬂ abywt s, which shoul d
lead to |l ower unit costs. Since enzymati Cc processes
c dAngspegiof thecpreisnt BVERURSRIOWARR metiod of ke  compound of
Fonﬁﬁf@spherlc pressure, the clalned nmet hods shoul d hel p
m ni’'m ze scheduling conflicts arising fromthe use of
speci al i zed equi pnent capabl e of handling high
pressures and | ow telp¥ratures. As noted in the
exanpl es, the present inveptfomEglybe used to prepare
pregabal in starting frogl agem ¢~ cyano-substi t ut ed
di ester (Fornmula 12) in goodRyield (26 %o 31 % after
a single batch recycle of the unreacted enanti oner
(Formula 13). This translatds into about a 50 %
savi ngs

or a pharmaceutically acceptable complex, salt, solvate or hydrate thereof, in which
R! and R? are different and are each independently selected from hydrogen atom,
Ci1.12 alkyl, Cs.12 cycloalkyl, and substituted Cs.i2 cycloalkyl,
the method comprising:

(a) reacting a compound of Formula 2,



in cost of goods over the mal onate nethod descri bed
above. One aspect of the present invention provides a
woredohoehoof neki ng a conpound of Formula 1, 1 OPCHIB2005/001924

pharmaceutically acceptable conplex, salt, solvate or
hydrate thereof, in whichjRL and R2 are different and
are each independently se{eeted from hydrogen atom
Cl-12 alkyl, C-12 cyclga ”yI,PQﬁd substituted C3-12
cycl oal kyl, the met hodRConpyisilng: (a) reacting a
conmpound of Formula 2,or a Aalt\{hereof, with an acid
and water to yield the Hoyjpound of Fornula 1 or a salt
thereof; and (b) optionally converting the conmpound of
Formula 1 or a salt thereof 92into a pharnmaceutically
accept abl e conpl ex, salt, solvate’or hydrate, wherein
Rl and R2 in Forrmula 2 are as defined in Fornmula 1.

or a sAln dtelnenf, wRlp e heid fand hatep te gieht the nompodiminffoomiikhelsore salt thereof;
nmet hod of maki ng a conpound of Forrmula 1, above, the

and ypt hod conprising: (a) reducing a cyano noiety of a

CABPOUtiBhalli Yo W fing ,theg:o%po%n§ 8f tolals €9f smghsé'fe%k thida

conpoun nmul a or a salt thereof;

5  pharngasentidatly\atesptable ¢draplexsploisotvate orfhydrae, aviierein Ra asdRE in
t eof to.vield th onpound of Fornula 1 or a salt
Fowﬁ§g8@§ d%ééﬁ‘%’ﬂ?ﬁ@ﬁal |y converting the conpound of

FOAABtha adpeRt ofth8 pldsetNBV@@bn ipRivided aRhetho@eLMhkiaalalc¥mpound of
accept abl'e conpl ex, salt, solvate or hydrate, erein

Formpip 1aablow? thermethedregrapusingid i n Fornula 7 are as defi ned

gy ML Ak n o FOTBIUG O REIM @ O above,

may’ be "prep y yZing a conpoun

Rl

or a salt thereof;
(b) decarboxylating the compound of Formula 7 or a salt thereof to yield the

15  compound of Formula 1 or a salt thereof; and
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Formula 3, or a salt thereof, wherein RL and R2 in
Fornmula 3 are as defined above in Formula 1, and R3 is
w@le0dAo@mbkyl , C3-12 cycl oal kyl, or aryl-Q al kpCT/IB2005/001924

addi ti onal aspect of the present invention provides

method of d_of , For m bove, 1 h
mEonodoRupY PR pEgecanueih o dafl e U Fepbiifio o
pharnfBORRUNY aepfableBhlek, szﬁt @blvate® F/dﬁahf k@efein Rband Rt &

t he conmpound of Formula 1 or a salt thereof; and (b)
Formvdpﬁ.andam Formawa v are a&@fmh‘éa‘z@%’éﬁﬁm@ﬁ Iformula 1 or a

3 S8/ . IR A AP e  cpponnor

Formila 3Fornmul a 8 are as defined above in Fornmula 1, and R5
in Formula 8 is hydrogen atom Cl1-12 al kyl, C3-12
cycl oal kyl, or aryl-Cl-6 alkyl. The conpound of
Forrmul a 8 may be prepar b@hﬁecarboxylatlng a
conpound of Fornula 3, aPgVe, or a salt thereof, or by
hydr ol yzi ng and decarbﬁ&yl tl€§ he conpound of
Formula 3 or a salt thereof, 2y el d the conmpound of
Formula 8 or a salt thmpgof. A further aspect of the
present invention provides a nethod of meking the
conmpound of Formula 3, above, or a salt thereof, the
nmet hod conprising:(a) contacting d& conpound of Formul a
4, with an enzynme to yield the conmpound of Formula 3

or a @l thegeof OnpEeinR 'afhd R¥inHbanda 3whessdafineh eb@rzy Fermsla 1, and R is

adgEted to enantlos éﬁCt'Vi y hydrol yze the conpound
d

Cra2 gky Sﬁmﬁyﬁl%ﬂ%yb FRY of Formula 3 or a salt
aRin@la éd d
O B04r o0 O OOl AL s o
ofFomMpduaicbethEmaﬁtdch:oﬁlm’miqgt eld the conpound of Fornmul a

4, wh , R2, ] F F la 5
) 05 BTGB T OB PRBPALE o B0l o 3¢ and

R4 in Formula 4 and Formula 5 is the sanme as or
different than R3 and 'I§1 Cl1-12 alkyl, C-12

cycl oal kyl, or aryl - (B\lﬁﬂ
2
R CO,R’

or a salt thereof, to yield the compound of Formula 1 or a salt thereof; and

(b) optionally converting the compound of Formula 1 or a salt thereof into a
pharmaceutically acceptable complex, salt, solvate or hydrate, wherein R! and R? in
Formula 8 are as defined above in Formula 1, and R® in Formula 8 is hydrogen atom,

C1.12 alkyl, Cs.12 cycloalkyl, or aryl-Ci.¢ alkyl.

The compound of Formula 8 may be prepared by decarboxylating a compound of
Formula 3, above, or a salt thereof, or by hydrolyzing and decarboxylating the compound of
Formula 3 or a salt thereof, to yield the compound of Formula § or a salt thereof.

A further aspect of the present invention provides a method of making the compound

of Formula 3, above, or a salt thereof, the method comprising:

5
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Any nunber of enzynmes may be used to
enanti osel ectively hydrol yze the conpound of Formula 4
wo eoosleroepnpound of Fornmula 3 or a salt ther eoPCT/IBReIUI01924

enzymes include |ipases, such as those derived from
Ther nonyces. Ianu I NOS r aspect of the present
i Rent FOHAY ‘%%#ﬁgﬁ tl?g’presented by Fornula 2,
above, includlng conpl exes, salts, solvates or
hydrates thereof, proviged that when one of the
substituents represented\b or RR in Fornula 2 is
hydr ogen, the other s fuent is not C1-3 alkyl or C
al kyl . An additional pec CO,Ré present invention
provi des conpounds of la 27,27 including

conpl exes, salts, solgégé or hydrates thereof,

wherein R1 and R2 are different and are each

i ndependent |y sel ect ed fron%hydrogen atom Cl-12

al kyl, C3-12 cycl oal kyl, and substituted C3-12

it 5498 Y B eGP 0 DB

substltuent is not nethyl; and R5 and R6 are
i ndependent |y sel ected RFom h drogen atom Cl-12
al kyl, C3-12 cycl oal kyl , = -Cl-6 al kyl, provided
that R5 and R6 are dif nt |f not hydrogen at ons.
Compounds of Fornul a in RAose represented by
Formula 3, Formula 4, E@r la 5, Fornula 6, and
Formul a 7, above, inc Prig their conpl exes, salts,
sol vates or hydrates. Useful conpounds of Formula 2-7
and 27 include those in which RL is a hydr ogen at om
and R2 is isobutyl. A further aspect of the present
i.nyent i f
whergi i ing e Y pfeRi BndfoNAct 3y LGt PARRURNG o Formuta 4 o
the ccﬁﬂﬂ)dundiﬁ ﬂ%ﬁfn@la Grorfaysdlt deecdfher e of t he rret hod

rising reacting._a conpoun For 10, 0r a
s e(b t H@létafg thw%mp%lﬂldég it &ﬂaﬁlgp%%taeﬁaﬁt %efoanPat
- CQppou rb‘f)tl%ali:}pfagéﬂlﬁm% th& ccﬁnﬁcﬁ!nﬁ o BBFRAR5 to yield the compound of

Formula 4, wherein Rl, R2, and R? in Formula 4 and Formula 5 are as defined above in

Formula 1 and Formula 3; and R* in Formula 4 and Formula 5 is the same as or different than

‘R and is Cy.1» alkyl, Cs.15 cycloalkyl, or aryl-Cy.¢ alkyl.

Any number of enzymes may be used to enantioselectively hydrolyze the compound
of Formula 4 to the compound of Formula 3 or a salt thereof. Useful enzymes include
lipases, such as those derived from Thermomyces lanuginosus.

Another aspect of the present invention provides compounds represented by
Formula 2, above, including complexes, salts, solvates or hydrates thereof, provided that
when one of the substituents represented by R! or R? in Formula 2 is hydrogen, the other
substituent is not C;.3 alkyl or Cs alkyl.

An additional aspect of the present invention provides compounds of Formula 27,



and (b) optionally converting the conpound of Fornul a

9 or a salt thereof into a pharnmaceutically acceptable
w@eovploanep4 sal t, sol vate or hydrate. Anot her aspeD1B2065/001924

the present invention provides a nethod of meking a

conpound of Fornmula 9, ?90ve, or a pharmaceutically

accept abl e conpl ex, sal tt\ satwate or hydrate thereof,

t he net hod conpri si ng: *reduci ng a cyano noi ety of
a conmpound of Formul a , Qr :téﬁst thereof, to yield
a conpound of Formula 15, @dr a salt thereof; (b)

decar boxyl ating the c®fpeGnd of Formula 15 or a salt
thereof to yield the conmpound of Formula 9 or a salt
thereof; and(c) optionally Zbnverting the conpound of
Formula 9 or a salt thereof into a pharnmaceutically
accept abl e conpl ex, salt, solvate or hydrate. The
includingoumplexes, setsy salvates ag hysiasescthenealy Wherdsk epar ed by

hydir ol yai n co nd of. Far mul I r
e i S B R
For mul ac 3, all, @id) éychendityl 2mideabstidiited 08 eyeiRiKyl, provided that
i nvention provides a method of maki n%I;%rCanoun

f
For mul avien Q4 dhe wbstiugharpRsenicd bR pr Rebephyispgen atom, the

conpl exdthesr%l1 st’tée‘?lltiéﬁ{o‘;t‘n%[th wdgat e thereof, the nethod
conpri sing: a5 reducli ng ctyano noiety of a conpound

ofR dm(fl @? ﬂlﬁlﬁpérﬁilemﬂy selaadd frmrhénydﬁufgen h?ny iCﬁllgallg?le

conpound of Forpula 9 or a t thereof; and (; ) ,
opt i ondt1p C¥IRIEY: PHgYHhes elf&;;p Biavifegrhatdt m&ﬂ:ﬁ gireiffgrent if not
salt t I a pharmaceutically acceptable

conpl e;}?)rdg%fe{l,a solvate or hydrate, wherein R5 in

Fo€ompeauntlé of Borawlal 87 invhdledhose eeprasehtadryl Bor@uldlh dormula 4,
Fornglgacng%gl%%%];ﬁ, gﬁ%ﬁ%@%&% 9, a@@%ﬁﬁ@ﬁﬁgg ?I{e?rdco%plexes, salts, solvates or
hydrates. Useful compounds of Formula 2-7 and 27 include those in which R'is a hydrogen

atom and R is isobutyl.

A further aspect of the present invention provides a method of making a compound of

Formula 9,

or a pharmaceutically acceptable complex, salt, solvate or hydrate thereof, the method
comprising:

(a) reacting a compound of Formula 10,



the conpound of Fornula 11, above, or a salt thereof,
or by hydrolyzing and decarboxyl ati ng the conpound of
wo-00ab@o41l or a salt thereof. A further aspecPCDIB20é5001924
present invention provides a nethod of meking the
conmpound of Formula 11, above, or a salt thereof, the
nmet hod conprising: ( ontacting a conpound of
Forrmula 12,with an enzy tog??aﬁﬂ t he conpound of
Forrmula 11 and a conpoun \ Formul a 13, wherein the
enzynme i s adapted to enanti os i vely hydrolyze the
compound of Fornula 12 to the compbund of Fornula 11
or a salt thereof; (b) isHO€Ci ng the conmpound of
Formula 11 or its salts thereof; and (c) optionally
racem zi ng the conmpound of E8rrmula 13 to yield the
conpound of Formula 12, wherein Rin Fornula 12 and

Fornmula 13 is ag defined in Formula 3, ve; d R4 ]
or a sy egph # ASR MR K 1Bl h Cprgonti i HpEmita S o it thereot
and different than R3 and is Cl1-12 al kyl, C3-12

cycl oal kyl, or aryl-Cl-6 alkyl. I'n the nethod for

priepar iaptiondlly wonpting theofonFmund baFarmula fer a salt thereof into a
correspondi n alts .of the conpoyn f Formula 11
> pharpigeenty ytaﬁ%eé’gab SFWRIEY SplE Vﬂ%%ﬁ%y%@?’al salts, such
ASARALGFIEPAIBRE piesiit iRy oA Prdedes al thétho® BEakisig @ compound of
t-butyl am ne salt; and secondary am ne salts.
Formplwr®, labevep pea pPheseretutisplly ascspiablelcoawlaxi prdls selvats @& hydigte thereof,
t e rived from Thernonyces | anugi nosus. Anot her
thengﬁ%@gp%@gmﬁ%e present invention provides a conpound
sghpct agddidimya cyano moiety of a compound of Formula 14,
3- cyano- 2- et hoxycar bonyl - 5- net hyl - hexanoi ¢ aci d,
(35) - 3- cyano- 2- et hoxycar ponyl - 5- et hyl - hexanoi ¢ aci d,
(2S, 3S) - 3-cyano- 2- et hox carboq¥l-5-nethy|-hexanoic
aci d, §:
(2i ?,35)-3-cyano- 2- et hox \bonyl - 5- net hyl - hexanoi c
aci d, 3-cyano-2-ethoxycarbon I-SXg?ihyl-hexanoic acid
et hyl CO,
ester, (i ?)-3-cyano-2-et hpgycar bonyl - 5- met hyl - hexanoi ¢
acid ethyl ester,
10 4-i sobutyl - 2- oxo-pyrrolidink3-carboxylic acid,

or a salt thereof, to yield a compound of Formula 15,

or a salt thereof;
(b) decarboxylating the compound of Formula 15 or a salt thereof to yield the

15  compound of Formula 9 or a salt thereof; and

8



(5)-4-isobutyl -2-o0xo0-pyrrolidine-3-carboxylic acid,
3-cyano- 2- car boxy- 5- net hyl - hexanoi ¢ aci d,

W@ 2)068000yanNn0- 2- car boxy- 5- net hyl - hexanoi ¢ aci d, PCT/IB2005/001924
3- am nonet hyl - 2- car boxy- 5- met hyl - hexanoi ¢ aci d, and
(
[

- 3-am.nonet hyl - 2- car boxy- 5- | - hexanoi cid,.
ORI ysobvatng b "1"5?{"’3‘6‘?‘5%%?}“?%% g Rl Gt into a
pharnidegiiteefly asstpRBROSIN € RAB IsbBARY ¢t HybeKeof . The present
i nvention includes all conplexes and salts, whether

pH&e reepoendel Fomatackh nhdiee M8y bs drepagss| Bydtyglsolyzing a compound
es, and pol ynorphic forns of the discl osed
OfFo%%%%gghds. Certain conpounds nay contain an al kenyl or
cyclic group, so that cisltrans (or ZIE) stereoisoners
are possible, or may copitain a keto or oxinme group, SO
that tautonmerism na cur. CNN such cases, the present
i nvention generally incNudes all ZIE isomers and
tautoneric fornms, whether tRey are pure, substantially
pure, or m xtures. BRI EF DESERFE0, OF THE DRAW NGS
FIG 1 depicts a schenegggqureparing
enantionerical l y-enriched g<am no acids (Formula 1).

5 FIG 2 depicts a schene foriipreparing
cyano-substituted diesters (Fornula 4). DETAILED
DESCRI PTI ON DEFI NI TI ONS AND ABBREVI ATI ONS Unl ess

or salbthiesofi wieereinR>daFednula Al s @i defined abaveis Ferma@dh Bni t i ons

provi ded bel ow. me of the definitions and farmulae

e sEonsLespoip g msont fieiion BiayidBs st othkart 2
comp®hfIBf Pérnfl P9 aBbve) or abh%ka@amcan? _a@q?_&ﬂﬁd:oﬁ{pléé@ BafB6lvate or

atom or group of atons. Ot her definitions and fornul ae

hydratmipeicet | theimethodequatisisggn ("=") or an identity symbo
(""% to_kndica oubl [ ond,
10 r d8 ectrﬁé%cll%aégarn ? 5‘? Oﬁé{g 8?%3?%@0%%&%056}8#%0 ’ude one or
nore asterisks ("*") to indicate stereogenic

(asymretric or chiral) cent@¥s, although the absence
of an J\/:\/CO;ZRS

16

or a salt thereof, to yield the compound of Formula 9 or a salt thereof; and

(b) optionally converting the compound of Formula 9 or a salt thereof into a

pharmaceutically acceptable complex, salt, solvate or hydrate, wherein R’ in Formula 16 is as
15  defined above in Formula 8.

The compound of Formula 16 may be prepared by decarboxylating (e.g., by heating)
the compound of Formula 11, above, or a salt thereof, or by hydrolyzing and decarboxylating
the compound of Formula 11 or a salt thereof.

A further aspect of the present invention provides a method of making the compound

20  of Formula 11, above, or a salt thereof, the method comprising:

(a) contacting a compound of Formula 12,
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asteri sk does not indicate that the conpound | acks a
stereocenter. Such formulae nmay refer to the racenate
W@e006000904li vi dual enantionmers or to individual PCT/IB2005/001924
di astereoners, which may or may not be pure or
substantially pure."Subsiituted” groups are those in
whi ch one or nore hydrogen a have been repl aced
with one or nore non-hy¥yroge roups, provided that
val ence requirenments are *and that a chemcally
stabl e conmpound results fro th%x§§pstitution. " About "
or "approxi mately," when us i N donnection with a
nmeasur abl e nuneri cal vaRﬂ@bEe, refers to the indicated
val ue of the variable and tg,all values of the
variable that are within the”experinmental error of the
i ndi cated value (e.g., within the 95% confi dence
(PO i

wit WL HB 0 WAl O kL D1 A PES T Fb At 13,
to straight chain and branched saturated hydrocarbon
groups, generally having a specified nunber of carbon
atons (i.e., Cl-6 al to an al kyl group
having 1, 2, 3, 4, 5, arbon atons and Cl1-12
al kyl refers to an al kyl p having 1, 2, 3, 4, 5,
6, 7, 8 9, 10, 11, or C€RANs) . Exanpl es of
al kyl groups include, wgh limtation, nethyl,
ethyl, -propyl, /-propyl, A“butyl, s-butyl, z-butyl,
-butyl, pent-1-yl, pent-2-yl3 pent- 3-yl,
3- nethylbut-l-yl 3- nethylbut-z-yl, 2- et hyl but - 2-yl,

2-trimeth exyl, d the |liKke.
wher i TRERmeTe AR eg%rt%?ﬁgﬁ@tw@ﬁvahwa oliee W sABREENC of Formula 12
unh$&ﬁ@&ﬁﬁ&%@ﬁoﬂﬁﬂﬂﬁ§oP§¥MP@wRBP or more unsaturated
car bon- car bon bonds, and general |y having a specified
nuiper isdlatiieg the wompowsl oftBoamplacld afitsahketmypicofrandps
! n<c L ?g%&qOﬁa O&%@%%E% Ic:q?ﬁf}?uentdh E:%/?lfrgﬂl%ﬂgg;g %Ea[l]ci {h_e)élor’npound of
I-buteqﬂgnmhirﬁv@ﬁkﬁy | -yl, 3-buten-2-yl, 2-buten-lyl,
2- buten 2-yl, 2- nethyl-l-propen -yl
ZMI’@@lrmglaper(ﬁ@érEotmyla 131is 3s dnfingdiieFotmuyla 3, aboge; and

o SR RE A i S i e P it 158 Mo iy Cote ol

one or OPgeydlbilRYEocakPON; sldylhon bonds, and general ly
havi ng a specified nunber of carbon atons. Exanples of

al leyhs/method dppreprringdbe camppavsdiof Fornglatlil othe cerrespagding salts of
the c&hﬁ&ﬂﬁy&ﬁoﬁhta 14 RERBY Bobe¥detected from alkali metal salts, such as potassium

salt; primary amine salts, such as a #-butyl amine salt; and secondary amine salts.

Furthermore, useful enzymes include lipases, such as those derived from Thermomyces

lanuginosus.
Another aspect of the present invention provides a compound selected from:
3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
(35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
(25,35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
(2R,39)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl ester,
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1-butyn-1-yl, 3-butyn-I-yl, 3-butyn-2-yl,
2-butyn-1-yl, and the |ike. "Al kanoyl" and
wO 200k@a0moyd am no" refer, respectively, to al kyl PC/12005/001924
and alkyl-C(O- NH, where alkyl is defined above, and
gener al | ncl udes a speci fied nunber arbon at ons,
KRy AP #ﬁ@oa&a?%ﬂw 5c’é‘FTiB‘8h€exéR%1ﬁﬁF‘é1§t®g egfFkanoy!

gr4°1‘é&§1tﬂll@bk‘6‘? r¥fidiegt cakﬁd%'yﬁé‘ﬁdl@n fornyl, acetyl,

proplony , pent anoyl, hexanoyl, and t he Iike.
/@S}@m@ymyl armco-Wr@ﬂmel% -carbbxylic acsspectively, to

al kenyl - - d al kynyl -C(Q):, where al kenyl and
alx ﬁi)/ z%g%a$ﬁ}§gjy§%lﬁ%aé‘ CF?éz%rences to al kenoyl and
al(syseyincueaibekl-$-howyLkadois aadl i ed nunber of

car bon atonms, excluding the carbonyl carbon. Exanples

of3-athivemeiyl-grasthexyi aiethabhexanpiscatd, i t at i on,

0 RS AR SRSRAnSa L g0y - S DUt enon

3'1H@I1(|11M}g cOmplek ed) Oylts, scﬂvﬂésn hedBydrateS thHeesof aﬂ@ybposﬂe enantiomers
4-pentenoyl, and the |ike. Exanples of al kynoyl groups
thf?rﬁ‘ancI ude, without limtation, propynoyl, 2-butynoyl,

3R mx%ﬁi%ﬁ%é’lﬂ&é’sl SRR Q&yéans %@&ﬂérm%acea@&uy
acceptﬁil&@pm,asrobm&}s hydrat@s, and@b}yﬁnorplﬁs ;ﬁnmtsl of elheydlsctlmed compounds.
al kyl - O, al kenyl - O | kyn i IkI %
Certayy) ckcgﬁggun@jg @@b):ontam ny%) @{10 grOélﬁdsq at czs/trans or Z/E)

sterecﬁ (ﬁ%{érs % go%,\bgg'_br m&Y \%ﬁg%{lg (a%e (erJmM: rou ng)atr}]lgt tgutlgglrc]:?lsm may

occuarle snkﬂf danes) tmkmmnt Exaﬂpdmncxfalla irlodndy: gH @ip ssomerd anddqutomeric
Wi t h limtation etho -propoxy,

formg, whe BQl?yaFFB‘HFWSta%m’E]Jt%% %xy, ra-pentoxy,
s-pentoxy, and the |ike. Exanpl es of al koxycar bonyl

groups i ncl UBRIEADESCRIPTIONIGE TEIE DRAWIRNGS ar bony!

et hoxycar bonyl , Az-propoxycarbonyl, z-propoxycarbonyl,
nbut oxycar bonyl s- but oxycar bonyl , -but oxycarbonyl,

r Flpe ﬂ:tdgmtsambme for@g@mgzy@&mmnyally—mhpﬁ@ -apjiRgeacids

| am no, " "al kyl am nocar bonyl ,
Fomhdf ; f

kyl am nocar bonyl ," "al kyl sul fonyl
" S, QniépiR Y Rk Kor pr@;rz@h :ﬁd—ﬁiﬂ)ktﬁtﬁf@d'cﬁéﬁkdﬁ@ Q).
refer, respectively, to al al kyl - O -

aIkyI2 NC(O - alk S(Q2 HS( O2 NH-aIkyI-, and
al kyl - S(O) - NH- C( O) M@Ba DRSC RﬁE @ﬁu ned above.
DEFINITIONS AND ABBREVIATIONS
Unless otherwise indicated, this disclosure uses definitions provided below. Some of

[T

the definitions and formulae may include a dash (“-”) to indicate a bond between atoms or a

point of attachment to a named or unnamed atom or group of atoms. Other definitions and

@, %

formulae may include an equal sign (“=") or an identity symbol (“=") to indicate a double
bond or a triple bond, respectively. Certain formulae may also include one or more asterisks
(“*”) to indicate stereogenic (asymmetric or chiral) centers, although the absence of an
asterisk does not indicate that the compound lacks a stereocenter. Such formulae may refer to
the racemate or to individual enantiomers or to individual diastereomers, which may or may

not be pure or substantially pure.

— 11—
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" Am noal kyl " and "cyanoal kyl" refer, respectively, to
NH2- al kyl and NC-al kyl, where al kyl is defined above.

w0 Babog0vod hal ogen” and "hal ogeno” may be used PCT/IB2005/001924
i nt erchangeabl y, and refer to fluoro, chloro, brono,

n‘g}lfa 3%3 ”O%I}?ulgsaa.rlég dse \gﬁlg l%lnlﬁ(: %{:‘ ﬁqlgre Ig{cg%e%a%t&}ﬁp Pﬁ\/e"been
replacedatipbrtedt ¥nore %Bﬂ-hyhﬂig@ﬁl elowpy,Groaeayhat vadree requirements are met

respectively, to alkyl, alkenyl, alkynyl, alkanoyl,
and tlﬁlt kR ehepicallystrilg 69lnP0‘éTI14<’€§">°<‘§1tS fagra the %@Wétéﬁ”b onyl groups

al E‘?}F}h{, # kgeg%%lﬁla 1 n;%t{eﬁglﬁ alﬁ?y?ﬁ?e%gf)ﬁe n{oﬁa ?@%ﬁf(a%le mrmencal
variatlk kefeys toahélindidamdywabrehndnlyd vatabledeitlito ed valney ef thExzalmﬂﬂeEhat are
of hal oal kyl groc?smlud Wi t hout

withig Ff}equB%‘FIBﬁlﬁﬁlf?ﬂor Hhedfligaigey piHG (c-8 p@ﬁL@r% 35%&%9961106 interval
for thR SLAFSY WiaaL: M erc@ﬂtdofttﬁ‘@mdiéﬁ%d vaﬁ%dﬁlﬁfé}i&}éﬂ@ greﬁteld
oxoaf yl™" re

respectively,
O=AlkylT" referds¢o straglktydhamsand@ﬁfamh@ﬂ mumed hEd@nmbeB gccfups generally

havmréla%rpgcg IF% th Q@)oal Fkﬁi}/qx @ E;gfé%}{é(?%ﬁ’rlg £ an alfqr)l group having 1,
2,3, 25, Y6 ea&xseﬁ %Yﬂs’an@)@rlgﬁl 1refe@g<a>e$nfmy1 g%supqma{goml 3,4,5,6,7,

nd the |ike cl oal refers to saturated
8,9, tﬁbridcaymlz @rlmmoat@nsy cHxamplksdef@H@i bmum inglysle, et dimitation,

i
et} SR T PR 8le BOBOD BTk g ey, pone
3-yl, ¥hdtRAbY1-yD BOHEh idvi- 9@1 D -méshyfbut-8-y0r 2,7 2aaneayl@h dnd, n-hexyl,

as ring nenbers). The cycl oal kyl may be attached to a
and thealilent group or to a substrate at any ring atom

un] ell%enéﬁg Fer?{ol_s%‘%le%ﬁ @flm}’f’%ﬂ% g{:aé!élféd%ty%qc%’?g%g%upﬁélﬁvmg one or
moreldﬁﬁdtuhd%dwﬁﬂ)oﬁrcatﬁlfn&)dﬂdm -ahy gemgally Savixsy 4 $peeified nunibessf carbon

such substitution would viol ate valence requjrenents,
atomgs Bxampley ofsAlkanybaroyps meludaevithgut Haviatpn.gtheay), drpropen-1-yl, 1-

propﬁléi%%/ L @h@@rJYQ l@(&}é&{‘x' &Oggtgtgr-géxﬁ—bﬂt@* qa*lkﬁ "B}ijren 2 yl 2-buten-1-

yl, 2-b&ﬂeﬂ-2 As2-dethylddpapené;yl ihhetiyti2 rypenreyt a;ﬁt bx;taahem-rleyl 1,3-
am nqQ. Exanpl es of nonocyclic cycl oal kyl groups
bma@‘%?ﬂ&é‘ndmeﬂﬁ@ut limtation, cyclopropyl, cyclobutyl,

Cy%lﬁﬁﬁg’t %’é}gegf o4 ft{‘(&@%}ﬁ)&i&n o?BfianEﬁEQi ﬂﬂd@aﬂ@ﬁ%&%a@fng one or

bi cycli gr oups

 more triple carbon-carbon bonds and generally having a specified number of carbon atoms.

Examples of alkynyl groups include, without limitation, ethynyl, 1-propyn-1-yl, 2-propyn-1-
yl, 1-butyn-1-yl, 3-butyn-1-yl, 3-butyn-2-yl, 2-butyn-1-yl, and the like.

“Alkanoyl” and “alkanoylamino” refer, respectively, to alkyl-C(O)- and alkyl-C(O)-
NH-, where alkyl is defined above, and generally includes a specified number of carbon
atoms, including the carbonyl carbon. Examples of alkanoyl groups include, without
limitation, formyl, acetyl, propionyl, butyryl, pentanoyl, hexanoyl, and the like.

“Alkenoyl” and “alkynoyl” refer, respectively, to alkenyl-C(O)- and alkynyl-C(O)-,
where alkenyl and alkynyl are defined above. References to alkenoyl and alkynoyl generally
include a specified number of carbon atoms, excluding the carbonyl carbon. Examples of
alkenoyl groups include, without limitation, propenoyl, 2-methylpropenoyl, 2-butenoyl, 3-

butenoyl, 2-methyl-2-butenoyl, 2-methyl-3-butenoyl, 3-methyl-3-butenoyl, 2-pentenoyl, 3-
—12—
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include, without limtation, bicyclo[l.1.0]butyl,
bicyclo[l.l.l]pentyl, bicyclo[2.1.0]pentyl,

whe@gobwpL. 1. 1] hexyl , bicycl o[ 3. 1. 0] hexyl, PCT/IB2005/001924
bi cycl o[ 2. 2. 1] heptyl, bicycl o[ 3. 2. 0] heptyl,

pente%:oglyy %%p%@péyl%%%ﬁ% ?ike.ﬁ%%ﬁ%f&;%y%hegﬁﬁ’sl include, without
limititicsy ptoplydoyll, 2boshydl, 3%@&1@%’10 [Zl‘beﬁtyﬁbﬂ%éplentynoyl 4-pentynoyl, and

bi cycl o[ 4. 2. 0] octyl, bicyclo[3.3. 1] nonyl,
the likg-cycl o[ 4. 2. 1] nonyl, bi cycl o 4. 3. 0] nonyl ,

15086} 2 S Aot e
oS koL et .- By RS o 00
and tg aficy h bNﬁ pﬁk@% %F&S%N{%f B?Ué(%'éfohlﬁi/&"o‘f’h@trﬁ alkyl,

alkerdyA, r!iﬁd%ﬂ&ﬂ'?} arl QLSRR DB6L REIANBIGNY regueaé iR1REE without

val ence-réqui renents. cloalken rs nmonocyclic
limitatiosh, biethoxlyj ethdmyd nqxrquanz-pnopglsy, mdmtovg/ m’metoay rirtexy, n-pentoxy,

s-pentie pid B o GeRTBis CLABOM arGIY PRAE Bohgs rugch pifafon,
methbkﬁﬁrt(dny? ethosagcazb&»ygl ﬁ%‘ob@@é'arbfoﬁg F-ropBx featmlyRal kenyl

group havin carbon  atons as fing
butoxpsathenyl) S-bmy@a,rbcbrwé,l tertgrycatkpnen-aentasyracbonyl, a-peatospicarbonyl,
andtg fgg or to. a substrate at any ring atom unless such
ft'achment woul d viol ate val ence requirenents.

Li ‘keiwd/Behind, healﬁMﬁﬂnﬁﬁJcKﬁbBWl ’deﬂaﬁﬁaﬂiﬁ%cbﬂbﬁhﬂd’e‘aﬂ@@su%nyl”
. ..ore non- hg en substituents unl ess such
sulfeiaminogkybn ang (Alleylslionataminegagiasl rré@mrpmetmeéy to alkyl-NH-,

alkylﬁfﬂo)zmﬁ%@ﬁf I}l ls%ﬁgl oﬁ\$ @?W}%L‘Wm eny 1-5(0)-NH-C(0)-

wherb alkyhiskiefiyied atsdvisoxy, alkoxycarbonyl al kanoyl , and
hal o, as _defined above and hydroxy, mercapto, nitro,

and\miAoaksy” @chworaumb;mferdﬁ@ee% V-daNEeraliyland d=G-alkyl,
whergglkgr}/félc{%ﬁl %&Lb - and cycl oal kenyl - C(O) -

ere cycl oal kyl and cycloalkenyl are

defined “ﬁkl@g@n” angfBilegars ndy tR)istdHikandytadydnd refer to fluoro,
cycloalkenoyl generally include a specified nunber of

chlorgglpale. 8RbIRO- excl uding the carbonyl carbon. Exanpl es

of« M&AJE '“@)@ng@@?g@ [léé'lnyl,de*‘h aﬁl@a?ﬂ%ll A ‘Hafo%ﬁl&e%yl §

Cyc opr opan open ano
“haldaﬂthojnlé X‘&ramalkoxgy and Hh;ﬂbaihoyjcarbbnyhf aefelh uré@ﬂﬂ:ydely, to alkyl

alkeré_l A E ﬂ%lyﬁlk @5}%{) oo g@ﬁ%wanggﬁ%)%l}fc? B Zgwps substituted
with glé&%ﬁlggfékogtik‘%glra%og%ny QIhE{égallg}?l Kfiken 3&%@]&}%@/ |§ﬁ€é¥oyl%ﬁenoyl alkynoyl,
alkoxyy endalkiyycatbonghate defined above. Examples of haloalkyl groups include,
without limitation, trifluoromethyl, trichloromethyl, pentafluoroethyl, pentachloroethyl, and
the like.

“Hydroxyalkyl” and “oxoalkyl” refer, respectively, to HO-alkyl and O=alkyl, where
alkyl is defined above. Examples of hydroxyalkyl and oxoalkyl groups, include, without
limitation, hydroxymethyl, hydroxyethyl, 3-hydroxypropyl, oxomethyl, oxoethyl, 3-

oxopropyl, and the like.
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cycl oal kenyl -0 and to cycloal kyl -O-C(O - and
cycl oal kenyl -O- C(O) -, where cycl oal kyl and

weywboalokenyl are defined above. References t oPCT/IB2005/001924
cycloalkoxy and cycl oal koxycar bonyl generally i ncl ude

?%gl'%tkyggpgesgp U %)rgplg(glycg nggllcxélicyh éflr%(%f)bson tings, generally

hav1ng ﬁ(‘sPékﬂﬁed Harh B Wf chﬂbﬁh taffnsQBat c@)t@'n@@ tHeR®gY(.e., Cs.7 cycloalkyl refers
obut oxy, cyclo entox% cycl ohexoxy,
Y]

toa cxcl@%ylcmmhaﬂ% 3.2 8y b arbﬁ@ Ripmsas aipg ragrebrren gy cygloalkyl
may &5’ ag{?glf ?ﬁ @n S g?c%l),l%yocf It(? RN E 105 s A%y an};l'nfa‘é/ %tlﬁ)ﬂp iﬁlﬁggso&%h attachment

enoxy

wouldEviamy edemk requifdﬁﬁnl@ Xykeawioa niyd c;@iomug& grcmpls weh,include one or
wi thout limtation, cyclopropoxycarbonyl, .
more BoRhy ALk mp}}@mﬂunleég,@}c ﬁgﬁqngity)@a\y%ﬁ y;olate valence requirements.

Usefué&%s %@%X&ﬂ&b %&Lout ﬂ?zﬁxqé Qc £ A6EH la'é ]% loal}(yl I}aloalkenyl

utenoxyca opent noxycar

haloaﬂgynyb pknkg,m]ixmyambomml alk&royl cahd) pelof andefined albxmeyhnd hydroxy,
1-cy cIoheéenox carbonyl, 2- cyclohexenoxycarbonyl,
merc@t‘?}j’étlr%i?@ Mcar bonyl, and the like. "Aryl" and

i "of WEIREydIR C@QPE‘)QIY( 1§1€ﬁ saiﬂglu% Vx@iltlﬁﬁ‘ﬁ hﬁﬁer d'c?clopropyl

group respectlvely, ['udi hg 5-
cyclohuuyb «:ydbpentyfit oyrdohesyly anxuﬁns htkhaExamplBa pﬁbmyd@ aycloalkyl groups

N RN TR e —

blcycldEQ |1L1q1‘?exbe‘id3Qlﬂ[3 hi éix?I 'bQﬂ/cloPQTQ 'l}ﬂept;@y&é}@ld'['?’z OTheptyl,

i azo I sot'hi azol

fur any t hi ophene
blcyciqmaahﬂpyyl bicytlalol, anheptwebrcaz%m 2]W1atz1@ye}q>L3 2.1joctyl,
blcycg(iil? ﬁglA%ctxl i)lcy ﬁ’ZQ bﬁ)c%ll, cyc &Q %f? O(ﬁ%kg %b ]ﬁlgnyl
bicycBI[¥ |2€11]ﬁ01g)ﬂ Qi;kl&-’{ﬁ:l(ﬂh 3(1)]11(5}13})'1 llﬂ@chi[@ﬁ@]di&yg Tbmybﬁ){4 PRideygl i C
etc., inclu ered ri
bicycths Ay i, Bisvolo 4.6V e icarlOFRA-8 NEea . XA GrDuasesL
t I I
bicyel gl fodelyt: Bt il eath Blky HRBRARE ko o BHBHPEL or substate at
any o 6RZ0Y XA Oin)lféss sthretatithen stopld viokine edlencdazaqlisginents.

benzot hi ophgne |, qui noI i nyl ui. nol i nyI i ndol yl
betzstoghsayl” refstrmeracyc i%@ému‘z@g; %y droRE DR ENET lkaevmwr more

unsatﬁfaYe!d c%%naé’a}‘ﬂ) ndk QHP eﬂ%?a\ﬂ Qﬁvﬁﬂgtaas‘bgﬁﬁe& Ru Frﬂaﬁf%ﬁltboR atoms

oup or to a substrat ny ri-ng atom unless suc
that catrtpalsdnthen‘tngv(mal s vcyﬁl@eﬂ]mn\yhteéerse) a eyp]malmehgmup having 3,4, 5, 6

or 7 GERAE A1 MR BBEROS L1 14 GiieOkes) BEY bg fbsaed to Faréie group or
toa S?J%Z%H z{t;hhg g?fg% Sgl‘ft%sg Elﬁfl}ﬁﬁét‘éﬁ%ﬁ%iﬁ gvlﬂhf(ﬂﬂbfa@é%lérﬁ:e requirements.
Likewise, the cycloalkenyl groups may include one or more non- -hydrogen substituents unless
such substitution would violate valence requirements. Useful substituents include, without
limitation, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, alkoxy,
alkoxycarbonyl, alkanoyl, and halo, as defined above, and hydroxy, mercapto, nitro, and
amino.

“Cycloalkanoyl” and “cycloalkenoyl” refer to cycloalkyl-C(O)- and cycloalkenyl-
C(0)-, respectively, where cycloalkyl and cycloalkenyl are defined above. References to

cycloalkanoyl and cycloalkenoyl generally include a specified number of carbon atoms,

excluding the carbonyl carbon. Examples of cycloalkanoyl groups include, without
—14—
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limtation, alkyl, alkenyl, alkynyl, haloalkyl,

hal oal kenyl , hal oal kynyl, cycl oal kyl, cycl oal kenyl
wa@bkdoengoooL£ycl oal koxy, al kanoyl, cycl oal kanoyl , PCT/IB2005/001924

cycl oal kenoyl , al koxycarbonyl, cycl oal koxycar bonyl,

o 5, BBV BB e PR ol RRRE btonepancy,

1-cyCl8it €09 Ped pel Sbutedb@l, 1t chpéntémlytd-cyeddpeh@hbyl, 3—cP1_clopentenoyl, 1-
unsaturated, or unsaturated nonocyclic or bicyclic

cyclaherpeyhawygipheraeyh 3reyciohgrenpyh ﬁﬁl%thedlkﬂ ring menbers,

of e BN and R e B 0 ke o Ry R oaHgl-0-and

cycldatidepledadtd yyaodkyigeC(OpxandenclorlksnylFOHC(Od) evherycycloalkyl and

- i ncl ude gny hicycli roup in i.ch any of the
cycloathspal e frinsd aﬁveﬁ%cé%ﬁ%re@c Péwéwé%%éa @elqadeayeasbopyl

i o i | t
e BE0SEAL TURt AOGA AL B SR o
Exanglesaaftogdlonlkoay geonups inciprdeupitbout fimitatisujrg/cloptepoay, @rlobutoxy,
het er oat om or carbo t om unl es uch attachment woul
SRR AR B e R R R RS B
cycldi)@ﬁt*éﬁékg? B-dYtlop&eeibxy, E‘-Q:gﬂ@ﬂ&%ﬁ&ﬂ@%yblbﬁkk@ﬁxﬁ 3-cyclohexenoxy,
non- hydrogén substituent unl ess 'such substitution
and tholikel Fiashplesoficycloatkoxyebinyé gronpsincluslef without limitation,
substituents inchude i thout limtatiaqgn | kyl
eyl RSN Oy sborg SrispBlibRisaonh aitiopecgmygartonst
l—cycﬂNlﬁit&ﬁJXF!Udrborﬁbl,Ci- 16t oxyedrba%y,, 1-SpetdpRatekxytarbonyl, 2-
al kanoyl, cycl oal kanoyl cycloalkenoXI,
cycloperisngrysrthenyl 3-cygeparencsySasbeybnly fyclelivdeysarbaryl, 2-

' 2 capt.o, «pnitro, amno,
Cydog'%édg’?%/al?g@n&?fo% %@%ﬂ%%og& %Z}rbﬁg{l ’ea?@ ct @% }1 eésl i ncl ude,
Wi tAxglitandi ‘aiylate” eefer fCmbrbvalent arkizdiealeyt aromatic groups, respectively,

. . benzj mi dazolyl, benzofuranyl, benzothiofuranyl,
incluging 2o et BppeRYared BOROGICHS afopaticigaoups hat semtgin 0 to 4 heteroatoms

: ' | r i :
a0 SR RS B4 30 g RO SQABEBLH ot
grougkaibielode, veiztmiuy limitadom ehemyl) pyroiylpfusamyl,, thiophearegh yhiazolyl,
isothga:zglglg grlng%/a!g?ltyﬁ i%g%h { tgg'gzlo?ﬁ! ll)}ggzldlyl',zy)’(azolyl, isooxazolyl, pyridinyl,

j Pt et QL UNGR, ;
oSSl AR g ol a5
bicydlie-groupazivicy¢lic gmupd, etey linclidinigfused b~ aridrfaolenbieregdlirings described

indolyl., 3Hindolyl., jsobenzaofyranyl, jsochromany].,. ..
sbove.oERindplst Py mitteag drs] SRR oriog aiopt [SREan ARty biphenyl,
anthra&yDipSEedlyy, |carb!a§&?¢l§§@ﬂz)6kazdl@[m%dliﬁi{zizolﬂ,%'ﬁ%ﬂifabgl'yﬁy| ,

oct ahydr oi soqui no |n¥l, oxadi azol yl
benzeingdagobil detingetbiopheney]. Zuinobingldisageinglinyl, indolyl, benzofuranyl, purinyl,
indol}zigyl?én%ﬁg iiﬁ%.OJTHeI:y aryl and arylene groups may be attached to a parent group or
to a substrate at any ring atom, unless such attachment would violate valence requirements.
Likewise, aryl and arylene groups may include one or more non-hydrogen substituents unless
such substitution would violate valence requirements. Useful substituents include, without
limitation, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, alkanoyl, cycloalkanoyl, cycloalkenoyl, alkoxycarbonyl,
cycloalkoxycarbonyl, and halo, as defined above, and hydroxy, mercapto, nitro, amino, and

alkylamino.
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1, 3, 4- oxadi azol yl , oxazolidinyl, oxazolyl,

oxazolidinyl, pyrimdinyl, phenanthridinyl,
w@b@eaoon ol i nyl , phenazi nyl, phenot hi azi nyl, PCT/1B2005/001924

phenoxathiinyl, phenoxazi nyl , phthalazinyl

LIRSS, OB L p BB s o

unsatﬁbﬂf@ﬂ@bﬂdoyc]ﬁbléﬂ sadlia¥ings Pyvihg oox23 & ’Eor from 7 to 11 nng members,
pyridoi m dazol e, pyridothiazole, pyridinyl, pyri

respepswam Ghasgigroupy hpvst g mgmbersymads|upraficarbopaiaps @%A{om 1to4

heter&}%ﬁlg Itl%’allt areq#&é} (941’1&13){1'1%0%&{' &g{ggﬁ aﬁultgl'rfg#lur I r&]ﬁlbﬂlﬁg any bicyclic

ul nu

grouli ﬂatwlabh! dﬁ_‘pbﬂhq Hb(ﬁml—dldﬁﬂed ntcﬁbé*ﬁdhﬂdﬁtbﬂ&dyﬁl&h areyfused to a benzene
2,5-thiadjiazinyl, 1,2, 3-thiadiazoly
ring. 1T fy nitrogenAad ggléqlrypetergatgmg mqympggpa&kyotpequdlzed The heterocyclic ring

may ﬂ%g’cta%h&ﬁ aag% ng(L Jrh.b Q@ﬁlggt ReyAt 'an% Hét@ﬁ)%{c%ll or é#bfrpé‘tbm unless

I enot enooxazo I enol m dazo
such aﬂnaohpia:ﬁnwbuldtvmlamva},ehce feqﬁ],r&nerrts akilkkwise, any of the carbon or nitrogen
triaz

[, 1, - tri zoI , 3,4-trjazolyl, )
ring ) %amaryéﬂﬁ}lxﬁ Ledihy Pgens ﬁ%‘uxlil%éwiqsaam wh@Tid wputd viotae
Valen'é§ ?éll%ﬁjein\éﬁls)’ Usti®] SReNRh@ Mclald with¥@l 18Rkatfoa! ﬁkﬂc YIKER, alkynyl,

heterocyclyl groups, as defined above, which are

halo@k}ddmimaikemybheloakkwyyl ayrdodileyl eeysinajkenple a@cpma,rjg/cloalkoxy, alkanoyl,
eyelop RS PLRYEaR; rietbnhas e RkRSHPRE RiH halp e dptined

abové %Q%?Hﬂok?'ﬂierc oafmfb #hiy| andngkighmooar yl al kyl, where
|, "heteroaryl, al kyl are ‘defined above.

s ¢fﬁ1@temfezclewnqhm withemttlaeitasion, aseidinyl, azocmyl
benZJ. ']{%en%&ﬁl?ﬁ(an’yl go%lgbr% g%f be?l‘f(gtp}ﬁphen},ﬁq exazo

eroar eno

benthhﬁb@ﬂ Qﬁﬁmhaidiﬁnbwztetrazallyy Ibahiyuxayolyl, barmiisothmzolyl
"het eroaryl al k refer, respectively,

benzigpigazolinkla fyhazo yrief{ftﬂ 6209701 %} KRNI Oéqumalwll I@é‘i‘Rﬁl@nyl cinnolinyl,

decalﬂ%%&{uglgc{rlgﬁ]grl %{{% #’2 (%Leirzg?}gﬁﬁ?&fﬁfu{r@?gél?]yeitrahgﬁirofura furanyl
furazahﬁeimﬁhzohdh@l alhli@anolyﬂyl,anﬁdmiyl,nﬁﬂ-u&hwgﬂ irkcbodempl, eﬁdohnyl
| ude, wi_thout |imtation, benzoyl, benzylcarbonl

mdolfmlaaéﬂ@ﬁ%lyl 3H-mgelybrisabeatafyreagl FoAyPmany Hagrzoly. 591nd0hny1

wmn%ggﬂ 9PngL%ﬂecarE% §? Q%H&hﬁeny pg%% g@@%ﬁon

octah&dmnmqyinopnyipemtybmﬂ 3. oiiathamly]l lﬂcébpmdéazab&b,ohglﬁ oxadiazolyl,
[ enecar.bon

1,3 4}0)(@8 &é{lz gf(a 191n)y » QK gc%%sh@pyl pyrimidinyl, phenanthridinyl,

phen&ntﬁfdﬁh?laﬁﬁénagmy bhél{dﬂﬁiﬁilﬁﬂafﬂ%%%thu@yl phenoxazinyl, phthalazinyl,
i m dazo pr openecar bonyl ,

piper3zifiylypigaridiny 2 pteriinyt, qplemgb ayﬁaoyﬂypyrazmyl pyrazolidinyl, pyrazolinyl,
pyra%rfﬁn&%?%gﬁﬁ?%lg%?%ﬂg Irng%H&doPc}fQ ep%/lalﬁct)) a%lol’e, pyridinyl, pyridyl,
pyrinkidifydl @ elotidmyl, byRbRSY ER.RORY, pyrrolyl, quinazolinyl, quinolinyl, 4H-
quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuranyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, 6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-
thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienothiazolyl,

thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-
triazolyl, 1,3,4-triazolyl, and xanthenyl.
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and the like. "Aryl al koxy" and "heteroaryl al koxy"
refer, respectively, to aryl-al koxy and

whedoenamny| - al koxy, where aryl, heteroaryl, aneCEHIB063/001924
are defined above. Exanpl es include, wthout

I| tatl nzlox orenlrreth 0X .

o ycln a <$ & g ﬁ tIIVF]le 0 m%e(i)fla@%/andac}malent
SlEEHORAENbOYEYY1 &I r d ﬁﬁ@&ﬁﬁdv\éew hlafs @bMati€) HeRebaryl and
hetemcgteroary %&Yy\%e}g 2iasrye and heterbgaryl aré1 defi ned Y

heterqabjdv@ grmmplesent achbsetof ayk andarylengmgioups, avspegshishoxy,

TR S SR el e M RCRLBONH o

alkyl, m&&&@a%&%@xm Ranyd def[rt%ﬁ%bovd Bpegilesatide, dthout
OXY-

et er oar aryl al k O
hnntaaﬁ@l, hﬁ;ézzécémrymdmﬁwyim&yol- @}eaiy(&r @@3 e 249

AT AR s sane
aryldlﬂb}&i@@)&’ﬁ/ aied H1esrbaryialiydeyioref2r, ytsprstoath enylyl-alkanoyl, heteroaryl-
benzyl oxycar bonyl, fl uorenyl net llgyl Oﬁycar bonyl

alkanpyh aratkenay)y hqtﬁéwyl gigroxh @&4;,%1 2, beterqagy1-alkynoyl, where
aryl, hek%ecup%n%??i alk&gfy? TSd bk BB 8 AlihelahBbvd. BT 1@s include,

ragnen on process, |
withoatlsitatied, i bemmyb, a,emZydxmsbor@rl |ﬂmorm11myb ﬂuosayhmemhbdcar‘aWI imidazol-

o S T 85t L UL T LB e -
phenﬁ é)‘?(\)‘;[lseﬁlg&ﬁ‘bé ). %ﬁéﬁl?'ﬁgﬂoﬁo 51‘6%14}/135 phBey1BRestnbe: l?‘ﬁ?'l‘ ibdi@azol-2-

ng gro  ecul e, ormay be ‘el ect ugal ,
yl- etheneaa&bounlyl tllﬁ(mlgiamlﬁﬂ -yRetesccsitodnylil - @imadapalr? -ybfpropenecarbonyl, 2-

(i L B mef e LU 4 AR, EhAR S Rarony,
phenﬁcféfo@?ﬂe%‘éfbok@ﬁ gu g@&b[lg P&hpRea®shyl, @ﬂﬂdd%GI BRDURBpynecarbonyl,

nmon nucl eo al leaving groups include nitrogen
andt}(eehlga from di azoni um sal ts); sul fonates, including

%y]%ﬂ%o&%ngrﬁf ‘ﬁlggleé?aggl krr;gyle? }e%sPectlvely té)xagl a1¥oxy and

heter&@?lafilk@tﬁ whanthr{lr B&iydoatye) andaiiebx@rayd dafldcdnBdes E}&ngﬂe,s include,
tosyl ate, brosy ate, cl osyl ate, 'and nosyl ate).

withqup Binifgeons ReBoheHYe uomgaylmsenylens lm@am&ylrlaﬁ@mﬁw ofﬁ?éi the like.
B e R T

wher®¥ryl ﬁﬁﬁhdtﬁbhry%ﬂeMeﬁﬂemﬂ)cﬁe Eramples élchclker withgalliniesionh nghenoxy,

1nndagz{)1()gp})1?0)§ly?grlldut%g 11t1<2e proton, CO2, and metals.

“Aryloxycarbonyl,” “heteroaryloxycarbonyl,” “arylalkoxycarbonyl,” and
“heteroarylalkoxycarbonyl” refer, respectively, to aryloxy-C(O)-, heteroaryloxy-C(O)-,
arylalkoxy-C(O)-, and heteroarylalkoxy-C(O)-, where aryloxy, heteroaryloxy, arylalkoxy,
and heteroarylalkoxy are defined above. Examples include, without limitation,
phenoxycarbonyl, imidazol-2-yloxycarbonyl, benzyloxycarbonyl,
fluorenylmethyloxycarbonyl, imidazol-2-yl-methyloxycarbonyl, and the like.

“Leaving group” refers to any group that leaves a molecule during a fragmentation
process, including substitution reactions, elimination reactions, and addition-elimination

reactions. Leaving groups may be nucleofugal, in which the group leaves with a pair of

electrons that formerly served as the bond between the leaving group and the molecule, or
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"Enantioneric excess" or "ee" is a neasure, for a
gi ven sanple, of the excess of one enantioner over a

wo awemdosanpl e of a chiral conpound and i s expCEEREEH/001924
as a percentage. Enantioneric excess is defined as 100

may TP ELsubelae B e o605 om0 st BSns Tr BBy ot a

nucledRaAl lea vl ? group tﬂﬂéa{%@@ﬁfd's ©n €% GBSSstreQfth, Wath theSstRdngest bases
measur e, a given sanple, of the excess of one

bemgalﬁha@p@ieétdﬁ@fm&e@upe Gemplog nuelepfugaldguiang aravpinsluge nitrogen
.Gy BT PR TR DR kb RILERIFR DL IBBHECH, o)

ﬂuoréﬂkylmlﬂdnatesdﬁeget té, HeSafldi& nbadfiae,ahd aremylate) ahd adavulfonates
di ast er eoner I ess abundant_ di asterce
(e.g. tegvaatedrasvaate, c@gsy}ate SAGRAPs YRR ddhersanclude carbonates, halide ions,

caroegbl Sﬁrﬁé@s@iﬁé Rt . w8ilro Rty SPPerSh S apssienh bR and
OH Eéﬁg:; el (Fé‘%t%% 1e9ﬂm§%g%l 3 € g tuf%g{rl]ﬁe%? aﬁ%@f&t a(?c%nmon electrofugal

1eav1ﬂg/§fdﬁ§§ﬁicﬂide%b p@kdnyb@m R h&@RET i zation, etc.) that
el ds nore of one stereoi soner, enantioner, or

d| ‘iimaeﬁ@m@wmess mainefofls amsepse, for égp@@tsameleyof thefexgtess of one

enantf evgr ov%; ?éecgrﬁ atmyp & %f %Chlﬁ&ﬂ;&: ol &{hfin% 1§ expressed as a percentage.

nti OSG

Enanﬁbﬂﬁhe eqselsakfihvd 4100 ﬁ@@l 1331 Qeﬁml‘?}, whee eaf is thefr@io éfahe more
a %lven process that yields products having an excess
abunggnt gRantiomer &r@d%@bu@@ah@naa er. or di ast er eoi soner,

\gg";]f%st%%p?{eg? Exeell 4 0a8t 1saak}8é’a§| 5 é'?(/S’r a6 p?ed ue {h% excess of one

enanti oners or ners
diastbrevidbr @fer asampledmeln@ceualiamouvats dfidiasteesnse hled:islexplteysed asa
woul d_correspond to an ee or Sq&)of at

bout %,
percentgeey Q&?Sé??ﬁ%‘i‘l?%%\?’fcﬁsséﬁ Apinads 100 &{dnt Dd@? Fd% WyRere® %0 the
ratio %Eer eo? Qbund £ (ﬁ%tt&{:@rﬁﬁetﬁ'aq@ss abudint 81@?(@ ?d variants

er respectively, to a sanp
c o‘f‘ﬁjerenstletchae ” h‘alsanumeéeouﬁ/e Bﬁélasteepseieczm'ﬂé rand eaaatts teesof, refer
or di ast ereoner tl}@n ano r. The deg

to 2 gKF RIRATH(Fy CHe hdadue y 2eRabon; @f%@f%ﬁpmue% -gJpyl palladium
coupggg, @gﬁ% 1htidH hg{f;eeﬁngﬁa{ D1t HLABESS ‘?&HEJ 12890 %ﬁ;@@ne

ant ure’st ereoi sonmer’, taritl
isompnzaeioamlm) thatrgie]ds ﬂicsre b bandterabisympr) emmhoamt,e]r elfasteresisomer than

vari ant thereof refer, respectively, to a sanple
Ofanegﬁfameﬁ v

“High level of stereoselecti\)ity,” “high level of enantioselectivity,” “high level of
diastereoselectivity,” and variants thereof, refer to a given process that yields products having
an excess of one stereoisomer, enantiomer, or diastereoisomer, which comprises at least
about 90% of the products. For a pair of enantiomers or diastereomers, a high level of
enantioselectivity or diastereoselectivity would correspond to an ee or de of at least about
80%.

“Stereoisomerically enriched,” “enantiomerically enriched,” “diastereomerically
enriched,” and variants thereof, refer, respectively, to a sample of a compound that has more

of one stereoisomer, enantiomer or diastereomer than another. The degree of enrichment
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stereoi sonmer, enantioner, or diastereoner, which

conprises at | east about 95% of the sanple. For pairs
w®@Rooenend oners and di astereonmers, a substant i BCT/IB2pev@1924

enanti oner or di astereoner would correspond to sanpl es

may GE R RGrEER oS ibonat A o fEhE bl by e

ordeadnd vari ants thereof, refer, respectively, to a sanple
cont ai ni a stereojsomer, enant i omer, or .
di @beta PUrHPERLSEBRDY | wbglantiallyse engpigmend “siwsientially

pure gﬂz %HE& & and 9511&?@. ﬁléregf @f?fa "I]%TSQ ey g saén%le contaln}mgi,

eredners eria ure stereo
stered¥bathet, é:rmhneﬁlpf;m:d dtastesﬂiiﬂmalr aﬁhlblavmmgnm atkagirabagt 991% of the sample.
about 99% or S "Qpposi e e@gntloner" refers to
For pgirggf @‘é‘i}F%mFlﬁé‘P S%?rq%raﬁr% SPGB X PIE Fhaptemer prgligstereomer
woulafcoﬁ‘es#)Sfl@ I ﬁfgj v ec WP 1€ Br TBbhe b@%q;}tg‘i‘éfzﬁl&d by
Inverting a o he stereogenic centers o

r eAé‘pﬂmsmramisomwl”é ‘pufecanaptiangl’ € puid dinsterecomErY emd eariants thereof,
nmol ecul has S ag sol ute stereochem cal confi gru ati on

refer, ig3psch y&B gseEmp CORLARING ASieTaQLOm}ST, SHARKQINGT, iastereomer, which

com;ﬁ{s% 8‘1@2@?5\36&@99 ‘S%‘éﬂ tﬁé‘ Ea’%ﬁ QnFoxl-?z{ﬁ%‘Uféﬁantiofmetré"ﬁ]d diastereomers, a
reference nol ecul e ute stereochem cal

pure cuantioger at pue dlast@mmdn’éwophdwnﬁ@oadacm sarpples hdvasg RUR or de of

b E%ﬁ eoche cal configuration, and so on.

abou éroéaeg frers” of a specified conpound refer to the

OPO)Sijokite @RANbINEIMREfeS toladYRoleOUTP eHanth Auitsh- §L% ﬂl}ﬁosable mirror
di ast er eoi soners or geonetric isoners t he

image fp mfﬁr@ncqnmleé&lanwhléh may hewévt%rp%idm liﬂ@%m@% ﬁB Ot the steseogenic
cente?S (l):ﬁ tﬁ %éfgﬁregsge {%&1@' FSIO ?efellehﬁ a‘?}?’%'?%hég g%f)ssolute

opposi ﬁan I Ommer

stereGchifri @l cavifi ifationt e Itl%émbawm{aﬁudim&!ﬂ g RgbSoldte stereochemical
configuration and R R Z configuration, and its

configuigtipn., Likepassni the 1oiareneg mepleguie hasnt$ arokite sireophasigal
conflge&ﬁlbﬁ’ LH]%{ ‘ﬂlhg %pp@@’eﬁﬂrﬁﬁﬂﬂ - @Hd f\’tR &&eo&{% &1 garnjl?ﬁ,gé];catmn, and so on.

gur ant | ose ectivity v
r efSersoisemeet of atpeoified coppoufid eifdryto dmrqtpameSerfanﬁomaodf the

Comﬁggél g}eéﬁygj;asgq{gg%grggr g%% gisg e(sf(%?%)fcﬁé he go%%ciu%ﬁ. For
an? e[e'i‘ﬂﬂ Igéz?’[e)d cfofrﬁﬁhﬁ@?:rseﬁﬁrzes? ia@d?lem?cal-c&f{gugatMnl, 1 Sterecisomers

would 1nclude its opposite enantiomer ha(\efngSR,S,Z configuration, its diastereomers having
S,S,Z configuration and R,R,Z configuration, and its geometric isomers having S,R.E
configuration, R,S,E configuration, S,S,E configuration, and R,R,E configuration.

“Enantioselectivity value” or “E” refers to the ratio of specificity constants for each
enantiomer of a compound undergoing chemical reaction or conversion and may be
calculated (for the S-enantiomer) from the expression,

K /Ko _ lnll—x(l +ee, )J Infl- x(l—eeS )]

" Ky /K lnll—x(l—eep)J Inf1-y(1+eeg )]’

where K and Kz are the 1st order rate constants for the conversion of the S- and R-

enantiomers, respectively; Kov and Kzy are the Michaelis constants for the S- and R-
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KRFKmIn[l- c(l-ee p)J In[l- c(l+ee s )] ' where Ks

and K are the 1st order rate constants for the
weoweee®don of the S- and Renantionmers, respecPCwEB2905/001924

KSM and KRU are the M chaelis constants for the S—

and Renantjomers, .respective fractl on
enantiogifie FSPEFHVEH: b the IP%ﬁléon%“éﬁO%ﬁﬁt WosiialE pin e, are the

enant%%ﬁtc'e%@§ bfth%g‘) St 8{% stulBgtrzﬁé ASMGAn E‘é’spéé’c%w ate
tant pectively Li pase Udit™ or refers
t ¢Lipage Hnivtoi “I05” efiay m’:‘th(e lamogjlt dffeatzyhe Kxﬁrgaitl&& hlbenatmll umol of
of titratable butyric a 4 n when contacte?
titratabley IRy AHY/ BRI WRAN EORIRPA WER TR AT EpILiSD é&‘énaﬁrabw) at
O%ZEH 7 7 'Sol vate" refers to a nol ecul ar conpl ex
r|S|ng a di scl osed or clainmed conpound and a

S tgbl/hied faEbikit6 a Aol @ilar SHRIPLIAI (mlﬁ;ir]rsin(g aadisuliosed of claﬁﬁedxfompound
nore sol vent nol ecules (e.g Hydr at e" ?fers
and astpichiQBEtia LENAHHPIhIIARITIE awpglaq qf@é@ Obmorﬁ %91%&1 molecules (e.g.,
EtOI_1§or1'pound and a stoichionetric or non-stoichionetric
mount of water. "Pharmaceutically acceptable
c Umﬂfaxé’&efessaﬂotzssoh&m saahmisingoa disgldseatorslaimed esrapdund and a
npl exes, aci hase addition salts, solvates or

Stomhﬁ%ﬁtﬁ‘f’é’én% S@lcgi(}%n%\ﬁﬂmﬂﬁ“s‘gl%gd conpounds, which are
Wi i BRicEf Q&e?{abﬁ%ﬂﬁﬂ%@sﬁﬁé stgﬁgPd?thfydlsd%st’ AR to
for use In contac he tissues of patrents

complexth anid arbdseeaddiicncsialty, solvates bahydrates af ¢lemged<ﬁndeiss|@bmsda

and th I ke, nsurate w.t
compgis ppichiasscvi<G RS o ObFabimiseal SRERRE oy foagte in
contabSWith tHtRsER bR bMSnts Withowk @h@!!lé/t%klc ?Qﬁﬁﬁﬁ&{ ‘alléfeesponse, and
a conmpound or set of conpounds that are converted into
the like, cainalepsitratp ity a reasaneble bemefighiskiatio, aad effective for their intended
reversing, alleviating, inhibiting the progress of, or
© preventing a disorder or condition to which such term

apiPhd-8falyQr of Ccaldl P PRICuRGr ORErOfo MRBpEMIRE Stf @bmpowtdls that
di sorder or condition. "Treatnent"” refers to the act

are cayfverted asq ¢ pafalystagionéd %ed i nmedi atel y above. Table 1

| i"sllrgati%g’bfe%/ljs & l‘eQ/Ql%inlf gﬁjevﬁgfn%y&npo%ngt ‘L}HQ p?c%?gsis fok,coqtpk%nting a
disorder or condition to which such term applies, or to preventing one or more symptoms of
such disorder or condition.

“Treatment” refers to the act of “treating,” as defined immediately above.

Table 1 lists abbreviations used throughout the specification.

TABLE 1. List of Abbreviations

Abbreviation Description

Ac Acetyl

ACN acetonitrile

AcNH acetylamino

aq aqueous

BES N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid
BICINE N,N-bis(2-hydroxyethyl)glycine

20—



TABLE 1. List of Abbreviations Abbreviation
Description Ac Acetyl ACN acetonitrile AcNH

wae@bpb@nd no aq agueous BES PCT/IB2005/001924
, 1 V-bi s(2- hydr oxyet hyl ) - 2- am noet hanesul foni ¢ aci d

ARlyeyiatien on Bn benzyl Bu Butyl ng- Eﬁqpﬁﬁﬁr mal - but yl
ertiary-butylamne’-BuOK potassiumtertiary butyl

Bxi de t-BuOwe teBuiyary butyl nmethyl ether t-BuONa
sodiumtertiary but oxi de. CBz benzyl oxycarbonyl X
1?'%3 i onal conve’f‘%rf%‘!lfb%ﬁ%}lgncycl ooct adi ene DABCO
Buml azabi cycl ofeg. l?ut%ﬂaﬁﬁﬁcﬁﬁ“&n@%de

Il,18- di azabi cycl o] 5.a4. ] undec- 7- ene DEAD

eBelNHy| azodi car bextjdrgbetybinBiBA di i sopr opyl et hyl ami ne

SEHIE 5 Base). DURE 4 ol et by, i ogyr 1 i ne DI

t-BuOMe tertiary butyl methyl ether

t-BuONa sodium tertiary butyl oxide

CBz benzyloxycarbonyl

X fractional conversion

COD 1,5-cyclooctadiene

DABCO 1,4-diazabicyclo[2.2.2]octane

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DEAD diethylazodicarboxylate

DIPEA diisopropylethylamine (Hiinig’s Base)
DMAP 4-dimethylaminopyridine

DMF dimethylformamide

DMSO dimethylsulfoxide

E Enantioselectivity value or ratio of specificity constants for

each enantiomer of a compound undergoing chemical

reaction or conversion

ee (eep or ee;) enantiomeric excess (of product or reactant)

eq equivalents

er enantiomeric ratio

Et ethyl

EtsN triethylamine

Et,NH diethylamine

EtOH ethyl alcohol

EtOAc ethyl acetate

h, min, s, d hours, minutes, seconds, days

HEPES 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid

Y



DVSO di net hyl sul f oxi de E Enanti osel ectivity val ue or

rati o of specificity constants for
wa@ 2oenmownd under goi ng chemi cal
ee (eep or ees) enantioneric excess (of product or

each enanti oner of
reacti on or coPVBEIB0EY001924

ARMGYIARBN tri et hyl ami ne Et 2NH dPEIFPHGRi ne Et OH et hyl

ﬁbxgnoi

m nut es,

EtOAC &t
seconds,

mn, S, d hours,

e 398, Epes

HPIL2- hydr oxyet hyhiphppéomznoeliduid chomesegrimni ¢
aci dAbbrevi ati on E}gs_cri pti on HOAc acetic acid HPLC

i@t per f or mance®t

fpadoacet ate | PA f’sgl%ggmnol

constant for -

or

lqodefceihiteonat ogr aphy | AcOEt et hyl
K K 1st order rate

nanti oner KM KRM M chael i s

Koist ant for S et oRlee reip comstant far G- MSRtangufiaier

hr t ogr aphy

t L Lithi
M- S opy | am dﬁ%ﬁ%ﬁ%@ﬁ%ﬁﬁh&@%ﬂﬁ“ﬂ%@si | azi de
LA Li thi um t et Eqie thishidtdedphdisias khedilopReg uni t

LDA
LiHMDS
LTMP
LU

- Me
MeCl,
(R,R)-Me-DUPHOS
Mel
MeONa
MeOH
MES
MOPS
Mpa
Ms
MTBE
NMP
OTf"~
Ph

PhsP
PhsAs
PIPES
RaNi
RI

RT

Lithium diisopropylamide

Lithium hexamethyldisilazide

Lithium tetramethylpiperidide

lipase unit

methyl

methylene chloride
(-)-1,2-bis((2R,5R)-2,5-dimethylphospholano)benzene
methyl iodide

sodium methoxide

methyl alcohol
2-morpholinoethanesulfonic acid
3-(N-morpholino)propanesulfonic acid
mega Pascals

Mesyl or methylsulfonyl

methyl tertiary butyl ether
N-methylpyrrolidone

triflate (trifluoro-methanesulfonic acid anion)
phenyl

triphenylphosphine

triphenylarsine
piperazine-1,4-bis(2-ethanesulfonic acid)
Raney nickel

refractive index

room temperature (approximately 20°C-25°C)

Y,
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Me nmet hyl Med 2 net hyl ene chloride (X )-Me-DUPHOS
(-)-1,2-bis((2R 5R) -2, 5-di net hyl phosphol ano) benzene

waovedooredon/l i odi de MeONa sodi um net hoxi de MeOHP@ETB2P05/001924
al cohol MES 2- nor phol i noet hanesul fonic acid MOPS

. : . b |
%&%@E}Pnor met hyl sul f onyl MIBE MSSFHAUPertiary butyl

Ener NVP—JV-TTetl E%Sﬁ?ﬂéertglcla&g}g 'a&r&tf Tlhate

trifluoro-nethane oni c d anion) Ph phenyl
i phenyl phosphl secka3As tri phenyl arsi ne Pl PES

RABREl R of t actrar bR RO Y gAY B g b bRpencsalionc

(approxi matel y 20Gg25C) Abbrevi ati on Description s/c
substrate-to-catalyst nolar ratio sp species TAPS
TESri s( hydr oxymetVhyiiy(hpdrbyyretBylmethpliepaimesthidesnifenic acid

?ﬂ :‘jl :c,n(zﬁydr oxy el Reheer Sy {tHEPhanes ul f oni c

Ph3P

FEAd trifluoroacetic acid

THF tetrahydrofuran

TLC thin-layer chromatography

TMEDA N,N,N’,N’-tetramethyl-1,2-ethylenediamine
TRICINE N-[tris(thydroxymethyl)methyl]glycine

Tris buffer tris(hydroxymethyl)aminomethane buffer
TRITON B benzyltrimethylammonium hydroxide
TRIZMA® 2-amino-2-(hydroxymethyl)-1,3-propanediol
Ts tosyl or p-toluenesulfonyl

p-TSA | para-toluene sulfonic acid

viv volume percent

wiw weight (mass) percent

In some of the reaction schemes and examples below, certain compounds can be

prepared using protecting groups, which prevent undesirable chemical reaction at otherwise

- reactive sites. Protecting groups may also be used to enhance solubility or otherwise modify

physical properties of a compound. For a discussion of protecting group strategies, a
description of materials and methods for installing and removing protecting groups, and a
compilation of useful protecting groups for common functional groups, including amines,
carboxylic acids, alcohols, ketones, aldehydes, and the like, see T. W. Greene and P.G. Wuts,
Protecting Groups in Organic Chemistry (1999) and P. Kocienski, Protective Groups (2000),
which are herein incorporated by reference in their entirety for all purposes.

In addition, some of the schemes and examples below may omit details of common
reactions, including oxidations, reductions, and so on, which are known to persons of
ordinary skill in the art of organic chemistry. The details of such reactions can be found in a

number of treatises, including Richard Larock, Comprehensive Organic Transformations
—23
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Tf trifluoronethanesul fonyl (triflyl) TFA
trifluoroacetic acid THF tetrahydrofuran TLC

wa biosob@yer chromat ography TMEDA JV,iV,iV , N PCT/IB2005/001924
"-tetramethyl - 1, 2-ethyl enedi am ne TRI Cl NE

[ tri.s(hydroxynet hyl | 1glyvcipec i f .
(199908 iy R P R MRS B Pl Sl Compendin of
Orgaii@SgMthbid Meinbyd @9m200B). yeheeliydl@artink Zididrials and reagents may be

_2-am no- 2- (hydroxynet hyl ) -1, 3-propanedi ol Ts tosyl
obtaingffrare FRRmEEIAl FORES §F-TFSADYHBeRIES FQBHECLHITE SoHTESaci d

V;Cye %ﬁhyﬂﬁe Jn%ggltt a%f’grfﬂgﬂi tdegd}ﬁ)%ﬁ}hrgﬁ lfo%mhels ecifif®Rion may

of “TRe Teact] on schenss an exanpl es befow, certain
be cagietpatiiss abstatigalpr epiahiethetsi aagoymtodfaeddtanys, gramghsertain

whi ch prevent undesirable chem cal reaction at .
reactigRHERAPEIETH BEEYYSAE 31 PEESS GBOBE BEMRFLIGRD IS 2Ry Addgipnally.

manykbg tlﬂﬁ%glitfoﬂs ﬂﬁblﬁﬁlﬁﬁhfdﬂfgﬁgﬁtl th%}%pe@fficgﬁ&ﬁ MG EngBRich¥ntioselective
physical properties of a conpound. For a discussion of
hydropysix efahé ragemicaligstart(Fatragh d3 desaribessiordepili bgtovofmay be carried out at
materials and net hods for .installi and renovyin
aboutF b Preiglgh BRHONS Ty TSQBHBY Pak o' gHE Oplodfepertpbratures,
depenQﬁr%t GELhQnIiRURS, iQls, GAARRIilel Fokthefddre HAAHPSE the chemical
I ncl udi ng am nes, "carboxylic acids, alcohols, ketones,
transfatmiatopd exy emqdoy o o1 kere coawatiblpsoleerenehigihtap igluence the

Wits, Prot N oups, in Or i c Chen st r
racthip R T S R o Py o e ST o A3 sqvens
may Wé&%rbﬁ@ﬁﬂ%ﬁs@‘b@ﬁr Mrofiek@vens dohpoldaeblve@ntdriseiny chb@bination.
all purposes. In addition, sone of the schenmes and

Any @ieaﬁme%m the ﬂbﬁoﬁﬁy t@aicenqgatr gﬁiqrgta@ge, AP aﬁ“@a@??% @pH range, a
catal*g,ﬂ gc{ﬁﬁ.l%ltgg %Xéndcﬁgol Y e{lj-lgg éj)&l;résg . siir?%}ﬂe ord “}’a{l%g}&lﬁoﬁ lifclude

_ rsons o g)lr I'nary sKi n the ar
the indic@Riendpdian] stry. The details of such reactions can

be found in a

The present invention provides materials and methods for preparing optically active Y-
amino acids (Formula 1) including pharmaceutically acceptable salts, esters, amides, or
prodrugs thereof. The compounds of Formula 1 include substituents R! and R?, which are
defined above. Useful compounds of Formula 1 thus include those in which R' is a hydrogen
atom and R? is Ci.12 alkyl, Cs.15 cycloalkyl, or substituted Cs.15 cycloalkyl, or those in which
R’%isa hydrogen atom and R!is C1.12 alkyl, Cs.15 cycloalkyl, or substituted Cs.12 cycloalkyl.
Particularly useful compounds of Formula 1 include those in which R! is a hydrogen atom
and R? is Cy.¢ alkyl or C3.7 cycloalkyl, or those in which R? is a hydrogen atom and R'is
Ci.¢ alkyl or C3.; cycloalkyl. Especially useful compounds of Formula 1 include those in
which R' is a hydrogen atom and R? js C.4 alkyl, such as pregabalin (Formula 9).

FIG. 1 shows a process for preparing optically active y-amino acids (Formula 1). The
process includes the step of contacting or combining a reaction mixture, which is comprised
of a cyano-substituted diester (Formula 4) and water, with an enzyme to yield a product
mixture that includes an optically active dicarboxylic acid monoester (Formula 3) and an
optically-active diester (Formula 5). The cyano-substituted diester (Formula 4) has a

stereogenic center, which is denoted by an asterisk (“*”), and as described below, may be

4
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nunber of treatises, including Richard Larock,

Conpr ehensi ve Organi ¢ Transformati ons(1999), and the
woriosioeosed une series edited by Mchael B. Sm t PCHIBR005/001924

ot hers, Conpendi um of Organic Synthetic Methods

974- 2003) . L1y, d .
prepafegiif dnEtits v Ao saRb TG & PRoriboutagiing the
enzyrﬁexw@yaﬁbeﬁwte&ecﬁ fieBfet (Foghatauf) @y SOl CRenprised Lfabhit, (ﬁqulmolar)

the chem cal transformati ons descri bed throughout A 5
mixtugpekibe idiagter ohFeraylbé apdits PRRPSHE enasioms:- s&w@tlmts&t b B and R
4
i P ST RRALY SRR b SASHARA DRI e 5o

as defifdeabole Iﬂ‘kﬁmﬁé@ibh&zﬁtlﬁl‘orﬁdﬂh 1i Géﬂérhﬂfy an@nilesd stitbe differently,
reactions disclosed throughout thg d1oeC|f|cat|on
isgle

whenjaartirgilas gubsiducahdeniibadReckt i Re gt disslefiapdsios the fivst time in
connercﬂ&? @é&ca?r"??{él rthg: gﬁg?ﬂg%gﬁ%n%ﬁéﬁ[) el?%ged a%ﬁb?e'qherﬁ%%la will
have theaeme QEENIME)As ureﬂpaleamer feemude of h| gher or | ower

t erat ur s, . de I ng on reactlon ki netics i el ds,
arfdieeReYm¢ {q8 bi @fﬁgrw%e aAnyeRQtegy theh @/helR @ﬁwaa?ﬁtﬂe or no effect

on thd &ﬁﬂ&fu%@&?bﬁﬂlﬁa %awﬂpml Ye BB @Folﬂfércﬁ" 1eg§98§1ﬂe%§nu mer to

sol vents, which may influence he react | rate an
yield meeil@arbwﬂle radndngormesteh@omularﬁ’e bisefuhenayems tfm”dnantlctshkectlvely

v BRI Bl 8l A BSE ps, ot

lipase§ %@ﬂaﬂ?ﬁrb@ﬁses%ﬁd diefr *hARRSlcbtvel R4S C$L9>ﬁléh§§{_lﬂ16’s Bay be
concentration range, a tenperature range, range,

obtaingddgara pyaticty o dhtuepl seurees, inghulinganimal eugenstaard rmxmowslisyns
usi wor d not, i ud h di cat ed
See, B oS- RET Bl el A SRS Ryt <

and nethods for preparing optically active g- am no
aci ds ( For nulTabk)2.i GehmeiddlyphediBledddreiasdsy

acgepLahlp salts . esters,

ThEn@)@nfpounds of For mul a 1 |ncl'ﬁ@é69@mst|tuents Rl and
RO of -

W&‘T’ de those [ Oéh Rl is a hydrogen

at omraAdiyoghilisedCl- 12 al kyl, C3- ABug@ycl oal kyl, or
substituted C3-12 cycl oal kyI or those in whi ch R2 is

a EyMzdgénohtzMan Rl is Cl-12AHKpdYI , C3-12

a ubstituted C3-1 | oal kyl .
Pa?tAlic lé’PPhlﬁ%%deul compounds o‘%lt'f-%?’nul a 1 include

th%&;icﬂu%ﬁﬁ&ldmﬂlﬁasa hydr ogenAmtg2® and R2 is Cl-6
al kyl or C3-7 cycloal kyl, or those in which R2 is a
hy Hesgemongsonoginasaippie C1-6 al &ps59r C3-7 cycl oal kyl .

Fﬁﬂ?ﬁérﬁzlllhym‘é%eﬂﬂa conpounds of for HHL&a&eA”Cl ude those

Pseudomonas cepacia Lipase Amano Lipase AH
Pseudomonas fluorescens Lipase Amano Lipase AK
Candida rugosa Lipase Amano Lipase AY
Rhizopus delemar Lipase Amano Lipase D
Rhizopus oryzae Lipase Amano Lipase F
Penicillium camembertii Lipase Amano Lipase G
Mucor javanicus Lipase Amano Lipase M

—25__



which Rl is a hydrogen atomand R2 is Cl-4 al kyl, such

as pregabalin (Formula 9). FIG 1 shows a process for
wEe@paeiong optically active g-am no aci ds (Forpai/mB22)5/001924

The process includes the step of contacting or

cyHHI™Subst i t uted di ester (For rﬁfﬁ%%meand water, with
arp BNAN BN ds 2 &ﬂg'ﬁ product XL @Lﬁg@ g nctudes an
opt1 ca[iyl yZ actelfyve Y boxylic aci gﬁma oesI;er (Formul a

3)Paaz|ztdllmm opuefost Lipagect i ve di esAmand EipasalRa 5). The
0-sybstituted diester (Formll 4 n a
%Péﬁ‘ﬁlzw {é]é)ﬁ?aé? which is dﬁB@%‘ﬁWaﬁH asteri sk
( 'BsehdorbVhsP. Ekg&&:rl bed bel ow, piByalRRCERAr ed in

accordance with a reacti on scheme shown in FIG 2.
PrFumgal loipassnt act ing the enzyme BipQetalyjigsidSs ubst i t ut ed

diester. ( or pically [ racemc
e@fﬂﬁﬂ%r %ﬁ@ag‘%/ the die lga t&?ﬁ%@ﬁul a5 and
|t@Agrg)qg¢§}§h@aantl oner. Substigidentftidi182, and R3 in
For mul a Fornmula 4, and Fornula 5, ‘and substituent

RACandidosmlyephilizadd For mul a 5 ﬁlecaf@l}@éﬂlded above in

co Cti Formula 1. Gen unl ess

‘g{iga&c}?&%hgﬁéee ly, when a par?r?t1 t)‘é]ytlcn]gigtltuent
ldﬁfbtrmbmwes(sﬁ Lipe, R, etc.) iBiodehiyiestisor the first
time in connectlon V\Athaforrrula t he sane

s ubseliginesip- lyahlizeidipaseed i n BioSaBlagsddt for mul a
Wi as i earlier fornula.
Thg ngﬂgzﬁquaﬁn%?zgcﬁﬁ{ya@ A‘lbet%ny protein that,
WhCAR-havi ®g |ittle or no effec(thrmwﬁhilc&ulpound of

Fornmula 5, wll catalyze the hydrolysis of its
oplp@¥t foeiilisdipaSmer t o yi el d tﬁ:éulEﬂ 6car boxyl i c acid

MORBESHE el a 3). Useful g for
enant%l?%sel ect}:gﬁ%y hydr ol yzi ng t%r}e(l conmpound of Formul a
4 Peubonondsap lipeyrotdmSipasc | udélglyldtIﬂBases i ncl udi ng

I if ses, certai nécgvro eases, d%ot h nt| osel ective

QuucessyPen Sémy be F‘?fm a variety
ofm%ymkessamg%%m Lﬁﬁkéldl ng agigﬁamew%ﬁmnd
m croorgani snms. See, e.g., Table 2 for a non-limting

| |thzcuﬁucwowndre@LaiaB§y avai | abl e Signin bloddstase Tabl e 2.
Co ly A bl dr ol E T
poP P e P act Al t uSoRmeREY ATPF s3I zed

A 'Wisatlderm Lipase Sigma L11
Rhizopus arrhizus Lipase Sigma L7 Type XI
Pancreatic Lipase 250 Valley Research V1
Trypsin Protease Altus33
Chymopapain Protease Altus38
Bromelain Protease Altus40
Aspergillus niger Protease Altusd 1
Aspergillus oryzae Protease Altus4?2
Penicillium sp. Protease Altus43
Aspergillus sp. Protease Altus45
Renin Calf Stomach Protease Sigma P24




Candida lipolytica Lipase Altus 12 CAL-B, |yophilized
Al tusl 3 Geotrichuni candi dum Li pase Al tus28

wes@agdayonas arogi nosa Li pase Al tus50 Asper gi | PCBIBR0G#101924
L| pase Amano Li pase A PseudonDnas cepaC| a Li pase Amano

YfB?da rugosa Li pase Amano

delsGiRE pase %ORPS ory
Anangﬁllelpgglg&%r eni CI [ ium cane ergjtﬁlji Li pase Amano

Li Pas@uGddisdrofeaseani cus Li paseAAnaS’Bo Li pase MEnzyne

adedamey Rnj zopus

Trade n Pseudononas cepaci a no Li pase PS
Pe%isﬁ‘frlgﬁpeﬂf&%g{@f’%ﬂl Li pase A 0@"3&?@’ ‘P@Se%
As Bt Bbld MiSedProRhRt ease Bi oCat alydnb ¥iPPrfisgE foMoNas

Bi depargil

Li pase Bi oCatal yticsl 03 Fungal
Bi @?@apammzvmlHﬂSteMecr obi al ,

taI ti CS|I§8CAL B,

?jyzael

Li pase

| yopimanp Nawladease
I yophi li
I5A%% i zed” Bi oCat
I y %E‘ill‘uk sesliiBipesiehsl yti csl | 2 Thammeresigathr FGFPase
Bi oCatal yticsl |5 Al caligines sp.

étmowrw Pratpasenobact er i uAmAng FoetaasclA pase Al tus

e

| yophi l'i zed Li pase

AS:A rgz%us 0ryz§9 i’ro@as'e azyme L2 Sgmano Protease M

Bacillus subtilis Protease
Aspergillus melleus Protease
Bacillus stearothermophilus Protease
Pig Liver Esterase, lyophilized

Pig Liver Esterase, lyophilized
Streptomyces sp. Proteases
Tritirachium album Protease
Bovine Pancreas Protease
Streptomyces griseus Protease
Bovine Pancreas Protease
Clostridium histolyticum Protease
Bovine Intestine Protease

Porcine Intestine Protease

Bacillus sp. Protease

Aspergillus oryzae Protease
Bacillus amyloliquefaciens Protease
Carica papaya Protease

Bacillus thermoproteolyticus rokko
Pyrococcus furiosis Protease
Bacillus sp. Protease

Bovine Pancreas Protease

Bacillus polymyxa Protease

Amano Protease N
Amano Protease P
Amano Protease SG
BioCat Chirazyme E1
BioCat Chirazyme E2
BioCatalytics118
Fluka P6 Proteinase K

- Sigma P18 alpha chymotrypsin I

Sigma P16 Bacterial

Sigma P21 Beta chymotrypsin

Sigma P13 Clostripain
Sigma P17 Enteropeptidase
Sigma P25 Enteropeptidase
Sigma P8 Esperase

Sigma P1 Flavourzyme
Sigma P5 Neutrase

Sigma P12 Papain

Sigmé P10 Protease

Sigma P14 Protease S
Sigma P9 Savinase

Sigma P19 Type 1 (crude)
Sigma P7 Type IX

27
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Candida utilis Lipase Fluka Rhizopus niveus Lipase

Sigma L8 Pseudononas sp. Lipoprotein Lipase Sigma LI 3
wadb@soeyaces | anugi nosus Li pase Signma L9 Li pol BGEIB2005/001924

Ther nonuces | anugi nosus Li pase Signa LI O Novo871

-G”'G —-eret FaSe a8 o—larat-aSe—11iS-eHe 2

spetr¥8®Li pase Sigm xPFAdeAR®St Germ Li p

Si Rkt i Ao AR Poothde 1 ZUS L @%%@a %})& VAL TYPE X

Pancréat |llcz[| pase 2% S\reyal | ey Resear cﬁs Trypsin

Pr dtspagdlubsaios PRot€mgnopapai n Pr Stgeasks RyjtelXHB

Bronel ain Protease Altus40 Aspergill ni Pr ot ease

Al tﬁ‘tﬁ@eéfill% PErg ?Fc?t‘a@e oryzae Prot é%% ﬁ?@ggb(

Penispd i B %Re PRIGIEase Al t us4g;Aspes 9{hd ¥T3P-

Pr ofg‘lgzargeuAI%s%fS Renin Calf Stomach Pro I%aase Si gma

P2 BaptesialProeaste nanme Subti | i si nSgmd BRUelFypeRtBiease

Al tusl O Bacil |l us | entus Proteaseg. Al 3 ,Aspergillus
ni Z@zfzowsos[peygg&l%ﬁano Acid Prote bgénaﬁxgﬁﬁ“%sﬁus ni veus
Pr atafiage Fines. Aci d Protease || vighéyspus ni veus

Prot ease Amano Newl ase F Rhi zopus oryzae Protease

AmBaeonglgpm Cegse R Baci | | us subt Malleyl®r ot ease Anano

Pr %lc‘}:"/%tsg Frg)mli@;ergillus sp. Amano Aml
Porcine kidney Acylase Sigma A-S2 Acylase I
Penicillin G Acylase Altus06
Esterase from Mucor meihei "~ Fluka
Candida rugosa Esterase Altus31
Porcine Pancreatic Elastase Altus35
Cholesterol Esterase BioCatalytics
PLE — Ammonium Sulfate BioCatalytics 123
Rabbit Liver Esterase Sigma ES2

Cholesterol Esterase Pseudomonas sp. Sigma ES4

As shown in the Example section, useful enzymes for the enantioselective conversion
of the cyano-substituted diester (Formula 4 and Formula 12) to the desired optically active
dicarboxylic acid monoester (Formula 3 and Formula 11) include lipases. Particularly useful
lipases include enzymes derived from the microorganism Thermomyces lanuginosus, such as
those available from Novo-Nordisk A/S under the trade name LIPOLASE® (CAS no. 9001-
62-1). LIPOLASE® enzymes are obtained by submerged fermentation of an Aspergillus
oryzae microorganism genetically modified with DNA from Thermomyces lanuginosus DSM
4109 that encodes the amino acid sequence of the lipase. LIPOLASE® 100L and
LIPOLASE® 100T are available as a liquid solution and a granular solid, respectively, each
having a nominal activity of 100 kLLU/g. Other forms of LIPOLASE® include LIPOLASE®
50L, which has half the activity of LIPOLASE® 100L, and LIPOZYME® 100L, which has
the same activity of LIPOLASE® 100L, but is food grade.
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Aspergillus oryzae Protease Amano Protease A
Aspergil lus oryzae Protease Anmano Protease M Bacill us

W@ wbiohi984 Pr ot ease Anano Protease N Asper gi | | uBCTEB20€U81924
Pr ot ease Amano Protease P Bacillus stearothernophilus

SRR Ro/S AP EhTiaB byt MeGDI b REFaymes, For example,
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Once a microorganism having the requisite hydrolytic activity has been isolated,
enzyme engineering may be employed to improve the properties of the enzyme it produces.
For example, and without limitation, enzyme engineering may be used to increase the yield
and the enantioselectivity of the ester hydrolysis, to broaden the temperature and pH
operating ranges of the enzyme, and to improve the enzyme’s tolerance to organic solvents.
Useful enzyme engineering techniques include rational design methods, such as site-directed
mutagenesis, and in vitro-directed evolution techniques that utilize successive rounds of
random mutagenesis, gene expression, and high throughput screening to optimize desired
properties. See, e.g., K M. Koeller & C.-H. Wong, “Enzymes for chemical synthesis,”
Nature 409:232-240 (11 Jan. 2001), and references cited therein, the complete disclosures of
which are herein incorporated by reference.

The enzyme may be in the form of whole microbial cells, permeabilized microbial
cells, extracts of microbial cells, partially purified enzymes, purified enzymes, and the like.
The enzyme may comprise a dispersion of particles having an average particle size, based on
volume, of less than about 0.1 mm (fine dispersion) or of about 0.1 mm or greater (coarse
dispersion). Coarse enzyme dispersions offer potential processing advantages over fine
dispersions. For example, coarse enzyme particles may be used repeatedly in batch
processes, or in semi-continuous or continuous processes, and may usually be separated (e.g.,
by filtration) from other components of the bioconversion more easily than fine dispersions

of enzymes.
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e reaction mixture may comprise a single p ase or may comprise multiple phases

(e.g., atwo- or a three-phase system). Thus, for example, the enantioselective hydrolysis
shown in FIG. 1 may take place in a single aqueous phase, which contains the enzyme, the
initially racemic substrate (Formula 4), the undesired optically-active diester (Formula 5),
and the desired optically-active dicarboxylic acid monoester (Formula 3). Alternatively, the
reaction mixture may comprise a multi-phase system that includes an aqueous phase in
contact with a solid phase (e.g., enzyme or product), an aqueous phase in contact with an
organic phase, or an aqueous phase in contact with an organic phase and a solid phase. For
example, the enantioselective hydrolysis may be carried out in a two-phase system comprised
of a solid phase, which contains the enzyme, and an aqueous phase, which contains the
initially racemic substrate, the undesired optically-active diester, and the desired optically-
active dicarboxylic acid monoester.

Alternatively, the enantioselective hydrolysis may be carried out in a three-phase
system comprised of a solid phase, which contains the enzyme, an organic phase that initially
contains the racemic substrate (Formula 4), and an aqueous phase that initially contains a
small fraction of the racemic substrate. Since the desired optically-active dicarboxylic acid
monoester (Formula 3) has a lower pKa than the unreacted optically-active diester
(Formula 5) and therefore exhibits greater aqueous solubility, the organic phase becomes
enriched in the unreacted diester while the aqueous phase becomes enriched in the desired

dicarboxylic acid monoester as the reaction proceeds.
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Suitable bases include aqueous solutions comprised of KOH, NaOH, NH,OH, etc., having
concentrations ranging from about 0.5 M to about 15 M, or more typically, ranging from
about 5 M to about 10 M. Other inorganic additives such as calcium acetate may also be
used.

Following or during the enzymatic conversion of the racemate (Formula 4), the
desired optically active dicarboxylic acid monoester (Formula 3) is isolated from the product
mixture qsing standard techniques. For example, in the case of a single (aqueous) phase

batch reaction, the product mixture may be extracted one or more times with a nonpolar



10

15

20

25

30

Nat ure 409:232-240 (11 Jan. 2001), and references
cited therein, the conplete disclosures of which are
wheoeioomdpncor porated by reference. The enzyne PEH/IB2005/001924
the formof whole mcrobial cells, perneabilized
robial cells, extra cro
orgariL YRyl G B e gl PP R Joes disarkeriie

mondebtKE(Fofhiflal) 2H A RYe e RUKdsER (Pordhugdsy ifilagledk and orgamc phases,
particles having an average Partlcle si ze, based on
t

respegiivelyreAlterhativedy 1n herrashofia moltitphase (Fachen @mslpymu agngougrand

organg(%l%%ggsu%]rgzgé glr%% gesgl%ﬁ%o%p o{ en@I ?rﬁulgl 32063336: eact%ﬁ%ﬁe%%r

(Fornadly 8Y) r@gpestiveWs thef hbocdies ped @maexsmafbé sepiauitgdl eatcic @aeg6llowing
enzynme particles may be used repeatedly in batch
reactigh.oiaBasele sepprafed ssETCORBIONHY 6t sonsnuewsly fvieg e enantioselective

esses, and may usually be separated (e.g., by
hydﬂ?fﬁ%ration) from ot her conponents of the bioconversion

X inéaiet yn FIGUIT, thenereticeatisst@Bomiule Sy ymap de ispedted from the
coarse enzyne dIS erS|ons i nclude cragss-1inked enzyne
organi¢ Phgse pad racemized tcawa Id:thg gacemiGyRubgtrap LQF A @wesglltmg

racex%gﬁgﬁ?ﬂm V@'n‘f&%}' l?erﬁcfc%ﬁjcgﬂ c%ﬁﬂm&rd' Wi hlllc)()n%ﬁetdt}gce?ﬁé %lFstrate,

i spersions may I nclude enz
which mhsquenﬂg dnderg@s ewzymatrc @nvemmnltu Fbemda 6 s ldbscnlbsdaﬁbdve

RecydefeARRgrh deaet GorpuBry e e gsBRR A ! T rgantioseletive
hydrd?&@@ﬁbo@@ |55 Eﬁe?eﬁmh&%hﬁh Eg.(?the %&)rﬂ‘@édnoﬁfy JEY §RHoA and lowering

matrices, such For a géneral description
costs @SSO@@E@SVJ@ndISmShb@f tbﬂ zyqftslrﬁdrmﬂnhbmm i on techniques,

Sel%egfeg Ipfgl%tlggfﬂ ﬁ%&ﬁiﬁ%&%g )EWE:FE %l se%atgﬁla\é@ang&en%ugﬁto abstract
an acid?@ &Ltﬁlbt%ﬁ oft B thalBASRS Aol %Qne@ﬂﬁl I‘é§lﬁts 1ﬁ @t?vekh& otptﬁE 8teogenic

Appli‘cation No. 2003/0149I72 to L. . El zinga
centee tinchgeneBdion aff the racduhic Amohérated(iforiBile éaxt Us@u]dtasmf:kudc nrgamc

e G AR 20 BB RP B B BRE e s,

and lﬁcﬁgbﬂlg Bhde9rsueh alkB@, MI@LI%GH CHAQhOBNe. U PheArehdtRASE carried out
hé conpl ete di scl osures of the abovementi oned

ina cpmpenbln selyent; mchiding pelirmeotiqml wenesd supp as Et@Hemaprdtisrpolar

sotves el “BREERE o Rl A R AR F BBl e vigwa or e

nwedmﬂgmmqﬁo@mghree phase systen) Thus, for exanple, the

engsn gk{o(\)wsﬁelln%%}l i/ethcl,q g/u%rs?aln 12?1'13? enantiopure dicarboxylic acid monoester
(Formula 3) may be converted to an optically active y-amino acid (Formula 1) using at least
three different methods. In one method, the monoester (Formula 3) is hydrolyzed in the
presence of an acid catalyst or a base catalyst to yield an optically-active cyano-substituted
dicarboxylic acid (Formula 6) or corresponding salt. The cyano moiety of the resulting
dicarboxylic acid (or its salt) is reduced to yield an optically-active y-amino dicarboxylic acid
(Formula 7) or a corresponding salt, which is subsequently decarboxylated by treatment with
an acid, by heating, or both, to yield the desired optically active y-amino acid (Formula 1).

The cyano moiety may be reduced via reaction with Hj in the presence of catalytic amounts

of Raney nickel, palladium, platinum, and the like, or through reaction with a reducing agent,
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moiety, the dicarboxylic acid monoester (Formula 3) may be first decarboxylated directly to a.
cyano substituted monoester (Formula 8) by heating the aqueous solution of the dicarboxylic
acid monoester (as a salt) to a temperature of from about 50°C to reflux. Krapcho conditions
(DMSO/ NaCl/water) may also be used. In either case, the cyano moiety of the compound of
formula 8 is subsequently reduced to give the optically active y-amino acid (Formula 1). In
addition to Raney nickel, a number of other catalysts may be used to reduce the cyano moiety
of the compounds of Formula 3, 6 and 8. These include, without limitation, heterogeneous

catalysts containing from about 0.1% to about 20%, and more typically, from about 1% to

aBout 5%, by weight, of transition metals such as Ni, Pd, Pt, Rh, Re, Ru, and Ir, including
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impugifgeintpsthe dabprgewtt aniptae angd permits higher reactant concentration (e.g.,
about 1 M to about 2 M) during hydrolysis and decarboxylation, thereby increasing process

throughput. Additionally, direct decarboxylation by heating the aqueous solution of the
dicarboxylic acid monoester (Formula 3) affords the cyanomonoester (Formula 8) in high
enantiomeric purity. This compound can be separated from the reaction medium by
extraction in an organic solvent or by direct phase separation, ensuring efficient removal of
inorganic impurities by the water phase. High reaction throughput and the avoidance of
strongly acidic conditions are two advantages of this approach.

FIG. 2 illustrates a process for preparing cyano-substituted diesters (Formula 4),

which may serve as substrates for the enzymatic enantioselective hydrolysis shown in FIG. 1.
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emplow Li@is,aciaGrch r-d@runatetatiieridd, kinc cllihmda,eamt acr.e:tate sand the like to

foit G e i g R B P e e 3 VARG Spigp i bnder elux

condﬁl@hé/ eUictul solehtsasclMBkexaie dehtad) cLEIBRGGHAL, 4bRESn& RSy Kbutyl
pi cal Iy i nprove the vyiel 'd of thée racenmi zation

ethermndébfsh e A@t@mmplmrqual of wathe substantially

R 53 P LGN S GREE g s

metal(dﬁ@ﬁlﬁé (Sadly, K€N1 gtcd) ot @pdkalinereafh dictdl eyande (fﬁzl%’ﬁ @slém dynide,
one nethod, the nonoester (Fornula 3) 1s hydrolyzed in

ete.), tuhéerswwnweaf@faddmoa@ thedhearbymsof the oefp- bm@élr@tad alajartic aaid
-actl vegﬁ%ano ubst

aiest Byl I o TractoREt wiRa g B ol o rormp L oti
solvel3€in6aing YOI WeOH, A-BRpafsUsbprdfanol, or polar aprotic solvents, such as

DMSO, and the like. Subsequent acid workup yields the cyano-substituted diester
(Formula 4). For an application of the method depicted in FIG. 2 to prepare a pregabalin
precursor (Formula 12), see U.S. Patent No. 5,637,767 to Grote et al., which is herein
incorporated by reference in its entirety and for all purposes.

The desired (S)- or (R)-enantiomers of any of the compounds disclosed herein may be
further enriched through classical resolution, chiral chromatography, or recrystallization. For
example, the optically active y-amino acids (Formula 1 or Formula 9) may be reacted with an
enantiomerically-pure compound (e.g., acid or base) to yield a pair of diastereoisomers, each
composed of a single enantiomer, which are separated via, say, fractional recrystallization or

chromatography. The desired enantiomer is subsequently regenerated from the appropriate
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di carboxylic acid (or its salt) is reduced to yield an
optically-active g-am no dicarboxylic acid (Fornmula 7)
w@rooa/oen4 espondi ng salt, which is subsequent | BCT/IB2005/001924

decarboxylated by treatment with an acid, by heating,

bot h ire aII cti ve am

aias g gPhoety AGETRS. SR deda b istit FRn g et Sty
recry$t@RGAtiHind duftable Isslv&mm%qsﬁ n’@eﬁzaﬂﬁblé Al lfftieht ARURLGE.g.,

of Raney nickel, palladium platinum and the |ike, or
typicalby e geichdesstthamabant 85 % eee Andinrigmecgares, Befghuchdessitanpbout 90
% ee H -M2S, and the Iike. Useful acids for the

iydrol ysis and decarboxyl ati on reactions include

M Aedatribal titoughowthhaspetiBiclion, iany d2 $Hdisdt¥ed cbidpouraRhave

the like. Useful base catalysts for the hydrolysis
stereqigappers.o AOma Of these GRIRPRIRES BIAK SKist axtingle RpantipmerHepgntiopure

compf§E) o HfK s Bniniitd WRtchedGh e wrfllb Bfdch dppending on

the redativel exoess @ bad erfahtiomt aved )mmtheiem acemplee dagekkibit optical activity.

%/cllzatlontoformanot y-.actjve cyclic

Such gtezeqispmnays pyficty W@Pﬂ-sgp%ﬂ%v RoF Wing: PRagefHOsIFst § stereogenic axis
{ C

oron SPRERY BBt SAEE 4, Ly 08l Bl il e

steredib@mere that hieumt uyr.rbr maAgeD nSMystdmommnm ewhiclurethpown as

diastsE RS URES T RO of Echifeh Rl o eabehid Gntdhs) “hey include

mole@lﬁlaﬂ éﬂl‘téiﬂih g Rh ﬁlldeﬁﬂrﬁr%'j}@hct H8up,isbQhat PreHs (HPZ/%') Aekddfsomers are
be use hydrol yze and decar boxyl ate

posmble'sqrt mpl@gulba@qrémn@gmo OF oG sterepgeni¢ ertersliin gvlmmgweﬂslon ofa

. .acids such as HOLO4  H . H2S HBr . _and and

sing1 SefeRegHE B e ddorien e oismiPor g A loredt g U@ Fieg o

otherWi® i ¢& P, thrbughnuseof bR oBEAMSsteRYcanear desdripeits, R} the kdbpe of
to about 12 N, and the anount of the acids may range

the presenhimsation genegaliyongldes thy refefenderROnIRAYRG PYits Staregisomers,
wne I RLPREA b0 £ PN TR RRFEL E cginy gpicha o

racenfit).about 6C0C or higher, or at tenperature in a range

of about 60C0C to about 1300C. In a third nmethod, the

esIuRe pipihe £omBPUnds @13y alsorqoniaj # ketq OF @XimhEFauR.¢p that tautomerism
may Gl M Bttbageh bl bihert Vet Bbhek My BhifBadc Miomeric fors, whether
they s@lebdh piwe desixtutssd above. The resul ting dicarboxyli c

d it [t) | | ated t
Sﬁiﬁénéﬁf @Iﬁﬁg@gg‘ﬂ Q'qur@’sg %5@] %%erre ?@f@%chiﬁgﬁgm%emed by
Formffd Haftf F6ﬁ1§11a39| dre E&7 r?ﬁBl@Uf@o@mfg‘l pk ﬁhgpila?anlyé%@fgweggﬁ@ These

atom though R5 can al so be ,
salts ingbideawithdyt liomitagioy) aci@adglitidnksalts (including diacids) and base salts.

Pharmaceutically acceptable acid addition salts include nontoxic salts derived from inorganic

acids such as hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydroiodic,
hydrofluoric, phosphorous, and the like, as well nontoxic salts derived from organic acids,
such as aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy
alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and aromatic sulfonic acids, etc.
Such salts thus include sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, nitrate, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate, chloride,

bromide, iodide, acetate, trifluoroacetate, propionate, caprylate, isobutyrate, oxalate,
— 36—
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as noted below). The sane conditions used to
decar boxyl ate the lactamacid (Fornmula 2) or the

w@ 2@ai0eodi car boxylic acid (Fornmula 7) may be BSETB2005/001924
Instead of first hydrolyzi ng the ester noiety, the

malofE PRGN b e PR TG € PRl Bepzoble”

chlorBBI06&E ShethFDemate, 8%1@6’0eﬁﬁcﬂ1‘té rpﬁtfiata@e BEHRAMKRIRRKES | ON
of the di carboxyllc acid nonoester (as a salt) to a

toluepesyifenaie. phendacdtatemitstiol ectgoanalgtes eftrajr, mechansswidonate, and the
like. conditions (DMSQ NaC/water) may al so be used. In
ei ther case, the cyano noiety of the conmpound of

f drmhaceBticallysasbgmaple badeysalemuled nbogicwalts A&ived from bases,
optically active g-am ng acid (Fornmula 1). In addition
mclufhag e atipnse gych ag ap afkslor @kkabv%qnhcla@ta gﬁénog, Wlb@ amines.

Exantf6be 6 ok EAGRYRITRAGOY: 1Bhiddef, SRRt
potaskigtrecatiges 66 smegrealuystasiono Mgl Nicalyifm oancis ¢Qh> ). aﬂ.%/ttﬂedlke.
t. 20% d nor icall fro t 1% to_about
Exangis 45,5 50le Apines Faciyey BBt it RN 20 dibegéy ity lqpgctamine,
chlorgfmoczﬁﬂe cB@hné?‘dletl?dﬁglahﬁne dilﬁrk}bﬂbm%rfée?trgl@gedlamme N-

mbi nat i ons t her eof are typica upported on
methy]gtuc@mmenmoealma,l and t+‘tm1tyl ladllllfﬁg dr2@3scuzionCaliBeBl aGid@adidion and

base FHBaREe SelBETES Ao chigeeao il S BB el M St 119 1977

see aROISAR asdiWerA@ih, Blondb AP Maﬁﬁ‘&c@hﬁzaﬁ Wehs: aPrd%éme@JSel&%on and
Zn. Useful catal ysts thus include palladi um catal ysts

Use@%?f} as Pd/ C, Pd/ SrCO 3, PdAAl 2CB, Pd/ MyO, PdZzZCaCOB,

S PERY PR Bt o LS B B uh S o pese saly by

conta‘d&ngﬁbomﬁ&hﬁli’s fischask (Gt apid) or Ewateridd WA uffRAkE amount of a
ReAC, Pt(2, RhAC, Ru2, and the like. The catalytic

desirpchafid {qrdasefto pradues aponter el 1 ¢he gaﬂﬁ rEegipijatesdirom selugon, it may

n
b o UG AERRA0 B0 S0 . BOL AR} K g oty
One msy elss repeterati ts fres base (asfréd4d]) lﬁt(ﬁﬂtachﬁ’f‘the'ﬁbﬁ additiofGalt with
HOQAc. The reactjon_may be carried out

abasg é‘?ﬁﬂé‘? Bigssals Witk aqt) FB%@E@U@IHEI@’FG&I&E@IRR%@LW@ free base (or
free atcgg Ug8 it§ ?r% LR adlitioR 581t @&m@saltgﬂ{bsrrcﬁffér (F2 @Slfblilty, crystal

strate- ocata yst rat o may ran rom a
structuee, Aygroscdpdf, dtc.)paseopamndisdiagiiiase antadiP adilitassalts(ommiy free acid

ran from about at nospheric pressure, SI g, to about
and bpsgyTAT) aic NG LS SRR PUIPOHS oL U iRoaltto cat yst

r @ﬂsél%sé’d%ﬁ%laﬁh@@c&lﬂﬁéﬁnd@ é/te‘ihsﬁﬁpl%th %Qsolvat&f‘ﬂad@%lvated forms

pressures range from about psig to about 0 psig.
and as other types of complexes besides salts. Useful complexes 1nc1ude clathrates or
compound-host inclusion complexes where the compound and host are present in
stoichiometric or non-stoichiometric amounts. Useful complexes may also contain two or
more organic, inorganic, or organic and inorganic components in stoichiometric or non-
stoichiometric amounts. The resulting complexes may be ionized, partially ionized, or non-
ionized. For a review of such complexes, see J. K. Haleblian, J. Pharm. Sci. 64(8):1269-88

(1975). Pharmaceutically acceptable solvates also include hydrates and solvates in which the

crystallization solvent may be isotopically substituted, e.g. DO, d¢-acetone, ds-DMSO, etc.
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Al'l of the preceding nmethods may be used to convert

the substantially enantiopure nonoester (Formula 3) to
wo b@somodcal |y active g-am no acid (Forrmul a 1) PCDIB2005/001924

each may offer certain advantages over the others. For

le. foll ow pg.aci k f th
Genegiffy By e Ferdt o B Gylp e HEmrees /8 P ARE fgpm of o
comploliRd Bldb ehcRideTRY chifeshoiling slvasdomtifdritt @ tbrivofald EGfpdung.

it into an organic solvent, whereas the

c yEredlisnigseed compendsiabsqrinanga albphasingcquiisaliicgeppbladgptonic

.pore. diff] to i t ecaus hisS: arativel
e R G )RR, B TP
but aR@lothi¢ frAENBIFRreA} foROIME @fontib tagauisud Y €dundfin nature. Examples of

~ water-soluble inpurities into the final product

isotopgs,spipide Fardnglayiom insthp dipslosed compnoands Mshdenvitheyt dignitation,

: eY t . i Bai .

o paRPAL A TR b i LB PELA0 e opso

nitrogdh; euehiie UIN; idstopdsiofoaysen, suthraeco st d0binsioipas ofphdsyhorus, such
si.heatdng the aquequs sol ution of the dicarboxylig acid

as ~ Tnitb eBt1ERtOPIHY AL 8YchaSt oY diotqnse OL {1 4P Abstse rk; and isotopes of
chlor{r@&gg'aé Q1. iUke gf gp%oﬁlﬂn%aﬁ&%f e%.,%{r}ig i¥im, 71{?%/ Hia§ B ain

can Separ ate e reaction I um
therapottticady amageis mesaktingy fy@amigee aga vatattolio stabilityli foeetanygiia Secreased in

vivo ﬁ%g-@irfqacgr: rgé]ﬁo&g %?)Eage&gqlgefni?ﬁ%g gégddh?cgﬁﬁ?,lé,‘g%ngg&{) 1% rlfiagations of the
disclbd2h gH&BQﬁﬁdsm ihb&paMed dnatac®fe i§(§tgﬁ@ @y, t@lﬁhﬁiﬁ @H,For H0) 5 which

conditions aré two advantages of this approach. FIG
may b¢ hseulrimtinrg andfur sulbstratef insupdispibniiomstogigno- subst i t ut ed
di esters (Formula 4), which may serve as substrates

for the enzymatic enanti tiye hydrolysis shown in
FIG 1. The process incl u%%‘gh@ﬁ‘cr%ssed al dol

condensati on, which conprises reacting an

urBhenfiatbwingadx alples e mtended @l talysiativEandribm@libilingMahdirepresent

a malonic acid diester (Fornmula 18) in the presence of
specifig eEbpdinentsf e Bresgnt NVEE -t 0 yi el d an

a, b-unsaturated nalonic acid diester (Forrmula 19) in

GENWA@WE@LWNW%I%BSG as defined above in

connection wt a 1. This type of crossed al dol
r eacdyimersciesniogovas cagied dihosne adGetellGdad cwhiah iiodegscribridah

[ escrihed in a f.literature reviews. See, . .
D. YisbgtIe Sl Bty f . T Eha asod B sinlivelesdim otdhion is
hereih @ﬁc%ﬁﬁﬁ‘&t% b§ rdefntdRr 6l 'ﬂ»urﬂo@c%. OB s dh&LihqRe! §&§enﬁfg plate
whi ch are herein incorporated by reference for all
(see ‘Pahip@seere cbtaieaddirom commerdialsazymp atfpbierfingodisgdthay @agoya,
J apar(le)pﬁloca{e Blagerf, §\{/£zrgrltagg’), K]%lvg ?\l‘o%diglg tl?ag(ijlla%%, %enmark), Altus Biologics
Inc. (Cambridge, MA), Biocatalytics (Pasadena, CA), Toyobo (Osaka, Japan), Sigma-Aldrich
(St. Louis, MO) and Fluka (Buchs, Switzerland). The screening reactions were performed in
an Eppendorf Thermomixer-R (VWR). Subsequent larger scale enzymatic resolutions

employed LIPOLASE® 100L and LIPOLASE®100T, which are available form Novo-
Nordisk A/S (CAS no. 9001-62-1).
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(Formul a 18) may be used, including secondary am nes,
such as di-?i-propyl am ne, di-zpropyl am ne,

wW@06000904 ne, etc., and their salts. The reactPONIBLAYS/001924
i nclude a carboxylic acid, such as HOAc, to neutralize
the product and to m nimze enolization of the

| | dehyde (Fornula 17).
W@%@ﬁ%@% iIng uﬁg]/iam“retn cal ketones may al so
enpirey hlikSMVAL 'UBNMRIafid 25 MEZ B0 IR §let@s Vo dbil@ned on a
zinc_chloride, -zinc acetate, and the like to

BRURER 304 HiteaShickdlT' cqripDysoibeid cpguicsseilprola PERNR prabs. Spectra
were %oﬁéi‘ fﬁ&iﬁ @n%ﬁ I{llg Ahd Hﬁqﬁﬁrd LRIk %Fﬂi%ﬁl' 2248 Sélutogil‘ﬁ r&!ttmes were

xane eptane, tyclo

emplbydd.l Saeplevevdry usuallyspyh ae2(hEy. foralrfde)tﬂa'ﬁrﬂen’c@e lHVIDFIMER spectra were
I n a subsequent ste

acquEiin S GemEotD Snalh PSS s BEE AL ByAdRyamL 2 ggroluton of
0.25 ﬁz{jﬁﬁﬂtmﬂ agéqcy BEH S doNAGAL ¢ é@il{/g@(yo d[)lz . g{g Bl jone

ani de (rragne ani
(Refarenterlgd8 st ¢ ppingad proachdingivess with 0.8 dldlidirbadenofg. tTypical

b- t d | oni di est F The
scqu i 051 SRR Cor U SRSt Prreghah e iries pere tip
angldPpuddesC2.6Q |ré’<f§/6fe$ieldyp EhE4R% cHlsWla rA®Riton ST ATRH g&ﬁ{DNgectral width

i'sopropanol,” or polar aprotic solvents, such
was tapigalihé5 KIH(ZefIOI@d-B@é tfuelﬁt prie (RefasnkeBMS #10qpm)h@roton decoupling

was P E PR L M o ping el <phiod @iring fygpessing. Typical

acquiRitRRainge RaPIgahal i n precursor (Formula 12), see U. S
Patent No. 5,637,767 to G ate et al., which is herein

I ncor por at ed b% reference in its entirety and for all
MAW%EE%O esired (S)- or (R -enantioners of any

R e e

ChenadtatimeRlogs dphate Tite IL@ ovay stpaibpédzwith an Aghent HXerpbhematEC

opti cal mno acids (Formula 1 or Formula
Systegspaqﬁiaap fﬁé lepg wg &g‘%ﬁ@}ﬁ%ﬁ %FP&%@P@&BPP‘@&W? agfired under electron
sprayCiBHR AN w B ACN/wWaK: ‘éc mﬁﬁg@l% o @Ia&d)aaspcﬂé §o19nt (10% ACN to
I ast er eol soners, eac osed a sing
90% chmint)i diesperatiresc mrcéueew$éﬁﬂi’@,tsedrcewaa,s 1§&3C Coamh idisobdrge was

I stallizati hr omat ogr aphy. The desired
3000 \zw OFiHF IQ@@%QQ&U%’HPFVWVSS‘%H ated fromthe
appropri at edi astereoi soner. Additionally, the desired

HIGIE PERFCRMANTE EIQUBY AMROMATEGRAPHY hed by o
recrystallization in a suitable solvent when it is it

avidighdisriermance diiquié Chremafagraphy (HRIeC)jwas peyfsirmead by aseties 1100
AGDS%N’E ”IlE((;C}?\I {)E@Q}Iﬁg ﬁs&mggznt/ qu1ppe|adw1thnansgm‘:fen% 336 iIPLQ?auto sampler,

quaternary pump, and a UV detector. The LC was PC controlled using HP Chemstation Plus
Software. Normal Phase chiral HPLC was performed using Chiral HPLC columns obtained
from Chiral Technologies (Exton, PA) and Phenomenex (Torrance, CA).

GAS CHROMATOGRAPHY
Gas Chrofnatography (GC) was performed on a 110 volt Agilent 6890N network GC
system equipped with an FID detector with electrometer, a 7683 Series split/splitless

capillary injector, a relay board that monitors four external events, and an inboard

— 39
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% ee). As described throughout the specification, many

of the disclosed conpounds have stereoi soners. Sone of
w0 beseoonpounds may exi st as singl e enant i onmePGI/IB2005/001924

(enanti opure conpounds) or m xtures of enantiomers

. i ch d ' .es), ~whi.ch i h
prine B0 SRR o B R VOB SR SRR Rl Bescr
(Forrwlami il eR*=Fay werhicbotmeptdi@h CEIRAVIDEX GSTaMtolumn (30 m x 0.25

stereoi soners, which are non-superinposable mrror
mm); Vil beliump sasies gasaanst asrlddYenVadensieh eendifiensothe mrmeester

st er ' nters.(i.e.,. chirali. . her discl osed .
decot el I BT SRaEle iRt WL Sl e RRminea
based SR gRlecGUFi BIEHOIEOTRE ShiraMTC Bolafins kE¥MA afslysis were obtained

di astereoi soners, may be chiral or achiral (contain no

from dysggceBig\Vippayt ®9k) . They i ncl ude nol ecul es
cont ai ning an al kenyl or cyclic group, so that

eltia _ . . ;
EX AN eca'l géz%gén?%‘%eﬁuzn@; 1? \E/\gajg?ﬁ rm?emgilsgsr eo%e!)r?ibic_8 aél(r%fzér s,
ethoxynathbnylrb-imetsl-bexemonf acad athylgster Fanmbg20)ite yiad({38h-3-cyano-2-
enerates a _correspondi di ast ereoi soner. Unl ess
etho’g’i?%‘E’@Hylbinﬁlﬁ’g'ﬂlﬁ%}@m&cgg&o(‘@%.2?15t hr ough use of
st er eobonds, stereocenter descriptors, etc.) the scope
of yhe present invention genefally includes th
er encE conmpogpghand it ereqtsoners, er fRNey
pure (£-_g.. _egantiopwe)
enant i ld£gl | putergH Thed or rac :
conpounds Wy al so contain a ketd or 0Xime grou 0
t hatQut omeri sm may occur. | HO%uch cases, theEfkesent
i nvention generally includes tau%gneric fornms, whether
they are each pure or. m xtures. ny of the conpolnds
described in this disclosure, including those
r dpaayserscedning wasrcatrled obt asinlg Fecrmediag Rit campricdpd hdividiial
forgin _g ar maceuti cal | gcc? t.abl e sﬁlts. These salts .
enzy gt fRRIBLS M SFBATREINEHS oL PBVCILRIG, Wi oeS freparedn advance in
accolda RG] with Behefl ACdedSihe A DY §28hRRek i, sglmr BB W53kl (2003),
acceptable acid addition salts include nontoxic salts
Eachaé thevwellsf lradrani empty) solume af Ocbsmb (sbhllav well ilase)h |Qurei el of the 96-

oo BB S VP R e
only R e gy Ahd SacllBF th\éergmgﬁlﬂ{g WSt (ﬁll%’Of the 94 enzymes listed in

Table 2 (10 uL, 100 mg/mL). Prior to use, the screening kit was removed from storage at -

are

80°C and the enzymes were allowed to thaw at RT for about 5 min. Potassium phosphate
buffer (85 uL, 0.1 M, pH 7.2) was dispensed into each of the wells using a multi-channel
pipette. Concentrated substrate (Formula 20, 5 uL) was subsequently added to each well via
a multi-channel pipette and the 96 reaction mixtures were incubated at 30°C and 750 rpm.

The reactions were quenched and sampled after 24 h by transferring each of the reaction
mixtures into separate wells of a second 96-well plate. Each of the wells had an empty
volume of 2 mL (deep well plate) and contained EtOAc (1 mL) and HC1 (1IN, 100 uL). The
components of each well were mixed by aspirating the well contents with a pipette. The

second plate was centrifuged and 100 UL of the organic supernatant was transferred from

— 40—
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such as aliphatic nono- and di carboxylic acids,
phenyl - substitut ed al kanoi ¢ aci ds, hydroxy al kanoi c

w@ei0dm009ed kanedi oi ¢ aci ds, aromatic acids, aliPptEIB2005/001924
and aromatic sulfonic acids, etc. Such salts thus

i ncl ud | f at f at i sulfate, i t .
cach wil ity Sendtes,Pefls 0B SRleRal biote Qe st i YEingtahe third
plate gﬁfyﬁbmeﬂﬁﬂ%@fé@tﬁmgfﬁ%&%@%{ EoveRYORRNBE R Srere sealed, the

. oride, brom de, iodide, acetate, trifluoroacetate,
third platspi asrizanefernod be ¢ Gkt eysteins iy deiprmingtion ebvriice) prulty (ed-e,

S ' suber at sebacate, f rate, nal ea

nehibls Shs i, Bode nitfy Syiah 28D o SpE AL B pneymes that
were Sirédrdell OP6NZ 8RR enBiid) e Qalud aiag R eSkIPr&B@bEthe relative reactivity

t ol uenesul f onat e, %ieﬂ | acetate, citrate, |actate,

of a paig|of erantioziery Grlestra uklpeniatted inghable haverq edculated from
ropceutical ly acceptable base salts include .

PG DR R B o b oSy bl Sl e, which i
availdbd frOMShe BHARIAS ATras. Keérerdly, 8hXhdsRRnBATS-8BEvity and an E

cation, as well "as am nes. ExXanpl'es of suitable netal
valued ebair S 5ian graaths arapuitblatfon scaletumt i on, sodi um cati ons

(Na+), potassiumcations (K+), nagnesium cations

(My2+), ' j + : ' anpl es

of suit agﬂéﬁ%?ﬁm%g%wis (r?ilg) uggg&lvl\% & ﬁg%%*?ﬁ{#%ﬁ%ﬁ?

IV, 1V - diggepgyl et hyl enedi anfhig n&fe OF OPr GeBhIE:  E Value

choline, diethanolam ne, dicyclohexylam ne,

BShietgveedi am ne, Nmet hyl gl ucam ne, procaine, and

Herdmpinyeesdmenavinses bmess | sediBole Ber ge Novozgmes  >200

~Phar ti alts,” 66 1. of Rharm Sc -19
If’i’é‘%‘)@%ﬁ’é"?@é‘?)St ahl and J@Paor?ﬁt'iﬂ natSERta T >200
m@pd%gw&mgqjaséal ts: Properii®pe Sel ectigipmarid Use

(20 e nay prepare a pharmaceuticall i_@accept abl e
Bloivemeapdtimiclon Esterase (or base 4099 by cont &tukang a 52

onmpound' s free base (or free id) or zwtterion w.ih
ey ?W?’&‘fsesﬁtilé’ﬁfﬁjnt of a desi ﬂgg aci d (%P.C%tag’gfsto%{
Rﬁ&%&c%r%zi@ﬁwl%sé‘ sal t. Idadie 28806 Pr RoVBEdseS fapm
solution, It may be isolated by filtration; "ot herw se,
Rhigopsaldryzaayifmee r ecover ed byFaPApor ati ng Almensol venss
One_nay al so regengéate the free base (or free acid)
BB eerstiss Librse 281 d addi t Foh-Qalt wi DOVEZEESe (or

. i n j : i ;Q@é@si cal
E‘Qﬁdzgda?ﬁa%?')c%zL &0 8 E%AE)B cTH&?gge £S5 Nz mes 3

properties of the free base ’(or e aci
msgaﬁﬂt}jysela@tﬁ@ addition salt (or base salt) may
differ (e g solubility crystal

Pig liver Esterase PLE-AS Biocatalytics <2
Enteropeptidase Sigma <2
Porcine kidney Acylase Sigma <2
Cholesterol Esterase Biocatalytics <2

R-Selective

Streptomyces griseus Protease Sigma 20

Streptomyces sp. Protease 118 Biocatalytics 11
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structure, hygroscopicity, etc.), a conmpound' s free

base and acid addition salt (or its free acid and base
w@alobpo@ne ot herwi se the sanme for purposes of PEI/EB2005/001924

di scl osure. Disclosed and cl ai ned conpounds may exi st

' h_unsol vat ed and lvated faqr and.as .ot her .
EXAMRECE P S B SR 2t Ao R BRyr bty -beranoic
acid dthll adde (Fdraiuhy 20) @6 yRld G3IBayasb-DRfoxlybeboisfl Hmethyl-hexanoic acid

conpl exes where the conpound and host are presenf in
potasgiug] ki (Bermatla &3 band{&r3seveneAiesmyeiboryioumethyl-bexmaic acid ethyl
emBrﬁQQHh? may al so contain two or nore organic,

I'norgani ¢, or organi c and i norgani c conponents in

stoi chionetric or nonstoichionmetric anounts. The
lting conpl exes may be iohized, partially yonized,
nonieMi zed. Ihpke, a%avi ew Rf sdééh conpl exes,

bli an, J—Phar+» Sci . $ 1269488 (1 :
ool | BaffgerteiRt abl e sol vatesoakso i ncl ude
hydratés and sol vates in ' e crystallizat
soﬁ%@ﬁt may be isotopicalﬁgagﬁ%stituted, e.g. E?%
d6- acejpne, d6-DVSO, etc. Generaldsy, for the purposes
of this disclosure, references to an unsol vated form

of a conpound al so include the correspondi ng sol vated
orA IAdica (¥R knarinped it Qusthsed plértingveas ¢haiged sl potassium

phosRIPRHAI AL L. 1T §%C@pﬂgﬂ@g§%§@%bt@§g gsgf’@%? The

sotopic variations,”  Iin one

mixture plagstixdedoat 380 REM fohbitimgnd KOHB@Y) e addedno abest th&pH to 8.0.
an_atonic mass different fromthe atom c nass

. usual |
(RIS)tErmenorfretharvrasbongl armethyl-heranaie agif ethyd gsterioanyla 20, 100 kg)
. . i e . . _
ves LSRR ISR s MUY NGO BHSHSP A B o
mainfagod pes S&X Therdatnt oSeattiaswis3tom aed UCHPIL€0i(Gpesiumh,

it : h L 1 st f. : h O
4.6 n%ll Xirlgg{%en ecieltj%pog EBAJE\QSHBPI 2 ost’%)%e Slrgﬁchéggxégglvg@rgw%%ut 406}29 % (e.g.,
after hisst O 85 R freMbh Wixtuddihs BsBRrRd th 3 A RRASryPfunhd1YqhE Aueous
such as” 18F; and isotopes of chlorine, such as 360.

mixtuge &as xtrastadopitic hepianea@Ddhg. BN (gbsdiate) avdsaddeR(dp toralyout 5 %
aff or ertain th utic adyantages resultij from

v Gt piio LRI R e B ph St e e,

separified O TR@bktrdctib@ sp wae déieartd dRRBIMdRE hkhde%ﬁ?fh?r& containing (3S)-3-
Addi tionally, certain isotopic variations of the

cyanei? thargearbentniountbsl-hesanpis ceidmetassivmesatt{Hooawla 2§kmay be further
cono R Pt 5470 A5 St e
contasitigl (/BS3-c yr8MPEthSK ycarbonyl-5-methyl-hexanoic acid ethyl ester (Formula 22)
were combined, dried, and concentrated. The resulting diethyl ester was subsequently
racemized in accordance with Example 6. MS m/z [M-+H]*227. '"H NMR (300 MHz, D,0):
0 2.35 (dd, 6H), 2.70 (t, 3H), 2.85 (m, 1H), 2.99 (m, 1H), 3.25 (m, 1H), 4.75 (m, 1H), 5.60 (q,
2H). °C NMR (75 ppm, D,0) § 172.19, 171.48, 122.85, 62.70, 59.49, 40.59, 31.83, 27.91,
23.94, 21.74, 14.71.

EXAMPLE 3. Enzymatic resolution of (R/S)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic
acid ethyl ester (Formula 20) to yield (3S)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid

— 4
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The follow ng exanples are intended to be illustrative
and non-limting, and represent specific enbodi nents

w@boosleopt esent i nventi on. GENERAL MATERI ALS ANDI/IB2005/001924
METHODS Enzyme screening was carried out using a

pota S B T % 50 S50 5 o SRR EE ot acd ey
ester @icyalu@samye of which is herein incorporated by
reference for all purposes. Al enzynmes used in the

s ch tesaton 3-B? &b equippas Wislh peerbgadgiirengis chinged withgaicium acetate

. i e Lud Na _

ot TP L YO B Sl P ORGP enanore

acid dtBAGSIA FaimuReI0aIKg)., TAE nitui i bgées 1100 RPMVCHS midgad KOH
MA),. Biocatal ytics &Pasadena CA), Toyobo (GCsaka,.

(5 Myigjadrad togdipsethapsk pdh0-(BIPOTARES, 100) tyanEXH(7a el is added and

. . [ . !
e b EHER TG RSN 00 BER AL DERSL L NRNERS ort ot 70
The eStdns efjisattion ia higaitosddydIRINZ YORtdotuntre g mid 0 NS0 anmldeeetion at
LJJPOLASE(r) 100L and LJJPOLASE(r) 100T, which are
200 na)s i Unom 1edahgg A $GVESIQUgE @bawt 42/ tp EA D [fo2.» after about 20-25 h) the
o B e ORI S AR v
hexae BRUKER v30BtOH (ataSluie lid{dde)l (ayto ghoed ¢ t/iw) o dsmop alighe

swi tchable P P probe. (?Fect.r? wer e ener%{l . .
emulSion Haf Bayms i theradisnns ancOraania gt o ol ol GRapfipn step is
repea® (RGEH 18 obit A Sfuehid ﬁy&rﬂ?)!n%Yrﬁﬂg (ﬁ?ﬁ%«%w%o&%tﬁo@%%bhﬂ-&

spun at 20 Hz for |ID eXperinents. spectra were
methylelpxianeid acidipatpsg omdelf (Bermuilp2 Rnyhishpod slkesysed iDsubsequent

ecycle del a d 16, scans. at a resol.uti of 0.25
transfF oot o Bl < bf SRR sty (LRI ydito e
ethoxyc@BbiS -nethryl-BeRRBIc(0RS @h AnsRr (dPmala 22) RRydondifed, dried, and

processing was with 0.3 Hz |ine broadening. Typical
concegigtfids i Ehic aesultingedicinyl aster ds spbsmuguilwracagizedivrecs pedeneeawith
Exan§L € acqui red using 30-degree tip angle pulses, 2.0 s

rrecycl e del ay, and 2048 scans at a resolution of 1

Hz/ point. Spectral width was typically 25 KHz from

Exal b PR AT B eh a7 Ao aers iR ragory e

(ForrRiilR Qgﬁﬂbﬁ%wﬁ}c%ﬂ-ﬁ—@tﬂlogy&a&ﬁtﬁly%Qﬁ&ﬁﬁLﬁlﬁandﬁ_&’ Réi@Pbtassium salt
n

acquisition tinme was 102 m n.
(Formula 23)

Raney Ni, Hy

HO,C

23 10

A vessel was charged with an aqueous solution containing (35)-3-cyano-2-
ethoxycarbonyl-5-methyl-hexanoic acid potassium salt (Formula 23, 411 L from Example 2).
Raney Nickel (50 % aq solution, Sigma-Aldrich) was added to the mixture, and hydrogen gas
was introduced into the vessel over a 20 h period to maintain a pressure of 50 psig in the

vessel headspace throughout reaction. The hydrogenation reaction was monitored by Hy
— 43—
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MASS SPECTROMETRY Mass Spectronetry was perforned on a

HEWLETT PACKARD 11 COMSD usi ng HP Chenstation Pl us
w@odobmended The LC was equi pped with an Agi | ent PAT/0E2005/001924

quaternary LC systemand an Agilent [iquid handler as

wptalgpd H 3 b AR Rt 0 S 7t S 24Gfm) of the
vesseﬁ O5tbifs. an)lﬂ‘)wﬁg réa@ﬁ‘or? Phe/ RftodsAMNSN s @ﬂt%&,@to ?erﬁb‘fb) the Raney

Tenper at ures: probe was 3500C, source was
Ni ca@bystndhel pHeH éhegwnmrmlumonmaswdmsmdﬁe 310013;1@?@17 %034C1 (about

or al | i on.
14 L) bR R B i REPTSH TARcEr i &G Ry oy
combinddldegat@Eyps Wedé bEiteMiated Giedelr ®8cubhOfd Aard EYU-isobut 1 2-0x0-
TECHNOLOG ES i nstrunent equi pped with L.an Agi Ilgnt 2

pyrrolipine-3a¢arboxsdigprisk (Fomude dPh ra'@r{M+P5]an€al Qtl‘@élﬂ?o(ﬂS ppm,

ODC 0 TReP T OBrEeis AP RS Uad Bl ool DL %

97 @i ral HPLC col unmms obtai ned from Chiral Technol ogi es
(Exton, PA) and Phenonenex (Torrance, CA). GAS
CHROVATOGRAPHY Gas Chromat ography (GC) was perforned

EXAMPIE §.1Pre FSQIlaHOﬁ\Gf 18P4bafi PPN WPfrbim @)-$YShbe Qodddo%ﬁ?ﬁ)hdme-
with an FID detector with el ectroneter, a 76 Seriés

3-carbgnyilic/asisl (Fotrawlg 18hpi | | ary injector, a r el ay board t hat
nonitors four external events, and an
i nboardprinter/plotter. Enantiomeric excess of the
di ester orrrulqls RS R4 Et) and nonogester (Fornmul a

11, R3=Et) for % | DEX GNHA
W|t el i um car—+€r gas, and

colum (30 m X

at 135C. Under /suc ondlctq?-ons t he nonoest
deconposed #H8:9i ve (S)-S-cyano-5~net hyl - hexanoi ¢ acid
et hyl ester, d ee was determ ned based op the
deconposi ti on?(gr oduct. The chiral GC col unfis used in
anal ysis were obtained from Astec, Inc (Wi ppany, NJ).

EXOQ\hsﬁcﬁr VessEN@OITe veas ichangid oithi (8)-4-isboreyl-i2co Xyl idsies3-
ek ) B B TP TR W e
adde €1 MX¥GREBL I the 7SRRI snl PR G365 B B 2 for an

additional 6 h at 110°C. The extent of reaction was monitored by HPLC (C;g column,

4.6 mm x 150 mm, detection at 200 nm). Water and excess HC] were evaporated to afford an
oil, which was washed with MTBE (2 x 15 L). Water was added to the oil and the mixture
was stirred until the solution cleared. The pH of the solution was adjusted to 5.2-5.5 using
KOH (about 6 kg), which resulted in the precipitation of pregabalin. The mixture was heated
to 80°C and subsequently cooled to 4°C. After 10 h, crystalline pregabalin was filtered and
washed with IPA (12 L). The filtrate was concentrated under vacuum to afford a residual oil.
Water (7.5 L) and EtOH (5.0 L) were added to the residual oil and the resulting mixture was
heated to 80°C and then cooled to 4°C. After 10 h, a second crop of pregabalin crystals were
filtered and washed with IPA (1 L). The combined pregabalin crystals were dried in a
vacuum oven at 45°C for 24 h. MS m/z [M+H]*160.1340. 'H NMR (300 MHz, D,0): 6 2.97
(dd, J=5.4,12.9 Hz, 1H), 2.89 (dd, J = 6.6, 12.9 Hz, 1H), 2.05-2.34 (m, 2H), 1.50-1.70

44
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Enzyme screening was carried out using a screening kit

conprised of individual enzynes deposited in separate
wowiobmowds a 96-wel | plate, which was prepared PEI/IB2005/001924

advance in accordance with a nethod described in D

(et 2 Pt ttE 1 4E LT gl B0 5 227 616 ety SRR (75

ppm,vwzlkj ) Pigat s 44 8nes med 13200 ,@11949&55\/\@12 boplyadie 803t &651995 %.
onl'y phosphate buffér (10 ni, 0.1 pH 7.2), anot her

wel | contained only ACN (10 m_), and each of the
EXANBHJEE i Reppakatios of O rB eyencoiethokyeaieonyd Sgnth}ebemn@p egid ethyl

ester (orbi 20t B slilandn gt B Fhbne & b Ruh stydiyggosanoe
ac1déth?legfezm&nme2@ allowed to thaw at RT for about 5
m n. Potassi um phosphate buffer (85 nL, 0.1 M pH 7.2)
was di spensed into each of the wells using a
mul ti - channel p'bﬁette Concentrated_s strate (Formul a
20, 5 nl) sequentNapERBEEI t 0 eagh | via a
mul ti-channel N pette and The 9% reaction \n Xt ures
wer e i ncubat ed A-CPERC afd FB M  The redctG@Bs were
quenched ansios@anpl ed after 24 h by tramgierring each
of the reaction mxtures into separate wells of a
second 96-wel | 2pl ate. Each of the wells had an enpty
voI ume of 2 nL (deep well pI ate) and contai ned Et OAC
nent
e PP gl o St R ERPORT  m by P ot ecia

ethyl%ﬂ@ﬁ(ﬁcﬁmum 40500 apd EtC@I-I\@SD Eeadidm ¢gdxaied2 100w in EtOH,
t he organi c supernatant was transferred fronmeach

of
79.0 kel 1 cghwes addeditathe m:eclturg, %hlclawaﬁ heated®-8HeCIfop2 e After

shal | te The | ate wer
comfi G BB Gl pel ol S allud o o RR R Gl htegizas by
addiddBOWe! (I 3.2Wr @oﬁ@@ir%%vaﬁd"t@tldrhbﬂ tHe BIOHEMWBE Glﬁﬁﬁfwfhl’s heded to the
to a GC system for determ nation of optical purit

mixtyrgegnd tfr%ltﬂseltlaglwlsmgn 8igs filtered ppg geanemted toSaffsmi (BS)- ga@ﬁ@nO-Z-
| -
cvof55 BT, 0k SR TRt s ERLIRR AL T SSRENER e

the relative reactivity of a pair of enantioners
EXAMRILS U r Btepajation i8)-Ecyalou® methys-hexhnoiv dbabéthylEsive (Bormula 24)
calcul ated from HPLC data (fractiqnal conversjiqn, c,
fromé?rsp-%éyar@s%-ﬁ@%ycemﬁg MR ddieamaartiddraalaghi ch i s
avai |l able fromthe University of Gaz. Cenerally,
s exhibiting S-selectivity and an E valu

CO,Et NaCl

HO,C

21 24 25

A 50 mL round bottomed flask was charged with (3S5)-3-cyano-2-ethoxycarbonyl-5-
methyl-hexanoic acid (Formula 21, 3.138 g, 13.79 mmol), NaCl (927 mg, 1.15 eq), de-
ionized water (477 uL, 1.92 eq) and DMSO (9.5 mL). The resulting mixture was heated to
88°C and maintained at that temperature for 17 h. A sample was taken for LC and LC/MS

analyses, which showed the presence of the starting material (Formula 21) and the products

— 45
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Enzyme Trade nane Supplier E Value S-Sel ective

Ther nonyces | anugi nosus Li pase Li pol ase Novozynes >200
woRiosomess del emar Li pase Li pase D Anano >200 RPGCRIBR065/001924

ni veus Li pase L-9406 Sigma 66 Rhi zonucor m' ehei

(Forig g 43 § RO R BRREDH L8 kT 2@ BT apikey inoreased to

135°é%999u&19é/@m £6r o KAUFIALS.5 A Y2 §e%oﬁd passle FAE 1k ATRITOC and
Candi da antarctica Lipase -A CAL-A Novozynes 5

LC/M& anialyisas avhichr showed the giasmecg s@fiingBnatehipl Greymelal21pand showed, in

addlthLnEto n%sgg%%ﬂdgftfﬁg r}é'éf?aEﬁéf I Y ¥ eghlg:/er r%:sgtzo umd%ntlfled
byprédictl 18)-Kicoarys ;@%xﬁlcﬂé@l&&hgﬁk&ﬂ:&ﬁﬂﬂa E5): o7 a23% ee after

Bi ocat al yt| cs <2 i el ective Streptonyces griseus
88°CPPBbdasealBirglB@°20 St rept omyces sp. Protease 118
Bi ocatal ytics 11EXAMPLE 2. Enzymatic resol ution of
(i ?/5")-3-cyano- 2- et hoxycar bonyl - 5- net hyl - hexanoi c
EXAACH’ICE &t Dﬁtemﬂtadbn oFtreroptiaal 20)ityt @e)yofa(SH4-isobutyl-2-oxo-pyrrolidine-3-
i—S ano 2 t hoxycar bonyl - 5- et hyl - hexanoi ¢ aci d
Carb‘B‘dl‘é%‘Fllg ormul a 23) and

( Ri“hcsolﬁﬂé %rg%%f @Wﬁ%lj&?lny Ioxg g?ﬁ&ltﬂdihe @ec)é?d?ﬁgﬁc aqh gFormula 10)

et hyl "ester ornul a 22) re (392 L ui ppe
was dﬁtd;rtmmde\nheddnsatlzahomglem AhsangpdelofgSh-H-ipaiuagsd-axoe-pyrrolidine-3-

carb SR P P B W70 Fudin B oo BE 28 Aoyt ary HCl in
dloxé{e' at ‘7@“‘{13 af h@l@gulﬁﬁ%d‘cgaﬁ% dstéP WasRdyiCd by BPM (BBraddedk Ap-1,

to adjust the pH
4.6 mm x 250 mm) using a mobile phase of hexane and EtOH (95:5), a flow rate of

1.0 mIL/min, injection volume of 10uL, column temperature of 35°C, and detection at

200 nm.

EXAMPLE 9. Determination of the optical purity (ee) of pregabalin (Formula 9)

The optical purity of pregabalin was analyzed via a derivatization method. A sample
of pregabalin was derivatized with Marfey’s reagent (1-fluoro-2-4-dinitrophenyl-5-L-alanine
amide) and then analyzed by HPLC (LUNA C;3(2) column, 0.46mm x 150 mm, 3um) using a
mobile phase of aqueous NaPO, (20 nM, pH 2.0) and ACN (90:10 for 10 min, 10:90 for 3
min, 90:10 for 5 min), a flow rate of 1.2 mL/min, an injection volume of 10 uL, column

temperature of 35°C, and detection at 200 nm.

EXAMPLE 10. Enzymatic resolution of (R/S)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic
acid ethyl ester (Formula 20) to yield (35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid
sodium salt (Formula 23) and (R)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl

ester (Formula 22)
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(i ?/5)-3-Cyano- 2- et hoxycar bonyl - 5- et hyl - hexanoi ¢ aci d
ethyl ester (Formula 20, 100 kg) was added, and the

WO e®aloiong m xture was titrated with NaOH ag (BOI/#8§2005/001924
during hydrolysis to maintain a pH of 8.0. The extent

of reaction was nonitored by LC (C18 colum, A.6 mm
detreotyvee at 1000 . Uggn reachi CN
I on of ab®&uwtv40-45 % ( & after about )

ction nixture Was transferxed to & separatoxy
f unnel Eta qUBEESHi%t ur e was e raeEfed with hepyangQEt

(2@80.L) . EtC]—| (absol ute) was®SePsd (up to aboutEtG(%
v/iv) to disrupt a light emulsion that forned, and the
aqueod® and organic layers were $&parated. The 22
extraction step was repeated twi ce, and the aqueous

| 3y §Lack? @f i quﬁlgﬁéd with overl head st1rr1ng is charged with calcium acetate
cyano- 2- et oxycarbonyl - B et h hexanoi ¢ aci

(254 ho), deisnized water ({8981/nkg) and &IP% ® {1l 1006l (food grade

LIPO] A e R e oD g i |<§/yﬁ-?-cya% Sipgarbonyl-5-methyl-

hexal{o‘?a aéide Nésted égbﬂmmermmgr% mamy @@h@rgg%hﬁh the

et hyl ester rmul a 22% were conbi ned r
mixtygoe nﬁ:%meddolefwr h.TNeOFe@06% ka gf 3@ fhgalutéan és addad over the course of

the relselétri)%}e uent {% r% ?lmaf%qﬁ“\ja{] (%8(61? ﬁ}gﬁe%we W trrg]o Eéaegg)y(
(C13 &thmn 4. 6 Qm(lk 156|Iﬁm (?et&rmoﬁfit 200hm). 2UP&h fethihgh coBvezFon of about

. 13C NMVR (75 _ppm |
2 % i afamzoa% hytho A6 g Sisrine SreiptomDye, B oreanic

phaseEl%lz als td?a?el? g’%pafa%?cpghd tﬂ% a(zlfleoug'ﬁhzzsz is WAAMTHFic8 with toluene (780 kg).

The a(qué’qsﬁc's)laﬁr cymamid: @Shescysar-DethixySerbiyislmbbyBhaianoiaacd
eth est er gFor mula 20) to

sodiumEAt BoByalAaS pOCHHb Ry RS DS i Ajans Examee 4 1) withou

noddet bonyl-5-methyl- i

o By T BRI o e eancie

acid ethiydstee gfe@mul2) rm a)rﬁlﬁ)led\atrdaambmtrat& OChelrysudting qipthg] ester is
wi th overhead.stirrjn harsle with cal cium acetate

subsqgipiibt rapamiged in acepda

(i ?/5)-3-cyano- 2- ethoxycarbonyl 5- nethyl hexanoi c acid

et hyl ester (Fornmula 20, The mxture is stirre
EXAMPIH bb E@WB?H )i Waaﬁeﬁ Imei?qyl( -Bexgpoic acidi sl epigr & g%)
o3, 8 7 TS B oy e

(5 M durlng hydrolysis to maintain a pH of 7.0. The
extent of reaction is nonitored by HPLC (Cl col um,
4.6 mm x mmNet ect i orfafNaCl

\ ——
CO,Et 75-85°C

Na® ©o0C
23 24

A reactor (16000 L) equipped with overhead stirring is charged with the final aqueous
solution from Example 10 (9698.6 L, containing (3S5)-3-cyano-2-ethoxycarbonyl-5-methyl-
hexanoic acid sodium salt, Formula 23), NaCl (630 kg) and toluene (900 L). The mixture is

stirred for 2 h under refluxing conditions (75-85°C). The stirring is stopped; the organic

— 47—
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200 nm . Upon reaching a conversion of about 42 %to
45 % (e.g., after about 20-25 h) the reaction m xture

WO 20060060984 erred to a separatory funnel. The agREDIBR005/001924
mxture is extracted with hexane (100 @6v/v) Et OH

(absol is ad to W upt
phaselis BrRe U e B e o sesSoTiibe & waslied bt iy @oo ).
The ok@)ﬁﬁ:rlﬁ%léé |y 6P 86 RAB1S)- §J3§arﬁ>xshﬂa¢ﬁy1%exﬁoﬂpad1@ ethgP&edred

tW ce 0 obtain an agueous I ayer cont al ni ng

(Forn(ud524)-28¢ eqrabined amst mgfrctmt@b niiie-ghylegteh gHonm}ae%) icsubsgayently
$shym s al t ), which may be used in
hydro@@ﬁgélhﬁcé:ﬂf ng%.‘:;( f ]?3 wi t hout isolation. The

organi c Iayers cont ai ni ng (|°) 3- cyano 2-

xSRBS TS B B REh bbb e
(Fonnm@%)qwh*(S)ngc?dr@tilmeﬂg%exaﬂofc @ucbétﬁgu.@f& :grorhﬁﬂa‘SM)Z ed

i n accordance Wi th Exanple 6. EXAMPL epar ati on
of (5)-4-isobutyl-2-oxo-pyrrolidine-3- cangxyllc acid
(Formul a ) fé%

(35")-

ano-s

ethoxycar%%ﬁyg-S met Nyl - héxan0|c acid
pot assi um (Formula 2 %)A vessel . charged with
an aqueous sol prrcont arfil ng (35r)-3-c
et hoxycar bonyl - 5- net hyl - hexanoi ¢ aci d potassi um sal t
(Formula 23, A11 L from Exanple 2). RaneygN ckel (50 %
aq solution, Signma- Aldrich) was added to the m xture,
and hydr ogen gés was i ntroduced into the vessel over a

20M rﬁap@r (1@@00 ) ravipped with operbeas stierieg iszhagged ith{S)-A&yano-5-
methyi S5 %gr'mé SAHIRRI S NERHANG N J1RRG! er%-%x}ﬁ%ieub 1), KOH (17952 ke,

@

Fon-’r eacti on wasS honi t

45% i’(ﬂ?\hﬂbrﬂ Rétlvy shESHACTI 30Dk g)mie added tonthexedcdion Bk tutke tverh tvigoous
at 200 nm of the vessel contents. Follow ng reaction,
stirringh érl@qg@p@rgtum istoaintaingd af 23 °CerAflertdoh.teippetiqnaixs dy,charged to

ool i) s REREIRIEAL, D) e ™

resulting solution was extracted three times with

EXA]?@%@]&{ %pg%gﬁmﬁ%fr&a%@% ned aro%&a m fS)I Sagfarn%-él\e eﬁlyl hexanoic

amdﬂ&%ﬁﬂmiﬁmgy%ﬁhﬂgzgyo- ryrrolidine-3-carboxylic acid
(Formula 10). M5 nfz [ M+rH] +186. 1130. 13C NWR (75 ppm

CDCI 3) d 175.67, _172.23, 54.09, 47.62, 43.69, 37.22,

gg"54 Yield 40-42 %
S NI,H2

26 9

A hydrogenator (12000 L) is charged with water (942.1 L) and with the reaction
mixture from Example 12, which contains (S)-3-cyano-5-methyl-hexanoic acid potassium salt
(Formula 26, 4122.9 L). A Raney nickel suspension (219.6 kg, 50% w/w in H,O) is added.
The hydrogenation is conducted under 50 psig at 35°C. After 6 h, the Raney nickel is filtered
and the resulting filtrate is transferred to a reactor (16000 L) for crystallization. After adding
H,0 (1098 L), the pH of the solution is adjusted to 7.0-7.5 using HOAc (864.7 kg). The
resulting precipitate is filtered and washed once with H,O (549 L) and twice with IPA

—48—
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EXAMPLE 5. Preparation of pregabalin (Formula 9) from
(S)-4-isobutyl -2~oxo-pyrrolidine- 3-carboxylic acid

w@ Bwsouided 10) A reactor vessel (60 L) was charBerIBaein01924
(>S) - 4~i sobut yl - 2- oxo- pyrrolidi ne-3- carboxylic acid

2.58idyganty T e siraearipeg A AR TR o [y e
nﬁxtlﬁlag{ﬁe)été@q% 70e@ LA SJH%%%%ﬁﬁl_ﬁ Bodledio $EC £AE 5-96 hale crystalline solid

tional 6 h at e extent of reaction was
is filteted| washed with ]HAL@72£1& asnd Idumil in 4 vé&cuom «veil51®45'ﬁﬁ for 24 h to give
det ection at %ﬁ excess _HCO wer
pregabalip 8y avbife P@’S‘éﬁfﬂﬂtﬁsdhﬁrﬁl‘@ll ke, a0 oXerall widh e - W"t pyuity and
09 79BEy(2 X 15 L). Water was added to the oil and the
n1xtare was stirred until the solution cleared. The pH

LS R L e o

articlp$ a@ahalkh N “ad handrithe Umneaywafer beatiagletobj06r @ralurality of objects
subsequently ‘cooled to 4C, After 10 h, crystalline

unlesg fﬂ@g@@éﬂ&t Aleqs mdiqages,otierwieg. haShERr sepmle, mﬁel{eme foya composition

conta;l-lgg d% gelaﬁl@(lslﬁq_d“@@a[}ggag@%gl %ﬁ%gﬁgﬁ@x@b Lrg,&e%ﬁlgam It is

to beasidedtobad tlid ¢he sbevel descripiidn mnntendttel to ds tllldstratverand not @estrictive.
was_ heated to 800C and t hen ed to 4C. Aft
Manyeigbe H@n@r‘wﬁ b&faPB%ré’@tatBéli“?Sﬁ 0 thl%ﬂge %lﬁ@nfrr:ﬂl%%ée HE%G
descx‘(‘@t ql‘h‘éﬁféfg'rel ﬂﬁés&;epg@f the 1“@61&&)%&1819@ b@&i@ﬁaﬂﬂﬁkﬂ Rvith references to
tals were In a vacuum oven at 450C for 24 h.
the ap{&ndtck claivhHjnelli6Audds3Ue fulllsdopd/t ¢RI lduttzto VOEG) suadh c2aifig are
entit] &;j The, d]'ggl?)@r%%ét? %g}@@ %e&sr%no%ggggédmgpgﬂen% Zlg)a%wl_%pplications
and ﬂu'ﬁilcatibnl@ré hereth ificokp&ratdd bydbbereride $PtheH@ntirbtyardt for a@p@rposes
6H). 13C NWR (75 ppm DQC» 181. 54, 44. éT 41. 28
32 20, 24.94, 22.55, 22.09. Yield 80-85 % ee > 99. 5
% EXAMPLE 6. Preparation of
(i ?/'S)-3-cyano- 2- et hoxycar bonyl - 5- et hyl - hexanoi ¢ aci d
ethyl ester (Fornula 20) via racem zation of
(1 ?)-3-cyano- 2- et hoxycar bonyl - 5- met hyl - hexanoi ¢ aci d
ethyl ester (Fornula 22) A reactor was charged with
(i ?)-3-cyano- 2- et hoxycar bonyl - 5- net hyl - hexanoi ¢ aci d
ethyl ester (Fornmula 22, 49.5 kg) and EtOH (250 L).
Sodi um et hoxide (21 %wwin EtOH, 79.0 L, 1.1 eq) was
added to the m xture, which was heated to 80C for 20
h. After conpletion of the reaction, the m xture was
allowed to cool to RT and was neutralized by



addi ng HOAc (12.2 L). Follow ng evaporation of the
EtOH, MIBE (150 L) was added to the m xture, and the
WO e®aloddnyg sol ution was filtered and evapor at eBCT/IB2005/001924
afford (R/'S)- 3-cyano- 2-
et hoxycar bonyl - 5- et hyl - hexanoi ¢ acid ethyl ester

( I i.n quantitative yield. EXAMPLE 7.
WH@%@Q‘W ) - 3- cyano- 5- net hyl - hexanoi ¢ aci d et hyl
ester (Formula 24) from
(3R) - 3-A ytiodofahdliny & astapsurd-dd Faahhil1; hexanoi ¢ aci d
(Formula 21) A 50 nL round bottoned fl ask was charged
wi th (35)-3-cyano- 2- oxycar bonyl - 5- net hyl - hexanoi c
acid (Fornmula 21, 3. 9~ 13.79 nmmol), Nad (927 ng,
1.15 eq), deionized mate%{kff?\nmagi.QZ eq) and DVBO
(9.5 nL). The resultingRM xtWwse was heated to 880C and
mai ntai ned at that tenperature for 17 h. A sanple was
taken for LC and LC/ M5 anal yses, which showed the
presence of the starting material (Fornmula 21) and the
product s(Formul a 24 and Fornul a 25). The tenperature
ora ﬁl’lfanﬁil:%uﬁée&lty%éeﬁ%ﬁﬁe éé&ﬁﬁl@ﬂ%ﬂ,t do¥vakd & H%@%ﬁé‘ tHefook 3R QiaNd
allpmed fo'react for an additional 3.5 h. A second
s dhpdnd Riease tidfeaent fand ateCacinthdei@ivi8enthnsojesitas] frovh ihytirogen atom,

showed the ab ce o tartin terial (Fornmula 21)
and sh oé\léa ,aﬁﬁyﬁ ecgd%i FWEQ?EI()?Dantdﬁgb%&gﬁeg gg‘%ﬁ(‘y(? &?Ejyé

the meftABehpridthgand Fornul a 25), the presence of
uni dentifi e§ byproducts. (S)-3-cyano-5-nethyl -hexanoic
adid etRgatingsraomporad piFermedy 2, 97. 4 % ee after 88C;
97.5 %e after 135C. EXAMPLE 8. Determ nation of the
optical purity (ee) of
(5")-4-isobutyl - 2- oxo- py
(Formula 10) The optical,
(5) - 4-i sobut yl - 2- oxo- py¥rol
(Formul a 10) was determ ne
met hod. A sanpl e of HO,C
(5)-4-isobutyl -2-oxo-pyrrolidine-3- carboxylic acid
was esterified with EtOH i ngthe presence of a
catal ytic amount of dry HOd in di dxane at 700C. The
resulting |lactamester was anal yzed by HPLC

or a sQITRAL PAKIADA lelcid4n8 watanto 2501 thecomppmyl ef Fovinulael hasét thereof;

of hexane and EtOH (95:5), a flowrate of 1.0 nL/mn,

i njection volunme of | QOr, columm tenperature of 35C,

ang) det ffohAly @&nvélidgMiB cdmiMbl bf Bornkih € 0MaRAk tHeRoPinto a

the optical purity (ee) of pregabalin (Forryulq 9) )

pharmaceutically acceptable complex, salt, solvate or hydrate, wherein R* and R” in

ol dine- 3- carboxylic acid

e- 3-carboxylic acid
derivati zati on

and

Formula 2 are as defined in Formula 1.

2. The method of claim 1, further comprising reducing a cyano moiety of a

compound of Formula 3,




The optical purity of pregabalin was analyzed via a

derivati zation nethod. A sanple of pregabalin was
walesosmeddzed with Marfey's reagent PCT/IB2005/001924

(1-fluoro-2-4-dinitrophenyl -5-L-al ani ne am de) and

then A HPLC (;L C18G2) cC m, 0. 46mm X
or a SO B el PO ek oA HRRer v RERB: 20

NNR! st B2 18 FoamdlaACe 69 Befirkd if Bormddlami fnd 10: 90 for 3

mn, 90:10 for 5 mn), a flowrate of 1.2 m/mn, an

i iR eiathosmulact 1§ fa-108lkyl Gy cyelsialkivh or enfdhiatalieyd. of 350C,

and detection at 200 nm EXAMPLE 10. Enzymatic

regol utq : i
(i(5s)- ]:Haﬁ-gc&yngt%‘-l 9 Sl 2, urther cComPrising: |yl - hexanoi ¢ aci d
et@@yl eshectifgEecompeuritl)f Roemylaed, d
(35) - 3-cyano- 2- et hoxycar bonyl - 5- et hyl - hexanoi ¢ aci d
sodiumsalt (Fornula 23) ;and (
- S-cyano”- et hoxycar bonyF\S- igfrhy !l - hexanoi ¢ aci d et hyl
ester (Formula 22)A react (16000 L) equi pped with
overhead stirring is cB&rg d wi qgcalciun1acetate (254
kg), deionized water (1892/7 3%§2 nd LI POZYME(r) TL
100 L (food grade LI P®*BE(r), 983.7 kg). After
conpl ete m xi ng,
(1 ?/S)-3-cyano- 2- et hoxycar banyl - 5- net hyl hexanoi ¢ aci d
et hyl ester (Formula 20, 9000 kg, 85 %urity assay) is
charged and the m xture is stirred for 24 h. NaCH
with @2 &88niego yield tieompeuohd of Bormuils3,atdedlt theeeoft frel coumpmnd of
F ﬂéﬁ he reaction to maintain the pH at 7.0. The extent
0 4 %eaction i s nonitored by HPLC (C18 colum, 4.6 mm X
150 mm detection at 200 nnm). Upon reaching a
conversi on of about 42 %lto 45 % (e.g., after about
20-25 h) the titrator and s#¢Nring are stopped. The
organi ¢ phase is innedk? y separated and the aqueous
phase is washed twice with c®Re (780 kg). The
aqueous | ayer containiqﬁb
(38)~3~cyano-2-ethoxyé% gnyI-S-nethyI-hexanoic acid
sodiumsalt (Formula 23) is used in subsequent
transformations (Exanple 11ﬁ wi t hout isolation. The
organi c |l ayers contai ni ng

wheréi% ’I%ei & %‘% Ir,tlso z(\cégfe%ﬂg gx%%gogeggéivggﬁ&%ﬁcggéeatﬂg )c(:grrl]agim(l:nda gf P%rmula 4 to
the c6APERIALNT Fofflula BN arsaRWhdrédfg di et hyl ester is
subsequently racem zed in accordance with Exanple 6.

EXRIVPL Esalatingrthe pempeinshoi(Fprmeladyermeal-these¢fy kndhexanoi ¢
aci.d et hyl F 4 f.r .
(351 S an @b LBl RorftHunkh Eprppia s e itk the samgound of
Formaldi, whegsh t ( For nul a 23)
Rl, RZ, and R® in Formula 4 and Formula 5 are as defined in Formula 3; and
R*in Formula 4 and Formula 5 is the same as or different than R® and is Ci-12 alkyl,

Cs.12 cycloalkyl, or aryl-Cy.¢ alkyl.

4. A method of making a compound of Formula 1,



A reactor (16000 L) equi pped with overhead stirring is
charged with the final aqueous solution from Exanpl e
wa060@084 6 L, containing PCT/IB2005/001924

(35) - 3- cyano- 2- et hoxycar bonyl - 5- et hyl hexanoi ¢ aci d
sodi um sal t, Fornul agp33).— NaCl (630 kg) and tol uene
(900 L). The m xture ts stir for 2 h under
refluxing conditions (75.,8500) . Q®dlistirring is
st opped; the organi cpha%e I sg¥ mredi atel y separated and
t he agqueous phase is washed twice with tol uene (900
L). The organic |ayers, whigh contain
(5) - 3-cyano- 5-net hyl - hexanoi ¢ acid ethyl ester
(Formul a 24) are conbi ned and concentrated. The ethyl

or a phatreace(ifranllyuucaeplble camseh selysoivate/orthydrand sheedf,iin which
accor e wih Exapple 12, EXANPLE 12. Preparation of
(g M Bl ) ek ReSE Rt g siogen stom,
( For wl@_lgﬁmg{f@m éy@idaﬁ;ﬁ}’ﬁ'&%ﬁﬁs‘tﬂ&%@ﬁ SraRakhe acid

ethyl estér (Fornmula 24)" 24 26 A reactor "(112000 L)
the methodppegrigingh over head stirring is charged with

(S):3-cyano-5- et hyl.- hexanoi c acjd.eth ster
(B 0B Do mleip Y R bamgp RS 355t €3 705 2 ko,
45% sol ution, ww and H20 (693.9 kg) are added to the
reaction mxture wth vidorous stirring. The
tenperature is maintained atCI25C. After 4 h, the
reaction mxture is chgp to a hydrogenation vessel
(Exanmple 13) with no furth up. EXAMPLE 13.
Preparati on of pregaba#gr; Formila 9) from
(,S)-3-cyano- 5-net hyl - Gnoi ¢ aci d pot assi um sal t
(Formul a 26) 26 A hydrogenator (12000 L) is charged
with water (942.1 L) and wi Ph the ,reaction nixture
from Exanpl e 12, which contains
- 3-cyang-5- net hyl - hexanoi c, aci d pot assi um sal t

or a s e300 § B e SRR °F Sl uspensi on
(219.6 kg, 50% w w in HO is added. The hydrogenation
i s conduct ed under 50 pg’{lg at 35C. After 6 h, the
Raney nickel is filtere nd~the resulting filtrate is
transferred to a reactors \600Hy) for
crystallization. After™addi tB@r(1098 L), the pH of
the solution is adjusted td 7.0-7.5 using HOAc (864.7
kg). The resulting preB®Gate is filtered and washed
once with H20 (549 L) and twice with I PA(2,586 L
each). The solid is recrystdllized,with | PA (12296 L)
and H20 (6148 L). The

or a salt thereof;

(b) decarboxylating the compound of Formula 7 or a salt thereof to yield the
compound of Formula 1 or a salt thereof; and

(c) optionally converting the compound of Formula 1 or a salt thereof into a
pharmaceutically acceptable complex, salt, solvate or hydrate, wherein R! and R? in

Formula 6 and in Formula 7 are as defined in Formula 1.

5. A method of making a compound of Formula 1,
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m xture is heated to 700C and subsequently cooled to
40C. After 5-10 h, the crystalline solid is filtered,
wor®heeowi t h | PA (5724 L), and dried in a vacupeor/B2ee5/001924
at 450C for 24 h to give pregabalin as a white
crystalline solid (%ﬁéé_gg, 30.0 %overall yield, 99.5
Y% purity and 99.75 %e€e). %t ould be noted that, as
used in this specificatigp<and H&thppended cl ai ns,
singul ar articles suchRs "&2 "an,” and "the," may
refer to a single object or to a plurality of objects
unl ess the context clearly ijndicates otherw se. Thus,
for exanple, reference to a conposition containing "a
conmpound” may include a single conmpound or two or nore

or a phefRReaEslly latcdptabledcddgplen) dalt, sbDatk dritgidrdidithefloO e which
description is intended to be illustrative and not

r &% tand i’ ape difforany andhiys @ncheindepspdenthhielestsddramn fydiggen atom,
t hose ski in ' t e
descr i g?lr% Ef.léyirlgjéfyeé},g?og ﬂ{ ’haé Hg g%%@‘igé a?"sze(g)iglno\?e }/’i on

the method|cdmbpeiskgs er mi ned with references to the appended

claims and.i ncludes the full sco equi valents to

wHRbh JERYCIRG AFYASO ZPQUCTEQf ?FP@B?“‘%ﬁ%fO%qr@gr"o%ur es of all

articles and references, including patents, patent
~applications and publicgtions, are herein incorporated

by reference in their en\i &N and for all
pur poses. WHAT | S CLAI S: 1. A nethod of nmeking a

conmpound of Formula 1,1 o ffmaceutical ly

acceptabl e conpl ex, salt, solvat'e or hydrate thereof,

in which RL and R2 are different and are each

i ndependent |y sel ected fromBhydrogen atom Cl-12

al kyl, C3-12 cycl oal kyl, and substituted C3-12

cgcloalkyl, t he nmet hod conprising: (a) reacting a
ora sg

_ﬁlmmfdwosfiel#éhmmr@pogind of Farnyde 4 or psplegrereofiand an
2" GBI e ERTRPHAR AL FETH i

pharB SRFNAEHNY @Eeptablatbmpléx,aalt asobakd ot heliefwhanin Ra and R* in
pharmaceutical |y acceptabl e, conpl ex, salt, solvate or
Formplady areds d@jﬁ@d@pﬁ‘omulgﬁd aqbRj i Formula 8 is hydrogen atom, Cy.12 alkyl,

Cs.12 cycloalkyl, or aryl-Cy_¢ alkyl.

6. A method of making a compound of Formula 3,

or a salt thereof, in which
R! and R? are different and are each independently selected from hydrogen atom,
C1.12 alkyl, Cs.12 cycloalkyl, and substituted Cs.12 cycloalkyl, and
R?is Ci1.12 alkyl, Cs.q2 cycloalkyl, or aryl-Cy alkyl,
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Formula 2 are as defined in Fornmula 1. 2. The nethod
of claim1, further conprising reducing a cyano noi ety
w@booa/oewnpound of Formula 3, 3or a salt ther eoPCT/IB2005/001924
yield t he compound of Fornmula 2 or a salt thereof,
rein RL and R2 in Fornmula 3 are as defined in
ﬂWInﬁgPﬁﬁ?@Pﬁmn%nd R3in Fornula 3 is Cl-12 alkyl, C3-12 -
c*gloabgﬂ&wuﬂya@ﬁm@ddgaO§F@bﬁng4 3. The nmethod of claim
further conprising: (a) contacting a conpound of
Fornula 4, with an enzy to yield the conpound of
Formula 3, or a salt thB eo%nqand a conpound of
Forrmula 5, wherein the e me is adapted to
enanti osel ectively hydr® e the conpound of Fornula 4
to the conpound of Fornmul a 608" sal t thereof; (b)
i solating the conpoungyﬁ$CFornula 3 or a salt thereof;
and (c) optionally racenizing the conpound of Fornul a
5 to yield the compound of fornula 4, wherein Rl, R2,
and R3 in Fornula 4 and Fornula 5 are as defined in
Formula 3; and R4 in Fornula 4 and Formula 5 is the
with &PRyRS t@Fiett fhkebs Pbuﬁcfk&ffFoEﬁu&rBjaﬂcBa &Smpotindlok Forméla 512
cycl oal kyl', or ary -6 alkyl. 4. A nmethod of naking
a conpound of Formula 1,0r a pharmaceutically
acceptabl e conpl ex, sal £, sghyate or hydrate thereof,
in which RL and R2 are different and are each
i ndependent |y sel ect edR¥r oxn hydrogen atom Cl1-12
al kyl, C3-12 cycl oal kyl, a ituted C3-12
cycl oal kyl, the netho@ﬁgggprising: (a) reducing a
cyano noi ety of a conmpound of Formula 6, 6 or a salt
thereof, to yield a conpoung of Fornmula 7,

wherein the enzyme is adapted to enantioselectively hydrolyze the compound of Formula 4 to
the compound of Formula 3 or a salt thereof;

(b) isolating the compound of Formula 3 or a salt thereof; and

(©) optionally racemizing the compound of Formula 5 to yield the compound of
Formula 4, wherein

Rl, Rz, and R® in Formula 4 and Formula 5 are as defined above in Formula 3; and

R* in Formula 4 and Formula 5 is the same as or different than R* and is Cy.1» alkyl,

Cs.12 cycloalkyl, or aryl-Ci.¢ alkyl.

1. A compound of Formula 2,

including salts thereof, wherein



or a salt thereof; (b) decarboxyl ating the conpound of

Formula 7 or a salt thereof to yield the conpound of
wo-o00a0@04 or a salt thereof; and (c) optional PGI/IB2005/001924

converting the conmpound of Fornmula 1 or a salt thereof

I nLo_ a8, phar i.cal ly acceptabl e.co | t

sofv At R AR S eloalf B ER Lo Rivirosen g
i n For ng|.g alky&I@.:a8ycdledlikyleshd subktaudd|@..d cycdoalldyl bikadd that
of making a conpound of Fornula 1,or g 5.

phar macwuben eug afyhesubsiiugps eepseseplied by s R ™ isBydragen, the other
hydr at e. f her eafie &HZWﬂh ot §§§ R2 are different and

are each in epen entky el ecte ¥r0n1hydrogen atom

Cl-12 al kyl, C3-12 cycloal kyl, and substituted C3-12

cy&l oal kybmpotwed effdyouilahpri si ng: (a) reducing a

cyano noi ety of a conpound of Fornula 8, or a salt
thereof, to yield the cg&pound of Formula 1 or a salt

t hereof; and (b) optionaly eQnverting the conpound of
Formula 1 or a salt thereefk into a pharnmaceutically
accept abl e conpl ex, salR?, ol%gé or hydrate, wherein

Rl and R2 in Formula 8 are/as detined in Fornula 1,

and R5 in Formula 8 i R%drogen atom C1-12 al kyl,

C3-12 cycloal kyl, or aryl-Cl-6 alkyl. 6. A nmethod of
maki ng a conpound of Fornul @73, or a salt thereof, in
which Rl and R2 are different and are each

. i ndependent |y sel ected from hydrogen atom Cl-12
includinigyshlts t8reoP veherdinal kyl , and substituted C3-12

YL Bl el e R b T P 9ot o,
cont act©ng agkytay9 U?(Qoélf(ylFﬂfdﬁébﬁitéted\ﬁgtlbcyﬁ:ﬂbaﬁ%ﬂ%ﬁfﬁviﬁw that

yield the conpound of Formula 3 and a conpou
For mul awhen qiigerf dhansublsétuents yopseseated §apt egt R ds a hydrogen atom, the

enant i o&ﬁéres%{)étéﬁ%r%f i%o&ﬁnﬁ%t%ﬁear}dhe compound of Formula 4

to the compoun 370or a salt thereof;
R’ and R® are independently selected from hydrogen atom, C;.;; alkyl,

Cs.12 cycloalkyl, or aryl-Cy alkyl, provided that R’ and R® are different if not
both hydrogen atoms.

9. A method of making a compound of Formula 9,

or a pharmaceutically acceptable complex, salt, solvate or hydrate thereof, the method
comprising:

(a) reacting a compound of Formula 10,



(b) isolating the conpound of Fornula 3 or a salt
thereof; and (c) optionally racem zing the conpound of
wo-006100@05 to yield the conpound of Fornul a 4, PeuTEB20031001924

Rl1, R2, and R3 in Formula 4 and Fornula 5 are as

defi ned above in Fornmula /3; and R4 in Fornmula 4 and
Formula 5 is the sa or different than R3 and is
Cl-12 alkyl, C3-12 cycl oql kyls ONHaryl-Cl-6 alkyl. 7.
A compound of Formul a 2, cluding salts thereof,
wherei nRL and R2 are differen are each

i ndependently sel ected from hydrog atom Cl-12

al kyl, C3-12 cycl oal kyl, &}pCubstituted C3-12
cycl oal kyl, provided that when one of the substituents
represented by Rl or R2 is hy¥drogen,, the other
substituent is not Cl1-3 alkyl or C5 alkyl. 8. A

ora %ﬁgﬁ%&%{j w?t& ﬁg%r Waz}ng 27tt%rft§ E/&I@ ﬁag%g}ng)ggﬁcggéﬁormu‘fa or 4 salt thereof;

and 1 hdependently sel ected from hydrogen atom Ci1-12
al k{ C3-12 cycl oal kyl, and substituted C3-12
oal ¢gfionakly @m\'@étulgtthgﬁommddﬁ Fognula Reors gk therepdinte a

phan[ilg euf2 g’z%elﬁrta% C&Xblgéfn%h'efeﬁyﬁllt: Sog\r,%é/ l%gﬁ% 'th Og]r et he ot her

[ ndependent |y selected from hydrogen atom Cl-1 al kyl,
C310.2 cYied mathisyl lof claim &y §urtheedinpalskig reduiny h deshotheibtyRT a
and Rg are different if not both hydrogen atons. 9. A

compawnd g§FeIHaking a conpound of Formula 9, or a
pharmaceutically acceptable conplex, salt, solvate or
hydrate thereof, the method conpri sing:

or a salt thereof, to yield the compound of Formula 10 or a salt thereof, wherein R%is

Ci.12 alkyl, Cs.42 cycloalkyl, or aryl-Cy.¢ alkyl.

11. The method of claim 10, further comprising:

. (a) contacting a compound of Formula 12,

CN

CO,R?
R*0,C
12

with an enzyme to yield the compound of Formula 11, or a salt thereof, and a compound of

Formula 13,



(a) reacting a conmpound of Formula 10,or a salt
thereof, with an acid and water to yield the conpound
w@Rookoeayd a 9 or a salt thereof; and (b) opti oP@l/iB2005/001924
converting the conmpound of Fornmula 9 or a salt thereof
into a pharmaceutically acceptable conplex; salt,
sol vate or hydrate. 10./The qﬁﬁhod of claim9, further
conpri sing reduci ng a c¥ano ety of a conmpound of
Forrmula 11, or a salt th to yield the conpound
of Formula 10 or a salt ther C rein R3is Cl-12
al kyl, C3-12 cycloal kyl, or aAryl-Cl-6 al kyl. 11. The
nmet hod of claim 10, furﬁﬁ@ﬂZCOHprising: (a) contacting
a conpound of Formula 12, 1Zzwith an enzyne to yield
the conpound of Fornula 11, or a salt thereof, and a
conpound of Formula 13,wherein the enzyne i s adapted
wheréi ted@irlyhedehépiddmeleyatiiodeliodinesy iyiRolgeddewbshpehnd of Formula 12
Formula 12 to the conpound of Fornmula 11 or a salt
to the ¢pappaynd of Fprmulalior pgalt hereebnpound of Fornula 11 or a

S t ; i I cem.zl ng.
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as defined above in Fornula 11; and R4 in Fornula 12
Formyla{l = 3h§{A% 13 is the same as or different than R3 and

[ ; alk = GG v - a l.
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pHR imdfoemtilacl®) 4nd Forelat 186k thecsamplagwr differdnt tisml R/ and i€y, alkyl,
hydr at et hereof.. the hod. conprising: (a) reducing a
cyano r{Bﬁ'léFVSB?lkﬁl’ %ﬂﬁng{;h@g%?’ﬁor mul a 14, or a salt
thereof, to yield a conpound of Fornula 15, 15

12. A method of making a compound of Formula 9,

f,

or a pharmaceutically acceptable complex, salt, solvate or hydrate thereof, the method
comprising:

(a) reducing a cyano moiety of a compound of Formula 14,

or a salt thereof, to yield a compound of Formula 15,

5T



or a salt thereof; (b) decarboxyl ating the conpound of
Formula 15 or a salt thereof to yield the conpound of
wo-006100@09 or a salt thereof; and (c) optional PGI/IB2005/001924
converting the conmpound of Fornmula 9 or a salt thereof
into a pharmaceutically acceptable conplex, salt,
sol vate or hydrate. 13. /A met hod.gf neking a conpound
of Formula 9, or a pharkaceuficall¥y acceptable
conpl ex, salt, solvate o dr at e t hereof, the nethod
conprising: (a) reducing a c ety of a compound
of Forrmula 16, 16 or a salt fheréof, to yield the
conpound of Formula 9 orH&,€alt thereof; and (b)
optionally converting the conmpound of Forrmula 9 or a
salt thereof into a pharnacé@tically accept abl e
conpl ex, salt, solvate or hydrate; wherein the

of Forrmula 16 is optionally prepared by
Orasaﬁgggﬁggylatlng a conmpound of Formula 11,or a salt

t h®y eof decaex yIi@iLihe chBpbihdsTFonalalls ors ektHededt tk )yield the
C3-12 cycl oal kyl, or ar I-Cl 6 alky, and R5 in Forful a

comppentﬂgfﬁw%%ﬁrmimhe@p ;epdal kyl, C3-12 cycl oal kyl, or
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nmet hod corrpri sing: (a) contacting a conpound of
Far mul a with an en ield the conpound of
Folmil o T @%Ofamé%%%mmp%w rf’é%ﬁ%fp‘élafs wherein the
enzyne i s adapted to enantiosel ectively hydrolyze the

compound of Forrmula 12 t6 the conpound of Fornula 11
or a salt thereof;

or a pharmaceutically acceptable complex, salt, solvate or hydrate thereof, the method
comprising: |

(a) reducing a cyano moiety of a compound of Formula 16,

CO,R?

i-ullo
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16

or a salt thereof, to yield the compound of Formula 9 or a salt thereof; and

(b) optionally converting the compound of Formula 9 or a salt thereof into a
pharmaceutically acceptable complex, salt, solvate or hydrate;

wherein the compound of Formula 16 is optionally prepared by decarboxylating a

compound of Formula 11,



(b) isolating the conpound of Fornula 11 or its salts
thereof; and (c) optionally racem zing the conpound of
wWo-200ab@043 to yield the conpound of Fornul a 12CT/1B2005/001924

wherein R3 in Fornula 12 and Fornmula 13 is as defined

in Formula 11; and R4 insFormula 12 and Formula 13 is

the sane as or diffe thaqgﬁs and is Cl-12 alkyl, C
-12 cycl oal kyl, or arylACl-6sal kyl. 15. A conpound

sel ected from \
3- cyano- 2- et hoxycar bonyl - 5-

hxk) Xxanoi ¢ aci d,

(35) - 3-cyano- 2- et hoxycar bonyf - 5- yl - hexanoi ¢ aci d,
(2S, 3S) - 3- cyano- 2- et hoxyd&sBonyl - 5- met hyl - hexanoi ¢
aci d,

(2R,3.S)-3-cyano-2-ethoxyca}£onyl-5-nethy|-hexanoic
aCdrQ, safl 1K 88Oamt €t hoxycar bonyl - 5- met hyl - hexanoi ¢ aci d

et hyl ester,

( mger@'m d%?ein Fogneln Hdxs Cartadkyt) Chr mlbylléylh em:m;t:q:_% alky,;jand R in

e . ester, 4-isaputy]-2-0ox0-pyrrolidine-3-carboxylic
FO““&%I‘% 1s ?@Sh-o&?l? 8Bty %Lﬁx‘&a-gw%ﬁfkai, Rearyl-Caps BBYY i C

aci d, 3~cyano- 2-car boxy~5- et hyl - hexanoi ¢ aci d,

( 54- 3- c aieghodt SFahdxene/a Sodipdddl of IFeXAMRI1G, aci d,

3- am nonet hyl - 2- car boxy- 5- met hyl - hexanoi ¢ aci d, and
(5) - 3-am nonet hyl - 2- car boxy- 5- net hyl - hexanoi ¢ aci d,
i ncludi ng salts thereof /and opposite enantioners

t her eof .

or a salt thereof, in which R is C112 alkyl, Cs.13 cycloalkyl, or aryl-Cy.6 alkyl, the method
comprising:

(a) contacting a compound of Formula 12,

with an enzyme to yield the compound of Formula 11 and a compound of Formula 13,
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CO,R?
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wherein the enzyme is adapted to enantioselectively hydrolyze the compound of Formula 12
to the compound of Formula 11 or a salt thereof;
(b) isolating the compound of Formula 11 or its salts thereof; and
(c) optionally racemizing the compound of Formula 13 to yield the compound of
Formula 12, wherein
R? in Formula 12 and Formula 13 is as defined in Formula 11; and
R* in Formula 12 and Formula 13 is the same as or different than R* and is Cy.1» alkyl,

Cs.12 cycloalkyl, or aryl-C;.¢ alkyl.

15. A compound selected from:
3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
(35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
(25,35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
(2R,35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl ester,
(R)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl ester,
4-isobutyl-2-oxo-pyrrolidine-3-carboxylic acid,
(S)-4-isobutyl-2-oxo-pyrrolidine-3-carboxylic acid,
3-cyano-2-carboxy-5-methyl-hexanoic acid,
(S)-3-cyano-2-carboxy-5-methyl-hexanoic acid,
3-aminomethyl-2-carboxy-5-methyl-hexanoic acid, and
(S)-3-aminomethyl-2-carboxy-5-methyl-hexanoic acid,

including salts thereof and opposite enantiomers thereof.
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