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smooth muscle, speeding intestinal transit, and decreasing absorption time, as in diarrhea.
This stimulating action is also associated with nausea and vomiting.

[0005] Because of their modulation of the serotonin neuronal system in the
gastrointestinal tract, many of the benzamide derivatives are effective anti-emetic agents and
are commonly used to control vomiting during cancer chemotherapy or radiotherapy,
especially when highly emetogenic compounds such as cisplatin are used. This action is
almost certainly the result of the ability of the compounds to block the actions of serotonin
(SHT) at specific sites of action, called the SHTs-receptor, which was classically designated
in the scientific literature as the serotonin M-receptor. Chemotherapy and radiation therapy

may induce nausea and vomiting by the release of serotonin from damaged enterochromaffin
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[0008] Cisapride has been used primarily to treat gastroesophageal reflux disease
(GERD). This disease is characterized as the backward flow of the stomach contents into the
esophagus. One of the most important factors in the pathogenesis of gastroesophageal reflux
disease is a reduction in the pressure barrier due to the failure of the lower esophageal
sphincter. Failure of the lower esophageal sphincter can arise due to a low basal pressure,

sphincter relaxation, or to a non-compensated increase in intragastric pressure. Other factors
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not provided to the individual. Other factors considered include the physical condition of the
patient, the disease stage and its history of progression, and any known adverse effects
associated with a drug.

[0011] Drug elimination is typically the result of metabolic activity upon the drug and the
subsequent excretion of the drug from the body. Metabolic activity can take place within the
vascular supply and/or within cellular compartments or organs. The liver is a principal site of
drug metabolism. The metabolic process can be categorized into synthetic and nonsynthetic

reactions. In nonsynthetic reactions, the drug is chemically altered by oxidation, reduction,
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of these adverse effects, the product was voluntarily withdrawn from the open market in the
United States; however, the drug is available through an investigational limited access
program.

[0016] The safety of SHT, receptor agonists with gastrointestinal (GI) prokinetic activity
has been limited due to cardiac effects (prolongation of QTc intervals, tachycardia, torsades
de pointes) and adverse drug interactions due to hepatic cytochrome P-450 metabolism. A GI

prokinetic agent of this class that lacks these liabilities would be very valuable in several

therapeutic areas including GERD and gastric emptying disorders. Certain cisapride
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groups that are independently halogen, C,-C4 alkoxy, or OH and wherein one carbon in the

alkyl portion of L may be replaced by -N(Ro)-;

[0023] R; is halogen;

[0024] R; is amino, NH(C;-C; alkyl) or N(C;-C4 alkyl)(C;-Cy alkyl);

[0025] R3 is OH or C;-C4 alkoxy;

[0026] R4 is H or methyl; and

[0027] Rs 15 —0-C3-C;g cycloalkyl, -O-heterocycloalkyl, heterocycloalkyl, aryl, -O-aryl, -
N(Ro)-(Co-Cs alkyl)-C(O)-aryl, or -N(Rg)-Co-Cs alkyl-aryl, -O-heteroaryl, -N(Rg)-C;-Cs(O)-
heteroaryl, or -N(Ry)-Cy-Cg alkyl-heteroaryl, wherein each of the cyclic groups is
unsubstituted or substituted at one or more substitutable positions with C;-Cs alkyl, C;-Cs
alkoxy, halogen, C;-Cgq haloalkyl, C;-Cs haloalkoxy, hydroxyl, hydroxy-C;-Cs-alkyl, amino,
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[0036] The compounds of formula (X) that are made by the methods and/or processes of
the invention are useful in the treatment or prevention of gastroesophageal reflux disease and
substantially reduce adverse effects associated with the administration of cisapride. These
adverse effects include, but are not limited to, diarrhea, abdominal cramping and elevations
of blood pressure and heart rate.

[0037] Additionally, the compounds and compositions made by the methods and/or
processes of the invention are useful in treating emesis and other conditions, including but
not limited to dyspepsia, gastroparesis, constipation, post-operative ileus and intestinal
pseudo-obstruction. As an added benefit, adverse effects associated with the administration of
cisapride are also reduced in these methods of treatment.

[0038] Advantageously, the compounds made by the methods and/or processes of the

invention are ligands for the 5HT, receptor and, accordingly, can be used to treat conditions
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and mtaénﬁil%sa%tmﬂﬁu&m! Hd RILLESDARIGRE. the invention and
| east one pharmaceutical Iy acceptabl e excipient,
[0041hd J Wantagequstyi, gre, thenapaiticcempoufid3oBble uTihElrxgdhqamlemdds aid/or

t hat th th d d/
process P& alridcs Wi 6o TBOE iR ok R arSYie RGBT wsieheliapm of
the dréds aBlcEMPRret 86 obr GRASE;RASPR) AtLHmPoRhiLSf tHE SERER nﬁﬁéﬁﬁon can
substantially reduce adverse effects associated with

be used pydthegilomver sncidenront gde @fif@é?mﬂldd@mfmes e adverse effects
[004210 ne lIH g%urtlpelll cE oéub#cﬁn%rgrg on (_Pc?rtg 2§ ]Eh%%‘re gﬁg‘ g?qduots

éva Féessure an

(prefefahty&net{aBélﬁ:Erezﬂdid)Mm Iﬁﬁdiictsy,, wiibe a&dﬂﬁﬂ&&d’ﬁerﬁﬂh@ therapeutic

Hposi tt }he met hods _and/ or
compoun made by the met ods and/or processes of the subject invention are acted upon by

esterases. These breakdown products can be used as described herein to monitor the clearance

of the therapeutic compounds from a patient.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043] Figure 1 is a graph representing the Concentration-Response Curves for 5-HT,
Receptor Agonism of ATI-7505, serotonin, Cisapride, and ATI-7500.

[0044] Figure 2 is a graph representing gastric emptying in fed dogs. The data shown are
normalized to the averaged vehicle control times of MMC return values. Values represent
mean + SEM of 5 dogs. *p < 0.05 versus vehicle controls

[0045] Figure 3 is a graph representing the metabolism of ATI-7505 and ATI-7500, with
and without the CYP450 dependent Cofactor, NADPH. The plots show mean and SD uM
concentrations of ATI-7505 and ATI-7500. ATI-7505 (2 uM) was incubated with human



processes of the invention are useful in treating
enesi s and other conditions, including but not limted
woaoayepepsi a, gastroparesi s, constipation, PCT/US2006/034322
post-operative ileus and intestinal
pseudo- obstruction. As an added benefit, adverse
microgéhelgirstetns(d oug)dndlae piesdnce heataemienif NARPHaagakrating system
; %iéapri de are al so reduced in these nethods of
(cofaqipidat ment . [0038] Advant ageous!y, the conpounds made

by t he rrennqdﬁmm MSWWQMHMV%N?@QNDH are
gands for receptor_an acc , can be
[004601 se dInt&foth@r&"tSP@Iﬁﬁhﬁ mV@nmrepmmdeﬁmteﬂmda grind/othprecesses for making
ar

rec rec ors are . located in severa
compfi R PhmR BR S o5 SN HibuRefaresTRoEfh Bnifaisthe rogpois of
fonmﬂ;h@s)@mel@ﬁptors can be used to effect desired
nodul ati ons of the CNS. [10039] Advant ageousl vy,
[08d AR o9 - e cxdedkul rid-hetsrachielontkyh befsragneloalkyl, wherein the

QSRR Bl ALkl SO 5 iy, e
biowil@bytyl, IitaterdﬁmsInh@dmﬁﬁts ra@@-blcszﬂo[n 2. DRocah) alzJaIbch@fo [3. qu&tyl

C npoP W%ﬁ&o provi de_a therapeutic benefit, but

oGS o W TR B G Cst BIde B Boghadarh omg rbeluh 5.5
; t
diRAthBmofpHoRAP | %&%gﬁgﬁéggag@?, bhsye bMa@; RO AENR,)Co-Co

cytochr ron SSOCIa
alkyltahyladhecmecaeh b€ thesyclacigrodpsiy unsxﬂnamwte:dleora;n&tmdtﬂj et o1@ or more

subehiplaBE HOROER: P T4 dlEHs b oGS HalRgRL e haloalkyl, Cr-Ce
haqdaﬁaixvqgfdr&gnmyd%ﬁgc{ b%aﬁésllnaﬁhﬁd fﬁH(@[lcgfanéyL)e-N(cd -Cs

oun fornula de ut|I|2|ng th
dbﬂﬁﬁoﬁ%@ﬂd@eé@éngﬁOth@blwhﬂﬁmJon in therapeutically

amount s t.o. i,ndi vi d.,of treatnent
(041 S K AR i B o - it
[00459tR @ BAC£6] slkyk OFplorpat i on, post-operative ileus, and
i ntestinal pseudo-obstruction; and rel ated condltlons

[0?%34?11]1 1SA81\7§61@159@6 @@rlgnalbfrﬁ@b&tﬁ@tﬁ@p}@@th & ?cgfﬁpmﬁhd%arﬁade

B o B SRR RGP Rt o -

C(@Nﬁbgc)-lhe&mcg’blohfk@'l dkteg@oyﬁ&alk@h@ﬂ{e@ﬁo&x@l ®fHaedin dr ugs;
he subject invention can

f d f
08T e e e S SRR e Beat Bomr DSt inst e P perazinyl,
méBEdIG Yaza bRYERLod, B Je%%{boﬁgﬂﬁﬁé azat-lggyc%’[@ 2betyl, aza-

I nvention pertains to the breakdown pro
- bigyotodB .21 ddityl, amtlabyﬁlw-nomylea& deaabicpelodigcylsivherehi thl ar e

or e n the thera e
hele By oTE el Reup e dpLaRay P ET S et o fted R aF e
in@pbRdntlP AlloBY, C;-Cs alkyl, C;-Cg alkoxy, hydroxy, hydroxy C;-Cg alkyl, C;1-Cg
alkoxycarbonyl, -CO,H, CF3, or OCF3,
[0052] the heteroaryl group is selected from pyridyl, pyrimidyl, quinolinyl, isoquinolinyl

and indolyl, wherein the heteroaryl groups are optionally substituted with 1, 2, or 3
groups that are independently halogen, C;-C alkyl, C;-Cs alkoxy, hydroxy, hydroxy C;-
Cs alkyl, C;-Cg alkoxycarbonyl, -CO,H, CF3, or OCF;; or

[0053] Ry; is —O-heterocycloalkyl wherein the heterocycloalkyl is selected from
piperidinyl, pyrrolidinyl, imidazolidinyl, morpholinyl, aza-bicyclo-octyl, in certain
embodiments aza-bicyclo[2.2.2]octyl, aza-bicyclo[3.2.1]octyl, aza-bicyclo-nonyl, aza-



esterases. These breakdown products can be used as

descri bed herein to nonitor the clearance of the
woOhe7apeasi ¢ conpounds froma patient. BRI EF PCT/US2006/034322

DESCRI PTI ON OF THE DRAW NGS [0043] Figure 1 is a graph

representing the Concentrati on- Response Curves for
biSyd}H-deﬁé,cmlﬂn@ralM@ﬂhmmyloindAWheré’ﬁ%ch baterotymioalkyl group is

onflopRE BTG |20 SOnsrapP g prrBepeanirat HRl Yt -Co allo

ltsbgmoﬁy, %R//'%%&?ﬂ{ydﬁ@ (t:]]OcE Qlﬁyﬁtt‘?fC%%ﬁbe‘yé‘d}b&iﬁ LNk @Fg, or
i mes of

return-val ues. " Val ues represent’ mean
OGEM of 5 dogs. *p < 0.05 versus vehi cle controls

(0054} planisEEishec. &8 et B gt s SRS A bt SrpREeen o n
comp&ieae BE BEim TR (32 hotvell MONEImeINLsRisOfup msgg[yﬁr Bahe @d’i%&@ds of
mM concentrations of ATI-7505 and ATI 00. "ATI

forrn%eg(?@whmml?\rﬂé@blar@d wi th humanmi crosonal protein ( 1

00559, R E5El ORBERES R AFEH SRR i

compéLhMENFFéﬁhdIQ &6 hs Wall as fnerhtediataasReRt in ﬂrb%ﬂnlg\tﬁélédr@ﬁbunds of
rovi des nethods and/ or processes for making conmpounds

form O@oW eH Radp amino. wel | as intermedi ates useful in

00560, 95335 EATBOUDn B A MASES, LSO
makingebepoayds afdokyttla (e ovicl etshﬁteh&éc&zttas:weﬁﬂalh ftebagothp
compioF ot COTMBHETL g PEnmL YL

0057F O QHiHBMES thé E¥ehQod
[ ]:12 a-bi cycl Oasg&g 1] acty ? %rggld%% gfﬁgffogk ﬁ%dé(;/rl processes for making

compeungds bf qumvéa P od Welll aﬂnﬁ¢mﬂ1atam§mbim mgpa,rlng the compounds of

hol t hi hol | d
formul IXIBRBRR RO H ordndBY™ ! N Rgy - &(O) - Byl or
[0058} N( RaktigeotlekXdpedt!, e, inVeMEOR ipFoveRE IndhodsRBA/LY prdcEsses for

groups is unsubstituted or subStituted at one or nore
making ¢pBippurdsh Fermpws i(X), ¢ svelli asintermediated yopful inpreparing the

P35, 35 R s R, RO o
methyhl kyl) - N(C1- ce aI kyI)(Cl C6 alkyl), -C(OR 11,

; Wherein RO at each occurrence is
[0059] ndé}% é{ﬁ’rcpé]ﬁfl}ey asmeg,tl, ]}n@tlgp Ippqwdeé megthods and/or processes for making

compounds of Formula (X), as well as intermediates useful in preparing the compounds of
formula (X), wherein R; is chloro; Ry is amino; Rj is methoxy; R4 is H, and L is —(C4-Cs
alkyl)-C(O)-.

[0060] In another aspect, the invention provides methods and/or processes for making
compounds of formula (X), as well as intermediates useful in preparing the compounds of
formula (X), wherein two or more previously described aspects are combined.

[0061] In another aspect, the invention provides methods and/or processes for making
compounds of Formula (XI), which are compounds of formula (X) wherein L is —(CHp)s-
C(0)-:



[0049] R11 is C1-C6 alkyl, OH or [0050] R11 is Cl1-C6

al koxy, optionally substituted with 1 or 2 groups that
waneao7ingiependent |y Cl- C4 al koxy, am no, - NH( CLPCB/US2006/034322

al kyl), -N(Cl-C6 alkyl)(C 1-C6 al kyl), -

C(O N(R9) - het erocycl oal kyl, heterocycl oal kyl or

het eroaryl, wherein [0051 A\M@t/eﬁ?ﬁgcl oal kyl group

is selected from PY&AT Ol d I, piperlidinyl,

pi perazinyl, ho |ny4 3aza- blcycﬂ% octyl in

certain embodi -b c clo[2.2.2]octyl,

azabi cycl o[ 3. octy!zl 3bi cycl o- nonyl and

aza- bi cycl o- d@C/\T, wher ei n t he heterocycl oal kyl groups
are optlonally suggtltuted with 1, 2, ofXB. groups that

[0062ﬂ;/3rf8>?’)?? E’tﬁ{) 31985% @%equ}%n%m%lgg%{n%%ﬁ%g :;?%}roc)égs’es for
makimg@eBtpousdsof f@fmmfﬁx) $008Rds inhembBehRs Q%ﬁ{ﬂ m%éiﬁﬂng the

sel ected from pyrimdyl, quinolinyl,

compugg 9f ﬁﬁmwtayGXI? aﬂwr@nafouwhlomh & aminpeR i eathwatyy ind Ry is H or
ygi;roups are optionally substituted with 1, 2, or 3
groups that are independently hal ogen, G -C6 al kyl,

[0063°1- QG sdll lﬁﬁdﬂher zh;lbddtoﬁhy m\i&Mﬂ@mﬁiﬂ)vﬁbs nfehodk kid/or Srbcdsles for
al koxycar bon 3, or OCF3; or [0053] R11 is

makmg@"ﬁ’é’f’é? %llﬂmﬂ)mew@ % lflP?émﬁ@@@? b}%ﬁfléll ip prapgring the
compQfd§ OF ﬁ#m&[ao@l?'vafe%lﬂ YA O- }@fé'r{)%l E)I | wherei ﬂile heterocycloalkyl

i mdazo |ny , Cl 0-ocC
group assseﬂeuteni feorh ada-bieytle-ard, 1h|oe15tazh@bﬂ)oﬂ1rﬁ’drms‘:t ﬂta—bicyelo[z 2.2]oct-3-yl

or 8-25 BT o Ty ey gt Glesprdeohiasdheag nitogen

is Optl@ﬁﬁh’ Jh%ﬁt%ﬁ%&(ﬁ'&?ﬁleﬂﬁiy’ OIQe”tI%HPaﬂdSRH@tH Snabdyyr, substi tut ed
2, or groups tHat are i ndependently hal ogen,

[0054b1 @natlll wEt an@@e@@smbk theyinvemnyidn @xqw,lddsynhtbo@s aﬁd/of:ﬁrocesses for

makinfofipbufd o oS XG4 jermeder Biyh pRpans the

compdBUR 0fforMaty (XI), WHRESS R & {hetBRE | d18aIRAMRANRESHE heterocycloalkyl
Formula (X), as well as internedi ates useful in

group iy ek mm@e@éwb lpﬁmazmylf @rmyolding, cachhelrehiph fRunsebstituted
or subgﬁjtluf%ﬁ OLQQ smY) %&(ﬂ%s él?a%% Bdepen ent g Clo%@[é%ldgl -Cy

rovi es ne s an ses for
alkoxy;iha]égemlﬂ‘ls(:z( Hé)loallaﬂ (meinle a@;?ec% ,IQIRY, {ﬁqcbﬁﬁﬁ@alk@@f(ﬁi oﬂefhspect
ocr; PRk By gy B0 O S, RET2, i), W L) e,
alkyl), -(Ci-Csg alkyl)-C(O)Rn, or NO; and Ry is H or methyl.

[0065] In yet another aspect, the invention provides methods and/or processes for making

compounds of formula (XT), as well as intermediates useful in preparing the compounds of
formula (XI), wherein Rs is -O-heterocycloalkyl, wherein the heterocycloalkyl group is
selected from indolinyl, morpholinyl, thiomorpholinyl, S,S-dioxothiomorpholinyl, and
imidazolidinyl, each of which is unsubstituted or substituted at one or two positions with
groups that are independently C;-C; alkyl, C;-C;4 alkoxy, halogen, C;-C4 haloalkyl (in one
aspect, CFs), C;-C;4 haloalkoxy (in one aspect OCF3), hydroxyl, hydroxy C;-C4 alkyl, amino,
-NH(C1-C, alkyl), -N(C;-C4 alkyl)(C;-Cy alkyl), -(Co-Cs alkyl)-C(O)R11, or NO,; and Ry is H
or methyl. -

[0066] In yet another aspect, the invention provides methods and/or processes for making

compounds of formula (XI), as well as intermediates useful in preparing the compounds of

10



[0056] In still another aspect, the invention provides

nmet hods and/ or processes for maki ng conpounds of
weoeanimkgn76 X), as well as internedi ates useful PAT/US2006/034322

preparing the conpounds of fornula (X), wherein R3 is

met hoxy. [0057] In another aspect, the invention

formugba (Nli) d\elseramtmosi é)-@hcﬂyd;rNﬁtgb)c@@élg alldyDrC(@lphegylpmm@(mﬁeo -C4
_L g I(‘il? wel |, asblnter i ates useful in

alkyl-Bheiyh elfl RSR IR 15 SHb TN R P ORS OT (i BROVRS Hhat fg

1ndep§1&%ﬁtl¥"i@ﬁjr@]3{; S}kg{l/,?%@} alk&ys hbl'og e, @1 AR lgﬁ%@ tdSpetCE ©F ) Ci-

I nventi o es net hdds /or process or ‘ma
C4 halvelipsy (idsmcfaspéoir @uFa, lqy(broxsd,shymd)Xy @sCi, nikel, ammcat-NH(C1~C4

all Dy G AR EP R BD: oot RGO R e N kS ama o axe

indepé¥ch@y H @mémyihyl . [0059] In yet another aspect, the
i nvention provides methods and/or processes for making

[0067t o nﬂ@@ﬁd@ebaspﬁér e linveptign preyidee metlasls iand/er prodésatsefor making

comp{ifs 8 forpept] GBE fp HRe" s LRI e Rt PP bomppryngs of
formuﬂl Oﬂﬂd’vﬂerélﬁfhﬁﬂﬁ C6 al kyl)-C(O)-. [0060] In another
the i nvention provides met hods and/ or

[0068b r oclgé’%@mﬁléﬁf apRert e IBveRSGTMIRVidss hethedd aad(oxprocgsseqédrimaking
f

o 5 ST N L s LB s

formub&@@cWherarrERﬁ @$10i-0g dlkok R Mplibndlly ﬂlfb@litheﬂ vdthpkeot 2 gitdaps that are

indenga BB, h0 BIKORBTING: {R - A o s Cofalky. ACo-Co
alkyl)fG{UWk@g)(l?&erM@foﬁlk?l lf)rh er&gﬁent ngr@l th%%&é%]:}(fi&éﬁﬁtgroup

til'l "anot her "as on provi
is selegted /from pquigl;mdsplpmdmﬁkplpgrazmﬂb audh dE)rpifohfm]r mbkmeid Ke) ,

| [ d' ful.j
heterogfetifkon e He Pty My tiitrih §. Rerp et aey | s
indepehidemt®y hdfSgdnS Cres Ianayy ’Cla(ﬂg,dalﬁﬂxy §¥| of Q, iatdylc,-COARA cl-ag

still” another aspect, the inven ‘provi des met hods
alkoxﬂﬁﬂlom’l p@@z@s@%smf@CFnakl ng conpounds of formula (XI),

[0069§o pog n%tg % g{tﬁug ﬂ{v% t;?&sr} Hr%&{%lgls gxe%h ﬁ%a&i%r prgcesses for making

compdudd OohfrauaXe), aaivkl las intkretediafestisefub & mepeingl tbatdpounds of
formula (XI), wherein two or more previously described aspects are combined.

[0070] In another aspect, the invention provides methods and/or processes for making

compounds of Formula (XII), i.e., compounds of formula (X) of the following formula, as

well as intermediates useful in preparing the compounds of formula (XII):

RO N/\fr t ) (Co-Ca alkyl)-C(O)R4
N

)\ i, OCHs
<R (X1,
[0071] wherein Rys is H, C;-Cg alkyl, C;-Cg alkoxy, halogen, C;-Cg haloalkyl (in one
aspect CFs), C;-Cg haloalkoxy ( in one aspect OCF3), hydroxyl, hydroxy C;-Cs alkyl,
amino, -NH(C;-Cs alkyl), -N(C;-C¢ alkyl)(C1-Cg alkyl), methylsulfone, Co-Cs-
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group is selected fromaza-bicyclo-octyl, in certain
enbodi nents | -aza-bicyclo[2.2.2]oct-3-yl or
wa-20wa2&i78ycl o[ 3. 2. 1] oct - 3-yl, aza- bi cycl o- nonpCT/US2006/034322
aza- bi cycl o-decyl, where the aza nitrogen, is
uIhtptlonally substituted with nethyl or ethyl; and Ris
ODamnbtanQL ElmDE{k] is HorstQ-(Co- Q@&WO-@(@Rnaﬁmﬂ)ﬂ]ﬁr tdpect, Ry5 is
H|nvent|on provi des net hods and/or processes for making
conmpounds of formula (XI), as well as internediates

0072ys ef Tl yet Bnn&GRBpdRAGINS HORRATRINESs BEhb Sekses f i
[ y\,herelyn 'S % heterocygilﬁggl kyl , v\,he?sr'eélrlﬁr(]q/&}HJI ses for making

compeigrds mé&rm%(ﬂﬁ, agwgll; ps inkermeliatss aidefiit rprepaviegitht eophpounds of

[
tormf} BR8P Pt P SV 500 B OFons
[0073YVI t Hll@tlﬂ%ﬁaﬁdﬂl@dr a e@t ﬁlﬁ&ﬁﬁﬁﬁﬁﬁﬁﬁé%d&]{n@ﬁo&é dilor p@ée#%és for

koxy, hal ogen, CA4 hal oal kyl (i n one aspect

al
maklf@fﬂ@@ﬁ’édﬂo%ﬁ RBRYyla @KH) & avells drternmdigys usefid nmra;%parmg the

compg\%fglg %;é{ ('j‘%}?%ﬂ% lé%}esmr?ﬁ}( %%1 }%%A}IEI %P?ndéﬁg g % met%%l 111s Cp-
Cs alkamyl, d@ﬁonﬂlyl—kubstmﬁwdh%ith 1 oD gﬁ)]élpi; ﬂlag;ﬁte 1ﬂdﬁpbﬁk§5htl§l$29@talkoxy,
I A e
et Ay RO
aza-bigpdo-eictyl.tih eetth ﬁmlrboghmenalt H;gda—tgcyaxllqqulzizﬁ?]lseﬂ&ayl @®-fizaom

i r i : : .
bwycl%g% | sihieg a&ﬁ%ﬂ%ﬁlﬂw 1 sy Rr eyl hawer e azegiispeesris
optionétl¥ StbstisuttR Dhdth b 8thoT, F?Hgﬁ&l {UbSridhy D ?ﬁ)epc{zﬂé?%nd

positions with groups t are 1 ndependent

morp}mlmyh whereighe élewmwcloh]éib’bgenps Qg OQuOﬁaélbf@abstwte@ imithdn@, or 3

oo 50 R LA €10 T 3 o5 .

alkyl, &114(36|alkoxybi(rﬁ(1n§¢4-(‘£ﬁzﬁl ICF¢,br © @ 2hi/R) and RE¥e GRlependently H or
C(ORn NO2; and R4 1s H or nmet hyl F 0066]

methY? An mtharr?éP%fRa%e@d Ry Rie 4 myvesneusbhdesingd iatié B sis Fh d ds chloro;

R, is ARHLAUndRE.9S §a8Rs f Or maki ng conmpounds of formula (XI)5
-T2 as w&ﬁ y Medi i :

as 1 nternedi ates useful in preparing the
[0074)c onpin yeidsilloibtiremadpact, Hie)invention gtovides niethod9apl@nytocesses for

al_k O:- rhenyl, or -N(Rg)-C 0-C4
mﬂﬂﬂ&%ﬂ@% }g‘rcqs ?6 ek & v ap e e Rrsring thed
compd’MnH?o%%nﬁfa (XIE GhQEnR tiﬁﬁ%%@lﬂd&!ﬁ&ﬁgﬂg{;ﬁt&r%‘n ?}y;l] %c}] Ry is Ci-

I"koxy, hal ogen,
Cs alke@p eptipnaliyFb stmm;ed @GdthHadr@agreopsythaf are mdepemiamd:y COCE3Jkoxy,

ammoa-l @?—/(136_ q{#%ﬁj, Iﬁgl-gp Q@B}%@@H&ﬁg}q{gxﬁyroa;{lcwégr% the heteroaryl
group lstleytell -tV iRiay1 FMeRidyRgHinBMn Ao iEnAES1, and indolyl, wherein the
heteroaryl groups are optionally substituted with 1, 2, or 3 groups that are independently
halogen, C;-Cs alkyl, C;-Cs alkoxy, hydroxy, hydroxy C;-Cs alkyl, C;-Cg alkoxycarbonyl, -
CO,H, CF3, or OCFs, and R4 and Ry are independently H or methyl. In another aspect, R4, Ro,
and Ry; are as previously defined and R;s is H, R; is chloro; Ry is amino; and Rj is methoxy.
[0075] In still another aspect, the invention provides methods and/or processes for
making compounds of formula (XII), as well as intermediates useful in preparing the

compounds of formula (XII), wherein at least one of Ry and Ry is H.
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i ndependently H or nmethyl. [0067] In another aspect,
the invention provides nethods and/ or processes for
waoahirgswosnpounds of forrmula (X)), as well as PCT/US2006/034322
i nternmedi ates useful in preparing the conpounds of
formula (XI), wherein R4 is H [0068] In yet another
[0076} s pelotapothieaspestetht imrenfon piodaks methvod snddporesses for making

comp R 5L AL B BB P LA e e Spouncs o

formlﬁ@?m’)%‘ Sreff twPS bR preVious@dselibedRkpedtSaeLofBilikoxy,
optionally substitutéd with 1 or 2 groups that are

[0077] nddpenetber aspeatitheinveniion provides methodsiagidon proesaesdipt making

compigpifat Evtuh MDYt Scbatdoneymbglias Bumihdri ddht, o

well 28 @lterneaistdsqabhay in 1%94&[11% the 5@hp&ingsl of fmMuRyXIA):i di nyl ,
pi peridi nyl, piperaziny and nor pholinyl, wherein the

het er ocycl oal kyl groups Eee oy onal Iy substituted
with 1, 2, or 3 grou N Le i ndependently hal ogen,
Cl-C6 al kyl, £1- kaky, |lhydr oxy, hydroxy Cl-C6

al kyl , RC1- C6 Jal k ar bony [ @}t Hy8.c(O)R, OCF3.

[ 0069] \ﬁfﬁﬁé%hﬂr a Eect, the invention provides
nethodsﬁq, / or h&pc@ des fof maki ng conpounds of

t’%&% as Wel | as internediates useful in

t

f or mul ﬁ/
preparihg the conpounds of formula (XI), wher@l+two

: . r b . .
OB 4 YRR Lo Sl R G
aspat 0Fe)s Cadd hatoafkiony € &is eise éspéc(’jt I@Ikﬁgmglydﬂfflgh leydﬁ)XQICl—% alkyl,

F 1), ... s, of fornu 0 e
aopigh S atlrih AN o lRDUGS Gl ntstiebsmifoms. o
' 1SHQF € [); :
RS L U TR HZORE, QTN 1 LR e .

[007911 - 06 yhizdnottek gépefi, thedneerdiop poavideR3)sth@ls-266/oh atawasseo foy making

comp P RERERSr By S P Efbpunts o

formulEeIuh, sktlck@ne, CO- C6-sul fonami de or NCO2 and R16 is H

or -0-(C0-C6 alkyl)-C(OR p. In another_ aspect, R15
[09&0] R4 apd Rp 27 indegeadenthokiive megspersd Ri iOHnCefl kbioxy (in another

' d for King_ c ngds
B e PRLAnfse 2R PEOES NG| Bl WGP TN R v,
arifraviondy ténedamd ®yrigishlefo; Roigathiaof 2d B, is whedliciyn R4

and R are independently H or, nethyl and R11 is OH.
[0081] In still yet another aspect, thie invention provides methods and/or processes for

making compounds of formula (XIII), as well as intérmediates useful in preparing the
compounds of formula (XIII), wherein R4 and Ry are independently H or methyl, and Ry; is
C1-C4 alkoxy substituted with amino, -NH(C;-Cg alkyl), -N(C;-Cs alkyl)(C;-Cs alkyl), aza-
bicyclo-octyl, in certain embodiments 1-aza-bicyclo[2.2.2]oct-3-y1 or 8-aza-
bicyclo[3.2.1]oct-3-yl, aza-bicyclo-nonyl, aza-bicyclo-decyl, where the aza nitrogen is
optionally substituted with methyl or ethyl; and R4 is H or methyl, pyrrolidinyl, piperidinyl,
morpholinyl, pyridyl, or —(Co-Cs alkyl)-C(O)NH-pyrid-4-yl. In another aspect, Rs, Ry, and
Ry are as previously defined and R; is chloro; R, is amino; and R3 is methoxy.

[0082]  In still another aspect, the invention provides methods and/or processes for
making compounds of formula (XIII), as well as intermediates useful in preparing the

compounds of formula (XIII), wherein R4 and Ry are independently H or methyl, and Ry is
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[0073] In still yet another aspect, the invention
provi des net hods and/or processes for maki ng conpounds
wofodoesnaBa (XI 1), as well as internedi ates useCuwiuszie6/034322
prepari ng the conpounds of forrmula (XII), wherein R4
and RO are independently H or nethyl and R11 is Cl- C6
Ci- lekwubstiinﬂed Nséihl amis abNHOHG L), br IN@h-Q; alyd)(0s-Qghadltyl). In

anothgq Wpc;ldﬁﬁ%g Y g{%%‘ V%l) K Xéqf@;ﬂ])ang RQ LR g613 amino; and

R; is Alethivlky- C( O N( R9) het erocycl oal kyl , or
het erocycl oal kyl wherein the heterocycloalkyl group is

[00834 | el wed alﬁqufmaawt bh@:wbmimmqtrywdes metbeds aidfor processes for making
compgu%c% ?e { @,zas ﬂeg Cs 1% épedlgéglhiﬁf@)}% Pl&?_pﬁ%lil%,’fhe compounds of

formua@ ex i) CWEér@mQE;CaYlH Rg\&ﬁ’@frﬁe%&ﬁeﬁﬁaHrUr‘iﬂe@% MndR;; is C;-Cy alkoxy
0 tlonaIIy substituted

substlﬁ}t@d tibarmpiing per ey imotpiieybzyAgsl o oraf(a:o-c6 a1ky1> C(ONE-

o SHPAL BX RERED, BUER IS SEGUELER, il BLBHRR P .

ammd l&d@R@Mﬁelhbyy haI ogen, Cl1-C6 al kyI Cl-C6 al koxy,
ydr ox oxy Cl-C_ al kyl, Cl1-C6 al koxycar bonyl ,
[0084F st ?18? pegtathe invenin pioyides methods Apd/pepraeemses,fox

r eé‘?ﬂgﬂé‘f‘s oS08 ARD, RS0RFby nmlles 001 F e

compauridsof fcmmﬂdXB(IIIﬁg wietrdineyleaft@Aé 4F Ry and/Ry is3.i | | anot her
he inve t| on provi des net hods and/ or .
100857 0 I8 el spSiieile 1y ScBP NN AES BEURGS At prRFeepes fpsmaking

¥Rk offorit I
R OSRETOTEA AYR Al ARNR DR S somponnr
orm

Hénﬁleqﬁ@lnytweioomormpmﬁoudm deftibed sspEits a@comhliinedy,

ti substituted.wt or roups that ar
[0086fﬁ delgglﬁl tlhx erspe%ith&&mvgfl&%r}&rovgqf ‘gho% cgﬁr REOGESRSM fpr making
compoNdEDF ﬁmﬁla‘@dl‘)/ﬁ Gle:, Gofpaiidsl of fordtuld @tﬁfﬂ?ﬁé ﬂJlloWMfgefo%hﬁla as
the heteroaryl group is selected fromp
well apnieriediptes Ucﬁ@xﬁuh@l pregaringjtepeampryndnof fonahla (Pﬁﬂm yl,

wherei n the heteroaryl groups Rare optionally

substituted with 1, 2, Ry 3 psthat are

i ndependent |y hal ogen, [C1- c%%rk Sc@HKaxY,

hydr oxy, hydroxy C]/\Qi/ JCl oxycar bonyl -
CO2H, CF3, gr M and R and sare |ndependently H
or nmethyl. Jln aifogher aspect, R4 R9, and Rl11l are as
previo defN ne d RLis H, RL is chloro; R2 is
am no; A R3 R,S oxy. [0075] In still another

aspectRx tIgg i nvention provides nethods and/ or v
processes for maki ng conpounds of formula (Xl I(})i hs

[008] IwiRgeih RY £ 1 ¢ &t L8k HSEf-T alkBxPHaRAEA Y -¢MBaloalkyl (in one
aspect CF3), C;-Cg haloalkoxy (in one aspect OCFs), hydroxyl, hydroxy C;-Cy alkyl,
amino, -NH(C;-Cs alkyl), -N(C;-Cs alkyl)(C;-Cs alkyl), methylsulfone, Cq-Co-
sulfonamide, or NO,, and Ry¢ is H or ~O-(Co-Cs alkyl)-C(O)R;;. In another aspect, Rs is
H. |
[0088] In still another aspect, the invention provides methods and/or processes for
making compounds of formula (XIV), as well as intermediates useful in preparing the
compounds of formula (XIV), wherein R4 and Ry are independently H or methyl, and R; is
OH, C;-C4 alkoxy (in another aspect, Ci-Cs alkoxy) or C;-C, alkoxy-C;-Cj alkoxy-. In
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conmpounds of fornula (XI1)5 wherein at |east one OR4
and RO is H[0076] In another aspect, the invention
wonrevicdgg3 net hods and/ or processes for nmaki ng eompsw6834322
of formula (XI1)5 as well as internediates useful in
preparing the conmpounds of formula (XI1), wherein two
anotheraspant,RapRe\and R3] g{re@epmvudmly dedipet a1l By & chivrdyj Reid amino; and

N e

[00891:Or 'Tﬁly@t sftﬁql dnb)her hspfRect, tlﬁ:CIH@é?MBQ Srfidds MO R dodfor ?ch%%%ﬁs for

formul a,” as well as internedi ates use
maqugrcep‘@p of ferneBa e Adas well as)mtamnadlebes upgful l[n(Iﬁ)éiﬁiﬁng the

compQ3Ee Bt Rarhth T orieeec Qg KerrpdspenBin B pe PPl aRy R i

C-C4allioRy emsstingab&Ith @&hD, ~NAYd[-0x% MikyD) maﬁag 1-&; addy]), aza-
: 4am ng - l\llH( Cl- C6 al kyl P {\I é y&ygl kg/déz @ al6k ) e
blCYC1QfOGHié,tlh)¢P1§QJnﬁmbédﬂmi azasbmycdﬁ[arﬁ Hect-ugbor &m@-ma |s

b1cyc1}5t3%_|1]9[:é§?fg] —bi%yk};()l r}ol;%/ O ! bgzg%lgc gﬂowﬂgre ﬁ@s ea,cntéﬁogen is
opnonanp gwwammm@ d&tk@m af ethyp BAE RS &6 of ﬁfeﬂml@ymhaﬂyv @Eﬁeﬁamyl
of  formula ( as internedi ates use

morpb@ﬂléﬂap}’r#b’lst%e‘(@@@p élkﬁHsCQQ)Nﬁjpmﬂ 4-yitnjangthengspedi Ra, R, and

. SOy OB OISRl
[0090RI kdngill ansthElasper:t, a‘hk nwynﬁbr@&omldksamy‘ehﬂdi adoagrbessses for

. aspect 1 ar as. preyiously defined and
gv@owd? s&f Somwéa@’gl Antngel Casiatepmrdiaes el N renEg then
compcﬁﬁlub bt HehuRNTRIVEWIRSRE R and R aierﬁigé'ﬂeh@éht grf@ i ﬁh%ﬁm and Ry is

met hods and/'or processes for nmaking unds
C1-Cy falbkory Isabsgixited Wl,th aminge FNHES-Ca aléyhmh Nt(@s—C!a a&dyl)(Cn @ alkyl). In

anoth@EREL KL AL RSBA Py RSB RG e By chipieh i e g and

nglﬁ&ﬁ@%w substituted with am no, -NH(Cl-C6 al kyl),
N(C1-C6 al kyl)(C C6 al kyl), azabicyclo- octyl, in
[0091ker daet a@ﬁﬁ@ﬁamm theyi m‘aez?élﬂb pegpides metiodsiasdior gragesses for making

compo%nﬁg gpfo%{ﬁla?%%gb I%S wmﬁcats u?’[ x#edlaqgsaus ?Yn gér%ps{&gr{éythe compounds of

aza- bl cyc
fonnulmr(IXle atteyeis B ahd Ry edindégehd sty Ty br ﬁhEth@l it ,R1 aﬂdill?@q dlBoxy
nethyl rolidinyl, pipgeridinyl, nnrp hol I n

substnbl%dlw PYIEy 1d1r{yérmp@gil%y k@pgp @}leggr },,qg ~4C (yp5 ahkﬁ% C(O)NH-
P B3PS e, 5 B0 PO YL s s
aminopatdRxip metl®82] I n still anot her aspect, the invention
[0092]pr O\fril gt%? anrg%ﬁer}%g%ec? Qldé 1%rve {o%cperg\%ges rfr13tli10ds and/or processes for
making compounds of formula (XIV), as well as intermediates useful in preparing the
compounds of formula (XIV), wherein at least one of R4 and Ry is H.

[0093] In another aspect, the invention provides methods and/or processes for making
compounds of formula (XIV), as well as intermediates useful in preparing the compounds of
formula (XIV), wherein two or more previously described aspects are combined.

[0094] In another aspect, the invention provides methods and/or processes for making

compounds of formula (XV), i.e., compounds of formula (X) of the following formula, as

well as intermediates useful in preparing the compounds of formula (XV):
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maki ng conpounds of formula (XIIl), as well as

i nternmedi ates useful in preparing the conpounds of
woaoimgn76 Xl 11), wherein R4 and R9 are i ndepen#emtuisyookio34322

or methyl, and RL 1 isCl-C4 al koxy substituted with

am no, -NH(C1l-C6 al kyl), or -N(Cl-C6 al kyl XQ Ce

al kyl'). I'n another aspect, are as

previ ously defl ned an @Z—H%P@%Mﬁ%m no;

R i s nethoxy. fhot her aspect, the

i nventi omRypro de 4 s and/or processes for neking

corrpound W\Iy\r XI 1), as well as internedi ates

usef ul paerg 'és compounds of fornmula (XI11),

wher ei n nd RO  are independently H or nethyl, and

RL1is - ® al koxy substituted with pyrrol@vwl,

pi peri di nyl, norpholinyl, pyridyl, or -(CO
[OQPﬁyWheréi@G))iNﬁlp)]Qi d- 4-yl. In anot her aspect,

SLH R R ETER TR T AR
makind%R&Houndd & HAan (XV N RRY a@?ﬁtef()f?émgsgus%ﬂﬁ él%nrepgrmg the

processes for making conmpounds or mul a
compqgids of forimilecPrd ivhersin RiswsfHibr inathpt, epdi Rung QHyeC:-Cy alkoxy (in

f..f X | east one
anottg B 2CP I BB T ey Hor ottt TnenaTeh R Bhnd Ru
are as mmm@gsaefﬁfea QG RANMINTo PROZIGSES, aB@ rmlﬁemgxy QARAH AHSther
of fornulaﬁﬂ)a(lll as well as mtermséllates useful in

aspecty piclgast opgof 8lhds of fornmula (XI11), wherein two
[0097{36 og@{ ﬁflﬁéﬂoﬁ‘h@ Eéi)egte ?n%rlhg qﬁmﬁf‘p?o%& 3etfods A (ﬁ’g §90‘cesses for

anot ner “as nven i"on DFOVI

makingebhpdandsd/formyis @C@ﬁ ae SveﬂQit‘s intedahadint Pl ROgrepdring the
[ conpounds of formula (X) of the

compcglglﬁgléﬁf%éﬁ%%:, yhérsin Romd Besarp fdsperdaniey Beoruaathyl) andRy, is

C-C.AERISlg e HETIRISRIEE L pUR N RETE gy, o

bicycl@betss, 1ha;hxjahIcyibodmrentsgbaashneﬁdlo[@%]pcﬂy(bﬂﬂihﬂlal koxy (
i , Cl- C4

ey 2R e B by e A o s

optiondBY BYdsEtltE PRER nﬁ@h‘y@ér cthyil faﬁ’d‘RmsCﬁ or et yriddin ?ﬂ@ Fgleﬁdlnyl

Hor -0-(C 0-C6 alkyl)-C{ORp. I'n anot hé aspec
morphjokiny, pymixdg]r -ICniO%NHfHYHdn‘bB’ ém aghrs@spect. e, Rowaed ®; pare as

provcl9 58 R0 RRORELy BUSGPRREE, haledBL "0, corPounS

, [0098pr efakii gndthﬁ aspect, the invention provides methods and/or processes for
making compounds of formula (XV), as well as intermediates useful in preparing the
compounds of formula (XV), wherein R4 and Ry are independently H or methyl, and Ry, is
C;-C4 alkoxy substituted with amino, -NH(C;-Cs alkyl), or -N(C;-Cy alkyl)(C;-Cs alkyl). In
another aspect, R4, Ro, and Ry are as previously defined and R; is chloro; R, is amino; and
R3 is methoxy.

[0099] In yet another aspect, the invention provides methods and/or processes for making
compounds of formula (XV), as well as intermediates useful in preparing the compounds of
formula (XV), wherein R4 is H or methyl, and Ry is C;-C4 alkoxy substituted with aza-
bicyclo-octyl, in certain embodiments 1-aza-bicyclo[2.2.2]oct-3-yl or 8-aza-
bicyclo[3.2.1]oct-3-yl, aza-bicyclo-nonyl, aza-bicyclo-decyl, where the aza nitrogen is

optionally substituted with methyl or ethyl; and R4 is H or methyl, pyrrolidinyl, piperidinyl,
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conmpounds of fornmula (XIV), wherein R4 and R9 are
i ndependently H or nethyl, and R11 is OH Cl1-C4 al koxy
woOizon7angt7her aspect, Cl-C3 al koxy) or Cl-C al kBRyASe06/834322
al koxy-. Inanother aspect, R4, R and Rl11l are as
previously defined and RL is chloro; Ris amno; and R
morphadingb phdstyl, ot -HCailsl aﬂkﬂ)ﬁG(Ch)NH@sxiééPyl hi anoties hspeoe REXHRY and

d R9. i 0089] ., | t t t, th
Ros oo BV IOR o0 PAEE Rl RBRLo: i B GEL8s BSnFBP ki ng
[0100FO ”Hﬁ%@ﬁlepﬁspfe&r Religventtbprovires Welhod@ Sindl/BF g@%ési’))‘o? thaking

useful in re aring the conpounds of fornmu
compeyrels of i Raawell aninégymediatesiugefbl mrpra;&uimglthe @mapounds of

4 a kox substi t uted 1 C6
formuil(éw ); w%eﬁ(uttvio oy 2t e@;?\sueltsﬁy @sgnﬁ%i%psxg]s 5?6?8?
[01()1’30t Vi, anbthe€ &pbét !he %mﬁﬂblffpﬂ?o&/ﬁies methods and/or ?rocesses for maklng
aza- b|c¥clo [2.2.2]oct-3-yl or 8-azabicyclo

compaungls,1gsgral @mennqkaews@ﬁdll@pmwymg thaz:amtppmyisl aecdusling to any

oot R 16, 260, PREL O8I, DRNIRH LAY 30T KLUt B

on theppheayli rtignasl follews:phol i nyl, pyridyl, or -(Co-C 6
al kyl)-C(O NHpyrid-4-yl. In another aspect, R, R9,
and R11 are as previously defithed and RL is chloro; R2
is amino; and R3 is nmeRhoxy Q90] In still another
aspect, the invention pr -@ et hods and/ or
processes for naking cBsfpoahdRs;of fornmula (XIV), as
wel | as internediates useful in preparing the
[0102k onlo landtﬂ;telodspéajmhﬂ hmze(lﬁﬁilprpvmbemthdeén&mdprBﬂesee‘s&‘or making
epend ntI nmet h and R11 is Cl-C4 al koxy
compQiE R AT e P oL KPR S P s St to any
one oﬂfo@ﬁulaé kssyj Ikﬁ @@I)akjénb) ﬁXI'V‘) oRRVH evvheéﬁﬁ%sﬁd 3 ﬁ thBQS”
previ ous def i'ned and IS c?oro
COnﬁg’lu@UamanébO%élh%thﬁ Rl”’ret)lhﬁgwathm09l] In yet anot her
inven rovi des_.net hods .and
(010350 88 Sl e MR B B RtiAE BF PamRcs A Srupeessss for
makm‘g/%binpaﬁndsﬂéﬁﬂeﬁd ateeScdiaRb UbefilNnPigRANL AL Joggmunds according to
npounds of fornul a V), whereéin R4 and
any onerﬂi é@t@%%@@y(?ﬂ) cQﬂHe&gﬁyD (XEWY oRAXY), ivéherzin Ba, Rel Rask®ys are
olidinyl, plperldlnyl
Onent‘?rdjt)&r}gﬁgh nwﬁyrgﬂgyﬂr‘{ or -(C O al kyl ) - C( O NHpyri d-
4-yl. In anot her aspect, R4, RO, and R11 are as
previously defined andRRL A go R2 is am no; and
R3 is nmethoxy. [0092] In not her aspect, the
i nvention provides methoedsz&ng/ or processes for making
conmpounds of fornul a ()31’\/), as°wel | as internediates

[0103§ HA bbAd BhEPAE 89 cdiflfiuration and bond 4 has the “R” configuration.

[0105] In another aspect, the invention provides methods and/or processes for making

compounds, as well as intermediates useful in preparing the compounds, according to any
one of formulas (X), (XI), (XII), (XIII), (XIV) or (XV), wherein bond 3 has the “R”
éonﬁguratibn and bond 4 has the “S” configuration.

[0106] In another aspect, the invention provides methods and/or processes for making
compounds, as well as intermediates useful in preparing the compounds, according to any
one of formulas (X), (XI), (XII), (XIII), (XIV) or (XV), wherein R;, Ry, and R; are oriented

on the phenyl ring as follows:
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conmpounds of fornula (XTV), wherein at |east one OR4
and RO is H [0093] In another aspect, the invention
wonrevicdgg3 net hods and/ or processes for nmaki ng eompsw6834322
of formula (XIV), as well as internediates useful in
preparing the conpounds of formula (XTV), wherein two
or nore previously described &pects are conbi ned.
[0094] In another aspe® wyention provi des
nmet hods and/ or processes maki ng conpounds of
formula (XV), i.e., compd of formula (X) of the
followng fornmula, as well as internediates useful in
[OQOﬁp&fd'HéﬁdBflﬁs RO o O atlf)ﬁ)glﬂﬂjll)cﬁqd@%S tLQOé’B& nHRGLA0R
nis [0096] In sStill another aspect the
[0108] nv eIman ranpﬂlgwspe@, e tilved o pidivistes p’redimelsamﬂ;/of procesakd fog
as. i nt er nedi at es
maliOERUE B whl A s irdiekes bR o P okgy, of formula
(X), Wieesie R ihld:s; R) i%ran’ﬁﬁé mzlls rridfHfdx 114 isSH g 1€1R2%n@!ak %é‘ye the
(i n anot her aspect aIkoxy - C2 al kioxy-
ﬁﬂkﬂan&@u?ﬁﬂumﬁmdheph@ndaggect R4 and Rll are as
previously defined and Rl is~chloro; R2 is ami no; and
R3 is nmethoxy. In still anotler aspect, at |east one
OR4 and Ris H [00 ety¥'still another aspect,
the invention provides ds and/or processes for
maki ng conpounds of fRrmila BXVlamﬂs wel | as
i nt erredi_ates_useful in preparing the coggounds of

[04 0 Fuisa(ExGy alkyhe Mlereimaneasebomgnay ke feptiepdhvieN(Ry)- b ofC2-Cs

angsgg-%d,))-._ ]%E%&%]o&%er aag%%ﬂ')t%Rﬁl(I%g% a%/ %1% {l‘@%&%a oriented on the
phahjdyingbas @zazlixbmshcdleserﬂcm]% Rg is asl’pr?\&dgfsayz d;]effﬂgiﬁgldg RE -6-
he?f‘%’%ﬁoaw éwlﬁem eg%e% %ﬁlwg ﬁgﬂup%a e%ﬁ\f/%%m@zer@wplo octyl,
1n‘6€l@aﬁ§ F&BSdlﬁfeﬁtsrl'_ Ha%@%lé[% 20;5]5&911%3&38 ?iéblﬁ{:/ﬂr %t?%]%{i“yl aza-

or ethyl; H or idi'n
bigyiclrengndl, ragh- blqygloptﬁﬂgbfl rhiere tpy aza:it;atrpg&)rls optionally subst1tuted with

méh] %?“%Féw 1&&}% HiRE AR AP TR, rwfeﬁr%}nﬁ%zplpgﬂdmy 7%

PTG, MdchyRdlilmyBlolpK e uh%%&ﬂutédrbr%hbétitu@@ QE &HRYor two

aspect the invention provi des net hods and

PO&Fl@%%‘gghgrOﬂJ@s theh Rieradepengratly d5-Gf alkdr GriCa al(kzxwy halpgen, Ci-C4

th
b e b B T C P R Ao “pCr-Ca o,
-N((ﬁld@mﬂﬁﬂ@('ﬂﬂ% dikyd), (Gt Oy hlkylMTHORLY, r NGO vidfbreth kOXy
ti th anm no -NH&ClCGaIkyI , or -N(C1-C6
[0]2];6&311) & %?91( ypt)lonailp{ substituted with 1 or 2 groups that are
independently C1-C4 alkoxy, amino, -NH(C;-Cs alkyl), -N(C;-Cs alkyl)(C;-Cs alkyl), -

(Co-Cs alkyl)-C(O)N(Ro)-heterocycloalkyl, or heterocycloalkyl wherein the

heterocycloalkyl group is selected from aza-bicyclo-octyl, in certain embodiments 1-aza-
bicyclo[2.2.2]oct-3-y1 or 8-aza-bicyclo[3.2.1]oct-3-yl, aza-bicyclo-nonyl, aza-bicyclo-
decyl, where the aza nitrogen is optionally substituted with methyl or ethyl; and R, is H
or methyl, pyrrolidinyl, piperidinyl, piperazinyl, and morpholinyl, wherein the
heterocycloalkyl groups are optionally substituted with 1, 2, or 3 groups that are
independently halogen, C;-Cs alkyl, C;-Cs alkoxy, hydroxy, hydroxy C;-Cg alkyl, C;-Cs
alkoxycarbonyl, -CO,H, CF3, or OCFs.
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anot her aspect, R4, R9, and Rl11l are as previously
defined and R1L is chloro; Ris amno; and R3 is
worbiTewzsn73[ 0099] In yet anot her aspect, the i NPEMISIN6/034322
provi des net hods and/or processes for maki ng conpounds
of formula (XV), as well as internmedi ates useful in
[0111pr e phzrsitiﬂig/et retlen apmeah) dise infedtmnmubddédtthoddeeriéirmpriiésdes for
H or th dRJfli . Cl-C4_ al koxy substituted with
maklna‘,lzcgg}weqi% ggﬁﬁ m t?rppeg é%s?]fug}pdg gripgite compounds, of formula
CX)\Mﬁggg bi cycl o[ 2. 2. 2] oct-3-yl or 8-azabicycl o]
2.1]oct-3-yl, aza-bicycl o-nonyl, aza-bicyclo-decyl,
[O\A,hZa]rEl istebloso Roris amoweRs mnoqhbmrlhl ik ¥, amr.bRt,leuamﬂRy\hetvh the

s Hor nmethyl, pyrrolidinyl,
fol P i RO R SR SRR Ny dyl | or - (C O 08
al kyl )-C(O NH pyrid-4-yl. |Inganother aspect, R4, R9,

and R11 are as previqys| delged and RL is chloro; R
is amino; and R3 is net @ 100] In another aspect,
the invention provid hads and/ or processes for

maki ng conpounds of fdr mJI a §<V),andas wel | as

' a e arl n Q u f
OF B RS Gr ARRE Wi o SPRRIRE b SolBHE Ry HER et epatr-C:
alladpECOP. Aryet aeuthirngsbet, [t@é-Ril]Rzl M@ERPIBaE deEREAGd obidfted on the
i nvention provides methods and/or processes for naking

PheBHFBGPrevaQUshiedascrled; Re s araniprdewsdy defisrediand R is

hefr6dR daﬂ&/ Egﬂ‘ﬁ ?@@%Qﬁo@% ?W&o% %“Xerpaﬂ%{@;odlmemsl -aza-

le‘/}h;hI[@.erﬁ]m-?) Ry Salut G B2 o ﬁda@liblﬁi&o—ﬁb@ﬂydtzarbléb&lo—
n er_ aspe t he. i nvention
oot B i PBRoB S L SEger S RRPHG ey
[0114FOMRAYHN §et éi%th‘é@ﬁépe@ts tHeh&ABA| g?év‘? s el ddls ahEl‘/ or processes for

preparing the conpounds, accor to any
malﬂng@pmpp s(EXf@muk (%), éS(WbI)l as (n)s&rh'ie)h,ate(s)élséi)ﬂ mrprép@vﬁlg the
as .the "S" configuration and bond 4
Cmﬂp% S?ﬁﬁﬁmﬁﬁQginq?éﬂPatlon [0103] In still another
[OHm@emtls clilb; RAYLAhinO R PisONERS; R@Em%d%dks? fand R3 have the
rocesses for maki ng conpounds, as wel

follqyiag eeemtatenson e dhenyl §ingt epar i ng t he conpounds
according to any one of formylas (X), (XI), (X1),

(XI1r), (Xrv) or ( vvherean R2 and R3 are
ori ented on the pheny! foll ows: [0104] and
bond 3 has the "S" conf tion and bond 4 has the

"R' configuration. [&£05] | Ranpidder aspect, the
0118 E R, S b en s sarbom oy Lo ropaset by MR s-Ce
alkyl)-C(O)-. In yet another aspect, the Ry, R,, and R; are as defined and oriented on the
phenyl ring as previously described, Ry is as previously defined and Rs is-N(Rg)-C~C4
alkyl-aryl or -N(Rg)-(Co-Cs alkyl)-C(O)-aryl, wherein the aryl group is unsubstituted or
substituted at one or more substitutable positions with C;-Cg alkyl, C1-Cs alkoxy,
halogen, C;-Cg haloalkyl, C;-Cs haloalkoxy, hydroxyl, hydroxyalkyl, amino, -NH(C;-Cg
alkyl), -N(Ci-Cs alkyl)(C;-Cs alkyl), -(Co-Cs alkyl)-C(O)Ri1, or NO,. In still another
aspect, the aryl group is a phenyl substituted with -(Co-Cs alkyl)-C(O)R;; and optionally
substituted with 1 or 2 groups independently selected from C;-Cg alkyl, C;-Cs alkoxy,
halogen, CF3, OCF3, hydroxyl, hydroxyalkyl, amino, -NH(C;-Cy4 alkyl), -N(C;-C4
alkyl)(C;-C, alkyl), or NO,, wherein
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conmpounds, as well as internedi ates useful in
preparing the conpounds, according to any one of
woaoimes3 (X), (XI), (Xi1), (XI11), (XIV) or (KTNUS2006/034322
wherein bond 3 has the "R' configuration and bond 4
has the "S" configuration. [0106] In another aspect,
[01hE] RnvetiGrlpxyyvodiosaliresubsitsitednsitiol op? geeps émt fuer

e O LRIkl At HRCs AP 0 gt BT -Ch B,

-(t\}gomll@g-éé@)gémtﬁeter%cwalky«i JrihklerodySloflicyPivhér¥ the

are oriented-on the phenyl ring
hegerogxslgadknd g[r@mw]selacﬁ@ﬂ Bomgyzrotidinyt, ipéperidinyt quidraginyd s arghn

RS whisint PReroPo SRRV LAO R b? Roudoby Renst Pty 1. 2 or
3 @fo@pﬁ&ﬁﬁ@refi@depﬁﬂd@nﬂ h@lﬁgﬁp s, all%ﬂ, @@bk alk®xy, hydroxy,f hydroxy

I nt er nedi at es. usefu aring t compounds,
CrGs AR >@s ki ePnRL Qs Th AFor:0F5. fa refomtsd aRgect o (Co-

t.he foll ow ng
CORIAROOIR ardulls o é&% %pgﬁhoﬁ%%ﬁﬁﬁﬁ WIHEE. (¢ 3-c5
[01183l kylln)sﬂll\mheﬂler azspeagé(ﬂle jahbﬂtammayf tsds eﬁhaqedf a@émpblﬁlgd thade
2- @) I n yet another aspect, the
accor‘%Pg thé “éﬁ%‘ao‘iii?ﬂg)roép%e%? ?ﬁ{éﬁl inysBtin isapdlpvwsn t he

phenyl ring as previously describgd, R4 is as
previously defined and R5 i sf Nf' ocycloalkyl
wherei n the heterocycl oal up is selected from
aza- bi cyclo-octyl, in certain enbodinents
I-aza bi cycl o[ 2. 2. 2] oct-3-yl &FH;
aza- bi cycl o[ 3. 2. 1] oct - 3-yl, azabi cycl o- nonyl,
["119laz a- IE@&V@%@S@I asngrt, thﬁh?él@étatlﬂ@ ofibendsi3t 'cmdglecrf 4 eompound made

accorcgll‘?%{eo?t:ﬂ 1'110%@ lE)Ic‘ gfotc%sggoﬁv\{hé g}}%ﬁ{l&y 1s .f%}F vgﬁy wher ei n

pyrro
&, pyrrolidinyl groups

t he piper|d|nyl pi per azi nyl

are unsubstituted or substl Efé? at one or two
positions with groups tha ndependently Cl-C4
al kyl, Cl-C4 al koxy, halo gl 4 hal oal kyl, C1-C4
haloalkoxy, hydroxyl hydroxy T 4 al kyl, am no,

o T e G i e
gastropdrkaX eon&Pation élhﬂeé’tlrﬁt}'%\lﬂ&'ébﬁgm%ﬁ hgaltr@ésgﬁa%%ﬁ%@ﬁu% iebost-

are i ndependent y Cl koxy, amno, -
operatyelileny, the method compeibing pindistess amcyap)euuc-aﬂy €ffe@ire amount of a

T ———
processes cfthethvEntion 8 zdpatie@ye h@edim‘tsﬁl:h trédimeRy. t ai n

enb%%_nents 1-azabicycl o
[0121] e subject invention provides methods and/or processes for making compounds
that are more susceptible to degradation by serum and/or cytosolic esterases than cisapride,
thus avoiding the adverse effects associated with metabolism by cytochrome P450.
[0122] Advantageously, the therapeutic compounds made according to the methods
and/or processes of the subject invention are stable in storage but have a relatively short half-
life in the physiological environment; therefore, the compounds of the subject invention can
be used with a lower incidence of side effects and toxicity.
[0123] In a preferred aspect of the subject invention, therapeutic stereoisomeric

compounds that are made according to the methods and/or processes of the invention are

provided, which are useful in the treatment of gastroesophageal reflux disease and that
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2.2.2]oct-3-yl or 8-aza-bicyclo[3.2.1]oct-3-yl,
aza- bi cycl o-nonyl, aza-bicycl odecyl, where the aza
wai20070g&113i s optional ly substituted with net hyPCoOUS2006/034322
ethyl; and R4 is Hor nethyl, pyrrolidinyl, _
pi peridinyl, piperazinyl, and norpholinyl, wherein the
contalneaneastee groupawkich igysusogrsibier to deptad atial lb}yesserb)selk,i tlﬁﬁl%lbjd breaking
ently halo

donnthé iR s Bl Bl R AR D 1
Gh & i d i
B P OLE] 11 St [yt anot her. Asect nothaizeh s Bee!

drug dsiteifiepsionsestéidds and/ or processes for naking

n ) as.internediates useful in
[0124‘; ? gB§ :fviuﬁlge’r ta%seec)té\%%g alﬁlﬂ gc? }@ft:ﬁﬁ(&r} aéns(tg;zf‘ e bﬁ@]{.d&vw prod1.1cts
(prefer4blsi 2etaBali¢ srealed@wgg@acts,s.eg MefbolifR3, dehermly RN of Fé!reht?esters)

H and Rl, R2, and R3 have the follow ng ofientation
that aygrpreduees gy therthergpeytip rogipoundsenadeby3hemetiddy lapd/or processes of

<Y e lLaged by - N -, 0r -(C
e s LU 0PSRN, AR 25 B Bl vl
produetsdn Reairide a8 setaini daabeanet LM@iioe theattel TR 1RRRBY bf the Mk rapeutic
vi ously described, R4 is as previously defined

e
Compgﬁ’&lpi%%“?@a?ﬁ@%terocyc! oal kyl, which is selected from
[01257Z -4y kB BF Ikl copdpBufi® halehc BN BBY Sethods and/or processes of

- . 2. 2Foct-3-yl or

azabi cycl o
the suBjeatzavdition bly shBradeslis patticBlayly adeaagebuy for drupomydabolism because

- bi . odecyl., wh h a nitragen, is
these g e Gbellitgied K tﬁé_f ﬁsﬁ"ﬂafylg 8ptiapendeyt ampgs, gender,
or disédst bthte)t8 thedARlch&ken®8PEG ativeRpAtRVERE g%&b@[i i des

nmet hods and/ or processes for naking npounds of
[0126} or rihesubixyt ingentige|firties providas mesdhedsed tiesidgidisonders, such as

sastrofip RIeR R0l iR SRR N Sind g SitisFafh A Bfrppdicaly afbetive
amour®bf af{2ast anél stBdoloMRrit Beudt@lal MW/aIFuREH RAL Bal PofRkabi& to an
. ..phenyl ring: [0116] L is -(C 3-C5 alkyl)- wherein one
mlel@%ﬂl Boieerey %E@tmeéb a8 speijc aspe®, the subjectipenpiomprovides

.) - - t t..the R2, .an
s R 5Ll N 0 DR RS gL
compgsitems ofithkye abeziffedlvethpoliddsi s as previ ously defined and

[012715 | Ika]-hlf\l g@(} g%t:ilg)ﬁ‘;ylﬁgn i i-p?prV%./cl}% %;glﬁéfgSqulgg{}(Bgi%-gg for the treatment of
e 5y LBt 1 s
constipation, and intestinal pseudo-obstruction, while substantially reducing adverse effects
associated with the administration of cisapride.

[0128]  Ina preferred aspect of the subject invention, methods and/or processes for
making therapeutic stereoisomeric compounds are provided, which compounds are useful in
the treatment of gastroesophageal reflux, dyspepsia, gastroparesis, constipation, post-
operative ileus, and intestinal pseudo-obstruction and which contain an ester group which is
acted upon by esterases thereby breaking down the compound and facilitating its efficient
removal from the treated individual.

[0129] The subject invention further provides methods of synthesizing the advantageous

compounds of the subject invention. Particularly, methods of producing and purifying such

stereoisometic compounds are taught. Methods of adding such ester moieties and of
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hal ogen, Cl-C6 hal oal kyl, C1-C hal oal koxy, hydroxyl,
WO 20p/ep8®8yal kyl , ami no, -NH(CL-C al kyl), - N CROTEIS2006/034322
e ¢ sogdrkyibn)( de @6 rakkyl ), -(C0-C6 al kyl) - C(O R:p~rroneNR. vt~y /2~
In still another aspect, the aryl group is a phenyl
d substltutgp with -(C0-C alkyl)-C(O Rp and optionally
produging apd pi ala/\ﬁt?rﬁmima@rsgarg mﬂr}@ownde ﬂ&mﬂiﬂfeﬂlayngﬁﬁlagg%ggbe

d al k hal ogen, CF3, OCF3
i 11%;5/&?3%“%11&%%%%@3& BayieT herRi 1 i al kyl ).
ﬁ&@(@&%kyl XCrQ al kyl ), OrNoe wherei n[0117] R1L 1
optionally substituted with 1 or 2
[013Ojgr oEBg ptr‘#a cge%e(;t @’@@Wﬁ@ﬂﬂ?@tmp@ﬂ@sm&odsa‘mﬂfw processes for
al k
making (M&Q)ef‘e‘ed%t@@o@bx‘ﬁ&ls)ogCﬁbl‘&?%éy@gea? e{; glilqg%tes %s,e%ul in preparing

the Stehfé’(i@mﬁé%l@rh@ehdoyltanvdthreelchuhlh%nfé@d erocycl oal kyl group is
sel ect ed fron1p%{rolld|nyl pi peridinyl, piperazinyl,
and nor pholinyl i wherein the heterocycloalkyl gr oups

are option P pstituted with 1, 2, gr>g_groups that
hal gen Cl-C6 aI kyI <C al koxy,

are i ndepende

hydr oxy, hydr oxy C yl, Cl-C6 @& axycar bonyl ,
- C2H, CF3, or ¢ 3ahQ%eLeLpeg/§§pect t he -(CD-
C6 al kyl) - C(O)R up is dattacthed t® position 4 of

6-[4-¢ %mpmémlbrommghowb&ﬂﬁ;}ﬂahum Eiretn -
ori entation of bondscyﬁloﬁlﬁﬂ?t?bt-efa é;ég;gémoﬁnﬂﬁﬁgegénmc o 1.0z

according to the nethods and/or processes of the
invention is as folloméil¥ﬂiméﬁ In a preferred aspect
[0131]t heT®o |oeﬂie&hir@1rbeﬁ€e DORY Sy 3isAH oun
according to the et o%snolrS p?dggaggsngrsa Hﬁ‘ﬁ@n ?F\"?é‘h eSS
COHﬁgqmgﬂgemﬁhﬂaq&wsduge1zo] The invention further provides
gt hods for treating enesis, dyspepsia, gastroparesis,

[Qusti pation, intestinal pseudo obstruc'|on
troesophageal reflux, or post opéretiue iIeus, t he

HoN

rising admnlsterlngather tigall
fegti ve apmount of a conpound or salt “accordiryg of
}Eor mul/a )\m/&t\/l e according to tb ‘ ds wm
and/ 01/ processes of invention to a pati eﬁt in need

of suchutrieakigent. [0121] The subj ect ent i on
01327 P Qyi des net%oas and/ or processes foréﬂgﬁgﬁgﬂggkbounds
[0132] ¢ hdiuzrter ersmeles phaeperuticelly actilegiond aiphids i9¥ ras St hixture of
the two @g% m?ﬁ’ solic esterases than cisapride, thus

avol |ng e adverse effects associated with

met abol i sm by gyt ochrone P450. [9122] Advant ageously,

the ther a;.pﬁutl Cc conpounds ﬁg@ ccordi ng to the
met hods
NH

/

(-)-Norcisapride (+)—Norcrsapride
[0133]  In one aspect, the current invention is particularly concerned with providing
methods and/or processes for making compounds with a particular configuration at the third
chiral center, in the quinuclidinol moiety, as well as intermediates useful in preparing such

compounds. This group is eliminated in the conversion to the acid metabolite referred to
herein as + Compound II:
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and/ or processes of the subject invention are stable
in storage but have a relatively short halflife in the
wohywioeswogi cal environment; therefore, the conpoumgs006/034322
the subject invention can be used with a | ower
i ncidence of side effects and toxicity. [0123] In a
preferred aspect the subject invention, therapeutic
st er eoi somer iteN Q [
t he met hods and/ processes of the invention are
provi ded, which & g the treatgent of
gastroesophageal reflg \grggg/L39[$onta|n an
ester group, whi<h is s@Sc "B e™to dégrardat i on by
est erases, thereby breaki ng down the conpound and
facilitating its efficigghpbfiPyal fromthe treated
individual. In a preferTéﬁEagpﬁtt, the therapeutic
HH34btef%%ﬂ@6hnmmumtbﬂg@wm@@mamenhenmﬂabyzeMugymgﬂbmﬂhase

ainoldo LSS LERLLER YRS L 012l Lt et pepeet.

methofls @8Web&iHeRbelRY a1 db MR LARS 4 GislprRRIcgRWN product s,
i.e., metabolites, generally aci'ds of parent esters)

that are produged when the therapeutic conpounds made
by the nethogsxgnd/ or processes of t el subj ect
i nvention ar :@ dspn by an est' The presence
of these breakgo p od cts |n thé)urlne or serum can
be used to nqnmtoo Bance of the
t her apeutic conpou fron1a patlent [0125]
Degradati on of the conpounds made according to the
(3R, 4578 B0 AL31- ARHS-EENIRE Q—‘ﬁ%%ﬁﬁbeﬂioyfamﬁmoﬁéjmbtﬁ&& IpBYR ViR xdic acid 1-aza-
esterases i s parti cubeydop. azivanlypgeeus Tor dr ug
met abol i sm because these enzynes are ubiquitously
distributed and their activity is not dependent on
age, gender, or gompoyad] (R )ce agnshne extent as
oxi dative hepatic drag netabollsn1 [0126] The subj ect
i nvention fur@her provides nethods of treating

di sordepf, such as gastroesophageal reflu \ sease
conpri si ng adm ni stration of a thergpe tical ly
effective 8 of Hat Ieast one stered

structural awnd’/o dﬁ() anal og of(flsaprlde to an
i ndi vi dual i d of |lge tnent. In a sgpecific aspect,
t he subject/f%veﬁ?i@ﬂ' f ric

structural and/or ffunctional anal ogs of cisapride and
BH AL IR GILIAGR-5- GRSl BB SoyRfnink) RERE 08 Sb&ilih-i -1 hﬁgxanmc acid 1-
conpounds. [0127] Thre-bisygoz@&kcttmeeerti on furt

provi des ”Hter'%mnm%&giﬁfﬂﬁ%%§<£%ko&5 treat ment of

[
o (S)
0@ O

(3R,4S,3'S)—6-[4—(4-Amino-5—chIoro-2—methoxy-benzoylamino)—3-methoxy-piperidin-1 -yl}-hexanoic acid 1-
aza-bicyclo[2.2.2]oct-3-y! ester

compound V: (-)(S)-compound
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enmesi s and such other conditions, including but not
limted to dyspepsia, gastroparesis, constipation, and
wonvwarsatal pseudo- obstruction, whil e substant Pairiug2006/034322
reduci ng adverse effects associated with the
adm nistration of cisapride. [0128] In a preferred
aspect of the subject invention, nethods and/ or
processes for making therapeutic stereoisoneric
conpounds are provided, which conpounds are useful in
the treatnent of gastroesophageal reflux, dyspepsia,
gastroparesi s, constipation, post operative ileus, and
i ntesti nal pseudo-obstruction and which contain an
ester group which is acted upon by esterases thereby
breaki ng down the conpound and facilitating its
efficient renoval fromthe treated individual. [0129]
The subject invention further provides nethods of
synt hesi zi ng the advant ageous conpounds of the subject
invention. P&ticularly, nethods of producing and

purifyipg sudh stereoisomeric conpounds ar aught .
Met hods o g such ester noi eti es and [ X.

I NU. ~ / Z_ 1 m - I pl , -1 n : 1 n n U rn - mnmn
produci ng ahd ;'9%. ' r eoi Somers, el | known
to the skillgd arjisa and can be readlly carried out
utilizing th® guidanee® n eferred

Conmpounds [ 0130] Iq/a preferred aspect, t e present
g cesse
(?%4\5%%5-2%- é—?@? e% ?’12 goﬁiérfaegllog) db% %rlla%mo -3 Beitﬁ) xyé%rperrds n—{-ﬁ] hexanorc acg 1-

i nt er nedi at es usef ul |n\?repar|ng t he stereoisoners,
whi ch contai ns t BempouwM; VIa(HeRrgompounddi d 1- aza-

[0135§O mg lé eiJerrL:c? &%x]alr:té Ex‘@%ugj €C, tlﬁ%nglgh @%ﬁmﬁ? Pnhlgét%ogg( ansd?or processes

and I sapri
for makmg st@‘ea)md)memlcallly 1$d1ﬁedi6dimp'c&md§ LagSvell(t))-ﬂQ Begpmkdiates useful in

- Noy ci sa 0132] Thus, for exa , )
Prepafé#aﬂ‘rﬁ gwéidsr #dar‘@mRPélt%% QIR FRRIC nB§°@PP%¥@énT ke isolated

stereofEbbHE BorBs of the compounds made according to the methods and/or processes of

the invention are substantially free from one another (i.e., in stereoisomeric excess). In other
words, the “R” forms of the compounds are substantially free from the “S” forms of the
compounds and are, thus, in stereoisomeric excess of the “S” forms. Conversely, “S” forms
of the compounds are substantially free of “R” forms of the compounds and are, thus, in
stereoisomeric excess of the “R” forms. In one aspect of the invention, the isolated
stereoisomeric compounds made according to the methods and/or processes of the invention
are in at least about 80% stereoisomeric excess. In a preferred aspect, the compounds made
according to the methods and/or processes of the invention are in at least about 90%
stereoisomeric excess. In a more preferred aspect, the compounds made according to the
methods and/or processes of the invention are in at least about 95% stereoisomeric excess. In
an even more preferred aspect, the compounds made according to the methods and/or
processes of the invention are in at least about 97.5% stereoisomeric excess. In a most
preferred aspect, the compounds made according to the methods and/or processes of the
invention are in at least about 99% stereoisomeric excess. Similarly, the “(+)” and “(-)” forms

of the compounds are also provided in stereoisomeric excess.
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the two cis enantioners: (-)-Norcisapride
(+)-Norcisapride [0133] In one aspect, the current
wOonveErneswos i s particularly concerned with provPding2006/034322
nmet hods and/ or processes for maki ng conpounds with a
articular configuration at the third chiral center,
[0136]n thed@ﬁ@rlh@(thq:rdlnn‘die vaTiDet stereqisomers maais ammrémged iiRtesthods
usef ul such _coppounds. o
andlop Bfiiset B¢ RIS aref O BoPiied et pefion dbis advantageousy,
bE @eartd @dstbmlzla&feanﬁb@%r ARG ed O GRIPIUALLs! ThiO 3 4kampl
e Wi | e Conpound | stereoi soners can be nmad geb ampre,
comp@@m@slygma;m@ Redd’R-1 1@fun¢mn thediuimiclidiny] ester 1m1ety, ie. compounds I

and ;355 PRy RGP B WP AL BPBL ool CadiPhoecs

contalting ﬂlé@’&)—i‘so&@ of nﬁ@lfdi‘nol i.e., compounds V and VI, undergo a much
(3R 4S,3 R) -6-[4-(4- Am no- 5-chl of o- 2- met hoxy- benzoyl am

ﬂOVmFﬁﬁﬁtéhﬁ@thoxy pi peri di n-1-yl ] - hexanoi ¢ acid
[0137# C%% S?’g{)zlscﬁngrls 54 Eon%péﬂnd%%&? be ﬁ?ergpvghe%da s!hlort-duratlon of

actlor( i3 @r@f&réﬂ R)r—e&aﬁlﬁie(%mﬁmttm -di-gaditio htidityet M)t kpioay, sadh as
no),- 3-.met hox i peridin-1-yl]-hexanoic¢c acid 1-
pulsaiilp &dﬁlﬂrevaﬂepig phimEcyaagie EstiepatEg o goute/gastroesophageal

ety Bholr SRERROP P mebeliog By e S ey 5 e
metabiolite; i3 retripoxyd fi jsehe vleny-ldwptqbah'fﬁxjanﬁcﬂmgaimgjmieractlons and

t ester nd V.
toxicify; ?P f%%h)ﬁ% ﬂ}f(te% i @ %Pn@rs[%n(b& AR gU s A
intraveRER$ Yod@NZ 4 BB a%&&%g@él@@ﬂlbg ZprémXﬂu}e ﬁ%‘ Which
- acid 1- aza-bicyclo 2.2]oct-3-yl est compoun
are noforjqusly-useblgde nd:tabop@qe@gs anwell ps @fuéﬂs ibechuas ﬂEIrtCYP#ﬁé) system is

n t|on erta| 0. net [ or roc sse
not £ B et M B i 2B Dy PR R h b e S5TE Sther
than cwEMso; egl, hﬁeﬂa@ésgrsmagieataasm&g%f Oh théloBEERAMI he (§’\S§Ji‘somers of
npounds, and conpositions conpri sing such c npounds.

Compqw;d Limasieacersdingde él%ﬂ wethads andfaspieceses of éled@mmgn @ best used in
chronﬁ%ﬂﬁatﬂﬁlg QE ﬁierbgmte%ﬂb‘féﬁ%s?%ﬁ‘l yﬂ?}lglggg%t?ogapesg%g ﬁ? g? cglf?a 1ten S or

I nvention are subs m-one an
cancex patents undersipéates)ios onehronic gat®ssphadaal eiffaglin patients who need 24-

hour coverage.

[0138] In addition to their differences in metabolic fate, these separate isomers also have
different binding affinities for the 5-HT4 receptor, thus suggesting different activities as well,
and therefore different therapeutic uses. Thus, in a decreasing order of affinity for the 5-HT4
receptor, the isomers can be ranked as follows (in parentheses are the binding constant Ki
values); compound IV (1.4nM), compound VI (3.4nM), compound IIT (28nM), and
compound V (72nM). These binding experiments were performed using the radiolabel
displacement method described in standard textbooks and easily reproducible by persons
skilled in the art of molecular biology.

[0139] As a conclusion to these considerations: when the 3 and 4 positions are cis relative
to each other, compound I is a mixture of 4 isomers, consisting of 2 pairs of enantiomers. The
first pair of enantiomers is (+)(R)-compound I and (-)(S)-compound I (compounds IV and V,

respectively), the second pair of enantiomers is (-)(R)-compound I and (+)(S)-compound I
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words, the "R' fornms of the conpounds are
substantially free fromthe "S" forns of the conpounds
wana7aee 73t hus, in stereoisoneric excess of thecT®52006/034322
forms. Conversely, "S" forns of the conmpounds are
substantially free of "R' forms of the conpounds and
(compoide ITItahd &1, fespeticelypiV¥ithineach eapbenends paiheaclRrePrEHs.

I : t of .the inventjon,. i .
LYY ST RO IR e
regardin%ggéi? Efg%g}?%?ﬁx%@ﬁl-l?ﬁ rbddBtok. TMREE didferet grdpartis glveahém separately

stereoi soneric excess. In a preferred . )
advantagsue teragteltic oswspuicitare matiteaehasEeRtiy L oo Wik AR FRRGH to cach

) and/ or . processe t in ti re. i v at
L Al
the recegﬁ)? %ﬁd thek\@ife RMREL inGSetAmdie raes ak dion gretifetabiveantatelitbelsis it

nd/ or processes of the invention are in at |east

possiblatoatitse@hess peonsdiesovhenitestiag tesigcenis KW en nor e
referred aspe . . j d for
(0140] e AU S b o SATEEERANRRS o FRARAOERFUIN { Subicin
formuld @ast about 97. 5% st ereoi soneri c excess hi a nost
preferred aspect, the conpoundé made according to the
nmet hods and/ or processes of thg invention are in at
| east about 99% st ereoiso N ss. Simlarly, the
"(+)" and "(-)" forns of fhe]conmpounds are al so
provi ded in stereoisdﬁeﬂlc xcess.[0136] As descri bed
herein, the various steggoicsaners nﬁgz according to
t he nmet hods and/or processes of the I fAvention have
[0190 donSiisRi denexpiag bedmpoapbsiiforsulakii) , advant ageously,
can be used to custom ze treat yent for a particular
set of circunmstances. Thus, fgﬂ\teéan'pl e, compounds
containing the (3' R -iso NI tdre qui nucli di nyl ester

noiety, i.e., conpounds I{l and IV, are rapidly
nmet abol i zed by esteras®B i iy human pl asma, whereas
conpounds containing the (®-S)-isongr) of

qui nuclidinol, i.e., conpounds V and VI, under

. r go a. .
[0142]ctr it saiteo a vemabeid efiforfida §F) oTis salt. Ferpegtayely, Wherein X, is a

.'"R)-isoners of co und. | u :
nitgil PORGIAE POHP AR act] S S R Rt St Uil of bydrogen and.a
nitdk %Hcﬁﬂ%‘ oRfupqdBbreirCeomhbily kiown andused ¥ prodqitiag gequps can
stch as pu

Satile adm nistration t_g pﬁ?ti entﬂjé)vm%h LN
be ased! @g.gNsbanapaNesitebensy]; INTBEy NaOH S Y- BFGBIHRGERTRZYS -

reflux. othe i It ], preferabl
berigg sulfeipa (PR ER N AR R, 3HE X e AL MRL ORI CE D Pl prfercbly
(CL-CHalkyk aROpRLerhbly ettt enothenenimdipenshXbatd Kyasfuot both

drug-drug interactions and toxicity. Therefore these
bergb(brt-acti ng (R)-isonmers can be advantageously used as

[0143]an The invention also comprises compounds of formula II"

O
I _r

X2 O~ ()
[0144] and salts thereof, wherein X is a nitrogen protecting group and X is selected
from the group consisting of hydrogen and a nitrogen protecting group (wherein
commonly known and used N protecting groups can be used, e.g., N-benzyl; N-
nitrobenzyl; N-BoC; N-oxide; N-paramethoxybenzyl; N-benzylsulfonyl) (preferably both
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i ntravenous formul ation for treating gastroesophagea

reflux in premature newborns, which are notoriously
wanedrlesa’es et abol i ze drugs as wel |l as adul ts BeTaS3®6/034322

their CYP450 systen1is not fully devel oped. In these

oerB i et an i GrCBlyL PRI |GGl 8 bRy
WA Th ageher @mbbdiment] Neand e ndtheth(b8hz3).- i soner s of
npoynd |, nmade cording to the nmethod d/ or
(013300 o 5ottt P i FEFRo0 O RPESeD & SEGL BERHE A Posfpeund of
forfiulau@t i ons of the sane ailnents, for exanple
gastroparesis in diabetic patients or cancer patients
under opiates, or in chronfc Mhstroesophageal refl ux
in patients who need 34; coverage. [0138] In
addition to their dlffer;nc s in metabolic fate, these
separate isomers also have differentlhndi ng
4 us suggesting
3?%@? ?&m?:gﬂl{eaa&ﬁggcggp%l pER ‘glla (%Qr efore different
t herapeutic uses. Thus, in a de reasi ng order of
affinity for the 5-HT4 rec QF~d-Re i somers can be
ranked as follows (in parenthégses are the binding
constant Ki values); cOmpbu IV (1.4nM, conpound VI
(3.4nM, conpound I11 (28¢al\/po\and cq ound V (72nM.

These bindi ng experinents were perforred using the

@70 vatheahn atkek piletat bydsertidmenthydddede g NaQ&le KOH, sodivid ar d

t d '

ipﬁ%ﬁgﬁ glﬁfgﬁdé 11tﬁﬁlfﬂe:1é% {nﬁ&bh&gﬁgégg &O)Qfglg c%H%oﬁﬁﬁ deie6ihula
dOhg I wisraanXt © atoitegen potsiigegraty amls?{z 1maéewteklrfm118tha igcbug
c%nmgt{rllgg ? o%?x Ias’d er1 gljtrnéen s}zro g%ln (%U.IPXWHGI'FITI fgrpr)lgll%r g&%{p\lvn and
anahNipertetiag grbhgs o‘an ibs tisgdae. g., Nfbemyam-nmbwmy] N-BoC; N-oxide; N-

+) (R),- ¢ ound.l and. (- )(S)C I 0 unds | .
s QPR e Phtrh ST B opd PR BPRE dp i
i(81-CohlidR), prRATINI(T -, A, thork pRFeraly@UNT dnbBENREALAGSent, X,
11 and Vi spectively). Wthin each enantioneric
g Za@é@ﬁbgﬁgﬂgﬁ&e enanti omer has different
ORI Bve baPAisHN Hub@With thgiinehRlog Oof hydrol ysis by
esterases and regarding their affinity at the 5-HT4
receptor. These different propef%les gi ve them
separatel y advantageous th bet uses which are not
i nterchangeable, i.e., whi e specific to each
i soner, and which are rideNapplicable to the racemc
nixture These differences oQMaffinity at the receptor

0?49‘] I?l%% @ang aftfle%gtelrice@lgtlvbl@ntﬁrgf ﬁ@ﬁl a'nﬁ aﬁ 'Sltfﬁﬁ eRdeSs &%o ropyl
pre ictab and neither Is It possible to di ssect
tafeodel lprl@rpreﬂtm i ghevliydrplysisgedction temdisimuiamilly 0% eomeersion with

virtually no impurities. Using lesser amounts of KOH (e.g., 5 and 10 eq) gave

conversions only in the range of about 83-98% with impurities ranging from 1.9% to
7.3%.

[0150] The invention also comprises a compounds of formula III’

NH
X1\|}I

X2 O~ ()
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[ 0140] Anot her aspect of the invention conprises a
nmet hod for preparing a conpound for formula | F [0141]
woanpriesi7ag converting a conpound of formul a (PET[US1002)34322
or its salt to a conpound of fornmula (IF) or its salt,
respectively, wherein X1 is a nitrogen protecting
[0151hr oumd aalts tiBrebf vaelar Xeds 4 nivogehprotretng groop sing ¥, ngseddoted

o B R GRS B A P BB G4 G mrmony
knowt£&Fusel -I\ggr)]mté}:'tiﬁg BANibs caMt BY Use@RENZMLben M1 BRGyitrbbesid FJ?-B%C ; N-

N- par anet hoxybenzyl ; Nbenzyl sulTonyl) (preferably bot
oxide;R{-parachexhaxyberyah N-bynzybsutfomyl) er¢ferbehath R lapd X, are benzyl). In
r ef er.abl a -Gral kyl e eferably ethyl. In
anom%ﬁ&ﬁ?&@%b?ﬁ&ﬁﬂm\ﬁif%%@%re not both benzyl .
[0154 0143 landther asgy&,nﬂhe HVeRMiGiOCRRRES 8 BfeticoaNTT MG %(a@éqmpound of
ormula I'F [0144] and salts thereof, wherein X1 is a
formuli ¥ ogen protecting group and X2 is selected fromthe
group consi sting of hydro and a nitrogen protecting
group (wherein comonly k@\h{and used N protecting
groups can be used, é(th M benzyl ; Nnitrobenzyl;
N- BoC, N-oxide; N parangt hgxybenzyl ; N-benzyl sul fonyl)
(preferably bothXi and %2 are benzy(jyyand Ris
G -Cs)alkyl, preferably (G -C4)al kyl, 'nore preferably
[0E53) pompriging Ao eordactivgiscempennd ofdormnld IX are not bot h

benzyl . [0145] In another ect, the invention
conprises a nethod of_maki ngl‘ﬁlcon'pound of formula IET
c 2 (in); [0146] conprigsi treating the conpound of

formula (H) [0147] wit anoal kali netal hydroxide or
hydride (e.g., NaOH, KOP sodi um grrpotassi um hydri de,
[ ithium al um num hydride, etc.) to yield the conpound

[015¥4] vgttnashirad resplving ageat ign tagtaricsacid, mandeliearih MNesbier 5 agid,

X2 | I : -0 | Ski.ng: of
BB Kl 89, AT 4 S Pl o
II€pmmonl y known and used N protecting groups can be

e.qg., N-benzyl, ni tr obe | ; . N-BoC, N-oxide;
wﬁ%ﬂ%ﬁ%ﬁ“%@%ﬁ%ﬁ}é%mﬂg g&rﬂ%‘é‘"& P?éﬁﬂ“} (preferably both
[0156] @ EontLctREFhdERaN of aPRih)RyiltSa base to yield the compound for formula
I A
[0157] wherein X; is a nitrogen protecting group and X, is selected from the group

consisting of hydrogen and a nitrogen protecting group (wherein commonly known and
used N protecting groups can be used, e.g., N-benzyl; N-nitrobenzyl; N-BoC; N-oxide; N-
paramethoxybenzyl; N-benzylsulfonyl) (preferably both X; and X, are benzyl). In another
embodiment, X; and X are not both benzyl.
[0158] Preferably in this aspect of the invention, the chiral resolving agent is (+)-2,3-
dibenzoyl-D-tartaric acid and the chiral salt of Il is a (3S,4R)-enantiomer (+)-2,3-dibenzoyl-
D-tartrate salt.
[0159] It has been surprisingly found that the use of the chiral salt of (+)-2,3-dibenzoyl-
D-tartaric acid, preferably in an amount of one equivalent for two equivalents of compound
of structure I1I", leads to enhanced yield as compared to other chiral resolving agents. The use
of one equivalent of (+)-2,3-dibenzoyl-D-tartaric acid with two equivalents of III" results a

yield of more than three times that obtained when one equivalent of (+)-2,3-dibenzoyl-D-
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(G -C8)al kyl, preferably (G -C4)al kyl, nore preferably
ethyl. In another enbodinent, Xi and X2 are not both
woenyhkso7p0148] We have surprisingly found w t RCT/US2006/034322
experinments on [0149] that using at |east 12
equi val ents of KOH and an 8-fold excess of isopropyl
tartaria lacid hotontavtker witke two rquivaledie ohlf Hr Bhyss irsa pregted@mbodiment of

.results in_virrtually 100% conversion with virtually n
maling 357 pqrpSd OFLorH ML sae SABHER: GJ Sk Teeolying e greterably
R R T

used. [ 0150] The invention al so conprises a conpounds of

r0160] e THeflother 9502, § rhisytiont CrBset T S Eibtind A fasala 1L

sel ected fromthe group c gting of hydrogen and a
nitrogen protecting g&oup‘@erei n comonly known and

used N protecting groups“cas be used, e.g., N-benzyl;
N-ni trobenzyl; N-BoC, Xi ¢g; N-parametlioxybenzyl;
N-benzyl sul fonyl) (prefé&tably both XII'dnd X are

enz er .egbodi nen X1 apd X2 are t b

P S LS R e T

from t6® ?th} 2685 HnFRITNGErobn BRKA RRroert HIFRRUAE offupf(RhBMEPcommonly
17" [0153] conprising a) contacting a conpound of
knowif girdused N prpteciing wpupsiartbeausedier g Nrhsgoyly Negtrelepaayl; N-BoC; N-

1 569, rtaric,acid el i r' Ci
oxides el @i SRl A b TUEDR) ey BT kpd 3P Sehopd. o
anothé@ferdbbllimenf Xl HdI3at dr8@of tigh BkizkRI salt of 111", [0155]

b) optionally recrystallizing the product of a); and
[0162} o15Bpnetherasheciche Hyepthen ¢rmertises 2 srethpd of makyng/g eqmpound of
ﬁmmugﬁﬁﬁ to yield the conpound for formula I11"; [0157]

erein X1 is a nitrogen protecting group and X2 is

sel ected fromthe gro Qﬂéi/&t\ip@\%o 'drogen and a
ni trogen protecting gr (wherein go nly known and
used N protecti Bg~gr can be used, e.g., N benzyl;
N- ni trobenzyl; N-B@C, M- oxide; Nparanethoxybenzyl;

o
o O avy

[0163] comprising contacting a compound for formula

NH
XI\N‘\“ .

| f
-0

[0164] with a (C;-Cg)alkyl 6-halohexanoate (wherein the halo is preferably bromo) to
yield a compound of formula (IV"), wherein R" is (C;-Cg)alkyl (preferably ethyl), and X;
is a nitrogen protecting group and X, is selected from the group consisting of hydrogen
and a nitrogen protecting group (wherein commonly known and used N protecting groups
can be used, e.g., N-benzyl; N-nitrobenzyl; N-BoC; N-oxide; N-paramethoxybenzyl; N-
benzylsulfonyl) (preferably both X; and X, are benzyl). In another embodiment, X; and
X are not both benzyl.

[0165] In another aspect, the invention a compound of formula IV"
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N-benzyl sul fonyl) (preferably both X1 and X2 are

benzyl). In another enbodi nent, X1 and X2 are not both
Whe0wz9r8073§ 0158] Preferably in this aspect of tP@I/US2006/034322

i nvention, the chiral resolving agent is (+)-2, 3-

di benzoyl -D-tartaric acid and the ch| raI salt of I'll"

is a (3S,4R) -enantio - Dtartrate
salt. [0159] It has |bee surpr|S|n Iy ound that the
use of the chirdi~ (+)-2,3-# benzoyl -
D-tartaric acid, &?eferably in an anount of one

equi val ent for t\/vg(?eq@\val ents of corrpouQId/ of
structure Il11', l'eads to enhanced y as, conpared to

[0166] ot hand salts thereof exlreinky 1@1@(&]”@@allqh@rqf§1@blé(feﬂgﬂb and Xi1sa

| ent of
mtrogep% t\é%m%c%??%?h& & ?I;egﬂegg@ g%u;pacroflggﬁrfg @fﬂp@:ﬁ’ﬁﬁh@ﬂd a
mtrogeh'lfr&@cﬂﬂg?mﬁ (vetlereih bamﬁmlw\hﬁmmﬂ wedNvabeatinggroups can be
benzoI-Dtartarlc acjd is co ed th two
used, e@qﬁﬂ'\b&n@ﬁﬂg néitherlilﬂylx Niefs;, Niopidgs Nrrer PSRt Mont
benzylsr%lforﬁ?ié r{f{)‘x@ gl up ef a;rE 9% alﬂ drdother @RBoSHNY, B SHd X,

res hg agent fera l'y
arenot(bb)h&en}ybll benzoyl - Dtartarl c acid) and two equival ents

he conpound of fornula 111" are,used. [10160] |n
[0167]an ohq%ﬂoﬂ}% ﬁmt ﬁt%‘é"‘?‘ﬁ\?é‘r?f)}%ﬁseé’&fﬁ?‘fng‘iQg?ﬂ%‘ng&r‘%&i’r%nd of
fommlgfvfor mula 11" [0161] and salts thereof, wherein X1
I's a nitrogen protecting group and X2 is selected from

t he group consrstl H trogen
protecting group ( in corrrmnl k and used N
protecting gr be used, ., Napenzyl ;

N- ni trobenzyl ; = Noxi de; N- par amet hoxybenzyl ;

N- benzyl sul fonyl preferably both X1 and X¥ are

benzyl). In anot her errbodl me Xll ?(.nd X2 are not both
[OWhﬁwprlrlmmamgmwag gral¥e i nyent i on

conprises a nethod of king c ognd of formula IV

[ 0163] conpri sing co taﬁm/g\c%r%gunﬂfor formula X2

(EDr) . [0164] with 1- C8) al kyl (®- hal ohexanoat e

(wherein the halolTJs preferably bronp) to y| eld a

conpound of fornulX, (IQL), wherein R |s( 3 Cg) al kyl
pr ot

(preferably ethyl), and X1 is a nitrogen ecting
[0199913 WRthaRY- it Bdiadl-eleindd Hevdameit ¢e. gt atimnbon satsmlkogidefle. g

Tl((%Prr)f (gutamum tetraisopropoxide) and Ti(OEt)4 (titanium tetraethoxide)), TsOH (para
toluenesulfonic acid), K»COs, and cat. DMAP (catalytic 4-dimethylaminopyridine)) in an 7
organic solvent (e.g., toluene), wherein R” is (C,-Cg)alkyl (preferably ethyl), and X; is a
nitrogen protecting group and X; is selected from the group consisting of hydrogen and a
nitrogen protecting group (wherein commonty known and used N protecting groups can
be used, e.g., N-benzyl; N-nitrobenzyl; N-BoC; N-oxide; N-paramethoxybenzyl; N-
benzylsulfonyl) (preferably both X; and X; are benzyl). In another embodiment, X and
X, are not both benzyl.
[0170] In another aspect, the invention comprises a compound of formula V”
/\/\/\H/O//'
\Q )
X,

Orn

V)
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and a nitrogen protecting group (wherein comonly
known and used N protecting groups can be used, e.g.,
woRbiEn28d73 N-ni trobenzyl; N BoC, N-oxide; PCT/US2006/034322
N- par anet hoxybenzyl ; Nbenzyl sul fonyl) (preferably both
X1 and X2 are benzyl). In another enbodi nent, X1 and
[0171K2 aarel sali therolf vkzi&emei;l X i§ @ hibfolgetn progevoihh grovpsand &y, is tdlected
from {hgé?cg%#c%rﬁﬁggggg? Vi ncgjgegfwe%g rntr%%ggp E%t 0'166] ol hfe;?ellrtx commonly

knowﬁtaﬁ‘d’{xs}ed r@?fbtééjan r&up8 bid ROGRIPE O Rehd flﬁﬂyw fﬁ%bé}ﬁ?l N-B%c N-

selected fromtRe group consistThg o drogen and

oxidenN tpacgesthprybeel; Nedpegrydrufotivi éprefembd:y)bmﬂ)r}(mnbl aovane hemiyl) In

e ct ro ed, e.g., N benzyl;
anoth?lf dtty&ﬁ%lﬁzg I@B%én%ﬁﬁ%ﬁ% Nﬁmr anet %oxybenzylZy
[0172]Nbe ”Em)’ah&h'ef Qdf))é!:t) the @ﬁ@hﬁé@@élﬁp@&% B meth@NEF al@h€a compound of

enz . I'n anot her enbodi nent, X1 and X are not both
ﬁﬂﬂu&%ﬁiyl [0167] In another aspect, the invention

conprises a nethod of making a c ound of formula V
[0168] conprisin qmta [ a¢o nd of formula IV
[0169] with (R)- ucl i di n- 3- and Lewi s acid
(e.g., a tltHdNun1 etraal koxide (e.gN Ti(QPr)4
(titaniumtetrai sauropoxi de) and Ti (OEt) 4 tltanlum
tetraet hoxi de)) Ts (para tol uenesul f orfi c,I aci d),

[0 GRlrem g rg&&%% %1% §(ﬁ‘(ﬂ1? H‘é&lﬁ}% ulaV’

ry |d| in an I ¢ sol vent to uene

wher ei n R' is (Cl1-C 6}, hyl ), and Xi
is a nitrogen protg group ang X2|i el ected from
the group con \h hydrogen &nd ¥t rogen

protecting groupJ{whé reln commonl y known and used N

protecting groups*2cai~be used, e.g., N benzyl

N-ni trobenzyl; N BoC, N oxide; N paranethox benz
[0174Nbeﬁ&1$qr@a|>¥1dﬁ9mtrqgsa é%@oal@gﬁrwqmdiﬁz 13 feleored Hpm t : group

cons Sk, B0 G ETRONL By 0 egfléégﬁﬁoﬁlaﬂﬁ’iomﬁ
N protecmirpg grseps andenped rg. ,0f - bémzyﬂnN AitvoHekyl[ NIBAT; MvodideaNt s
peramgBor ey b e SR SO R RHhg: U DR b prcther

embod@Rn@ Xiahd XY&R: Rt BbECHhAE. 9roup (wherein commonly
known and used N protecting groups can be used, e.g.

[0175N- bdnzrefeiedembebimentdf:thislafmet ofNbx indention, X; and X, are benzyl

and are removed by treatment of V" with H,/Pd/C or ammonium formate/Pd are examples) to
yield (R)-quinuclidin-3-yl 6-[(3S,4R)-4-amino-3-methoxypiperidin-1-ylJhexanoate. We have
surprisingly found by hydrogenation with H,/Pd/C this method provides significant
advantages over debenzylating methods using, for example, ammonium formate. Such
methods are frequently messy and require silica gel column purification to remove reagents
(e.g., ammonium formate), which is impractical for large scale production. Hydrogenation
with Hy/Pd/C is extremely clean and does not require column purification.

[0176] In another aspect, the invention comprises a method of making (R)-quinuclidin-3-
yl 6-((35,4R)-4-(4-amino-5-chloro-2-methoxybenzamido)-3-methoxypiperidin-1-

yDhexanoate (VII") comprising contacting a compound of formula VI’
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N- par amet hoxybenzyl ; N-benzyl sul fonyl) (preferably

both X1 and X are benzyl). In another enbodi nent, X1
wana7x2s|ase not both benzyl. [0172] | n anot her Pasusedos/034322

the invention conprises a nethod of meking a conpound

of formula V [0173] conpr|3|ng renDV|ng groups X1 and

X2 froma conpou wherein X1 is a
ni trogen prot ectr oup and llected fromthe
group consi sty ydrogen ada a hT 0gen protecting
group (vvherel nIy known and used N protecting
groups can be use ~e.g., Nbenzyl; Nnit nzyl ;

N- BoC;, N oxi de; Npar amet hoxybenzyl N- benzyl 'sul fonyl )
[0177] pr evigh é@nyn%étth@tq-@ﬁéthmb&n@lg acidyPreferably said cortecting is with

EDCITTREIIEA b T or PrlBoa Rl RO ko ieofloro.

HOSIxmallydroxgsmmlrh&hxﬂONBC(Nalﬁﬁr@}eym-\neﬁbehb’-ehdi@-@t?amﬁﬁélb@;falﬁlde),
with H2/ Pd/ C or anmpni.um format e/ Pd are exanpl es

isobuty] ghlerofqumats, p}y@}‘qy,I ghlgride,pr DCC (d1cyclohexylcarbod11m1de3 Most
prefergblgr(sgﬁ céﬁt)acﬁn 3 ngﬁj @EE%@E ﬁ@ﬁfegélﬂ%g A #\%ﬁ?ﬁ@eﬁt & was

have surpr roge
unexple@bé(ﬂd/fﬁlrtdl‘ﬂmt three tibeoal mvaidvjrl adhbkride gavd a significactijaciéagesaction

deb | at ing, f l e, .
rongiSlagsherei g Tebete ot Lor e
result 3 WhibRYUWi&18 afidl bichRicaRlly SehtdrPurRY o fﬂe% I%Bﬂn& EothFA8Y f methods

reagents (e.g., ammoni'um fornate),
emplqynmcﬁhquacﬁllatln@agdna? ge scale pr oduct| on Hydr ogenati on

o178 st phErRike Troh Al 6 R0 ersdybete A it

mterm(egia%@tlh tHe plzr@%mmbg%(lla) -G b eidi0f- yﬂ@K(mR) 4- (4 amino-5-chloro-2-
qui nuclidin-3- vy
methogy%e(nggnm)-.’wn@thomlmﬁd@ -ttyDbexanpaiget hoxybenzani do) - 3- m

th
9B A AL X SO 5 SRS R meors
As usé lm(ijrém,ca ethohl olem:ribedraﬁ KoX yhemzthod cagipéisinPitief @mnatidhation of
sai d cont

makinga, Céfqli’g?}m‘g é Ty %%%%”rf‘f?ﬁam%? gisthofof merking aeerapoungioformula
B e 705 AR X TG IV BRI U B
compisd lodi fornudh 14, efco Awedrdingtyi, thas aspectaifitior instentiomrin®ades, without

. . [dicycl xyl carbodiim de). . Nost _preferahl
i S SR I SRR T 02 P SR A2 o, -
Ir-1et vat-ayr-1ohl igr i-gel v IV -wasvr', v /-vI'-VI', I"-I1"-I -1, 1110111 -
v, m-ar-v-v, i -Iv.-v'-vl’, and IV"-V'-VI'-VII".

[0180]  Another aspect of the invention comprises a method for preparing(R)-quinuclidin-

3-y1 6-((3S,4R)-4-(4-amino-5-chloro-2-methoxybenzamido)-3-methoxypiperidin-1-
ylhexanoate or a salt thereof, comprising:

[0181] 1) optionally converting a compound of formula (I")

0
N/U\O’R
H,oN

O— (I ')
[0182] to a salt, wherein R is (C;-Cg)alkyl (preferably (C1-Ce)alkyl, (C;-Cs)alkyl, or
ethyl);
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unexpectedly found that the use of pivaloyl chloride

gave a significantly cleaner reaction profile and the
wonrodweso7das nmuch easier to purify conpared toPOThS2006/034322

acyl ating agents. The result is a higher yield and

significantly greater purity of the conpound conpared
[0d83]n2)t kouetiargthe yompowtdhefifommylh 8t orgtsagk g 8 cofPdds] of formula
Hggrrpounds of formulae F, IF, TK, IIIl", 1V, V, and
( are all useful intermediates in the production of

(R) -qui nuclidin-3-yl 6-((3S,4R) -4 (4-am no-5-chl oro- 2-

met hoxybenzam do) - 3 - net hoxypi /[Ldl R- 1-yl)hexanoate.

[0179] In another aspect, theé rMve®ion conprises

conbi nations of the forg qy t hods. As used herein,

a nmethod described as X-Y met hod conprising t he

combi nati on of making a cofpolind of formula "X

foI | oned by a nethod of maki n@[e)a compound of formula

"Y' and, simlarly X-Y-Zis met hod X-Y fol |l owed by

[0184] O”fﬁtsh;@ld, resfpeam\%.llﬁ gviieein 0Q 1P UINEbgO plotclib @roud and &l,Gs

%ccor dingly, this aspect. of the invention I ncludes,
sejcter dtam erﬁf?%a Gogsisting phpyisogenand amitregep progecting group (wherein

coFporY bV o el pEsHh e iph B ppsch L F-AdTy -

mﬁebdﬁijlt R-BoE N-olxkdet NderhIEéthoxyhentyIH\I {HebZzylb0lfodyl) (preferably both
I1F VF.. and I V-V-VF-VIF. [0180] Another aspect

X’ogfndt}ﬁ%arF i on conprises a nethod for

ops rtreé& )thaéurﬂptﬁinudif%mﬁﬂéf 11") with an alkali metal h
[ S 4R{n§4 (4-am no- or% %erretangxyablerﬁggmyéhgmde m

hyét @(@yg;; E@@HdKﬁlH,wbghuhemmmnduydalds,dhtuunhduemum hydride,
01 nally converting a conpound
et% forlﬁ‘ul gm@g— CF%élfQ?}‘ ]thg?sal t, wherein Ris

(C1-C8)al kyl (preferably al kyl, (G -C4)al kyl, or
ethyl);[0183] 2) converti g tjhe conpound of fornula
(F) or its salt to a %o d of fornula (ir) (IF)

[0184] or its salt, resp(g:ct@vely, V\/Q@g?l n X1is a
nitrogen protectlng group and X2 is ’ected fromthe

[0186)u) prodadisg b ohirdfsabyAOd8Nraridg &dﬂo&ﬂp@@ﬁ@ oPfRin@tt (MY with a
group (wherein comonly known_ and used pr ot ecti ng
or

Chgﬁlofﬁipsme& RSP (¢:& elirtagc @Cld Repslelis prid, M@ﬁh«‘rrast?@ gRmD
sulphonic acid, etc., or, preferably, (+)-2,3-dibenzoyl-D-tartaric acid to yield a chiral salt

(e.g., (35,4R)-enantiomer (+)-2,3-dibenzoyl-D-tartrate salt when (+)-2,3-dibenzoyl-D-
tartaric acid is the chiral resolving agent)) and isolating the cis isomer of ITI” thereby
produced; - ‘
[0187] 5) optionally recrystallizing the product of 4;
[0188] 6) basifying the product of 4 or 5 to yield the free base form of the product of 4
or 5; ,
[0189] 7) contacting the product of 6 with a (C;-Cs)alkyl 6-halohexanoate (wherein the
halo is preferably bromo) to yield a compound of formula (IV")
Q /\/\/\ﬂ/

X, av;
[0190] wherein R is (C1-Cg)alkyl (preferably ethyl);

Xl\ AN
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N- BoC, N-oxide; N-paramethoxybenzyl; N-benzyl sulfonyl)
(preferably both X1 and X2 are benzyl); [0185] 3)

W@ e@an2aegs t he conpound of fornula (IF) w th anP@l/ksi006/034322
nmet al hydroxide or hydride (e.g., NaOH KOH, sodium or

ot assi um hydride, lithium alum num hydri de, etc.) to
[Oi)pﬂla; 1Sl taeaél@ﬁﬁmmddlm of Dmrithl (R ){quirfayliflin336] and)a Insweis Heitl 1@ g.,a
e T o G R e

tetiagthbaidep), BEOM, épdmttq@énkegmﬁﬁﬁcdacngbﬁgﬁ@bs,%naQAPDMQP?&‘?QWC 4-

sul phonl c acid, etc lp
dimpetlyyl glnmmélﬁzbym aipongaRic apiventdeigd tbluega)ecb wiell xétmpdund of

fo ﬁ')lat(z\kg g be(38 4R) - enant i omer

nzoyl -D-tartrate salt when
(+)-2, 3-di benzoyl - [ | )t chiral
resol vi ng agent)) ndeﬁe @somer of HF
t hereby pr odqueZiN 7] 5) optiapal l crystallizing
the product of [ G188] 6) basifying Mhe product of 4

or 5tovyield tr?égle?e base form of the prgq,uv\ft of 4
or 5; [0189] 7) contacting the product of ’th a

[019249 B]tolkqﬂlngth@a‘l mhewa;nmqi e thwbﬁrdactrbﬂﬁ‘(e ghatith HyPd/C or

i b s fie s R irer 4 JOSeRH atino-

3- Ir[eﬂiﬁ@zhp&)ldﬁlneyl]h@gn@dﬁ@ product of 7 with
§ﬁH§UIHUC|IdIn -ol and a Lewis acid (e.g. , a
[0193) LRiagvintes thearadesi ofd vish¢- amxmo(sahmrrm mbihb&ybemmm acid (e.g.,

with £ PRERRARS) S liniob i et B QR o)
hydmmlzotamm)aHOSD\@Ph&diakﬁu}v!élhﬁnﬁe) HONB (N—hydroxy—S-norbene-
end AR ST ot osiosichoge )nD{I(Glég] 0)
BRSO US55
Chl(é&'@l‘ﬁpbfés%’heozzymdbﬁ?’-(n@thcmy!pl]mﬁﬂmdl-I?})Be)ééhoate

4- th di
,[Oléqyll(l?ﬂ%&oa{%ggf‘gm MT g%ﬁi}‘gxy : gtg;‘%@ft?he product of 9
[0195] Wi tAn ﬁﬂ«t&@ﬁh@éa%ﬁﬁé B Bhtion'TE bRVEKIENGRP&1AYRS-dufindlidin-3-y1 6-

(@S, 4R@14 (étammo B=qtdorofi-methyy emzaroidopRyrhdthasipirstiidin- ti)) hedaBhte or
a salt thél%of comprising:
[0196] 1) converting a compound that is ethyl 4-amino- 3-meth0xyp1per1d1ne—1-

carboxylate
O

N/U\OEt
HzN

(O
[0197] to a salt;
[0198] 2) converting the ethyl 4-amino-3-methoxypiperidine-1-carboxylate salt to ethyl
4-(diphenylamino)-3 -methoxypiperidine-1-carboxylate
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hydr oxbenzotri azol e); HOSU (N hydroxysucci ni m de);

HONB ( N- hydr oxy- 5- nor beneendo- 2, 3-di car boxam de);
woOgalwesd73cl i | orof ormat e; pival oyl chloride; DECr/us2006/034322

(di cycl ohexyl carbodiinmde)) to yield

(R -quinuclidin-3-yl 6-((3S, 4R)-4-(4-am no-5-

chl or o- 2- met hoxybenzam do) - 3 , ms oxypi peridin-

1-yl) hexanoate; [0194] 11) converting the

product of 10 to a salt. O 95] A Pgrther aspect of

the invention is procesgng eparing

(R) -qui nuclidin-3-yl 6- )

((3S54R) - 4- (4- am no- 5- chl or o- g\rret hoxybenzani do) - 3- et
[0h9KyPI ﬁ@ﬁﬁr{é tﬁe bth\gl HI@¥RESANSNS)-3 Bt lypl ﬁﬂﬁl‘éfl’—carboxylate with

conpri si ng ﬁ% converting a cong und that 1s

angalkah mﬂiahhﬁddf@xlge aehywide o w@ld ﬁﬁm&oxy-N,ahdi@hmwlmpmdm 4-amine

[0197] to a salt; [0198] 2) ertl ng the ethyl
4- am no- 3- net hoxypi peri di ne- I - oxyl ate salt to
et hyl 4-(di phenyl am no) - 35 ypi peri di ne-
1-carboxyl at e[ 0199] 3) trea2t| ng, he et hyl

4- (di phenyl anmi no) - 3- met hoxypi perlla‘-’l,ne | - caxboxyl at e

a r ride.to | d.
B R e R e Y
treptlﬁgl thei mgleﬁlo&h-lN Bll-dipkdrlylpdperidin-4-amine with a chiral resolving aﬁent and

xy- N, N-di phenyl pi peri di n-4-anmi ne by treating

1S@amr$%ﬁv ipQuagr @il St of P pasthersmN Mﬁmh@EYWWﬁd@-%hmw thereby
prgg‘]&g jving agent and isolating the cis isonmer of the
t 'of 3-nmet hoxy-N, N-di phenyl pi peri di n-4-ani ne

[02Mrﬁébypt;mraﬂmaniyste§lnzﬁg}haﬁ)rodxm obkal |y recrystallizing
03 ; BFnedhe RiohPad AcuioB B bR BB o product of

or@ 5 OCH3 . [0203] 7) alkylating the product of 6 with
et hyl 6-bronpohexanoate to yield ethyl 6-
((3S, 4R) - 4- (di phenyl am no) - 3- pethexypi peri di n-1 -yl ) hex
anoat e [0204] 8) esterifyin he Jet hyl
6- ((3S, 4R) - 4- (di phenyl am B '3: fret hoxypi peridin-1yl)
OCHs .

[0203] 7) alkylating the product of 6 with ethyl 6-bromohexanoate to yield ethyl 6-
((35,4R)-4-(diphenylamino)-3-methoxypiperidin-1-yl)hexanoate

Q/\/V\f(

OCH;,

BngN
[0204] 8) esterifying the ethyl 6-((3S,4R)-4~(diphenylamino)-3-methoxypiperidin-1-
yDhexanoate with (R)-quinuclidin-3-ol to yield (R)-quinuclidin-3-y1 6-((3S,4R)-4-
(diphenylamino)-3-methoxypiperidin-1-yl)hexanoate

Qw@

OCH,

BnoN“
[0205] 9) deprotecting the 4-amino group of the product of 8 to yield (R)-quinuclidin-3-
yl 6-[(3S,4R)-4-amino-3-methoxypiperidin-1-ylJhexanoate;
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hexanoate with (R)-quinuclidin-3-0l to yield
(R) -qui nuclidin-3-yl 6-((3S,4R)-4- (diphenyl am no)-3
wonei7hesyypi peri di n- 1-yl) hexanoate OCH3 [ 0205] POY/US2006/034322
deprotecting the 4-am no group of the product of 8 to
yield (R -quinuclidin-3- yl 6-[(3S, 4R)-4-am no-3
[026€) HYeyylatpe thelprodudt ofl § Wk dreoaheSFRG6]2-hethoaghdnasic agid to

R R B Rt S RN weminerschlarp - thyrhegzamido)-3-

méﬂﬁ})xgipdﬂd@ﬂ -1 Jilyhedmbhted- ( (3
4- (4- amno-5-chl oro- 2- met hoxybenzam do) - 3-
lﬂ%ﬂh b

9pﬁ1<p;@ily gpmverting/the nneo«hnb@ﬁ ¥ to[agall7] 11)

10208 0, 3P iy S5 E5boch I IndSnFFot e st o Qep 8RR on ¢ e
[02093al tPrefersllein tllnsla§péd€bf theQepliofPtRlaBtAiah¥tal Bydrbhti8e of step 3 is
aspect of the invention the al kali netal hydroxi de of

KOHstep 3 is KOH. [0210] Preferably in this aspect of the

[OZIOL nve{i}gfe%{ﬂvlﬁﬁ?ﬁhﬁ@ a}?&lt of &Lle én\%n 38 ﬁf% cﬂlrﬁlssait o)f g%ep%nw \ﬁ)t %3-

I C acCl upon rea

d1benidyl1-D-taytaﬁb dﬁd,awl(u3§ upich reaeaioh matEII (yiglds a (35,4R)-enantiomer (+)-
g ]Senzo tartrate salt. [0211] Preferably in
2,3-di ?ﬂZQY]Ia % he i nvention the reaction conditions

[0211]Jf Sﬁr@f&ra’%l}ﬁﬁ)qﬁfs [ag]gelgi)f @ep V%nﬁ {h%%ééﬁhﬁ b¥ditions of s Feptfi']

| Sopr opoxi era yint aspect o
compﬁiswﬁfft)iPMtxtdmsnnéIa@tlscqmopxmdzh)t| ons of step 9 conprise

I Bd/ C. 02 ] Prefe |nt I S aspect f t he
o212] et o 5t § Bemihie Ferction epndionscibstopse
compﬂi’ée\HJ/pd//b chl ori de Def i ni t| ons [0214] As used herein,

the term"al k i ncl udes those al kyl groups of a
[0213}es .Pgﬁ@mbmmé.s asect af hoimentershetdcsibn gomsiensmdyicbe 0

branched Exanpl es of "al kyl" include

compﬁstelﬁ{ﬁgwl " propyl, isopropyl, butyl, iso-, sec-
Deﬁnamstert butyl pentyl hexyl , heptyl, 3- ethyl butyl,

the like, If the nunber of carbon atons is not

[02141‘;l Bec%r ysed berete the feyre Salkylz gjudes tasise elkyharoups ofe designed number
of carlGH HEAS ‘Alkyl groups may be straight, or branched. Examples of “alkyl” include
methyl, ethyl, propyl, isopropyl, butyl, iso-, sec- and tert-butyl, pentyl, hexyl, heptyl, 3-
ethylbutyl, and the like. If the number of carbon atoms is not specified, the subject “alkyl”
moiety has from 1 to 6 carbons.

[0215] The term “alkoxy” represents an alkyl group of indicated number of carbon atoms
attached to the parent molecular moiety through an oxygen bridge. Examples of alkoxy
groups include, for example, methoxy, ethoxy, propoxy and isopropoxy.

[0216] By “aryl” is meant an aromatic carbocyclic group having a single ring (e.g.,
phenyl) that is optionally fused or otherwise attached to other aromatic hydrocarbon rings or
non-aromatic hydrocarbon rings. “Aryl” includes multiple condensed rings in which at least
one is aromatic, (e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl), wherein each ring is optionally
mono-, di-, or trisubstituted with the groups identified below, as well as multiple rings that
are not fused, such as, for example, biphenyl or binaphthyl. Preferred aryl groups of the
present invention are phenyl, 1-naphthyl, 2-naphthyl, indanyl, indenyl, dihydronaphthyl,
fluorenyl, tetralinyl or 6,7,8,9-tetrahydro-5H-benzo[a]cycloheptenyl. More preferred are
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[0215] The term "al koxy" represents an al kyl group of
i ndi cat ed nunber of carbon atons attached to the
weoao@Eresatel ecul ar noi ety through an oxygen bri 8@Q€1US2006/034322
Exanpl es of al koxy groups include, for exanple,
nmet hoxy, ethoxy, propoxy and isopropoxy. [0216] By
phenylmylhéhyl sm«h”eaphthﬁrﬂ\das@mﬁerred ceplieayly The eryd gmups hemnr@e a

t hat t g
unsub3fiighrees et id stbROTEY one i onies e Bt B GRS Hgsarious
group§. erﬂ%ﬁalﬁf)E”ﬁfchﬁrﬂgﬁf\@§ e o&a’tlﬂﬂaﬂly suﬁéth{lted e, Pd}‘:&ample C1-Cs

mul ti pl e condensed rings in which ['east oné Is
alkyl, & elpepalkexy, halogen, hydrpxy Céfamcemntm;ytdnmq azmnotfyﬂ Cs)alkylammo di(C-

ol R0 ot LR ph L BB r o i

Cﬁ)all?ﬂf|1ilotﬂﬁcm5}all@llleﬁmhb@$é)§lﬁil G e(tomﬁ)a{ugaaqmowpbs)a

exanpl e eny b1 naph eferred
[0217br 0 ufﬁge tem § faﬁ:lozﬁ aaefersiio anwalkory gr(mpmbsf,tyuted with at Ieast one

¥ Y, en
ot AEAR e A 8H 4 REBDSpg) BEEP ot hogen o,
whereteach Bal®géreis iadepekidenfyiFpen B2loa] Brefeale ﬁhl@%&’ds .ardPloe Cl. Preferred
referred arephenyl, biphenyl, and napht Most

haloalg%f éWPEﬂCQT%aIBH&WbOHFh@O@rWPfe@b&bé‘ deehosh.rendsill more
ot A5 b RS SRASAL) M S0 LR o 0P

OCFZ@Eaan e, such aryl groups may be opt| onaIIy

s S S, S o
hetero%ﬁ%e@e‘t@ﬁr&h'n@ct}é&g%ﬁ‘ &@éﬁg'aﬂl@éulf%iﬁg K%@lmi%gbﬂ‘ ﬁn&ma&be fused or
othervisg aftdcherkip, ongror n@(rﬂletemax)yé lrlklgsl;, ,amml:c(c@ non—aromatlc hydrocarbon

rings cg)h%?%%ygéaﬂ%} %éjlxg?)%s/ P}(L(ft frﬂl %ﬁaﬁlgs g Urﬂe for example, pyridyl,
pyrimidixail Qpliksyl, befdisnyt OinablyR ikdinyD E)?ﬁ'cﬂhzﬁﬁb i:atzﬂfy? (ilsomdolyl

with at |east one hal ogen atom and opti onal fuart

isoquinglpls ﬂth@l%Oé‘@Yb\HWﬁméﬁlmV]eB%thaléﬁéylamd@z%allsombbb @ﬁraaolah

o155 30 BRI SRl DL ATSPSRISAL) Koo nlhbi

furanygytioiemd, wyerulgi maﬂmﬁolyhﬂﬁﬁﬁ&olﬂmdﬁz@[ﬂﬂ]@ta%mw tdazblyl, tetrazolyl,
nore_ preferably 1-2 carbons.

lsothlazglé{r 2 ygn hi%“ﬁl&é%%ém%ﬂwk itphydreirpquinalish, iggindolinyl,
1soben%%§§alﬁiﬁro%':aﬁﬁ': BobdnP@dBihydhithi 1??{ r@so%‘ﬁ&@tﬁ@ﬁflytenz&g%gfy?

~to an aromat1¢ ring system containing at 1east
pyndopm@nyiab@m‘gafhlmdtddrahylohe;nzotetral@&inothmnylgpmny&ﬂﬂnmﬁdxmﬁyl,

wiazing | Bicigiog. Witash el SRR Hae IRl

dlhydrBB&mﬁoﬁﬂﬁﬁylcbé?ﬁﬁbQ&%[ﬂ%nﬁd»&ﬁﬁlyp rdl}tya}&aeany&h&éinwl
ri ngs. Exanpl es of heteroar%;r groups include, for
benzomgmy@; b;nzggqqp@jgpmyl chromonyl, chromanonyl, pyridinyl-N-oxide,

tetrahydroquinolinyl, dihydroquinolinyl, dihydroquinolinonyl, dihydroisoquinolinonyl,

dihydrocoumarinyl, dihydroisocoumarinyl, isoindolinonyl, benzodioxanyl, benzoxazolinonyl,
pyrrolyl N-oxide,, pyrimidinyl N-oxide, pyridazinyl N-oxide, pyrazinyl N-oxide, quinolinyl
N-oxide, indolyl N-oxide, indolinyl N-oxide, isoquinolyl N-oxide, quinazolinyl N-oxide,
quinoxalinyl N-oxide, phthalazinyl N-oxide, imidazolyl N-oxide, isoxazolyl N-oxide, oxazolyl
N-oxide, thiazolyl N-oxide, indolizinyl N-oxide, indazolyl N-oxide, benzothiazolyl N-oxide,
benzimidazolyl N-oxide, pyrrolyl N-oxide, oxadiazolyl N-oxide, thiadiazolyl N-oxide,
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pyri mdinyl, quinolinyl, benzothienyl, indolyl,
i ndol i nyl, pyridazinyl, pyrazinyl, isoindolyl,
woOgoauesoByl , qui nazol i nyl, quinoxalinyl, phthaCazisepk/34322
i m dazol yl, isoxazolyl, pyrazolyl, oxazolyl,
thiazolyl, indolizinyl, indazolyl, benzothlazolyl
triazolyd Neoxiile) dctrizyly] Nb@nd@foamﬂybpmmm @mymde tHehsmibiopyranyl S,S-

d1ox1<§<y Egegfli{edﬁegéiggr:y ZO| }% inlcf.ygg p%lgyﬁ ]@%/rplélilg ﬁpmolmyl indolyl, pyrrolyl,
furan1S@4 Rfﬁéﬁﬂ)&hidaﬁﬁph‘l\ﬂbfé ;p@lsf GYdd, helt 08 gezsﬁﬁy IncluBP LORRAYyrrolyl,

t et rahydr oi soqui nol i ny i soi ndol i hy
and lndgb’éeT@dteéetrp%m&gmupmqmlare mgwmztod ot, aa byesifiedh substtuted in one

or 0 e: %ﬁg@{l atbi“ en‘}»é%o%na ﬁf/\f%?ﬁ%éso Iwga%ﬁﬁ% Iﬁ}q{;}th%teroal:ryl groups may
be opﬁcbh’alllméhbstf@ﬁed wﬂmom leyAmple, r@@@& ﬂkyl cwicgra!u@x Yhalogen, hydroxy,
benzot hi azol y dazopyrl i nyl, azot hi azo‘cTy

cyanoamﬁryd@law@nm%@é?az@a)@l kylamiiez dé@xé?zs)aﬂgmlaxnmer@n@mikqmyl Co-
T R T T —
Cs)allquamldb(r&LCd)hllh})dI dﬁlﬂ((ﬁ%%@ﬁhﬂﬁhﬁ@(ﬂj p@lg)lan?yl
10215f; 7 Eec b QR B HRAH TR G5 BRANE Aystens containing at east one
|
heterog’éo%iz/ %%gizsgﬂtiq%%m %eﬁ%it/erdrﬁéﬁ Fﬁﬁ% rbg;g%én ah§ %ﬂgi ?rg% said
heterORFO_(lde_e a npymh*mtagﬁamiﬁg. Ntho hetdmcygyalayi nmyg is Npmima.’dl@' fused to or
oo P R bt B S S s
and/o eﬁ?D‘{ﬁ{gs Wﬂeféﬁe@&ie@k@@cy@mam% Solpy flavlé" fﬁ)’fﬁ ¢, 7 'n‘i@n%%so hYdre

oxl de, isoxazolyl N oxidé, oxazolyl N-oxid
preferyedihgiessyiclonlieyk gepaps hawed] oA mginbaes o kabeples mﬂwtenbgycloaucyl groups

nto B DDA LR Y O B985 TSt B

thiomérphalihydzthloytorphadilytis ok idead@nydrphblaxi S65- dfoﬁfcfeaﬁﬁéﬁﬁzmyl
N oxi de, benzothlopyran | S-oxide, benzothlog yranyl = §

homopiperazinyle pyies idiayl F BUTE] ﬂ@@ahydrogy@aﬁls letidm tersgahmylﬁlranyl
YA Y e B gy Y S
homothopuphdlimyl Sﬂedlpylkie,dydazolmjnm@l )dhhyd&lir@frazﬁbdltﬂ dihydr@\ﬁrolyl
R S LT e RS e R e TR
tetrahyRRsthich S oML, neti/ﬂfyﬂl%ﬂﬁer@! QlSpcﬁomE? %ﬁéﬁl@@%&t ut?}%ﬁé)ﬂﬁfl %omde

het eroaryl groups may bé optiona

Preferfedme@x@yp]oglkytg;o@gs aickyle azaChic@o . kdjogtyl, mtl-(bg@’nlo [3.2.1]octyl,

pive ks R Pan it RS S @ B A
morph@lnﬁ%ﬂal&hﬂ@dzb}iﬂ [yp‘M&é phbeal Af@éxa-b@wa@(ﬁz]%c&@)a%hkyl

(G- Cop)al ky ainino(CG -C 6)al kyl
blcycl%[ﬁ (2cl]] ogtg), aineyidiir. migeozinyta)yarokinyl, [mclagphdinel piatt pporpholinyl.

The heté}géﬁieog%gf)ﬂ?é Fﬁﬂlar? ﬁl%ﬁlﬁtﬁutgg OIa alk e%lto ed, subs‘gtu%é/dsln one or more
substitutable positions with various groups. For example, such heterocycle groups may be
optionally substituted with, for example, C,-Cs alkyl, C;-Cs alkoxy, halogen, hydroxy, cyano,
nitro, amino, mono(C;-Ce)alkylamino, di(C;-Ce)alkylamino, C,-Cg alkenyl, Co-Cg alkynyl,
C1-Cs haloalkyl, C;-Cg haloalkoxy, amino(C;-Cg)alkyl, mono(C;-Ce)alkylamino(C;-Cg)alkyl,
di(C;-Ce)alkylamino(C;-Cg)alkyl or =O.
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heteroatomthat is preferably selected fromnitrogen,
oxygen, and sul fur, wherein said heteroatomis in a
waam7aegntat i ¢ ring. The heterocycl oal kyl ring PET/US2006/034322
.optionally fused to or otherw se attached to other
het er ocycl oal kyl rings and/or non-aromatic hydrocarbon
[0220] i n g'Ehaatnun bphqmmecgutlcalil}nwept%lefsdts" "hphamacyticaldy kytkptable

G RN LT TN W

fhot Ses@h@BiBnicHelddA8d
mdu(gi;ga b.g?&%ﬁg[gdzs%?a%ﬁoeg?? Fgglzﬂg bi 031% g%%% ﬁﬁ?@ﬁg %Pmp ound of the

presepfgRYSHEPR iphasics salis maﬁ‘ydmnrmye:d fr@mlphmwhoﬂwaﬂiylac&pmblajmn-toxw
acids. tﬁ'ﬂgﬁg Bﬁg%lwllcné{t oaﬁ%)%c%g%ﬁkd e%ﬂ fddﬁgﬂﬁ? %;ltF ﬁgﬂ the compound of the

‘honopl era2|ﬁy

preseritéfiventiyigl irepydeanytic, b@zﬁd@ﬁéﬁuﬁbﬁﬁ ébes&ﬁﬁd)aﬁ%%i@f é’eﬁlﬁﬂ))&sulfomc citric,
t et r ahydr ot hi enyl, onnp|per| i nyl, “hononor phol i nyl’,
ethengfyg el BRaEBHENGaNG, eluiarist Ry dselyepho |hmch;n|chls;ms,r xeetbmwelactlc

d
maleug";ﬁ%}ﬂ/fci}f félg.ll)llcgkg{zaiyfrl]le h%%}ﬁﬁ{)xg?gr%@%l? éX nfcr 8 r oa[r)l¥otﬁen1 , phosphoric,

succirdé rsymmpymamcdpmhene@mwﬁkr ahdithl hkedebYéHdth\é[cBﬁhdhtmn salts are the
S- oxi de, tetrahydrothienyl

chlori dﬁq'%fd {egﬁtéﬂ%tﬁa hRet RrRERABrstnyTuCE dhandéor fipcsipaglaaalogs of
msaprﬁi%ta?é' &ﬁﬂﬁls@e@éd‘ﬁt 1 BSsel JAGh qnon or %}h}édrﬁhlortldei salt.

aza-bicyclo[ 2. 2. 2] octyl, aza- |cyc
[0221b| pe“&s ldﬂedl i?lbl;elrp itheeeteras fiydatmengt aral ‘i‘tchatlyg” encompass prophylactic

h [.i.nyl
o oP| i CORRRR Y LG RSTGA CoRBRUN edreprisieg the gompound
(“pro;ﬁ&ﬁxi%f’ﬁééﬁkfél[ s RmehiRE thkta Ipyfi'@ ?éﬂ'u&é’ &l é?{mﬁzlat% a i QG dr disorder

pi peridinyl, piperaziny rrol
mentiqned digzedn. iPae actlaﬁdmnmtmon usm;atendﬁhfor mmnwmﬂ dsorders and

e ns fi uted or eC|f|e
ey YRS O8I Rl B RS b PR BB e iorrs
 mentioret] hepeirs. ITHUS, o ﬁl@étpﬁereﬁoﬂhe X AMpleBmNUC Br § ELSFRLY Shefeof,
gr.oups %%pe optlonally substituted with, for

contergg@g%p@“ua cogpigti wlnbl@qn otha Sliatpdydliseged s@@t@,rwhmamye

PR B o S ARy SRRy oo

d1seas€ﬂia’€6’oxl’mhmhlskq/ﬂ gctiGd inghedialt of tHedx ydmﬁﬁstﬂ@ﬂ CPréghybdxkey refers to

admingggfgﬁgc‘é;l@%%&edﬁ?ﬁ%@% & %P%nml foprotest [ﬂ@z?@l}mrﬁhﬁomeanmof the

disorde BATHHEE BbelrL 8k L1126 6@R}abI e sal ts” or *
phar maceutically acceptabl e salt thereof refer to

[022213 al The prep'shesepcutioatlypdffectiac auoums dtdfyrs s aephatrt@ccessary to

N 9X s includin ani c_aci ds and
achievP 304 tﬁﬁf&?& frQlest 8 i S agiobt wiRGERM, allxdps
dlseas@fZ) hrh@m@ﬁlﬁ%@fﬁmérﬂ‘l@ﬁlﬂldv@ﬂe h@s@@&i&vor&ﬁh% Sor™¥n Bfiount sufficient

pared from pharmaceutical |y acceptabl e non-toxic

to alleﬁéﬁe@ézon@upp &ansed by gesrnieiastinebimptility e@mam]re Theiageutically
effecu@éjgh&n(?@oisﬁllutcﬁlrgl%d}o? BureA0RY é:{ogs ofI c1sapr1de are encompassed by the

above-described dosage amounts and dose frequency schedule.

[0223] A "mammal" may be, for example, a mouse, rat, pig, horse, rabbit, goat, cow, cat,
dog, or human. In a preferred aspect, the mammal is a human.

[0224]  The term “individual(s)” is defined as a single mammal to which is administered a
compound of the present invention. The mammal may be, for example, a mouse, rat, pig,

horse, rabbit, goat, cow, cat, dog, or human. In a preferred aspect, the individual is a human.
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present invention include acetic, benzenesul fonic
(besyl ate), benzoic, canphorsulfonic, citric,
wethermesaBf oni c, fumaric, gluconic, glutam c, PCT/US2006/034322
hydr obrom c, hydrochloric, isethionic, lactic, maleic,
mal i ¢, mandelic, methanesul fonic, nmucic, nitric,
[0225]paniihe tenpd‘nastmiﬁ@inctisapridh'bmphmth@rap@micmbmp@uHMfﬂhﬂ subject
tartaric, ne ul f.oni.c, .and the l.ike. .Preferred
inventiga et At Pt S PE TP K ST abel Pt gt Ui e &
hydrolféahglesgmw gteﬁ@amsoﬁi estdrefhaf R4 ndbRakk: frehtEAMIIBI ofafee O
unctional anal’ogs of ci sapride are adm nistered as
compouh@ toreevitas thetapeatic béanefibubwhichanakps thsehrewnparads glore

T T

which H¥Rc&AHP RHGECtI oF (RN 6EE6HE PCEB0 di@g'f@élsmﬁlc@ﬂibn system with the
conprising the conmpound ("prophyl axis”) as well as

cisapride pendperinds.Histapsp-redipted meéab@hsrémf gstprafied ¢isaprise &g@p@wnds
reducef YRS SERABRGHe B! o B OAMAAR! e AN daBlifielnbBBoliom

preventio
and rediﬁ:%ﬁ of Qirhihedé advesdsliifects chliset bysisapridd. sk of havi ng or

fering fromone or nore gﬁsorders ntlo(%g gereln
[02261Thu§he&'§mu§t=_ractﬁ@}ém 08"t a8iSeChGFPMTRARE High descgibed; compound

shares Igﬁ'gc%t\%ﬁz E¥aEack %Elﬁ%ﬁh 9?31( dl Sﬁg(ﬁﬁldpﬁ(grtéxafn R 2 SRARLAI Snalog of

fon o e sta Se state. Whén an act;ve
cisapriide gfa§ dhantone br mbee strweenilicharacwristthsiwiitsthe pegnt cisapride

Iact| or follown e anset of t di sease
compeBpd{iath B wiptiedion e PaoiiPeuBritig ey B augh F ARae
linker, Qﬂ[rlif@fe? tietedally B QRO Such b HiRNiAclhfoRBPEdESdH GHdnebr more

he active |ngred|ent(s) to a mammal to protect the

oﬂwrdmmnmﬂnmﬁmmsany of the dlsorders set forth herein, as
[0227] of f él‘@? t‘gﬁ% Ei'rqflélozzlrz@g’r’ gp ﬁ Hellin me ARGY éie%@l]ﬂl)éé compound

an anount necessary

shares AGhh@MBalechdRkieyistt Whi bt tempdindCForseatpls a fllﬂctlaﬂal analog
amount sufficient to alleviate refl ux di sease,

of cisaprigimey shere fev.ahany stregtyal sherastaristicowith feaRriie Piﬂr?é?ecb?
31m11a13ﬁm g&%%m?féf g II-f

alleviate a condition
caused gas rblnrgégﬁ%éﬁ'notility dysfunction

[0228]TheTap edtini 'Yaaiférse effdees tinoledeaimu it sot dﬁniﬁirtu,cgastraihlteaﬁndl disorders

function gs of cisapride are nco he
such ag digiracsy g‘é‘i‘ gocr%glél@e fpognal ﬁa?}iacth
mcreas%ﬁrégg&fﬁ@%regsg?@ Abath verRTEM: tadY?MarQﬁf Vérﬁﬁcﬁmhﬁfuoﬁ torsades de

pi'g, horse, rabb goat, cow, cat, dog,
pomtes; rQT1 prodongation; anqueasté heagtirases pemplogudabanﬁa(aﬂﬁl d1$0$d<as and
ndi vi dual

1nteracgpﬂ &rt] gs%;ﬁmrd} gtﬁ%ﬁ?rggﬁ $1§e%‘a‘}ﬂcH{r§1%t£}'S%18h 23 but not teg%o

digoxin, diazepam, ethanol, acenocoumarol, cimetidine, ranitidine, paracetamol, and
propranolol.

[0229] The term "gastroesophageal reflux disease" as used herein means the incidence of,
and the symptoms of, those conditions causing the backward flow of the stomach contents
into the esophagus.

[0230] The terms "eliciting an anti-emetic effect" and "anti-emetic therapy" as used
herein mean providing relief from or preventing the symptoms of nausea and vomiting
induced spontaneously or associated with emetogenic cancer chemotherapy or irradiation

therapy.
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conmpound of the present invention. The mammal may be,
for exanple, a nouse, rat, pig, horse, rabbit, goat,
woaw7/est73 dog, or human. In a preferred aspecPCTIS2006/034322
i ndi vidual is a human.[0225] The term "esterified
ci sapri de" neans therapeutic_ conpounds, of the SUb%EFt
[0231] i nVEiH teon "trérditng arcondition caused by gasirodptestipabmpBlity dystunction” as

anal ogs of ci rid whi nt ai : 4 :
et g 58 R S DL A B R 0 o
includel B& ALhdti in¥it&f o} %h%ﬁ@es@?lﬁag@am’éﬂui @ispdseVvdydperBia, gastroparesis,

fherapeutic benefit, but which makes these compounds
constipatiore pestsapepstive ileus, andisgstaaltiselonybshyetio ases,

partj cul arly,ser. y i c ..
R e N e S
thus thélidgerd edtabiobible tieigastrsiyisstarml whdth the ci sapride

co ounds." Est er ase- nmedj at ed net abol j.sm of esteri {]?i ed
[0233] ci g:glpﬁﬁea’@ SYsPRRNIN RS UsehiRreia TRgas p GPRAIBen glr?éac SHESE RY Shte
P ; i C G . X
i 8,5 RS OBREAATH By 8Bchen ot priner
gastroifigsigatidpyfurition pr askecorflR26pn Tuetot@hendistdart suchal appendicitis,

anal 0g" as used herej.n neans that a descri bed conmpound
gaﬂbla@%ﬁ&?@?%%’éﬂﬁllﬁ}tﬂf&%r acteristics with a parent

[0234] COMPRAR "Eﬁs&ro@%@ﬁ?' S ustd BEeHChedmdla AR @Pofdhe stomach brought
e fray. Sha

Cl sapri re one or nore structural

about hyhematt ebiainality inithenstothachperras mtcoipdiagianad dissagss sweh as

. such as .a supst.ityted aryl ring connect .
diabetch TrERvIRe SERGE AoagH tattosin B R an oiab Sfropty
[0235] St I ¥R4 186l "binstiPat@inh @5 uysAtereid YN S corltitidnblatiienizedby
del eti on of one or nore other chemcal noietie

infrequgixa Aiffitnl evequetion efifeessaauilting e gondifopsayh g Fisk f intestinal
ans_.t hat ri bed conmpound shares a functional

muSCIegﬁlé?%rc {e]els%lréa?isﬁaes\%g% a parent conmpound. For exanple, a

[0236]f UNThé RR@l"pastalpetios ileuss ap scdehensiy nehay @ ftestwpctidn ianlys

) _structural characteristics with cisapride, but affect

intesting dyerp p disryniioadn gpscle gmedQUomsing SUEERYF4 agoni sm [ 0228]

[0237] |T|h ﬁ]ir@ggéﬁ{n'"'ﬁ{ié/s%&xéleps_@&éo@&}ﬁs_‘ffhcﬁi&?" H98&1 hdsth rh@n®Qkondition

0, gastrointestinal disorders such as

~ charac@tiasd byeaonstipatoni exdicky painpamigyonsitidg, 2wt siithaat evidenab pf pigf;sical
tiredness; headache; increased systolic pressure;
obstruciioBt h; ventricul ar tachycardia; ventricul ar
fibrillation; torsades de pointes; QI prolongation;

Preparatimprefd3mapduads t rat e; neurol ogi cal and CNS di sorders;
B N
the mefliods 8BRAbe Ein EROpean FaNOAPpHEIOh NoC 0/086j580 A, published Apr. 13,
1983, \%fa(l)nb}/l()gé 8rlle9’, UPS?&%E %o%%%Z,?lrISdand 5,057,525 and in Van Daele et al., Drug
Development Res. 8: 225-232 (1986), the disclosures of which are incorporated herein by
reference in their entireties, compounds of the invention are preferably made according to the
disclosure of Methods 3-6.

[0239] The invention is illustrated further by some examples, which follow the methods.
The methods and examples are not to be construed as limiting the invention in scope or spirit
to the specific procedures described in them. Those having skill in the art will recognize that

the starting materials may be varied and additional steps employed to produce compounds

encompassed by the invention, as demonstrated by the following examples. Those skilled in
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propranol ol . [0229] The term "gastroesophageal refl ux
di sease" as used herein neans the incidence of, and
woheo7agspsons of , those conditions causi ng t herbawisume/d34322
fl ow of the stomach contents into the esophagus.
[0230] The terns "eliciting an anti-enetic effect” and
the art wilt alsermsbgmize thet i piay basicemseaty henelize diffareniyobrentti dtgeagents to

. relief om or preventing .the synptons of nausea, and
achieyry %?fg}_fl? ?rﬁm&é%ngfﬁ%%‘%?ﬂg-&ame&g?éas@ra@eféerg TR
functieh@itRg e %e%ﬂ&;@a&y@@Edl‘ﬁ’é\lé%@ﬁ’é’qv@&rahﬁﬁﬁﬂgﬁﬁk.% general 8uch need

t herapy.[0231] The term "treating a condition causé
for prefpotinesaroapss aeweil aatherponditipnynaggsshryriotattacit ardsemseeisuch groups,

. [ n r.eat i the.s t ons., and . condi tions )
will b 8 FE A5 R LB PR AR o i P g growp s
employed, deprotéctidn isRp n@gBee@aRANsgi@Me pdidcHNg gfoﬁﬁﬁﬁﬁi methodology

dyspepsia, gastroparesis, constipation, post-operative
for protpetipn andslepiotaciien pwakl astesq descatbed iuLrdrening (28R inTheanic
n ' ich i n .neans t he enhancenent
Synthégfsr Bg}erlgftg%g{lés}% V\l%rl} ﬁg‘ﬁvgsﬁ?ﬁ &ES I{eﬁlg{%%{]l through the

[0240has tUdesstotisdriviralspéoifiat, all [QZ3@k add Solv&itinred¥ SPEREH 3omdrcial
a cqondition characterized by an

used herei n, nmeans t
grade pndare Pﬁ%qfwth?ut%%h% SWehcaions [heannsepripte atmgsphearate mn she
tidrAhdRy.| 0 | [N L nal
reaci GAIMCRE, freexampt, SRR by doBEd JRUOH ST P BT bl Bffarent to
those giildest idehsartuch as appendicitis, gal | bl adder
o241 NE R0 Brep @y R O il DR Ui

methok{teenS401d8T-0-RERE M peRERNL -vyDHeBnBREOr abnornality in
the stomach or as a conplication of diseases such as
[0242]q; arfdere’: Symtngised sthyb4-<Jibersylaminc)-dmosthaexypaeddimei lacarboxylate
(1): hervosa, or myot oni ¢ dystrophy. [0235] The term
"constipation” as used herein neans a condition
characterized byoinfrequent or difficult evacuation of

feces resulting flromconditions such as | ack of

‘i ntesti nal st e REBnBNRYr KiGRseSlt | nal spasNi ciQE.

[0236] Thg " post - opdIdH, iave iIBenu p used herein
due

means an Zobstlfyction in the intestinf to a
di sruption i P$Hiscl e tone fol | owing sur§&. [0237]
The term "i R8I nal pseudo-obstructiont as used

[0243] her F073 JIRFHR oF ré%:%rrr]lcljé éth}(fir}-l-aminoﬁ -methoxypiperidine-1-carboxylate (1 part
by mole) in DMF were added benzyl bromide-(about 2.2 part by mole), potassium carbonate

(about 2.4 part by mole) and potassiﬁm iodide (about 0.2 part by mole) respectively. The .
reaction was heated to about 80 "C (in the specification, delta, or “A,” refers to heat). After
about 6 hours, the reaction was slowly diluted with water (about 12 parts by volume) and
extracted with, for example, ethyl acetate. The organic layer was washed with brine and then
dried over anhyh. Na;SO4. Subsequent filtration and concentration of the solvent provided the
1 as the yellow-orange oil (1 part by mole).

[0244] Step 2. Synthesis of N, N-dibenzyl-3-methoxypiperidin-4-amine (2):
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characterized by constipation, colicky pain, and
vom ting, but w thout evidence of physical
W@b®U028973 on. Preparati on of Conmpounds [0238] REI/US20061¢34322

chem cal synthesis of various anal ogs of cisapride can

be perforned by the nethods described in European

Pat ent Application No. 0,076,530 A2 published Apr. 13,

1983, WO 01/ NoB: S.NaPét Pr®dlds. 4, 962 & and

5,057,525 and in Van Daete—et—at—7 Drug Devél opnent

Res. 8: BafV'23¢ (1986), theddiscl osBreN ofywhich are

i ncorporated hecdain by reference in their gagMsireties,

conpounds of the invention are preferably smade

according to the disclosure of Methods 3-6. [0239] The
[0245] i nv”Eana pantidsof 1 ivas bdded@dhGHI (dbloet lmparsbmowamwopmpanol and

the misfile Stk S LSRR A AT AP a0 AIUBICHI T (S s

cooled ero%ﬁi teinqoeﬂaané hed BRGKIchbEc RJ1 G A4S @én&%a% Rﬁﬁ% lePaporation.
hem Those having skill in the art wll recoghiz

The mltcmq washdilwedwith wpterand ektadctedmaith b@yll@neteeej Téund)rgamc layer was

orinet S ERRL S RETPATL G uF: S5 FERRY B ggpeepgetion of
the sole@t hrovideg a e xaRRiewhicl A puskiéd bwrd Sioy d@{ﬂg MOOH: N, 08

recogni ze that it may be necessary to utilize
(about)diSt @R bXfe fawisheat s or reagents to achi eve some of the

ab c i pn_of

102461 7 ¥ 3L SRR R BB AL IO PR R BB PG B s o)
the above tr ma ral, s eed for
protecting g oupml,i L (V\?eq??T g[b"?ﬁ%econdl t@nnecessary
to attacBnaé¥id Yenove sugch ?; BUPS, WiBntN‘béyapparent to
those skilled OoHf he art organi c synt hem|-§ When a
protecting groyp is enployed, deprotectlog step may be
required. Suitable protecting groups and fret hodol ogy

[0247] T or(+5mt§ n@glzm@aréﬁl ROMYEBJuP D 254t byaReibhQ $€dissolved in

described in Protecting Groups in Ordgani ¢ Synthesis b

ethanolbefoce Hendy edingie) skFEWPIAd dbaup s tatwelghty Tiecsoktion 15
gently &/gﬁ%g]afl&' Me?lsaﬁo?vteﬁ ?cg #» %?o iso%%ﬂe :Ifagfrg é(L ‘é‘{}{g‘ag}%ﬁ tt}ée sgﬂ L ct.

The saletﬂhtet&i dhd ridReed with H@H&Ej@ﬁefoﬁ'lﬁ(sj}mﬂ [h iwdite and basifying by
t nosphere to run the reaction under or exanp] e,

adding gq.NaGH (1% BoWHWOHE Bigett] reaslssabaid 2 Whe pypension i istimed

I . :
\/1gorou‘%‘llﬁrpa";t)i gt%\gx%l Iﬂ'ioegsc% Q§ %%/tg%!d r?l&%?l \!a/z%ikr}]lgg %&1/@ \%at?rilagﬁﬁlu% bhO8 o Yurnish
the cis-SoB\3L- f 4- ami no- 2- chl or o- 6- ‘
[0248] Step 4. Synthesis of ethyl 6~((38,4R)-4-(dibenzylamino)-3-methoxypiperidin-1-
yDhexanoate (4):

O\IH Ethyl bromohexanoate Q /\/\/\ﬂ/

KaCOs K1, DMF, A~ g\

CHj OCH,
4

BngN\\\

[AY OIII

[0249] To a solution of 3 (1 part by mole) in DMF are added ethyl bromohexanoate
(about 1.2 part by mole), potassium carbonate (about 1.4 part by mole) and potassium iodide
(about 0.2 part by mole) respectively. The reaction is then heated to 80 °C. After about 8 h,
the reaction is slowly diluted with water (about 12 part by volume) and extracted with ethyl
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nmet hoxybenzam do) - 3 - nmet hoxypi peri di n- 1-vDhexanoate
[0242] Step 1: Synthesis of ethyl

wa-20diokgnrzyl am no) - 3- net hoxypi peri di ne-| - car boRgTAIS2006/034322
(1): racemic [0243] To a solution of racem c ethyl

acetaif TR A9arts Kb WERABENG biRs ond e dhtrboxa ol DS @ar
S ) i - by nol
ubsddMerdt@il@ationRAH @_§1§de_ﬁffht‘f?g @gﬁ?gcgvéﬂ %glﬁsh%sytﬁﬁgﬁ{é%e e e)

and pot assi um i odi de

Purifieatiopenyet §i€lynd Zives theadityilatad waseriabdt ed to about 80 ' C
refers to heat).

10250} 7 S8 S bl R Pbidiaet i Gk fufispnatuninon’-

methowpi?ex\i@mqnymm@watel@t);parts by vol unme) and extracted
W t for exanple, ethyl acetate. The organic |ayer

’ Br MREYa (RI-Quheshidindr | ed ov NaﬂhyWo,,,
B} . Subsegquenft T11 ttg[uaeal gn and™ conc\@ati on of he@
"SolVent provided the 1'as"tAe yel | oBeNr arfge oil ( P N

par?®®By nole). [0244] Step 2. Synthesis @iHsi\
i V-edi benzyl - 3- met hoxypi peri din-4-am ne (g):[0245] To a
ol ut.jon of 1 was ,added NaOH (about 10 part by nol e)
02510 ishatthoride 1s1edded toramextiaof 411 pre by arde)madt(B)(-)-3-

uinudlididod {1 bAbRY i 3t 0 _ahout 5 hours..the .

1 react F o%%‘tm}ﬁ;nc%g f‘g%%e'fg%erﬁe?gﬁ%é? iy & e&HH’PFﬁ With a dean-stark

apparafiischsfiast heatinglt ebdut WS Crapdpusid] Vauioh Bieh pYBADAYHIBRA] toluene
uted with water and extracted with

. h I xt di |
is adde-ét% ﬁ@etieg;{{g %a\éﬁa ﬁm?ﬁcléq%%@eﬁq vent lgyel). Thganigiire isdhemensded to rt and
the reab®SiDiselildtediviith ANElacaRlMAd \??ért is §H@e§ﬁ8 Lﬂﬁe{]}esl%lg\r}g miuse. The

filtration and concentration e sol ven
organi¢ layerais senaraied, bhinesasimds dfi¢davenwehydSNGySO,, filtered and concentrated.

Punﬁc%%g%geggé\@é%—%@—%gﬁ% 'g?%ﬁ%%ﬂylesﬁr%hgdgl) to furnish 2.
[0252] ( 3SStp)6. ISynthesidlh it ARt oKy hGi_nzdoaqm ne (3):
h 0247].. (#) -2, 3-Di ﬂgﬂq;loyl -ID t a?t a—?q3§?1a'ﬂg?1dﬁ?g}€?lﬂ 1.2
met O’{Q'BFH"““EWI'WDBWO@%(@F ssol ved in ethanol before slowy

adding to a solution of 2 (about 1 part by weight).

The_sol uti op_i 9, gsatly nd t herr alN"o 0 8’0@
@%Mat' th%{é/gF%?'?i ze ,\tp [t produat. N
Bro.NThe salt is f?Itengd and washed with EtOH/ H O before :
suépendi ng in water and basifying by addirfig ag. NaCH

(72/0 wt/wt) until the pH reaches about 12. The
suSpension is stirred vigorously at rt 8&nd the solid
[0253] 1S A@bl‘hﬁbﬁﬁ@@aﬁ Wﬁ!&f‘éﬁ iV Wl dfed %Qre\éé‘ggﬁj H&s?c%o%%ining

to furnish
palladium on carbon (about 0.2 part by mole). The mixture is then evacuated of air before

subjecting to hydrogenolysis condition by using atmospheric H,. Upon completion of the
reaction, the palladium is filtered off under a pad of celite followed by EtOH washes. The
filtrated is concentrated via rotary evaporation to furnish 6.

[0254] Step 7. Synthesis of (R)-quinuclidin-3-yl 6-((3S,4R)-4~(4-amino-2-chloro-6-

methoxybenzamido)-3-methoxypiperidin-1 -yl)hexanoate (7):
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the cis-isoner 3. [0248] Step 4. Synthesis of ethyl

6- ((3S, 4R) - 4- (di benzyl am no) - 3 - net hoxypi peridi n- 1-
wohRditazeneate (4): 3 4 [0249] To a sol uti on of PBT(U$2006/034322

part by nole) in DI\/F are added et hyl bronohexanoat e

(about 1.2 part by np o Pot assi um car bonate (about

1.4 part by nole) a ot ssiumiodi de (about 0.2 part

by nol e) respectively eOreaction is then heated {)

80 OC After about he reaﬂmomlﬁm e@
voI Xxtracte N

N h et hyI a?cet . HphecHiidgani ¢ |aye g\@ﬁhed W th
bj’cld e and then dried over anhyu. Y to dbsequent
f||trat|on and concentration of the sol vent furni shes
the crude material. Purification over Si2 and gives

[0255] t heredd dorhidifet, fm%rhab e4hyl [cﬁ&'ﬁ&]onﬁate 01 Part By ntokwsn &“HFf at
(R - qui nucl i di n- 3- (di benzyl am no

about 0 ﬁ@umaﬂcwht]p@bandpm.acm.@ |p)1ﬁ gygm} 1@ p@gt}onsﬂ“lee(ﬁpstur warmed to rt

for abo‘é‘i}i%}f)%g%c?lo : saba)ad o 2<'§1d:&r1ﬁl %(?r &’e of sg-l{ltfoﬁ%'f@ml P ag/tby

mole). THRY @ictRMds (HeRwdrmbd & rt.qUibotieinizsletival of(thdrqaemctn, bqpcmn )
in toluene. The reaction ure.is e dE%n .
quenchelblnsds GO BpIS6A 20 (0B 6 BRECKB 0 FET TR RS E 0 B a
artial, va L@tRAEsH th
e R ASREMUIY S SRR sy oSl mngy o
desired PR®luai Xt ure is then cooled to rt and the reaction is

iluted W|th ethyl acetate and then water is added to
[0256] t hdVlet9di X i ng ni xture. The organic layer is separated,

bri I RINp2S@4hinot5-Lhlere?- and
[0257] ' SR ra{b?gk gﬁlhﬁdld@ﬁ@ V1 BAMSUR) in

urification over 'Si &[ves t he

methoxgbanminide+3-mathoyygperidind oy BexfroaApr - (é—amggﬁﬁﬁggqrg-}

f d 3-vl 6:.((3 .
methonggtegég@g%p yﬁglrﬁé’cﬂ&xy}ﬂ%ﬁ{g}é—& éﬁi —ﬁg%aé))%lcaﬁ%dqg a% glc%cjlo [2.2.2]oct
3R-yl SRrUATRR5@): 5 (1 part by nole) |n EtOH is added to a
reaction fl ask cont ai ni ng

/\/\/\H/ O//’ 4, @
N\‘ Q N

H2N OMe

Cl

Olll

[0258] Under acidic conditions, 1-benzylpiperidin-4-one (1) and hydrobromic acid are
reacted in the presence of acetic acid to generate N-benzyl-3-bromopiperidin-4-one (2).
Treatment of 2 with a sodium methoxide and methanol solution provides 1-benzyl-4,4-
dimethoxypiperidin-3-ol (3). [The presence of the beta-amino group negates the possibility of
a Favorskii-type reaction.] Methylation of the hydroxyl group is done using a hydride base
followed by treatment with iodomethane in the presence of DMF as the solvent to furnish

compound 4.
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pal | adi um on carbon (about 0.2 part by nole). The

m xture is then evacuated of air before subjecting to
waypdrogensl ysi s condi ti on by using at nospheri cPET/USkP6M34322

conpl etion of the reaction, the palladiumis filtered

of f under a pad of celite followed by Et OH washes. The

fil T ated AcGH, ciBNne@eNt r ap2UNRH BaOMeIVRDY, revapor at™h ey t o

f i 6. [0254] St% 7.) Synthesis of peo

(R) - qui nucl i di n-3-yl ~6- %E)BS, 4R) - 4- (4- am mes 2chl or o- 6-

met hoxybenzani do) - 3- met ifbxypi peri di n- 1-yl ) he¥Hnoat e

(7):[10255] To a solutior of, for exanple, ethyl

chl oroformate (1 part by nole) in THF at about 0 OCis

NaH, Relded ;@eﬁzm 8,saipd ( t NdNH,CR)INE)OACN  por t1 O

" DvENE ma re i § warmed toct Jfor abgegn g h befor
cool im® to about 0 OC afld &ddi ng dropw se a 4 utli on
of 6 (1 pA¥% by nole). The®¥eaction is then war m¥et o
rt. Upon gonpletion of thesreaction, reaction isg
guenched by addition of a sat' d solution O NaHCO3 and

extracti over EA._The organigc IayPe)r'? i s brine washed,
e oviier NERGRC N SO, fi@wﬂad e Eoth et r at ol 1
[

EtOH/taOnigh e desired proghdet %[ 0256] Met hod Z.dHA25%
Synt hesi sogé (1 ?)-qui nucl i di nGage vyl OMe
6-((35', 4i?) - 4- (4- ammo- 5- chl of 0- 2- 9
nmet hoxybenzam do) - 3- net hoxypi BS” din-1 -yl)hexanoate

(or 6-[4R-(4-am no-5-chl oro-2

. mbenzoyl am -3 ox@peri di n- | -yl 1« hexam,
W- aza- bi CW act - "3 R-yl @M @
KoGlr BMBB5) : B4eBRS8E Under aci di ¢ cindiddiQnss: 0 N

| - benzyl pi peri di AM4-one (1) and hydrobronpgeaci d are
reacted in the pjesence of acetic acid to generage

i V- benzyl - 3- bronopi peri di n-4-one (2). Treatnent of 2
with a sodi um nmet hoxi de and net hanol sol ution provides

ks benzyl~4 4<_di eridin-3-ol (3). [The
—ﬁﬁesenq t he beta- a@%ﬁ group negates the
pos ST y of a Favorsi’ -type reaction.] Methylation

of the h9deoxyl group is done using a hydride base
fol |l onedzby treatnent with i odonmethane in-the presence
of DMF as the solvent to furnish conmpound 4.2 4 7 8 9

OMe O :
0, R .
N\‘.Rs 0
: N
H OMe

HoN cl Cl:@fk
EtOCOCI, TEA, THF HN oMe i2HCI

A 13: ATI-7505

[0259] Subsequent acetal hydrolysis using 1% sulfuric acid in the presence of heat yields
a piperidine 5, which can then undergo a reductive amination using, for example, sodium
cyanoborohydride and ammonium acetate in methanol to yield 1-benzyl-3-methoxypiperidin-
4-amine (6). At this stage, 6 can undergo a chiral resolution technique. This can be
accomplished, for example, using (+)-DBT or other variant of tartaric acid in the presence of
the suitable solvent to afford exclusively asymmetrically pure compound 7. Boc group

protection of the primary amine in 7 can be accomplished using Boc anhydride in the
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6- Bronohexanenitril e K2CO3, DMF, D BocHN 10 11 12
[ 0259] Subsequent acetal hydrolysis using 1% sul furic
weacehd/nsn7s he presence of heat yields a piperi dPA&/US2006/034322
whi ch can then undergo a reductive ani mati on using,
for exanpl e, sodium cyanoborohydride and anmoni um
presem:e@tf m sotvemetonznah 8t A dpbaizgﬂatlon reaction by hydrogenolysis using Pd/C

| - 3-net ho r 4-amne (6). AL this .
in me@% én Rfa%?neﬁq%fxe%ﬁ’éagpiw% ydoeFrgasISEL t?ls ﬁt%ﬁq‘mﬂwgylatwn step.
Treatrh &t Sf 6HRoMEhIGHEHRIE HNEE grefs&{ce%f | sc H%i PIIK fe%
or other variant of tartaric aci in the presence o
compaund 1At retylletosastor eomversiomfifing (Requherdidios] yn the presence of dilute

aid oA o T R R e G SR RIS oo amine,
whlch%aﬁ uﬁﬂ&%&i alce@puﬂg rbAAEBA eﬁ&n@@m@i&e ﬁéﬁoi%%mqa&het Bre@BEAbN,

enzy ation reaction yaro enol ySI S usli ng
Couphpa reagent svel hneibyl qhiprofwelnpﬁeé@r@ixa@er@re rablsispletilcchloroformate) to

gas t the he al kyl ati on step.
afford.lﬁl ?me fenérﬁ%mbeﬁ%ﬁl&gﬁgmaﬁrﬁtle in the presence of
mld base and DVF generates conpound 10. A nitrile to
1%!};&36 Bemueesdagn usi ng (R) - qui nucl i di nolHq"

c dilute acid generates 1 ubseag
PRt Suf B A

he, Boc grouml using~TPA T urni shesNi he f r&EaTI7505
z_aprne, whi ch can zgg a couplig reagbEQNTM A
requi site benzoic id:in the presence of a coupling
reagent such as ethyl W oroformate (amm more
preferably isobutyl chigoroformate) to afford ATI-7505
as an enantionerically pure material. Ove 2. A 14
[0260] Alternatively, conmpound 9 can be al kyl at ed

usidge 8t hy, e n Ganebumresisemee of. 4.
bask. ubgeguent renov Z@e Boc group yields
C n " Ti t ani um medi atNdd transesterifcati on of

(Rj)qu nuclidinol and titanium tetraethoxide
In tol uene gol vent generates ATI-7505. Carlsburg
esterase hydrolyzes esters that are of the

[0260]SC orzilte@ﬁmazte Fgoebmﬁdiﬁwfdamel ﬂ%ﬁt&tﬂudlﬁ’é aajl @5&%{&&%&& in the
are of the configuration herefore treatnent of

presenge aEmaldibesee Pibseaiisnt trmeevabpf ths Bectgnourhyelda rompenng 14. Titanium
medla%attr%ﬁge%?en%xuo% @4XJsﬁlgctR’§-qhmuchdmol and titanium tetraethoxide in

toluene solvent generates ATI-7505. Carlsburg esterase hydrolyzes esters that are of the S-

H

configuration, therefore leavmg intact esters that are of the R configuration. Therefore
treatment of diasteriomeric mixtures of 15 with the Carlsburg esterase may also yield ATI-
7505.

[0261] Method 3
[0262] Alternate synthesis of (R)-quinuclidin-3-yl 6-((3S,4R)-4-(4-amino-5-chloro-2-
methoxybenzamido)-3-methoxypiperidin-1-yl)hexanoate dihydrochloride salt - ATI-7505
dihydrochloride salt:

/[OJ\ i . HCI
N~ SOEt HCI, Et,0 N~ “OEt
H,N H,N
OCHjs OCH;
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7505. [0261] Method 3 [0262] Alternate synthesis of
(1 ?)-quinuclidin-3-yl 6-((3S;
Wai2007/048074 - anmo- 5- chl or o- 2- PCT/US2006/034322
met hoxybenzam do) - 3- net hoxypi peri di n-1 -yl ) hexanoat e
di hydrochl oride salt - ATI-7505 di hydrochl oride
[0263Fal tWiib26Rrow stinring lywirogen chidrideiim diettyyd ethge abotl o4 pates by mole)

i n,di | eth bout ,.1. 4 t .
was slgfbetiedaa Soibfion bRPRH R rbanie hmbboabe Handet Th grixture
was a]lPé’Wéd 0¥t R r@bout ot BdiieSilaeahl %ﬁn% 9v11§1td15th§1lcé‘“[her The

about 8 hours before filtering and wash
white goled Wgzs fustheewasher evmbtdl@léommeiﬂtﬁnmsd ﬂwtltyh ethem@bh@d Wiatio by

oronet ha e an di eth ut 1.1
volumy fof o8 Bhp s st SV BBl gt Bndifyedifn iy o e
racemwplg@hdiﬂa@e&baaﬁae %Pﬂxb@hl@ﬁ&@édﬂt dshewhiC@mdc pi peridi ne
car bamat e hydroch oride salt as a white solid. BnBr,
K2 CO3, K ,?PDVHCID OEt [0264] Benzyl broni (about
2.2 par t s byynbl  VBfisadged, kooprm Xt ure
pi peri di ehdro H—de—Z(—abom——l—& arts
pot asH,NM rbonate (K2CQ3, about 2. 4n
and potasspgp,i odi de (KI, about 0.1 parts )CHE‘N e) in
di met hyl f ormam de at room tenperature (rt).

[0264} eacBEin@ﬁl brpsoider (@bawd 2. 2nesats by ne@lehiyaadded tca mbkturerofabout

p1per1&'1§1? g?cﬁ]rgs%loréx% §a§8 atclt b e?lﬂt}?lpé)g %1%&%% §03, e{bout 2.4

parts W@ale),anl @)6@1%51%30&1@&(1@1@ abénit 0. I0parRSyansle} ﬁ%@ﬂl&ﬁé‘rmaxmde at
over anhyd. (anhydrous) sodiumsulfate (Na2S

room ISHREEAGHE - flbe reastip mixiHerasheated te abrnt 6n@eﬁﬁ2ﬂafth0@h18 hours,
the red¥ti8y 'vsglg dod1bg tdtt u(ﬁgl’[ \lVléIP Qvgﬁi:y Ghd e)?&%telarx? ‘&P lvgl%gtate (IEA) The

preci pitated out a mxture o
organia hayenatae wagledolowith Hnﬁe angll thmadmalt ovey asind. (Mnhj?drﬁtls) rsbdlilgl sulfate

(NesS G St BATE e G 2hd GUSSTRGTEROT G the crude of
produayﬂﬁ%éﬁct%%mﬁ%tm& Bﬁ BYdiAR L Slix s opfgﬁﬁgn?éﬁfgl and water

portions to a'stirred tiron of dibenzyla
(aboutclat balmtee‘aﬁ@)kmndtwmh s@u'plag tFollbwyingotaehum diliratmmrpppeded a at
mte er.at ure TF’ 8;;‘? m xture was stirred and
t

dlbenﬁﬁ(gaé’%laapl Ly ¢ W -about 5 hours the reaction was

cooled to roomtenperature and the sol vent was renoved
under vacuum t o_appkoxi mat el v hal f vol unme The
reaction nixtufe Was Qhtl P8 RIPHA pat er fandNExt ract ed
Wi th BnyN BnaN

OCHg OCHg

[0265] Potassium hydroxide (about 10 parts by mole) was added in portions to a stirred
solution of dibenzylamino carbamate (about 1.0 parts by mole) in isopropanol at room
temperature and the mixture was stirred and heated to reflux. After about 5 hours the reaction
was cooled to room temperature and the solvent was removed under vacuum to
approximately half volume. The reaction mixture was diluted with water and extracted with
ethyl acetate. Following brine wash, the product was dried over anhydrous Na,SOy.

Subsequent vacuum filtration provided a piperidine as a semisolid.

NH  (+)-DBT, MeOH/H,0, A O\IH
anN anN‘\‘ -

OCH,4 OCH;
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ethyl acetate. Follow ng brine wash, the product was
dried over anhydrous Na2SO4. Subsequent vacuum
woi2bd7riasi7en provi ded a piperidine as a sem sol PAT/US2006/034322
MeeOOHH /HH 2 OO, , D 0266] Chiral resolution of
3, 4-di substi tut edpi peri di ne: [0267]
[0266]( +) CRBAF Rstianianyl 3, D-diabsiauied paevidie( +) - DBT; about 1.0
parts b | e] s di ssol ved | hanol and was added
1026715} o> BBk BlaSBI AT, RBaELR 1) PP by Tole Was
_ : ot . ! . N
dissol b R B b s BB o TR
disubstitwddypigeridires (@boutrledipats Hyhhele) mnpethanalaed fxater éddout 1:1 ratio by
0 before renoving.the heat and allowng. it to stir
volumgl ‘s 51 s i B0 s (owoat T gaput 1 B bebosg o the
heat adiCifoSvindlit RNQirGARRmM *REHePIALYET sevéal hWRS, engQJ ARt Eshds in one
vacuumTiltration and rinsed with nethanol” and water
case. Thalpoaductisalt wastdoledsod by vaonein filaomend Giaded withsmethanol and water

o G2 S R B YRLObE RS SRl BB W e
using B SRBOGIREeduRe Wediveand | N sodi um hydroxi de was added
toit (to a pH of about 12). The resulting suspension

[0268]was The wetcake e? susperdedan rater gndi Nspdivm rdseride wasadded to it (to

fore,e cli | . I j
o1t o 0 TRE S EEEHLRL hoh DA o 2 So R
beforeleQtritioy ivieh dthel aeeart Therefgatialldyer eas makied with brine, filtered and
-3, 4-di substi tuted piperidine, é‘?ducch as .a i.te.solid.
conceripiasigp peyide thﬁﬁwi@n@m@l%erg}e@ P ArHebstipisk piperisiiprproduct as
ol e), K2CAXB (about 1.2 parts by nole) and Kl
out 0.1 parts by nmole) in DVWF solvent was slowy

added e ehvg-a [ QBARNEKRR:E wbc@- Ot

a whit«%’ %cg

nmol e). [Th d- he t about 7Q. C for

ab@u,N'10Aour sKisd,0KeDMEEA | ng BrgNY oM t enper at ure and

di lutingoat,h water and extracting \ddy ethyl acetate.

The organic | ayer was separated and then washed w th
[0269]br i Meck mixtiré ofithelpypetidined abu . Caprmipdyousle N 2604 (about 1.2 parts

by molg) RERb{aPoueth b Pt e srg DR SVt tep Py pacefebf &
bromoﬁ&laﬂfme eoara ggg?g? ¥di®: Bhe redétion’ R4 BirRfl-heat at about 70 °C for

exanes: et hyl e by volune) to provide the
about H balus befase @olingtut roormotemipsitatuwe bnd diluting with water and extracting

with ethyl acetate. The organic layer was separated and then washed with brined and finally

dried over anhydrous Na;SQj. Subsequent filtration and concentration provided the crude oil.
The crude product was purified via flash column chromatography (e.g., 1:1 ratio of
hexanes:ethyl acetate by volume) to provide the product as a light brownish oil.
O\I/W\[(OEt (3R)-Quinuclidinol O/\/\/\{(O@
YN 0o Ti(OEt)4, Toluene, A BN O N
OCH; OCHj;

anN\

[0270] To a mixture of the above piperidine ester (about 1.0 parts by mole) and (3R)-
quinuclidinol (about 4.0 parts by mole) was added titanium(IV) tetraethoxide (about 1.0 parts
by mole) at room temperature. The reaction was heated to about 85 °C and was run under
partial pressure to remove any evolving ethanol. After about 18 hours, the reaction was

cooled to 1t before diluting with ethyl acetate and quenching with water. The organic layers
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(3R) - Qui nuclidinol ) 4, Toluene, D OCH 3 OCH 3 [0270]
To a m xture of the above piperidine ester (about 1.0
woant7®283nol e) and (3R)- qui nuclidinol (about PETM@S2006/034322
parts by nole) was added titaniun(rV) tetraethoxide
(about 1.0 parts by nole) at roomtenperature. The
were th@aehshed witdsbrheanddritd oadsr(mmy(ﬂﬁui)ﬁag’ﬂﬂi Relbowing comadatration, the

parti al ve an vo|] vi ng et |, After

crude g} &7 PT‘SPFFE g{ag}i ﬁ‘g qngﬁo 13’0&? o’t“ofh%tnl%étéf ore

CHzcglett)H‘}@H ?t jJrS‘Mhe ﬁﬁ%&@d&t glogyedching with water.
he or gani

erswere then washed wth brine and

d'\QVE{ﬁﬁP d NB .28 Rd/d; kb
ﬁr}(mrude oi lg y Eg;fb o o ngOFS@W @

BnzN" chr"omat ography (eNg., about 100:10:1; HN
CHRE; 2: MeOH: NH4AgH) to provide the product £CH cl ear

oil._ [027 reaction_fl ask containing p
[0271}, %%@ﬁ%@ﬁa&@a@%a@lw%ﬁw o ca R ‘é{%%’éi 4 @63@?911 of the
above Hﬁﬁ%ﬁﬁ&lgﬁﬁ#&dﬁﬁ ler (%ﬁyi 0bafls Bﬁﬁb?e)k?ﬂnﬁﬁlaﬁa)l b to this mixture
nmet h his m xture was added amoni um
was addsrd rmtneon(lmbdmtmazﬂe @homts4 mrtsrhyl mfle). The reastion W@ﬁ hewmied to reflux and
to reflux a 10 .hours

after s 0oty Fakediol b Mg o doF BondPanBbb dues dRihg peladium on

carborpﬁhé ﬁﬁéféﬂfh%]y %aé_bcﬁfbugﬁ% pail bF 66106 Teelirate véhs cohd¥hBEE@H t@an oil,
pad of celite. The filtrate was concentrated to an

whichayas pugificé Mavitash gelibimmi chsorgatagmph (- & obifhnabout 150:10: 1 CH2C12¢
croB SEPH B P s SR A28 2

product as a yellow oil. Rsobutyl chl oroformate,
THF [ 0272] To a sti out i on
0-5- o 2- nzoi c acid .ab ~
@m and—t—#r—et—hg—gm—ne Aoy arts byo N
le) in VAS imelibi: shha = o
?Slgbut yl chl oroformate (about 1.2 arts m)I e) at

[027 2f 00 Fﬂqt e?gﬁ&rd%t) 18n 4BLiGb- Sa&g IO tég% tgtole%e%Zmb %cﬁﬁ%b'(%dt Q™ parts by

e plperl i ne ester
mole) Mtnm]gfladme dattont 2 Beparts bjr mcﬂ@dn temahgdtoﬁnhly leHE)ewasTsltmly added
stirred a erature for .ab

) [ 4
isobutpHiaro Tt bk oI RS L AU Araer-aten (gpagpt 30
minut&O8 bélﬁh@ﬁ &8P 9ﬁfé¥1§me Eber Qﬁitulc(‘) éﬁ?ssbyeﬂ‘iBfe?ﬁf BHF Qs added to the

using, e.g., ethyl acetate and he Separated organic
prefoﬂnag},gmxmégn]ﬁyﬁrldhel?he\mgchm wstshirod ptweom temperature for about 14 hours

before diluting with a saturated solution of sodium bicarbonate. The product was extracted
out using, e.g., ethyl acetate and the separated organic layer was further washed with brine
and then dried over anhydrous sodium sulfate. Filtration and concentration provided ATI-
7505 free base.

i H Y @ GoeHd, G u Y @
isopropanol, EtOH o 2HCI
HoN OCH;, OCH, HoN OCH; OCH,

[0273]  ATI-7505 free-base was dissolved in ethanol and isopropanol (about 1:1 ratio by
volume) and cooled in an ice bath. To the ice cold solution was slowly added concentrated
hydrochloric acid and then warmed to room temperature. After about 7 hours of stirring at
room temperature, the solid was filtered and washed with ethanol and isopropanol (about 1:1

ratio by volume) to provide a wet cake. The wet cake was resuspended in ethanol and then
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and then dried over anhydrous sodi um sul fate.
Filtration and concentration provided ATI- 7505 free
woasw@/02&n73vol une) and cooled in an ice bath. TeCrhs2006034322
cold solution was slowy added concentrated
hydrochloric acid and then warned to room tenperature.
heatedAb refiva Ahe ktirted m]rmtix)mf/amairmed ItqQ rauim tengrerdteneped atlowed to

s B AR 5 it by AP aet
vacuu&b g?&\%&"e ATheswalhyé%@mwﬁée SBSHAPERARAsdIf. et hanol and

thenheated to reflux. The stirred solution was warned
to roomtenperature and allowed to recrystallize. The
[0274]pr odMdethodds filtered under vacuumrinsed with ethanol

02755 ARG kst D -RE R R SR S A AR R e gre2-
methoﬂybe&@aﬁﬁb -&lrh&h esitiHt- N§Dhexadbatt dMydesshiek isslk PATIVE05

(35", - am no- 5- chl or o- 2-
dlh}’drﬁ@hlhﬁd%/%'fnzam do) 3- met hoxypi peri di n-1-yl ) hexanoat e
di hydrochl ori de sal o, Tl - 7505 di hydrochl ori de salt:

[0276] To a mixture of(¢3R)-qui nuclidinol in
di chMV\as ad
chi Bf r

drop-w se 6- br onDhexanoyI

e vaas\/He-aI/e‘dTrt
and after about 18 ho&HsClt.de reacti on wasco I

roomtenperature. The unreacted (3R)-qui nucll was
filtered away and to the filtrate was added d| lI
r to precipitate out the desired product.

(0276 p ot ST (T Eamehdino] e calromeib AR THBadd Grop-wise 6-

B L
the redotibenay teoted rpbmetemﬂemmre( dthe unhfeicﬂéd PR guitmyclidiriod Wwandistered
away 450 ghﬁﬁ %E?;QVXt s i HWb G n??ﬁlﬁgﬁt%awa{ﬁ%&(sg%@ ffodycty The

produd?@¥ak $ilfYedRIE) vdclumBVEd SRkNENith @@sz%ﬁﬁiéﬂ@l RRek tibBut 1:1 ratio
was stirred at about 70 C for approximately 11 hours

by volbmt piogprevdé thegroduct apmwhiderpdidat ure and then dil uted
with a saturated sol.ution of sodi um bircarbonat e. Theo

r offtict M&d t FPRDBEHY| acefate. > > Y @
BN equent washi ngow Ky brine, drying, @ anhydr ou® N

SQ)@H msul fate, filtar lillng and concent rati BQH provi ded
t he pr oduct as colorless oil.
[0277] Dibenzylamino piperidine (about 1.0 parts by mole) was added to a mixture of 6-

bromoalkanoyl ester (about 1.0 parts by mole) and potassium carbonate (about 2.2 parts by
mole) in DMF solvent. The reaction mixture was stirred at about 70 °C for approximately 11
hours before cooling to room temperature and then diluted with a saturated solution of
sodium bircarbonate. The product was extracted out with ethyl acetate. Subsequent washing

with brine, drying over anhydrous sodium sulfate, filtering and concentrating provided the
product as colorless oil.

Q /\/\/\lf @ NH,CO,H, Pd/C, MeOH, A Q/\/\/\n/ @
HN®

OCH, OCH,

BnN

[0278] To a reaction flask containing palladium on carbon was added a solution of the
above dibenzyl piperidine ester (about 1.0 parts by mole) in methanol, and to this mixture

was added ammonium formate (about 4 parts by mole). The reaction was heated to reflux and
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[0278] To a reaction flask containing palladiumon
carbon was added a sol ution of the above di benzyl
woizpErnegii7ae ester (about 1.0 parts by nole) i NnPCT/US2006/034322
nmet hanol, and to this m xture was added ammoni um
formate (about 4 parts by nole). The reaction was
after abewait choturs, thefreactioarfthalt tvas cedledito rdOmhtemparatirdiand #ha ehilaum on

carbor AL BHBEN VRS 18- PEriEh Attt b The T Rgggresoperaaied i n oil
wluchqsalslpﬁﬁﬁea’ bﬁa ﬂds ﬂcm]hﬁl m&eﬁlﬁsg% &, eﬁ@oamt 956 10: \fhd:ﬁlgcb

was “puri f via f colu onrat ogr aphy
CH;08H: mm&mm prom the amhinopip@idine @m@odummmeltwv qml ovi de
the am no piperidine ester,product as a yellow oil.

i sobutyl chl orof ormage, T . THF [0279] To a stirred
sol uti on 4-am no-5-chl - 2%ret hoxybenzm C bauto,
/@N’Z’\pmbif le) a rTasthyl am ge lei; 2 part @
HaN

nol e) ion I 3l RE AR, ThiF) added
icg@butyl chl orof ormate (about 1.2up day, iSte) at

room t enperature. After about 30 m nutes, a solution
[0279bf tThven giirpedrsoblition 4emniap- 5(dﬁmmZ-meﬂlOpameOigwidﬂabqutilrﬁ parts by

mole) g STAE oy Pecpele B Gt el E6rs R G B gty aacea

1sobut9pé1ﬂ&o§ﬁﬁlafee{amdt yta Iﬁlﬁts\Mytrﬁol@ £ 2both dsbra@t L ATRR aBdut 30

sodi um bi carbonat e.” The product was extracted out

minuteps p ﬁ@lutl@n of the @mﬁ:yldm@@éteafaéoatrﬂdo piiés epake i §HEwasridded to the
h ' :
ot i RS RN A A O ot 14

beforecdiitiap iwithta saturpedvoldeeh AldodiuhdBlafboaste TEseprofil 2 8Bk extracted
ATl - 7505 free-base was di ssolved_ in ethangl and

out usingepE e pAMbIcctELHIE the sparaied erepgiclayien ey iHyr dgshedgviflpbrine
and thl dh&?ox%?%ﬂgd%&ucﬁ 1%%1&%' @rﬂggﬂéé# Mgﬁ@%@ﬁgfyp%v?&q%n-

concentrate c aci to room
7505 freentpse.at ur e. After about 7 hours of stirring at room

tenperature, the golid was filtered and washed wi th

O,
et han ﬁ\d%ﬁrop@l (about 1:1 rati® by Wl uney 1o -
CI]@Z&@ wet cake e—wBY M e & ded in © @

N locand then heat ed*¥&PefPUx, G oed 2

solution was warnmed to roomtenperature and all owed to
[0280} ecrAHLAHObife-bastrerapdsshicdd wvathahol dnerisghropehet (abamuuhratlo by

volum} G5 chaloATR 2 SGPAEH Hpie (A DH AT OR e S g @rcentrated
hydroc(sd?(l)ﬂ)ugacu[ &?@da]m th&oom[t&%ééhuﬁ gt absut SHHYuRESt Bin®g at

gui nucl i di n- 3-vyl
room BmpeBEire,4h@3olil Was faltdredasl whthed vdth- ethanol and isopropanol (about 1:1

ratio by volume) to provide a wet cake. The wet cake was resuspended in ethanol and then

2

heated to reflux. The stirred solution was warmed to room temperature and allowed to
recrystallize. The product was filtered under vacuum rinsed with ethanol and then dried under

vacuum to provide ATI-7505 dihydrochloride salt was a white solid.

[0281]  Method 5:

[0282] Alternate synthesis of (R)-quinuclidin-3-yl 6-((3S,4R)-4-(4-amino-5-chloro-2-
methoxybenzamido)-3-methoxypiperidin-1-yl)hexanoate dihydrochloride salt - ATI-7505
dihydrochloride salt:



nmet hoxybenzam do) - 3- net hoxypi peri di n-1 -yl ) hexanoat e
di hydrochl oride salt - ATI-7505 di hydrochl ori de

W@ 2000/0280283] Benzyl brom de (about 1.2 parts bRCTHOB2P6/034322
was added to a solution of (3R)- quinuclidinol (about
1.0 parts by nole) in dichloronethane. The reaction
was stirred at roomtenperature fHw, about 4 hours
beforefilter'hng and rinsing with di ronmet hane to
provi de the p 8o asBehzyMBidhges ol | O NE 284]
6- Br onmohexanoy| @ri“d‘eg@@om—ﬂ. Bparts by nole) was
added to a sol uti o¥ of bénzyf protecte
(3R) - qui nuclidinol (about 1.0 parts by ) and the
reaction m xture was heat to about 6CQ0C. ~After about

(02831 hBeray! broride ot o pavrisbycmolep tvab addedan S RSHF gﬂ@-
t1on

: s _precipitated out by the addi
qu111u§l?38§lgtt§ R@*tqgj{iﬁ%fls %%@FW ‘ﬁﬁhﬂ’f@g{?g}ﬁlﬂ Therrgadtion veasdtirred at room
temparatns fogabdut B hetRefRs | | roguct as .

@ a(i armr%houus 1sol i d. [ggglg%{g %gin@?%‘gﬁ%f] }cp'ﬁ)égrﬁf’ &4 giprevide
©Produhat a vhge pelid s by nole), the al kanoyl hal i de ester

Ho.(ahout 1.0 parts by nole) and triethylanmne (about 2.0
ts by nole) in DVMF sol vent was hww',,@
fof/-about 6 hours. The reactj was then cooled to
Br_oﬁmterrpsf aBW\di/Uht edg@nE_LAu.a sat ur at ed sol uth

of m bi car bonat e ‘andCkxt ract ed over et hyl r
acet Fol | owi ng brine wash and dryi ng over

anhydrous sodium sulfate the organic layer was
heat tof%ﬁgtrwg?gﬁér %ggglt P2 E&gs,%%fﬁlpgén év&oﬁ%aﬁﬁdé?jﬁi;?
the prodyictdsirecipied &R%&itﬂ@amﬂq&?&gegtgy%&%ﬁ%gg ?@c‘glftufngtgltraﬁon

d . about 10 hours. The“reaction
and rioggg ithestivaend drengpbvided tiaprlodait s b Bme AHBANs MRS

filtered, e g., through a pad of celite. The filtrate

conc@hﬁg)t\eﬁ\t(o ‘Glye an_oil and wa urb\se”qge‘ngloy
anN\\\[gfﬁfPed via flash coldm M@gg@,@@ Si: a ou@
E5Q; 10:1; Cred 2: &BH40H) to provigg, the anim {"
pi peridine ester pr odus a yellow oil. 1sobutyl b
TEA, THF [0287] To a stirred solution

chl or of or nat e,

[0285] 4.- advinvisstuse efttho pipeddine (4tway benagk 6y afiid), £2BAG0 N
e).and triethylamne (about 2.2 agi%lsldbeester
(about frjr.gﬁ%n)%s ?%qugeb Ia%cii %g;-gl?ygqujgmg r{e)llllopp@.)() mgﬁs by ulrmjb)}dnigﬂﬁ d;olvezi/t was

heated atabbuttafl >k ab ik SrHFRLE ' arts by mole) at
mtenperature. Aft e?ggge%géo%%&s f&h cSoled to rOOH)temperature

.. room .
and dllutedo with a saturated solution of sodium bicarbonate and extracted over ethyl acetate.
Following brine wash and drying over anhydrous sodium sulfate the organic layer was

concentrated to provide the product as clear oil.

B : 0 VA Ammonium Formate,Pd/C, MeOH, A C‘\I/\/\/\H/O@
HoN™ © N

OCH, Br

OCH,

[0286] To a reaction flask containing palladium on carbon was added a solution of the
dibenzyl piperidine ester (about 1.0 parts by mole) in methanol and to this mixture was added

ammonjum formate (about 4 parts by mole). The reaction was heated to reflux and after about
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m nutes, a solution of the piperidine ester (about 1.0
parts by nole) in THF was added to the preforned,
waizaEd280Bydri de. The reaction was stirred at PODMIS2006/034322
tenperature for about 14 hours before diluting with a
saturated sol ution of sodium bi carbonate. The product
10 howssTlexkacivhethsh s tien mgoleé Icgrqoneteh‘;ﬂeraa&ehﬁd EheEpaﬁadmm on

separ org nlcla rther washed with brin
carbozbwas flﬁ%l’ﬁ o8 e@‘r {1ate a5 coggeaitrated to g1ve an oil

7 f
ot WE%%%W%?%@%@%%EE%@%C T R isasg
CH,Cl,s 6B 0Hahd O to ptovidethe amine fiyeridihaeser pmdﬂlct:&mi il omnoil.
an ice bath. To the ice cgld solution was slowy added

concentrated hydrochjorjiclacid and then warned to room

tenperature. After ab*? ours of stirrin 0Q
rrpe‘r\ax/utr@ e SoiNG Qcmalltereg ando m

ethanol aaod PLARRRM oML T y vol ume) fo N
ovide a wet cake. The wet cake yR 5 pefided in

et hanol and then heated to reflux. The stl rr.ed
[0287k ol Uka wﬂimohaionéehmmoﬁemhhm&meﬂm@b@zajndwdl (hbwéd 2 jarts by

e S LA b e S o i S A PRy s

isobutfl &Véx@ﬁ)rﬁ_ﬁe'(]zg&ﬁ 19, Isma Ghd] étqgorﬁaérhlt)éi\ﬁtﬁreaA%t hisout 30
solid. [0289] Method 6 [0290]  Alternate synthesis of
minutgs; a);o]q’gpm] atthe @pmngmﬂester (about 1.0 parts by mole) in THF was added to the

‘ (
prefor g B A oo R i ey f gt 14 howrs
beforediifuyiels @G thl 3atdeted 8blirtion ﬁ‘@odﬁﬁ@&cdﬂbbﬁﬂé Orid @odwle waa bktracted
VWil e specific reaction conditi ons are recited bel ow
out usingy ¢-gm cbXbifsFAT Jocshp prnasated ergare lavist Weg futher waghed with brine
I
and thér([?g%%(f %x?e?t e}rgrie 5\% sah%ﬁﬂﬁ@q %Llfr#l?(%l %ﬁltéﬁhg%lﬁaﬁgn Hb%lded ATI
7505 freedmgni ze that alterations in reaction conditions,
including but not limted to reaction tines,

t enderat MS@nts used, may be
mj@;gﬂd(;gzeacu or®yi ei-ds,— AEPE in ﬁfﬁﬂal Sso @

o8] oy and t her ef or e‘”ﬁ‘é‘?""\/%i?'il fg QH r ogH;anc 2§%‘t
of reaction conditions. c/s-piperidine carbamate C2 C3
[0288]0C A'H-AWP freartasatves diasdlvedrin AHandlbddd isopropanol (about 1:1 ratio by

HaN

volume) and cooled in an ice bath. To the ice cold solution was slowly added concentrated
hydrochloric acid and then warmed to room temperature. After about 7 hours of stirring at
room temperature, the solid was filtered and washed with ethanol and isopropanol (about 1:1
ratio by volume) to provide a wet cake. The wet cake was resuspended in ethanol and then
heated to reflux. The stirred solution was warmed to room temperature and allowed to
recrystallize. The product was filtered under vacuum rinsed with ethanol and then dried under

vacuum to provide ATI-7505 dihydrochloride salt was a white solid.

[0289]  Method 6

[0290] Alternate synthesis of (R)-quinuclidin-3-yl 6-((3S,4R)-4-(4-amino-5-chloro-2-
methoxybenzamido)-3-methoxypiperidin-1-yl)hexanoate dihydrochloride salt - ATI-7505
dihydrochloride salt. While specific reaction conditions are recited below for an exemplary

synthesis under Method 6, these specifics are not to be construed as limiting the scope of the
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[0291] The synthesis of ATI-7505 fromcis-APMtartrate
was based on 9.7 g lab run procedure. c/s-piperidine
woanyanstre C2 C3 c/s-AVP tartrate salt [0292] BCT/US2006/034322
Synt hesis C2[ 0293] Raw materials [0294] cis-piperidine
carbamate, 24 Kg [0295] benzyl brom de, 37.8 Kg [0296]
metholdl Ond obskilKin {h@%ﬁ?@ill?ﬁé@iz& &hat aKerafiOiXAB]reaction conchtmns including

D i e AL B T
methoﬁI R%ﬁbr&% e'fd%) WieleBhditded af¥ Mo eﬁgplﬁ? ea[m? g%g%%’% @&ig&f;r %or

argé cis-piperidine carba
eachmm@d(@@@re@@ﬂcdﬁ@moﬁseq ) to a reactor, followed by
addi ng NVB (200 Kg) to the reactor, Stlr the m xture

at roo /Qn’pe ture for 15 mnute;L Add KI 1.67 K

0.1 ef. V't @Et he F8RELB K f ol | bQEta enzyl NH
br g (37.8 Kgb ®MR4eq) reasi ng hhe Bn,N

tenpereatwre to 75 G2Wi thin chyut es. Swapl e the ocH,
r e after about 4 ours; the expected
rgﬁéé@%cﬂbﬁ%{s about 7-9 hours [0304] After the®
reaction is deened corrplww‘”srgB add water (350 Kg) to

t he reactor and extraset EA (120 Kg; 3 timas).

Col Lelt™Hhe \FA | ayer/and wash? fhiagHy | t
(206H4QY; H8 4 | neg) . ncentrate the EA Kfpei P¥.85°Sol i d
at 70 €% Add | PA/watef (1:1, 200 Kg) to thé%%%act or
and heat the réstMPdtassahout 75-80 C. Add 25 Kg
portions of IPA/water ( 1:1) at 75-80 Cuntil a clear

soI uti on obt ai ned. P’o cool down the reacti on
GEt Col | ec he solid b
the wetgcakes Cto bt in C ( 1
- PdIC, IPTOH
Bn,N 8 % t)4, toluene, reflux Bn, N I
OCHj, 100% OCH3
Cs cé 85%
Q/\/\/\”/ @ OCH3 O/\/\/\H/ @
HoN™ OCH Pivaloyl, THF ji:fL OCH
3 2 HCl 84% HoN OCHs ® . 2HCI
c7 ATI-7505

[0291] The synthesis of ATI-7505 from cis-APM tartrate was based on 9.7 g lab run

procedure.
O O

J_ e Ji§
N~ "OEt BnBr, KoCO3, K N~ ~OEt KOH, iPrOH
T »- ———
NMP, A
H2N 82%,) anN Ao
OCH; OCHs 100%
cis-piperidine carbamate Cc2
NH (+)-DBT O\JH » 1/2 (+)-DBT
anN MeOH, Hzo, A anN\" s
OCH, OCHs
C3 cis-AMP tartrate salt

[0292] a. Synthesis C2
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[ h was 99.3 %
ield). HPLC purity for the exenplary batct
%“0205% b. Synltohesi s of C3 [0306] Raw nmteri al [038270]06/034322
WXaH78303 Kg [ 0308] | PA, 200 Kg [ 0309] DCM PCT/UOBll]
(di chl oronet hane), 550 Kg [0310] Water, 1300 Kg [

Kg, 1
Kg [0312] Procedure [0313] Add C2 (32
[029335 Sﬁ@&z&i@@ ]Kg, 12 eq) and | PA (200 Kgl) to the
’ : - & reacti I xture to reflux
[:Tn%%yra Fﬁ?ﬁeﬁ%ﬁloﬁﬁm@?ﬁ’% |l e the reaction after

ed reaction tine is about 4-5
pounal bmwaﬂOEiei@?’gz??F%n is conpleted, renove the | PA

ESW@Q ﬁﬁ,}ﬁ%qgg at 50 C. Add DOM (230 Kg) and wat er

actor and collect both |layers. Back
((a>7< rgc k%%%’%gie]elr&gl ayer with DCM (160 K; 2 tinmes) and

c oHBPBleNtrheth POk Ageie NMIS Dod Rg DCM | ayerI Wi 2:1 \Q?t %
(2 ; i ITes nd concentrate the DCM | ay

C @29%‘33#@0 2;atén?’@ilf;‘%and proceed to the next step
Wi [oBoelt watsQbad iken (assume a 100%yiel d). [0314] c.
Synthesi s of C g-AI\/P tartrate salt [0315] Raw

' B nd water (130
s stk gt h L L AN
[Osojégzap.i)’%ﬁg%&%ﬂ- DBT (15.2 Kg), which has been di ssol ved -
1103l 1oty gmdiarhodtud 19 KEAELES wlicBCip 7 kg 600y 0
referably within 60 m nutes. _ _
feact‘ﬁeﬁ.‘awsﬂ by neding NMB (2dég nshis actof: IS8R theShdtich AP dos,
j e C ' the reaction mxture to ‘
@Bl e BRAALE Gk Ao e Lepetion matur e B
' BB 7P 60 minues.

benzyé brsimideo@7.8 Kgahoel) 4Rl iGcRefiodf e
id by filtration and, prefer nec
Sampr;éﬁ ¢ fae %@}tpg{ﬂgﬁ@gggal(ogéy howaisyie arpbesal regbtoaMn@ s about 7-9

hours[ 0317] Place the solid in a reactor. Add MeOH wat er
(5: 1, 600 Kg ) to the reactor and
[0304]( After the reaction is deemed completed, add water (350 Kg) to the reactor and

extract with EA (120 Kg; 3 times). Collect the EA layer and wash the EA layer with water
(200 Kg; 3 times). Concentrate the EA layer to a solid at 70° C. Add IPA/water (1:1, 200 Kg)
to the reactor and heat the reactor to about 75-80° C. Add 25 Kg portions of IPA/water 1:1)
at 75-80° C until a clear solution obtained. Slowly cool down the reaction mixture to 5° C.
Collect the solid by filtration and dry the wet cake at about 60° C to obtain C2 (31.7Kg; 82%
yield). HPLC purity for the exemplary batch was 99.3 %
[0305] b. Synthesis of C3
[0306] Raw material

[0307] KOH, 56.3 Kg

[0308] IPA, 200 Kg

[0309] DCM (dichloromethane), 550 Kg

[0310] Water, 1300 Kg

[0311] C2,32Kg
[0312] Procedure
[0313] AddcC2(32 Kg, 1 eq), KOH (56.3 Kg, 12 eq) and IPA (200 Kg) to the reactor.

Heat the reaction mixture to reflux temperature (about 82° C). Sample the reaction after about
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heat the m xture to 70 C. More MeOH/ water (5:1) can be

added to obtain a clear solution before cooling down
woheo7roegosi on m xture to 50 C. Slowy cool dowRCThis2006/034322

m xture to 10 C before collecting the solid by

filtration. Dry the wet cake at about 60 C. In this

4 houre BBk Fciedrrtattion tisaeAVRbIGL U+ hddBd. Afle? tike ﬂégcuo&h%mpgtvd
yield and 62% t heoreti cal ﬁl el d was obt ai ned wit

removpdPRRY @lytﬂwlos% S ondd R ey (8] Kenesins

reactol ol el B B ““giﬁ%@ﬁ%ﬁ‘%m@o RE2 RS and

combifle QEMMJIhﬁerQ.OBQSh] the DAV dpyel withhvedter((RFEK g; Sﬁrrre‘s) Jd3dAtentrate
323]..45% 0.18 nol e

, D OH, 7.2
the D gisuar T shaamics 3 e im0 t@ﬂlﬁélﬁ%*o%m{ Hiifkolation

(assumceaAIOd"o%rg:l 0 g 0. 0279 nole) was suspended in 30 m
wat er | PE with aggressive stirring. 45%

[0314]sod|cunsymﬂems<oﬁ@is(ﬂb@gtarﬁaﬂeesaﬂol e) was added dropw se
0315unt IE! t he sil id was di ssolved. The IPE | ayers were

[ has 23ater (10 m; 2 times), and concentration
[0316]%” O\Adaqﬂetﬁam 52&) 188 dnd v@e@émy@ #9{0 B Weletdr f1ee c&ﬁﬁﬁs C3 from

Synt hesis o

the PfQleérSt@@l Ap&ﬁ@alj) Tr(&32 Mewhmhilagbee@l f{wgh’eﬁrm £3( §g2gmethanol
to the eretahtﬁS %tﬁmb}] r(g g:?%lgra N e?g %Z&G O%J%gao %’ﬁo@%@g{ﬁag&q% Kg) to

make mhﬁﬁ&ﬂbtmsbmdbﬁi & obl‘alﬁ&l Befo@. c3lingad en ﬂﬁ&&ﬂ:}loﬁ)&ﬂﬁxture to 50° C.
(di net hyl formam de 30 m_ [0333] isopr oply
The pr()ﬁlpIE)WHI gomg{out ggad Q,\E&I,eﬁlow]g@og{ down to about 10° C before filtration.

Collect solid by filtration and, preferably, check the enantiomeric excess (ee) value and solid
content.

[0317] Place the solid in a reactor. Add MeOH/water (5:1, 600 Kg ) to the reactor and
heat the mixture to 70° C. More MeOH/water (5:1) can be added to obtain a clear solution
before cooling down the reaction mixture to 50° C. Slowly cool down the mixture to 10° C
before collecting the solid by filtration. Dry the wet cake at about 60° C. In this exemplary
run, cis-AMP % (+)-DBT (12.6 Kg, 31% weight yield and 62% theoretical yield) was
obtained with a HPLC purity 99.8% and an 97.9% ee.

[0318] d. Synthesis of the cis-AMP free base

O‘JH 1/2 (+)-DBT O\IH
anN“' . aq. NaOH anN“‘ :

OCHs OCH,

cis-AMP tartrate salt Free base
[0319] Raw material
[0320] cis AMP 1/2 DBT, 10g, 0.0279 mole
[0321] isopropyl ether (IPE), 50 ml
[0322] water, 50 ml
[0323] 45% NaOH, 7.2g, 0.18 mole
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[0335] Procedure [0336] Free base (7.2 g), ethyl
6- br ono- hexanoate (4.75 g; 0.0214 nole), potassium
woanoonst’e (5.77 g; 0.0418 nole), potassium i oHCUAIS2006/034322
(1.39 g; 8.37 nmmole), and DVF (30 m) were charged to
a reactor. The reaction m xture was heated to 70 C for
[0324] hoRiocedute was nonitored by HPLC for the conpletion of

h 1 t 1 t ti | ed t )
(0325 0° TE0bEMps £ She st Bk Rt R arsphded n
30 minbatéRmd S0hal lPEEVitHX@g‘rSSsmfsﬁrrY}g,é hedt sk WRirEidé gﬂzgﬂ 0.18 mole)

é tinmes), Concentration provided a yellow oil of crude
was agdpdapwiseyniiiothe golig) wag dsspieds Thesiit lapers sveod watel 0888 ater

. ' . .. 0.0201 I 34
(0 kTP P D il SRpPBURLALATY e base (7.20
g. Ti(AGP)4 (titanium (I1V) isopropoxide), 1.1 6g,
4.08 I 0342] tol , 120 m [0343] i I
[0326L e SEBHPSEE684] vator, 80 mi [0345] Probedure

[0346]@ .10 g; 0.0201 mole), (R)-3-quinuclidinol

(5. 20 10409 -l € i (O P) 4 (1. M@et,
angnNol uefie (12 (B gl o d irii) ctor and M th
stirringyche react KePOulls equi ppgetwith a packing
col um (24/°40; 15 cBMm | ength) and ajghort path

(24/ 48pe padai ch was HEted to distill out® EtOH | PA and
toluene (oil bath tenperature 160 0C). The Baction
[0327M XtREvemaRsiaoni tored by HPLC for the conpletion of
the reaction. In this exenplary synthesis, the HPLC
sHd8htrenbass: B2 12 Ag23meld al had been conpl etely

CfR e R bR £ ek IndRen 10 room

t [I3Re) pdtagstuna ogkboed) GITEL, \0L4h 8 4ébigl wat er and 60 m

I@g fol |l owed, by washing the EPE | ayers with water
(! 1 posassium 1%&-38(gngéﬁtfmétﬂieng, providing a yel |l ow
Of0B3ECBRAN I EhY IR riBmidt} 369 9)

[0333] isopropyl ether (IPE), 50 ml

[0334] water, 50 ml.
[0335] Procedure
[0336] Free base (7.2 g), ethyl 6-bromo-hexanoate (4.75 g; 0.0214 mole), potassium
carbonate (5.77 g; 0.0418 mole), potassium iodide (1.39 g; 8.37 mmole), and DMF (30 ml)
were charged to a reactor. The reaction mixture was heated to 70° C for 1 hour and was
monitored by HPLC for the completion of the reaction. After 1 hour, the reaction was cooled
to room temperature and quenched with 30 ml water and 50 m1 IPE. The IPE layers were
washed with water (10 ml; 2 times). Concentration provided a yellow oil of crude compound
C5(9.10 g).
[0337] f. Synthesis of C6

HO.,,
O /\/\/\“/OEt @ O\" WO,,,@
TN 0 N anN‘\\ . o] N

6CH3 Ti(OiP)4/Toluene OCH3
reflux

C5 C6

anN\

[0338] Raw material
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: i al
0347 . Synthesis of C7 C6 C7 [0348] Raw materia
%0349% %6 11.70 g, 0.0220 nole [0350] 5%d/C, 1.0g
WO 0B30280rPA, 30 ml [ 0352] Procedure [0353] C7 ¥CT/US2006/034322
11.7Qg), 5%d/C ( 1.Qg) and IPA (30 m) were charged

[ tion reactor (Ninert; Hat 5 _
;[Bﬁg(é%éggg))a&omlﬁi@l@ure was stirred and heated in a
r T NOUr The reaction m xture was
@%@J‘ﬁé—?-%ﬁgﬂ%%ggaz%é@g? chﬁ% conpl etion of the
{8341 i IO Pwh(titiniah (W ds xide§, 1516y iioBgnimL eri al had
| e y,consumed. The reaction was cooled to
ﬁgﬁ}ﬁ@ﬁ%@ri&% and filtering through a |toadt og ::ellte
' ; NS e filtrate was concentrate 0
g?%dggg%dpgp%%&gagrggde oi | of C7.[0354] h. Synthesis
9344 warB 0 hse [0355] Raw nmaterial [0356]

4- agi no- 5- chl or o- 2- met hoxy- benzoi ¢ acid, 5.0 g, 0.0249
[0345] | RodehBe T e 50 [0358] triethylam ne. 47 g

i Qr.4 ). 0. 09225, ..
(03461 0. OSD Moy 02T bicR KA W ERIBG! G220 £ 00BoREF Ticoip)s

(1.16 gy bpmaqlosrd tolpae (120108 6&Ye ARMeddGh r{:%?ﬁ%d\&fiﬂfﬁﬁrring. The

. . 4590 NaOH [ 0365] . Progedyre [ 036 | val oy
reacton AR b Sk RS it o A > s Optaton pah
(24/40) sohich wan hedted fba1idill SRMOLBIEA LAY %1%@%%@ Béﬁé(tgl% 1 Qufe 160 °C).

acid (5.0 g; 0.0249 rml?J and tri et yl am ne A K

The reagjiqaumgesture was monitored by HPLC for the completion of the reaction. In this
exemplary synthesis, the HPLC showed the stérting material had been completely consumed.
Pressure was reduced to facilitate removal of the toluene. The reaction was cooled to room
temperature and quenched with 40 ml water and 60 mil IPE, followed by washing the IPE
layers with water (20ml; 2 times) and concentrating, providing a yellow oil compound crude
C6 (11.70 g).
[0347] g. Synthesis of C7

o, 5%Pd/C NN
O/\/\/\H/ @ % 1
BnoN™ © N N N

bCH, OCH,
c6 Cc7
[0348] Raw material

[0349] C6, 11.70 g, 0.0220 mole

[0350] 5% Pd/C,1.0 g

[0351] IPA, 30 ml
[0352] Procedure
[0353] C7 (11.70g), 5%Pd/C (1.0g) and IPA (30 ml) were charged in hydrogenation
reactor (N, inert; H, at 5 atmospheres). The mixture was stirred and heated in a 70° C water
bath for 7 hours. The reaction mixture was monitored by HPLC and TLC for the completion
of the reaction, which showed that the starting material had been completely consumed. The
reaction was cooled to room temperature and filtering through a pad of celite with IPA

rinsing. The filtrate was concentrated to provide a 6.66 g crude oil of C7.
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mmol) in THF (20g) at roomtenperature. The reaction
turned cl oudy upon addition and after 60 mnutes to
woho®/opses or mred m xed anhydri de was added a sobariusm06/034322
C7 (6.66 g; 0.0189 nol) in THF (10 g) and allowed to
stir at roomtenperature. HPLC and TLC showed the
[0354t am, | Sgntiesiess ATT605 basen conpl etely consumed. [0367]

The reaction was quengped V\A;]Ct water (40 m) and DEK

g agde

.

(40 M), and 32% HO viAs d'to pHe4. 0. The conbi ned

e~ ayers, e wa (40 p>p 0.,
HN" added to the aqU¥ous plvayedioaed 45% Was Tadded to N
piE12. Extract, separsaNéHand dr gj, she &tleous
| ayer. The conbi ned organic |ayers werelwashed wth
water (90m; 2 times) and concentrated to prOViscEbase

12.01g yel l ow oi | ATI-7505 base.[0368] i. Synthesis of
[0355]AT| -Res0matsdinl 7505 [ 0369] Raw naterial [0370] ATI- 7505

B350 fam St haliRembiestioo o3 BE 1570

g[oasudeHpr 9@Ect of ATI- 7505 base was di ssol ved in 50m
t OH. Concentrated 32% HCO was added slowy with
st03p8) tigthybanpipeiat. 18, pP46ymslei rri ng about 16 hours, 50

: a [on was stirred for 2

oS pidRBy AENGHOAT & DRRBERRIC OF 180 St N T Eh 50
| PA60JTOR, G6bd, 0.0088 nehi¢ ed to constant wei ght to provide
9. 719 of ATl - 7505 as white solid. HPLC purity was
9@.368] &Fth@{é‘?mee(]%}%@é&éjnl Preparation of - P d
6 &gﬁ {4, 0- 5- chl or o- 2- et hoxy- benzoyl am no) - 3S- et

% pi peridin- |-yl]-hexanoic acid :
| 0863} Biteycl o] 2. 2. 2] oct-3' Ryl ester, dihydrochloride

@3&4&&2%&)}'}“ ci sapride Crude (+)-Norcisapride DBT
[0365] Procedure
[0366] Pivaloyl chloride (2.7 g; 0.0225 mol) was added dropwise to a solution of the 4-
amino-5-chloro-2-methoxy-benzoic acid (5.0 g; 0.0249 mol) and triethylamine (4.7 g; 0.0465
mmol) in THF (20g) at room temperature. The reaction turned cloudy upon addition and after
60 minutes to this preformed mixed anhéfdride was added a solution of C7 (6.66 g; 0.0189
mol) in THF (10 g) and allowed to stir at room temperature. HPLC and TLC showed the
starting material had been completely consumed.
[0367] The reaction was quenched with water (40 ml) and DEK (40 ml), and 32% HCl
was added to pH=4.0. The combined organic layers were washed with water (10 ml; 2 times)
and the aqueous layer was collected. DEK (60 ml) was added to the aqueous layer and 45%
NaOH was added to pH=12. Extract, separate and drain off the aqueous layer. The combined
organic layers were washed with water (10ml; 2 times) and concentrated to provide 12.01g

yellow oil ATI-7505 base.
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[0377] Step 1: Resolution of Racem c Norcisapride

[0378] (-)-2,3-Di benzoyl-L-tartaric acid ((-)-DBT,
wahaoro2do7part by wei ght) was di ssol ved i n et haroi/uamme/034322

filtered to renove residual particul ates. Separately,

racem c norci sapri de34322 (about 0.8 part by weight)

[0368as idi Syatiwsid of ABI-TH08t ure of et hanol and water and
then filtered. The filtrate was heated to about 50C

bef ore adding the (-)-DBT sol@gti

this tenperatupgbpr akout 30 m ute the m X ure
showlsys bewel ed for—sever g about 5 Ca élhél
product salt &3/ & | 8 vaCHum filtrafion and
washed with Et OH H2O i’ xture.The wet cake was
recrystallized from Et OH H20 by heating to about 79 0C
and slow cooling to about 5 0C as Rafmpse. The product

was coll ected on a vacuumfilter and washed w th
[0369]Et OBz Matediagi ve a wet cake. [0379] The wet cake was

d the pH was adjusted to about 12
uﬁ’?ﬁ@qﬁgﬁ\?@%@b @gﬁ The resul ting suspension was
smﬁllegthfaﬁ(gl(gmm 58 faours at roomtenperature before
filtering under vacuum and washing the solid materi al

wWOBSAZWHYer70anld dryi ng under vacuum The product was
t d wth (-)-DBT to formthe salt by the
ISR - -

procedure described above. The isol ated
[0374}sal tpr@@amtehen neutralized with ag. NaOH as descri bed

ve. The product was isolated on a filter and dried

[0375]as Bl“énedﬁé)1tgacred%pli0d@ct(0£)‘\ﬂ&r585 dawr veredipsebed (1 pomt EWB 5
COnceB@£t%§3?%otﬁﬁl( ?é ddded '31%‘&5( %éth%ﬁrﬁg‘ %SJHJZIPL% %ﬁfﬁg%&@%

norcl sa ati o
hours, @0 anit IPﬂSwésrmidbamdl the&EeQﬁoﬂ mahs SBRedfoy 2 hoarst Theselgl wisefiltered

and s i) . B PPLGVER SHBHECIHIRION T §4gq plovide 9,71 of ATL
7505 a&%)w}h'%rs%tﬁaﬂt’téepuh%b&%%% gt by weight), potassium

carbonate (about 0.48 part by weight) and potassium
i odi de (about 0.063 partMght) wer e suspended in

nhydr ous. USP Et.h hexanoa b
10376 7 By S S A ST RRgY TRl nind S nethoxy:
piperitﬁﬁﬂpﬁ?]-ﬁéﬂhoﬁi acid@Pavd BIRPE6BL UD R ct-TREy1Bstet, Wiley vkl diRRGH

to reflux until conpletion of the reaction. Subsequent

4. €00 i@”ﬁo saomte ePat ury tljgél‘(agtﬁ'?éﬁﬁaﬂﬁ& ug
ﬁl‘ tmve CH os l Break bp bcH
HoN trat@ vas o r ¢Heo° ttnder °F 8duc agkon, mo) HzN ocr, CCs

Racemic Norcnsapnde Crude (+)-Norcisapride DBT Salt © {(+)»-Norcisapride Base -

Ho”'@

N Q /\/\/\"/ @
Br

D\)J\ TI{OEt),, Toluene
Rt o
KoCO3, EtOH aq. work-up OCH;,
OCH
OCHs 3 HN oc:H3

ATI-7505

ATI-7507

ool T

E{OH, ~PrOH SchH
s s pHC

ATI-7505 Dihydrochloride Salt
[0377] Step 1:  Resolution of Racemic Norcisapride
[0378] (-)-2,3-Dibenzoyl-L-tartaric acid ((-)-DBT, about 1 part by weight) was dissolved

in ethanol and filtered to remove residual particulates. Separately, racemic norcisapride
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pressure to about one-half the volune. The product was

precipitated by slowy adding the crude material to
woabai/oeet7er (about 13 parts by weight) with rapCu/us2006/034322

stirring. The precipitate was filtered under vacuum

and washed with water and then reprecipitated tw ce

(about 0%3%@ tg%véiglﬁ? Qo tisgdlvedinanaitire o etbhindmal vt ast dven filtered.
additiron Tnto cold water as before. _The_ resultin

The ﬁltr@tt@ﬁmaakmtm‘@ almsh @i Gibeforendfiasthaie)-RRd vobiisapefigediining ot
s gt 4 B Sa R S e Sho S Dottt

! rying un
¥ v i ;
sou IR RAEA it ey ol st
EtOH/H%@)mﬁt;u_@J fI\[hg g\gel;@ika olas aevdysBilhigedrfonn E&Pﬁ&@()s‘gy heating % about 79
ormat i on Th t 1 '
°C and {6y conlmgith abwtzaﬁ o I WgLTﬁf‘ll?f@‘E{% RS Cv@é&mﬁ %Ih? J)a&\}\l/eurrneﬁlter
u I | | ? > )
i
[0379] f; t mhg edtcakis pasn Slitspar%lde'ﬁﬁﬂ waiex tod élewééwn%@s%jéﬂed tp ahestil2 eing
under a stream of nit d '
e o S S0 The S5 B R SIFS O il YRS
temperayfle ?%1?3?& £l RARALE QRUER! M voHRY ehd sobidetdaimiwith water and

' ddi'tional toluene was added as needed to nuin aiq
dying ko viammOT v shanseirhted VS0 THRE el e

i der onplete after .
same goApRl DO 3%%9"3#%%5?08% o PORY i oI A pel QT Witk
NaOH £4c5@H:8 dbdvey Thé bridsctwidisolitee on a Hier andjdnxdas tefae toprovide

concentrated under d d [
(opnovsisgeide basm]g_gllmlé@ﬂéwlrﬁ? B rener e 26y by i) SR Bt s
no en 11t t hr i o
ot B0 LS s AT LB nd
589 mn?,%/cﬁhﬁﬁﬁhg HCpRaivd ivdseratderiapodd.y to the stirred

iTtrate"to precipitate out the desired product as th
[0380]d|HydpachlSbUph¥g§ﬁﬁhEﬂmﬁéJF@@ﬂm??ﬂ@ﬂ§uspgnsion ma: °

03811 So1 | eBURINGHARI QR A1 B g P Rt et o 048
part by Eﬁe%)éﬁ%l%é&és@ihfﬂ ié)dfdé)(a‘ttolmt PI06¥ bake b9 vEdehpawere }§ysm@d%i.ln
IR, T T
sowly JF g B e A v ar o an
completion e thewtdckiont Sitmedueanebolihg ip wiom é%%gggﬂ{r;}' L*t@rrg%‘itg)gggggue was
ﬁlteredvic/g rreemcgvee? g?ge ?rrl]oqugmé: Qohecfs,h aanlgigcile filtrate was concentrated under reduced
pressure to about one-half the volume. The product was precipitated by slowly adding the
crude material to cold water (about 13 parts by weight) with rapid stirring. The precipitate
was filtered under vacuum and washed with water and then reprecipitated twice more by
dissolution in anhydrous ethanol and slow addition into cold water as before. The resulting
wetcake was washed with n-heptane and resuspended in ethyl acetate and n-heptane (1:9;
v/v) and stirred for about 1 hour and before filtering and drying under vacuum to yield 0.73
parts by weight of the coupled product as a white solid.

[0382] Step3:  Coupling with (R)-3 ~Quinuclidinol and Dihydrochloride Salt

Formation
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and warnmed to about 55 Cto give a clear solution

bef ore addi ng warm i sopropanol and the product was
walbarwesh780 precipitate by sl ow cooling to r 0oORCT/US2006/034322

tenperature. The resulting suspension was stirred for

several hours before vacuumfiltering and rinsing

[0383] W‘I‘h? estfr g-parti 1SoREERRaR] (R)ThQuirotidioo! (Abeutviakipa b veight)
initia at roomtenperature. for_severa '
were susﬁehﬁcfd attolaboubefes sbevly adding AtangHa @’:}te ]%%cheh(?‘g&v\%zwa% by
. achi eved. Exanple.,2 [.0386 + ~ i '
: 91 CCCliriR
weight) t?f?‘? Sﬁ‘@egﬁ%eﬁq&nﬁ’f ?Llf’(%%%%a%h%rﬁté%qg ra(e)o]%);/gr1 r esol uf)f1 gﬁ@gfl of
nitrogen, 811& dcORER veas\Ph Il toQRY Badki thivakh adistidlagercépratatus in order
p Pca y resol ving acids, accordin t he ho
to azeotr%&ﬂlyl rbmdvé the oapalt édﬂit@pgml’@g%wa%?dc{eﬁ as Eﬁegﬁﬁitt%w%‘}nstain a
o cenmat es and ,Resol uti ons™.: C ’
misimuns g HO OB DO o 2ot SRE G AT 0
hours. - et al, Tetra edron (1977) 33: ]
[0387] The 4 isoners can be obtaige ) oy

[0384] byThesmbgurpmeapapeled (eeaboyt 10 @H}PSW&F‘% a,%%;h%‘é@eﬁ%&%&bﬁﬁh

water. T@%%%ig I g’g‘ﬁgﬁf ?gnlagntﬁa(?%&/ r relllEcy prBisiRthndsheiretitihg fasidue

_ [Tanmount's tor analytical and
was rodiSBREA%H BIOEALIOH (botphs e%v) afif theni fEtezedstheygh ad).45 micron
separation nethod used rquting

membraigy Gkéer to terhasts| gy daricHlal8sa g%cte@.rurili%% h?r%r? g@é?{é 5&&'%48 %ggejd "

slowly tgﬂésskix_%l § 62%% {Eﬁgétﬁ HALHEShE Qe dt ds\thé Eli(]enslybmah]@ri% salt.
f—_.npoy ] P are descri be bel ow usi ng
The resdé;l)ﬁg dﬂl@}b%ﬂsﬁi@iamas dtirred for sevexnltiontp FrEe@R NPT and collected
mpound_ 11, Co -) - - '
under vacuam GRoneSREapm HE LEE LR (17 TRE RIS O
thﬂﬂiﬁﬁ?{ﬁﬁggﬂﬁﬁ&%mﬂl' Preferably, however, the nethods

rocesses of Methods 2-5 are
[0385] CoOpadeditydtdchivridasalt Wﬁ%re@‘gqp@pde@&a%%%ﬂ (DG FRRER R Reftux before

. invention. re prefer ,
cooling Jr BOBERPE B R R o T S R P et o e
FliratiofE AR RhRd 3 OR8] Riculee birainiedf THeHo)idOorpsoasrapended & ghpnol

ester [0390] A equinolar m xt f - ' '
- and Walgg:? tfzal;(_yit 56°Grto gbieaxaes aplutipn %ééﬁ@&%ﬁ‘r%%éﬁ@s%q fnd the
al.ytic anount .0 i RS
o DL SRRl S SR Ertprmse s ity
suspensZ Séf?s”s?igﬁglﬁ St de?&hpla&@§béfh&tvabmﬁn fidtaring and jinsipg with, €.g-,
in :
| isoproptund. Thhexpradect %@S g%{m%{iﬂ{ygt %A%m\_lv?éﬁ%eerelltﬁreaﬂg e Hours

and then at about 55 °C until a constant weight was achieved.

Example 2
[0386] (+) and (-)-norcisapride can be made from its racemic mixture by resolution of the
enantiomers using conventional means such as optically resolving acids, according to the
method described in US Patent 6,147,093, or in “Enantiomers, Racemates and Resolutions”,
by J. Jacques, A. Collet, and S.H. Wilen (Wiley-Interscience, New York, NY), or in S.H.
Wilen et al., Tetrahedron (1977) 33:2725.
[0387] The 4 isomers can be obtained in low-mg amounts by using preparative column
chromatography followed by evaporation of the solvent. This method is useful for preparing
small amounts for analytical and characterization purposes. This is a standard separation

method used routinely in analytical labs in order to isolate and characterize metabolites.
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conbi ned organic extracts are washed successively wth

water, 10% Lid (aq) solution and brine, then dried
woveer7/okg7804. Concentration gives (+)-conmpoundPCT/US2006/034322

ethyl ester. [0391] Production of (+)-Conpound II

[0392] A mixture of crude (+)-conmpound II, ethyl

[0388]eSt @bssitble opnth&tveutes fo €ompourtdV, CAMpotn@ ¥ hnd GH)Mehpound I1
and THF (enough to dissolve) is stirre

are descahpibbelO VBT BPISRBRIGRAE Joring Bratergb e 0T gpound
. R SR B s e

starting makdrah@refEublyg howeves, thayethdds and prbicksseslof Mefbbids-3-5 are used to
T S e K ENE R C R T
metho%s\/(iiqggth)g’@y%)—%é?%ys\é_h 3tc£ %ﬁélhe@oﬂiﬁéhilﬂseofqﬂe {nltbm%m ound 11

-qui nuclidrnol HO salt ( 1 eq.),
EDAC (1 eq.) and DVAP ( eqg.).,in DMF is heated at
around 50C over ni ght . Afﬁilxérn%ééél ing and diluting with

[0389]at @koduchEn BF ¢ WrdRnpovnd Ur, Etﬁ%ﬁé‘st&y chromat ography or by
crystallization to provide Conpound IV. Simlarly,
[0390]usi m’geq@’,flol(a*)mlqutemijdﬂ-mrﬁ@ﬁpﬂ@dﬂm&ﬂnd 6yromehegnadta el

. 1 0395] . The follow n r . . .
i 0 L BB PRI S D SPR
about 6ESC Férxetkeraliayes oatil TCUl anlyy¥istifdisgesthat\dé badisorRisDvan d fter

_nore preferably according to those of, Methods 3-5. Th
cooling gnieumigmpaTABYCyister i§ eddsdand dhaairyreds Fﬁ@ct@w@%&eﬂw

cotifEBNECIMA BO Al e FALS 1900 i n
brine, then giried 0GerNa, Bk Gomotntt2oiop @ived $+)-compound 11, ethyl ester.

3S) A-azabi cycl 22 t-3-yl 6-{(3SAR)-H(4-anh
[0391]i(o- re@ﬁﬁ!@-gfﬁéﬁkﬁmﬂ&g@ﬂ@ glam' nf)]( )-H4-a
s 5 PERSSHNRAS SN aneels gl ol FRIpMORo
eq.) in, M&)Ham{l (HHE (emough tohlissplyeis stimad sitoemAoppyratwiofor approximately

1to2 Ex%%rg‘)elf %ﬁ%(ﬁglpag{c}l | érp%é%%)%%ﬁ@_@@?gc%ﬁm, and the residue is diluted with
water. OV dsh3bith 4Pdrgénik 4tvamd sieh Bs B0 A, The aqueous layer is acidified to pH ~5
using HCb: T8 IHeapie 5 ateath ol enbAried 1o g GoCogmnprmd 1.1
(0393 { PHFhedtin’dr Corhp SRV end ol Phtia v

[0394] A mixture of (+)-Compound II (1 eq.), (R)-(-)-3-quinuclidinol HCI salt (1 eq.),
EDAC (1 eq.) and DMAP (1 eq.) in DMF is heated at around 50C overnight. After cooling
and diluting with water, the mixture is purified by chromatography or by crystallization to
provide Compound IV. Similarly, using (S)-(+)-quinuclidinol, Compound VI is obtained.
[0395] The following compounds are prepared essentially according to methods and
procedures described above, particularly those of Methods 2-5 and more preferably according
to those of Methods 3-5. The compound names were generated using either ChemDraw Ultra
version 8.03, which is available from Cambridgesoft Corporation or ACD Namepro software,

version 6.0.

Table of Compounds

(3S)-1-azabicyclo[2.2.2]oct-3-yl 6-{(3S,4R)-4-[(4-amino-5-chloro-2-
methoxybenzoyl)amino]-3-methoxypiperidin-1-yl }hexanoate;
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met hoxybenzoyl ) am no] - 3- met hoxypi peri di n-
1-yl } hexanoat e;
W@ 20002833 |, 4i ?) - 4-[ (4- m i nD- 5- chl or 0- 2- met hox yREHES200§/e34322
ni i no] - 3- net hoxypi peridin-lyl} acetyl)am no] benzoic
acid; methyl 4-T({(35

, 41 ?) - 4-[ (4-am no- 5- fpmlgbpcgmﬁmgg(ybenzoyl )am no] 3-m

(38)-1p2 15[ 3";"%@&%]‘“ t3 4Yf§ TG R B AL ﬁg{iox;géilf'zoyl )

metho Jcﬂ’ﬁ’ilqh{l"rl@’léb@ial}ipitam no] benzoat e;

(3R)- 1%3&&016{2[2(2]63@3—,yi46 %{3}(44@(4%{@mnﬁﬁof5~chloro-2-
meﬂlox%h%ﬂ)‘ uﬁEﬂt R Qéi% ﬂ@-ﬁ% ixaﬁoﬁgt hoxypi peri di n-

AP A

-meﬂwl{f? 6@53’@@[3 nll@c{-é-arl A hALR:- 4 Hreing-Sndioroxdrbenzoyl ) a
methomWoylbmm m&oggplpgmqhn-hyl‘hexanoate

4-[({( &)ﬁf‘éﬁi(ﬂahﬁ%@?q g20g @ox {;ggh a3 ettpipsfidipc 1o

vl}ace bl e, 2-net hoxyet h\LL

methyWA-{({ (33 4l(#aming-64bior Aemthony tenve arsh bl yintrmypippadin-1-
yl}acetyilaoiin@benzestapx y pi perl din-1 -yl} : o

Lj”ll n-1-yl 1 acetyl)am nol henzoat e;

;‘;?;‘;Yeffglg{ff’%g 3 B e B e WS o iin- -

methyl 4—ﬁét3k$§4m+4p§#+amme-é qMoré—-ZE@{e@Bxybenzoyl)ammo] 3-methox 1per1d1n—1-
yl}ace§Dadiiid)]behzb4td; ammo- 5- chl or o 2 et hoxybenzoyl ) am n(})’ﬁ3

ethyl 45 qgﬂféf ﬁ&g Ll [%gﬂchl%_)rct% %nz]ozf %.\er” %@ogympendm—l-

yltacefy) hoxybenzoyl ) ani noJ - 3- et hoxypi peri di n-

isoprogiyd YH¥{(3§, eR)/-H)[@mmﬁiobﬁ—ﬁﬁl@ﬁtbamdhd@b&%o@wlaﬁhfo[['%%@ﬂhbﬂ)l’plpendm-
-yl}aﬁiljahﬁﬁ&]‘belﬁoaae- 4- [ (4- ami no- 5-chl or o- 2- met hoxybenzoyl’)

2-methpxygt @ﬁ SR éﬁﬂﬁ%g@hlqro-%é? ppiseravdiamiae]
methomﬁ??léce%('y |a¢§t3’ﬁ§1g§%’@ DERERRS:5- chl otfg }gmrgret hoxybenszﬁoyl ) a

2-pyrrolit]-1 et FE U EXEBS] %—Rnﬁmﬂﬁ -¥lchiRE-OLiikthSHTHRRIRERERRT |-
metho:%/piﬁéhﬁﬁloi -'yl}'aéetyf)ﬁJF& Hbenzoate o e hoxybenzovl

ax A=Y
arl_l_IIU \J \LLLIA 4] I‘I'b Ny oCTT o pJ Ij‘g—

= 6—2—He
1-meﬂw;g&§;p‘dgl-4- 1 4-[{{(35,4R)-4-[(4-amino-5-chloro-2-methoxybenzoyl yamino
methoxypiperidin-~1-yl }acetyl)amino]benzoate;

2-pyridin-2-ylethyl 4-[({(3S,4R)~4-[(4-amino-5-chloro-2-methoxybenzoyl)amino]-3-
methoxypiperidin-1-yl}acetyl)amino]benzoate;

2-(dimethylamino)ethyl 4-[({(3S,4R)-4-[(4-amino-5-chloro-2-methoxybenzoyl)amino]-3-
methoxypiperidin-1-yl}acetyl)amino]benzoate;

1-methylpiperidin-3-yl 4-[({(35,4R)-4-[(4-amino-5-chloro-2-methoxybenzoyl)amino]-3-
methoxypiperidin-1-yl}acetyl)Jamino]benzoate;

2-morpholin-4-ylethyl 4-[({(3S,4R)-4-[(4-amino-5-chloro-2-methoxybenzoyl)amino]-3-
methoxypiperidin-1-yl}acetyl)amino]benzoate;

1,4-dimethylpiperidin-4-yl 4-[({(3S,4R)-4-[(4-amino-5-chloro-2-methoxybenzoyl)amino]-3-
methoxypiperidin-1-yl}acetyl)amino Jbenzoate;

4-[({(3S5,4R)-4-[(4-amino-5-chloro-2-methoxybenzoyl)amino]-3-methoxypiperidin-1-
yl}acetyl)amino Jbenzoic acid;

2-0x0-2-(piperidin-4-ylamino)ethyl 4-[({(3S,4R)-4-[(4-amino-5-chloro-2-
methoxybenzoyl)amino}-3-methoxypiperidin-1-y1}acetyl)amino]benzoate;

1-({(35,4R)~4-[(4-amino-5-chloro-2-methoxybenzoyl)amino]-3-methoxypiperidin-1-
yl}acetyl)piperidine-4-carboxylic acid;
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nmet hoxypi peridin- 1-yl} acetyl)am no] benzoat e;
|, 4-di methyl riperidin-4-yl

WQZ[)((7{0(2§63 4i ?) - 4-[ (4-am no- 5-chl or o- 2- met hoxy bemasydoya34322
m no] - 3- net hoxypireridin-I-yl}acetyl)am no] benzoat e;
4-1({(3",4i2)-4-[(4-am no-5-chl oro-2-net hoxyberi zoyl)a

mnoJ-3-T1 net hoxypl per’ltfa‘il)'l@otl@ ﬁl ﬂﬁﬁﬁsyl )am nol] benzoi c

ar‘l r‘l ') X0 ’) n| ner|

T 1 Jar 1Tt ul III||U Cl.ll

methyl I (B S5R)-44(f- aampnerﬁ -eliore- %n@m%wbmzoyl)armm] 3-methoxypiperidin-1-
yl}acal)ppeyibimaAesarhanylates] - 3- met hoxypi peri di n-

R

methyl I-6{¢aS, {9!R))-‘ﬁ)-|[@a:mﬁorﬁeetdemait—hwﬁ;dxybemoylbhlﬂ'iab]-é—lmfthoxypiperidin—1-
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[0397] Dosage rates and routes of administration of the disclosed compounds are similar
to those already used in the art and known to the skilled artisan (see, for example, Physicians'
Desk Reference, 54th Ed., Medical Economics Company, Montvale, NJ, 2000).

[0398] The magnitude of a prophylactic or therapeutic dose of structural and/or
functional analog of cisapride in the acute or chronic management of diseases and/or
disorders described herein will vary with the severity of the condition to be treated, and the
route of administration. The dose, and perhaps the dose frequency, will also vary according to
the age, body weight, and response of the individual patient. In general, the total daily dose
range for structural and/or functional analogs of cisapride, for the conditions described
herein, is from about 1 mg to about 200 mg, in single or divided doses. Preferably, a daily

dose range should be between about 5 mg to about 100 mg, in single or divided doses, while
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tablets. IPaf@led amounts of active ingredient (i.e., an structural and/or functional analog of

cisapride) in a solid dosage form are about 5 mg, 10 mg, and 25 mg.

[0401] Further, acceptable carriers can be either solid or liquid. Solid form preparations
include powders, tablets, pills, capsules, cachets, suppositories and dispersible granules. A
solid carrier can be one or more substances which may act as diluents, flavoring agents,
solubilizers, lubricants, suspending agents, binders, preservatives, tablet disintegrating agents
or encapsulating materials.

[0402] The disclosed pharmaceutical compositions may be subdivided into unit doses

containing appropriate quantities of the active component. The unit dosage form can be a
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tablets, pills, Capsules, cachets, supposi
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[ 0402] "The di scl ose

human ﬁ%%?rm :gg%iro%g@%gtgg Ig;lfbpggilmgﬁ, wéhichu dodiprisdeatherdpeutically
effectivdBbloudPSESstructural and/or functional analog of cisapride, or a pharmaceutically
acceptable salt thereof.

[0408] Yet another aspect of the present invention provides a method of eliciting an anti-
emetic effect in a mammal, while substantially reducing the adverse effects associated with
the administration of cisapride, which comprises administering to a mammal in need of such
anti-emetic therapy, a therapeutically effective amount of structural and/or functional analogs
of cisapride, or a pharmaceutically acceptable salt thereof, Preferably, the mammal is a
human.

[0409]  In an additional aspect, the present invention encompasses an anti-emetic

composition for the treatment of a mammal in need of anti-emetic therapy, which comprises a
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cisapride, gy erphammcgé tvally eeceptalist abidbargofe Pieféreblmgtha maamtal is a human.
[0413]  ATI-7505 Binds with High Affinity to 5-H'T4 Receptors

[0414] The 5-HT; receptor is known to be the major receptor subtype involved in the
prokinetic activity of cisapride in the gut. ATI-7505 has a high binding affinity for 5-HTy4

receptor, with a low nanomolar ICs(. As shown in Table 1, the affinity of ATI-7505 for the

5-HT, receptor was 18-fold greater than cisapride and at least 360-fold greater than the
major metabolite of ATI-7505, the carboxylic acid.

69



enmetic effect in a mammal, while substantially

reduci ng the adverse effects associated with the
wadoi7est7s at i on of ci sapride, which conprises PCT/US2006/034322

adm nistering to a mammal in need of such anti-enetic

therapy, a therapeutically effective anmount of

stmabtd ur al and/ or functional anal ogs of cisapride, or

am" bi gldiye accept abl e salt thereof.
addi tional aspect, the %Ei&gﬁ?emﬂf/entl on enconpasses
an anti-emetic conpos@¥inga RigStratem v eat nent of a

oyng need of Kss (MBeti ¢ KMy, whi cBuconpri ses
atATe78p2ut i cal |y ef fecBidve anpunt 1ef a stru@Pural
aWdn-ge0® unct i onal arwd, @ of ci sapsddde, or a-
pltasappideut i cal | y accept5ibl e sal t 2#lgereof . [@810] A
f w, tHiedocltisiB@Ct Of the present 1nvention iIncludes a

n%tljﬁo‘#ec%%toF ér% Fl@ gafé?erﬁ:@ Qgﬂag n bﬁ@'}ﬁ;ﬁg&?}é 0.70 nM

gastr0|n estin mtility Ion |

[0415&“h | CATE950Y is 293igREP dtent PAtAY AlBn il H?ﬁﬁﬁlan' 53H'1§ Q&c@ﬁtor

eatment for gastrointestinal nmotility dysfunction, a
[0416} her/dp¥n pedainied zefvftmassab@ l:amﬁimt adshylal exalase stimglation in cells
nction

engind il (il S0 Bum R 8100, Rberfar® ART 1SS p¥vets s  highly potent

5- HT4(‘r e aB¥nigRSheRbNiEHmbjon aletdPalitd, !AtDI 7@96 fwa@ (c‘élatﬁfély weak (Figure
i nclude, but are not |limted to,

1 and gakle 2b ﬂ%heﬁil@ateé &tse pipAT]-6905 (ﬁdEM) Wp%@m@m@atem Us-fold peyver
than ﬂ{a@ 59&%5 (E? glg@ﬁn‘a_ﬁg{o%‘gé%tr@@a oor461 a@% han 'ﬂﬁ? oPR‘T‘i?‘Bf%oo (395

I on at Cl sap
nM). Em;bda OB ith bs;nﬁaad Eal, vake VATE 7 5§5heing 586 df thie mﬁﬁcabp oﬁEFHIr

rece s.indicates t | rldema haye

(serotQugi) &P]Ir D’r%&?%’ts%@méf %?c‘}lil 5@%5155@?@@ @&on&t pbHdneceptors.
| igand at 5HT receptors, and these receptors are
| qefled. i n several areas of the central nervous
SYdteAt '%Eﬁfda%? (Ri‘tnﬁ@chAQﬂ\ﬁ%% 4t I-Wﬁn"aﬁ@-H"l‘fiRé’ceptor
varletv of behavioral effects cordingly,
conpounds of the subj ePotemsyenti on can be Eﬁ'mdlclyn t he

PRI 1), COOBELVS RERELer s o GPEHT@8rtBhin)

t-o I\| ha| a\
d|5s|d|r&%@r§t°rl”?)cl udi ng b6 not Ii rr?t ed to schllﬁ'ﬁphr eni a,
Mm@ 506bs essi ve- conpul 4i ve di&4ébder, and ps§thoactive
SWR7800e use di sordesgs 3) nupdodi sorders, gmcl uding

bl@isé@ gdimted to depngssn on anﬁ anxi ety; apg 4)

ration carditg'56% cas aden "'": NG
bHEC ggga el gr%q Lo %%sentl al hypert ension and sl eep
di sorders. 0412] Accor di ngly, the present invention

[0417]al s ATH-D3050LEcelehied Gastric EfnpayingGn Fod M ogh V& characterize the effects

of ATI-7505 on gastric emptying, experiments were performed in a post-prandial model

involving conscious dogs instrumented with sets of strain gauge transducers placed on the
stomach and small bowel. The objective of the experiments was to measure the time required
for migrating motor contractions (MMCs) to return to baseline following ingestion of a solid
meal. A drug-induced shortening of MMC return time indicated an early end of the digestive
period due to accelerated gastric emptying. Immediately after completion of an MMC in the
mid-small intestine, various doses of test drugs (vehicle, ATI-7505, or cisapride) were

infused intravenously (IV) over 20 minutes. At the end of the drug infusion, the dogs were
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[04201 Ag o‘%meermé&n e werormed indesieh s?nqczm épgwwalyéﬁeftkﬁ gastyic,
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the dog it TRt ROl o RARECulirelig T4 2 R S minutes
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small 1r?cgs(%1nnlalsrtno‘%fr aclz_{lr\ityrneucniglt{gdr csisaprlde. Like cisapride, ATI-7505 appeared to
cause dose-dependent stimulation of antral and small bowel contractility with relatively little
effect on colonic motor activity. The prokinetic effects caused by ATI-7505 in the upper GI
tract occurred along with a small but significant (p < 0.05) increase in the frequency of giant
migrating contractions (GMC).

[0422]  ATI-7505 was not associated with the development of retrograde giant migrating
contractions (RGC). Like cisapride, ATI-7505 had a minimal effect on migrating motor
complex (MMC) characteristics in the antrum as well as proximal, mid and distal small
intestine. With regard to MMC frequency and phase III duration, only one significant
difference was noted: PO ATI-7505 increased MMC frequency in the proximal small
intestine relative to the controls. The dogs tolerated the IV and PO doses of ATI-7505 well
and exhibited no side effects such as diarrhea, anorexia, or weight loss.

[0423] Overall, the results showed that on a mg/kg-basis, ATI-7505 was approximately
twice as potent as cisapride. In addition, the actions of ATI-7505, like those of cisapride,

were consistent with a mechanism involving the facilitation of acetylcholine release from

enteric neurons rather than a direct smooth muscle action. In conclusion, ATI-7505 increases
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erfornmed in a post-prandial nodel involving conscious
[0425809313@8% pr daterdfiod popled hymer migrosanesi A TEE60® undergoes

. [ C .t h ch.and smal | bowel. The
biowehBRANEE0 3 MAe R B b SR E L S B e BB ammfi b et o
furthef @GHboRSnf Tie dongeRiontd AMLTHOS ¢ ATISHO Has nbMApshddnPon the

return to baseljne follow ng ingestion of a solid
presengs ot NADRH Haysibe @@wrMWéf%rm@ﬁ@fpaﬂmmr @rI3-H50preccurs
: i.0di nd of the digestive period due to
indep %@%ﬁg?g@gﬁﬂg‘gs |y|¥}:e§'errpt ying. | mgredi ately after
[0426¢ oMPAEI-7805 DbescNofMMhibit CYIBIS0IEhzg k| | nt esti ne,

i ip i ienir el
CYP430 #iiGi%ors Ahest o %Hje&flest\bé?e’ Arkihelt lagilﬂg IR test %@){jﬁj o ST™,

werefed a neal . t contractions wereé recor a
Consigtienti withhnpatflisb@ repouds, essapuideradtsigni fieans trdiititong adtivity chpaigst

I.Af usi on. t o est ' fasting stat t.
CYP4Sf B st ey ebr St e dlo e Ser o . NHGegATE7505 nor
its prilf@AsheBBolfth, WTES5 @S di@ﬁl@é&%ié&ﬁééhﬂi&fbi%&\%dtﬁﬁty fagainst these three
duodenum Quantitative conparisons of the treéatnments
CYP43R isofoymserpragaingica pangkolofthavidiemsimevastoatay awdxingirug
ric enptying follow ng ingestion of a solid neal.
metabg\g&}sl'ummri zed in Figure 2, ATI-7505 significantly

[0428F horAERES03 Has Neskgible AM¥aifyebor tht Chrillh€EhhRgel W,
accel eration of gastric enptying in normal fed dogs.
[04296 s ddfieiraidiirsiiseting dsilavier sectifiar paipsyivsn (et eusrent s (human

Iy isR R ¢ dpflael Bt e aRGR B e/ HanBRb B do- b0t EREH Bale HRRE.
Cisapride is known to produce QT interval prolongations via a blockade of Ix;, and it was

therefore of interest to determine if ATI-7505 and ATI-7500 have important inhibitory effects

on human Ig,. The test system was mammalian HEK-293 cells expressing the hERG K+
channels, in which the potassium current was measured by whole cell patch-clamp technique.
The ranking of the ICsy values was: cisapride (9.5 nM) > ATI-7505 (24,521 nM) > ATI-7500
(204,080 nM) (Table 3). Overall, the findings indicate that ATI-7505 has a significantly
lower pro-arrthythmic potential than cisapride and suggest that both ATI-7505 and ATI-7500
have negligible affinity for human I, channels.
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Negligible Effect on Colonic Activity [0420]
wo 2@pesorrent s were perfornmed in fasted, conscPOIESTIOEE34322
to evaluate the gastric, small intestinal and col onic
motor activity of ATI-7505 conpared to cisapride. A
speci fic goal was to determ ne the dose sizes of
Tah?e37505 (IV and PO that nost closely mmc the
AEGUit,ude of contractile activity caused
lnlﬁ\;ﬁ%&?g%fl[‘ K¢ at it pi cal therapeutic doses in dogs (0.5

rTg/kg IV, 1 ng/kg PO . [0421 eth O
bot h ] - 7505 and ci safgt+de glause ”9“\/ mf' "@#” ects
dog gut. The onsétho‘Fo'éE!'Pﬂ on typl cal ly lI6zgurred

vvlthl nlto 2 mnutes al(wo%otmw)BO m nutes foll ow ng
ATIL d POadmnisitration, Tes Tvety—Tie t—of
'Ag @%505 on gastric and snal | eﬁm esti nal 452:1“
(? ity mmcked cisapride. BBK& cisapri de’204f0|80 7505
Clsappéar ed to cause dose-dependentg stinul ation of mntral

Daté\é}é n§mn£edt19‘9@éonfh9 @énrl,sgéu'r ehttéﬁcn}’&dmﬁ af 'oV gelr%ctl?i ér‘eaéé

fect on col onic not

[0430] ef f ATT-3565D6&Chd? Ind\lde TERM G tint Elb&r&m%fol@czhf@l%g sin .
O‘?f &'teggd along with a snall but signi'ficant 88’5)

Guinea; byg B in the frequency of gl ant mgrati ng

04311 CO S _not assocj at

0431 e b e st e o A R R e ool

perfused gwineapigihoars. (Inae@)udy ek&mined $aM1F7508, AR S0BRE d@fride, all of
on m.grati nqgrmtor conpl ex (MVC

which Weﬁ%?%@ﬁ%ﬁ?‘?iﬁt iCRRCHat RS WP Q0 Ml he n@spbpwstql %ﬁw laviel
(NOEL pwgk @lifsledhbs ﬁﬁ‘?ﬁ hektHogisddt ﬁon VL J ;lgd L %ﬁl}% 3 respanse

frequency and ase |11 uratlon oneé
that Wasds*,xgrﬂﬁp éhffgrgntrfmne basefi@e ATK OZEO 5r herfohexaﬁlgcs dMMGac parameters

were tesp @ IR bt E AMARTET o) Sl vl K URE e e amtervat

and (6 HN MHite7S067 505l wasaebr@ Xt f S
© rrheea anor exalla g? wei g}ﬁﬁqlagugﬁlc Ia% }&%@h}%ﬁi@g@

parametﬂg e1‘csr wetabelie MDA 0 avdirelp &acaedygl/eqztg)phasobgloalr actiVaP S TS 4).

The NOBRRECXITISE ad 216908 S RATRE e SetiPR koidfietflipe parameters
Since cigripsidp hadie NOEr ef Homelif5t 28tcomibifd Bt BTHARK S DAl Bged,

|I|tat|o f acetylchollne rel ease fromenteric’
while Aﬂ;% dragomt AEE il WOMd BHRS Mhavprars setack the dotency

of msap&d&’iﬁ'rﬁ‘&du@ﬁmg%ﬂdﬁac%@é:tfo?ﬁgs‘? B %@fﬁ&r[elte(‘fs gqurglggh%m*ggs

intestinal notor activ In~a“cisapri
demonstygte thaNAT-780S iscignifi@hfly stfeothan olsapride gl feghidto the potential to

induce important cardiac electrophysiologic fluctuations.
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[0424] The Metabolism of ATI-7505 is

CYP450- | ndependent [0425] Based on data from pool ed
wauaneEn28i7sr osones, ATl - 7505 under goes bi ot r ansPOTER(06/M34322

to a single netabolite, ATI-7500, which does not

appear to be subject to further netabolism The

T&RVEr si on of ATI-7505 to ATI-7500 was not dependent

1h f Thus. L h '
Cafdet R aRAYSioIPH R A arE tors i Eaked Perfused
Electiephydislbgicalf CYP450 enly@isservedBife Alllevidl N OELYS
Pd¥amétapi bi t CYPAS0 Enzymejsdfifdd] 10 TATI-756056 _  ATI-7500

ﬁUl Tt d.l I or—ATH=7565 d.llU] Or TtS IIU.I et d.lJUI I lB

Qhfntensd0 to act as CYP450 inhilBitors, thdd®dwo > 10,000

MABD@@UI es were screened using1@ent est Sup@as)orres(bnﬁo 000

ent wi th published reggpts, cisap had - 10000

gn gant i nhibitory acti by, agai nst 50 en;yméooo
Wi’ tﬁ’ﬁ% CYP3A4, 2D6 and t?ﬁlg | esser 2C9.

ATI - 7505 nor its priQaPy net ab>ol PLUO0 AT| - 75166000
H‘dl'@,@r\@led significant inhibf080y activit$.08§ai nst> 10,000
CambkedtParamat®450 i sof orns, ABr agai nst 1®00anel 10,000
Allghdieculesswérertesek atthaseline, pil),axDOa'l ,000, @nd r1ogoagM.

Othartthérofar salues 428¢d AT+ 1708 nMas siedicaidiffeperAif(p &iLg5) from
babelinetwss dbaeederheh dremedieclikwad GRS at Bhi@-foliighey

acti vati ng del ayed rectifi er pot assium (K+) current in
[0432]h ispnin humgn migrosonaal RRRARRINSt hat is encoded by
he
[04334t S l;InkHéquﬂ;Q ‘%tl%l?lg h&g 6%1%?5@ \Rfa'q Sprgi 55 érl]lglg\?ﬁ ?rﬁéljogcﬁnes in
the présenakemdabsdnct lof the:’ﬂ}dodhtromaB %b&b&‘cﬁﬂ NA!DPHmh& Ibefhtthé 0
determine if ATl -7505 and ATI-7500 have mqporta
disappepianes; ¢ldiayerd pp stape?ﬁrwwﬁthe@ms ingestd WgtablHeaiess the

corresPEHERR é&ﬂpdiﬁﬁvﬁggw%? Ihchi® X GEstifg, the hERG K+

chann he potassium current was neasured
[0434by vksodhewoeh [TablatSe RomipamplistiHandilyurere Tapadly dw&noﬁbgzed by esterase

to thei% gelefp‘lscgoﬂ'\,\/?? i ?%W—)?Q&r | g%&{( Ii ’\%a‘l ?r%atﬁl?cgfs\% was noE% dependent
on CYP480 ginte thefete foif AGHAYSIs A ifdipBnddhebn NADFIZQRsB@R, #hichis a
signi ficant Iﬁé_%omer pro-arrhythm c potential than

necessgiyseppraterdon 09 frebmctiomin potttesing)- SoswanedsAT rad/¥dappeared
to be (@1%}5? aﬁf%l«iﬂg hl%l glfna%r}{hg%n%( éo%tdnfb%galﬂ tfus exﬁer}%]en?ltﬁe g.-l%gllln of

I on
substrate (compounds III, IV, V, and VI) remaining in the reaction after 5, 60, and 90 minutes

were evaluated by a tandem HPLC-MS method. This remaining amount was correlated with
the appearance of the metabolite compound II. The sum of remaining substrate and
compound II was constant over time and equal to the amount of starting material at time zero,

therefore indicating that hydrolysis was the only metabolic reaction taking place.

Table 5: test compounds were incubated in pooled human microsomal preparation in the
presence of NADPH cofactor. The remaining amount of test compound and the
appearance of the metabolite compound II were monitored over 90 minutes.
Test Compounds III and IV Compound V and VI
compound
T Remaining Test Metabolite Remaining Test Metabolite
ime Compound /mL) Sum Compound (ng/mL Sum
(ng/mi) | M&/m (ng/mL) ng/ml)
5 31.3 2 33.3 32.9 1.5 34.4
60 20.7 14.5 35.2 29.9 1.5 314
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Activity of | Kr in HEK Cells Conpound % | Kr contr ol
WOZb%S(ﬁ%O 000 nM ATl - 7505 78.0 24521 ATI - 75@@1/Z286/034322
204080 Cisapride 0 9.5 Data are normalized to %
control tail |IKr (current elicited wthout drug or
vehicle present) [0430] ATI-7505 Does not | nduce
| 90l nplort ant6.¥l ect  opIy/4i ol ogp.&all Changes 1 n Gui nsa Pig34 |
Heart s [0431] The cardl ac (ﬂ ectrophysiological effecrs
[0435bf Ay dresh bumen blagdi n i sol at ed, perf used gU| nea

s gD D 0 BV AR o

diluted with emeraas b GRSl doPcérration 000 5MW (DNSEeLSEI/YBIFREE BBbd was
(NCEL) was defined as the highest concentration

coﬂecf@& nttéél@ %@hﬁ?&&h‘éﬁsﬁwﬂ 3 iywian gorots aapblesd wah atoredeer 1 we untﬂ

ot AN LRt 500 R BAOEDEAS e 0 e

tubes dndtthe tnhhs wéR)prifRBaed (183 slﬁ&lﬂgﬁifﬁéﬂ@th al( FPCEES5 minutes. The
i nterval nterval; and (6) HV. While ATI- 7505

reactiopg¥asgnifig fegg)‘sg)é]aeka%mn of W 1o pf the pEprgpriate test compound stock to each

wbe (REPELEBARERS, B AEREIRUBL vris Ry RRsTaBr s s im0

minutds,Tepihe additiod B ad¥editrflO(7560HhE)! 5&&1?&%& 3t 00D ¥ Dhinutes

the entire set of 6 cardi ovascul ar paraneters. Since

and the supspiatagbanpdyred onEEIAg fent bl (ONERIE sysiem cOepsratieds wete of

R RGO A T o

phase ¢dme1ste:dtoé 20 yn Mfangi Sl pini a&etaidbdﬁﬁd@ﬂ&ﬁl?? gnd e f?ﬁﬁn hase
ysi ol ogl .parameters. Overa t he findings

. acetoniei%}e?g &Q@rg WataReds Fhiligbeenditiongppsisied e%?fﬁ% yoefarigile fitalminute.
The ac@ﬂoﬁﬁﬁfe i ARcabfiok %@F{é rdaQed 1?@:&199 ttc?%% Avet Be hBIUE Ginutes and held

i mportant cardi ac el ectrophysiol
there 61 Lminde. iTba S}/S'Ifablvmsctherﬁacyhkszto Ehlelat ¢am|dhyms oivag:he course of 1

t | sol ate fus d.El ect e} al
i RGO ) PR S ST REREL L) B8
peak wAd Heté@@Bed By mbaRBring absorbance at 240, 254 and 290 nM. The results were

expressed as amount of initial compound remaining and data subjected to kinetic analysis

using WinNonLin. The half-lives for the individual compounds are given below in Table 6.

Table 6

Diastereomeric Configuration
Compound | Norcis “half” | Quinuclindol “half’ Half-life (min)
11} - R
Subject 1 12.03
Subject 2 10.37
Subject 3 9.23
Mean = SD 10.5+141
v + R
Subject 1 8.47
Subject 2 8.61
Subject 3 8.58
Mean + SD 8.59+0.077
\4 - S
Subject 1 > 60 min
Subject 2 > 60 min
Subject 3 > 60 min
VI + S
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Qr Interval 10 1,000 > 10,000 MAPDOO 10 1,000 > 10, 000
SA Interval 100 > 10,000 > 10,000 QRS Interval 1,000 >
wa o080z 10, 000 AH Interval 1,000 > 10, 000 > HOT/08WOéMNSE4322
Interval 1,000 1,000 > 10,000 Conbi ned Paraneters 10

1,000 > 10,000 All nolecules were tested at baseline,
10, 100, 1, DDihstaxnomefic @@ fightratidrher t han for val ues

I FO8idpednads | Notds BRAPNM| Quish8iidol ERal” di fHe¥4iTe emix)
0 Sjedifi0M paseline was observed when the yghagal € Wa
t

;ﬁé:gcftil a to-fotd—Higher IUZLJAJ Vet abol '5%‘1191 human
SC“"’“L € Hons04331—The—net dU I$ vl these
: .

} nnal orl hnrmn n

N

A%

1TTuOT |r| \Jl UQU E=J LML ]

(04371 of gﬁ{h%ﬁ%%\é%%ogggﬁﬁ‘%ﬁe «%I fsQB8cribed Mrein are for

both t [ sappe rance of parent
illustramé b sep@ep padthet wiridul modaﬁqaesmchha@ea@m Hght thereof will be

sugeeqia s Nl b PR A5 Pirco OF OO SE AL R PP 29 ppicw of
this & hczg‘fﬂﬁpa‘ﬁﬁ MeSschhed offRE appbndBd @la{rﬁsp 'F%Merh Mo parbivtd %téil‘l

Sterase to their respective netabol i tes (+)

applfcgugnsmnmsmeﬂ dpplicaioss, rmtlapbblwaéwnmerrﬂdtto o8 Q@ﬁrdﬁeﬂwm@ﬁe

0 si.nce the rat dro 0
incommR PLQeRE I i LA Rt hPy Wil BEGRTER it e
expho@Yé%ﬁﬁgwfﬁlm«@wﬁaaudnn contrast, ()-S Conpounds V and

peared to be quite stable with time under the

[0438) arrélp hednventippard theimankpsanspesespahnaking and D it ¥ now
descn?c.?l#)lﬁts{la{ l( 8195[}) ?&i{l?s% ahg Sxaét Yo éﬁg 8s antha¥le) an &gﬂ:ﬁ’oﬂ'sﬁﬂleﬂ  the art

e reac m nut es

to whiely &l pteﬁbmel, tb ynﬁe taad denthbRute. MSisite bl adderSibod thattheifoiepoing
r ance of, the

.anou s correlated with e a
descrifRERABISTFY STEGH Btirdniantionfied B mORTR iR AP el
Withoﬁ%pég@n_ggm f fhEE WS SOpSbat iXMBfioh h%t Bith BABAklals. To

artl ng material at tine Zer o,
partlcﬂlhnéy péiot eutiand distinetiyocleinathelsybjed] maties regagdedias mwmon the

bolic re Lon taking place.[0435] Metabolismin
follov\@x} ﬁlﬁmﬁ?ﬁﬁm@?@%s %‘&%‘% Test conpounds were
di ssolved in DMSO to make 12.5 nmM stock sol ution and
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diluted with water to a final concentration of 2.5mM
(DVMSO/ H20 =20/80). Fresh bl ood was collected into
waeparnesi7zed tubes from 3 human donors and bl oBdTW&E2006/034322
stored on ice until incubation. Separate aliquots of
bl ood from each donor were pipetted into 1.5 nL
What sseafaimiefligje t ubes and the tubes were pre-incubated in a

L AT MG et Slundetl e NaS AR e Rsb PSR-
apRHRybazEmIRIS -1ﬁ&ﬂ@%1§brﬂhﬂ¢lyl)‘h@x£ﬁ§t@ ok 4Rt {Hekdd@| comprising:

concentration = I ncubat’i ons were quenched
alter gpmswﬂxsmn@mmﬁﬁﬁmmmnmd@fﬁsnn%yaﬂhe addi ti on of
acetonitrile (750 m.), centrdfuged at 12,000 rpmfor 2
m nutes and the supernatant)g. yzed on an Agil ent
1100 HPLC system Separ@tions re acconplished on a
Keystone Intersil ODS2,. 250X4.6mm 5 m colum. The
aqueous nobi |l e phasB2Xon¥i sted of 20 mM ammoni um
acetate buffer (pH 5.7) @nrd the or@ani c phase

acetonitrile. A gradient used: initial condition
conS| stocsas W@G‘f%na%é%@m@wfﬂ for 1 minute. The

ton [ '

G0 over pl LS RN L Rl (IR AR RRE L RERNHAP formuls
nﬂhMte. The systemwas then recycled to initia
conditions over the course of, 1 minute and held there
for 4 mnutes before the nex iﬁiection. The peak area
for the parent peak was pned by nonitoring
absor bance at 240, 254 and J290 nM The results were
expressed as amount”ofN i Af'tial conpound remai ni ng and
data subjected to ki n&i c-anal ysi sting W nNonLi n
The hal f-lives for the individual conpounds are given
bel ow omitsTab esctiTelp) \Ehdi‘{siﬁlP&'/i}; anftragen pratedsimg group and X, is

or o noediiaedt it 4 Srof BB OF B d o e tecting
var i 0Ugrolip tivhdrmidosordf kMﬂﬁﬁuéeﬂ N p@t&uﬁ@ BioRl ciff bd used,

be suggested to persons skilled in the art and are

be i nct-gel@dbsnzyhNhnitrabengyl; N-Bogn i-grides |I\émmeth®ixsbenzyl N-
appl i g? t he scope of the appended cl ai ns.
Furthgg: Vﬁgglénts patent applications, provisiona

app!l i cigddtiapshe @Jﬁﬁ)omu@ bf foatniulin@I'y Witk bh atkali gl hytEsREte or
herein are incorporated by reference in their entirety
to t helesiderr viekkycamromeo! farewtsiEent with the
explicit teachings of t pecification. [0438] The

i nvention and the nmanner process of maki ng and
using it, are now ¥egeribed in such full, clear

conci se and exact ter s to enapl e any person
Skilled in the art 2 9% (!

4) producing a chiral salt of III" by treating the compound of formula (III") with a

chiral resolving agent and isolating the chiral salt of III";
5) optionally recrystallizing the product of 4;
6) basifying the product of 4 or 5 to yield the free base form of the product of 4
or5;
7 contacting the product of 6 with a (C;-Cg)alkyl 6-halohexanoate to yield a

compound of formula (IV")
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10.

11.

to which it pertains, to make and use the sanme. It is
to be understood that the foregoing describes

wonref/@rsgs aspects of the invention and that PCT/US2006/034322

nodi fi cati ons may be nmade therein w thout departing
fromthe spirit or scope of the invention as set forth
in the clainms. To '/osLI/m\l\y/ponigﬁt\ put and
distinctly claim t@bj ect mattler Begarded as

i nvention, th&hethawi ng clains &dncl ude this
specificati on.w% ias clainmed is: 1. A nethod for
prepari ng(R) - qui“tucHdi n-3-yl 6-((3 (Iv";

'S54R) - 4- (4- am no-5-chl oro- 2-

met hoxybeisibkn BdF18s1880%oxypi peri di n-1 ~yi ) hexanoat e or
> A SR R L

T B R B A

( C1- C8dmhakiylsplvant togtalé e tomgourdeofdompda (d)of f or nul a

(F) or its salt to a conpound of forrmula (IF) or its
salt, respectiv y,NWheM s i trogen
protecting group a X2 is se ect@romthe gr oup
consi sting of hydifogen and a nitrod€n protecting group
(wher ei n commefal yOknown and used N prot ecq\/i'y;g gr oups
can be used, e.qg., N benzyl; N-nitrobenzyl; N BoC,

N2oxi deepralepfingihe teoxne eronplof thamsadyat ofiB tayigld (R)gpinuclidin-3-

treati A E it cal kal i

e al Do P e T i iaof

f 00)mul acyldting tHe plodoctwE iongitted-amiinal-ciklrd-2ahethbxyib¥nzoic acid;
treating.the conpound of fornmula (HF). with a chiral

r 890! vPRipralE ReNVEHENS Be ProdusipilAdo dkRlEal salt of HF;

5) optionally recrystallizing the product of 4; 6)

baké pryceny atdredipe od vlaim ¢ fwheren Ras (0;-Ckalkgl.t he free base
formof the product of 4 or 5; 7) contacting the

pTHéjﬁi%Ees@fac&)ranﬁ% ?laﬁl?l'v@ﬁ}éﬂl Ry (6r-b@ahexanoat e to

yi el'd a conpoun formula (IV)wheréin"R " is

(%C}g%}alk . 8) treating.the pgr.odyct of 7 with

(R erocthesd SRR AR RERHEL 1% o o gani o
solvent to yield a compound of fornmula (V).

The process according to claim 4 wherein X; is benzyl and X; is benzyl.

The process according to claim 5 wherein R’ is ethyl.

The process according to claim 1 wherein the chiral salt is (+)-2,3-dibenzoyl-D-

tartaric acid.

" The process according to claim 1 wherein the deprotection is with H,/Pd/C or

ammonium formate/Pd/C.
The process according to claim 1 wherein the Lewis acid is a titanium tetraalkoxide.

The process according to claim 9 wherein the titanium tetraalkoxide is Ti(OiP)4

(titanium (IV) isopropoxide).

A process for preparing (R)-quinuclidin-3-yl 6-((3S,4R)-4-(4-amino-5-chloro-2-
methoxybenzamido)-3-methoxypiperidin-1-yl)hexanoate or a salt thereof, comprising:
1) converting a compound that is ethyl 4-amino-3-methoxypiperidine-1-

carboxylate
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9) deprotecting the 4-am no group of the product of 8

to yield (R -quinuclidin-3- yl 6-[(3S, 4R)-4-am no-3
wonei7hesyypi peri di n- 1-yl ] hexanoate; 10) acyl at Pag/USk®6/034322

product of 9 with 4-am no-5-chl oro-2- net hoxybenzoi c

acid; 11) optionally convertlng t he product of 10 to a

salt. 2. The process accordi ng claim1l wherein Ris
(C1-C6)al kyl . 3. The process ng toclaim1l
wherein Ris (G -C 4)a|ky| rocess accordi ng
toclaim1l wherein R T 5 The process

according to claim4 V\herel n 1 is benzyl and X2 is

benzyl . 6. The process according to claim5 wherein R

is et h’gola.sa?t The process accord| ng to claiml1l wherein

t e chiral i 3d| o.I-. artaric acid
oo Eede el b CFifEdr b ot Sat o ethy!

depr ot £¢dibRéhylanivb)-5- nk&ﬂ&%g{geﬁamerm@ﬁb&méter mat eZPdZC.

9. The process according to claim1l wherein the Lew s

acid is a titaniumtetraal koxi de® 10. The process

according to claim9 wherei d) ani um

tetraal koxide is Ti(GP)4 (titagnium (F\/)

i sopropoxide). 11. A pregRsSS>HOr preparing

(R) - qui nuclidin-3-yl 6-((3S, 4R)-4-(4-am no-5-chl oro- 2-

nmet | i oxybenzam do) - 3 - net hoxypi peri di'n- |-yl ) hexanoate

0B) a S’@éd’tmghlﬁabffl 4- Qﬁpi’mh'y&hﬂ@)) ﬂl)neﬂmﬁylﬁpéxildige—dl carboxylate with

conpound hat i m no- 3 - net pi per.i di ne-

- carft%f@fil NS hy rgaadﬁ or bydred@rmretlci %gnft YAV

~ 4t ﬁml n&pﬁel{%{;&m@u%ﬁh@ ne-| -carboxylate salt to

4- (d| phenyl am no) - 3- net hoxypi Ndi ne- 1- car boxyl ate 3)
treating the ethyl

4- (di phenyl ani no) - 3- met hofeli pafi di ne- 1-car boxyl ate

with an alkali netal hydroxide QﬂH3hydr| de to yield

3- met hoxy- N, Ndi phenyl pi peridin- 4- ame .

4) preparing a chiral salt of the cis isomer of -methoxy-N,N-diphenylpiperidin-4-

amine by contacting the 3-methoxy-N,N-diphenylpiperidin-4-amine with a
chiral resolving agent and isolating the chiral salt of the cis isomer of -
methoxy-N,N-diphenylpiperidin-4-amine thereby produced;

5) optionally recrystallizing the product of 4;

6) basifying the product of 4 or 5 to yield the free base form of the product of 4

Cr
BngN\

ooH3

or5

7) contacting the product of 6 with ethyl 6-bromohexanoate to yield ethyl 6-
((35,4R)-4-(diphenylamino)-3-methoxypiperidin-1 -yl)hexano ate

QWW

ACHs

anN
8) esterifying the ethyl 6-((33,4R)-4-(diphenylamino)-3-methoxypiperidin-1-
ybDhexanoate with (R)-quinuclidin-3-ol and a Lewis acid to yield (R)-
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4) preparing a chiral salt of the cis isoner of

- met hoxy- N, N- di phenyl pi peri di n-4- am ne by contacting
woheo7828m8 hoxy- N, N- di phenyl pi peri di n-4-am ne WPC/U&2006/034322

chiral resolving agent and isolating the chiral salt

of the cis isoner of - .

met | i ogpoNcIMioi3préni(B Bt Ba(dipherylamineg-3tthethekypiperidin-1-

produced; 5 tionally recrystallizing the product of
4; 6) B@E?’?@W%E t he product of 4 or 5 to yield the

free base form of the 7)
contacting the product[::ﬁj 6 wth et yI @
6- br onohexanoat e @ r\yl et hyl 6-

((3S, 4R) - 4- (di pheny am -3 met hoxypi per| d| n-1-yl)hex
anoate 8) esterlfyl ng t tthyl 6-((3 >

89? E)exg org%ee %hq %?1?1 L%?n@ecfﬁgﬁﬁggﬁ roT%'tHy el(ig% %umuchdm-3-
aci dStS 914 %{[@B&%}R}-mmo%ﬂeﬂgjxyplﬁelydhrhl- -yl]hexgrrx?aéel: 1)

i -3
hé&)(anoﬁf%g@)g g%a%fl@éf%ﬂh iR oI5 hgE heféoic acid to
pr OdUCSIle@(f (l§ cgﬁ’ndé'h@ PeSE) Sfﬂi '(@3@' 43%04 (ﬁérﬁm% S-Xﬂﬂoro -2~

6-[(3S, m no- 3- met hoxypi perrdin-1 - hexanoat e;
10) aCmedthm’gemhﬁldmddmcﬁlomjplﬁermhm-fh -yl)hexanoate;

4-am no-5-chl oro- 2-ne e ic acid to yield

(ﬂi@ﬂq Htlﬁﬂaﬂ Cﬂn‘?rwg%‘ %%Q‘ﬁomd}o@éfa m no- 5- chl or o- 2-

nmet hoxybenzam do) - 3- net hoxyp| peridi n- 1-yl)hexanoat e;

- 120 1 The ppeessraapordingdn ehaimila gvherein gregaliof siop 110 . a sal t.
12. The process according to claim 1l wherein the salt

13.  ofThsbajeesk desortidy.to tRim Thevlpids ersalltciaedl hgirbade bastep 3 is
11 wherein the alkali netal hydroxide of step 3 is

KOHKoH. 14, The process according to claim11l wherein the
chiral salt of step 4 is (+)-2,3- dibenzoyl-D-tartaric

14. adheprotess atbmdimgdc elkémdd odretkin thetahiral siltnaf sfep A€+ e, A-

itgg’ﬁ%%\;g’%i}%%‘gcls Ti (G P)4 (titanium (F\/)

15.  The process according to claims 11 wherein the Lewis acid is Ti(OiP)4 (titanium (IV)

isopropoxide).

16.  The process according to claim 11 wherein the deprotecting of the 4-amino group is
conducted with H,/Pd/C.

17.  The process according to claim 11 wherein the acylation of the product of 9 is

conducted with pivaloyl chloride.

18. A method for preparing a compound for formula IT”

O
A _r
X1\N

X2 O— (H’)

comprising converting a compound of formula (I")

80



19.

20.

21.

16. The process according to claim11l wherein the
deprotecting of the 4-amno group is conducted with

woeRiPh2€07317. The process accordi ng to clai m 1eCnuse@®cn34322

the acylation of the product of 9 is conducted with
pi val oyl chloride. 18. A nethod for preparing a
conpound for formula Il' conprising converting a
compound of forrmula (I")or A @U% to a conmpound of
formula (H) or its salt, |[respectTively, wherein Xi is
a nitrogen protecting u nd X2 is selected from
the group consisting of hydhogen and nitrogen
protecting group, and Ris (Cl-CB)aIé@P. 19. A
C oo sHicto af cobrotibidl 8f formulaQllPordslshit! legieeVely, Mie&h X Xd a
is.a nitrogen protecting group and X2 is seYected from
t RErQgeR piptecsing icgauprndef: 1hyeledebiomthe rovprprgyging of hydrogen
p ' R_J f od of making a
0o £ ldodth B Bl PR BTG TR 21 i g &
c ound gf formula (IF) with an al kali netal

ogad 6f £ dHe, wherein X1 is a nitrogen
protecting group and X2 is sel ggsted fromthe group
consi sting of hydrogen and nifrogen protecting
group, and Ris (CCral kyly . A’conmpound of formula
11" or a salt theregf, erein X1 is a nitrogen
protecting group and X iN sdiected fromthe group
consi sting of hydrogen afwl &-nitroge(Iprotecting

group. 22. A_net hqQd_of meking a conpound of fornmula I]]
rora %&h‘gﬁegfa [@eaé)m ot ABHIOREN BOKSHRS BTAP 3hd Marintalectad from the

PO RoBSEI31 08501 1 RGgR! o X, e,

and “separating t

cBrbRBE1 R RBE R AR PG T T n % Dbt To

yield the conmpound for foramg I11";
x1\,?]

Xz O~ (I

comprising treating a compound of formula (I1")

O
NJ\O’R
X1\[I\1 ]

X, O— 1)
with an alkali metal hydroxide or hydride, wherein X is a nitrogen protecting group

and X, is selected from the group consisting of hydrogen and a nitrogen protecting
group, and R is (C;-Cg)alkyl.

NH
X1\N
i

X2 O~ (II;

or a salt thereof, wherein X is a nitrogen protecting group and X, is selected from the

A compound of formula III"

group consisting of hydrogen and a nitrogen protecting group.
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22.

23.

24.

25.

26.

wherein X1 is a nitrogen protecting group and X2 is
sel ected fromthe group consisting of hydrogen and a

wai20070g&113 pr ot ecti ng group. 23. The nethod of eCaiuse@R/034322

wherein the chiral resolving agent is
(+)-2,3-di benzoyl -Dtartaric acid and the salt of I1I'

i & methg$ofi Rpkimgarongoernd pforaul-IH benzoyl -D-tartrate
salt. 24. The nmethod of claim 23 wherein one

equi val ent of (+)-2,3-di bgnz®l -D-tartaric acid is
used for two equival ehtgw F. 25. A conpound of
formula 11l ' ' or a salt tthereof, wherein X1 is a

ni trogen protecting grodp Snd X2 is ﬁpkpcted fromthe
group consi sting of hydrogen and a éltrégen protecting
grouptisi2®. A nmet hod of nmaking a conpound of formul a

| Vconpri si contacti COo nd for formula with a
(- csf%??‘&??ﬂlg@%&?m@%@&f%@%er ein R is

(G -C8)al kyl (preferably e g, and X1 is a nitrogen
protecting group and I'g sefected fromthe group
consi sting of hydrogeh ard nitrogen protecting

group. 27. A conpound of), fogrmula |V or a salt
thereof, wherein R is (€1-CB)al kyllI}preferably

hyl ), .and X1, i . Ni . [ d
AR R R e T e e
a nitregiedspe et Brt:i ng group. 28. A nethod of making a

conpound of fornula V conprising contacting a
cBhpoupptirlly searystallipye thepppduchpt #); and

(R - quj i din-. 3- . o . o

51 vang ot e Pt BEh & hASs B Yo M SipeRbiBli for

ni t r ogrmpiolEGt i Nng group and X2 is selected fromthe
grgup,c nsi sting of hydrogen an a,nig&&aen protecting . .
gPVEERS S01S aHEOIRI IFFCARC TP HP Kolsge JEPUpHIS gEpYp consisting
t ' i0h:4 i ' traal koxi de. 30. The

negfh od%%c%?gﬁﬁﬂéé%e%ﬂé?%%%g%b%er ein the titanium

: itx?r %%%a@gg%;g;@ (e%ig [cl‘zeAE:hsrtai rteg&i\ﬂlrgn agent is (+)-2,3-dibenzoyl-D-

tartaric acid and the salt of III" is a (3S,4R)-enantiomer (+)-2,3-dibenzoyl-D-tartrate

salt.

The method of claim 23 wherein one equivalent of (+)-2,3-dibenzoyl-D-tartaric acid

is used for two equivalents of III".

NH
XI\N\\\‘ -

| H .
X2 O\

A compound of formula IIT""

amy
or a salt thereof, wherein Xj is a nitrogen protecting group and X is selected from the

group consisting of hydrogen and a nitrogen protecting group.

A method of making a compound of formula IV’
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217.

28.

29.

31. . A conmpound of fornmula V or a salt thereof,
wherein X1 is a nitrogen protecting group and X2 is

weeb@oked3from t he group consi sting of hydr ogeRCams2@6/034322

nitrogen protecting group. 32. A nethod of meking a

conpound of forrmula VI ' (VF) conprising cleaving

groups X1 and X2 fro er la V wherein
X1l is a nitrogen pro@ ng group a d is selected
fromthe group & g of hydrodeén and a ni trogen

protecting group. The method according to claim
32, wherein X1 an XZ%W\e benzyl and are({:‘ll?;aved by
treatment of V with H2/Pd/C 34 A net hod of maki ng
(Ryerjisimerantaghing 8 compeindasfoamrplas- ( 4- ani no- 5- chi or o- 2-
nmet hoxybenzam do)-3 -neth peridi n-1-yl) hexanoat e
(VI1'") conprising contact|in | conpound of fornula VF
(VF) with 4-am no-5- é(h\}l@r met hoxybenzoi ¢ acid 35.
The nethod of clai m 34 whefein said contacting i s done
in the presence of a p|>§2al 0?1 hal i dg116) The rret hod of

claim 35 wherein the pival ol\i halide is piv
cHith ai(geCs)alkyl 6—halohexanoate erein R" is (C 1-Cg)alky1 (preferably ethyl),

and X is a nitrogen protecting group and X is selected from the group consisting of

hydrogen and a nitrogen protecting group.

A compound of formula IV’

X ON ).
or a salt thereof, wherein R" is (C;-Cg)alkyl (preferably ethyl), and X is a nifrogen
protecting group and X, is selected from the group consisting of hydrogen and a

nitrogen protecting group.

A method of making a compound of formula V”

oG

X
X, O :
2 vV
comprising contacting a compound of formula IV”
/\/\/\H/O\
Xl\ N\ Q
X, avo.

with (R)-quinuclidin-3-ol and a Lewis acid in an organic solvent, wherein R is (C;-
Cg)alkyl and X] is a nitrogen protecting group and X is selected from the group

consisting of hydrogen and a nitrogen protecting group.

The method according to claim 28 wherein the Lewis acid is a titanium tetraalkoxide.
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30.  The method according to claim 29 wherein the titanium tetraalkoxide is Ti(OiPr),
(titanium tetraisopropoxide).

31. . A compound of formula V’
O

LN vV

or a salt thereof, wherein X is a nitrogen protecting group and Xj is selected from the

Xl\ AV

group consisting of hydrogen and a nitrogen protecting group.

32. A method of making a compound of formula VI"

SRR

N

\

H,N

Olll

(VI)

comprising cleaving groups X; and X, from a compound of formula V*

Oy,
Q TR
% 0 V).

wherein X is a nitrogen protecting group and X is selected from the group consisting

Xl\ \\

of hydrogen and a nitrogen protecting group.

33.  The method according to claim 32, wherein X; and X, are benzyl and are cleaved by

treatment of V" with H,/Pd/C.

34. A method of making (R)-quinuclidin-3-yl 6-((3S,4R)-4-(4-amino-5-chloro-2-
methoxybenzamido)-3-methoxypiperidin-1-yhexanoate (VII") comprising

contacting a compound of formula VI’

TG

N

A\

H,N

Olll

(V')

with 4-amino-5-chloro-2-methoxybenzoic acid

35.  The method of claim 34 wherein said contacting is done in the presence of a pivaloyl
halide.
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36.  The method of claim 35 wherein the pivaloyl halide is pivaloyl chloride.
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