10

15

20

25

30

PROCESS FOR PREPARI NG AN | NTERVEDI ATE TOMJ OPI O D
RECEPTOR ANTAGONI STS BACKGROUND OF THE | NVENTION Fi el d
woebodvgsibnventi on The invention is directed te@c®/us2008/008607

process for preparing an aryl 8-azabicyclof

3. 2. 1] octane conpound which is useful as an
internmedi ate for the preparation of nedicinal agents
hi particular, the invention is directed to the
preparation of internmediates to nmu opioid receptor

ant agoni st agents. State of the Art Conpounds that
denonstrate antagoni smat nu opioid receptors are
expected to be useful for treating or anelioratin

e ARACESS RORRREP ARING A EYTFRMBDIATE EOMLOPIOID
activity, such asREGEPTORANTAGONEIStility of the
gastrointestinal tract. For exanple, such conpounds
are expected to be useful for the treatnent of

opi oi d-i nduced bowel dysfunction or post-operative
ileus. U S. Application Serial No. 11/71 1,961 has
recently disclosed a series of

3-ewf | ?0- (8-azabicycl o[ 3.2. 1] oct-3-yl)-(substituted)ph
enyl conmpounds, that have exhibited activity as nu
opi oi d receptor antagonists. O particular interest

Within this seri BgA@EKEROURD'O¥STHE IOVENTAON ) © (1)

FielWg s Sy exanple, R2 is cycl ohexyl or
164,4-0H?yaorgCyclohexyl, and R4 is G ~al kyl substituted

wi tTheaneemiontiswdiréutett toxa/prosedsfor preparirgg anfaryl8-azd-osed i n
[ licati ti f d

bicxelip o Torfack REgPHI M HEAIHSELL) o CUFBGHAUE for the preparation of

ReiaRARehATAPARYELL khSindedd ALK dRedied RS e PR SRatdABH NI
me t ﬂe ga%go or i ent at %gn o tel%te&ﬁlenzgr#lede rmi%g%%?w t
interrasdiates td mutopoiBraxzpdor agtagdni agéntsl] oct yl group of the

final product. hi order to make use of the above cl ass

of mu opioid receptor antagonists as nedicinal agents,
Statelof WRUA4 be desirable to have an efficient process for
~preparing 3-endo-

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 opioid-induced bowel
dysfunction or post-operative ileus. U.S. Application Serial No. 11/711,961 has recently
disclosed a series of 3-endo-(8-azabicyclo[3.2.1]oct-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

o=
R2_ N~y NH,
.

o
@

wherein, for example, R* is cyclohexyl or 4,4-difluorocyclohexyl, and R* is C;4alkyl

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



10

15

20

25

(8-azabicycl o[ 3.2.1] oct-3-yl)benzam de with high
stereospecificity. Since the efficiency of the

woyowdiiesios of organi c conpounds decreases dr ametriisaddsyoseo7
with the nunber of process steps, it would be

prefii St St Bomb O SX AT £ B RRERB R R 3-endo 6
azabibkpEd{B. DN otha-ypbesaniidé:nvent i on provi des an effici ent
nmet hod for preparing 3-endo-
azabi cycl o[ 3. 2. 1] oct - 3-
determ ned that hydrgg
(8-azabicyclo[3.2.1] oc cen- 3-yll) benzam de
i nternedi ate provides the S'Foducp wi th good
LY t ' QU at.i has
hav i B A et lon T G AR R O bR o U 5k
bicyly[@r Dot gmupadiith finadpsoduche product can be prepared
in a si ngél e step, with good yield and, ]
st ellné)ég@'l R &3ke iup.;,gf the 3o vgclass of mu opioid receptor antagonists as
B - - - | .
e A AL el A6 b B B bR W Corepying 3-endo
(8-azaltiajold[i32. hipdi-Bgbbaizaatide Aithdigh steepspecificitye Sagpeakd efficiency
the i nventjon provides a process for preparing a
of the:npissts Aborgasigepmpounds desrerses dramatisaliyc with shgumber of process
- - o - -
sepg FIRI B SRRMEHE AL Sufndlfibeds i oA ST unHugfber of
proansrpepsdd of formula 2 having the chem cal name
3-(8-azabicycl o[ 3. 2. 1] oct-2-en-3-yl ) benzam de: ,2 or
an acid salt thereof, in the presence of a palladium
nmet al catal yst, ﬁggﬁq formula 2 is
in the form of gaﬁvriee ggg?blie%ﬁ? e prgg fr?ce of an

aciThe present RiwetiforBprooites ui dfitient afdihddefot pipafing 3lehdo-(8-
thereof . In another aspect, the invention provides a

azalfeysdels - Hopt-pbpersenida & dapbrendlctsminsdithathydragenation of a 3-
(8-a§§tli£¥clt1£l§ .rZ\?g]foct-%-QSJE% Ce%%%nfd%qgt%hﬁécﬂgté po?ax)iggsﬁhg Iprgo%éggt w'gh good

reac ssel CO I1SIng a conpoun
selectivity for the desired endo configuration. It has further been determined that under

mde. |t has been

suitable hydrogenation conditions, the product can be-prepared in a single step, with good

yield and 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 provides a process for preparing a

compound of formula 1, having the chemical name 3-endo-(8-azabicyclo[3.2.1]oct-3-

““@*Q\w””z
‘H

O

yl)benzamide, 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:

t
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and an acid with a non-reactive gas, wherein Pl is an
am no-protecting group renovable by catal ytic
wolrgaragewat i on, (b) addi ng a pal |l adi um netal eatralsgers/008607
to the reaction vessel; (c) purging the reaction
vessel with hydrogen; and ( uppl yi ng hydrogen gas
to the reaction vessel ~t a gssure of |ess than
about a hal f atnnsph%Ngl;v hat-tiie t ot al pressure
in the reaction vessel Ran about one and a
hal f at nospheres to provide a conpound of forrmula 1 or
a salt thereof. In one aspec2, the process uses an
ate of forrmula 3 in which Pl is ben

i nt er medj ! z i ope
or aagﬁ@dgﬁ thereotat the PresayFr I artadadiumsuety! caiplysin 6%/4‘ @quen the
y t r l: . .
confFRBAE b FEMRLPL RIETe LR TSGR, i 8% SOMNEL b 190 provide
a cdmprduhé of femnuleb babkilstheteofhat t he internedi ate of
formula 3 is efficiently prepared in a single step by
t hdnapgihes aspecs thg %Y@ttl@mpgawdes a process for preparing a compound of
- [ I ] ~2x .ntermediate with a
ibn%ﬂ%é??f&%@g&%ﬁgﬁg%}%%%ﬁﬁféﬂgg%gé'In anot her aspect,
t hgapf ormurginpa reavdientviessel pormptisies a dompoaaisf fofhula 3:
preparing a conpound of formnmula 3:wherein Plis an
am no-protecting gr I%l,lp
contacting a conmpounc
-ORXrepresents a sul f oha
conmpound of formula 4 : Hin the Presence of a
pal | adi um cat al yst and a ph33sphi ne ligand to provide a
compound of forrmula 3. Based on the above
and detaeidniittah homseactine gass tibletei B {sharansinparsdtectinpegroup removable
i nvention provides a process for preparing a conpound
by catalytigrhdrogenatign, a salt thereof, the process

Cor‘r&g)i Sia{agi'ng(aagalﬁﬁﬁw&teiﬂgat%ly%?%ﬂﬂé"&%c@&n I/t%rsgﬂ“ asod

(c)  purging the reaction vessel with hydrogen; and

(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 salt thereof.

In one aspect, the process uses an intermediate of formula 3 in which P' is benzyl.

In one aspect, the acid is hydrochloric acid.

In another aspect, 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[3.2.1]oct-2-ene
intermediate with a substituted phenyl-boronic acid.

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

|
P\”““Z

o)
3

compound of formula 3:
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wherein Plis an am no-protecting group renovabl e by
catal yti c hydrogenation and -ORX represents a
woubdamave | eaving group, with a conpound of fomrask@sA0s6o7
: Hin the presence of a palladiumcatalyst and a
: Al ' ' &ﬂﬁﬁh formula 3 :
Wh%g‘)%g lljhér %}fﬁgfng%r}gtgg?rilgg%ﬁégg@g ?r&ccgﬁ% risi nsgﬂgé conpound of
f or(@ptentatiagd compaoind offdrimuda Sron- r eacti ve gas; (c)
adding a palladiumnetal catalyst to the reaction
vessel ; (d) purging the ?Eﬁég;gg vessel with hydrogen;
and (e) supplying hydroge the reaction vesse
at a pressure of |less than about a half atnosphere
such that the total pressur® in the reaction vessel is
| ess than about one and a half atnospheres to provide
whezeino ORS uertesehtsfacsutfiohate leayinggroap t with e cempourtbof farmula 4:
intermedi ates in the reﬁéti descri bed above are
novel . In a conposition ect, therefore, the
i nvention further providegila compound of fornmula 5
wherein P is benzyl and represents a sulfonate
| eavi ng group, a compoun Nrula 3 wherein Pl is
an am no-protecting group,,and a conmpound of formula
2. DETAI LED DESCRI PTI ON O THE | NVENTI ON A gener a

i o GEES: pE ARNEG SREDA! 4Rl Bawtne fiepndio provide acpyroound of
forntnlal3. desi rabl e stereospecif city for the endo
orientation is illustrated in the foll ow ng schene;

TheB3ed pRENcAPoge dolgpnisgtiersy 31 2stlf futhep agnset, thy inyppdiom provides

r .
» prfgest POEAFEND 3 ShAF8Y Rl D8 58LRARS hchlogpss comprising
st qaj &di@adﬂiﬁ%arobﬁipouff@efﬂirﬁmtd octene internediate 5 is
reacted with a substituted-phenyl-boronic acid 4 to
provi de internedi ate 3.PWreN\an am no-protecting group
renovabl e by catalytic hy Rion is used for P1,
internedi ate 3 can be both deprotected and reduced by
catal ytic hydrogenation, ungler controlled conditions,
in a single step, as shown in route (i)
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._.OH
OB

NH,
4 O

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

]
P\NNHZ
3 o)

.
b

formula 3:

(b) purging a reaction vessel comprising a compound of formula 3 and an acid
with a non-reactive gas;
(©) adding a palladium metal catalyst to the reaction vessel;
4
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to provide the product 1. When an am no-protecting

group renovabl e by otherprocedures is used for P1,
woi2bernedi ate 3 is first deprotected to conpowad/td2008/008607

(step (ii)) and then hydrogenated (step (U )) to

Bf ] roups
%Eamﬁ‘ﬂgy é%%t%c}]nc éﬁ?&?@g@ﬁ%ﬁ%ﬁl Ql?dygl cg}ol y
ex r(e}? ur esupplyimgrtiydgegengs td thetrezetion eseselat agiressure of less than
abog haé{fj I lflnrgz"gl%ee}g% }sucg)rtggti)tée tge}b}qgsléggeggﬁ %}ea?trg% \erstsel 1S {nss ﬁld
sooft SRS B R LSS LIREM By Sl ot

/ >- (Enrtaumbmmﬂqusoﬁnm;td:tldnﬁ’lﬂaqnbed above are novel. In a composition
2, 4-di chl or obenzyl oxycar bony|

aspash §ere ose b BIVETHRR RERGLRIOSI p ComppHR of formula hyherein P' is
ben?}flgg? r%?@v\;‘yl%gén?s P %}}190}11%{9{ le %Rg g%lﬁ'bgzr? te:OI%%qutrgulta g’wherein

P! i¢ & hmbiotsrsiecand @b, 4oL dompound of formula 2.
andp- net hoxybenzyl oxycar bonyl (Mz), to nanme only a

few. Numerous protecting groups, and their
i ntroduction and renoval, are described in T.W G eene

and G M ws R tlﬁgg(k BQP gﬁ(rjﬁ Rt hesi's,
Third Edi |oﬁd,kni’$]?ey, Wﬁ)@ﬁ%}.{éﬂggl re er ences
Ci tdeidislrpeodess Torehe/ pricpadation of R eMiie8-azabidyloi3.2. 1]oct 3-
sul fonat e | eavi ng group. Sulfonate |eaving

yDbgazamide (13 witiedgsirable ﬁﬁer?ﬂsﬁé@EI%ltY fﬁ>é|ﬂard@40rqrfen??@pa neHigieed in

omonly triflate), /?-toluene sulfonate
thefogfc?m c?/le{ﬂgsyl ate), and nethyl sulfonate (comonly

nmesyl ate). Internedi@te®©Hf fornula 5 are conveniently
prepared froma prot e&t ed 8- azabi cycl o[ 3. 2. 1] oct anone
6 : 6inwhich Pl is zyl . For exanple, as described

in detail in the exa seghion below, to prepare a
bi cycl ooctene I nt er medt at in which P1is benzyl and
-OR Ms flate, benayl -protected 4 nt er rre

8- benzi| -/8}-apabi cyclo[3 2 1] agt an- B> tanned

with be en about 1 and about 1.5 e Ien s dff

7V- phenyLbi s( trifluoronethanesul fon m d and Bet ween
about 1 and about 1.5 equival ents”of a bdsg, such as
sodi um bi s(trimethyl silyl)am The reactiomis
typically conducted at a

(m)

The protected 8-azabicyclo[3.2.1]oct-2-ene (5) where P' represents an amino-
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

5
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tenperature between about -20 and about -10 OC for
bet ween about one half to about two hours, or until
wotdoe/oe@ot i on i s substantially conplete. To preparsom/008607
bi cycl ooct ene internedi ate 5 in which P1 is Boc and
[ [ t [
proElircdfusieR' P s n e PSSPl B RS B e () and

themhgldrbgerated stdp $idiD)) bqﬂoabev}ﬁ: prﬂih@ctrleactl on of the Boc
i nternedi ate,. however, is ty |calabl%/ conducted at a
| ov@mm%m@&%& BEOUDS é%f§°‘t’4’9&<h ic hydrogenatigp, thpicolyn

exp@ gztoa % ?ﬁggﬁ t}%g?ggeﬁ!ﬁlgf %gmdd llnttl g%tt%lg%i tsg Pnél\gde but are

not dimltedau aarylabétﬁylogbnpd such dsyberzyl (Bn)s4-m&lﬁm<ryeénzkyy and
reaction of the benzyl-protected formw th di- -but

!
triphenyAmpibinkile), eré aeran gaberglarowfe sucky asbgazydoxycarbonyl (Cb2),

1€y | N whi ch

P 'n]%% %EJ%&?B%QPN@ h%?cﬁll&%ﬁaézgi&ggﬁge pt egiared from

5- bmyhz@ymieﬁfdxgdarbaﬁﬁr ﬂ’&ﬂinatlﬁ‘ot@ctlm/g groRpOfaRS able dyaiigdts
to that of the preparation of the benzyl-triflate

progequgssnfo exaraple m@aﬁ@em withopcih iedude, Gut ezt Hmiadhiir i de

R RS AR OB B P ) BB o v
Nurh&ros pineeing igédups Catidcisir itfslluctiont &l Rendvak ey @dcribedtifer. W.
reaction of 2,5-di methoxy tetrahydrofuran wth

Gregrmand GnMin&Vuihidretesting ErewesinddigsaicyDehesisi BhirhEdition, Wiley,

f buf f
NeSchk 1920 ERIPERIY LR ?OSESSTZCe(%eeaal S0, S

5, 7Bi% Wfidble ORtieBrepEms & Bul fPHABEC REGing lpkduyc | Siﬂﬁ)h@t@%avmg groups.
internediate 5 is reacted with an aré oronlc acid 4
(8

usefud ipthg pregent; mo@qssrmhaieemﬁuoxqmqtmwp naﬁc &ﬁmm@dy@n@ats)

th
B Ay RS BAR B Pl B SRRRR Byt
IntePMEdibics of fdi’xlﬂulaTS"ﬁ—‘rerc@ﬁCéﬂlélﬁly fﬁreﬂjat@d &ohd a/%&%@%act ed by
contacti ng 5 with between about 1 and about 1.2

8-azagyisiyola X Jocganone bn t he presence of a catal ytic anpunt
of a pall adi um cat al yst ;Ehosphl ne |igand (between

about 0.005 and about O. 1‘ ents), and between
about 2 and about 4 equival f a base. Suitable
pal | adi um cat al ysts i ncl ude

tris(di benzyli deneacet one) dlﬁ)al | adi um( 0)

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-
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,
a Boc-protected intermediate 6 is reacted with N-phenyl-bis(trifluoromethanesulfonimide)
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 5
6
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(Pd2dba3), palladium (11) acetate (Pd(OAc) 2),
di chl oro(l, 1" -bis(di phenyl phosphi no) -

wofeswaeane) di pal | adi um( p) (Pd(dppf)d 2), di ebirarseoosnoseor
bi s(triphenyl phosphi ne)-pal I adi un(11) (Pd(PPh 3)2d 2),

houf¥) dr Lhg th%] gg%téawgﬁgbgtﬁala@ 91"96H§>n§9b‘fﬁé! P@F p%téctga fht&Hintalhte 6 is

par ent S use

avaﬂﬁlﬂs ectmeaAgltyi et isﬁﬁépﬂﬂﬁi by rerayt@dmdmhy bphadprotected ROy with
trlcyclohexylphos hi ne tetrafl uoroborate (PCy

di- t@ﬁ@m)l 1qarhonats;(gerHMERENE PSR dp Fataytic hydrogeration( dppf ) |
t ” %%ﬁ%ﬁ?ﬁeg%g@ p Ielrcliga?é)é ?Q%%fﬁrlg BEEYPand —OR* is tosylate can be

pre;bir&{ ﬁ‘bmﬁ&:ﬁyﬁ@ﬂ@&@ﬂ&ﬂ MR aPae 6 HycHopoEess analogous to that of the

- bi s(di phen hosphi no) pent ane (d e tri-te
prepqgmgn qfﬁbgg‘?ﬂzrﬂét ¥ g&@)n ) )%te ASAE p( to &%egulfomc a01d anhydnde

s(di phenyl phosphi no) xant hene
(CO%E wﬁgsé@(gsl‘% ggdtl owi ng are exenplary catal yst
SY STigBenkAtprbieetcd @ HAblyele[ 32 G Patidriond 6/ pidallp obflikdl from

equi val ent Pd(OAc 2)/ 0.01 equivalent d 0. 04
conm%rp\abﬁ@mesm@dba@ ) IRPAGH | bvéh@mctpuwp -dimgthgy

tetr:gmglses %% lge%%gﬁésllr?e 06 l'elaltc\e/tghgd} EQ 1’ ac-E]yl% a%%mdlc aqueous

ni1nc e po assi um

soldtionah lthisqaraga:elc@@ﬁa bh!ilﬂfériﬂgodgeﬂteas dNsérdAch IS L005/GEB0UN (See also,
car bonat e, sodi um carbonate, potassium

US §45B&MA)-e. sodi um acet ate, potassi um ert - but oxi de,

, 8 dj azabi cvcl o d
| hEBRRTE Yooy SRR it BRBily S e ith gy boronic
ac1d he PRSRIe iftBenddaE B Tptichally,WiGRldoktene Bd4f bethsédasAe crude
i nert diluent, such as tetrahy r of ur an,

prowcmﬂthmmardtwnmmrd@d aRoTe mtheutm}oamé@ta a§odasionand purification.

N- hyl | d |
Theytiaitioaas BRISEIn GG SoRreqar 8/t BEHEr that § Ao Sapi 12
equNaN‘n%' d}ﬁlt inthd Pre8Bt de a chalytiRhibunt §f #Pal®dfhm catalyst and

hyl pyrrol i done, acetone and water, ethanol "and
phomhlmr ligaddbétwepn @lprzm ©0100areshdelabatr Q. 1 Etmvaleats) iaod betsveen about 2
t | ] ond ted at a tenperature of between about
ﬁég ‘H% %P ®9S€or about 1 to about 4 hours or

u ntSdltanégaaﬂ@@lﬁﬁi Qfalysts SRRk QH&(BﬁJehﬁ’ lmﬂﬁc@kﬁe)dTﬂh?Iadlum(O)

pr oduct Is isolated as a solid by conventi onal
(PdgibegcphlladBim (H:)taceuawl (Pg(OAchY ldmcthldro(:hh’ -bis(diphenikphosphino)-

ferr c%'lpgilpf | e?]a?%agﬁ'glgﬁ O}ﬁ%@?) %i %155( ﬁaﬁlﬁylg ospﬁmley pglladium(II)

(Pdﬁ“phET)QCBf Qh& @l 16, VhHARE %8%}&1%91' ADbRW i Rh8 ¥ §iCen in parentheses.

dr'ogénat 1 on, the protected
PhoSpl(lﬁe hgalds uyﬁhhﬁl?;h@pfb]semiredﬁ‘ftlen irglyde) theyalaln&xdrﬁahosphme (PCy3)

rioyR S GOHATIGNS Sl EIorGRTH R AP CABHE 9o Mo RaEuBeryphosp o)
ferrB&HE dpo), 1, 18-Bis(di-rer-butylphosphino)ferrocene, tri(2-furyl)phosphine, 1,3-
bis(diphenylphosphino)propane (dppp), 1,5-bis(diphenylphosphino)pentane (dpppe),
tri-tert-butylphosphine (P(¢-Bu)s), and 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene
(Xantphos). The following are exemplary catalyst systems for the boronic acid coupling
reaction: 0.01 equivalent Pd(OAc;)/ 0.01 equivalent dppf, 0.04 equivalent Pd,dba;/0.08
equivalent PCy3HBF4, 0.03 equivalent Pd,dba3/0.06 equivalent dpppe.

Typical bases for the coupling reaction include potassium fluoride and cesium

fluoride. Alternatively, cesium carbonate, sodium carbonate, potassium carbonate,
7
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provi de the product 1. hi the hydrogenation reaction,

a reaction mxture of internmediate 3 in an alcoholic
wodvbwmnélp for exanpl e ethanol and water, and, PogiusReEs/008607

about 1.5 and about 2.5 equivalents of an acid, for

| , ol T 1

e S s e
1,44deaabic pdlo[21 242 Jotfane (PABGO) dan beiuséd @ nhé basys Tte acactibre is

purgi ng gas_ althou argon or other inert

h
typigpieangpctod ﬁryarb@eggrﬁp@lusyfeauchmrt@tmgdr@mypw aﬁirlgfrc?txylfommide,
N,@%ﬁ%ﬁ%@{d&&?ﬁﬁ%@%?ﬁ%@@% Féﬁ'it%l@*}n&ﬁ% g&’l?%ﬁtg@&éﬁa@ fhelude

1on m'Xx i's contal
tetrat8@esflira@ 280 water] feerahydiofpdicael NIN-diheshyl@amanhids tetethydrofuran
that it is advantageous to limt the anount of tine
andlYrmethydpoiodidons.eeetpae prd waisstlepnobanchwatstagr agppgepanol and
watgr(.) rTh%Xr?%ioﬁ’i%%Ecaﬁg rc&?&&clte%]at %tteﬁ%B&athe dF ﬁéRN%gﬁalﬂ;Foullj 20 HMd
a‘one iter rogenation vessel, a good raté o
aboGOSVET for@Boiitd teraBeuCs howrs 3€ BhievBe raxogon ishabsteaidllywdmplete.
mxture is initially purged with nitrogen for about 5
Thetpsodusd dtis olatadrastacselid by coneentipngl prpcedusss. dIptipneHpdgwaduct 3 can

be fiufcthérorllxgl. 1eﬁ %?gyoéﬁpoglu ts a(rjl.na%ic{1 S%Ll)tgg{;])gcéﬁly 3@@”&@@9&%

da
conversi o oduct 1's eX

af feettefhenPEi an anfidd-pAslbdtingBRbw) readfvablHy,catalytic hydrogenation,
conventional |y pal | adi um on carbon, is added, and the

the prosestedotr(§riazabinyelo[ 3 2 dlegedems iy bagzinside interamediite 3 is drpgotected

above,.whi.ch has the effect of intropducin dr ogen,.
and FREG BRI Brpsiarn 46 AR EmAleall R BHER . o
prov¥ife tHRWYredwtg 19a$ the HyArd RASKI¢h RhctidnB réRebh Gtut®of intermediate 3
i ntroduce hydrogen’into the reaction m xture depends

in ap ploohelicdifiient, dor examnple atbene and Fateresmdypeeveeh@bout 1.5 and about

reaction at the 40 gra cale, it is,beneficial t.
2.5 pi el oRem i ofgE R e SOl it s e e mon-
readdBivt gas lorR@Re tRE A8t FDxE&Ninf tRE Rl ctiéh RExtdRL rTyPReMIR! nitrogen
~ For reaction at the kilogramscale, it is expécted to
is ugpdips dliepurgmgmas ghaugh argacen ahemngtt gasmay alterhgtivadybe

for .about. 20 to. about .30 minutes..Next, a. flow of, . .
emgg¥eo JoHkighs Gficf RSO e vigine thekes tHonsl prupeinserted in
the ARBdERAILtrel RBichEAESAFNMInE VERel JpeRItE Bl afmbspiRre ! RB&Ibeen

vessel, such that the total pressure in the vessel is
obs¢reed thahiis abeotagens tahichintheahfouat obEph ¢hesactiingnixture is

reaction is. typically conducted at a te rature. of .
expiel R 1F PasEing B v <amblfy 1o tecapt ot WL sl kg a one
liter}drbRAM oSy QU Sed it df cohb@r_si%ﬁ@@bf&l‘ﬂpi i achieved when the

substantially conplete. Including an acid in the
reactionanikme 1siiritially purged with nitrogen for about 5 to about 10 minutes. If the
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 palladium on carbon, is added,
and the reaction mixture is purged with hydrogen, as described above, which has the
effect of introducing hydrogen into the reaction mixture, replacing at least some of the
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
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provi des the product as the acid salt. It has been
observed that the results of the hydrogenation

woreendisen depend on the pressure with which hydmagemsosecor
gas is supplied. Limting the applied hydrogen

use 17 DS theke RSl RO O i, L BRER B SRR TD Bt
Nextf a flow githydiogen gmlattldm that sbout oneclaalf atarosphise isgppphied to the

control |l ed hydro enation conditjons described here, )
reagtion migfwefypigallom adgsqdaressalaiuch that the tetabargssurs i Hig vessel is

lessggéxﬁztiﬁc%g B{%@Qrgyoﬁ haif atél(? gi{@e& a'ldlé/ regaé)&?ﬁ g)é@g@vw cioﬁgﬁl&gd ata

exa descri
temperaire ofibetivebre atzoit 45rant1 abowd 5 °Qt &rrbediveeneabdut handatsdut 6 hours
the appl i ed .hydrogen gas pressure_was kept. bel ow 5

or %b é‘efﬁ‘é]pn éﬁﬂg)ls@npﬁlghcqrﬁgliese (Igclgcjrlnglaﬁﬁgﬁgﬂg rt]g) reaction mixture,
pm{g@?ﬁl{hg ?od?hfc [ & the a F,g%%ﬁ in > 99 % conversion to the

ori1 de sal the product 1 with an endo: exo

| sdltrkas bezhiobsatedthatithe3&sults of thednit dgenhtiorerepetion diep"eﬁ)d an the
flow of hydr o%en gas of 20 psi_(1..36 atnospheres)
presgBes it viebdEFosen gae PR l%rlemt% mesapph%%byqreaen pyessure to

beloxg gbo@t%ﬁ@ glrfﬁ &gggrey?g\gg%g %Uﬁnt thgr sgreétn/l@ﬂ‘t Fﬂlt%%e?)t( endo

I soner IO O n one as here or

ondhtwmh rm\felmproduqﬁ aay tiaateso fPEALIO8 S Usfngflhe péditrdldadrydro genatxon
ound of formula 1 or a salt thereof, wherein the

Congttl@ss descabppbherpfhe RygeRigeanobae m%tegﬁigp It Prgdnstds Be&tpre than
oo BRSSO Ch Pl F0A o P TR

bel®w, the waeuibedf Bemiz@l-proteaddrintephedigetd inovigenthe atpbﬁéd hgdrogen gas
not renoved by catal ytic hydrogﬁenatl on, first the
pregsprst st kepgbelp W upPquads papsasaresC ﬁ@l)&@éﬁ@ﬁnpml@re) resulted after 5

houg\%lg\ée@ "/ %&ﬁx@{]o%gg %‘J lﬁ)é({rgc %8& sda?t dfgfle Prhe talt eltg fndo exo

O provi pro

lsorE@{ra@g{aﬂmcﬁtMQn Pl is Boc, internediate 3 is
contacted with trifluoroacetic acid to provide 2 as

t hdnepnirastoxpasuse i @ flew af, hYW%ﬁn i2A ef 2fbpNi 41.86 atmespheres) above
id salt necessa

atrng%)gx\ébg gldes urg?or dﬁ‘)ckhoutr% éesr%l/tgij gb ei ?Ot vg{%o&l Qe It)r%dagtdl with an

endbhesls Qgﬁﬁatati@rbf%oﬁt@s pl:epr otected internedi ate 2
provi des the product 1 with acceptable

st dnoos asneet therefpres tlep invention provides a process of preparing a compound
of formula 1 or a salt thereof, wherein the step of supplying hydrogen gas is supplying

hydrogen gas at a pressure controlled such that the percentage of exo isomer in the
product 1 is less than about 10 %.

. When P' is a an amino-protecting group that is not removed by catalytic
hydrogenation, first the protecting group is removed by the appropriate conventional
procedure to provide intermediate 2, which is then hydrogenated to provide the product 1.
For example when P' is Boc, intermediate 3 is contacted with trifluoroacetic acid to
provide 2 as the trifluoroacetate salt. When intermediate 2 is provided as an acid salt, it is
not 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 %,
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does not appear to be very sensitive to hydrogenation
conditions. In this process, as well, the percentage
woaboswMesoat erial in the product is generally RPOTBR@S8/008607
t han about 10 %typically between about 6 and about 10
lo/0 1
typlhé%l obF Qétwgéf‘Mu? 8 )?Mrirg?gm@oﬁe%gtgnos E, @3 l&?lglétu lg{diern a balloon

of Hyﬁfb goh Capiped xithatwly hndazftnﬁ)@plmre))ﬁesulﬁbdrm ther Iﬁbdmct lewﬂ}b akndo:exo
93: 7. This observation is consistent with th

isorgryatip a5 akout A317. | This ebssiyating ingonsistian withdhe bn@thwwt that
hmir?bégof\gg@f@%egl Cg%gfeylpﬁge ﬁ{/dd'bgén%{l 9éa%{18n §fgfg ftho E%até dfwhen P'is

remabgble by tauB4is hgeriger fivh| M@En&doab@m r faolote ideproteetion BE3 over
doubl e bond. Finally, the stereoselect|V|ty of the

redygsition9é theotoublrebander ogenat i on reaction can be further
[
e e L
furthér itpeoveidbyagpializaidn S Aatacidsalts fot fex atplel azhd hpdirochloride salt.
conventional procedures. For exanple, to crystallize
The qﬁ@dqowr@éurétof e hydeogepatiorereretiondis cavstallized by Genyentiagel
r e
o, 5 B s REHAER SRR & e AUl B v

the thude Pyciiueg eetasideﬂ abmacs hfNabound. uadra%ﬂf@bf hydksShsraddeyd, if
the al cohol used as a diluent in the previous step, is

not Ressertdn ths hyenaengirroeactinn, pné @mrplceh@,l meée;r@blmh%aic@fol used as a

[ zati.0 eaction
ain i 3febRions s BB PfRe of Mol RY T Ao 88 sRBRk R any
solill®isdiihed. ORHB drstilBEAIoN r@actideh rhik sk iid é&mecﬁwn BetHnglo @6out
f or about one hour to about 6 hours or until

35 °é?r stBermto abut iogm fempsratere and isstirgedeas spowitle’C Opabeone rour to
[ onot e Ilzatlo | s of the

abokl)tr% ireld o‘é\?’éﬁr%%iséag GHIOR 1t A Sfaé.‘ﬁ‘ﬁg}’ %‘Pf@?of the mixture

i's @;ktmauy» S0 Prom bR Eiryst NNz Aon2sed Ryt ¥R prédiehardadded when
met hyl -butyl ether (MIBE), when the m xture is at

the te@mmt@nmé ithat mn@uness abm& A6 8Ge A\dditior of anpntisplvgnt; biesh as methyl
cerrflyfy Sinet DATHE NS Bp SRty F40m Pp R RE aSvpidbous for
1mpb@ﬁﬁg etyadldethcMdifl fhe Q@is‘feﬁﬂia@% ]ﬁ’f)cetdtiﬁe AR BebrREGalt of

i somer of |ess than about 0.5 % hi the event, the

corrmogmh &t foof:xmldpdga@ ihgen obtaingd veith apercerdpgeadf] the uadegee‘é 27y
. hydrogenatlon step failed to use a
ISOIE% nléaa‘ %ngsgé & of hydrogen

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
gas, a modified 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 alcohol 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 product is
between about 1:800 and about 1:400 (weight:weight). The resulting slurry is cooled to
room temperature and stirred for between about 8 and about 24 hours until a crystalline
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
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35

gas, a nodified crystallization procedure can be used

to inprove the stereospecificity to about the |evel
wodeerrigdied above. The nodified procedure uses paT/u3n@B008607

crystallization period. A mxture of the crude product

Ny
houfi & BN S RAichs AORLANAN cORBHle, heXovitl afe SOARUTHC
con@éntitfhichethed EUsINY ttidis §ﬁﬁ@duﬁ1’eyl$lb alygroohlotide sgit Oﬂd;tﬁﬁpcamd 1 with
added. A useful ratio of seed crystals to cru

an gyp GaUPENeNs of dashuihan akpwid “a igdeding EFS&B@etabquwo% and less than
The t I o
abo(xm 5 g){')] tca}Q% %? a)ined tlxj raec%‘(ie e}{d%gor v@{}{ an éxso c%gng)u gg%t og r:]clgout 15 %.

enperature an T et Wweén a
about 24 hours until a crystalline precipitate is
observed and then an antisolvent, in particular,
2- et hyl tetrahydrofurarEXéN&E’eIES. The slurry is

t ypfﬁéealloLl ftgéq/'hﬁl%tlg %{(aﬁﬁl%% erofPe%d %q%lg%trapg h:éegven%ggu&nd are

ours preci

not $a/bs¢aBtru@l Inyan§oray AtiEnitihi Qh@icy)@é af thedfieentisnl & 8@ dx¥mples
conventional nethods. Using this procedure, the

beley,dhe Edloprnglabbyayiatiess I@Uﬁﬁmﬁ%lowx% MpATRZSHBess RSBVt
h d
ina gt 380k DAL g PR A D B3SRBS ekt
Cr UAIENpPr odect Wiat&togifrilexo conponent of about 15 %

EXAVAFES The foly gudingasyBihahide examples are offered
tOEtU ystrate thg.iQugntion, and are not to be

ed Ln any ey, as Ilmtlng the scope of the

n\klﬁgg; “In the ex 4{ @\)dsﬁwl foll ow ng
ons h3QGUMS(Ine ) i ngs unl ess

0 WiEe Fndi caragth yl&?)‘ 9T°<§‘l“i38ns not defined bel ow
haWdTBEei r =generar-bytyhoetipd ethereani ngs. ACN =
acgtsoni t ri Fe DMpounds-mhr sguany irfcbr mani de Et OAc = et hyl
acRemt e EteH = esthatioal tidaHVDS = sodi um
bis(trinethylsilyl)am de MeTHF =
2-nmet hyl tetrahydrofuran MIBE =t r t-butyl nethyl

et %Jagaﬁg afid PAVAHS wRf putiRES o mmercial suppliers (Aldrich, Strem
Chemicals, Inc., etc.), 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
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
(DMSO-ds or CDCl3), and 'H-NMR spectra were acquired with a Varian 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

Column: Zorbax SB-Aq, 5 pm. 4.6 x 250 mm
Column temperature: 40 °C
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Rt = retention tinme Reagents and sol vents were

purchased from comrerci al suppliers (A drich, Strem
woGheniigabs, Inc., etc.), and used w thout furtrlogrus2008/008607

purification. Progress of reaction mxtures was

mongiL Q84 by anal yt ijgal, i ihgh performance |iquid

of MPBiEEhE méri”ﬁeﬁsmggf*@ E?@%ﬁo?“’”%ﬁ%‘dsfﬁ;' the
protocol s descri bed e:y% ‘ﬁ ﬁ: ?)@ﬂg

worlRisqtigip veldmeescr i Bdlspecifically in each reaction;
corPgeityr wheglengdiie Bl# M ed by extraction and ot her
purification nmethods such as tenperature-, and

HPEO nwsidd Hependent crystal lization, and preci pi tati on
Characterization of reaction Eroducts was_ routine

car@mé@ C@mpowsmg displ v NIRRT R (8P P) 3t abpyy 1 mf@i and

t t
O RO PR SRR B0 B e (RBPYBE 0B, 2.0120, 075,
15/9(1;q0190ed8/\1\0,t20/EO.Vari an Gemini 2000 instrunent (400
IMHz) under standard observation conditions. Mass
HPEO&sikga et ric identification of conpounds was
performed using an Agilent (Palo Alto, CA) nodel 1100
L C/ Gapipdunsls menedissol Gahior WiaterP (N Cﬁﬁwlﬁ))t 4t ehsutdoingmal. and

ana A’éecgﬁl:‘ﬂ%% ?gltl%wmg %a(}]fl}trﬁ)%ﬁr %B}lp &tlrpﬁ glglgg} &ﬁr&ibj r1e.’»/ 10, 23/65,

28/0abeph AEM1698: 2) + 0.1 % TFA B = Water/ACN (10:90) +
0.1 % TFA, 1njection volume: 10 nl Detector
HPH@W}% : 214 nm HPLC nmethod 1 Crude conpounds were
in Water/ACN (50:50) at about 1 ng/nL and

an omapalinds wege dibsolva inOWateg/ AGTME@EN0) a0uboutA0mpinil. and

time (mn)/ %B): 0/10, 2.5/20Q, 9/75,. 15/90, 17/90,
analygyd_mﬁm@@lpfgllowmg gradient over 55 min (time (min)/ % B): 0/10, 10720, 46/75,

47/90, 50/10, 55/10.

Example 1: Synthesis of 3-endo-(8-azabicyclo[3.2.1]oct-3-yI)benzamide
hydrochloride

a. Preparation of trifluoro-methanesulfonic acid 8-benzyl-8-azabicyclo[3.2.1]oct-2-en-3-
yl ester
To a 500 mL flask was added 8-benzyl-8-azabicyclo[3.2.1]octan-3-one

hydrochloride (50.4 g, 200 mmol), EtOAc (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 rotary evaporation and THF (270 mL) was added.

The resulting solution was added to a 1 L flask and cooled to -20 °C. A NaHMDS
solution (1 M in THF, 230 mL, 230 mmol) was added to the flask over 15 min. The
reaction mixture was stirred at -20 = 5 °C for 1 h. N-phenyl-
bis(trifluoromethanesulfonimide (82.2 g, 230 mmol) was added to the reaction mixture in
portions over 5 min and the mixture was stirred at — 20 °C to -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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HPLC net hod 2 Conpounds were dissol ved in Water/ACN
(90:10) at about 1 ng/nlL and anal yzed using the

wof200d/awswg gradi ent over 30 min (time (mn)/ %CB)US2008/008607
0/ 10, 13/10, 23/65, 28/ 90, 29/90, 30/10. HPLC nethod 3

r t Qpt
22 TR SRR S S0 R SOl S0 o
volirhe ﬁfmS(I inlJrel o thie Iﬂérﬁal%rﬁ)readﬂohﬁmxﬁﬁé &Qis adé¢drBtO Ao/ (390,mL) and
50/ 10, 55/10. Exanple 1: Synthesis
hep@né (Fomis- Z@%lmlgytq Wfssstgreﬂ]aéé?- 6. fyr § iRz Ihe dayers were separated
andrﬁfgi Hh@fa gxe\ﬁgs d1EJ r altﬂe%?g%flc layer was washed with 1N NaOH
tr oro anesu oni'c ac

€ x8433iBrﬁE)'.| The apRbucMote War@ditdaaéd. 2Tiedorganiy llayes vas cdifteatrated by
500 nL f] ask was_ added ) .

rotagy gvapeIAtion o peayide ibe Hflg intermeshiata A7 32.07HO Yeyribehy BPLEe

metnﬁ?'l g, 200 mol), EtOAc (160 nL), and 4 N NaOH (50

‘The reaction nm xture was heated to 30 C and

St | VH SMR{dADRISO, @0 MHL) B pheY) 7250735 e, SH) &05 @eres 2, 1H),
separated and the aqueous | ayer was di scarded. The

3.64/(1, U335 2Hp . 4(9@%(@, IR &7 Mds ST Huhddl), 1 39-240P fm, B, 1.52-
15 Qﬁ ﬁ% evaporation and THF (270 nL) was added. The
' ul'ting solution was added to a 1 L flask and cool ed

b. Preparation.af 3-(8.he al; £qpMin Hszso n, 230

i xtduh@ cHaRe ;ﬁrbdhfd‘t eplth@t rev?iQus fe Sgcwfa@adcﬂedhrﬂw(mmm m&{he

trifluoronmethanesul fonl m de . 230 mol ) wa
solufigsl exhstpyrgedevitienigtogem fori Sanir: eT¢ a|2rloﬂ§8ko\ﬁ@ asded 5 nin

s-<fbim RN hetoFiedi ke £0.2e 200 e RNishim Oty (98 %.

0.468%D M1y XL- urs@jlta%yqdhb@y}ﬁﬂo)tf&rd&ﬁ@mW1 ¢ gMzterol) and
stirring Sol ven artlallyrermvedb rotary

pota@elapbﬂmridﬂ(%ﬁ gséo@nmolé\ fq}tﬂwdé)ydhe ZIEDT mutIOTmftthéuorO-

enmai.ni n 0 d
medy Wb ndE B s A S PR G ol de bsuping
mixh@é v@s plurbed With IluﬁfMgé'tﬁfo‘x‘\@ RinS REAER{0a€ lux (67 °C) under nitrogen and
stirred for 2 h. The reaction mixture was cooled to 30 °C, then EtOAc (500 mL) and
1 N NaOH (500 mL) were added and the mixture was stirred at 22 °C for 10 min. The

layers were separated and the aqueous layer was discarded. The organic layer was washed
with a mixture of brine (250 mL) and water (250 mL) and stirred for 5 min. The layers
were separated and the aqueous layer was discarded. The organic layer was briefly dried
over Na;SQOq, filtered, and solvent was partially removed. Product precipitated as light
yellow solids during solvent removal. The resulting slurry (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 slurry (about 100 mL) was stirred at 5 °C for 30 min and filtered. The filtered
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 yield 78 %, > 98.5 % pure
by HPLC method 1).
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and the aqueous | ayer was di scarded. The organic |ayer

was washed with IN NaOH (3 x 450 nlL). The aqueous
wol2ayangswer e di scarded. The organi ¢ | ayer was pCT/US2008/008607

concentrated by rotary evaporation to provide the

AR A i R R T 0, s

MH:'zb1)8 (pprDF .4 &, 1835.63 (d, H-6.43118% 737, (&) FAB421HR )21-7.42 (m, 6H),
3.40-3.44 (m 2H), 2.77 gd, J=16. 4 |§‘|>1 1.79-2.09 (nl
6.3% (), g=1._4513H),g.1539(s(hq 1Fy)5-8%(s, br.dgBr 36BN/ Gfm, 2H), 3.46-3.51 (m,
-he I z \V/
2H) 208 (R 7 IS 2R B0 A 042 120 0  86-L92 i FD, 1.58-
1.6p(mayiMus step was added THF (420 nL) and the solution
was purged with nitrogen for 5 mn. To a 2 L flask was

c. SHURAisSICRERATPR LRG0 DO AL ﬁ%éﬁz&%ﬁie%vd?&h%rﬂie

Z00 mmol ), £al fadium (H) acetate (98 %
mmT9 allL hy ogenatiom Messy \patmdhd ﬁdﬁf@nzﬂc?en@b(mb{/é 241 ]qct-2-en-

3-yforall G o TEs RS et (shbGHLN'8 M Hertad i) Hna WiED g0 )

andtthé fﬂuttﬁfeqm Stz DB oCi nti@6diplete dissolution was observed. The
8- benzyl - 8-aza-bi cycl o[ 3. 2. 1] oct-2-en-3-yl ester. The

reaqt@@unmtﬁg wigh prged Witlsnipogeretdrdimin while brjeghe¢ased ® 3 3 over
oS 8 a0, LB R BT B TS s
pur@ﬁ‘f\“atrﬁ@é?ﬁeﬂé—%re@ﬁﬁe WhN%@r‘éé@ﬁQ@r L) n’ﬁ’ﬁrv%lﬁzc%ﬁ% Rdatkdt T8e

m xture was stirred at for 10 mn. The | ayers
mixfise evas spaediated) Yndnddra thweﬁtmirbggmat <Wapsidi<83d racmglspheres) for

The . or J ayer was xt u brin
5 b, O R  et FRer S b T FheshS ol PiPEC apRvIg, The
solutRYieV4E coBled t6 SDaCanAdilRRA thRfAIUERYEB provRIE a%WRfution of the crude
di scarded. The organic |ayer was briefly dried over

titlengppponnd witht asrexdo:ean datod &3t 7 WaBIPB AT miethiotl . andmReeti).97, exo

RT3 R b SRl EFEP Bt B Pl 200 L)
Vaswhick ek esmad i t18O¢ru8S pRLE: St‘i'o;Wc dlktifRdish at 30 °C in
Et OAc (0 0C, 100 nL) and dr| ed under gh vacuum at 25

EtO8 Mopnb)/ﬁomﬂlﬂe asslurtyghatrvas hreattido 60 (°¢2ur511 gdmaketadissolution.
i g 2 B L A 1952 e
(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
for 1 h. The‘ resulting solids were filtered, washed with cold EtOH and dried under high

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 Rt=8.67, exo Rt=9.43). v

(m/z): [M+H]" caled for C14H N0 231.15; found 231.2. 'H NMR (ds-DMSO,
400 MHz): 6 (ppm) 9.13 (s, br, 1H), 9.03 (s, br, 1H), 8.05 (s, 1H), 7.93 (s, 1H), 7.73 (d,
J=1.6, 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-
2.46 (m, 2H), 2.19-2.24 (m, 2H), 1.86-1.89 (m, 2H), 1.59-1.63 (m, 2H).
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resulting slurry (about 100 nlL) was stirred at 5 C for
30 mn and filtered. The filtered solids were washed

woubddnigabd Et OAc (0 C, 30 nl) and dried under plirgl$2008/008607
vacuumto provide a second crop of the title

i nt%%l?jle%es (s GPSB0E Aoy B2 115 B8 v PrsbRifite

8 319. 4. 1H NVR (CDd 3, 400 I\/HZ) d (ppn)

| H)To 5 1 &%j(ﬁogdﬂﬁtloﬂ bﬁ&sel&vﬁ&cﬁe&' 6 Keﬂkyl%‘&zabﬁ;yéﬁb{ﬁZ 51]octan-3 -one
% 2.92 J=17.2, IH, 2.18-2.26
(86 g;AOQmpzolk rffi- t@ﬁbbutbi dggrbonate (P82 g, #H0 mm 101w‘(§«§ Pd(g (24 g,

11 b g ERRREXER0 ) Bpssuspasion v el ogecd with nitogen for

10 ﬂnjml TBE dagfionl thiNiarewds é,urmdotﬁmgem@bsmzydﬁfg@ﬁ €3.4\wBfospterd) at
8- benz | - 8-azabicycl o[ 3 ;oct en-

20 él 4. énI ericgetignmixfure]wss thew fijteregtimquglg Gglite The wet salid cake
was'@shgxf' gutg‘t'ﬁtg%&% %nelr) ﬁ‘ﬁg ﬁ[p‘;%te gfj §1es weﬁ'(et SrithiteF and saturated

rrre conple at’i'oh " was

NaIQ@@@'bMﬁed( 1: Theix fue 200 LYW 3¢ adided Vietee YO AJLsbli dwas separated,
nitrogen for 5 mn while being heated to 30 C over 5
driegiqyer @zSQ;earrﬂ sangerirated toadelda light wellow sigky qibwhighisplidified

Iy re.wa urge at. heric
upo%{a?ldfn o Ve tﬁ?ﬁ%%ﬁéé A e,?l(l_)ate? q%] lgtlt ve[ gn@zlpng
heal‘thNl\/le' (@D(L‘hXHO(D MH\@SS@M}MW@ bB 1], 0/BdGE, impmz (d,
of h en at < <0. 34 at nospheres) for
J= 1665% i,| (o, 2*}9)91%5&6%* r SilbA 4% (st ¥)-r eact ant s,
according to HPLC anal ysis. The sol uti on was cool ed to
b. BepaEataondoff 3-trifbroecmethanesgfoddbik v-8-azebipyae(i3de] JacsPlent-8on
dafbdxhEc sdidder-butyl esteonpound wi th an endo: exo rati o of

-9'7 PLC net Ri.=I O 97, R =12
?Mﬂq}?w%eaﬁdgsg fh&rpreg y fémfcgre‘zeqses)i% By .480 fimol) and

B A TR A S e

wasprbesnved aad shenrwys ddoddd toa34 AEareNalHMIBD sdl@iom{l M in THF,
comp) et e dissol utl(gn. The sol uti.on was, cooled to 35 0C

46051% 00gamepyasadded slophetqihe deaction tesss! Qier deréempigeld. C)

N_p cesgﬁl glgsglc::(%fﬁ)ﬂ%é {ﬁﬁ%‘%e@m [ gg?(l?{({)«%ﬁ er | a%&ﬁgng the reaction

mlxnﬂé @vVi2orfi8ds Whilé mairetsinirg thy irtemal tgmpamtiat i<e TEW. A ddiRoral THF

for 30 mn, BE. o
(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.
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,SOy4, and then concentrated. The residue
was dried and slowly solidified to give the title intermediate as yellowish solids (117.8 g,
82 % yield).

'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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(120 m.) was added slowy, and the slurry was stirred

at 22 Cfor 4 h and then at 0 OC for 1 h. The
woreeuitéwg solids were filtered, washed w th egrasebotdoseo7

and dried under high vacuumto provide the title

c. BRFRGH LR (- éargamgtﬁp RT3 %g@ﬁ%%ﬁﬂ 3 (27388/1"-%-%1% gdcg%}ggyﬁ’c acid
ﬁiﬁ S % X0 | SONEr

%]—t%l-#exo Rt=9.43). (mz): [MtH + calcd for Cl4H
SN2 2310 ﬂrﬂ_. ﬂis(klmd; a213&.d 3- tnﬂlhbﬂkim%t}(ane@l‘lﬁ@ylo&@m MHz): d

azaﬁgl%)cq)o[j} 23!;]06%2 epﬁ)g-capbo;\(ghﬁ amd je); bgtyl pﬂyrl_?Zf) ;ég?gngf)

s-oooimByobiy poffy el 09 18R, %5y 511670 24 (m

tns@ﬂl)e,nﬁﬂhc_&ﬁeébfﬁﬁeldﬂpalﬁﬁbum(m) ﬁﬁizdbéﬁ(l g(12 2himdExanpl e 2:

t o
MC%&;@@%E%@ilﬁztssaﬂwpmrstezﬂ’ﬂyd@%-@/46)5tgeﬂziarm@@ and KF (9.8 g,
touHDD bR PSR LR Pufleen ot mig P op THF (120 mD)

andMMBUBY mIgstpradded. $ht lsuﬁpeﬂm@gmtsnﬁed wed pﬁlged\/&&th&ddsgbn for
8- benzyl - 8- azabi cycl &: |¥]d100t an- 3- one (86.1 g, 400
anofhep p yningthen heajed {9l 70iCe Atk it & 100, shegmixdurs woyledfe room
/ 4
e e Rl e Rk B (e A s ves

partifidhed beevde OAQ 3 50 11 afd VSN NAOH €400nllFbrib® (306inL). The
hydrogen (3.4 atnospheres) at 20 OC for 28 h. The
org%%@ef%wa%enmﬁeé apd siried ity NpaSQae b qqartéu@ﬁntheé@hutlen Wihe

rem}ﬁ@ﬂ 5121'( éggﬁgg%)\gﬁ%%&g&et?%{j‘go rr%ﬁ;hr? eo!tgIA 8 gﬂ)ur ai“ dw&g%exanes

(50 AIDrwaseadddd. BolidpirévipitateébOferglobsstaed. athe@edlutidh Q'oﬁinﬁ%‘las reduced
sol ution was separated, dried over Na SO4

by l@dﬁée xepesedOmpl \Wes afldgdy angtthe glarmy avasstirred gt Q>|°¢ fqink Bhlhe
sohﬁso%vex%' fﬁl aﬁ?éjq ﬁ%ocg'}f%ttg %%entg? |5 %tggnédqgtf: &% Ellgi Bs kﬁ}ﬁ yellow solids.

erne at Ive
The(r@@etghqtﬂ)@ Q'aMﬂZ&her doﬁ@ﬂfﬂiteﬂ 14 élvésmox’@ lsolid ?mlpztaﬁ)g whsch was
2.32 (d, J=16.4, 2H). 2.08 (m 2H), 1.65 (t,

ﬁltesa%to pzpylde addjional pragiypt (005 g)Dn(Gp@bmeri&ﬁ %tyield).

"oz ST GRS SO MARE STBkih 800 (o e 7O L b 77

7.7664,€1H)] 9.58 (&U=st aﬂy &7 Aadqat] 266,62 edlues 201 HY,he35-4.41 (m,
previ ous ste PE): S 400 m’ml% and THF (400 rrL) The

2H)p2 67D (s ﬁﬁ@@%(mxﬂﬂ)}nlt gt ure until conplete
di ssol ution

d. Preparation of 3-(8-azabicyclo[3.2.1]oct-2-en-3-yl)benzamide

To a 50 mL flask was added 3-(3-carbamoylphenyl)-8-azabicyclo[3.2.1]oct-2-ene-
8-carboxylic acid tert-butyl ester (4 g, 12 mmol) and TFA (10 mL). The mixture was
stirred at room temperature for 30 min. The solution was concentrated and the residue was
dried 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
recovered from the mother liquor (Combined 66 % yield).

'H NMR (ds--DMSO, 400 MHz): 8.96 (s, br, 2H), 8.05 (s, 1H), 7.96 (s, 1H), 7.82
(d, J=7.6, 1H), 7.62 (d, J=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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was observed, and then was cooled to -74 0C. A NaHWMVDS
solution ( 1 Min THF, 460 nL, 460 nmol) was added

wobemdiye1ho t he reaction vessel over 3 h (tenppreTAB2008)008607
I V-phenyl -bi s(trifluoronethanesul fonimde (164 g, 460

e, %g&im&&%qﬁ 2 B0ib R0 38R ElokR8. v'l‘?oéﬁié%dé chHB&hbH@é

e marntarntng rtne rnternal ure <-/7/0 UC.
AddTd a @hail ﬂf&dﬂ'{ \(Jé’s()dlidndﬁ (\aaaammd[m u]qché-emseynb@zmsde

e GRoBERTRe {006 40 (P0G o LD AL T ure was

@10 wt%
TG 5y T A ) 10

Pd/C 40025rg) andTthe nhiatuee waspneed et latdeogearfdr § hen oFlggrthe mixture
shed th, IN.NaOH (3, x, 200 nd bri.ne

was 3450 2 30 6 AR GG PG B &Ioon R RO A A o Bt was

cooiEh% r&oth @éﬂﬁpéﬁﬁﬁreda{ddetﬁté‘&ﬁﬂ%%ﬁ delﬁ@ ¥l fike @aﬁ@wgé %@shed with

he title internediate as yellow sh solids ( 1
Et%ﬂ( 1%L pard) the hqum@ﬁ c@hBiDed 400 condetratdd (cpght)ut 6 113]2 to prov1de

cru(%dtitge‘]p}g’glglt (\Fx?ﬁh mndo exg iso%nggat}c_&?f %ﬁ%y%ﬂ’d_@ d(}ﬁn@o
Ri=g! 'dbéex}:ja@%grmyl g‘zge)ngw V8- aza cvc Eﬁlgﬁéonzgétlsfoélr?g 283lc4ar

boxXkd the cacieprodirct was higdedesmeentiavedaHES O~0rlnill) anll thesaction
i ies pestey & 6 1 BERLCoTaee 4UOuoNy HecsoMion wiagted to 35 °C
and ‘(%i%cﬁfzry:gglg éﬁyfuﬁgo nF%T?@re add &R (TRERMIRRAAN Wt OBthine@Gé Hescribed

in Bxamgledi.p é’rhz)sllirri/anafaﬁlet&lenﬁjodéMI rbauli tamp&)ltl(rPdﬂﬂbﬁIBE (2mL)

Was?aidééz%&#mTl ’]_wt : Itc Cl@ogg %;f;?%ﬁh' tkg gt i ggn gtgrgggo{'or%(a min.
t t

Therggﬁh xvasg‘lht% Jdﬁa%ﬁg&? i'ﬂgrt e?:%ﬁﬁ)&%[)% (h&f]g n{@gf\?\g,s g gsa)%lcrr by

HP]:Kh meﬂuﬁp‘ﬂa&iadh% gtd Rr=Sc¥ )n dmym)r QMH\]OI <talhcmﬂ‘ot Cog#RN,O
r anqQther 5 min, then heated to 70 OC. After 2 h at
2317‘8 d@ﬁi mxture was cooled to roomtenperature and
filtered through Celite. The filtrate was concentrated
anExaneple 8s i Symeh evisso f33(8-behBSdadabicye ) 3. E11{¥a-2-8p3-yl)-)
anthezdmbldNaOH (400 nL)/brine (50 nL). The

a. Preparation of toluene-4-sulfonic acid 8-benzyl-8-azabicyclo[3.2.1]oct-2-en-3-vl ester
To a1 L flask was added 8-benzyl-8-azabicyclo[3.2.1]octan-3-one (12.9 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-
(trimethylsilyl)amide (LIHMDS) solution (1 M in THF, 69 mL, 69 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

(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) followed by 1:1 brine:water

(200 mL). The organic layer was dried over Na,SOy, and concentrated to give a yellow
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organi c |layer was separated and dried with Na2SO4. A
guarter of the solution was renoved. The renai nder of
wotdey/®aeét i on was concentrated to ~ 100 ni t o paTius2008/008607

hexanes (50 nmL) was added. Solid precipitates were

sl ISSANE By o P B WS B PSRRI s
to }ﬁ«bwﬂeﬂ@tftl&rlnﬁhnhedli'tfeQISQ|g' 0::33 %@heldj il t er ed and dried to
give the title internediate i ght,_yel | ow

sol (g): [Wéﬂnﬁﬁlﬁ‘éfm ¢qH@:1‘I%§s3?QMg tf@lfndcﬁ%’en DIME(GI3Cls, 400

MDD 807 88 o 98) P13 A7 37 (EVED), 38306 1 d 8P 1) 3.58 (@,
J= 1yz em)s 248, 3N|\<Hl QH)DNS@Q GB)Qn M), 2.46 (6,380), 2950115 @, 116, 1.89-
(1 7.76 (m I'H), 7.55 (d,
19399 1111},1) 7’071 %zs(nz,zl;p (1n41 QH?(meslHi (d, J=5.2, 1H),
4. 35- 4. 41 (m 2H) 2 95 2 99 (m IH, 1.65-2.33 (m
b.. Syith 3 S_arla a2 -afi-3-y1)- benzam1de

f | a S«E ngl drgfé\xail Ibo&om ﬂasﬂ was addech H)ﬁ?ene qtesu-{%mc a01d §1benzy1 8-
azaBic{do[3aZ. PREPY. lehBeyiydsier 0.28 &bD exifib is‘ic&baﬂlaﬂbh&w Bﬁla)mc acid

8-carboxylic acid r -butyl ester (4 g, 12 mmol)

(0.36r 221mioly Paiihes (.055.8, Wamnml),rlsiablsatlphmthSphmO)pentane

ture.for The ut i o oncentrated .
5P B2 Halpatd RO et it e GERG phfistSvin
nitr6@ni @5 S\fﬁhearﬂbHQF \(®¢hIl F?amahes frt ADMPOM . Iint)) WePe addeld Clhe

was then stirred in THF (-10 m.) at OOCfor 1 h. The
suspaisiogsvagestigred it m@ne@mmrqiur@\nnd@urgvé wWitpnigrgigen &ir appider 5 min,

etk B ol 1 8 Rt Mtmlisd rdileiia room
temPBafiRs ahd ﬁdiﬁfloﬁe@%'gﬁwsﬁﬁE@Aco/%w IﬁL )and l kN W@I—f gz@MSP 'The

400 MHz): 8.96 (s, S,
orgzm-xg laygr 'ggs Vashed withgl :1 |bH)1e v%t@jZ(deO mLD andsdnq:d—pver NaZSO4 The

org% ?ayér yas éonﬁ%n?tf d %_f to ém&s re(sgltm\g_}_%g sf'm thafzwa%ﬁglrﬁi to
pro(nﬂb tl?d’ﬁtle dontbduhd %@4( 64 7 y@ldﬁyerftkfeﬁﬂtess&fds (m/z) [M+H] calcd
-enfifc>-f8-azabicy o oct - 3- vDbenzam d

fOfﬁyMzd‘éi@ HpPdé; fb@mé3294nt fl ask was added
3- (8-azabi cycl 0[ 3. 2. 1] oct - 2-en- 3-yl ) benzam de

tr ']ﬁ*zﬂﬂ&?&c @ﬁftﬁeﬁ@ogg &tdoQ»S]azqﬂmty):lo[ﬁﬁ Prbde3-Piber2athide

he m xture was sfirred at room
erature and purged with nitrogen. To the sol ution
A , 3 e. '

o a hrogenatlon vessel was added 3- (8-benzy1 -8- azablcyclo[3 2.1]oct-2-en-3-
yl)benzamide (5 g, 15.7 mmol), EtOH (100 mL), and 6 N HCI (7.5 mL). The mixture was
stirred at room temperature and was purged with nitrogen for 5 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 isomer ratio of 85:15 according to HPLC method 2 (endo
R#=10.97, exo R=12.67). The mixture was cooled to room temperature and filtered

through Celite. The mother liquor was concentrated to give the crude title product.
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was heated to 50 OC and stirred under a ball oon of
hydrogen for 16 h. The m xture was cooled to room
wotemmas@bure and filtered through Celite. ThePCIuses08/008607
cake was washed with EtOH (10 nL) and the liquors were
b. CRIBINGHLRBE3 ANG-eaLs A ER1J[9. 2868 3 -Hber 8mHeMdBS hloride

crude titlre product wih an endo/ exo 1soner ratli o of
93: To the ceRle@radudt ofl the peviouRstey way addeddEtQH-(2048L), and the

nz). M- d Cl4H18N2O 231, 15; 231. 4.
readhFThis it (S BETEUTLTY auT UL B ARSALaD sl fefutEgyas cooled
to 3?:95): aft‘@ﬂﬁém%né @f’é&td&ﬁal%fﬁwtﬁllé/\@z?nﬂb%ﬁh ¢aboduf |169h G«egga%dgd.

ete dissolution. The solution was coo ed to
(Tharedsapsials mese ebitgingdhodesciibedyin Bwanaplad gelhe §lTihg vaieedoled to

rooytpgrafiat i RRHAE BT BRI SR B LT o VB
predigitdth w¥RSbR&IJES TollRE sRirM/ s dRSd Mé’ﬂ’ﬂlegl ALy Ql%riehe slurry was

_tenperature for ~2 h then at 0 OC for 30 mn.
stirrsd lai thommtenfpelateneddr anmthmrdvi aied fillered ita providsrthetitie compound

oty R e e SOBL b § AR 2.
G 4H18N20O 231. 15; found 231.4. Exanple 3 : Synthesis

of 3-(8-benzyl-8-azabicyclo[3.2. 1] oct-2-en-3-yl)-

benWaite the preseRt Byantin kas bebn tedcnibaé withsaferare ¢o theisgecific
emtiodnaRy oot i heid b tinderstbod By ttioss Skilled in e af that vadoiis
hafg Jiik: i & i
cha e AT R R gl bE Sl BN ol ePatfng Tom the true
spirttaodstapepditiat tventiont iTh additiphetmenylineddficatipnsmapbe made to adapt a

obseryed, and then was cooled to -30 OC. Lithiumbis-
partiQ A YA MR O BB Op EIOROBS)E!SE IRTRIe5h PROCES PO igDS, to the

- . . . r‘ .
ObIGH B iR ARl A BEPaR 1 RnlF, MRTEh AR AbhPHE intended
to bé vhthirAtheatopid afithe tlhimoippendedikreoni Additomchlignaly publibations,

22.5 9, 69 mol) in THF (150 nL ) was added to the, . |

Patﬂgésa@efi Biienh %W@Ataeltsd %rﬁw@g%mrs naﬂorpomteg?;v refeence herein in

r j : ' ' -10 0OCto 10 OC for
Tl SO SRy KRR el bl B e (250 mL) and 1N

NaOH (200 nL) and the solution was stirred at room

tenperature for 5 mn. The organic |ayer
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was separated and washed with 0.5 N NaOH (200 ni)
followed by 1:1 brine:water (200 nL). The organic

wol2ayerigasvas dri ed over Na2SO4, and concentr at egCrasgoos®oseo?
a yellowsolid residue. The solids were slurried in

*ﬁﬁf Et OAc(<5nL) and filtered to
prowcf&etﬁéﬁt: ?§errred|ate(19lg , 86 %yield).
(mz): [MtH + calcd for H23NCBS 370. 15 f ound

370.2. 1H NMR (CDC 3, 400 MHz) ddt(_g 34786 m
2H)1. 7. 2 procsss f@ﬁpreppmng gcgmpggn 9 n@ulall avipgthe chegycal

m Ilﬂ

nars'y a*d@kszzae&%oﬁfé@o sty %935%%@#

1.70-1.77 (m 2H), 1.41- .. SyntheS|s of

3- (8- benzyl - 8- azablc% octNg en 3-yl)-benzam d

e To a 100 nL round t sRywas® added

t ol uene- 4-sul foni ¢ aci - Benzyl ©8-

azabi cycl o[ 3. 2. 1] oct-2-en-3-yl ester (0.75 g, 2 muol),

3- car banoyl phenyl boronic actd (0.36 g, 2.2 mmol),

theEnégﬁﬁg?%gﬁﬁggy?bhgégﬁigg?Léhtane (0.053 g, 0.12 mmwl)

andaCsF pudgifig a réadtionlvesselbmmpresdag & oompoutidisfforasla 3:

purged with nitrogen for 5 m and THF (8 nL )and 1.5

mL DVF (1.5 nl) vver%1aded. [ suspensi on was stirred

at room tenperature’an Wit INH3I t rogen for

another 5 mn, then heated to 68 IDC. After 2 1 h at 68

0C, the reaction nmixture was cool®d to room

tenperature and partitioned petween EtOAc (20 nL ) and

IN NaOH (20 ). The organic | ayer was washed with 1:1
andb.niamd widh & hoff-2eacti2® gad, wharein B iseh anviao-phateGoxg grotye removable

?anlc | ayer was concentrated to 7 to 8 nL, resulting

"laﬁﬁlcsl}yéfqg}‘ini‘tﬁﬁ’t was filtered to provide the title

" e g fity S SO B heghli fessl, 2
319 (eﬁ) Epoaging ehedreactionteissd mdthdtydrogen; and

3-e"</o0-(8-azabicycl o[ 3. 2. 1] oct-3-yl ) benzam de
hydf®c h|s§pp]d'g1gahydw|gg§ fosthgreaction vessel at a pressure of less than
aboﬁ‘t agléaqf] ?%{@QILC%%B%&%%B&M#]‘?, grr??i\r}élg% % &?oq{;@eggp ésdless than

abot- c(n%-ah& ﬁZ‘le a&n@i’;ﬂi@te@y@ bﬁ{vifde?a ddrapéund-fifolnula 1 or a salt thereof.
yl )benzam de (5 g, 15.7 mmol), EtOH (100 nL), and 6 N
Ha (7.5 nL). The m xture was

2. The process of Claim 1 wherein P' is benzyl.
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.

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.
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stirred at roomtenperature and was purged with

nitrogen for 5 mn. To the solution was added 10 wt %
wORdé®14€Q05 g) and the m xture was purged wi t hPpraoydsogsnosco7

for 5 mn. The m xture was heated to 50 OC and stirred

at 1 hat I

(1. 80 arhoinses i ofesiRfgha cBripolit BF ol Ry Ak g Bhica
naneWRIos(8oazabiytIog3. 2 i11dot-3cylyeap4iaide) 61ha al therdof: exo

i somer ratio of 85:15 according to HPLC nethod 2 (endo

R =1097, exo Rt=12.67). _Th xture was cooled to

room tenperat ure andyf romgh Celite. The

not her |iquor was conc ated tg give the crude title

product.b. Crystallization of

3- endo- ( 8- azabi cgc\ o\ 3. 2. 1IPct-3-yI)benzan1de

hydr ochl ori de To the crude product of the previous
the pioepsswampaidihgel Et OH (20 nlL), and the reaction mxture

was heated to 60 OC until conplete dissolution. The

sol (&t ¢atachiag acospeynd ef fumpz t whi ch time seed

crystals of the title c€ d (about 10 ng) were
added. (The seed crystal 3 ;alned as descri bed
in Exanple 1.) The slurry cooled to room

tenperature with stirring and stirred overnight at

roomtenperature. Crystal pPecipitates were observed.

To the slurry was added MeTHF (15 nlL) and the slurry <
wheggia Ps{s 40, @pingpretseiing Siope reapyable by caiaytinhydragenagpp and -OR

I g, 50 %

reprgtcay i Sio LR Erchvith o SR8 IREU Ry flace .

R*=10. 97, exo R*=12.67)HO.\IH e the present invention

has been described with reference to the specific

enbodi nents thereof, it 4l d be understood by those

skilled in the art that ousyghanges nay be made

and equi val ents nmay be sub tifuted wit hout departing

fromthe true spirit and stope of the invention. In

addi ti on, modi fications may be nade to adapt a
in thepresenee of a Bali/adatrn eatalyshanska phosphivapigand togrrowide gwompound of
forrR19GESS, process step or steps, to the objective,

% It and scope of the present invention. Al such

nodi fications are intended t e Wwthin the scope of

the cl ai ns appendedPhert ' 'g ally, al

publications, patents,\ a ¢unents cited

her ei nabove are incorporated by ieference herein in

full, as though individualdy incorporated by

reference WHAT IS CLAIMED IS 1. A process for

pr dphr i myrging enpastind vessel comprisang a corapouryl eftferroule di apdlan 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.
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name 3-enJo-(8-azabicycl o[ 3.2.1]oct-3-yl)benzam de, or

a salt thereof: 1 the process conprising: (a) purging
woaoeagsioon vessel conprising a conpound of f ecmsani8:008607

3 and an acid with a non-reactive gas, wherein Pl is

an am no-protecting group renovabl e by catal ytic

hydr ogenation, (b) adding a palladium netal catalyst

t 0 8.he rBacprocdss\v€SCam; 7 Qv(h):rehu (1) istﬂg (i)h&lerpfaﬂﬁdihﬂfbatalyst is

vessel with hy drog@n and (d) supplying hégrogen g
pallpdiumy{dl) agefate;of frisk §@4yha1€ne@<>5ﬁoe§)si agium(Bkand; thg phosphine

li gaﬁﬁ (i)su 1 ’abllgg:{ él}%&@é@iﬁﬁ& Ee]esntse h@ﬁg&lgﬁ%}ﬁ@s%ﬁhg ssure

ere e and a

tetrif@icfrolﬁirﬂ@,&ﬂ'l‘llef-@Ss(dlphcﬂfy(lpho@phlﬁoﬁ)@maﬁund of formula 1 or
a salt thereof. 2. The process of Claim1l wherein Pl
is benzyl 3. The process of Caim2 wherein the acid

dydr Oflﬂa' e;%&e‘ss 3B Chiny m’7 ngr%np{hg GERis Bgdrgcﬂ' ﬁl Acid and wherein

mhereln rocess I "conprises conver
the prooescuirtdr cbhmsési)onkfertﬁhgcthé’ ﬁﬁoﬂhbﬂ dfatdpqe)no eﬁcrygﬂakhne
process of Claim4 wherein the percentage of exo
1%“ﬁ§@kﬁﬂcﬁﬁtPﬁ€w§ﬁnmoéwi?ﬁ@“@@ﬁbbund of fornula 1 is
| ess than about 0.5 per cent.6. A process for
preparing a conpound of formula 1, having the chem ca

nang. 3- ef'tef pracdss oA ey wheredh tBe %b@@htan vt dloeisarasi idlehe salt of
or a salt thereof: 1 the process conprising: (a) .
the gerAperandiof domnue dpvleasithen 2 g@‘lltrﬁﬁ perreBt.wherein Plis an
am no-protecting group renovable by catalytic
hydr ogenation and - ORX represents a sul fonate | eavi ng

group, W phoces<orpiipain®h cb@pbuhdofformula 1, having the chemical

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

“”@-’@Y””Z
H

0]
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:

2
or an acid salt thereof, in the presence of a palladium metal catalyst, and, when the
compound of formula 2 is in the form of a free base, in the presence of an acid, to provide

a compound of formula 1 or a salt thereof.

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.
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Hin the presence of a palladiumcatalyst and a

phosphine ligand to provide a conpound of fornula 3 :
wo(20)9/@us®i Ng a reacti on vessel conprising a cEUIOS2008008607

formula 3 and an acid with a non-reactive gas; (c)

addj §g a’{g?b}o@géslbm 12 GRAEARLY fHe 2L i F@d{o@ﬁﬁ)ﬁﬂ: g&d and the

vessel purg e reacti on vesse

product i§ th)e hydfphloridg siiiydf thgeompasnd of formutashct i on vessel
at a pressure of |less than about a half atnosphere
such that the total pressure in the reaction vessel is

I h d
2Bt o B RSN el AL TRRBAC i B
crygiilbiegshohydebetiloride sisfehé\cdtpomdadfashuland - OR* is

trifluoronmethane sul fonate.8. The process of Caim7
wherein, in step (a), the palladiumcatalyst is

pal {adi u 0 .

P L oL e BSSI B La iy st g morn e s
of th& osapouid dfifedneailSs less than about 0.5 per cent.

[ ,1"-Dbis(di phenyl phosphi no)-ferrocene,

tricyclohexylphosphine tetrafl uoroborate, or

, St s (AipRbQRY FdR g gca)daﬁiyoaﬁ&ofﬁmnﬁthes :process of

G aim?7 wherein the acid is hydrochloric acid and
wherein the process further ri ses converting the
product of step (e) Rsza L i ngy.,hydrochl ori de
salt of the conpound o rnu a I 16. The process of
G aim9 wherein the percen%age ofOexo isoner in the
salt of the conpound of fornmula 1 is | ess than about

whé}?é P& mffrﬁ%r ;ﬂ{%tectahgé) %1%‘& %ceF’J ﬁgﬁ%ﬁg’ygg a conpound

fornmu avi n

3- ahyamﬂ@ﬂm@m&mmqwmhdbSﬁﬂnﬂm@st 3-yl)benzam de, or a
salt thereof: 1 the process conprising hydrogenating a

compound of formula 2, ﬂhM thexcherri cal nane
3- (8- azabicycl o[ 3. 2. |]oct\e2,£n°8yl)benzani de:

5

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

HO\B/OH

NH,
4 O
in the presence of a palladium catalyst and a phosphine ligand to provide a compound of

formula 3.

17. The process of Claim 16 wherein P! is benzyl 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)dipalladium(0) and the phosphine
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2 or an acid salt thereof, in the presence of a

pal | adi um netal catal yst, and, when the conpound of
wof0emik@o2 is in the formof a free base, in trhe/Us2008/008607

presence of an acid to provide a conpound of fornula

liga\%ﬁ W13-83 L&lpﬁetﬁgl h1n02) fe Pge&r 9§I%P%Iey1%%o ﬁ'i‘ngfl

erein or me ence of an
tetr@ﬂiudiolﬂﬁ}ﬁ}tetm wbﬁsémphenﬁpm)sgmhb)paﬁtahae conpound of

formula 1.13. The process of Claim 12 wherein the acid
i's hydrochloric acid and the product is the
hy chl gride salt f t conpound of formula 1. 14.
Thgﬁgrocgsgn%?u%égf erein the process further
conpri ses crystaII|2|ng t he BA~drochl ori de salt of the
conmpound of fornmula 5, Pr OGESS of Claim1l4
wherein the percentaé er2in the salt of
t he conpound of fornula is lesg than about 0.5 per
cent. 16. A process for preparing a conpound of
formula 3: wherein P1 is an #&ni no- protecting group,

ISl d of
o} PRAESE AR B 2RI A TPEL R IV EIREE oV g
group, with a conpound of fornula 4: |n t he presence
of a palladiumcatal yst and a phosphlne ligand to
pr A de A cemppouhef ®mpkrtul a 3. 17. The process of
Claim 16 wherein Pl is benzyl nd -OR Xi s
trifiuoromethane sulgionate. The process of Caim
17 wherein, in step (& Nam catal yst is
paIIadlun1(FD acetate o
trls(dlbenzyl|deneacetone)§|palIadlun(O) and the
phosphlnellgand IS
whdrein P’ i ) aihiphemytepligs gloupo) - f er r ocene,
tricycl ohexyl phosphi ne tetrafl uoroborate, or
|, 5- bi s(di phenyl phosphi no) pent ane. 19. A conpound of

foryul @ Bhecompound of Claim 20 wherein P' is benzyl or tert-butoxycarbonyl.

22. A compound of formula 5:

P

S

wherein P' is benzyl and —OR” is a sulfonate leaving group.

23. A method of increasing the stereospecificity for the endo orientation of a
sample of 3-endo-(8-azabicyclo[3.2.1]oct-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 sample of 3-endo-(8-azabicyclo[3.2.1]oct-3-
yhbenzamide and an alcohol until complete dissolution is observed to provide a reaction

solution;
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havi ng the chem cal nane

3-(8-azabi cycl o[ 3. 2. 1] oct - 2-en- 3-yl ) benzam de. 20. A
wocompaysid of fornula 3: wherein Pl is an PCT/US2008/008607

am no-protecting group. 21. The conpound of C aim 20

wh in i - - b . (2.
cortChund opking gdictlon Voplony Y RURER o Lendly (8-
azabiepaly[3. Aljdct-Dl)benAantdd, fand atirirgaayil agraigitye isdBserded; and

nmet hod of increasing the stereospecificity for the

end®) or i WA 3-g5tiv %eéraélgﬁﬁgﬁgagfo he reaction solution and stirring until
- 20 (8- ' : 3; 1 6lGa ot .
PRI Kb RERIEYOhPLR & QR B peoaneico 21
yDb8nedmide ¢Emprsihg tags tiahAbdutld Ye3-edo-y8-hbebicyeia[8le, 1 odied-ei n
3- -(8- azabicyclo[3.2.1]oct-3-yl)benzam de and
yhbgnzamyde-g- azabi cycl o[ 3. 2. 1] oct - 3-yl ) benzani de are in
salt form the process conmprising: (a) heating a
m xture of the sanple of
3-enf o-(8-azabicyclo[ 3.2. 1] oct-3- yl)benzam de and an
al cohol until conplete dissolution is observed to
provi de a reaction solution;(b) cooling the reaction
sol ution, adding seed crystals of 3-endo-(Sazabicycl o]
3.2.1)oct-3-yl)benzam de, and stirring until a
precipitate is observed; and (c) addi ng 2-nethyl
tetrahydrofuran to the reaction solution and stirring
until precipitation is substantially conplete to
provi de 3-eral/-(8-azabicyclo[3.2.1]oct-3- yl)benzam de
conprising |less than about 2 %
3-ex-(8-azabicyclo[3.2.1]oct-3- yl)benzam de.
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