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THI O SUBSTI TUTED ACIDS This application clainms priority fromUnited States
Appl i cat ivod o849 60/ 233, 193 fil ed Septenber 15, 2000. BacRgrosends®@9 The

I nvention Over the |ast several years conpounds have been reported in the
patent and technical literature as possessi ng angi otensin converting
enzynme (ACE) inhibitory activity or neut rlal endopepti dase (EC 3.4. 24. 11,
NEP) inhibitory activity. Additional conpounds have been identified that
possess both inhibitory activities. These dual i nhibitor conpounds are of
interest as caliNZYHMAIICRESQEHETIONOR ARYIaAND THIQ-SUBSTFIEUTEBMA CIJS
hypertensi on, congestive heart failure, and renal disease. These conpounds
are also referred _to as_ vasopepti dase, dual netall oprotease, NEP/ACE, or

ACE/ NEP i nhi bi t or $hi S@%lgf&tlpnplatmBrl@r%rﬂoalva%b%tp@d\wbcatmmtor which is

currently un I tion. QOmapatrilat has the chem cal
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- 0X0- 3- phenyl propyl)am' noj - 5- oxo- 7H pyrido [ 2, 1-b]

[ 1, 3] t hi azepi ne-7-carboxylic acid, and the ructural formula: S H HOH- N
HS-C-~-N O COON CH2 16 Omapat ri IRackerend OF [he Invendiopy epar ation, and its
use in treating c
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inhibitor compounds are of interest as cardiovascular agents particularly in the

treatment of hypertension, congestive heart failure, and renal disease. These
compounds are also referred to as vasopeptidase, dual metalloprotease, NEP/ACE, or
ACE/NEP inhibitors.

Omapatrilat is such a vasopeptidase inhibitor which is currently undergoing
clinical evaluation. Omapatrilat has the chemical name [4S-[4o(R*), 7a,10aB]]-
octahydro-4-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-5-oxo-7H-pyrido[2,1-b]

[1,3]thiazepine-7-carboxylic acid and the structural formula:

Ha

@ . Omapatrilat

| Omapatrilat, its preparation, and its use in treating cardiovascular disease are
disclosed by Robl in U.S. Patent 5,508,272.
Gemopatrilat having the chemical name [S-(R*, R*)]-hexahydro-6-[(2-
mercapto-1-0x0-3-phenylpropyl)amino]-2,2-dimethyl-7-oxo-1H-azepine-1-acetic acid
is another vasopeptidase inhibitor which is currently undergoing clinical evaluation.

This compound has the structural formula:



CH3 OHM N HS-C-~-H O "COON CH2 Cenopatrilat This conmpound, its
preparation, and its use in treating cardiovascul ar di seases are disclosed
by Karanav@bwizsés al. in U S. Patent 5,552,397. ProcessesPEDUS@rsSpEri ng
vasopepti dase i nhibitors including omapatrilat and genopatrilat are

di scl osed by Kronenthal et al in WO 99/35145 and processes f-or preparing
omapatrilat and omapatrilat internediateS are di scl osed by Godfrey et al
in US. Patents 6,166,227 and 6,248,882, by Mniot et al. in U S. Patent
6, 162,913, by Hanson et al. in U S Pate 13140, 088, and by Patel et al.
in WO 00/ 14265. Other processes for prepari fgCHeomapatril at internedi at es
are di sclosed by Taoka et al. in U SoPatepN 6,174,707, by Tanaka et al.
in US. Patent 6,174,711, and by atcoom U, S. Patents 6, 133, 002
and 6,222, 052. Methods for producirgg, th o @ryl and thio-substituted acid
noi eties such as those incorporat Edzi nto such vasopeptidase inhibitors are

costly. For exanple, unnatural g asghsopatitdt as D- phenyl al ani ne can be
converted to a-halides with rete n of configuration (using
di azoti zation conditions) and stereo specifically inverted to an

appropriate This%oﬁ@ﬁmﬂi,ﬂb%ﬁbpﬁfh‘ti@ﬁ,@ﬁiiﬁﬁﬁe irHRMEIN e ardid@siitdiRbses are
enantiomerically pure D phenyl al anine is h;egh. thods are needed t hat
produce t he digelopaddy Fearanawskinet ak inkhS. Rakpeha?2 20T tiupeaspes fhaprepiriiss .

Met hods of usj ' o8 | E roduce a
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descri bed i nKrafeahaDet2B GOBA) 9%i6Hk4eand precdoies for. reparmwasapatrifatrsgtl obt ai ned

with a particularly .desirable enzyne, the |ipase .obtained from Micor
Mei hei and neRBA BYeTRISGes R @I‘F‘gleeéibdt(g‘_?erff,eyleﬁ el mngoﬁ’ﬂ%ﬁ ﬁé?@@%%s ,
Inc.) as Lipgayges My Manibﬂara@.\fiﬁ@.s.niﬂété}%,1'6?,9(1}% arlsBn RPARIU R Bhyek: €. e.

values and to allow the reuse of the enzyne. 2/ 22849 PCT/ USO01/ 28409 -3
Fur t her nor e, 611A46,088.tand bytPaieh st aloind®0a00/14265h Othdroprpeessésyfor pepaningle pr oduct
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Tanaka et al. in U.S. Patent 6,174,711, and by Boesten et al. in U.S. Patents 6,133,002
and 6,222,052,

Methods for producing thio aryl and thio-substituted acid moieties such as
those incorporated into such vasopeptidase inhibitors are costly. For example,
unnatural amino acids such as D-phenylalanine can be converted to a~halides with
retention of configuration (using diazotization conditions) and stereospecifically
inverted to an appropriate thio-containing intermediate. However, the cost of
enantiomerically pure D-phenylalanine is high. Methods are needed that produce the
desired enantiomer from inexpensive starting materials.

Methods of using lipases in aqueous buffers to stereoselectively produce a
desired acid from 2-acetylthio-3-phenylpropionic acid ester have been described in
JP2000-23693A. However, usable e.e. values are not obtained with a particularly
desirable enzyrhe, the lipase obtained from Mucor Meihei and marketed by Novo
Nordisk Biotech, Inc. (soon to be Novozymes, Inc.) as Lipozyme IM. An improved

method is needed to obtain higher e.e. values and to allow the reuse of the enzyme.



suitable for pharmaceutical use (>98.5%ee). A nethod is needed for this.
Al so, there is no denonstration of how to reuse the recovered unreacted
ester. MoObvhe2ssecovered ester is not reused , then the chPET/Us#II84(9e

prohi bitive. Methods for the reuse of the unreacted ester are al so
desired. Sunmary of the Invention The inv§nti on provides a nethod of
resolving a racemc mixture of a conpound of fornula Ito obtain a desired
enantionmer: O Ar R5 &)le) wherein Ar ,{'s C6 or CJ o aromatic group that
can be substi t ut efUReEROR, theprieoniagsyodatail on how fqprdidiesrpdaprodatto, R5 is
hal o or -S- | i . g%,ant] ﬁ%&] j C6 al kyl,

t he nmet hod (%%%?%gﬁcﬁna%% éleglp C rrp%iul\ﬁg %rdn%f)g{nﬂh tglr"éﬂi&;bet he
conpound i s sitabletfer phammeesnticdRRs¢ 698L5% ee)CoA alekhold imnddded fdrithiase deri ved
from Miucor nei hei,,to,stereosel ectively drolyze the ester bond to produce
an acid; and i sol alnjerednao WB?SW%QPQfH‘YWﬁ%re%%@?ir?ﬁ?"?@gélmﬁtéﬁiéﬁe ‘n a
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phase (which can be buffered). Another aspect of the invention provides a
met hod of st@peoeidheyniegaded estgrraneialed desireddesi red enantiomer of a conpound
of formulal: O Ar 0 R2 S wherein Ar is C6 or Clo aromatic group that
can be substituted with H Cl to C6 alkyl, trifluoronmethyl or halo, Rl is
H or acetyl, and $Zminfarklofthednventié® al kyl, the nethod conpri sing:
reacting Ar-CH2- X, where X 1s a leavin roup, with R4-C(O-CH2-C(O O R2*,
wherein R2* and Rﬁh%wemtmﬁﬁé%mﬁt@g Og EPSplyIng qaapemicryixBre A3 a resul ti ng

conpound of §g B of formR DR/RAAHE BFRASRMAROS -4- OA O R2

Arﬁ/“\O/ Rg

Rs
()]

wherein Ar is Cg or Cp aromatic group that can be substituted with H, C; to Cs alkyl,

trifluoromethyl or halo, Rs is halo or -S-R;, wherein R; is H or acetyl, and R, is H or
C; to Cg alkyl, the method comprising: reacting a compound of formula I wherein the
compound is an ester whereby R, is C; to Cg alkyl with a lipase derived from Mucor
meihei to stereoselectively hydrolyze the ester bond to produce an acid; and isolating
the acid, wherein the reaction is conducted in a solvent comprising 80% to 98% v/v%
organic phase and a residue of water phase (which can be buffered).

Another aspect of the invention provides a method of stereoselectively

producing a desired enantiomer of a compound of formula I:

Ar/\/lko’R2

S
g, 0

wherein Ar is Cs or Cyo aromatic group that can be substituted with H, C, to Cg alkyl,
trifluoromethyl or halo, R; is H or acetyl, and R; is H or C; to Cg alkyl, the method
comprising: reacting Ar-CH,-X, where X is a leaving group, with
R4-C(0)-CH,-C(0)O-Ry+, wherein Ry« and R4 are independently C; to Cg alkyl;

reacting a resulting compound of formula II:



O R4 (Il) with a hal ogenating agent which conprises an N-hal o substituted
am de, N halo substituted imde, N halo substituted thioamde, or N halo
substi t utvea 02/kA8¢9 m de as the hal ogenating noiety to prodBCEUSW/A8KO%Or

wi t hout an additional hydrolysis of the ester, a conpound of formula Il1I:
O A~O R2 Y (IIl) wherein Y is the |eayving group; reacting the conpound

of formula Il with Z-SR *, wherein R * is acetyl, and Zis K, Na, or
ot her cation to produce a cogpound of formula l*: and O Ar O RR S R *
(1*) conducting one of the fq@llaow ng stereo selective reactions: (a) (1)
reacting the conpounda rmot'2 111 with a hydrolase that is stereo

sel ective for the ester; ( isolating the desired resulting acid; (3)
racem zing residual conpddndRefgfjornula I11; and (4) conducting at. | east
one additional iteration of steps (a)(1l) and (a)(2) with the racem zed
resi dual conpound of formula Ill, wherein the reacting with Z-S-RI* is

conducted w t kSt I i - i g e g.or (b) (1)
Feact i ng t heo o RRR B RN AN EUmpRt: 4 N0, EeBhe FRRRAN
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(3) racem zi resi dual canpound of farmula |*; and.(4),conducti at
| east one addTPlRsratREaRSiFd I PEdice.HR o Fibauhen B%gsl&# PROPRES G quay
racem zed copROUAdoRbodddr dfbAndia VO 02/ 22849 PCT/ US01/28409 -5 The net hod
may further conprise: 'crystallizing the compound of formula I* to obtain
t he conpound of fornula I* in increased enantionmeric purity. In a preferred
enbodi nent the isoneric puritoy of the conmpound of fornmula I* is at |east
98%e. The nethod may furthe inlgl ude reacting with a catal ytic anmount of

ArA('U\O’ 2

Y

(1
wherein Y is the leaving group; reacting the compound of formula ITI with Z-S-R*,
wherein Ry* is acetyl, and Z is K, Na, or other cation to produce a compound of

formula I*; and

R
Ar/\HJ\O 2

%

Ry ()
conducting one of the following stereoselective reactions: (a) (1) reacting the
compound of formula IIT with a hydrolase that is stereoselective for the ester; (2)
isolating the desired resulting acid; (3) racemizing residual compound of formula IIT;
and (4) conducting at least one additional iteration of steps (a)(1) and (a)(2) with the
racemized residual compound of formula ITI, wherein the reacting with Z-S-R;* is
conducted with stereoselective inversion of the chiral carbon; or (b) (1) reacting the
compound of formula I* with a hydrolase that is stereoselective for the ester; (2)
isolating the desired resulting acid; (3) racemizing residual compound of formula I*;
and (4) conducting at least one additional iteration of steps b(1) and b(2) with the

residual racemized compound of formula I*.



tetraal kyl ammoni um halide in the racem zation steps of a(3) and b(3). In
one preferred enbodi nent of the nethod, the hal ogenating agent is N N

di br ono- 3yGo2228¢2 hyl hydant oi n. 1 n anot her preferred enmbodP@EUEI113409

hal ogenating agent is N, N-dichloro-5,5-dinethyl hydantoin. In a further
aspect, the invention provides a nmethod of. preparing a conmpound of fornula
Il: 0O Ar 0 R 0 R4 wherein R2 and R4 are independently Cl1 to C6 al kyl,

t he net hod conprisj ng: rﬁacti at least five equjval ents of .
R4- C(O) - CH2- C(O) of hetgfhp _%Yé}&@r SpBFss nergstallizingghe epmpquadaf rsrdlalyr oup
that can be gupslih e Rthpuhd offorkRl® iﬁiﬂcfééked;{ﬁagﬁ%ﬁerti{@ﬁ&ggfhé ferfggacti on

is conducted in a solution consisting essentl ctanhts and no
more than le@boriinant thejisowstie puisityodf the trmgmusd of femola KdsatulvastP8Pet.assi um C2

to C6 al koxi de, i ch.can be ovided in the corr ndi ng al.cohol. In a
preferred enbodi etmﬂl?gg n%ﬁyk%%‘éfén&iﬁ%@ﬁ?t%‘?@ha F%glgrﬁ‘émﬂ?ﬁg%t Yource is at
| east 3 M  DetdilkAdmPRSfih Bhi@inhe a86miBN@NRBE EH)Sni BrENt i on relates to

t he met hods of stereosel ectively producing desired “enantioners of

i nportant i nt er neldi aeaseued pmbadisiengoighametiodith balogenating ageny énNidon

relates to a;aethod f N td c_resol uti ryl . an .

t hi osubst i t ubed ngoé Sééﬁﬁlﬁg‘&ﬁﬁé@%ﬁyﬂ?(&goﬁéﬁ g%seggggl%fb? ﬁléﬁ/ epl)lF gnggnlaglgle%aﬁmgf t he
enzynme subsigent 8 NiNydickiotb-5 J5idisiebhgthydaiteid. aci d derivatives are discl osed.
The met hods of the ipvention are described with reference to fornulas I,

1% 11 and 111, @sa%ﬁ?s HPactabisvavention providsaiateihodgf prepaging gcompeyngd omat i ¢
group that cgpphgagpbstituted with H ClL to C6 allcyl (preferably O to
C3), trifluoronethyl or halo, R5 is halo or -SRI, wherein Rl is H or
acetyl, and R2 is Hor Cl to C6 alkyl (preferably C1L WD 02/ 22849

PCT/ USO01/ 28409 -6 to CO R4 | MR,C6 al kyl (preferably C1 to Q R2* is
Cl to Co6 allcyl (preferablypt‘l o] ). The invention can be described with
reference to Scheme 1. SchemegZ™pg, a

wherein R; and R4 are independently C; to Cg alkyl, the method comprising: reacting
at least five equivalents of R4~-C(0)-CH,-C(0)0O-R;, with ArCH,Cl wherein Ar is Cg
or Cyp aromatic group that can be substituted with C; to C¢ alkyl or halo, wherein the
reaction is conducted in a solution consisting essentially of the reactants and no more
than 1.2 molar equivalents of a base source of sodium or potassium C, to C¢ alkoxide,
which can be provided in the corresponding alcohol. In a preferred embodiment the

alkoxide concentration in the base source is at least 3 M.

Detailed Description of the Invention

This invention relates to the methods of stereoselectively producing desired
enantiomers of important intermediates for producing pharmaceuticals.

The invention relates to a method for the enzymatic resolution of aryl and
thiosubstituted acids. Additionally, a process for the preparation of the enzyme
substrate aryl and thiosubstituted acid derivatives are disclosed.

The methods of the invention are described with reference to formulas I, I", II
and III, as outlined above in the Summary. Ar is Cg or Cyo aromatic group that can be
substituted with H, C; to Cg alkyl (preferably C; to Cs), trifluoromethyl or halo, Rs is
halo or -S-R, wherein R; is H or acetyl, and R, is H or C; to Cg alkyl (preferably C;
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SY 6 1 0 An overall process for preparing, for exanple,
3-aryl-2-acetylthio-substituted propanoi % acids (1) is,illustrated in
Schene 1. Initially, allcyl acetoacetates (or any other (3-keto esters)
are al kylated with benzyl chjoride (2) (or substituted analogs thereof) to
ot ovi 6. ket O eRe I Gy 1 G ATIBETTb R doGoe iyt dF Lot oAk Grefapbyces | he
conver si on 0%@%;0 t he 2-hal o-3-aryl propanoic esters (4). D rect treatnent
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propanoat es (5). Fhe investionstaade,desomibed mytiatfecencetobektenenl.of 5 can be

ef fect ed. Enag&iosiective hydrol ysis of the ester of 5, for exanple,
provides the >N°¥8der of acid 1 with excell ent
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An overall process for preparing, for example, 3-aryl-2-acetylthio-substituted
propanoic acids (1) is illustrated in Scheme 1. Initially, alkyl acetoacetates (or any
other -keto esters) are alkylated with benzyl chloride (2) (or substituted analogs
thereof) to provide keto esters (3). A halogenation-deacetylation reaction effects the
conversion of 3 to the 2-halo-3-arylpropanoic esters (4). Direct treatment of 4 with
thioacetate salts furnishes racemic alkyl 2-acetylthio-3-aryl propanoates (5). At this
stage, an enzymatic resolution of 5 can be effected. Enantioselective hydrolysis of the
ester of S, for example, provides the S-isomer of acid 1 with excellent
enantioselectivity. 1 can be conveniently separated from the unreacted R-ester SR.
The invention also provides for methods for recycling of the unreacted R ester (SR) to

provide additional supplies of the racemic substrate for the enzymatic resolution step.



enantiosel ectivity. 1 can be conveniently separated fromthe unreacted
R-ester 5R. The invention also provides for nethods for recycling of the
unreact edW®Rowser (5R) to provide additional supplies of PEVESO1Za8¢09 C
substrate for the enzymatic resolution step. WD 02/22849 PCT/ US01/ 28409 -7
In an alternative enbodi nent of the invention, the enzymatic resolution
step is carried out at the stage of the d-halo ester 4. In this case
enzymes and eactli on _conditi.ons %réﬁ .chosen to optimze the
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substrate r . the ol ysis reacti on. kyl 2-aryl nmethyl acetoacet at es
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acet oacet at i ; i R { i ped.
ei ng o hyl e B R o r R e P (A A P
t he presencehofnzynoazsestittjin depatb paoedaadsditional faoermicanpsteadelfd tlxol vent (ot her

than the eth ncil that .is in the concentrated commercially avail able
reagent sodi BHOESREACH® sol uti on) afforded high yields and exclusive mono

C-al kyl ation sel etidyy Dia¥yl m&hyiedetdmRERRE 83) AR b PRI BEvdriSly 886t hidh
generally require the use of a catalyst “(Brandstrom A. and Junggren, U
Acta Chem Stelddy alkdatiorpaf alipyl @aetoqogiasas ustagpptisied dohditieskihavApplicagts Or g.

shar s 9. R deyAdpds. Vhtp oo Eal AL BT gHARGH e, WRRM i i
preferred mehbats ptesettel of ekbss ethykdrbioacet@e Oividisoud aey 8ddetdBoeht (Bikkepthagns such

as the use f toxic materials, |aborious and tine-consum ng_ procedures,
and/ or rel at&%éﬁ plghet 15 insthg soppenisaigd; cerpmercilly availehle eeagent sadiHBn- pr ef err ed

o2t on o SRS SHRGTERAAING RSB LAyl CMRIGN SINARE.
after refl uxOthgr methods f@renfiorting thip teasti¢rgamstally eddiregtheludel efaeatatysad, L. J
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chlorides versus nore expénsive benzylating agents, such as benzyl
broni des (andC. pad Bbae rSa]{-) Jofekam. ee. RerkisAreonsi 428, 1v33ubn addjfiongheny|
brom des), %eﬁ%ﬁttﬁ&ﬂodg%tsg& lnathg inivgntkoanraqr%id%%%le r Hhore’ fiﬂ%ﬁgtlijorr{s "WHeh as the use
of toxic materials, laborious and time-consuming procedures, and/or relatively low
yields of products. For example, in a non-preferred reaction of ethyl acetoacetate and
benzyl chloride, without a phase transfer catalyst, the alkylation reaction provided a
modest 25% yield after refluxing in benzene for 8 hours (Durst, H.D. and Liebeskind,
L.J. Org. Chem., 1974, 39, 3271). The preferred reaction conditions of the invention
allow the utilization of less reactive benzyl chlorides to provide high yields. It is
advantageous to use less expensive benzyl chlorides versus more expensive
benzylating agents, such as benzyl bromides (and, in general aryl methyl chlorides
versus aryl methyl bromides), as starting materials in large scale manufacturing.
Suitable bases for the alkylation reaction include sodium, potassium, or
lithium alkoxides, such as sodium ethoxide, K,CO3 or NaH. The corresponding

sodium, potassium, or lithium alkoxides of the alkyl ester are preferred bases for the

reaction to avoid the transesterification reactions that can plague reactions of esters.



Sui t abl e bases for the al kylation reaction include sodium potassium or
l'ithium al koxi des, such as sodi um et hoxi de, K2C03 or NaH. The correspondi ng
sodi um pooaysisym or |ithium al koxi des of the al kyl estePCEUSIIRS&9er I ed
bases for the reaction to avoid the transesterification reactions that can
pl ague. reactions of esters. WO 02/22849 PCT/USO1/ 28409 -8 Oten a

conveni ent source of alkali netal al koxi d€ bases are in solutions of the
correspondi that are e readily

ng.al cohol i,ther co rcially avail able qr
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solution is at l'east slitght nolar excess of base, as 1.2 nolar

equi val ent s Tlesatikesidesinchude sodilmppethssium, e llidhiigesaits oS etd. Cd dlkaxddesbe
recogni zed hgse i n the art that .these reaction candition re useful
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i ncludi ng C6 : ' thyl chlori .
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example, be conveniently recovered by fractional distillation under reduced pressure,
and reused in the process. The yield of the alkylation reaction is at least 95% , more
preferably at least 99%.

Keto ester 3 is converted to a-halo ester 4 using a halogenation/deacetylation
sequence. Bromination-deacetylation reaction of ethyl 2-benzylacetoacetate to give
2-bromo-3-benzenepropanoate has been reported using N-halo succinimides.
Applicants have discovered that the expensive brominating agent, N-
bromosuccinimide (NBS), can be effectively replaced by a cheaper reagent N,N-
dibromo-5,5-dimethylhydantoin (DBDMH) in this reaction. In addition to its low
price, both bromine atoms are used in the bromination-deacetylation transformation to
further contribute to its cost-effectiveness. A comparable yield can be achieved using
DBDMH in the reaction as when NBS is used. The product 4 can be conveniently
isolated from the reaction mixture by, for example, vacuum distillation. The yield of

the reaction is preferably at least 80%.
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time. As summarized in Table 1, the effec pst Ffat € concentration,
one embodiment, the lipase is immobilized on particles of a solid support. Mucor

genus derived lipases (such as Lipozyme IM from Novo Nordisk Ltd.) have been
found to be particularly well-suited for the hydrolysis reaction with this substrate.
Using this enzyme and the optimized reaction conditions found by Applicants, it is
possible to obtain enantiomeric excess’s (e.e.’s) of, for example, 96% or better with
high product yields of, for example, 75% or better (based on the consumed ester).
Besides enzyme selection, other reaction conditions are also important for
high enantioselectivity in the enzymatic resolution. The reaction conditions can be
altered by several variables including substrate concentration, solvent, pH, and
incubation time. As summarized in Table 1, the effects of substrate concentration,
solvent, and incubation time on the yield and enantioselectivity of the hydrolysis
reaction can be assessed using a screening approach. In addition, the effect of altering
the alkyl moiety of the acetoacetate (or any B-keto ester) can be assessed using this
same approach. The reactions can be conveniently analyzed by chiral HPL.C analysis

to determine their conversion ratio and the optical purity of the hydrolyzed product.
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Applicants have discovered that using a solvent mixture of an organic solvent
and buffer (or water) in the enzymatic hydrolysis reaction provides better selectivity
than buffer alone. The ratio of organic solvent to buffer ranges from 98:2 or 95:5 to
50:50, preferably, 98:2 to 80:20. Applicants have found that in addition to the high
yield and high e.e’s obtained using the mixture of organic solvent and buffer, use of
the solvent mixture also allows rec;overy of the enzyme without significant loss of
hydrolase activity. In other words, the enzyme can be recovered from the reaction
mixture, and can be reused for additional hydrolysis batch runs. In one embodiment,
the solvent is selected to be effective to produce an enantiomeric excess of the desired
enantiomer of the acid of at least 88%, and preserve at least 90% Qf the enzymatic
activity of the lipase. Preferably at least 90% of the enzymatic activity is preserved
over four hydrolysis batch cycles. The organic solvents can be acetonitrile; ketones,
for example, acetone; or alcohols, for example, t-butanol and isopropanol. Preferred
organic solvents include acetonitrile, acetone, and t-butanol.

Buffers useful in the enzymatic reactions of the invention include buffers that

have a buffering range of 4 to 8. Useful buffers include, for example, acetate buffers,
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solvent ThlS organic extracts are washed with brine and concentrated to furnish the
S-acid 1.

In another embodiment of the invention a method is provided for the
purification of the crude product 1. The ee of the crude product 1 can be improved by
crystallization from a mixture of solvents. The ee of the crude product can be, for
example, improved to at least 95%, preferably at least 98%. For example, if the ee of
the crude product is 88% the ee can preferably be improved to greater than 99% ee
with a 65% yield from the crude product. A preferred crystallization solvent includes
a mixture of a C; to Cy4 alkyl ether and a Cs to C; alkane. A particularly preferred
solvent includes a mixture of methyl t-butyl ether (MTBE) and heptane.

Re-use of the unreacted ester 5R can be achieved by racemization of 5R to
provide additional quantities of the substrate, racemic 5, for the enzymatic hydrolysis.
Any method that provides a racemic mixture of 5 can be used for the racemization of
SR including epimerization type reactions and displacement reactions using catalytic

amounts of nucleophiles such as halides. Warming a mixture of the recovered 5R and
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alcohols such as t-butanol and isopropanol.
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1 hou&ndgércﬁ)%exanone; cyclic ethers such as tetrahydrofuran and 1,4-dioxane; and

Table 2
Enzyme Substrate Solvent Incubation | Conversion (R) Optical
(ester) % . Ratio Purity (%ee)
Lipase-Mucor Ethyl ester pH 7.0 buffer 1 hour 38 68
meihei
Lipase-Mucor Ethyl ester 95% 5 hour 35 80
meihei i Cyclohexanone
Protease Ethyl ester pH 7.0 buffer 5 hours 45 75
subtilisin BPN’
Protease Ethyl ester 30% THF 4 hours 46 84
subtilisin BPN’
Neutral protease Ethyl ester 30% Acetone 2 hours 45 80
Bacillus subtilis
Lipase-Mucor Butyl ester 95% 18 hours 60 50
methei Cyclohexanone
Protease Butyl ester 30% THF 4 hours 28 72
subtilisin BPN’
Lipase-Mucor | Isobutyl ester 95% 8 hours 25 70
methei Cyclohexanone
Protease Isobutyl ester 30% THF 4 hours 46 80
subtilisin BPN”

nitrile;
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phil'es such as

same method that was described above for the unreacted a-thioacetate ester SR. Any
method that provides a racemic mixture of additional substrate 4 for the enzyme can
be used for the racemization step. These methods include epimerization type
reactions and displacement reactions using catalytic amounts of nucleophiles such as
halides. Warming a mixture of halo ester 4S and catalytic amounts of a halide salt is a
preferred method of racemizing the halo ester ester. In particular, tetraalkyl halides,
such as tetrabutylammonium bromide, are most preferred as catalysts for the
racemization step.

Note that while the invention has been described with reference to Scheme 1,
the various compounds of the formulas set forth in the claims and summary of the
invention can be used or made in the processes of the invention. Analogs of the
compounds of Scheme 1 required to make the other compounds of the invention shall
be recognizable to those of ordinary skill.

The following examples further illustrate the present invention, but of course,

should not be construed as in any way limiting its scope.

Example 1 - Preparation of Ethyl 2-Benzylacetoacetate
To a 1 L 4-necked round bottom flask that was equipped with an overhead
stirrer, a condenser, an addition funnel and a temperature-probe, was added 207.3 g of
~ ethylacetoacetate. A solution of sodium ethoxide/ethanol (21 wt.%, 113.1 g) was
added at 20-25 °C. The reaction mixture was stirred for 15 minutes. Benzyl chloride
(39.14 g, 0.3092 mole) was then added through an addition funnel dropwise over 15
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oqui poed i (IEGF GodrHadareesiinety Lhe coumtigiSRats phik VaadahShma A Iand a
t enper at ur e- pr @hLatedaBNAMAGH cﬁl@ﬁd§s<guﬁ5n A@tehuiym‘geérﬁp&@p&ﬁﬁen &@Néﬂ@rltﬂél of

sodi um et hoxi de/ et hanol (21 w.% 113.1 g) was added at - C.
reaction m xeueastedsiarsng maseriof and n@dth@@epaB@dz@rl isated bméractchg 14 g,

0. 3092 nol e) @dg h i n er 15 WO
02/ 22849 P 1%@%’“’93%8 %%m&ﬁg &0%} e re§q’i’%"|&% Vrsee%l \241 )% e was
heat ed t o 80reCovedy yRIB Prodiis, ehh*il@rBenzszlaeétbam@tat@Wasamztggr@p%rﬁélure. Vat er
(300 nL) was added to the reaction m xture, and the phases were separated

in separatory funnel. The product was extracted with ethyl acetate (250
m.) three tines. The conbi ned organi ¢ phase was washed with 600 nm. of

sat urat ed arERRTYC OSSR Ry ML Shetlot0go ARG uAPRE 2L T on of

sol vent, I'ng ‘materi a were separated and
i sol at ed by Bromodsuctinichide i I | ati on under vacuum The recovered starting

mat eri al wei ghed 137. , 82% re overy d. Product
2-benzyl acet oacet Zjlwgéleﬁlﬂa‘ff La V@@Mp@eémélpp@gquhgﬂ on of

Et hyl 2- Br O”Dst?tre?edi‘lzﬁaﬁﬂfnoﬂaﬁﬂélaé é‘on‘ﬁbﬁé%r &hd PloAFRAGEL éﬂbﬁg Uas Qe tiee L 4- necked

round bottom flask that was equi pped with an overh stirrer, an addition
funnel, a commmmfsadmnaeth@nﬂe/ﬂﬁnamh@k%@h%, Md S8 gd 86-2517€ umiedmtrogml of

sodi um et hoxh%g:,{ %Qﬁ‘z@ ace o%%g{at\éw (1({? 1 ;;',6(;' 4?4 ﬁ%le?%vag gddze% d?oﬁjv{r]gee ' értegu ng
solution was stirred at 20-25 °C for 30 minutes. The reaction mixture was then cooled
to -35 °C with a dry ice/acetone bath. N-Bromosuccinimide (NBS; 97.95 g, 0.545
mole) was added portion-wise over 30 minutes. After the addition was over, the
reaction mixture was stirred at -35 °C for 1 hr before warming up to 20-25 °C and it
was stirred for an additional 2 hrs. The reaction was then quenched with water (400
mlL) and ethyl acetate (600 mL) was added. The layers were separated and the
product was extracted from aqueous layer with ethyl acetate (400 mL x 3). The
combined organic layers was washed with saturated sodium bicarbonate twice (400
mL x 2), water twice (400 mL x 2) and brine (500 mL). After the removal of solvent,
the product (crude, 132 g) was distilled under reduced pressure. Ethyl 2-bromo-3-
benzenepropanoate (97.7 g) was obtained at yield 83.7%.

Example 3 - Preparation of Ethyl 2-Bromo-3-Benzenepropanoate with (N,N-
Dibromo-5,5-dimethylhydantoin
To a 100 mL 3-necked round bottom flask that was equipped with an overhead

stirrer, an addition funnel, a condenser and a temperature-probe, was added the



Et hyl 2-benzyl acetoacetate (103.1 g, 0.454 nole) was added dropw se. The
resulting solution was stirred at 20-25 C for 30 m nutes. The reaction

m xture wa@or/tsm cooled to -35 Cwith a dry ice/acetone barmso1/28409

N- Bronmosucci ni mde (NBS; 97.95 g, 0.545 nole) was added portion-w se over
30 mnutes. After the addition was over, jhe reaction m xture was stirred
at -35 Cfor 1 hr before warming up to 20-25 C and- it was stirred for an

thyl ' acet ateNBIOTIOS G gD m@i&eﬁ/&%%ﬁ?@?@%é@@%’ibi&d&ﬁ%@%&) e
roduct was | x 3).
‘Fl)'he conbi ne]g%grr%g%@ﬁcg%g%s \NS@ ’4'?;\5 %}@ tli}@gi%c@rég{i e %ég%m%%gl carbonat e
twi ce (400 solutiondygs shated at 228 &C (G0 mmuﬁeszjfhamacﬁnmn mext@sGdsithen codldder t he
removal of sol duct 2 distilled under reduced
pressure. Ettﬂy1¥§}%E BVH%’T?D‘%?:‘ @ﬁ%@ﬁéﬁ%ﬂiﬂ’ﬁ@“&%@@ tlh%g’é'd@ﬁ? B ned at yield
83. 7% ExanniDBISMH: B EPariatg Pl wistdaméd gorﬁbﬂmSé’m%@B@%ﬂﬁaé@p@ﬂ%h@ with

(N, N Di brono-5, 5- di net yI hydant'oin To a 100 nL 3-necked round bottom fl ask
that was equiddiia, iierraciion izt wes stisradrat e3r5 °Gafor A ddl befoomnwhumping bip t&20-

d 2849 P 1/ 28409
condenser s @ ATSLAULSS RLSRS R 1ALl NScHR 0L AZ0AT PETI YRR 2000
nitrogen. Byhgt (32mbheaad tthgleicontaBatle) Wik Alded, TRe Ih?ex'm%ké sepamiteddaiddhe

dropwi se. The resultin ution was stirred a -25 C for 30 m nutes.
The react i orPIR{YA Fras e%ﬁ%"t?cﬁféﬁméb%?‘é’&wst%Y@S@t}@%]t%et&tedﬁyn@cé'?hﬁcet one bat h.

N, N- D br omo- Q.35 %W—ia Added
portion-w se oven?é(%%rg?nﬂh%?m ‘paShét e t&%tfdlzsg%mn} %grrbgg%'ltelkson ?ﬁx?’iure was
stirred at -BmeCSmolk). After theetmoealwdsolverd, ethyltb@iho-2beZeasmopdnonag04bi rr ed
for an additional ction was then quenched with water (3 i)
and et hyl ac@t‘?ﬁatse(’b%%m?ﬂf)‘ty\@g 8i%ded The | ayers were separated and the
product was extracted fromthe aqueous |ayer with ethyl acetate (5 nL). The
conbi ned or ganl C Iayers was washed with saturated sodi um bi carbonate (5

m), and brExpmyle 4mBnzymptieProduetioncafdipiically AsBye/2vircetybthivy3-
2- br ono- 3- belgé%g&%{rgﬁa%%g)al&aq(p 46 g) was obtained at yield 81 % Exanple 4

- Enzymatic tically Active 2-Acetylthio-3- Benzenepropanoic
Acid Ten (10.0) or 100.0 mg of racemic ethyl 2-acetylthio-3-benzenepropanoate

was added to 1000 pl of 90% tert-butanol and 10% 200 mM sodium acetate buffer

(pH 4.0) which contained 10 mg of immobilized lipase from Mucor meihei (Novo).
The glass vessel was tightly capped and stirred for 0 — 40 hours at room temperature.
Thirty pl aliquots were removed to ascertain conversion and optical purity. The
aliquots were analyzed using an chiral HPLC column (Chiralcel AD, Daicel Chemical
Industries) with a mobile phase of hexane:ethanol:trifluoroacetic acid 98:2:0.1%.

The flow rate is 1 ml/minute and detection was at 230 nm. This experiment was also
performed in 90% acetonitrile, acetone, and isopropanol as described above. Other
racemic esters were also evaluated: butyl, isobutyl, and trifluoroethyl. The results

described in Table 1 (above) were obtained.

Example 5- Enzymatic Resolution of Ethyl 2-Acetylthio-3-benzenepropanoate

To a 500 mL 3-necked round bottom flask that was equipped with an overhead
stirrer and a syringe pump, was added the solution of 0.2M NaOAc (60 mL, pH 5), t-
BuOH (240 mL), and then the immobilized lipase enzyme from Mucor meihei (Novo)
(3.0 g). Ethyl 2-acetylthio-3-benzenepropanoate (30.0 g, diluted with 15 mL of



Ten (10.0) or 100.0 ng of racem c ethyl 2-acetylthio-3-benzenepropanoate
was added to 1000 | of 90% tert-butanol and 10% 200 nmM sodi um acet ate
buffer Wolo228¥9 whi ch contained 10 ng of immobilized |i pR€EUROIRSHILCOr

nmei hei (Novo). The glass vessel was tightly capped and stirred for 0 - 40
hours at roomtenperature. Thirty | aligyots were renoved to ascertain
conversion and optical purity. The aliquots were anal yzed using an chiral
HPLC col um i ral cel ) icel .Chemical Indystries) wth a nobile phase
of hexane: ESTEN ey A AEOP RO Bideh e ?P@l.pigz?téﬁws aiGRR-the wapdon

m /i nute angidet akiseRedaSt fr 1330s. "Re HRHe SR SRRV, YRS wakiRa wilgt-f or med

in 90% acetonitrile, acetone, and i1sopropanol as described above. O her
racem ¢ est dduOM@nd 03N Na®d/ed (Zat 28mLb8A:Y0 v/W) s Bimofntent trthie filtiatd was oet hyl .

Th lts d ibed in Table 1 ht ai ned. . | &, 5-
Enymat i o FISORURY B oreenfpeSunie 30K FeelEAEo BILEUAY iR RL 500
3-necked rOLM(!‘B@HrIdOITBOfIhB%térbﬁIdddjiﬁte@(ibl?ﬂgﬁgll\aj‘(\ﬁztbmmommémﬂ;w&bi rrer and

a syringe punp, was added the solution o ) NaCAc (60 m_,B"éH g{; t- BuOH
(240 L), arfgPemisd anfdhg epfasHYaS icxisarted fsem dhenupas Iy wilMIBEGSI *hEI0 ( Novo)

(3.0 g). Et c ' e ) £ j ith 15 nlL
of WD 02/ 225%@'%@% &%}f}@é{%gsgﬁ’%@’ %&ggﬁ@ﬂ%g 35(1%2%%16&/0&%%%@?' using a
fsyr i nge ) pu nmis%%t(ﬁ!eréd:l at adﬁ]i??/di yaeld. E@Ehfe][aqmds (phasehmft gHLVﬂEPz}va@sd&ﬁizoOemdra at rt

or 13 hrs. The enz s filter n ed with t- BuOH and 0.2M
NaOC (2 x 2YIRE and sty ey adivied @dﬁ%hﬁf)?@ D i Therlaess Waks sepantsved
under T educedheasdhfs HRRISORGRRLARKS bl Wb A PRIRS T & Wit 200 nl
MIBE and 150 nL water, and adjusted to pH 7.5 by 2 N NaOH. The lTayers were

separ at ed andnitvecdeiganic Wysrsexdre ssled Withobnind @ xatfiledy)sandayestialiyi diktilMABE (3 x
100 ). After .t.h .al . of I t t hyl .
2- acet yl) i 3o EEAPARERRE R e R A B ughier Nimovelaf solp(S) Zracs ibiasds yi ol d.

To the aque%bﬁz&'fégﬁcﬁ)aﬁ&icﬁbid@.@ sAURARI208Q 3M1% MERHee:884%)he pH was
adjusted to pH 2 by 10% H2S04. The | ayers were separated and the acid was

extracted from aqueous |ayer with MIBE (3 x 100 nL). The conbi ned organic

e & BB MDA () I IR PARL Sl Asl |1 ed 2t 55 €

(S) - 2-acetyl t hi o-Bhe &radz (3)ejpehhiod-beraenaprdBindicGrid@29ah 8O dotthinad 31. 1%
ield :88.4% . Ex le 6 - tallizati f
{Is)e -2 /(Aggt yl %fm/%glgggggg@ﬁ@pw%gﬁ%?vgg )Q&I f B]IE ?AP m?;, 1.4 mL/g). The solution of
acid in MTBE was then heated to 45 °C. Heptane (25 mL) was added dropwise to the

warm solution until cloudy. The slurry was seeded with (S)-acetylthio-3-
benzenepropanoic acid crystal, and slowly cooled to r.t. without agitation. The
addition of heptane was continued (15 mL) with agitation over 30 min. The solid (5.5
g) was collected via vacuum filtration after chilling in an ice/water bath, and washed
with cold heptane. The purified (S)-acetylthio-3-benzenepropanoic acid was assayed
by HPLC to determine the purity and %ee (purity 98.2% and ee 98.7% at a 66% yield

).

Example 7 - Racemization of Unreacted Ethyl 2-Acetylthio-3-benzenepropanoate
with Tetrabutylammonium Bromide

. To a 250 mL 3-necked round bottom flask that was equipped with an overhead
stirrer, a condenser and a temperature probe, was added the solution of ethyl 2-

acetylthio-3- benzenepropanoate (47.3 g, R-acid:S-acid=1:1.7) and



The crude (S)-acetylthio-3-benzenepropanoic acid (8.29 g; 88.4%, obtained
after solvent renoval, was dissolved in MIBE (4 nmL., 1.4 nL/g). The solution
of aci dwoovmBB was then heated to 45 C. Heptane (25 nlL)PeR¥S@se®

dropwi se to the warmsolution until cloudy. The slurry was seeded with
(S)-acetylthio-3- benzenepropanoic acid cwstal , and slowy cooled to r.t.
wi t hout agitation. The addition of heptah€ was continued (15 nlL) with
agitation over 30 mn. The solid s collected via vacuum

5.5

filtration detaiutdammanign bromide (é‘égw& %n)ol%mﬁtT he egprdbraaidramixtuie t¥rscol d

hept . Th ifi t i 9~2- . . q
by HPLC to QRPRPA g DR Bhrnt §he st MR BEAD A A Ahe YRR PR oo,

yield ExanuBex 0mIBaddiet aedtdnd renodvallmidea eddadedgpeysure, the racemized ethyl 2-

2- Acetyl t hi o- 3- benzenepr opanoat e ith Tetrabutyl niumBrom de . To a
350 L 3. nedesn EB st paRvroRe I ik Rt Sl MR oBUgh hoad
stirrer, a cQBIRAALNT0MNYidd WEIRBLRLNIGuRsQRE, Was added the sol ution of

et hyl 2- acetylthio-3- benzenepropanoate (47.3 g, R-acid: S-acid=1:1.7) and
WO 02/ 22849 PCT/ US01/ 28409 -17 tetrabutyl anmoni um brom de (6.4 g, 10
mol % . The ester/brom de m xture was heated at 50 C for 2.5 hrs. The
brom de salt was filtered off, and washed with MIBE (3 x 100nL). After
sol vent renopadinitiger reduced pressure, the racem zed ethyl 2-

acetyl t hi o- 3-benzenepr opanoate (47.6 g, R-acid:S-acid=1:1.2) was recovered
in essentially 1DovoUpwIng tamsshald have, der theaprpessiswé His agpdicaion, thens  The

fol l owi ng teg, Cﬁ{;@{deg@ﬁgﬂe{i&%eqeﬂgmpurposes of this application, the

respective nedni ngs s ow. Halo. Halo refers to fluoro, chloro,

brono, and i©Halo. Risib esfasslty flublog clilato) bioh; tah@ odoaPecfefabBy, thedialdmeodties Al |
publications and references, including but not limted to patents and
patent appldeskloEher bremped in this specification are herein incorporated
by reference in their entirety as if each individual publication or
reference were specifically and individually indicated to be incorporated
by reference her eAH pablitationgarfdukfeyerred, ifidudihg butAy limdteé s papps bedpatedt t o
which this a hication ﬁLa' riorit al so incor by reference

herein in i t&PERHIOS Giepin i@ﬂ%‘éﬂ#ﬁ@l‘o‘%@éé 3?%@5@&0%%@%1?{3%%%% &athedns and
entirety as if each individual publication or reference were specifically and
individually indicated to be incorporated by reference herein as being fully set forth.
Any patent application to which this application claims priority is also incorporated
by reference herein in its entirety in the manner described above for publications and
references.

While this invention has been described with an emphasis upon preferred
embodiments, it will be obvious to those of ordinary skill in the art that variations in
the preferred devices and methods can be used and that it is intended that the
invention can be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications encompassed within the spirit

and scope of the invention as defined by the claims that follow.



references. Wiile this invention has been described wth an enphasis upon
preferred enbodinents, it will be obvious to those of ordinary skill in
the art t™av2/2849 ations in the preferred devices and net hOOESTA8409e used
and that it is intended that the invention can be practiced otherw se than
as specifically described herein. Accorqlw_gl y, this invention includes all
nodi fi cati ons enconpassed within the spir and scope of the invention as
defined by t cl aj m;sé hat follow. WO 02/22849 PCT/US01/28409 -18- What is
claimed: 1. ﬁ%‘tsﬁi?ﬂm “resolving a racemic mixture of a conpound of
formula | to obtain a ' i i Omi rein Ar
is C6 or do arom%ti C %Sﬁ%dfﬁé'?%%g%g%gﬁﬁgﬁl%egﬁa\%%mga}& l&%fotrﬂgﬁ%éeal kyl ,
trifl uor onettoybtain aldedixed eRBnticgndnal o or -S-RI, wherein RL is H or acetyl,
and R2 is Hor Cl to C6 alkyl, the nethod conprising: reacting a conpound
of fornmula | wherein the conpound is an eg§ter whereby R2 is Cl to C6 al kyl
with a |ipase derived from Micor neippem™t0 OIﬁZereoseI ectively hydrolyze the
ester bond to produce an acid; and isolgating the acid, wherein the
reaction is conducted in a sol vent conprisi ng 80%to 98% v/ v% organic

phase and a residue of water phase (which can be buffered). 2. The nethod
of claim 1, Whaeiiir iske o5 lioaamatic grpapdadt can bosubstiwtedarith HeCi toC¢ alkyhr oduce
an enanti onmeyJ h {red ap.l e [ . east
6% and (o) SroEoang oFhabifs G351 A sHE  BERIER, R inReBl AgRbifl 7 5se.
3. The met hod; of CLdlylmhe methel @imprisheg: | | pase is i mobilized on particles

of a solid support. 4. The net hog of claim1, wherein the organic conponent
of the solvent cagnesewnpound gkformybs kwherein g compaund is a1 st viereh¥et one.

R, is C; to Cg alkyl with a lipase derived from Mucor meihei to
stereoselectively hydrolyze the ester bond to produce an acid; and
isolating the acid,
wherein the reaction is conducted in a solvent comprising 80% to 98% v/v% organic

phase and a residue of water phase (which can be buffered).

2. The method of claim 1, wherein the solvent is selected to be effective
to (a) produce an enantiomeric excess of the desired enantiomer of the acid of at least

88% and (b) preserve at least 90% of the enzymatic activity of the lipase.

3. The method of claim 1, wherein the lipase is immobilized on particles
of a solid support.
4, The method of claim 1, wherein the organic component of the solvent

comprises at least 80% t-butanol, acetonitrile or acetone.

5. The method of claim 1, wherein R; is acetyl.

0. A method of stereoselectively producing a desired enantiomer of a

compound of formula I:



5. The method of claim1l1l, wherein Rl is acetyl. 6. A nmethod of stereo

sel ectively producing a desired enantioner of a conpound of formula |I: WO
02/ 22849 WVACW2/218@9/ 28409 -19- O Ar 01R2 S R, (1) wherei nP&r/Us&1/28809%r Clo
aromatic group that can be substituted with H Cl1 to C6 al kyl,
trifluoronethyl or halo, RL is H or acetxllg_ and R2 is Hor Cl to C6 al kyl,
the method conprising: reacting Ar-CH2-X;"where X is a |eaving group, wth
R4-C(O -CH2-C(O O R2*, wherein R2* and R4 are independently Cl to C6

al kyl; reacting a resulting conpound of fgrnula Il: OAr O R2 ORA (1)
with a hal ogenating agent which conpi ‘Bt hal o substituted anmi de,

N- hal osubstituted i m de, N-hal osubstituted thioam de, or N hal osubstituted
t hi oi m de as the hal ogenating noiety to rodH)ce, with or without an

addi tional hydrolysis of the ester, a cdﬁpound of formula I1l: O Ar O R2

Y (111)  whepRbRinYAl & A d g @hidéic gictipRhat c8BR6E sgtifulel WREPR & of afikgr nul a
Il with Z-S-R *, wherein RL * is acetyl, and Z is K, Na, or other cation
to produce atrdbwpmugtayler biley Buisa jor aceqrigand®, is H or C; to Cg alkyl, the method

comprising:
reacting Ar-CH,-X, where X is a leaving group, with
R4-C(0)-CH,-C(0O)O-Ry+, wherein R+ and Ry are independently C; to
Cs alkyl,
reacting a resulting compound of formula II:
O
Ar o) Re
07 Ry
With a halogenating agent which comprises an N-halo substituted
amide, N-halosubstituted imide, N-halosubstituted thioamide, or N-
halosubstituted thioimide as the halogenating moiety to produce, with
or without an additional hydrolysis of the ester, a compound of formula
II:
O
Ar/\/u\ o’ R
Y
(1)
wherein Y is the leaving group;
reacting the compound of formula III with Z-S-R*, wherein R;* is acetyl, and

Z is K, Na, or other cation to produce a compound of formula I*: and

o]
Ar/\’)koz Rz
%
Ry ()

conducting one of the following stereoselective reactions:

@



At O R S R* (I*) conducting one of the follow ng stereosel ective
reactions: (a) WO 02/22849 PCT/ US01/ 28409 -20 (1) reacting the conpound
of forrmuiveob2/228¥#th a hydrol ase that is stereosel ective POT/USOIE28¢®t er; (2)
isolating the desired resulting acid; (3) racem zing residual conpound of
formula Ill; and (4) conducting at |east Spe additional iteration of steps
(a)(1) and (a)(2) with the racem zed restdual conpound of formula III,
wherein the reacting with Z-S-RI * i conducied. W th_stereose|ectiye

i nversion of the chiral ca@gcﬁ?ﬂctl’&g WW?}‘“‘#@%@WW@@W@%% ﬁlﬁ?P%‘F‘t
fornula I* with a hydrol ase thatig gfSecabigsiRRY6I @Ekite for the ester; (2)
isolating the desired resulting acid; (3) racem zing residual conpound of
formula |*; and (4) conduct (2)dgsodetingdbesdesoedreadting reidal iteration of steps

b(l) and b(2) with the resj,qual racem z conpound.of formula. P. 7. The
met hod of claim6, further @gﬁ%ﬁf’[’é‘?ﬂ%?esﬁﬁg‘sctoﬁrg‘% _‘?]R_BPWBE‘I@;@BSUM of

fornula 1* to obtain the coppewidhcahg hiaedRubae Additichal NEbAEGS 8kt BNAIL)Y ONEri C
purity. 8. The method of claim7, wherein the isoneric purity of the

compound of formula 1* is at | edst(ag@ywih thy raqumizesbicridgalofompoandns,
wherein the racem zation steps o ) i kgagting with a
catal ytic anount of tetraalkyl anf?orﬁlglﬁglﬁg'ﬂflggﬁli6&%@%%@1%?0% claim®6,
wherei n the hal ogenati ng agent i sonpndled with stereoselective inversion of the chiral

carbon; or
(b)
(1) reacting the compound of formula I* with a hydrolase that
is stereoselective for the ester;
(2) isolating the desired resulting acid;
(3) racemizing residual compound of formula I*; and
(4) conducting at least one additional iteration of steps b(1) and

b(2) with the residual racemized compound of formula
I*,

7. The method of claim 6, further comprising: crystallizing the
compound of formula I* to obtain the compound of formula I* in increased

enantiomeric purity.

8. The method of claim 7, wherein the isomeric purity of the compound

of formula I* is at least 98%ee.

9. The method of claim 6, wherein the racemization steps of a(3) and b(3)

comprises reacting with a catalytic amount of tetraalkylammonium halide.

10. The method of claim 6, wherein the halogenating agent is N,N-
dibromo-35,5-dimethylhydantoin.



di brono-5, 5-di et hyl hydantoin. WO 02/ 22849 PCT/ US01/ 28409 -21 11. The
nmet hod of claim6, wherein the hal ogenating agent is N N

di chl or ov80 B2/ehismet hyl hydantoin. 12. A net hod of prepari ngrar/wsommswd of
formula ll: OAr O R 0 R4 wherein R2 and R4 are independently Cl to C6
al kyl', the method conprising: reacting ab;least five equivalents of
RA-C(O-CH2-C(O O R2 with ArCH2C1L wherein™ Ar is C6 or Cl0 aromatic group

that can be substjiuted wt 1.to. al ky] or. halo, . wherei e reaction
is conducted in ai ol ufh%ﬁleﬂ’&ﬁ@&{%v% @E@é’l’?ttﬁ%hﬁwg?f@uflg@g%ésﬁgﬁts and no
nore than 1.#c-HRlAs, sefie3l8RALSoR, a base source of sodium potassium or
lithium C2 to C6 al koxi de,” which can be provided in the correspondi ng

al cohol . 13. The met hod of claim 12, wherein the al koxi de concentration in

the base source {2 atAln%g}ﬁgd c?ffrl)\l/rleparingacompound of formula II:
0]

Ar o e

07 Ry

wherein R; and Ry are independently C, to Cg alkyl, the method comprising:
reacting at least five equivalents of R4-C(O)-CH,-C(O)O-R; with ArCH,Cl wherein
Ar is Cg or Cyp aromatic group that can be substituted with C; to C¢ alkyl or halo,
wherein the reaction is conducted in a solution consisting essentially of the reactants
and no more than 1.2 molar equivalents of a base source of sodium, potassium, or

lithium C, to C¢ alkoxide, which can be provided in the corresponding alcohol.

13. The method of claim 12, wherein the alkoxide concentration in the

base source is at least 3 M.



