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WD 2004/ 035575 PCT/ US2003/ 032275 Process for the
preparati on of

W@ B)08)p33575 - 2- benzhydryl - 3- benzyl am noqui nucl i dPeEUF10R/032275

OF THE I NVENTI ON The present invention relates to the

met hod of the preparation of the title conpound,

(S, S)-cis-2-benzhydryl - 3-benzyl am noqui nucl i di ne (4)

Whi ¢ Prdcasseforihiebisbarbtidnrif €8.8B6lb-atbendhrdiyh 8- bpiARaiRdduiclffine
optically active quir clidi ne _anal ogues_whi ch have
utility as non- peptﬂ% 1%H?Eééﬂ@§¥¥ 11Qpst ance P. N H

Ph N ''r Plrhe ﬂrese@ﬁ@&%@r@ge% tild FaethbiVEMNHd Qébaratlon of the title

Substance P is a naturally occurring undecape

befERR9LRG (¢ é)-flﬁ—é-bem@ﬂ%ﬁ%mﬂwmwmy%m @gWngé?sa useful
megRehsdiat ni’\ﬂﬂb ?ﬁp@r’&%nt of] BB MY adive ﬁh‘ﬁlﬁ‘élﬁﬁﬁé ARIbERRE wAlknh have
smoot h nmuscl e tissue st ance I's a pharmaceuti cal
actilifpeasonrrepds anggonipia pf $®Sta’pﬂed’duced in mammal s and
possesses a characteristic amno_acid sequence that is
illustrated in U S. Patent No. @l. 283. A variety of
substance P antagoni sts could bé& prepared fromthe
title conpound; for exanple, Y. S. Patent No. 5,162, 339
descri bes 15 Substance jgégjaﬁUnists of formula 2

where R1 is nethoxy and s independently sel ected
fromthe group consistin "'/ll,8 ropyl tert-butyl,

met hyl, ethyl, and sec-butyl P R2 HPh RL N Ph 2
These substance P antagonists Ean be prepared by the
reductive am nati on of

ci s- 2- benzhydryl - 3- am no- qui nucI idine 1 WO 2004/ 035575
PCT/ US2003/ 0322 7BACKGSROUNE-OF THE INVENTION

Substance P is a naturally occurring undecapeptide belonging to the
tachykinin family of peptides, members of which exert prompt stimulatory action on
smooth muscle tissue. Substance P is a pharmaceutical active neuropeptide that is
produced in mammals and possesses a characteristic amino acid sequence that is
illustrated in U.S. Patent No. 4,680,283. A variety of substance P antagonists could be
prepared from the title compound; for example, U.S. Patent No. 5,162,339 describes
Substance P antagonists of formula 2 where R' is methoxy and R? is independently

selected from the group consisting of isopropyl, tert-butyl, methyl, ethyl, and sec-butyl.

These substance P antagonists can be prepared by the reductive

amination of cis-2-benzhydryl-3-amino-quinuclidine 1
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%,,11r Ph N Ph | using the appropriate al dehyde of
the formula R3CHO where R3 is defined as a

whenaabdehyde derivative with the phenyl ring PCT/US2003/032275

substituted with RL and R2 as descri be above. This

reductive am nation naybe achieved with a variety of

reagents such as 5 hydrogen in the presence of a

suitable netal catalyst, sodi ugNeyanoborohydri de,

sodi um triacet oxyborohy Y zi nc and hydrochloric

aci d, borane dinethylsul‘ioa pr f acid as

descri bed, for exanple, i O fb?? WD 94/ 10170,

WD 94/11368, WO 94/26740, WD 94/08997, WO 97/ 03984,

and U.S. Patent Nos. 5,162,339,PB,721,255, 5, 939, 433,

and 5,939,434. An alternative strategy is the

conversion of 1 to 2 by an 10 al Kyl ation with an

api%x?%ﬁlé %ﬁo&la@é&l&e@?@ df@heai%rrhlﬁa Rath twhelfeq{3 1@2&@1?5931 fain
867 and 5, 939, 433 and

9 Zb@lﬁﬁeﬁl}’dﬁdﬂmﬁﬁﬁe‘fﬂﬂmhﬁ ehawat Iimgesubwlé@cbwh Ro#nd Iyeas describe

COMERESTRBTdRbivt ahfafioh fiad BEaARIALLIRRy Blontottbddn@Ruch as

actl vated carboxylic aclid derivative ¥ ["owed by

r ebitdeogenin e ptesence eSausuitable matal chdalyittshdiamroyagpbatohydrile, sodium

A LA e o

2584d asldesdrib@®Apr exdimplecindVQ- 9@/@&1@175/ WFQ b4/30170, WO 94/ 11368, WO

BRI Mg e B SIS, 4125,

3- 5),93&4’3'361511&53939%1’1 Z\lhéadiérylhtn@lstrﬁtblg}l is diel’bemfbrsnhyof 1to2byan
t t t
o DERERO TGO ptbri eI i BoSh e g ol Pyt Nos.

by 5,9é7, 86veankd 13,930 a331 Mg wal 92@3‘16wbdA Girthat al@hﬁmf@&fa&bgy fatQhe

18, 587 (1975 qﬁls |lIu _%ed in Scheme 1. gpe _

pr gRoaEsions ofr Z\/W the a l%flﬁ’i“ élWl 2] @ffgvated cathoxy ’Icé éle%‘fﬂuve

t hey1BREdBEreahictioh 8Me 8dsulint hbidb RethAQsH; |su&ic astlﬁ‘lﬁum aluminum

Chem cal Soci ety W(London%‘ pl241 (19 &4, which is

cobsleide éﬁdwlﬂh?db‘é AP0 dand e duwe af MedigigplClgmistyy, 35, 2591

tupg gnthis is reacted with phenyl magnesi umchloride to

forn1£ benzhydryl - 3- qui nuclidinone 3. Reductive

al kyl at i on dihe kist2obraziydyil Bremienayineakidine 1pwbigh the impermagiate

gﬂ%ﬁ@%ﬁﬁ%ﬁn oF%! et %&%ﬁés.be&yﬁ%'iﬁb&lzﬁ%/&%unl}lci‘hme 4
by debenzylation with hydrogen gas and a catalyst. A process for preparing

benzylamine 4 has been described by Warawa in the Journal of Medicinal Chemistry,
18, 587 (1975) and is illustrated in Scheme 1. The process starts with 3-quinuclidinone
5, available by the method of Clemo et al in the Journal of the Chemical Society
(London) p1241 (1939), which is condensed with benzaldehyde to generate enone 6. In
turn, this is reacted with phenylmagnesium chloride to form 2-benzhydryl-3-

quinuclidinone 3. Reductive alkylation of ketone 3 with benzylamine provides 4.
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N56 Ph3Ph HI ,~NH2 "\\\\N\ e"///,~ Ph eN N Ph
Ph 1 4 The approach is anenable to adaptation to

w@bkdoamssmectess to aryl and 5 qui nuclidi ne anal opGI/ES2003/032275

described in WD 92/20676 and U.S. Patent No.
5,162,339. The use of nethoxyhenzyl am ne has been
used in place of benzylamne as this allows for
hydrol ytic renoval to affoSGHEME amine 1 as well as
hydrogeno ysis, as descrlbeg in US. Patent Nos.

1 433 use of 9-BB ect
d fromthe reactt 10 of
X ¥, 3 has—beem adyo edRs
this ‘maxi m zes formation of [the desired cNs-i domer of
4. This procedure is descrlBed in the Journal o
Medi ¢l nal Chem stry, 355 2591 (1992). In al$ of these
exanpl es, the materials were racem c. The separation
of enantioners hag been done on conpound 1, 2, or 4
by cl assical resq on techniques. 15 This is

il lustr ted Hy t hodol ogy deSCJEFEZFQNEE eXﬁane,
7 138, 060, where |t t hoxypheny

el 7 i separated to provid wesiPhed (-)-

. Fglllzatlon of racemc Mwit _

(-)- nandelleY20|d fromethyl acetate, purphication of

the salt by Bubsequent recrystallization from ethyl

acetate, and release of the free am ne4product by

treatment wi t#h base. In a related procedure,

N-[[ 2- met hoxy-5 20 .

(1- nmet hyl et hyl ) phenyl ] net hyl ] - 2- (di phenyl et hyl ) - 1- aza

bi cycl o 2. 2Tﬁ¢ qqirmh Badfbhitie oSdaptaialty Sthvbiccsts o ﬁ{/l and

o7 VT Bt & W asi0 @aSoent Ne. Hlgg. 539, The

" hikd 3f iRbth¥¥/benzylamine has been used in place of benzylamine as this allows for

hydrolytic removal to afford the amine 1 as well as hydrogenolysis, as described in U.S.
Patent Nos. 5,807,867 and 5,939,433,

The use of 9-BBN to effect the imine reduction formed from the reaction
of benzylamine with the ketone 3 has been advocated as this maximizes formation of the
desired cis-isomer of 4. This procedure is described in the Journal of Medicinal
Chemistry, 35, 2591 (1992).

In all of these examples, the materials were racemic. The separation of
enantiomers has been done on compound 1, 2, or 4 by classical resolution techniques.
This is illustrated by the methodology described, for example, in U.S. Patent No.
5,138,060, where the methoxyphenyl derivative 7 is separateé to provide the desired (-)-
isomer by crystallization of racemic 7 with (~)-mandelic acid from ethyl acetate,
purification of the salt by subsequent recrystallization from ethyl acetate, and release of
the free amine product by treatment with base. In a related procedure, N-[[2-methoxy-5-
(1-methylethyl)phenylJmethyl]-2-(diphenylmethyl)-1 -azabicyclo[2.2.2]octan-3-amine is
resolved by use of (1R)-(—)-10-camphorsulfonic acid, as described in WO 97/03984.
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Ph 7 Use of D-tartaric acid has been disclosed in
Japanese Patent No. 07025874 by Murakam , et al. for

WO ba4/0835a3 ut i on of ci s-3-am no- 2- PCT/US2003/032275

benzhydryl qui nuclidine (1) in nethanol. Separation of
the diastereoi somers of an 5 internedi ate carbamate
have al so been used to obtain 1 as a single enantioner
as described in the Journal of Megdiksinal Chem stry,
35, 2591 (1992). SUWARY OF THE I</ ON The present

invention relates to a ocC EE faq preparation of
(S,S)-cis- 2-benzhydr 1 {6 qui nucl i di ne.
The inventive process|in es igting a 10

{2

conmpound containing a S-isoners and
having the fornula O N Ph h mnth an effective
anount of a chiral organic afhd in the presence of an
organi c solvent and an effective anmount of an organic
carboxylic acid for converting the Risoner into an
acid salt of the Sisoner. In accordance with the

i nvent i ve ned9§6dD-tarkeic gpigdins keon Siselated imiapaieps Bajerd Nos

C a@?{ﬁ5§7@l§y m}aﬁ%ﬂ bl 6 th@?es&lQﬁ%Q}f%% LapheL0I ng the

m xture of" R- S-Isoners, while precipitating the
ac bwzlamrquuwheiwé}) in mélamlg §ﬁwa€at®a pﬁﬁlfe @F feregispuiers of an
PRGBS bt IR P 5ty L (e Bl
me A¢scobreldn &t@dvmals@f pedicorah@knsistgh 35,2401 @ 983)nani ¢

ki netic resol uti ong j | t he

i nventive contacti %%Wé%%@mm%ﬁoﬁsu ng 20

r eact ant s ariﬂle@mditﬁﬂvemﬁmwhliatehtocbrﬂw@ss foethe @aephiaton 68S,S)-cis-
for, of the S.is r...ln ac nce.

or e R STl G ER EoRn e PSSOt gfoReting o

obt@hpalal eontmhiap a afixtefelof Rt hivES-aoMUR tan® havidperth© f@aniaC

carboxylic acid is enployed to solubilize the

qui nucl i di none and provid dic environnent to

racem ze the R isoner to WD 2004/ 035575

PCT/ US2003/ 032275 -5 is is. preferred that the

organi c carboxylic acid is iral. Preferably, at

| east one equival ent, of organic carboxylic acid is

used, and nore preferably greaper than one equivalent

IS used relative to the quinuclidinone. Likew se, the

dywithiee effeatiae preount eEathite] esganisacibindhripicacafen ogganic solvent

ef fnﬁf | &Y c@&%ﬁnﬂff aﬂt)rgjaﬁ@%rb&%c aay T&%l}ﬁ\r@:}tmg the R-isomer into

preferab
an acid salt of the S isomer. In accordance with the inventive method, the organic

solvent employed is capable of solubilizing the compound containing the mixture of R-
and S-isomers, while precipitating the acid salt. Moreover, the organic carboxylic acid
employed in the inventive process is different from the chiral organic acid employed.
The contacting step mentioned above is performed such that a dynamic
kinetic resolution is occurring. That is, the inventive contacting step is carried out using
reactants and conditions which drive the reaction to the formation of the S isomer. In
accordance with the present invention, this dynamic kinetic resolution is obtainable
when an effective amount of the organic carboxylic acid is employed to solubilize the

quinuclidinone and provide an acidic environment to racemize the R isomer to the S
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5 greater than 1 equivalent, of the chiral organic
acid is enployed. After the contacting step, the

wo eaulosdmt acid salt is neutralized with an oPQgENSI03/032275

base to provide an S-isonmer of a chiral ketone of the
formula O N ~~/Ph Ph Next, t;we chiral ketone is

reacted with an organic amnein the presence 10 of a
LeWoseA Clt f pré¥erPddaNit IR drBRiCRATORFIROREH 18 Hotl cRirile PRdFEtaBIDON least
the imne is reduced. In_  accordance with the present

i nYBhEqUBIIenk Af eEIEE taTREY Hipreaihis vetd, ekmere Rreferally greater than one
pr %ﬁlﬁ{'eﬁéﬂt ¥ uséd relaﬁ@ec'fo t%&lﬁﬂﬁ!h‘ﬁ@ﬁee igke@\rrk‘é’ thdBYfmic klnetlc
preferably, greater than one equivalent is & n?

f ofesolypen Webtamably ahen anciierhes amppahefial lsast @a@@qumlqns preferably
de I enbodl ment ,

t n e el AR, of tRTh M ord i AR E LB TR,

3- qui nucl i diAitde3pntattingatepy thé ewsuliat md)@&:hlmwrahzeﬂevith an

pr ; :

beﬁgzgﬁ?/l P 3%6%513’&‘?@%3“2?' 1%) nghga ((2}?)311 ketone Ofthg ué"ﬂescri bed

by the nethod of Wara n_tQe Journal of Medi ci nal
Chem stry, 18, 587 (1PZ5) 1 Wen treated with

L-tartaric acid, a pe é,&é%lmiral organi c acid, the
(S)-isoner of 3 crystalNized as its tartrate salt in

85- 90% vyield. As a resol u on can only deliver a 50%
yield of one isomer, the re i nder 20 being the
gggﬁ?lﬂrﬁg a expct)lge dﬁnrgl lgyo ‘grgrgac ded(v%;h ah orgglercI al%lln%rr]xthe presence
co nf/zeLdmsI atidta ﬂrew(lﬁ)he p&mspmndmgdamnetalné three dietimine is reduced In

o A B b AP BT Wt
et bﬁleﬂt (l)rleSequEIgﬁrah&,dnorb p%efdilﬂ)lﬁ [yesotety ﬂﬁré ofe ﬁaquagegaig lefaployed for
car nox I C acCl whi ¢ acet.i acCl re
25° &%ngoé] wlgbeff@f'?n@v? Bagionds wiciad 1’6@%}1‘?‘%@ bef¥es to

be m nim zedn a%wf&ﬁaﬂ%ﬂlbb&nfeﬂﬁth@ ls@ &g Gatterla€& @A déi@Nbenzhydryl-.
approaches tau in the literature as the undesired

ant I ByeIdRmms( 3ﬂoln apaeferredenpRodmnent MeaepessTiatsgpth taeaui 2-

achinBydeAt NABERBINBE: BEERYAEEH dof@mbd By e $tod ¥ Warawa in the
utilized in a reductive al kg/ll ation wi'th benzyl am ne

i Tl ebMsdicippldrhemistayn&s, S35(187 DoWihenireatedywitlsL{agaric acid, a
20 r‘yfegl%é 5,1¥1!15a,1 B’&I{HU%Q ﬁé @%@r of 36 lﬁ%e%' B ta"i’trra[tig a?} in 85-
S-ci s-stereoc stry IS rgely contro

t h 80% efwldz akgoresolvtionrcay enly ddlingr ab 0%y®1d difvae fromen dlee rﬁmamder

t hﬁeiﬁ‘gc‘ %@Hﬁ&ersﬁgd arnﬁg&féf é H}%aﬁlllé(lylheéﬁtc ir@s@lu\fyiolli E o%&ﬂﬁ}{é a'mug,ethe
undesired (R)-isomer is being converted to the (S)-isomer under the reaction conditions. -
The solvent for the crystallization is an alcohol in which the ketone 3 is soluble, of
which ethanol is preferred, in the presence of an organic carboxylic acid, of which acetic
acid is preferred.

The dynamic kinetic resolution allows for losses to be minimized
compared to the classical resolution approaches taught in the literature as tﬁe undesired
antipode does not have to be discarded.

The optically active ketone can be recovered from this salt and utilized in

a reductive alkylation with benzylamine in a process wherein the S-stereochemistry is
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involves 1) formation of the internediate i mne by
treatnment of S-3 with benzylamne in 5 an organic

waelnests75 N t he presence of an excess of a m | BCT/E82083/032275

acid such as aluminumtri-isopropoxide or titanium
tetra-isopropoxide followed by reduction of the imne

in- situ with hydrogen gas ovel” a nobl e netal

c atn?aluﬁﬁﬁed Nethaidtind 518 stsBlrd RRemisly REREPEdAbBed aSthlleVrﬁfW carbon
for the reaction is tetrahydrofuran and the preferred
caﬂlﬁTOﬁglt bangpat £ hydrogenation is Pt on carbon. 10
SCHEME 2 110pfN,

> Tooh TP PO 8 Grie %@%ﬁ“%%%%%%@s%ﬁw

Fornvohies & formdtion @f the nttm;leénate iminedy irsetmeht afife3 withgenmykmine in

an qn ﬁ%ﬁﬁgg Vé‘i’ﬁ %gthé 6]fl§e B%?l e&&%?&? a mﬁc? ié\g% a&g SQ({I ars) %fu%nnum
the a and a

exttmwpmpomdeﬁreltarmm tdma{mpm@npdev f;)ﬁswerd bty]redmtxon of the imine in-

i o S P Bfen il O ol B R Pyl pproprie
or gelnért fcﬁ@hedeacmoﬁlm t@tregl&ﬁlioﬁxrﬁﬁfnb oheypréferredbeitalysefor ¢iie has
an_asymmetri.c_center and has stereoisonmers, sone of
\/\hll’X%X%eﬁ%tl?ﬁlFPg?ncaF ges of each other (enantioners).
The chiral organic acid isgsampMmsel uble in the 20
organic solvent. An effective amount of chiral organic
acid is utilized. Preferably, at |east about an

equj amount of chir nic acid to H
quifruclii di none is utiliz | t hough an ex @

of anie—eaerd can uskld; hRewewer, S
pref & red that about an é\hw Iar anount o %,al-Ph
organic g d is utilized. Tartpgyic acid is th

preferred 25 exanple. An organic solvent in whichphhe
racem c ketone is soluble but in which the resultant
saltgprecipitates is enploged. Sufficient solvent 5534
present to solubilize the “quinuclidinone and the
various reagents. This organic solvent is preferably

an al cohol, WO 2004/ %m%@géﬁggﬁ{(ggﬂ% -7 wher e

ethanol is the prefe (0 ; nat ur ed

al cohol i s tHoethesedkéltaded th aftthefise of the reagents and methods used in
the racemic series to prepare the amine 1, and analogs thereof, is an obvious extension.
The invention comprises a dynamic resolution of the ketone 3 by formation of a salt
with a chiral organic acid. As used herein a chiral organic acid is an organic carboxylic
acid which has an asymmetric center and has stereoisomers, some of which are mirror
images of each other (enantiomers). The chiral organic acid is also soluble in the
organic solvent.

An effective amount of chiral organic acid is utilized. Preferably, at least
about an equimolar amount of chiral organic acid to quinuclidinone is utilized, although
an excess amount of chiral organic acid can be used; however, it is preferred that about
an equimolar amount of chiral organic acid is utilized. Tartaric acid is the preferred
example. An organic solvent in which the racemic ketone is soluble but in which the
resultant salt precipitates is employed. Sufficient solvent is present to solubilize the

quinuclidinone and the various reagents. This organic solvent is preferably an alcohol,
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et hanol . A weak organic carboxylic acid is added to
aid the salt formation. The organic carboxylic acid

woray41085525 nono car boxylic acid or a poly car borgl/U82003/032275

acid, 5 however, it is preferred that it is a nono
carboxyllc acid or dicarboxylic acid. It is

especially preferred that it is a nmono carboxylic

aCivlere tthendl & tBO¥i¢fered alebithl,ian€ HetdfSed Adbhol ik Shepadferred form of
limted to: acetic acid, propionic acid, and butyric
acfBn%Fhe preferred acid is acetic acid. As described
her ei nabove 4 {bg& &gﬁlmapooﬁgrcba@m hddea % Qd el shi ?cﬁﬁjmt'lo?l The
present 10 in anounts sufficient to effect sal

f oPtgei¢ ebaylc pridmsy be preae pirbalioncider & prdy gaaquyhc acid,

Pr ﬁ‘(fv?erv@tb ktYs pr@ferrle@ﬁﬁ{ 1t 8'21%1 g%h%@kﬁi@tacﬁ or gfc%%w{ﬁlc acid. Itis
carboxylic acid i1s utilized relative

quésheidllydirefomed thatgt ig g ewpnp earboxylic a¢id. The earboapiid acad impludes, but
as:i t e

coisebt R Gracl . Al BEpch BTkl kB, TR Ry wia s
mewgh¢a@d nol e, 15 respectlvely of aci di ¢ hydrogen,

i.e., hydro t
neutral i zat I%OS r%l sc,g%crad %er% %qo%e the or%aﬁléc cg%ogyl}(gac(lﬂd utilized is present

rmmmmnbte xyfficientao effect Sa]t:tbrrﬁiﬁloﬁ and prﬁmafel pﬁiempl’@t‘i@l dSﬁlheEsalt

roduces one .nol e u
bt o S SRR e ol araf wiiepd Rl o te

acipfnuctidineneas oxal i ¢ aci d, suceinic acid, and the
l'i ke, one le of the dlca boxyli ¢ acid Qroduces
equi val ent s ASusehezpin. ks t‘?‘i‘i‘b <Lquivplenty, as § rejafp 1 a8 asigh tpfersdo that
nogaGat, Reperailg indkdight ot fnoles tHat @hBids@te biddkc wéight 2 aidle,
about an_equi nol ar anobunt of nonocarboxylic acid

r efesertely, o aqidic Bydrpge) ieqipdreen that reacks| Withpse diinge i f
t hgeuGREARARXY | Bk eRfthfle, '115th@ac% SaARMOYdrbSxyRE hdd, shcsh dssacetl,c acid,
preferred that on a nolar basis, at [east about tw ce
asommﬂe aretin el Pdnesa eng wplafsauivaient) of acid. bfé@oywac ith¢ d

Scar gﬂl %c‘? 1s a'd?éﬁ@o\f)%hc dc%d %a?d E&r0§£. Jc?cfj Elgéﬁltlc cfisthf like, one
armunt organi ¢ car boxy 1 C aCI Zed. {
| smpleef therdedrbohgic achikpredvicerAdquitialeots ef adgithe chi r al
organi ¢ aci q‘h@?ftfl?% ar?g g:?gg s & rl}‘l? %topa%&&l adk ll{jis gfefeﬁrgg g}%‘c at

m xed t oget her ”at enpe ra ures,
t hiegst ahfrmj/albmulrnodmmm o mmmomrlwxghc asd fedmwvas) tBEquipuctidinone

g PoRB AT T RTI Patbl PR talona

S alfisl
( Sholagbdsis] 4 Gy abﬁﬁaﬁ'ﬁ;ﬁ as muéh quinuddiAéneTolagve to dicarboxylic acid is
preq g%t tion is ob %@ W t hout mgéhI%%Zto be . bou d

i tutfie TVEEY 1tt1§]]arfa thalH6esH AT EHS Bfore ac

organt€ acid with the qU|nucI|dinone and the organlc
carboxylic acid promtes the WO 2004/ 035575

PCT/ US2003/ &/3i9pre rred that the quinuclidinone, the chiral organic acid and the

organic carboxylic acid are mixed together at about ambient temperatures, although they
may be mixed at temperatures as low as 0°C up to the reflux temperature of the solvent.
The reaction is allowed to proceed until precipitation of the (S)-salt isomer ceases, i.e.,
no more precipitation is observed.

Without wishing to be bound it is believed that the combination of the

chiral organic acid with the quinuclidinone and the organic carboxylic acid promotes the
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-8 dynam c kinetic resolution. Mre specifically,
under the reaction conditions, not only is the salt

W@R0oI0855% | soner precipitating but the undesi rBdI/RS2003/032275

i somer is being converted to the S-isomer salt. Thus,
since it is being converted tg the S isoner, little,
if any, of R isomer is discarded under the reaction

c Oﬂjihahh@laﬁietibf redolRiopr Eﬁ)&mpectlﬁb’a@lﬁ}t Ur@Br th&reh&tidnten&E8ERNEbt only is
eig agtge i.nvention, g iral] ketope S-3 is

obiishikal e SHHoERRpR i E D Spidegifed fetspmen if beipg emvested to

t hehe S-isGRERALL. Chud, smcg'ltt@'f)él% ¢onv@tdddo 8RSt isonhdr, Htﬁe if any, of R

preferred. that this second st ep is _conducted in

bi [FARST i dispardqsumderrthesactiop a?ndétlcglé Pl bppregydinvantion.
Sui tabl e or Qﬁ'ﬁl{e(‘se&%\ét%}{%fsthé H&lex%{%% th@)l:/’l[tara@f(ﬁc 3kd @tﬁ&ﬁ from

to: toluene, eth acetate, and

Thehe ariste s#lily mug@lrﬁa@ors@thﬁeﬁtsomsr, ¢.6! bdartaric App rsdp rlk tpeeferred
baﬁlmrscggcohﬁ Siep %s%oﬁag{egms@us%}g&ﬁ@{sf D6 A B lvater.
are not > sodl um DI car bona potassi um

b| Suitablsrragamic bents mcbde. huhat ept lpmtedSSItQﬂmnBaﬂbyimaﬁﬁﬁ, and

%F%Wr%%l %g'leg ﬁ“#éﬁ% Ot arsggarlug trsr(])lverx 3 JS bl%l’hed Blgrgﬂr?%t%léases for the
bl muashzatlsm teaetivt indiudes burt ereamdlnaﬂlechlq ueding lsicdrbdna@Npaissium
{o ma
L Pt SRR STste niit Pt g d B Pids ant pegassium
fThEer@ﬁ@ hazSﬁre&fre?)ﬂhbcﬁﬁihéry, tH@iaJllt\lesulﬁenScthmI tﬁel bifle@ébI0eht
romthe ani c er s sol i W thout |imtation
o B P B SRt i Pt it Cop Rt PR Ay

t henpbiatuad bdiel oste @h&e%&g@%ﬂ@ﬁﬂ)oﬁ@ PheRed Buss SsphiedlEctive
P antagoni sts and that, racem zati on does not occur.

For- tihieevessd frqnptheorgain daysr as 2 sgliher al dehydes,

reduci ng — agemitont fiffatfol@né @p‘ﬂ@atﬁ'ﬂ% SRR 8GE QN illustrate that
met hods can be envisioned fromthe literature on 20

t hie ehigad kpteneSrhsanbrissed Brsgpateubtanse Prehiagonighandghat

I Ned B SidnRBed 1% BBLE Ofbr @losd ﬁ(@lléd% fie a fngf a?dehydes red1101ng

ni trogenous organi ¢ am ne, such as a y am ne

andgeats dor the ipind dodl deprfentéon thethods sapbednarsioped frtmattheditéayture on
co br

ot fﬂg?dcﬁlﬁlc]coﬁgSﬁ{dg %@L&gﬁg t%lﬁf%ﬁ% 111 nﬁé’ol\b % thei fa I?ltgl)n IOP {he imine

i sejth @pyﬂogelpnmmghmc hminy,l spclsascallbzm hlylin,e, atryltaltﬁnyﬂ or arylalkyl amine. It

Ialsg bgtf%rFe’dl tﬁa% ﬁo {é%nsg < c}é bon gEonfswéni& mﬁ/ 8b@\§ﬂ%g Bﬁ%r%gght

C octiamedi Elganﬁqleslﬁbludblindﬂ{yl ]e&yﬂ,llsn@rdpgr PRy bEHS sty -Hubyl,

a taqt I of car.b Lexanmpl es include phenyl
b, ey BB P o et g e 1 emfbanin, s an
bedigyib i dongourd @nRMrGE Y, G0 almdaes !rlﬁg 6;&8@1{ A6né £hdtdi*>€to a total of 25
presence of a mld Lewis acid tu to formthe

" rfeRRen ajgiRt: FAEDieh lo e pheadnapg i ed thsrlikes Besipisged amine is

anbengylivink eTHJ‘d)rﬁMﬁ@amlkxE‘ AWBacted iR DR pRiserRE AF NI 18¥1slabid zn—sztu
the art, such reducti on over a noble netal catalyst

300 4prn a%@é’vhwhriﬁ then zgdpedde Hegomeendiesaming by techniques

F A6RWnZSbhDST dMhdrPkill REME %%ﬁéﬁﬁﬁ@d&%o§o@ér a @018 nibtel catalyst
Imne formation in the presence of a Bronsted aci d

r eddhy di@gem This geprpaehaneidspgssible racemization during the conversion of S-3

to S-4. Imine formation in the presence of a Brensted acid resulted in some racemization
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WD 2004/ 035575 PCT/ US2003/ 032275 -9 at C 2.
Epi neri zation is not observed if a Lewis acid is used

wWo o00das#lryze formation of the imne and then PEEUS2003/032275

reduction is directly performed on the resultant
m xture. Solvents suitable fqQr the imne formation
reacti on are any honpgenate hydrocarbons such as

rrehﬂ(;‘/-IZB Bpinehikationdenot dbsehle@ ifoleRdens is ak¥das @hﬁpzeefeﬁna&n of
hl. or oet or. other .jnert solvents such as

e 2 figi e dedurim i iegly Berormeq on flesesiibant pturpHE

an d hydr ocardanests kilfablkdbmBe inkkk foRRAtidn!rBctiGart Sny homogenate
quene Appropriate Lew s acids iInclude alum™num

4@6&081)%%}1 a%maﬁhaleleq imidarlishlarpbenransprhgrehenerne, The
p r @i&lﬂﬁfo@ﬁ*aﬁee ¥ Sth@ etk sofres SWEHRY 9&1&1‘% fst)l%Qng ﬁ%l'ugﬁlg b-[ltt1 fot
Lewi s acid resent in anounts ective to
t hismjted 9 THF ?ncﬂéydﬁ?célﬁ)é’ﬂsﬂédudlh&tbut 1 limited togtohisus. Approprlate
or I
oA fiRa] S Hisobibpbla@ing R8Rn B3 oprongyids The
of prafmwéany acif és ghungigem tri- lwpromniaeThe Lietvid aidois pfeeernt @chmounts

east cata
ec{ﬂl%st e Lf(gl)r%%ﬁ fh? m? fef ﬁéﬁ poCo ng}%t t%] Qlﬁ%geﬂ%llsooﬁ%amél @YP‘?}IS present
t hie at lrast abo@e@ﬁmolabquuntsemlm e adorieS-3 rbnf:‘ﬁﬁﬁt&esls Bf @hine may

astreseeqﬁu {_ 3&& &LFﬁT of t| e ket one

espech a ?IF oveﬁé IF Qte BF EWESi aﬁ‘l 5 Wﬁse%‘&@%ﬁf‘“ catplytic

r esffdcnverugndumsm@help conelty ﬂﬁd:eb)ie SBab drilidee PRI rabIg Lewis acid is
such as. a nob cata st and

PVIPSCR SS9 HIBME: AR (S APar e oY daeepRHY iffhaater s

ande nmlidxgdeagemrrﬁha{esm Mdhd 1 WKiusdIQdndard Té%ﬁnlques, such as by
preferre IS ati num on carbon.

c at
exXHSI %00l %ﬁﬁ%’aﬁt@ad yhpeesr Therohlemetat qa@aéys@m@@egolatmum
C adnld i@k dRliH m@Mls%%ﬂ&s%ufpoﬁ@ Pthe B%ﬁéd@ﬂa&@t ik Platinum on carbon.
tetr ahydr of uran as a solvent and al um nu
t rifor expe 9a% pekodisd stapef thedpiestiveairepessTin eariipd o1 by mixing S-3
f omABEA [
| S AR A0k SRS S G Bl gy o
t devanaedt ofheriainefernationlis grreferably h@rlpdseuttat i t&npdmtmreefdr three

gp{g,ggsu ?xeﬁ%%{ &%gn E@(E ?H;t%ﬁ%?r?l fifton ngs a%% and t%}/rgacj'g Wés stirred

i swHertadydfagematiioepheat 75 pai of deeogbpmesudea&cﬂﬁ hads. Optically
pr f the i nvention achieves a
sﬁ%ﬁ‘?ﬁ%%‘?“ A vdgn age% Sver"the conventional, classical

resol ution Wbba@hﬁSmbempﬁ)cyésQif the p2he@finvehtor RERY4Ltd ON
eflr cont.a 1Hag,ltne% Ste i.S greater than
Sifp

e
R R S Y L 1 §Solytiy SRPERRClSt Ahpyield

a of yieiredlutios s1ep,ukl, €18 first REntAAG Siep, a6l ore SO MAn 5094, which is the

convert eg]aéo t.he deS| red one, which is isolated from

{ FRAKIPEE diaboan s delioter avitheby atymise! reselition:  Bigmdeptrpasisomer is

I @8hieit8d tothé B8PSR IwhITH QUMY fréH theGRiRtureS ANded 85 reabllén
use of the qU|nucI|d|none as a single enantioner

al°PRidoTSo ! his SSPHifRn iRcecassAThipuglingt 61d dorsaGngss (Tha ves GoheP
aARuAYOHIRInS ad Nsiffle @Iﬁitnh&ﬁérl aﬂo@%fo? m;sﬂ{rﬁ@nk?é/ syAthé &k behY s¥stance

routes and_ all evi ates E
P antagonists in an optically pure form y a variety of routes and alleviates the problems

associated with late stage resolutions. The problems associated with racemization
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associated with | ate stage resolutions. The probl ens
associated wth racem zati on WO 2004/ 035575

WEIMSA03/ 032275 -10 during reductive am nap¢CDOSANF032275

elimnated by the use of a Lewis acid to catal yze
imne formation and in situ q@talytlc hydr ogenati on.
The process described herein i's useful for preparing

t h@uriheSediichivelamiRRba RV MinaeOBNEY hseh NORHIaBHGb tALIPR Rine
froma mxture of Rand S isoners of 5 quinuclidinone.

Thrmatinapdin sigyrailytip hedreganation. gr eat er anounts or vice

versa. The 1BRQ¥RRUIOSLEBS heeiftlsSReBPBl hepRing tﬁeos §heo
formation of the title conpound fromracemc 2-

behstshydiyldybengylpminrauinugiidieme fropha wixturg pf R and §/ isomersipé
ggg@ﬂm& gﬂl%ﬁé nﬁleg?%&ﬁéliﬂl 3/ b-ggﬁ tQﬁJ g@%t;mfa ﬁéyﬁﬁg op Yick Qgrsa. The

entifie roces
enabmve proeess ésedljoyappligable to ﬁlatfommtloxsoﬁihtt tititet doalpboynd frexe racemic 2-

fr [ t he " or

OB Il B RSN Sk T e R g

| rrpurl ty f r die phvduatifbrered byttlmraéovsrdar&rfﬁed paaeks linsudstantially
m t.he ot her

| ess han bout 5% inpurity. fr
P BB apL 53R S nRaRe s Hep BP sy Vel e ifipets 26 he
abB.Rt R3 % SR ptddectat referablye tteem*:smﬂmﬂhanl minmmbuﬁ(sm tHeusher
orned is also prefe nt i ure, i.e..
oM S pRiE PP E e D hist Pl S it
goﬁﬁﬁblg@mctrﬁ&ﬁi dvbamoRpréfBRUK/ . thah&bb@cVM@ﬂ' the bther stereoisomers.
esire e

(S, S) - ci s- 2-The RGPS dhupiformed dsais papfpiaBly SHPRAELA 1N PHES tius

f opdRAn0aR the 16%1@% RHA hfotee&e@%bty%ﬂtaing wgﬁhklm M mlpkity.
the art, e.g., chrom , including

pr Ep‘aﬁ%ulfxéﬁsgﬂ B19db Sy el %ﬁﬁ%@b@ﬁéﬁ@@&ll@ﬂﬁmﬂuchdm thus
chfoned @aarb@mer Lfrﬁﬁw&&hﬁlh&e@ OFn B 1P o Ick®maf Saphy,

exanpl es t hat ow afe I ntended as an 'l ITUstrati
of ingkuding HPLQ@rmamv claometebophyrend ahefcoluma chmnemgrmhy,

an 1 m | the invention is inplied.
Ex%ﬁ‘%?%hlfmoﬁl%%?%éﬁéhydr yl - 3-qui nuclidinone L-tartaric
aci d salt Rﬁ(heniamplesbmﬁdiw%ré mBnded asunhliltdtratmme)fcaﬁlMS
i }))tﬁ:?errte%gg Ceqlmen%sa %fﬁ SSO' iéeig, r?:ng niggﬁt i c% tlgetnlh\g{%%gs 1mphed
tartaric acid (27 g, 180 nmibmhpleds added. The mi xture
was heatedt fluyx r,12 h d then allowed to
cool to roo ﬁ'ﬁ’é’#‘éﬁlfﬁé ‘HH’&“Q%B?"&“FB?”&W@C pd palt e

sol i ds wer e Racahit Q%ﬁﬂly&@d&@ﬁin&&dhﬂbﬂé(ﬁ\%(‘g,l wgo ﬁﬁno‘fb%s

ggrlgsé%veg /éeafltu{ea §8]|avﬁ of |tw2t deeti%:la{‘:ldqu) 4 ml 180 mmol) and L-

tartaric acid (27 g, 180 mmol) was added. The mixture was heated to reflux for 12 hours
and then allowed to cool to room temperature and held for one hour. The solids were
collected and dried under vacuum at 40°C for 12 hours. The yield of the desired salt was
69.9g, 88% of theory.
Example 2
(2S)-Benzhydryl-3-quinuclidinone (S-3)
The L-tartaric acid salt from the previous example (69.9 g, 158 mmol)

was suspended in toluene (700 ml) and cooled with an ice water bath while a saturated
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30 (2S)-Benzhydryl -3-quinuclidinone (S 3) The
L-tartaric acid salt fromthe previous exanple (69.9

wW@2001885mhol )  was suspended in toluene (700 nmPQT/ERZN03/032275

cooled with an ice water bath while a saturated WD
2004/ 035575 PCT/ US2003/ 032275 ,,-11 sol ution of sodium
bi carbonate (500 m) was adde& dropwi se whil e

MBis6lh@dndfREdiAm bitarionate 300 Ly ad dddel @b xaﬁélwhﬂmlaﬁtaﬂaﬁg a
bi phasi c m xture was (itl rred for 20 mnutes at
>

an PR SPOPE R e S e pdif §1e8 DIPHINE BYGARIES 1iiipd forgfaninutes at

wa g betandithdlayvdd Wére 6dfathtdd. The orghific ia?éf%&ra§ wiSHed vﬁﬁ%t&t(?(ﬂ) ml),
and the organics dried over sodi um sul fate.

or rliiess Wige eeparatedjand he @rasnigs duednyeniodym wlfwacﬁl@ﬁ qrganics were
p r gyitAE aﬁd"eezaﬁ&%& ﬁldvacﬁptto'p?(ﬁllde\fh@@etsiré/c? t%g éétorﬁ-ﬁ\/ls

colorless so 99% vy el d
( 300long4s sol@D@@@&@% ﬂdrMQ 168 1467C. HMR@OQNHZ,ZCEGIQ(M 86 —

4 8, :
o2 2 4120, B2 585 Bolhuat e € s e S g
( S73Y(13; Ben2§-Mydinml 2)3- benzyl am no- qui nucl i di ne
(S,S-4) Wth aluminumtri-jsoproxide: Under nitrogen,
(2S) - benzhydryl - 3- qui nucl i df U&i"' 0.50 g, 1.0 equiv,
1.72 mol ) &%- des&@lhyedylistbe&ﬁilyﬁmt@ﬂﬁﬁdﬁ& (BIS}4)

Benzylam’nevv&h!l}j equiv, 1.89 nmmol) was then
added fol | oW&HRA "%f“g’é‘ltﬁ't"??ﬂ{%‘fie ‘al um num i sopr opoxi de

15 (0.42 g, Undér Efbien, (28)- Qélzﬁ?mjrl)zs quanu%haihaoﬁa‘ QSO@K(JOQH&SV
0

THF._ The sol ution was stirred hours.

coll d7 rERad) wa dissplyed Repahydsens Té%Fd@dnla aeamaymef (3% Ly A
(OcQfid 189 mESIYHES Rek ARBEAMyved 992/ %M@cﬁ&n dJf Qlu;mﬁﬂ-m isopropoxide

h drous THF. The reaction vvasy& aced in a Parr

1o | Znduiys uPe maplrip 278l pisnhygrousnidit | Thowelition weestisted for
at 3 HeQY ’f@{ﬁ@secro@arfé%@sofu%n 13s th&?yc;d%% RAIIEEV ?P%}ﬁ%gég &

m xture was poured 1nto 15 ni
f i Pegussd IO 1 RAOV b wetain bmLwinbyirdus WHYa Gle agrgtion was placed in a

CVRRESERb QR pitipaetlols pH MY h Sl B lekorUelolln EhBbure for 15
bthlmrbﬂ&l reagtios mixten wab pourvhmtmol 5 rmTavf 2g HClyfoilbwed by filtration,
I $:,anal Cis. 1,8 r

CLEB Tl P DY Ko M MRS RORM D B0, SR for e o T

o bQeTBEX )’l;]he\MT]BIE layémasmﬁ;eﬂ gzﬁth Mg&sn,gﬁ)g%\ivﬂﬁ)ysrgﬁgval of Isolven’c in

2S)-B . nucl.] none , ..
ey Bagrg Syt Syt So RS D Rty Refh an Fi el 2o s
| Sisbiha),sfery @dAndderoPUdhbr éhafnter bBsetvedPO ML aut ocl ave

wi th the hydrogenation head secured while maintaining
a positive fwga,tlgﬁmum tetra-isoproxide:

(2S)-Benzhydryl-3-quinuclidinone (9.00 g, 30.9 mmol) was dissolved in
75 mL of anhydrous THF. The solution is transferred through a port to a 300 mL

autoclave with the hydrogenation head secured while maintaining a positive flow of
nitrogen. Through the same port on the hydrogenator head and under 300 rpm stirring
benzylamine (3.7 mL, 33.9 mmol) was added followed by titanium (IV) isopropoxide
(10.9 mL, 36.9 mmol). The port is closed and the autoclave is pressure tested (150 psi
nitrogen) while the reaction mixture is stirred at 300 rpm. After 3.0 hours at 25°C the
pressure is released and under positive nitrogen flow a slurry of 5% Pt/C (1.13 g; 59.4%
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head and under 300 rpmstirring benzylamne (3.7 niL,

W@ 2009/085503 ) was added fol l owed by titani um (1 WWCT/US2003/032275

i sopropoxide 30 (10.9 nL, 36.9 nmol). The port is
closed and the autoclave is prgssure tested (150 psi
nitrogen) while the reaction mxture is stirred at 300

r p Wet)Af B edL. BHP ishddedviabyriabe) 1t4tgaugdofree&18pmﬁ>ug5 the @b AS&Htional
df{@“gigos%;itrg@fe nltro enflow urry of 5% Pt/ C
(GL 6 504 i cemeas sass R HALRSS0 ) e mection. Theport is
VVebIIosédrhna tidlaufodlave re@deled ty 78 ps With @ro% G Slowly vented.
needl e) thr ougxh t.he ort Addl tiona HE (2mL) is

us edisirensatfdrilires Hipgs. Ihﬁ el By dipgegpressiere é%ﬁﬂ]édteﬂéo {thisi and the
I eaGb i mixthis @1351% génlﬁted %k’&ﬁ%ﬂt CF'{‘@ Hodr)SviBHhO S RY m\ell\jn;amed at

pressurlzed to rogen ‘and then s
ve APQopm. Thgjvessekis Fl‘@pé@tt@‘hﬂlldHﬁ@éqltehihéBreSSTIfhéedelﬁmltrogen (100

g&?gﬁ%ﬂ&&m @acto§ Lysied wﬁt @ﬂnd%ﬂt ggﬁ esmore fimes.
lon mxture IS rogenate rnlght f fou
VVI th the st |Ulrdeh308ifa'p mitevigeretova#2 m@oﬂ iqepnold I2HS6 \Imkseﬂlonc acid
ngbo I d_wi.t.h
irSgggnw %g%gg nft! fjg/s ﬁil%g) 1\9/ gcﬁ g%w%%%ﬁ@% Ilg% on Ims}xture is stirred
pr esdeunitoech fini t hounat 2¥Gand a@ﬁrpmﬂeubsbd{ueeﬁy prossaret tranerred

Und ve nitr Nfl.ow 42 il I
hy r%% a orﬁ_l (]:Eﬂgléline er @gs% wgfoanaloris clﬁf_geg ¥4 }(I?x}_&.!ﬁne (gO/ mL) and
addethLsif a0foyhydredhiblieadid ate nttumiixdditard 6 39tnhintitesat D00 rpm and

under n|t en f ur, at C and_900_r pm

o e b Bt St tin &6 B aor B Hergofed biphasic
Er lhﬁétﬁ@éfﬁﬁusfsbﬁﬁkn IS?QE%MB%?W;%@ Celltg pﬁ@ﬁfl{cﬁﬁdacﬁhﬁl@o remove
tol u 0 0 rochloric acid

Thize g é‘iagvsiinﬁ%ﬁ ftar gplesfs fupthersgnsed m}% aquegys WpHCHH0A AH)- The
SUbISAGIRAE bhasPEDERIE BniEARST 8hd 8 otdah 18Rr Bl BNIR%EL
flask. The conbi ned bi phasic _heterogenéous sol ution

i sdissardedy Wader pisng hndapoazh@ﬁrﬁ@éL of olysaeiisgddrsrand sheunihis adjusted
d,

r 3?5?&%)&09{%&1#3?% 15by gﬁ&ggﬁ{el%ﬁgf 50 %hlfa(ﬁﬂ I(i()eir%%f f}f{ﬁ? bfp 31c slurry is

cI Eligred thrqughad Cpﬂé@iée B@élﬁarfmce/s tltamm‘dsalats dlhy ﬁ&nld:at{hs washed

B8RS boY8S ! BEBAEE, 0 LSRR B M

p I—bqnsermd]:ed 9t 8QIC unlbl thpmlumc nhu)bllelye i§ Bedbgedstb @Wmid ﬂI“hetn a0 mL of n-

heg)gaé% Naagéleé gh%e%%‘% xtu-w & (§P t\x}g}b (?02)@ Vte ?Ud’ (X/I;c] r%1hg%r|s E(@g gof seedd

Th(—} 5%) it edded ak®°Cy 'I\hagi”eel@ltété)lsvﬁlﬁefedt ‘&:hshech@ltlﬁ 20(5:(1 tohugne/ n-

ar at I er _i.s

ol Pt fnd BB S TRRAGFR G ofhsiTop Caoliiierasties 75%
redmeﬂthécﬁyzo mL. Then, 40 nmL of n- hept ane is added
and the mxture is sl ovvly cooled to 10C over 2-3 hours
(0.5 g of seeds (- 5% is added at 55C). The
precipitate is filtered, washed with 40 niL tol uene/ n-
heptane 1/6 (v/v) and dried in vacuum at 40C. The
yield of colorless solids is 7.3 g, 25 61% of theory.



WD 2004/ 035575 PCT/ US2003/ 032275 -13 CLAIMS 1. A
process for preparing
W@ B)0E)33575- 2- benzhydryl - 3- benzyl ami no- qui nucl PAI/N82003/032275
conprising the steps of: contacting a conpound
containing a mxture of R and,S-isonmers and 5 having
the formula O N Ph Ph with an effective anount of a
chiral organic acid in thecprggamge of an organic
sol vent and an effective anmpunt of_ an or%an
catboxyl i ¢ atPEOPSIOTREIIERE Sy cisshbenzhydrdoireanzylaminoan
achgmg,(gidgne%m ﬁ@l ek . said organic solvent being
capabl e of ol ubi I'1zing said conpound contai ni ng
s ai d m xtur ecoafacwg apethpSuidsonteining athixiuge pffRegingiStisamargjand
and said organic carboxylic acid being
P%mﬁgﬁgﬁ?@%ﬁisald chiral organic acid; neutralizing
sald acid salt with a base vide an S-isonmer of a
chiral ketone of the forfulaf0O N Ph 15 Ph ; and
reacting said chiral ketapn th an organic amne in
the presence of a Lewis ad bvi de t he
corresponding i mne and reducing said imne. 2. The
process of claim1, wherein thg,compound is present as
a racemc mxture. 20 3. The process of claim]l,
wher ei n S ai dvigtcdncbffeative anfoust of abhﬁeab@aﬁlabt:ld(ihﬁ the PfEkence of an
benzh Ig I|d|none 4 The, [ocess of claim .
Pé e éﬁﬂﬂ eF%‘fe Byt an greppe C%r pofig ppid freonverting
aC badld R-iSomet o P 3@ a3t oTkai€ 5 ddofed, saidldsagicRoR@itGeing capable of
effect‘ve anpunt of said . chiral organlc aci d enpl oyed

i sSpbilizingaidsrmnoyd sqniriee Bid mifuse ol and Stisomers, siE s

of pfél:l@itzfﬂnkasamglﬁ%hlﬂarﬁl%hﬂ o@%agﬁQhﬁ)oﬁﬁlc\é%ﬂtbeir% d@ferent from said
al coho . The process of claim’5, wherein said

al @hﬂﬁ‘b prepmic é@lﬁ,an ol .

neutralizing said acid salt with a base to provide an S-isomer of a chiral

[?;;I;¢O
b Ph

Ph

ketone of the formula

;and
reacting said chiral ketone with an organic amine in the presence of a

Lewis acid to provide the corresponding imine and reducing said imine.

2. The process of claim 1, wherein the compound is present as a racemic
mixture.
3. The process of claim 1, wherein said acid salt is a tartrate salt of (2S)-

benzhydryl-3-quinuclidinone.

4. The process of claim 1, wherein said chiral organic acid is L-tartaric acid.
5. The process of claim 1, wherein said effective amount of said chiral
organic acid employed is at least one equilivant or more.

6. The process of claim 1, wherein said organic solvent is an alcohol.

7. The process of claim 5, wherein said alcohol is ethanol.
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WD 2004/ 035575 PCT/ US2003/ 032275 -14 8. The process
of claim®6, wherein said al cohol is a denatured

wW@b@ealads7s 9. The process of claim1l, wherein B&i/tS2003/032275

organi ¢ carboxylic acid is acetic acid, propionic
acid or butyric acid. 10. The process of claim9,
wherein said organic carboxyllc acid is acetic 5
acgd. 11. ThEiepi®e&%sclim 6) vﬂlei’élﬂ- saidIESIRI R aSRhadured alcohol.
effective angunt of ani.c arboxyljc acid

mt& oyed is HI° PSSO gﬂau}l S{edn gl orspnds a%rbwhf geid igjagetic

cog@@%@loﬂgacﬁ&e@u@r&g@ﬁs of claim1, wherein said
base is sodi um bi carhonate, _ potassi um bi carbagnate,

sodf-um car borgPEcessf slaim drivhersim spidhergania ersbanlic acid is acetic
hygdsi@xi de or 10 potassium hydroxide. 13. The process
of claim1, wherein said base is added with cooling to
malhtain a tﬂm&caftswf elaige |.ovhepdCsaithefactiveanetinhef saidmiganic
of cﬁp ic gmd t].'l%glo Qtrlg:ﬁ?g‘r% eﬁﬁ]ﬁz&lleﬁ‘lt' fgla!lVe %Mlﬁfd‘% Hlpélﬁ'ldd

neutr zing | for ned
bi phasic s ol’ﬂemocmsm clrien 1 lﬂleleﬁn saTd]@Sprscsoésm bm‘arlmhaa,m

Segcg%%ﬁ%r?ﬂng%éc%{agzb odR&f?ag%o&gt\%Lélo arétsmlrilné)értb}ﬁﬁaﬁe, cgl{%rlgyg&rgfsddg or
c| potassibin hymemcm n said second organic sol vent S

toluene, ethyl ace t met hyl. . t - but

Th?eypr ocess Of P& M ‘ila‘“%mﬁe fe %éﬂ lﬁfls‘ilé\ﬁgge q’ucoogn%??

aI nnainrwmm eealpbratur@beldB25 Thertipreadigsa p'H ofiibaum 16,
e|n Sa';’qa' umi nu sal i.s alu

sopr opoXiPH8rocess of FAE hrdesdyse neélfr%tlﬁﬁglls peffamed i the

saplfésdnea\bﬁalﬁphadlclsslv@ttmi@rél umsalt. 20. The process
of claim19, wherein sajd titaniumsalt is titanium

tet¥a- i soprTé‘ﬁB%CBSé of elainp i, wheremspidbirhesip polygnh myptyre

WenfirRePd scb@RSTrgMNSoREkta¥@laRt. or nore of said Lew s
acidis enployed relative to the S isoner of the

chi®al ket orfde pppess phelaigt by wherebysaid| sagomd preapissplepm is toluene,
SakiflyliaB3tREe, drndiSAUGRH M F €acting the same with a

red 1l‘.f}(l:lang agernt W t he présence of a noble netal

cat@l yst. 23hePosesyrbdeigsl, othersinaiard [x3vis stidisen alugaiun salt.

nopé e net al T‘fl@%ﬁ)lcé@ 'i)f 1§1rnal 6 WRBRL sg‘a alu?h%mﬁ’rﬁ lsél?g iR hm?

supported platinum ca
triisopropoxide.
19. The process of claim 1, wherein said Lewis acid is a titanium salt.
20. The process of claim 19, wherein said titanium salt is titanium tetra-
isopropoxide. A
21. The process of claim 1, wherein at least one equivalent or more of said

Lewis acid is employed relative to the S isomer of the chiral ketone.

22, The process of claim 1, wherein said imine is reduced by reacting the
same with a reducing agent in the presence of a noble metal catalyst.

23. The process of claim 22, wherein said noble metal catalyst is a supported
palladium or a supported platinum catalyst.

24, The process of claim 22, wherein said noble metal catalyst is platinum on

carbon.
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24. The process of claim 22, wherein said noble netal
catalyst is platinumon carbon. WO 2004/ 035575

WEDMOSAD3/ 032275 -15 25. The process of cl aP@1/RR2003/032275

wherei n said reduci ng agent is hydrogen. 26. The

process of claim1, wherein sgid organic anine is an

aryl al kylam ne. 27. The process of claim26, wherein
sakf. aryl al KfHeamdces df slabeDZ,yWiRrdineid red@inglHpentds BERSSEn.

of fgl aiml1l, erein sfa%d ?ci d salt _is produced in a )
yi 8Pd 5 gr eat PRSI &ER [ Juherem saidpiganie smpe ixangryialiglamine.
wherei n sai driyipedcdssiof clali® D6, Sheteth ﬁQf/erlgﬁlglaﬁllﬁ?e iPBéHtiﬂlﬁﬁ'line.

of .claim1, erein said imine is reduced i mediately
Pg'owi ng f orSerqcsss obflatom b veherein sad acighsadids progyced in a yield

2( DeaRLMgRyORY! - 3- qui nucl i di none, said salt being

subst anti al | 10 enantionerically pure. 32. The salt

of 221 ai m 30, Thetprasssiod cleiie 2§, avherein swidavield is fgn 8Ato 90%.
subgtant i al |- SRABLIP BRI £ Al HYeil Wiimine i immedi

2(S) - benz hydr)??)- 3-qui nuc ?3#’ kel Wi ipine 1§ reduped immediagaly
en&iovinedetmention pf hesamd. ni ne of 2(S) - benzhydryl - 3-

quipucl i di NONEt of 2(S)-benzhydryl-3-quinuclidinone, said salt being substantially

enantiomerically pure.

32, The salt of claim 30, which is the tartrate salt.
33. A substantially enantiomerically pure 2(S)-benzhydryl-3-quinuclidinone.
34. A substantially enantiomerically pure imine of 2(S)-benzhydryl-3-

quinuclidinone.



