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‘BACKGROUND OF THE INVENTION
Substance P is a naturally occurring undecapeptide belonging to the

10 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

15 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.
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These substance P antagonists can be prepared by the reductive

amination of cis-2-benzhydryl-3-amino-quinuclidine 1



\"%OUNH2 ~',,,, Phh NY Ph 1 using the appropriate al dehyde of the fornula
R3CHO where R3 is defined as a benzal dehyde derivative with the phenyl ring
substituted with R and R2 as descri be above. This reductive am nation may
be achi evedowiobd3asari ety of reagents such as 5 hydr ogePQTU2p@3/032238ence of
a suitable nmetal catalyst, sodium cyanoborohydride, sodium
triacetoxyborohydride, zinc and hydrochlogic acid, borane dinethylsulfide or
formc acid as described, for exanple, in WO 92/21677 WO 94/10170, WO

94/ 11368, WO 94/ 26740, V\094/08997 97108984, and U.S. Patent Nos.
5,162,339, 5,721,255, 5,939,433, and/5,989,434. An alternative strategy is
the conversion of Ito 2 by an 10 al kyla |on thh an appropriate el ectrophile
as is taught, for exanple, in US. Pa 5,807,867 and 5, 939, 433 and
WO 92/21677. A further alternative strategy for the conversions of 1 to 2
is the acylation of 1 with an activated carfPfoxylic acid derivative followed
by reduction of the resultant amde with a reagent such as lithium alum num
hydri de as described in WD 92/21677 and the Journal of Medicinal Chem stry,
35, 2591 15 3 ) 1, WhICh IS
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form 2- benzhydr%/46 UI nucl i di none 3. Reductive al kyl'ation of ketone 3 with
benzyl ani ne pr9é W%@W@%§9%4%¢H§3MFH§2§?Q2 338582HWE 1 ~CO O
O 5,939,433, and 5,939,434. An alternative strategy is the conversion of 1 to 2 by an

10 alkylation with an appropriate electrophile as is taught, for exaniple, in U.S. Patent Nos.

5,807,867 and 5,939,433 and WO 92/21677. A further alternative strategy for the
conversions of 1 to 2 is the acylation of 1 with an activated carboxylic acid derivative
followed by reduction of the resultant amide with a reagent such as lithium aluminum
hydride as described in WO 92/21677 and the Joumnal of Medicinal Chemistry, 35, 2591
15 (1992).
The cis-2-benzhydryl-3-amino-quinuclidine 1, which is an intermediate
in the formation of 2, is available from the 3-benzylamine-2-benzhydryl-quinuclidine 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,
20 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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described in U S. Patent Nos. 5,807,86a-and 5, 939,433. The use of 9-BBN to
effect the imne reduction forned fromthe reaction 10 of benzyl am
the ketone 3 has been advocated as t BEHEMEI ni zes formation of the

cis-isomer of 4. This procedure

and 5 qui nuclidi ne anal ogs

of
ows for
as

ne with
desired

degcribed in the Journal of Medicinal

Chem stry, 35%; (1992). In §@ T t hese exanpl materials were
racem c. The rati on of ena pers has been d n cogpound 1, 2, or 4
by cl assi cal | uti ol Techni quay” 5 TAis 15111 y tie=>

met hodol ogy descri bed, for exanple,

U. S. Patent N@.

met hoxyphenyl rivative 7 is sep atel to provi de th§ dddired (-)-

by crystallization of racemic 7 with (-)-mandelic aci

purification of the salt by subsequent recrystallization from ethyl
and rel ease of the free am product by treatnent with base. In a

pr ocedur e,

N-[ [ 2- met hoxy-5

(1-nethy|ethy|)phenyIL t hyl (di phenyl nmet hyl 7~ ~@fﬁ%icyclo[2.2.2]

amne is

in WD 97/ 03984. 04/ %%5575 PCT/ US2003/ 0322 -'%'/Ph

10

15

20

///,/,/
l/ Ph

Ph

4

The approach is amenable to adaptation to allow access to aryl and
quinuclidine analogs as described in WO 92/20676 and U.S. Patent No. 5,162,339. The
use of methoxybenzylamine 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 separatec'l 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.

5,138, 060, where the

i soner

fromethyl acetate

acet at e,
rel at ed

oct an- 3-

resol v “usSe-of R)-()-10-ganpho oni ¢ acid, as described



H ----Ip rz~-)',i Ph W N,,,, Ph 7 Use of Dtartaric acid has been

di scl osed in Japanese Patent No. 07025874 by Murakam , et al. for the

resol ution of cis-3-am no-2- benzhydryl qui nuclidine (1) in methanol.

Separ at i orwohod4leassds ast er eoi soners of an 5 internedi at e PCAAISAVAGI0824TAve al so
been used to obtain 1 as a single enantioner as described in the Journal of
Medi ci nal Chem stry, 35, 2591 (1992). SUMVARY OF THE | NVENTI ON The present
invention relates to a process for the preparation of (S, S)-cis-

2- benzhydry-1I - 3-benzyl am no qui nuclidi ne. The _gawentive process includes
contacting a 10 conpound containing a mxtu R- and S-isoners and
having the formula N Ph Ph wth Q punt of a chiral organic
acid in the presence of an organi
organi ¢ carboxylic acid for convd the R-isonmer into an acid salt of
the S isomer. In accordance with #¥hod, the organic 15

sol vent enpl oyed is capabl e of solubilizing the conpound containing the

m xture of R~ and S-isoners, while preciRhtating the acid salt. Moreover,
the organic carboxylic acid enployed in the inventive process is different
fromthe chiral organic acid enployed. The contacting step mentioned above
is performed such that a dynamc Kkinetic resolution is occurring. That is,
the inventive contacti ngsestf@gaitaicaaidrtiag teendisclosidrig Japafese Paeniaddie.s and
condi ti ons whi fverthe reaction,to t formation the Sisomer. In
accordance w Pﬁ&-‘%@z‘%wfs“én mll’re\\P/%Ih ftcl)lﬁ,res Elﬁgn%ﬁ”%rﬁa%“ 0igiﬁeti c resolution is
obt ai nabl e  whenxhgdrykjufnaclidineg 1 pittonetlianof. Separativhgd theclidsarduivoylerscofaai d i S

enpl oyed to solubilize the ui nycl.i di no nd provide an acidic environnent
o' racem ze ¢ irierepliafirarbapgiedies aen gt Foeen d spevnelesaiiPmesss - 5

described in the Journal of Medicinal Chemistry, 35, 2591 (1992).
SUMMARY OF THE INVENTION

The present invention relates to a process for the preparation of (S,S)-cis-

2-benzhydryl-3-benzylamino quinuclidine. The inventive process includes contacting a

10 compound containing a mixture of R- and S-isomers and having the formula
0
N Ph
: Ph

with an effective amount of a chiral organic acid in the presence of an organic solvent
and an effective amount of an organic carboxylic acid for converting the R-isomer into
¢ an acid salt of the S isomer. In accordance with the inventive method, the organic

15 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

20 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



isoner. It is preferred that the organic carboxylic acid is not chiral.
Preferably, at |east one equivalent, of organic carboxylic acid is used,

and nore wigefoef/@Rk¥ greater than one equivalent is usecgraisabiswez2ro the
qui nucl i dinone. Likewi se, the dynanmic kinetic resolution is obtainable when
an effective amount of at |east one equivalent, preferably 5 greater than 1
equi val ent, of the chiral organic acid i'§‘errp| oyed After the contacting

step, the resyltant, @Pfegen%ﬁltﬁat }h%o Hf‘crcﬁjb?fﬁﬂ X‘Y}i’i%cﬁ‘@hxra‘?rgﬁ@rﬁb{;ﬁﬁ@a’\s‘ggt

provide an S-1soner o ira one o ormula 0
chiral ket oneoriesqnizalenteef cganke carbowyligeatidds nseilrrad imore prefeprbisgmae tha®nof a

Lewi s aci d €0 proyh e L. 681 S SRONHL AL EiBPHe RIS liige [o reduced.

I n accor dance® present i nv ectiv armun?etof the Lew s
aci d, pref er afekolutioatis blﬁasﬁblowaeremwfﬁta[ve Rmoaaf attedseopreghivaizhl, yrefegibbat er t han

one eqU|vaIent i S p conversi o he inventive reaction
i s depPcted |$Te§'t°:'ﬁg‘ﬂ‘e} %?{’bvéfeBWOfﬁhﬁcé’agB‘@F%‘FF@g‘ EWeLnt the starting
material is racenmic 2- bﬂl&iﬂﬁédbﬂ&cﬂn%&eﬁtﬁ&ﬂeﬂﬂﬁﬁﬂaﬂid%@ﬁ%(n%hﬁraliz@d aitkaef erred
enbodi nent, the process starts with racem c 2- benzh drél - 3- qui nucl i di none

(3) prepared ergamease faevigsan Srisomer of g hinl kolepaofthe fPriue  Jour nal  of

Medi ci nal Chem stry, 18, 587 (1975). ntreated with L-tartaric acid, a
preferred chiral organic acid, t -isomer of 3 crystallized as its
tartrate salt in 85- 90%yi el d. @tion can only deliver a 50%vyield
of one isoner, the remainder 20 ﬁ] ﬁle undesired anti pode, a dynamc
kinetic resolution is occurring. us undesired (R)-isonmer is being
converted to the (S)-isomer under t hé’lreaction conditions. The solvent for
the(crystallization is an alcohol in which the ketone 3 is soluble, of

whi ch et hanol is pref eNeétaltheWhlralﬂFetomlesm@éwnihaanrgamgannm lndtemsyrmc aci d,

of whiygh acetiie 1Rl sid & gArALSRL ehegaTlen Y BAThE, KL OSHLG, LARGAUAT on al| ous

for losses to be mnimz are aSSI cafr "resol Gt on appr oaches
taught in theacbordmcamﬂlehqa;sestehenvﬂmdaslan eﬂectxammpmnief ﬁi@éswmcamdhavferabbr be
di scarded. Th ecovered fromt alt and

utilized in kf‘ngiﬁlg ? ill‘%}éal?iﬁ {ﬁ%{oﬁé{g eP ﬁ'a%rgﬁ tﬁ%ﬂﬁ]}?eeqiuﬁalgntd? g% ediffer ei n
t he S-ster eochimabtdnyersidn. The inventive reaction is depicted in Scheme 2 below.
In a preferred embodiment, the starting material is racemic 2-benzhydryl--

15 3-quinuclidinone(3). In a preferred embodiment, the process starts with racemic 2-
benzhydryl-3-quinuclidinone (3) prepared as described by the method of Warawa in the
Joumal of Medicinal Chemistry, /8, 587 (1975). When treated with L-tartaric acid, a
preferred chiral organic acid, the (S)-isomer of 3 crystallized as its tartrate salt in 85-

90% yield. As a resolution can only deliver a 50% yield of one isomer, the remainder

(20 being the undesired antipode, a dynamic kinetic resolution is occurring. Thus, the
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.

25 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



WD 2004/ 035575 PCT/ US2003/ 032275 -6 nmaintained at G2 and the
S-cis-stereochem stry is largely controlled at the new carbon nitrogen bond
at C-3. The process for the asymmetric reductive al kylation with benzyl am ne
i nvol ves WO R@ui3RSTDN of the internmediate imne by treat ReRUSYOI/2375,) t h
benzylamne in 5 an organic solvent in the presence of an excess of a mld
Lewi s acid such as alum numtri-isopropoxjde or titaniumtetra-isopropoxide
foll owed by reduction of the imne in- situ with hydrogen gas over a noble
met al cath ahys]tcmaiﬁﬁ{ihdrmni b ﬂlé‘lfBicCSl:lsteéal&haﬁilﬂi'pﬁﬂzifrgélﬁc%mﬂlﬁ&agtthémalw dakt®nr eact i on
is tetrahydrofuran and the preferred catalyst for the ydrogenation is Pt
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mrror inmages.,of. of her (enant, . .chiral organic acid is also
soluble int hé"’%‘t@ﬁg% T g% %P‘\g/eé ﬁtnséli\ﬁ]%gag ?a)éaé}ls}-‘\r/\gltgor%hrﬁfta% > {hTRPEPTigle gani c
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DETAILED DESCRIPTION

For those skilled in the art, the use of the reagents and methods used in
15 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
20 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

25 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,



25 exanple. An organic solvent in which the racem c ketone is soluble but in
whi-ch the resultant salt precipitates is enployed. Sufficient solvent is
present to solubilize the quinuclidinone and the varioys,r ents. This
organi c sWOAPY03STSpr ef erably an al cohol, WD 2004/ 035573’%&%%%%%%@?032275
-7 where ethanol is the preferred al cohol, and denatured al cohol is the
preferred formof ethanol. A weak organfc¢ carboxylic acid is added to aid
the salt formation. The organic carboxylic acid may be a nono carboxylic
aci d or a polwherssthanelisithe piefpraed %qu?@b\éﬂiée}laﬂnled plsolnl a5 the prefprie farmiaf | s” a nono
carboxylic aciygd gr dicarboxylic acid. It is especially preferred that it is
a nono carboxylic acid. The carboxylic acid includes, but is not limted
to: acetic acid, propi énvekagadic cathdxybiongid isadded td.aidlthe st fefreatioedThei d i s
acetic acid. As described hereinabove, the organic carhgxylic acid utilized
is present tYN Cgﬁb&% Csacédﬁrf‘?bf W% ?notcc%rbé)ﬁheccatg%soélatpo yoc?lgpﬁ)f/}'l Cnacgdr:ld pr onot e
preci pst at i ormogkvdrhieispeferred thutef ien alohy carbdxylieasd odiearesyyliy adid it isof or gani c

carboxylic acid ig utilized relative to the .qguinuclidinone.. As. used herein,
the ter m " equREIeDK Prefersd it 15 Lmgwo wagposylicasid) e Grepotaotiatndes hiting
especi al |'y i s ¥&ilktiled ®: abB¥c QGid] i8piofO Adidiand baite AhONTHR prefe@édac@lismol e, 15
respectively, of acidic hydrogen, i.e., hydrogen that reacts wth base
during neut ra8¢ticAstd on. For exanple, if the acid is a nonocarboxylic acid,
such as acetic acid,  ROG.dRb HfeflabSvedhb BrelhiP BEAH6R 1R NG TRl a(EpHNal ent) of
acid. However, if the car%soxyl I Cc acl dei_s argglilhcar bo yl_l iC acil%, %%}IUC? as oxalic
aci d, 18ucei niizameunds sudfcient kreeffecksalt fametiomand grapiote hescigitatzomlod thelsale aci d
produces 2 equi n i - if A i.- Cid..i

monocar boxy| bR eead onB ity of Wil b e AP MRS e
anount of nonpoaclxdnxodei c acid relative to the quinuclidinone is utilized,

while if the carboxyli¢ acid i s i car boxyl i,c aci it is.preferr t hat on
a nolar basis, at lea usﬁgg‘ﬁﬁemt’ %egeémagq Gt qﬁi’?ﬁﬁgﬁs&? ?fbar?édo f‘%?%{ﬂ@% to

di car boxyl i c agfoufk, especiallyi ihiweiht orao¥eMBst.conthiné Snefdt&hie weiitht bh@bleexcess anount s
of organic carboxylic acijd is 25 uytilized. It is preferred that the

qui nugFi di noriespegtivelycofi acidie lé’rdé%ﬁ?’d-eag(‘é"géﬁa’af Fracts gty 2asedUEng boxyl i ¢ acid are
m xed t oget hegu@fiizARRU FoAdRIRRY ifHRIHRRINA Hofstarbtdki ROk A) sUcARY acetic acid,

one mole acetic acid preduces one mole (equivalent) of acid. However, if the

carboxylic acid is a dicarboxylic acid, said as oxalic acid, suceinic acid, and the like, one
mole of the dicarboxylic acid produces 2 equivalents of acid.

20 Thus, if the organic acid is a monocarboxylic acid, it is preferred that at
least about an equimolar amount of monocarboxylic acid relative to the quinuclidinone
is utilized, while if the carboxylic acid is a dicarboxylic acid, it is preferred that on a
molar basis, at least about twice as much quinuclidinone relative to dicarboxylic acid is
utilized. However, it 1s preferred that excess amounts of organic carboxylic acid is

25 utilized.

It is preferred 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.,

30 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



may be m xed at tenperatures as low as OC up to the reflux tenperature of
the solvent. The reaction is allowed to proceed until precipitation of the
(S)-salt isoner ceases, i.e., 30 no nore precipitation W t hout
wi shing t "'®EYEIME it is believed that the conbination i()) @E&%W‘ﬁgr al
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pronotes the WO 2004/ 035575 PCT/ US2003/ 032275 -8 dynam c kinetic
resolution. Mire specifically, under the reaction conditigns, not only is
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are not limted . _sodi um bi carbonate, potassjum _bicarbonate, sodium
carbonate, pod¥ lem@éf’rsﬁg;ﬁafﬁém o3 RO LB dfe: NS, BHaSPath a¥y dr oxi de.
I'n a preferregeybosiyTRiMter. ThbBrefdiel ofg%n@uapam@@meﬂe wissr hﬂ@%ée?fo?‘ﬂ{eve”t
m xture and an agueous sol ution_of base is added wth cooling t
mai ntaln a  t eeygelizetion @aﬁmndwlrz@cblﬁﬁtq rjot h@&%wn@dwnpbicafbmmn@tagmmrhe free
base of optic Yfunk V, for as a
solid. Wt hou?ll:1Lr|¥cr)nrﬁtﬁat éltE I on g@%ﬁp?ﬁ’%ﬁgﬁ%ﬁl}@a eés?)g)r %@?39{18%%?1 glplt)%yﬁ{]? ustrate
that the chi hyhodids bnepstesred ambistimersetiie sait ip suspended i the bighasis Plvantt agoni st s
and t hat racgm Zratalll Qng%egus%guh gfl{ﬁebals?é){s aEi 9 \%thscl:qoim % Iannthe art, other
al dehydes, r eQu I ng qn? or "t he T mon depr o 88 CSHNEPRods can be
envi si oned fr@emptilaerd betl@ﬁaﬁ“@nmtld)feaaﬁhgd‘;ﬁ{ bmm@mamfpelmdsfo;ﬁcew dcivee of
this scherre | Q| ves t%fﬁf or.mat i on . of theoyai ne wth a nitrogenous organic
y

ani ne, Psuch a dﬂ&??veé am the,organic layepasg s lalkyl amine. It is preferred

that al kyl contains 1-GviiubBRitaioathe a;»ﬁhb&kbllﬂauesbx%ehmaﬁﬁhem@frats&Haal ght
chai ned. Exanpl es include nethyl, ethyl, isopro butyl,

sec-butyl, t-Bgeyral ketprppdicgn be bssﬁmre%@rrdswl?étﬁ%e@/%w&tﬁ ?ﬁ‘d ‘Batyl * when used

al one or in cpghhHAldnUdes hot 0bdhr. Zﬁor@sdasr%n&i 19@1@4?%1 Bl CAMPAR! RBudng 10, 14 or
18 ring carbon atons and up to a total of
agents for the imine and deprotection methods can be envisioned from the literature on

20 the racemic compounds. Step three of this scheme involves the formation of the imine
with a nitrogenous organic amine, such as alkyl amine, aryl amine or arylalkyl amine. It
is preferred that alkyl contains 1-6 carbon atoms, which may be branched or straight

~chained. Examples include methyl, ethyl, isopropyl, propyl, butyl, sec-butyl, f-butyl,
isobutyl, pentyl and hexyl. The term “ary]” when used alone or in combination, is an

25 aromatic compound containing 6, 10, 14 or 18 ring carbon atoms and up to a total of 25
carbon atoms. Examples include phenyl, napthyl, and the like. The preferred amine is
benzylamine. The organic amine is reacted in the presence of a mild Lewis acid in-situ
to form the imine, which is then reduced to the comresponding amine by techniques
known to one of ordinary skill in the art, such by reduction over a noble metal catalyst

30 and hydrogen. This approach avoids possible racemization during the conversion of S-3

to S-4. Imine formation in the presence of a Brensted acid resulted in some racemization



carbon atons. Exanples include phenyl, napthyl, and the |like. The preferred
amne is benzylam ne. The organic amne is reacted in the presence of a
mld Lew woabfodserssitu to formthe imne, which is th@CTVER04§2275 t he
correspondi ng am ne by techniques known to one of ordinary skill in the
art, such by reduction over a noble net %_cat al yst 30 and hydrogen. This
approach avoi ds possi ble racem zation dufing the conversion of S-3 to S-4.

I mne formati@e.j EliReiRies ReEoRbvad Ba 0BRIsabidachdd iratlly8dorklatioRse
racemn zation WO 2004/ 035575 PCT/US2003/ 032275 -9 at C-2. Epinerization is
not obser ved the iming eng thengthe epdpafion dedirectly peaformsian thereadtanbRi*@fe. t he i ni ne and
then the reduction s Shl&R! duftahE b Mo TRiincinlafibn FEot A n rﬂoi‘r{?g%;ﬁte Sol vent s
suitable for the imne formation reaction are any om)gengte rocar bons
such as net hyllydwearbbisouihls mahdéreshlvbdn dihlorobetdene, shlornbengsne,5

di chl or oet han or .ot her i.nert .sol u t her.eal ..solvents i ncl uding,
but ot -1 1 meitpg et Atk SR E S A kAR AL AR, 671 o

t ol uene, Appriogitadad.erHE sl ydecartensi imdidinke bt notlimited tor tolueso pippropriatde and

titaniumtetra-isoprapoxjde. .The .preferred wis acid.is alum m

tri 1 sopr oxi d@WSHOIERRe S4ipianh & BPaieBnioa e SHOLH EreirPeis 1. f or m t he
imne. It is ﬂ%féxfr&f I &ds hdidds ald%ﬂnﬁihhi—i%gﬁﬂﬁué‘. TBE UawisGeidid Presenbininfoufit 10 in
at | east about equi nmpl ar ampunts to that of Ketone S-3, but an excess of

amine may  befisptiednformybs e It isipreforeed that the mitengenaya orerpis aming is PEEY |
presenp 1n aty LERRY bt Auithdifr anfduh& ¢S {h}{ﬁof?dg%ﬂgh%,kﬁ’ta%k&é ¥5hi nbre ketone

S-3 to the imne. Preferably, Lews acid _present in at |east equinolar
amount s to t Hhetpresentt Morgaven tas Beferredthptctbe bewiyadid istresentan edeast eatalytire | i miting

reagent. The ti I ' 2 | : as by

15 using a nggﬁggﬁuﬁg a nﬂgg%%goﬁlvarﬁ%g%%?%%g?ﬁ ﬁ%ﬁgﬁ’%o %ge?%ﬂéggl%%saat%g%gst s

i ncl ude pl at ipnesemt i adegshéduardolamanment lts thetof igrkieone S, pypecibldy if Thedatper &f er r ed

catal yst is tinumon carpon. ..Far .exanpl e, .one i ed step of the

Chventtve pr OhEli g et T Bt ik e 5 MnGRT BEbYRR A fapy

t et r ahydr of ungigasoble Sedtal eathlyendd Rydisgen U Thd fdbld iBeplranBxisdeclak gldumlew s

acid. The imne forpation is pteferablfjfg/Tglarried out at room tenperature for
't

three 20 hour®dd palladjug metalsonxopqys seppe £ PFRyaH Ghtakystis Rl e e bid t he

reaction is bk Efa@thle, Bﬂéi&ﬁbcﬂiéa)éféb‘égﬁﬁ_iﬁfemﬂ%%h@é@ idtardéd A by aixify dr30gen
pressure for 15 hours. Optically active S, S-4 was isolated fromthe
reaction. ThéndBepaxlapinedp tavabydsefyre ag 2 sglvanhandaluaiapn thiispaiopPHAe achs eves a

si gni ficant i@mcﬁggn@\{ﬁrnetf&%ma&mé%férmgtam@d &R 81 108 t4BRRA eI M three

approaches. The yie
20 hours. A slurry of 5% Pt/C in tetrahydrofuran was added and the reaction is stirred

under a hydrogen atmosphere at 75 psi of hydrogen pressure for 15 hours. Optically
active S,S-4 was isolated from the reaction.
The above-described process of the present invention achieves a

significant advantage over the conventional, classical resolution approaches. The yield
25 of the resolution step, i.e., the first contacting step, is greater than 50%, which 1s the

maximum that can be achieved with by a typical resolution. The undesired isomer is

converted to the desired one, which is isolated from the mixture, under the reaction

conditions. This results in increased throughput and cost savings. The use of the

quinuclidinone as a single enantiomer allows for asymmetric synthesis of the Substance

& p

30 P antagonists in an optically pure form by a variety of routes and alleviates the problems

associated with late stage resolutions. The problems associated with racemization



25 of the resolution step, i.e., the first contacting step, is greater than
50% which is the maxi numthat can be achieved with by a typical resolution.
The undesired isoner is converted to the desired one, which is i|solated
fromthe WMORWBSTnder the reaction conditions. This rPguﬂJ%?QOﬁ/(}?Z?ﬁcr eased
t hroughput and cost savings. The use of the quinuclidinone as a single
enantioner allows for asymmetric synthesis of the Substance 30 P antagonists
in an optically pure formby a variety of routes and alleviates the problens
associ at ed wi dunin sgductiveagranation ete glimipated bylike yre obh bewis acid brdatalyas imireh

racem zation 5 2275 -10 during reductive

am nation ar ef\é%%%g%g?%ds%%g%é @Qgﬁétpﬂew s acid to cgt alyze i mne
formation and in situ Hhepioyessdesiaywddgmnalsmmful fohmepniog 8eS,Yeisri bed herein
is useful for

benshedr vl - o WBASHA B s s T isieae fomA s otR B SEMSRAT S | somers of

S qui ngcl i di chc'ﬁh@ndﬁmsmwmdmyaybﬁ pRIER @DEreattr BHoRAk Of waé’rﬁétﬁht STher vice
versa. The above process is also applicable to the formatjon of the title
conmpound f r ombPYRIAFSES B-al seéﬁalwﬁylaﬁfb{})lp fosmaiignpfchs e romeounddraamracgmicdal |y i s
the usual st %ehkd?l?dﬂ%?f ?ﬁhﬁhchdm‘ﬁe RiHa 1c§181"1£’§1@ ubb4l §t5k%n§]%téﬁal dentified
process is substanti al enanti onerica pure, that 1S, substantially free
from any other stereoi moéuctiforéled bYﬁ@abqw-lljlﬂlﬁﬁR‘SP@PCSSR spbantie s .
Preferably, i gﬁg ey eoi soners,
and nore pr eféélﬁlgtaﬁ%e%?@sd u?ié?ilgtrtlﬂ out o [ 55&%{@1{' ? ‘?%]tr#e? %O%Ogrfe %ér'é" the

st er eabsoner sRlé,rR:S e\&hpmﬂu@s pﬂrefbeblybit yontehmgsstthmlrﬂ O%Jimlmﬁty@fxm thelotheot her

st er eoi sorrers bl bstantially
pure, i. S(Seﬁ?mﬁ se% 8'§djm??1é’ﬁ&€rﬁg}oy 1 |nta39°‘ét§(if ﬁg’ g’p‘? éﬁpakh ¥ contains
| ess t han 5% sterfnidonieys andeEed-lﬁm\pee’f?rablﬁl leks shan@bouttiPieof the other stereoisomers.

(S, S)-cis-2-benzyhydryl| - g :Sn nog ucl i di e t.hus {a{ orned can be
further purified by te ‘F\Pr& hys &opped i3 ‘Wé’r%f?’? y substantigdly i Brgr aphy,
i ncl udi ng HPLGnRAmS ML 8lah \I@"/oqﬂbﬁﬁi?taﬂ&fr@féﬁﬂefeﬁﬂl@ cORthias 1e6that Y GRpRIPL agr aphy,

recrystallization and the |ik he exanples that follow are i ntended as an

i |lustliati on Beweven tféleﬁfeﬂothﬁK%Sb?lﬁéd)eéﬁﬁmh%ﬁ?@ybmlﬂqﬁl@npﬂ\ﬁmth‘éfn and no
l'imtation Offoﬂllfb% daf B Ririh I@lgbdrﬁieﬂ kaecﬁlq ques KXGAPIGhe art, e.

(28) Benzhydryl - 3- qui nucl 1 di none tartaric acid sal thac
- benzhydr y| -igclydinp HELC draperativg gromgographygandratisr rolwas chromotagraphy,

recrystallization and the like.

omatography,

The examples that follow are intended as an illustration of certain
20 preferred embodiments of the invention, and no limitation of the invention is implied.
Example 1
(25)-Benzhydryl-3-quinuclidinone L-tartaric acid salt
Racemic 2-benzhydryl-3-quinuclidinone (52.45 g, 180 mmol) was
dissolved in denatured ethanol (525 ml) with acetic acid (10.4 ml, 180 mmol) and L-

25 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
69.9¢g, 88% of theory.

Example 2

30 (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



di ssol ved in denatured ethanol (525 m) with acetic acid (10.4 m, 180 mmol)
and L 25 tartaric acid (27 g, 180 mmol) was added. The m xture was heated to
reflux for 12 hours and then allowed to cool to roomtenperature and held
for one hW@20049385%0| i ds were collected and dried undePGFAERNER2720C for
12 hours. The yield of the desired salt was 69.9g, 88% of theory. Exanple 2
30 (2S)-Benzhydryl - 3-qui nuclidinone (S-3)1-The L-tartaric acid salt fromthe
previous exanple (69.9 g, 158 mmol was suspended in toluene (700 n) and
cool ed wi t h agselutios ofizadiayvm bigarhorgts (S0 ml) vas added deppwieXole/BHEMEE 2

PCT/ US2003/ 032245 - ti ' LG al : ded

dr opwi se whi Ié%zﬁglln Ir?t%r?r%ﬁ?%g{éé)lf Qﬁhﬁcg?hﬁ%&{r’;%%%lgtﬂﬁggﬂag‘%ﬁfé%.%)ff)gzé gll\{%zers,qg

bi phasi ¢ m xt26°€ awhthe $tyersrvede separa2. The oigass laer wab@ishedl withevatea (o0 sulyer e
separated. Th rgani ¢ | ayer washed wi th water . the |ayers
were separ at e@egﬂx SHRE SSP%%fﬁﬁl %@dsth? ?rgﬂ"%?\ﬁgpag‘é)e&ﬁﬂ\“g%\h?%‘f'gﬁe‘?%nﬁ? Y&¥i cs were
5 filtgred anflit@stmdeaipdehtddinvamido provide Gieiddgret pticail dctivk keigieiagal | y active
ketone as a colorless solid o45.,661\8);l 99% vi gl d. 145-146C. ' HVR (300
Mz, CDQl 3) geolorlsss solig 43ep6(gnP9% yield Mpy 145- 14643 MR (300 Mtz A1Cl Sgbqm  2)
3.08 (t, 2), 9 44)_. 1) 3 o0&k 381y m 2).
Exanple 3 to 2?%@%(4 g-zé‘gnz%ﬁgg’rm’?zi%{ b%%%é’?’%%@%’%?ﬁu%ﬁ (faﬂil)hzé'gggl’é 4) Wth
al um num tri -7.50m,&%i 78— Tabam, Zg-i trogen, (2S)-benzhydryl-3-quinuclidinone
(0.50 g, 1.0 equiv, 1.72 mmol) was dgiﬁﬂll\’ d in anhydrous THE (2 nL).
Benzylam ne (0.21 nL, 1.1 equiv, 1.8 o) was then added fol | owed by a
sol ution of al um num i(SSp2cdRemzyltipdryb3-benziPangino-gRinaclidine ($SAp Mol ) in 2 nlL
of anhydrous TI 1F. Thea,&,glll Li';li on was.stirred for 3 hours. To this colorless
sol uti on was then added & ¥PTPMR G- 1NDTBRE: (0. 063 g, Degussa F 101RA/ W
--60% wet) in 1 nL anhyed&ustropels. (29 RnAHasl-B QRinielidiiind ¢@ 80 g .@equiRgr r
reactor, pressurized to 75 psj. H2 and allowed to react at room_tenperature
for 15 hour sl-7aREoDags dissplved in epfvarain JHE St Ly Benzglamine Q- 24 mlat inc |

fol owed by fidulvi 88b Rftnol)2Rad¥BsH ddueBloliehedMytdbofkitibh MPinafith €oghépd&ideon Wi th 50
m. nethyl tertiary butyl ether (MIBE). The MIBE | ayer was dried with MySO4,
fol | oviéd by r@fB8eal-288uisq) QUammol)gn 2 mL of anhydrous THF. The solution was stirred for

3 hours. To this colorless solution was then added a slurry of 5% Pt/C (0.063 g,
Degussa F101RA/W, ~60% wet) in 1 mL anhydrous THF. The reaction was placed in a

Parr reactor, pressurized to 75 psi H; and allowed to react at room temperature for 15

hours. The reaction mixture was poured into 15 mL of 2M HCI, followed by filtration,

20 basification with 1M NaOH and extraction with 50 mL. methyl tertiary butyl ether
(MTBE). The MTBE layer was dried with MgSOy, followed by removal of solvent in
vacuo leaving a white crystalline solid. This was analyzed as all cis isomer (<2% trans

( isomer), >99% ee (none of other enantiomer observed).
With titanium tetra-isoproxide:

25 (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

30 (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%



vacuo leaving a white crystalline solid. This was analyzed as all cis isoner
(<2% trans isoner), >99% ee (none of other enantioner observed). Wth
titaniumtetra-isoproxide: 25 (2S)-Benzhydryl-3-quinuclidinone (9.00 g, 30.9
mol ) waswoieeki3ssd in 75 nL of anhydrous THF. The sol RGIGH208/08228hsf erred
through a port to a 300 nL autoclave with the hydrogenation head secured
while maintaining a positive flow of nifyogen. Through the same port on the
hydr ogenat or head and under 300 rpmstirring benzylanmne (3.7 nmL, 33.9
mmol ) was added) ih6 b REH ibgddbﬂv'mrswﬂnge((llwmgsmmd@dxb@ltB@pc(rﬂ.&dﬁﬁmhgl 36.9

mmol ). The p . osed and the autoc Ve .S .pr d 50 psi
ni trogen) V\h%{zﬂgﬁ BEEY [OoAURY SeaieLe cdta g’tsﬁr\deagge Cfe?‘%‘ L&Ftp 1%183 0 hours
at 25C the pI®ReSAHdahd sutdctive psesurized toUrsdRT witlohydrogea and thep glowlyf Yemtsda sl urry

of 5% PUC (1.13 g; 59. 4%V\D 2004/83 75 PCT/ U82003/832275 -12 wet) in 3 nm,
THE i s added WS &peattlree fimegaliy: %E@@f%fnmﬁ%'&glﬁ afingiedy o 15 psvepdithsi onal  THP

(2mL) §s useqeécqoﬁhﬁa&&rx 1§l?}ﬂ?dg]@hdl&i SRR 12 mﬁz asdeet sfuﬁqrtghﬁalﬁﬁaea aon. The

port is closed and the autoclave pressurized to 75 psi wth hydrogen and
then slowy A, TheTYﬁSSﬁl isgheneysated end subsaguentlympeessurizad with mirogey dPBgen

pressure ¢ a8 43 SO THeRab P bRE ARG AR T Shif ek b gagenat ed

overnight (1 ours rring maintal e vessel is
t hen vented and subseqUedsr IpySIpYeasEmgelnzbw 4i rudh ofiicecolgd - 4(’/éljib®1r00ibknin} agidd

vented. The r |tro and..vent t hr. ee; nor e

VT ees Under GREEStal ™ PRy 6 i bl o SRS B R B e WHREL AT or 1
acid 1§ 28dmi0uﬂaérezﬁﬁcgeﬂﬂorﬂﬂxoﬁﬂ?ﬁ)m )I;]d %oaﬂdeg% %ib@wuynt@rpies‘sdne tlapsd&tedon m xt i”e
is stirre unae ogen at n quent Yy
pressure Cr aruParsLaL PipBeseratek e BraiaEF Fraeinty @d@@ i's
charged wi th et RitirédhlorRNdid. PRt mixndé ishBHatby bk QQHhﬂftéth 86U m aﬁhe

m xture is agitated for 30 m nutes at 900 rpm and subsequentlla%ﬁpressure
transferred iSHeSqueRtlEPIeasFRyARsTerPd ke anfPrienexsiiaitlald The perakined bipfasisr ogeneous

sol ution is fue{e}o%&%ué igeals ﬂlt&e&m&?hbtl%m%au%m ndARUUER odeheiioy e I's the
Pt/C catalyst. The filter cake is fur rinse gueous 10% HCA (100

n). The cl deaPHG ¢atalyst ihpHidisecake pefrehes sinpadiveith agueduy IQ%CHQJHéOQ)mé)iﬂ“h@ | ayer
I's removed agijep‘_ﬁ&rﬁfégwg}%%g%% éﬂ%ei'}nn?etdiawl S tﬂ@&gﬁggiaggﬂs feﬁpo%d g toluene is

added and th to appro I mat e ow addition of 50%
NaCH (30 nl) .distirdediljpdersstioringl and cyoling, S0mll ¢faolecnetibadied landithk pEins Gistdde pad to

remove titaniym, S8ty %y slow SaikhsF sb% NEHEY mL). The biphasic sturry is

filtered through a 1 cm Celite pad to remove titanium salts. The filter cake is washed

20 with toluene (2x50 mL), the layers are then separated and the toluene layer is
concentrated at 80°C until the volume of toluene is reduced to 20 mL. Then, 40 mL of n-
heptane is added and the mixture is slowly cooled to 10°C over 2-3 hours (0.5 g of seeds

( : (~ 5%) is added at 55°C). The precipitate is filtered, washed with 40 mL toluene/n-
| heptane 1/6 (v/v) and dried in vacuum at 40°C. The yield of colorless solidsis 7.3 g,
25 61% of theory.



20 with toluene (2x50 nL), the layers are then separated and the tol uene

| ayer is concentrated at 80C until the volunme of toluene is reduced to 20
m.. Then, 40 nil, of n- heptane is added and the m xture is slowy cooled to
10C over 2-3 hours (0.5 g of seeds ( 5% is added at 55C). The precipitate
is filtered, washed with 40 nL toluene/ 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. 13
- CLAIM5S 1. A process for preparing (S, S)-cis-2-benzhydryl-3-benzyl am no-

qui nucl i di ne conprising the steps of contacting a conpound containing a

m xture of R and S-isomers and 5 having,the formula O N Ph Ph with an
effective anount of a chiral organic acid in the presence of an organic
solvent and an effective amount of anCi d&drMé& carboxylic acid for converting
said R-isoner iinto an ag go&d! for Prbpatidl &,9-disSRIBEny SR 3theff @Atk SOl vent bei ng
capable of to solubjlizing.said co und contai ning said mxture of R and
S-isoners, whi AEMEGAEECHT réf‘ﬂgﬁlbﬂsé':&?g’aci d salt and said organic carboxylic
acid being different fr oontaaingacaipousd coptagéng aomiatiredof Rr@od 8-ddomzisngd sai d aci d
salt with a baggfdnPlpMiide an S-isoner of a chiral ketone of the fornula /
Ph N 15 Ph and reacting said chiral ketone with an organic amne in the
presence of a Lewis acid to provide respondi ng i m ne and reduci ng
said imne. 2. The process of claim erein the conpound is present as a
racem c mxture. 20 3_ The process ofy indh wherein said acid salt is a
tartrate salt of (25)- benzhydryl -3-qui nudlidi none.

Ph
with an effective amount of a chiral organic acid in the presence of an
organic solvent and an effective amount of an organic carboxylic acid for converting
said R-isomer into an acid salt of said S isomer, said organic solvent being capable of
10 solubilizing said compound containing said mixture of R- and S-isomers, while
precipitating said acid salt and said organic carboxylic acid being different from said
chiral organic acid;

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

Sl

15 : Ph ; and

ketone of the formula

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

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

2. The process of claim 1, wherein the cornpound is present as a racemic
mixture.

20 3. The process of claim 1, wherein said acid salt is a tartrate salt of (25)-
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.
25 6. The process of claim 1, wherein said organic solvent is an alcohol.

7. The process of claim 5, wherein said alcohol is ethanol.



4- The process of claim1l1l, wherein said chiral organic acid is L-tartaric
acid. 5. The process of claiml1l, wherein said effective amount of said
chiral organic acid enployed is at | east one equilivant or nore. 25 6. The

process of claim1, wherein said organic solvent is an alcohol. 7. The
process of claim5, wherein said alcohol is ethanol. .14 8. The process of
claim®6, wherein said alcohol is a denatured al cohol. 9. The process of

claim1l1, wherein said organic carboxylic acid is acetic acid, propionic
acid or butyric acid. 10. The process of claim9, wherein said organic
carboxylic acid is acetic 5 acid. 11. The process of claim1l, wherein said
ef fective anount of said organic carboxyl'ft acid enployed is at |east one
equivalent, relgtive to 8 stofROPRIMI 6, ditoreid Bid HEQOES & dtfankddildbhd), Wher ein
said base is SO?TI um bi ca[l_gonat e g‘f[?ot Ssj um bl.(gar bonat e, sodldum car bonat e,
pot assi um car bofrat e, sodit ARPREST BEHE loPhered SULPRRUG FREVIR S IE93. The
process of cl ai #rid propivaicaicid ogbwtdrideese i s added with cooling to maintain a
tenperature bel gyv 25C untrhd proQBEEH NEmD, Whiréth s SrghniOcarbbitylic2fl iPieeess of
claiml1, wherein.said neutralizing is perforated in the presence of a

bi phasi ¢ %ol ven?c“in' xture. 15 15. The process of claim 14, wherein said

bi phasi ¢ sol ventl.m xt ur eThepmess sfehim 1selvoniulsad ¢ffmtic agwuntafisaidomdavat er . 16.
The process of ghghPiclaid iyl i 22 Rhd oSELBRGNA! SRRV o 3ak ¥ShRiouhe t Ol uene,

ethyl acetate, or nmethyl _t-butyl ether. 17. The process of claim1l, wherein
said Lewis acid¥s an al W?fﬂﬂ%/s%"afl .““126""1%'.“"1‘?1%“%}‘6 ‘é‘ggﬁi‘r%‘&‘i‘aéﬂ’m 16,

wherei n sai d al ppassiumbixattionate, sediumicarbonmte, potassigmratbpotd, ealiund Bydradide gor ocess  of

claim 1, gher ei fhesghd y@0kdeacid is a titaniumsalt. 20. The process of

claim 19, where|n said tjijanium sfallt iis titani tet r%-fl i.élo%l?up xi de. 25 21.
© 5 P crelrE

The process of &Faim 1, WASREIH &' BdsVhanRsadbnss s f said
Lewi s acid is ewph@inadempdratuiepelow5t¢ untrdachings pibPf ablaet chi r al ket one.
14. The process of claim 1, wherein said neutralizing is performed in the
presence of a biphasic solvent mixture.
15 15. The process of claim 14, wherein said biphasic solvent mixture
comprises a second organic solvent and water.

16. The process of claim 15, wherein said second organic solvent is toluene,

‘ethyl acetate, or methyl t-butyl ether.

17. The process of claim 1, wherein said Lewis acid is an aluminum salt.
20 18. The process of claim 16, wherein said aluminum salt is aluminium
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.
25 21. The process of claim 1, wherein at least one equivalent or more of said

Lewis acid ts 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
30 palladium or a supported platinum catalyst.
24. The process of claim 22, wherein said noble metal catalyst is platinum on

carbon.



22. The process of claiml1l, wherein said imne is reduced by reacting the
sane with a reducing agent in the presence of a noble netal catalyst. 23.
The process of claim 22, wherein said noble netal catalyst is a supported
30 pall adiumor a supported platinumcatalyst. 24. The process of claim 22,
wherein said noble nmetal catalyst is platinumon carbon. 25. The process of
claim 22, wherein said reducing agent is hydrogen. 26. The process of claim
1, wherein said organic amine is an arylal kylam ne. 27. The process of
claim 26, wherein said arylal kylam ne is benzylam ne. 28. The process of
claim1l, wherein said acid salt is produced in a yield 5 greater than 50116.
29. The process of claim28, wherein said yield is from85 to 90% 30. The
process of clai#h 1, wher &hqproesstiofichioé2, wereindeid ealluringregtntit bydrogenol | owi ng

folr tmatt:) ion of L hgs. s?mll3heﬁo§e§4$fcﬁfm2(ﬁ)ere:afaa |a1n35eQ#lfa\d‘H’§riaIk?laﬂx?ﬁel said
sa eing substantially enantjo a of claim
31, whichist tartratghes%ﬁ"f‘ss‘%glaugﬁéﬁﬁ‘ rﬁ“ﬁé‘f’? z"r??i‘ﬁ‘ﬂsmaﬁ‘é'fery pur e
2(S) - benzhydr yl283- qui nucThaproeseef claid 1, whesurhwidanidisalk isyredneadtin @pield cal | y pure
imne of 2(S)- bgbghelindes3- qui nucl i di none.

29. The process of claim 28, wherein said yield is from 85 to 90%.

30. The process of claim 1, wherein said imine is reduced immediately

following formation of the same.

31 A salt of 2(S)-benzhydryl-3-quinv~lidinone, said salt being substantially
10 enantiomerically pure.

32. _ The salt of claim 31, 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.



