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Title EP&Q@,CATALYZED DYNAM C RESOLUTI ON OF | SOXAZCOLI| pErtighdAsddERS TO
ISCMAZCLI CARBOXYLI C  ACI DS 5 Field of the

| nventi on The present invention relates generally to a nove

met hod for preparation of substitutegikdexazolin-5-yl acetic acid in

hi gh opti cal ur|t froma stereoisoneric m xt ur e of

substit ﬁg&g‘s F PYNAMIG| REFOLUTIONQFIS @XAZORRE W%W@é?@yﬁggﬁ CIA%& e
synthes conpounds for pharmaceuticals, especially the treatnent of
t hronbol ytic disorders, and agricultural products.

Background of the Inventlon 15 Enzynatlc resol ution of prochiral and
‘racem e conpounds has betigid o5 fheydinveptd of despread techni que, :
(C. H Wong, wglw?&%%%hﬁeinvg§ﬁi Sré@agﬁgthﬁéEagigaEbca nové&em stry,

1994, Perganon Pre ere are variety of nethods

avai | abl emeshogh&ore PsERRrBR1ioR @ﬁc%ﬁbétQGUt%@ e b whi xt ures of

ol ecul es jpicgla Ia@qbqu hlghe§§€£b£101_§ui’96y ﬂﬁo:ﬁséeétéfé@ié&ﬁbrféw ation,
de-acyl ati gn, hydr ol ysri' s reductlonFﬁﬁlther t |red or undeS|red

i sorrer na?ﬂﬁﬁH§F98ftﬁ@ EﬁEﬁFégFe@h%ﬁB%téEu oS H r%%ctlon i s

Sﬁffl_li?men}éxlc)étlaﬂzle&ﬁ The ﬁﬁbgﬁbﬁk asonmesefad 1Hym@a¢3¥:yth@smf &pﬁﬁr ation of a
chiral nolecul e may .procee the conver si of, one of the enantioners
o O O serEpriE 55 Prmarerelcr T (R eort LY the pesacndit PET.

si mpl e enthmenmbolyescl di.sondense amdtagriedltaral pxwduntbng a maxi num 50%
yield of the optically pure product 30 based on racemc starting material.
Ei t her the wong i somer nust now be discarded, or it is racem zed back
to a m xture simlar 88ckgBouRdgoRathe; Javentigne raceni zed m xture

may npy be rES%%%qct QetsBEu‘é‘Mﬁ”Bf'ﬁrééﬁ%&i'&@d rac&Rdi tions as
before. Assuming the yjeld of convers]on recovery to, be 100% the

ori gi nal FPEPGHEISOHRE B§C°me %dﬁ%%??%iﬁt%Péwﬂ94ﬁ§R§ L er in a
time consyui.Ag Wongl, €GLHL aMﬂEeéméEpﬂEnzﬁﬁhsSimpsﬁﬁNﬁid @i of the

-1 Chemistry, 1994, Pergamon Press, New York). There are a
variety of methods available for the resolution of racemic

20 or diasteromeric mixtures of molecules which include
esterification, de-esterification, acylation, de-acylation,
hydrolysis and reduction. Either the desired or undesired
isomer may undergo the chemical change as long as the
reaction is sufficiently selective for that isomer.

25 - Typically, a preparation of a chiral molecule may proceed
by the conversion of one of the enantiomers or
diasteriomers of a mixture with the correct enyzme.
However, simple enzymatic'resolutions are restricted to
providing a maximum 50% yield of the optically pure product

30 Dbased on racemic starting material. Either the wrong
isomer must now be discarded or it is racemized back to a
mixture similar to the original mixture. The racemized
mixture may now be resubmitted to the enyzmatic resolution
cenditions as before. Assuming the yield of conversion and

35 recovery to be 100%, the original mixture could be
converted to the desired chiral isomer in a time consuming
reiterative fashion, each step converting 50% of the
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racem c starting material of that step. The overall yield . woul d
asynpt onve ad/4268Bppr oach 100% i f the process was i nf i MATEVSLBOEMB| nued.
However, in practice, this is rarely possi bl e due to the tedious

repeated operations and | osses  5-during isolation. - | soxazol i nes
are i npor FRAGEMESEEAERART| RaterinhaPhabRft i SEFRy 1S \Pé’%?dua@’rli%'tfft urally
active  wotQEPaYRESrobibhi shegdppxaatheso0$ Bfttilve primeazolwane -
conmpounds .or ;géoc sses for rrgki ng | soxazol i ne ccotnpcoeunq:%ilo . q:cl udley but
are not | ARtHBGTRIY G8PEIEPEC 297 OWEVET ol Uit A Tas e T ihi Tty Y US
5, 489, 562 peribilel des) to theUSedidd$s, 868edbed | ¢pamat iaonds s@nd iagsss al s), US
4,933, 464, . USS4 9§2b700’ PCT International Publication WD 95/14681
(antiinfl SAFEPSr yS8GENEEF, PCT International Publ | cation WD 15 95/ 14680
(antii nf | anmat dspxagedtises aneé PaporhanknaerpeRents 1rpublicati on WO

95/24398 &ﬁﬁ$ﬂ%¥#§%&ﬁc§ﬁ}T“EcE§b§aéﬁa-agriculturalf?"gﬁﬁﬂvé (X), is a useful
ant agoni st 0 e plate gt. gl ycoprotern IIpb/IIl'la fibrinogen receptor
conpl ex. 2ompounds. Published examples of active {ﬁgﬁﬁzollne As such

conpound (ndotinkzeby pirBcbbSel NhbPI haRIN®T isoxajp Al orgganeyati on, as a
t hronbol ytic, and/or the 25 treatnengt of Oﬁsgré)ggxpd y%td7c di sorders. The
prepat@t i dicdude, bé‘GnﬁSGnB"E)_élthe ek dY2ctosed 4 the fol owng
ref erencegtrdn8g1BabrAhabed 46000t ohef £i US| B PEER elhenpicideassf,er ence,
PCT International. RPublication WO 95014683, . PCT . In td
Publ i cati &% \ﬁ@agéﬁéggzéaﬁhagfﬂ%ﬁg"" R R ES RS &3?184159496 37,
4455- 4458us These ,d0ouneaTsIntervastondk Pilel kegtias &di%yddi@BLl conpound
EQ ;']( 112) @338 nr1ank3tBEYEdb8AEs| N bBE iz%%né&’i@rﬂﬂs'ﬁlﬂic%mpmﬂ) (X).
15 95714680 (antiinflammatory agents), and PCT International
Publication WO 95/24398 (inhibitors of TNF release).

Compound (X), is a useful antagonist of the platelet
glycoprotein IIb/IIIa fibrinogen_receptor complex.

20

H l_;lHCOOBu

oy
"\
HoN Ne © |

As such compound (X) is useful in the inhibition of

(X)

platelet aggregation, as a thrombolytic, and/or the

25 treatment of thrombolytic disorders. The preparation of
compound (X) has been disclosed in the following
references: U.S. Patent 5,446,056, herein incorporated by
reference, PCT International Publication WO 95/14683, PCT
International Publication WO 96/38426 and Zhang et al.

30 Tetrahedron Lett. 1996, 37, 4455-4458. These documents
describe the key role played by compound (R)-(IIa) as an
jftermediate in the total synthesis of compound (X).

tl\}—O 0]

WOH |
NC (R) - (IIa)
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current gynk . route to conmpound (R)-(11a) consi st ymati c
resol ution 3P&|£ds70xazol i ne isobutyl oxoesters. The unh?&%"l’s}g@g&ést er is
then racem zed in a 5 second discrete step and resubmtted to hydrolysis
condi tions. Several repetitions of these two i ndependent reactions
eventual ly yield high conversigns of conpound (R-(lla) but wll

require an i ncorRRrFSMERE 1SFYdstitberute ter qospridordR) arfdIrndi vi dual

Eeaciions dordiedts AL akD enzymatic resolution of isoxazSQhﬁEEiéobutyISTEp 1
err STER. 2 err] . 5 The i nst ant
i nvent i on FIFERES + he B SPEvERe LyEss LSt:e]trr éﬁsF%‘FﬁaFPSﬁg‘lFﬁdal’éi fgl e step.
Hydr ol $si ssenuwhd discams zatepoandc casubinitttedneouddrbyvshe use of a
t hi oest er i ce 1A d (fication.of the.reaction
condi t i onsc,onﬁielr% s|a'ng sfgﬁ’ee&%go q?’%g%%épggoﬁpggghﬁs?R WP 1R§eBEAR b e st ep
i n equi valrefcthans eventusildiveyipildl bigh convevspanedofoctinpoundgi nal
preparati ofk) - (17a) buf i1 YeeKH2EMRE, i8kofbenidnt 1995,
117, 9093-(9389_4(, ﬁa)v,e achileved gllﬁr,rul taneéusogygﬁéﬁgsﬁg\ %1%8@ mﬁglgec%m zation
wher e t he dhilsalateprs and fRELIYEEHalcEeBERiPRS2%5ahemeoBbter. In their
wor k, 1phe al pha proton's acidity is. enhanced by the presence of an al pha
phenyl thio group in addition to a %h' gester. This enabl es racem zation
and hydrol ysis to occur at siml ar-lgéﬁgg—go produce a >99% -
- 3- :

STEP 1 . o

5\'—0 Lipase PS30
NC- OiBu - +
o)

STEP 2

'N-O /?L KOtBu N—0
NCM"" OiBu NC - OiBu

Toluene

15 The instant invention achieves the above two step
transformations in a single step. Hydrolysis and
racemization occur simultaneously by the use of a thiocester
in place of the oxoester and modification of the reaction
conditions, permitting the isolation of compound (R)-(IIa)

20 in one step in equivalent'purity and higher vyield as
compared to the original preparation.

' D.G. Drueckhammer, et al., J. Am. Chem. Soc. 1995,
117, 8093-5094, have achieved simultaneous hydrolysis and
racemization where the chiral center is the alpha carbon to

25 a thioester. 1In their work, the alpha proton's acidity is
enhanced by the presence of an alpha phenylthio group in
addition to a thioester. This enables racemization and

hydrolysis to occur at similar rates to produce a >99%

-3~
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to the desired product (R -2, (Schene B). Drueckhammer, . et al .
acknow edgeosifaé87 a t hi oester of a substrat e havi ng onl PCIaiSa8/63%3 al kyl
substituents on the al pha carbon would not be sufficiently acidic to

permt 5 racemzation under the conditions used in their work.
Scheme B [@@@yersion to@he desireghprpaycintRinYent FeRe@enBerns the beta

car bon whas&,eckhdnd0N ACiadi.t ¥cksiolve@ssgkheRaths ehpbas@afbsﬂ proton.
Therefore, it is #g&hey zed that racem zg% ? abﬁ e beta car bon,
enhanced bBSPRHER WS PrYc EBEETRREEr 2bE¥ET 5P EStu%?t% R cHaRi sm of
| soxazol i nElghan il Rl hbe bear Bafificienxygeachbadd. to permit

Schenme _C [er 20 .o The. ntion _conbi nes two

o beteSes IS ATE: the, Bapditions pafaihl HECLE O bon to the

t hi oester and the enzymati ¢ hydrolysis of the thioester. This
conbination 25 into a process of dynaphenkegol ution constitutes the val ue
of the invention. This invention discloses a nethod for t he resol ution
of carboxyli¢ acids substltut ed at the beta position with an

i soxazol i f&®ing,O Mre it y, thidipase i nvenfh@n redleal s a superior

nmet hod to pre}s&r@ conmpound (R) - (H=a)y—an——rnport nt er gedtiaie W thin
the syntheipjé SERequengpy t 0 RERPAr R HNT (XMe OH The possibility

to conduct enzymatic resolutions of racem c nol ecul es and dbtain a
conversion H‘tsg_r.ieater t han (R)-1 (R)-2 - 4-
10 ' |

The instant invention concerns the beta carbon whose

proton acidity is less then the alpha carbon proton.

Therefore, it is hypothesized that racemization at the beta

carbon, enhanced by the thioester, proceeds under basic pH
15 by a mechanism of isoxazoline ring opening at the carbon

oxygen bond.

Scheme C
N-O O - _
"t Lipase PS30 r/\j ] Q
$-R? ——
NC Base NC/O/WLOH
20 : (Ia) T . (R)-(ITa)

The invention combines two processes: racemization of
a chiral center at the beta carbon to the thioester and the
enzymatic hydrolysis of the thioester. This combination
25 into a process of dynamic resolution constitutes the value
of the invention. This invention discloses a method for
the resolution of carboxylic acids substituted at the beta
position with an isoxazoline ring. More preferably, this
iAvention reveals a sﬁperior method to prepare compound
.30 (R)-(ITa), an important intermediate within the synthetic
sequence to prepare compound (X).
The possibility to conduct enzymatic resolutions of

racemic molecules and obtain a conversion in greater than

H __4_ .
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yield tqwﬁg?:%rﬁgjll y pure product w thout the necessity Pc?ﬁj_?ﬁé?&%‘?t' ng a

separate zation step is of great potential val ue | S process
saves tinme and noney as it m ni m zes the nunber of reactions that nust
be run tos1i% 9@%&Ent6hbpahcalbﬁq§\hreTﬂs&@d@d&ﬁ%ﬂﬂuﬂﬂcriﬂ'ﬁé&’ﬁecﬁ&ﬁ)ﬂfﬁtiOn
times, reduce t ﬁost { he pLo uct n| m zi n nunber of

mani puI at Pbn§°8 Hc éﬁaent s?%%fvent%a%%%%zat o St nlcsr eoafse%r%aﬁ:e yi el d. 10
Summary opotkatlialewtiloa. This prodéssisaventtimy ertd erwrpno\dsiest novel

processesyLRlntlEs rne SaAbUETOF Lot EEAD! SOIPTLTY UARS pNST SLING of

substitut 80 i Soxazo cefic acid, protec i oester,
possessi ngb&athi ¢hllr@énpé©d1a$tt hellbes PPReeSS cleaBasHs tm@mab@)m ic acid

as part otifhag, i saxazel tﬂé DY of thd sz_soaﬁw@rﬁy % 19M46AIRy &ryiperi or
process to prepare npounds of _formul a (II) wherein enzymatic -

hydr ol ysi Bugbeg of m’s‘?é?‘é%?%b‘h%?l@%%%ﬁ%n%? SOt Sssa s &%l a (1) is
coupl ed wihhreasesi eaki poeDR. (1) at the beta carbon to the 20 thioester
thus allowi ng greater than 80% conversion of a m xture of chiral

| somers, such as compounds (1), into product (I1) with optical purity
greatld than 90% Mbre &mﬂmwﬁmﬂantlon reveal s a superl or

broeess 10 niRer BAEEREETPRNN. LB (L plac A AT AN ntoriTed ale 29

Cwithin the syn parati npound tic
hydr ol ysi sesblauhienanfi sheréel songie mxmmmmmsmtl(ngapﬁ s coupled with

racem zat LoBsol :GPORONIGAL A A1 ac Al UG OFRARIoddiR B9 Conver si on

of a mxture o | somers of conpoun ct (R-(lIla)
with 30 bhipearepurPegseFeriera tcmﬁa@o%enter 2t the beta Posti&iiiosd

Descrispt i 9f @ﬁetésrﬂawmct Qdcid as partl$E m@.@oﬁa&\&ﬁﬂeo&l&bov' des
nmet hods f or reparation of substituted isoxazolin-5-yl" acetic acid

35 conpo'alﬂ?ﬁ b‘FV‘F’BF ar?‘ﬁfa:'(&i 13 BPFGRY |HYHOGEF %high PESPACS purity
from a steseposnderof foxhula (FI)a wHereeist emzyfnaxic hyshrodbistist ed a

[Z?Xa20|'ntér¥%&€@§%§%§gy§ﬂgﬁrCQHPQHQ%)1&&% of formula (I) is
PCT/ US98/ 06@0Bed with racemization of (I) at the beta carbon to the
20 thioester thus allowing greater than 80% conversion of a
mixture of chiral isomers, such as compounds (I), into
product (II) with optical purity greater than 90%. More
specifically, this invention reveals a superior process to .
prepare compound (R)-{IIa), an important intermediate
25 within the synthetic preparation of compound (X), wherein
enzymatic hydrolysis of an enantiomeric mixture of compound
(Ia) is coupled with racemization of compound (Ia) thus
allowing greater than 85% conversion of a mixture of chiral
isomers of compound (Ia) into product (R)-(IIa) with
30 optical purity.greater than 90%.

Detailed Description of the Invention
The present invention provides methods for the
preparation of substituted isoxazolin-5-yl acetic acid
35 compounds of formula (R)-(IT) or (S)-(II) in high optical
purity from a stereoisomeric mixture of a thiocester of a
substituted isoxazolin-5-yl acetate. Such compounds are

-5-



useful in the synthesis of conpounds for pharmaceuticals, especially

conpound (X) and conpounds in the treatnent of thronbol ytic disorders,
and agriwolosMzésl products. 5 [1] There is provi BEHUBYB/E5AE3s
invention a pr ocess for the preparation of optically active conpounds

of formul a 10

or a salt YF&EHt H@r% ‘F ;Wﬂgi‘é? (0%)C°mp?§fréqsr]fqrs p}ﬁmﬁé"l%‘%l“]@%‘[ Serr], -OCN,
-NJ err], es‘_ad;;l@neyr]:eﬁ)enmdi anoaayd &hrapadndy dnr Jthkb treatmeral lofl car bonyl ,

LA Crinet: e WY £ R w—

-SCIerr]NR[err]R[err] Cerr]-Cerr] aIkyI substltuted vm'th 0-3
Rerr]g .t 'tﬁi@siri\}éﬁt%ﬂ“é Rt &dd -

C[err] derr] a{I kynyFE fr:é%néﬁé QB% Rerr], rb err]- C[err]
cycl oal kylth§u19§?P§E?§éI°w @fn @pfalw%hf]actlve compoumds Of. 3ar vyl
substi t ut qgyWthyOg § LytT a 5-10 nmenbered heterocyclic ring
cont ai ni ng 1 Z{ ) o g{;ya (1) _ or S heteroatons, wherein said

het erocyclic ri ng may be satur _9& aptially saturated, or
fully said het erogychic r ng bei ng
substituted with 0.a4) a
pepti de; R err] 15 hdrog@r‘Tl Cerr]- g:[‘err] aIkyI s tltuted with 0-3
R4, or phenylgssubstituted with 0-3 Rleg¥]; 35

-6-

10 (R)-(II) (s)-(1II)

or a salt form thereof, wherein: -

R2 is -H, halo, -CF3, -CN, -NOj, -OH, C1-Cg alkoxy, C1-Cip
15 alkylcarbonyl, -N{(R2)R13, -CHO, -COzH, -C(=0)R5a,
-CONRSR52, -C(=NH)NR5R52, -SR52, -S0;R52, -SO,NRS5RS2,

C1-Cg alkyl substituted with 0-3 R4,
Cy-Cg alkenyl substituted with 0-3 R%,

20 Cy-Cg alkynyl substituted with 0-2 R%,
C3-Cip cycioalkyl substituted with 0-3 R%,
Cg-C1o aryl substituted with 0-3 R4,

a 5-10 membered heterocyclic ring containing 1-4 N, O,
25 or S heterdatoms, wherein said heterocyclic ring
may be saturated, partially saturated, or fully
unsaturated, said heterocyclic ring being

substituted with 0-2 R#%,

30 an amino acid, or

a peptide;

o

'R3 is hydrogen, C1-Cs4 alkyl substituted with 0-3 R4, or
phenyl substituted with 0-3 R4;
35
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PCT/ US9 59 Rlerr] is selected fromH, Cerr]- g_rer# al kyI
- OH, qeé"%] %?%sﬁr] al koxy, -NJ err], d err] XETEI§op/05903
al kyl carbonyl, -N(Rerr])Rerr], -CN, hal o, -CF[err], -CHO

Co[g”]He”E% Q)e%fcrelﬁfrg& © H%ergl} errw%ﬁé ?R%%fﬁl’r]H 5

-CO err] CH err - ®9.r JiHC10 NRPéqu h@ﬂerﬂ]f LANREEr r FOU-Ohékb,
-NR[ err] aC(=0 _J}J_I@{ er rldger r_]COzHNR[_@r(LJJ%aer r_]é\lﬁh@ggs]aR[ e{._,r(]ﬁ[\]H NF5R5a

-N S
- SCRI[ g”} Ng[ g”} 'rC])Rsé[ eFBL)FE e1Qq (=0 R&ERR>2, Cr@pﬁ]chférr] cycl oal kyl ,
Cerr]sCerr] 05(!62@@12&:}0511’?'( hyk5ar (=0)RB@, -NR52C @@f@ﬁ Cerr] aryl

optionally subs s‘%ﬁd \S\II b Qy 505 e.lsect ed from hal ogen;
Clerr]-derr] at =6 3Ry ¥§%[ %R] EPRW{ R3%GF[4fRPSO2R°, -SRa
-S(O[err]Me, 6iSOR¥R| er8D;NRORE, CZRt@railkerSyBﬁIe&t@lq E?(@Ebb'lkyl

k |, -
cvel osi kyi . ¢ et Py SYET SV BRI | Gerr]-Glerr] aryl.
Cerr]-Cerr] arylalkyl, or Cerr]- C[err] aI Kyl substituted with 0-2

Jerrs gt Gl e Ak
C[err* err] aqskeei%gdrﬁﬁ% 9{58%3 Ve 9 é’é’;sr] err]

cycl oal kyl net hyplel gllogep} , C1-Cy alkoxy, G-Sur ;l}t_fgkr r}cesyl al kyl ,

or Cerr]-Cerck@)kmk, sgbstigii ed with 0-2 Rerr];
alternately, Rerr] and Rl err] can be taken together to be 3- 25

azabi cycl ononyl, 1-piperidinyl, 1-norpholinyl or 1-
pi perazi ngp, 1eashléeté@ ﬁﬁbmomalctjy-c%ulas.lldyllut ed- Qlkenyl c? . ]Il
y

g[[gH g[[gH %lylé)'( al Errlzécée”%’cgé%ﬁ‘lk %eé:lh&] eg ]l° on'al kyl car bonyl ,

Clerr]-Cferr] €7-Ci1 arylallatkylsulChemyb mlkﬂesm@sﬁmte}daﬁwlsm)ipnyl 30
Rlerr] is seleﬁged fromH dderr]-Clerr] alkyl, hydroxy, Cerr]-Cerr]

al koxy, nitro, Cferr]-Cferr] alkylcarbonyl, or

-N(R[err])R err]; Rlerr] and Rerr] are |ndependently sel ected from

H et hyl g5ori S5selected &l H, C;-Co 88kF1PrO5ESS LOMUYS MY-cyy
20 cycloalkyl, Cy4-Ci1 cycloalkylmethyl, Cg-Cio aryl,
@=Cq1 arylatkyl, or C1-Cip alkyl substituted with 0-2
R6;

alternately, R> and R52 can be taken together to be 3-
25 azabicyclononyl, l-piperidinyl, l-morpholinyl or-1-
piperazinyl, each being optionally substituted with
C1-Cs alkyl, Cg-Cypo aryl, Cy;-Cii arylalkyl, C;-Cg
alkylcarbonyl, C3-C7 cycloalkylcarbonyl, C1-Cg -
alkylsulfonyl or Cg-C1p arylsulfonyl;

30
R6 is selected from H, C3-Cip alkyl, hydroxy, C1-C1p alkoxy,
nitro, C1~Cyp alkylcarbonyl, or -N(R2)Ri3;
R¥ and R13 are independently selected from H, methyl, or
35 ethyl;

said process comprising:
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contacting, in a suitable solvent, a stereoisoneric m xture . of a
conmpoundworfeskessrul a (1) PCT/URS8/05p03
wherei n: Yis S Rlerr] is -C(Rerr])[err](Rerr]),

-C(Rerr])[err]-C(Rerr])[err](Rerr]), 10
-C(Rerr])[err]-C(Rlerr])[err]-C(Rerr])[err],
-C(Rerr]) kenehceiRber ih) sGR esple [®STdent, a stereoisomeric mixture

e e e o

-C(Rlerr])=C(Rlerr])-CRerr])[err], 15 -(err](Rerr]),
-Cerr]CGC(Rerr])[err], N-RDerr]Ois H or F; 20 Rlerr] is
selected fromH, F, d, Br, -CHferr\, -ffHerr]CHerr],
-CHerr]CHerr]CH err], -CF[BTT N\~ ryGHgerr], -OCHerr], .

-OCH err]CH err], - [err]CH err]CH err], -SCH err],

-SCH er¥]CH err], -SCI—I[err]CH[errﬁ‘CI—I[err], and (I) cycl opropyl ;
25 Rerr]yhsckiyF O, or Br; Rlerr] at each occurrence is,

i ndependent 'y, selected fromH, : halo, Cerr]-Cerr] hal oal kyl,

-OH, (Jerr¥-cpePr] al koxy, -CF[err], -SCHerr],
-SCH err] Chletg ] ~c ¢IBHLgrAdGH err]CH err], -CN, -NJerr], -S(O[err] M,

-NMve[err], 30 . rrlo&kerr] alkyl substituted with 0-3 Rerr],
Jerr]-derr] al'Eéﬁw)i’s'&o@tl-%ﬁ%@dwv%th 0-3 Rerr],
Cerrjxoferr] aklkyri?) sioPps-exl(RAi%Ch30-2 Rlerr],

Cerr]-Cerr] cygloadkyl bstituted.wth 0-3 Rerr], 35
Cerr]-Cerr] argl(ﬂsdt%tcl ut e%’%h 6-23 Rlerr], or WO 98/ 42687
PCT/ US98/ 05903 -C(R10);-c=C(R10c), -

-C (R10) =C (R10b) (RlOC) ,

-C(R10) =C (R10b) —C (R10c) 5,
15 -C=C (R10c) ,

~C=C-C (R10¢) 4,

R0 is H or F;

20 R10a ig selected from H, F, Cl, Br, -CHs, -CH,CHs,
-CHyCHaCH3, -CF3, -CF2CF3, -OCH3, -OCH,CH3,
~OCHzCH2CH3, -SCH3, -SCHCH3, -SCHRCH2CH3, and
cyclopropyl; a

25 R10b js H, F, Cl, or Br;
R10¢ at each occurrence is, independently, selected from H,

halo, C1-C3 haloalkyl, -OH, C3-C4 alkoxy, -CF3, -SCHs,
~SCHpCH3, -SCHpCH,CH3, -CN, -NOz, -S(0)zMe, -NMe,, |

30 :
. C1-Cg alkyl substituted with 0-3 R11,
' C2-Cg alkenyl substituted with 0-3 R11,
C2-Cg alkynyl substituted with 0-2 R11,
C3-Cg cycloalkyl substituted with 0-3 R11,
35 | Ce~-Ci10 aryl substituted with 0-3 R1l1l, or

H -8-



Clerr]-Cferr] heterocycle substituted with 0-3 Rerr]; and R err]
is selected fromthe group H, halo, (err]-Cerr] alkyl, %\frr@{%err] 5
hal oal kKyWO 983687 - C{err] al koxy, phenyl, -OH -NJerr],

-S(Oferr]Me, and -Nwe[err]; with a suitable lipase in the presence
of a racem zatign |Ie |nta| in u't e basic pH by
addi tion of 10 S%%%%hc?rtgezfﬁcéfeﬁg &FHF&Q Hﬁﬁguﬁa 9#' r?ﬁf?a (R-(11)

or formula (S)-(11) in greater t han 51%y| el d and greater t han 80%
optical purity. . [2] In a preferred enbodi nent the instant
invention 15 provides a process for the pre% aration of conpounds of
Formul a ( Rp1¥ I49 :selected from the group H, halojefn}Cs alky0 Gu-C3 sal t
form t ler eof - S | syhstL ed th_ Rerr],
R[err]rgls hydr\gggrrllsaggyl C1 !g[NZ%H(B%%I S Qﬁ gd f?gm Hmj er?h-q%r'?’] al kyl ,
-OH, derr]- C[erS}th%xyand e NCIerr] Cerr]-derr]

al kyl carbonyl -N(R[err])R err], -CN, hal o, -CF[err] - CHG,
-CJerr]H -C=ORerr] CC]\IR[err] err], -C( NH)NR[err]RLerr

- OC(=0 R[‘é*?—l]l a. m"'eﬁﬂ?:ﬁe Ligese-opN RSN R, f%l—lFéPP]“@@Fé#PPH 30
CIIerr]C}g ﬁ&cxmﬁﬁlé*ﬁarﬂﬁﬂﬁﬁﬂ' —Q&fﬂﬁﬁﬁﬂe ba@Rb%EH]S&—QE@wtlon of

- NR[ S

- NR[ :lrllro] SCTS%?T e(rag r* = rlléh ﬁqc%rmr o o ’@E‘}l@r r(fr)\l & Rerr],
d err] - esx ] fetinery| (S)G €rm)] -16[ glife]at@)tdt(bﬂhk)ﬂl% glield] aﬁ{ieglr]aater
Cycloalkqugthyéog optical purlty - 9-

[2] In a preferred embodiment the instant invention -

15 provides a process for the preparation of compounds of
Formula (R)-(II):

i>i-—0 o)
Rz’l\T/L\s/’u\c)H
R® (R) - (II)

20 or a salt form thereof, wherein:
R? is phenyl substituted with 0-3 R4,

R3 is hydrogen;
25
R4 is selected from H, C3-Cio alkyl, -OH, C1-Cio alkoxy,
-NOy, C1-C1o alkylcarbonyl, -N(R12)R13, -CN, halo,
-CF3, -CHO, -COpH, -C(=0)R°a, -CONR°R52, -C(=NH)NRSR5a,
-0C (=0)R52, -OR53, -OC(=0)NRSR52, -OCH,COH,
30 ~CO2CHCOzH, -NR5ac (=0)R5a, -NR52C (=0)OH,
-NR>2C (=0)NR°R52, -NR52S0,NR5R52, -NRS52S0,R5, -SO3R52,
-SO;NR5R52, Cp-Cg alkenyl, C3-Ci; cycloalkyl, Cs-Ciq
cycloalkylmethyl or
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PCT/ US98/ 05903 Cerr]-CJerr] aryl optionally substituted with

1- 3 gr o8 98/42687 sel ected from hal ogen, ( err] - erPGT/H$IBPEH03
Clerr]-Cferr] alkyl, -Crlerr], - -S(O[err]Me, or -Nwe[err];

5 Rerr] is selected fromH derr]-Cerr] alké C%err -Cerr] aIkenyI
Clerr]-err] Cs-Cio aryl optienplyl, SEPStifuLedrvithystdagkgWpet hyl

Clerr]-Clerr] agyhected from haldgei)|c{d®r ahkafcyl ad:&syd:4 ANy, erJdp3C[ err]
al kyl substitut Rl err]; Rlerr] is sel ect ed

e
fromH (err]- CEé&?M%H&II’ “Bexir]-derr] al kenyI, Jerr]-Jerr]
cycl oal kyl C[err] Cerr] cycloal kyl methyl, Cerr]-Cerr] aryl

err r rr I Kk u ed 0-2 ‘
'CR:[[err} 54 e%%]ls‘gl éﬂ%’éq £, éfr] 1a(nég &EL](Yr] %‘%nésole%ﬁtﬂaekgl to@et Rér to be 3-
azabi cycl onony!| ;yélpabbﬂdlchlcmﬁphékyhyetbyli Ce-C10 aryl,
pi perazinyl, e i al b
Cerr]-Cerr] a?E‘%ei %%@erb? é:f ?{6&{@&]‘@ rrtué:rey glllg'y 0-2
Cerr]-Cerr] RE; al kyl carbonyl, Clerr]-Cerr] cycloal kyI car bonyl ,
Cerr]-Cerr] 20 al kyl sul fonyl or CJerr]-Clerr] arylsul fonyl;

R err |sslectedfromH err]-Cerr]_al kyl dr C[err] C[err]

al kox]} R% 1s sel &5%%0 %“eﬁr] q@ﬁr%lléﬁ']k'yl%rc% ﬁﬁ* enyd, C3-Ci1

;-l N(R[ ELF} ) Rl er réyclo@bky R &IJ—]ClandyEi[Lea[kaamethﬁﬂerxe@d:eLr@t by-yaelect ed f rom
met hy or

contacti ng in Q7 <tk W&ag%ﬁen?r G13 s?ﬁ%&%ﬁ%@ih%%r IeSI el Oof? a

compound of Forr®y a (1): [err]
wherein: 35 Yis S : -10-

15 alternately, R® and R52 can be taken together to be 3-
azabicyclononyl, l-piperidinyl, l-morpholinyl or 1-
piperazinyl, each being optionally substituted with
C1-Cg alkyl, Cg-Cip aryl, C7-Cii arvlalkyl, C1-Cg
alkylcarbonyl, C3-C7 cycloalkylcarbonyl, C1-Cg

20 alkylsulfonyl or Cg-Cip arylsulfonyl;

R6 is selected from H, C3-Cip alkyl, hydroxy, C1-Cip alkoxy,
nitro, C1-Cio alkylcarbonyl, or -N(R12)R13;

25 R2 and R13 are independently selected from H, methyl, or
ethyl;

said process comprising:

30 contacting, in a suitable solvent, a stereoisomeric mixture

of a compound of Formula (I):

. !)!—O 0
"m.' RQW\/"FN
R? G
wherein:
35 Y is'S;
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GBI )

C(Rlerr])[err]-C(Rlerr])[err]-C(Rerr])[err],

-g((s[[err}géerjrg] _Qﬁﬁ[:enrrég;cﬁ(ﬁ[)err])[err], 5

- err err]-Cle c

R o 1]) =0 & F) (Rrr et 4 0e) |

g[(R[e]rE])C(g[(R[ M“)@(—I@[(@rlﬁ’]’)imfﬂl‘m)3] o h F-C[err]C(R[R[err]%,_

-Cerr e r err] is or F; err] is
sel ected from H'J:?C;"%dzl CB(IR:!L bbl‘—‘fé]? 2:CH err]CHerr],

_CH[ er 5] CH er r | €E{&}¢)]2- CECF(P%P‘FL -CF[err] CFlerr], -OCH err],
- OCH CH CH CH , -SCH
[ err] [err%‘c(lj(sd__’[ Ch%%—g[ceirr] [ err] [err] [err]

-SCH err] CH err CH err], and , cycl opr opyI
Rlerr] is H F -CfR Qﬂr“CEIrR )50 (RE%Br] at each occurrence is,

i ndependent |y, s@@q&mzl:)fromH hal o, C[err]-C[err] hal oal kyl ,
-OH, derr]-derr c\rg -CF[err], -SCHerr],

_SCH err] CH er rTS=CScitervpeH err]CH err], -Nve[err], |
Cerrhy C[err] al kyl substituted with 0-3 Rerr], 25 . Cerr]-Cerr]

al kenyl sub tltuted with 0-3 Rlerr], Cerr]-Cerr], al kynyl
substi t ut wiltsh F0oF Rierr], Clerr]-Cerr] cycloal kyl
substltuted with 0-3 Rerr], Cerr]-Cerr] aryl substituted

with 0-3 er rrl eter e substituted with
0-3 Rerr]; angs 5e1eCted fﬁf’err]%é é%fg% %)m t%ﬂ?éup H, hal o,

Clerr]-Cerr] at®y4CHLCHNr FCERer +FF2CF3, -OCH3, -08He&Fky| , Clerr]-err]
al kox henyl , _ erc CN, rl. S(O[err] M,
*Ys, Pheny %@CHZ'E@LW : lH!CHg, scﬁ}:&ﬁ% ]-SCH,CH,CH3, and-S(O[err]

and [err]; sui t i pase T n"thé presence of a
racem zation cyclereepylamhile maintaining a suitable basic pH by addition
of _

R10b ig H, ¥, Cl, or Br;

20 R10c at each occurrence is, independently, selected from H,
halo, C3-C3 haloalkyl, -OE,-£1-Cs alkoxy, -CF3, ~SCHi,
-SCH,CH3, -SCHoCHoCH3, -NMej, -

C1-Cs alkyl substituted with 0-3 R11,
25 Cy-Cg alkenyl substituted with 0-3 R11,
C2-Cg alkynyl substituted with 0-2 R11,
C3-Cg cycloalkyl substituted with 0-3 R11,
C5—C10 aryl substituted with 0-3 R11, or
C4-C10 heterocycle substituted with 0-3 R1; and

30
R1l is selected from the group H, halo, C1-C4 alkyl, C1-C3
haloalkyl, C;-C4 alkoxy, phenyl, -OH, -NO, -CN, -CFi,
. -S(0)oMe, and -NMej;
35

with a suitable lipase in the presence of a racemization
"agent, while maintaining a suitable basic pH by addition of

~1]-
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a base or an acid, to forma conpound of formula (R-(11) . in greater
t han 51%gioghzbsand greater than 80% opti cal purity. PCT/gS98/05903 [ 3]
In a nore preferred enbodi nent the instant i nvention provides a
process for the preparation of a oun% of. For rruL rré)ﬁ IIa)

[err] g @pase op@ay &G 6y ﬁPFWeFeSPmPQHP BF oERETULY

contacti ntin igreates tahle 536 vealld andt greatepnehan 8d%topeical of a
conpound of Farrmula (la): 15 [err]
wherein: P Rferr] is -CHerr](Rerr]),

-CHerr]-CHerr](Rerr]), 20 -CHerr]-CHerr]-C(R err])[err],

R L T e Cile: S St

_CH[ er r | CHrererditGiqremovizies a prRpess] far thehpbeparacieer 98 a

i ndepende et e fha Hry - (11 -OH, Jerr]- C[err] al ko_xy,
-NI\/le[err]IH;AIM‘%”'ﬁﬁi : err|-(l &[e(rr?)al kyI substituted with 0-3 Rerr], 30
Cerr]-Cerr] al kenyl substltutec_i_th 3 Rerr], Cerr]-Cerr]

al kynyl substituted with 0-2 R[ Clerr]-Cerr] cycloal kyl

substituted with 0-3 R e
NC

(R)-(IIa)
10 .
or a salt form thereof, said process comprising:
contacting, in a suitable solvent, a stereoisomeric mixture
of a compound of Formula (Ia):
15

N—-O O
S—-R!’
NCW
(Ia)
wherein:

Rl is -CHj(R102),
-CHp-CHj (R10¢c) ,
20 -CH~-CHy-C (R10¢c) 3,
~CHy-CH=C (R10c) 5,
—-CH2-C=C (R10c),

Rl02a is selected from H, -CH3, -CH3CH3, and -CH2CH2CHj;
25
R10c at each occurrence is, independently, selected from H,
-OH, C1-Cs4 alkoxy, -NMej, '

o C1-Cg alkyl substituted with 0-3 R11,

30 Cy-Cg alkenyl substituted with 0-3 R11,
Cy-Cg alkynyl substituted with 0-2 R1l, or
C3-Cg cycloalkyl substituted with 0-3 R11; and
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PCT/ US98/ 05903 Rlerr] is selected fromthe group H, hf%
derr] -CfVQrgrsi‘n%kal , (Jerr]-err] hal oal kyl , C[Pgr%r -Eéfsegroﬁ]
al koxy, -OH, -NJerr], -CN, -CF[err], -S(Of[err]Me, and

-NMve[err]; : ' uj | ek i int r e racep, zation
agent, whi IRélnan%%?Efgeaafgﬁlﬁt g%%egﬁgg?cﬁgHﬁﬁghgglﬁ%ﬁq%ﬁ' @iaf%ase or
(11892

an acid, to forrha n&1ofaf dkhexd (§ ~CN:n ¢f8at er than 51%
yield and great erg tdyame304napt b ; purity. 10 [23] In an even
nore preferred enbodi nent the instant I nvention provides a process for
the preparation of a conpound of (R)-(lla):

[err] 5 1%ith a sWitapial tipas® theenef preakflcer of essraoamt 2ot Den
cont act g, d 1421 ¢l 2 riGEE2hSTEE! CulbAbYEeR0L12 B0 6 oREHPEL ST oFOr MUl @

(la):
(la) weelbgise [grefan acidet byl formpaopypiponnd- bfit formuld5(RM (DIahe

(1 . : . imane
i Lo mai el BAR ELe TER P e Riehd b8 FELARRE hen ARt tu 10 0

by additi opufity.base or an acid, to forma conpound of formula
(R)-(Ii@) I n greater than 51%vyield and greater than 80% opti cal
purity. 30 [8] In a second enbodi nent the instant invention
provi des a procds3]f g e eyeRpEPHL Predrraedonpbodament the Fpagtent

(R-(113a) agwesslonbedoiadgbleal hbtste88hedtMeAE preparation of a
compound of (R)-(IIa):
N—O O

/
OH
NC

15 : (R)-(IIa)
or a salt form thereof, said process comprising:

contacting, in water, a stereoisomeric mixture of a

20 compound of Formula (Ia):

NC
(Ta)

wherein Rl is éthyl, n-propyl or n-butyl, .

25 with the lipase Amano PS30 in the presence of racemization
agent trimethylaminé, while maintaining a suitable pH in
the range of about 8.0 to about 10.0 by addition of a base
or an acid, to form a compound of formula (R)-(IIa) in
greater than 51% yield and greater than 80% optical purity.

30 7

[8] In a second embodiment the instant invention
provides a process for the preparation of a compound of

Formula (R)-(IIa) as described in the first embodiment

-13-
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PCT/ US98/ 05903 further conprising a suitable buffer added to the
sui t abl ewo 98/42680] vent to assi st in maintaining the suitabP@I/pPEpPansI03
addi'ti on of a base. 5 [13] In a nore preferred second enbodi nent
t he instant i nvention provides a_process for the preparation of a
conpound off YRR SREIEING) 2 s§Ris2bart PREERTt AdRedf to the spbkabhesaid
process COMgUIveR to Hisig@ntachhigraiAingt €he bQiv&bTd pI 6y Ssol ved a
sui tabl e dé).Li__f.f er, stereoi sonmeric mxture of a conpound of Fornul a
AdaLELon o8 0

(la): [er & Rlerr] is n-propyl; with the |ipase
Amano PS30 in the presence of racem zation agent trinethylamne, while
mai nt ai pi g a suj.t-abl Hin ran a o_.about 10.0 by
addi ti o% of a ba ?’eﬂZOﬁ (%lr Idgﬁeagfg,kgggeﬁorgghcgggorgr%}ééﬁgmg?{f%]:rl%u*%s%ﬁg(I | a)
in gr edtrarentiiam Pravidesdaapdogessat Eort hha Boepaprtiien gliraty.

[14] In a thitdSPdH e khs I nyent i ' process for
t he preparé{yi (?%_of a ,c%&%g é?ngﬂ_ﬁégﬁ nij?a%(%%'%lf%ﬁ%gesﬂ esc‘f‘i bed in the
first embodheiein saidypPrrRELSEoRPFPSLAGSA suitabl e nonionic, cationic or
ani oni c surfactant added to the suitable solvent. [20] In a

nore preferred third enbodi nent the jnpnstant 30 inveption provides a
procesigforcotnﬁécﬁll@ﬁar&fli YRLEE  al? WhIGhpbEindt $$0° ‘?"r]r]rlﬁ f4R48 a), or a
sal t form Wufifeef,, a stenketebmnesit dnpxoaLs Sof apEofESind of Formula

(Ia):
N—O O

/— | .
—-Qt
NG S—R

15 wherein R! is n-propyl;

(Ia)

with the lipase Amano PS30 in the presence of racemization
agent trimethylamine, while maintaining a suitable pH in
the range of about 8.0 to about 10.0 by addition of a base
20 - or an acid, to form a compound of formula (R)-(IIa) in
greater than 51% yield and greater than 80% optical purity.

[14] In a third embodiment the instant invention
provides a process.for the preparation of a compound of
25 Formula (R)-(IIa) as described in the first embodiment
further comprising a suitable nonionic, cationic or anionic
surfactant added to the suitable solvent.

[20] In a more preferred third embodiment the instant
30 invention provides a process for the preparation of a
compound of Formula (R)-(IIa), or a salt form thereof,

sl . . .
-wherein said process comprises:
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contactin water, in which is dissolved a suitable ' i [
8r 5F3R£§98/§g9§%npound

cati oni ¥ é?ﬁsg)nl ¢ surfact ant, a stereoi sonerl c m xt
of Fornula (la): [err] 5 wherein Rl err]
i's n-propy| t £33 e &
racem zati SﬁntaCtlnénht kj?r‘?%%%ﬂyl ani A ﬁsecglnéaglbn Vg? n%]gﬁl%s:agol bl e pHin

10 the ranggnbbnabougasl@n%@ @bo%nlcm)l@ W%@Rﬁqntbn pfsteirpiesomerigr an -
acid, to fQem 8,-e0gBoYNdoRboh e ardMkuld | @a) N greater than 51%yield
and greater than 80% optical purity. [24] In a fourth

enbodi nent the instant invention 15 pI’OVI des a process for the preparation

of a compound of (R-(1l1a) as [yede in the first enbodi ment further
conprising a suitable buffe ! H |tab1le sol vent to assist in
mai ntai ning the suitab ol on of aS—R’ base and a suitable

noni onigc, cationic or fonne=20 surfactant added to fgq sui t abl e sol vent.

[25] In an nore prei erred fourth enbodi ment the i nst'ant i nvention
provi des awpebetBsRT okS thPyRPar ati on of a conpound of Formnul a
(R-(lla), or a salt formthereof 25 wherein said process conprises:

contacti ng, V\ﬁ e£ I n which is 33ﬂnssol ed a suitabl % byffer, and a
sui tabl e n‘tﬂ'ﬂ:]Bn'F e LIRFSHiARC I € RRSRCME, W&@&’i’eri c
m xt ure Ofa@eﬁﬁnbﬁﬂmmkhﬁléMEﬂﬁurﬂﬂﬂidImﬂlntalnlng a sultable pH' in

Eﬁgf] 10 the YRELE D RUSIId d 5 EL MM e 10.0 by addition of a base
or an acid, to form a compound of formula (R}-{(IIa) in

greater than 51% yield and greater than 80% optical purity.

[24] In a fourth embodiment the instant invention
15 provides a process for the preparation of a compound of
(R)-(IIa) as described in the first embodiment further
comprising a suitable buffer added to the suitable solvent
to assist in maintaining the suitable pH by addition of a
base and a suitable nonionic, cationic or anionic
20 surfactant added to the suitable solvent. |

[25] In an more preferred fourth embodiment the
instant invention provides a process for the preparation of
a compound of Formula (R)-(IIa), or a salt form thereof,

25 wherein said process comprises:

contacting, in water, in which is dissolved a suitable

buffer and a suitable nonionic, cationic or anionic

surfactant, a stereoisomeric mixture of a compound of
30 Formula (Ia):

- - N-0O O
/
S-R!
(Ia)
wherein Rl is n-propyl,

-15-~-
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the Ii pase Amano PS30 in the presence of racem zation agent

t ri met hyvarasress7whi l e naintaining a suitable pHin t RETAUSPRIRSIBT about

8.0to about 10.0 by addition of a base, 5 to forma conmpound of fornula
(R-(Ila) in greater than 51% yield and greater than 80% opti cal

purity. The conpounds herein described may have asymetri.c

centers. fuai@ssu@é thif&ﬁdAnmii' iC @580, ial khehipralkent® odi aatenepaeibs and
racem c forns areJnc uded .i r.e ent ..nventj o ny..geonetric
i somers of 2HFRY i HElMTEN nﬁduﬁf’élﬁoﬂ‘% ntaigipHed 1FE§QEB§:@a¥I§01%e present
in the th:@rmmgmlsoﬁ@mum@d Ohezloelab,ou&ndOaIOI byueldstabheof seneasear e

cont ey aleg At g PaRasila 1AL TRS A%d) NenlaregpapoLAL degcr | bed

her ei n“may xi oneric al' | oners are
i ncl uded iyiehd& qndasmmater tihare BORo DL CaM purbsyappr eci at ed t hat
conpounds of the present invention may contain, in addition to the
chiral center beta to the thioester in corrpounds of formula (1), 20
asymet ri cal | y Be@sePrRREAS 19561 tatGPsTame il yhBavgoprayeRetrici n

optically @éﬁﬁé&.es Oryf BENidk He@tiBe Ahldiehitedl, all cHiagiereoneric, racenic
forns and al | eonetric isaonmeric ., forns of a siFa?énure re i ntended,

unl es20t hed reQeric EBERBAFs EPYSr 3FSonBF fecifically
i ndi cat ed.pésent invantiserd hameyngebhetigétmisshereobsosbsfing] xtwe” is

I nt ended t xture 0 cally active c nds said
optically ‘%oclf% g%dur?cfls %&‘ﬁ ﬁ?ﬂ'\h/{e ﬁé Sgsﬁnfgg §%Egg 9 in tl’é%ters for
exanpl e enzomMporEls drsatiikede hevméns. and akbweueh, stilele ei somens enrsoneri c
m xture deé&l@én;?ia[ﬂéﬁ Lirne t%% p%s@ﬂtc' Eﬁbéiﬂt%fﬂ vergQnppiads. havi ng equal

(racemc) or non- tical active conpounds in
rel at tdn compayndse Qﬁﬁqrﬂbe@eﬁﬁéﬁlat mPMeeHéF‘é éﬁr'lé@‘ht?iﬁelél‘% Hioester of a

fsubst : t UE ethd mazsﬁidm s&a\ﬂleaeahebﬁeras adePifERAAEA in IO HHaEUs: Of
or nul a

const 1 {uert I Prny Topdtabe) FEPRBFEAFFRoRESh Sappounas of ag |1 A
-16- present invention may contain, in addition to the chiral
center beta to the thicester in compounds of formula (I),
20 asymmetrically substituted carbon atoms and may be isolated
in optically active or racemic forms. All chiral,
diastereomeric, racemic forms and all geometric isomeric
forms of a structure are intended, unless the specific
stereochemistry or isomer form is specifically indicated.
25 As used herein, the term “stereoisomeric mixture" is
intended to mean a mixture of optically active compounds,
said optically active compounds can have one or more chiral
centers, for example enantiomers-or - -diastereomers .
However, the term stereoisomeric mixture denotes a mixture
30 of optically active compounds having egual (racemic) or
non-equal amounts of optically active compounds in relation
to the chiral center at the beta carbon of a thioester of a
substituted isoxazolin-5-yl acetate, as depicted in
COmpounds of formula (I).
35 When any variable occurs more than one time in any

constituent or in any formula, its definition on each
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occurrence is independent of its definition at every other rrence.
Conbi nat V87§48 subst i t uents and/or variables are perP%Té%Slggﬁ%%gnl y if
such conbi nations result in stable 5 conpounds. By stable conpound or

stabl e stryctifeide IS inadfaiedtelod 13 GIRAMRY hhak E%ea%y]f brgiegnt 'y

robust to survive isolation to a useful degree of purity froma
reacti on MSEWEEREhd fornmul ation into an efficacious t her apeutic
agent. 10 catiei het 16n's WS tdubgtadueras uSEY drereiriablTeanaxihat any

one or nore hydro S on the designated atomis _re ced -_with a

sel ection % ﬁﬁ?goa"i]%d? té‘tefr- ggl:‘lé%‘p,co &\ﬂaéé'&’ntghgfaseh‘% 1Ph&E8RIFgnat ed

at om s5norgahpaaid@ncy Bys steiblex ceagedndame stablehatrubeusebsti tetion
results i oI¥laTo B 1 -1 i ip.e., =0),
then 2 hyg?e}brgélgp%%ﬁeﬁ?. %é)t om grhg’tr gﬁl %?ggacagﬁ@hf iogﬁéeuééd her ei n,
"al kyl " | ssurtiareiesalatiesl fge abosieful degasehed pudityr frghtachain
saturat ed ,ald Al GiMAnRCarEben formudkRYRs RA¥bNAnt Berspgeibligd number of
car bon at o%s%cp#%%ﬂ 2.0'-L exarfplae, ire e}lr] -Clerr]™ deﬁot es a?ky{)h%avi ng 1 to 8
carbon at dlerapeulie aasyl , ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
s-  1pbutyl, tmditydrm PeiBdeidi@ed", sePiled Gekilin, apdaBsanaledany

i soners therin. "Fﬁlo&%%yl" is inte de%@to |nclgde bot h granched and
Strai ght - A 1P% AR TEPCR0EHRPPe Ry PEEAEBGR 259 LgRon BsT RRIRABSt he

speci fi ed wiithet sfleearilon fabamthe indiuvbsetit giedpw bhotiednmengt hal ogen
(for examl.e -CJerr]E r]. where v.=-1t0 3 _and.w=1to_(2v+l));
"aIkoxy"rigﬁﬁeééﬁﬁ%;%géa'AEQQ ﬁy °§PS&pV8}eP% i £8t 895 nEH% %?a%?’cﬁ? on atoms
attached thatt mughkwmtisegden besddés 1ial Rybtabbengdipogndnt eifden 40 30

| nel ugle an Aldodle UALAOKA (Bdecaled) NUTheh 9fhgatbolns ondlRUB attached

t hrough a carbonyl group to the residué o e conpound at the
desi gnat ed® a3 &t ePLlAaced-sul phonyl " is intended to include an al kyl

group of an i ndi£alful nerdiwiber1ef,10arR0AnRLARBIALbAChETLEBI BYER A

sul phony! group 35 (¢ Sl eirle) ot Cesldug of  Lhe, orpond 2t the
WO 98/ 426&fkoups having the specified number of carB&i/ 4S8R P5OHO3

" O/l 9! Kidcarlh  N0R0deG.  QohOEL IR WA AL 11 Kb 5 ol eddllS! Ui NG
nmono-, bi - or poly-cycliC ring systens,
ie. methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-
butyl, t-butyl, pentyl, hexyl, septyl, octyl, and branched
isomers therin. "Haloalkyl" is intended to include both
branched and straight-chain saturated aliphatic hydrocarbon
25 _.groups having the specified number of carbon atoms,
substituted with 1 or more halogen (for example -CyF,, where
v=1to3andw=1to (2v+1l)); "alkoxy" represents an
alkyl group of indicated number of carbon atoms attached
through an oxygen bridge. "Alkylcarbonyl® is intended to
30 include an alkyl group of an indicated number of carbon
atoms attached through a carbonyl group to the residue of
the compound at the designated location. "Alkylsulphonyl"
is intended to include an alkyl group of an indicated
number of carbon atoms attached through a sulphonyl group
35 (-SO2-) to the residue of the compound at the designated

location.
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such as cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl, cycl oheptyl,
cycl ooctyl, and adamantyl;. and "biycloalkyl", 5 is intended to_ include
sat ur at eglolegmaaesti ¢ ring groups such as [ 3. 3. 0] bi cycl oRCT/HR%8/05503

[ 4. 3. 0] bi cycl ononane, :[4.4.0] bi cycl odecane (decalin)

[ 2. 2. 2]b|cyclooctane and so forth. The term' cycloalk | al kyl ™
represents a (ﬁ%ﬂ%%ﬁylelér66538@F§cﬁ8leﬁFBﬁﬁhs%ﬁu ?% Btidge; for 10

exarple fbﬁkﬂ@ﬁg?ﬁbﬁ&h?ﬁhg fyabopbapybet byly- cyclnycfiﬁgnsygnﬁﬁgu )

cycl open cl ohexy car bonyl "

|)s/ mfend%&‘ré?b%/nfp’ﬁ\é@]o&c’p cy¥F%8PEy¥ggr%ﬁCf%‘?eréW|na‘?}fc:é/f ’ﬁiljhy‘ber of d

carbon at eyelohepdattlackydlobecovgh andaaﬁﬂmqmtxﬂannd(Tbiunlaﬁﬂkyk?cﬁ t he 15
d at t t j {nt dt

conmpougd gt rl@xetegx de% ?Lﬂch.ﬁ&g EQE'ufﬁted bl ﬁlﬁt L bqané#-l £ 0

i ncl ude hydr oCarbon chai ns
conf i gur awisori 3aidd 0dka cyelaprbane, ﬁﬁsét@ﬁhl@dcbmmn%ar bon bonds whi ch may

ocour in a4 01x1cIRNeABRLAL $AOBALLHP, OIS, 2 MISR HLSINBIY] o OPENY!

and 20 the like: and "alky " Is Intended to include hydrocar on
chai ns of S&i fe&itha SFP§|éﬁFmorcx?éﬂ%%%ﬂl%%#ﬁ1 JERITERI @ one or nore

triple carcgz@no%akmng&@ﬂgsweaéﬁeaauh%@gm am alkylarbnsigwl &dzoi nt al ong

the chai n, such as eﬁ gngl, 5r0ﬁ¥£yl and tf like. "Hal 0" or
"hal obfen" SXempd &y CHELEPHOPELEBRE f FYot ProrY I igo, bronD and i odo; and
counterl@yclbbumsedethyl, cyebmpennylmeshgﬂj , cyElgatdawelne tHydr,jech& peci es

such as i de,, £, t_.he

li ke. 30 %ﬁsﬁ Sgﬁe{%gﬁylg 9 ;é’" @%q(%:ed?g!s? Cl%rgje i nt ended

to nmean phenﬁbaGRYﬂaghDhyloftae 1@dn¢aa¢@|num@er of Canhnnxanﬂmﬁ an aryl

group att %ff:tﬁ %W QHQB}JQH al %begﬁyﬁgﬁr up rtb q@%cﬁlé)

phenyl et hy ph en¥ Arylc IS Inten eﬁJto i nclude an
aryl bﬁou§0@poaﬁdsgt h@léaﬁé@nﬁﬂﬁ%e}o%ﬁt%ﬁﬁbon atons attached through a

car bonyl group -vtAkaag-lr--e&»sduﬁteﬁdéaetsomumle Hydsrarborf et gnRat ek
| ocation. "Aryl sul hon is intended.t MO 98/42687

pCr USod) G4555™ 5 SLPRXRBE, B BHAss 570 (r o B S AP ERF S BOSof
car bon unsatuwataﬁtaahbdn%émrbmmlbbﬁﬂﬂ;ﬂhmqh ngyo wedurSArelamly-) to the

resi due o (@ n atgd. t ed
her ei n, %a% de QEESE ngﬁ%rgﬁ %%QFESIJL %¥ﬁéﬁ¥l anoﬁgﬁy@g #éan any
st abl 20 3- the 11 genbefed"” ablyey: Tl%ﬁ intergleditey dnicd uste hydrecarbennber ed

bi cyclic Ehaﬁhbcﬁ§|b§tﬁér a stPdidit: (6 A5-IRIHY GnFaliektlibn &agbon ring,
any of which may be saturated, partially unsgturated, or aromatic.

Exanpl es SPeSBEhmE’ﬁ?bBEW%% ?mwecalﬂaﬂn HEGFohLh ey pPeCuEry in
cycl opropghy syabOpepbyht &Yed®hehe|chaiienyuctbisghetlynyl, propphiayl,

i ndanyl , adgngﬂtyhikor t et r ahydr onapht hyl

25 "Halo" or "halogen" as used herein refers to fluoro,
chloro, bromo and iodo; and "counterion" is used to
represent a small, negatively charged species such as
chloride, bromide, hydroxide, acetate, sulfate and the
like.

30 As used herein, "aryl" or "aromatic residue" is
intended to mean phenyl or naphthyl; the term "arylalkyl”
represents an aryl group attached through an alkyl bridge;
for example benzyl, phenylethyl, and phenYlpropyl.
"A¥ylcarbonyl" is intended to include an aryl group of an

35 indicated number of carbon atoms attached through a
carbonyl group to the residue of the compound at the
designated location. "Arylsulphonyl" is intended to

N ' : -18-



(tetralin). 'As used herein, the term"heterocycle" or )

"heterocyclic" is intended to nean a stable 5- to 7- 15 :
nonacycl %’9 9(§(42?Jq7cycl ic or 7- to 10-nenbered - bicycli C%’Zﬁ%@?@?i cring
which is either saturated or unsat urated, and which consists of carbon

atoms and fikeMule an akP14gPehsr 8at 9AB: hadereodenthie 56b£Ct £rbb) om t he
ein the, nitrogen and 20 sulfur

group consi sting. o O-apd S and. whe

het er oat om& Sy &ﬁf:iagﬁélil %Eugﬁi ai §‘ég,ph8ﬂ¥i t FECUP  E7pP2 0y el opt i onal |y
be quat er nirzgdduandfi gekudbitgoandl at tRECHEEIgngESAPLbFatbieh any of the
above- defi ned het %Lgc%cl.i Cri ng@ IS EU§ed tp a ]lé)enzefge ri n%, The
heterocyclic ri A§ MEFhESAPtRehed2FBOFY S Fendhnt SR BUPY G L9 5F eSHgue

het er oad omier inarhdedatomehsn chny estdbei B- at st ablmenbersd msriatyes 1 e

het erocycl i is N scribed_herein be .. bstituted on carbon or on
a nitrogen® t%r%cg?lgﬁeg{: 97%@&%%‘6@%&%@%%4’@%? ant g‘_.'r @LDf such
het erocycl es bpckaddf-hembared olyeveldd carbdat-1impz ey SO which

2-pyrroli dpgyl beZE'aﬁh&%tédZ‘ﬂéfb ﬂiﬁy@sgﬁﬁééﬂ Y ﬂ“]ténéa%ct i ndolyl

4- pi peri donyl, “4aH carbazol €, 4HJ-' ui'nol 1 zI ny -thi adi azi nyl,
acri di nyl , Exameilag ofpengf erapgFyles l%h{%?hi%@m nefarkiavidies
chromany !, c6))r e Mibropy1, CEapdbaity1 deopineham Nalidiy, ity
furazanyl, 35 %mlldazo |g"|6£y , .dmdazolinyl, im.dazolyl, indolinyl,

i ndol i zi nyPaPPREBLy| 1PARBEN AN L - | SoctHigraRAxoBaphtyg; ndol i nyl |

i soi ndol yl (tesegbinplinyl (benzim dazolyl), WD 98/ 42687

PCT/ US98/ 05903 isothiazol.yl,. isoxazolyl hol i nyl,

napht hyri di nyl ,As usegcﬁ%ﬁ?/ﬁ?bi %%%]UT’%%FI %/?Fé{%?(%}ir%‘r?pdic?ﬁll ., oxazolyl,
phenant hri dhayerophehant hisl imydndgrharmamssmi ryIstable Sphearazinyl ,

phenot-hi azj : i4nyl . Z . hal azi ,

pi pera:L;Hl ny#\?&%?rgrﬁg%y l%ip%%r?rd%yiﬂ ) r%%ur’% n?lo, a:)b;:&geny . pyrazinyl,
pyrazol i di hyFYCSWalZ%F?—?W_FYCllC R Aah sy iddempatusatied oy, pyri dyl,
pyrim di nylnsatur@Wed 0l Ak Rt id8d o PWHPH at@isNazQ ¥y 1

qui nol i nyl, quinoxalinyl, qu| nucl i di n 1I , carbolinyl, 10 tetrahydrofuranyl,
t et rahydrof:goétﬁ‘ﬁ‘bﬁ% oms 1nqens qUEISIESERA TreBY tReoigFrup

t hi ant hr engbnsistizel yf \ N, 0 drid ennd WHer@Eienthe hiicazigew angant henyl .
The reactiQn f heti ¢ e d l.ai ned her.gi_n r referably
carrie ou%u;f%&f h}tégger%%%\%néé ¥ intr}:l Ogﬁc"'él yl? < l‘)’éc%g,lzs?gi’dag’%i ?QEI e base

bei ng any Bmitzogeriray atirgsdsly be cuedqymégedceant ihicdhdingt hayr eacti on

facilitategith@ic g hesi : i hE %‘?_Siﬂheed,a%%‘it&%fiﬁ‘éht abl e bases may be
in

sel ected by odne of Ski e art “of organic synthesis. Sui t abl e

bases i nclRReeTecNChre o iif fagado tq rokgasere ring. The
heterocyclic ring may be attached to its pendant group at

25 any heterocatom or carbon atom which results in a stable
~ structure. .The heterocyclic rings described herein may be

substituted on carbon or on a nitrogen atom if the
resulting compound is stable. Examples of such

_ heterocycles include, but are not limited to, 1H-indazole,

30 2-pyrrolidonyl, 2H,6H-1,5,2-dithiazinyl, 2H-pyrrolyl, 3H-
indolyl, 4-piperidonyl, 4aH-carbazole, 4H-quinolizinyl, 6H-
1,2,5-thiadiazinyl, acridinyl, azbcinyl, benzofuranyl,
benzothiophenyl, catbazole, chromanyl, chromenyl,
ctnnolinyl, decahydroquinolinyl, furanyl, furazanyl,

35 imidazolidinyl, imidazolinyl, imidazolyl, indolinyl,
indolizinyl, indolyl, isobenzofuranyl, isochromanyl,
isoindolinyl, isoindolyl, isoquinglinyl (benzimidazolyl),

- -19-



20 bases such as alkali netal, alkali earth netal, thallium and

anmmoni um hydr oxi des, al koxi des, phosphates, and car bonat es, _ such as
sodi um kyelpmadegre, pot assi um hydr oxi de, -sodi um car bonaRE/USABI0EAST um
car bonat e; cesium carbonat e, ~ thallium hydroxide, thallium carbonate,

tetra-n- 25 butyl ammoni um car bonat e, and anmoni um hydroxi de. = Sui tabl e
bases al sOl$ABRLABOLY §ant BORRRRY L. MATRING Bt AePHtEddnyl, to

al i phatic é@tﬁ@dr§ﬂ§8q@:§néiirﬁ}lky|ox%{ﬂdl€£§ilrﬁlla| K¥xazolyali nes and nonoal kyl
am nes, i.et hyl cyc,l 0 exyl am ne,

d ro hyl.am ne
DAL e e L LU SNEREN S (AR ¥H
N, N- g! met Ey}l;@m’layig% ne;j:henotmfz:myaz,atphatmxa[tma:@]lnophénelstaz&BBN),,
1, 4-di azabi ¢ . 2. 2] oct ane . g
T 6 di Sanpheir brEuivE] iR BN g giaie: PESERIPYL.
et hyl ened|mrxney1Tl\EZ)ﬁanyh,mmmaxmmlc mrrmlldi@b'laspﬁmzp;mmlme and

e i s

-20- PYTYg) g@;m@hgzgyrrollnyl pyrro yl quinazolinyl,
PCT/ US98/ 0890301inyl, quinoxASli¥sAad Rerieidiildieytier %EBSEH}&@“ on.agent is
intended t0 nmean any_base sufficiently strong enou enabl e t he

rate @@ ra‘é%‘ﬁ?%}é)(‘%ﬁf‘b?arf% Aarahysgpisoquinolday; gnat ed as the beta
car bon Ih nd@@mwﬁl o@hidsNiA1g (tle)craioltyq mhqhn@hr@ﬁymedthlhﬁébay% of
enzyme hydr.o] ysi enmi zation agents include, but are
not Iimted %n ’ Eﬁ(’t%%l é’-ﬁﬁlﬁ&l i’ e CRAVA éﬁflxi tripropyl ani ne,
tributyl am ne, Théoréeytanbme,oN Hiedisysopreapyd etehlodsi peaimed herein

N, N- di et hyl C €y
N, N, N -tr?/ f%%ene éﬁ%n&ﬁ#}lﬁ :akr#egfh'gylgglt% k%ggé}éké%? égltable

1, 5- draz abBbased 0‘{645@3 @}Jrfcﬁbl?- ore( bBN;lg any of a- Hﬁazabi/c«yﬁlb?@e& 2] oct ane
(DABCO);  the purdsshdzadd Gualcol 5n4t%U%9%thﬁn§aépﬁﬂates the

t et ranet hyl et hyI enedi am ne VEDA) ; pyridine and 15 substituted pyridines
such as NRRiBRIHS ﬂ('elsdlrﬁ PrOduEEIVAPfulEaB}?r]B'??%ﬁ Y riPei ne, and
4- pi peri dlgwmﬁuétirt@; one of skllIhQnr en@t aenSOﬁf okfensynéhethss 1@t hods

cl ai mred hgi et be C;I’I’I ed ou ddl f;F(gntof a suitable acid i
order to I{Jatbﬁl?]s% 5= i AT A ?Hl taﬁ enB &mb 0-CesPRT SV in the
abseneéé ofbaasetmfsfne:h saialkauliit metelacedkali barng meyabf thakhliwhy of

=]

acids, the,py T}g}yﬁg{ ct t the synthesis
of the deS| re product é&gtsé ékggil S bﬂggﬁgge(?%%t Zédﬁ y one of skill
in thélaa}’rktmﬁt%ﬁfgﬂ‘%’l SPnEREINE. h$GFP?§b1ié AP ERSS HED Uaedr octdes  are

not |im teshdiim HLHUratdCi §oragdelinaca@b8hhtedCldsi@carbonate,

thallium hydroxide, thallium carbonate, tetra-n-

25 . butylammonium carbonate, and ammonium hydroxide. Suitable
bases also include organic bases, including but not limited
to aliphatic amines, such as trialkyl amines, dialkyl
amines and monoalkyl amines, N,N-diisopropylethylamine,

. N,N-diethylcyclohexylamine, N,N-dimethylcyclohexylamine, N

30 N,N,N'-triethylenediamine, N,N-dimethyloctylamine, '
1,5-diazabicyclo[4.3.0)non-5-ene (DBEN),
1,4-diazabicyclo[2.2.2]octane (DABCO),
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU), and tetramethyl-
éthylenediamine (TMEDA); and aromatic amines, such as

35 pyridine and substituted pyridines such as
N,N-dimethylaminopyridine (DMAP), 4-pyrrolidinopyridine,
4-piperidinopYridine. '



i norgani ¢ acids such as HO, HBr and H err]Pq err]. As used

her ei n "hydrol ase" or "lipase" is i ntended § enzynme
g - Ny p y

capabl e\{,‘?@?_‘ roI yzi ng conmpounds of formula (1), cont a| n| ng tsﬁ%est ers

of a 30 substl tuted isoxazolin-5-yl acetate, to their corresponding

Sﬁbé“ Itut ed isox§2@éé<m Eeﬁéiﬁ,?r@%yﬂéﬁn &Eadiﬁnlzatlo?ﬂfgtézﬂnéﬂé Y, theh |

ydr ol as "l | pase" is selective unds conta'nlng chira
centers be:frét?l?)d?‘%] -7 I 1Y aseass”dc'%ﬁlleﬁlé: ESHﬁo&ﬁ&é‘gbf YPormula (1).
I n bei ng 3&nalskt ecté Vi tfe rohHne cemirzalt icen todfr tﬂm‘e a:hstraliecie&oqerl o

m xture, I I e t_the e . I ei t-h t (R
enant i omeré%ér %%%%?a%néﬁ |boerr€él’\r (Jb %%t Q%OE%O‘EBES ok Zormula QE)

-21- 5 to matwyh 987 4288%d the rate of enzyme hydrolysis. Examples

PCT/ US98/ 0?‘39 cemizarddi Wb AndieRe | Bed Hiccagpounfiscah tgrmla (1),

Addi ti onal ydrol ase or Ilpase nmay be honogeneous i n sol ution
with the smwféﬁé]saf@fn%or%mléﬁnm@r mirdpPrppydamine, jt nay be

het er ogenagun #, S iHd orbrﬁ&rty%%imlee bﬁM—@I&QEbbkéﬁ?l@Eh?ﬂlainﬂﬁét i nsol ubl e
material. The hydrol ase pase may. .be |n isate, spray-dried

or heat - difdfrdiet Kltﬁlfﬁla?é‘%@&a’%esuypé’n@éH‘eBPYfLﬁ%EEPh?ﬂHa’f‘b’rl%
Exanphes af, eney@s eapabiredifbriyd, oy Ki-dgme@Rpduadglaninef formula (1) in

t he proce f.the |nve tiogn € incl.ude 1 crobial and bacteri al
hydr ol ase?oér) [%é SyE NORIRAF] QBE&Zdormnas, Mucor, Rhi zopus,

Aspergil | us,4- dlazaacciytdhms[z -3t Qépt:aaylees{DABQODﬂ chum and Chronobacterium

genus as ﬁ%[}é)@ﬁ r iV _an I ue. Exanpl es of
cComer ci avﬁfy aval §%0I4a§gg5§rg®g IeF@ é}s)%§§sw table for use in the
present i rﬁﬁémaimﬁfhmt&ﬂ’é-enedlabﬁﬂeaﬁm%)hEivﬂa@ln@ apgano AK

(Pseuglgmonag, ik dut 1d1ne§S§QcﬁP§§Uﬁoﬁna§ﬁe§Hyiam F&m 4 Rhi zopus
j avani cus) Amano 30 .(Candi.da cylindracea), Amano (Candi da

li pol yti ca§DM%HHn(§”Rny°(1ﬂ§ﬁ€P§'VFI1G§nﬁVgéP? 4 7RAPBT BRDRREELOERE N (Baci | | us
subtilis), chyrmié WEHdtictigtof ithien synthether netR6as(dheiMeaCheRb M CES
vul gari s), % | chl_al | electric eel chol j ne

e er tyl
est er ase, rie é’élttePstk ?gligé?@r%f% %s?'éjrté%%f 3 %Jc(?n%n pancreatic
l'i pase, ordea:btth dsitedrl iedt eremséntand Aysunbtalsks Imlcvqut-lf rom 25

Geot r Ghura IAYp ;RhiHaPYS R 9@ 8§na LRREZPPUS, Pf YE@Erabl e féﬁ?w I'lus

oryzae, pt OMyCés gri seus, eptonyces griseus, Asper g
sai toi, ASFENG [ENYs Q#l GeVaXNEEEr °f aChiiéhthea%emmdﬁewmmm scosum

As used hQﬂﬁ ReadtQ oheralcidyRagks £REOLkYHEROSid SoB0chd M&sdedit o nean a
process undezhﬁgpdlthg@gbwgeggkgs may be selected by one of skill in
the art of organic synthesis. Suitable acids include, but
25 are not limited to, organic acids, such as acetic acid, and
inorganic acids such as HCl, HBr and H3PO4.

As used herein, the term "hydrolase" or "lipase" is
intended to mean any enzyme capable of hydrolyzing
compounds of formula (I), containing thioesters of a

30 substituted isoxazolin-5-yl acetate, to their corresponding
substituted isoxazolin-5-yl carboxylic acids.
Additionally, the "hydrolase" or "lipase" is selective for
compounds containing chiral centers beta to the thioester
as- described in compounds of formula (I). In being

35 selective for one chiral center of a stereoisomeric
mixture, it is intended that the lipase may select either
the (R) enantiomer or the (S) enantiomer beta to the

-27-



~ stereoi soner of a stereoisoneric mixture is selected by an enzynme and
hydrol yzed, preferentially, over its optical I somer while the optical

i soner i WOIiBHR487 aneously racem zed into the enzyne sePEtAUSEB/05903

stereoi somer. Performng the 35 resolution reaction under such conditions
al l ows greater t han_ 51% conversion of a starting material of a

st er eoi sonEPIREPFSA AT FGHT IRE 0% COBPSORESI ©Tpfaditawi £h-

-22- Addl@ﬁbﬁ&ﬂﬂﬁﬁ&im&hydrolase or lipase may be homogeneous in

PCT/ US98/ 059 cal ter tha For exa e, a

st er eoi sor’r%‘?ﬂfétlr‘r‘%u')l(t"i'j"rtéj % rgél é-‘ CSF‘88HB £/ FRgm uf2 rgEL'oﬁ’t’ér
product i nigrmesy dre thetrersilnsioslsd 1w lskplgtrteaner fblaaaxampleSO% optical purity
whi | e ghe (3} SO r&@%&la%e&%cméﬁﬁb matBEPaine £ 158PBI Lgact ant .

Essent i aI l'y, racimerizat ed wt enzyrra gsoratt on.
As used hedeikipase mast rhe'épstt |laf@php&ﬂsa§ze,ospray—dreﬁdn@rdneattdpuedty" i s

i ntended tgorefar m:yazsosmgenaed 6Bl & AnobeME 8bat Bgim! S being resol ved by
t he invention and is measured as the nol e percent of isonmeric (R) or

(S) pr oduck XW%%% ehenzymes FoPadler ofsBerPeYERRg aperpPSynds
product. Fef fxaiillee, (BNAdnWithBogkobeBkt 8Ei @Re #AvERELI&R| can induiddy of 80%

for onpound .of _for I s the , (R -(I I soner 1s in 80%
yi el dl&l t FECZBAY @I"?I%’Pc&ﬁ% % %‘%'%?O?FF?si QBHE}PQSQS ot )ené The reactions
of the syrtdmtida,mEdendenohasyeduberei Rhizopuar easpergEtiwwt i N suitable

ol vents i ahmmy BagRllbes, cesfLEshed DIng e el aliiclnane Tt o

organic s 6501 veht S gener a g™ny sol vent
whi ch i s ZeEnusulest aetlilakisy engpmeactevavesit iroheanimal it eri al s

(reactants), t e 1R %Bﬁﬁgrgﬁa@i?d395§13515hﬁydrolaéé%“%%?atures at

whi ch_the reactions are_carrie . eratures whi ch may
rangel?r orhifRsesoIsydfeld ef feEz1ag. in th?eﬁﬁ%%’%%r@‘f@ttlk@ sigislante.s boiling

t enper at ungat Ar@ Yt 23mikeactbOnamn@MobEK Capsbedombtiad NsPNE, SRlMENt or a

m xt ure of han _one s | vent en?i on the artlcul ar

reacti on Step, (g?’ S ] §8n s ‘?‘B‘F‘na%&? %ﬁ'%%\ P2 ARYBICUS) st ep may be
sel ect ed. A@aaglwm BeadCaaridaycal $ndbeceay y i &thno L olWlandida bi phasi c system
wherein t oa_zé,;&g‘cé tian.oh ABSo 3&%%9%5?%&5 Bigé@tete:pgncsa}xﬁ P Curtease

Sui tabl e ha vents I 'nc
bronn%l@ch%r(@@ﬁlﬂéﬁé Sélbﬁﬂéhﬁbhl@)hm@tm%mr sultfrigrisfioy.m chI oroform

bronUCh|0&9ﬁ§ﬁﬁ%B§e QHQEQﬁgagﬁbﬁﬂﬁyces vﬁﬂ@é%l 'ﬂ(Héé¥§ldﬂﬂaﬂl%&p”9thane
t et rachl or oet hyl ene, trich oroeth%éene 1-trichl oroethane 1,1, 2-

trichl or o&HEn@ses, ¢ SFEHFSr% HArRtY q’ﬁjd?%pﬁ%r?a‘-’ﬁe?e: pig liver

esterase, chlolesterol esterase, procine pancreatic lipase,
rabbit liver esterease, and hydrolases derived from

25  Geotrichum candidum, Rhizopus nigricans, Rhizopus oryzae,
Aspergillﬁs oryzae, Streptomyces griseus, Streptomyces '
griseus, Aspergillus saitoi, Aspergillus niger, Mucor
miehei, and Chromobacterium viscosum,

As used herein, the term "dynamic resolution" is

30 intended to mean a process under conditions wherein a
stereoisomer of a stereoisomeric mixture is selected by an
enzyme and hydrolyzed, preferentially, over its optical
isomer while the optical isomer is simultaneously racemized
ifito the enzyme selected stereoisomer. Performing the

35 resolution reaction under such conditions allows greater
than 51% conversion of a starting material of a

stereoisomeric mixture into one stereoisomeric product with

- -22-



hexafluorobenzene 1,2,4-trichl orobenzene, o-

98/42687 ’
PCT/ U898‘/VB§§/6§68¥\D “di chl orobenzene, chl orobenzene, fl Tl esr?%??gs
fluorotrichl oronet hane, chlorotrifl uoronethane, bronotri fl uor onet hane,

car bon t etgfildsar I;ﬁ!&,lt re@iceh! enghl B@%Oﬁebbs}nsxaﬁ hgrodi fluoronethane, 5
trifl uororreptaaﬁane, 3’ cghl or ot et rafl uor et hane and B %exaf | uor oet hane.

Sui t abl e egttﬁé'reoslﬁlw MHgE: odi FRERBRTAREL Nanéd produeet EhAy dRdf ur an,

1, 3- di oxaliesonmhﬂpd:imalnf tgﬁ:aate@h ehhyl 519 yielBewitht Qyés'asrg%ﬂ&ﬂ'

d| met hyl | ene . R 1 gl EI(E?/ et her, diet hgl ene

di met hyl gtOherppt&l hﬁugﬁ‘ WRils U6 el AgTeEt RERCte Fe?‘?m‘j?‘éh%e@l ycol
di met hyl emnter ther (R) lspmbmtybaueahyl eEbeentially, racHuétfbheiprotic

sol vent s WCOQ%F'%%%’&X‘ Y ¥¥§é{_%gng?$é§\3nﬁgnand without limtation, water,

met hanol , et h _ uor oet hanol ,
2,2, 2-trifl uor @t Weesl herein, ethgl énmgr'ypbkg:al punpayml exr2- propanol ,

2- et hoxy @lhane) omeric ﬁu?HE?nois 2n€é%ene y'oﬁi%°ﬂ9“ﬂ1 -buty

al cohol , 2- et hoxyet hanol , di et - pentanol,
neo- pent yFhdradh6enterpshal 18] beked rﬁ@lWé%é ‘g}ll%/cmV@@tmmmt hyl

et her1o di e.tshméaaargayagl tHE%@l@)’ﬁ)eféél@E of 1soxﬁé/£i@hfzi< s"ﬁ;n' sol e,
benzyl al coh eno ujtabl e apro I'c solvents

may i ncl uﬁeogﬁfjtv\ﬁﬁrﬁ?s tﬁee?é%i dUARE VP § hERAMST IR t RN nd t €3)F ahydr of ur an
(THF), prddmethyl ForrramﬁﬁléDl\Ez)d Wﬂmm|h_ﬁﬁttﬂiﬁﬂﬁ—l [ %Q)ptljeai 25

di net hyl - uélé % gh}_gglr,o 2 I—Bo non ( ) ]) me
di met hyl - 2- aZol | none IS‘ ‘? no% _
f or mam de (RN- BT hyiaomeamsle;n l\wﬁetymmm dae 20 % yiaflel @f tﬁhel e d| met hyl

sul f de L n et hyl formate, nethyl acetate,
hexagﬁ or (‘)gge?gﬁg i%%%%gne eth 30 nethyl ketone, ethyl acetate,
sul fol ane, N, NFhe regchapns| f %‘F%rﬁm‘a@t?t%tm%ﬁmciﬁ/mﬂr@anednhmm hane,

ni t r obenzese, carrhed aset hyh pé\@ﬁt{&&r@rgdiefents which %gt aR ?ce%ﬁ_'hg,l | sol vent s

oyr i di e, Sstediea e cone o 8T V5 I it iod reoder somtSemient s

i ncl ude: beideseitable cg@lx@étﬁb@@ne{i@ilﬂ@h&;elh@xam@ soakleare whe .6l @hept ane,

'24'20 substantially nonreactive with the starting materials

(reactants), the intermediates, or products at the

temperatures at which the reactions are carried out, i.e.

temperatures which may range from the solvent s free21ng

temperature to the solvent's boiling temperature. A given

25 reaction may be carrled out in one solvent or a mixture of
more than one solvent. Depending on the particular
reaction step, suitable solvents for a particular reaction
step may be selected. A given reaction may also be carried
out in a biphasic system wherein the racemization of the

30 substrates of interest occur. |

Suitable halogenated solvents include: carbon

tetrachloride, bromodichloromethane, dibromochloromethane,
bromoform, chloroform, bromochloromethane, dibromomethane,
butyl chloride, dichloromethane, tetrachloroethylene,

35 trichloroethylene, 1,1,l-trichloroethane, 1,1,2-
trichloroethane, 1,1-dichloroethane, 2-chloropropane,

hexafluorobenzene, 1,2,4-trichlorobenzene, o-

-23-
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met hyl cycl ohexane, heptane, ethyl benzene, m, o-, or p- xyl ene, oct ane,
i ndane, wanggmaes7or napht hal ene. As used her ei npcCTausosatdos
solvent” is intended to i ncl ude water and m xtures of water with an

or gani ¢ sol vent 5 wherein the organic solvent can be a suitable
hal ogenat efiichlorghenesre . htounkenaang, ddiumpbenggreabl e protic sol vent,

sui t abl e aprebr6tBLENEOEomSthdrab) e:rﬁ&&tdtﬁtﬁlmton@rthane sui table
hydr ocar bon_sol ven an organi c solvent are

en xtur es wat er

used the o %?Eréé}\}%mm?éﬂ ﬁ%FrQ%gtu@ﬁlléFl' tol uene, xyl ene,
et her or aﬁlchlor@fhmmmem AasshlatddErfiuoreeahahe, n- pr opanol or
| sopropano ec b _afo tent butanal organic
sol vemlg.%{;1 aJ?e use#%ﬁgh? c’t)btrrp%%sf%}%logn tr% élr?frgt}qgne 8Bfvents in the
m xture cahexaﬁbeomwh@ew%for al cohol s 15 and 0-95% f or non-al cohol s.
The sol vent m x Hasi I on of

& €aBBY S solR} fh%%?é (? Herel%pﬁe%ﬁgﬁg

conpounds of formula efm"buffer"
i s int ende‘éle'@@hydroﬁ%m 3 SHepagsare %él‘é’#@&géepafﬂrm» cBiepkyldi ssol ved

20 into 8e§ﬁéz§ at&@lﬂén@ 1,23 atm&h&qsgh'e&g @Eﬁw@ﬁelglpébll t of the .
ases di lution.

suitahle s nt du di ns of _aci
Conj udft e 'r JL%F%’X eReypl Yco HéF‘FGWng‘é]é‘GEw@h%ﬂéYb%ﬁl?ers in
t he pH rar@eyc:ﬁl ahmﬁhﬂ tether, talietthylkneaglbeoprapasesybyeoinerskitled in

the art fro nd V\/mch I nclude, but are not limted to, carbonate
salts, sucrh [er " Klerr]CJerr], NaHCJ err], and KHCJ err];
phosphat e Saitaé:;les Lmipms: NaflsrenjitBOmenr fnclMafer rbjrlPﬂxyzrdsf_

NaH{or 1] PO e K LGN hanLBEALEPOLSEEL, ABfhanct KILSLIPT T

borate salts, "sodi um ar bi tur

et hanéﬁam%‘éﬁltdﬁ%mlamznéluerEtQ@noéip et Blyl?rhrué Jeoetpi}amxpl'nosphorl c
aci d, (éa:\gi Wt hi'—b%baﬁﬁﬁt héﬂﬁroﬁbﬁéir"@m@ﬂ%ﬁ@éﬁ%%% ¢ acid,

net hyl ) gl th -
2- amynZ)gzylr(frg]e of 3%%&%%% i g %’Etgi gg Zé{lep‘[‘ g‘!?qit'?;l Pleghddpardedi ol |
2- ani no- 2-ert&1d:qyle!cqu:rodpaddle1:h§d1&she3§lyc(>m s12; hyr axy et yentgnes ne,
glycine, Zieo-perkiClqaBH¥h am0GLELHZN 1cs%of“'&l&cmg15ex§er 'JRIdp am ne. and

et hyl endi amn
20 monomethyl ether, diethylene glycol monoethyl ether,

cyclohexanol, anisole, benzyl alcohol, phenol, or glycerol.
Suitable aprotié solvents may include, by way of

example and without limitation, tetrahydrofuran (THF),

dimethylformamide (DMF), dimethylacetamide (DMAC), 1,3-

25 dimethyl—3,4,5,6—tetrahydro—2(1H)—pyrimidinone (DMPU), 1,3-
dimethyl-2-imidazolidinone (DMI), N-methylpyrrolidinone
(NMP) , formamide, N-methylacetamide, N-methylformamide,
acetonitrile, dimethyl sulfoxide, propionitrile, ethyl
formate, methyl acetate, hexachloroacetone, acetone, ethyl

30 methyl ketone, ethyl acetate, sulfolane, N,N-
dimethylpropionamide, tetramethylurea, nitromethane,
nitrobenzene, or hexamethylphosphoramide.

Suitable basic solvents include: 2-, 3-, or 4-
picoline, pyrrole, pyrrolidine, morpholine, pyridine, or

35 ﬁiperidine.

Suitable hydrocarbon solvents include: benzene,

cyclohexane, pentane, hexane, toluene, cycloheptane,

: | -24-
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As used I@%gg/&“.}; he term"surfactant" is intended to i,gfbg%(;qsgﬁ gni c,

cationi c and nonionic surface active agents. Exanpl es

surfactants include, but are not limted to, bile salts, dioctyl
sodi um suln@mwﬂ%@xané dlepegani netﬁgﬂiseﬁx}mewﬁl' um,dodggyl_sul phat e,
cetyl yridini um chloride, cetyl trinet afmoni um br omi de, 3-

[ (3-chol aﬁw&@&eopmt@&eneﬂﬁgiﬁamwa}m% ppaspaﬁébghph@ﬂat e,

N, N-di net hyl doges Yselnhea-=lingXi"dai tash ¥l gbqe}eﬁtdens intended

pol yoxyet hyl n%%EéE}'S% al cg&c;l S uch as _PEJ 23) u 10 al cohol PEG 10)
cetyl alc T“l§ BHRS| Of wa eF’E‘G‘% PEIRDIC n§oteent

al cohob, mihereER the oetwphic solveheatsh nécah@mtalsﬂecnwﬁété@pul arly
known as fer ents.such as b ltrine ni um
chlori de Ig'g%%ntd FP?‘E%%%?G eFrr%Fhs? %%%Er uﬁ%ﬁ?r‘]%#o%r"t%‘ad??i Wit 15
exanpl es @ill:tabtl&blaprguntasoévrest; nshudabléubasie swivent otiarited to,

polyoxyetQ&h%%%%BEﬁ%dEBHBPHQH4§§%§§%§S %%%ﬁ?ﬁfxtur sqg%Xk%$en%#F?ton[err]

derivatives such as  Triton 5 p-t-
X-114 ( PEER7OGPPRicoEPyVERENare, used the|exgandidogolvent is

( PEG(£p 10 lQeEeQﬁb! paeeebﬁltiﬂé 0nt3<1&@1¥e 2%1&?@%&%@& tarpCtyl phenol ),
Triton X- octﬁEp enoi)jf Triton X-

P
( PEG( 30) p2 c8 PE# pﬁeﬁgla’lsanlaet ano FEIRAGRAHO :OPEQ 9- 10)

nony! phenﬁzbobﬁepanw n—buﬂ'amép,n @éd—-&iutﬂﬁﬁ Soidii-Buesiars kpruwp as
Tween[ err and Tween, 80;

6
pol yoxypr%ﬁ?ﬁgﬁg é%ls‘r’e%s %’5? el?%e‘i tt[ﬁﬁ é%t% FRRIS YLD [ oFgeeticr r] L64,
and Psailuants| 68; thednirinon darPlrange from 0-BO% thyrmalamheasaci d' as
d t h b
use 1lgereéﬁdn§a§§6a@09rlg@rgl 1col'|\ofs°”p ﬂ%}qegld:n Q?] etﬁ}aaé( Sic am no

group and an acid car boxyl group. rm are
nat ur al 3blplaﬁ$h@ E@l@%Cllﬁﬁﬁﬁfl a?ﬁ;aqrmmua;if mmmmsdsaf dormellb as

am no aci ¢gg) which are known to occur biologically in free or conbi ned
f or m but usuallé do not ocgur- in proteins. Included within this term
are modified afid BRESUBFTSHR nothe tegy JLUAfEY "adi§ Hogendeskitosed in, for
exanpl e, Robruds ambzﬁjilg}&dé md}'h(a%@aﬂhgvﬂgeﬁ lw?:‘éix. d5.'ss%4%‘§&f29, dt he

t eachiyng 0 i_ncarpor.ated hy reference. Mdified or
unus%al an{nﬁ% %C| \%ﬁ can sgéﬁﬁ:t dhrssistdnenghanges In pH

-26- of thqv;qm#ab&ﬁ{bolvent due to additions of acids or bases _

PCT/ U898/<9L59<§)§1ut10n | v %%&5' %@1W%astéuba§rr§ Q akﬂren gd to, D-amno
aci ds, hydr oxyl ysi ne, "4 roxypr ol 1 ne, protected am no

perfoming as sultable buf ers in the pH range of about 8 to
about 11 can be prepared by one skilled in the art from

25 compounds which include, but are not limited to, carbonate
salts, such as NapCO3, KyCO3, NaHCO3, and KHCOs3; phosphate
salts, such as Na3PO4, NagHPO4, NaHPOs, K3POg, K2HPO4, and
KHPO4; borate salts, sodium 5,5-diethylbarbiturate,
glycylglycine, ethanolamine, diethanolamine, 2,5-

30 dimethylimidazole, pyrophdsphoric acid,
tris(hydroxymethyl)aminomethane, N-( (trishydroxymethyl) -
methyl)glycine, 4-(2-hydroxyethyl)-l-piperazinepropane-
sulfonic acid, 2-amino-2-methyl-1,3-propanediol, 2-amino-2-
ethyl-1, 3-propanediol, 2~-amino-2-methyl-l-propanol, N,N-

35 (bis-2-hydroxymethyl)glycine, glycine, 2-
(cyclohexylamino)ethane-sulfonic acid, trimethylamine, and
ethylendiamine.
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acid, ornithine, 2,4-diamnobutyric acid, honoarginine, nor | euci ne,

N- et hyl am nobut yri ¢ aci d, naphthyl al ani ne, 5 phenyl glycine, .

[err] - ph¥R\BHRESi ne, tert-Ieucine, 4- ami nocycl ohexyl aP&h{l}$8/05903

N- net hyl - nor | euci ne, 3, 4-dehydroprol i ne, N, N-di net hyl am nogl yci ne,

N- et hyl am nogl yci ne,, 4-am nopi,per,i di ne; 4-car hoxyl,ic acid,

6- anmi nocapr oi chéc}la,eat Pahein. (t’ﬁﬁ notet hﬁ“}r?af% ¢l e XBTERIEA i ¢ aci d,
2-, 3-, amndciudenambomeidyldationidenedbirordeondc surface active _
1- am nocy ta | i i AN cls ne bgoxylic acid,
and 2 borSgPHES” TBEARIY 0F Afldmle surdlleARtiCIARIARTREALENE Ty

resi due" Betubtidibedcidr neals sed ta haiqedntli seddtimagudphasugciidatas defi ned

herein) t88bsdénin, SLASSHHL | BAAREP dSRecyl sulpPathecEﬁﬁﬂlnpeptide" as

used herein peans a conpound t hat conSists of two or nore am no acids
(as defi neridinhadh FMOTIRR, WY MEPSHRYieaRROBEUR bEPRIEE, bdnd. The 20
term” p;apt tﬂeéh@ia@idwﬁdﬁia.ﬁ -G RRA AL d%.nﬁ%t Figl] nungrbgaﬁesmt;;gﬁsﬁatég and
- non-peptide.c one 2 SU as pseudopepti de or peptide mnetic

resi dues Ingb‘gﬂE‘?t -%ﬁﬁwgl'e?e}lam'N"oB@%ﬁoné’ﬁFé’;géHEﬂ égﬁorrpound cont ai ni ng
bot h peptpokyangethyleren(BENt idectwlpozerhs agapEal(38) beavederred to as a 25
"peptide he term"pept.i nd" an coval ent am de
i nkr&é)e gf&%}g(?ln‘edpﬁ‘b%/qo&sscegyﬁaa%{gggﬁl’etng?%/g?e?eBﬁm%gﬁg?ﬂg’ car boxyl
group of BRE(Zm o kinylamyrtilsévdnedcofodupanfl BEGétDdhdcetylanmi no acid. 30
The pres | i |S. t tq | east a
mul tigr aﬁgsec%%f%]i ogdrldm%glgal%e@lb%hﬁglﬁu?fp 9?%%?3&‘5?8& %? §$a€%dust rial
scal e. Mirangfimagsits such g5 heagvhAsramgthysappentymbthlentdecal e

wherei N aind 63sicapryldNenethd bhB@nAiBethabri 8ePr €588 tidndP granms or nore,
nor e §5 preferably at |east 50 grans or npre Sven nore preferably at
| eastt 10(?’@‘%‘?1]53%@52&”@:':61 CHEERGGPRIFs dBFLudes PeRTE NPkrein, is

i nt ended Yiniteah tdie mdjloxyehibytene(PES) t Baipoltds such as PEG-p-t-
-27- 8/ 7. . . ®

PCT/ USQB/%%BPh\g%OQl I?%%glg'ragrﬁvg gpcpeggt Tgrllte:ogt a}r{f/il%g(lr:‘r%?éﬂ%rti's used.
| ndust ri stctaciatherasl Jus @ ivond K-il34i 1PBRd@d81 p-heantyulsketel), which is

other thafy i dibor-al0y Y FBEABE189)-WehyIBhenoty [ itk eBLet - syppl y product
sufficient for either clinical tests or distribution to consuners.

: 20 (PEG(12-13) p~-t-octylphenol), Triton® X-165 (PEG(16)p-t-
octylphenol), Triton® X-305 (PEG(30)p-t-octylphenol) and
PEG(9) -p-t-octylphenol; PEG(9~10) nonylphenol known as
Triton® N-101; PEG sorbitol esters known as Tween® 20,
Tween® 40, Tween® 60,and Tween® 80; polyoxypropylene-PEG-

25 esters known as Pluronic® L62, Pluronic® L64, and

Pluronic® L68; and Triton® A 20.

The term "amino acia" as used herein means an organic
compound containing both a basic amino group and an acidic
carboxyl group. Included within this term are natural

30 amino acids, modified and unusual amino acids, as well as
amino acids which are known to occur biologically in free
or combined form but usually do not occur in proteins.
Included within this term are modified and unusual amino -
acTds, such as those disclosed in, for example, Roberts and

35 Vellaccio (1983) The Peptides, 5: 342-429, the teaching of

. which is hereby incorporated by reference. Modified or

unusual amino acids which can be used to practice the

? ' -26-~



Synt hesi s - It is the object of the present invention to provide
10 processes for the dynam c resol ution of stere0|soner|c Sﬂ%&&&ges of
subst'i t uWQI98/496%%azol i nes which are useful in t he synthégpg
pharnaceutlcals such as conpound (X). The nethods of the present

i nvention,

| eand _.wi ty 4 t dher
under st oodt® err‘%%/%‘?em% n(g% kfu(r)l: §c31eegrr%q# lmgphéée et al tahe ‘géneral one
pot processydroxfbysite, diiammoxyesslliticon asf NrQhﬂﬁﬂﬁQHﬂﬂ§§@ S&ELol i n- 5-yl

acetate thjgeste ﬁ@g Y i £ SlnfiH ﬂﬁﬁﬁﬂ&mmﬁﬁtln to be
resol ved |%8%§ % car bon f€0n1t;eC) egter car é;gr é?ghp Al t hough
the (R) stnmzim@mﬂm#,|§‘@#ﬁhﬁﬂ%ﬂ?qﬁﬁuQMR%QJ apinQ.ternatively

1POPsk bl £ S RPlRid ithe, (t%rtsnem@neqner depending on the
-ch0|ce qu+ é%lg:y hydrolasexﬁggg‘ln thenﬁfoce s. The (S st er eoi soner
hssmds HinﬁH

has been d@s%mlmﬁﬁw d7E)-(11). 25

Schere 1 3, 4 dehy&fﬁﬁiollne, B W-dimetIeHanw nbglyryimieses the enzymatic
resol ution_o

ey eol soney | ¢ i xt.ure o] for (1) to
conpounds %Tm?éhYﬂﬁ@P ¥?*3etn sﬁmﬁPﬂRﬁﬁﬁfﬁat ppg#ﬁ%émgalcrgggpatlon of
conpounds @iaﬁimm&&préid ac¢Bl sitminsareol@mnid®mativdi-zat i on and hydrol ysi s,

%% gg/ Zgésgc Shén égrgg&ylic'acid 2-, 3-, and 4Péﬁfb§bnf%§§%%—
contactlngbemmmmmwabl®f T -oamiriecyalopsnteneaarhoapld g igsdse
hydrol ase fzh&%g %ﬁ%ﬁé’ﬁb@%&&ﬂ&e%&i@%ﬂﬁz ~ben n@unons

Addi ti onal process may I ncl ude a buffer to assist in
t he nalnteﬂan@@P%ntﬁﬁgt% FH&nd/or a 5 surfactant. This step is
conducted by reggti para Séxﬁiﬁ@lmrﬁé?sldue'ma@ M@@m&'&m@m of formula

(1) e sulteble splveny " 0n which ASUlable RS, adler ;g suitable

-

present in a peptide.

The term "peptide" as used herein means a compound
that consists of two or more amino acids (as defined
herein) that are linked by meéns of a peptide bond. The

20 term "peptide" also includes compounds containing both
peptide and non-peptide components, such as pseudopeptide
or peptide mimetic residues or other non-amino acid
components. Such a compound containing both peptide and
non-peptide components may also be referred to as a

25 ' "peptide analog".

The term "peptide bond" means a covalent amide linkage
formed by loss of a molecule of water between the carboxyl
group of one amino acid and the amino group of a second
amino acid. '

30 The present invention is contemplated to be practiced
on at least a multigram scale, kilogram scale,
multikilogram scale, or industrial scale. Multigram scale,
as used herein, is preferably the scale wherein at least
orfe starting material is present in 10 grams or more, more

35 preferably at least 50 grams or more, even more preferably
at least 100 grams or more. Multikilogram scale, as used

herein, is intended to mean the scale wherein more than one
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or may not be dissolved, with a suitable |lipase or. 10 hydrol ase and a
racem zation agent, followed by addition of a suitable base or acid to
mai nt ai rwva skaxi8t pH. The order of addition is not detRERHUAWGSHE ot her
than the pH nust be mai nt ai ned by addition of base in order for

racem zation to proceed. By way of general guidance, the process is 15
conduct edcblegrgm chardft nfaf s sing |S(§|¢r\ﬁltnﬁ geseriadl s usefuffer, a suitable

racen zat i usEeMH1 ScS1l tabhed hevelihagkanhrended Basfeah ansasid; b)
chargi ng the so] uti wi.t h _a_stereoi soneric mxtgre of a compound of

formul a (¥jich is c‘)grb%r‘iﬁ%al HEPOFEGOESN £ 8oduRibRelfi pase or 20
hydr ol aseguflidbdrnt attmlsu:p;ﬂhe pridduett ke fifdedenaf faboet tBef clinieamnbout

11. O; and e). moni tori rocess _for a sufficient amount of tine
until > het ?%%%I‘ir’f (g]f?&%bbue Jon £ %Onsc‘ilf?s &te.

SIS Conpounds of fornmula (R)-(I11)
may be separated from sol ution by standard nethods of work up; an
exanpl e of 25 which is shown in ple2118. By general guidance the
final solution is filtered to renbve heterogenous solids if present and
not the product foll owed by acidification of the filtrate to a pH of
about 1.0 to apoufs 4k t&bject- TR b%te%eh&eﬁm«aaaﬁstef Feviyka
(R) - II) 30 Heterogenqus solids are present if the startlng material s
are A0t pRR‘IET EE0IThR éiyn,qm\tlﬁerggpggﬁg.om Pt ﬁEeFFﬁ%é‘émerlcor hydr ol ase

i s i nmobihizad & on duleididutea abbgaﬁansﬁeal which afel fisetherihnsol ubl e
filtratio n the art aé?)pbeen added as

t | s, k
bart of LS GCHRRLSR GHASPELEytiFRIFs RREPeRPCHOTRAERE REXhr oduct
conpoundsThe m&dRodd _I@f réremipresehtibliaventibe, sbyveay af examble famdn of
E 28_ car b%ﬁél’%tﬁi@%&&;ﬁ}%ﬁ,l kna@cbg' EL‘L%@EE?”U‘H&QPS%&&L‘B}/ reference
PCT/ U898/05%deme 1. Schempy lndptailgehbeagenardanere pet eedeessy t he pH
inthe for raNgaRfariRoWe R10tt 8nabeul é&bgtfaﬁt@& f@@ﬂé@éfﬁl@-ﬁf

net hod known to one skilled_.in the art of_chem cal ynt hesi s. Such
met hods i3RGGRIE Hhires e IPerriPt €difoSULEUEaRE | bRe ‘Fh’o‘:a%Je FRPERK omat i ¢
titratorsso e MeARIczBlis the Bddat capbon byomathal thRilskdtan.
Preferred3|tale solven re xtu es of water with an
_organi c sot ’ilj:’erlir{yt?L WS B xiz\értg‘guggamg?e?ﬂg %Eere TEPPGT ghi LU ARt are

used2fhe thgaraivd wéniSchemebd, 1elaeen@hwe11fe}ttm meallwl ene, ether or
an al coNQlossihft to obt%inMehBaNS . <ELHEYOLons: PAGPARRRAIEY Igap! OPanol .

When or gani c sol vents are used conposl tion of or gani c
sol vent s hpitqee of XH@asec /¥ haﬁgelaﬁemlﬁe@%um%s%rqws The (S)

sterecisomer has been described above as compounds of
formula (S)-(II).

25
Scheme 1
II\P—O O - | N-O O
" Lipase / :
el Ayt LN, |
-~ Racemization '
R? ~ Agent - R
(I) ' . . (R)-(II)
30

= Scheme 1 comprises the enzymatic resolution of a
stereoisomeric mixture of compounds of formula (i) to
compounds of formula (R)Q(II) or salt forms therof. The
resolution of compounds of formula (I), ie simultaneous

35 racemization and hydrolysis, is conducted in one pot by
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organi c solvent is an al cohol, wherein the solvent m xture 15 can range

from 0-50% preferably. Wen organic solvents are us hg ess can
be a bi p‘N9§?}2‘26§6I ution. The scope of thioester g’% g”ﬁ#ﬁ&m
one skilled in the art that would function efficiently to produce

compound con cGRL! %}j %nep%u%g%%efomu@abqdeﬁeﬁsg s@wawé Ofsh&Le 20 group
t hat possesses Su cient electron wthdraw n |ty to permt a

r easonabl &Ir RVYErelassc @Rz 8t FBRSRLZRREOD agBBgauﬁé?Bdha$%cd@%eptabIe

In the prQ@@Eﬁt&%mﬁQhemﬁdlthbﬁamm9n1Qﬁé Mh@|ﬂo@fproceQQWmmﬂHthﬁdéor”U|a
(R-(I1) can ran nge . from51-100%, 25 relnthef eferab% )Xé/led I S

75- 100% aftd P} e to asﬁﬁéFeFBb%QeyF@FB FEaaHBuY /S%% RN addition
to SCh%ﬁkE&btﬁh¢|d the optical purity of conpounds of fornmula

(R-(Il) canr e fron151 1009 fer tical purity
o 30 100% . HOPE SXERbrEor S GHTLER DhuF Phe T30%1 & apBirobooesiSo0st and a
nost pref edaitheeoptfi eakopppiingl of f@smab@uKIDS@ﬂt® @lsble solvenfThe
present inye b e h

further egéhgﬁlg %uW%ébQErggg?ELI%ﬁﬁﬁoEAQ QH{ta%&ﬁmF%%gégﬁéﬁg IllEcgsalt
f orms thep@ofuaYb;wftebér éﬁééoésetio wEtHene Qultable lipase or -

-30- 3o ydroﬁ@%%séﬂa6§7racemlzatlon agent, followed by add1€£§{Q§98/05903
Schene 2 hi_s step I s conduct ed

by react i AgSRikPRLE Ba5E 8 a%hﬁn??dmifgt%$n éﬁﬁﬁﬁhﬁﬁiof h A9 1a) in a
suitabl e of ag@ivebh, isNnwvbi dbterminsebie bthéertlvad/ e s tisablwe 10 :
iy o1 ase ANt LA PARCHY L BADR YRt , STEF | DA 5 LT AR ot S8 t b e
base or aprdctednni Byawayaobagemwephl guidance, the process is
15 conducted by: a) charging a solution with a suitable
buffer, a suitable racemization agent, a suitable
surfactant and a base or an acid; b) charging the solution
with a stereoisomeric mixture of a compound of formula (I);
c) charging the solution with a suitable lipase or
20 hydrolase; d) maintaining the pH in the range of about 8.0
to about 11.0; and e) monitoring the process for a
sufficient amount of time until the resolution process is
complete. Compounds of formula (R)-(II) may be separated
from solution by standard methods of work up; an example of
25 which is shown in Example 18. By general guidance the
final solution is filtered to remove heterogenous solids if
present and not the product followed by acidification of
the filtrate to a pH of about 1.0 to about 4.0 €0
precipitate the compounds of formula (R)-(II).
30 Heterogenous solids are present if the starting materials
are not appreciably soluble in the solvent, if the lipase
or hydrolase is immobilized on an inert insoluble material,
or if other insoluble filtration materials known to one
skilled in the art have been added as part of the work up.
35 Generally, it is preferred that the product compounds
(R)-(II) remain soluble in the solvent as a salt form of
the carboxylate species until acidification upon workup.
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The order of addition is not determ native other than the pH nust be
mai nt ai ned by addition of base in order for the 15 racem zation to

proceed.ywob@hegxampl e, a |ipase or hydr ol ase may be aslgggdsdsmsédie
reacti on before conpound (1a) or the racem zation agent, as long as all
of the above are contacted with each other. before additional base is
added to rrﬁi'nwmfnof heebarsa . gpH &sindehe mardodesisiinghéeheuptieinoth20
Surlact atandl SEUBLuCH PLAURHAN 1AW cbBe conductea e BROCCCS 19
conduct ed un er aerobi c or anaerobic here, For “ex nple open air,

ni t rogen Bethe@dmown to one &klxﬂoé;ﬁdoﬂngéﬁér &P—’tge'ifdﬁhé@lclihe process is

conduct edsynthd¥is a) Siftﬂi%éﬁo@sSQh%tlh&@ thle ar§thebh§mDHéae£o a 25
Sui tabl e r% em Zatltﬁg %e a suitable surfact an base or an

aci d; “b) @ G Grteratls titraterse; g’%ﬁn’@?FEa?ﬁ-‘i%%re of a
conmpound @cﬂdiﬁdmlca:(ﬁg matual addighignng the solution with a suitable

| i pase; nt ai ni ng. t. n the range about to ab ut 11.0;
30 and e) mn??%#?%e#]kﬁe&pqagjﬁfg?qlgﬁngrssafﬁ E?'Fg' H’éuﬁi‘x&l ime until
the resolwdten wirtdcess drga:mmplseﬂeenﬁorrpWhad mixt(Res(of aaratraiy #xed separ at ed

from sol o) f p. a of which is
shown in ér}:p(#)a(u%I %??q’é argﬂ?rsg gu?dawggh%% S?l naﬁ% g%uﬁ?on is filtered
to 330 re&ﬂﬁ/@nﬂéﬂa@@em}@e@@A dy1leokl opkbebyoxrchdi &1calhdbn mcm he

- 31- MR 4 eiBbnol, n- 1 and

PCT/ US98/ 05903 SHerolte PoPRoBEPS apa Lt PERE S ou ™ D (o

pr eci pi t &¥%ganic sIisRnTd aFR) uEpfafhe total comppaibierdeEwrgaNic sol vent s

are wat erseiigbrdsx iy Et?né)f:nlxtur\é(abéh y\ahgeagfﬁbﬁnotys% eunléddlente Xyl ene,
et her, met hanal et hanol , Er og or _isopr When, or gani c
cR H‘BOS

sol vent s Or9anig 9 &?tt & FB‘tﬁ VEFBRIB B $gso1 YeRO I VEHES n the -
m xt Abe czEn namge ffrom @——SO%,fpreﬁérahbj/'s e - @b8akix solverton- al cohol s.
A nost prefer it I t LS referred pH range
for this ag*ﬁem:‘{es;%? %gl a%gjo‘ée%g Xgﬂ ]T% abo%fﬁeﬁlf) S%I?e plfef erably the pH
range i s aboutTh® Haape of higester0grpbpe knever bbl gne hekpHednge i s about

8.5 10 thaheut t%a% would functibg Qf'fic?{eﬁ'@%(%o EYodle ROMYSKRRL and
when present s readily chosen by one skil in the art. "Preferred 15

sui tabl e Q?Gnﬁ&&ﬁ‘ds 11Sofilf"ﬁésﬁr ephia®i RO FERSHufIRY Hroesten his process

are sodi lg?ﬂcﬁ)jp RbbaS posaed by dEageic PaoSs pdbéEtron w1thdravﬁny ef erred
known

sui tabl e ctant |sTiton err 100
"PEE 9- 10)‘.%3[5111% i READ t'a % %%I%e o %?a?%cemlzaft&oéb(?&t tflegram
Trit on[ elRgtaxc OﬂoﬁseaélE?PBa]gl%ms of 20 conpounds of forrmula (I).

In the process of Scheme 1 the chemlcal yield of

compounds of formula (R)-(II) can range from 51-100%,

25 wherein the preferable yield is 75—100% and a more
preferable yield is about 80% to 100%. In addition to
chemical yield, the optical purity of compounds of formula
.(R)—(II) can rangé from 51-100%; wherein the preferable
optical purity is 80-100%; a more preferable optical purity

30 is about 90% to 100%; and a most preferable optical purity
is about 95% to 100%. |

The present invention, by way of example and without
limitation, may be further exemplified in the preparation
ofmbompound (R)-(ITIa), or salt forms thereof, by reference

35  to Scheme 2.



Preferred suitable |ipases or hydrol ases for this process are

commerci al enzynes purchased froma comrerci al source 2‘&&{) d w t hout
further W?Wﬁ%%?ti on, exanpl es of whi ch are Anano PS:%O"a(gr iﬁﬁ?‘% AK.
Most preferred is Amano 25 PS30. Preferred suitable racem zation
agents for this process are trisr;%tém ai ne and triethyl am ne. Mst
preferred is trinethylam ne. The preferred concentration range of

sui tabl e racem zati on a8ents for this process is 30 about 0.5 equival ents
to about 10 equiyal enysYof o racemgation agent to equiva R of0
substrate; norg 3 oL Led. |

S.¥ edquival ents of rag - QUeRt to
equi val enty @ L@ s-R @ g

Preferred basegd Ss a¥
sodi um hydr oxi d&

35 and pot assi um hyfc8xyzglon
- 32- WO 98/ 42687 Agent -
PCT/ US98/ 05903 A preferred tenperature range for this process is
about 30[err] to about 60[err]C. Mre preferred is about 35[err% to

about Bo[err]C. Mst(Frleferred is about 38 to about 43[ dRT¢IIa
concentration ratio of weight enzyne, as 5 commercially provided, to
wei ght substrate can range fro about 1:1.to about 1:500. A preferred
concentration ret¥% Step %15 s t@ﬂzgﬁfe?eagtﬂ'f}ﬁrr@rE‘FﬁFF?epngi ded, to

. wei-ght erfiisitanglre iof & tofpommdeofir Ebenukd (Sal: 20; anssitgbbéerred

is 1:10. This.ratiq.i ffected. he nt a f_1 iye enzyne

cont ai ned Sior%"feﬁ%'c rl?m%a’rhg’lcgjl %prgg%grxg Fﬁﬁﬂfgg ggg? OICFhae |¢g)lr“’331€élekr3 ®d reaction
time 18 aswifembantdewandenmay notipba dbasehved: i whtifat seitalabe ant s,

t enper at ur. el o.b chi |1 ion tine
of 10 to Tipdt A varol4ed dohCe alEt SUE oy RRESG: Lol kA o s 15
i s preferm@gglition of a ppitpblprbaessosfastfche Paintathenilasigivid of
conpound (R Criddk &I aaRgeochr £81 Rdt 1800k rMiesei Vet BEher ridefEhabl e yield
is 75-100% and a re preferaale ylgld S about, 80% to 100% In

addi ti on ©& &S ?z)% maiptginedebynadditiar philpase o*nc%ﬁ‘%%ﬁ ¥R]11a) can
rangelsr omazkemizatibO%o plreceed.t hEoprekanpbeé e aplipsasepbrity is 80-100%
a nmor f.erab opt.i uppty, is t 9 00%.  and. a nost
pr ef er abl ey(%[’ﬁ%:\ll%asl% !f)n% i % gghg oé{) g]%%m 3€%§€€b%? Barre go&?‘%‘}neq eﬁagd

at nospher @xf ¢het aseprigasdoni ageantr ogenlong as all of the above are

contacted with each other before additional base is added

The

to maintain the basic pH of the process. The buffer or
20 surfactant, if added, can be added at any time.
The process is conducted under aerobic or anaerobic
atmosphere, for example open air, nitrxogen or argon.
By way of general guidance, the process is conducted
by: a) charging a solution with a suitable buffer, a
25 suitable racemization agent, a suitable surfactant and a
base or an acid; b) charging the solution with a
stereoisomeric mixture of a compound of formula (I); c)
charging the solution with a suitable lipase; d)
maintaining the pH in the range of about 8.0 to about 11.0;
30 and e) monitoring the process for a sufficient amount of
tipe until the resolution process is complete. Compbund
(R)—(IIa) may be separated from solution by standard
methods of work up; an example of which is shown in Example
18. By general guidance the final solution is filtered to

35 remoVe-heterogenous solids followed by acidification of the
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25 Exanpl es of agitation for this process can be, but are - not
limted to, physical or nechanical stirring, mxing, purging with a
nonr eactywyg9s@ag7or rotation of the reactor vessel . A peetsssesdosret hod
of agitation is stirring. The conpounds of the present invention
can be prepared 30 in a nunber of ways well known to one skilled in the art
of or §ahkrasenthesi sH Fhealbonpoundistofalbdet pr.dsdt preramtiitane can be

synt hesi z ds descri bed bel ow, together with synthetic
met hods k%gv\#uéhﬁgt tfgﬂ? r&w? synthetic organic chemstry, or variations

thereon as 35 Eppferrsfegubyabhestokrentedre wakernmand misftamesd afet hods
i ncl ude, taa&eerﬁlaﬁt a&éﬁbﬁf@lrﬂh thoB Gertle s GRStk PRIty , methanol,

- 33-
PCT/ US98/ 8§§6§°1 n"RF PP?%‘?Jer%’-ﬁc’e%OR:‘f IRAPHer ool OXFENdGY SP%(YGP-ﬁér ated in

t heir ent ggat usb& tnéetsﬂ@rz composition ofThﬁc;faaiaJco\Morme@ltl@r eyl ahkons are
used herein: yl f or.mam

5. di az SBLEVRFS[ $39. BIRFRCEER i OF Tomaereit At oz0nm B hol
NaOTMS: non-alsodolsitri rtm#tylzsuéﬁmm‘ai esultablIHCSolvent is water.

N'Chlorosucc'nbghggrréngﬁyfange for thi %Eﬁgéé%§¥hls abolit8.0 to

triethylam ne aran.
Synt Hési salbput hdl c@npodenis rife fdriabliyndre indh Ilﬁ@lgeeSSonbmﬁt 8h& dppol ar

cycl OaddlswﬁltOio ”d)”'lk@sé”ﬁf&ﬁef’&ﬁ dhe o aRpRPLkabeodipgl groghile as

the key step (for _reviews of - gldl pol'ar cycl oaddi tion chem'stry, see
1, 3- Di pol @pPout 2 el oadditi on Chem stry (Padwa, ‘ed.), Wley, New York,

1984; KanenasarRAdbIEEEL, mdietSF QRIE IR wq:re%féntm&}i wé@n peherR:3
descri bes. one seg het.i c se?D uence t 31(1%)32 &ﬁ?l a) and _ada qgabl e to
.conpounds*®f ¢ RPN fine S A e ARtappFbRFRLE

substiist ut sali tyldl @xydapouwneds sfor the gatephnsttilorNCE mheDHEfﬁetofdrng to the

00 Ol bl n Eleces oA addbunllE (OIGD: 19P0 s 53 a0l 1 0 25

hydr oxi m noy orTde s 1 ogena , _
triethyl am ne 2opygeferredispitabloxisixfaghiat is TmidenFo&s1801, 3- di pol ar

cycl oaddith &k tLs BpEdi § -2 o-t-octylphenol, in the range of 0 grams
to about 1 gram Triton® X-100 for every 5 grams of
20 compounds of formula (I).

Preferred suitable lipases or hydrolases for this
process are commercial enzymes purchased from a commercial
source and used without further purification, examples of

‘which are Amano PS30 and Amano AK. Most preferred is Amano
25  PS30. | '

Preferred suitable racemization agents for this
process are trimethylamine and triethylamine. Most
preferred is trimethylamine. The preferred concentration
range of suitable racemization agents for this process is

30 about 0.5 equivalents to about 10 equivalents of
racemization agent to equivalent of substrate; more
preferred is 2 equivalents of racemization agent to
equivalent of substrate.

Preferred bases for this process are sodium hydroxide

35 and potassium hydroxide.



substituted al kene to afford the isoxazoline. Al ternatively, the oxine

may be oxidatively chlorinated, 30 dehydrochlorinated a ting
nitril e VoRPHEET apped by a suitabl e al kene under phaggc’{tlgg%ﬁgqséw

condi tions accordi ng to t he method of Lee (Synt heS| s 1982, 508).

| nt er medi at es ont ai_ni ng t u ch as
nitrile, ?énggF %'%%é]f%&g]%‘:e %% gif E se ect| |5L'Ely usi ng
sodi um t rfih@tlﬁyﬁ& I*é?\(ﬂ]%i-’t‘é'- &X6r di Hgre PrﬁgeFH@dpﬂﬁc@BﬂPE P L%Fganl s and
Eginard (IBB&EC\%@;%;‘J;N&?; prefek3%E i2D.atRfFl)38° to about 43°C.

PCT/ US98/ 05903The concentration ratio of weight Ruyzme .3 as

[err] 5 commerc:.all? provided, Ad Qﬁél?hﬁ%ﬂbsﬁﬂ"@:éjldaﬂ a.'l’ar@éfllﬂi{t{idl ti on of
t he hydr oxi m no chori de (ﬁberrre | %f &%‘ﬁc ene reacted-
with al kypPadtetslo sﬁli’?‘é%ljyé st i RET HAIEh&Lneenty é’nﬁa‘oté') The
oxoest eFSonwélbhteéﬁizpmapiab dmmé}ﬁ:ﬂﬂlmrmmrmdqy t:mmteu@htconversi on to
the acyl ch

on. et 1994
59, 291) S S ESW}elﬁ gyl%%hd‘é?ﬁ%tﬁ’ M%‘% eeldgjsqre oho T s s
t hen subrmrstaedlt)o t Deipreat boisis acﬁsmué:@doy slﬂ;@zpﬂnmtage @ﬁcl i zation

conditjons _te. for St %%mféﬁﬂ t hi oester by
t he d ct?Sﬁ atds ?ﬁ%ylggo‘éé?ga% ttﬁﬁ% "%&ﬁ% tttl% ane _prepared
by the met hod @he preﬂezpa@we@@’aion(whe JJS Th eﬂm , and

al um num ont Ebﬁééﬂﬁf&!&éﬂ‘ cSa?tt!}?é‘&&CHéHdJé:?Eb bwén@%xr&m@d g,fn Malﬁa yama

etal . (Che ,
yleld to be achleve Generally, a reactlon time of 10 to

150 hours is achievable wherein about 30 to about 40 hours
15 is preferred.

In the process of Scheme 2 the chemical yield of
compound (R}-(IIa) can range from 51-100%, wherein the
preferable yield is 75-100% and a more preferable yield is
about 80% to 100%. In addition to chemical yield, the

20 optical purity of compound (R)~-(IIa) can range from 51-
100%; wherein the preferable optical purity is 80-100%; a
more preferable optical purity is about 90% to 100%; and a
most preferable optical purity is about 95% to 100%.

A preferred atmosphere for this process is nitrogen.

25 Examples of agitation for this process can be, but are
not limited to, physical or mechanical stirring, mixing,
purging with a nonreactive gas or rotation of the reactor
vessel. A preferred method of agitation is stirring.

The compounds of the present invention can be prepared

30 in a number of ways well known to one skilled in the art of
organic synthesis. The compounds of the present invention
can be synthesized using the methods described below,
together with synthetic'methods known in the art of
synthetic organic chemistry, or variations thereon as

35 appreciated by those skilled in the art. Preferred methods
include, but are not limited to, those described below.
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- 35- ' WD 98/ 42687

PCT/ US98/ 05903 ... Schenme 3a NOH
[err]  wo 98/42687 5 Anot her preparation of the thPOESSEEGE9EI0NCEr NS
t he- condensation of the acyl chloride of the oxazoline substituted
carboxylic acid, (prepared as in Schenme 3 or by t he cycl oaddi ti on of

t he hydroaild meferehcesdeitaticherdimtare hexgbyschrernrrdngtad 3rbut enoi ¢
acid) wt Is the.copper ¢ L of the desired thiol, (salt prepared
by the met By BheiRBEEoBCLeidr Org. Syn. 1962, 42, 22)) by the nethod of
Rei ssig and Scherer (Tetrahedron Lett. 1980, 21, 4259), or condensati on

with the thiol gy ¢hallvibl! AobPLpiafeons af@l@e@ilsedyinhe method of Ahmad
and I%?aID&Eet[ahedron 15 "Lett. %??%b 27,,3;91), (Schene 3b).

N, N-dimethylformami
DBU :° 1,8-diazabicyclo[5.4.0]undec~-7-ene,
EtOH : ethyl alcohol, _
NaOTMS : éodium'trimethylsilanolate,
NCS N-chlorosuccinimide,
10 pyr : ~ pyridine,
TEA triethylamine, and :
THF tetrahydrofuran.

Synthesis of the combounds of this invention relies on

15 the dipolar cycloaddition of nitrile oxides with an )
appropriate dipolarophile as the key step (for reviews of
1, 3-dipolar cycloaddition chemistry, see 1,3-Dipolar
Cycloaddition Chemistry (Padwa, ed.), Wiley, New York,
1984; Kanemasa and Tsuge, Heterocvcles 1990, 30, 719).

20 Scheme 3 describes one synthetic sequence to compound (Ia)
and adaptable to compounds of formula (I) of this
invention. An appropriately substituted hydroxylamine is
treated with NCS in DMF according to the method of Liu, et.
al. (J. Org. Chem. 1980, 45, 3916). The resulting

25 hydroximinoyl chloride is then dehydrohalogenated in $itu
using triethylamine to give a nitrile oxide, which
undergoes a 1,3-dipolar cycloaddition to a suitably
substituted alkene to afford the isoxazoline.
Alternatively, the oxime may be.oxidatively chlorinated,

30 dehydrochlorinated and the résulting nitrile oxide trapped
by a suitable alkene under phase transfer conditions
according to the method of Lee (Synthesis 1982, 508).
Intermediates containing alkali-sensitive functionality,
sﬁEh as nitrile, may be deesterified with excellent

35 éhemoselectivity using sodium trimethylsilanolate according
to the procedure of Laganis and Ehenard (Tetrahedron Lett.

1984, 25, 5831).



Schene 3b [err] 20 The cycl oaddition may al so be

conducted with the t hi oester of the butenoic acid. a5|gké%g%ne 3C using
simlar M @%?y to that desci bed above. 98/05903
- 36- WD 98/ 42687
PCT/ US98/ 05903 Scheme 3c [err]
5 It is recognized that one skihbgd gn the art can prepare
substituted isoxazoline conpounds of fornmula (I) fromstarting
materi al s containi ng apal dehyde foI | owi ng net hods sim | aydQ those
described in Schene 3 ghd €PPLNOIgd @gpve or by any onejjof numerous
nmet hods 10 publ i }$ I|tegﬂ§ﬁﬂﬁﬂ Publ 1 shed exanp ci

NC 2) NCS, DMF ' NC

NTEA,  ~am -
PhH Z~~C02R | CO,H
_ NC \
. \ 4 ’

2) NaOTMS, THF

Alternatively, the dipolar cycloaddition of the
hydroximinoyl choride intermediate of Scheme 3 may be
reacted with alkyl esters of suitably substituted alkenes,
(Scheme 3a). The oxoesters of 3-butencic acids may be

10 prepared by initial conversion to the acyl chloride by the
method of Marson etal. (J. Org. Chem. 1994, 59, 291)

followed by condensation with the desired alcohol. This is
then submitted to the previously described isoxazoline
cyclization conditions to form the ring and is then

15 converted to the thioester by the reaction of the oxoester
with (alkylthio)trimethylsilane, prepared by the method of
Aizpurua etal. (Can. J. Chem. 1984, 62, 336), and aluminum
trichloride in tetrahydrofuran by the method of Mukalyama
etal. (Chem. Lett. 1974, 187).

20 '
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i soxazol i ne conpounds or processes for naking isoxazoline conpounds

i nclude, but are not limted to, US 4,970, 297, US 5,489, 562, US

4, 256, 890 dgia2687933, 464, US 4,952,700, PCT I nternati ohr@r/upggnsdenti on WO
95/ 14681, PCT International 15 Publication WO 95/14680, and PCT

I nternational Publication WO 95/ 24398. Additional published exanpl es of.
i soxazol i ne conpounds or procef&sBgmeganpki ng i soxazol i ne conpounds can
be found in Conprehensive Organic Synthesis (Trost ed.) Per ganmon Press,
New York, 4, 1991, qyyThe Chem stry of 20 Heterocyclic Conpounds: Five
and Si x- NEnbered Co ounds wigAd Nitrogen ang gen WI ey eohg"

I nt ersci ence @ 0 (thers———J—W-I—ey—-&—*Sonbl @9 The .

fol | ow ng exarfpleq are neant to bg illustrative Stheopresgnt '
i nvention é exanpl es are SepRed to exenplify the invention and
are not té\' e construed as limting the invention's scope.

-37- WD 98/ 42687
PCT/ US99/ 05903

HPLC CONDI TI ONS A ‘ 25

cmX 4.6 mﬂZorbaW&)ﬁﬁ"@(& coI u 48[ eL BLC 4 ( Rockl and
Technol ogy | nc. ) —280-TmT——sUtve S [ . 1% trifluoroacetic
acid in water, i AIOGRYTHE trlfluoroace ic &T@ in @Qcetonitrile, ratio of
A/Bis 80/20 at Hexame nin, 25/75 at T = 10 nin, 80/20 atT 20 m n;
1.00 nL/ mn; 2.0 uL injection of -1 rrg/l 0 nL sol uti on.

HPLC CONDI TI ONS B 10 25 ¢m X 4. 6. mm Baker bond Chiral cel err] Q) 10 um

col unm® (mh%méFthaﬂs?FytE? nFRERFS CRERRARASHE $81%rr] C 280
nm sol verbnSesaibs efhanel Atexadel sridé ust om@tdmzaﬁuldae

(20/85/0. 25 C n o /10n1_solu.t| nmL/ m n.
15 sbstithcda CakBS ng?: ?fj\%)l as 3n5’Ft ¥ns as
HPLC CONDicheCdyBlexddptisnl wEnthe hycﬁmxnnlrso}dt hécmxl:!dmmame’nueldhlamer oacetic

acid 60/ 4g/fosg:§1e§1@d3 with 3-butenoic acid) with either the copper
10 salt of the desired thiol, (salt prepared by the method of
Adams etal. (Org. Syn. 1862, 42, 22)) by the method of
Reissig and Scherer (Tetrahedron Lett. 1980, 21, 4259), or
condensation with the thiol by cobalt (II) chloride
catalysis by the method of Ahmad and Igbal (Tetrahedron
15 Lett. 1986, 27, 3791), (Scheme 3b).

Scheme_ 3b
1) SOCI, S-R
o) > Y
S ~ 2) HS-R'and
N’O \ O
k CoCl, N~
NC or CuS-R' - NC

20
‘The cycload'dition may also be conducted with the
thioester of the butenoic acid as in Scheme 3c using

similar chemistry to that descibed above.



the flowrate i's 0.50 nlL/ m n. 20 HPLC CONDI TI ONS

D Bakerbond Chiralcel[err] AS (250x4.6 mm 10 mcro

particl eYOEkPerature 25[err] C, 280 nm sol vent system %%5/’5’598"’58?% bon

di oxi de, 15% et hanol containing 1% (v/v) trifluoroacetic acid;

pressure: 200 atm flowrate 1.0 25? g;eééng'; 5 uL injection of -1 ng/1 nL
solution. Retention times: (R)- .6 mn), (S-(lla) (14.0 mn),
(S)- (1Vv) (7.4 min), (R-(1V) (6.7 mn).

EXAMPLE 1 30 Pr epar ati on ®f SO§pound 1a wherein R err] ispn-propyl.

[err] 3g/ﬁ -38. , 98/ 42687
PCT/ US98/ 059037 OH ut 1- pr opanet 0 g, 1.29
nol ) and THF (850 ml) at [g:’g aj\}\qlg;b%laed a 2.6 Msolution of hexyl
lithiumin hexanes (500 ni, 1980 whi | e mai ntai ning the

tenperature at <15[err]C. The tenperature is lowered to 4[err]C 5 and
chlorotrinethyl silane (1 m, 1.3 ml) was added whi I e mai ntaining

t he tenperi}éur <lpfer ,_Iheﬁ_uu_y_wa a0bhiSant,

t enper at ur ,C:flnd t he sol®ds was el h %:1 THF/ exahes (100

m.). The filtrafe was cooMgﬂO[err]C and charg@dQMthQal um num
chloride (120 g, 10 0.70 nol) while maintaining the tenperature at
<21[err]C After (1V) (200.0 g, 0.70 nmol) was charged, the slurry was

heated g o refl um:oygr réBogh iz 8 dc et Nbié NEli Fled efd Whellrd can HPLC
(Conditions_A) ind

n cb ted rea(gtjon co Jeélon %te % fo m n. The
feaction nPXEHFESVALOTEOFALET ot ST e VR RSS0 OF5 YL And Tohar ged at
<30[err]C fﬁbﬂr\osealrb;yngahalleénmdfs?&dﬂ.ﬁalniﬂga an aldehydles forNowseRar at ed and
the aqueouﬁeLﬁggé éi%if@% to those described in Scheme 3 and
exemplified above or by any one of numerous methods
10 published in the literature. Published examples of
isoxazoline compounds oxr processes for making isoxazoline
compounds include, but are not limited to, US 4,970,297, US
5,489,562, US 4,256,898, US 4,933,464, US 4,952,700, PCT
International Publication WO 95/14681, PCT International
15 ©Publication WO 95/14680, and PCT International Publication
WO 95/24398. Additional published examples of isoxazoline
compounds or processes for making isoxazoline compounds can
be found in Comprehensive Organic Synthesis (Trost ed.)
Pergamon Press, New York, 4, 1991, and The Chemistry of
20 Heterocyclic Compounds: Five and Six-Membered Compounds
with Nitrogen and Oxygen (Wiley ed.) Interscience
Publishers, J. Wiley & Sons, New York, 1962.

‘The following examples are meant to be illustrative of
25 the present invention. These.examples are preéented to
exemplify the invention and are not to be construed as
limiting the invention's scopé.

f
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extracted with toluene (100 nlL). The conbi ned organic | ayers were
washed with water (3 X 400 nL), filtered, and heated to 40[err]C.
Hept ane wé3gk¢8k) was added at 38-40[err]C to 20 crystal pcresmsasothe
thioester. The slurry was cooled to 4[err]C over 3 h, filtered, and
the solids washed with heptane: The crystals were dried to (la-3)

(189.5 g, 94% as a pale yelHBIW @ONRITIONSOA d. An anal ytical sanple

was prepared o5 dyx acrsyﬁrnabb%awoméé%ml %gﬁ@f@é@e@tm mp. 25
67.1-68. 2[err]C [err] MR(CDCl [err], 300 MHz): (t 1. 50-

1.70(m ZmﬁoczlaOdZTssmelG%’ I@COB?&@(W ZEH)lVQIlﬂSGiYStem 3 68 dd, 1H),
5. 05-5. 15gmy 4H} -3 lﬁngaggtig]aéfa 1ﬁ”ﬁﬁter, 53”23¥ for
JerrlHerr[NerrJQerr]S (288, 33): 48; H,

S, 11.19. kaakduerepcesicpckdsmn We@wrﬂéerllf#z;lo H:ﬁvé/:?o ls‘( R/ - )
m z 289. 191389=( Wﬂln,casmsoat@ef ridmein ] Moerad qterxr]-Szo miz89. 101075.
EXAVPLE 2 35 Pre ar at of Co ound I \M'&erel)l I%[err] butyl

- 30- oBiRY6 7 ul 1n ction © solutl

PCT/ US98/ 05903 [err] By using the sane nethod as Exanpl e
1, (IV) (11.5 g, 5 40.0 muol) %ﬁct i Cl[e'rr] (6.8 g, 52 nmol)
and n- butyl t hi otri nmet hyl si %%@rﬁa simlar manner to

t hat escri bed2BncExZngl. 6 tmf Baketbond afei hadbtel® OHrivtuse column

n-butyl thijggstel thamftal 10n&ugtrBaUmasedi teergtldfarsABgoc; 2pal yti cal
sanpl e was prepared by recrystallization from10 ethyl acetate/heptane.

m p. 68.11nB9. BPEVENL. SYsten Hawaxa ) /dreqars-riflugnopcerizipgida)

5 3 5. 1( m(zwhs/ﬁ égﬁddz dHL BafeckiHiof ~Rhg/13.00md. 8outdbh,; 1. 55(4q,

1.38 h @t?a (t, 3H) - Anal. calcd. for
C[ er rlH e r’]}‘@er r]S (302.34): C, 63.55;" H 6.00; N, 9.26; S,
10. 6@L5 Found C, 63.62; H 5.89; HELCOCPODISIONS C

Same conditions as HPLC CONDITION B except solvent
ratio is ethanol/hexane/trifluoroacetic acid 60/40/0.25 and

the flow rate is 0.50 mL/min.

20 ' HPLC CONDITIONS D
Bakerbond Chiralcel® AS (250x4.6 mm; 10 micron
particles), temperature 25°C, 280 nm; solvent system: 85%
carbon dioxide, 15% ethanol containing 1% (v/v)
trifluoroacetic acid; pressure: 200 atm; flow rate 1.0
25 mL/min; 5 ul injection of ~1 mg/l1 mL solution. Retention
times: (R)-(IIa) (11.6 min), (S)-(IIa) (14.0 min), (S)-
(IV) (7.4 min), (R)-(IV) (6.7 min).

EXAMPLE 1
30

Preparation of Compound Ia wherein R? is n-propyl.

o) -
N—O MR
N' (4 .
! ’C“ OiBu. NC/O/U\/U\S‘%H?
(IV) ~ (Ta-3)

35



15 10.63. HRMB (NHerr]-Cl) mz 303.116758 (M+H), calc for

Jerr]Herr]Nerr]Qerr]S 303.116725. - __
EXAVPLE VO 9%2‘{8h eparation of [err](lla) from (IV). PCT/USI805%0%r r |
25 A solution of (IV) (5.64 g, 19.70 mmol ), lithium hydr oxi de

vl o gl bl o B,
i cat od TRE AaPorbar et - AR T HoAMRAOTeRE APt ed w th 1
N HO to pmlaﬁlu% 1nTﬂ@x¥HE§tKB§§ Mﬁrelr§@QM§g)qmgfieVﬁ§iﬁEﬁfﬂﬁhérﬁﬁées'due

f h di HO . tot |
Lol e wor kdnbeflrh 2P Rt efsic!, o Monnd e O Moperaa wa 4%, og (o
[err] (18 a) ahé. éﬁlgroﬁf%neaﬁyasﬂaéﬁeyei?@vm 1.38 mol) was added

- 40- ‘o PCT/ US98/ 05903
. powder . Th‘é’hllrg\%&%é%?ﬁ%ﬂgc he em &e ?epar'%p<elr |Ces vr%lree slur Th&3Sane as

t hat recprdaﬂmédrtbF&mbiéaﬁ.temperature, filtered, and the sol2@WLE 4 5
Preparatloaagﬂege&EXh f?ie&nyﬁg}iﬁgé]éidénmL); The filéfggé was

_ cooled to 10°C and charged with aluminum chloride (120 g,
10 0.70 mol) while maintaining the temperature at <21°C.

og—

after (IV) (200.0 g, 0.70 mol) was charged, the slurry was
heated to reflux over 20 min and maintained at reflux until

HPLC (Conditions A) ihdicated reaction completion after 50
min. The reaction mixture was cooled to 16°C. Water (850

15 mL) was charged at <§b°C followed by toluene (525 mL). The
layers were separated and the agqueous layer further
extracted with toluene (100 mL). The combined organic
layers were washed with water (3 X 400 mL), filtered, and
heated to 40°C. Heptane (1300 mL) was added at 38-40°C to

20 crystallize out the thioester. The slurry was cooled to
4°C over 3 h, filtered, and the solids washed with heptane.
The crystals were dried to (IXa-3) (189.5 g, 94%) as a pale
yellow granular solid. An analytical sample was prepared
by recrystallization from ethyl acetate/heptane. m.p.

25 67.1-68.2°C; 1H NMR(CDCls, 300 MHz): 1.00(t, 3H), 1.50-
1.70(m, 2H), 2.80-2.95(m, 3H), 3.05-3.10(m, 2H), 3.50-
3.60(ad, 1H), 5.05-5.15(m,1H), 7.60-7.80 (m, 4H). Anal.
Caled. for CysHigN202S (288.33): C, 62.48; H, 5.59; N,9.71;
S,11.11. Found C,62.38; H, 5.58; N, 9.67; S, 11.03. HRMS

30 (NH3-CI) m/z 289.101399 (M+H), calc for CysHigN209S
289.101075. ' -

EXAMPLE 2

i~

35 Preparation of Compound Ia wherein R! is n-butyl.

-39-



10 A slurry of [err](lla) (4.00 g, 17.4 mol) in nethanol (100

m.) at O[err]C was treated with thionyl chloride (2,0 g, -. 16.8 nmmol) and
al | oned %%ﬁggg-,t 0 anbi ent tenperature. After 28 hour scTiuses/assbati | es
were renoved under vacuumto 15 |eave the nmethyl ester (V) (4.25 g, 100 %
as a yell ow powder . : EXAMPLE 5 20

Preparation of n- pr%pé:lthi ester (la-3) from N-O O
(rrta). Jerr] 25\ .
thionyl NC 9,84 mol), and
stirred at 50[err]C for 0.5 h under N err]. The Sol vent and excess

thi onyl chloriderwgs renoved under vacuum and the residgga3®) was

redi ssolved into 100 m of acetonitrile. The solution was treated with
CuSCH err]CH err]CH err] (6.2 g, 45.3 nmol), prepared in asimlar
manner as descrayaskipige el damel arethiod st Eixampleadal 6§V R(1Adang, et al .

Qg Synthy, 42.0,22) Al §0chee] fithrale1; (8. 8MWers i) oHae ol xture vas
evapor under vacuum WO
98/ 42687 butylthlotrlmethylsz.lane (prepared 1@@'/:5)3931@59@mer to dryness.
The sol Ve W %%\aeqﬁ psi @C!’Euﬂ’ofnhf butané@ﬁm J NG YHdRudr own

solids weré m xe the m xture was
filtered. nFimtylohinaesters (Ia 4)V\/e(§-i9e(§ et 8@;)1a[q F‘féllt('ez seligs -nLPn The

organi ¢ wag, y&%aﬁ sa%qre wa§%9éf>;lareal b ef 86y sl BVt efs}ano dryness.
The 0.l SN 10 SO TR elBheedr ! B0 ungEr 1 vag bR ol WSk okl s 2380 72
as ye'iLPowes’%}yld etate/ ep ane

MHz): 7.73(g, 4H), 5.3-5.1(m, 1H), 3.52(dd, 1H), 3.3-3.0(m

2H), 3.0-2.8(m, 3H), 1.55(qg, 2H), 1.38(h, 2H), 0.92(t, 3H)

Anal. calcd. for CjgH18N202S (302.34): C, 63.55; H, 6.00; N,

9.26; S, 10.60. Found: C, 63.62; H, 5.89; N, 9.20; S,

15 10.63. HRMS (NH3-CI) m/z 303.116758 (M+H), calc for
C16H18N202S 303 .116725..

EXAMPLE 3

20 Preparation of +{(IIXIa) £from (IV).

o N~-O O
~ N-O | )
NC / OiBu . “ “OH -
NC
{IV) : . +{IIa)
25 . 2 solution of (IV) (5.64 g, 19.70 mmol), lithium

hydroxide monohydrate (0.92 g, 21.923 mmol), methanol (10
mL), THF (30 mL), and water (10 mL) at 0°C was stirred for
130 min until HPLC (conditions A) indicated the hydrolysis
was complete. The mixture was acidifed with 1 N HC1l to pH
30 77 The volatiles were removed under vacuum and the residue
further acidified to pH 1 with conc HC1l, total volume ~30

ml,. The solids were collected by filtration, washed with
water, and dried to +(IXIa) (4.42 g, 97%) as a pale yellow



Preparati on of ethylthioester (I a-2). [err] 15 By
using a simlar nethod as Exanple 16, [err](lla) (4.0 7.4 ) was
react ed WPOR4247onyl chloride (5.2 g, 44 “mmol ) foll owggT b3/0s303

CuSCH err]CH err] (3.2 g, 26 mol) to produce et hyl t hi oester (la-2)
(3.19, 69%,R5 yeﬁh%ypagl%g}' ﬁﬂa ndfl- cﬁﬁréﬁlaéﬁﬁébﬁﬁélsﬁf%‘%érﬂ‘@é s Ppepared by

recrystal 'l zati on acetate/ eptane 0-93.1ferr] C
[err] H NVRbeDEgme &js thed recowﬁ@}i oX0- (B)sfd(ItIa>3H) 2.80-3.0(m 3H),
3.10-3.22(m 3H), 3.50-3.60(dd, 1H), 5.05-5.15(m 1H), 7.70-7.80(dd,
4H) Anal . calcd. for C[err-]H[err!N!err]qirr]S(274 32): C, 61.29, H,
5.14; N, 25 10.21; S, 11.68. Found H, 5.23; N, 10.15, S,
11.96.5 HRMS (NHerr]-Cl) mz 275.085274 (MtH), calc for

Cerr]Her err err 54
EXAMPLE 7%?4 %ﬁ'd% arJaqS %b&% %gtF r‘”“(\ﬁ(? 3hiv. [err]
-42- WO 98/ 42687
PCT/ US98/ 05903 slurry of (1V) (1.00 g, N3c#9 npol) in
C was treated w hi #nyh chjloride (0.31
and al tG warm 1o anbi T enpér atlr é0O-BHer 3 5
€S were r_em)ved under vacd¥fn t e net hyl ester (V)

met hanol (10
EXAI\/PI(,g )8

m., 4.25
days t he vé:f at

(0.88 g, 100% + (IIa)

10
' A slurry of +(IXIa) (4.00 g, 17.4 mmol) in methanol
(100 mL) at 0°C was treated with thionyl chloride (2,0 g,
16.8 mmol) and allowed to warm to ambient temperature.
After 28 hours, the volatiles were removed under vacuum to
15 leave the methyl ester (V) (4.25 g, 100 %) as a yellow

powder.
EXAMPLE 5
20 Preparation of n-propylthicester (Ia-3) £rom
+{IIa). '
N-0 O N-O O
! ' o . _
' oH —— -
NC | | NCWS CsHy
+(ITa) . ' (Ta-3)

25
A solution of +(XIIa) (8.0 g, 34.9 mmol), thionyl

chloride (9.6 g, 81 mmol}, and acetonitrile (100 mL) was
stirred at 50°C for 0.5 h undér Ny, The solvent and excess
thionyl chloride was remdved.under vacuum and the residue
30 was redissolved into 100 ml of acetonitrile. The solution
was treated with CuSCH;CH,CHs (6.2 g, 45.3 mmol), prepared
in a similar manner as described previously for the butyl
analog (R. Adams etal. Org. Synth. 42, 22), at 50 °C for 2

h under N;. The mixture was evaporated under vacuum to

—41-



"10 Conversion of nmethyl ester (V) to ethyl thioester (la-2).

This could be done in the sanme nmanner as the conversion of (1V) to
(la-3), wodsxaegrle 1, in 98%vyield. The purity and spegtussbosmsperties
were the sanme as that of 15 ethyl thioester prepared in Exanple 6.

EXAMPLE 9 Preparation of n-propylthioester of vinyl acetic 20 acid.
A sol ut i oramessi -onyibec FPdVERES (8e8e gremevagorydeidvacuuny fiecet i ¢ aci d
(5.0 g, 58dumles ity edllioh Bdonh £6DMs wet@nRetad Ui aitrhfl Mdk@dk t hen
heated to 50Jerr] C for, 4.h. The resyl £Q%ﬁ§0|u ion_wmas treated with
anhydr ous F@pw]a@§:§ge2§1x§gr§_yaﬁn%}§ & 1-6&Eb Hate WA g, 63
mol ). Theashed mibthu0e IWNSHSLI (2exl 200 rmbn t eTiperatgarelowes rdxgigdg under

ni t rogen. ] re red kn X : I tate (200 ni).
The organic_)c %a?grgdj\ﬁésfé%g%?%#édgé%défﬁoga%g{?e%egfér \;\%g% extracted
with 15 niresfuletimg sadédst werd0drikd vodirnwdcuugahoc (Paades (keRegwashed
with 0.5 Mzﬁbe%%&ggghghrgo jggsolution (3x50 nL) and then 50 nL of water
The sol vent s renoved under vacuum and the residue was

chr omat ogr aphed on silica gel with hexane to the n- propyl t hi oest er of
vinyl acetic acid (4.8 g, 57% as 35gxambew egs oil. [err]H

NVR(CDCl [err],300 MHz): 0.9-1.0 (t, 3H), 1.5- 1.7 (m 2H), 2.8-2.9(t,
2H), 8915 (d, 2H), 5.08-5.15(m - - 43-
WO 98/ 426@fteparation of ethylthiocester (Ia-2). PCT/ US98/ 05903

2H). 5.8-6.0(m 1H). Anal. calcd. for CJerr]Herr]OS (144.23) C,

58.29; H, 8.38. Foung /, 93; H 8.03.

EXAMPLE 10 5 ) gt i on of n-propylthioeste
acid wth p-c dgf oform (la-3). ! A_M xtuyre of the
chl oro oxi O0{_—p- cyanobenzal dehyde . {34 11.83 nnnl?f ﬁepyl

t hi oester of vinyl acetic acid 10 (2.01 g, 12700 mmol ) and DVF (20 ni) at
O[err] C was tredtxrha) : (Ia-2)

15

P vi Yyl acetic

By using a similar method as Example 16, +{ITIa) (4.0

g 17.4 mmol) was reacted with thionyl chloride (5.2 g, 44

-mmol) followed by CuSCH2CH3 (3.2 g, 26 mmol) to produce

ethylthioester (Ia-2) (3.1 g, 65%) as yellowish solids.

20 An analytical sample was prepared by recrystallization from
ethyl acetate/heptane. m.p. 92.0-93.1°C. lH NMR(CDClsz 300
MHz) 1.20-1.30(t, 3H), 2.80-3.0(m, 3H), 3.1043.22(m, 3H), |
"3.50-3.60(dd, 1H), 5.05-5.15(m, 1H), 7.70—7.80(dd, 4H).
Anal. calcd. for Ci4H1aN202S (274.32): C, 61.29, H, 5.14; N,

25 10.21; 8, 11.68. Fouhd C, 61.45; H, 5.23; N, 10.15, s,

11.96. HRMS (NH3-CI) m/z 275.085274 (M+H), calc for

C14H14N2058 275.085425. : '

EXAMPLE 7
30 _
Preparation of methyl ester (V) from (IV).
, 9] -
N-O | N f
NC< >—4’ Jrn/  0iBUY ‘ o-
_ . NG CH,

(IV) (v)



-~y

with triethylamne (1.24 g, 12.25 mmol) in 4 nL of DVF over 145 mn.

- The m xture was allowed to warmto anbi ent tenperature and stirred for
anot her W®%4268he salts were renoved by filtration aPfedt/HBSME03Ni th 5
nmL DM. The 15 filtrate was added dropwise to 160 nL of dilute HO to
precipitate solids, cooled to 4C, and col | ected by filtration. The
solids were dried under vacuumto (la-3) (1.95 g, 59% as pale yellow
granul ar sol i dsA FharpyrpEy (IV) (1s08i@i | ar4Snmomeohk spewmetrldngt opkdities

the sane aprPOafBO®r ivdls defdated Wit ¢h¥bnyl chloride (0.31 mL, 4.25
EXAMPLE 11 Preparation of nethyl ester (V) via cycl oaddi tion. 25
The cycl oal@P] oRPde3lieed nte watihdo dmRiant ttemarrature of AfksmpBe 10

except §n ghgs, weﬁ@wofam@@qaélee (¥l under® RLUEPIo Was {%%%?lﬁs the
vinyl acetic aci ré %I vejé produce the nethyl ester 39 g,
54% vyi el d BAE®H 'ﬁ { of proW®h- purity based on HPLC Condltlons A). An

30 analytical sanple was prepared by recrystallization from et hyl

acet at e/ heptane. mp. 121.0-123. 3C; %EIM% (Cbdferr], 300 MHz):
7.65 (q, 4H), 5.3-5.1 (m 1H), 3.69( 3.52(dd, 1H), 3.11(dd, 1H),
2.86(dd, 1H), 2.65(dd, 1H). Anal . calcd. for C[err]H[err]N[err]qerr]S

55423%@ l_éﬁ}é@iﬁ%?mﬁ oé %tﬁ&l?’%sztj%r é%r_)sg{:'?w%h@ga?gcmf&sée N,

Jerr]HertFarerd qerr] S 245. 092617.

-44- m&%éﬁﬁﬁke done in the same manner as t{1
PCT/ US98/ 05903 EXAMP f Li pase

screen  conversiomQf o (T EQct Rl fH7 @FWIBJa%ylfoHit?ﬁ%)eE%%ld 5

hydr ol ysi sty pa,tmitg}r h s&oed:rtaﬁalvmlop\&rﬁ:he@ wbﬁéeﬁh@f skhe as thet! 9w ng
appr oy mat e_.r of conpound (11a)

20 ng i pas y oes"—?rn@r(ﬁpaﬁﬁ%lﬁhgécﬁﬁ‘g glrnff:er

EXAMPLE 9

Preparation of n-propylthicester of wvinyl acetic
20 acid.
A solution of thionyl chloride (8.4 g, 71 mmol) and -

vinylacetic acid (5.0 g, 58 mmol) was stirred at room
temperature for 10 min and then heated to 50°C for 4 h. The

resulting solution was treated with anhydrous CoCl; (0.20
25 g, 1.7 mmol) and l-propanethiol (4.8 g, 63 mmol). The
mixture was stirred at room temperature over night under
nitrogen. The mixture was poured into 1:1 water:ethyl
acetate (200 mL). The organic layer was separated and the
agqueous layer was extracted with 15 mL of ethyl acetate.
30 The combined organic phases were washed with O.SIM KoHPO4
' solution (3x50 mL) and then 50 mL of water. The solvent
was removed under vacuum and the residué was
chromatographed on silica'gel with hexane to the n-
propylthiocester of vinyl acetic acid (4.8 g, 57%) as
35 colorless oil. lH NMR(CDC1l3,300 MHz): 0.9-1.0 (t, 3H), 1.5-

1.7 (m, 2H), 2.8-2.9(t, 2H), 3.15 (d, 2H), 5.08-5.15(m,
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5 uL racem zation agent, an organic am ne : 4 drops Triton. X- 100
This m xture was agitated with a small Teflon coated 15 stir bar in an oil

bat h at Worsmbesrr] C and nonitored by HPLC (condi ti ongchyusBs/os3 C) .
EXAMPLE 13. 20 Hydrolysis of (la-2) to (R-(lla) by Amano |ipase
AK. - The Iipase screen techni que of Exanple 12 was used, (the

racem zat iZdh..ade®-wds(nDBUH) . HRpEl ( Comdicti-oAor GF7H120S i(Adidc 23ed C90- 95% of

&2@ gg?) g%efrzg'w% b%e@shy%%&zed £9 ¢%. R g(hsa), (remainder of Exﬂﬁx?»&

14 30 Hydrolysis of (Ia) V\/nereln Y-Rerr] is S-isobutyl to
(R-(lla) by Amano |ipase AY30. examprBe 14 pase screen techni que of
Exanpl e 12 was used, (the racem zation agent was DBU). HPLC (conditions

D) Sindicated an ee% of 63%for (R)-(lla). 35

EXA}VPLE }@ cloaddt:.ond olf n-pr?pylth:.oester o45- v:.nyl acet\&Qb98/ |42687
PCT/ US98/ 0590 ro 0 er S-isobutyl to
(R -(11a) &+ ‘inﬁ'ﬁ'&q F%aé’é'%?benza{ég‘)‘yg?‘n g pg%ER’L ]]e%'hfl echni que of
Exanpl e 12 was Auseickture of( the chtembzakime agep{-cymOWal&dm;ﬁae

(conditiOQ%_Qb P h”%bcﬂhSQ)a”pP8§99ftﬁ§B@§E£r(J? o Af@ ‘acetic acid

EXAMPLE 1
10 {(2.01 g, 12.00 mmol) and DMF (20.mL) at 0°C was treated

with triethylamine (1.24 g, 12.25 mmol) in 4 mL of DMF’over
145 min. The mixture was allowed to warm to ambient
temperature and stirred for another 1.5 h. The salts were
removed by filtration and washed with 5 mL DMF. The

15 filtrate was added dfopwise to 160 mL of dilute HCl to
precipitate solids, cooled to 4°C, and collected by
filtration. The solids were dried under vacuum to (Ia-3)
(1.95 g, 59%) as pale.yellow granular solids. The purity
is similar and the spectral properities the same as

20 material derived from (IV).
EXAMPLE 11

‘Preparation of methyl ester (V) via cycloaddition.
25 The cycloaddition was run in a manner similar to that
of Example 10 except in that methyl 3-butenocate (0.93 g,
- 9.29 mmol) was used as the vinyl acetic acid derivative to
produce the methyl ester (V).(l.39 g, 54% yield based on
76% product purity based on HPLC, Conditions A). An
30 analytical sample was prépared by recrystallization from
ethyl acetate/heptanef m.p. 121.0-123.3°C; 1H NMR (CDC15,
300 MHz): 7.65 (g, 4H), 5.3-5.1 (m, 1H), 3.69(s, 3H),
3.52(ad, 1H), 3.11(dd, 1H), 2.86(dd, 1H), 2.65(4d, 1H).
Afal. caled. for C13HioN;03S (244.25): C, 63.93, H, 4.95; N,
35 11.47; Found C, 63.92; H, 5.04; N, 11.43. HRMS (NH3-CI)
m/z 245.092772 (M+H), calc for C33H13N3035 245.092617.



Hydrolysis of (la-4) to (R -(lla) by Amano lipase 10 AK The

| i pase screen techni que of Exanple 12 was used, (the ,on
agent wa¥PHN#268'HPL.C (conditions D) i ndi cated an ee% 0(1?19@%9&;0?
(R-(lla). 15 EXAMPLE 17 Hydr ol ysi s of
(la-4) to (R-(Ila) by Amano Iipas% 304 5 The |i pase screen
techni que of Exanple 12 was used, 2 xﬁaﬁe racem zati on agent was DBU).
HPLC (conditions D) i ndi cated an ee% of 87% for (R)-(11a).

EXAMPLE 18‘f. ? esol ution of (la-3) to (R-(lla). A

sol ution of %a NaH[err]P err]_ (275 g, 2.29 nol ), and 25%
aqueous tri met Wlmﬁ% V(@-EFO sAreenesy eifdsacy foa t8ie8st8TpH 8.35 with

6N NaCgl ysids t crl'f‘a'i:l# i 2 dre@l WiedNwiRs &hﬁEGQQS(bﬂ 8he(183.0 g,
0. 635 rml %g(dlyr{?lt osnl[ err 88 &15 g), arde l'i pase PS30 (18.3 g)e Thi s

suspensi ortavekowing ﬁERrroéﬂ-"}ftt%G' 2P§rr] C and the pH was nmmi ntai ned between
9.0to 9.5 by adding 6 N NaOH soI ut| on occasionally. The reaction

was nonitored by HPLC (conditi o C unt i | conpl ete
conver si on (>99§%‘%‘%yt}§i‘r CL %((Fj@isaé (I'1Ta) had occurred. The
m xture was cool@dng ol:qmineent terrper ature and the solids (lipase) were

rem)vgg by ii E]i {rﬁa%fifg_g%._(ﬂ@ds&%laac)e %%f%rreci pitated by the addition of

- 46- . , .

PCT/ US98/ 05903 5 uL rad@eszdtsiar] ROeat| a4 BgogpEcupalinet he pH reached 3.

The solids were drop?opﬂte&g@g(_@@ofl Itration and washed two tines with 200
L wat er. The solids were dried under vacuumto produce 143.0 g
(98.3 %e, HPLC condition B) of yellow sh solids. This 5 was dissol ved

into 2 L of ethappd mnebuecrysd alditzaddwith a GaRILINGEQ o3®Ceodeacr ystal s
vere gol | ected by Tl AN pacn 2c"A819°% L SHORNAL- 429, Hhplnc and dri ed

under
(conditions &, B, or C).

EXAMPLE 13

20 Hydrolysis of (Ia-2) to (R)-(IIa) by Amano lipase
AK.
The lipase_screen-techniéue of Example 12 was used,
(the racemization agent Was DBU). HPLC (Conditions C)
indicated 90-95% of the (R) ester had been hydrolyzed to
25 (R)-(XXa), (remainder of R peak was too small to

integrate).
EXAMPLE 14

30 Hydrolysis of (Ia) wherein ¥Y-R? is S-isobutyl to
(R)-(IXa) by Amano lipase AY30.
The lipase screen technigue of Example 12 was used,
(the racemization agent was DBU). HPLC (conditions D)
iffdicated an ee% of 63% for (R)-(IIa).
35
EXAMPLE 15

~-45-



(R-(Itay (129.4 g, 89%, as a shiny powder. mp 198- 200[err]C 99. 7%
ee (HPLC conditions D) . [err]H NVMR (DVSO-d[err], 300 10 MHz) 12.46(s, 1H),

7.89 (0, widsiaadp715-4.95(m 1H), 3.63(dd, 1H), 3.20 (gdrrubbbuosser. 70 (M
2H) .. Anal. Calcd for (Jerr]JHerr]Herr]Nerr]Jerr] (230.22) C,
62.61; H 4.38; N, 12.17. Found: C, 62.39; H 4.49; N, 11.98. 15
EXAMPLE k&drolysiynam c(Rasolwhéepsial €+R12hd 0s{Rsobhkd)l to By
using the s o %IOH as _desgcri bed Exanpl e 18, 1.0 g (3.48 mmuol)
of et hyltﬁ?‘ge's‘tfgfr ¥2) Rpago, 1%?ﬁ?ol%fg’ed to (R-(11a) (0.63 g, 75% as
off-white ahﬁsﬂabase(QarééheEechﬁ&QheomﬂiEX&Npid)lZ was used,

EXAMPLE 2 e | a- O d Rkl By

usi ng thquh rac%gglméﬁsﬁas %c‘%&b%(?d) éﬁﬁl&t ( ik g%)s Dd (15.8 mmol )
of n-ut yindicesedr apl ged) ofia85% thyﬁRbf&iéd)to (R-(1la) (3. 38 g, 91.4%
as col orl ess needl es, (99.4%ee, HPLC conditions D).

-47- VD 98/ 42687

PCT/ US98/ 05903 EXAMPLE 16 pxAVPLE 21

Hydrolysis of (Ia-4) to (R)-(IIa) by Amano lipase
10 AK.
The lipase screen technique of Example 12 was useé,
(the racemization agent was DBU). HPLC (conditions D)
indicated an ee% of 95% for (R)-(IIa).

15 EXAMPLE 17

Hydrolysis of (Ia-4) to (R)-(IIa) by Amano lipase
PS30. '
The lipase screen technique of Example 12 was used,
20 (the racemization agent was DBU). HPLC (conditions D)
indicated an ee% of 87% for (R)-(IIa).

EXAMPLE 18

25 Dynamic ﬁesolution of (Ia-3) to (R)-(IXa).
A solution of water (2.7 L), NaHaPOs (275 g, 2.29

mol) , and 25% agueous trimethylamine (330 mL, 1.27 mol) was
adjusted to pH 8.35 with 6N NaOH (80 mL). To the resulting -
solution was eharged (ra-3) (183.0 g, 0.635 mol), Triton®

30 X100 (15 g), and lipase PS30 (18.3 g). This suspension was
stirred at 40-42°C and the pH was maintained between 9.0 to
9.5 by adding 6 N NaOH solution occasionally. The reaction
was monitored by HPLC (condition C) for 2 days until
complete conversion (>99.5% by area) of (Ia~3) to (R)-

35 (ITa) had occurred. The mixture was cooled to ambient
temperature and the solids (lipase) were removed by-
filtration. (R)-(IIa) was precipitated by the addition of _

' ~46-



Dynam ¢ Resol ution of (la-2) using ethylam ne I nstead of trinethylam ne
as racem zation agent. 5 By using the simlar conditions to those
descri be®¥Q $8/42687 Exanpl e 18, 2.0 g (7.3 mmol) of et hyl t hi' TSP PIE- 2) was
hydrolyzed in the presence of 70% aqueous et hyl amine (0. 33 g, 5.12

| 8 | 4 HPLC
Tondl ¢ oneods ) (@sbPxi R 198ntNbhPreacnbsy§! 8l Sne 36 448 Septho
Resol ut i oncatlddtzed)by rfilterahisenemdofvashetdf eéwo tites with( R&03mL(0. 90 g,
3.12 I h h la 18
exceptrrrrlr)lo)"g)g\ggery\c/{ln/a}gé C%O%dé1 Vﬁer@r&g f ﬁn%%gha dé: %Og{lct@r(\ggg °
trimet hyl aan (’ﬁgSa?do%QelorHBIrC condiitdeon By Péwrellpwish seldds. F8hiiswi ng a

typi ca ) 2 S rbBCOLRLE apwhite solid,
- 20 (98%%%%&58 lc‘éér%ult(#ﬁsz (I??Af RnaBB) HAS-LRePLeaed i 8Ra by EXAMPLE

23 Nrking Hes ol SR-i oFh6r CEYEFS)St WerR) celiarted Prefdbtudsieme of
surfact antyashed with (ét‘ché’ﬂo]( 1200 e1)34a8amaeh panvasdeydiabyaadetbn a manner

simlar to, tha ept no S| rfactant was rged.
Fol | owi ng &R}3 y{?r;,%)l E@%ﬁp gy F%g%) th‘ POWASSs ﬁg Gvered as a
whi te sol izho C9892W6eeeHIPHEL80conddtionasDB) 1H NMR (DMSO-dg, 300
- 48- 4 7
o A8a 0B 12 26 AT 7,89 (@, am), 5.15-4.95(my 1H), 3.63 (g,
1H)y, 3.20(dd, 1H), 2.70(m, 2H). Anal. Calcd for Ci2H19N304
(230.22) C, 62.61; H, 4.38; N, 12.17. Found: C, 62.39;
H,4.49; N, 11.98.

15 " EXAMPLE 19

Dynamic Resolution of (Ia-2) to (R)~(IXa).
By using the same conditions as described in Example
18, 1.0 g (3.48 mmol) of ethylthiocester (TXa-2) was
20 hydrolysed to (R)-(IIa) (0.63 g, 75%) as off-white
crystals, (97.3% ee, HPLC conditions D).

EXAMPLE 20

25" Dynamic Resolution of (Ia-4) toﬁ(R)Q(IIa).
By using the same conditions as described in Example
18, 5.0 g (15.8 mmol) of n-butylthicester (Ia-4) was
hydrolyzed to (R)-(IIa) (3.38 g, 91.4%) as colorless
needles, (99.4% ee, HPLC conditions D).
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What is clained is: 1. A process for preparation of an
optically active 5 conpound of Formula (R)-(ll) or Formula (S)-(I1):

[err] wo os/42689 or a salt formthereof, wherein: pcRiueddidsobs - H,
hal o, -CHerr], -CN, -NJerr], -OH, derr]-Cerr] alkoxy, Cerr]-Cerr]

al kyl carbonyl, -N(Rlerr])Rerr], -CHO -CJerr]H -C(=ORerr],
-CONR[err]R err], -C(:NI—DNR[err]R[Em]mDLﬁR[zarr], -SJerr]Rerr],
-Sgerr]NRerr]Rerr], 15 Cerr]-Cerr] alkyl substituted with
0-3 Rerr], C[err] Cerr] alkenyl substituted with 0-3 Rerr],
derr]- q@mam«qusmqmutoe‘d WET D 2uRfing | ethylamine (err]- C[err]

cycl oal kyl; g dtQH?dtWthﬂifiJﬂfﬁé]1agozacemazéiféﬁ] &htl ary
substi t ut ed it 3 Rerr], 5-10 rrbered eterocyclic ring

cont aiing 1- 4BM u@:.ng the similar con@%t?%t"é? d’eﬂ% deficaridied sai d

het er OCbekﬁme.QQIB 2.0 g (7.3 mmowyobeeﬁaweai@ést@ﬁrtxaliay wakurat ed,
or fully nsat ur at ed, heterocyck_)yﬁ ri.ng bei n

substi t ut gﬁdﬁﬁ‘ﬁzedfﬁfhe presence of amine (0.39
peptide; g0 5.12 Hnenb]tbs(hydtn:g&h (n:['emd; A%y |aalwyitesubsti t ut ed Wi th

0-3 R4 t ut t 3

sel ect edofr’zfgﬁ{‘?ﬂsC[é??]E%[%?’r ii—ﬁ%.é( i eﬂd\g r%[ r'r] R[CF;H] al koxyR[ grSr] 'S
-Ng extr], derr]-Cerr] al kylcarbonyl -N(R[err]_)R[err] -CN, hal o,

- 49- EXAMPLE 22 ’

Dynamic Resolution of (Ia-3) in the absence of .
- buffer.

15 | (Ia-3) (0.90 g, 3.12 mmol) was hydrolyzed in a manner
similar to that of Example 18 except no buffer was charged
and 1 N HCl was added after the trimethylamine addition in
order to lower the pH to 9.5. Following a typical workup,
(R)-(ITa) (0.42 g, 58%) was recovered as a white solid,

20  (98.8% ee, HPLC conditions B).

EXAMPLE 23

Dynamic Resolution of (Ia~-3) to (R)-(IXa) in the
25 absence of surfactant. -
(Ia=-3) (10.0 g, 34.9 mmol) was hydrolyzed in a manner
similar to that of Example 18 except no surfactant was
charged. Following a typical workup, (R)-(IIa) (7.4 g,
92%) was recovered as a white solid, (98.2% ee, HPLC
30 conditions B).



WD 98/ 42687 -
PCT/ US98/ 05903 _ -CF[err], -CHO, -CJerr]H -C(=ORerr],
- CONR[ er MYRPUIZPT - c(=NH)NR[err]R[err], - OC( =Ry RUSP§/45903
-OR[err], -OC(=)NRlerr]Rerr], -CCH err]CJerr]H,

-Cerr]CHerr]CJerr]H, -NRerr]C(= err], -NR[err] C(=0) OH,
-NRlerr]C(=O NR[err]Rerr], -NRerr] JNRlerr]Rerr], i

- NR[ er r ] SOftext | 1§ ex¥dimedSRHlserr], 5 -SCIerr]R[err] o
-Sgerr]NRerr]Rerr], (err]-Clerr] alkenyl, Cerr]- C[err] cycloal kyI
Cerr]-Cerr] cycloal kyl methyl or Cerr]-Cerr] aryl

optionally subsli t utRdoxwaedssl-Rmrogpmration of an optliealleg BeeAwkal ogen,
I

5O [ orr PR R SRk g B portbad 18 388y iy

Cerr]-Cerr] alkyl, err]-Clerr] al kenyl Jerr]-Cerr]

cycloal kyl, (err]- C[ T oal kyl rrethyl, JeNrPded] aryl,
Cerr]- C[err] arylé err]-Cerr] a!algZ / su stigyted with 0-2 15
Rerr]; rr] s sl ecOdd fromH, er Yy CerT T @aHky!
Cerr]-Cerr] al kenyl err]-Cerr] H:;cycloal kyl, C[err] Clerr]
cycl oal kyl net hyl , C[err]-C[err] aryl, Jerr]- C[err] aryl al kyl ,
or CJerr]-Cerr] alkyl (Rub&TiX uted with 0-2 20 (sy-(rzerr];

alternately, Rerr] and R err] . can be taken together to be 3

azabi cycl ononyl, 1-piperidinyl, 1-norpholinyl or 1-

pi perjaél nPK, esah thépnm 5}3@1-‘6%51 |whexednituted with 25 Cerr]-derr]
al kyl, C[err] Cerr] aryl, Cerr]-Cerr] arylalkyl, Cerr]-Cerr]

al kyl carb C[er cycl oaI kyl car bonyl C[err -Clerr]
al kyIsqu %éor q%‘]# @% L’J\Yzony"l C1-Cs aReox¥, <@ wetoed from H,

Cerr]-Cer r] allkyll;:alr}odnyly —EKRH)]RIG[,er c}-xoal kowyn, 30c (=0 RSa nitro,
Cerr]-Cerr] a gg)on&l? r%l\igfg%n'ee”%ﬁ errleZRSa _SOR!g and R[err]

are |ndependently Sel'ecte t hy sai d
procélss . conpri si ng: WO 98/ 42687

PCT/ US98/ 05903¢; ¢y alky L WadiitiEed Widrs §-aRlse sol vent, a stereoisoneric

m xture
Cy-Cag alkenyl_substltuted with 0-3 R4,
C2-Cg alkynyl substituted with 0-2 R4,
C3-Cip cycloalkyl substituted with 0-3 R¢,
20 Ce-C10 aryl substituted with 0-3 R4,

a 5-10 membered heterocyclic ring containing 1-4 N, o,
or S heteroatoms, wherein said heterocyclic ring
may be saturated, partially saturated, or fully

25 unsaturated, said heterocyclic ring being
substituted with 0-2 R4,

an amino acid, or
a peptide;
30
R3 is hydrogen, C1-Cy alkyl substituted with 0-3 R%, or
- phenyl substituted with 0-3 R¢;

R4 is selected from H, C1-C3g alkyl, -OH, C1-C1p0 alkoxy,
35 -NOz, C1-Cip alkylcarbonyl, -N(R!2)R13, _CN, halo,

~-49-
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of a compound of Fornmula (1) [err]
5 wherei n: Yis S, | Rlerr] is -C(Rerr])[err](Rerr]),
-C(Rerrwderads’C(Rlerr])[err] (R err]), PCT/US98/05903
-C(Rerr])[err]-C(Rerr])[err]2-C(Rerr])[err], 10
-C(Rerr])[err]-C(Rerr])=C(Rerr])[err],
-C(Rlerr])[err}cEzer FLBOR eco}y, -C(=0)R52, -CONRSR52, -C(=NH)NRSR5a,

C( R[ er I’] ) C( R[.%rcr(]—b()gkgr I’]_é Sa or rO]C( O)NR5R5a -OCH>

-C(Rerr])=C(R err]) R[err C((,)[?‘er'r](:(R[err]), 15
-Jerr]C R er—CP)zFHrqu)zH -NR aC(RPéRPT i SNRP3GY(=,) OH, Rlerr] is
sel ected from Hygbac @ ﬁﬁs S'aCH[_g[IRB}1 I@rar] Ch&eiéd, r520 _gRr5a,
-CH[err]CH[err]gIl-Ql[ 'él CFerr - [‘err

-OCH é¥r]CH errF OzR -SOz oc&”q eSil) CApefi] , CYeepbryl

-SCH[ err] CH er C]grclﬁcéjfﬂddl@lﬂlﬁfétkgﬂ %rrr] and cycl opropyl;
Rlerr] is H F, , ; R[err] at each occurrence is,

i ndependent |y, sel ect ed from H, halo, Cerr]-Cerr] hal oal kyl,

- gc_l:H[ d e]r g—l[ d cend:l@ldq?w op1ﬁl€{xﬁllll]y [suS@l'd['Lenlt]ad with 1- i’» grouo) | TN
- err err r rrl, erLr [r :
-NMe[err], LIGC§CH %f@’llnc?é& § k%/ﬂ ag‘gNﬁﬁ 'L\I& é \/ﬁ]t]ﬂ/%() rr],
Cerrjod err] aBKmeMesubst*rIﬁMEzsd WI th 0-3 Rerr], _
Cerr]-Cerr] al kynyl substituted W|th02R[err]

derr]- C[err]f cycl oal kyl substituted with 0-3 RL[errf
s a3glected tFXem &b Wiur¥s0adkRier €3 deenyl, Ca-Cherr]-Jerr]

Clerr]-CBPr
~heterocycle supgbhbuirgiW &)-&3 cBeabbl kyafdthyl, Ce-C1o aryl,
-ol- C7-C11 arylalkyl, or C1-Cyp alkyl substituted with 0-2
15 RS; | '
R52 is selected from H, C3-Cg alkyl, C3-Cg alkenyl, C3-Cii
cycloalkyl, Cg~-C11 cycloalkylmethyl, Cg-Cip aryl,
Cy7-C11 arylalkyl, or C;-Cip alkyl substituted with 0-2
20 RE;

alternately, RS and R52 can be taken together to be 3-
azabicyclononyl, l-piperidinyl, l-morpholinyl or 1-
piperazinyl, each being optionally substituted with

25 C1-Cg alkyl, Cg-Cip aryl, C7-Cii arylalkyl, C3-Cg
alkylcarbonyl, C3-Cv cycloalkylcarbonyl, C1-Cg
alkylsulfonyl or Cg-Cip aryls'ulfonyl ;

R6 is selected from H, C1-Cip alkyl, hydroxy, C1-Cio alkoxy,
30 nitro, C1-Cig9 alkylcarbonyl, or -N(R12)R13;

‘R12 and R!3 are independently selected from H, methyl, or
ethyl; .

35 said process comprising:

) O R D s0-
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Cere]- UV rerry-Gerr) ~ oo o hal oal kot  PCTUSYRRL )

al koxy, phenyl, -OH -NJerr], -CN, -CF[err], 5 -S(O)[err]l\/b and
-NMwe[err]; £ Wi t aas%{@égfelécpﬂ;&ﬂn Feg : I zation
agent, whi ?gnn’aa?%%gl ni Jr:% sul tabl e basic pH% Itron o ﬂng‘:%Elgﬂ@base or
an aci d, t@ffﬁrﬁ?lap@é‘h%o%ﬁcf‘bﬁ’m‘-f](ﬁnm)a (R-(11) 10 or formula (S)-(11) in
greater than 51%yield and greater t han 80% optical purity.

2. A process of Claim1l for pnep@rati©n of an optically active

conpound of Formula (R)-(I1): 1 [err] |
or a salt formthereof, wherREFNN\, ¢YR1is phenyl substituted with
0-3 Rerr], Rlerr] is hydrogen; Rlerr] is selected fromH,:

Cerr]-Cerr] alkyl, -OH, derr]-®®ferr] al koxy, 2B -NJ err],
C[_err]-C[er]r! alkylcarbonyl -N(Rerr])Rerr], -CN, halo,
-CF[errS], v CCIerr]H -C(=O Rerr], -CONRerr]Rerr],

- NH)NR[’érxs}I@;err] -OC(=O R err], -ORerr],

O N H,

CCIerZ]R[ err%Q[ 1:]‘1.0)%-(931[ :a;]rggggr_eg;k[err] -NR[err] C(=0) OH,
-NR[ err] C(=O) NRf@ 3{4&‘[269(}?1 TSCIerr]NR[err]R[err] )
E:[NR[err]SQe]rr]lfﬁF(@zxq),z_c-(ﬁ@leH_]ﬂ;@mb 30 vl Cisq]erz:][NR[]erT]R[err],
err err] a cyc oa err]-Cerr
cyclogpkyl nmet hyTCgEFnyd)2 %[(‘135511)%{3 8][: ??/] C[er?/] aryl optionally substituted
with 1-3 groups—C(R1°)2 c=C (R )ect ed from hal ogen, Clerr]-Cerr] alkoxy,

F[ngr] Cerr]” aléyﬂlo)_g:(g{%gi (RT%@) -S(Q)[err] Me, or -NMe[err];
-C(R10) =C (R10b) C(RIOC)3
-C=C (R10c),
15 -C=C-C (R10¢) 3,

R10 is H or F;

. R02 is gselected from H, F, Cl, Br, -CH3, -CHyCHs,
20 ~CHyCHCH3, -CF3, -CF2CF3, -OCH3, -OCHCH3,

-0OCH,CHoCH3, -SCH3, -SCHCH3z, ~SCH,CHaCH3, and
cyclopropyl;

R10b is H, F, Cl, or Br;
25 _
R10c at each occurrence is, 1ndependently, selected from H,
halo, C;-C3 haloalkyl, -OH, C3;-C4 alkoxy, —CF3, —SCH3,
-SCH2CH3, -SCHCH2CH3, -CN, -NOz, -S(0)gMe, —NMez,

30 C1-Cg alkyl substituted with 0-3 R1L,

C2-Cg alkenyl substituted with 0-3 R11,

C2-Ce alkynyl substituted with 0-2 R11,

C3-Cg cycloalkyl substituted with 0-3 R11,
Cg—Cip aryl substituted with 0-3 R11, or

35 C4—C1p0 heterocycle substituted with 0-3 R11; and

-51-
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WD 98/ 42687

PCT/ US98/ 05903 Rlerr] is selected fromH, Cerr]-(err] alkyl,
Clerr] - Clworsgazdshenyl , Clerr]-Cerr] cycl oal kyéruSheseds Cl err]
cycloal kylmethyl, Cferr]-Cerr] aryly. - Cerr]-Cerr] arylal kyl,
or Jerr]-Clerr] alkyl substituted with 0-2 5 Rerr];

Rlerr].is selected fromH, derr]-Clerr] alkyl, Cerr]-Cerr] alkenyl,
err}-derr] cycloal kyl, derr]- C[err] cycl oal kyl net hyl ,

err erf] .ar I Cerr | al kyl, or err]-Clerr
gl[kyl ! suqbs’%l %&Fe)ée\?mef'ﬁeé 519R t"heC‘-E’ro‘%e}l{r] halo, I‘C%%ﬂkwﬁat (€:I[lyC3]R[g r] !
and Rl err] can ield=zilker t ayethesl kexpe ;(thenyl -OH, -NOZBzadingyclkgqonyl,

1- pi pegi di nyl, %@ﬁ’ro“ I 1- pi perazi nyl, each bei ng
optionally subst t Cerr]-Cerr] alkyl, Cerr]-Cerr]
aryl, Cerr]- C[err] aryI al kyI C[err] derr] al kyI carbonyl,

I I | sul f I
gea]er?][q%[err% (}f‘(rg'ya ?gﬁg SRR é%c%gn%%l%%t%dr??%?ﬁﬁ %rfij C:Fg¥r]
al kyl , hydgeat, @[hexihq H@[lalta]l.nahkoawuﬂﬂable basic tpl, by[aiditidrerad
al kyl car bglag Hlor %RL\?&@)B&%J:% 3 compourﬁheéf]fm% H)- @55

i ndependently selected fromH
proce3d coFpiiozmhga <S)—<II>céma€@ahgr than 1% twbeld sindlegneataer

St er eoi SORRfC gieXbtecal purgeya conpound of Formula (I):
[err] wher ei n: Is S . Rlerr] is

-C(Rlerr])[err](Rerr]),
-C(R[err])[err-.C( Rizergdodestsr bﬁfR[:eé.lil]n) 1 86r preparation of an

- ARLerr] ey rclalc.Eg(RLaglIzg.lrza[ ELdo AR SE LS '(R)- (1) :

i5

sai d

N-O O
R? {
- OH

R (R) - (I1)
or a salt? form thereof, wherein:
20 R2? is phenyl substituted with 0-3 R%,
R3 is hydrogen;

R% is selected from H, C1-C1p alkyl, -OH, C3-Cip alkoxy,

25 -NOz, C3-Cip alkylcarbonyl, -N(R12)R13, -CN, halo,
—-CF3, -CHO, -COzH, -C(=O)R52, -CONRSR52, -C(=NH)NRSR52,
-0C (=0)R52, -OR52, -OC(=0)NRSR52; -OCH,CO,H,
~CO2CH,CO2H, -NR32C (=0)R52, -NR52C (=0)OH,
-NR5aC (=0)NR5R52, -NR52SO,;NR5R52, -NR52S0,R3, -SO,R52,

30 -SO2NRSR%2, C3-Cg alkenyl, C3-Ciq cycloalkyl, Cy-Cqg

cycloalkylmethyl or |

Cg-C10 aryl optionally substituted with 1-3 groups

selected from halogen, C;1-C4 alkoxy, C1-C4 alkyl, -CF3,
35 ~-5(0)oMe, or -NMej;

) O N
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PCT/ US98/ 05903 , -C(CR[err])[err]-C(R[err]e%

(Rl err]) [ py2e87 -C (Rlerr])[err]-err] C (R &fFHyssosoos

-C (Rerr]) =C (Rerr]) (Rerr]), -C (Rlerr]) =C (Rerr]) -C
(Rlerr])[err], 5 C[err]C(R[err]) -Cerr]CGC '
(R[err])[egr] err] is Hor F 10 Rferr] is selected fromH,
F, d, BrR Eﬁ[%?}-fc‘:e@:ﬁrf[’é?fﬁ]lﬁ—l[%rﬂfi alkyl, C2-Cg alkepels|@HGrr]|CH err],
- CF[ err] - CF[ exeh6BL&BHL] , C7 &EH c]Loa-lWﬂﬁr@t'b]y@H ety arvl,

OCH err]CH err err err

-Sm%err}m%erfz}%{*%rar’%ylae@%?’i[' rlcl"g ai%ﬂ;%ﬁ%%%ﬂrtu‘:eqyltﬂ{&ﬂ is H,
F, G ,50r Br; RS; Rlerr] at each occurrence is, independently, selected
fromH, hal o, Cerr]-Cerr] haloalkyl, -OH derr]-Cerr]

al koxy, -CF[err], -SCHerr], -SCI-l[err]Cl—l[err]

- SCH er r | K¥% @r&]xgq[eecruqd £uque Bor Ch-CROalkyl, Cp-Ce allferyd],- Caeicn) al kyl

substituted w rr nyl substituted
with 0-3 R e t9c90§1ﬂr§ &4 CJ&[ cycllo(aj]ecy %Fj&yﬁ%g JOqstlztyi't ‘ed with 0-2
Rlerr], 7-C11 agvderlkyvd] epr] CoyEloaaldyl stBettiitutesl witth @2 Rl err],
25 1p Cergé-Cerr] aryl substituted with 0-3 Rlerr], or

Clerr]-Cferr] het erocycl e substituted with 0-3 Rerr]; and Rl err]
is selected fromthe group H, halo, (Jerr]-Cerr] aIkyI Cerr]=Cerr] 30

hal oal kyla]l €éeateS erng Ik ®ey, ceﬂh%wltak&ki todﬁﬁf]no H3 - CFlerr],

-S(O [err]Me, an swtable | i_pase in the presence
of a racem zat?® 1Cyc{%‘é‘é‘1¥1 HJ'EP% AgmeTohelapye Basitc pH by

addi tion of 35pipebasinyt, sradrikkidg dmnmrmlag’m@%@dmht‘edr wika (R)-(11)

In gheater than 2d%pighd 2pdegs eaber, AR B0%0RLERBY , ci-c
alkylcarbonyl, C3-C7 cycloalkylcarbonyl, C;-Csg
alkylsulfonyl or Cg-C3io arvlsulfonyl;

RS is selected from H, C3-Cio alkyl, hydroxy, C;-Cip alkoxy,
20 nitro, Ci1-Cip alkylcarbonyl, or -N(R12)R13,

R12 and R13 are independently selected from H, methyl, or
ethyl;

25 said process comprising:

contacting, in a suitable solvent, a stereoisomeric mixture
of a compound of Formula (I):

N-O- 0]
/
. RZWY_Fﬂ
30 - RS (I)
wherein:
Y fs S;

Rl is -C(R10),(R10a),
—C (R10) 3-C (R10P) 5 (R10c)
35 ~C(R19) 3-C(R10P) ;-C(R10) 3,

-53-~
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purity. ' ' - 54- WO

08/ 42687 PCT/ US98/ 05903

3. A prwoesseed Claim2 for preparation of an opt i e@t/iy9sagbdzv e
conmpound of Formula (R)-(l1a): [err]

or a salt formthereof, said process conprising: contacting, in a
sui t abl e sol vemC(Réoisze@éEFraé’dﬁéfr(Réo?r)lzoture 10 of a conpound of Fornul a
(ra): C(R 10)2_C__C(R10C) [err] wher ei n: Rlerr] is
-CH[err](R[err 15 rr]-CHerr] (Rerr]),

-CHerr] - CJ-l[err-]C(Blf’Rf@ﬁRz}‘ﬁb[)drerfc), -CH err]-CH=C (Rlerr])[err],
-CHerr]-Clerrle@RPpLeniob) 2Qr1BE LS Is selected fromH, -CHerr],
-CH[er%] CH[err] gzg [err]CH[err]CH[err] Rlerr] at each
occurrence i s, rrndependently, selected from H, - OH,
err]-Clerr] aklkGxg(RI8NE[err], 25 Cerr]-Cerr] alkyl _
substituted with 0-3 Rerr], Cerr]-Cerr] al kenyl substituted
with 0-3 Rerr], Cerr]-Cerr] alkynyl substituted with 0-2

Rlerr], orl0 is H or F;(Jerr]-Cerr] cycloal kyl substituted with 0-3 Rerr];
.and :
10 R10a2 js selected from H, F, Cl, Br, -CHz, -CHyCHs,
_CH,CH,CHs, ~CF3, -CF2CF3, -OCH3, -OCH,CHj,
—-OCH,CH2CH3, -SCH3, -SCHCH3, -SCH2CH,oCH3, and
cyclopropyl; . '

15 RI0b is H, F, Cl, or Br;

- R10c at each occurrence is, independently, selected from H,
halo, C3-C3 haloalkyl, -OH, C1-Cs alkoxy, -CF3, -SCHj3,
~SCH,CH3, -SCH,CH,CH3, -NMes,

20
C1-Cg alkyl substituted with 0-3 R1l,
C2-Cg¢ alkenyl substituted with 0-3 R11,
C2-C¢ alkynyl substituted with 0-2 R11,
C3-Cg cycloalkyl substituted with 0-3 R11,
25 Ce-C1p aryl substituted with 0-3 R11, or
C4-C1p0 heterocycle substituted with 0-3 R1l; and

R}l is selected from the group H, halo, Ci-C4 alkyl, C3-C3
30 - haloalkyl, C1-Cy4 alkoxy, phenyl, -OH, -NOz, -CN, -CFs,
-5(0)oMe, and -NMej;

with a suitable lipase in the presence of a racemization
aéght, while maintaining a suitable basic pH by addition of

35 a base or an acid, to form a'compound of formula (R)-(II)
in gfeater than 51% yield and greater than 80% optical
purity. '

L



30 Rlerr] is selected fromthe group H, halo, Cerr]-Clerr] alkyl,

Cerr]- hal oal kyl, Clerr]-Cerr] al koxy, -OH - err

-CN, -CF| ?P}/42687 -S(O[err]Me, and -Nwe[err]; PCT/US98/05903

- 55- WO 98/ 42687

PCT/ US98/ 05903 with a suitable lipase in the presence of a

racem zati on agent, while naintaining a suitable basic pH by addition
of a base & anZfadinpcess fodr BlaivoRpdoendrsephoatiba OR)atl | a) in
gr eater t Bf:’&l@%.%ol&' QL:@l%Bdcgﬁxﬁéﬁﬁa bPaRo 8% LP ﬂa?—ahlé) purity.

A process of "Claim3 wherein the suitable |1 pase is Amano PS30 or
Anano AK. 10 5. A process of Claim3 wherein the racem zation
agent is selected fromthe grou0 'lnet°ylan1ne triethylam ne,
tripropylamne and trib 6. A process of Caim3
wherein the suitabl ﬁ\f; herOWht er or a nixture of water and
organig sol vent ereFr t he organi c sol vent |§R?ng§5§d fromthe group

|

met hanol , et hanol, propanol, isopropanol acetonitr t ol uene, xylene
-and et her. 20 7. A process of Claim3 wherein the suitable pHis
in the raggeaoka2bofbri. hépedPPUsaild Process comprisihg: A process of
Caim3 further conprising a suitabl e buffer added to the suitable

solvent to assist in 25 maintaining the suitable pH by addition of a base.
9. A proossacting) aim 8 shietatle tdulvernt abl estdpasissomerics MR LS30 or

AmanciUAK of gocompouné o £ ﬁogn&aes& ojf Claim8 wherein the racen zati on

N—-O O

wherein:
Rl is -CH;(R10a),
15 ~CH2~CH3 (R10c) ,
' ~CH~CH3-C(R10¢) 3,
-CHy~-CH=C (R10c),,
—CHz~-C=C(R10c),

20 R10a j5 selected from H, -CH3, -CHyCH3, and -CHCH,CHj3;

R10c at each occurrence is, independently, selected from H,
-OH, C1-C4 alkoxy, -NMez, '

25 C1-Cg alkyl substituted with 0-3 Ril,
C2-Cg alkenyl substituted with 0-3 R11,
C2-Cg alkynyl substituted with 0-2 R1, or
C3-Cg cycloalkyl substituted with 0-3 R1l; and

30 RITigs selected from the.group .H, halo, C1-C4 alkyl, C1-C3
haloalkyl, C;-C4 alkoxy, -OH, -NO3, -CN, -CFs,
-5(0)sMe, and -NMej; |

-55-
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agent is selected fromthe group trinethylam ne, triethyl am ne,

tripropylamne and tributyl am ne. 11. A process of daim8
wher ei n woeossiaédzabl e sol vent 35 is either water or a ni xt BCw/usbs/es®er and
or gani ¢ sol vent wherein the organic solvent is selected fromthe group
WD 98/ 42687 PCT/ US98/ 05903

net hanol , WeERaofui prbbanbinas s dat dfen - ese@ceniof @ gacemizagigene, xyl ene
gnd_ et[‘ﬁragent, wkflil% m%&t%rfﬂ@%g%tﬂ¥596@ Bal 16 ere by %aaiﬁAybﬁaBke pr is

in the range of about, 8. 0. abou 0. . . : rocess o
Claims8 f%rg‘i1 8 ‘b’?e?)%r%‘f’f‘%h W Lgym 2 cogpoueg of éeﬂ%aczﬁba&ﬁaabf For mul a
(R -(lla)in greater than 51% yield and [gefelter than 80%0bpaisalt form
there% , said process conprising: contacting, in water, in which is
di ssol vedp‘ér%'ﬁ(tabl e 15 buffer, a stereoisoneric mxture of a compound of
Formul a (la): - [err] wherein R err]
s n-propyl: 2R, avbEBcllE 4i RABEATPAMAG, ithd RRiRGRIENIGOLe
racem zation agent tri nethyl am ne, ITe malntalnlngaswf’a Fe pH in
t he rangel®fAmdrtPIQ e Asaw AX0. 0 by addition of a base or an acid
or an acid, to forma conpound of formula (R - 25 (lla) in greater than
51%%i eld and greater t han 80CV§' 0 tic%l rpu,[i_’t)ﬁ. ) ,

0 . A process of Claim 3 wherein the racemization

-agent is selected from the group trimethylamine,

b

triethylamine, tripropylamine and tributylamine.

6. A process of Claim 3 wherein the suitable solvent
i5 is'either water or a mixture of water and organic solvent
wherein the organic solvent is selected from the group
methanol, ethanol, propanol,-isopropanol'acetonitrile,

toluene, xylene and ether.

20 7. A process of Claim 3 wherein the suitable PH is
- in the range of about 8.0 to about 11.0.

8. A process of Claim 3 further comprising a
suitable buffer added to the suitable solvent to assist in
25 maintaining the suitabie_pH by addition Qf a base.

S. A process of Claim 8 wherein the suitable lipase
is Amano PS30 or Amano AK.

30 10. A process of Claim 8 wherein the racemization
agent is selected from the group trimethylamine,
triethylamine, tripropylamine and tributylamine.

™ 11. A process of Claim 8 wherein the suitable solvent

35 1is either water or a mixture of water and organic solvent

wherein the organic solvent is selected from the group

UL



14. A process of Claim3 further conprising a sui t abl e noni oni c,
cationic g@&@g[c surfactant added to 30 the suitable solvent.

15. A pﬁﬁgg Claim 13 wherein the suitable 1ipase PLI/URARAYOPS30 or
Amano AK. -57- WO 98/ 42687

PCT/USQ8/Q§§9§a ol ethanol n%&oc%%EF%%pgbghnhéétgg?E%Fg the

racem zation Is'’s group trime

triethyl ankoriene; G%W%rﬁmﬁe et@@@ tributylamne. 5 17 A
process of Claim 13 wherein the suitable solvent is either water or a
m xture of water_and organlc '~ solvent wherein the OF%PHIC solvent is
sel ected from the: laﬁ?%ﬁ)ssfrétﬁ'u&i‘(ﬂlm & mhsrein e seiitabdeppdpdisol 10
acet ongtriire,tiedlnifs of la@der 800 ebhabout 11.0. 18. A process of
Claim 13 wherein the suitable pHis in the range of about 8.0 to about
11. 0. 15 19. A process of Caim 13 wherein the suitable

noni oni c, cati dch a2 mooess ocfuifladia® for RES dripPhpation ofoahy! phenol .

20. A pro &l #;z%ﬁ%:%%lfgkpgngdpggpg g%hgg ?ﬁ)g?Igg):optically active

conmpound o [err] or
a salt formthereof, said process conpr|5|ng 25 contacting, in water,
In which is dlssolved a suitabl B nddi onic, cationic or anionic
surfactant, a stereoiso / '
_ NG OH _ :
10 (R)~(IIa)

or a_salt form thereof, said process comprising:

contacting, in water, in which is dissolved a suitable
15 Dbuffer, a stereocisomeric mixture of a compound of Formula
(Ia):

N—-O O

7
. -nl
NG S-R |
(Ia)

wherein R! is n-propyl;
20 .
with the lipase Amano PS30 in the presence of racemization
agent trimethylamine, while maintaining a suitable pH in
the range of about 8.0 to about 10.0 by addition of a base
or an acid or an acid, to form a compound of formula.(R)—
25  (IIa) in greater than 51% yield and greater than 80%
optical purity.

14. A process of Claim 3 furthef comprising a
suitable nonionic, catlonlc or anionic surfactant added to
30 the suitable solvent.

15. A process of Claim 13 wherein the suitable lipase
is Amano PS30 or Amano 2K.

-57-
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m xture of a conpound of Formula (la): [err]

wherein R err] is n-propyl, : _ - 58-

WD 98/ 42683 98/42687 PCT/US98/05903

PCT/ US98/ 05903 with the |lipase Amano PS30 in the presence of

racem zation agent trimethylamne, while nmaintaining a sui tabI e pH in

the range of about 8.0 to about 10.0 by addition of a base

acid, 1o form § Comoundald oemihai(R)3(khakeld end rgs&efﬁgtgw 515

yi el d and ar eat er tha tica process of
Cl ai m 3 waeeatnis SeleCteﬁz[ é-'F@lP fhe. m@rt}r{wf&m}e}mm%o

-CH err] - €l ek 1€B&ﬁér]£rlp€}fylamlne, arkdil ©F 1t Glide C (Rlerr])[err],

Rlerr]_is selected from err], -CH err]CH err], and
- CH er?] CHerr]CHerr]; 15 Rerr] at each occurrence is, i ndependent ly,
selected fromHhy7. a process ofoalamena]wﬁ{eeéirh ahé(ose.yltaﬁxl\é&[err]

k t t ut ed {
G orr]- G BPAPoByctBarhyRet HAEFT Ikt R YS 94 oPlher 206 S59anic perr)
.i's sel ect edlfrenmn Whergmuphe{ ohgaic GalhrdntCisr rdelaldogd feoar the err]
hal oal kyl CF
- g( CC)))a[ e?r?fg“‘srﬁ%tgkﬁ/é ér%ggﬁ(g]% pQépa_ 'Zggdpﬁo ocg'ss[ g1[r]CI aim 3

wher elth: acetonitrile, toluene, xylene, and ether.

18. A process of Claim 13 wherein the suitable pH is
in the range of about 8.0 to about 11.0.

15 19. A process of Claim 13 wherein the suitable
nonionic, cationic or anionic surfactant is PEG(9-10)p-t-

octylphenol.

20. A process of Claim 13 for the preparation of an
20 optically active compound of Formula (R)-(IIa):

l}l-—O O
OH

NC
(R) - (IIa)

or a salt form thereof, said process comprising:

25
contacting, in water, in which is dissolved a suitable
nonionic, cationic or anionic surfactant, a stereoisomeric
mixture of a compound of Formula (Ia):
N—O O
/ -
"S-R!
- NC
30 , (Ia)
wherein Rl is n-propyl,
' -58
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Rlerr] is -CHerr](Rerr]) or -CHerr]-CHerr](Rerr]), Rlerr] is
selected fromH -CHerr], -CHerr]CHerr], and -CHerr]CHerr]CHerr]; 30
Rlerr] iVO&F&%B2Ld fromH, -OH Cerr]-Cerr] alkoxy, - NVePEFUS98/05903
cyclopropyl, and CJerr]-Clerr] alkyl substituted with 0-2 Rerr];

'S d1f gt ¥ : | Kyl :
et Tl g el il L gl g o
“NME[ er r] pgent trimgshylpmibee WhphemainprinbndSs0swt died R

- 59- the ran¥® 9%/ 4B68¢ 8.0 to about 10,0 it
PCT/ US98/ 05903 ge the racem zat?o?luagent [ sy sae deJ(':rfJéocf1 fc?%r% t}ﬁ’esegr ou

trimet hyl 8 AB, afifet K9l AAFHea EPTRPERY| afi Fermnkr (R) 1 (FXait yirani ne;
the suitablreagekVveRhni 518 {181 WMET gPEaBe i XAl B Walfla urﬁ-_[‘}ﬂ. organi c

p
5

sol vent wherein the organic solvent 1s selected rom-t group

met hanol , et hanol, propanol, isopropanol acetonitrile, toluene, xylene
and ether; and210 A prbeessi babCeaphl Bswharéheg: range of about 8.0 to about
11. 0. 23. A process of Claim3 for the preparation of an
optically active conmpound of Formula (R)-(lla): 15

[err] Rl is ofHa(RHP) . form thereof, said process conprising: 20
contagying, in_pahefy, frBicgr eoi someric mxture of a conpound of Formnul a
(1a): -CHp-CH3-C (R10c) 5, .

R102 is gelected from H, -CH3, -CH3CH3, and -CH2CH,CH3 ;

15 RY0c at each occurrence is, independently, selected from H,
-OH, C1-C4 alkoxy, -NMes,

C1-Cs alkyl substituted with 0-3 R1l1l, or
C3-Cg cycloalkyl substituted with 0-3 R1l; and

20
R is selected from the group H, halo, C1-Cs alkyl, C1-C3
haloalkyl, C1-C4 alkoxy, -OH, -NOz, -CN, -CFs,
-S(0)3Me, and -NMej;
25 22, A prdcess of Claim 3 wherein:
Rl is -CHp(R102) or -CHy-CH, (R10c),
R102 is selected from H, -CH3, -CH3CH3, and —-CH2CH2CHs3 ;
30 | |
R10¢ is selected from H, -OH, C1-C4 alkoxy, -NMey,
cyclopropyl, and C;-C3 alkyl'substituted with 0-2 RrR11;
Rll~is selected from the group H, C3-Cs4 alkyl, C1-C4 alkoxy,
35 -OH, -NOz, -CN, ~-CF3, -S8(0)zMe, and -NMej;

the suitable lipase is Amano PS30 or Amano AK;

-59-
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[err] wherein R err] is ethyl, n-propyl or n-butyl, 25 wth the

| i pase Amano PS30 in the presence of racem zation agent trinethyl am ne,
whi | e maiwbagmiesy a suitable pH in t he range of about BoOUsw/asut 10. 0
by addition of a base or an acid, to forma conpound of fornula
(R-(Ila) in 30 greater than 51%yield and greater than 80% opti cal

purity. - 60- WO 98/ 42687
PCT/ US98/ @303 acemization adéntALPrOSrsstad & nirk fgidier conprising a
suitabl e nonionic, cationic,or, anionic surfactant added to t he

sui tabl e $EHpeHaylamige, triethylaming o eI IEMASATDr the preparation

of an ceRbuggbyiaeti ve conpound of Fornula (R)-(1l1a):

[err] 10 or a salt formthereof, said process conprising:

contact i ng, in water, in which is dissolved a suitable buffer and a
sui t abl e nhe soitablet sodventrisneither watemrdmac amitxtures tofr @@ite@neri c

m xture Ot‘m% %grgragﬁgdsgﬁvégtlz%&gﬁ (ékfg :organic solvent is selected [err]
from the group methanol, ethanol, propanocl, isopropanol
acetonitrile, toluene, xXylene and ether; and

10
the suitable pH is in the range of about 8.0 to about 11.0.
23. A process 6f'C1aim 3 for the preparation of an
optically active compound of Formula (R)-(IIa}:
15
N-O O
!
OH

NC (R)-(IIa)

or a salt form thereof, said process comprising:

20 contacting, in water, a stereoisomeric mixture of a

compound of Formula (Ia):

NC
(Ia)

wherein R! is ethyl, n-propyl or n-butyl,

25 |
with the lipase Amano PS30 in the presence of racemization
agent trimethylamine, while maintaining a suitable pH in
the range of about 8.0 to about 10.0 by addition of a base
or_an acid, to form a compound of formula (R)-(IIa) in

30 gr,éater than 51% yield and greater than 80% optical purity.

* [+ L M S *



wherein R err] is n-propyl, 20 with the |ipase Amano PS30 in the presence

of racem zation  agent trimethylam ne, while maintainin | tabl e pH
in  tEOPYAE7 of about 8.0 to about 10.0 by addition ofgg%%ﬁg%géﬂ% to
forma conmpound of forrmula (R)-(1la) in greater than 51% yield and

0 ) .
9gi?ter t han 89£{Op%!%%%cggglg¥'cigim 8 further comprising a
- ~-=guitable nonionic, cationic or anionic surfactant added to

the suitable solvent.

5 25. A process of Claim 24 for the preparation of an
optically active compound of Formula (R)-(IIa):
N~-O O

/

NG OH
o (R) - (IIa)

10 or a salt form thereof, said process comprising:

contacting, in water, in which is dissolved a suitable
buffer and a suitable nonionic, cationic or anionic
surfactant, a stereoisomeric mixture of a compound of

15 Formula (Ia):

NC
(Ta)

-wherein R! is n-propyl,

20 with the lipase Amano PSBO-in.the_presence of racemization
agent trimethylamine, while maintaining a suitable pH in’
the range of about 8.0 to about 10.0 by addition of a base,
to form a compound of formula (R)-{IIa) in greater than 51%
yield and greater than 80% optical purity.

25

A
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