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There exists 2 need for an efficierst process for the preparation of such compounds

enantioenriched in the desired stereoisomer.

SUMMARY OF THE INVENTION

The disclosure provides a process for the preparation of chiral DP receptor antagonists and
intermediates therefor by transition metal catalyzed enantioselective hydrogenation.
According to a first aspect, there is provided an asymmetric hydrogenation process for the

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

F )n

(R‘)ﬁ r— COZH

' A
R‘l R2
_ I
~wherein n is 1 or 2, R' is Br or -SO,CHs, and R? is H, benzyl, 4—nitroben2y1, 4-aminobenzyl, 4-
trifluoromethylbenzyl or 4-chlorobenzyl, which comprises: ireating a compound of formula I or a salt :

thereof




EIl with a netal-chiral ligand and a hydrogén donor
wher ei n when the hydrogen donor is H2, the process
is carried out at a pressure of from about 0 to about

with 4 rggélpc%ﬂvglq | ; éilohu ?Foeerll nor gv? x?m v(r tlge)elhrd%)%gua%vr\%"e 1]:9 3, the process

is cargéd o lat ph?tﬁsm piefrém ghowd 0(10 lqbbﬁﬁUOmOM@)peasqummhnge (psig), and
where%hﬁaﬁcﬁ%netfale&ﬁxgpwél 1sRQP§R£ﬁeﬁﬁml; h}gﬁﬂﬁch?rgfwo?ﬁmgq%mgdsgo?}plex, or(2)a

rhodi um TVB l'ex. According 't

rhodiym, ghigal fegowamhaé}:&mﬁ higgnsheamplex o (RyamhodiomaliNIBRP Fﬂﬂmkeis s
f Hecblaghe t@ﬁ@éb@ﬁcﬂ&ép@dﬂ, tdre & Qﬁﬁﬁijd}pas%mgﬁﬁ MrBodntidA prédess for the
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prepa%%}l?%ftahc%r eof :gast / £en ?I}JF nmer | %fexcesspé%%%(ee)
treating a conpound of fornula Ha or a salt thereof
Fco2H NSORCH3 /-C ¥Ttya netal -chira
ligand and a hydrodé g ’In mhen t he hydrogen
donor is Hz, the proc-
pressure of from about
square i nch gauge (psig), and
nmetal -chiral ligand is %gkcﬁ*xut\ n}§.|ally chira
phosphi ne |igand conplex, or. (2) a rhodiumchira
ferrocenyl phosphine Ilgandz%onplex or (3) a

which' doanptisesy vl @arpoledof FAGRDI Ui HiGx daB tierdobi rd aspect,

) CétH at a
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with a metal-chiral ligand and a hydrogen donor wherein when the hydrogen donor is H,, 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.compl_ex, or(2)a
rhodium chiral ferrocenyl phosphine ligand complex, or (3) a rhodium-TMBTP complex.

According to a third aspect, there is provided a compound of the formula IT or a salt thereof:

wherein n, R! and R? are as defined above.

'DETAILED DESCRIPTION OF THE INVENTTION
The present invention provides an asymunetric hydrogenation process for the preparation of a

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



Il wherein n, RL and R are as defined above.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention provides an asymretric hydrogenati on
process for the preparation of a conpound of fornula
| or s salt thereof in at |east 50% enantioneric
excess (ee) LaF~n g aCO2H N R R2 | whereinn
is 1lor 2, R is H Br or-SO2CH3, and R2 is H,

benzyl, 4-nitrobenzyl, 4-am nbbenzyl, 4
trifluoronethyl benzyl or 4-chl orobenzyl, which
conprises: treating a conpound,af fornmula H or a salt
t hereof |b WO 2005FQ974245 Pg -2p05/010501 F'n CO2H

NRLR Il with aete @ L gapy and a .
he tME’h? régen donor is

hydr ogen donor where
H2, the process is carnifed Hut at a pressure of from

about 0 to about 500 pgynds Rer square inch gauge
(psig), and wherein 5 said nmetal-chiral ligand is
(a) a rutheniumaxially chirgl phosphine Iigand .
conplex, or (2) a rhodium chiral ferrocenyl
wherephlosphr & 1is HaBrorc60pFHy, and R2ESH. tanwhém‘tmﬁﬂiDWB?ﬂmnobcnzyl 4-

mﬂuorornc? enzgr?ﬁr@%ﬁ%rgo P 1, \I/fﬁ{: n'%nLets e%lt ﬁ% o E:gf){;lnd q[i;e Xy % or a salt

thereoind phar maceutical ly acceptable salts thereof are
ant agoni sts of the DP receptor and are useful in the
treatment of allergic rhnitis, asthma, niacin-induced
flushing, as well as other DP 10 receptor nedi ated
conditions, disorders and di seases. Conpouds of
formula | wherein R1 is H Br or R
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I s hydrogen, benzyl, 4-nitrobenzyl or 4-am nobenzyl
are internedi ates that may be subsequently
transforned into the desired DP antagonists. In one

wo 288/®ets of the present process the netal - chi pElUBI09HN®S01
is rutheniumaxially chiral phosphine |igand
conpl ex. I n one enbodi nent thereof the axially chiral
ligand is selected fromBINAP, 15 tol - Bl NAP
xyl - Bl NAP, Synphos, Sol vi as BINAP MeO Bl PHEP
hexaPHEMP, C(1-6)-tunaphos, P xyl - P- Phos and
TMBTP. In a secondg: enbodi mept T reof t he

netal -chiral |igand ially chiral
3#@@% preferably
the ligand i s sel ect edyfTomi BINAP, tol - Bl NAP,
xyl - BI NAP, Synphos, So ylanglNAP Me O Bl PHEP;
hexaPHEMP, C(1-6)- tunaphos, P-Phos, xyl-P-Phos and
TMBTP, and X is a halide such as chioride. 20 In a

with a ﬁ&ﬂ%@aﬁ%ﬁcﬁnd@fhyﬁ%@ex{ﬂdﬂ&ﬁﬁherﬁh ages the biogtaidahordhHy, ahe process is
igand is a rhodium ferrocenyl phosphi ne |igand
carried @@J‘lﬁé R@sessupof S ahepidbieRERt: DY BPY6T P fighare inch gauge (psig). aod wherein

said méctzﬂfchi(i’:ﬂ %@yﬂaph@s Bhkt!ik@udni-@aﬂd/ dlﬁi’al [Eekphink éidarfdroofiplex, or (2) a thodium

chiral fgrﬁ%fe?ﬂ @F@I\EP%E& ‘f‘pifr"t‘ I?)?q) ﬁc{' Rt MB{POHW?%Q ( kset
of t heCprospdstof frrppisd avhprem %tsmsoéﬁﬁa a3 K 5 drfbiorabegzyt or 4

triﬂuorfnlﬂ&q* HE%II&{'@I Bhargxgér?a |I&§1y a&d(%&%ﬁl% s@_[%bwﬁBy}éd@Bﬁtan V\E&hzsts of the DP receptor .

and arej ugetykin glef tregpent QCTIIB@ICJW" i decy" Xglfcgd Hu H1gr ?f well as other DP
receptod H@hiaiéﬂ c6llitEonk, disordert add Bitenstd (Sdﬂthﬁ@ds offorinhie 1pihesarit] is H, BrorRZ
is hydrg n, eeazfl,ptfr [216 gmgfﬁ-gﬁcnoggn(%gloagg i Qtpa%sﬁhaq %—fa& Ibﬁ gubgéﬁmently

ase I'ona
transfopnegis etodie dﬁﬁlr@l@momsm G oup | I salt. I nafifth

subset j,Qfe bibetRE ﬁx%%?gse:ﬁ E)%@S?ﬁh%&?&lcﬂﬁtﬁ ltfgﬂ)ffd it Rhenium-axially chiral
preparation of a conp

nd of
ohospiRasaliatt CPcat 1 @ieroBURr B ALY i i é%ﬁeke"‘fd from BINAP,
1ol-BINMD, 20081NF( § driphRCTbIVER BOSA R, MSO-BIPHER), he:xGPREMR, CEAR@iiBiphos, P-

Phos, xfybi? I‘ZEIPSaanld arg)ﬂQJr 19 hln ?ﬁn{i %l%godu%lgﬁ?ﬁere%g %nﬁ%m%n Hgac}nfd is (p-

cymene)Rufaxially chiral ilgand) X2 where X is as defined below; preferably the ligand is sclected from
BINAP, tol-BINAP, xyl-BINAP, Synphos, Soivias BINAP, MeO-BIPHEP, hexaPHEMP, C(1-6)-
tunaphos, P-Phos, xyl-P-Phos and TMBTP, and X is a halide such as chioride.

In 2 second subset of the present process the metai-chiral ligand is a rhodium-

ferrocenylphosphine ligand complex. In one embodiment thereof the ferrocenylphosphine ligand is
selected from f-BINAPHANE, Walphos, the josiphos of formula (k), and the taniaphos of formula M.

' In a third subset of the present process the metal-chiral ligand is a rhodium—TMfBTP
complex. In one embodiment the metal-chiral ligand is {{COD)RR(TMBTP)]X, wherein X is as defined
below; preferably X is a halide such as chloride.

In a fourth subset of the present process, the asymmetric hydrogenation is carried out in

the presence of a base and optior;ally in the presence of a Group [ or Group 11 salt.

in a fifth subset of the present process provides for the preparation of a compound of

formuta Ia or a salt thereof in at least 50% enantiomeric excess (ee) .
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S2CH3 C 5 1lawth a netal-chiral ligand and a
hydr ogen donor wherei n when the hydrogen donor is H2,
the process is carried out at a pressure of from

WO 28B6Mt74d to about 500 pounds per square incHJaURF805/010501
(prig), and wherein 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 rhodium TMBTP conplex. 10 In one
enbodi nent thereof the asymetsic hydrogenation of
conpound Ha to fo ' ais carried out using
a rutheniumaxially SPhi@O4H gand wherei n
said ligand is selet m(B! NAP, 't ot - BI NAP,

xyl - Bl NAP, Synphos, Sof i as Bl M 5-Cl, 6- MO Bl PHEP,
MeO- Bl PHEP, = hexaPHENPSOGLHE)  ungpfis, P- Phos,
xyl - P-Phos and TMBTP. The netal -thiral ligand is for

exanpl e (p-cymene) Ru(axially chiral |igand)-X2 where

X is as defined below, prefdrably the chiral 15
which J:dnﬂﬁi@éi ir&utif NARpoh@d ofBbNAE: Hzi(UrIa sBk N&Ror Synphos,

Sol vi as Bl NAP, I\/EO BI PHEP - PHEI\/P, C(1-

6) - t unaphos, P- Phds; : and TMBTP, and X is a

hal i de such as chl or 2 so\a'ﬁﬁbodlnent

t hereof t-he netal -chike pgand (1)

rhodi um ferrocenyl - phosphi he_| \d erein said

ligand is sel ected frofPRCEIaNARKANE | phos, the

j osi phos of formula (k), and the tanlaphos of

formula (1I); or (2) a rhodiJﬁ+TNBTP conplex. 20 In a
with a tthlahginla?mhgauﬁ menthytitogeredshot \Iﬂ@er'asy«hmbqhsdrdwdti@geln dlpi e process is
camed ou %O ﬁpgé'lurl)éj oflf}o%} gb%utf (? tgg]sac&uﬁ g&g ?(JUUF'IQS er ﬁ;lu%re mc% 8atige @5 and wherein
said mmir@lralﬂmndex@hprléthflrWXI@llycﬂhtral@hpaphlabbgmd 2&plex: py2) orhodium
chiral ife&QJEhQ ph&spRiROHEand ComSik & or @j a rﬁdaanngTﬁb&hgneKZO psi g,

or ron10 to(g out tal -chiral |igand

i s sel BAPREPIEHT Ef'f’ePﬁ‘fp’ﬁ TR E R G Caggas!1a to form
compohi] fa Bl d¥édfRd oMtyising BlrMAR urBytipiochiralGdbaphias iiZ2nNARerein said ligand is
Po 6
stecte ot e o SR STt 5o, SDORRarr s FVE Mo premme. meo-
BIPHEP B AERVRES (- ammits. FePh s o5 Shesoamd FVRP ol nfee-hiralligand is
for exalnip@: (b&;ﬁﬂnaf&bmﬁaxuﬂlﬁ/ chivalMighmat)-(b)whet X EMBddAnedbtow; preferably the chiral

sna SIIEL L S L AGSRE O, Roel SkRblor €Nt QUlrkfbvre it

6)-tundaﬁﬂ'sl. PIBRGY) oy PUODH dnd TI:aIB_E’h.amp Xes @ hilidp k@b aschldride.
‘et al In ahslcéo%!i ellnh&%g ¢ tile cOP %‘al-&ﬂai I?geaﬁci: ts I§]§ rhodlum—ferroceny!-

rut henium or Ine co
phospkeqlql}%pd whq@enﬁ grdhbghng eclg¢ frp@rfﬁ@aAP NE t\Maly}ps the )osxphos of formula

(k). an€ HERANHpASE of %rﬁlaiaqi)y&t(z) S HLIMB AW npleghi ral | i gand.
The netal- i ral nd general ly used in_an
armount Pgrthif Wo&m t%er Btld_gle asymmeiric hydrogenation of compound ia to form

compound Ia is carried out with hydrogen at a pressure of from 0 to about 500 psig; for example from

about O to about 250 péig, or from 0 to about 50 psig, or from 0 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) rthodium complex with f-BINAPHANE, Waiphos, the josiphos of formala (k), the taniaphos
of formula (1); or TMBTP. The asymmetric hydrogenation is preferably carried out in the presence of a

base.
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to about 100 nol % preferably fromabout 0.2 to about
5 nmol % for exanple about 0.5nol % 5 Suitable
catal yst precursors include, but are not limted to

WO 20R0¢174) X2] 2, RuxX3, Ru(L')(allyl)2, Rh(COD)RKF/US2005/¢10501
Rh(NBD) 2X, [Rh(COD)X] 2, [Rh(NBD) X] 2, [Rh(COCE)2X] 2,
[ Rh(et hyl ene) 2X) 2 and [ Rh(t hi ophene) 2X] 2, wherein COD
is 1,5-cycl ooctadiene, NBD i s nor bor nadi ene, and COE
is cyclooctene; Xis d, Br, |, triflate, acetate,

met hapesul f onat e enzen BF4

and L?n ﬁ%% pr§§eéih%r§ée(5f gsp ﬁ%]ng aﬁé 'ﬁ an O?IiniE%?]C[l(le n?thehlum or
rhodiunctioephine coppler dsy isktiha Ipteeﬁoub@tﬁ@me)r fadimehincrto be noraliimihg, a catalyst
precurs& an(ﬁ 5 I:heisél &%agﬁ fﬁ%g%bﬁhﬂgﬁiggnd fgllm%)l%’ u@échﬁ AR a&tng{t of 01‘11 about 0.001

ete et her, %
to abOUfe'lOﬂ @ro)% rapferably f(%akbozés&?m ahoutt W“é?’%fﬂfém‘?{ée abou 0.5mol

di i soBniedyel ca&t)hy;bra:rtrm)mclaiek butase nof fimitedood RPILE X212, RuX3,

e A NP O s gl

\{Rh(ethslmet)ﬁﬁlzencp%l[tbm’e@emhI‘Mhétfﬁlfr %@Dl anvFleaskadigae NBRys
norbom?(ilgneng tdlié(%g;‘ t&?&(\)/éf%nﬁ (}@ nlél qj}r élftlgﬁzﬂﬁ Lfa@é{%ﬁ%}hﬁ%ﬁ“f&ﬁte
be“”“‘ﬁ"?‘@f“ﬁﬁ%ﬂ?h%(m& ﬁ‘E’te[hyT %‘E‘felsé éE?f“br‘i UenPECYLpE, Xylenes,

chlorobér?zelﬁzs d:@lﬁf)ﬂoﬂﬁﬂelﬁ@ QtBiles -d—ﬂaﬁcﬂa Hﬁ)&%étﬂ:ﬂirﬂé)detﬁdﬁﬁﬁbﬂﬂihmple tetrahydrofuran,
recursors a

n
methy! S b e R P (g Soar rABR e e SRty efilimge). amenes
{for exafrplel awflag, kunowncyclobaemt styteng moxbechemed sy allydx (fad dxgpmple methylaliyl).

- Examplesmffsaaltab%@e?&l?&a ned1 R | nFarmamu@nb@ aﬁeln@aﬂuhyedast(bmal ligand) RuX>,

I.ne actlvity resu
(ehira (5RO R SRR T S B lorer R VB R P v or cetone,
and X id :%Qieﬁ@d%b@d’éam\b AlfRnfam indanddi &f catflfst @i@bﬁ{séry ax@ meﬁ&hown in the art, and .

hos hln ds inc] ude
are cithfieg RO R o PanerICRRe PEhegh bR
p henyl Axmly dhirappticaptiine hgqun meansl ameggtiodlyyaotrerdiphosphinesvhose optical
activity re%glt% s@xclr%g tr&Xlli aBBﬁt s Ellg rbgﬁ@% bﬁ[nlg nge.r o i%ﬁ%)(mﬁﬁ@rs Examples

are | ep en I f1uoronet

of axialpyrchirpltphespine gg@dﬂglquge |.L]uba|,re B%W‘Ed to, g@p@sk@wgg} '{qb&e 1, wherein Ar is
for exalﬁ @BﬁénE& mAbEp %yl\l&\ﬂy( dna moRy ftanyI AL EABERYInple nicblyt, BithBRmethyl or
8

methox&rR_agan‘g (jeperp% @Wt?*i,o%r{rlﬂ?rgm%\@yl OSI\PC[W%’%W‘i ﬁé is H or phenyl.

Some s@YTﬂEHﬁﬁnﬁﬁbs a@é BINAH’ ﬁorﬁtﬂ)a (a)phe=pheny)| (ol -BBEGRIAGR(af (a) Arerp-golyl), xyl-
BINAPXrﬁnmﬁE o F\)‘?—r% Wu 9 Qg BB?A}E@M%EM (L?Mnghé]y()eéym))ﬂosm (formula (c)

I
Arphemlh§@P¥lﬂS¢fqmul%@fﬂg)é¥ﬂqui ﬁo&y%[ﬁA@ﬁywla @ﬁ-ﬂ»henyl) Solvias xyl-
BINAPZoRREIRY) Ar&fE@yﬁ%&@{?}@(amm&&bmﬂmz%ﬁﬁthyi Ra=RbeRc=H),

e BB TR g S 20 R A 2t

n is 1-GATMBENfomutaRh Phcphrfydr Piihes (farjnulalE: plrepighyl), tol-P-Phos (formula (i)

R ek e S s R R Ry

PCT/ US2005/ 010501 TABLE 1/ 1 V1 \ O\



PAr2 PAr2 COt11L / PAr2 \ \ ( PAr2 PAr2 C-/ | PAr2
(a) (b)) O(c) Ro CHB RaRc NZ\ PAA2 | 10/ C
PAr2 O PAr2 OOPAr2 OPAr2 Z/ PAr2 Ra R ONRb

WO 20e)09CH3 (e) (f) CH3 OCH3 CI N\ O/ \ PAp2r/ddsaos/c10561
PArz CH3OPAr2 (CH2)n O\ | PAr2 H3C S PAr2 CH3O
PAr2 N (9 (h) CH3 OCH3 5 (i) "Ferrocenyl phosphine
| i gands” include, but are not limted to, those shown
in Table 2, nanely, Wal phos (fornmula (j) wherein Rd
and Re are each nethyl or trifluoronmethyl), the

Iéﬁk?ésiphos of

OO PAFE .O PA o
oo Co

{b)

(a)
- N
° (e
<o O PA, O PAr2
o
e G
% | _

OCH;4
| , (N ’
“Ferrocenyl phosphine ligands™ include, but are not limited to, those shown in Table 2,
namely, Walphos (formula (j) wherein R4 and R€ are each methyl or triflucromethyl), the josiphos of
formula (k), the taniaphos of formula (1), and f-BINAPHANE (m).
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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 Fe d Fe
woO 2086eGEPh) 2 P Fe - \ CH3 R Me cHex O NMe2 ~ PETHYS20050B501
(k) (1) Fe 5\ / (m The nmetal -chiral |igands
suitable for the present invention are either
commercially available or nay be prepared froma
catal yst precursor and a chiral Iigand by nethods
well known in the art, and described in the
2Ref erence Exanpl es herel nbel ow. The hydrogen donor cHex :
may bB\bydr&fen gas, fornmic acid or a salt thereof
PAI, such a| ume 10 formate, or cycl ohexadi eneHex™

2 Reefer ablfy n i s used. Conpaorhfes of -
he- B p owi PE-OMeRImecedupe
dekeribed i " Refefencd Exagpl e 1 The aspaget rj L
geids i on "hrioces& @y e ional Iy include s &lMe;
whi'ch maybe an inorganic or organic base. Salts of
conpolhds of formulas | afl 11 are formed witHKYsuch
bases. Inorganic bases are, for exanple, Goup | or
droxi des, al koxi des, aryloxides, alkyl anions,
ani ons, 15 phosphonl um anmoni um and sul f oni um
ved, yl i . Organi 5 ncl ude, for exanpl e,
1, 3, 3P thyl g ™S,
,7 8, Be10-0 '

) - pbi cycl 0[4 3. 0] non- 5 ene (DBN),
|ne @ﬁgpca gholine, NN

- di benzyl et hyl enedi am hyl am ne,

2- di et hyl am noet hanol g ?@am' noet hanol ,

et hanol am ne, et hyl enedi an ne, et hyl nor phol i ne,

N- et hylinp Pt Fhifehiagands piabis R (hegieret T2, A ibes mpercially
avanlabl@)égfrﬁp%rﬂ:reﬁred fﬁﬁpﬁ W!{Sﬁ[ﬂ&&&sorZﬁd ﬁltlﬂmchgnhexy narsodewel]l known in the

ucam ne, norpholine,
art, a“dﬂ%‘}é‘p%f’ff‘ﬁéﬁfﬁg‘?"ﬁé?? és ke %L‘l}% ne resins, procaine,
pur i N&%e hydvege Womd: mey bt‘ hF@WIgaqumuc acidi are sHytharepirach s sodium
L!;lg Hgtlrgémggﬁvs uékdmeh &ﬁ@?éﬁ&tnﬁm I8hay be prepared

I
I'azabrcyc L: oCt ane ABCO but yl am ne,
by followmg the procedure described in Re erence Example

Table

The asymmetric hydrogenation process may optionally include 2 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 1 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-octahydropyrimidoi{ 1 ,2-a}Jazepine (DBU), 1,5-8iaza-
bicyclo{4.3.0]non-5-ene (DBN), arginine, betaine, caffeine, choline, N,N'—dibenzy]emy}enediénﬁ?xe, '
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N-
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine,
dicyclohexylamine, lysine, phenethylanﬁnc, methylglucamine, morpholine, piperazine, pipcridiﬁe, '
polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine, triprop&iamine,
tromethamine, o-methylbenzyl amine, 1,4-diazabicyclo{2.2.2]octane, (DABCO), batylamine,

dibutylamine, dimethylphenylamine, diisopropylamine, diisopropytmethylamine, proton sponge,

- dimethylaminopyridine, tert-butylamine, tri-n-butylamine, triethanolamine, trimethylpyridine, imidazole,
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di butyl am ne, di net hyl phenyl am ne, dii sopropyl am ne,
di i sopropyl met hyl am ne, proton sponge,
i met hyl am nopyri dine, tert-butylam ne,
WOZP‘M"”W“%ut yl am ne, triethanol am ne, trimet hyfEhFi28034@ o501
i m dazol e, 6 WD 2005/097745 PCTI US2005/ 010501
N- et hyl i m dazol e, tetranethyl pi perdi ne. The
asynmetric hydrogenation may additionally include a
salt, which nmay be selected fromGoup | or Goup Il

—meth%muli%lg te(‘i’:’fﬂlléﬂll)% ?édme,s ufﬁc%%rﬁénc ﬁﬁi%g@ﬁ:ﬁl%n m%? gdd1 é)ng]llﬂ include a

orates hmetric qenatlonls carri e
salt, which magp bosedraisr drogprpumt orv@rt)'w %ha {fiet- iréfiptes gsulfguates Gicetatgs, and borates.

Sui t abheasgmgﬁaicmly&e}geaemnss tdraddisie m&in‘Hﬂéﬁﬂiclﬁ‘mﬁ%&ﬁ hzistﬁ%r without a co-
anol. (0] - .
solvent. ngﬂ %ﬁ‘S Preanis -"é“ss‘bcé‘ﬁie LC‘)E‘??SHC" ATt %“é’P ﬁ‘&“‘?"é‘é‘if?‘%?ﬂ?f‘r isopropanol, t-

butanolmsetsaech arigbezcgirahd asprdpyiatdnel doderesntite dangdhylformamide and
dimeth Har !k gﬁﬁt@ﬂ%&%&g are%@@kcmmm&aﬁéoe.@ﬁm%aﬁnmaﬁm dichloro-

ane roet hane, and di chl oro-
benzene, gtﬁgré Aethyidthygd glhﬁréxpﬁ f,qtrabxdmﬁn?p kg{on%srsuglhq} acetone and 2- butanone arenes

such as bﬁizétﬁhﬂ)ﬂl&ﬂ:f Ky lai; allﬁmhm@amwﬁ&hsa;axaas eﬁcm@taaﬁ @litriles such as

scetonigje BT ERHe P R RRAS T B R o RAUSTRY v Ele orins

mixture( ofe @ snoreObE NI dr it ¢oeqbnamh wih aixi. de snesangiediaent the asymmetric
hydrogé;{hﬁ@ltipyaln%dloﬁlp%'a%drol{]ﬁ: s@ﬁ@ﬁf Quak MR kol MR r@ﬁ:uUﬁ‘ %ﬂnperature may be -

one or in ure of one or nore solventsu
from abpyi -ZHREPPAL DR MRt abowrﬁﬂ&ﬂr'f'éﬁ EHBEaT A bR &°C, and more
preferatil$ oMb 80 tohl}ﬁdlit@g‘ﬁll atHe@¢hciiGh i€ gérletaBifl cOtiplett RitBin about 72 hours;

nol. The reaction
"sua}iy?%reerath“?ee'sgﬁg °"t§#’f‘“6rrsn?ab°“ qurto about 120C;

pr ef e fl‘abhsymmctrm herrogenaterbiiencairiedpevathiydropa indrodected at a
pressurc,7 SGronf a8t 800 w1§f1@5ﬁ%0315@mtﬁ@ﬂégsué & fdn AROY toqg&t 250 psig;

The reaction is enera | ete vvlthlnaou
in a secppg rabodimga thy H’fﬁsst"ﬁéﬁ fr%ae‘tq"bw%bﬁﬁ 154 P ot thye a'f"b%ﬂ"nem the
pressurd i@ fiosh dbut e bou?0 1k irSa foddh él’d%daﬁeyxmﬂiebfeksﬁre is from about 0 to about

20 psig; :Xlgr agf mtioglmen? fle Craegsrulreelsd ¥r8 Utabc\Mt g%utbl%gaflgsbgla becuéfound that .

ton sure o rom
enantiofelec By %Wﬁ%mlhfémwttﬁéz PreaEs; fhws P@mﬁ%'wvéwm prossyig generally results
in decreabedehanfoR1epEVi, and H) @HeSAE Gﬂﬁboefﬂbﬁdﬂ ffmrptagtrégendqﬁ bt Ghixture

is fromabout. 0 to, about_ 150 ﬁ‘? inath
containipg s dieteA eranfigmerdp lessipno(% e r‘X oyhbie ‘f?“?‘bbya‘B‘Eﬁ'ﬁt thegresent
inventophyfothdsize thaf el éddi)oﬁiﬁ)ﬁfdbmm I {(theE piopssal tie ek scytlicaiuble bond)
undergciaeg g"yll:smgag in%%agca%g cri %)s%m rbzgu?n t%n?e éo%g%o*n&n&%ebzdg—%r%grl I{;egﬁmg through
the cbeefemﬁnﬁ oerpppurcheft forn@ilaalila T erglohi sammerr Vi tb%/hndspbprmlelr bjtiate that gives

rise to tﬁ@érﬁﬁtﬁﬂmﬁ@led’@m@ﬁc@ 5@96&\%}3 t. Pt Sod B&Eﬁﬁﬁk(ﬂﬂaﬂgﬁgﬁ @EBL E-isomer to the
pressure enera results in

endo-istiery FyseRadt f’W?fg?‘*O’h?fthOﬁFB%éﬂP@ bgpd. a%%e'éh%owtamther |
embodimBR} op e Greb@ pilob&ss ihe hpdroghuation! T Xirti¢deout DAPAREUM SGrdniEto about 20

psig: prggmlbé%g)me@%egwqqﬁﬁel n less than 50% ee. W thout being

present inventors hypothesize
t hat tﬁknethemsp@u picthoprefent imydntion proyitidse pRodessdamhe prtpardtion of 2

compmﬁnﬁ QF %%UIQI m%it gaehegf]gl)at ieh’srﬂ 964,90 %m&flmgah% &»‘Hp@und of formuia I

cat afy i soneri zation t he corresp on|n
or a saligheygef; %WPUW%@W& Hier baf’é‘ﬂh%oft Ha@ "@W'{ediﬁfé‘fﬂf &j{ls hydrogen in the
presencé @NPAMUmehird1 0ipal @mlex hereRbRm-$QEB gahdcokdpRx and a base at a

pressurer:]gfdfl;ocl)]ga% atd to abosulg %%sﬂat e that gives
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rise to the enantioenriched product of fornula I. At
| ow pressure isonerization of the E-isoner to the
endo-i soner is faster than hydrogenation of the
wo 2@x0eyed | ¢ doubl e bond. Accordingly, in anothe&rtS2005/010501
enbodi nent of the present process the hydrogenation
is carried out at a pressure of fromO to about 20
psig; preferably fromO to about 10 psig. 30 Another
aspect of the present invention provides a process _
~for the preparation of a gnmpound of formula | or a
salt thereof in O%e,e, conpri sing treatlng
a compound of for a salt.thereof, a-
conmpound of fornmula -t ngﬂeof or a
m xture thereof withsh orNgen in the presence of a
~rhodi um chi ral Iigan1ycongh3x or a rutheni-umchiral-
I igand conpl ex and a'base at a pressure of from
about 0 to about 20 psi. -HIWD 2005/097745
in this asﬁgénq§a8) eiétgé' Qggﬂnetrﬁ: l'{ydrlogé?xlamg)mél préssn.ma B]pre%fabl!/ ktbm 0 B about 10
ect on’low pressure asymmetric hydrogenation, :
psi, and d’w@*epfeéﬁmﬁlcé"q‘%‘"ﬁP@faéfiﬁwsﬁ‘ﬁdfsl"fé‘% 0 to about 10 psi,
and al| other reaction conditions are as di scussed f
supra. 5 REFERE P ration of '
" Conpound (13) 0 b BREERNEE B MR R | Pdonoena O
Pmpmaum(@ﬂmﬁmramN@EH H2O, K2HPO4 (1) 20-25C (2) 0 pH9.4- 6 5
6: YO (1) S02CI S02a ONa~F Cl SO3H. SO2CI 2 Na

60C, 3 hrng GMRSBLF B OMe/OEt HCOCO,Na
+(CQQEt)2 MeOH HZO KZHpod

0 (@) O
20—25°C (2) pH9.4-6.5 3)
| SO.Cl B SOzNa
. C CISOSH 802012 C NaHCO4
- \=/ " 60°G,3hr NaSO,
(4) ' H,0, 30°C, 2h
. ., SO,CH
NaOH e g NHNH, | NHNH, HCI, 50°C
BrCH,CO,H NMP 80C, |
H,0,90°C, t10n  (7) =~ S6hr - (10)
, ) ‘ F
' SO,CH . S
2 3 /CHS p'Cl‘CBH;;CHzC!, NaOi:I(SN) N.....NH3+ “SQSCHS
F NH—N=C__ TBAI, THF, 50°C, 5h
CH, S0O,CH,
(11) MeSOzH, MTBE
(12) Cl



10

15

20

25

(4) (5) H20, 30C, 2h (6) SRCH3 SO2CH3 CH3C(O )CH3
NaOH F F NH2NH2 F f NHNH2 HCl, 50°C Br CH2CO2H NWP
- 90C, H20, 90-C, 10h (7) 5-6 hr (10) F CNaCH 5% ;

WO 20BB#S: - /CH3 \ N-NHs+ - SQBCH3 F ? NH NRET/EFpO8H010501 -

S02CH3 (1 1) 3 MeSBH, MIBE (12) \ ' C -8 WO

2005/ 097745 PCT/ US2005/ 010501 F CH3CH2CO2H, 40C

CH3CN CO2H  (12) +(3) (12)+(3) 50-55C, 24h N

MBA, 40- 60C S2CH3 (13) C Step 1. Prepar ation of

(2E) - (2- oxocycl opentyl i e) aceti c d 3
N T by ot t ] Lack wds. dhar dod GHERHE b@Eﬂ%BEEEZ.s
Nopbifidhone (1 eq.) ggd

gf& TN The col orléfé% (F ﬁ_.?(d 543
sol I ON \Ivas stlr ed atn 5 20C und it bgg Sodi um
met hoxi de (30 wt %GOy 1 eq.) was added via
addi ti on funnel over |Ih. resultant slurry was
warmed to 45C and age 0 . The slurry was cool ed
to 15-20C and aged | The s rry vvasflltered and
t he cake washed wth toI uene

Step 1. d’y%ﬂa@ﬁ%?fé?@r{é)m%@P%#@CM@HW?HW‘%“%% ol uene
(7.5 nmgolﬁy@bt&memsama ehargedvihibleshe i( 2. Sming tych@emanone),

cyclopentanomml eqr) ndh dlgg}qoxa?até/ acelfllc} 'ﬁle colorless, homogeneous solution was stirred at

20°C undcr nitrogen. Sodium methoxide (30 wt% in methanol, 1 eq.) was added via addition funne} over
1h. The resultant slurry was warmed to 45°C and aged for 1h. The slurry was cooled to 15-20°C and aged
1h. The slurry was filtered and the cake washed with toluene (7.5 ml/g cyclopentanone). The cake was

washed with toluene (7.5 mi/g cyclopentanone) and dried in a nitrogen stream for 1h and in vacuo at

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 giyokylic 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. 5N

sodium hydroxide (1.28 eq) was added slowly over about-1h maintaining reaction témperature at {ess
than I-0°C. The pH was monitored during addition. Final pH was adjusted to 4.5 (+/- 0.1). The resultant
solution of sodium glyoxylaté 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 (o
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 ih post addition. The batch wasg warmed to
10°C and mcthy! t-butyl ether (MTBE, 526 mL/mole compound (2)) added Phosphorlc 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 1éyer was extracted with MTBE (405 mL/mole compound (2)) and the |
MTBE layers combinad. The MTBE layer was washed twice with 5% acjueoﬁs brihe solution, and used

‘as is’.

Step 2. Preparation of compound (12)

To a round bottom flask under nitrogen is charged chiorosulfonic acid (3 eq.) followed
by thionyl chloride (1.5 eq.). The solution was heated up 10 +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
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45C overni ght to provide conpound (2) as a pale
yellow crystalline solid, and as approx 2:1 m xture
of 10 nethyl to ethyl esters. A round bottomfl ask

wo 20@@meehar ged with glyoxylic acid (SOm % sol uPCTRUSRIVS/010501
water, 1,28 eqg.). Water (3.17 niL/nL of aqueous
gl yoxylic acid) was added and the solution cooled to
0-5C. SN sodi um hydroxide (1.28 eq) was added slowy
over about | h mai ntaining reaction tenperature at

th
for | ach tllfglfal rﬁpfan é{? %j Pi‘f@’?%’g’e‘% bo CEOED (rq_?m eﬁxpir)a}ﬂ rl’“ge ?%%u 3s ag?ed 1O a
cooled 155 SOJ hiptiasin s@btisod imethyt-roxietter 81wage d@@bl@uew&) @, water (1 L/mole
diﬂuoro ?ena)t (a'e dle E%rsﬂye Te &P%Q@ gncW}lI: gQHUB?&Q&Ls (v»%)shc(ilwuh water 2x1

el onl'ze e conmpound (2))
Umoierdaﬁwnr@lmﬁ?é?)ature The sol ution was cooled to 1OC

Pot as Sln%%ﬁ%@%% & sdluhaﬁ bﬁso@&m&'@lfﬂa(l)eqwaﬁci audilelbit@bonate (2 eq.) in
the solution at

water ({4l B BRSSP TR IR O St P Ryer contaning
compogﬂlty(ﬁ}(yﬂdai bty at 3C+A6 5C avil édmtuh Zhebiphagig @plution was stirred for one

R TRA G ' b BhtainthelBmBSand (6 d
PR PP A o OB L8 9 ol © ves
as 18f(mﬁt¢m§t5twl t-butyl ether (MIBE, 526 nlinpte conpound

(2)) agdgdag ‘PBM% 6f aﬁﬂpduﬁc&%%as?adeéi so@lkm hydBSide (50%, 1.2 eq.),
s S ST B Sy AL S
hours andwibwait eadl s loageempvasure xd cragilbzk the priodivl BlRiqhaQs filtered, washed

with w%er WE%EW%Q%}\Q) al‘:f}ﬁ] gnéchzﬁ +3M@&h Eleh "@I?Ultﬁep@lguum to give

er was washed twce wt % aqueous
compoprd (Y¢ sol ution, and used ,as is'. 25 Step 2.

Prepar gbl %n@ﬁotf&ﬂ’ﬁ&lﬂhd]a(;ﬂ@)s cTﬁrgad itk Ndn&iﬁbtlﬁ}@fﬁhﬁin&ﬁ(NMP 800
mL/mele, gq?%%'aé & 8’8“6‘{’]’?1%'03%‘643’%’11‘1‘42 254 Ihy r%?r% (59? ')a&ué’i‘lﬁ d B Qllo oA c)ﬁ ). The
solutionages heasdag 1o pO°Cond B ped for éﬁﬁc@r@ralﬂmttlowndﬁ he Irmh@beﬁmfm'&s then
cooled(to roc] ltePnB ?ea:gﬁeagetgﬁeo(@\@g§ @a?ycﬁ[ﬁ:d 30\0? WL g ho:ﬁs Ul hydrazone started to

reacti on m xture was.
crysta’élg@e@fter g iU B OIF? fétepesrw&fszé)é)wr@wsmemﬂ%amfi water (1.5L/mole

compcﬁ!qﬂi thi Qnaladaqun h@ttr) R n@xtaf&,dva’ﬂab&i\lﬁdi ﬁ(ﬂlr,(ﬂlﬁl'edt Advashad twice with
n;ge atg{ (P atch was ad dt)lqi cooled (+ 5
water ﬁf)d e R0 cCap el‘it"f‘célﬁmé? Efet ?1‘9‘?0"{’ ether (ILInole
d| f | uortDhamnzenajel aadchaaged with ITHE Gir@IS?efmole compound (11)), compound (11}
(leg} hetraé'u 189:%8:5 ?c)dld%‘{s b3 gz\%ﬁ‘ H-chio?&b%ﬁz%n élﬁ&hd%??@f ﬁ%dasﬂ NaOH (5 eq.)

ani c
under pjtypg¢re The qepqgt@mm:z@ ﬂ'@’turc 5va|s heaéedé%a%r(:d‘fné svxé’gcgfgr Sh The mixture was

then ¢80 188 Féfnp&@ﬁkélzﬁiuﬁw doutcas (a:izereﬂas)cuta I’I(ﬂe Stgdlhlbl Myer was washed with 15%
bi car bonat e éﬁ 5

NaCi m“FP‘fféPlﬂB@‘n(zl Hg owd @@ﬁ ell:d'ne mtcljirfnétméeovraa th?aaé%d twéo 50 °C, and

methadeldHohit ited (MIBE 1l lgeerwas addedioném(s h. After the addition was completed, 0.1 wt%

of the MSA salt seed was added to initiate the crystallization. The batch was aged at 50 °C for 2 h, and

MTBE (4 L/mole compound (11)) was then added over 1 h. After an additional 2 h at 50 %C, the batch

was cooled down to room temperature and aged for 2 h. The mixture 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)
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compound (5) under stirring at ca. +25 C over 1 hour.

The bi phasic solution was stirred for one additional

hour at r.t and | ayers were separated. The aqueous
WO 2405/08THdDNn cont ai ni ng conpound (6) was used RE/UZ0§510501

the next step. 10 To the aqueous sol ution of compound

(6) was added sodi um hydroxide (50% 1.2 eq.), and

bronpacetic acid (1.2 eq.). The reaction mxture

(pH 8.20) was heated up to +90 C, aged for 10 hours
Meth gnd allowed to cool to roomtenperature to :

ystallize the product, which was filtered, washed

wi t h vilxt eslufOofsotopennt €120 ( f ¢qjon ebemiteied} 4 duvdold cangebuat (12)) at room

temper: tﬁ% wAﬁga&_er*Q meFMTBégog on%ﬁg&'ﬁ \ﬁﬁ% ﬁ&nglgglln\éﬁ(ﬂ Eﬁlgrﬁjﬂ\g\quE lL.leq.).

roun

The rethng siNrrprta agpsped md,hgq.t%%o @WS (8gp24 b Mwar 340 mLJmole compound
(12)) vaORAABUNC50 71 )and GRABRYS DMk ke (vds ARved BITDolY oRZbMBerature. The batch

was i AR AN S BBrcelonlern B S b R Fermt R Pod B ethanl

(1.7 /mdecangmetd GB)fihxicelreovasdaed ineie ovenal &0-50Cfo@hours to give the
tenperature, and acetone (2 eq.) was added slowy (-
I hour). The hydrazone started to crystallize after
the addition of acetone. After aging for 1 hour at
Method BOM t enperature, water (1.5LInole 20 conpound (7)),

was ad 1h Th ure wa d for I

hour - f Frptbatem Stk s SR i SaRa o (oo S fpmpound )
diisoprdpyiledina{DIRADsall(egiced pma@uu rridd@3.33Vece coppund (12D 1) thaorder at 20-
25°C, ft@%&h‘y Y«gﬁl)%@ Ito X@é a&h%’cgﬁcg SVH tl\?etl-‘l—zméu fgrmg §(!‘ld éllrg)éq% was added over

_conpoun ound
3-5 miy. e?*leébwwaaﬁ&ﬁﬂﬁr éﬂ‘r‘? ‘6&9 dé 6630 %C)a“ wale{P 37 bisgisficompound
(12)) a@dtki @kdrdgprod 5 @n. @ }.lurrﬁﬂﬁi; a"gccnxlfd}sla@km:( dailteded. THAGRE vellow cake was

washe{{] \imtt]'rgg%gg%leguse A ?1?1% o wa% BB ecihanof(%E.?rrgolﬂ:lvgosmpggn%[(ﬁ%hunul the
filtratepeo kaloridsp Tﬂl@@ﬁkﬁt\%@meahatt wn’eetam!)l tihgmatywempmind Blpdr Tiwaske was dned
in N, flobland hBR i GafinfoleAYI0CIBSivEARNRG th 15% Nadl

aqueous sol ution (1L/nole conmpound (11)). The organic

m xture was heated up to 50 C, and nethanesul fonic
Prepar@idh @f ¢dvpdundl(13) 'HQG)SamaS added over 0.5 h. After the

addi ti cQ et e feot al t

was adggawﬁ%ﬁi‘mﬁgﬁ’f] A} g’r%rd)ll\% % rszmlplelgl%/s Waﬁaﬁa&?g to a slarry
of compermd 418 d7(bg. 160m@ob) Gr 18®f¢Pylaa¢FdﬂndMﬁBEC(?430 iLorepdeMeOH (140 mL) at 23

°C, wh@r@ 9%@oﬁ&@%al%Aﬁ@ﬁ&a@%@Qlﬁ/ﬂ) wasRddeffWi@seabd resulting in the
i tional 2 he batch 30 was cool ed down

fm‘fﬂattoa OF pYHTY: ewﬂ@f’%ﬁ‘ &‘?Pec %%m%bw gdgpd apd the mpRrepesd %@1%&6 shurry
was didtilled ﬁrcﬁﬁbtanaﬂrdumdﬂ&y hakmulasousVidsified oft IRAE 6V Nin it sivfidBfatant reached 5

mglmlgl Qlatrn lgaéwne fﬁ\afé onitl u?(:i an%dtﬁer sl:Yr?PrgclJo%[Eft om%igéll?atctl‘lh‘lehe crystals were ﬁitered,
Washln@we*bammqlcbﬁ’Aewam@tM 83.6 8 )of crygaling @0@%@@ Fa%. 8wt % punty

PCT/ US2005/ 010501

produc

Preparation of compound (13) DBU Sait:
DBU (99%, 0.21 ml., 1.36 mmaol) was cha:ged to a slurry of compound (13) {0.50g,1.2

mmol) in MeOH (3 mL) at 60 °C. The, row homogeneous, solution was cooled £0 23 °C and seeded,

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 (.57 g of compound (13) DBU

salt.

-11-
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Method A To a slurry of conpound (12) (1 eq.) in
acetonitrile (3.4 L/nole conmpound (12)) at room
tenperature was added the MIBE sol uti on of conpound
woO 2003)977%s one portion (0.813 Min MIBE, 1.1 egp{T/usibh&e10501
resulting slurry was degassed and heated up to
+50-55C for 24 h. Water (340 nunol e conpound 5 (12))
was added at +50 C, and the reaction m xture was
all owed to cool to roomtenperature. The batch was
filtered, rinsed with 90/10 acetonitrile/ water (850
nmL/ nol e conpound (12)) and with nmethanol (1.7L/nole
PreparaﬁmuﬁﬂodnliZ)j)DBThsaicake was dried |n the oven at

o T E 28 e A b Ml O3 o0

2.30 mrfdl) MO (UmE a6 (R dF h(ea)ow lmrmosermoeqawlamﬁnrws Gm'@m 23°C,
whereu%c%ZW@%z(#)rrﬁ,a %5 9&(@@ kﬁ@l;ﬁwnﬁ%éﬁm&é sgéili-t(glnﬂlleqemmglﬁﬂg was aged for 60

t order at ry._was
min. AddgiongMERE (Hgel) ‘F*‘érad%"'dﬁo thﬁé&lﬁdnfé&’&ﬂ?"oﬁ?ﬂhﬂa@ﬁ&‘cdﬁ were R fhered,
washm%ﬂitﬂ 5MWASTBENROH Vefing (e Solids RieldEh €98 IgWif Eympuasd dGeDBNtsalt.
0-60C for I h, cooled to 30C and water (0.33 L/ nole
~of conpound 15 (12)) added over approx 5 mn. The
Preparasb:uofropumalsldag@d’c)fd@aiurﬁGalm' n and filtered. The pale
yel | oy Gl B3R 28s Shedmio gl%valQP(ﬁrgéa%QHi%rr?BfJ&gﬁbnd(13)(1 00g,

(10% wat er,” 90% net hanol

oun .
2.30 migai ITMEGRL L) #1235 MABE Chiby Masaiie HBNEAR e gt and the rosuant

turbid sﬂﬁﬁ&edasv\trltdmdamlaagmd 0.4 p/syriige fempdaiiona MABE wikheded to the filtrate,
rcsu!tmgtm t%ﬁgi{nstlc& cs ’H% s dxlngf}/\\'/va%g\g IFED rmr}: ?he S%Fﬁs%ré’ ﬁﬁg}ed washing

pro eparat on
with 5: t MB&IMaOH 28 thEW(EaMTBEle& e Fedtds Aietdet 058 a gah¢agipqund (13)
pmassugrg 99% 24.5 nlL, 193 mmol) was charged to a slurry
conpound (13) (70 g, 161 mmol) in

i sopropyl acetam de (I PAc, 280 nmL) and McOH (140 L)

at 23 C, \AhereuponHHFEREDIIGEoEXMs.EIZVed Addi ti onal
In Si #PAﬁﬁa(F‘L tm_) was added with seeded, resulting in the
n Sitn LA OORMOT a slurry. Additional |PAc (125 nl) was

added Rautkniiwe Indainert ampgpbdredlase oy egassed aneglapgl (Y5 pb) is charged to a
round sag& FaSil dohnt aﬁﬂ]ﬁp%&mtl,}g@ém B0 nlorSdn tmL@??Og 1.24

t1on supe antreache f
mimol).fg¢gipsed ¢nl 'éﬁ“f’ K%Sd{’#)dﬁa%ﬁé a‘H’l e Bfﬁ{‘$ BEPESPE T 19 “§P tfr‘f"’ﬂs erred to an
ampoule 0ath&de isthi i Kdfeshaiptdr. Tfrmnmusats sdat:dyvemevelliffoirahegpve box, and

heated \évajg téﬂ%rs art] é& g% i‘i}e\aﬁgl tg'n PAﬁ'ne cg g)y éo‘zﬁltgﬁgs b%gugﬁt lgtooafglovebox and

-stored Rreparcatpe@mrads actel @QJW@PH(@}@)FODB@@&)I Qf I(PS@“DBOIS(@QW)RHCM

4

)O 21 nm, 1.36 mmol) was charged to a sl urry of

compound (13) (0.50 g, 1. I
60 C m@%%w%mgﬁa@ EI5 P FERTIUES e o i chareed o

a rouncﬁ:dﬂﬂ& fRer E@thining REWOL)EF, il thbdesired chitai bg‘ind)fl Bmolar equiv L/Rh). The
solutloB VGSPF%% fﬂrMI %ﬂﬁ;{ ea? roorn) tamperamrcd ?cata?ysﬂ t(h(?l 6SM urry aged

The following non-limiting examples are provided to further illustrate the invention.

EXAMPLE |
[(3R)-4—(4-Chiorophenyl)met—hyl—7—ﬂuom-5—(methyisulfonyl)-l,2,3 A-tetrahydrocyclopentalb]
indol-3-yl] acetic acid, TMG and DIPA salts

_12-
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were filtered, washing with 4:1 MIBE/f MeOH. Drying the
solids yielded 0.57 g of conmpound (13) DBU salt. -11
WO 2005/ 097745 PCT/ US2005/ 010501 Preparation of
WO 2¢051ptdmd (13) DBN Salt: DBN (98% 0.33 nl, PXTEBS264i1)501
was charged to a slurry of conpound (13) (1.00 g,
2.30 mol) in MOH (5 nL) at 60C. The, now
honogeneous, solution was cooled to 23 C, 5
wher eupon. MIBE (4 nlL) was added slowy with periodic
seedi ng. The resul gang.slurry was aged for 60 mn.
Addi tional MIBE (11 ‘ adde
aged further. The sd
5:1 MIBE/ MeOH. Dryi ng
- conpound (13) DBN salt MBLEPE arTof:tbf conpound (13)
Pot assium Salt: 10 KCEEB i N
charged to a slurry of conpo 13) (1 00 g, 2.30
nmmol) in MOH (5 nil-) at 23 T MEBE (5 nL) was added
.HWGSa[omAy to the solution and the resultant turbid
lution was filtered through a 0.45 .gm syringe
filterMethtplidh .t AorpglionreBurpsesse duehdreed with eotfigoued @B1(3.0 g, 6.9 mmol),

 MeOH (ESHLY hrﬁlga difbat, hﬁlcwmw 95kt eaimag SN ©. The. sb%ﬁaﬁ is added via

The solids were filtere

Syrmgexﬁ‘gﬁfe%ﬂllngvﬁut'mwgw?n &ngsl\yggqu%ac(xﬁ{é?gml 6@/@!}9"&@3&35& is brought into a
glovebdX. Viiha gitiielh&mﬁ@kall)ds {(picgmere) SBINB. PoRuEf, ] o8 nuaiL id 1§ M rﬂeﬁ'sanoiltoluene

3D, 1%0&:(95'? i iy Eﬂa V]ﬁ Sﬁﬁl@ RFMQESW'YEH% mollcgihf%ntl He Ig%‘irg)ox and attached

n i ner
toa hyctieg@nﬁméxgay%uumméﬂ% IAf(eVSegn@)ngu(saCGﬁmgg@ﬁ 5% tbe Hnes Z@ding up to the

pressuré Qaed, hoddnemsdiheikin B0 plaadud Nidsel (sfa ﬁﬁm)rgﬁégvad ;2? and pressure

purged miy«?rokégssggla)%‘%@y?rég ﬁlg _pil vae g@g;ﬁ'x gf:ﬁﬁu?r}.]%ﬂutlon is then

~ placed ouicaniyeirdyet gfs @ YEpseg) st ssmirtgt an@nvarsed maﬁéf)é@r Afleta@ingBvernight (~15

h), the %@HQ{(H l%m\é%énlgoﬁ SB@II j em)vedg {Kc%’l]ﬁ {%ﬁlﬁ a%ﬁ t%&?e%sure \agssel is vented to

al e rom ove
atmﬂsph@&t%&ﬁ@reef%%ours at 50-60 C W|th stirring. The

cl ear M&ﬁ@fﬂﬂn&‘éi%'b@ﬂ alrSacRb OB lire VB iAcH@tgRY SRR Xorfidend (13)

St t . st OC ‘
v ShELES b A0 LETISITRNES 43 1 SLOE SRR . 0023
mmol, 0.5 (ﬁiq]!%) avl a Rinieneli T vessebin sdakvgl femateddsphbe plogdboy,@nddiached to a
oSN AFANTON, NESBRLLRAERAR e e U o
pressurg jessel| the prgsmg vesselis fasraed @HIREEY YacR)-. Thenvessekio hemdddn 53 °C,
pressurk %uﬁg&d witleRydfen dasdiopdh/vAc00INah& PlREK dhélr Bydrb&atedd (16 bdig). The
stirred slurry 15 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 Schienk 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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30 The follow ng non-limting exanples are provided

to further illustrate the invention. EXAMPLE 1

[ (3R) - 4- (4- Chl or ophenyl ) met hyl - 7-f | uor o- 5- (et hyl sul f
woO 200000071451, 2, 3, 4-tetrahydrocycl openta[ b] i ndopeBuyiopso10501

acetic acid, TMG and DI PA salts -12 WD 2005/ 097745

PCTI US2005/ 010501 F / N S02Me CO2H O TMG salt

Met hod A. A reaction pressure vessel is charged with

compound (13) (3.0 g, 6.9 mol), MO (23 nlL), and a

b s B e o 258 R DB e

compleli? 4 B IQit@IPVMPue?JeL(O '"5ymd)l%)dﬁ@@e&géiﬂto(tbiéiﬁﬁtﬁtlbﬁ@ﬂfﬂ@w&d By a EtOH (100
nd _t he_ vessel br ou | ovebox

miL) gty FOAIPIAAEE AFFRECE 11 § LRGeS0 RNy RIS 22 pycrogen-
pressurﬁhurg@s S1BR-MC. Theatikane iy theh hpdreger(adiat 20 bsig a0 until action is

o RAREIE R oY B Slmbyigel o0, emoved

hydr o@sn#trﬁ hqttegaefhﬁlvmwnﬁgﬁﬁhwnh dhegrudathydpecdalimnetiesy (164 mg/mi., 1

eq. of chita@fbdUcid) Oﬂ%@o?ﬁnéﬂ wLJtmuleu R duRadi (.n@ IRtk @re& R&d) and DIPA (2 eq.)
ressure vessel he S I rred SOl U press

was iyt SBeFO OB AR Ol JYRHPYRES () %ﬁad%f’&ww 1hat 35°C.
The siuﬂ‘@w@w@@ﬁi 36 For hiiookge o 29&S ovdrtlhaod a@ﬂ ifarrthn@he slurry was filtered and

the cakg %%ﬁ LY %”CO‘H’(SPQ dﬁg{r,a%ﬁg 154 2) %)m;f lar%e Q @%h &ﬂysd@ét% (285 1 Snole free

"aced
acid). Th¢ ¢ake mgdnﬁn@i Nodpwder lhan Mﬁ* Af4t5&f agi ng

overnight (-15 h), the resulting honbgeneous :

solution is cooled to ro erature and the

pressure vessel is vent e}gg]f‘%ﬁq%t spheric pressure.
Hydrog@fatizn Srbdeduidhising dhddiunt eataysgl ove box, a reaction

pressyre ve d 16 }Pin IMBRanol

sal t (%a%meg %t%logbwggue%gg r%&ﬁka%]%g%@_ll‘é? gén@)() mn anol) is
transfetfedpo symec)\(esemqmwwswt @35andbese (§£0PMC) ipppthanol. The vessel

is seate®-rom&RH Hom tﬁé"?oﬂab‘éi iah®@facheling a\h?&ﬁgén/dlﬁog%ﬁ%&dm manifold. After
removed from

box, and attach e
degass g GRS GEAFET DAY FUBTHO AR O d voAFe UF PRgEopis degassd
(mtrogf(nY/\aEkB) t Tiegesselis plesdulrepukged edth| fryadieerggas fhytimgeittenc x 3) and placed under

hydrog “ﬁﬁe"“? 'ﬁyvac slt(:i‘rg&? gﬁq:ﬁfs%é%fév&w‘fﬁ?%é& élqﬁfgﬁ%s%ﬁxq’vessc! is vented to
atmowpmemmewlrag@de%th hydr ogen gas (hydrogen/vac x 3)
and pl aced under hydrogen gas (10 psig). The 20
stirred slurry is aged ol\égr%tg (-15 h) and then
ARt H

cool ed to roomtenperatu e pressure vessel is

R K
m (poymene)RKLC (1.2 mol%) Q@ .
N " )
COH H, (5 psig), MeOH % OO
SO MG
+ ™G

™G G _ a

Catalysts prepared using procedure in Reference Example 2; hydrogenation performed uéing prdcedure
in Example 1, method A.

L{cymene)RuCl, A% conv %ee

~ BINAP 100 90

Solvias BINAP 92 -88

-14 -
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vented to atnospheric pressure. ee = 91 %M. DI PA salt
A slurry containing conpound (13) (1.0 eq.) and EtOH
(IL/mol e conpound (13)) was 25 degassed via a
WO 25098 ¥én sparge. This slurry is charged to PHEBUS2005/010501
aut ocl ave via vacuum al ong wi th degassed Et3N (1.0
eq) a degassed EtOH (0.5L/nol e conpound (13)) rinse.
Via a double bonb set-up (500 nL & 150 nlL)
pre-degassed 45% KOH (1.0 eq) is charged to the
aut ocl ave foll owed by degassed EtCH (100 nlL) as a
xyl-Solyiph BENAFT QG pr eBYegassed Et OH (100 nL) from a
Synphosepar at egéchl ey flask is charged through the sane
TMBT i ne thaltl will be used for the catal yst charge. This
t OH cha %% S '?l%c_essa‘ry to conpletely clear the 30
(R)-HecdPRYEQ4EP | 1o of -8&,1y KOH that woul d harm the catal yst.
G ] Xt i s [degassed via a nitrogen- -13 WO
) C6§H§%§?%§ PCT/'US2005/ 010501 vacuum purge and via a
Reactiqysgpditonsohd metdh caigyst20°& 1% 519;*1@,)5 psif) 190Nng compound (13)/1 mL MeGH. It
is undes2rd3l HAPRUL Be Rl HENR ve, %@p@éﬁte'eﬂar@ibﬂmr@fﬁ]lé‘cﬁtgiyg%gﬁl would provide
y a '

0, 5 199 is charged to the autoclave foll owe
thedes%t@gf){@bo

m.) rinse. The m xture is degassed via 3
nitrogen-pressure purges and then with 3 hydrogen-

pressure purges_at 28- 27&%@ xture is then
hydr ogenated at 20 psig at until reaction is 5
Coversion @fEampeus phlixampiadd T aeriyid nd (13)

r i H&d}ue ﬁyr?é@ﬂi?&ﬁx(;}ﬂ f ) M?a%i&ﬁ?f@egsaWOF e bRRCt of
r ro atron stream o €g. O
Examp S Y G STt S BT P B O e g erven was

concengitbxhangl swit2hed kd erbylecdinte A b tdevanidiniddRengide €t o mova Sesidual
t -« Propi-ani i
e
(125 Vi sslayye bp AROB 5 E5fedy) “@h?dcgééf hegiugy voeg beagndaip t9 h SRP(d for approximately
10 h. Tﬁegﬁﬁ’rr)g Rhs ;Jtllee&r va%o&['tibcl:F.f zhﬁfl‘é@&l flfoi‘ kd ﬁcfu%janaﬁﬂ?rwfﬁ}@@ak@ a!ﬁsrinsed with
washed. . w co 0 .74 e free aci .
recyele{RHGE igor QTP oo T b AeOF GE i v e degeh i 40 C
to give wasndi?.D gaf TMONRtfulidae £9815% (8-Qpdsshyrofiopially pire BBEAGE.; ca. 93%
yield). EMYF’ kheqo ﬁ;WP%QQﬁé%%EiBPQaM%QQ [ GO Fdégnﬂ)ﬁ%lumashed with 0.5N
catalyst: I5°1h an inert atnosphere glove box,
aqueouf ﬁ&éﬂ%’rﬁﬂ@a? bcpme tehamoERNtorOIapTS LRydraregeparaladpnd thsorganic was
washecl(\giﬂﬂﬁ:ft&f(lz gdrs m).arrrérr&sgiug AcHES &ﬂﬁt'ﬁﬁ%% ﬂéé_ilyﬁﬂﬂth@éﬁﬁfyﬁ_ﬂ.{)m (10 wt%
. . and bas . i n nethanql . The sel  -is
ending s30T 200 PR T MG By B0 A oY rapih solka flo
(with AgQEr Ogreh/The tesdgeaolaiesssoiutiam waot aicenbhtbdand tole@hsms dfghcOEt was
adjusteé Yc?f&l.tpllntragcgggtefw@aﬁ&eQQIii ;.{Le oy &ﬁé%ﬁ?ﬂd&? Thg bzltalewag heated fip to +55-
.. pressure vessel, the pressure vessel 1S degasse )
60 °C tp distqlvsgkentare (2 HmL)vhs addedslawly to opyselizesTbe puiehgwep aged at £55 °C
for ca. Whédt ahy HHAGATR r0RptabhB105.0 4R 1)Wha Gdded 3ver ah L6 ed MADLTew hours
and allowed to cool to r.t.. Filtered, and rinsed with 80/20 n-heptane/AcOE: (~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.e-99.7%.- .

Coversion of Compound of Example 1 DIPA salt to the free acid

A slurry of compound of Example [ 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 séparated and the

- organic is washed with water (2 x 75 mL). The resulting AcOE( 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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20 hydrogen gas (90 prig). The stirred slurry is aged

overnight (-15 h) and the pressure vessel is vented

to atnospheric pressure and assayed.- EXAMPLE 3
wo 2003/087745) P. u(Q32(1. 2 nody f r/ F. 00, 11 Paa/{53005/010501

0-55 LOH OCH so~kb 50.55 CC + / 17vli6e Q/ O 25 iMn

Cat al ysts prepared using procedure in Reference

Exanpl e 2; hydrogenati on perfornmed using procedure

in Exanple 1, nethod A L(cynene)RuC 2 A% cony % e

BI NAP 100 90 Sol vias BI NAP 92 -88 -14 WD 2005/ 09774 )
throug Pk SBRAB BHCcOE0BGE). Thy fesgipg s lass rABIOR (s cogersiaigapd the volume of
AcOES u§t§ o MBI AL 1Pwaeélis ad Rl  He2ya RidEhdRe KFOS6088 The batch is heated up to

(o) - Cb- TunabPhos 100 85, Reaction conditians:l.2 ol . 5500
556 @ISty SOEPES CRILPL) SAMSE 13 D YT g5 Rt aged at+
for ca. 133) ahd FmMacHh-hé fanei( S0UNEE) & taddrd aviral-2 hieh3$ e adge few hours and

i.S negativ the o [ ' I t i i
atowe S FPop el i QU PAE i gaf DA BB 0D nigRal R T30 mL. Sli
dried iftheavei Brr40FC G bavrs toodiveEs A aef the PesgPdE t o the

free acid The crude hydrogenation solution (105.5 Q)

containing 10 g assay of the product of Exanple 1

(95.3/4.7 ratio of enantionmer, therefore 9.53 g assay

of optically pure product) was

-16 -
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concentrated and switched to ethyl acetate (AcCEt)
several tinmes to ensure that no nore residual 10
McOH t ol uene/ wat er renai ned. The vol une was adj ust ed
to 12 mL AcOEt/g TMG salt (120 nlL). Water (1.25 V%
relative to AcCEt : 1.5 nlL) 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 with
WHATdRCU8IMED ADt her |iquor and was finally washed with
AcOEt- (35 nmL). 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 lof opwiagwpsiriphydsogemtos aracess ferdhe emayation pf e¢ampound of
formula 1€ a SHIVh&GBIE S &i9edl; 5084 dnalBSmericc@@sAGEd) Was slurried
in AcCEt (90 nlL) and was washed Mﬁth 0.5N aqueous
Ha (90 nL) to beconme two ho-quneous | ayers. Layers
are separat ed andFthe @ washed with water
(2 x 75 nmL). The reg B, SOIOYH on was treated
i g : Iﬁgd]ng relative to free
acid, 710 ng). The slurry wa aged at r.t for 1 hour
and filtered through gl ka Rfoc (with AcCEt rinse).
The resulting colorless solution was concentrated and
the volune of AcCEt was 20 gdjusted to 28.4 nL and
wat er was added (142 RL t o, make KF-5000 The batch

whereingiis Tqe 2R ds Bpox U550, &1 & if B bgrad of-pirobsnzylefrpmingbenzyl, 4-
trifluordnfe@hyIBn U br M@ﬁor@gfgﬁ %hl@%(}fnﬂrﬁesc {r¥Riheh bbBsound BEORANERN or a salt
was ‘aged at +5 or ca. hour and remai ni ng
thereof n_hept ane (105 6 nL) was addeo over 1-2 h at + 55 C,
aged a few hours nd al | owed h}cool tor.t.

Filtered, and rinsev e ne/AcCEt (-50
> E%iigr 24 hours to

m.), and dried int
give around 6.6 g of ¥ Noduct as the free acid
with e.e-99.7% 25 CovrS| oigz of Compound of Exanple |
DIPA salt to the freeFcid slurry of conpound of
Exanple | DIPA salt dry cakél (9 g) in AcOEt (90 nil-)
with a @S -chiVASIBAM W & By&og%lhl defitekR it illen € hyilabed @nbi ¥ 81> th@process is
honogeneous | ayers- Layers are separated and the
carried gt gbmpressits ofErgmabowidinakest &0 popnds pASqRATY lnclrﬁ@ge (psig), and wherein
said mefaﬁ@ﬁﬂai liged AGOH mﬁﬁhlﬂﬁlLaQ&l]%ﬁratl pRAPIGLE Wahd cEGASO 5117(2) a thodium
C- 941 10 wt% | o d| reI eto ree aci 710 ny).
chiral fepppgery] EHOFRP“i‘eél o%p 0% (3} prof i MB B ePrRle%: er ed - 15
WO 2005/ 097745 PCT/U82005/010501 t hr ough solka floc

(+ AcCEt rinse es tlo
Concoftr at B Bt RECOBH bbb e ik By ERedfkoxany
chiral phdsplinelligead evmpisx mddeid chital Agpid it wleawil éommw@mjomﬁlh €) Ar=phenyl),

tol—BB’Jp@‘;(ﬁ)gnﬁﬁ g ﬂ??";ﬂ% 8)H)0 i’lcﬁmﬁg do@igulg(%%rdj 91%[? eSSyn%lllos (formula (c)
Amhemb Selé(taé RINAP dgeepinte) Asphenyly MeOGHPHEP (gl %ﬁHAr“phenyl Z=methyl,
R*‘“Rme&ﬂ%l HMRHM @Bﬁ@ﬂﬁw A%h@nyll’@:RPﬁ{bﬁﬁgtﬁﬁ RYEN), r&nagh& (Bkmula (g)

Af?herlﬁndn*ﬁr%e el? B?W ?“t‘%ﬂ’w?)aal 'Paﬁ@ﬁ é%ﬂwﬁ% ﬁ> %ﬁ%é&yﬁﬂ)

n- hept ane/ AcCEt (-50 nL). Solid dried in the oven at
+40 C for 24 hours to give 6.9 g of the desired
product .

-17 -



10

10 -16 WHAT IS CLAIMED IS: 1. An asymetric
hydr ogenati on process for the preparation of a
compound of fornula | or a salt thereof in at | east
50% enanti onmeric excess (ee) F/ n (R"COZH 5 R R2
I whereinnis 1or 2, R is Br or -SO2CH3, and R2
is H benzyl, 4-nitrobenzyl, 4-am nobenzyl, 4-
trifluoronethyl benzyl or 4-chlorobenzyl, which
conprises: treating a conmpound of formula Il or a
SN t hereof / QO C2H \ NIORR R Il wtha
| -chiral Iigano d| a hydrogen donor wherei n when
e~ hyBAogen doeaor HP--Pne process is carried out
about 0 to about 500 pounds per

sguare i nch gaugeg_( ), and wherein said
pt At =BArx al | irgand PAdo rut heniumaxially chira
0 Jphine i gand cg eX, or (2) a rhodium 15 chira

fefrocenyl phospl ﬂgk I gand conplex, or (3) a
(@hodi um TMBTP conp 2. The process of Caim1

wherein said netal-chRPaI ligand is rutheniumaxially
%HBraI phosphineF@iga d cqﬁalex and said chiral
//Nig.-o is selected B P (formula (a)

! Ar=p-tolyl),
ALL mulEr (2 Auzl%}’I@“>6<ly|(§/l|)), SSnpgo)s/"')'

Xy AED
f‘@ ornul a (cf 20 Ar phenyl), Solvias BINAP (formula
? \r - - phenyl ), ABO-BNHER Egornula (f) Ar phenyl,
2Rt By PAMERD=R = exaé MP (formula (a)
Ar =Ra=Rh=m o} =H), tunaphos (fornmul a
K Af =phenyl and n ijs 1f%), P- Phos (fornula (i)
=phenyl ), xyI-P-PhoRb(fornuIa (i) Ar--3,5-xylyl),
3PAr2 CO PAr2
(e) | (f)
OCH4
g P
0 “—PAR  oho-l_t—par,
(Ct?h1
© O PAT2  cH,0 N—PAr
N~
(9)
OCH;
(M
and TMBTP.
3. The process of Claim 1 wherein said metal-chiral ligand is (p-cymene)Ru(S)-
BINAP-Cly. ‘ |
4. The process of Claim 1 wherein said metal-chiral ligand is (chiral ligand)RuX>,

wherein each occurrence of X is independently selected from Cl, Br, 1, triflate, acetate, methanesulfonate

Ed

benzenesulfonate, BF4, and B(Ar)4, and Ar is phenyl, m- or p-toyl, xylyl and methoxyphenyl.

-17a-



PAr2 COPAr2 (a) O(c) Ro CH3 Ra Rc N COPAr2 Z
PArZ COZ PAr2 \ PAr2 NI / RaRe Rb CH3 (e) (f)
OCH3 N/OPAr2 CH3O/ PArZz (CHZ)n O PAr2 CH3O PArz
N (g) OCCH3 (I) and TMBTP. 5 3. The process of

Caim1l wherein said netal-chiral ligand is
(p-cynmene) Ru(S)- BINAP-C12. 4. The process of Caiml
wherein said netal-chiral ligand is (chiral

| i gand) RuX2, 10 wherein each occurrence of X is
i ndep&ndentThyprselsect @einf ¥ wharéh saidBmetal-chital lifahdtse, rhodium-

ey R R s

BINAPHNR @ epih) - 17 '
/\l/\ phelag 2 ‘
NN\ R
T re
N i_/ Fe /_I\/
P
NN \ =N |/\

Walphos (formula (j) wherein R and R® are each methyl or trifluoromethyl)

Rd Re
PAr, O R®
-

;ép% P(4-OMePh),

the josiphos of formula (k) : Me , and the taniaphos of formula (1)
cHex '
/

cHex—R
cHex\

P o

/
cHex @ NMe,

6. The process of Claim 1 wherein said metal-chiral ligand is a rhodium-TMBTP

complex.

7. The process of Claim 1 wherein said hydrogenation is carried out in the presence

of a base and optionally in the presence of a Group I or Group II salt.

8. An asymmetric hydrogenation process for the preparation of a compound of

formula Ia or a salt thereof in at least 50% cnantiomeric excess (ee)
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5. The process of Caim1l wherein said netal-chira
ligand is a rhodium ferrocenyl phosphine |Iigand
conpl ex and sai d ferrocenyl phosphine ligand is

- selected fromf- BINAPHANE of formula (n) Fe P\ /
(m 5 Wal phos (fornula (j) wherein Rd and Re are each
nmet hyl or trifluoronethyl) Rd Re PAr2 1 / Re P Fe
"CH3 Rd P Fe P(4-0OwePh)?2 the josiphos of formula (k)
Me , and the tani aphos of formula (1) cHex i cHex-P
cHex P cHex Q NMe2 10 6. The process of Caiml
wherein said netal-chiral |¥gand is a rhodi um TMBTP
conpl ex. 7. The prove m1l ein said
hydr ogenation is car i sence 15 of a

- base and optionally I heNpre epse of a Goup | or
(ﬁrag m pgenat i on process
2 hpo ormula la or a

Goup Il salt. 8. An
for the preparation of

salt thereof in at |east 50% enantioneric excess (ee)
18 F
— Ia

which comprises: freating a compound of formula 1la or a salt thereof

F
| Ny CO,H
N
802(:14|3\,—<j>'01
]Ia,

with a metal-chiral ligand and a hydrogen donor wherein when the hydrogen donor is Hp, 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 thodium
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
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(R/~CO2H N SQ2CH3 \ / C |a which conpri ses:

treating a conpound of formula Ha or a salt thereof

Fl:;) CRHN SQRCH3 d 5 1la with a netal -chiral

i gand and a hydrogen donor wherein when the hydrogen

- donor is H2, the process is <carried out at a

pressure of from about O to about 500 pounds per

square i nch gauge (psig), and wherein said

nmetal -chiral ligand is (a) a rutheniumaxially chira
BINAPRR@S B (d) &rihgaiy] tal BINAR Xformula (az)éna) -ohbididBINARI(foahula (a) Ar=3,5-

o, SRR RS20 SRR SRl Wiy o mreee
(formummeaphenswdmhm BHRRHh besa PEEMA @@mm(awmenyi -
Z*R“—Rh%gé'tﬁﬂchl ). ma@foﬁﬁay@speip fmlsqr@ MRS @icRnsiatid

Is selected from (1) ruthenium
5 Al—phe@é}rwlé’xPhO\?vﬁPﬁmﬂfiSbAﬁ3wh(}or nul a (a) Ar=phenyl),
tol-BINAP (forrmula (a) At=p-tolyl), xyl-BINAP
5- xylyl), SynphosTM (fornula (c)
AP (formula (e) Ar phenyl)
pmmfhenyl Z=met hyl ,
a (a) Ar-phenyl,
t unaphos (formula (Qg)
W5 PRrPhos (fornmula (i) 5
formula (i) Ar=3,5-xylyl),
O PAr2 (a) O(c) Rb

— PAI’z

"_ PAr2

PAI"Z

\n
© O A2 GH0— N PAn
N~

OCH,
(i) :

10 (2) rhodium complex with -BINAPHANE (of formula m)
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CH3 Ra Re N QOPAr2 Z. PAr2 PAr2 \ NRa Re i Rb
CH3 (e) (f) OCH3 N "10 \ PAr2 CH3OQ PAr2 (CH2)n
PAr2 CH3O PAr2 N (g) OCH3 (i) 10 (2) rhodium
conplex with f-BINAPHANE (of formula m 19 Fe P ,
Wal phos (formula 0) wherein Ra and Re are each net hyl
or trifluoronmethyl) Rd Re PAr2 / Re ~HSRd P Fe
P(4- OvePh) 2 the josiphos of formula (k) Me , the
tani aphos of formula (1)

/'\|/\
NN SRR
e OO
N |_/ Fe /_I\/
P

Walphos (formula (j)} wherein R® and R® are each methyl or trifluoromethyl)

;{LP% P(4-OMePh),

the josiphos of formula (k) @ Me , the taniaphos of formula (1)
cHex
/

cHex—R
cHex\

H /P Fe
erex @ NMe, - or TMBTP.

10. The process of Claim 8 wherein said hydrogenationis carried out at a pressure of

from about 0 to about 20 psig.

11. A cornpound of the formula [Fera salt thereof:
F ) n
Ny CO,H
N
R! R
o

wherein n, Rl and R2 are as defined in Claim 1.
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cHex i cHex-P cHex P cHex L N2 5 ; or TMBTP. 10.
The process of Caim8 wherein said hydrogenations
carried out at a pressure of fromabout 0 to about
20 prig. 10 it. A conpound of the fornula Ifor a salt
thereof: F CO2H NRL R2 Il whereinn, Rl and R2
are as defined in daiml. - 19a 12. The conpound of
Caim1ll or a salt thereof, wherein nis 1, R is
-S2CH3, and R2 is 4-chlorobenzyl. -19b

12. The compound of Claim 11 or a salt thereof, wherein n is 1, R1 is -SO»CH3, and

R? is 4-chlorobenzyl.
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