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I NVENTI ON The present invention provides a process for
the preparation of chiral DP receptor antagonists and
internedi ates therefor by transition netal catal yzed
BACEGROUUNIS OFaeid me/ENmMosgenat i on. 15 DETAI LED

DESCRI P T ENTI T esent | nv
5 brovi deSYIRMRLg IR FPR RGP Ro BBt Y g disclosed n
PCT ppgljpatiat WO03/062208. conpound of fornmula | or a salt
thereof in at |east 50% enarfO)pmeri c excess (ee) F n
~1) ,CO2H NRLR2 | 20 whgreisn n_is | or 2, RLis
H, Br or -SO2CH3, apd R2_i L 4-nitrobenzyl,
4- am nobenzyl, 4 trif | or
4- chl orobenzyl , which jri sés: treat®Hg a conpound
of formula Il or a salt the'Neof -1 WO 2005/ 097745
PCT/ US2005/ 010501 O:§=O R,

CH, M

There exists a need for an efficient process for the preparation of such compounds

enantioenriched in the desired stereoisomer.
10
SUMMARY OF THE INVENTION
The present invention provides a process for the preparation of chiral DP receptor

antagonists and intermediates therefor by transition metal catalyzed enantioselective hydrogenation.

15  DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an asymmetric hydrogenation process for the preparation

of a compound of formula I or a salt thereof in at least 50% enantiomeric excess (ee)

F )n

N Rj—COH
N

R1 R2

I
20  whereinnis 1 or 2, R1 is H, Br or -SO2CH3, and R2 is H, benzyl, 4-nitrobenzyl, 4-aminobenzyl, 4-

trifluoromethylbenzyl or 4-chlorobenzyl, which comprises: treating a compound of formula II or a salt

thereof
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n C2H RL RR H with a netal-chiral [igand and a
hydr ogen donor wherei n when the hydrogen donor is H2,

WO tdvs/oprratess is carried out at a pressure of p€T/082005/010501
about 0 to about 500 pounds per square inch gauge
(psig), and wherein 5 said netal-chiral ligand is (a)
a rutheniumaxially chiral phosphine |igand conpl ex,
or (2) a rhodium chiral ferrocenyl phosphine |igand
conpl ex, or (3) a rhodi um TMBTP conpl ex. Conmpounds of
formula | wherein j& CH3 é d R is
4- chl or obenzyl or 4- nzyl and

Peldf are
ant agoni sts of the DP € and are useful in the
treatnent of allergic rhniti g2 asthma, niacin-induced
flushing, as well as ot Rér 10 receptor nedi ated
condi ti ons, disorders and di seases. Conpouds of
with {)Bgtgpéh?raf hgﬁ@&&ﬁl‘ o énschﬁ'or »eﬁergﬁ WIBgn thb ﬁycﬁ%ﬁ:ﬁ Q8P is Hy, the process is
enzyl, 4-nitrob eﬁ% F 4- am nobenzyl are
carrigdpbeat apdisatres ftdmatboma@/mbléog G peyudnper yquateringhsfapgenfeelg), and wherein
said thdth1Qni{19i Q%les (54 rmmﬁ Q;QQW Sl phbgbh&e %geﬁfd%ﬁble?fmt(ﬁ% thodium

E resent rocess the netal-chiral 11
chirab-fgirorenyl phesakinaligapd cpmplar. or &iéélpﬂﬁ‘a% MBérgﬁamelsﬁm ex. In
one errb@mjnpmmds df iememfl whaeirak} @-5Q2CH3 aral R3 is gavhtbrotenzyl or 4-

triﬂu%?ﬂleg enzf}‘g&fr)lgl ngl n%%m§ gﬁft‘ec%tgﬁﬁ,:;@ﬁtheﬁ%k gﬁﬁg@&ﬁmsts of the DP receptor
and af(ukefB) inthenepinest olelEﬂgashnitiy lastn@&mdsinaindhicddMBISRing] as veell as other DP

recep o? %%HQteg ed cor gio?g)rgﬁsg I[hrsééillgces[ : ggrﬁéljag %Sfo\%k‘]llél%g : is?ilglsis H, Bror R2

is hydjeﬁenri@dzy& mpbepmpefi—alblnybqnmé arq igtgrmeediaies st gy beisubpegently

trans@%ﬁntotﬂ%‘ deBHIAD an¥abbni®E NAP, Synphos, Sol vi as Bl NAP,
Bl PHEP, hexaPHEWP, C(1- 6)- t unaphos,. P-Pho

xyI P PRGBS SIGFt PAAST Preset roRess etk igtpeis iienium-axially hira
phos;ﬂtheorgmdﬁ;on@&xl m @e%ﬁtb@dldleﬂlﬂmaif tiefaxfahgclprebgnd ispelreed iom BINAP,

o8P, ST h oo SR BN PR B oo BBt oantos. P
Phos txyeP-®bés anh §MB§FR do e nsdophosipldimat thegafitie mstal-gadablegaedis (p-

cymeflé')ﬁm'afua? MRHANED - AWVRIOK. is hdRfih@BieRRO %re@ffratf]@ﬂlw #hd is selected from
the_t ani aphos of forrrulalwg% In a th

BlNPéh ES%&IN OF. yhBIh B §émh0§3 Setveas BINAR. Mgl BHLIIH. hé?faPHF—yB’n §(1-6)-

tunaphss, - Plhbpsiywrpﬁdvaxﬁmmrﬁm islhhaRSsueRQdiorBeat the
erein

tal -chiral d COD) Rh( TMBTP) ]
o der | Meecopd SERMGRIN porEplasry g mect v 1o T -
ferrogzhyphidspieine ligandicémpléx Hn sutxsetodivdent therepfitiesferrbeepylplxaplane ligand is
selec{ed foRY HA%@EME&%? nl%t :?SQQ‘IOS ?f f%?r{flulll Flﬁ a%ﬂhe tﬂnaé;hos c]gf formula (1).

res ence (0]
& oup | narthict it bl thsaﬂesent prncess 1 frefal-glitssbian fs 4 hedtum TMBTP

compq)erxe%?&{e eH{b?&ﬁ'éﬁ thY Igé/thld&l?ralfl%ran& 1@‘?& ]ﬁﬁmﬁmp@fwh@rem X is as defined
onpound formula la or a salt thereof Iin at |east

belovsg)%fgﬁl%lhf’ﬁ i prhilide s@%cqéglgorccg:e)

In a fourth subset of the present process, the asymmetric hydrogenation is carried out in
the presence of a base and optioﬁally in the presence of a Group I or Group II salt.
In a fifth subset of the present process provides for the preparation of a compound of

formula Ia or a salt thereof in at least 50% enantiomeric excess (ee)
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-2 WD 2005/ 097745 PCT/ US2005/ 010501 F ): N ~Ry CO2H

Cl SQ2CH3 L__40 Ila which conprises: treating a
wocearspotmsl of fornula Ha or a salt thereof CORElr/URR005/010501

S2CH3 C 5 1lawth a netal-chiral ligand and a

hydr ogen donor wherein when the hydrogen donor is H2,

the process is carried out at a pressure of from

about 0 to about 500 pounds per square inch gauge

(psig), and wherein said nmetal-chiral ligand is (a) a

rutheniumaxially ghi ne |igand conpl ex, or

(2) a rhodium chira Q ,phqﬁghhne I i gand
conpl ex, or (3) a rhod 3 ‘o1 €X.” 10 I n one
enbodi nent t her eof the : dr ogenati on of
conpound Ila to form cg @iried out using
a rutheniumaxially chil PIFOS PN I i gand wherein

said ligand is selected from Bl NAP, tol-BI NAP
xyl - B NAP, Synphos, Sol vias ByNAP, 5-Cl, 6- MeO- Bl PHEP,
- MO BI PHEP, hexaPHEMP, C(1-6)-tunaphos, P-Phos,

whichgpmpFisqshiseating¢compa of fpanukelaerashit thereof | gand is  for

exanpl e (p-cynmene) Ru(axi ral |igand)-X2 where X

is as defined bel ow @. he (Z@il-rial 15 | i gand

is BINAP, tol-BINAP, } phod, Sol vi as

Bl NAP, MeO- Bl PHEP, he MN C(#=%) -t unaphos,

P- Phos, xyl -P-Phos and \—a'—s ' Ca halide such

as chloride. In a seconi&gﬁggdi\in t hereof the

metal -chiral ligand is (1) rkpdiumferrocenyl -

.. phosphine |igand wherein said ligand, i elected.fro :
PRI TS MR NN AT —
carrie@ bt 4t APrds i FFR@ASatRht d BBt 30¢ fdundper bqihrednch gauge (psig), and wherein

, rh%dhuqHTNBTP gﬁglex. 20 Ln a %Elrﬂ_egboglnent hodi
said rpqialcaisy! ligpd 1§, by SR AP BAE 8GRI Of (% 2 rhodium
chiraltferrésefiynphasphipoligiid kamplsx, ©a(3) b @tbdowi-TMIBIR chipgdiengen at a

pressure of from QO ig. for e e fr

about o8- SBARSLbEsBR sy pRR 3 fopc A R ORSRATRT fom
compoundfla Greafietd outatsoat r@lenpsi-gxialhyr chiralahogphing lighngduyhetdn said ligand is
selected from BINAP, tol-BINAP, xyl-BINAP, Synphos, Solvias BINAP, 5-Cl,6-MeO-BIPHEP, MeO-
BIPHEP, hexaPHEMP, C(1-6)-tunaphos, P-Phos, xyl-P-Phos and TMBTP. The metal-chiral ligand is

for example (p-cymene)Ru(axially chiral ligand)-X7 where X is as defined below; preferably the chiral
ligand is BINAP, tol-BINAP, xyl-BINAP, Synphos, Solvias BINAP, MeO-BIPHEP, hexaPHEMP, C(1-
6)-tunaphos, P-Phos, xyl-P-Phos and TMBTP, and X is a halide such as chloride.

In a second embodiment thereof the metal-chiral ligand is (1) rhodium-ferrocenyl-

phosphine ligand wherein said ligand is selected from f-BINAPHANE, Walphos, the josiphos of formula
(k), and the taniaphos of formula (1); or (2) a rhodium-TMBTP complex.

In a third embodiment thereof the asymmetric hydrogenation of compound Ila to form
compound Ia is carried out with hydrogen at a pressure of from 0 to about 500 psig; for example from
about 0 to about 250 psig, or from 0 to about 50 psig, or from O to about 20 psig, or from 0 to about 10
psig; the metal-chiral ligand is selected from (1) ruthenium complex with BINAP, tol-BINAP, xyl-
BINAP, Synphos, Solvias BINAP, MeO-BIPHEP, hexaPHEMP, C(1-6)-tunaphos, P-Phos, xyl-P-Phos or
TMBTP; (2) rhodium complex with f-BINAPHANE, Walphos, the josiphos of formula (k), the taniaphos
of formula (1); or TMBTP. The asymmetric hydrogenation is preferably carried out in the presence of a
base.

-3-
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psig; the netal-chiral ligand is selected from (1)

rut heni um conpl ex with BI NAP, tol-BINAP, xyl- Bl NAP,
wo3yisplhaoas Sol vi as Bl NAP, MeO- Bl PHEP, hexaPHEMPCT/US2005/010501

C(1-6)-tunaphos, P-Phos, xyl-P-Phos or 25 TMBTP; (2)

rhodi um conpl ex wi th f-BI NAPHANE, Wal phos, the

j osi phos of formula (k), the taniaphos of fornula

(1); or TMBTP. The asynmetric hydrogenation is

preferably carried out in the presence of a_ base. -3

WO 20087 85 Présnt porrs8Eomsrab sy isandnispp épttﬁaﬂ)é adtve ruthenium- or

rhodiudh-BESRBlEind &Iﬁnpldiﬁha’ihs-dithérf pR-fdringBfehn, dr$orﬁiad ﬂinth (bgllcblyibmmg, a catalyst

precurg{):rt a:qé ac 1:rjaté rﬁg%{,d Lsfl'}urg Hgaa? 0 OS ysqs?zﬁlrr{p@ %1)1(101tm|} o{‘ from about 0.001
to abo 00 mdl Yi¢) preferabiyt facbry stiout P2 ecabostdy malfid fa egdmplahbdui @&moal %.

The mts@ktatﬁbbzﬁéﬂrst Bﬂeaams inSlu@E BRI Ad Aot llHﬁt@djtd [Ru@n»@lfr@ R 3,
from about

R AR A s gt SN A T N

[Rh(efhyRh®b X, &nd &h(th&i@haleﬁiza{]gl WigteilpCODUS $.64c$cldbdtedicde NBIts
are not |limted to Ru X3, Ru(L)(alIyI)Z

3 Ru
norboma}il%?%@ EQI‘]S(WBB?WG {(%%I&E)I )qlﬂate [apsﬁtﬂml)ql?su fonaté
benzefidRhif @@E) B, 21 B(4Rh fwt hyik @ne@slﬁé}‘ Q).(aamtb benzene, toluene, cymene, xylenes,
chlor%gﬁg?eh Id%ﬁfé?q%g%zlgggai ﬁeltrr]lem %ror S%Cét%rgg/‘rg%s%}é%lse rC etx?tr%}ﬂ% te%‘ahydrofuran
methyC}- butBrethet ethyt q:thetr}ataeqnea(f@tea@tneplengtmﬂnmglg,l cﬁ'@mo[e/l ethylamine), alkenes

(for e>§n D&y Lj{ gﬁ@rte cyc%:éteneo Etyé(\@rn))r%om@&g drallf@ (18 &Qﬁ le methylallyl).
B ;O G PG S0 e L PR ool ) Rue

(chiraHkt@hd))RluXQ(Y)e&herem ¥ esrdaméthsalformxmmpl teiethgbtmmbydimethyiswfoxide or acetone,

and ngg%lﬁget:d 3bpy t’lﬂéltrg trgﬁy %cglﬁ}? g%%/lplstggﬁgn;?% r];qg)gell known in the art, and
are eithbikenaircidlfyarainkiop ey bepxhpdrmfelloxhug kivayn lggratueqodeddes.

fnt_e%/{]erg‘, xﬁiﬁj’ Ql%all:_gﬁo%}fmeoh% Jl ! %éa?xa%{ cgﬂ’tlcﬁgfaagﬁl/e ddphosphme whose optical

aCUVlWYEGSaltS o reatricked getntibni abedtishgle boud gising rlﬁﬂ)flo ifolapletepgntiomers. Examples
of ax1£lﬁmh§1§l| phlokpﬁﬁﬁﬁ%alﬁls' }%lude (b‘ﬁmrE ﬁ!)t thga'&d}t{%%@@x 1ﬁ/\’hfﬁ3ﬁ@1 Rherein Ar is

di met hyl f ormam de, triethyl
for exéllinh‘élph‘iﬂyb f-PoRFYE Xy aa@é%*r%yphfsyla%& T gxamel g iliporomehyl or
methoxP:Re€and Rberd tlidpemdeniny aneletnﬁ Oteliﬂu&oﬁlaﬂlgall of Slethdk § Gild ROTsH or phenyl.

Some Ghifees ity e INAL i o) Ao o BAINKY comulaeyr=p-o. xyi-
BINARI{towulh (4) @ras, wﬂYDIMBM@ormhm(thaph@iyl)r SYNPHOSPhiforenula (c)

Ar-plleh??rﬁ_’] i’ Yorfhlla Qn?)tArQ?Jlelnyl? %%Nléé%lﬁAP'? grgllﬂh ga? A\{mﬁéﬁyl) Solvias xyl-

ct VIt resu romrestrict
BINAZii el @ dire3, wmng}we@@@m&@owu ©uhBheeylcRameth BI=RO=RE=H,
hexam&f&%ulao(fn &xbﬁénw 7S RaLpb= ROAAPRED, duhzq,ﬂasd(%rhmal (B&r=pheny! and

re n h W, i
nis 19N Rirml! GoAFohrdlot e (BRBHF 1) AFrohem ek Bihos (formula
Ar=tok)), ¥¥1-FaPiths ilthax yphesyszyly).i s for exanpl e nethyl,
trifluoronmethyl or nethoxy; Ra and Rb are
i ndependently H, nmethyl, trifluoronethyl or nethoxy,
and Rc is Hor phenyl. Sone specific exanples are
BI NAP (formula (a) Ar=phenyl), tol-BINAP (formula (a)
Ar=p-tolyl), xyl- BINAP (forrmula (a) Ar=3,5-xylyl),
H3- BI NAP (formula (b) Ar=phenyl), SYNPHOSTM (fornul a
(c) Ar=phenyl), SEGPHOS (formula (d) Ar=phenyl),
Sol vias BINAP (formula (e) Ar=phenyl), Solvias xyl



25 BINAP (formula (e) Ar=3,5-xylyl), MO Bl PHEP
(formula (f) Ar=phenyl, Z=nethyl, Ra=Rb=Rc=H),
wohesaPHESP (fornmula (f) Ar=phenyl, Z= Ra=Rb= peT/ug2005/010501
Rc=H), tunaphos (formula (g) Ar=phenyl and n is 1-6),
TMBTP (formula (h) Ar=phenyl), P-Phos (formula (i)
Ar=phenyl), tol-P-Phos (formula (i) Ar=tolyl),
xyl -P-Phos (formula (i) Ar=3,5-xylyl). -4 WO
2005/ 097745 PCT/ US2005/ 010501 TABLE 1 PAr2 PAr2 PAr2
TABIE 1pAr2 PAr2 Q0 PAr2 (a) (b) 0 () Rb CH3 Ra Rc 0\
~ Z PAr2 COPAr2 OPAr2 O0 PAr2 Zz/ PAr2 PAr2 \ N/
S 0 Ro (d) 3
PAr2 CH30

OCHj

CH,

o) PAr HaC—& |
/ 2 3 PAr, CH3;0—~_~—PAr,

\
@) O s 3 7 / 2 CH30 | X PAr2

S N~
(9) (hy CHa

OCHj
(i)
“Ferrocenyl phosphine ligands” include, but are not limited to, those shown in Table 2,
namely, Walphos (formula (j) wherein Rd and R€ are each methyl or trifluoromethyl), the josiphos of

formula (k), the taniaphos of formula (1), and f-BINAPHANE (m).
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OCH3 5 (1) "Ferrocenyl phosphine Iigands" include,
but are not limted to, those shown in Table 2,
wonersy4s\Wal phos (fornula (j) wherein Rd and ReTAIS2005/010501

each nethyl or trifluoromethyl), the josiphos of

formula (k), the taniaphos of fornmula (1), and

f-BI NAPHANE (m). -5 WD 2005/ 097745 PCT/ US2005/ 010501
Table 2 Rd Re cHex PAr2 Re cHex-P cHex, P P

P( 4- (]VEPh)Z P Fe Fe Fe CH3 Rd Me cHex NMe2 (1) (k)

Table2) ) B Fe P 5\ / (m The netal-chiral Iigands cHex
sui tab *he present invention are either
PA,com’rer ax{%u | abl e or nay be prepared frocmi@’P
s and_a.chiral |igand ¢iexet h wel
Nl Cri p@domgpbﬁ)g Refp
Exa Ies; herel @‘I}&{W hYdr ogen dononggy beFe
rmc rélsalt t hereof s NMe,
SOdI um 10 for mat e, ycI ohexadi ene. Preferably

hydr ogéh gas is used Con‘pdlﬂ)nds of formula Il rly be
prepared by follow ng the procedure described in
arence Exanple 1 The asymmetric hydrogenation

5s may optionally |nclude a base, which nay be an

@ or organic b >akts of conmpounds of
f orrul asp_@ are

h such bases.

I nQ s ar ple, Goup | or Il
KT des, gg ] aryl oxi des, al kyl anions, aryl
15 0 m and sul f oni um der i ved
yl rdes. Organi c bases 1 or exanmple, 1,1, 3, 3-
2,3,4,6,7,8,9, 10- oct ahydropyrim %1[ 1, 2- a] azepi ne
(DBU), The Eaechﬂalziaﬂ li@indgmiit@lﬁldf@ 11@] present Save mugon(aBBBher commercially

avanlaﬁlr % Hla? Ee %ljg&tr 9&%& Hz@msoqqgc!l h Bftral ligand by methods well known in the

e ne
art, and described in the Reference Examples herembelow

The hydrogen donor may be hydrogen gas, formic acid or a salt thereof such as sodium
formate, or cyclohexadiene. Preferably hydrogen gas is used. Compounds of formula II may be prepared
by following the procedure described in Reference Example 1

The asymmetric hydrogenation process may optionally include a base, which may be an
inorganic or organic base. Salts of compounds of formulas I and II are formed with such bases. Inorganic
bases are, for example, Group I or II hydroxides, alkoxides, aryloxides, alkyl anions, aryl anions,
phosphonium, ammonium and sulfonium derived ylides. Organic bases include, for example, 1,1,3,3-
tetramethylguanidine (TMG), 2,3,4,6,7.8,9,10-octahydropyrimidol[ I,2-a]azepine (DBU), 1,5-diaza-
bicyclo[4.3.0]non-5-ene (DBN), arginine, betaine, caffeine, choline, N,N'—dibenzylethylenediamine,
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N-
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine,
dicyclohexylamine, lysine, phenethylamine, methylglucamine, morpholine, piperazine, piperidine,
polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine,
tromethamine, a-methylbenzyl amine, 1,4-diazabicyclo[2.2.2]octane, (DABCO), butylamine,
dibutylamine, dimethylphenylamine, diisopropylamine, diisopropylmethylamine, proton sponge,

dimethylaminopyridine, tert-butylamine, tri-n-butylamine, triethanolamine, trimethylpyridine, imidazole,
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di et hyl am ne, 2-di et hyl am noet hanol ,
2-di nmet hyl am noet hanol , et hanol am ne, ethyl enedi am ne,
woNeodmasnor phol i ne, N-et hyl pi peri di ne, gl ucamcma;s2005/010501

gl ucosam ne, histidine, hydrabam ne, isopropylam ne,

20 di cycl ohexyl am ne, |ysine, phenethyl am ne,

nmet hyl gl ucam ne, norpholine, piperazine, piperidine,

pol yam ne resins, procaine, purines theobronine

triethyl am ne, trlnethylan1ne tripropyl amn
N- me@ylgﬁlgﬂqgmeﬁgnetgyl%frﬁylp b@f‘Fz%ﬁVmﬁlﬁtl“ﬁ @ydrogenatlon may additionally include a
salt, whicfinthly &2 8d)ecacrtddl Grodp 2 br @ﬁ)‘i]@ll&lahdd@ABﬂ:@s slftinyte AtddRss, and borates.

di butyl am ne, di nethyl di | . | ami .
d: i g o%?@%ﬁ%’é’fﬁﬂ@ﬂ%&'ﬁ“ }étcgnr?e(g B%t ﬁrb%rlz grggnrlco PoYve%{T\]vﬂ]hedr without a co-

solverdli Smtablylo@themycritsjmdede dlenhbls surthyak angihaegl, ethanol, n-propanol, isopropanol, t-

butanélfést&ps sfags Wt A P %g s, gégé#ﬁﬁg%%@gb%@gw%ﬂ&de and

dimetintlagetamidel lmlqgamdé)yd{og{trbmpms dicplerametfane, THighloroethane, and dichloro-

benzeft ¥MHEE Helh@tl DY Q&@pﬁh't&ﬁhﬁﬁfbffuf’aqdkettdngpﬁlch ¥s dcREhsIslR Zabutanone arenes
salt, % be sel ected from G oup g or Grogg

such aﬁﬁ?l}zﬁ@sto“te}‘? fylgnes aliphatie hysiogagbgns hexaeane PRI B SRS

acetonltfi€:; asy m‘lﬂki‘dbﬁsuhly o cD@éﬂh@IEmlﬁﬁldleS Th@ibov€sbl@uts nhag bamsed alone or in a

rruxtur§ lj)g f)neb(lg:r ér‘?og? soa\ll,]e,lnté osr 6 %oenljn]l%matxo% (\:N:‘{L %teglo%lo oFmgocﬁm%nt the asymmetric

hydrogﬁmtnﬁmnnetqm@t dusmal hydrpxp]uwmqm such zgggntl@\pgln dlhe reactich temperature may be

from J%u&taﬂpéo,ab&ﬁtl%o% ﬁxléfepabﬂsfr&h deut ﬁﬁﬁ&rﬁtte@nﬁﬁ%ré &PJBBS{%"C and more

am des such y formam de and
preferatrlwﬁrpwbﬁé 49 tabae; 60F1%| E@e‘ﬁ%ﬁ'@'@'%ﬁwﬁb’#@ﬁﬁ§ wihimabeyt 72 hours;

usuall k&h&&ﬁ&m@@m@m éﬂ)b@tm KuRed svae24 mhe. di chl or o-
enzen et hers. t.-bu

| ether al .

t et r ahydf B%YUP’%?H 1’ Ff@é‘o% Uh% C&E‘egé’é‘t %‘ﬂghygﬁ%e“ is conducted at a
pressu?e dsﬂftcmn@ reabodrsen psg, is ondendmdivenztha pressu isl&nm,abowy Demgout 250 psig;
ina seacl(l)rll rﬁ%toldl(r:neﬁyt L r%%ﬁgqpﬁ'oﬂg Stcfﬁ%mgﬁ@‘p@&g%ﬁ aQIliiH’ énllb%ﬁiment the

as acetonitrile; ul stich as
pressuaifr wéltorrwbgutIOfteﬁb@eSO Mgy imd toueth swbadimens thewyespise isdeseh about 0 to about

20 ps@'I a‘ﬁﬁ@n ;Qflftl'l é}n@odlgenmhéﬁ)%ﬁlr@ls fr%ﬂxeabgﬁt OrTQ 5€0u§ o0 %/s‘?g["tlishas @Een found that

enanug%%l{yrlf @verﬁ{]&\l\%aéeélﬁ 2 d)ﬁesislge élgursﬁlCé%mB%HHS Tpgeq pressure generally results
in dechepshd @xaitioseles OVivye mid Ié;updassas: ofrethdve algdur S00hmsigrresudts ingmoduct mixture

1 L. b t ,120C
contap PR ISy SPPOREn U ST oRee  Wipe Bl £ipg D5l e present
inventdB@ypahdizioracthe porafaandbl fpriioin(thbBtitomkDatthe edvoystic 6Q0le bond)
under%&?trﬁrﬁﬂ(&l 'n%ﬂﬁl }:zﬁal?%ﬁ ?Joﬁlehé’ah&? RHI\eeéo?re %Eﬁlngn rﬁ@qyc}me? gy going through

e reaction
the cyhlggﬁngeng eorasynd ofzfzprm}é:ums The 5ndnqléo%yqﬁgbyqr%enanon substrate that gives

rise tJ}Méj&QQt%&ﬁltléhQ@ p%ﬁ‘di‘ of Rkrhulgd &Mbw‘MetsﬁlrehM&ﬁ&%fbd o the E-isomer to the
conduc pressure of fr t 5

endo-S MG SBEN MU ERE? gfrta%%’iw?lf uoytlhopdb Beioranath th ot
embodientiof %Qreﬁ&it grocesb thechy8ieganadoreis baated i@t 4 pressjre @6 o @ to about 20
[ about 150 psig; in a third

. 1s.f
pSIE; %ﬁ%@égmm&tjohabout 18é’s,§ure is fromabout O to about 50
psi g; iAmothef aypect hf tberprstinmpmentiph propidesssprr@ss Br fhe preparation of a

compaﬁg UF folnbIR1 @lbaoslzih fthe?eQ)f t %ast%@% ek rl:oﬂlptlélfl%{?ea@iﬂggg&%%d of formula II

({6

pressure 1s rTroma
ora s%@éweq’fomwpphm ofiwmﬁdﬂtqr é§fé1 té%rﬁ@fthaymw%qu therepfgiithyhydrogen in the

preserc€bfd BddiuM- chalzalmg@x&&%@lextohw&tmdﬂmﬁ@@mm@gahw&ﬂg@mnd a base at a
‘E gfsrﬁure%)ﬁ @eras 0resul ts in decreased
press IHEVPELE; ?U[t?f P8ind H2 pressure of above about 500

prig results in product m xture containing the
desired enantioner in | ess tiyan 50% ee. W thout being
bound by theory the present



I nventors hypot hesi ze that the conpound of fornula Il
(the E-isoner at the exocyclic double bond) undergoes
wd zoafred7v4son et al catal yzed i sonerization to tHE/US2005/010501

correspondi ng endo-i sonmer by going through 25 the

cycl opentene conmpound of formula Ill. The endo-i somer
is the hydrogenation substrate that gives rise to the
enanti oenri ched product of forrmula I. At |ow pressure

i somerization of the E-isone
faster than hydroggnation of
bond. Accordingly, ™R S
present process the ried out at a
pressure of fromO togbd N20 psig; preferably from
0O to about 10 prig. 30 Amot aspect of the present
i nvention provides a pfbces for the preparation of a
conpound of forrmula | or a sEit thereof in at |east
0
In thisglgpé%‘teoglg?\y p{ggsréllf s t rrlg g%ﬁﬂglo& grlilanﬁsuqlreols Pll'e?er%}fy f org?lt? about 10
pggmﬂhbbemﬂmmmwnaxmuwmumeaihsmemﬁsmnah hydrogen in the
presence of a rhodiumchiral |igand conplex or a
rutheniumchiral ligand conplex and a base at a

pressure of from aboREFERENCREZOMERE psi. -7 WO

Prepard®r@3mpdmdRB) US2005/ 010501 F / \ nl CO2H N Rl R2
1l In this aspect @ | @ynRressure asymetric O

C)hydrogenatl the prigssure i s pr fe fromO tjp
&bout 10 ps ‘E (et %hi%éﬁiﬁhs |&
f Conpoundglgg 0 o'
oo

to the endo-isoner is
' exocyclic double
rrbodl ment of the

EXAMPLIH,0O, K |
Ma Owe CWE/CEtE{EE%£2 3

‘ OHB)
1)+ (C02Et)2 K2 6~~ 1 20- BB
pHO. 4- 6 5(3) O () s®c Sm%%zm F cusoeH sozoz SO,Na
CISO3H, sozcnz NaHCO,
60°C, 3 hr NaSO, F F
Hz0, 30°C, 2h (6)
SO,CH SO,CH
NaOH 2vs 2778 CHLC(0)CH,
NHpNH, NHNH, HCI, 50C
BrCH,CO,H NMP 90C,
H,0, 90°C, 10h  (7) 5-6 hr (10)
F
SO,CHj ]
CH, p-Cl-CgH4CH,Cl, NaOH(5N) N—NHs* “SO0,CH,
F~< ;7NH—N=C\ TBAI, THF, 50°C, 5h
T SO,CH
(11) CHs  \eso,H, MTBE 2
(12) ol
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60C, 3 hr F--(- F NaSG3 F F (4) (5) H20, 30C, 2h (6)
SR2CH3 S2CH3 CH3C(OCH3 NaOH F - \ F NH2NH2 . F
WO b7 HICI , 50t Br CH2CO2H NWP 90C, H20, 90CpCT@82003p10501
5-6 hr (10) F SO2CH3 ~CH3 p-Cl-C6HACH2CI, NaOH(5N) 3
SO CH NNH+ - 3 s F\ NHN=C TBAI, THF, 50C, 5h SO
CH (11) CH3 McSO3H, MIBE 2(12) CI -8 WD 2005/097745
PCT/ US2005/ 010501 CH3CN F CH3CH2CO2H, 40C (12) +(3)
50-55 C 24h N CO2H (12) £(3) MsSA, 40 - 60 C SO2CH3
(13) Cl  Stepgl. Prepardtign of CH3;CH,CO4H, 40C
( 2E) - CH M cycl ope acejo acid (conmpound 3) A
(12) ¥ ¢8ne=bottom f | as ar -o WI%H 1212 +n(3) g
cycl 59Bh Gn8Ab) , % cI dRent anone (M4, 0260 C
di et hyl oxal ate (1 he_col orl ess, honbgeneous
solution was stirre @ nder nitrogen. Sodi um
nmet hoxi de (30 wt % in rretha 1 eq.) was added via
addi tion funnel over {(18) eNesultant slurry was
warmed to 45C and aged for | h.Crhe slurry was cool ed

Step It PreiBQ‘at%Q\Q)f@iEi (%%t:yc1IopemyTJa&1es;~chcrasé1dV@&nﬁduha gyed and

t he cake wa t ol ue
cycl ope%’foéiﬂ E Om\l\h'fl‘fg W@gﬁf@rgﬁggf tz\}égﬁ}ﬁlg él%va PHe exiqpepianone).
cyclofehtabori®l (4 gq.Eyall mm@amme)eq anmhe dologehs Immgemeb\lscsgmnon was stirred at

20°C ur¥der m f or SO(HU and | n1de 2§0u Q9 1In met %ﬁ)loyg d
b6V dee Conpound” st a

1h. Thegbquifant aludty ags aplpmedxo 95°C aml xaed er! 1bf Thelsﬁllrln’e«vdﬁypomd)to 15-20°C and aged
1h. Tr%tsmﬁl ERIERERd 2f OB WSl Wi fdiRsk (%@%ﬂ@*&?&l%%@lta%ﬁeﬁ The cake was

% yI|c acid (50wt % solution in water
washed with toluene (7.5 ml/g cyclopentanone) and dried in a nitrogen stream for 1h and in vacuo at

fkfdowa addition funnel over

45°C overnight to provide compound (2) as a pale yellow crystalline solid, and as approx 2:1 mixture of
methyl to ethyl esters.

A round bottom flask was charged with glyoxylic acid (50wt% solution in water, 1,28
eq.). Water (3.17 mL/mL of aqueous glyoxylic acid) was added and the solution cooled to 0-5°C. SN
sodium hydroxide (1.28 eq) was added slowly over about 1h maintaining reaction temperature at less
than 10°C. The pH was monitored during addition. Final pH was adjusted to 4.5 (+/- 0.1). The resultant
solution of sodium glyoxylate was cooled to -2°C. A separate vessel was charged with compound (2) (1
eq.) and deionized water (1 L/mole compound (2)) at room temperature. The solution was cooled to
10°C. Potassium phosphate dibasic (1.75 eq.) was added to the solution at 10°C. The resultant cloudy
solution was cooled to -3°C, and the solution of sodium glyoxylate at -3°C was added thereto over
approximately 30min. The batch was aged at -3 to 0°C for 1h post addition. The batch was warmed to
10°C and methyl t-butyl ether (MTBE, 526 mL/mole compound (2)) added. Phosphoric acid (85%, 2.65
eq.) was added to adjust pH to 3.0 (+/- 0.1). The phases were well mixed for 30min and allowed to
separate. The lower aqueous layer was extracted with MTBE (405 mL/mole compound (2)) and the
MTBE layers combined. The MTBE layer was washed twice with 5% aqueous brine solution, and used

‘as is’.

Step 2. Preparation of compound (12)
To a round bottom flask under nitrogen is charged chlorosulfonic acid (3 eq.) followed
by thionyl chloride (1.5 eq.). The solution was heated up to +55 to +60 °C and 1,4-difluorobenzene (1

eq.) was added dropwise over 2 hours. After completion of the addition, the reaction mixture was aged

-9.
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eq.). Water (3.17 nL/nL of aqueous glyoxylic acid) was

added and the solution cooled to 0-5C. 5N sodium
wo hyodnoxiusle (1.28 eq) was added sl owy over abpOr/usno5/010501

mai ntai ni ng reaction tenperature at |less than 10C

The pH was nonitored during addition. Final pH was

adjusted to 4.5 (+/- 0.1). The resultant 15 sol ution

of sodiun1g|yoxy|ate was cooled to -2C. A separate

VeSS was C th co ound (2
for 1 ﬁjglftl?mlfgar %?@g@ ’(\I}fl 3l P%d ©c r{f)aﬂ)ﬂb‘e%‘%(rﬁtu%t ’ghe) %@lhc]h was added into a
cooled e»n@ee)ammmc solin hnathiy birbutyd stherod Lewbld difludrOgnzene) and water (1 L/mole
dlﬂuotr?,| steg )&%@H&??g%%%re%ﬁa@ﬂ?(g %r&iﬂtlileangaqgti l)a ems @gﬁgg Iwétﬁ water (2 x 1
IJmOMd§h®6wm€dmﬂo 3C, and the solution of sodlum

gl yoxyl@h %e;ﬁlgate \%g%ewasaol@ﬁlgﬁq“ sBJl%%theQY @ﬁ ) and sodlum béCérbonate (2eq.)in

gErOXIrmte%/?a Om n. The batch V\/asae

water{(b1/male djfeqrobeazrng) Wit Premaesdpb it SaB e tse by BRgeyer containing

compéuid (SRinbH stli‘rrnE Wt cya|h+2_‘i feévet MM, THe2fphadié sedhti>nGRRPREAdor one
osphori c 85% 2.

addltlglbgl bwragr?tdaadl AYYS Ve seg_ara Cchd]'llb(e aquleﬁgs glé)e §8nv§%1nmg corplfoundj (6) was used |

as is fior thedext step.30ni n and al l owed to separate. The | ower

aqueous ], g% uegt@goﬁﬁl;l{%ﬁ% Lifygt(h M@&%eﬁ%% d,%éfﬁ%ﬁeg %, 1.2 eq.),

conpoun yers conbi ne

and brogipagetiagi ¢l ThenfeaaionimiHUSIPRCRAD wes bratedardot it iCoaged for 10
hoursAREaltRE to c@BtoirSom tediperatuProZrysRIIRP Bledtddabt, Rhick Qfﬁ?ﬁ’l‘tﬁ’ﬂéﬁ washed

vin G S0, R ROl el ULt 08 LS SRRLASH i
compolildgr). de (1.5 eq.). The solution mas heated up to +55

to +60 ”lco aarrdgn ﬁﬁ%l{}ielggg R?s? %‘haﬁ% 1th%n?ep1mﬁﬁgglgcg§o%e (NMP, 800

dropwi se over Ion 0O
mL/maeciompomd (Theompeundi(or(1 nq)xangirledmase Eg&aqueds yghution, 2.5 eq.). The

soluu&Q%J 1AL ﬁém%% &1%2&@54& 50804 uh & nitrofddirhd QA&on h@ﬂnrea\tas then

C and to cool to roomte erature
coole@,g{ r@ﬁm\;@@eﬁlﬁa@énd Aetpng (2 ‘?f@d?’aé adcteql s@w@) (~blI tﬁﬂ‘fﬁs |T@e hydrazone started to

crysta3idde UftérQRe ﬁﬁittfc‘ﬁﬁbhé/detohe battagb Iﬂ&/ﬂ Mot ?@Jnﬁtemperature water (1.5L/mole
ter 1L

di f I b di f b
comp 15 Wiy SOE rch LR IOl Ve et RV BT 8N Sipbe tvice with
water\aad driaisio 4D W dnldenvatwerm (o2ive chmpound®l 8. di f | uor obenzene).

51 t (NG

(1 gq a)g gdr%gto% g?sglen\?%l%hzgﬁn%io v g‘l ’HIIF gnZSQI Nty gddﬂ[\flg\ﬂhﬁdjil 13“ c%mpound (11
(1 eq. tﬁmbey@mou@mb@ﬂq@r@)eqdeﬂscl}bcﬂelvam dhlorr@ @ 9P 933 NI¥OH (5 eq.)

under"t@t?ogé‘l‘n-j ded résﬁ‘l@ant\'ﬂ- s1c3¥iRtureCR3thadidd B8G0 °C PRI fdrSh. The mixture was
under stirring at ca, +25 C over 1 haur. The bi phas

then GBI {q TSAMIRIPEBYTF PREAThS BHICRHdAEMISSUbriEe ORI 12yl Bag washed with 15%
NaClafskobxyRitisn (Ke/fols efagcahe d. 1))T*n1& oaguneqmstusa)mstheaed up to 50 °C, and

meth@?sné)farln? B&%ﬁ?ﬁ@o ggcﬂ)e % 5s)sad ﬂh Sier g%d&‘(lan Ve co&/g eted, 0.1 wt%
of thed8& dalswed was afql;ldt touitge (lﬁ@?}jﬁtau_lz&_tlogqﬂ)e batchrvas aged at 50 °C for 2 h, and
MTB?QW@@J hﬁof’f\%‘ ﬁ1)§ i!va?-th@xﬂa&ded J&?l E%‘E&r' SQ?JE&%P{ £ at 50 °C, the batch

eat ed
was cooled down to room temperature and aged for 2 h The mlxture was filtered, and the cake was

washed twice with MTBE and dried at +40 °C under vacuum to give the hydrazine/MSA salt, compound
(12).

Step 3. Preparation of compound (13)

-10 -
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hours and allowed to cool to roomtenperature to
crystallize the product, which was filtered, washed
wowbashowas er (0.5 L/ nole difluorobenzene) and BeT/ad20@s/010501
+30-40 C (mp. -60 C) under vacuumto give conpound
(7). 15 To a round bottom Tefl on flask was charged
wi th N-nethyl pyrrolidinone (NMP, 800 nlL/nole conpound
(7)), compound (7) (1 eq), and hydrazi ne (35% aqueous
solution, 2.5 eq.). The solution was heated up to 90C
Methedhd aged for 6 hours under nitrogen. The reaction

m X: ur el"d/‘@ﬁuﬁ)h&n:omﬁ@lﬂhg )Y Ped’ Piﬂ ribét@m?l@er @W«I,/ﬁloleféﬁﬁlpound (12)) at room
acet one
tempg3 e A4S ﬁﬁif‘z ed f@mﬁ@fﬂauﬂ %? §?famup§ OF; ‘P’E’rpc’f‘}?é <%éb%h‘¥ i MTBE, 1.1 eq.).

The r&sulting el &as d%fghﬁéd agl Hegred o tol-5hOGTC ok 24 BOWater (340 mL/mole compound
(12)) wag?c@r <? atql-fs °C anjl %a]ét grln‘ f mellxrg w%sp al%wng?ut?)gl t()n)(?]m mperature The batch
was filtetetl gnresel] Waln%D/ Wi@h@dlth\\@Eer (1@50 hnL/lmlte epmpvdd dlﬂi))e@d aith methanol

(1. 7L7§n4ch &n%gxﬁf(ﬁﬁcﬂié%ﬁe%&'d\ﬁ@d &QH&’&V&H o -(4%)15)0 °Chof %stQc‘S‘ give the

essel was charged wth E (1.25L/nol e conpound
produ§t11)) compound (11) (1 eq ), tetrabutyl amoni um
i odide (0.03 eq.), 4-chlorobenzyl chloride (1.05 eq.),
a 5 N NaCH (5 eqg.) wunder nitrogen. The resultant
hasic m xture was heated to 50 C and stirred for 5
h. The AroundrbettonaBasR5va bisnged vothedmpound@n(t eppadabmpa@ind (3)

dnso;ag;%ﬁ ﬁ%ﬁﬁﬁ,@)osgﬁ (éqﬁg@a p@%@%&gld é%?ﬁ/&%&%@ﬁxﬁydﬁx ?j)) ¥@fPat order at 20-

25°C.ddbaploun ovag wanmed torHEC gndyans dori b tNhetbangidfonis a¢id 41 21pa. 1 was added over
3-5 maf) The sRRY walBiQANSREGEIR 16, (%leg t({ @(ﬁé\,ané-wgftele@) 3)3 L\fﬂ§le of compound

(12)) ggd‘%sgﬁ%g%@? £ H‘é“h %{i\\fs gy fvtaQ%é é' it h%naﬁﬂtyg“ow cake was

washdd\eitlC 1078 ik bus At haaol. (109 evatea tookh Mﬁﬁanag e (ﬂ,/radile B&nlﬁuﬁ@( 1 28 until the

ﬁltratg\’\;vg?,a Qoiorhe'é/srrig% gea?(e gv/ﬁggvlas I$ | gﬁggaryl ﬁl%%r?o]oe\&\%%p&?ﬁg %g %cake was dried
in N, 86w wedthenol aedcdoveyen ot 406ongivettiperatuor e and aged for 2

h. The m xture was filtered, and the cake was washed

twice with MIBE and dried at +40 C under vacuumto
Prepaggitips of ¢penpRyrsk @) TEOMBA: sal t, conmpound (12). Step 3.

Prepar af | 98-1efra8 QRN Hﬂhl{el’aﬂfl(}' 36k, W2, 200 5798 (frd A Pwas charged to a slurry

or o B ) O}ﬁ(’)‘?fgé“?‘ét"b‘%?r’]&?gﬂYAaégtg‘@‘ b o IR RA o ni 23

°C, wbér&)p))n e sblmmsséleémeﬂatlumGMS(I%ddE)jwztshﬁdd\ilT\BEB sealedfreqilting in the

forma%on ;:)P Qﬁ%ﬁy” %dgl?’))?il EP}an@ F? %L;wgs adg% g\%%he'\ﬂalxpurM %E b\{enag'htpThe slurry

assed and o
was dugglledj@.cgtg@nf m-lurgenb;ﬁhe mbzrne@@@@dlm)_rj ofdPAc. C\Hh@dhﬁn@pgmatant reached 5

mg/nﬁ.lgllt)lla\’\@@w%d(g&gmﬂ{ued' §rQl tﬁ% slﬂ?}ﬂdcdoﬁﬁ i ﬁf"‘i@% bfdh. ‘Fhé((tr&'srtﬁs WER filtered,

[lowed to cool to roo nper at ure
washmg MitBiesold Phe é%rngtywldgéﬁié sQEevyling ﬁqhémn&#érfas ?@%‘% purity.
nL/ nol e corrpound (12)) and with nmethanol (1.7L/nole

) cake was dried in the oven at
Prepafrazi'@ Qg D%B'?‘P(ﬁ) I#gﬁngl?to gi ve the
DBU (99%, 0.21 mL, 1.36 mmol) was charged to a slurry of compound (13) (0.50 g, 1.2

mmol) in MeOH (3 mL) at 60 °C. The, now homogeneous, solution was cooled to 23 °C and seeded,

Meth

resulting in the formation of a slurry. MTBE (6 mL) was added and the slurry aged overnight. The solids
were filtered, washing with 4:1 MTBE/MeOH. Drying the solids yielded 0.57 g of compound (13) DBU

salt.

-11-
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product. 10 Method B A round-bottom fl ask was charged

with conmpound (12) (1 eq.) and conpound (3)
wodoasgepmdpyl am ne (DI PA) salt (eq.) and propi parwszos/a10501

(3.33L/nol e conpound (12)) in that order at 20- 25C.

The slurry was warnmed to 40C and aged for 3 h.

Met hanesul fonic acid (1.2 eq.) was added over 3-5

mn. The slurry was aged at 50-60C for I h, cooled to

30C and water (0.33 L/nole of conpound 15 (12)) added

over approx 5 min. The slurry was aged for 30 m n and
Pmmﬁ&kmSf@ﬂmommq1maMBw$atIOM/cake was mashed with 10%

cqueou LS 1 i AL 13 s g .00
2.30 romile inddsOM&S tmé.dla0ki0t°6. Bteheavohonfokeheonn IS@umomm gneled ©ZBYC,
where-ﬁgen o %ﬁﬁf)%s ggded'sﬁ)\d\;zwftlll MOQEQeédlﬂ%nTh@reﬁllMﬁ%Wwas aged for 60

0 roduct . Preparation o
in. AdshirmaTBES) 1 rrtﬁngaadtied t the shurry. alféltalg%%‘fth‘ifl Hti‘agﬁll%ﬁ Wge filtered,
washlﬁ Mieh SAMTBEAMDOHDryiddthe ms YyieVRg 098 aldf eshpcan@(13) DBNalt.
conpound (13) (70 g, 161 mol) in
|sopropylacetan1de (1 PAc, 280 nL) and MeCH (140 nli) at
PrepagiBion &co\iﬁpﬁﬁr@l.(ﬂ)fﬁ))ﬂ’otdﬁﬁumﬁhlit ds di ssolved. Additional |PAc

g érzﬁa?’:'%% % %%g m:gyjé Hl %g‘l%ﬂ%\gdﬁ g a%?e@k{): 5 ?l%gg Gf‘é_%%\?\%rlsd (13) (1.00 g,
2.30 e th MP@Ht(h@LMtﬂ%fieMEQE@ oo pas glded slgwky ta thgselytignzind the resultant

turbld\%ﬁltlgﬁ ohd ml[e%ai tﬁltougrpm LoD sy gd PRe DK abiifiBnaS mﬁﬂ \a&eaaa@ to the filtrate,
ditign of | PAc. Wen the supernat ant reach

resultwg/lwe fogmatien crfatsluesraf %lws% ﬁsqdrfeb%o iR ‘eerf@h%% ‘ﬁﬁ‘? {jltered, washing
with 5; DMT&}E/MBOHrandi ¢en et MTBEN®r@ng/ht adlRls werded 058 ¢ ef edhpound (13)
lng with ice-cold I PAc. Drying yielded 85.6 g of
m““%?@§?blllne solid which was 96.8w % purity.
Preparation of conpound (13) DBU Salt: 30 DBU (99%

0.21 nm., 1.36 nmol) lurry of
conpound (13) (0.50 g Rgﬁtﬁqg?hﬁF%E%bCH (3 m) at 60

In SiteCatglyel, ForpaticRomgeneous, solutlon was cooled to 23 C

and seeggbniunt &SM ihérD&mb hterla%ld‘v@ bR UERBse@ inethafd! WML) is charged to a
oIS G e pdted S g S Sas0 DY s o
mmolfX Déghgeﬂ Rues® (250l )\s z&idchﬁthhéSGfa@e&Etefﬁ@ﬁ@@hﬂ‘ﬁdhﬁl&xﬁ)s tfldBfkerred to an
ampol.ga w1t'h A ref F%lx\gglegogge/s gga&)neg'S PCT/pLég Q%Se/flfé Q%Cé?]\Yeg &Q% theoglg\? box, and
heategyrfor 1;_2 I®8rsand)- 90 ‘(ﬁa‘glt}cﬁa{n@ da hp olear, gﬂaugqsp]u@fm (§cbnrpxghmdto a glovebox and

stored 2t 3donf émggratgre asq- S%Qk MI& (éﬂﬂrdyblgdaﬁ% ({?E(})—é:%ﬁl&l@@%‘-%m};bﬁluﬂz] =

now honobgeneous, sol ution was cool e
0.012hher eupon. MIBE (4 nl) was added slowy with periodic

seedi NRhodligh LEmUhdrBdinoshete B)ov¥BSk, paeduflPlegdiied ﬂihtﬂanol is charged to

a rou%@b&%ﬁ%@%ﬁr@igm\ﬁaﬁg\dgg? (?elslfe&,céla‘gqlgandj { 1. lyrholar equiv L/Rh). The

solution is stirred for 1 hour at room temperature. [catalyst] = 0.016 M.
The following non-limiting examples are provided to further illustrate the invention.

EXAMPLE 1
[(3R)-4-(4-Chlorophenyl)methyl-7-fluoro-5-(methylsulfonyl)-1,2,3,4-tetrahydrocyclopenta[b]
indol-3-yl] acetic acid, TMG and DIPA salts

S12-
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washing with 5:1 MIBEf MeOH. Drying the solids yielded
0.98 g of conmpound (13) DBN salt. Preparation of
wocaspormsl (13) Potassium Salt: 10 KO Bu (95% Pe8ASEI®S5/010501
2.41 mol) was charged to a slurry of conpound (13)
(1.00 g, 2.30 mol) in MeOH (5 nL) at 23 C MIBE (5
nm.) was added slowy to the solution and the resultant
turbid solution was filtered through a 0.45 m syringe
filter. Additional ¥WBE was added to the filtrate,
resulting in the for et dp—e urry The slurry was

aged for 60 m n. The H riltered, washing

i 00%¢, MTBE. EXying t he
solids yi el ded 0.58 ¢ cofrpound—£3),H15 pot assi um
salt. REFERENCE EXAMPLES@Me gy Catal yst Formati on.
Rut henium I n an inert atnosphg dl ove box, degassed
nmet hanol (75 nL) is charged to~a#RQ round bottom
flask containing [ (p-cynene)Rud 2] 2 (O 369 g, 0.60

o

IMGpelhl ) and (S)-BINAP (0.770 g, 1.24 nmmol). Degassed
tol ueneviggay ALk rba%uad&egum@ssalhgc&&g%a%hf&e&lsmw@ @36 g, 6.9 mmol),
solution 1s transferred to an oue

MeOH £235rl). a1} a:stighsne Blae tapyslpiels Se‘?ﬂ’é‘“&ﬁﬁ%m”é} ﬁ0§ Igleé %rgmol) is added via
syrinde€ may waulfnﬁg)pnrplh@rcgdnquewb@degaaém(vahmab@a& xfii)rand.thB vEWatl liSbrought into a

glove?(g( g[?;s Gﬁmn qrnhi;aéaléstt é{pove an " A@?\é@rléa 8a !I’] l%]?b()z 8 l'}\sllm methanol/toluene
(3:1),tlenpdfatisrargd va sytiggek Tiac)i/eusql orsefled prmosved froinalre glgvebdx, and attached

toa hP((rB _&% ﬁuﬁjn %Fpgggqgf?e]r egrglrgszn\ﬁo(v%)ro eBQQSg 'tﬂémn!esnleﬂ]ng up to the

ere g i ously degassed
pressyrg v eratghe $t§reé iselpIin ths Preasyre teser! Meg@ﬁ%df(né@ﬁen/vac x 3), and pressure

purged Withdly oG g%.b (kA &BFﬂg @@ﬂjrogéhewqﬁ%yvrag d 3¢ hirhédeadtiod @&ﬁlnon is then

Iar ui qutlon tirred. f
placef, i B aea AP e g coft et o 45-9) B Tt ety Spdieht -1
h), thé mkdlmvg IRgnogaieolsd saiutibng cesiadplresn apearuyandebk fressure vessel is vented to
rther |IIust e the invention. EXAMPLE 1
mmm?# ﬁfm%&fﬁ %ﬁTo@%phenyl)nethyl 7-f1luoro-5-(methyl sul fo
nyl ) - 1, MetRodiB+ bt a gidvechowvoyredotipepressiits] vessehil olar@dywith compound (13)

TMG%%%’JU%% 3G rqmo g%?’ﬁa%{kq @&%ﬁ%gogﬁéﬁnéﬁ@@ BARAPRIEER (1.9 mL, 0.023
mmol, 0.5 mol%), and a stlrbar The vessel is sealed, removed from the glovebox, and attached to a
hydrogen/ nitrogen/ vacuum manifold. After degassing (vac/nitrogen x 5) the lines leading up to the
pressure vessel, the pressure vessel is degassed (nitrogen/vac x 5). The vessel is heated to 53 °C,
pressure purged with hydrogen gas (hydrogen/vac x 3) and placed under hydrogen gas (10 psig). The
stirred slurry is aged overnight (~15 h) and then cooled to room temperature and the pressure vessel is

vented to atmospheric pressure. ee = 91%.

DIPA salt

A slurry containing compound (13) (1.0 eq.) and EtOH (1L/mole compound (13)) was
degassed via a nitrogen sparge. This slurry is charged to the autoclave via vacuum along with degassed
Et3N (1.0 eq) a degassed EtOH (0.5L/mole compound (13)) rinse. Via a double bomb set-up (500 mL &
150 mL) pre-degassed 45% KOH (1.0 eq) is charged to the autoclave followed by degassed EtOH (100
mL) as a rinse. Then pre-degassed EtOH (100 mL) from a separate Schlenk flask is charged through the
same line that will be used for the catalyst charge. This EtOH charge is necessary to completely clear the

charge line of any KOH that would harm the catalyst. The mixture is degassed via a nitrogen-
-13 -
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TM5 salt Method A. A reaction pressure vessel is
charged with conmpound (13) (3.0 g, 6.9 mol), MO

WO e@B/0pt75 and a stirbar. The tan slurry i s sePCBUSZA0E/NINS01
and TMG (0.8 nL, 6.9 mml) is added via 5 syringe. The
resulting purple/brown slurry is degassed
(vac/nitrogen x 5) and the vessel is brought into a
gl ovebox. The rut heni um cat al yst,

vaculgs BHERGI O Lo le bt et Up 3Ly QLA NP RuCt:-p-cymene

comMIh%PEtchome&S@i 5 in%l%ﬁ@'cﬁﬁjrﬁe(ﬂ e Qdiob1a08Td1 Wved by a EtOH (100
tqQ a hydrogen/nitro

and. aftac e / vacu
mL) SR TG 5 eGSO PR BRHESs 5 TR dycrogen-
presshleqﬂllrglsg atupg-LoCt The mp(t&&SSJf}'En \hgdogknatécha 28tpstg @ GOC until reaction is

qut h ssure I assed
eSS LHAGE LS BRI hBgiigeseec,
hydr ogehraqyad betianhibask wst chargech g/lt(l tiyechralydydub@enptongstrean (364 mg/ml, 1
eq. of%)nral -F%g a&g)a'ﬂné( Q)'ﬂlt%g W% hiffed Wit Qﬁzﬂol (9'9‘%9&1&6‘1%@ @crlc(ij) and DIPA (2 eq.)

set stlrrln% war ne
was aq 513116@01%@@ e WG Lo elr nfrgpipnic aqid (2 ‘Fﬂ)) Watsﬁédeldé%‘iﬂ apprﬁg 1h at 55°C.

The smawa@ H&Gl&SSﬁ?Q'féH 1h0&boled tERPE %dertm ah @RI FQIRETAS 6@y RiKiltered and

the ca%i: gg@ﬁ& glt é@ld \.(lje’éigj-n n@i&lﬂgg,t/rggle rﬁe &m@)l aaé gttl)%l&getatg (1.45 L/mole free

acid).IThacilicGrs griekia N, glowdsisH antl &1 whad g8d-46f@.h conpound (13)
15 TMG salt (2.5 g, 4.6 nmmol), degassed MeOH (25 nl),
[ (p-cynene) (S-BINAP) RuC12]2 (1.9 nm, 0.023 mmol, 0.5
mol %9, and a stirbar. TheEXAY¥BREZ s seal ed, renoved

Hydrdgefdiioh BR RV &RRthodilcaliydched to a hydrogen/
nitrogen/ vacuum mani fold. After deglass

(vac/ nilf b EH aimaspherqgloyehogshodivmics Yﬂﬁolvgont @916 M in methanol) is
transfBir&S8 ldrp&sM@éﬁﬁe@iel cdnﬂﬁmﬁg @ﬁ@dﬁlﬁi (M 8pHalbadeSe. g ©YRED @fmethanol. The vessel

s sl st T e oVl BN QAL RN GG AR raaols. Afer
degasangi(v[ab/amegemnﬂehe limgsl l'eacg&g]ulglashe(ﬁélsspswgs)sel thépre@0re vessel is degassed
(nltrogén/\[aE g%l l#’ér\reyset 8 égs%ge &Y%BW tgl?l??]&)géln alé] éhy%gexﬁ\nigq 3) and placed under

0 room er at'ur ure-vessel
hydrogemgas P0tnsizat Heesybirred $lerrmség®lmem®é(~=15 gl%d timy nmsgralvessq& is vented to

atmos?héﬂc@fes%@ﬁ@aﬁéa@&i conpound (13) (1.0 eq.) and EtOH
1L/ nol e conpound (13)) was 25 degassed via a
nitrogen sparge. This slurry is charged to the
aut ocl ave vi a vacuum al onBXwMHALEdegassed Et3N (1.0
eq) a degassed EtCOH (0.5L/nole conmpound (13)) rinse.
Via a double bonb set-up (500 ni & 150 nl)

F
asse(ﬁlcyndeﬁé%x(Kﬂsh.(rﬂomﬁ) eq G hged to the
up'oe| ave f-eH-ewed—by—degasses 100 nl) as a
sohblQSK, PHen preHdagads@d Et OH (]
Schk flask is éWalged t hroug l'ine that
wi | N, used for the catal yst chargeAThis Et OH charge
™% necessary to conpletely clear the 30 charge line
of any KOH that would harmthe catal yst. The m xture
Catalysts mlepeesigeing piogedurain Refegpmpe ExandlagDhedrogmagonmgsormed using procedure
mExEr&‘[Ié YS90 10501 vacuum purge and via a doubl e bonb

(2L & 150nm) 0.012M S- Bl NAPRuC12- p- cynene
L(cvmene)RuClz A% conv %ee

BINAP 100 90
Solvias BINAP 92 -88
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complex in 3:1 EtOHtoluene (0.5 nol% is charged to
the autoclave followed by a EtOH (100 nl) rinse. The
wonvoestoariasi s degassed via 3 nitrogen-pressure POT/@SmONTHS01
then with 3 hydrogen- pressure purges at 28-27C. The
m xture is then hydrogenated at 20 psig at 50C until
reaction is 5 judged conplete (HPLC. <O. | A% conpound
(13) remaining). A round bottom flask was charged with
the crude hydrogenation stream (164 ng/nL, 1 eq. of
xyl-Sélbiag BINAF €@ aci d§a The solution was diluted with
Svn et hanol (3%9 quﬁle free acid) and DIPA (2 eq.) was
ynp l? dded. The’ sol utton was warned to 55C. Propionic acid
TMBTR eq.) w&¥ adde® over approx I h at 55C. The slurry
o 95C ¢pr I h, cooled to 20C over I h and aged
(R)H¥Q§H%ﬁﬁdT e slurry was filtered and 10 the cake washed
(S)-CouluppPhey d1905C) &Phanol (1.74 L/nole free acid) and

React% f&bfﬂdl@&l@t 2 ﬁlo(‘%lezﬂﬁyslt—/Sm 6151'1161@@: 5 @, do m%&ﬁn kd‘:‘( 125 mL MeOH. It

0 in,vacug at

s undgs E*.%t ﬁ'z%[m%sa@ Haﬁt%a\ﬁ BB PSS! F %w&aﬁalmused would provide
the deGigddgdrydiite. 15 In an inert atnosphere gl ove box, rhodium

catal yst solution (0.016 Min nethanol) is

transferred to a pressure vessel containing conpound

(13) and base (e.g., TM3EXAMBEHanol. The vessel is
CoverSBRbEEomFEIRYEEL LT 116 Gk RVEDA% acNd attached to a

hydrogen/nltrogenfvacuun1nanlrold After degassing

(vac/ ni'the Sgdp hydragengtipg splupiens(1P23 81 ?Pgtaﬂb“& 1 g 4y of the product of
Examgfe ags38/8. 7\t&ﬁ§(ﬁ|enarﬁlbﬁetpﬂle&$d#é 2.5y ga&aY of @nsaelg@s&qdoduct) was

GurbERT GBS iy B asrbly T sy Dl Rt FHlAE o etua

MeOlydueng/eateg eesna{r@@ Ths ivglume Pheadjtstadrted2 silLusdGE g IMGedt (120 mL). Water

(1.25 %efe&'ngmo ACO’%? IP% %ag gcﬁ!eﬁ) M §t§l{‘r§ &%ﬁ%@g ?Slfo %git"? ﬂirtagprommately

heri c pr essur assa e
10 h. T(krp. %W\M@)aﬁg(vgq igjcgolqr. Qanﬁ@g% oqmoursgazqvﬁWcﬁ:,ThHgak(efyvas rinsed with
recycl€§ hﬂ)her 1% %s mtyowashedSHAACOE (?M%Lﬁ@t was@fed Meh@oven at +40 °C

sts e ared u3|2% rocedure in eference
to ngstra %0 ao Bl efither 5%%% 0% #ety AsPirgllpPye diif: ealt sicp 93%
yield)EXIgH, €akd (9 gL h@sk fhee abidy yiesne)iRLik! AL OKVEo0aNLY) a%@ @as washed with 0.5N

aqueous HCI (90 mL) to become two homogeneous layers. Layers are separated and the organic was

washed with water (2 x 75 mL). The resulting AcOEt solution was treated with Ecosorb C-941 (10 wt%

conce;

loading relative to free acid, 710 mg). The slurry was aged at r.t for 1 hour and filtered through solka floc
(with AcOEt rinse). The resulting colorless solution was concentrated and the volume of AcOEt was
adjusted to 28.4 mL and water was added (142 pL to make KF~5000). The batch was heated up to +55-
60 °C to dissolve. n-Heptane (ca. 8 mL) was added slowly to crystallize. The batch was aged at +55 °C
for ca. 1 hour and remaining n-heptane (105.6 mL) was added over 1-2 h at + 55 °C, aged a few hours
and allowed to cool to r.t.. Filtered, and rinsed with 80/20 n-heptane/AcOEt (~50 mL), and dried in the
oven at +40 °C for 24 hours to give around 6.6 g of the product as the free acid with €.e~99.7%.
Coversion of Compound of Example 1 DIPA salt to the free acid

A slurry of compound of Example 1 DIPA salt dry cake (9 g) in AcOEt (90 mL) was
washed with 0.5N aqueous HCI (90 mL) to give two homogeneous layers. Layers are separated and the

organic is washed with water (2 x 75 mL). The resulting AcOEt solution was treated with Ecosorb
C-941 (10 wt% loading relative to free acid, 710 mg). The slurry is aged at r.t for 1 hour and filtered

-15 -
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BI NAP 100 90 Sol vias BI NAP 92 -88 -14 WO 2005/ 097745

PCT/ US2005/ 010501 xyl - Sol vi as BI NAP 100 -89 Synphos
WO 965897743 MBTP 100 -70 (R)-HexaPHEMP 100 - 88 PCT/US2005/010501

(S) - C6- TunaPhos 100 85 Reaction conditions: 1.2 nol %

catal yst, 50C, 15 hours, 5 prig, 100 ng conpound

(13)/1 mL MeOH. It is understood that when the % e is

negati ve, the opposite enantionmer of the catal yst used

woul d provide the desired product. 5 EXAMPLE 4
througtpspthadloo it S£OBoinseuhlE rofultibgaaivrlesssoMm wag qongeptratpdband the volume of
AcO]Eft a%ﬁst@tpﬂo%8 Eh& Qr{dl'\gﬁerhy zgfdgcg ﬁ@hL Q@m§193| I@l“S@@O)('ﬂ-l%thgs)heated up to

cont al ni ng assay gro uct of Exa o
+55-60g§, t@ﬂl&sokver %rﬂ%‘a‘%ﬁ(“é ﬁaﬁt)ll%Wé‘F slowlyrte pyptalliee. 3 ée bat%{glg aged at+55°C
for ca0f h&ﬂtah@ﬁkﬂa}mr@ﬂ l&pﬁh@(ﬁi05 %)mlyyﬁ@addsd)&@e N2 mauk $‘35 aOhged a few hours and

atlowglsPa o rbe T o S e Gt Verr By PA s e A bR: (-50 ). Solia

dried ireth@bveadt +4Kh°e: MDMJlmmsmagwadwl@Qfelmb ctemella)rqsductAc CeEt/g TMG
salt (120 nL). Water (1.25 V% relative to AcOEt : 1.5
nm.) was added. The slurry was heated up to + 55 C for
approximately 10 h. The slurry was allowed to cool to
r.t and aged for 10 hours and filtered. The cake was
rinsed wwth recycled nother |iquor and was finally
washed with AcOEt (35 nL). It was dried in the oven at
+40 C to give around 9.0 g of TMGsalt with ee-98.5%
(8.9 g assay of optically pure TMG salt ; ca. 93% 15
yield). The dry cake (9 g; 7.1 gas free acid) was
slurried in AcOEt (90 nL) and was washed with 0.5N
aqueous HCI (90 nlL) to becone two honbgeneous | ayers.
Layers are separated and the organic was washed with
water (2 x 75 nmL). The resulting AcOEt solution was
treated with Ecosorb C-941 (10 wt% | oading relative
to free acid, 710 ng). The slurry was aged at r.t for
1 hour and filtered through solka floc (wth AcCEt
rinse). The resulting colorless solution was
concentrated and the volune of AcCEt was 20 adjusted
to 28.4 nL and water was added (142 L to nake
KF-5000). The batch was heated up to +55- 60 Cto
di ssol ve. n-Heptane (ca. 8 nL) was added slowy to
crystallize. The batch was aged at +55 C for ca. 1
hour and renai ni ng n-heptane (105.6 L) was added over
1-2 h at + 55 C, aged a few hours and allowed to cool
tor.t.. Filtered, and rinsed wth 80/20
n- heptane/ AcOEt (-50 nL), and dried in the

-16 -
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oven at +40 C for 24 hours to give around 6.6 g of the

product as the free acid with e.e-99.7% 25 Coversi on
woabos@ompdund of Exanple | DI PA salt to the freeras2msMosol

slurry of conpound of Exanple 1 DI1PA salt dry cake (9

g) in AcCEt (90 nL) was washed with 0.5N aqueous HCl

(90 nL.) to give two honbgeneous | ayers. Layers are

separated and the organic is washed with water (2 x

75 nmL). The resulting AcCEt solution was treated with
WHAEJS E6ABMED-1§41 (10 wt % | oading rel ative to free acid,

710 ng). The slurry is aged at r.t for 1 hour and

filtered 15 WO 2005/ 097745 PCT/ US2005/ 010501, t hr ough

sol ka flroc (AN A¥OEEicihydragenatprpcesy fior thh grepypiim ol & gompound of
formu$eOl dttais@Nth¥@6T 16 anie S0 0% teatiamerid dxeesy edeyme of  Ac CEt

adjusted to 28.4 nL and water is added (142 p.L to

make KF-.5000). The batch is ged up to +55-60 Cto

di ssol ve. n- Hept and~(cz : snadded slowy to

crystallize. The batc S %',,+ g4 for ca. 1

hour and remai ni ng n-Rgp ﬂq({ .6 nm.) is added over

1-2 h at + 55 C, aged a|few pgurs and 5 allowed to
cool tor.t.. The slurrg'was™filtered and washed with
80/ 20 n-heptane/ AcOEt (-50 nL). Solid dried in the
oven at +40 C for 24 hours tojgive 6.9 g of the

where%%%s[ﬁ%gag}%? 6%@6 g’(gmavtg{ %ﬂ?ﬁ%ﬁ? 5mthe1KHl 4-aminobenzyl, 4-

triflucSiéiEbdnz A of ¥ dhiegdaal |, dhich onmsss: tktidgheoppamaodfdrdnla I or a salt
f a conpound of formula | or a salt thereof in at

east 50% enanti oneric excess je) F)n 7?RJ//CQ2H 5

RL ~2 | wherein ngs hs Br or -SQ2CH3, and

R2 is H benzyl, 4-nIY -a enzyl, 4-
trifluoronethyl benzyl 4\ r@ ql? whi ch

conprises: treating a
thereof F/ )n CO2H N

therec](%

with a metal-chiral ligand and a hydrogen donor wherein when the hydrogen donor is H2, the process is
carried out at a pressure of from about 0 to about 500 pounds per square inch gauge (psig), and wherein
said metal-chiral ligand is (a) a ruthenium-axially chiral phosphine ligand complex, or (2) a rhodium

chiral ferrocenyl phosphine ligand complex, or (3) a rhodium-TMBTP complex.

2. The process of Claim 1 wherein said metal-chiral ligand is ruthenium-axially
chiral phosphine ligand complex and said chiral ligand is selected from BINAP, tol-BINAP, xyl-BINAP,
Synphos, Solvias BINAP, MeO-BIPHEP, hexaPHEMP, C(1-6)-tunaphos, P-Phos, xyl-P-Phos and
TMBTP.

3. The process of Claim 1 wherein said metal-chiral ligand is (p-cymene)Ru(S)-
BINAP-CI>.

4. The process of Claim 1 wherein said metal-chiral ligand is (chiral ligand)RuX?>,

wherein each occurrence of X is independently selected from CI, Br, I, triflate, acetate, methanesulfonate,
benzenesulfonate, BF4, and B(Ar)4, and Ar is phenyl, m- or p-toyl, xylyl and methoxyphenyl.

-17 -
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10 RLR 11 wth a netal-chiral [igand and a hydrogen

donor wherein when the hydrogen donor is H2, the
WOpoismesdsi s carried out at a pressure of fronmrabws2008010501

to about 500 pounds per square inch gauge (psig), and

wherein said netal-chiral ligand is (a) a

rut heniumaxially chiral phosphine |igand conpl ex, or

(2) a rhodium 15 chiral ferrocenyl phosphine |igand

conpl ex, or (3) a rhodi um TMBTP conpl ex. 2. The

process.of Ahgipmcessvoif Etadind vagiedh seisk mgtalechiraldigand ig a plepdjusn-

ferroc@ﬁ’}tlﬁ%@% 1@&@&&%&&% Eaa& feRRASH lr@h&%mhlé g%md ICRIBIE Xrortd

sal d |ra is selected fromB toI BINAP

BINARIANE) SIWEHB‘?S ofsformyla &) gandials tanipnRoppHpgEmla (
hexaPHENP C(l 6) - t unaphos, P-Phos, xyI P- Phos and 20
TNBTP. . proces

.said .. :

net al - chir aI i péocﬁsti‘ ?g?a('Bq@W{?m ‘éh 'Cﬂ'é%ﬂb&g}ddii.r hogium-TMBTP
compkx. The process of Claim1l wherein Sald nmetal -chira

ligand is (chiral ligand)RuX2, wherein each

occurrence of X is independently selected fromd, Br,

I, tri f1 at e, Tlgd)éqcastsegf Chag 2 avhersi qa@dyg@genanon is carried out in the presence
of a bRRNZE BRIy WeSresBicd of ABLLUBIOF Gibup ANt Ar 1s phenyl,

m or p-toyl, xylyl and net oxyphenyl -17 WO

2005/ 097745 PCT/U82005/010501 5. The process of O aim

1 wherd.n S%ﬁasﬂﬁhﬂirm&hﬂm@naildmmﬂmd for the prepathtion of a compound of
formu{lagl:aiogggaﬂyt}-\gﬁﬁs R ?}Llea%t %d‘?ggnagtl?ngen}gg ces ag% ?flo(rjn fo

BINAPHANE walphos i pR of formula (k), and

t he tani aphos of fdrqu 6 The process of

Caim1l wherein said al, Ligend is a

rhodi um TMBTP conpl e e(o ocess of Caim1l

wher ei n sai d hydrogenat on iI$ ca d out in the
presence of a base andsggc na £he presence of
a Goup | or Goup Il salt. asynmetric

hydr ogenati on process for the preparatlon of a
compound of fornula la or alsalt thereof in at |east

which?ﬁ%%?pﬁge@nﬁé.agﬂgg &oqnp%ﬁ&{sgfsfo&rﬁ;@ ndoraRar bk N SQ2CH3 \ /

F
Ny—_-COH
N
SOQCH\S_Q—CI
IIa

with a metal-chiral ligand and a hydrogen donor wherein when the hydrogen donor is H2, the process is
carried out at a pressure of from about 0 to about 500 pounds per square inch gauge (psig), and wherein
said metal-chiral ligand is (a) a ruthenium-axially chiral phosphine ligand complex, or (2) a rhodium

chiral ferrocenyl phosphine ligand complex, or (3) a rhodium-TMBTP complex.
9. The process of Claim 8 wherein said hydrogenation is carried out with hydrogen

in the presence of a base, and wherein said metal-chiral ligand is selected from (1) ruthenium complex
with BINAP, tol-BINAP, xyl-BINAP, Synphos, Solvias BINAP, MeO-BIPHEP, hexaPHEMP, C(1-6)-

-18 -



la 15 which conprises: treating a conpound of fornmula

Ila or a salt thereof F CO2H N SQR2CH3 &G Ha with a
wonesabrahi ral |igand and a hydrogen donor whePeTuso&Nn10501

t he hydrogen donor is H2, the process is carried out

at a pressure of fromabout 0 to about 500 pounds per

square i nch gauge (psig), and wherein 20 said

netal -chiral ligand is (a) a rutheniumaxially chira

hosphi ne | i gand cowglex, or (2) a rhodiumchira
tunaphasy P b@nwl-l’pﬁwgehm& Pi Gargdigsrrsmelex with fBINARHANE, Walphos, the
josipHob efiiobhtld MB ke GRS $F foPmuld 1§, dpTemags of Claim 8
wherei n said hydrogenation is carried out with
hydrogen in the presence of a base, and wherein said
met al - clioi r al THeipgaeg of SlabBextieeth darddtyd{ogynatioiiheantiedput at a pressure of
0 ex wi.t h Bl NAP, tol-BI NAP, xyl-BINAP, Synphos,
> from %8% ‘é’sab%l%%ﬁﬁf‘gweo Bl PHEP, hexaPHEMP, C(1-6)- -18 WO
2005/ 097745 PCT/ US2005/ 010501 tunaphos, P-Phos,
xyl - P- Bhos of o IR of( (B fokR@E b SRS Wi t h
f - Bl NAPHANE, WAl phos, the josiphos of fornmula (k),
t he tani aphos of formula (1); TVMBTP. 10. The
process of Claim8 erein sa Mdrogenationis
carried out at a pre r0n(§ ut 0 to about
20 psig. 11. A conpou A 2Tl or a salt
thereof: n CO2H N R NLO 11 wherein n, Rl and
R2 are as defined in O aim1g212. The conpound of
Claim 11 or a salt therRof, ereinnis 1l RlLis
10 -S2CH3, and R2 is 4-chlorobénzyl. -19

wherein n, R1 and R2 are as defined in Claim 1.

12. The compound of Claim 11 or a salt thereof, wherein n is I, Rl is -SO2CH3, and
R2 is 4-chlorobenzyl.
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