5 PROCESS FOR PREPARI NG AN | NTERVEDI ATE TO MJ OPI O D RECEPTOR ANTAGONI STS
10 BACKGROUND OF THE | NVENTI ON Field of the Invention 15The invention is
directed to a process for preparing an aryl 8-aza- bicycl o[ 3.2.1]octane
conpound W wheAgemsef ul as an internediate for the prapaydhisAnsgt
medi ci nal agents. In particular, the invention is directed to the
preparation of internediates to nmu opioid receptor antagoni st agents. 20
State of the Art Conpounds that denonstrate antagonismat nmu opioid
receptors are expected to be useful for treating or aneliorating nedical
conditions nmediated by nu opioid receptor activity, such as disorders of
reduced notility of the gastrointestinal tract. For exanple, such conpounds
are expected to be useful for the treatnent of opioid-induced bowel 25

dysfunction ofpiReeEsSRTRPRIPARRE A RTERMEDERTE Yo RRS Ghhofpy 11 711 961

has recently disclosed a ser

3-endo- (8-azabi cycl o 3. 2. 1] o&ﬁi’%% BRMFHNBSE&) phenyl conpounds, that
have exhi bited activity as mu opioid receptor antagonists. O particular
interest within this series are conpounds of forrmula (I): R4 NH2 0 30(1)
whereip, for exanple, 122 is cyclohexyl or 4,4-difluorocyclohexyl, and R4
is Cldal l cyl substituted with one or two hydroxyl substituents. As
disclosed in the cited application, preparation of such conpounds relies
on a key internediate, the conpound 3-endo- (8-

azabi cycl o[ 3. 2. 1] oct - 3- yDbenzam de: HNNH2

. _ BACKGROUND OF THE INVENTION
Field of the Invention

15 The invention is directed to a process for preparing an aryl 8-aza-
bicyclo[3.2.1]octane compound which is useful as an intermediate for the preparation of
medicinal agents. In particular, the invention is directed to the preparation of

intermediates to mu opioid receptor antagonist agents.

20 State of the Art

Compounds that demonstrate antagonism at mu opioid receptors are expected to
be useful for treating or ameliorating medical conditions mediated by mu opioid receptor
activity, such as disorders of reduced motility of the gastrointestinal tract. For example,
such compounds are expected to be useful for the treatment of opiéid—induced bowel

25  dysfunction or post-operative ileus. U.S. Application Serial No. 11/711,961 has recently
disclosed a series of 3-endo-(8-azabicyclo[3.2. 1Joct-3-yl)-(substituted)phenyl compounds,

that have exhibited activity as mu opioid receptor antagonists. Of particular interest

within this series are compounds of formula (I):
R4
0=
Rz._ N~ N@"@W NH,
.,’H I
30 D
wherein, for example, R? is cyclohexyl or 4,4-difluorocyclohexyl, and R* is C;salkyl

substituted with one or two hydroxyl substituents. As disclosed in the cited application,



having the endo orientation of the benzam de noiety with respect to the
8-azabi cyl o[ 3. 2. 1]octyl group of the final product. In order to nmake
use of the above class of mu opioid receptor antagoni sts as nedi ci nal
agents, it would be desirable to have an efficient process for preparing
3-endo( 8- azabi cycl o[ 3. 2. 1] oct - 3-yDbenzanmi de with high stereospecificity.

Si nce t hPTeRaFLaNEs eychfompandsy pli 45w askay finterpeiiite, tonmmmondd 3dedo€ases
dramatic j t nu ..process steps, .it would be desirable for

t he synt%%%%ﬁw%ééé%lgjto %%ﬁ@%%ga m ni nrum nunber of process steps. SUMVARY
The present disclosure provides an ef g#Feient nethod for preparing

3-endo- (8- azabicycl o[ 3. 2. 1) oct,; 3xAbe) id It has been determ ned that
hydrogenati on of a 3- (S azabi C\hcloF3. 27 1Twet 22- en- 3-yl ) benzani de

i nternedi ate provides the product W th goodl selectivity for the desired

endo confyj guration, |t. s f er been determ_.ned that under suitable
hydr ogenzgltai%{éﬁ ccoeﬁ%'f’tofl(%%gt,mi%ﬁ% ??&E‘E’cdgé’é‘?ietﬁfé“ﬂ’rréﬁ?&?% the8-42%5i ngl e st ep,
W th goodigyieBd. edyiskanesrsrd 86l Mdduyy, from an '

aryl-8-azabic¥glo 3.2.1]oct-2-ene internediate protected with an
ani no- pr ot ect FRETIGF Bupdlicard obibE ebdse cdass af ywiapidiy theamfenattigonists as

2 conpound s aPaty TR be bl RARHR B S pibect 1 BBiting Vendy P 1 19
3- endo- ( §8-azabipiyclpfd B[l Bl 3 W betzathideyhHDRIRE atbrélBpecticid. Salct idaneehey 1 the
process ¢ rising hydrogenating a conpound of formula 2 having the

cheni cal ° g%’esy%th%gs Q%gﬁg‘? CQIRpRngs @C{e&sésﬁm@ﬂ]ca&éwﬁh the i of pidgesen z

ot al yst e e R pr i e G BB ot e
base, inbﬂﬁ@ﬁﬁﬁﬁﬁence of an acid, to provide a conpound of fornmula 1 or a
salt thereof. I n anot her aspect, the invention provides a process for
preparing a conpound of fornmula 1 or a salt thereof, the process
conprising: (a)purging a seagiiagtvvessel conprising a conpound of. fornula
3: )

The present disclosure provides an efficient method for preparing 3-endo-(8-
azabicyclo[3.2.1]oct-3-yl)benzamide. It has been determined that hydrogenation of a 3-
(8-azabicyclof3.2.1]oct-2-en-3-yl)benzamide intermediate provides the product with good
selectivity for the desired endo configuration. It has further been determined that under
suitable hjrdro genation conditions, the product can be prepared in a single step, with good
yield a:nd. stereoselec;tivity, from an aryl-8-azabicyclo[3.2.1]oct-2-ene intermediate
protected with an amino-protecting group removable by catalytic hydrogenation,

Accordingly, in one aspect, the invention provi'des a process for preparing a

compound of formula I, having the chemical name 3-endo-(8-azabicyclol3.2.1oct-3-

HN@QrNHE
H

0O

yhbenzamide, or a salt thereof:

1
the process comprising hydrogenating a compound of formula 2 having the chemical

name 3-(8-azabicyclo{3.2.1]oct-2-en-3-yl)benzamide:

]



0 3 and an acid with a non-reactive gas, wherein Pl is an am no-protecting

group renovabl e by catal yti c hydrogenati on, (b) adding a palladi um
netal catalyst to the reaction vessel; (c) purging the reaction vessel with
hydr ogen; and (d) supplying hydrogen gas to the reaction vessel at

a pressure of |less than about a half a
pressure in the reaction vessel -} |
at nospheres to provi de a conpouNd Ht or a salt thereof. In one
enbodi ment, the process uses an ¥ ernediate of formula 3 in which Pis
benzyl. In one enbodi ment, the acid is hydrochloric acid. I n anot her
enbodi nent, the process further conpri2zses converting the product of step
(d) to a cryst.all.ipe for It h further been established that the

i nter rredioét%a Si‘%ﬁ‘ﬁ{?f’g‘%eé’f%‘f‘me@&éﬁ?ﬁ%ﬁﬂﬁ?@ﬁé&ié@ﬂyﬁu andswhgh ghest ep by t he
reaction coimp8urll SeRhEA & iRZRDEN OF Qbde Bash1Ghe preBg. LALALIED 8l &8y th a
substituted phen I-boronig acig. eIn hng%%é$g%§%é€%%&$ﬁg?g?ﬁ? ° the
inventioﬁ‘@ﬁ@@Wﬁéﬁfhﬂwﬂbé@ssSﬂbmmpaéparing a conpound of formula 3: 30
WO 2009/ 01461 Us200 08607 .wherein Pl is an am no-protecting group,

t he process C%E%}%ﬂée?ﬁsgn;eg{( g)" R PO S PEES ROPIEPa g 2rgmposnd of

formula 1 or a salt thereof, the process comprising:

sphere such that the total
han about one and a half

(a) purging a reaction vessel comprising a compound of formula 3;

P,
”“”“2
O

3
and an acid with a non-reactive gas, wherein P' is an amino-protecting group removable
by catalytic hydrogenation,
(b)  adding a palladium metal catalyst to the reaction vessel;
(c)  purging the reaction vessel with hydrogen; and
(@)  supplying hydrogen gas to the reaction vessel at 2 pressure of less than
about a half atmosphere such that the total pressure in the reaction vessel is less than
about one and a half atmospheres to provide a compound of formula 1 or a salt thereof,
In one embodiment, the process uses an intermediate of formula 3 in which P? is benzyl.
In one embodiment, the acid is hydrochloric acid.
In another embodiment, the process further comprises converting the product of step (d)
to a crystalline form.
It has further been established that the intermediate of formula 3 is efficiently
prepared in a single step by the reaction of a protected 8-azabicyclo[3.2.1Joct-2-ene
intermediate with a substituted phenyl-boronic acid.

In another aspect, therefore, the invention provides a process for preparing a

compound of formuia 3:

N

1
PLy l

/

NH,



5 wherein -01(x represents a sulfonate |eaving group, with a conpound of

formula 4: HO B4CH 540 in the presence of a palladiumcatalyst and a
phosphi ne ligand to provide a conpound of formula 3. Based on the
above detwprmatdsons, in a still further aspect, the ipavankio@mosgéovi des a

process for preparing a conmpound of fornmula 1 or a salt thereof, the

process CORREL RGin akBhhrot@bih@siol ﬁgh@p@@é‘g@%ﬁgﬂ%gﬁmwl as 5 wherein Pl
IS an am no-protecting group renovable by catalytic hydrogenation and - e

represents a dal fopipaties ¢ exupigd F Sumuiafit h a conpound of fornmula 4: HO B4OH

=18
Ton

5

wherein -OR” represents a sulfonate leaving group, with a compound of formula 4:
HO\B,OH

NH,
5 4 0
in the presence of a palladium catalyst and a phosphine ligand to provide a compound of
formula 3.
Based on the above determinations, in a still further aspect, the invention provides
a process for preparing a compound of formula 1 or a salt thereof, the process comprising;

10 {a) contacting a compound of formula 5

P
on

5

wherein P' is an amino-protecting group removable by catalytic hydrogenation and -QOR*

represents a sulfonate leaving group, with a compound of formula 4:
HO. B,OH

NH,
4 0©

15 in the presence of a palladium catalyst and a phosphine ligand to provide a compound of

)
P““"‘”‘f
3 @]

El

formula 3;

(b)  purging a reaction vessel comprising a compound of formula 3 and an acid
with a non-reactive gas;
20 () adding a palladium metal catalyst to the reaction vessel;
4



40 15 in the presence of a palladiumcatal yst and a phosphine ligand to

provi de a conpound of fornula 3: 3 0 (h)purging a reaction vessel
conprising a conmpound of foirmula 3 and an acid with a non-reactive gas;
20(c)adding a palladium nmetal catalyst to the reaction vessel; 4 (d)
purging the reaction vessel w.th and (e) suppl yi ng hydrogen
gas to the reaéti oPW2LS er%alm%nﬁ‘?%g &‘g‘y{rﬁoae%’s@dt han about a hal f

at mosphere sucfyt h%ﬁpﬁl?ﬁg%?&%berpéa@%gﬂ%‘?edcﬂoﬁ b@ssél%ﬁbi‘e%&xr¥%?%§é tr{aﬁ | ess than

about one and a half hefes to provide a conpoun ormula 1 or a
salt ther é‘éﬁmahﬂf&f@@ﬁnfﬁrqﬁmhﬂ@tﬁﬁmtaltmgsm in e reedioniveses] iddsse thared above

are novel Qsi Lion ect heref ore, e inventio urt
provi des gbou[em%oaﬁlﬁn%]f% #m?sﬁ%?rg ?%‘3@ %t PP 90%2?{?9‘? gﬂﬁa S% ge?eé’ resents a
sul fonate | eaVCﬁ@HQiﬁMedx@tﬁﬁﬂﬁ@tHﬂ&zdﬁ& dERHBE Bo¥eWhaiRkeD Bla dofnpMiition
am no- protecti ngé% &e and a conpound of formula 2. In a further aspect,
e d

the i nventsPsth 1B IHveREeR SHTIST PioMgeRasempeudef Sorsrgns paeicin E’l iy for the

gng(r)]dgr I( gs%%glbl cycl o?%ﬁ%g%f ?Iﬁ?ate e Sposnd B QTQBW&YVQFWQ“ nor e

t han abouP' it@n ¥mBroeptoteftthazaly, @iy{d:iz edndpolind bO Gdrmtayfbenzamn de, wherein
3-endo- (8- .azabicyclo[3.2.1]oct-3-yl)benzam de and

3-exo-(8-az abi ByQln@eBasdect| RGhvedriot phHeRE REBIEEof increasing the stereospecificity for the
endo orientation of a sample of 3-endo~(8-azabicyclof3.2.1Joct-3-yD)benzamide, the sample comprising
more than about 10 % 3-exe-(B-azabicyclo[3.2.1]oct-3-y)benzamide, wherein 3-endo-(8-
‘azabicyclo[3.2.1]oct-3-yl)benzamide and 3-exo-(§-azabicyclo[3.2.1]oct-3-y)benzamide
are in salt form, the process comprising:

(a) heating a mixture of the sample of 3-endo-~(8-azabicyclo[3.2.1]oct-3-
yDbenzamide and an alcohol until complete dissolution is observed to provide a reaction
solution;

(b)  cooling the reaction solution, adding see& crystals of 3-endo-(8-
aza’oicyclo[B.?..I.}oct-3l—yl)benzamide, and stirring uniil a precipitate is observed; and

( ¢} adding 2-methy! tetrahydrofuran to the reaction solution and stmmcr until
precipitation is substantially complete to provide 3-endo-(8- -azabicyclo[3.2.1]Joct-3-
yDbenzamide comprising less than about 2 % 3 -exo-(6-azabicycio[3.2.1]oct-3-
yhbenzamide,

DETAILED DESCRIPTION OF THE INVENTION
A general process for the preparation of 3-endo-(8-azabicyclo]3.2.1]oct-3-

yhbenzamide (1) with desirable stereospecificity for the endo orientation is illustrated in

the following scheme:



are in salt form the process conprising: (a) heating a m xture of
the sanpl e of 3-endo-(8-azabicyclo[3.2.1]oct-3- yl)benzam de and an al cohol
until conplete dissolution is observed to provide a reaction solution;

(b) cooling the reaction solution, adding seed crystals of 3-endo- (8-

azabi cycl o[ 3. 2. 1) oct - 3-yDbenzam de, and stirring until a precipitate is
observed; and (c) adding 2-nethyl tetrahydrofuran to the reaction
solution and stirring until precipitation is substantially conplete to
provi de 3-endo- (8-azabicycl o[ 3.2.1]oct-3- yl)benzam de conprising | ess than
about 2 % 3-exo- (8- azablcyclgtﬁ ZoHloct-3- yl)benzam de. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON A general process for the preparation of
3- endo- ( 8- azabi cycl o[ 3. 2. 1] oct yl )benzarnide (1) with desirable
stereospecificity for the endg ienh%tion is illustrated in the foll ow ng

schene: 530 (O The pirot egted? 8-azabi cycl o[ 3. 2. 11oct - 2- ene (5)
where Pl represen an am no-protecting group and - epresents a

sul fonate | eavin Ris a_useful starting- ri Theyhi cycl ooct ene
intermediate 5 1is acted with a substituted-| | -borofjic acid 4 to
provi de |nterned|a%e 3. When an ami no- protecting group r@novabl e by

catal ytic hydrogenation is used for PI, imternedi a&te 3 can be both
deprotected and reduced by catal yti @i rogenation, |under controlled
conditions, in a single step, as s inroute (i) {to provide the product
1. When an am no-protecting gro renmovabl e by ot he WO

2009/ 014610PCT/ US2008/ 008607 procedures is used for PE, internediate 3 is
first deprotected to_co d 2 (step (ii)) and_the rogenated (step
(tii)) to provide e HAM No- pr ot eg4n’n r.egRpvabl e by

catal yti c hydrogenatd typi aIIy—exgosﬁTe to regen S in the presence
of a pall adi um net al cq%alyst i ncl ulf but are 5 Hgt I

ted to, aryl
met hyl groups, such as enzyl (Bn), 4- nethoxybenzyl and triphenyl et hyl

bl 1 obenzy| DARSFRBR TR 3. T CHE o DU SReRR BB gPIand

protecting group and -OR* represents a sulfonate leaving group is a useful starting

material, The bicyclooctene intermediate 5 is reacted with a substituted-phenyl-boronic
acid 4 to provide intermediate 3. When an amino-protecting group removable by catalytic
hydrogenation is used for P', intermediate 3 can be both deprotected and reduced by
catalytic hydrogenation, under controlled conditions, in a single step, as shown in route (i)

to provide the product 1. When an amino-protecting group removable by other

5a



5- benzi soxazol yl met hoxycar bonyl . Am no-protecting groups renovabl e by ot her
procedures, for exanple treatnment with acid, include, but are not limted
to, 10 tert-butoxycarbonyl (Boc) and p-net hoxybenzyl oxycarbonyl (Mz), to

nane onl ywa feevoi4Nger ous protecting groups, and their,| j on and
renoval , are described in T. W Geene and G M V\ﬂts,pg?{cj)%zg@ﬁ&%%?@ oups in

Organi ¢ Sypt ] il Ay EQL L y | New York, 1999, and references
cited thets %ﬁﬁ hseus&grf":ﬁ;bbﬁg&‘?&a%eﬁ?egﬁs%%r‘ilP%m%?C@G|‘“r EBRANE 2ASEmG DY ArsLp.
Sul f onat etlepAydrogergted (pep (1) uspiowldeithe glogugresent process incl ude
trifluoronethane.sulfonate (commonly inflate), p-toluene sulfonate

(commonl y t osyf B PrOlAINSEPIRA remartip by eatqizbonimsmapnatimy tyateelly

I nt er mredi atRsurek Ja) : ed.fram.a ot ect ed

6 araby oyl oS s AeRh SatnhemSRANERr Bl lotiBl SRR SR T BgBRI e For
exanpl €, B liaitedrie.sad methyd gtoaps, sich 4shbereyh(Bm).ol-metbk @anhel 4%, O prepare a

penryl - pr CeLePLRITES, Bitfaah g hiindion. S shbrreyierspbonyhichek an- 3. one
i s cont act-atrobeidyldedaiemp @) 2,1-Eelordb@}lokvarRiyl ¥al ents of N-phenyl - 25

bi s(trifluoromet hanesul foni mi de) and between about”1 and about 1.5
equi val ent 8HsoxaeLdmethaxyeprbanyls daminmpidteqtingi simiph yyrsovapleognitike.  The

reacti on prscddyids et & aTgTely| 1€ at ure between about -20 and
about - 10}!& for bet \Ae%rrﬁabout%gﬁe ha%&’?ﬁﬁlgd%g%qafw%hgﬁﬁeg Y¥or until the
react ilBn Zeg-buttryeasprnyh(Bog) guiyplretiexybenzyloxycarboh@l (MRPA6 Garfle BAIGUGEQOCT €NE

[ ntermdil@ﬁrﬁergugé}o%%é:h PE is Boc and -OWis triflate, 30 a BOc-protected
i nter medi ate 6 12 raaetBR ¥ REp petipnand removab semdssersred sullf Bhi i de)

and base Geettemdr’. hedVaRoNReclihg ti, @Ro S Crrd.: medi.at.e, however,
is typi cgﬁela% cg(ni cted at a elcolv\gr r?%?g er a%urwe{gﬁzﬁfggg’ Hﬁ‘g‘}rﬁ%‘%’?ft‘%‘%ﬁé C, for
bet ween o5, A% abigierences citgd theew/ 014610PCT/ US20081008607 hours, or
until the reacy.Q8] ' onpl.ete. The -rirotected
internediate 6 is a%l/)gel | abl eg%r(s)é?ﬁ%ge% %("lugn%l%arm?gtgr?‘%}"%"i{?&?‘%eawlg@é%@ﬁ on of
the b&hzyisefpl iptteeprestnf mooaswirteludditri fledrombtikid suliobAE RAAFh&I GRIIEHN! y Boc20)

benzyt aRelBre N ERE Gty nlate i et cdtmeisraomayh sprpbent 0o

i nt er medilakRndiidg of fRFRGES Sre B RAUZUS o g dr eparation of the
benzyl -triflate internediate, using gﬂ%ﬁ%@%@gﬁﬁ%ﬁ%ﬁaci d anhydri de

( commonl y-araEoiolad- 1dogtamanent . The benzyl - prot ect ed
8-azabicycl o[ 3. 2. 1] octanone 6 is tpypi ally obtained from conmerci al
sources, and it can be prepared by “nhe eacti on of 2, 5-di net hoxy

20 6
in which P is benzyl. For example, as described in detail in the example section below,
to prepare a bicyclooctene intermediate 5 in which P! is benzyl and ~OR* is triflate,
benzyl-protected intermediate 6, 8-benzyl-8-azabicyclo[3.2.1]octan-3-one, is contacted
with between about 1 and about 1.5 equivalents of N-phenyl-

25 bis(trifluoromethanesulfonimide) and between about 1 and about 1.5 equivalents of a
base, such as sodium bis(trimethylsilyl)amide. The reaction is typically conducted at a
temperature between about -20 and about -10 °C for between about one half to about two
hours, or until the reaction is substantially complete.

To prepare a bicyclooctene intermediate 5 in which P’ is Boc and ~OR" is triflate,

30  aBoc-protected intermediate 6 is reacted with N-phenyl-bis(irifluoromethanesulfonimide)
and base as described above. The reaction of the Boc intermediate, however, is typically

conducted at a lower temperature, less than about 70 °C, for between about 2 and about §
6



10 tetrahydrofuran with benzyl am ne and 1, 3-acet onedi carboxylic acid in an
aci di ¢ aqueous solution in the presence of a buffering agent as descri bed
in US 2005/ 0228014. (See also, US 5,753,673). In the present process,
bi cycl oocwe@modraigannedi ate 5 is reacted with an aryl ek 6sasdseh 4 tO
provide intermediate 3. Optionally, bicyclooctene 5 can be used as the
crude 15 RERSe tnlind R6:i3h eAGbMIMN, USRHIAD AR GO Uilmf AR 61

i sol ation and purification. The reaCtion is typically conducte y

cont act i ngyagabilp comperciedz or dbopreparedibyireatiom of thobangyiiprateetad Sorofwidh i n t he

(betwoen Sreaiih! Blkioafinf RHRord n8aBTmER i Didiificen anout 2 and

about 4 equi vahoidysloodterz il@ERediZOSi (akhe' pabdnadli MI-ORE ¥ MSfise baAChyde
tris(di benzgl |(g§neacet one) di pal I adi um( Q) (Pd2dba3), palladi'um(l1) acetate
( Pd( OAR) eIt P bspzyl-prolested iatepnetale fivy mpessy anafogpustoshns pthsal | adi um( L)
( Pd( dppf) - di i i i ne) = pal l-adi ua( L) ..
( Pd( Pphs)gg%tfcg"acﬁgﬂ' f‘%gz’ﬁitﬁg%té AR OSAEL NG RAIAL 40 hdrarige given in
par ent hesesmrpnbshisi@eslairgagacts usef ul in the present reaction include
tricycl ohexyl phosphi ne (P , 2B tric ohexyl phosphi ne tetrafl uoroborate
(PCy3HBF4) , 1?{ll‘e-s‘%f‘@@“8?%%%@“%5?5%t?o%{ﬂOF@P?%céﬁémeﬁpr}?famd_ffom
1, 1' - bi s(abimmhatiat utceh, RRORR BOYLBLE@EL MR reddibh 8 £ YldhiRbasphi ne, 1, 3-
bi s(di hengl phosphi not%)%r opane (de{)g , 1, 5- bi s(di phenyl phosphi no) pent ane
(9 dgpgé ,tj; Mlhyﬂfb&f; ﬂ;ﬁﬂi gl 51];;3(5@5;1%@1 --tacqgggezlzqaﬂmpmhc acid in an acidic aq;:eox;s L ou

, 9-di me P [ Q hene e follow ng
are exenplary cat alpflst nggtg}gn@ #%r gte’r[x}eaps@%%gﬁg%maéggbé:%%%?% (96° M8%ct i on:
0. 01 equiWakgns,oPg OAc2)/ 0.01 equival ent dppf, 0.04 equival ent

Pd2dba3/ 0. 08 i val ent P%SSBF , 0.03 equival ent Pd2dba3/ 0. 06 equi val ent
dpppe. %E&?ecpﬁse PLRES: Sevelnectensupicrngfinte ¢t reaeied weth gaenyp bemwaisi um

fluoride gk bine f; ge s [ i di um
car bonat e, ottbg)zsi umngéggg%%gtse:@ﬂn%ﬂ%ggﬁ %%ﬁ%%%?%ﬁ 8%%8%8%%%%%95 odi um
acet al®, pﬁ@‘f“&é@f erpreparetian dessihgd abdvegwitcaz ebplpel isfiGios. -0f padBetisnene
(DBLT), - di Leycl 2Joct ane. (DABCO) can be used for the base.
The reacﬁ%ﬁ%@#&gﬁ@%ﬂ@f%@%ﬁe&c SPRRY S?QVHQEF@(TFVE‘%‘WP? a‘é‘géll’f’“éé'z

t et r ahy dreghivaints olfid ik the pRIsECk LbOE BRHIyHE ambbhi i ARLNMAGE b AT SEnd OF

N- net hyl pyrroli dlone. Sui tabl e m xed sol vent systens incldde 5
t et r ahydr ‘Eﬂ%é‘ﬁ 1530 (Rstvisen abautt ORY ard pbaus - ladtivilentstlians betMetmabrat2 de,

t et r ahydraf upAR 426ivNefELRYbRYr rol i done, acetone and water, ethanol and .
wat er, and isopropanol and water. The reaction is typically conducted at a

t enpe?@t ure ofSuiletinpdirdabouitalds ankidabe(tib8RyEidercemho)dipalladiomajout 4 hours
or until act.l on i.S. subst ially.c | ete,. The product. 3 is isolated
as a sol i(g&%& ot r?g}eéér%’tuf] a Ce%?eo@ g%&é@y d‘@g@?‘?ﬁﬁéﬁ’&?&mm@%pé‘"@hn 10 be
further ferddhedipafadisaiIa{PaaoErCIANdRElEb ﬁadntiphehylph&@hi'n¥)-ﬁalﬂmﬁfzﬁg' oride

y

salt. Next, when Pl _is_an am no-protecting group renovabl e
catal yti épﬁ?BPﬂ@ﬁa’mddhe lilggs whegedheeqramon abbreviations are given in parentheses.

3- (8- azalpi [ = 3 am ' nediate. 3 i epr ot ect ed
and T oducea e bR bnE sk | ARG ol B S PR et b Beeal 1y i
rout te’%S(i )ﬁ,if_:yp?hpx)dphm_ﬁﬁmdtetrﬁ(ij@m_ tkmtat&gPCE}erBlFe), m,l)ldbiﬁqgiqnﬁhjgpi:fbspﬁ?sﬂ on, a |
reaction mxture o er iate .n_an al cohgljc diluent, for exanple
et hanol St @PPé’afng", 1%%?‘%%th§§@9§8%35§3%8%B&(atﬁuzl)al}@a@mv,a}h%nt s of an
acid, f omis@d@mbﬁhoip‘hd{oﬁﬁ%aﬁg (dppBSi15-bis iﬂHeﬁﬂbh&HﬁﬁSﬁeM%(dﬁg%”' reactive

gas to reduce the anpunt o xygen in the reaction m xtur ically,
ni t r ogen Mi-éeriiBEYiphesphing (RirByigng 259-dimettolrgt$ - bis@iphenylplaisplgno xaghenegas nay
al ter nat i ¥glohdis P RYEd ' [ ical | rfornmed by praviding the
gas thr Oth _t%h 4 ﬁ pa s loewing gﬁal%%gﬂnﬂ&y C?atcllljvfﬂ? systems foP file boronic acid ccﬁipﬁng
30 reaction: 0.01 equivalent PA(OAc;) 0.01 equivalent dppf, 0.04 equivalent Pd;dba;/0.08
equivalent PCy;HBF,, 0.03 equivalent Pd,dbay/0.06 equivalent dpppe.
Typical bases for the coupling reaction include potassium fluoride and cestum

fluoride. Alternatively, cesium carbonate, sodium carbonate, potassium carbonate,
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20 the reaction m xture, which is contained in a vessel open to the

at nosphere. It has been observed that it is advantageous to limt the
anount of tine the reaction mxture is exposed to the purging gas. For
exanpl e, oo z@o0eewti on at the 40 gram scale using a 05@1“/#%2%(?890(}8(07

hydr ogenati on vessel, a good rate of conversion to product 1s achi eved when

the reacti \ LS00t ..hu i.th,ni_tragen for 5 to about
10°m nat ec Ut Soldubibid Bk B s (et RBhatt  on
hal f hour }4tdigzabiayeofaf2. Hostues ®IABCOPcARRAEd for ShebtBE CHRtheh@ioR e adver sel y

affected. . Then, .a palladium nmetal catal yst, conventionally palladium
typjegly o R pst S, g Ffiteralpydrofuyanp ¥ YelimethyWormptidgen, as

on car bon,
descri bednabamethyabdiahidBas N-hRuSihasch [ ] en _into the

reaction m xtur e,%?éepllaci ng at ?eastﬁ%(g;ﬁésgit&?g&ehq%%gsﬁumégls e*aléén | engt h
of time refalidefurap angwaisd dorhiiyrdfweemd Miedittethyl fornimids, toiratlyilogurgepends on

t he scal e_0f »/1 . For example, for reaction at, the 40 gram scal e,
it is bene %?T%I&}{l pllijlékgg)r{eé avﬁeg%eﬁg} 3‘6&’Fﬂ1‘a8?{3§‘gd‘(ﬁter5”tdds%@ﬂﬁ‘°11@dm nut es,

but a | ongeter. pEireireattibass theeslly condekiddn Aee rﬁ&%ﬁb%hmeeﬁ%odta%g%on at the
ki | ogram scal G(H‘? is expected to be 8 2009/ 014610PCT/ US / 008607
ahoi SL°C e

useful to ahqut L {6 hipubdt kewrs er witiltharpaetivgensibstantdinion®lett.0 about 30
m nut es. NexXdrodi@t & EOMs] 2 an about ..one hal

at nospher e iésmappl_iled th fgdtg%&elgc?%a tcggﬁen%%%@?%ea{ﬁf%i @Bﬁlqvll?’”@r%c{l‘{?Fggﬁ‘d
vessell0 skechirtherpurifingby solatiopasemsuidsaltntybiallvebg®bchlsideass. t han about one
and a hal f at r}@s}([t)%el{eeﬁ,l .The r.eaction is typicall gq’conduct ed at a 5
tenperature of BEtween AbDUITASPIHEFURE SIRVPIEMeY bl biretahgicrhydmaaratenand
about 6 hiep®iaicd BB dzabibRIS[@ 20N 6AN - irS3 SHBSLAN el udi ng an
acidinther aactjlsg(tr?,m x?%r e[, p?ovi des _?ﬂe pr ogdgg{ldeég&?%gbg%?egmé%ﬁ%&

I't has bef TeISEt Peinghnydrogsnation paps avindichied kyhenmtenitin osute @pes i on depend

on the prgss ' [ [ .gas i.s supplied.. Limting the applied
hydr ogen ‘g?@‘giﬁ‘f gh%dgc% %gﬁl ogg aq%gﬁi?logr{gacﬁgfl’fa I%F‘fﬂ?gﬁ'ﬂé?‘ée ?)‘-{18??8{1@@“5& h the
sel ect} viinyn higphaiivaliides) foeek aanpdoethiniod ahdivhen 20§, HehfecRhBstHAls Adipbhe rate of

reaction LN h ntrql L ed hydrogenation conditions described here, the
per cent agzlégs 8?“9"'@;%‘?%%?38(“9% %Of Framppdes Bydipgblone acidols fisst eurged vitisown- 10 %

typi cal | el oo 260064 th6 2B : e,~as.fdescri bed bel ow,
the reaction o 'bgnzyl - pr ot ectted%?%%%%%ﬁ irg%éogﬁlﬁ%& 'iTQ%] aﬂ% P ed

hydr ogen 1g%d #5ths matsng gaswitkoughpreobelr othebinengasimapealtersatiiatyebd nch (psi)

(0.34 at e er 5 urs in > 99 9% conversion to the

hydr ochl or iidg g'aﬁ;gg%q% ﬁ’gg%@to%sﬁiotrmig% PW@E“%WB@%@B”%@@W IpEYed Ibf about

93:7.20  the reactiohmigtnd, iwhith,is €orpaIsed i@ ahv@ssd] bk ele ARELRGRN 1023 bg%n 20 psi

(1.36 at rsrogés)eﬁ‘r,]%(r}gs) .ab&ve at nospheric pressure for 40 hours, resulted in -95
I

% conver RS ArBaiaeeous Wimp thameu pfime ks feedivemixaré s of about
85: 15. d b 168 , r ] Lon. praovides a process of
TG ﬁu@gx?%?%r%:&g&?{) }g’r 1%33 E%F?&P%tggée%(?,gr a,%hsg?lg “fiE ﬁé’ggt ep of

preparing a conpound
suppl yi ngtqq%ﬁrgg@ﬁtigagesp@, 3gnopirate nfcdnpdrsagen pganicalt achidled Sk eacont rol | ed
i goc/oh t ha’i'eaEQ@n ﬁﬁ(mﬁ@%ﬁﬂﬁuﬁ? ];Juregé(? wiitﬁ?lrirt}aorgeil rf.lortatt;gutp{ t%da%glgt 1]() nili%utleg.sl? thEehan about
25  initial flow of nitrogen is longer than about one half hour, the rate of conversion to
product is expected to be adversely affected.
Then, a palladium metal catalyst, conventionally pallédium on carbon, is added,
and the reaction mixture is purged with hydrogsn; as described above, which has the
effect of introducing hydrogen into the reaction mixture, replacing at least some of the
30 purging gas. The length of time required to introduce hydrogen into the reaction mixture
depends on the scale of the reaction. For example, for reaction at the 40 gram scale, it is
beneficial to purge with hydrogen for about 5 to about 10 minutes, but a longer period has

been found to be detrimental. For reaction at the kilogram scale, it is expected to be
8



25When Pl is a an am no-protecting group that is not renoved by catal ytic
hydr ogenation, first the protecting group is renoved by the appropriate
conventional procedure to provide internediate 2, which is then

hydr ogenafvedods@ 1 fi@vi de t he product 1. For exanple M%Tﬁ}szﬁaﬁmﬁg&'
internediate 3 is contacted with trifluoroacetic acid to provide 2 as the

trifluor b I I i S.prowid an acid salt, it
5 30" not i & Furptre real MBS G, o oPHEE Sl 23R o1 op.

Hydr ogenalNeom Béw pheydiegneuesttled thant @bokdicdial atn@pbhse depplibiopheduct 1 with
accept abl e 31 er eosel %‘cti Yit alnd does_not appear to be very sensitive to
hydr ogendtfoi" CORET® DEHRNY 2 tliased ysessh such thaldhqotal prespge gefre upsalje of exo
material s thiiCabRiOsHiGhd =a hadARREBhdrks. "PheFOIRioh | i@Q%n&Qﬁ% t a0
2(109/014610PCT/ US2008/ 008607 typical ly between out” 6 and about 10 % For
exanpl &, EFegeREnel hetwezn ghetd S and abdus §h *Gffohyetweepeaboiabprdoationed bbwss one

h : | ; R do;. rati f
about 95 R B § B REAP Uiy Wb R R rsiRe el ey °

l'i miting rrbedéntte pgenctps dgswidsaitn t he hydrogenati on reacti on of
i nternedi ate i renovabl e b)[/1 catal yti.c hydrogenation, as
8

3 V\/n%n Pl is

descri bed abovElasPEibYRseryed it beresylis of the hydragenation terstinn dspenda tieubl e
bond. fie R Which BRirSdear gV ik f

hydr o ena%r?sgn react iignﬂfc\dz;née%eg%fg)%sskl E@Eédi %%g@%éﬂ%p@%@@%ﬁeﬁ é%s?%ﬁ t%s an

aci d g%l tbelqvppbouy enrdial, atmesphirs phigrdetes both tieckelestivity, fol the desitedenps oduct of the

hydr ogenal.i . I is.crvstalli.zed.b anventi on 0. procedures. For
exanpl e, ao%{({)eﬂfétriéﬁsa?%ﬁ% ﬁ{%guc?ﬁgd%k}egatﬁ&f r%?gu?%eﬁﬂ%ﬁ‘t%ﬂﬁ‘ eﬂéy 2BAUGN i xt ure of
t he crudeopdidonsdescritet Weenthapertntdgdorans makeu! indhdp@aud: YohERbS: tRin

hydr ochl ori c i ot present 1 n the hydrogenation reaction, and an

id, if h
al cohol , P‘é‘f@?j’é’tfwci‘fwg’eﬁ%ﬁéwt&% ajqutd Ocfio) Jwonexdmple.tas dpyeaibedus step, is
heat ed t GeRRQUe rELtibn BibdrzyIGROR ' [ . ids is_obtained.
The cr stgl i zaeti oﬁl1 reacti %n m E%g%%%%g&é gg‘%’\ngl{’hh%sgﬁﬂr%%hﬁgr " &hout 15 35
C, L n PIRSSED ias kmsﬁniovveﬁmmds gq:rlesqaard incsl(lgqi)' (@rmna_taspabm%tes@ltéa_ Jﬁiaf s5about
one hour 0B haurs or unti stallization is substantially
conpl et e.hggrS%pglé%F%rhvﬁsﬂp,totﬂber}B'tdB?Fg[‘%‘de F‘i)g?‘étﬁf PPApFdnvik gberdergyet al s of
t he produgimeargioaddesutwhen the tenperature of the m xture is about 35 C
Addi tion of apn antisolvent, such as nethyl tert-butyl ether (MIBE), when
the mixture i & SAPREoRPeEHDE ailow of hdraginans af2ps (1.86 2@®spgesdubng t he
yield. |nghisdh I ' ' nr Qe t h drochl ori.de salt of
conpound |, o?&e%(rgg%rr%% g%lﬁigggddéigéﬁhgﬁ lgi %gcﬂ \t/"lv‘ir) rﬁ”ﬁrséongtg%ee‘?{f"g‘ﬁé?&l He
undes?t ednéxexci isonerawf ofl absst 5kkn about 0.5 % In the event, the product of
hydr ogenati on; has an cceptabl.y | arge exo conponent, e.g. the
hydr ogenat i onms?réepas?%%%{?@ede]gge’ aéeéx‘éfm% Proyides @ PRceS O PEPEnG Y epBREmd25 gas,
a nmodi f i edfdmytiadda saRtieasdt, maq%@mﬁmﬁ 19564y drBgd
stereospecificity to about ﬁ[\e | evel esgrlﬁ%gﬁga%‘g@gﬂ%gy%@h%%d
pr ocedur 8Y4[egsd 83 pionpressura apotralied sugh thahtheeeicoutagetofivivx isomer of the he cr ude
pr oduct : i gtled to about 60 C until conplete dissolution
IS obser?g%uggcfg{k%gﬁﬁ%g% etgﬁt/%)' about 30 C at which tenperature seed
crystdl s of tWhepPOductn amiao-padeding Ardipahialis Aatbhof tyeedgtystal s to crude
product is. 30 between about 1:800 and about 1:400 (weight:weight). The
resul ti nby@f’%ﬁnf’?/"q’ r%glﬂpéﬁte?tﬁlg_r%ﬁ‘llﬁ BafpeYesttytee wmeorsleqosdertionalbet ween
about 8 preaoulorddalouimelialdd Ay SANUABERIAN, Bl fnd SogBg g ved and

then an antisolvent, in particular, 2-net etrahy uran'is ded. The

slurry i Eongxample whendt iy Bed iftermesdiadt hexrcopriedavitftriletromeric afiows 3 and about
6 provide 2 as the triflucroacetate salt. When intermediate 2 is provided as an acid salt, it is
30 pot necessary to add additional acid in the hydrogenation step. Hydrogenation of the
deprotected intermediate 2 provides the product 1 with acceptable stereoselectivity and
does not appear to be very sensitive to hydrogenation conditions. In this process, as well,

the percentage of exo material in the product is generally no more than about 10 %,
9



WO 2009/ 014610PCT/ US2008/ 008607 hours, or until precipitationis
substantially conplete. The crystals are isolated by conventional nethods.
Using this procedure, the hydrochloride salt of compound 1 with an exo

conponent waf 20beR%1b han about 2 % including |ess than ghgub l.%and | ess
than about 0.5 % can be obtained froma crude product wth an exo

component plcaBpRitectil CulIELES. ror cxahlif, [OLEON 09 SOl DL G examl o5

are offered to illustrate the Tnvention, "a are

way as | i of idrget Gepscopselyiont hendspivedtresutted imthe bﬁ)d@&@?@hﬁ'ﬁn ?ﬁio@éﬁ{os;hio

fol | owi ng. abbrevi ations. have the follow ng nmeani ngs unl ess ot herwi

i gdi g\c';.vlt ggl.sglﬂﬁlbrf‘%?/f’%ﬁbﬂ%gé :ﬂo hjﬁ@?ﬁeﬁ‘@&%éﬁ SRVt hyprihesishity accept ed
meani ngs. lAGNsAREyaRigkH [eRsuRVETNe b FBRbLAW] EQ{t%@f%ﬁgﬁe%@%ﬁ%& pAgetate

Et OH=et hanol 5NaHI\/D§ =sodi um bi s(trimethyl silyl)amde | .

=2- net Ay | TEEOVENG by eatalytimhyirgEnation, fudegdribes ahyte, ivherdepsiteepionnfiSop@r  squar e

I nch Rt =r 1 i Reagents and sol vents were purchased from
cComer Ci aﬁ%"gél}%%faftehrreggﬁn&%gﬁd(:h, Strem Chemicals, Inc., etc.), and used

Wi t hout f ur t hefingilyy iht besdob@ectivRy 00Mhe$fodabt ¢RACHY RO aSiolas JONi t or ed

b lytical .high rformance |iquid chromatography and mass spectronetry.
E%dg/n ng @ﬁ?fdﬁpg%veﬂgg%wgﬁ”@zwwg@@ﬂﬁalﬁéar eXATAIE, & thedlyJrorkiones swlf. t he 25

pr ot ocol Wl@@ﬁ@d@iﬁ?&ﬂlcp&itﬁ%y&g’éﬁﬁtii&ﬂe&%t?éhﬁe siffe s Ok SRS descr | bed

specifically in each reaction; common were ‘ y extraction
aP\d ot‘ﬂerPl’B‘)E/ﬂd}ufeF-cEQrieéﬁnnbtﬂqmtaéliﬂ’;‘hhta}sroﬂmmet}&thydﬂ)chloaﬁdsmphvrﬁmrdiﬁ’pendent

crystall itﬂ@&liugyproﬁuncq REEEHRLSAY £Rid about 2.5 equivalents of hydrochloric acid, if

not present in the hydrogenation reaction, and an alcohol, preferably the alcohol used as a
diluent in the previous step, is heated to about 60 °C until complete dissolution of any
solids is obtained. The crystallization reaction mixture is cooled with stirring to about

15 35°C, then to about room temperature and is stirred at about 0 °C for about one hour to
about 6 hours or until crystallization is substantially complete. |

Optionally, to promote crystallization, seed crystals of the product are added when

the temperature of the mixture is about 35 °C. Addition of an antisolvent, such as methyl
tert-butyl ether (MTBE), when the mixture is at room temperature is advantageous for

20 improving the yield. Including the crystallization procedure, the hydrochloride salt of
compound 1, for example, has been obtained with a percentage of the undesired exo
isomer of less than about 0.5 %.

In the event, the product of hydrogenation has an unacceptably large exo

component, e.g. the hydrogenation step failed to use a controlled pressure of hydrogen

25  gas, amodified crystallization procedure can be used to improve the stereospecificity to
about the level described above. The modified procedure uses a longer crystallization
period. A mixture of the crude product and an alcohel is heated to about 60 °C until
complete dissolution is observed and then cooled to about 30 °C at which temperature
seed crystals of the product are added. A useful ratio of seed crystals to crude preduct is

30 between about 1:800 and about 1:400 (weight:weight). The resulting shury is cooled to
room temperature and stirred for between about 8 and about 24 hours until a crystaliine
precipitate is observed and then an antisolvent, in particular, 2-methyl tetrahydrofuran is

added. The slurry is typically stirred for another period of between about 3 and about 6
10



Characterization of reaction products was routinely carried out by mass and
11-1-NWR spectronetry. For NVR neasurenent, sanples were dissolved in
deut erat ed sol vent 30 (DMSO d6or CDCl3), arid Il-1-NVR spectra were

acqui red whthheadar i an Gemini 2000 i nstrunent (400 MHaryxRsREeci@andard
observation conditions. Mass spectronetric identification of conpounds was

performne i - Agi . nstrunent.
Gener al &Bﬁ% %glﬁgr?@%hgﬁ%ég@ P%d"p %m@?%%nigg&gét JZI\%IQ@PB%O mm Col umm

t enper at woayendOndCmeiNod2 008Ihg 1 6 AR JBZOB M QBRGIAE skl ofi¢ordioand 1 84t/ m n
Mobi | e Phases: A = Water/ACN (98:2) + 0.1 % TF . B =

Wat er / ACN*(*49 c@iﬁaonintd’fiess/og‘ll\lﬂfi&gml“rﬁ? éePFB‘éWdFﬁﬁ@?“l@ﬂ"ﬂ Yoepndiess fl‘é’ﬁ .
wavel engta‘%out@ﬁ%”éﬂn"f%tﬂﬁéd%lcmde product Witk 9 £PIBAORES oreBdR: §5 850! ved in
Wat er/ ACN (50:50) at about 1 ng/nil, and anal yzed usi'ng the fol | ow ng

gradi ent over 20 min (time (mn)/ B): 0/10, 2.5/20, 9/75, 1015/90, 17/90,
18/ 10, 20/ 10. HPLC net hod 2 E‘;@gvl% wer e dissolved in Water/ACN
(90: 10) at about 1 ng/nL and anal yZe g the foll owi ng gradi ent over 30
mn (time (m ke ShoBling Ohildtic tdnlfles 48 bfbred 281100k ate HeQfvenBOh, BAd akd HPLC
met hod 3 Conp gunds wer e dissolved in Water/ACN (90: 10) at about 1
mg/ L andChRASEPRIIES vty B dintENg g seeneldi ingentons 5 B CX4NMES (i n)/ B):
0/°10,  10/20w ﬁ@fﬁi’owxﬁ%@@&evé@érﬁ%vééfe%&iov&ggﬁﬁ%h% %ﬁ&h@éé s of

3-endo- ( 8- azabi cycl o oct - 3-yl ) benzarnrde lorid
10 indicated. Abbrev;atlons not defined below have their generaliy accepted meamngs

ACN = acetonitrile
DMF = N, N-dimethylformamide
EtDAc = ethyl acetate
EtOH = ethanol
15 NaHMDS = sodium bis(trimethylsilyl)amide
MeTHF = 2-methyltetrahydrofuran
MTBE = fert-butyl methyl ether
psi = pounds per square inch
Ry = retention time

20
Reagents and solvents were purchased from commercial suppliers (Aldrich, Strem

Chemicals, Inc., ete.), and used without further purification. Progress of reaction
mixtures was monitored by analytical high performance liquid chromatography and mass
spectrometry. Endo/exo ratios of products were determined by HPLC analysis using the

25 protocols described below. Reaction mixtures were worked up as described specifically
in each reaction; commonly they were purified by extraction and other purification
methods such as temperature-, and solvent-dependent crystallization, and precipitation.
Characterization of reaction products was routinely carried out by mass and "H-NMR
spectrometry. For NMR measurement, samples were dissolved in deuterated solvent

30 (DMSO-ds or CDCl3), and 'H-NMR spectra were acquired with a Vartan Gemini 2000
instrument (400 MHz) under standard observation conditions. Mass spectrometric
identification of compounds was performed using an Agilent (Palo Alto, CA) model! 1100
LC/MSD instrument.
General HPLC Conditions

35 Column: Zorbax SB-Aq, 5 pm. 4.6 x 250 mm
Column temperature: 40 °C

11



a. Preparation of trifluoro-nethanesulfonic acid

8- benzvl- 8-azabi cycl 013. 2. 11oct-2-en-3- vl ester To a 500 nL flask was
added 8-benzyl-8-azabicycl o[ 3. 2. 1] octan-3-one 25 hydrochloride (50.4 g, 200
mol ), EtWwaeedehefd nL), and 4 N NaCOH (50 nl) The reactpiconsiiosbisk® Was
heated to 30 C and stirred at that tenperature for 1 h. The |layers were
separ at ed and gilig-fgueous | aygry Wesngi scarded. The volunme of the organic

| ayer was redyggg.t 0 nL by L Ny THF (270 nL) was
added. The resu |ggmgélut|onﬁhaggﬁég%§§?g§ﬁﬁsfqlﬁ g and cooled to -20 C.
A NaHVDS 30 s Iutlon ﬁl Min nunoP? Was added to the flask
over 15 mm THESFERN ‘f s stirred at -20 th 5 Cfor 1 h.

N- phenyl bi s(t ‘?%ﬁ%ﬁﬁﬁ%?ﬁ% es 148% mide (82.2 g, 230 nml) was added to the
reaction mxture in portions over 5 mn and the m xture was stirred at -20
Cto -1 HEEEmethodd To the reaction mixture was added 1 N NaCH (200 ni)
and the m xt ur el 08607 22
Cwth stlrrlégu&%%) gh? magggg%?? %3N?§ﬁ%§§%%ggﬁfgﬁgg§mgy§ég?%%?on at - 30
Cto a vcﬂnalryeedofsmcgﬁﬂc following, grinBertenen i mop (tlerqhimon YnB Xt Mt @ 2030, &dtbed Et 0AC

(300 ( The m xture was stirred at 22 Cfor 5 mn.
The | lgq&k?éBéggép #@goand t he aqueous | ayer was di scarded. The organic
| ayer maa ﬁgz eg wi,th 1IN NaOH 5 (3 x 450 nL). The aqueous |ayers were

di scarde nic |ayer was concentrated by rotary evaporation to
provi de the tIdohfpohms%a@dfs@eed(lmg[eﬂkaﬁ 7(%9@5 attaxsom Hg&& ffRi hod 1)

114 NMR (d6-DVBO, 400 MHz): S (p 05 (d, J 5 2 1H),
3.64 (q, apelygdusingie fo@owowather(twerzﬂmmz(nm ((mh)/ %:BJ@ 10, m%i)w 23/89- 2. 09

(m 5H), (m 1H). b. Preparation of
3-(8-be né%%ﬁézgégépg%blo(S 2.1l oct-2-en-3-yl) benzam de To the crude

produg§ %?F(pe &rgélous step was added THF (420 nL) and the solution was

pur ge n for 5 mn. To a 2 L flask was added 3-carbanoyl phenyl

boronic aci d (8pYundIvdde Giss2OA lmwbt):y/Agaﬂ@adnyﬁﬂaebai)uﬁ m (98 % 15
0.46 g, 2 mml), 1,1 -bis(di phenyl phosphino)ferrocene (

nunol ) . é‘ﬁéllyffét“é%’glthﬁﬁoﬁPWB%%@%%@Vg 3, msdomerdain) YoB): d%bQi IBQUt ‘Fﬁé’gﬂil -l F
solutlon4ﬁmﬁg¢,ég@h@ met hanesul foni ¢ acid
8- benzyl-8-aza-bi’cycl o[ 3.2. 1] oct-2-en-3-yl ester. The resulting m xture was
purged with nitrogen for 5 nm heated to reflux (67 C) under nitrogen and
stirred for 2 h. The reaction m xture was cooled to 30 C, then Et0Ac (500
m) angl 20 1 Mxbibkt {:59Phkols YOL-EnabithesbaliRelb 2 Mok Y BpUnihd 1 ed at 22 C
for 10 mn. Theali¥fiRienere separated and the aqueous’l'ayer was di scarded.
The organic | ayer was washed with a m xture of brine (250 nL) and water
(250 L) aandentldib &felbromBinneslitfrt BHEESHBNSSERRALES BRI fgsaqueous
| ayer was qgg&grded. he organi c ayer was priefrTy arted over NazSH
filtered, Sol vent was partially renoved. Product precipitated as | i ght
To a 500 mL flask was added 8-benzyl-8-azabicyclo[3.2.1]octan-3-one

25 hydrochloride (50.4 g, 200 mmol), EtOA¢ (160 mL), and 4 N NaOH (50 mL). The

reaction mixture was heated to 30 °C and stirred at that temperature for 1 h. The layers

were separated and the aqueous layer was discarded. The volume of the organic layer was
reduced to ~40 mL by rofary evaporation and THF (270 mL) was added.
The resulting solution was added to a 1 L flask and cooled to -20 °C. A NaHMDS
30 solution (1 M in THF, 230 mL, 230 mmol) was added o the flask over 15 min. The
reaction mixture was stirred at -20 = 5 °C for [ h. N-phenyl-
bis(trifluoromethanesulforuimide (82.2 g, 230 mmol) was added to the reaction mixture in
portions over 5 min and the mixture was stirred at —20°Cto -10 °C for 1 h. To the

reaction mixture was added 1 N NaOH (200 mL) and the mixture was allowed to warm to
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25 yell ow solids during solvent renoval. The resulting slurry (about 200
m) was filtered and the solids were washed with cold EtOAc (0O C, 100 nl)
and dried under high vacuumat 25 Cto provide the title internediate (42.5
g) as a lwghtospelskow sol i d. The not her |iquor amdrivesisdaswe washes
wer e conbi ned and concentrated and the resulting slurry (about 100 niL) was

stirred af & (i Qc[m%é) W\f&fi‘@ag béﬁ:ﬁlgﬁgmo-{;g@b; l‘(!té.t?'é@ﬂ)og&mﬁ% belscyes e washed

wi th cold Et0Ac under high vacuumto provide a
second cryspunod 0&%@ mIptT@thpmmmmelr@acnom mixjurecorstiddestEll el @00 8119@nd 98.5 %

Cal ca For eI 9300 e ptyis WA 309 KPR\ PR by ) 5

(ppmM 7. SJndshe aHd}ousTay@Bwémxschf&dMI‘h&H}ganﬁ 15ykr (Gs Wﬁﬁﬁd%lthlﬂN.NaOﬁ 21-7.42 (m
611), 6.38 (d, J=4.4, 1H) (s, Hé_583$ 1H),368376
(m 2+, @x480anigy T@Freqws lazewewhscamdfq‘ he mga@)c aygr wes gonzenﬁ(aﬁﬁ by
2.04-2.1 c. Synt hesi s
of 3- endgr?&g)%‘%é%%%g/%{r%%éd&% ({)lg% 1IT’hgr;ﬁllle)(i enza @%}g roc or| To a
1 L hydr ogghead on vessel was added

(300 nh) .6 M BT RS ARO MR S (807> 2a (Peah e e 01 11 o et

22 C untiiecc@pptete 26),3s0-3184 g, M@szobww@m ffing 110-7.@8GH, 501, Mt ure was
purged with nitrogen for 5 mn while being heated to 30 C over 5 mn. To

t he mi%t ur® WadHdded 10 wt % Pd/ C (50 % in water, 4 g). The mixture was

purged at atnospheric pressure with hydrogen for 5 10 mn while being
heated. Threnawtionsl dds-banav-agabievchy @mm‘fwrmﬁ-ﬂnmmldlﬁydrogen at < 5 psi

(<0.34 at Wﬂspﬁ%rtﬁ{é%m&é) oéué%of{h% ?-'évtnédggt RS de{i’fut Y&Io5th P el th %

reactants, according t PLC an ysSI s he 1 ifon was cooled to 30C
and filt epbdion Imm&pglge@elthnﬁro'gm fwd\mme Ta asbl dlkslowandddethe crude title

conmpound W th an.endq:exo. rat T HP endo, 10. 97,

o Rt Z17 e SRR S G5 %o P 200 e B R 18 s g 351 2

Wt er 1@, zzﬂegruvrﬁ@loi),rQmmdn&pﬁédy%omdﬂ;ﬁhobamqw% QQ$Qrﬂxh§l)|dnldat' on at 30 C
in EtOH (-80 nL) to provide a slur%lothat was heated to 60 C until conplete

di ssol ut iR9ERSsIpYY ﬂHﬁ’éd%@l"ft?tﬁs HOM%OI}: wed by tesTIEF selutioneeddrifugret al s of t he
pr oduct (rQetQ%Aeg)lfo 6’%‘@ ﬁme\rléﬁc?ﬂs%rﬁﬁ%ai -&h- 4 hgst& g\?g%e%glé@gcor ding to

t he process descri Icati1on erra ) The
resul t i ngnishung wgs magecbtnth medgatfoQZ niinfleatedGo niflex (GMBH unBigtnitrbdenviad added

slowy, and e sluLry s stirred at 0 nd t Cfor 1 h.
The resulsflfrﬁé?cgg%géi O PpAtRie YRS éﬁ&aﬁu@ﬁh“eﬁ?@%@ﬁﬁmﬁ i ed under
hi gh 26 viaQWHDH GopudYivetee ddied hid I neRRROWAst(r2d -aP2B)C &5t 1@ ndAl t gnpowder (75
%yield, >98.5 %purity <0.4 %exo isoner by HPLC nethod 3, endo Rt=8.67,

exo Rt =9 laygys were Separa(t anyl thq agupqusdayes ovas Giscaiial. | TiRNegankaleyersvaspashed 231. 2.
LT NVR (A ( C 111)
5. 05 (o, iy g SuMEG 30 Sy ATkl (2poiiny il ol e e |
(t, J=7.6yer2 hﬁ)ara&d%d ﬂie aqﬁd:d)us I@Bﬁ\}aﬁdﬁ&rc(dm 'I'.hﬂ:b)ganﬂ: 18}% W’&@bﬁeﬂlﬁdr(dﬂh 2H)
2.19-2.24 gr%a:%&, ﬁltered and so?veglt wa lallylrer?lgved 6Procguct prempltated as light

25 yellow solids during solvent removal. The resulting shurry (about 200 mL) was filtered

and the solids were washed with cold EtOAc (0 °C, 100 mL) and dried under high

vacuum at 25 °C to provide the title intermediate (42.5 g) as a light yellow solid.
The mother liquor and the above washes were combined and concentrated and the‘
-resulting shurry (about 100 mL.) was stirred at 5 °C for 30 min and filtered. The filtered
30 solids were washed with cold EtOAc (0 °C, 30 mL) and dried under high vacuum to
provide a second crop of the title intermediate (7 g, combined vield 78 %, > 98.5 % pure
by HPLC method 1).
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WO 2009/ 014610PCT/ US2008/ 008607 Exanpl e 2: Synthesis of
3-endo- (8- azabi cycl o[ 3. 2. 1] oct - 3-yl ) benzam de hydrochl oride a. Preparation
of 3-o0xo-8-azabicycl o[ 3. 2. 1j oct ane-8-carboxylic acid tert-butyl ester To a

1 L hydr ogenademivessel was added 8-benzyl- 8-azabi cyel@hBaidsdistet an- 3- one
5 (86.1 g, 400 mol ), di-tert-butyl dicarbonate (98.2 g, 450 nunol), 10 wt%

Pd/ C (24 g, | d
purge((j with nl(t @ngwr@%i%ttgﬁe”%g@réa ;lr%ﬁf‘“?n“%ﬁ%%? vvas S c’rﬁdéI r‘ﬁﬁdgp 50
pf\l h%/dlrowéh) (&ipémaﬂﬁrisriﬁrﬁrééa (Tcatf“&@ 1429 § ?IS;’ZS fﬁ AThE), rwﬁr :émnmgné UB 2 \Naioo
t t e was washed wt t C

1 The {078 Karet antoniinis Bl L Bt Reabh kS rtin H9: JGomtidnt br 1 ne.
(1:1 nmixtames. 943@ J=th, was 2addest (nd h@{&Eﬁ 840, ﬁq{numfn REoS BRAIIH @@s dried

over Na2SO4, and concentrated to yi'el | i ght” yel "'ow st cky’ 0| whi ch

sol i di fi el ilﬁ@nlfé)tandl ng to give the title intermediate (93 g, quantitative
yi el d). IH NI\/R(CDC13 400 MHz): 8 (pprr) 4.47 (s, br,
2H), 2. 63 p 3 b3k de Imdr@bljoridt. 65 (t, J=8,

2H), 1.49

SH% rifluor giet’ﬁaneséﬁlﬁgﬁy@gggg éﬂz‘g%a%% & ﬁgenzzyhﬁg%%bl?cg’r? 28 loct-ZetPhoxyl i

aci d t er t3-piitepareise 640 g, 125 mulal), EEtd)gﬂ.(SO{D&SJi MHaﬁ@eﬁnm)mdwa@dmmnm t he |
t THF (400 nL The m xture was stirre

P oo (TR e ke 3a e A arbrit e A SHER VB RBEYES. THId t hon s

COO| edo t reaclin ixrdNeAIVIAP 0L i m%?énlfo% 'rrﬁn%e bgﬁg‘ﬂ@aq(sd% 30780, ygol ) was

added slowly to the reaction vessel over h (temp <-7
N- pheny!| -Higy t?q ﬁlpﬁéﬁf@mﬁﬁeﬂdé%lqm?ﬁrﬁwﬁ (éqgmnm’at%f@ghrﬂe)mme&dded to the

reacti on A nai nt.ain i.nterna erature
<-70 C &gié?édl on 0@91%% Epﬁ% h dmge %Ddgdi(ﬂ% ?ﬁ?&lﬁﬁakd\/\g@sti rred at
-74 C f orm8@rewas Fhrecdni 80 a@mmg By aEeldteeh @m?em&e Batuh&phards)ghi ght |y
concentr ed t renoég about 200 mlL sol vent. he remai ni ng sol ution

was adde 58 1 68D YNV enion 86 8 reavitiisreyeosdiag B BNeC eadpsisiThe The | ayers

wer e $§pasbﬁ1tt%ﬁiu%9g06 gy r %200 )
and brine (2100 m), I%Iftlog(r:l ove(radl{l%%%&m hg%ﬁﬁgﬁ %&g%dggﬁtolr\%"t\lggﬁ}%he Fesi due

was dri editgrrgmepend yitsan ercﬂoque@jattomf@%@ HHEPLC trlethodit en/o®d-HLYY, aso yel | owi sh

solids (3LZ ; % 3 0|\/HZ) S (ppm 6.32
(d, J=6, %,@‘6%%%.[ i qé%‘”e %%&ggi% I“dz?L 2.72.18-2.23 (m 214),
%0 8519/ (1)1 28 (m viv.ax&x) w%%rf%ggidofgﬁn (tit8 crddelyrodidst 89 aﬁ@)troglb')distlll!{%n at 30 °C in

GElgEI ~8(3J mi? to provide a slurry that was heated to 60 °C until complete dissolution.

20 The solution was cooled to 35 °C and seed crystals of the product (0.05 g) were added.

(The seed crystals were prepared according to the process described in U.S. Application

Serial No. 12/072,534.) The resulting slurry was stirred at 22 °C for 30 min, MTBE

(120 mL) was added slowly, and the slurry was stirred at 22 °C for 4 h and then at 0 °C

for1 h. 'I‘hel resulting solids were filtered, washed with cold BtOH and dried under high
25 vacuum to provide the title compound (24.5 g) as a white powder (75 % yield, >98.5 %

purity < 0.4 % exo isomer by HPLC method 3, endo Rr=8.67, exo Ri=9.43). _

(m/z): {M+H]+ caled for C 4H gN,0 231.15; found 231.2. ‘H NMR (ds-DMSO,

400 MHz): & (ppm) 9.13 (s, br, 1H), 9.03 (s, br, 1H), 8.05 (s, 1H), 7.93 (s, 1H), 7.73 (4,

J=7.6, 1H), 7.58 (d, J=7.6, 1H), 7.40 (t, J/=7.6, 2H), 3.97 (s, 2H), 3.17-3.23 (m, 1H), 2.39-
30 2.46 (m, 2H), 2.19-2.24 (m, 2H), 1.86-1.89 (m, 2H), 1.59-1.63 (m, 2H).

14



c. Preparation of
3-(3-car banoyl phenyl) - 8- azabi cycl 013. 2. 1l oct - 2- ene- 8- car boxylic acid
tert-butyl ester To a 250 InL flask was added

3-trifl uogaeishadshesul fonyl oxy-8- azabicycl o 3. 2. 1] oClpr2nSaRefmsedr boxylic
acid tert-butyl ester (20 g, 56 mml), 5 3-carbanoyl phenyl boronic acid

>'2 nunol ), ﬂ“ﬂ*ﬂ% e %ﬁ*“?ﬁéﬁ% Vit RRELERRAbRADILL EFLoc B g (1%L o ©

, 168 mml) The reagents vvere purged with nitrogen

4.4 mol) and
for 5 .,
was sti rr et

70C. After 2 HWoatl E(hyt{irogmaaomas's&]msm&d@bér&ﬁlusmabmymot?emmamwuemand

filter r,0 Cel e filtrate concentr at ed resi due was
1 orfeh e fOhuob: Gaebo sirbsonia (T £t ERRe DuB0aE Pl BA ¢ 50 o)
The or ganjicmmayhd B@A@ﬁl@@'hﬂi)eﬂheaﬁﬁpéysioﬁ%a‘é‘sﬁﬁemmged%%% n Rk the
sol uti on was renoved e remmi nder of the solution was concenfrated to
-100 ni | .10 min. fbg repctivaaiige was %mdmﬁervﬁé@sam@gen%ﬁuaanwb@ma@ ates were
obser ved. "2 Td@fo??é% fr't'llh%r}eééﬂl)ﬁ'ﬁﬁ XLy ezvgs%g%ﬁé?l%r%@/ﬁg%g&?gﬁ?ﬁ& s(o%g al%' L) was

added, and the urry was s s were filtered
and dri edx&sovzghadewﬂtmﬁtam (160mm:)e’r}nmﬁlinatean(l&aéh@)wmcdﬂﬂghéd arell shawated| i ds.

Th h i f th t lid t at
i cn Thag e Ol (3 e a0 FANR OGRS BbAUCLS fOroyes RstBined 66 %
yiel d). 2R NQ@OPM@@CO&QQHMTF% yn§d ﬁlﬁ%ﬁ@yeﬁo@:'stlélé}ﬁ oxﬂ-\bbnch Zol&bﬁﬁé& J=1. 6,

1H), 7.73- 7.76 (m 1E1), 7.55 (d . 62 (d,
J=5. 2, 11uppnsign@ag b give (hmtltlgm)tem@ds}%e@ngl(mltamq_)neidi 65 2 33 (m 511),

1.38 (s 9H) . At

3-(8-azabi cyel m%e(?’@' 4§6| @ SFppErgr?zg X 21:%263&7 1 2@? é%(vvas added
3- ( 3- car h&oyl ﬂh)eﬁ}bBXmBEHzatﬂsqyo‘%Q[ﬁi)Zl3&9@@19}12 ene- 25 8-carboxylic acid
tert-butyl ester (4 g, 12 mol) and TFA (10 nmlL). The mi xture was stirred at
room t&nuerEtpHrRiohof 330 8romethieess Borilid:Qr8-HabicGaBTEN Tat 2dn@Bd the residue
was dried wagekyvikaeiiiey:- skl | 1 ne solids were observed Iin the reaction
m xture, which was_ then stirred in THF (-10 nL) at 0 Cfor | h. The solids
were filtered kg bk Soskwas ddedthg psaduet the PREVIONS PEP (%&ﬂ%mlbw(dz 4 g) as
| i ght yel lirds W fromthe
mother |1 ot QBT ol G8° S puep e im (ot WL b E SRS T e)
8. 96 (s Vmsobﬁf.[t‘f)d m&i@sn(vsscob&@dtﬂ?@?{i(A,NaIHI)IDSEoBﬁOIQCII MieTHE, 1H), 7.62
(d, J 1) 7 48 2 .54 (d, J= H).,, 4. 29- (m 211),
502" 30 oarepiT g P e SliggY o s RloteuvsBave b g <G8 "o (m

111). 16 N-phenyl- bxs(mfluoromethanesulfonirnide (164 g, 460 mmol) was added 1o the reaction

.-D

mixture in portions while maintaining the internal temperature <-70 °C. Additional THF
(200 mL) was added and the mixture was stirred at -74 °C for 90 min. The mixture was
warmed to room temperature and slightly concentrated to remove about 200 mL solvent.

25  To the remaining solution was added 1N NaOH (600 mL), hexanes (200 mL) and EtOAc
(400 mL). The layers were separated and the organic layer was washed with 1 N NaOH
(3 x 200 mL) and brine (200 mL), dried over Na,SQy, and then concentrated. The residue
was dried and slowly solidified to give the title intermediate as vellowish solids (117.8 g,
82 % yield).

30 'H NMR (ds-DMSO, 400 MHz): & (ppm) 6.32 (d, J=6, 1H), 4.30-4.40 (m, 2H),
2.90 (d, /=16.4, 2H), 2.18-2.23 (m, 2H), 1.91-1.98 (m, 2H), 1.65-1.72 (m, 2H), 1.39 (s,
9H).
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WD 20091014610PCT/ US2008/ 008607 e. Synthesis of

3-endo- (8- azabi cycl 013. 2. 1l oct - 3-yl ) benzam de hydrochl ori de To a 25
m. flask was added 3-(8-azabicycl o[ 3.2. 1] oct-2-en-3-yl)benzam de
trifluorocesetatras(®¥025 g, 0.7 mol ), EtOH (5 nlL) and wateusisdmssirl ). The
m xture was stirred at roomtenperature and purged with nitrogen. To the
sol uti on gnaserAEes o A1 Wt amBdHen(10-80:28bi6Vc 18NS, 11B&-Minel S1ESHNESc RGEged Wit h

hydrogen QL Buffl &er TNEN the m xture was heated to 50C and stirred under a
bal | oon of "hy rr?&%n for 16 h. The m xture was cooled to roomtenperature

and filtered ThrcdgmlcBiskiveas affpd I-jriffusporeethaneponylosiidd with EtOH (10 m .)

and the | igu nhi Re : C. t iL to provide

crude ti tak%qﬁ{co&%}g’g ﬁ&f?@%ﬁ%ﬁ%ﬂ&%@%@%ﬂ@ae% @Ogggwlgy HPLC net hod 3

endo 19D [3td¢arBnyiphenydbomhic)acid] (M-Big, 6ahmebif,or Cl41- 118N20 231.15; found

231. 4. . ... 1O 1.he crude product d concentrated HC1 (-0.1 niL) and

t he reactt?ﬂﬂ‘bﬁqzk’bﬁﬁnéameﬂg’éﬁé‘gmﬁl@%@%gﬁg & SO di ssol ution. The

sol uti on M&gidhes)ifdsithernanchorae by, Uy %.Xe(sag@{mtnf%orm}]a ¥ei(esadded. (The
anpl e y was

seed crystals were obtained as described in _ .) The slurr
further déduepl) dhe repentewpremarasd avithmdtrageBHEOL 2 min.)and Shopddifaddeenl)The shi ny

was stirr t - t hen ,at 0r.3Q mn. The solid
was fil te@gm{%ﬁ@i%@ﬁ%{ !Ef |El§ F%Sgérg’rlroé’o‘g"ﬁscf “(538 .ai%g‘éf,%eiﬁ?*ﬂ n&c’ée(%folrsoner by
HPLC net heethd semdgthch Béat&lto X0, Rifitr Dh48)0 °C, mhamixtfiyiats cesibd &b rbom
C141118N20 231.15; found 231.4, Exanpl e 3: Synt hesi s of

3- (8- benZ§mRogatie apd Aljered foushGelits. The Slirate yas consepfeatedanddle wsides Wpsr at i on

of tol uengrfinasd febieh FROWE (BsRRDT MLk Bs RO G PHB)/Bridl @BLard; € 3-y1 ester
To a 1 L flask was added 8-benzyl-8-azabi cycl o[ 3.2 1] octan-3-one (12.9 g,

60 nmol ) cagrdicTiyer (oS pataled aTf dried with Ne:SRs Asquarteedf the seleigm wanper at ur e

until co i ssol.ut.i on.was.observed, and then s. cooled, to -30 C

Tt i urn Bt P SBRLEb LR MG SRASI X EEnc Rl R AR PR RR bR E 6

m., 695 mMyed mLywas aiddeSdlia prdiahifaes elcrOfbssed ! TR BohNeh v3Rini¥ s rddiRed 0l ut i on

was stirred at -25 5 C for 1 h. A solution ofp-toluene sulfonic acid

anhydr i d@Y(9 s hgxango(1 Rl waspdgeds apd the shyry) wagsbimgd e’ G Bl he Theact i on

m xture : = 7 £ : Lrred at
abid v&&@ﬁﬁﬁ_@& MLl 16 g{%ﬁ‘t‘m tﬁteqn£eﬂﬁy&d%e§ragﬁgg\gy§%gez R soitd

-10C to 10C for 1 To the s tion was ad and 1 N NaCH
30 (200 nrihy reotigkr libyeor @ik ditrthen covasnisdtéd oagveanorcsohd pexipgr@t whiechfsa@s 5 nmin. The

organi c l.ayer, .was_sepat.at ed and hed with 0.5 NI (200 m.) foll owed by
1:1 bri néﬁ%g’fié? pr@ﬁ%@aﬁﬁj}fm#ﬁ@%ﬁ{ggﬁi Q%M@Fn%a% MY over Na2SO4, and
concepd r at ed @ NNMREFDYBO, 200 MAR)2 Ghd) B1oh6G0RGT 7 4820081 808607 750l i d
residue. The solids were slurried in hexane %40 mL)/trace EtOAc(<5nL) and
filteredt® @ & .detBe/ tid 7130 eihEni Hle0024d,Y=5.2, 88).9h35r 64 Hfm,

(mz): [ I §a v 7 X und 370.2. ill NWR (CDClI 3, 400
W) o (g T Ea By T o R T R oM %57 (ot dos6, L6,
'.‘l. At T < .V-}'I g ST ey ‘..' i1 -2.63 (m 1H)1 2.46 (S,

, o P BT EEt cyclo Fa e ekl Aot -‘f§77 (m 2H), 1.41-1.49
(m 1H). b.. SyntiHedi askfwas added 3-(3-carbamoylphenyl)-8-azabicyclof3.2.1]oct-2-cne-
3-(8-benzyl-8-azabicycl.or3. 2. 1l oct-2-en: 3-v.1): zam.ge . To a 100 ni Li
P ound® boR LT e A i sfer (e 4 el A FLBET B g
gz abi cyc |sf31£r§d 2 1ddr emperaite Sory3D BBt The £ddution Was cdnfditated add GRFERIRW Rhenyl
oronte ac'led under vacuum. Crystalline solids were observed in the reaction mixture, which was

then stirred in THF (~10 mL} at 0 °C for 1 h. The solids were filtered to provide the TFA
salt of the title intermediate (2.4 g} as light yellow solids. Additional product (0.32 g) was

30 recovered from the mother liquor (Combined 66 % vyield).
"H NMR (ds--DMSO, 400 MHz): 8.96 (s, br, 2H), 8.05 (s, 1H), 7.96 (s, 1H), 7.82
(d, /=7.6, 1H), 7.62 (d, /=7.6, 1H), 7.42-7.48 (m, 2H), 6.54 (d, /=6, 1H), 4.29-4.38 (m,
2H), 3.03-3.08 (m, 2H), 2.65 (d, J=18, 1H), 2.05-2.22 (m, 3H), 1.83-1.89 (m, 1H).
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10 (0.36 g, 2.2 mml), Pd2dba3 (0.055 g, 0.06 mmol),

1, 5- bi s(di phenyl phosphi no) pentane (0.053 g, 0.12 mmol) and CsF (0.91, 6
nmol ) The reaction m xture was purged with nitrogen for 5 mn, and THF (8
mL ) and w6 2edsmidoME (1.5 nl) were added. The suspensi @aTwdssosbdssgred at room
tenperature and purged with nitrogen for another 5 mn, then heated to 68C.

After 21 ) shihldls 6F 3-ENS-ROBEDI QloBIXN S - WakenERHE BydrOc i ORI 15 tenperature
and partitione et wee . The organic

n Et OAC an
| ayer was wasH&d i tth flaskiway added e 8-arabioyclo( 2@ Hiack-2 ndh-hcsgereder Na2SO4 The
organic | F t : | 14 Lo |.urry that
ves T |t P HESo RO b bl BOR ) Ml el TP L Sk iy WAL Y
of f - whi t etized atdsom ey atufeMubipurgatl edthfritroged 1 Te 122NARon33.afi@ed foomssl 319. 4.
20Exanpl : t hesi,g of. 3-endo- (8-azapicyclo[3.2.1)aqct-3-yl)benzam de
yar ochi G GET B3Rt Tedriatnr aS et {aE B6RR ST Srsh SbeR g THRGF benan de
hydr ochl atds@eated to 50 “Cnd shiied QERAAbAIRIIN\E BF&bMPHr 35HEBhe mixture was

3-(8-benzyl-8-azabicycl o[ 3. 2. 1] oct -2-en-3-_yl Jbenzam de (5 g, 15.7 mmol),
Et OH ( 106°PY to repr temperpiate g, fHtepqd) thrpyeh freliteutles filtes c@8 was washer withr oom

t enper at r i e f Tq. t o) ution was

P i o e e T A S B S oy

mm The mrudeditle praisctheidt @detdo/&a0 isorenchtis tof OB by PIi(haictHod Bpegat ur e under a

flow d en at 2 Si .36 _at mospher for 40 h, resulting in about

95% cgivg%‘%égﬂ ef“%ﬁﬁ?e“%t P(F’I/@( ééﬁ%étﬁ?ﬁ}odvﬁ‘fﬁ“‘gﬁfﬁhé P dRofquad gt 41 atg io of 85:15

according o Bl sraifiedad: 420 d8cAQoRRARxEd HOTX D, FRAS oAd lpe TlRoT XL UT e vas
e. no

cooled to roomtenperature and filtered through Celit e ther Iiquor
was concahikigs wep hegtedity 60 1 untglrogawlate disselysiondTine solutin® was cooled to 35 °C

2009/ 014 / t i i f . ,

3-endo- ( g}’ ggé a i#&%&g%&gg?ﬁ?@ ﬁﬁg%%ﬁb @%&%@%Q‘?ﬂ@% P’SE%?%?"F?%&S dﬁ)cqbﬁ% crude
product of Exdreplpd Viteusust e fietheragdied (Eiddhh e@Peranid andMITBENE nileact i on

m xtu was h %tfﬁl 0 60 C until conplete dissolution. The sol ution was
cool e{jset o aéﬁd% al PSHITTRYET SHETCSL BBt (PRPTERTe forrRe then #e0 corfpbifh@it about 10
my) ver e Taddeit: wis K1ERS1 159RskiEE 1S ik SoMBEmAQRb 2% @fﬁﬂ@?‘zﬁ@?&&ﬁh@ In Exanple

1.) The slurry was cooled to roomtenperature w stirring and stirred

over ni ghtFC neibpd 8 ergreRadi7eexaRar81d). (prek [Yi-Hat @dcdder €1.8hgeved. To the

slurry (15 rnL) and the slurry was stirred at room
terrpera}t,v??%a'(il ’gg&%ggr 4 h and filtered to provide the title conmpound (2.1

g, 50 %yield, 0.3 % exo isoner bsy HPLC nmet hod 2 (endo Rt=10.97, exo
Rt =12.67)). 1Example 3: Synthesis of 3-(8-benzyl-8-azabicyclo[3.2.1]oct-2-en-3-yl)-
20 benzamide

a. Preparation of toluene-4-sulfonic acid 8-benzvl-8-azabicvelo[3.2.1]oct-2-en-3-v1 ester

To a 1 L flask was added 8-benzyl-8-azabicyclo[3.2.1Joctan-3-one (129 g,
60 mmol) and THF (100 mL). The mixture was stirred at room temperature until
complete dissolution was observed, and then was cooled to -30 °C. Lithium-bis-

25 (tnmethylsilyl)amide (LiHMDS) solution (I M in THF, 69 mL, 6% mmol)} was added to
the reaction solution over 30 min. The solution was stirred at -25 £5 °C for 1 h. A solution
of p-toluene sulfonic acid anhydride (22.5 g, 69 mmol) in THF (150 mL ) was added to
the reaction mixture at a temperature of -7+3 °C, The resulting solution was stirred at
-10°Cto 10°C for 1 h. To the solution was added EtOAc (250 mL) and 1 N NaOH

30 (200 mL) and the solution was stirred at room temperature for 5 min. The organic layer
was separated and washed with 0.5 N NaOH (200 mL) foliowed by 1:1 brine‘:water

(200 mL). The organic layer was dried over Na;SO,, and concentrated to give a yellow
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Whil e the present invention has been described with reference to the

speci fic enbodi nents thereof, it should be understood by those skilled in
the art that various changes may be made and equi val ents may be substituted
wi t hout depandsiongid romthe true spirit and scope of tlpericswentdsen. | n

addi tion, many nodifications may be nade to adapt a 15 particul ar

situatio RIROS o5 P t r steps,
to the og?gg?%ggkaggfglt anbE%@%ggao?ﬁékg&%¥§gg%§§?ﬁvﬁﬁt|o&ﬁmﬁ Q?%bh
rmdlflcattmprcsﬂcmrtbeimlmet@dwﬁlate(b%l @i, Bai¥myielde scope of the clains appended

ner of nabove arl@preborae sy e ERAE T aPuR T ARG T © © 1

i ndi vi dualibiy): la@ﬁh}mscai?@@ (RyzHeferense(m, MO, 2008/ 34516 106 2@2@@8/ 008607
VWHAT | S CLAI MED | A process for pre arlf%Fa conp ound of formla 1,

havi ng® t hE1 @h%ﬁ? éaﬂ4 %@1 3HBnudt-2&3dmatild 31D i]Oée?t 13y feh$%mi de, or
a salt th@g Eg f%blykgngégngggpﬁgyﬁi §ﬁpnpr|5|ng (a)purging a reaction
sin und 0 a 3:

vessel conpr conp or mu
b.. S 8-benzvl-8-azabicvelol3.2.1}oct-2-en-3-vl

thesis of 3- -benzamide

To a 100 mL round bottom flask was added toluene-4-sulfonic acid 8-benzyl-8-

azabicyclo[3.2.1Joct-2-en-3-yl ester (0.75 g, 2 mmol), 3-carbamoylphenyl boronic acid

10 (0.36 g, 2.2 mmol), Pdadbas (0.055 g, 0.06 mmol), 1,5-bis(diphenylphosphino)pentane
(0.053 g, 0.12 mmol) and CsF (0.91, 6 mmol). The reaction mixture was purged with
nitrogen for 5 min, and THF (8 mL )and 1.5 mL DMF (1.5 mL) were added. The
suspension was stirred at room temperature and purged with nitrogen for another 5 min,
then heated to 68 °C. After 21 h at 68 °C, the reaction mixture was cooled to room

15 temperature and partitioned between EtOAc (20 mL ) and 1 N NaOH (20 mL). The
organic layer was washed with 1:1 brine:water (2 x 20 mL) and dried over Na;SO4 The
organic layer was concentrated to 7 to 8 ml, resulting in a slurry that was filtered to
provide the title compound (0.41 g, 64 % yield) as off-white solids. (m/z): [M+H1" calcd
for C35HN-0, 319.18; found 319.4.

20 Example 4: Synthesis of 3-endo-(8-azabicyclo[3.2.1]oct-3-yl)benzamide
bydrochloride

a. Synthesis of 3-endo-{8-azabicvelo[3.2.1Joct-3-ybenzamide hvdrochloride

To a hydrogenation vessel was added 3-(8-benzyl-8-azabicyclo[3.2.1]oct-2-en-3-

yDbenzamide (5 g, 15.7 mmol), EtOH (100 mL), and 6 N HC1 (7.5 mL). The mixture was
25  stirred at room temperature and was purged with nitrogen for § min. To the solution was

added 10 wt % Pd/C (0.5 g) and the mixture was purged with hydrogen for 5 min. The

mixture was heated to 50 °C and stirred at that temperature under a flow of hydrogen at

20 psi {1.36 atmosphere) for 40 h, resulting in about 95% conversion to the title

compound with an endo/exo 1somer ratic of 85:15 according to HPLC method 2 (endo
30 Rr=10.97, exo Rr=12.67). The mixture was cooled to room temperature and filtered

through Celite. The mother liquor was concentrated to give the crude title product.

18



103 and an acid with a non-reactive gas, wherein PL is an am no-protecting
group renovable by catal ytic hydrogenation, (b) adding a palladi um netal
catalyst to the reaction vessel; (c) purging the reaction vessel with

hydr ogen;wanehsbb4sa) suppl yi ng hydrogen gas to the reactcomsuesssborat a
pressure of I|ess than about a half atnosphere such thait the total pressure

in the rQﬁo@ﬂvﬁﬁllﬁﬁﬁﬁﬁf3Le%db~$§~§zébmelo@33@lﬂoc@BQzl}%&ﬂ:aﬁnMvﬁr&hﬁHﬁ@hereS to
provi de a conmpound of formula 1 a salt thereof The

process of C aidtheciiAeperrctpf the Pé%‘ﬁ?‘&ﬁl stepgvasyddehEEEE 60 Bh), enditb 2 wher ei n
the acid Lgydseeh \95s'hceﬁ @8 k60 °C until comgiete é‘isso]-lm%npf}?ecs%ﬁgmﬂfwag 8194 3

wherein the process furt conprises converting the product of step (d) to
a cryst alth3BAéCRowinch time seed cﬁystéllhefmemiﬂessmpbmﬂ {abomt 40 wipg metauddbd per cent age

of ex0, [ sal t, of he of r IS Ie han about
0.5 pet ?gﬁeseed\?\ﬁsgg ik Ifq@n}ﬂ‘?)f‘%%??sf ¢Peparing a
conpound r@ém&&hﬁ@#&t@relmtﬂ@\‘xh@arkﬂﬁn‘éﬂ %%rﬁ%ht ﬁ&ﬂ@m temperatu:e Crystal

3- endo- ( 8-azabi cycl o[ 3. 2. 1] oct - 3-yl ) benzam de, a salt thereof: 1 5 the

process dWeRIpifassiTpre pheprved nkolbe FWY@’%@WEF (ﬁ)miﬁawai the slurry was

stirred at room temperature for another 4 h and filtered to provide the title compound

(2.1 g, 50 % yield, 0.3 % exo isomer by HPLC method 2 {endo Rt=10.97, exo Rr=12.67)).
10

While the present invention has been described with reference to the specific

embodiments thereof, it should be understood by those skilled in the art that various

changes may be made and equivalents may be substituted without departing from the true

spirit and scope of the invention. In addition, many modifications may be made to adapt a
15  particular situation, material, composition of matter, process, process step or steps, to the

objective, spirit and scope of the present invention. All such modifications are intended

to be within the scope of the claims appended hereto. Additionally, all publications,

patents, and patent documents cited hereinabove are incorporated by reference herein in

full, as though individually incorporated by reference.

19



5 wherein Pl is an am no-protecting group renovable by catal ytic

hydr ogenation and -OVNrepresents a sul fonate | eaving group, with a conpound
of formula 4: HO B OH 1040 in the presence of a palladiumcatal yst and a
phosphi newbizganadsci® provi de a conpound of formula 3: pcrruszoesnesssr (D)
purging a reaction vessel conprising a conpound of fornmula 3 and an acid 15

W th a non-reagigaeiQesAIMED IS: (c) adding a palladiumnmetal catalyst
to the reaction vessel; (d) purging the reaction vessel with
hydr ogen; and (e) supplying hydrogen gas to the reaction vessel at

a pressure of ,l ess ,than hal £ _a r h t.hat. the tota
pressure in tﬁé reé%?%%ﬁ§§§§%%$n? ¢ %géﬂﬁﬁ%ﬁﬁgﬁmgﬁég%wgﬁﬁwgwgaga al f

at mos phemamet3oerdo @¥iagehi@ciPoloed3 gl)bbipamided oda ult thersef: t t hereof 7. The
process of Claim6 wherein Pl is benzyl and -OR is trifluoronethane

sul f onat e,
HN , NHz

the process comprising:

(a) purging a reaction vessel comprising a compound of formula 3:

1
o

10 3
and an acid with a non-reactive gas, wherein P! is an amino-protecting group removable
by catalytic hydrogenation,
(b}  adding a palladium metal catalyst to the reaction vessel;
{c} purging the reaction vessel with hydrogen; and
15 (d)  supplying hydrogen gas to the reaction vessel at a pressure of less than
about a half atmosphere such that the total pressure in the reaction vessel is less than

about one and a half atmospheres to provide a compound of formula 1 or a sait thereof.

2. The process of Claim 1 wherein P' is benzyl.
20
3. The process of Claim 2 wherein the acid is hydrochloric acid.
4, The process of Claim 3 wherein the process further comprises converting
the product of step (d) to a crystalline form.
25

5. The process of Claim 4 wherein the percentage of exo isomer in the salt of

the compound of formula 1 is less than about 0.5 per cent.

20
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in step

tris(di benzylideneacetone)di pal | adi um(0) and the phosphine ligand is

(a), the palladiumcatalyst is palladium (1l) acetate or

1, 1' - bi s(wi¢pheisphosphi no) - f enrocene, tricycl ohexyl prasplimgo@Ess?

tetrafluoroborate, or 1,5-bis(diphenyl phosphino)pentane. 9. The

process of C g m 7 ahsesk n)rtp%aaﬁggcérﬁ%aﬂﬁr&@mﬁa . HaGin u?cm;ieftfmie' n the
e) to a

process further conprises converting the product of ste

crystall

The process of Claim9 wherein the per
the conpound of formula 1 is |esgs:
process for preparing a conpould

inameByadod hiagrvicyeloshl 4 Josf-3 tyeerzompdai nda edlt thereofal a 1. 10

bout 0.5 per cent.

8. The process of Claim7 wherein,

10.

sentage of exo isoner in the salt of

11. A

aNt2 having the chemical 15 nane

3- endo- ( 8- azabi cycl o[ 3. 2. 1l oct - 3=y fenzanijde, or a salt thereof: 1 the

process conprising hydrogenating a conmpound of fornmula 2, having the

chem cal

when t

name 3-(8-azabicyclo [3.2.1] loct-2-en-3-yl)benzam de: 200 2 or
an aciﬂ §€It thereof, .in the presence of a palladiumnetal catalyst,
e "ColB

BRI ¥ rnula 2 is in the formof a free base, in the

presence of ampa)aehetid
25 12. The process of

and,

npouiieoproganmeund of formula 1 or a salt thereof.
aim1ll wherein the process is perfornmed in the

presence of an acid and the produ%&%ijigidaglt of the compound of fornmnulal.

10

15

20

5

wherein P' is an amino-protecting group removable by catalytic hydrogenation and -OR"
represents a sulfonate leaving group, with a compound of formula 4:

HO. B,OH

NH,
4 0

in the presence of a palladium catalyst and a phosphine ligand to provide a compound of

1
F’\NNHQ
3 o)

9

formula 3:

{b)  purging a reaction vessel comprising a compound of formula 3 and an acid
with a non-reactive gas;

(c) adding a palladium metal catalyst to the reaction vessel;

{d) purging the reaction vessel with hydrogen; and

(e) supplying hydrogen gas to the reaction vessel at a pressure of less than
about a half atmosphere such that the total pressure in the reaction vessel is less than

about one and a half atmospheres to provide a compound of formula 1 or a salt thereof.

7. The process of Claim 6 wherein P’ is benzyl and ~-OR” is trifluoromethane

sulfonate,

21



WD 2009/ 014610PCT/ US2008/ 008607 13. The process of Claim12 wherein
the acid is hydrochloric acid and the product is the hydrochloride salt of

t he conpound of fornula 1. 14. The process of Caim 13 wherein
t he procesesnidaer conprises 5 crystallizing the hydepghikani6iRssal t of the
compound of formula 1. 15. The process of Claim 14 wherein the

percentage of exo isoner in the salt of the conpound of forrmula 1 is |ess
than about 0.5 per cent. 1016. A process for preparing a conpound of fornula
3: 30 wher é&i n Prhe proacssafiOkompt whereih] mGtapr(a) the galiedipheeadst gonpri si ng:

t ' d.of . f la 5 wh in - presents a
Sul t onat B4 S SR BT e Ra et BRI 4 OpSSPRRB0 | n ¢ he

pr esence 1fndisnal iR aBlSio) 3Bkond MSRIHES, bi@ARA: t O provide a
conmpound i()%:Zanflor rrulbgé(j&iil 2@%. he f))r ocess ofcs% ai%ny%G \i\ﬂkﬁ}er ein P is benzyl
and - dr tptgafluoroborate, or 1,5-bis(diphenylphosphino)pentane.

9. The process of Claim 7 wherein the acid is hydrochloric acid and wherein
the process further comprises converting the product of step (e} to a crystalline
hydrochloride salt of the compound of formula 1.

10
10.  The process of Claim 9 wherein the percentage of exo isomer in the salt of

the compound of formula 1 is less than about 0.5 per cent.

11. A process for preparing a compound of formula 1, having the chemical

15 name 3-endo-(8-azabicyclo[3.2.1]oct-3-yl)benzamide, or a salt thereof:

HN®©\W NH,
H

o
1
the process comprising hydrogenating a compound of formula 2, having the chemical

name 3-(8-azabicyclo[3.2.1]oct-2-en-3-yl)benzamide:

20
2
or an acid salt thereof, in the presence of & palladium metal catalyst, and, when the
compound of formula 2 1s in the form of a free base, in the presence of an acid, to provide
a compound of formula 1 or a salt thereof.
25

12. The process of Claim 11 wherein the process is performed in the presence

of an acid and the product is a salt of the compound of formula 1.

22



trifluoronmethane sul fonate. 18. The process of Caim1l7 wherein, in step
(a), the palladiumcatalyst is palladium(ll) acetate or . .
tris(di benzylideneacet one)di pal | adi um(0) and the phosphine ligand is

1, 11- bi s(digpdaemkqahosphi no) - f en-ocene, tricycl ohexyl phﬁﬁﬁélﬂﬁmo&sm
tetrafl uoroborate, or 1,5-bis(di phenyl phosphi no) pent ane conpound of

formula 2 50, 2 .

3- (8- azabi cycl%[S hﬁ% &‘Tegg Q@qﬂgﬁfgﬁﬁ%@dfd?ydﬁ’cégﬁﬁé‘&‘ﬂ&n%fhef ormul a 3:
10 WH2 WQémcﬁlxsThE’hydrscmcm@mhmefmrs:@b@@&immgaf%@ktpa 121. The conpound of C aim
20 wherein Pl is benzyl or tert-butoxycarbonyl. 1522. A conpound of formula

5:
14.  The process of Claim 13 wherein the process further comprises

5 crystallizing the hydrochloride salt of the compeund of formula 1.

15.  The process of Claim 14 wherein the percentage of exo isomer in the salt

of the compound of formula 1 is less than about 0.5 per cent.

10 16. A process for preparing a compound of formula 3:

L
P\NNHg
3 O

wherein P’ is an amino-protecting group, the process comprising:

(a) contacting a compound of formula 5

P

5

15  wherein -OR” represents a sulfonate leaving group, with a compound of formula 4:
HO.L B,OH

NH,
4 0O

in the presence of a palladium catalyst and a phosphine ligand to provide a compound of

formula 3,

20 17.  The process of Claim 16 wherein P! is benzy! and ~OR” is

trifluoromethane sulfonate.

18.  The process of Claim 17 wherein, in step (a), the palladium catalyst is

palladium (II) acetate or tris(dibenzylideneacetone)dipaliadium(0) and the phosphine

23



5 wherein Pi is benzyl and -012x is a sulfonate |eaving group. 23.A nethod
of increasing the stereospecificity for the endo orientation of a 20 sanple
of 3-endo-(8-azabicycl o[ 3.2.1)oct-3-yl)benzam de, the sanple conprising

nor e t hanyaeulnidde % 3- exo- (8- azabi cycl o[ 3. 2. 1] oct - 3- .'} wher ei n
3-endo- (8- .azabicyclo[3.2.1]oct-3-yl)benzam de and ORRIGAMAE

3-exo-(8-azahi.cyclo[3. 2. 1] act - 3-yl ) benzan de are salt form the process
conpri si nﬁ.an?és)Kg'lflg(ﬁﬁ’%gmlr‘%ﬂsﬂl?lﬂg)é TPpRDeSIHEN! eﬁ?’fpgosljﬂme

3- endo- ( Breaamakstelos 13-tk @pheripidEptihdhana de and an al cohol unt |
conpl ete dissolution is observed to provide a reaction solution; WO

2009/ 014610PCT/ LS2008/ 008607 (b) cooling the reaction solution,
addi ng seed crystal - - zabi cycl o[ 3. 2. 1] oct - 3- yDbenzam de, and
stirring until "a pﬁigﬁégﬁgﬁggﬁg&ggggrved; and (c) adding 2-nmnethyl

tetrahydrofuran to the reaction sol utj and stirring until

precipitation is substantially,gORT \iLQVvi de
3-endo- ( 8-azabi cycl o[ 3. 2. 1] oct - 3/F yl Jbenfam de conpri sing | ess than about
2 % 3-&x0-(8-azabicycl o[ 3. 2. 1] oct-3- yl)behzam de.

2

having the chemical name 3-(8-azabicyclo[3.2.1]oct-2-en-3-yl)benzamide.

20. A compound of formula 3:

1
P‘NNH2
5 o

10
wherein P' is an amino-protecting group.
21.  The compound of Claim 20 wherein P' is benzyl or tert-butoxycarbonyi.
15 22. A compound of formula 5:
Pl
o
5

wherein P’ is benzyl and ~OR” is a sulfonate leaving group.

23. A method of increasing the stereospecificity for the endo orientation of a
20 sample of 3-endo-(8-azabicyclof3.2.1Joct-3-yl)benzamide, the sample comprising more
than about 10 % 3-exo-~(8-azabicyclo[3.2.1]oct-3-yl)benzamide, wherein 3-endo-(8-
azabicyclo[3.2.1]oct-3-yl)benzamide and 3-exo-(8-azabicyclo[3.2.1]oct-3-yl)benzamide
are in salt form, the process comprising:
(a) heating a mixture of the s;ample of 3-endo-(8-azabicyclo[3.2.1]oct-3-
25  ybhbenzamide and an alcohol until complete dissolution is observed to provide a reaction

solution;

24
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(b)  cocling the reaction solution, adding seed crystals of 3-endo-(8-
azabicyclo[3.2.1]oct-3-yhbenzamide, and stirring until a precipitate is observed; and

(c) adding 2-methyl tetrahydrofuran to the reaction solution and stirring until
precipitation is substantially complete to provide 3-endo~(8-azabicycio[3.2.1]oct-3-
yl)benzamide comprising less than about 2 % 3-exo-(8-azabicyclo[3.2.1]oct-3-

yl)benzamide.

25



