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enant i ONer | ly- 5 enriched y-am no acids via enzymatic kinetic resol ution,
and is particularly useful for preparing 7-am no acids that exhibit binding
affinity to the human a25 cal ci um channel subuni t, including pregabalin and

rel ated compoup

(S)-(+)-3-am nomrwtﬁ\?ﬁexanm Cc acl dREF‘éT;IEeP qoelgPtooUwg 10
endogenous inhibitory neurotransmtter y-am nobutyric acid (GABA), which is
i nvol ved in the regul at BACKGROUND OFTHREANVENTION Y. Pregabal in exhibits
anti-seizure activity, as discussed in U S. Patent No. 5,563,175 to R B.

Silver I s thought to be useful for treating, anong other
T3hD gRyvERKIaN | o it ated v

condi t ogi cal conditions associated with psychonotor

stimulants, T ienr@dd &lhtes&%%ﬁétﬁb@stﬁﬁtrhﬁ@ﬂlalg arflgCRli bR a somi a, and
15 various psychiatric disorders, i1ncluding mania an I pol ar order. See,

r espectenvichgd y-amio aci%ht\emenzymatﬁz lﬁﬁéncélﬂﬁ)lmtmd, andBisgpantiailady usefb). fSr Pat ent No.
6, 326,374 to L. Nagnu and U. S. Patent No. 6,001,876 to L.

Si ngh; RERSINg S ANR0 R%‘ds élai gahwsén%nwff@tym therdwiman ed calgjum chaanelnt  No.

6, 329,429 to.D. Schrier et al U S. Patent No. 6,127,418 to L. Bueno et
al - U sabuip inslpding pregabedin akrelaled CompuRgS. et al ¢ U. 5. Patent No. 6, 306, 910
to 20 L. Magnus & C. A Segal; and U. S. Patent No. 6,359,005 to A C
Pande. thiseaadsionn has been prepared in various ways. Typically, a racemc

m xture of 3- am nomet hyl - 5- et hyl - hexanoi ¢ acid is synthesized and
subsequent | yPregabalin.dd)- (ﬁbahﬁsolﬁeﬂlah&m@ﬁdmnmmid is Selatedtetheods may

enp|. oy azi de, i nt.er nedi at e, onat |nterrred| Hof man synt hesi s.
SgEb a%fi‘ﬁ%‘%} [L‘@fisnetlia'tf%‘?ﬁn“ﬂﬁf Y-amipbutyyis acl @Aﬁfe\lsr’hk?hrlwow . 25

u. S P ote et al.
and U SRl ofpiPacidnal 2o8¢Ry. PRl Rn Rl afft Splbicoaily ' §

Sobi er aiscussedaaths.dfatdnb &ke 5,568 175ds R. BhSilvarommat el. | andrie dedugtit wi Hetusafud hi r al
acid resolvin forma . di asj.ereoi soneric . salts, which
are s(eg.ﬁ?: Hf’”éﬂlgb?ﬂﬂl?%%ﬁe%%ﬁm%egamp ﬁ‘og’ﬁ 93?8%‘! ifiomy asseqigied Wity 74t i on and
chr omatpgeivtor slipfashBhNAHMatiBHS Seisth sﬂéﬁ‘ﬂle‘éﬁnaﬁ ldgiabé Cﬂéﬂhaﬁ&:ﬂcﬁﬁéﬁxﬂﬁ ag beyond

the preparation of the racenate, along wt resol ving agent, adds
tol5  various psychiatric disorders, mcludmg mama and bipolar dlsordcr See, respectively, U.S.

Patent No. 6,242,488 to L. Bueno et al., U.S. Patent No. 6,326,374 to L. Magnus &

C. A. Segal, and U.S. Patent No. 6,001,876 to L. Singh; U.S. Patent No. 6,194,459 to

H. C. Akunne et al.; U.S. Patent No. 6,329,429 to D. Schrier 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
20 L. Magnus & C. A, Segal; and U.S. Patent No. 6,359,005 to A. C. Pande.

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.;

25  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. 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 chromatography. These methods thus involve significant processing

30  beyond the preparation of the racemate, which along with the resolving agent, adds to

S,
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enant Loner I's fre&ently di scar- sSince’it cannot be effi
recycl 8G1/BREPMEP19%uci ng the ef fective throughput of the process by 50%
PregabEBrghZ has al so been synthesized directly using a chiral auxiliary,

G 5o, bisgucloriaii WorRuo e iAo a e Bitmetuf o oia shR6 X an
5,599, 3ot B4 Leficiently rBeycRid ¥RFebFRedicisd the eﬁeﬁmrbe%gﬁﬁlgoﬁﬁ& Egﬂ:gss?ﬁof vide

pregabalin in high énantionmeric purity, they are esir

| ar ge- §8%l e synt hesi s because they enploy conparatively costly reagents
(e.g., the_chiral auxiliary) that are difficult _to hangdle, as | as
special cr ygbetgﬂ{’@“b%ﬁi%fogltgﬁs‘?%éﬁﬁcﬂéﬁﬁﬁﬂﬁé‘c?hHB]e‘l"‘H‘t‘li‘?{é[' gmié_t ures,
Whi £h GREYRS-Sieny RN oRBz0lilRene ASEEGEN! 1S, Pdfdnt RBE®, 3505 60 Bl0RRl21@PP! | cati on
di scusses "a net hod of makin regabal in via asymietric hydrogenation of a
cyano- 818424151 .4.é10,30415,684t185pp.608,080,2and 15,529,973y akh o RpBebilveroranch al.

S) - 3- ani hyl - 5-net hyl h ic.acid. .S | y. assi U. S. Patent
hobi | < ATPORERDete BELPEL SR RS RIS Rieh SR g o chohe KB dRter 15, 2003
The cyaégrable fBf Resd-S@le dynttesid PREURB tHey dniplug e&nf;&aabaggtagtgg@agémé [e.g.The

asynmetri c'rgé;jr(_)genatlon enpl oys a chiral catalyst t i's conprised of a
transi theahirabaugilissy)ithat are diffisiks phlansiie, me welli ayapetialsuydgeas: ¢qRinemo DUPHOS.

Th th L.ts i bst anti al i ch t. of bal i
(R0 3- eafh promires) ppstabing EeaRsrisesvwiich o S Ao /B o scussed in U, S,
Pat ent  Appl iACRELR NdblisRROS/S0 33rRODpfikati GIISS RS Aethdd of H{mﬁ{g?r&g%éﬁélii{i abl e

met hod for prepari'ng pregabal in, but further inprovements woul
desi r aplasmsymmetrae hydrogenationaba cyano-sbatiptes, oléfins iohmredidersechirajapai®, i ncl udi ng

becas BREHy: pova R papeFpareainctinpic S, B¢ Gineorly Shaned B Sl ©

Fur t he \B[iaticRSVETIB0B/02 1008 A0 eBHACH al SAMIsRE] NBPerHBE 18] 206D eThely Ui prent
capabl e of handling H2, which adds to Cai)_l tal costs. 25 SUMVARY C]:yTHE
1

| NVENT peRursheissubsaguenti igdueaddn gpequegrbalinailbe pspmemelsi¢ hydrogeastiomr prepari ng
enant| el alchil SILEIE] is oA RS RsiER LM Bobba B BicBRodphgaba 11
ligand, such as (R,R)-Me-DUPHOS. The method results in substantial enrichment of
pregabalin over (R)-3-(aminomethyl)-5-methylhexanoic acid.
The method discussed in U.S. Patent Application No. 2003/0212290 Al represents a
20 commercially viable method for preparing pregabalin, but further improvements would be
desirable for various reasons. For example, bisphosphine ligands, including the proprietary
ligand (R,R)-Me-DtJPHOS, 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.

25 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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present invention involves a kinetic resolution of a racem c cyano diester
intermediate -2 AVMENDED SHEET 27-042006 WO 2006/ 000904 PCT/ | B2005/ 001924
(Formula 4 or Formula 12) using an enzyne that is adapted to

enanti osel ectively hydrolyze an ester noiety of the internedi ate. The
resul ti ng sw@awbposophd c aci d nonoester (Formula 3 or For npdendzhsookeeh 1S
substantially enantiopure, undergoes further reaction to yield the desired

ti ically- i - am id F lg 1 F la.9).. T
(i eact edPerTaiahor BRERIE R HReAtoeray e it SHEtS 0 PRTATORUCRIVAY PP B8 ut i on
can be rgy3agr iBiet6f the n&&a@édiﬁe.rﬁ@}e@ﬁmﬁg dfcgiﬂogyﬁaﬂc_i& afRBL &AL cﬁggmufafs%eby

improving overall yield. The clainmed nethod offers significant advantages
over exi Sormalagdhodieeis sibstantizlly gaantinpuren andargons futtkdrirgaction te et thean no

id F I 1 d F | 9),. F , .t ti -acti -am
sci e (oL oS00 TS S o XAt 1 ABLLGR) Yy Lve g am o
hydr ogengl i finfed (BinRilS5 o Rbmihls T?}?&n'ﬂ?@ﬂn&ﬂ: TSGR ort Bl be@aLelt in giké‘ce

enzymati C processes can be carri€d out at roomtenperature an
at nos pheenzynpatiesssolwtjont fol owirg raenizatidn)) tasebyimptalifpedyerai piebd.ze schedul i ng

conflicts arising fromthe u of, speci al.ized equipprent capable of handling
hi gh pressure;hﬁﬁwgw“f‘a}?ﬂé&éﬁﬁ%&% adAEARCs AVRIISSI1SLBL RRYACESSS I9the pr esent

. ti ‘ b . ; .
cyano- suBPEiy Sutiibiet Gur BOREs PGSR RITRLALL 1Ba SRR 978 bfarlBle,
si ngl e bglecdptichlBEy@lve yodminbcids canbd pépaeaMiihetBisind i haxilkiddies okhi S
translates into about a 50 % savings i1n cost of goods over the nalonate

met Y dpsprietasyihydrogenation eatalyplacwhich shérdd prad 4@ lowedr mais gpste.n Spice enzigsatic
met hod of nmakin conpopnd of Formula 1, H2N-: |1COH R R2 20 1. or, a
phar maceHIIEEF ga“:'iﬂc‘@g‘?%g?@ ag’c'ﬂ?ﬁf %P,PBE"ZWF ,ang 8t Wépllﬁncﬁ%ﬁsﬁfeea}eﬁi?lw, in
whi €h Rl ppathds3haiig helbmhiaikit saiRduBhEcAAEds bRdRPBORRME e sEdREfAsd  OM
hydrogen atom C-12"al kyl, C3-12 cycloal kyl, ‘and substituted C3-12
cycl oal kyqyipmhat qapatie df bandbing ighgpressbres and fova tenipegatares.o éys awoted iofthéFor nul a 2,
examples, the present invention can be used to prepare pregabalin starting from a racemic
15  cyano-substituted diester (Formula 12} in good yield (26 % to 31 %) after a single batch
recycle of the unreacted enantiomer (Formula 13). This translates into about a 50 % savings
in cost of goods over the malonate method described above.

One aspect of the present invention provides a method of making a compound of

Formula 1,
HN—,
o /"iz\cozﬂ
' 20 1 .

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,
Ci.12 alkyl, Cs.12 cycloalkyl, and substituted Cj.j, cycloalkyl,
the method comprising:

25 (a) reacting a compound of Formula 2,



-3 WD 2006/ 000904 PCT/1B2005/001924 R1 NH R2 H2C 0O 2 or a salt thereof,
with an acid and water to yield the conpound of Fornmula 1 or a salt thereof;
and (b) optionally converting the conpound of Fornmula 1 or a salt thereof

intoa 5 g@gﬁ ically acceptable conplex, salt, soly 'ﬁ[‘%ﬁ%ﬁ te,
wherein Rl gﬁig ?t{ﬁ‘ Formula 2 are as defined in Fornul aﬁri. n% 1(i,*lgr“'@‘aspect

of the present invention provides a nethod of making a conpound of Fornula
1, above, the nmethod conprising: (a)erqugi ng a cyano noi ety of a conpound
of Formula 6, R ,,,RCN R2 CO2H C 10Ngy or a salt thereof, to yield a
conpound of Formula 7, Rl R2 CO2Hz? C 7] or a salt thereof; (b)

decar boxyl ati ng the conpound of For mul a salt thereof to yield the 15
conmpound of Forrmula 1 or a salt thﬁroe& ; 4 Printed: 21-11-2006 DESCPAND
PCT/ 1 B 2005/ 001 924 2

or a salt thereof, with an acid and water 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
5 pharmaceutically acceptable complex, salt, solvate or hydrate, wherein R! and R?in
Formula 2 are as defined in Formula 1.
Another aspect of the present invention provides a method of making a compound of
Formula 1, above, the method comprising:

(2}  reducing a cyano moiety of a compound of Formula 6,

1
R WCN
2
R CO,H
HO,C
10 6 ,

or a salt thereof, to yield a compound of Formula 7,

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



(c) optionally converting the conpound of Fornula 1 or a salt thereof into a

‘AHedEeyy izpRll y acceptabl e conpligyrg@phjypsol vate or hydratep

aherein R -
and R2 in Formula 6 and in Fornula 7 are as defi ned above in Qmm&fgoh?@“

conpound of Formnula 6, above, is prepared by hydrolyzing a conpound of 5
Formula 3, Rt RZ CO2R3 HMR2C 3 or a salt thereof, wherein R and R2 in

cyet oarkyl -Gy “aphfionSoRna e vk Mo o Epilp i wpie e Blad, . <
i nvent phmaceiticdity acaptubit @mplek isalg, salvaeqdiydeate, Wh&EinfFOT fpdl g2 th. above, the

met hod_conprising: _(a) reducing a cyano noiety of a conpound of Fornula 8,
RL N Fomedp fand gn Fprmula o) are ?ﬁ‘gfr‘%fi,ab‘t“@ pikor@wahe conpound of Fornmula 1 or a

salt thereok; ' ' und of For alor a
Salt ¢ her eof e Efipaia GRS 4Bl Kk big bU Ry GRIPANTS Biee S8R °5) Ve o
or shiydFammeulagherein R and R2 in Fornula 8 are as defined above in Fornul a
1, and R5 in Formula 8 is hydrogen atom Cl1-12 alkyl, C3-12 cycloal kyl, or
aryl-Cl -6 alkyl. The conpound of Fprnula 8 is prepared by decarboxylating a
compound of Formula 3, above, or sghf thereof, or by hydrolyzing and
decar boxyl ati ng the compound of 20Fornula 3 or a salt thereof, to yield

t he conpound of Fornmula 8 or a RA't hereof, A further aspect of the present
i nvention provides a nmethod of maki QzBonpound of Formula 3, above, or
a salt thereof, the nmethod conpH@EiMg: -5- 3 AVENDED SHEET 27- 04

3

L

or a salt thereof, wherein R' and R? in Formula 3 are as defined above in Formula 1,andR%is
Ci.12 alkkyl, Cs.12 cycloalkyl, or aryl-Cy.¢ alkyl.
An additional aspect of the present invention provides method of making a compound
10  of Formula 1, above, the method comprising:

(a) reducing a cyano moiety of a compound of Formula 8,

Rl

R2
CO,R3

8

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
15  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,
C\.12 alkyl, Cs.12 cycloalkyl, or aryl-C;¢ alkyl.
The compound of Formula 8 is prepared by decarboxylating a compound of
Formula 3, above, or a salt thereof, or by hydrolyzing and decarboxylating the compound of
20  Formula 3 or a salt thereof, to yield the compound of Formula 8 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—

3 AMENDED SHEET 27:04-5006



_ 20"l Printed: 21-11-2006 DESCPANMD PCT/ 1B 2005/001 924 (a) contacting a
conpound of Fornmula 4, R R2 CN .CO2R3 . R402C 4 wth an enzyne to yield
-Printecc @tpb1BA0&f Fornul a 3 and a cBESGMAMEf Formula 5, R CRCTHA 200500 924
- R402C 5 "5 wherein the enzyne is adapted to enantiosel ectively hydrolyze the
conpound of Forrmula 4 to . the conpound of Fornmula 3 or a salt thereof; (b)

i solating the conpound of Forrmula 3 or a salt thereof; and (c) optionally
raceni zi ng fape compRting aQfontfuilbAFSmila g el d the conpound of Formul a 4,
wherein R, R2, and R3 in Formula 4 and Formula 5 are as defined above in 10
Formula 1 and Formula 3; and R4 in Formula 4 and Formula 5 is the sane as or
different than R3 and is C -12 af yl oN3_12 cycloal kyl, or aryl-Cl{ alkyl.

Any nunber of enzymes may be used enanti osel ectively hydrolyze the
conpound of Forrmula 4 to the cdmdoupd of Formula 3 or a salt thereof.
Useful enzynes include lipases, such as%Rose derived from Ther nonyces

| anugi nosus. 15 Anot her aspect R}ogﬁe present invention provides conpounds
represented by Formula 2, above, 1ncluding conplexes, salts, solvates or
hydrates thereof, provided that whengone of the substituents represented by
R or R in Formula 2 is hydrogen, the other* substituent is not Cl-3 alkyl
or C5 alkyl. An additional aspect of the present invention provides

conpoukills apéndyaietdlyéeld the2Corfpiutid| of Formidanasda dmpsigdrdFekhalas, above,
i ncl udi ng conpl exes, salts, solvates or hydrates thereof, wherein

1
% _,CN

RZ
CO,R?

R*0,C

5  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

(c)  optionally racemizing the compound of Formula 5 to yield the compound of
Formula 4, wherein R', R?, and R? in Formula 4 and Formula 5 are as defined dbove in

10  Formula 1 and Formula 3; and R* in Formula 4 and Formula 5 is the same as or different than
RYandis Cy.12 alkyl, Cs.12 cycloalkyl, or aryl-C)¢ 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.

15 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 3,

20  Formula 5, Formula 6, and Formula 7, above, including complexes, salts, solvates or hydrates

thereof, wherein

L L I ——
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pnamulza ate@0dpf ferent and are eacﬁ)EiS@lléAM[oiently sel ect ed frqn@mygrgmom oy
“Cl-12 ,al kyl, C3_42 cycloal kyl, and substituted C3.12 cycl oal kyl ,~ provi-ded

that when one of the substituents represented by RL or R2 is a hydrogen
atom the other substituent is not nethyl; and 5 R3 and R4 are each

i ndependenRl yn# RF afetd@ffedenOMdGire E&minﬁyﬁendéﬁiﬂél&y&i R&kitdrogdn Aént] - CL_6

al kyl . Useful conpounds of Formula 2 to 7 include those’in Wwhich R is a
hydrogen at om afRaiRikylsCa.izsysionikyl, andfsubstiteed @smcloﬁkxlhprqyl@déhﬂt i nvention

provi des a net ho Onfror 9 or a
phar maceuti cal | y 383%?§%1Fgu stﬁ%&%ﬁé&"é@geg?x{ted é&ﬁ/é’f gu cﬁ‘ 2%‘5%?%“&%# t he
met hod conpri s sibdlitveReis tiohthethyt;aim@ound of Fornula 10, -7- AI\/ENDED
SHEET 27-04-2006] WO 2006/ 000904 PCT/ | B2005/ 001924 O HO2C 10 or a salt

t Hereof, wRfanéR axsi cachy inglependently selpted ronn€:-calduBdinsiycloetylicr agvlor a sal t
t hereof; and (@3 a.ﬁ(t onaIIy converting the conpound of Fornmula 9 or a salt
thereof into a H¢SNarmaceuti call y acceptabl e conplex, salt, solvate or

hydr atRefuPosthpAlinda sPBimiA 21tb g incladetiose mwelich R ips ﬁ?ldix@;@&n atoelRDR? Bf  maki ng
a conpound of  Formula 9, above, or a pharnmaceutically acceptable conplex,
salt, 15¢biyht e or hydrate thereof, the nethod conprising:

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

10  Formula 9,

CO,H

r

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

(a)  reacting a compound of Formula 10,

AMENDED SHEET '27-04:2006]



(a) reducing a cyano noiety of a conpound of Fornmula 14, CN CO2H HO2C 10
14 or a salt thereof, to yield a conpound of Forrmula 15, -NH2 CO02H H®R2C
15 or a salt thereof; (b) decarboxylating the conmpound of Formula 15 or a
sal t ther e Agsbb&lsd the 15 conpound of Formula 9 or a & /fBzB&ﬁf and
-8 WD 2006/ 000904 PCT/ 1 B2005/ 001924 (c) optionally converting the corrpound
of Fornmula 9 or a salt thereof into phar maceuti cal | y acceptabl e conpl ex,
salt, solvate or hydrate. The conpodnd of Fornula 14, above, may be prepared
by hydrol yzing a compound of For a 1llg R3 HO2C 5 11 or salt

t hereof, wherein R3 in Formula 11 i def d above in Fornula 3. An

addi tional aspect of the present inventi ovi des a net hod of meking a
conpound of Formula 9, above, or a pharngceuttgally acceptabl e conpl ex,
salt, solvate or hydrate thereof, t t hod conprising: 10 (a) reducing a
cyano noi ety of a compound of Formul a , OCN CO2R5 16 or a salt thereof,
to yield the conpound of Formula 9 or aygalt thereof; and

or a salt thereof, with an acid and water 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
5 pharmaceutically acceptable complex, salt, solvate or hydrate.
Another aspect of the present invention provides a method of making a compound of
Formula 9, above, or a pharmaceutically acceptable complex, salt, solvate or hydrate thereof,
the method comprising:

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

10

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 sait thereof; and

—8—



(b) optionally converting the conpound of Forrmula 9 or a salt thereof into a
phar maceutical |y acceptabl e conplex, salt, solvate or hydrate, wherein R5 in
Formula 16 is as 15 defined above in Formula 8. The conpound of Fornula 16
may be pr r carboxylating (e.g., by heating) t of

For mul a lii,%a gﬁ\;@?égdg‘re a salt thereof, or by hydrolyzing ﬁﬁf@ﬁ@gwl ating
the conmpound of Formula 11 or a salt thereof. A further aspect of the
present invenf)on eplitiallysonveniigihe cofpomid ofFdrinalac®omosHtthe®0f fito Eor nul a

11, above, or a.salt thereof, the nethaod conprising: (a) contacting a
conpounoPT@%mﬁ‘i?Pﬁﬁﬁak’i%FPtag@%P?@@WIBG@%&OP 82005/ 001924 CN CO2R3

R402C 12 wit Ll R : ound
of Formil a 137 SRR ST Rt 1 e SR QU PR pRled EO U dyibde S0 AT
enant i osaflHerinilaclly hydrol yze the conpound of Formula 12 5 to the conpound
of Formula 11 or a salt thereof; (b) isolating the conmpound of Formula 11 or
its salts thereof; and (c) optionall,y racem zing the conpound of Formula 13
to yield the conpound of Formula , rein R3 in Forrmula 12 and Formul a
13 is as defined in Formula 3, abo%e; agd“10 R4 in Fornmula 12 and Fornula 13
is the sane as or different than R3 Cis Ca2 alkyl, C3.12 cycloal kyl, or
aryl-CL.6 alkyl. In the nethod for preparing the conpound of Formula 11, the
correspondi ng salts of the conpound of /For #B 11 incl ude those sel ected
fromal kali netal salts, such as pPoHEsE um salt; primary amne salts, such
as a t-butyl amne salt; and secondary am ne salts. 15 Furthernore, useful
enzysges include |ipases, such as thoselderived from Thernonyces

or salt thereof, wherein R® in Formula 11 is as defined above in Formula 3.

An additional aspect of the present invention provides a method of making a
compound of Formula 9, above, or a pharmaceutically acceptable complex, salt, solvate or
hydrate thereof, the method comprising:

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

s

. CO,R3

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,



| anugi nosus. Anot her aspect of the present invention provides a conpound
selected from 3-cyano-2-ethoxycarbonyl -5-net hyl - hexanoi ¢ aci d,

(3S) - 3-cyano- 2- et hoxycar bonyl - 5- et hyl - hexanoi ¢ acid, 20

(2S, 3S) - 3-wHads/dooddshoxycar bonyl - 5- met hyl - hexanoi ¢ aci d, peraB2005/001924
(2R, 3S) - 3-cyano- 2- et hoxycar bonyl - 5- et hyl - hexanoi ¢ aci d,

3-cyano- 2- et hoxycar bonyl - 5- net hyl - hexanoi ¢ acid ethyl ester, -10 . WO
2006/ 000904 PCT/ 1 B2005/ 001924
(R) - 3-cyano- 2- et hoxycar bonyl - | - he&®hoi ¢ acid ethyl ester,
4-1sobutyl - 2- oxo-pyrrolidine-3-carb {«c acid,

(S)-4-isobutyl -2-oxo-pyrrolidine-3-carb yllc a§|d,

3- cyano- 2- car boxy- 5- et hyl - hexanoi ¢ aci ¢ COR

(S) - 3-cyano- 2- car boxy- 5- met hyl - hex ¢ acid,

3- am nonet hyl - 2- car boxy- 5- net hyl - hexaﬁ%lc aC|d and

(S) - 3- anmi nonet hyl - 2- car boxy- 5- net hyl - hei2anoi c aqld i ncl udi ng conpl exes,
salts, solvates, and hydrates thereof and opposite enantioners thereof. 10
The present invention includes all conplexes and salts, whether

phar mac ewith@alengyme i ¥igidthe gompoungtof Feanylatldsndsrempourd of FarmparyAor phi c
forms of the disclosed conpounds. Certain conpounds nay contain an al kenyl
or cyclic group, so that cis/trans gor Z/ E) stereoisoners are possible, or
may contain a keto or oxinme gro So t tautomeri smmay occur. In such
cases, the present invention gener 'ncludes all ZIE isonmers and
tautoneric 15 forns, whether they ar substantially pure, or m xtures.
BRI EF DESCRI PTI ON OF THE DRAW NGS FI G dﬁg@g% a schenme for preparing
enantionerically-enriched y-am no acids/ ( la 1). FIG 2 depicts a
schene for preparing cyano-substit B4 esters (Formula 4). 20- DETAI LED
DESCRI PTI ON DEFI NI TI ONS AND ABBREVI ATI QNS Unl ess ot herwi se indicated, this
di scl osure uses definitions provided below. Sone of

wherein the enzyme is adapted to enantioselectively hydrolyze the compound of Formula 12
5 tothe 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 3, above; and

10 R* in Formula 12 and Formula 13 is the same as or different than R? and is C;.55 alkyl,

Cs.12 cycloalkyl, or aryl-Cy. 6 alkyl.

In the method for preparing the compound of Formula 11, the corresponding salts of
the compound of Formula 11 include those selected from alkali metal salts, such as potassium
salt; primary amine salts, such as a -butyl amine salt; and secondary amine salts.

15  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,

20 (25,35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,

(2R,35)-3-cyano-2-ethoxycarbonyl-3-methyl-hexanoic acid,

3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl ester,

—10—



the definitions and fornulae may include a dash ("-") to indicate a bond
between atons or a point of attachnent to a nanmed or unnaned atom or group
of atoms. Qther definitions and 25 fornul ae may include an equal sign (- =")

or an idengi | (-") to indicate a double bond or Lble bond,
respecti vcra\ww@ﬁ aign formul ae may al so i nclude one or nﬁ?gﬁélﬁ’é’?’??ﬁ% ("*")
to indicate stereogenic (asymmetric or chiral) centers, although the absence
of an ast eri(gy-3doaso2athdxiubdhf-3-rthyl- AexamerpeunethyPads, a st ereocenter.
Such fornmulae may refer to the racemate or to individual enantionmers or to
i ndi vi dual diﬂaﬁpéw%%@ﬂg:pmhme@wmxy&ﬁawdso not be pure or substantially

pure. -11 Pr m—QQéob% ]%ggogﬁgnggﬁ% %/qu]ﬁg;lécl B.2005/001 924 "Substituted"

groups are t eTn wiic g%cﬁ ‘at ons have been replaced with
one or nore Mgydpd-agbox g5 entbyl-HkMbidaddt hat val ence requirenents are net
and that a chemcally stable conpound results fromthe substitution. "About"
or "&pproxi mdfkBEyanadearhesgd-mathybheraoeicaaidni t h a measurabl e nunerical 5
vari abl e, refgrs. i ndi. cated vakue of .the,variable and to all val ues of
the variabl e '%ntoglreg{ﬁ'v%'{%‘% fi’gle@g'gl?ﬁ?@}ﬁaﬂd’épqor of the indicated val ue
(e.g., W thingj-banfibdmenyl2Eemory-sihahyahexahdlt atide mean) or within 10
percent of the indicated value, whichever is greater. "Alkyl" refers to
strai ght chaiincladiag sempleres salts, selyates ahg Hydretes Bercafrand ppposjtereanntidnyers havi ng
a speci &bed unber of carbon atoms (i.e., CL.6 alkyl refers to an al kyl
group hd¥¥RY 1, 10 2, 3, 4, 5 or 6 carbon atoms and Cl.,2 alkyl refers to
an apkyl gr oumchfesendentdn ifecludes adh cloﬁl lekes 8nd Shlts1@hethdr piirmident n

atons). Exanpl es of al kyl groups include, without limtation, nethyl,

et hyl , raceaptabie or ot mobyajes, hydrbtgs,and pelymarphic formsufithe disclosed/dompoents. 1- yl ,
pent-2-yl . pent- 3-yl. 3-nethyl but-1:yl -met hyl but - 2-yl, 2- hyl but - 2-yl,
2,2, 2-t r(Jl:%%@ﬂnéﬂq’fn%swy Cawalf#!' ah:]téfi{?'} Xr %ﬁ"‘ BT9EEn3A g‘a"r@f‘)é/'ra%l”f‘?f ai ght chain
and br aRgh&dsomids e FobibleISIOHRP cAMh AkeR & BXim , SOt ﬁ:‘n%?x

car bon- car bosn bonds?oandeggne?gfly havieng a spggﬁui%ed nurrbgr 0 Sléla?g%n

at os. Bcaurp e suabfcasgsk theypresgnbpentiondenerally wicldss &1l 14/ Fiisomdrnand tetioseyic,

1- pr.open- 1-yl - _propen-2-y|_  2-propen-1-yl., 1-buten-1-yl, 1-buten-2-yl,
3 b8 en Tormyy whethr PR B8 pire. by RIS RS or itison. 2.y
2-met hyl -| -propen-1-yl, 2-methyl-2-propen-1-yl, 1,3-butadien-1-yl, and 1, 3-

20 butadi en-2-yl. "A kypREF DHSURIPTIONIORTHE DRAWINGS branched hydrocar bon
groups having one or nore triple carbon-carbon bonds, and generally having

a specified nunber of carbon atons.
FIG. 1 depicts a scheme for preparing enantiomerically-enriched y-amino acids

(Formula 1).
FIG. 2 depicts a scheme for preparing cyano-substituted diesters (Formula 4).

20- DETAILED DESCRIPTION

DEFIN.[TiONS AND ABBREVIATIONS

Unless otherwise indicated, this disclosure uses definitions provided below. Some of
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

“="

25 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

30 ot be pure or substantially pure.

— 11—



Exanmpl es of al kynyl groups include, without limtation, et hynyI o
PrlntBHOQYI‘ﬁlz?@s -propyn-1- yl, 1-bptppAwy , 3-butyn-1-yl, 3 /re*z%oyoora@&r-
respect Tve o -

butyn-1-y " Al kanoyl " and "al kanoyl am no" refer,
al kyl -C(O - and aI kyl -C(O - NH, where al kyl is defined above, and generally
I ncl udes a specified nunber of car bon atons, including the carbonyl carbon.

Exanpl es of.« L ' Ll acetyl,
propi onyl , SQﬂtbyr y%}é gﬁgeyt;h% 1‘1{%8@%{%&“&0;&& ){(Hr{)r%nl a%1’35}i‘g‘)""ﬁ}!%(ynoyI

refer ,replaeabwtﬂl ‘vt ¥r mbﬁ: mirkeydebgd gdhups lpebﬁdldﬂyrﬂyd vaqzer@)e Tequikghenteire ndtkeny|
and al kygrxl/%t are defr ned above. References to al kenoyl and al kynoyl generally

i ncl uc@d ey stablsosorpgound resits ffogn e Sékﬁﬂtﬁﬁ‘i"hg the car bonyl carbon.
Exanpl es ofup ure&ogbgerx%&éw ghtifGecdth E{m%ubﬁ mlrh] ﬁ:ﬁ@ﬂﬁtﬂ%&al

2- nethylpropenoyl ut eno ut enoy eno

2- et haa]rmB}ebtdfﬁn oythe lﬁ’dmmedlydrlueof)ﬂteedan};ble aRd pe all emlﬁmd; of ﬁe vaﬂlﬁ’blﬁ tifviabDED
SHEET ' 27-04-2006' Printed:, 21- 2006, DESCP PCT/ 1 B 2005/ 001 924
pent erbiiin theexperimental gwor of Hﬁ%‘F ﬁl“%(ek%n‘g\m‘)mdp%%? GonfideRce intgrYaout

| ¢ 9% 00 RY DL R OY b Aol Ok, w BB Wiitheer 3" PENt IO, and

4- pentynoyl . oxycar bony oxyca bonyl am no, refer

respect i vel4Alkyly re&tmlstrﬁight clidie and b@anclexidsaniritgd Zyd@cathon gkdups; ganetdlly-

o Egﬂ)y;{w%g&(% s 3% @@%ﬁﬁ ) e"e((and ekt o rewlkxw PR RYing dnd
a'lbymd 32465 et daﬂ%naa@aﬁeancﬁeﬁmmﬁ r&fersatb kv 3@ )g?dﬂiy%dvﬂﬁi szea, X1 4, goyt

li'mtat'ion, 'met'hoxy, ethoxy, n-propoxy, I-propo but®oxXy, but 6xy,
t - but & @, 10-ldent X yarbomatens).pEnsroples oEalkyrbgteeps)mcbmldkpwyhmbmm;dmgr oups

 br OO E PGyt BroPYL, I s SO, 10t BEYLAH G, DS BOH PRt bony!
t-but %%Fgfrﬁélﬂ%ibut-"l‘ ﬁeﬁhféﬂ'bmi’t@oﬂyb»métﬁﬂlbﬁt-z rﬁ@ﬂﬁﬁfa@@l‘éth 1-yAhiy ham no,

"al kyl am nocar bonyl , di al’kyl am nocar bonyl , al kyl sulfony
"sul f drexylani noal kyl , " and "al kyl sul f onyl am nocar bonyl refer, respectively,

3602) Nt e B YN S e e b R R hevag gl avove.

" Ani NGabieMInsa@ffled EBoiadrbon bordaf ad r@ﬁdm%rq{aw@ /spetBielildnitek v caabsh
N=C-al kyl, where al I‘% i s defined above. "Halo," "hal ogen" and "hal ogeno"

may beatomsdExamples bfalenyligyoups iecluds, svithogt Kmitatien, ethenyl, 1-propen-1-y, 1-
propen-2-yl, 2-propen-1-yl, 1-buten-1-yl, 1-buten-2-yl, 3-buten-1-yl, 3-buten-2-yl, 2-buten-1-
yl, 2-buten-2-y), 2-methyl-1-propen-1-yl, 2-methyl-2-propen-1-yl, 1,3-butadien-1-yl, and 1,3-

20 butadien-2-yl.

“Alkynyl” refers to straight chain or branched hydrocarbon groups having one or
more triple carbon-carbon bonds, and generally having a specified number of carbon atoms.
Examples of alkynyl groups include, without limitation, ethynyl, -propyn-1-yl, 2-propyn-1-
yl, 1-butyn-1-yl, 3-butyn-1-yl, 3-butyn-2-yl, and 2-butyn-1-yl.

25 “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, and hexanoyl.

“Alkenoyl” and “alkynoyl” refer, respectively, to alkenyl-C(O)- and alkynyl-C(O)-,

30  where alkenyl and alkyny! are defined above. References to alkenoyl and alkynoyl generally
include a specified number of carbon atoms, excluding the carbonyl carbon. Examples of
alkenoy! 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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chloro, bronD, and I odo. 20 "Fbloalkyl," "haloalkenyl," "hanaIkynyI,
"hal oal kanoyl , haloalkenoyl "hal oal kynoyl ," "hal oal koxy," and

Pr]hﬁggoghkﬂxgg@@ bonyI refer, respe,gEBmiN%Dto alkyl, al kenyl: P@fﬁggg)bls{qme%zl

al kanoyl , al kenoyl , aIkynoyI al koxy, alkoxycarbonyl gr oups.'su
with one or nore halogen atonms, where al kyl, al kenyl, al kynyl, al kanoyl,
al kenoyl, al kynoyl, al koxy, and alkoxycarbonyl are defined above. Exanpl es

f h I ' lim tati Tl t hyl

tri chl ronéIth@“%% [Pyt Earmplts B by ekl Abdifd, shiffiobl HEGHRAY L 1+ o
" oxoal Mbyndyﬁ%butyﬁ@ﬁp%htyneﬂl 2—;temm@y1abkgehq@asil Q%@Hlﬁéhtynwsmr e alkyl is

defi ned above. Exanpl es of hydrg&a/al kyl and oxoal kér gr oups, _incl ude,

without i rﬁlka{iy 0 “alknmﬂébgn%" asbpmylayino, 3 refgr Kesppetivei o

oxormet 0O%RL r I t at urated
rmnocy‘Jicl #c a)ré'c b CIH?CP Egnd’?%gpb I’OI F\: ) éheég\@aq) %b)ngxﬁé}’%‘so @% cified
nurgoer arifto ambmceo;um—u hIact:nyldlmr(OseJHh emﬂ IalrkgnﬂLOEC(O)CBH7 wbest @idykyl refers
to a cycl oal kyl _group havin 6 or carbon atons as ring nenbers).

The cydkeniapd alkml m%ﬁ@a? a@fﬁﬂixzm@s Bés@mrmﬁmﬁl%dsﬁmgq 924 may be
h h
o SRR AR floph . RRRY ARG PR b AR MAGSE SU°

gr oupSartsypeniedyu ®(anmﬂemf allmnyeanbomyl hircupsdaclude) tmthduu Htiatiom| ess suc h

substitution woul d vi ol at I ence requij rerrent S. Usef ul substituents
i ncl ud’é‘e mqqmﬂny JieRRYER ﬂn awwpoxawhnw , FRIPROFYFAIbORY, Fal kyl |

I and hal o, as
da]lf | ne g’élg\%}reb%ng) &éﬁ&lbmﬁ Frg'rgtég %%%6%]5 arb%khlagﬂixanpl es of
nnnocypdmﬂcyembbmﬂl kyl gr oups i ncl ude WI t hout limtation, cyclopropyl,

cycl obutyl, openty, c| oh Exarrpl es of bicyclic cycloal kyI
groups i ncl u@é}’fa“W?’hoﬂg(Yf %lflﬂi’ ?1’@9%’ %{‘1{“’&3‘@‘5&{ ypﬁ(ylsuffonyl

bi cycl P 3
b1 cyel QoI BRERIL oR X‘I‘Isﬁhﬁ%’*y{?h%%?‘*m 1 I8 SN E 1o ST
bi cycl alk@-MHAC(@pt atkyl,-N- 6@) o@lkylis(@]zbreHSY‘Dz)-IﬁHe%lkI'la[aﬁd%llQIl@ﬂiOWNH C(0)-
b| cyclo[ 3.2 BI cycloj4.1. 1]octyl, bicyclo[3.3.0]octyl,
b c: ‘6{‘9’@?“@% 56{%“"‘13 | o[ 3. 3. 1] nonyl, bicycl o[ 4. 2. 1] nonyl ,
i cyclo[4. 3 2] gec '
bi czcl o% 4. 3. ‘%}lgﬂﬁn%y bicyc 3@%%&}3%] decyIlésBI’%iy‘%I%I&N? %ﬂé]l%ﬂﬁl‘{ % %I o[4.3.2]u
ndecy! whé#e alkyl Iy defined[aBo. 3] dodecyl, which may be attached to a parent group
Ly

or substrate at any of the ring atonms, unless such attachment would violate
val ence requislenenelogen” and halogeno” may be used interchangeably, and refer to fluoro,

chloro, bromo, and iodo.

20 “Haloalkyl,” “haloalkenyl,” “haloalkynyl,” “haloalkanoyl,” “haloalkenoyl,”
“haloalkynoyl,” “haloalkoxy,” and “haloalkoxycarbony!” refer, respectively, to alkyl,
alkenyl, alkynyl, alkanoyl, alkenoyl, alkynoyl, alkoxy, and alkoxycarbonyl groups substituted
with one or more halogen atoms, where alkyl, alkenyl, alkynyl, alkanoyl, alkenoyl, alkynoyl,
alkoxy, and alkoxycarbonyl are defined above. Examples of haloalkyl groups include, ‘

25  without lirnitation, trifluoromethyl, trichloromethy!, pentafluoroethyl, and pentachloroethyl.

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

30 | “Cycloalkyl” refers to saturated monocyclic and bicyclic hydrocarbon rings, generally
having a specified number of carbon atoms that comprise the ring (i.e., C37 cycloalkyl refers

to a cycloalkyl group having 3, 4, 5, 6 or 7 carbon atoms as ring members). The cycloatkyl



"Cycl oal kenyl " réfergvﬁﬁﬁdcyclic and bicyclic hydrocarbon rings having one
QL. NPLE L Jufisat ur at ed car bon- car bgn-fQands .and general |y having -a-speci-fied - -
Plﬁ'ﬁﬁ?@g??(}ﬂ%on atons that con&?‘?gg?’mﬁri ng (i.e., C3.7 G%QH@P%@WDW 924:

réefers to a cycloal kenyl group having 3, 4, 5, 6 20 or 7 carbon atons as

ring nmenbers). The cycl oal kenyl may be attached to a parent group or to a

substrate at gg]y ring atom unless such attachnment woul d viol ate val ence

requi r"é%é?ﬁ%t.a 6di 1R SRALEAL SFOYP Qryi@ R SUPIERE At 2y singatomsunlessi sude atashment mor e

non- hygt & | : 5 b Lt | ol at e val ence

ot PR 1oty e Vet S Ttk U S Rk Bl 1REY Pl e

al kenyhore abichpgrogerhaibstituleyis unhsb eadhksubytittibg voaldwiolte valbic@t¥quisinents.

e A N SR S
| | ~ A - i | | kyl d
Cy§ O%laﬁégcyﬁlglko%%}%gbgg%@?ﬂ g?cgrﬁl,oc)nd hal 28 ﬁgﬁﬁﬁ\ﬁeib\ﬁve,%ﬁrh?(gﬁ(ﬁ& oal Kyl an

cycl oa yl=are ences to cycl oal' kanoyl
cycl oahdreapty; Initge med amiino.i ncl ude a speci fi ed nunber of carbon atons, 30

o Ehe ™) e B ST P LSl g,
DY Cycraaanag, cydusc I CRICeRKhoxy ! ERGIGNic cseib Uy PRSLET Bihude, 1
2- cyclvathextlimithtiona bity&lofl. t 0fneyle himytlo] +.14]1peAVENRERIGREE)perift,0' . 4- 2006' .
"thor Gisebls Lt pevplor R Sneih ddoscitny neptel bicaslb i £ Diseotia

cycl O%Eéyém.1.@rﬁgﬂn,tmcfarﬂhq%iﬁxﬁrypb@i@ogz.Zgggéeiylg E@?’Qﬁ%}g;&tﬁ( O-, where

cycl oal Kyl "and ycl oal kenyl are define t'0’ cycl oal koxy
and cyidyoki4 bt yassr beinyslo[ 3gbAlectil) icyaleldiloetyt pégictd[33. Ioodyér of car bon
t - i t he. , I .of | oal k

ol uisse i R lbey SRt O nGR diRiss AR s 2 BB opent oxy.
cycl olygeyereys.3 1iderdl, Bi&?&@mxmde%yr; Bedyelis. S nPdecyl; Baég@epﬁm E%yl, rid

cycl opent enoxy, 3-cyclopent enoxy, 1-cyclohéxenoXxy, cycl ohexerioxy, and 3-

cy8| olbésyelodd§.31dedeey)l whichimay/g atackerkipcapasontygroup ougubstrate uatey, ofthe hingt
limtation cycl opOox rbony.l . .cycl obut oxycar bonyl ,

cycl OGE‘:}WS@W&*{%’}%@{‘?&E@%‘? g’ﬁ@%@@é‘? %%We,m‘i%yef!e@sscl obut enoxycar bonyl ,

2- cycl obut eqQUEIREPANYVdfers InsicelyOReaEBIeYMRAH AR Mt bon4ings having one or more

cycl opent enoxycar bonyl, 3-cycl opent enoxycar bonyl, 1-cycl ohexenoxycarbonyl,

2- cydcinstenied saspoardethep bonds andgenesal bhkavéngx speaifisdmpmber of carbon atoms
that comprise the ring (i.e., C3.7 cycloalkenyl refers to a cycloalkenyl group having 3, 4, 5, 6

20  or7 carbon atoms as ring members). The cycloalkenyl may be attached to a parent group or
to a substrate at any ring atom, unless such attachment would violate valence requirements.
Likewise, the cycloalkenyl groups may include one or more non-hydrogen substituents uniess
such substitution would violate valence requirements. Useful substituents include, without
limitation, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, alkoxy,

25  alkoxycarbonyl, alkanoyl, and halo, as defined above, and hydroxy, mercapto, nitro, and
amino.

“Cycloalkanoyl” and “cycloalkenoyl” refer to cycloalkyl-C(O)- and cycloaikenyl-
C(0)-, respectively, where cycloalkyl and cycloatkenyl are defined above. References to
cycloalkanoyl and cycloalkenoyl generally include a specified number of carbon atoms,

30 excluding the carbonyl carbon. Examples of cycloalkanoyl groups include, without
limitation, cyclopropanoyl, cyclobutanoyl, cyclopentanoyl, cyclohexanoyl, cycloheptanoyl,
1-cyclobutenoyl, 2-cyclobutenoyl, 1-cyclopentenoyl, 2-cyclopentenoyl, 3-cyclopentenoyl, 1-

cyclohexenoyl, 2-cyclohexenoyl, and 3-cyclohexenoyl.
— 14—

. AMENDED SHEET foy_04-2006 |




"Aryl" and "aryl ene" refer to nonoval ent and dival ent aromatic groups,
-respectively, including 5- and 6-nenbered nonocyclic aromatic groups that
‘Pridada?h-10-24084 het eroatons 15 i dEPERAMDI y sel ect ed from nPETAERLP005NI R4
and sulfur. Exanples of nonocyclic aryl ‘groups include, without limtation,

phenyl, pyrrolyl, furanyl, thiopheneyl, thiazolyl, isothiazolyl,
I m dazolyl, triazolyl, tetrazolyl, pyrazolyl, oxazolyl, isooxazolyl,
pyridinyl, “Cyyloalkbry'! andficytldalkionytarbaryd” e raspeatively, & yycleatieylaDyane groups

6 monisar ek b el iR 0 Ao alepieay b Gk iRee Frealhy! t9doupe.
o bas g e e o Rt o R e o e oD ol y1
benzotgenaplheinelude agpecifitd nythber afagthonaitomy, lexciuditg) thée cadbengiahthioany! , puri nyl,
ar Sup Exemples 2 ciealf i oues ) WG S En O GaeRPRH CYPER oyl o

vi ol atcgcl‘gﬂéerﬁo ¢ cﬁ&%xﬁﬁgﬁn%fcé%%ﬁeédl}geﬂc?aob%ﬂéxﬁggcﬁ[%fzj&gn{%ﬁg 9ups nay

i ncl ud re non-hy stituents u BStitution
woul d cyclopattenoxg) 3 opdopantgnoxgieoycohdidenbry, 2sepekthekersxdysandi®! ude, wi t hout

limtation, al kyl, al kenyl, alkynyl,. haloal kyl,,  hal ogl kenyl, hal oal kynyl,
cycl o&V‘k‘?ﬁ?xe%% I %"ﬁﬁ?ﬁ/& cyaﬁ:‘gﬁ@ycqg bersd &F‘?H& 9‘}"1'&&( At P{E"}‘é‘l“lﬂatl k angyly ,
cyclo efi ned
D ove yaERRporyANY ERIDaRK ycarkaffl A LIERHGRIARIYL CHERNERbcaBER !
KINCT! f 1afyiclobu@aiycartbonyl, R y2ibatd08 9GibaGl,/ I-8Rrdemneaoe gearbodybter ocycl e" and
"het lyl" f d tial t t ed, t t ed
B st MR R R
rrenber@@ldohé,@ﬁ@g%;,{b\gﬁzh/ma' b@g]ogémﬁmy&yq_i ng nmenbers nade up of carbon

atons an rom heteroatons that are independently nitrogen, oxygen
or sul fur, “Andl”rad “antengdeeferty meroyvelentas! divalapt arnmatic grougsyresplectivaly, |

above-def i.ne cyclic heterocycles e fus to a.benzene ring. The
nitro ‘ﬁ“ﬂﬁﬂ% 75WF}{"H}QF&&&B%%‘%&?Ogﬁﬁc&ﬁ%ﬂﬂsieﬁgoﬂ%‘fhﬁ£%§ ?‘etﬁ?é’tcﬁgi erocyclic
r{59  indpeRRnfy ba6Qed from MbIEE %Ec%gérf?uﬂd QUlfuirO BXafpRiof MichoriclRMi¢yinet er oat om
or carbon atom unl ess such attachnent woul d viol ate val ence requirenents.

Li kewigseups dnpjuds witheutdimisaione phenyl.rygolyl, furanylthidpberewethiazelyl,ude a

Fequi TOREHES HhatE HackBSERm R ina Rt bR, B el) hafbiti ) ! o
al ken)pl[yrazaiyk,)ﬁjrﬁhazinjﬂa&xﬁﬁﬁﬁ'ﬁhidiﬁ}dl oakkeidydrylehe babk ¥RY lincledechiowdlisy | |

cycl oal kenyl , "al koxy, cycl oakkoxy, al kanaoyl, . )
groups and tricyclic groups, including fused 3- and 6-membered rings described above.

20  Examples of multicyclic aryl groups include, without limitation, naphthyl, biphenyl,
anthracenyl, pyrenyl, carbazolyl, benzoxazolyl, benzodioxazolyl, benzothiazolyl,
benzoimidazolyl, benzothiopheneyl, quinolinyl, isoguinolinyl, indolyl, benzofuranyl, purinyl,
and indolizinyl. They aryl and arylene groups may be attached to a parent group orto a
substrate at any ring atom, unless such attachment would violate valence requirements.

25 Likewise, aryl and arylene groups may include one or more non-hydrogen substituents uniess
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,
cycloatkoxycarbonyl, and halo, as defined above, and hydroxy, mercapto, nitro, amino, and

30 alkylamino.
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cycl oal kanoyl, cycl oal kenoyl, al koxycarbonyl, cycl oal koxycarbonyl, and hal o,
as defined above, and hydroxy, nercapto, nitro, am no, and al kyl am no.
Exanpl es of heterocycles include, without limtation, acridinyl, azocinyl,
15 benzi m dazol yl, benzofuranyl, benzothi of uranyl, benzot hi ophenyl,
benzoxazolwh,.200d0ddshi azol yl , benzt hazol yl, benztetrazol Worheislspeazol yl,
benzi sot hi azol yl, benzi m dazolinyl, carbazolyl, 4aH carbazolyl, carbolinyl,
chromanyl , chronenyl, cinnalinyl, _decahydroquihno

6H- 1,5, 2-di hiHglerrpycleq ﬁTﬂ/‘EhE&reﬂ@iﬁ’_,’ TeSe]th S¥PEASAH Fléfi‘igﬁ}lélﬁPﬁzaftH@Waéqﬁ?'Pr,
 ndol anyinserfyER ARy or b BORME] Mling ity S8 o ot T3 MR Bkt a1

I sochr onpgpdctiveBoiThdszgioyps hdve eingdndmivers made sp bhckobot atoinseadifrh L ny 4,
I sot hiazolyl, isoxazolyl, norpholinyl, naphthyrjidinyl, L
oct ahydr b&eatenrdhat iy independenthpnijiogem oxygenir suifus and mmay inglude aanbicyslisr yi |

12 : | ’ } o i vl

pyri 3?%@ P?ﬁgﬁﬁ% nat“rlﬁ'r"?g’ fbne@l)é@g Idgﬁgér%ﬂﬁ?%%i [ ny%t&o%dé%saa%é %%/ﬁ%h)%ﬁg go |8alzi Ingly

phen _())é at ﬂi?g. nYhe nmigaomaizsuh&ilk hctpfuattai_lm?ylwtioniﬂy lpe gmdazledn)’/ﬂhe lm't?m}iclﬂb ik,
teridinyl, purinyl, ranyl , razinyl, razal i di nyl, razolin

By razol y%l/l,ay Sg ﬁ?tﬁ‘%ﬁfl’ﬂ 9 E %arﬁpﬁlgrggg %’é@oﬂ %I%St‘fﬁg %%Yrﬁ“'&?ﬁ%g@, or %Ft?cﬂ’dtt?ﬁlgﬁﬂﬂsé ,

07 9 b AL B A il el )L e Y

qui nucl i dhgilembess manirdiudt urmansiydrdgen satiidrent suiessisnch subgtitution would violate

t et rahydroqui nolinyl, 6H-1, 2, 5-thiadiazinyl, 1,2, 3-thiadiazol Kl ,
1, 2,1 t hvalencssequjrementsy Usely spbstiesmisgeipde. withpuy Limitatien. eyl Alkenyhi alkyideny | |

t hi azol € ' ' I i I ' L ,
thi opherpiotRy Bioa oSS ofcioa i pEORKARR, dkont BYABBMEAAChY . |
1, 3, 4- t r ¢yl yAnoyB oykclsaikérvgh alkoxydabiryl ntyetbalkbx 3darBéi36, dddIERANMDIERITdd B
2005/ 001 924'. "Heteroaryl" and "heteroaryl ene" refer, respectively, to
monoval e#hovVENnNAI¥AE%Ym IRCFBPEO, BHIR: ABNGy AN alKKIaBUR | yI  groups, as defi ned

above, which ﬁ&éﬁ@'eg P};llt]gt&oc}lfg@és%%ﬂy, 'wigﬂ)ﬁt hgﬁ%@&ﬁ%%ﬁlﬁpﬁ F%ﬁ}hlﬁs represent a

subset of ary ene groups, respective and

" het By oapstizirhigukolyl, béesofurted plesrizbthédfyranylo benzpthiephenly!, ankdxetdybaryl 5 al kyl ,
wher e argl , heteroaryl, and al kyl are def]ned ve. Ex%%l s incl ude,

wi t hout benzthigzelylobenzisiaaoly]. bepzteigazolyh beprisorazogfibangisgtiaselyl. yi - net hyl .

"Aryl al k . lak B o1l . l-kepoyl , "
i SRR S OBy, DRSS Ut

ar y: - a: t&eﬁ:@lyjlzdrodjlﬂgellri]m,rgﬂ,ﬁm:lléamgithiaziaylyﬂﬂﬂdﬁm{/l,}bﬂteuehlﬂho&taramkranﬂyI : '
aryl -4 %{Jrr]aoz%njrl, %&daz&d%y?,aigl%déz%&jnjv(ﬂiolgdhzo y?rlle{-indazolyl, indolenyl, indolinyl,

20  indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl,

isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,
1,3 ,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridiny},
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl,

25  piperazinyl, piperidinyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl,
pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl, pyridyl,
pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pysrolyl, 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-

30  thijadiazolyl, 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.

—16—



10 aryl, heteroaryl, al kanoyl, al kenoyl, and al kynoyl are defined above.
anp}es I ncl ude, mﬁthout limtation- benzoyl, benzyl carbonyl, fluorenayl,
Prmﬁ%r?én}ﬂml car bonyl, i ni dazolDESCBWMDI mi dazol - 2-yl - met hPOFARR008/001 924
phenyl et henecar bonyl, 1-phenyl et henecar bonyl, 1- phenyl - propenecar bonyl ,
2- phenyl - propenecarbonyl, 3- phenyl - propenecar bonyl, i m dazol - 2-
yl - et henecarbonyl, 1-(im dazol-2-yl)-ethenecarbonyl,

1- (i mi dazor‘rlateyda)rylpraa@émﬁaabﬂmel’ xefdr kﬁs;(etmanﬁz@}n&m)ﬁhl)enpﬁmﬁm@&at bonyl ,
3-(imdazol -2-yl)-prop necar bonyl phenyl et hynecar bonyl ,

phenyhﬁﬁwyﬂé%arrmyw Yligroups; af defingd) emyﬂ@@wﬁ@r@matl@nﬂet@mﬁrw@m -2-yl) -
propy Y. respectively, to
aryl - Wﬁ/"‘l ° %gérﬂfﬁé%u‘aiéﬂogfaﬂﬁm%gérigﬂg%ﬁ% &%treers aryIely and al koxy are
def i ned abGAEylalEyﬁ’rmHé‘hetemakylaﬂd;yl" rafbrwetsmtitrelmtmatrﬁtalhﬁ arldeezacbapyy.,

fluoren rrethlo and im .- net.hyl o Ary " and

i’ét eaklé]r whﬁk%aryf t@roarylegpfgéiyi/%rpﬁéﬁﬂ%ﬁ %hogm X@ytalaalfs mftlx QAP  where

I | ud t hout | t at ,

SLZnoﬁﬁﬁmHSﬁ P udp Ry A A ol AR, | 0. et er oar y1 oxycar bonyl -
‘aryl al koxyAaylbkkmydy,l ” “hetdrcﬁﬁylﬁlﬂmneyldafayylalkkmyyta‘h&:tenmkylalkeﬁ@yl » respectively,
to ary , eroar 0X aryl gl koxy-C(O

het er O%Wi}?(lﬂ%i’og( tem%ﬁ yﬁ’ﬁ( IS% reﬁ@PéY%&rt?Ia&@qlk%?q)’i j‘qe[&;g@ryk and

het er oo A&grmed&yl GRIdOST1-ARENGyL R YR B A a%hh@pbyﬂ WhefeAt 1 ON,

phenoxycarbonyl , dazol - 2=yl oxycarb ehzyl oxyca

f 1uor anyy, Ihmhq:ybxﬂaamjdoaiybnoy&mﬂldl aikﬂmybhreﬂeﬁmedm:tdw] Gx;m@idson@ihde 30,
"Leavi n rou ers ou hat es a,nol ecul.e in

B i A S0 S AR o A R A i LS

react b Pﬁd‘.ﬁoﬁw H&Wk@drb@ﬂﬂ%ﬂéﬁ@leﬂi&é@érb&m 1- #ﬁéﬁﬁv éiﬂerﬂ:ﬁ%ﬁﬁ 1y be

nucl eof tthe group |l eaves wth a el ect ro $ 't hat
for nephgnyis«pmwde@sbmtyh ?bphminpmmeccaIMyl éaphengl g\opupccaﬂmwhexmdﬂzebm e, or

-17 06/0 090 /| B 924 el ec i n_whi t he

gr ou\pﬂ %‘8 Ok At(lmﬁézé%?{)#‘e@egﬁ’%‘ﬁsp %ﬁ‘ﬁgaz:?[)? Ifﬁr%fmﬁcaﬂ?ﬂfﬁ’ (I.}of ugal

| PSiV' (iehi@d1R-yip io%&‘(&aﬂﬁﬂ?ﬂG%uﬁ[ﬂa&b&%ﬁﬁoﬁéﬂé@d‘rﬁbﬂl ﬁhén'?l eehrb8RES St
bases  being the poor est IeaV|nq groups. Comon nucl eof ugal 1 eavi ng” gr oups

i ncl ughermlurppgmarbpeylg(lmldawhﬂ hebonenartayt, eid (isuddzohdedd, i ncl udi ng

al kyl sul f onat.e Fe g., nesylate), 5 fluoroal kyl sul fonates (e.g., triflate,

hexaf PEPENCHE }?Pé'fy ‘ate, and tresylate), and arylsulfonates (e.g., tosylate,

brosyl at e, “gkAskbRy CandtMtedOfylaBlaxy” réel) eéspedtiel deasRailongtag, halide ions,
heteroaryl-alkoxy, where aryl, heteroaryl, and alkoxy are defined above. Examples include,
20  without limitation, benzyloxy, fluorenylmethyloxy, and imidazol-2-yl-methyloxy.

“Aryloxy” and “heteroaryloxy” refer, respectively, to aryl-O- and heteroaryl-O-,
where aryl and heteroaryl are defined above. Examples include, without limitation, phenoxy,
and imidazol-2-yloxy.

“Aryloxycarbonyl,” “heteroaryloxycarbonyl,” “arylalkoxycarbonyl,” and

25  “heteroarylalkoxycarbonyl” refer, respectively, to aryloxy-C(O)-, heteroaryloxy-C(O)-,
arylalkoxy-C(0)-, and heteroarylalkoxy-C(O)-, where aryloxy, heteroaryloxy, arylalkoxy,
and heteroarylalkoxy are defined above. Examples include, without limitation,
phenoxycarbonyl, imidazol-2-yloxycarbonyl, benzyloxycarbonyl,
fluorenylmethyloxycarbonyl, and imidazol-2-yl-methyloxycarbonyl.

30, “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
—17—
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car boxyl at e ani ons, phenol ate ions, and al koxi des. Some stronger bases, such
as NH2 and Of can be nade better |eaving groups by treatnment with an acid.
Common el ectrofugal | eaving groups include the proton, C02, and netals. 10

* Enant T omelygagfidipg of "ee 1S a measure, for a given SgdphBdinblle

excess of one enantiomer over a racernic sanple of a chiral conpou
expressed as a percentage. Enantioneric excess is defined as 100 x (er - 1)
I (er + Dayhedeatrofegal, ingvhittethe grovp ledves withoetrtbe paib ofielactrorsn AMheisbitity of @ t he

| ess abundant. enanti.omer. "D aster eoneri xcess" or "de" is a asure, for
a given ¥ P@,‘g&gl?a‘?ﬂ% ELppda deaye ﬁmgggﬁ%ﬁﬁg%fgts %ﬁe‘?"%g@rs‘%’ng P¥Shavi ng
equal a ERIEHA . QM

Di asterg?dﬁglrrg?lclz@féa%ess isl%(;geifgiﬁ?lsed as ﬁ%gﬁdgé?ggﬁdea%?nﬁgg gﬁgfjrﬂltgd,e%\ja\rlhoegrele1 "dr" is

the rati(egofrom diszanivmnsalininsulfonates, dnadeding alkplsalforates (atgymdesylate)i ast er eoner .
"Stergosel ective, he " tio ctive, " .. diastereoselectiye,"’ d variants
oL e OB it P T BB bt roneBlRE b SASTHE bhd P | o
hydr of or f(é’.?.@ids?ﬁte, bfosglate; bld@gia{e?%dﬁﬂsyﬁ&).c Oidré HeludedrRPhledHalle ions,
hydr ocyanati on, olefin netathesis, hydroacylation, allylamne isonerization,
etc.) thahrbpkghdsniosepleEholanejons,ané alkegides., Senastrongeebased, such asNeLegids oner
than of another, respectively. "Hi gh |l evel of stereoselectivity," "high

| evel of Qffiaah besmidebetter legvitig Slonphby seatinent withiamatidr €omeher tlestrdfugil and
variants thereof, refer to a given process that yields products having 25
an excesdeayingapaupstipelade Bsmsptonp@nand metals.or di ast er eoi somer, whi ch

i aotdr comer s, R, Bt ¢ PRBRMFG Jor 4 Bhof ik, S B 8K 7

woul d coengfipaRd over catickamPte ¢ffa diiral oudbiand is &@Yessedhed patanagd i cal |y
enriched, " "enantionerical ly enriched,” "diastereonerically 30 enriched,”
and var i Snertiomgsicearcessigfefinedas JPR &t(eRrel)y (enb 1k WwrpTes” isfthe ragisgidhe torat

has nore . ' [ di ast ereonmer than another. The
degr ee 0F@#ﬁﬁﬁ%&éﬁ&gﬂﬁggﬁ%@@@%fﬁﬁ°ﬁg DESCPAMD PCT/ | B 2005/ 001 924'
may be measur €pidieréomdrid exicads” ok 6eHIAE a mehsuTe fofla pRieh s@inpRy)8fithe @REsS 0O bne

di astereoners, by ee or de. "Substantially gure st ereoi soner, "

" sub&$ andiaslersprisy oxehwample heYing cqual pEpunt phdiagteregmers adis expesweas2 and
variants E&Eﬁtsgé. ’D{al ef‘efome'h%fe‘}gél‘sgli V&irhed hO160 \Mg ?@ﬁ' 1§ éﬁ%ﬁl gggmabge fderg igthe, ¢

st er eoi SONEr, enanti omer, o St er eoner
95% of t hRiosEhere abundant diastereomer to a less abundant diastercomer.

77 L

“Stereoselective,” “enantioselective,” “diastereoselective,” and variants thereof, refer
to a given process (e.g., ester hydrolysis, hydrogenation, hydroformylation, n-allyl palladium
20  coupling, hydrosilation, hydrocyanation, olefin metathesis, hydroacylation, allylamine
isomerization, etc.) that yields more of one stereoisomer, enantiomer, or diastereoisomer than
of another, respectively.
“High level of stereoselectiv‘ity,” “high level of enantioselectivity,” “high level of
diastereoselectivity,” and variants thereof, refer to a given process that yields products having
25  an excess of one sterecisomer, enantiomer, or diastereoisomer, which comprises at least
about 90% of the products. For a pair of enantiomers or diastercomers, a high level of
enantioselectivity or diastereoselectivity would correspond to an ee or de of at least about
80%.
“Stereoisomerically enriched,” “enantiomerically enriched,” “diastereomerically

30 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



For pairs of enantioners and diastereoners, a substantially pure enant i oner
. r would correspond S-es havi ng an ee or; ‘ )t .8 !
%Pg‘ %Hr?;tﬁ%gg pure stereoisoner, Dtggj?’gﬁ]ﬁantloner "pure | @@%@019854
and variants thereof, refer, respectively, to a sanple containi ng a
st er eoi soner, enantioner, or diastereoner, which 10 conprises at | east
about 99. g%of tﬁhff s%rg}e. For all’f of enagntioners and, di astereqners, a
pure eMaKPF Bivatures by t9tal oy or OARLQIREYS QK ’caéteé“éﬁﬂ Wi ng an
ee or about 99% or greater. q)p03| te enantioner” refers to a
nol ecu that IS a non-superinposable mrror inmage of a reference nol ecul e,
whi ch may b‘éSubhﬂaaﬁiaib)dpltry stemne'amnimd “albstarftiallp pust eraetoraed, t ‘subStangaliyer s of the
ref erence .nol ecul t he reference m)lplecul e has S absol ute

st er et e A t:?t“"@t?ﬁ’f |"t§1 t‘?‘ggﬁ‘eﬁ?enref HereSpRFHEPY O SMBIS AMARIE R absol ut e

st & eogheRkemmbr, ef@itfontt! GHdifferedn&S Whid cdntprtstaJ@atrle&s% LB DSTPLLEK GRS SS
absol ute stereochem cal’ configurafion, then the opposite enantionmef has R R
st er eobdrgpaire of emamtibingty aud dizstereSnersed Slmstmtlslly plrcznspamndr ewdiasterpomend r ef er
to the Op]BOSI te P{a?ntlo rhof the 20.co oun%ﬁ’md to any di ast er eoi soners
or geolfBY'FiCRTFWORE M SIDPIES NG ﬁ‘?ee%%% o OLREH e, if the specified
conpound hag “Bufd sfer8biS6BOC M irE eﬁmﬁeﬂtetgug | asterbbmerdt ﬁt@ﬂﬁﬁﬁmhéreowul d
include its opposite enantiomer having R S, Z configuration, it

di ast elre&untestsecnwmg amlzcommirgmsa@m@momm eﬁt;rmomecmrfm@mrammen wlhichd | ts

hay E f
QoY otiisE ATy 83 %8, % K o oheple, A8 Bukf Br ool RN GE08R e or - &
ref er Spidr@ ehditiofiidk bP pede diReGEdher tWould BEfrépbad tsanied havaidi deobiede 6 @

corrpound undergm ng chem cal reaction or conversion and may be cal cul ated
(for t#wusd¥homeresisr) fromthe expression, E= Ks/KSM -1 n[1-x(1+eep)]

I n[1- 73 1- e ! a R are the
1st order e(?%ﬂogb%gé%e?o % g(?gglrw/éec&%%# o%%goh sué@%ﬁﬁgﬁ&l ‘gg“gnant i oners,
res peCinhdé@ lof 2 réfShénae tholddlea iwhidhapbe bbatned byanedrang 511 bpthetsh@edgenand R- - 19
AVENDED SHEET j 27-04- 2006 WD 2006/ 000904 PCT/ 1B2005/ 001924 enant | oners,

r ekbeceqniess 9f thst refereppe molecate. Jivsexappleeif dhereferengerolecie hagnd absales and ees
are th ),
s pecir o Bt B QuEHOE Werlthe bpFosieatittiont has iRt SOk adetARl) . -
t hat | d:diﬁfg&taﬁﬁn 11 jfiretisefif the reference molecule has 5,5 absolute stereochemical

configuration, then the opposite enantiomer has R,R stereochemical configuration.
“Stereoisomers” of a $pecified compound refer to the opposite enantiomer of the

20  compound and to any diastereoisomers or geometric isomers (Z/E) of the compound. For
example, if the specified compound has §,R.Z stereochemical configuration, its stereoisomers
would include its opposite enantiomer having R,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,5,E configuration, and R,R,E configuration.

25 “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 /K — mh_x(l"'eep )l_ ln[l"X.(l“‘ees)]

K/ ey —E[l“?ﬁ(l—eep)] B ln[l"X(l"'ees)] ‘

E=

where Kg and K are the 1st order rate constants for the conversion of the §- and R-

30 enantiomers, respectively; Koy and Kgy are the Michaelis constants for the S~ and R-
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titratable butyric acid/mn when contacted with tributyrin and an enul sifier
(gumarabic) at 5 30C and pH 7. "Solvate" refers to a nol ecul ar conpl ex
.conprising a disclosed or clained conpound and a stoichionetric or

non- st oi chwombeHmeanount of one or nore sol vent nol ecul esct/e@os001540H) .
"Hydrate" refers to a solvate conprising a disclosed or clained conmpound and
a 10 stoichionetric or non-stoichionetric anount of water.

" Phar maceaniicmetsyregpastipelyb) és the fjsrasnal conygrsien ofgbe subskste; oep anddecatreshe ref ers

to conplexes, acid or se diti.on t ol.vat es .or. hydrates of clained
and di scq%g'éﬂme%%%cgfofn%@se Rﬁ?dglﬁt a&‘rdesu}/)\n&{%#i &ezic D ESPESR Ysound nredi cal
judgnent, sui ¢3bhe GAE* LU efetPRAE AmBinitdf thfymid ﬁﬁg?&at)iibéﬁie'sqflhﬁol"\ﬁtt hout
undue toxicity, irritation, allergic response, 'and 15 the |i ke, commensurate
with a rtissahiebhtyrioenidfmin wheskcantactas wishndibufyrimcanid\as eiodsifiee(gum atabicded use.
"Pre-catalyst" %‘é "catal yst precursor" refers to a conmpound or set of
corrpéund@ \ér?é?@P 7e converted into a catal yst prior to use. "Treating"

refers to revetsi Vi gt g - Lahihl -1 I : ting
2 20°di sor ders Byt geiny B4 blthar LRhIRk EbRErikg o Bl 08625 Obimel o BESHAY ' 0
or nor e mAEiteiahioafetricsotaionebtsiokidaietriy amgeumd of beor mdresalveRninolacaleg &gl 0 t he

act of "treating," as defined i medi ately above. Table 1 |ists
abbr evi s used t hroughout the specification. TABLE 1. List of

Abbr evi at i ons: VAl i riRLs p [ Lar ] AcNH
acet y?liatm' Ino Sé[{qﬁg%&eic[)éuf%%E@%Sﬁ%ﬁﬁ%@?ﬁﬁ§3ﬁgﬁ<ﬁg {%% f@aﬁoﬁjﬁ%ﬁnﬂég% fonic
aci dp BlgtdidRobebiddrsion-supidiiionigaiduthowgit yEwarer. - 20 WO 2006/ 000904

PCT/ 1B2005/ 001924 Abbrevi ati on Descrjption Bn benzyl]
“Pharmaceutically acceptable complexes, salts, solvates, or hydrates” refers to

complexes, acid or base addition salts, solvates or hydrates of claimed and disclosed
compounds, which are within the scope of sound medical judgment, suitable for use in
contact with the tissues of patients without undue toxicity, irritation, allergic response, and
15 the like, commensurate with a reasonable benefit/risk ratio, and effective for their intended
use.
“Pre-catalyst” or “catalyst precursor” refers to a compound or set of compounds that
‘are converted into a catalyst prior to use.
“Treating” refers to reversing, alleviating, inhibiting the progress of, or preventing a
20 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

ag aqueous

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




Bu Butyl n-BuLi nornal-butyl |ithium Bu4NBr tetrabutylamoni um brom de
t-BuNH2 tertiary-butylamne t-BuOK potassiumtertiary butyl oxide t-BuOwe
tertiary butyl nmethyl ether t-BuONa sodiumtertiary butyl oxide CBz

benzyl oxyg‘mbo%l x fractional conversion COD 1, 5-cycl ooct adi ene DABCO

1, 4- di azalYEPGPYY% 2] oct ane DBU 1, 8- di azabi cycl of 5. 4. BFGABME# U4  DEAD
di et hyl azodi carboxyl ate DI PEA diisopropylethylamne (Hinig s Base) DVAP

4- di met hy| X0 EIeR4fidg Ne ﬂvmwmme E
Enanti osel ectivity value or ratio of specificity constants for each

enantioner Bf a conpound unbgizgbi ng chem cal reaction or conversion ee (eep
or ee$) enantioneric excess_(of product or reactant) eq equivalents er
enantiomeri®ratio Et et hyBUtYEt 3N triethylam ne Et2NH diethylam ne EtOH
et hyl al cohph, 1t OAc et hyl \NCN i‘]i .0, S, d hours, mnutes, seconds,
days HEPES 4- (2- hydroxyet hyl ) pi per3’2| ne-I-ethanesulfonic acid -21 WO

2006/ 000908NBriB2005/ 001 9f2#abutylammonium bromide

t-BuNH, tertiary-butylamine

-BuOK potassium tertiary butyl oxide
+-BuOMe tertiary butyl methyl ether

-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[5.4.0]Jundec-7-ene
DEAD diethylazodicarboxylate

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

DMF dimethylformarnide

DMSO dimethylsulfoxide

E Enantioselectivity value or ratio of specificity constants for

ee (eep Or ees)

each enantiomer of a compound undergoing chemical
reaction or conversion

enantiomeric excess (of product or reactant)

eq equivalents

er enantiomeric ratio

Et ethyl

Et:N triethylamine

Et;NH diethylamine

EtOH ethyl alcohol

EtOAc ethyl acetate

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

HEPES 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid
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Abbrevi ati on Description HOAc acetic acid HPLC high performance |iquid
chromat ography |1 AcOEt ethyl iodoacetate |PA isopropanol Ks, Ks 1st order
rate constant for S- or R-enantionmer Ksn2, KRM M chaelis constant for S- or

R-enanti o l'i quid chronatography nass spectromne um
di i sopropyl am e 0%ﬂlNDS Li t hi um hexanet hyl di si | azi de Wﬂ#@%@méz
tetranethyl piperidide LU |ipase unit M nethyl I\/bC12 net hyl ene chl ori de
(R R) - Me- DURbﬁgV{aﬁbnl 2-bi s((2R 5R) -2, 5-di nﬁ)d@yﬂlﬁﬁlmsphol ano) benzene Mel
met hyl i ode.&AZEQNa_s.ng_um_nELh.om_de__Meﬂd_meL | cohol _NES

2- nor phol i nH&AWsanesul f oni ¢ aeﬁ:tu: aCNllPS 3- (N- mor phol i no) pr opanesul foni ¢ aci d

Moa rrega P Ms Mesyl orn. | sul f H}[g tertiary butyl

et her a%ﬁ‘gshyl pyrrolid a?qpqﬁéadt 1? \gll'agg%/o met hanesul f oni c
acid ani on)IAdEjEtphenyl Ph3P ettyl pddemoekeosphi ne  Ph3As triphenyl arsi ne Pl PES
pi perazi ne-1, 4-bi s(2-et hanesulfonic acid) RaN Raney nickel Rl refractive

i ndex RT roB’pﬁterrperature ( dmprepanelat el y 20C- 250)

Ks, Ks 1st order rate constant for S- or R-enantiomer
Ksm, Krm Michaelis constant for S- or R-enantiomer
LC/MS liquid chromatography mass spectrometry
LDA Lithium diisopropylamide
LiHMDS Lithium hexamethyldisilazide
LTMP Lithium tetramethylpiperidide
LU lipase unit
- Me methyl
MeClz methylene chloride
(R,R)-Me-DUPHOS  (-)-1,2-bis((2R,5R)-2,5-dimethylphospholano)benzene
Mel methyl iodide
MeONa sodium methoxide
MeOH methyl alcohol
MES 2-morpholinoethanesulfonic acid
MOPS 3-(N-morpholino)propanesulfonic acid
Mpa mega Pascals
Ms Mesyl or methylsulfonyl
MTBE methyl tertiary butyl ether
NMP N-methylpyrrolidone
OTf~ triflate (trifluoro-methanesulfonic acid anion)
Ph phenyl
PhsP triphenylphosphine
PhsAs triphenylarsine
PIPES piperazine-1,4-bis(2-ethanesulfonic acid)
RaNi Raney nickel
R refractive index
RT room temperature (approximately 20°C-25°C)
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-22 Printed 21-11-2006 DESCPAMD PCT/ 1B 2005/001 924 Abbreviation

.. Descri.ption.si.c substrate-to-catalyst nolar ratio sp species TAPS

. Phinfad: i2d ¢tiygoak y et hyl ) net hyl ] - 3- aDES@RANBnesul fonic  acid TEST/AB 2005/001 924
N-[t i s(hydroxynet hyl ) net hyl ] - 2- ami noet hanésul fonic acid Tf S e
trifluoronethanesul fonyl (triflyl) TFA trifluoroacetic acid TI-IF
tetrahydrofuran TLC thin-layer chromatography TMEDA
N, NN, N hyT -1, 2- et hyT enedr am ne T
N-[tris( h@B‘?‘%ﬁ@Hm@ hyl )net hylJal ycine Tri sDebuflwéé\!F
tris(hydrggynet hyl ) am nonstbsaae-tordatabyst moRirkelib B benzyl t ri met hyl ammoni um
hydr oxi de TRI ZMA(r) 2-am no- 2-(hydroxynet hyl)-1, 3- propanedi ol Ts tosyl
or p-t ol uetfesul fonyl p- TSASFA?E- t ol uene sulfonic acid v/v volune percent ww
wei ght ( percent In ' S | es bel ow,
certain (r:rg)?rg%unds can be %@%@?g‘iﬁﬁ@?ﬁ 5@?%&??%}?%}@&%?§&W%h pr event
undesi rabl e chem cal reacttidn at otherwi se reactive sites. Protecting

gr oups | so be used t nhance sol ubjlity or otherw se nodify physical
propertie ng a conpound. %"F'?SPS@YETP&’E}%‘EWBWGHWH%'&{@E%WG&NW Kidategies, a
5 descripffon of material &imﬁqoﬁgg,g%mf?wl (BWI)&I ling and renoving
protecting groups, and a conpilation of userul” protecting groups for comon
funct i onalF4r oups, i ncl udimflpaxnaaetis acidcar boxyl i ¢ aci ds, al cohol s, ket ones,
and al de s, see T. W Eeﬂgng@spd P.G Wits, Protecting Goups in Organic
Chemi stry!{1999) and P. KGRI ot ective Groups (2000). In addition,

sone of ttecschenes and eméﬁscmhﬁ%g}myomt details of common 10
reactions, including oxidations, reductions, and so on, which are known to

persons ofMEBMi nary ski | V.N& tdearmethyl-heganilenadiaminst ry. The details of
such reac’fﬁﬂﬂﬁﬂfan be fOuWj[t}igth?droxymemyl)memyl]glycine

Tris buffer tristhydroxymethyl)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

5  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, and aldehydes, see T. W. Greene and P.G. Wuts,
Protecting Groups in Organic Chemistry (1999) and P. Kocienski, Protective Groups (2000).

In addition, some of the schemes and examples below may omit details of common

10  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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nunber of treatises, including R chard Larock, Conprehensive O ganic
Transformations -23 | n' ArACAIlI'1 CIl CLJCG T ~~ ~ -" WD 2006/ 000904
PCT/ 1 B2005/ 001924 (1999), and the nmulti-volune series edited by M chael B.
Smth and npendi um of Organic Synthetic Method 1974-2003) .
Gener al | y,‘ﬁs’@?‘f’?"r‘?g&‘mt erials and reagents nmay be obtai né(al(WBﬁ’ﬁ/@E)?ﬁ‘ferci al
sources or may be prepared fromliterature sources. Generally, the chem cal
t ransf or(0909)pmsd the soultibelirhdserieg hditsd iy lefichaeld fSmith amhotivens, Compendigmrdfed out

ancti ortgeay Sereicatehomn QBTG Crael ety CGPASHAS TREER ant <.
Additi ongldiyed ﬁﬁﬁ%rﬂﬁe&ﬁfsdlﬁ@éét&ﬁ%hjﬁﬁ%ﬁ%fﬂ%ﬁﬁ&%@éﬁur&&? speci fication,

i ncludi ng the enanti osel ective e racem c diester (Formula
4) descri bed Geneddiyaihe dheinical tremsfotmeativas desedbadthraghoaetthe spdificdtioh may

oo 15 ottt 2P Rt syl moR bl &0 e Bk Sk EERS. oy ot
t he Chef}é&i‘ibﬁ g{eazcrb%%te@am Aihe R L EAP bf)a;né)é}%n&f, gmeeres&gavlﬁe.t Mahﬁio@gh%ent S,

which may 1 n et reaction rate and yield. Depending on t ature of
t he reachantaf the reacoores disclosed threoghoantie spedficdtienpintlnding the enargimkelective, pol ar

aprotic _saqlyents, non-pql gr solvents, of s .conbipation. _Any references
P b S Bt pLIE §h6e A0 Aresier AT 4 seibed it Gk Palc Siay HRgumed Siiat ange.
a 15 cat I ' : : | e word

" ange: SPURT. SR gAIR AGEoRaP e HIRE O RIS HE HeRiueL” 10T

pr ovOdesiepaiding eh scaation kinttiescgieldsy amal thp dike.nBurd@rinosd, mangof itheechemieati no aci ds

(Formula 1) including pharmaceutically acceptable salts, esters, am des, or
pr odr ugdrappforaations Fay %ﬁﬁwﬁagr Bﬁorwmaﬁﬂi’?els W@ngl ay inflyengesthrl and R2,

' whi e spdie oS i MEpeni i ol € PR OYGe polalelTHtpg of Bithe Lilbette ) Tor
subst i t whedbePolaZprotic kaluérity, | polaymptdtiosel ventsyrncpolaitdlveatsa ohysinogambiakon. and

Rl is Cl-12 al kyl, C3.12 cloal kyl, or substituted C3.12 cycl og) kyl .
Par t© culA SPIRTSATeh 1 g RGOS 1612 CRBESANEHION e RISEIPETRUYE THEep PEITARES. B o

hydrngge ng%F 3 ﬁ] | » -] ich R2

i's e]ighygra %ﬁ eﬂhé‘tag%] an ’%‘iﬂ%%?ﬁ%%gg y y%@“&“@%@éefﬁ“’k% Qétglsﬂgglcqggl |y

usef ul cherjndivattsl enflpdiatsrul a 1 i nclude those in which RL is a hydrogen atom

and R2 is Cl4_al kyl, such_as pregabalin (Formula 9). FIG 1 shows a process

for prepari ngthsdreseal inyention Rravigesmatesialsand anetiods for preparingrpptically aetveqy-

e e S adbe BrcunfiOf) iRbARE pREm R ocbplaBRF a8 botlid s, 6" ©1 1S
prodrugs thereof. The compounds of Formula 1 include substituents R' and R?, which are

20  defined above. Useful compounds of Formula 1 thus include those in which R” is a hydrogen
atom and R? is C1.12 alkyl, Cs.12 cycloalkyl, or substituted Cs. 1, cycloalkyl, or those in which
R’isa hydrogen atom and R'is Cr.12 alkyl, Cs.12 cycloalkyl, or substituted C;.;; cycloalkyl.
Particularly useful compounds of Formula 1 include those in which R' is a hydrogen atom
and R? is C;.¢ alkyl or C3.7 cycloalkyl, or those in which R’isa hydrogen atom and Rlis

25  Cp.g alkyl or Cs5 cycloalkyl. Especially useful compounds of Formula 1 include those in
which R' is a hydrogen atom and R? is Cy4 alky), 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

30  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

S, Y -



of a cyano substltut ed d| ester (Forrrul a 4) and water, with an enzyne to
yield a product 30 nmixture that includes an optically active dicarboxylic
.acid nonoester (Fornula 3) and an optically-active diester (Formula 5). The
cyano-substitut ed diester (For mula 4) has a stereogenic _center, which is
denot ed bwgﬁ 06408304 5 ("*"), and as described bel ow, rra}’CHé‘B @3’%24

2006/ 000904 PCT/ 182005/ 001924 prepared in accordance with a reaction schene
shown i g, l__ﬂaﬁzdﬁl acE’btd@ﬂcé@:tEQ&‘éa%ﬁbxh Bchet@@hoWwh BYFRS. 2, %&X@@Qntﬁéthfgtmém ed
diester "(Fornula 4) typically conprises a racenmc (equinolar) mxture of

t he di esneymeftheoyané-substityted digster dbpmuila ) tepmlﬂy mrepnseslatmamm dequiroRlar) R2,

and R3 in, For a,. 3., Far For and bstitueat. R4 i

For nul a BX4¥g 0 %ﬂf%er§?£r§n§1a§ angé% PR 5: iqnher gﬁﬁ@&’?‘gﬁ% a1“—6%71” a 1.
Gener al Ly FoAReia®) Feftula UaheiFdtidules antlsibstindaeR* i Peridils 41288 Forhslai s aent
identifier (R R2, R3, etc. ) IS defined for the first time in connection

withsa fasdefined abave in aennectiorswith Fermula de flanerally, andamless stated differendlys f or mul a

[l h t he 3
bl ocat arVER? MAEGCHE SheurliRunPr BFS REA L8R i R Ror P TR MR B fece 10
on the ¢omRQuBH vath £RirAMlR e saielsubstmient iﬁéﬁnﬁéﬁséﬂﬁwkﬁb%h@.ldﬁi fdrhﬁll@ﬁﬂ?s' te
enantioner to yield the di car boxylic acid nonoester (Forimula 3). Useful

enzynes hrawﬂlersamem@emcasun&wearhﬁ,rcfomnqlm ng the corrpound of formula 4 to
Formul a 3 may.thus in i ncl udi ases ertain

pr ot eases, m]cﬁnﬁwez#h{ a(% WV@E%%P@F%EQ?%’ @Htﬂﬁh fﬁ%/lﬁ@% 89 cffget
obt gg ne%nfm@a@lﬁp(sﬁfd (ﬁ'tan%}a'EiWﬂ @htaxsyes EHeSFdrdlpsis Hfilwéppwitsr&han%ﬁﬁaso and

m croorgani snms. 15 See, e.qg. 2 for "a non-limting list of
commer ciyald jhmhaarbanbyle: mnw@ (Forlralba 3). AJsel mymmﬂor ynatinstladsively

Y ophi | FRmEE e comReanG PEEDrIE  JE Fenis £ iy e BERGe Bugtiests iR 2oo

Al t usl 3 1ipGERR! fdralttprotéaddddinitl\Rthéd diafiGoshlectifLdsteriRS Y80S BB nRA Ay s a Li pase
Al t us50 Asper gill'us niger |ipase Amano Lipase A Pseudonbnas ceépaci a Lipase

Amano  Lioptsreddrbm Revenidynsmatirsl sources, deeluding paiseal argans and pécreorgrnisms.
15  See, e.g., Table 2 for a non-limiting list of commercially available hydrolases.

Table 2. Commercially Available Hydrolases

Enzyme Trade name
Porcine Pancreatic Lipase Altus03

CAL-A, lyophilized Altus1l

Candida lipolytica Lipase Altusl2

CAL-B, lyophilized Altusl3
Geotrichum candidum Lipase Altus28
Pseudomonas aroginosa Lipase Altus50
Aspergillus niger Lipase Amano Lipase A
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

D5



Candi da rugosa Li pase Amano Li pase AY Rhizopus del ei nar Li pase Amano Li pase
D Rhizopus oryzae Lipase Anmano Lipase F Penicilliumcanmenbertii Lipase
Amano Li pase G Micorjavani cus Li pase Amano Lipase M -25 WD 2006/ 000904
PCT/ | B20054@P1Reboosbd1zynme Tr ade nane Pseudomamnas cepaci a #Pf?}?z%o; ) Li pase
PS Penicilliumroqueforti Lipase Amano Li pase R AspergilTus sp. Protease
Bi oCatal yticsl0l. Pseudonppas sp. Lipase BioCatalytiesl03 Fungal Lipase

Bi oCat al yti csHizZymkl crobi al, | yophilized LiTeadecnadBheoCat al yt1cs108 CAL- B,

Lyophi |l i zed BW%# Lyophilized BioCatalyticslll
CAL- A, |yophi Fis¢ ngEeraca Lipa®e12  Thenndkpgnadsipass PS i pase

Bi oCat al yti cslglh; . el | yophi | i I . Bi oCatal ytics1l17
Chr onobact eri l%ﬁyfl@%?g%gw’gﬁ%iégﬁtus 26 C@%o"feﬁ?%i}l Chriazyne L2 Sol
Candida utili slspérggéihﬂ spl PdosgfasdRni zopus ni veBioCitpigaes181gma L8 Pseudononas

Sp. Lipoprotein Lipase Sigma L13 Thennonuces | anugi nosus Lipase Sigma L9
Li pol ase Theﬁﬁﬁ‘fd?ﬂ?é’“f ghddP#HEsus | i pase s%taly_tjca\wﬁpsn Rhi zomucor
T b S ShAkRe ™ ot ase, PSeldomngs,eaggygaoy pace S o L4 Tupe
Pancreatic Li plissob2BQydpliilizad Heagar ch VI Biy@aalptifyiogease Al t us33
CAL-B, lyophilized BioCatalytics110
Candida sp., lyophilized BioCatalytics111
CAL-A, lyophilized BioCatalytics112
Thermomyces sp. Lipase BioCatalytics115
Alcaligines sp., lyophilized Lipase BioCatalytics117
Chromobacterium viscosum Lipase Altus 26
CAL-B, L2 Sol Chriazyme 1.2 Sol
Candida utilis Lipase Fluka6
Rhizopus niveus Lipase Sigma L8
Pseudomonas sp. Lipoprotein Lipase Sigma 113
Thermomuces lanuginosus Lipase Sigma .9 Lipolase
Thermomuces lanuginosus Lipase Sigma L10 Novo871
Rhizomucor miehei Lipase Sigma L6 Palatase
Pseudomonas species Lipase Sigma L.14 Type XIII
Wheat Germ 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 Altus41
Aspergillus oryzae Protease Altus42
Penicillium sp. Protease Altusd43
Aspergillus sp. Protease Altusd5
Renin Calf Stomach Protease Sigma P24




Chypopapai n Protease Altus38 Bronelain Protease Altus40 Aspergillus niger

Protease Altu

s4|

Aspergillus oryzae Protease Altus42 Penicillium sp.

+Protease Altus43 Aspergillus sp. Protease Altus45 Renin Calf Stomach

Prot ease @ 9%efddehos - 26 WO 2006/ 000904 PCT/ | B2005/ 001924 pcErgxiEodosgde nane
Subtilisin Carlsberg Protease Altusl O Bacillus lentus Protease A tus53

gﬁ%ﬁ Il Rhi zopus ni veus Pr Etwsnmﬁnano Newl ase F Rhi zopus

Aspergillus n
Amano Acid Pr
oryzae Proteasge;
Prol eat her F

Pr ot ease

Lo o Dr At Ancn r]O
|||\JIIU’\.\/M\.T\/ UTaT

B RA goRe ot cos

oryzae Proteagg-AmmnonRmbease M
N Aspergillus nelleus Protease Anano Protease P Bacill us

st ear ot her nopHispargilirs sigeadeoteasano Pr ot ease ASBNPIArid PrateasEsA er ase,

| yophi li zed B

Chirazyne E2
al bum Pr ot eas
al pha chynotr

Cat Chirazyne El

REEP BB Shopse
Rhlzbpsn
ypsin |

Pr ot eases B

h] Q

10 Prot ease

A Aspergillus

Baci | | usAs’fMQgg lis Protease Amano Protease

Pi g Liver

AT Peatbish I

iPfusrlegdenase K Bovi n@RagiN&Assst ot ease Sigma P18
Streptonyces griseus Protease Signa P16 Bacteri al

|i zed Bi oCat
Tritirachi um

Bovi ne Pancr eRbizBpwtayse Fogase P21 Bet a chyjmuanoyeptidase® ostri di um

hi stol yticuin

P17 Enteropep

Aspergillus oryzae Protease
Aspergillus oryzae Protease
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

AR s o

Stime. P o308 HepsrherEe,
Amano Protease A
Amano Protease M
Amano Protease N
Amano Protease P
Amano Protease SG
BioCat Chirazyme E1
BioCat Chirazyme E2
BioCatalytics118

Fluka P6 Proteinase K

I ne Protease Sigma
Ent er opept i dase

~ Sigma P18 alpha chymotrypsin I

Sigma P16 Bacterial
Sigma P21 Beta chymo

trypsin

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

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

Sigma P1 Flavourzyme
Sigma P5 Neutrase

Sigma P12 Papain

Sigma P10 Protease

Sigma P14 Protease S
Sigma P9 Savinase

Sigma P19 Type 1 (crude)
Sigma P7 Type IX
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Bacillus sp. Protease Sigma P8 Esperase Aspergillus oryzae Protease Signa
P1 Fl avourzyme Bacillus arnyl ol iquefaci ens Protease Sigma P5 Neutrase

.Cari ca papaya Protease Sigma P12 Papain Bacillus the rnoproteolyticus rokko
Si gma P10 Pyrococcus furiosis Protease Sigma P

Baci | | us S‘E&W"Z@%"ée Sigma P9 Savi nase Bovi ne Pancreas]%rlg{ngg@gpgna P19
Type 1 (crude Bacillus _polyrnyxa Protease Sigma P7 Type | X -27 WO

2006/ 000904 PCEi{zé;E&OOSI 001924 Enzyne Tradermdgankaci |l us 1 chenitonnis
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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 kLU/g. Other forms of LIPOLASE® include LIPOLASE®
501, which has half the activity of LIPOLASE® 100L, and LIPOZYME® 100L, which has
the same activity of LIPOLASE® 100L, but is food grade.

N, }
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s cr een@gplefengd m:mmwmmugi&ﬁuiubs&mmmn graydehthe e¢emiclaatraRkaBothulaag
Exanpl e section below. Oher enz (or mcrobial sources of enzynes) may

be scr%éﬁéfécméﬁ“ﬁg“@mﬁ‘@wdi $e ¥%lﬂ%hu%@mﬁwl%%#%e@@dﬁques
typi cg] L ngyéal :ﬁmh*iﬁséif&lﬁi @{ 1‘?&3 ydﬁ Sl V# cﬁﬂtﬁfnﬁ’&%ﬁa e!nnmcfx&gntrmd' a

Suppl enen an enri c e racemc

subst rsgbstrafd- OThEst Midporganistnssire vatiseqwdntly esalmtb@forqham ability td’otenti al |y
useful mcroorgani sns are selected tor further |nvest|g€t|on based on their

ab?l i teya@t@salﬁgwdmcq&@a%c%mwﬂh% by kentaetingcwspansions ¢ dhe mieobizheslls
m Cr oQg {Gémf&f &b%&?t%%?qﬂ%&inéefrﬁi’ ﬁJ s@ﬁcefo‘? é!i'é’s‘.i{ed% th g}y i) adiRelO

enanti 0Se y catalyze es ro ysi s y cont a suspensi ons of

t he mdmambm@hc aeilllnsonoesteh (Ifdrmm:,aa)amng anabgicalanethadgisuohsisichiral HPLChgaser esence
of the, d;fl red opti {clal | y.- a%ﬁg di carboxylic acid nonoester (Fornmula 3)

usi ng 4, PRAPARA K I as chiral HPLC, gas- |iquid chromatography,

and OB @2 adnftle 810 Bad e sk D el gi UL Blok b gaggt Vi Ly has

been isol ated, 15 enzyne engin oye O I nprove t
pﬂﬁperdnjzme el&gind:wingnnwﬂm employod te #sprove-the peopertisenf tmenaymeit ptoduices. t at i on,

enzy used to increase.the eld . and the
enant i 6’§€ @EP P\ﬁ“ﬁs’"@i"y“ﬁﬁé‘“&‘f’ér CW&WW‘“&IB%L’B&B%Q‘H@%%EWQ% e and
PH  opgRak é]ﬁnﬁ@d&&%tﬁgigr of e BRFHFBro gﬁﬁdtélﬂohdgﬂrtﬁé’?exﬁ aife ¥iEp tol erance to

organi ¢ sol vents. ul enzyne”engdl neering techni dques i nclude rational
desi gropesting dmges olthe aazpihe.cndi to dupede B enayagsitebracedn drganiasdvandi r ect ed

evol ut s%?ulte%%‘é‘e' &Pgeu'xsee}xrr]x%tterﬁmllélde% exncﬁlllj(fecr%agrixa\f 'calesrigfz,)ﬁJ r@%ﬁm%fs, such as site-directed
20  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 enzyme may be in the form of whole microbial cells, permeabilized microbial
25  cells, extracts of microbial cells, partially purified enzymes, and purified enzymes. 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
30  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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4o SRR dBO AT oBP Sedtnect aly Blibirab bei<Bo9a BRDGNIOTNG. 5. 618, 710
to MgiQushBy bPitk aPpridatiorlof CEER find EEEA%&%{B%@' to aclngyss' on of CLEAs,

including their preparation and use, see U S~ Paterit Application No.
2003/ 014911 reectlon mikturs iy deimpirisga saglaphasSeor maly comrisd/muftiysle phases Bi ocat .

Bi ot r ansf 10, 16: 181 (1998) and P. Lopez- | ., Biotechnol .
Lot t (G sP¥Pb 088 HEshsBae Yo Hee SsPatot Hmeeagpeiocty? bHISTYSE £C. and

CLEA h8GRMRFRGY1 fidydalel fla%8n aEh%é 8obO BhSk AR BRI WPLHe Rl N9l @

phase or may conprise nultiple ases (e.g., atwo- or at e- phase
dyst dnitiallymacemi¢ substraterpoenule Ay theunddsoed bpiitallysictiyeldiebtgs (Formsbofly in FIG 1

| in.a.singl h ' i h . the 15
"o ¢ e $EiE oB SUBLRRE aRAHER e B0 onctiel hobBhlh uleriaiel B vo”
di estrgictiohhiRtire niy.coniiide b MulHghasesyst thatinkmasin ¥fuedus prdyexy! i ¢ acid

monoester (Fornmula 3). Alternatively, the reaction nmxture may conprise a
mul t icoptrgbwith psplidphangt(eign enzides onprodycdansaqpeRus@hase in contact with an

organic phase, or an agueous phase in contact with an organic phase and a solid phase. For
20  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
25  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
30 enriched in the unreacted diester while the aqueous phase becomes enriched in the desired
dicarboxylic acid monoester as the reaction proceeds.
The amounts of the racemic substrate (Formula 4) and the biocatalyst used in the

enantioselective hydrolysis will depend on, among other things, the properties of the
—30—
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i 10 t | edcemated®ntmelnid)mn efeaadtatable Onduriviof tnat{abtut 2. Ktd\dboan2d hpwithewy cases,

having an initial concentrati f about 1.5 t bout 3,0 M, Additionally,
the  Heactiiihe e neaner Antpoany Bie Shnbssslirdve budioRg onanboEATisdpRAabou
10% 3R dhbeBOY ta BRSHSboMTRL0, R0 %ic;agly gf‘ﬁggﬁgla@@ﬁ'ﬂ &b @ﬁn%?%&m%",/%(g about

4% (v/v). The enanti osel ective hyd e carried out over w de
r angesftef atapii of aboutd.5 wrapiiaf abaut 7eékanpl e, the reaction nmay be carried out

t t f 1 t t bout 5QC, toi.
Cypi cal 1y LM Bstss ot ot coptigh Wtacl b SELvEl eSSt s e gioyuni
sydst aﬂm'b%hbsfrawwog)ﬁmhvgrpﬁb&@dé BecuseATQHd fotration 8f BRQUHEarBOyIR: sefd the 10

racemate (Fornula in a reasonabl e anount of tine (about 2 h to about 24
h) wi treogesterd&qumulazi Hg compersae/for thig\ckiinge.ghe hiydrolystrreactimt maygbt Bot | ve

typi caymtspal pBCe< oL 30,7 e Bbsents PR QsBlitbiter, Ay By it witR BXsm0; Zbour
6.5 t gHaoBtoPthréddlthe 4ddition of a base. Suitable buffers include potassium phosphate,
sodium phosphate, sodium acetate, ammonium acetate, calcium acetate, BES, BICINE,
20 HEPES, MES, MOPS, PIPES, TAPS, TES, TRICINE, Tris, TRIZMA®, or other buffers
having a pKa of about 6 to a pKa of about 9. The buffer concentration generally ranges from
about 5 mM to about 1 mM, and typically ranges from about 50 mM to about 200 mM.
Suitable bases include aqueous solutions comprised of KOH, NaOH, or NH4OH, having

concentrations ranging from about 0.5 M to about 15 M, or more typically, ranging from
25  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 using standard techniques. For example, in the case of a single (aqueous) phase

30  batch reaction, the product mixture may be extracted one or more times with a nonpolar
organic solvent, such as hexane or heptane, which separates the desired dicarboxylic

monoester (Formula 2) and the unreacted diester (Formula 5) in aqueous and organic phases,
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unreacted diester (Formula 5) in a%léeous and organic phases, - 1= CAVEM SHFFT
27- 4- hydriysig ahgve 0% therobp HORSCRAND AMAECOB MY 051R0Mead and bnpeilg vel y.

Al ternativel vy, . i.n the.c l.ti,- phase reaction enploying agueous and
organicestﬁﬁ%g?élgtegrwlﬂﬁgggfaﬁofﬁig%&'ggﬁuﬁegﬁgﬂaﬂ?&eﬁ'er (Formula 3) and the
unreact ed difesfeatmer(toBitiauiastd (FohBeRSS Withel base R ifRPARRLgRFasdlast er may
be separated batch-wi se followmng reaction, or may be separated

seni - corcidinugpsotpn of theomalonaleusoigty@ignérally résulte inainversioml afahé stereo§emiydr ol ysi s.

indj cated in FLG th t ed la § be j sol at ed
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wi th unconverted racenic substrate, whi ch subsequent |y undergoes enzymatic
conv erasil inprganidbases sucls ag K QldN2OHcandWHw@H. Themeasyiohiin garting ouningtact ed
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such as MTBE. Reaction temperatures above RT typically improve the yield of the

20  racemization process.
As shown in FIG. 1, the substantially 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

25  dicarboxylic acid (Formula 6) or corresponding salt. The cyano moiety of the resulting
dicarboxylic acid (or its sait) 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 H; in the presence of catalytic amounts

30  of Raney nickel, palladium, or platinum, or through reaction with a reducing agent, such as
LiAlH, or BH3-Me,S. Useful acids for the hydrolysis and decarboxylation reactions include
mineral acids, such as HC1O4, HI, H,SO4, HBr, and HCI. Useful base catalysts for the
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ni ckelto gpal dnasptivally-&dtive cyano-substituted carboxylic acid or its salt (Formula 8 in which

R’ is a hydrogen atom, though R’ can also be C.1 alkyl, Cs.12 cycloalkyl, or aryl-Cy_¢ alkyl

20  as noted below). The same conditions used to decarboxylate the lactam acid (Formula 2) or
the y-amino dicarboxylic acid (Formula 7) may be used. Instead of first hydrolyzing the ester
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

25  (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

30  about 5%, by weight, of transition metals such as Ni, Pd, Pt, Rh, Re, Ru, and Ir, including
oxides and combinations thereof, which are typically supported on various materials,
including Al,03, C, CaCOs, SrCO3, BaS0O,, MgO, 8i0;, TiO,, and ZrO,. Many of these
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Pl ALY RIS iE0es, Dedreastd (BIapLipg) Eey e ol paepuribEbRY ai i ng
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i ncl ude 07
20  (Formula 6) may be more difficult to isolate because of its comparatively higher aqueous

solubility. Isolation of the lactam acid (Formula 2) reduces the carryover of water-soluble
impurities into the final product mixture and 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

25  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 removai of
inorganic impurities by the water phase. High reaction throughput and the avoidance of
strongly acidic conditions are two advantages of this approach.

30 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.

The process includes a crossed aldol condensation, which comprises reacting an
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conditions are t vant ages of this approach. 30 FIG 2 illustrates a
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FIG 1. The process includes a crossed al dol condensati on, ich conpri ses

r eact Metpl ghanide(Na@N, KORRorpnglisatine zarth mepgd syamde (magnesiim ¢yanidrds DESCPAMD
PCT/ 15 29951,000, 926, . HISHTREAL £k F AL, Btk B PN EQA MR, 1) W th @
(Formula 19). The reaction is typically carried out in one or more polar protic solvents,
20  including EtOH, MeOH, n-propanol, isopropanol, or polar aprotic solvents, such as DMSO.
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.
The desired (S)- or (R)-enantiomers of any of the compounds disclosed herein may be
25 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
30 diastereoisomer. Additionally, the desired enantiomer often may be further enriched by

recrystallization in a suitable solvent when it is it available in sufficient quantity (e.g.,
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et ched by O S EamPPERS B HFD SORHAdSI COLD B Ao ah U HLOMERSR o | bl e
in sufhheb&Rl. BARh chits (e PresentidventivhYelbrabyHefuded tiform&¥forms, whether
20  they are each pure or mixtures.
Many of the compounds described in this disclosure, including those represented by
Formula 1 and Formula 9, are capable of forming pharmaceutically acceptable salts. These
salts include, without limitation, acid addition salts (including diacids) and base salts.
Pharmaceuticaily acceptable acid addition salts include nontoxic salts derived from inorganic
25  acids such as hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydroiodic,
hydrofluoric, and phosphorous, 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. Such salts
thus include sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, nitrate, phosphate,
30  monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate, chioride,
bromide, iodide, acetate, trifluoroacetate, propionate, caprylate, isobutyrate, oxalate,

malonate, succinate, suberate, sebacate, fumarate, maleate, mandelate, benzoate,
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structure, hygroscopicity), a compound’s free base and acid addition salt (or its free acid and
20  base salt) are otherwise the same for purposes of this disclosure.

Disclosed and claimed compounds may exist in both unsolvated and solvated forms
and as other types of complexes besides salts. Useful complexes include 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

25  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. D20, de-acetone, ds-DMSO.

30  Generally, for the purposes of this disclosure, references to an unsolvated form of a
compound also include the corresponding solvated or hydrated form of the compound.

The disclosed compounds also include all pharmaceutically acceptabie isotopic

variations, in which at least one atom is replaced by an atom having the same atomic number,
37—
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Japan), Roche (Basel, Switzerland), Novo Nordisk (Bagsvaerd, Denmark), Altus Biologics
Inc. (Cambridge, MA), Biocatalytics (Pasadena, CA), Toyobo (Osaka, Japan), Sigma-Aldrich
20  (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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drug and/or substrate tissue di st{3 ution studies. EXAMPLES "'The follow ng
exanpl esicawisitionttimngwas 3-30 se Regulas t"CIAVMRespaeiza were-dcighired wsing 3bdegreptipsent

spegi.fic _epbodi s of 1 res i nvention. . GEN JERL AL ND,
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enzynes ‘J{Jés%ggplibﬂlﬁ]ej%%r eeni % Eﬁ a%seﬁt?g%%fe%%?msfﬁ?\)e@gﬂ%gﬁgf ned %?%l%gl
comrer civeds appigtheondinppusiyand 1 Hellingibnopdeniag ovas MapligdduringpraegssinBo dlypicaBasel ,
Swit zerl and)s.. vo Nordisk. (Bagsvaerd, Denmark), Altus Biologics Inc.
(Canbr i AGEUSIHRR g WU oo™ (Pasadena, CA), Toyobo (OCsaka, Japan),
Sigma-Aldrich 20 (St. Louis, M) and Fluka (Buchs, Switzerland). The
Screeni NGASSEPRCIRONMETRYEer formed in  an Eppendorf Thernom xer-R (VWR).

Subsequent | arger scale enzymatic resolutions enployed LI POLASE(r) 100L and
LI POBASE( r ) 10dass Specteometrewayperfernied ongy HENGMELT R&CJ&RDAII 160MSTBusing HP

9001- 62_81?e'mstaﬁon Plus Software. The LC was equipped with an Agilent 1100 quaternary I.C

system and an Agilent liquid handler as an autosampler. Data were acquired under electron
spray ionization with ACN/water (cdntainin g 0.1% formic acid) as the solvent (10% ACN to
90%, 7 min). Temperatures: probe was 350°C, source was 150°C. Corona discharge was

20 3000 V for positive ion and 3000 V for negative ion.

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
High Performance Liquid Chromatography (HPLC) was performed on a series 1100
AGILENT TECHNOLOGIES instrument equipped with an Agilent 220 HPLC auto sampler,
quaternary pump, and a UV detector. The LC was PC controlled using HP Chemstation Plus
25 Software. Normal Phase chiral HPLC was performed using Chiral HPLC columns obtained
from Chiral Technologies (Exton, PA) and Phenomenex (Torrance, CA).

GAS CHROMATOGRAPHY
Gas Chromatography (GC) was performed on 2 110 volt Agilent 6890N network GC
system equipped with an FID detector with electrometer, a 7683 Series split/splitless

30 capillary injector, a relay board that monitors four external events, and an inboard
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-38- AMAFNNnFI | FT 97-na9nnF' | WD 2006/ 000904 PCTI | B2005/ 001924 NUCLEAR
MAGNETI C RESONANCE Three hundred MHz 'H NMR and 75 MHz 13C NWR spectra were
.obtai ned on a BRUKER 300 UltraShi el d7m equi pped with a 5 mm auto swi tchabl e

PHQNP pro were general ly acquired near RT, a
aut ol ock, Q’gﬂﬁg@ |If,rs1{ognd autogain routines were 5 enpl oyed?egmbg@&%@e
usual ly spun at 20 Hz for I D experinments. 1H NVR spectra were acquired
usi ng 30priteeppletter. Emantibmernizitxzess, of thddisster{Fpahelads| R}=RaM) 4@ mosnstent a
resol uti of .29 e/ point, The acquigiti L ndow was typically 8000 Hz
fr om +16Fpgauls Igp% -ﬁ&@&m@gﬂ SIEE a@bﬁmfﬁ&&@wggMW% 0.3 Hz
line br%ﬂg% hell¥R! y il ' - : [l 3C NVR
spectra were ggqai regﬁﬁigrﬁgs?g%q%elgrsgg' H“ggﬁ%ﬁaﬁg’f%g%’ﬁﬁ'ggg’,q s te% recycl e
del ay, adedoRpdedtoane (§)-3acyumsSimdthylrhenbndic kb RtiyhbsterSRRE k& Mas BétiRinedas

typically 25 KHz from +235 to -15;ﬁpm_( Ref erence TMS at 0 ppm). Proton
decodpl ibeged %E“%{Sﬁ?‘?‘ﬂ@lt%wmﬁ%u ¢ chifdl GC cplumng aisedd inpmelysisgrate obainsdi ed

during ' ' quisition tine was 102 mn. MASS SPECTROMVETRY
15 Mass krgép}e?ﬁégnfrg}cr@ Wg!i éﬁlgélr\]?)(cjr med on a HEWLETT PACKARD 1100MSD usi ng HP
Chenstation Plus Software. The LC was equi pped with an Agilent 1100

quat er nEEYAMPLE ¥ s Eanyrae ecrechifigvik @ngyrhatiphydrdlsgisl bE(R/8B3-@Raryposanpl er . Dat a
were acquired under_electron spray ionization with ACN water (containing

0. 1% f oraQxy5ebgRylt methyl-Dexanein acid etbylsier (Bormoa 20)7o yielg (3Hedrpvangt i es:
robe isygharge was 20 3000 V for positive
Pon an%@&?gﬁﬁ%ﬁ%@gg a‘ﬁ@ NCE LI QU D CHROMATOGRAPHY Hi gh

Performance Liquid Chromatography (HPLC) was perfornmed on a series 1100
AG LENT TECHNQLOG ES i nstrunent equi pped/with an Agil ent 0 HPLC auto

sanpl er, er ng¥y¥ punp, apidhse UV ctor&NThe LC rol |l ed using

HP Chenst ati on 25 Sof t+-ware—splor nal 5e chiral, HPLC per f or med

using Chiral HPLC s Biffeepths2l from ChiYalsglgchnol ogi es b PA) and
, @ GAS CHROVAT PAY Gas Chr omat hy ?&) was

Phenonmenex (To&%L ce
perfornmed on a volt Agilent 6890N ne k GC system pped with an
FI Dlﬂet ector withyelectroneter, a 7683 Serigs split/splitl ess,),

Enzyme screening was carried out using a screening kit comprised of individual
enzymes deposited in separate wells of a 96-well plate, which was prepared in advance in
accoraance with a method described in D. Yazbeck et al., Synth. Catal. 345:524-32 (2003),
Each of the wells had an empty volume of 0.3 ml (shallow well plate). One well of the 96-

15  well plate contained only phosphate buffer (10 uL, 0.1 M, pH 7.2), another well contained
only ACN (10 pL), and each of the remaining wells contained one of the 94 enzymes listed in
Table 2 (10 pL, 100 mg/ml). Prior to use, the screening kit was removed from storage at -
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

20 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 HCI (1N, 100 pL). The

25 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
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30 capillary injector, a relay board that nonitors four external events, and
an i nboard -39 WD 2006/ 000904 PCT/|B2005/001924 printer/plotter.
.Enantioneric excess of the diester (Formula 13, k3=R4=Et) and nobnoest er
(Formula 11, R3=Et) were perforned using a CH RALDEX G TA colum (30 m x
0.25 nm) WORWH0HE94 um carrier gas, and at 135C. Under sREHIR0OHINIPUINS, the
nonoest er deconposed to give (S)-3-cyano-5-nethyl-hexanoi c acid et hyl
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scr eeni vgukof abvas3s enpreetdr hreanitsilefagealetnp: 80C and the enzynes were al | owed
to thaw at RT for about 5 m n. Potassium phosphate buffer (85 pL, 0.1 M pH

7.2) was dispensed info each of the wells using a | ti-channel 20 pipette.

Conf&entrat ed substrd@ e(:ﬁ':gf‘qﬂl t%ﬁ%‘ﬁ%“ﬁ!’@#%&ﬁ%iﬂi%ﬁ%? Ly added to each
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Gel T D)

second 96- ate. Each of the wells had an enpty volune of 2 nl (deep

vel | pl at e)Thantomyes RinngthokisWpasel i) LagulageCl  ( LNN@OGzymes The2@® conponents
of each well were mxed by aspirating the well contents with a pipette. The
second pl atRéizapus édervan kipgeed and 100 pLipsse Pne or gafiBaRiper nadht was

transferreq,tl om niveis Lipase 1.-9406 Sigma 66
Rhizomucor michei Esterase 46059 Fluka 52
Pseudomonas sp. Lipase - 103 Biocatalytics 51
Rhizomucor miehei Lipase Palatase 20000 Novozymes 41
Rhizopus oryzae Lipase FAP15 Amano 35
Candida antarctica Lipase -A CAL-A Novozymes
Candida antarctica Lipase -B CAL-B, Chirazyme 1-2 Novozymes 3
Marginally S-Selective
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




WO 2006/ 000904 PCT/ 1 B2005/ 001924 each well into separate wells of a third
96-wel|l plate (shallow plate). The wells of the third plate were
subsequent|ly seal ed using a penetrable mat cover. Once the wells were
"sealed, the third plate was transferred to a GC system for determ nation of
optical pufd Table 3 |ists enzyne, trade nane, s ' E val ue
for sone %d%%g/o@%%nes that 5 were screened. For a gi vg(gﬂke_é@wapﬁhe E
value may be interpreted as the relative reactivity of a pair of
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cal | ed eeis cthyyliestrr (Formulz J0) tn,yigld B chanafrethorycarhonyl- Sangthyl-beseapis doid
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reactor (392 L) equipped with overhead stirring was charged with potassium
phosphate buffer (292.2 I, 10 mM, pH 8.0) and LIPOLASE® 100L, type EX (3.9L). The
mixture was stirred at 800 RPM for 1 min and KOH (2 M) was added to adjust the pH to 8.0.

(R/S)-3-Cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl ester (Formula 20, 100 kg)

10  was added, and the resulting mixture was titrated with NaOH aq (50 %) during hydrolysis to
maintain a pH of 8.0. The extent of reaction was monitored by HPL.C (C,s column,

4.6 mm x 150 rﬁm, detection at 200 nm). Upon reaching a conversion of about 40-45 % (e.g.,
after about 24 h) the reaction mixture was transferred to a separatory funnel. The aqueous
mixture was extracted with heptane (205 L). EtOH (absolute) was added (up to about 5 %

15  v/v)to disrupt a light emulsion that formed, and the aqueous and organic layers were
separated. The extraction step was repeated twice, and the aqueous layer containing (35)-3-
cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid potassium salt (Formula 23) may be further
concentrated under vacuum {e.g., 25-50 % of its original volume). The organic layers
containing (R)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl ester (Formula 22)

20 = 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,
23.94,21.74,14.77.

25 EXAMPLE 3. 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
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EXAMPLE 2. Enzymatic resol ution of

(R/'S) - 3-cyano- 2- et hoxycar bonyl - 5- met hyl - hexanoi ¢ acid ethyl ester (Formula
»20) to yield (3S)-3-cyano-2-et hoxycarbonyl -5-net hyl - hexanoi ¢ acid potassium
salt (Formula 23) and (R)-3-cyano-2-ethoxycarbonyl -5-nmet hyl - hexanoi ¢ aci d

et hyl esWér2006/60084 a 22) Lipase, 1 %v/v COREt Buffer pPCHIBROCYNES24C02EL

Et 02C KS (r)O0C EtR2C 5 20 23 22 A reactor (392 L) equi pped with overhead
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RPMfores’ltemmmﬁﬁjgﬂ-l (2 M was added to adjust the pHto 8.0.
(R/'S) - 3-Cyano- 2- et hox&car bonyl - 5- met hyl - hexanoi c acid ethyl ester (Formnula
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reaction mxture was transferred to a _separatory funnel. The agueous

m xt ur e (WD e addedde adjuglithe,PHp 7 dh LIPETAE® E00k- typmEX| (75 ayL)is eddetbend (up t o

and or ot et et e ok KPPt B R a AL AF 2V WV CE,

and t heTagegekitof r@ﬂ@lon@@ﬁbﬁitﬁb&ﬁﬁmc {C;5 column, 4.6 mm x 150 mm, detection at
cyano- 2- et hoxycar bonyl - 5- net hyl - hexanoi ¢ aci d potassiumsalt (Fornula 23)

may be £00 ntdr Uponmesshingatconversignof whewtddh % ¢o 40 % (2. 5teymbout 20s2h) thenal

| T . .
(o 1= e R S eaPRGH oo Foilied Ramnsh oThe squropsamisgireds purectsdb it  22)
20 wer encRmei(1G0i% ¥1v). EOHRABsA0RT Aidded A to BB PHU/) ﬁgiléihﬁi m&mest er was

subsequently racem zed in accordance w th Exanple 6. H +227. 1H
NI\/R ( 30emunidron thatfprms, gngd themaquaels ad)orgaiqiyens, ar@ﬁparazecBSlT(erﬁx@sgon stePpB® (m

120 1S Tpehidl b so Goekin Ay RopdSlista s Wntfhing (i o N RafiRBY-520) S
21. 74, 1{hefifyl-héRarforAdRe Potdssitel s drful £2)] WhicB M3 be used in subsequent

(R/'S) - 3-cyano- 2- et hoxycar bonyl - 5- met hyl - hexanoi ¢ acid ethyl ester (Formula
20)130 ynesfqm(lea@)ls m@y@tn@olztl@t hEheyergatio faperscontaimng (Rekaere2acid  -42 WO

(20R)06g 020§|ﬂ6 %4@?%3%%% & fm(gc I%ihy _lﬁgxaﬁégpg\(lfgzgg%etaq?yn@me&%ned, and

concentrated. The resulting dxethyl ester is subsequently racemized in accordance with

Example 6.

EXAMPLE 4. Preparation of (S)-4-isobutyl-2-oxo-pyrrolidine-3-carboxylic acid
20 (Formula 10) from (35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid potassium salt
(Formula 23)

Raney Ni, H,

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).
25  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 H;
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ester (Fornula 22) A reactor (3.92 L) equipped with overhead stirring is
charged with cal cium acetate buffer (1.47 L, 100 nM pH 7.0) and
*(R/S)-S-cyano- 2- et hoxycar bonyl - 5- et hyl - hexanoic 5 acid ethyl ester (Formula
20, 1 kg). The m xture is stirred at 1100 RPMfor 5 mn and KOH (5 M is
added to adpuaeds/oobmspH to 7.0. LI POLASE(r)100L, type EX e¢¥1ptosisreasided and
the resulting mxture is titrated wth KOH (5 M during hydrolysis to

The extent of reactjion is nonitored by HPLC (C19

maintain a_pH of _7.Q.
col um, Uﬁt@(crﬁﬁfiﬁ%g apRhysiy e eplumm. 40 mBgol Yym. dgfechanc 2A0 mp)efdlver si on
of about 0 50 : > ' IJ.xture is
t ransf ervreg lg %ﬁtgntgégg/l;lgfrgg?qpﬁ%&r@ Q@%&E%%%%S%fg{%g?dé&iréﬁé% lrthzcié{:l% %Hc? Ywi t h
hexane (Ni0&itdiyst/ The pH dhthg edieentudted sdlsticrsiadadjusted to 3aadihg 37 % WO Xabicut

' iQn_ that forns, and.the a us and organic |ayers are

disrupt a light enuls ) e

separ at e‘&.L)TEE’eé'ﬁf"rlBEQF pen wes extracted tarse tpes W‘gitgécdﬁ‘?% wWanT8gueous | ayer
cont ai ni s = 35,0 ol Py I | assi um
cal t 3( PRt MR L Do RLER Hter VoallEh B (SRR b 2 RS

Wi t hout pysrlidinedcarbbeylisragahForthelyd 0} MiShai M-+if] 189.1 B0C PONMR (75 ppm,

et hoxycar bonyl - 5- met hyl - hexanoi ¢ _aci d ethyl ester {gForrruI a_22) are conbined,
dried,  ARRCIE8AZeAYr W22, 408 4 L6408y ThPeiIRAL. d30d: 23 54.c X isdd iy

racem z?g, | n accordance with Exanple 6. EXAMPLE 4. Preparation of

(S)-4-i b%tﬁ - 2- oxo-pyrrolidine-3-carboxylic acid 20 (Formula 10) from
(3S) - 3- cyano- 2- et hoxycar bonyl - 5- et hyl - hexanoi ¢ aci d potassi um salt

char goa ERRWERE SoPibattion Pl b Farming FomShPapioxs pymobdne.

et h%yc%r_w lie-abRt (Bytming1@noi ¢ acid potassiumsalt (Formula 23, 411 L from
Exanpl e 2). 2%’ Raney N ckel (50 % aq solution, Sigma-Aldrich) was added to

the m xture, and hydrogen gas was introduced into the vessel over a 20 h
period to maintain_a pressure of 50 psig in the vegssel headspace throughout

by SL:I?_NH243 r WO

CO.H

A reactor vessel {60 L) was charged with (S)-4-isobutyl-2-oxo-pyrrolidine-3-
carboxylic acid (Formula 10), HC] (36-38 %, 30 L), and water (29 L). HOAc (1 L) was
added to the solution and the resulting slurry was heated for 36-38 h at 80°C and for an

15 additional 6 h at 110°C. The extent of reaction was monitored by HPLC (C;z 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

20  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

25  vacuum oven at 45°C for 24 h. MS m/z [M+H]"160.1340. "H NMR (300 MHz, D,0): & 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
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upt ake and HPLC analysis (Cs colum, 4.6 mmx 150 nm detection at 200 nm
of the vessel contents. Follow ng reaction, the aqueous m xture was
Xiltered to renove the Raney N catalyst. The pH of the concentrated

sol ution ' dto 3.0 using 37 % HCl (about 14 L), The resulting

sol ution 2@3{05@%% three tinmes with Et OAc (50 % v/ v)i’C A ned
organic | ayers were concentrated under vacuumto afford

(S) - 4- i @} yE 62 BxOHHPINTG, T 710, OB, oesy(ddcs 2213 6(RE et 140 g1l 2

[ MPH] +186.71130. 13C NVR 375 fgm CDCI%E 6175.67, 172.23, 54.09, 47.62,
43.69, IpneD:0 1Bi,54244.32, 4128,52.20Y246P4 22055422.09. Yirdd BORS %EMANODE B.
Preparation of pregabalin (Formula 9) from (S)-4-isobutyl-2-o0xo-pyrrolidine-

10 3-car ' (of NH H20, | 0 HOR2C 09 A
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car boxy |l dsfer @drehuld"20)Vid facdRizatibledf G8-38yaHo-230hbrycatbfyNeinedth{1dRxShoi1OAC (1

L) was added to the solution and the resulting slurry was heated for 36-38
h at S80Gcirhyl@sten Formule)t i onal 6 h at 110C. The extent of reaction was
nonitored by HPLC (Cis colum, 4.6 nmx 150 nm detection at 200 nn). Water
and excess HCl were evaporated to afford an oil, which was washed with MIBE
(2 x 15 Q Water ddedcfyjo the oil and the mxturecywas stirred until the
solution cleared. The WH #f the solNiPFoR%as adj u to 5.2-5.5 using KOH
(about 6 kg), which resulted in theﬁoggu%t%ﬁggtlon of Ypregabal in. The m xture
was heated 20 to 80C and §9@E§ent y ' cooled to 4C. 0D h, crystalline
pregabalin was filteredOghd washed with | PA (12 E¥.CThe filtrate was
concentrated under vacuumto afford a residual oil. Wter (7.5 L) and Et OH
(5.0 L) were added to the?kesidual oil and the resul 8ng mxture was heated
to 80C and then cooled to 4C. After 10 h, a second crop of pregabalin

oc : : | . .
Cryetals wor o Hpabtok Gaethifon WHRTRES Ui cthobdoddonlS- ROMYIREEy BlcRRPA! | 1
[ M+H] +1@fhyl 8tér (Fohindl22( 306 kigyand EXIH (296 1). Sddivra dthodide $21% WAv $h BEOH1LH) ,

2.89 (dd, "J= 6.6, 12.9 Hz, 1H), 2.05-2.34 (m 21-1),  1.50-1.70 44 WO
2006/ 00096¥LAcredpyaolded tothe mixse,(which-wes heated t9|ﬁ§0, Cfon20ht Afer 7. 0 Hz,

211),. 0.85 = o O 1 O 1, 44. 32,
a1 38, " 5Bplsn of e euioncen sif s alcpffSsnéil 1EE Mg S heibedty
adding HOAc (12.2 ). Following evaporation of the EtOH, MTBE (150 L) was added to the
mixture, and the resulting solution was filtered and evaporated to afford (R/S)-3-cyano-2-

ethoxycarbonyl-5-methyl-hexanoic acid ethyl ester (Formula 20) in quantitative yield.

EXAMPLE 7. Preparation (S)-3-cyano-5-methyl-hexanoic acid ethyl ester (Formula 24)
15 from (35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid (Formula 21)

DMSO, H,0
_.—.._—b-
CO,Et NaCl
HOC,C
21 24 25

A 50 mL round bottomed flask was charged with (35)-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

20 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 matetial (Formula 21) and the products
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EXAMPLE 6. Preparation of (R/'S)-3-cyano-2-ethoxycarbonyl -5-net hyl - hexanoi c
acid ethyl ester (Formula 20) via racem zation of

*(R) - 3- cyano- 2- et hoxycar bonyl - 5- et hyl - hexanoic 5 acid ethyl ester (Formula
22) CN N\z:\lg?a gtrﬂ CO2Et 80C, quantltatlve CO2Et EtRC EtOAC 22 20 A
react or il g ¥ with (R -3-cyano- 2- et hoxycar bonyl - 5-FeVIB200%@%40i ¢ aci d
ethyl ester (Formula 22, 49.5 kg) and EtOH (250 L). Sodium ethoxide (21 %

W W i n ERGhhula 29 afd Foroduld 26¥)) TNAGmEAaHe bPthe i kel gxbssﬁu&lhy\i\ﬁe%eik%aft@d to

80C for 20 h. After 10 conpletion of the reaction, the m xturé was all owed
to cool 1386°Rundalipwedtorreast for anzasiditional J5di vhgsepmi:samﬂe wak Yakefi fodl Io@iang

Ceault | ETHEY e RS shEED e st o Siriecteienl drpapes o) Sy ol o

et hoxycahpisnko ﬁrerﬂ%ﬁed r’Bﬂr?fc’%Q gwcﬁm%w 3h ﬁﬁmdmﬁﬁtz_sg_tﬁgﬁfﬁeﬁ& rrogfﬁ};udeﬂﬂfied

quantitative yi el . Preparation cyano- 5 exanoi ¢
aci dSet errcelscter (&)ﬁoﬁ}’ﬂmba‘i—myhyl&ﬁmm acid ethyl ester (Formula 24). 974 % ee after

(39)-3-¢ya ho oQyl - 5-met hyl - hexanoi ¢ acid (Fornula 21) CN DMSO,
H20 CN éée&£%9%@/er@é§§ COZH HO2C 21 24 25 A 50 niL round bottomed
flask was charged with (3S)-3-cyano-2-ethoxycarbonyl - 5- rret hyl - hexanoi ¢ aci d
(Formula 21, 3.138 g, 13.79 mmol), NaCl(927 m% 1.15 eq), de- ionized water
(477 pL E&Abﬁ’l&ﬁ Retarmmaion of the ﬁ*pslcalvh@tw(e@m ﬁ%lwbm{hzeomm@m% o 20
88C and I nt.al ne tenmperature for 17 h. A sanple was taken for LC
and LC/ (& m% 5#’5‘??% Q%E’wﬁ%ﬁ 0)showed the presence of the starting materi al

(Fornula 21) med;gﬁ&m am%mmm%m%f@pﬁ&&ﬁﬂ%mcmy 0848 R4 10)

(Formula 24 and Formula 25 The tenperature of the m xture was subsequently
i ncf@as wsmte@@sémdmwa@mmmeﬂ]eécﬁ seeplecof (Sudhisabykidt2-gxapyrrolilisedond

Start ; npamar B Rid Pha eyt EAOHOA Bl boge OF £ e BB or By B T

dioxane at 70°C. The resulting lactam ester was analyzed by HPLC (CHIRALPAK AD-H,
4.6 mm x 250 mm) using a mobile phase of hexane and EtOH (95:5), a flow rate of
1.0 mL/min, injection volume of 10pL, column temperature of 35°C, and detection at

15 200 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 dcri\}atized 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

70  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 puL, 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
25  sodium salt (Formula 23) and (R)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl

ester (Formula 22)



addjtion to the desired products (Fornmula 24 and Formul a 25), the presence
of unidentified 5 byproducts. (S)-3-cyano-5-nethyl-hexanoic acid ethyl ester
v(Formula 24): 97.4 %ee after 88C, 97.5 %ee after 135C. EXAMPLE 8.

Determ nation of the optical purity (ee) of

(S) - 4- i SOV 3006/0008840- pyrr ol i di ne-3- carboxylic acid (ForPal/EB206y00T923 opt i cal
purity of (S)-4-isobutyl-2-oxo-pyrrolidine-3-carboxylic acid (Formula 10)

10 was deterniyned via a derivatization

in the presenke ¢f a catal y& Pevapount  of :
resulting | actam\ester_wa n ed by HPLC Y CH RALPAK AD-H, \4.6 mm x 250
m) using a nobile ﬁﬁa@e g’f‘&fﬁg é e and%éd—l ‘G 2 f1ow raye 6PFE. 0

mUmi n, injectP®Lvolune of 10L, col unaY &APErature of 35CE@Sd detection at
15 200 rim EXAMPLE 9. Determ nation of the optical purity (ee) of

pregabal in (Form® a 9) The optical purity o? pregabalin was &hal yzed via a
derivatization nmethod. A sanple of pregabalin was derivatized with Marfey's

oS (LuNA, P fler1fodd 0y Shaper s Romenialiify is SMEd nifiChalch adfilel 200 B
aqueou?(mmg;,.deﬂﬁﬁzdﬂlwqjﬂ (28?;.73:?}(1&\{1 2lxlm_P(CE/ ) ME@'ﬁLilrlllQIgﬁf?%c:]gﬁﬂ@V |8 fo(r)f31 an,
90: 10 , e o .2 . )

20 s el oL e - B st st
(ragtscegr UE Eor ngil‘caae%@?o%s%ly I d- ( 53?)61’%6%%%’0 2- &uﬁgxycgspﬁ%gﬁf hrrlgdttll?;e/fl heggngi C
R e otyeat BOMYL . 5. ot XL e ae) 8 S ny L aotor CPor mul a
(223 - 46 %@Bﬁ‘b@@éﬂnme%gg%fw&t SHIepsien lﬂr@‘%@{edéﬁde@ghé/ v CO2Et

Buf f : d L
urter @*%Z?I%nﬁc%. Ehm fiﬁﬁxﬂ. N @e@@&{)ﬁt@o@%gzr o )\ﬁ{@é{c&% E&eNiod &l?:g%gt )

equi ppe h overhead stirri'ng 1s cha acetate kg),

dei oni z421 Tt 45 %((. 89 2ftEr dtgnt 20:25 b)) REAMMEST and Eirriart. s(obped] Thedkganic

10  phase is immediately separated and the aqueous phase is washed twice with toluene (780 kg).

The agueous layer containing (35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid
sodium salt (Formula 23) is used in subsequent transformations (Example 11) without
isolation. The organic layers containing (R)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic
acid ethyl ester (Formula 22) are combined and concentrated. The resulting diethyl ester is

15  subsequently racemized in accordance with Example 6.

EXAMPLE 11. Preparation {(S)-3-cyano-5-methyl-hexanoic acid ethyl ester (Formula 24)
from (35)-3-cyano-2-ethoxycarbonyl-S-methyl-hexanoic acid sodium salt (Formula 23)

H;0, NaCl
R
COEt  75-85°C

23 24

A reactor (16000 L) equipped with overhead stirring is charged with the final aqueous
20  solution from Example 10 (9698.6 L, containing (35)-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

-



LI POLASE(r), 983.7 kg). After conplete m xing,

(R/'S) - 3-cyano- 2- et hoxycar bonyl -5-nmet hyl 5 hexanoic acid ethyl ester (Formula
20, 9000 kg, 85 % purity assay) is charged and the mxture is stirred for
24 h. NaCH (2068 kg of a 30 % solution) is added over the course of the
reacti on wo w000 the pH at 7.0. The extent of reactiporis2008001bey €d by
HPLC (C18 colum, 4.6 mm x 150 mm detection at 200 nm. Upon reaching a
conversion of aboyt .42 %to 45 % (e.qg., .after about 20-25 h) the titrator
and st i PRasds ipmae E?bb@@?raﬁq%né%m%g&w‘ﬁﬁ%wa}s eq BriskiViindpirereP0dded and

the aqu i M 2 WL L & € T, gueous | ayer
cont ai n?ﬁgafg%gﬁgyiy’aﬁﬁlg?g‘%tﬁyé@ﬁ%%%%yf - 5‘45’% e{&/@gceé%‘g%gﬁhgl Eakg?lg sodi um sal t
( For nul @Foziinla 1) esecdombined iscbepneedtrated riBfecating teston ot i g ds Subsequentigut
isolation, The organi¢c | aye cont aj ni ng

(R - 3- CQ%BLYQQQ{%&F?E%P%%SFE‘%%?W& -hexanoic acid ethyl ester (Formula

22) are conbined and concentrated. The resulting diethyl ester is 15
subsequent |y racem_zed in accordance with Exanple 6. EXAMPLE 11. Preparation

(S) -B- cFEAVBLEEZh Freprastiona ¢Shicyana rimethod thexanompaaid petassiym seltom

(39)-3- ) o l= 8- et byl - ' j It (Fornmula
23y ol ERE IR PEYO et R Ry IS FSIDAE | (18000 1)
equi pped with overhead stirring is charged with the final aqueous 20

sol ution from Exanpl ¢/ 10 (8698.6 L, contai ni ng N

(3S) - 3- cyano- 2- et car @nyl - 5- met PHhexanei-€ aci gﬁf//sodi um salt, Formula
23), NaCl1(630 kg) an f uene (900~ —TMe i xt s stirred for 2 h under
refl uxing conditions (75 85@%2.}3 The sBiQring is stopged; é@?organi c -47 WO
2006/ 000904 PCT/ 1B2005/ 0019 tphase is imediately se%% ated and the
aqueous phase is washed twice with toluene (900 L). The organic |ayers,
whi'ch contain (S)-3-cyarfh-5-nethyl -hexanoic acid et &yl ester (Fornula 24)
are conbi ned and concentrated. The ethyl ester (Fornmula 24) is subsequently
hydrol yzed i ¥ d200FL)\ ams\zégead&ﬁwleﬁar éd withqRBayhAeL50f
(S)-3-cyano- g@regt?hyg hexa)rll\%(lidgm?gi d potassium salt (éor mul 2(83216) from

(S) - 3- cyetiyl-bexamofndcidethpiester (Bermile 24\A196 4 spmExemplg bl)2 SOHKETPS.2 ke,
10  45% solution, w/w) and HO (693.9 kg) are added to the reaction mixture with vigorous

stirring. The temperature is maintained at 25°C. After 4 h, the reaction mixture is charged to

a hydrogenation vessel (Example 13) with no further work-up.

EXAMPLE 13. Preparation of pregabalin (Formula 9) from (S)-3-cyano-5-methyl-hexanoic
acid potassium salt (Formula 26)

Ni, H, &SN,

coc®®

15 ' 26 9

CO,H

A hydrogenator (12000 L) is charged with water (942.1 L) and with the reaction
mixture from Example 12, which contains (S)-3-cyano-3-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

20 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,0 (549 L) and twice with IPA
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COZEr"HZOCOOP ™ 24726 A reactor (12000 L) equi pped with overhead stirring

_ 1S ‘.Icgft:qe‘d wisth (S)-3-cyano-5 net hél -hexa . noic acid ethyl ester- (Fornula-24,
Priiede= - 111 r@fRbExanpl e 11). KOH (1795SERAMD: 10 45% sol ution, ROWIRRAOSPOT 924
(693.9 kg) are added to the reaction m xture with vigorous stirring. The
tenperature is maintained at 25C. After 4 h, the reaction mxture is charged
to a hydrogenation vessel (Exanple 13) with no further work-up. EXAVPLE 13.
Pr ep&§2,486 bread). (Thegalidis necx(yFtallimet avith) IPA Ai2296).) 3nd FHa0d65481E).hThe hexanoi ¢
acid potassium ;alt JC}FOV(Q‘J' a 26% NN, H -NH COOeK(c) CO2H 15 26 9 A
hydr é‘géw&? rheated (@ 400 andssubsequetdy gpeled iRt ‘%@2125.'10#}) theraysipltigesaldd r eact i on
m Xt y . , i Ik - 3- R ARl hexanoi c aci d
pot aduflisbE ey RAR B R (sl £5, a5 bR T o ki SV CTHH B TR 20076 e
50% abali Q) white Hine sbhi¢ (MAdrigg 808t % @Reiall 1G€10M0E S @6l piREeindS0 psi g at
35C.\£’£6fgter 6 h, the ney ni ck((el is@iltered Zo)gnd t he rgsulti ng filtrate

i 8 t Pr'Sf%eed to a reactor (16000 L) for crystallization. After adding H2O
(1098 L), the pH of the solution is adjusted to 7.0-7.5 using HOAc (864.7
kg). The Irdwuldbempterd thef, pb tsadainitbisfspédibicativn and thwaappendahdain, singtda0© (549 L)
and twice with LPA, -48 Printed 21-11-2006 SCPAMD; PCTf | B 2005/ 001 924

( 2, s@EIesSSeh ps appeany e the) P&r?@?i‘???%}? 54 OF Bhe E’lilﬁaj%"f?gléﬁﬁ H2O (6148
L) . THRs$n¢IcBhRxi ScdtBAinaibated offiEwRRd THUY TEOMQRIIY, reRAINRE t4 8 cdfapoditibg” 5- 10
h, the crystalline solid is filtered, washed with I PA (5724 Lf, and dried

i n acosteinimg Gvenmpound’s May dnclpde fsinglegiompoupd eyywadt morescamnpohinds Briyst al | i ne

| 143 0 % overall. yvield 6 99.5 %npuyrity. and,5 99.75.%ee). It
iﬁougﬁgﬁbgn%%ﬁg‘gd aﬁﬁ{?’e a‘kgv%geé&nytﬁoq Ki 1§teg§eeg§ofﬁl’edg?§n@n{1vaﬂﬂd f’ﬂtere§tﬁlﬁgﬁ%ed cl ai ns,
Si NWiRy erMddifb@s will BB aparcit to thed8.of skiidn tHd @t tipdiPadiafehe dov@ singl e
object or to a plurality of objects unless the context clearly indicates
ot hedgsasiptiomhTberefase, ths spapeof thecinuentipnshppldbedgipsmined; with referenes ithg "a

Co. havtmed Eloybh e iEn BrStaihl s GRREAAM Rlonlst e TRE FRARROMRINE ot ve

and not restrictive.
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Many enbodi nents will be apparent to those of skill in the art upon reading
‘Lhe abave, Jdescription. Therefore e of the invention should be:- -
P&@%e‘f%gh’# h reference to the C&Mﬁ'ﬁg claims and i ncl uddsCTAB 3005/001 924

scope of equivalents to which such claims are entitled. -49- AWNF. gHFFT =

'27-04-200 Printed: 21-11-2006" CLMSPAMD PCT/ 1B 2005/ 001 924 CLAIMS 1. A

nmet hod of making a conpound of Forrmula 1, H2Nu: 2HR 12 2 R2 1 or a

pharmaceutically acceptabl e conpl e;@@gé solvate or hydrate thereof, in

which R and R2 are different and h i ndependently sel ected from
hydrogen atom Cl.12 al kyl, C3.12 cycloal kyl, and substituted C3.12

cycl oal kyl, 1t he K%&ﬁédepmin%lar&mﬁoﬂhdeﬁpsfmm1a compound of Formula 2, R

NH R2Z HR2C O 2 or a salt tRereof, with an acid and water to yield t he

compound of Fornmula 1 or a salt thereof; and (b) optionally converting the

conpound of Forrmula | or a saleN“lTet,eof into a pharmaceutically acceptable
conpl ex, salt, solvate or hydrate, re gand R2 in Fornula 2 are as
defined for Formila 1. 2. The mat];'H d of, clai'm 1, further conprising reducing

a cyano noiety of a conpound of Formﬂa 3, RR 'R

1

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,
Ci.1z2 alkyl, Ca.12 cycloalkyl, and substituted Cs_1; cycloalkyl,
the method comprising:

(a)  reacting a compound of Formula 2,

or a salt thereof, with an acid and water 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 2 are as defined for Formula 1.

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

compound of Formula 3,

R AMENDED SHEET "57.04-2008"



02R3 HO02C 3 -50- AVENDED SHEET 27-04-2006' Printed: 21-11-2006 kCLMSPAMD
~PCT/ 1'B-2005/ 001 924 or a salt thereof-~to yield the conpound of--Forrmula 2. ..
Fgintgds3111114006:0f , wherein RL andeSR%&le a 3 are as defi REd/IBo200/0BI224 |
1; -and R3 in Fornula 3 is G _12 alkyl, C3.12 cycloalkyl, or aryl-Cl.6 alkyl.
3. The met hod of claim2, further conprising: (a) cont acti ng a conpound of

Fornul a 4, CN R2 CD2R3 R402C 4 wth an enzyne to yield the conpound
of For mnlaaalsﬂlemof,atogaftld thm@qremundanwoanul@rﬁmwmltaheresbmhctcm5 R CN R
CO2R3 R402G5 enz ( antiosel ectively

hydr ol yze t 388\% Fo?rﬁﬂggefﬁnet%cfa ?‘ﬁ@“‘ﬂ%ﬁmﬂﬁd of Fornula 3 or a salt

t her eof ; (b)R3|1ﬁ9'bﬁhblﬁ§B ﬁ@lEﬂmp@é%@cl& }‘Mr%rsﬁt@(ﬁﬁk gl t thereof; and (c)
n

optlonal |y racem zing the conpou of For il o yield the corrpound of
Formula 4, wherein R, R2, and R3 in Fornmula 4 and Formula 5 are as defined
for Formul a3 addemgethed pheleim 2, Brthericqmeprising: 5 i s the same as or different

than R3 and (a)s Clco%%c@néx Ompgzg’ndlgf}@é{'ﬁm?aai kyl, or aryl-Cl-6 alkyl.

1
R\ _con
*
2
R CO,R?
R*0,C
4

with an enzyme to yield the compound of Formula 3, or a salt thereof, and a compound of

Formula 5,
1
R'—.,_ CN
2
R CO,R3
R*O,C

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

R', R? and R’ in Formula 4 and Formula 5 are as defined for Formula 3; and
R* in Formula 4 and Formula 5 is the same as or different than R> and is Cj.12 alkyl,

Cs.12 cycloalkyl, or aryl-C,¢ alkyl.

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

—51—
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4. A nmethod of making a conpound of Formula 1, -51- ~' AAAFMhFNnFFT

- 9nnR BPrinted: 21-11-2006 i CLMNSR CT/ B 2005/ 001 924 - H2N-. RCO2H . 1-
%%ﬂgébgigﬁggg%'ically accept abl e g@k@%@?ﬁh alt, solvate or hy&Cal/EB EAGSASH 924
in'which R and R2 are different and are each independently sel ected from o
hydrogen atom G _12 al kyl, C3.12 cycloal kyl, and substituted C3_12
cycl oal kyl, the nethod conprisjihg: (a) reducing a cyano noiety of a conmpound
of Formula 6, R RZ CO2H 6 Dr salt thereof, to yield a conpound
of Formula 7, R Rz 11112 CO2H | 7 ~Q0,H salt thereof; (b)
decar boxyl ati ng the conpound of FBrnul\g27 or a salt thereof to yield the
conpound of Fornmula 1 or a salt thereot;, and (c) optionally converting the
conpound of Forrmula 1 or a salt thereof into a pharmaceutically acceptable
conplex, salt, solvate or hydrate, wherein R and R2 in Fornula 6 and in
Formula 7 are as defined for Fornmula 1. 5. A nmethod of naking a conpound of

For mul @r & phamveutYENRELpRlTEEonBiex Wit 2Qite or hydrate thereof, in which

R' and R? are different and are each independently selected from hydrogen atom,

Ci.12 alkyl, Cs.1; cycloalkyl, and substituted Cs.j; cycloalkyl,
the method comprising:

(a) reducing a cyano moiety of a compound of Formula 6,

1
R ) ‘\\‘\CN
R2
CO,H
HO,C

or a salt thereof, to yield a compound of Formula 7,

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

(¢)  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

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

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

—52—
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Printed: 21-11-2006 CLMSPAMD PCT/IB 2005/001 924 H2N CO2H R RZ 1 or a

utj sahky acceptabl e conpl ex, L f..csol vate or hydrate thereof, _in :
aﬂﬂe?%?ufafngagé are di fferent and g‘é@aéw ‘ndependent |y sel e-ﬁ@ﬁ??&@ﬁfom 924
hydrogen atom Cl_12 al kyl, C3-12 cycloal kyl, and substituted C3_i2
cycl oal kyl, the method conprising: (a) decarboxylating a conpound of Formula
3, R RZ COZR3 H2C 3 or a . thereof, or hydrolyzing and
decar boxyl ati ng the conpound of “¥ornula 3 or a salt thereof, to yield a
conmpound of Formula 8, RI CN CQZR$ g or @@t thereof; (b) reducing a
cyano noiety of the conpound of F& 28 or a salt thereof, to yield the
conpound of Fornmula 1 or a salt thereof; and (c) optionally converting the
conmpound of Forrmula 1 or a salt thereoi into a pharmaceutically acceptable
conplex, salt, solvate or hydrate, wherein R and RZ in Formula 3 and
Formula 8 are each as defined for Formula 1; R3 in Fornula 3 is G _12
al kyl', de3 phdrR¥@uaadikydecetibld b¥nplex, 1@ kEhi ' 1 i s _hydrogen
atom G _ip;haal kyl 'y nglz Igycl oal Eﬁx,r@aér sg]%btle-%:ﬁ?%ﬁ%l e&?fﬁesﬂ nfl'g‘l - lﬁ AMENDED
SHEET 27- 04-R0ost R? @e diffesent apd atelerbi6depenbmlyBeloCEd fion 09dioper a®id

Ci.12 alkyl, Cs.17 cycloalkyl, and substituted Cs.j2 cycloalkyl,

the method comprising:

(a) decarboxylating a compound of Formula 3,

or a salt thereof, or hydrolyzing and decarboxylating the compound of Formula 3 or a salt

thereof, to yield a compound of Formula 8,

RI

2
R CO,R’

or a salt thereof;

(b)  reducing a cyano moiety of the compound of Formula 8 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 3 and Formula 8 are each as defined for Formula 1;

R® in Formula 3 is Cy.i2 alkyl, Cs.12 cycloalkyl, or aryl-C,.¢ alkyl; and

R’ in Formula 8 is hydrogen atom, Cy.i; alkyl, C3.)2 cycloalkyl, or aryl-Cg alkyl.
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6. /A method of making a compound of Formula 3, R RZ COZR3 H®X®2C 3 or a
.F&Fﬁtéd tohereofhpgi n which R and R2° ‘eLeisPAfgrent and are each I:1¢) r%ﬁ@
" selected fromhydrogen atom Cl-12-al kyl, 'C3-12 cycl oal kyl , " andﬁsu st|¢d1tg
C3_12 cycloalkyl, and R3 is C1_12 alkyl, C3.!2 cycloal kyl, or aryl-Cl-6
al kyl, the rret hod conprising: (a) contacting a conpound of Fornmula 4, R

CN Rz COZRg Q?%{.’[‘? he conmpound of Fornula 3 and
a conpound of Fo %o%%h%ﬁ%ﬁ%%@fﬁ%g%gs wherein the enzyne is
adapted to enanti osel ectively hydrolyze the conpound of Formula 4 to the
conpound of Forrmula 3 or a salt eregﬁ (b) isolating the conpound of
Formula 3 or a salt thereof; and (g ionally racem zi ng the conpound of
Formula 5 to yield the conpoundép Forrmula 4, wherein R, R2, and R3 in
Formula 4 and Formula 5 are as fi @OgRe for Fornula 3; and -54-
AVENDED SHEET 27-04-2006: Print %2 1-11-2006' CLMSPAMD PCT/ 1B 20'05/00 . 1

or a salt thereof, in which
R' and R? are different and are each independently selected from hydrogen atom,
Cja2 alkyl, Cs.y2 cycloalkyl, and substituted Cj.i2 cycloalkyl, and
R}isCriz alkyl, Cs.12 cycloalkyl, or aryl-C,.¢ alkyl,
the method comprising:

(a) contacting a compound of Formula 4,

1
Ry _en
R\
CO,R?
R*0,C
4

with an enzyme to yield the compound of Formula 3 and a compound of Formula §,

1
R, _CN
2
R CO,R3
R*0,C
S

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

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

R!, R?, and R? in Formula 4 and Formula 5 are as defined above for Formula 3; and
—54—

AMENDED SHEET 27-04-2006

(U




924 R4 in Formula 4 and Fornmula 5 is the same as or different than R3 and
Psinfdd; 3. pi-kgbe: C3.,2 cycloal kyl, "ef ypAME _6 al kyl. 7. The : Aadchtha ang’
any, one of ecltaims | to 6, wherein R les; a ?ydrogen atom and @f@l@@gml 924,'
in compounds of Formula | to Formula 8. 8. A conmpound of Formula 2, R R2
H®X2C 0 2 including salts thereof, wherein R and R2 are different and are

each indepe t I shy gk ] < . )

cycl oal kyl , ngﬁ{i}' #soﬁ%lgﬁ fﬁé‘gg"‘f&‘&z %9‘8%@?@5# H%freg%{tgé% ?jhglid 15 éﬁ%lgﬁle of the
substituents repr@spryecdalkyl,lér agyl-@R3 allglhydr ogen, the other substituent is
not Cl-3 alkyl or C5 alkyl. 9. A conpound of Fornmula 3, Rt ,0CN R2 CO2R3

HO2C 3 includin salt@ether.eof, Wn@r in R gnd R2 are different and are
each i ndepenfient ??‘%@F H&g i PRYLPIH r%lj’é‘ﬁ I4p ni”he"@!mg\lea‘FkWrPg@B%@Qm and

cycl oal j¥is isbifl] SHEdUIS & E3rbdla A6 FOAKMY R, Provided that when one of the
substituents répresented by R or R2 is a hydrogen atom the other
substituent is not nmethyl; and R3 is Cl-12 al kyl, C3_12 cycl oal kyl, or

aryl -G .6 alkyl. Aromppusdpapbomeulde, Fornmul a 5, -55- 6't AMVENDED SHEET
427-04-2006 Printed: 21-11-2006 CLMSPAMD PCT(|B 2005/ 001 924'

including salts thereof, wherein
R! and R? are different and are each independently selected from hydrogen atom,
Ci.12 alkyl, Cs.12 cycloalkyl, and substituted Cs_j3 cycloalkyl, provided that
when one of the substituents represented by R or R? is hydrogen, the other

substituent is not C,.3 alkyl or Cs alkyl.

0. A compound of Formula 3,

including salts thereof, wherein
R! and R? are different and are each independently selected from hydrogen atom,
C1.12 alkyl, Cs.12 cycloalkyl, and substituted Cs.12 cycloalkyl, provided that
when one of the substituents represented by R'orR*isa hydrogen atom, the
other substituent is not methyl; and

R?is Cy.1z alkyl, Ca.q2 cycloalkyl, or aryl-C, ¢ alkyl.

10. A compound of Formula 5,
— 55—
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CN.RZ ~COZR3  RA2C// 5 including salts thereof, wherein R and R2 are
Pdntécerzammodsare each i ndependencLymSmARIEE ed from hydr ogen FHOMB 2805101 924'
alkyl, €312 cycloal kyl, and substituted €3_12 cycl oal kyl, provi ded that
when one of the substltuents represented by R or R2 is a hydrogen atom the
ot her substituent is not nethyl; and R3 and R4 are each independently
selected from Cl.12 al kyl, C3_ 12 gycloal kyl, or aryl- C-6 alkyl. 11. A
compound of Formula 6, R RZ O02H-HRE€N 6 i ncl udi ng salts thereof, wherein
R and R2 are different and are i ndependently sel ected from hydrogen
atom Cl_12 alkyl, C3-12 cyclo ocd,REbstituted C3_, 2 cycloal kyl,
provi ded t hat Wnen one of the sybs | t uent's r epr esent ed by R or Ris a
hydrogen atom the other substh%t is not nethyl. 12. A conpound of
Formula 7, 1~11T2 R 2 CO¥H HXRC 7 -56- AMENDED SHEET 27-04-2006 Printed:
21-11-2006: CLMSPAMD ~ PCT/ | B 2005/ 001 924

?

including salts thereof, wherein
R! and R? are different and are each independently selected from hydrogen atom,
Ci.12 alkyl, Cs.i2 cycloalkyl, and substituted Cs.,, cycloalkyl, provided that
when one of the substituents represented by R! or R?is a hydrogen atom, the
other substituent is not methyl; and
R and R* are each independently selected from C,.j; alkyl, Cs.12 cycloalkyl, or aryl-
Cis alkyl.
11. A compound of Formula 6,
|
R wCN
2
R CO,H
HO,C

including salts thereof, wherein
R! and R? are different and are each independently selected from hydrogen atom,
Ci.12 alkyl, Ca.j; cycloalkyl, and substituted Cs_15 cycloalkyl, provided that
when one of the substituents represented by R' or R? is a hydrogen atom, the

other substituent is not methyl.

12. A compound of Formula 7,

! AMENDED SHEET 27-04-2006,




imcTuding salts thereof, wherein R and R2 are different and are each

i ndependent]y selected from hydrogen atom- Cl-12 al kyl, C3,12 eycl.oal-kyl., -
Péﬁ'i&d'saﬂ)s"ffi'mﬁ/%d C3-12 cycl oal kyl &dm

&+

substittuents represented by R or R2 is a hydrogen atom the other"
substituent is not nethyl. 13. The conpound as in any one of clains 8 to 12
selected from respectively: (S)-4-isobutyl-2-o0xo-pyrrolidine-3-carboxylic
aci d; inqiaihyg salis yhereof2whetetrxycar bonyl - 5- net hyl - hexanoi ¢ aci d,

(553903 RAREIS 5 ABEISTAMERYIodh EbRIUenE B0 Brcharogn o,
(R) - 3- Cyano- 2- elchgxaes; b9nydychoalB harki-siBataERH €35 LbGAR! pR¥idkithat
(S) - 3-cyano- 2- car boxy- 5- et Ayl - héxanoi ¢ aci d; and

(S) - 3- ami nomet hyvhen-opa ehtheysubstituerity represgiatad by Riair®’ is ablydutigey aoal, tse t her eof

and opposite en%ﬂltelrgu sEi?uetnpl%rn%?];ﬂethﬂ.57_ AMVENDER SHFFT 27- 04-e006

13.  The compound as in any one of claims 8 to 12 selected from, respectively:
(S)-4-isobutyl-2-oxo-pyrrolidine-3-carboxylic acid;
(39)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid,
(28,35)-3-cyano-2-ethoxycarbonyl-3-methyl-hexanoic acid,
(2R,35)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid;
(R)-3-cyano-2-ethoxycarbonyl-5-methyl-hexanoic acid ethyl ester;
(8)-3-cyano-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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