WD 02/ 085901 PCT/ US02/ 08268 SUBSTI TUTED AZABI CYCLI C MO ETI ES FOR THE
TREATMENT OF DI SEASE (NI COTI NI C ACETHYLCHOLI NE RECEPTOR ANTAGONI STS) FI ELD
OF | NVENTwWON2Bs3docot i ni ¢ acetyl choline receptors (nAChRs) poltaysoxos2as ge rol e
in central nervous system (CNS) activity. Particularly, they are known to
be involved in cognition, |earning, nood, enotion, and neuroprotection.
There are several types of nicotinic acetylcholine receptors, and each one
appear s t osUpsTeETWEDi A4ABreLIC GIOGETTEST @QRIITAE | TREATIGNS bEMOtEmE (MN@otwre

af f ect s al |ACEUBILCHELBR REGEPTAMANNEEONASTHri ety of activities. 10
Unfortunately, not all of the activities are desirable. In fact, one of the
| east desir agEeD QFIN®ENTEONOf nicotine is its addictive nature and the | ow
rati o between efficacy and safety. The present invention relates to

mol ecul e t hat halNisotinigraeetyleholitefreceptasp G GiRs) playrpdargrolgdn exmghpertotso

ot her cl osel

rel bers of .this |ar | i gand-.gat T r famly.
Thus, the i n%'étﬁm ragg}r;;gyes aéu?%?rﬁognefy&gﬁogva 'an% 3 d?%elgsC§§§g8§’5
condi tion |nle§’rnlf%ﬁﬁ%bd)’%%tﬁm§5lﬁiﬁeﬁrd}ir@t@&tldﬂ CTHRELArY beRedlityjRes bEARPEME | S
inplicated and for treating diseases where there is a sensory-gating

deficit in aacetyaheline regAWGRMUNDCIOPNET MPearsNERavYeCNlifierepbrolgngregyating scl oses

two bi ndi ng s to djrectly neasure the affinit 20 an electivity of
conpounds atéﬁsg?{'écfl_oﬂAgﬁ?%gﬁ&Yffﬂéa@-s'fﬁé _epﬁ{é,. @@%?ﬁgﬁtlﬂg@g%ﬁmtﬁ%se
functiongl agffobuAsERNInRIBY ShdRYiviRs HeaRsitsblé. dRThit] yncCommOleas detibidle ar e
sel ective agonists of the a7 nAChR. Cell surface receptors are, in general,

excel | ent anpropertipdeft debtibe dgyits addigtve natung\@iiRbe domptiohetwednapfeacy and [ y  of

| i gand- gat ed i.on annel s.that contral neuron 25 activit nd brain
functi o Tk, DRERRSPEnyaRiorb R AR Fe RS dp Stk EEvpift Rt P g
gene famly 4%,KeHAROIEEMpartd %eotﬁ'érﬁ:lﬂﬁe@r}glafeg%erﬁl%r@oist‘ﬂmﬁf'g%Sfig_;n’ftﬁgatg@_'
assenble to formnultiple subtypes of receptors that have a distrnctive
phar macol ogyrecephorefaplilgh@hiis) ¢hd imvetiongnoladesromsthoe forl tesaong eflisedse oof t he
subtypes, while nicotine non- selectively activates all nAChRs. 30 The a7
NAChR i slonecanditioptin e mammantheathepsnigotijecetichoding regepior sumpliealtdet  f or

oot 9. o A U B P g R <230 L1
1997). Another feature that nekes functional assays of 0 nAChR challenging
's that the 1-3}\CKGROUND OF THE INVENTION
WO 00/73431 A2 discloses two binding assays to directly measure the affinity
20  and selectivity of compounds at the a7 nAChR and the 5-HT3R. The combined use of
these functional and binding assays may be used to identify compounds that are
selective agonists of the a7 nAChR.
Cell surface receptors are, in general, excellent and validated drug targets.
nAChRs comprise a large family of ligand-gated ion channels that control neuronal
25  activity and brain function. These receptors have a pentameric structure. In
mammals, this gene family is composed of nine alpha and four beta subunits that co-
assemble to form multiple subtypes of receptors that have a distinctive pharmacology.
Acetylcholine is the endogenous regulator of all of the subtypes, while nicotine non-
selectively activates all nAChRs.
30 The o7 nAChR is one receptor system that has proved to be a difficult target
for testing. Native o7 nAChR is not routinely able to be stably expressed in most

mammalian cell lines (Cooper and Millar, Nature, 366(6454), p. 360-4, 1997).

Another feature that makes functional assays of a7 nAChR challenging is that the
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WO 02/ 085901 PCT/ US02/ 08268 receptor is rapidly (100 mlliseconds)

inactivated. This rapid inactivation greatly |imts the functional assays
t hat can we m®esot o neasure channel activity. Recently, Ersal@sombs2ag. has
indicated that a chineric receptor forned between the N-terminal I|igand

bi ndi ng donmaesepddr i$ Rpidy (TOBCGhRifebdRl) Mmactivaddd. , THNatapidEina&ivaiod grdady , p
479-83, 1993), and the pore formng Cterm nal domain of the 5-HI3

receptor exphBisibg fyrationalsseys Bebeandiscysed & MRuEs ¢hanpglRERYbhI cot i ni ¢

agoni st sensitiwty. Fisele . . 1] j

(chick) form of tl%éec\éré Y E?\%&&ﬁ%ﬁ'ggge%)ntdgcffegnthﬂfah%h%grﬁﬂe?néﬁalgifo{#l Q‘fR%Wﬁ%Bse form

of the 5-HT3hgfnRrmitdal eyt bindiHesmAh s tHel oon AGhR ¢BREk et AN, a7 NAChR i's
a cal cium channel while the 5-HI3R 10 is a sodi um and pot assi um channel .

| ndeed, Bi se166(@54nIp.419e8% H823)t anak the peredhirgikng & -terminapdprained theed-BIHTIR
behaves quite differently tlg.ap{ft he native §7] NAChR wi.t h. t he {)gre el enent
not conduct i "REFPLAICEPTTRT g UYeILd 3??’?_085?'5%‘” f%&%%‘amﬁﬁ"%oéﬁnﬁws ns. WO

00/ 73431 A2 §eﬁ:f}gi(/i§ . @i@ﬂé%tSQYus%Q% N @RARnb iR he Mh&t}hwk?f&hl'ﬂ'ﬁ% ggn be made

to conduct ca m This assay may be used to screen for agonist activity
at this 15 reER esceptSUMMARY Calermidizs bAMENTduSAfdrireofizhe S dif's genv.e Hiomerer,

di scl oses conmpounds_ of Formula I: O R2N C Nnm2 1 CH HI R_m 20
Formul a | whHEder physiolegicah copditjons thoof ALK is 2-calgium ghagnelwhilg the gl Edfenat ed
al kyl , sybst.ituted al kyl cl oal kyl [ ; LS,.- J

hal ogenated ‘3?1?9 ]?ms%r@sfiolnfst%réla&%mé{y'l pdgsl%lﬁg%?{‘%}la} ' tggr%h%itgﬁ%? %‘EM%WA

phar maceut i Gad CHRAREERIPHTR B&tldves QR ITHERHNY Sh tEOHHROE o7 INChROWAE the
enantionmer, or racem c mxture thereof. The conpounds of Formula | are

useful for tpeeatlemgnendicsedstngralcigmdiut iaomalinbeing henked by whavmiions WOa7
nicotinic acgi YNNI REoneSTRESY canditiol® uhdd Adeit e s AT,R LS Mde 1o
conduct calcium. This assay may be used to screen for agonist activity at this

15  receptor.

SUMMARY OF THE INVENTION

The present invention discloses compounds of Formula I:

20
wherein m' is 0 or 1;
m?is 1 or 2;
R, is-H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;
R, is -H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;
25 or a pharmaceutically acceptable salt, pharmaceutical composition, pure

enantiomer, or racemic mixture thereof.

The compounds of Formula I are useful for treating a disease or condition in a
mammal, wherein the o7 nicotinic acetylcholine receptor is implicated and for treating
diseases where there is a sensory-gating deficit in a mammal comprising

30  administering to a mammal a therapeutically effective amount of said compound or a
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di seases where there is a sensory-gating deficit in a mammal conprising 30
admnistering to a mammal a therapeutically effective anmount of said
conmpound wp 02/085981 WO 02/ 085901 PCT/ US02/ 08268 phar naceut ipcalusg2/es26ept abl e
salt, pharnmaceutical conposition, pure enantioner, or racemc mxture

t her eof . DETgHalkiheDESORY HEkfibIORsaltHphhdWMAESTE c@NcOmbogi (o, Spuig leyiantivénehave
found that conmpounds of Formula l: p R NC Nnmn CH HI R m Fornula
| wher ei n i rapanig ngixture theggofi s | or 2; 10 RL is-H al kyl, hal ogenated

al kyl, substituted al kyl, cycloal kyl, or phenyl; R2 is -H alkyl,

hal ogenat ed al kyl, substituted al kyl, cycloal kyl, or phenyl; A Kkyl is both
strai ght - anUEDASCEDGESCRIPTION GF THE INVENDION om 1-6 carbon at ons;

Hal ogenated al kyl is an al kyl noiety having from 1-6 carbon atons and
having 15 1Surpnfipglyaye Bassfoppd byt ¢appquadedfitiemda y sel ected from-F, -d,
-Br, or -1 where nis the maxi mum nunber of carbon atons in the noiety;
Substituted al kyl is an al kyl noiety from@-6 cBzbon atons and havi ng 0-3
substituents independently sel ected fzs ! , or -1 and further
having 1 substituent selected fram @* - Nigs 5, -C(O R5,

(O NR5R5, -CN, 20 -NR5C(O)R5, -S(O)eNR5R5, | 2R5, -NO2, phenyl, or
phenyl having | substituent selected from Rt d/ further having 0-3
substituents independently selected from-F, -&'/mBr, or -1; Cycloal kyl
is a cyclic alkyl noiety having from 3-6_carbon atons; Each R5 is

i ndependently -H, alkyl, cycloal kyl, hetlm®®&l oal kyl, alkyl 25

subﬁti tuted with \%hésrgil%s&i ltslbe&lt],sel ected from R6, cycl oal kyl substituted
with 1 ’

m2is 1 or 2;

10 R, is-H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;

R, is -H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;

Alkyl is both straight- and branched-chain moieties having from 1-6 carbon
atoms;

Halogenated alkyl is an alkyl moiety having from 1-6 carbon atoms and having

15 1to (2n+1) substituent(s) independently selected from -F, -Cl, -Br, or -I where n is the
maximum number of carbon atoms in the moiety;

Substituted alkyl is an alkyl moiety from 1-6 carbon atoms and having 0-3
substituents independently selected from -F, -Cl, -Br, or -1 and further having 1
substituent selected from -ORs, -SRs, -NRsRs, -C(O)Rs, -C(O)NRsRs, -CN,

20 -NRsC(O)Rs, -S(0),NRsRs, -NRsS(O),Rs5, -NO,, phenyl, or phenyl having 1
substituent selected from R,; and further having 0-3 substituents independently
selected from -F, -Cl, -Br, or -I;

Cycloalkyl is a cyclic alkyl moiety having from 3-6 carbon atoms;
Each Rs is independently -H, alkyl, cycloalkyl, heterocycloalkyl, alkyl

25  substituted with 1 substituent selected from Rs, cycloalkyl substituted with 1
substituent selected from Rg, heterocycloalkyl substituted with 1 substituent selected
from Rg, halogenated alkyl, halogenated cycloalkyl, halogenated heterocycloalkyl,
phenyl, or substituted phenyl;

Halogenated cycloalkyl is a cyclic moiety having from 3-6 carbon atoms and

30  having 1-4 substituents independently selected from -F, or -Cl;
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substituent selected from R6, heterocycloal kyl substituted with 1

substituent selected from R6, hal ogenated al kyl, hal ogenated cycl oal kyl
hal ogenatwo ohes®npcycl oal kyl, phenyl, or substituted phemrgirjuselabsrgenat ed
cycloal kyl is a cyclic noiety having from 3-6 carbon atons and 30 having

1-4 substituents Subdepescdsoloalkyblagtedmbiecthaving @6m-3b carbdn MEN320h885901
PCT/ US02/ 08268 Substituted cycloal kyl is a cyclic noiety having from 3-6
car bon at onsh@® g h3ibigtugnts ig t‘ﬁiﬁtnﬁé!ﬁ?@a%&@f}bﬁd@htqua gherdivingdm - F, or

“qo s, - oS dfKpBRed oM @Rty (RS NER ORI R R (NG SR Ncp,

phenyl, or pRRMIO)REVE[),NRFR §UNRES ()R -1664, @hex@d drrpnamﬁt&aamg lfurther

havi ng 0-3 substituents |ndependentl selected from-F, -d, -Br, or -I;
Het er ocy @l oafukgtitugns seleetpd fiiog lﬁoiﬂ‘é’tf}‘ﬂ @r\haﬁglg&%%hsaﬁa@nwwmnm&t/ons wi t hi n
the ring bein [ 0-; Hal ogenated heterocycloal kyl is a
cyclic noi et%?%ﬁta?\?lfﬁoén%(lﬁq4 atOm; with 10 1-2 atonms within the ring

being -S-, -N R9)Hetem:yc18alky1a§1§l chanimaet-taviaghis? hforgith 1-2ngapewdsint | y
sel ected from F, or -C; Substituted heterocycloal kyl is a cyclic noi ety
havi ng f r om the Tingbeing -§i, tN(R2)20r oms within the ri ng being -S-, -N(R9)-

-0- d h tit d d -Q,
o fur ther avi dieReitd el Plcy L BACRER SRl S GERb fidy A
- C(O) RS, 100 U O WRIROwithifthe riltdB&ih ) R5-NRYW Lor -O5( £AdAARmZOL-4 suthyRRSE) 2R5,

phenyl, or phenyl having 1 substituent selected fromR8 and further having
0-3 substi t uadepsndendyseledediftom dabectled from -F, -d or -1:

el ect ed 1 rom - rourpfufediffieabSEs { LR thote L ni4RE th t uf TN BT om
Rio and 0-3 aéfs S4tRsT the Wﬁg‘b’ém'gngePN Not }Oszﬁidﬂﬁﬁ/ﬁ@ -3 QiBstifuentsC , - Br, or

-1; R6 is -OR7, -SR7, -NR/R C(O “C(O NR7R7, ~-CN, -CF3, -NR7C(O) RY,
- S( O 2NR7R?, mdmn@zrmyzsmcted fronNgR or Eéxlewldafnrt?ngr fiwwmolemhmleyt se}qctedlfm

Cy ot 9 Uy ST, PO, Stchael
T2 20 ROl gaany ekt @ﬂ?%%%ﬁ@ale%;ﬁa%w pabacenat
having 0-3 substituents 1ndependently selected from -F, -Cl, -Br, or -I;
Substituted phenyl is a phenyl either having 1-4 substituents independently
selected from -F, -Cl, -Br, or -1, or having 1 substituent selected from R and 0-3
20  substituents independently selected from -F, -Cl, -Br, or -I;
Rg is -OR7, -SR7, -NR7R7, -C(O)R7, -C(O)NR7R7, -CN, -CF3, -NR;7C(O)R7,
-S(0);NR7R7, -NR7S(0)2R7, or -NOy;
Each R is independently -H, alkyl, cycloalkyl, heterocycloalkyl, halogenated
alkyl, halogenated cycloalkyl, or halogenated heterocycloalkyl;
25 Rg is alkyl, cycloalkyl, heterocycloalkyl, halogenated alkyl, halogenated
cycloalkyl, halogenated heterocycloalkyl, -OR5, -SR7, -NR7R7, -C(O)R;, -C(O)NR7R7,
-CN, -NR;C(O)R7, -S(0);NR7R7, -NR7S(0);R7, -NO3, alkyl substituted with 1-4
substituent(s) independently selected from -F, -Cl, -Br, -1, or Re, cycloalkyl substituted
with 1-4 substituent(s) independently selected from -F, -Cl, -Br, -1, or Re, or
30  heterocycloalkyl substituted with 1-4 substituent(s) independently selected from -F,
-Cl, -Br, -1, or Re;
Ry is -H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, halogenated
cycloalkyl, substituted cycloalkyl, phenyl, -SO;R |, or phenyl having 1 substituent
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-CN, -NR7C(OR7, -S(O 2NR7R7, -NR7S(O) 2R7, -NC2, alkyl substituted with 1-4

substituent(s) independently selected from-F, -d, -Br, -1, or R6,
cycl oal kyWwosnlsiot uted with 1-4 substituent(s) independerciryusszbsees ed from
-F, -d, -Br, -1, or R6, or 30 heterocycl oal kyl substituted with 1-4

subst i t uent (&lectsadeis RIEMd trtiéd IReingd-3 sebiitdents in@pcnd&lﬂz selecte®froff6F, RO i s
-H, al kyl, hal ogenated al kyl, substituted al kyl, cycl oal kyl, hal ogenat ed

cycl oal kyl , $dbd&rieutied cycl oal kyl, phenyl, -S02R 1, or phenyl having |

substituent -4 02/ Q859 P SQ2/,082 d, firom d further
havi ng 0-3 substi lﬁ’é?\f@%’ﬁ%})g%ﬁ%#y 93@2]? g%feré)gﬁlrl?%%ﬁllh—%]og@ég &J&]k%? or -1;
RLO is - OR7, hal§fRRatedlckdlbalk fyEdIO@nkie heleeicoeioalkel, oatistiyited AIRYIOGMOAMEA al Kyl ,
hal ogenat ed cycl oal kyl, hal ogenat ed het eroc%cl oal kyl, substituted al kyl,

substi t uted @copliybankstituted hersrocyeledllyl hdVRFoc dOoRY: kY02, ~CNRAR R 1) R7,
-NO@2, -C(O NR SN, o~ O R{;p z 2NR7R7, or -NR7S(O 2R7; and Each
RITis | ndep‘&ﬁggjrq@@-‘ﬂp)ﬁ%ﬁ grh‘i‘i%&@ﬁ?%é&“é kyl, substituted al kyl,

cycl oal kyl', hal ogesat RY, G eddepérddéhily SHD iyl Uh@idgnaeddoaliky | substituted alkyl,

het er ocycl oal kyl , hal ogenat ed het erocycl oal kyl, substituted

het er ocycl oatyldalkybhehglbgenateds utystdatkyl.e dsubstiykedny eycleatkyd, pheleipardoalkdal |y

t abl |t. ph tical iti i . i
mixtur e t her Bpgeared, Aetgrgry gy suiRyed, Hetecbesloalol eham Ly o stfputufed ™ ©
mammal ,  yhergiedyk & a7pHireadcduntAly2a@leplabirokilf) pia@ariuftali Sorhpiitidhatee and

for treating diseases where there is a sensory-gating deficit in a mamal
conpri sing emnfipmst, or fasgmicomixtyrathea¢of are Wsefid feutréatiag [aydisshseertconditianwunt  of
sai d conmpound. 15 roup of c ounds of rimul a | ncl udes. conpounds
Sher el n RL 18 Al SN dhe G BeORBRHBEHOBRe ARl 45 | TERE G dgd 1o
compounds MNELiD icalcs Fhisk! tereR! LIERBHRL A kadricitSHo thdrdh e hhiing

cycl oal kyl , or phenyl. Another group of “conpounds of Formula | 1'nhcludes
conpounds whainginistdRhgits a imanfnataitberapewiaplloéfftive empontrd saidfcofapound.a |

i ncl udes conpounds wherein R2 is al kyl, hal ogenated al kyl, substituted
al kyl, clxloal kyl, or phenyl. Another group of conpounds of Formula I

Loel Jdes compounds JigS & ddnifouhdt of FoRiflaTindifded cBmpbiistIRAiRKG id Al ne 11 ng:
Another group of compounds of Formula I includes compounds wherein R; is alkyl,
halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl. Another group of
compounds of Formula I includes compounds wherein R, is H. Another group of

20  compounds of Formula I includes compounds wherein R; is alkyl, halogenated alkyl,
substituted alkyl, cycloalkyl, or phenyl.
Another group of compounds of Formula I includes compounds wherein m' is

0 and m? is 2 giving a quinuclidine ring:

Ry _N

L)

Another group of compounds of Formula I includes compounds wherein m' is

25  Whenm'is 0, there is no R;.

0 and m? is 2 and the C3 carbon of the quinuclidine has the R configuration::
R, _N

L)

Another group of compounds of Formula I includes compounds wherein m'is

30 0and m’is 1 giving



25 When m is O, there is no RlL. Another group of conpounds of Fornula I

i ncl udes conpounds wherein mL is O and n2 is 2 and the C3 carbon of the

qui nucl i dwoazle®ot he R configuration:: R2 N Anot her group paff/sozpeends of
Forrmul a | includes conpounds wherein mL is 30 O and n2 is | giving -5 WO
02/ 085901 PCT/ US02/ 08268 GN RZ Anot her groyp,of conpounds of Formula |

i ncl udes conpounds wherein mL is 1 and 1 giving N~ 5 Anot her group
of conpounds of Formula | includes conmpoun wherein mLis 1 and n2 is 1
giving R, Another group of conpounds of Forrfsla | includes conpounds

wherein m is 1 and n2 is | giving 2 10 R Another group of conpounds of
Fornul a | i ncl udeAnaberaounief campounds ofiFormulall ingiudesompounds whetigjn Ra- is 3~4N
RZ Anot her g{gy of conpounds of Formula | includes conpounds wherein nmlL is

15 1 and n2 giSf #1§™&not her group of conmpounds of Formula | includes
compounds wherein m is 1 and n2 is 2 giving ~ ~N 20 Anot her group of
conpounds of Formula | includes conpound gpein M is 1 and n2 is 2

gi vi ng

5 Another group of compounds of Formula I includes compounds wherein m' is

Another group of compounds of Formula I includes compounds wherein m' is

1 and m® is 1 giving

1 and m? is 1 giving

Vo

R
10 ?

Another group of compounds of Formula I includes compounds wherein m' is

Ra

1 and m? is 1 giving

Another group of compounds of Formula I includes compounds wherein m' is

15 1and m*is 2 giving

el

Another group of compounds of Formula I includes compounds wherein m' is

1 and m? is 2 giving

20 Another group of compounds of Formula I includes compounds wherein m' is

1 and m® is 2 giving



-6 WD 02/ 085901 PCT/ US02/ 08268 N Rz Anot her group of conpounds of Formul a
| includes conpounds wherein m is 1 and n2 is 2 giving RR 1LN ~( Rz 5
The conpowodg/osfot he present invention having the qui nucl ipdiTriesoz/nsegs (m i s
0O and n2 is 2) have an optically active center. The invention involves
using a conpound being substantially the 3R#sonmer and substantially free
of the 3S isonmer on the quinuclidine ring. ?% is preferred to carry out

st ereosel ective syntheses and/or to subj he reaction product to
appropriate purification steps so as to progluce 10 substantially optically
pure materials. Suitable stereosel ective synthetic procedures for

produci ng opti calAryotpmgoum@femnqiosndﬁr@ Fueinhlakirinvindésreotipeumdstwheasin an'ds
procedures for Igyrl racem c mxtures into optically pure fractions.
The conpound%m5¥ Fbr VQ | have optically active center(s) on the [2.2.1]
azabicyclic ring (M is 0 and n2 is 1) at C3 and C4 when R2 is H The scope
of this 15 invention includes the separdbte ereoi soners of Fornul a |
bei ng endo-4S, endo-4R, exo0-4S, exo-4R HHAH N*NT 0OOT~-r OONNNN
endo- 4S endo- 4R exo0-4S exo-4R The endo soger is the isonmer where the

non- hydrogen substituent at C3 of the [2 2. 7] 20 azabicyclic conmpound is

Phe. tsoner wher o TRt snb RacntTode TR Pt 8 oGyt Bngtg Lopr™r |

azabi cycl i ¢ GOYNY hhve d?nrdljtﬁﬁlﬂ}eﬁttflv@\é@ritér tihe isvekibginvdlves igingwo renai ni ng
bridges. Thus, there can be four separate isoners: exo-4(R), exo-4(S),

endo- 4(R), acrmnma@bemgsybstmafm&lec ewpcRndsubstantialiy dree of e Soiseneral | y

active centef (t%?: qumuch(ﬁni ring. ft ; preferred to carry out stereoselective syntheses and/or to

subject the reaction product to appropriate purification steps so as to produce
10  substantially optically pure materials. Suitable stereoselective synthetic procedures
for producing optically pure materials are well known in the art, as are procedures for
purifying racemic mixtures into optically pure fractions.
The compounds of Formula I have optically active center(s) on the [2.2.1]
azabicyclic ring (m' is 0 and m? is 1) at C3 and C4 when R, is H. The scope of this
15  invention includes the separate stereoisomers of Formula I being endo-4S, endo-4R,

exo0-4S, exo-4R:

@H\[ﬁ ﬁgn @ @’H\fj{ %H@

N
endo-4S endo-4R exo-4S exo-4R
The endo isomer is the isomer where the non-hydrogen substituent at C3 of the [2.2.1]
20  azabicyclic compound is projected toward the larger of the two remaining bridges.
The exo isomer is the isomer where the non-hydrogen substituent at C3 of the [2.2.1]
azabicyclic compound is projected toward the smaller of the two remaining bridges.
Thus, there can be four separate isomers: exo-4(R), exo-4(S), endo-4(R), and endo-
4(S).
25 The compounds of Formula I have optically active center(s) on the [3.2.1]
azabicyclic ring at C3 and C5 (m' is 1 and m? is 1) when R, is H. The scope of this
invention includes the separate stereoisomers of Formula I being endo-3S, 5R, endo-

3R, 58, exo-3R, 5R, exo-3S, 5S:



azabicyclic ring at C3 and C5 (m is 1 and n2 is 1) when R2 is H The scope
of this invention includes the separate stereoi soners of Formula | being
endo- 3S, wR 02880t 3R, 5S, exo-3R, 5R, exo-3S, 5S: -7 WO @2r0&5908268
PCT/US02/08268 HHHGN-,,.,.CNNNN N, --"N_~i-~i-~p OpO
endo- 3S, 5R endo-3R, 5S ex0-3R, 5R exo0-3S, 5S The conpounds of Fornyla |

e

t he

have optically actilye centers on the@ 2] 5 icyiclic ringHw
center being at E&I H, THe ] of ARLsS '&«ﬁmio J"C
separ ate stereoi somne of rru?%\(l being 3(S) and 3(R) HH—! GN M yr N
N Ij~" 001 3(S) 3(R 1@ The cOnmpounds of the presen® i nven®i on havi ng
the specified stereoghemethy abogf Jeyesdi fferent dpevnl s of actiyisky and
that for a given set of vadlues for %e Vari abl e substitutuents oné i soner
may be preferred over the other isoners. Although it is desirable that the
stereochem cal purity be as hilgh as possi bl e, absolute purity is_ not
requi red. This i nbREGaneReunAs,f \ﬁg@u}aaﬁw ephigally aetbee At OMPEd? £i28ns of
varyi ng d . 0 ] Lt i L.when R2 is
other than HEAPESicHingl B8 SREQRRL BlneRESHIRR REIER, Fheefold ke s
and/ or to subjetiontihdudsars ieparapy Qelusitomér® o PPmala I Béifig BB)idnd GER): on st eps
so as to produce substantially optically pure materials. Suitable
st ereosel ective synthetic pro utks for proddti ptically pure materials
are well known in the art, as e JpHocedur es Hf i fying racem c m xtures
into 20 optically pure fract iﬁqms Ab'hxb,zvi‘gbg'/bhs are well known to one
of ordinary skill in the art may be sed (le.g., "Ph" for phenyl, "M" for
methyl, "Et" for ethyl, "h" or "hr" f@r ho or

3(S) 3(R)

10 The compounds of the present invention having the specified stereochemistry
above have different levels of activity and that for a given set of values for the
variable substitutuents one isomer may be preferred over the other isomers. Although
it is desirable that the stereochemical purity be as high as possible, absolute purity is
not required. This invention involves racemic mixtures and compositions of varying

15  degrees of stereochemical purities when R, is H and when R is other than H. It is
preferred to carry out stereoselective syntheses and/or to subject the reaction product
to appropriate purification steps so as to produce substantially optically pure materials.
Suitable stereoselective synthetic procedures for producing optically pure materials
are well known in the art, as are procedures for purifying racemic mixtures into

20 optically pure fractions.

Abbreviations which are well known to one of ordinary skill in the art may be
used (e.g., “Ph” for phenyl, “Me” for methyl, “Et” for ethyl, “h” or “hr” for hour or
hours, “min” for minute or minutes, and “rt” or “RT” for room temperature).

25 All temperatures are in degrees Centigrade.

Room temperature is within the range of 15-25 degrees Celsius.

AChR refers to acetylcholine receptor.

nAChR refers to nicotinic acetylcholine receptor.

SHT3;R refers to the serotonin-type 3 receptor.
-8-



hours, "mn" for mnute or mnutes, and "rt" or "RT" for roomtenperature).
25 All tenperatures are in degrees Centigrade. Roomtenperature is within

t he rangewofo20892b degrees Cel sius. AChR refers to acetylpchalSores2eecept or.
NAChR refers to nicotinic acetylcholine receptor. B5HI3R refers to the
serotonin-type 3 ¢86€RER¢ to a-bBndMdtBRIN085901 PCT/ US02/ 08268 a-btx refers to
a-bungarotoxin. FLIPR refers to a device nmarketed by Ml ecul ar Devi ces,

I nc. designed to FigPBoefed tp ardeaisamenrioss¢d by Moldchlao Dsvicendec. idpsigneditgh

t hr oughput  whol.e- cel | Schr oed | . 3 Bi |
Scr oening,  1ssisetpmemsd Sthusg dhSRACTRRT o Fish dPpielt RRBTRIF SV ane.  wLa

refers to nE(tSBNﬂoE&’&%PQP'J”B?@moleﬁil&%crléﬁfz@ﬁfvb&_'op dsgohydoegt her. HPLC refers
to high pressure |iquid chromatography refers to methanol. 10 Et CH

refers to et hanolTMSI?éfersetbeevtsirmemhylshpcopyl al cohol. THE refers to
t et r ahydr of ur an. O.refers i e | sul foxide. DWF refers to
di et hy! f or mami deML{srefargRmst B-’(@fpé‘cqnbt"?ghyl acetate. TMS refers to
tetramet hyl sil anegmerlErd &f Béihyltcthdrr | €t hyl ami ne. DIEA refers to

N, N-di i sopropyl ethyl am ne. HATU refers to

O (7- azabenzot r i adBLC Irefgts)to Nigh, iessund liquéet chaomatogtaphpni um 20

hexaf | uorophosph A refe o di phenyl phosphoryl azide. Halogen is
F, d, Br, or aMﬁQ"‘ETPF%%W’HTtB?ﬁOiontent of various hydrocarbon-contai ni ng

i et esld' S ndlﬁ@;}pgfggt@etg&ﬁﬁl x designating the mnimum and maxi mum
nunber of carbon 25 atons 1n the noiety, i.e., the prefix C _j indicates a
noi ety of the intiPderefers to isqpropye alcohol.

THEF refers to tetrahydrofuran.

DMSO refers to dimethylsulfoxide.

DMEF refers to dimethylformamide.
15 EtOAc refers to ethyl acetate.

TMS refers to tetramethylsilane.

TEA refers to triethylamine.

DIEA refers to N,N-diisopropylethylamine.

HATU refers to O-(7-azabenzotriazol-1-yl)-N,N,N', N'-tetramethyluronium
20  hexafluorophosphate.

DPPA refers to diphenylphosphoryl azide.

Halogen is F, Cl, Br, or L.

The carbon atom content of various hydrocarbon-containing moieties is

indicated by a prefix designating the minimum and maximum number of carbon

25 atoms in the moiety, i.e., the prefix C; indicates a moiety of the integer ‘i” to the

(19424

integer “J” carbon atoms, inclusive. Thus, for example, Ci.¢ alkyl refers to alkyl of
one to six carbon atoms.
Mammal denotes human and other mammals.
The compound of the present invention may be in the form of
30  pharmaceutically acceptable salts. The term "pharmaceutically acceptable salts” refers
to salts prepared from pharmaceutically acceptable non-toxic bases including

inorganic bases and organic bases, and salts prepared from inorganic acids, and

organic acids. Salts derived from inorganic bases include aluminum, ammonium,

-9.



integer "j" carbon atons, inclusive. Thus, for exanple, G _6 al kyl refers
to al kyl of one to six carbon atons. Mammal denotes human and ot her
manmal s. Wieamesypound of the present invention may be in trlag/fsoz/ns2e$ 30
pharmaceutically acceptable salts. The term "pharnmaceutically acceptable

sal ts" refergiciimf, fefid, ferffuePahReh, fmagm@mr pRERHIN, Gadiuyh, ameespidabd Rkeron- t oxi ¢
bases including 1norganic bases an ani ¢ bases, and salts prepared from

i norgani ¢ actalls demygdl fr @n@amcamicagy a@&p'tabled@gam@@f)H—Mm l?%ﬁ@?'g@lﬁﬁ%saétéses
i nclude al um_nu

ferric, fer ro(f&gﬂalr}',tss?c{?%aryh% tgrtlar 14191%? %SUI?ISET A gr%o%/s%sc%?cg %gﬁu&g

a55| um SO the like.

Salts deri V%cﬁ{rm@sﬁmﬁm@ mtries, aytic z&ﬁﬁl@ptsa&ﬂ & e@gmm setanae daffine, bases
i nclude salts rh\g“ mary, secondary, and tertiary am nes, substi t ut ed

am nes i ricl udilphge twdweh?yletbﬂ@mdﬂamige sﬂ]ﬁbl’liammeea digthylaminogfhenele2ani nes,

h bet
N di bonzyt ot MR EeanolGR bp e e g b N sibeemalite M.
di met hyl am ngnhapipaidihe, ShRAHN, 3MlcB&miRE, Mydi@NRI hpdrhthienindHisdplodylaniabol i ne, N-
et hyl pi peri di ne, gl ucam ne, glucosam ne, histidine, hydrabam ne,

i sopr opy| amlmsne mqtbylgbcammthmb@hghmpmralmr plﬂ?oﬂldlne. Pod)ymﬁ%@ﬁmé,

pi peri di ne, anm ne urin s t heobr om

e Pt hyl an rgocdis: matwgy Deremity fediiniaf Fo it ooty une, gt
derived fy onnuenq,faaélaé@veaqmﬁ iloAgdnitdRi&ahéiadOall e hpabENbicaas) d,

hydr obrom ¢ acid, hydroiodic acid, sulfuric acid, phosphoric acid,

phosphor ous tgirabromiechcica dydrokaslic ®ad, el ferer acméd)hwpmﬂp laeidnpleaspharowad aoyd

accept abI e o no, i ds, incl de salts Cl 6 alk car boxylic
el do. ai < ool ik S gtV for phatiipig Y B Rl remin R R at o
pr opi Om C aGh&udd SHRIOF €, 2GiKkg1 ca?bkﬁ@h@'aéid@%léarbb 1715@5&@5 a5d Gi-cakboxylitei ¢ aci d,
adipic acid, and citric acid, and aryl and al kyl sul fonic acids such as

t ol uene sul faanﬂscsuekcasja;eandmdrwopmk@ acigy funtegictasrdrstiasitfie etidvertarimaend,” of a
conpound as provided herein is uf fi ¢ ent anount of

but
P s Rt e e, id (T acid ead 201 28 S Bt S Bt s Sl he

exact anmount[RaMEfIEMiMdids M@Tthe fikeom subj ect to subject, 20 depending on
t he species, age, and general condition of the subject, the severity of the

di sease that is bbj/rhg,temeéetf@dgivetmmmfimﬂmouodnppwvdxesl)hem@is m¢ahea node of
adm ni strati on, (Eglut l.i ke. i S nqQt oss ble.to aﬁﬁmfy an exact

"ef fective MM \‘/fié?}‘é?moﬁ?lt szlﬁﬁ‘i%?l?oéff‘ QPOX e S ASHS

det erm ned by,ifB& off below, the exact amount required will vary from subject to subject,

20 depending on the species, age, and general condition of the subject, the severity of the
disease that is being treated, the particular compound(s) used, the mode of
administration, and the like. Thus, it is not possible to specify an exact "effective
amount." However, an appropriate effective amount may be determined by one of
ordinary skill in the art using only routine experimentation.

25 The amount of therapeutically effective compound that is administered and the
dosage regimen for treating a disease condition with the compound and/or
composition of this invention depends on a variety of factors, including the age,
weight, sex and medical condition of the subject, the severity of the disease, the route
and frequency of administration, and the particular compound(s) employed, and thus

30  may vary widely. The compositions contain well know carriers and excipients in
addition to a therapeutically effective amount of compounds of Formula I. The
pharmaceutical compositions may contain active ingredient in the range of about

0.001 to 100 mg/kg/day for an adult, preferably in the range of about 0.1 to 50

-10 -



ordinary skill in the art using only routine experinentation. 25 The anount
of therapeutically effective conpound that is adm nistered and the dosage
regi nen fwo wenembi ng a di sease condition with the conpounegcCanbzns26s
conposition of this invention depends on a variety of factors, including

the age, wehghkida$ eox aanduliedi el d&bNlst bpibout 1tde0GLdgeE hctivelirgBear i ty of
t he di sease, the route and frequency of adm nistration, and the particular
conpound(s) ®BapbeosrRioPriiifor ﬁ0§d‘g€) s dajlydosefadieyadmppisteseship 98¢ £9 946 cont ai n
wel | know ca 0rsiaeresr gnd excipients in addition to a therapeutically

effective a unstpofd %‘orrpounds of Fornmula |I. The pharnmaceuti cal

conposi tions may Iaeaddon tétHel compold ethe piesért iveatiomnbecahpa@hiitfor 0. 001 to
100 ng/ kg/daﬁ for an adult, preferably in the range of about 0.1 to 50 -10
WO 02/ 08590 theramuticont 08B0 crgIPKis? o/ orfrBere AandeKiftphapmacsutsallyai | y dose of

about | to 1000 of .active ingredi.ent a. Nelold) fQr .an_adul t.
The. dai 1y dgerie BB iTiabar sipiE, A0 tord sRRE uleRbor ko i

addi tion to Kepéin GRAROAHYSUBEtahdRenGiRER Althdripeatit beht, UsB@ acooREIET ddest for 5
therapeutic use may al so conprise one or nore non-toxic, pharnaceutically
accept abl e cdilueneandfatadjuivants ovyehiste fqsidelivasy offintherapewtic agent toeysubjegt @ i al  or
"exci pient" erei n_nmeans any, subst.ance.. not itself..a therapeutic agent,
used as a ca F% 0 %R%af’a'?ceuﬁf%{‘lf&mp"%ﬁa? g(% ‘“éPd?va‘&Sn‘B%“dBPg \%ﬁ?r@ %lezogcr-;rtl gl ivery
of a thef@pestibpeMUEDH fatifitAe F#RaB6R 00f dosBAHRGDS tHe RNYORIIGRGRY i diktkete _
conposition to inmprove its handling or storage properties 10 or to permt

or facilitatati¢losnetdsarcapsuleotigblst simiabledpr etabadioinsération. oRx¢ipienis aanli scret e
article such a.capsule,or tablet suitable for oral. adm nistration.

Beci pi ont o CBAE A5 e Al ar et firPiaf, dftenfehisRery Pl

di luents, diglehiseMhRAlSs, weith@ a3ents 3Bthers, |ABHQAIsY BtdanWe§ubsRlcA3aBéSto
polynmers, lubricants, glidants,” substances added to mask or counteract a
di sagr eeabl emasksireounteradior disdgrepnblestastelpeedors flavgrsadyess fragiadcessandubst ances

added to_Jinprove appeargnce of the conposjtion. Acceptabl Xci pi.ent s
ncl ude 1act YNGR A0 TEPIaYE RPRRAILY Of (g cPUPaRHOLSAERPTbNE Seldlisf ¢
acids, cell uherge la%{dﬁé’,lsu@r%Eérs&rcﬁ;%v@er,%ﬂ@lb&&es&% 8f alRBRHE i ahsseat e,

magnesi um oxi de, sodium and cal ciumsalts of phosphoric and sulfuric
aci ds, gel atalky! esteese tadc, g@aric sodi magngbiginnsatagate, magngsiimydxigs spdibingode, and/ or

pol yvi nyl al cohol , ﬁs”% her}g)t abl et ed or e(ﬁga stul ated for 2Q.co ven't ent
adm ni st rat i G 8fe CREEICANC P U X Raf™ TOhAERW B BORET0l P81l ease
formul ation lié’fﬁyﬂﬁyl-l%ona&ae, dedlol Polfvif)ISRINS], AR Blen MBIV oL QITRSNMNARA for

hydr oxypr opyl -

20 convenient administration. Such capsules or tablets may contain a controlled-release
formulation as may be provided in a dispersion of active compound in hydroxypropyl-
methyl cellulose, or other methods known to those skilled in the art. For oral
administration, the pharmaceutical composition may be in the form of, for example, a
tablet, capsule, suspension or liquid. If desired, other active ingredients may be

25  included in the composition.

In addition to the oral dosing, noted above, the compositions of the present
invention may be administered by any suitable route, in the form of a pharmaceutical
composition adapted to such a route, and in a dose effective for the treatment
intended. The compositions may, for example, be administered parenterally, e.g.,

30 intravascularly, intraperitoneally, subcutaneously, or intramuscularly. For parenteral
administration, saline solution, dextrose solution, or water may be used as a suitable

carrier. Formulations for parenteral administration may be in the form of aqueous or

non-aqueous isotonic sterile injection solutions or suspensions. These solutions and

“11-



met hyl cellul ose, or other nmethods known to those skilled in the art. For
oral admnistration, the pharmaceutical conposition may be in the form of,
for exanpwe,02assovrbl et, capsul e, suspension or |iquid. |f pdegiSomog26®ot her
active ingredients may be 25 included in the conposition. In addition to

the oral dosuggnsidns gy 86 preparetTfont PRSI deRSor @Farnul® havidgent or MAWEsTt | on
may be adm nistered by any suitable route, in the formof a pharmaceutical

conposi t i on thelgdstier or dilagshmgntiongd dor usadn the farmaationsieieral admipistratione
treatment i-#/tended. Th hti,Q y , hbl st ered
parenterall yﬂl,rheeC .08‘11’,0 u%‘% ﬁ#?%@gioé%ﬁdéﬁ ?Vf ?é%i ml&%@?@%ﬁ%ﬁ%@l Rrgfylg%%g‘ltog’neousl Y,

or i ntramusGighadol, YornFsl, cORSRBEESiB peardd BilNdesirhebil BenzPalldohel, seditihi on,
dextrose solution, or water may be used as a suitable carrier.
For nul at iSonshiaidepandéartvarigns la&¥ﬂrhi Qthenadivyanipandgeodes of pdmindstiptigR aggqueous or

non- aqueous | §pt oni terile i.njection l,yt.i ons or suspensions. These
sol utions anv&ap@%qw@ﬁ’%d?f)?ﬁ@é@gf@ﬁ?%ﬁé?%gé68 suspensi ons may be prepared
fromsterile powdfeSefiomdh &pel3ascdpot (FETIRE:s @rmérte? o0h supdaniBrdfiligasd-or
di luents mentioned for use in the fornulations for oral adm nistration.

The conpounditadeyn peandelsswhigh inalydegshieanusclrindarenipnalnieAGhR:.ctbe glypinepy| ene
glycol, ethanol, corn oil, cottonseed oi,l anyt. oil, sesa oi l.,..benzyl
al cohol, sodPEiR'% ?,"r‘i]!tg? V@B ﬁ)’Pf_bﬁsl’e‘b‘fIff rei‘élfe_%fﬁg}ﬁrﬂlﬁ Sgn({féhlénd
modes of  adrf Qiped @b Riify, the JBTIR SRehiadSloy dKROVDF {cQuihie WlETREEHRI Ccal
art. The serotonin type receptor (5HI3R) is a nenber of a superfamly of
| i gand- gat esht finfetiohellynie 8yo Wdndkgateddbul demneBardusy diffeasrd. Fetexangle, oAChR,
the glycine receptor, and the y-am nobutyric acid type A receptor. Like
the ot her meHYelR isgrpidhy igactiyatedcis gy Berpablsie Fajciupirndgspgvaedivbi ts a

| ar ge degree e M t t

| i gand- gat ed C?‘&}]C?lgﬁ}gen%e nslxgé}rng' %rtgé% lé%@h? f.’ﬁl@gﬁg @géglr}%?ég,s@gg"ngChR i's
rapi dly i nagtiaviaélg@mpérineablghd yalpiamamdas activateddyGetotomnd Theseagpiritads by
acetyl choline and nicotine. On the other hand, 5HT3R is inactivated slowy,

is rel alsi veluggestrihet e £5| tACHR erd Pl TR pioteinsshaye spmadegred 9f kaneognibdt These

i ments 15 ot hat, t AChR S5HT3R proteins h
Gopree of TS ERp e e Bishd PR AT Pt iy Priisted SN rdhmcol ogy
of the chan rﬁir%xalﬁ?w,eoudmsé&&{ 8Mighly feMctio¥ SAILR an@RSHRSBAY 12e adividyglal ¥

sel ective 5HT3R antagonist, has li1ttle activity at the a7 nAChR The
converse is thé s@ nAGR. Fercosxempisaso®@ns- For exarhplgHBGyS-24d| abighlysekectife @AChR

agoni st, has7 rllk&hk%ggr%gti, Xeixstl}/ttlg Elctgvrllt?/ a%thHESg%IRR.

20 o7 nAChR is a ligand-gated Ca™ channel formed by a homopentamer of o7
subunits. Previous studies have established that o-bungarotoxin (o-btx) binds
selectively to this homopetameric, o7 nAChR subtype, and that o7 nAChR has a high
affinity binding site for both a-btx and methyllycaconitine (MLA). o7 nAChR is
expressed at high levels in the hippocampus, ventral tegmental area and ascending

25  cholinergic projections from nucleus basilis to thalamocortical areas. o7 nAChR
agonists increase neurotransmitter release, and increase cognition, arousal, attention,
learning and memory.

Data from human and animal pharmacological studies establish that nicotinic
cholinergic neuronal pathways control many important aspects of cognitive function

30  including attention, learning and memory (Levin, E.D., Psychopharmacology,
108:417-31, 1992; Levin, E.D. and Simon B.B., Psychopharmacology, 138:217-30,
1998). For example, it is well known that nicotine increases cognition and attention

in humans. ABT-418, a compound that activates a4p2 and o7 nAChR, improves
12 -



20 a7 nAChR is a ligand-gated Ca" channel fornmed by a honopentaner of O
subunits. Previous studies have established that a-bungarotoxin ((x-btx)
bi nds seWeamtirsm®by to this honopetaneric, a7 nAChR subt ypecTarsd2/osies a7
NAChR has a high affinity binding site for both a-btx and

met hyl | ycac ogdighition agiladdgntion in BARIDAR thisls o€ WiREAEt dibeadsd il dteviabis-deficit he
hi ppocanpus, ventral tegnental area and ascendina 25 cholinergic

proj ecti ons 4iperAen (RetnsA Fastl Py ahapharaaawsgnRartall 4t Ead4-43Mandhied;
agoni sts i ncgease neurot ] L. r.el . 4 Rere c I

arousal . attETGT B PRALAIRG ERFhd R, FAR TR P . TR CRACHA Oy

phar macol ogi @ad nisdtiidiang s@sétpllbus Wehibal nAICHRt igdhfsts iGE0AdeROiti6n BRUr onal
pat hways control rmany inportant aspects of cognitive function 30 including

attentiorf, |atenidmiy wdentsrembron-liuea prim@ed. | Psychophar macol ogy,

108:417-31, 1992;_Levi E.D. and, Si B B....Psycho r macol. ogy,

138: 217- 30, 1998§°&“%98Bfeé‘}3dﬁ18|08{npie€‘ QUG Pk M R T, e0ET B0 cases
cogni tion a%neﬁé BN faBfdrs that SHHERRS: conBEHALR, of PoSiBNE atNEk a8 sydftomat es

a4fi 2 and a7 nAChR, inproves -12 WO 02/ 085901 PCT/ US02/ 08268 = cogniti on and

attenti on i nl'led pasitovalsymptoabssinelfidiiedhspmeeanddaliignatsms and thetrtegativeon- def i ci t

di sorders (Potter, A . et. al., Psychopharmacol .o erl).,.142(4):.334-42,
Var - 1600; | wisgptas inelude defiis in ARCLAGHRR R RORR RN b Mrodisiod pRghin ' rar
1999). 1o | sN8k#@leiEBbical diéthert hGOEmBGe @R §§rh%hid[ya$h(¥g'éﬁic‘ﬁé5r ifl tRAChR
agoni sts increase cognition and 5 attention in rodents and non-human

pri mat es. Scdisesphindeddaitiis likely trap banzaphtenid iaatspndrameithdt negrodecd dydhdry

genetic and non-. genetic risk factors.that praqgduce a.constell ation of
posi i ve and- BT symyIHEenciee Fidseiole KURBIOIEGEIIE del usi ons

and hal | uci natnpogedanst doﬁa&mnﬁgééeifpy& anBYOMLQ IR drfEdcHAR iflGEAdgtiRe bvkraf f ect,
attention, cognition and information processing. 10 No single biological

el enent has myehgedeasrea (phsitiveannppath ofsahizopheeaiasuch as hillwinatossemse.
Indeed, it is. likely, that schjzophrenia isg a ndrone that is produced by
the combi nafSNOTST GIRARpINeot tical aibsyshop Al SyievebEpws duR GHFERE
studi es  est@hldaghedoth iR pGRRRIENE o8 6F HeQlegANVcAGRPtESoARR dfehiccaci ous in
treating the overt™ psychotic features (positive synptons) of schizophrenia
such as hal | Ubzagihé’ snsligred aldsugis|gnsitlyrisnited bezape nentiraad st lepdsctalah

anti psychotic dr u% s _.novel because it i tive in treating both the

s is effec
posi tive andMSEA¥ dfskﬂﬁégrﬁa!dafxt%s AS5HRS ¢ offKr anipsyeiolic druecs 65591 Ye' s
utility as gnqrdiing fheHeEaiVekybtBniEst LRCHMRENiE OThisFHGEnifesntlbBaRRe R an

20 restoration of cognitive functioning is the best predictor of a successful clinical and
functional outcome of schizophrenic patients (Green, M.F., Am J Psychiatry, 153:321-
30, 1996). By extension, it is clear that better drugs are needed to treat the cognitive
disorders of schizophrenia in order to restore a better state of mental health to patients
with this disorder.

25 One aspect of the cognitive deficit of schizophrenia can be measured by using
the auditory event-related potential (P50) test of sensory gating. In this test,
electroencepholographic (EEG) recordings of neuronal activity of the hippocampus
are used to measure the subject’s response to a series of auditory “clicks” (Adler, L.E.
et. al., Biol. Psychiatry, 46:8-18, 1999). Normal individuals respond to the first click

30  with greater degree than to the second click. In general, schizophrenics and
schizotypal patients respond to both clicks nearly the same (Cullum, CM. et. al.,
Schizophr. Res., 10:131-41, 1993). These data reflect a schizophrenic’s inability to

“filter” or ignore unimportant information. The sensory gating deficit appears to be

- 13-



i ncreased risk of agranul ocytosis and seizure. No other antipsychotic drug
is effective in treating the negative synptons of schizophrenia. This is
signi fi cawD obesmose the 20 restoration of cognitive functicanisayos2sst he
best predictor of a successful clinical and functional outcone of

schi zophr eni gnepAtheSdypaltiol @ednl fddnires ofARIsHifdayec(Tadtnhéad, 168: &2all An30, 1996) .
By extension, it is clear that better drugs are needed to treat the

cognitive dPeehideys! E55sSR008hHYIEKipke studiey thow that Meefingmermalizss ther st at e of
nental health Wit h it hi i .
cognitive desfef]%:olor}’ Hgéélg((%lsl%glg%érgw%gkglae?il%g'r%g%§ ér?’gé'oﬁ?ycﬁ’zlf)ﬁghoﬁgékgﬁdi tory

event - r el at efhoppt Bridirimaéol 64104 )stidasstinditats €Has Aicwtigeat effgot oh Redsdhsgdii@glis via
el ectroencephol ographi ¢ (EEG recordi ngs of neuronal activity of the

hi ppocanpus thao@ ndddR (Axdlemebdures al-h&chiagbfe Bulls 24d88A2e1998)alngleed, & of
auditory "cl

I " (Adler, L.E . .,.Biol. hiatry, 46:8-18, 1999).
Nor mal i ndi vl!?lgé%%&?‘ g%’géﬁ‘&‘c?tﬁ th%%h?@&fenﬁs:hgﬁe %ﬁﬁvﬁa‘ﬁwﬂ%&@é@:@g% ha21

to th i . . i. e : i ent
respond to. bt Hpposeibud IR BlinsSTUERARKRRES (@8 br of PG HRAiorAL P ©
Res., 10: 131FedmhidR)et. Al B3s. Haichiaref3822-33, HO86). Zpnesaingly, senetiabathi ty to

“filter" or ignore uninportant information. The sensory gating deficit
appears to badica® thgpapp)yespbismpr i momotys peson effbe 64 rw&ﬁl&wepwtﬁmgbgi cal

features,of thi Sat%ij?vfetﬁgli?eeéegfagrg i%gtgr?éi%efféit 11' gg}imp%lre[nl’i% @éed‘]man Esé/tcznl ?rcr)é( '

157: 55- 9}0 20%?630.1 oW t nitco nor mal 1'zes the

sensory defigitl Aadsshi Bopvaeny: 587(9%]11997; MiylEs-Wedrslet| M., ethil, Aln. JPBghi atry,
150: 1856- 61, 1993). Pharmacol ogi cal studies indicate that nicotine's
ef fect on se@ewr)\B88¢AtiddeS0, 4999)a To dates nO musditR it sl eading regionef theagt7 |

Schi zophr. Bull., 24:189-202, 1998). Indeed, the biochem cal a indicate
t hat schi zop‘l‘ﬁ‘@%@%s Wédgﬁébefie%g\&é?h‘@ R qng?éi){h&sgmeioﬁ "ﬁfgﬁ{ as

hi ppocanpus, ,§hus: Gbil-R@sa rationale to partial loss of 0 nAChR
functionalitlg/&nh(ﬁlregdﬂr?an,s' R et. al., Biol. Psychiatry, 38 22-33, 1995).

I nterestingly, geS@édtive datrAChRdgaadtemhinbé feundalsinger fphctimal avsdynen FLIPRO er

regi on of the a7 nAChR gene is strongly 10 associated with the sensory
gating defi cisee WP 9@/MHB4pALe HldPREs designgd to pead ghe flugrescepisignal fragyeach acagd.

et o ) Y aPE4s DL s Rl platdileifs CHPIeE Y sodtnd for uifto 30 iffhued THRA,

the a7 nAChRsHiamaPBeiisedde atdukiteld. mehbuts thesfuht#snahpiemingsol@gypsfasEnACRR same a7
NAChR as non-schi zophrenics. 15 Sel ective a7 nAChR agoni sts may be found

usi ng a f uncaridoiHlRasEagondnctsugipg assay, one uses cell lines that expressed functional
20 forms of the o7 nAChR using the o7/5-HT; channel as the drug target and cell lines

that expressed functional SHT3R. In both cases, the ligand-gated ion channel were
expressed in SH-EP1 cells. Both ion channels can produce robust signal in the
according FLIPR assay.
The compound of the present invention is an o7 nAChR agonists and may be
25  used to treat a wide variety of diseases. For example, it may be used for treating a
disease or condition in a mammal, wherein the o7 nicotinic acetylcholine receptor is
implicated and for treating diseases where there is a sensory-gating deficit in a
mammal comprising administering to a mammal a therapeutically effective amount of
said compound or a pharmaceutically acceptable salts thereof.
30 Finally, the compound of the present invention may be used in combination
therapy with typical and atypical anti-psychotic drugs. Such combination therapy
lowers the effective dose of the anti-psychotic drug and thereby reduces the side

effects of the anti-psychotic drug. Some typical anti-psychotic drugs that may be used
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(see WD 00/ 73431 A2). FLIPR is designed to read the fluorescent signal from
each well of a 96 or 384 well plate as fast as twice a second for up to 30
m nut es. wWii/0s@esay nmay be used to accurately neasure thedrursor/psaal

phar macol ogy of 0 nAChR and 5HT3R. To conduct such an assay, one uses cell
lines that exphepaetcd ofikd indBiondAclha Aaldef. Sdiee @aypibAGAR- ?d:ﬂwcﬁhf-gsaw 5- HT3
channel as the drug target and cell lines that expresse uncti onal 5HT3R
In both casegscludpinragdens. Glangeping Regpraldnas, ane Quetienipr-essed in SH EP1
cells. Both ion channels can produce robust signal in the according FLIPR
assay. The conpound of the present invention is an a7 nAChR agoni sts and
may be 25 used tQ@op6idsdf Folsuly REirte/preparet 5°5A565.in BekerfX AMPh&key dtegray be
used for treating a disease or condition in a manmal, wherein the O

ni coti ni & acietth¢ piepriatien plebislass of sompayids sgheeouphias fob an ﬁ?a@sqyplﬂ@mies)eas es

wh th t def
i ni ster | nite P ERRSIRGE RS T T by R e PR e AT BB 5. g
conpound or ?ho@ ﬁdr?lﬁﬁﬁs@bﬁﬁblokaﬁﬁﬁiﬂﬁﬂ)@hbﬁahﬁﬁltoia&ﬁ@iye@ffthe g&eﬁmeﬂnwa of he

conmpound of present invention may be used in conbinatiron therapy with
typi cal and @t@(@)dtdv, whare Rosipchides ldiedls'hgst bugik lar G@h@i)ﬂ@t&cmwhﬁé}%})‘y | ower s

the effective dose of .the an t‘lo q d ther ces t.he side
b Tects of 116 PAREIY gl At Ating FeR SNt AR iRt S e it ERrle That
may be uged thd4r\¥er RARSISIQL KEEJ, /wsvaﬁﬁga@&Pepmetshg{) gt isag Daégd, 0a,

i nvention include Hal do Some atypical anti-psychotic dr ugs incl ude
Zi pr asi done, A@C’&nzabreﬁ%(lﬁ?%s}w@dlmtdu@,, buatrage @Jdtm!&qd tneageatsripouards of Fornul a

| can be pr e vvnln Schrrel T e in the preparation
of “thi o of acartsidiiss ArRrenpRu R CRpim R e e RUIRELEy ol i ¢ ot ety wi th
the requisite acid chloride (Lv = ) schem&€d anhydride (e.g., Lv = di phenyl

phosphoryl, bis(2-o0xo0-3-o0xazolidinyl)phosphinyl, or acyloxy of the general
formula of O C(O-RLv, eﬁ>e RL,, includes phenyl or t-butyl), or

carboxylic acid (Lv = he presen@e of a t fyating reagent. Suitable
activating reagents aé N’,’_}( 10 tge H nﬁll‘ 'es see Kiso,
Y., Yajim, H "Pepti es 23 SarerD| eg6N i c Press,

(1995), and include, butR 2are notC'Il ited to, ag nts sich as carbodii m des,

phosphoni um and uronium salts (such as HATU). Schene 1 T2

15 Generally, the acid is activated using HATU or is converted to the acyl azide
by using DPPA. The appropriate amine (where m' is 0 and m* is 1 or 2, or m'is 1
and m” is 2) is reacted with TEA and added to a solution of the appropriate anhydride
or azide to give the desired final compounds.

However, for m' is 1 and m® is 1, the acid is converted into a mixed anhydride

20 by treatment with bis (2-oxo0-3-oxazolidinyl) phosphinic chloride in the presence of
TEA with CH,Cl, or CHCI; as the solvent. The resulting anhydride solution is
directly reacted with 1-azabicyclo[3.2.1]octan-3-amine added neat or using DMF or
aqueous DMF as solvent. In some cases, the ester (Lv being OMe or OEt) may be
reacted directly with the amine in refluxing methanol or ethanol to give the

25 compounds of Formula L.

One of ordinary skill in the art will recognize that the methods described for
the reaction of the unsubstituted 3-aminoquinuclidine (R,=H) are equally applicable to
substituted compounds (R, # H). Such compounds can be prepared by reduction of
the oxime of the corresponding 3-quinuclidinone (see J. Labelled Compds.

30  Radiopharm., 53-60 (1995) and J. Med. Chem. 988-995, (1998)). The oximes can be

-15-



yYML Hm F~2 /R~ORC [/ N2 +/ " vH LNN RC R HOI15
Cenerally, the acid is activated using HATU or is converted to the acyl
azi de bywoaingssDPPA. The appropriate am ne (where m is @®carckoms2s 1 or
2, or mMLis 1 and n2 is 2) is reacted with TEA and added to a sol ution of

the approprigk n?aré‘d‘b)Yﬁédtﬂﬁnt STth@3igdmutRdigbived wifthydesiylfainé hpdbclion@omnds.
However, for isl and n2 is 1, the acid is converted into a m xed

anhydride 2bepresenceatf adase. wWierd- blillgll((l@lms hexaRorisubstiyutyd plkls phi ni ¢

hi ide i h
ool A B G P hort ) o bLiebaed BuRholhpfutadie! (6 7 YaR' - The

1- azabi cycl o{@52104B0@bamy, 3- @'m@@ena%@mmamwmm NYARNVERSH. SRAYss8ls DVF as
solvent. In sone cases, the ester (Lv being OWw or OEt) nay be reacted

directly 5w t45H&98ay Fasrahadrost 1139 hlglér@@@(ahoTh%? quinheliinones, whereReFe 25

d f F h Wl i
oS oAb ekl By B AN o Utap® ol ARl 4 EFOA" 7€

3- am noqui nugdd, giTe147823TD9)ane JeAmahym.asue! 136801 Fot@ooggubst i t ut ed conpounds
(R2 # H). Such conmpounds can be prepared by reduction of the oxine of t he

correspondi ng 3-
53-60 (1995) andqgh@kﬁ‘%fdméﬁp Kl gg@igé‘éé’f'h%%g’glé‘%% %ng% %%Og%s 15 wo
02/ 085901 PObt tf3G24d0i82 &8 thepmeyptatiadedy-atrieal meatticyeio[ 2. hel]ﬁepmnemﬁgﬂclimareones

wi t h hydroxyl am ne hydrochloride in the presence of a base, The
3- qui nuclq di eaaBy applisable tqsubstivitgdsqomnpopads @2iiH)- WrbIcerIPRYNdS Cem%tu t ut ed

A T A LN O T

15601, Ty o, b 200010 g e .

Am Chem  Sfg thelréadcsioh 47 &dl&l@ﬁl&k}ltlﬁé’tﬁl&zab@tfyclcﬂfhem]oc&m}aﬂrﬁﬁ@erﬂ?a?O (2000).
azabicyclo[3.2.2]nonan-3-amine (R,=H) are equally applicable to substituted

15  compounds (R; # H). The R; substituent may be introduced as known to one skilled
in the art through standard alkylation chemistry. Exposure of 1-
azabicyclo[3.2.1]octan-3-one or 1-azabicyclo[3.2.2]nonan-3-one to a hindered base
such as LDA (lithium diisopropylamide) in a solvent such as THF or ether between
0°C to -78°C followed by the addition of an alkylating agent (R,Lv, where Lv = CI,

20  Br, I, OTs, etc.) will, after being allowed to warm to about 0°C to rt followed by an
aqueous workup, provide the desired compound as a mixture of isomers.
Chromatographic resolution (flash, HPLC, or chiral HPLC) will provided the desired
purified alkylated ketones. From there, formation of the oxime and subsequent

reduction will provide the desired endo or exo isomers.

25

Example 1(a): Quinuclidine Ring (m’ is 0 and m? is 2):

N
R I
o
Cl

It is well known in the literature how to prepare the compound of the present
30 invention for the quinuclidine ring, for example, see US Patent 5,017,580 or US

Patent 5,206,246.
-16-



One of ordinary skill in the art will also recognize that the nethods
described for the reaction of the unsubstituted

3- anm no- |waaabszvycl o[ 2. 2. I ] hept ane (R2=H) are 10 equal | y pappliSozes2be t o
substituted conpounds (R2 # H). Such conpounds can be prepared as descri bed
in Tetrahedron, (1997), 53, p 11121. One of ordinary skill in the art wll
al so recogni ze that the nethods described for the reaction of the

unsubsti t ut eﬂxa}npwabbpyn&mbﬁ-ﬂ-mrmmn &abityt16[202.2Jbet-3-yl]benzamide 4-

azabi cycl o[ 3. 2. 2] nonan- 3-am ne (R2=H) are equally applicable to substituted
15 conpoundsmfﬁ& gnjqnesuifBaty substituent nay be introduced as known to one

skilled in the art through standargl al kyl ati on chenmjstgy. Exposure of 1-
azabi cycl o[ 3. 2. 1] oct an- 3- oneaor azabi cycl of 3. 212] an-3-one to a

hi ndered base such as L m di i sopr ogf/hdl in a solvent such as
THE or ether between b8C follomed by addlglon of an al kyl ati ng
agent (R2Lv, where Lv = , 20 Brv,DH Ols, etc.) wl]l &fter being allowed
to warmto about 0OCto rt foll ‘@y an aqueous Qp provi de the
desired conpound as a m xture i soners. Chrom aphi c resol ution

(fl ash, LC, or chiral, HPLO) royi ded the desi ug i |ed al kyl at ed
ket ones. Fromt here, E% f:%¥%¢ éﬁéQ%XInE and's %83&%98 E&reductlon\mll
provi de the i I | e 25 Exanple 1(a): Quinuclidine Ring
(mM is O andﬁﬁé&ﬁggbﬁngRﬁﬁ&kﬁﬁﬁphéﬁquﬁi is well known in the literature
how to prepare t co rese 30 .i.nvent f.or .
qui nucl i di ne rin ’?% égkﬂ QE?%@fl e§ﬁ3?7n%gﬁﬂ8#&ﬁ§kqgagé%1
>, 206, 246. d@z%&%&?%@@kzé’@ 5208826801, FsaqPk AistéiNed in 130mL water
4-chl or o- N-[ 2- et hyi azabi cycl of 2. 2. 2] oct - 3-yI | benzani de 4-
met hyl benzenasld0ola€H>Cleiand stirrdd Xigorodsly. Shtay 3 dgysgh@layers are separated and

10 the aqueous layer is extracted with CH,Cl,. The combined organic layers are dried

(MgSO0,), filtered and concentrated to give 17.8g (100%) of 2-methylenequinuclidin-
3-one as a yellow oil. MS (ESI) for CgH;;NO m/z 138.1 (M™).

Preparation of 2-methylquinuclidin-3-one.

15 2-Methylenequinuclidin-3-one (17.8g, 0.1296mol, leq) is dissolved in 40mL
methanol in a Parr hydrogenation bottle. A THF slurry of 10% Pd/C (0.57g) is added.
The mixture is hydrogenated for 45 min at 45 psi, recharging as needed. The mixture
is filtered through a pad of Celite. The Celite is washed with excess methanol. The
solution is concentrated to give a solid and a yellow oil. The mixture is taken up in

20 ether, filtered and concentrated to provide 16.2g (90%) of 2-methylquinuclidin-3-one.
MS (ESI) for CgH 3NO m/z 140.2 (M™).

Preparation of (3E/Z)-2-methyl-1-azabicyclo[2.2.2]octan-3-one oxime hydrochloride.

2-Methylquinuclidin-3-one (39.59g, 0.2844mol, leq) and hydroxylamine
25 hydrochloride (20.0g, 0.2878mol, 1.01eq) are dissolved in 170mL absolute EtOH.
The mixture is heated under reflux until a clear solution develops (about 20 min), after
which is immediately followed by formation of a white precipitate. The reaction is
cooled and allowed to stand overnight. The mixture is cooled in an ice bath, the

solids are filtered and dried (house vacuum) to provide 46.4g of (3E/Z)-2-methyl-1-

17 -



N®WOHN®BOH S, S 5 Exanple 1(b)(i) - 2S, 3R Exanmple 1(b)(ii) - 2R
3S Preparation of 2-nethylquinuclidin-3-one. A mxture of

2- met hyl ewe-03/asasnnucl i di none di hydrate hydrochl oride (27. P8g/USo0sR96n0I |
| eq) and K2CO3 (86.0g, 0.6213nmpl, 4.8eq) is dissolved in 130nL water and

250nL  CH2Cl12zamiey 3622 Bectih-3umelkinite hifrbelordded ay Secohderdpyfeisg arsisosepar at ed
and 10 the gﬂqueous | ayer is extracted with CH2C 2. The conbi ned organic

| ayers are diotaged (%sswayleldré}& §098%) adlie unetbylt H-azabiryelol 42 déoctan-Bgng 1009
e 1) BIBRRB gL RSP AR g NS (S R1.IGRINO m

2- Met hyl eneqrmramf)dwnfattmmmh@gmm mﬁm)&l 3|9QG)ZHI)S4219€)SSI|I)VQ($7I n 40nL
met hanol in a Parr hydrogenation bottle. A THE sl urry of 10% Pd/ C (0.57Q)

is added.s TR&é4H)xt4if €.418). hydrogenated for 45 nmin at 45 psi, recharging as
needed. The m xture is filtered through a pad of Celite. The Celite is
washed with excess nethanol. The sol ution is concentrated to give a solid
and a yel |l ow, 0il ure ' e I nd
concentrate rf:%ar?ﬂod\/(ﬁdr a”fé th(gb%a i Cg)[f Q%]nu‘l;’ Eﬁlc e%h%rg&qgﬂ& MG (ESI)
for C8HL3NO Nz 14Qeldti6AVBY sodRine Barépdxade (@fepared from 5.5g sodium (0.24mol) and
(3E/2)-2-methyl -1 -azabi cycl o] 2. 2. 2] oct an- 3- one oxi me hydrochl ori de.

2- Met hyl qui ni§Omlen-prapanel IS(E(QQe@é@PW@eZ%AAiW"SIP@q§ Zﬁwﬂl}fi‘}dr oxyl ami ne 25

hyd hi d di |
2 O T et 2 Dafd s ot QpTftberiifaq g 3] 4 88mbl 1B SERTS) ore

(about 20 mppsopandI€AfteyBorapleteSaddifivnd? sUndl Mffﬁ%fd;ﬁﬂ@lds Bydddanbeid @kt@t a
white precipi tp The reaction is cooled and al |l owed to stand over ni ght .

The ni xt ur e is beasesbumlgr rafluan Spd@ﬂb(aﬁtSIr?-g, 2468meb|10¢g.)as added|in pprtignaiedhelr i ed

h 7 VO 5901
bCri Usos) 08 2BRunils BRI Tz Rep wtedlra Shafa Bk e ptt U a¥teid#h AP econe
crop of 2.4 gixnfred &RledoWhaidk ibeﬂide@dﬂf ik haygisadrél s RraBdl. (BRA-prophisdl layer is

2-met hyl - | -azabi cycl o[ 2. 2. 2] oct an- 3-one "oxi me hydrochloride is a 4:1
m xture Gf owashred withrbeing anWIQCESHgSG)Or Tos enmhizey afucoud Bye afavtractedrti al ' H

(2. a) . Pr opSibE T 3 4ol (el i et o Pagdic Tt ke ke
di hydr ochl origdg: 70mL concentrated HCI. The solvent is removed in vacuo. Absolute EtOH is
" added and the solvent is removed. The sequence is repeated 2-3 times with fresh
EtOH until a white solid forms. Absolute EtOH is added, the solids are filtered and
20  dried (vacuum oven, about 60°C) to provide 36.5g of trans 3-amino-2-
methylquinuclidine dihydrochloride. MS (ESI) for CgH¢N; m/z 141.3 (M.
Additional material is obtained from the mother liquor: 7.8g (2™ crop) and 1.5g (3"

crop), both as a trans/cis mixture of isomers.

25  Preparation of 4-chloro-N-[(2S,3R)-2-methyl-1-azabicyclo[2.2.2]oct-3-yl ]benzamide:

4-Chlorobenzoic acid (26.3g, 0.1681mol, 1.1eq) and TEA (106mL, 0.764mol,
Seq.) are dissolved in 300mL THF. Diphenylphosphoryl chloride (32.0mL,
0.1681mol, 1.1eq) is added dropwise. After 1h, trans 2-methylquinuclidin-3-amine
dihydrochloride (32.6g, 0.1528mol, leq) is added. The mixture is allowed to stir at
30 RT overnight. 1IN NaOH (about 100mL) is added and the pH is adjusted to pH 11
with 50% NaOH and about 50g K,COj3. The layers are separated. The aqueous layer
is extracted with CHCls. The combined organic layers are dried (MgSO,), filtered and

- 18-



A sol ution of sodi um n-propoxi de (prepared fromb5.5g sodium (0.24nol) and
| OOrL n-propanol) is added dropwi se to a suspension of 2-nethyl-l 10

azabi cyclwp2288®poct an- 3- one oxi ne hydrochl ori de (45.8g, ®C2Ars0t/0826&q) in
150 nmL n-propanol. After conplete addition, 250nL of n-propanol is added

and the m xtdgh€entiafed OBt e&kidlRASTakEL TP Uxheph@iantcofden@gted o 499B5.1 gl0 eq.) is
added in portions to the refluxing mxture. The m xture is heated under

reflux over nBgf of Afchloro-Ab@umethyh!-azahicyclal% 2 2lect3sylirbend 2-cabexamidsasndded
and the | ayer re.separated. The n-propanol. l.ayer:is,15 she {th brine
and dred” ey SiGREE i coaniortirb e R ey DR AR PREEEI O, et
and dried (MR at 30%€, QQiwY WRH 159 IPacheptaR N 6.1 %AVEA VAN rhébRiphtseM t h
about 70nL concentrated HCI. The solvent is renoved in vacuo. sol ute EtOH

is added arffmldmispwante and UNedeseasipn arRéSmeduisadensiof 90emadinelBml of t i nes

ith fresh Et til .a white.solid f Abs ol Et QH_ | d, th
\émm i dsr Sfe f&ﬁ%‘feg'ga‘i?nd‘a %C‘I%]fe?%‘g“os(a{%%gﬁg?rn&?)%’ﬁ? @B%@%E)-%*mi@an%?@% de 32. 5g
of trans 3- agtdir che Hég?r;ghYdlﬂlliln_@%iind iReEn41) 1Y 6 206! 2 5¢eh CMRaltEBID-H or

C8HI6N2 miz 141.3 (M+).” Additional naterial is obtained fromthe nother
| i quor: 7. 8geoluan,di5GplP AB% hepgn¢/8:1de DEAompbildhphase. &5 mlymanBowirate. Xt ure of

[ . 25 i f . .

45 ol or o- N [AeNRt St yed. The.aomagund 2vine et IR SGTePEAFDIAIN glytes

4- Chl or oRenzQio®) Afd thﬁ@@ne%gmpgurﬂeﬁgavﬁngﬂfﬁé 2R13 4 st8@dcRRfstFAuted 86119 nfda. 76400l
5eq.) are dissolved in 300nL THF. Di phenyl phosphoryl chloride (32.0n,

0. 1681nvol , 1eq)y.i de ORW f I, : .
2- met hyl qui ﬁ]’é 'dlle r}%@?ﬂm ‘rflrelgﬁ 3@%%?%% a%*:fslral elp?rgégrggﬁn%ref%yfg#{)ﬁed fﬁomeq) is
added. The NMECH/E®OAS toadil©vetloreNs[(2S,3R}-2-3 - loaabitygb[2.2.2NchaOH (about

100nL) is added and the pH is adjusted to pH 11 wth 50% NaCH and about
50g K2C00B8. THbehzameide 4anathybenaengssfonamdohquaotds (F 06 methanelit HBMSed wi t h

CHC13. The c¢ j.ne r ganj,C r i ed filtered and -18 WD
02/ 085901 P%@ﬁgeg‘i‘g@” é"gﬁgﬁf?la?z%l9%20‘?@2%?%)7?3 taken up in heptane
and concentrated to

4- chl or olSN- ( X%?'ﬁ}ﬁgj(i{)gzﬁ%l%ﬁf’@‘l‘%%%%?“?‘]%&‘ﬁis@?ﬂ"}‘?ﬂ@]ﬂfl"’“ﬁ‘éﬁ%ﬁ(&?ﬁ de as a

light yello ' 1A | N[22 SR ANVET - 23hi DBHem Chiral cel
oD col um \Q‘éicg%%@e%%ut |°?ésgvé R Peb e 33%?‘1‘?/0%%?32?@? v/ V) robile
phase, 5 90nfljuehrenfidowmah@bamdnddhifdeiedti’on=at° 24089 méthped} i ons of 900ny
(in 18nm. of [IPA) are nade. Two collections are nade with one being from

1-8 mn and the second one being from11-16 mn. Reanalysis on a 0.46 x
25cm Chiral cel OD-H

Example 1(c): trans N-[2-benzyi-1-azabicyclo[2.2.2]oct-3-yl]-4-chlorobenzamide

Cl
H
Qx;
N O
HCI @

Preparation of 2-benzylquinuclidin-3-one.

20  hydrochloride:

A mixture of 3-quinuclidinone (6.25g, SOmmol), benzaldehyde (5.83g,

25 55mmol) and KOH (0.84g, 15mmol) in 30mL MeOH is heated under reflux for 16 h.
The reaction is cooled and water is added. The mixture is extracted with CHCl;, dried
(MgSOy), filtered and concentrated. The yellow solid is triturated with warm heptane,
filtered and dried to provide 6.6g (62%) of 2-benzylidene-1-azabicyclo[2.2.2]octan-3-
one. A suspension of 2-benzylidene-1-azabicyclo[2.2.2]octan-3-one (6.6g, 31mmol)
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col um, 15% | PA/ 85% hept ane/ 0. 1% DEA nobi |l e phase, 0.5 nL/mn flow rate, W/
detection at 250nmis used. The conpound having the 2S, 3R stereochem stry
el ut es 10wat0298®omi n whil e t he conmpound havi ng the 2R, 3Spsirarsezesresi stry
elutes at 12.9 min. Exanple 1(b)(i): The p-toluenesul fanate salt is

prepared andnMN@sOMSE fbdred Gith arIHF s1EPof FY9A%/C 90.98%)8n a Parr hydrogenation
4-chloro-N-[(2S,3R)-2-net hyl -1 -azabi cycl o[ 2. 2. 2] oct-3- yl]benzam de
4- et hyl benZzmtidss uTHedritleis dhafjged pith 403>S( ef lydoegenigas hathdlowedHirpske fRAR). cal cd

-t of uenesul Trad e & PSS il Al Fiiop b SIEDB U bld. e T
acet one/ hept@gigud R p@lh‘ﬁ@d b% chromatography (Blotage 4OM 30% EtOAc/hexanes — 100%
4-chl oro-N-[ (2R, 3S) - -1 -azabi cycl o[ 2. 2. 2 oct - 3/ ] benzam de

4- et hyl BenzBO) It @frﬁ@ndé) 42{%6(]7%3 of 2-begzylidene- 8912ab191q11%{ﬁc2t loctaEdgné4.8gc)

hyr achi or | da2 APt 2eRex st B3 oren S tor RO G RLFAPR. - one

A m xture of 3-quinuclidinone (6.25g, 50mmvl), benzal dehyde (5.83g, 25
55mmol ) and KCOH (0.84g, 15mmol) in 30nL MeOH is heated under reflux for 16
h. The reackrieparation efont 2denpytt | wankicydle]2 2R ectan-Bhd. ni xture is extracted
with CHCLl3, dried er.ed con tr ted solidis
P Curated wit b vASHVHSEEh Ao GHRE ke HEFe 2 et s 1B §6205 o
2- benzyl 1@6%&@%@8@&1@&&&% @&IQEIS@BCQMeQWOmﬁ §Q§’pﬁnﬂllp)” Adker 1h,

2-benzyl i dene-| -azabi cycl o[ 2. 2. 2] oct an- 3-one (6. 6g, 31mmmol) -19 WO

02/ 085901 PCHdusBn2l D82edride d\ilded-l(llowlt rle(BM el TWIEY. hAzﬁteﬂ' HEe adihgiongl THF 10% Pd/ C

(0.38g9) in a ti tl.e schar ed with 40 psi
o hydt ogen GeLae! B (ol BT S o ks e b e A i
through Cel i &m @NET bo& BOIMHRHixtute [CIARYE Jkn&ﬁ&y\ﬁ’rth IBQL WARS MU ehdnS
purified by chromat ography (Biotage 40M 0 Et CAc/ hexanes - 100% 5 Et OAc)

to afford 0.cg HCHntdithpHefithel aiqdmhyeamaﬂi ¢ty dhophquepuPlayet iamashesl and
Chaky + T3y ot BT den M i o T vl Rad E Rt s g of .~
CHCl;. The combined CHClj; layers are dried (MgSO,), filtered and concentrated to
give a solid. The solid is recrystallized from CH3CN to provide 4.6g (94%) of the
product as white needles. HRMS (FAB) calcd for C4H;oNO+H 218.1545, found
218.1541.
20

Preparation of trans 3-azido-2-benzylquinuclidine.

A solution of cis 2-benzyl-1-azabicyclo[2.2.2]octan-3-o0l (4.2g, 19mmol) is
dissolved in 20mL pyridine. The mixture is cooled to 0°C, treated with
methanesulfonyl chloride (1.6mL, 21mmol) and allowed to warm to RT. After 16h,

25 1N NaOH is added and the mixture is extracted with CHCls, dried (MgSQ,), filtered
and concentrated. Cyclohexane is added and removed in vacuo (three times) to
provide 4.0g (71%) of a brown oil. MS (ESI+) for CysHNO3S m/z 296.2 (M+H)".
The oil is dissolved in 17mL DMF, treated with sodium azide (2.45g, 37.7mmol) and
heated at 100°C. After 36h, the reaction is cooled, water is added and the mixture is

30  extracted with CHCls. The combined organic layers are washed with water, dried
(MgSOsy), filtered and concentrated to provide 2.47g (75%) of the product as an oil.
MS (ESI+) for Cy4H sNy m/z 243.1 (M+H)".
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A solution of 2-benzyl quinuclidin-3-one (4.8g, 22.4mmol) in 20nL THE is 10
cooled to -78C and treated with L-selectride (30.0On., |I.OMin THF). After

| h, addiwoaabsoht sel ectride is added (10O, |.OMin THF) PCAfuSez/ 08268

addi tional THE (30nL) and L-selectride (30nL, 1.OMin THF) are added. The

reaction is pdegﬁm @ﬂmmr_lsantzﬁqﬁ{ﬁugy(ﬁﬁ -324mindhe m xture is careful ly
quenched with 20nL water and t conc. HCl until the pH of the aqueous

| ayer is pH 1. The salquemUBtrh;@.syie-azltls-Zmbﬁduﬂnﬁclvdm&(ﬁt?%o1(0 Omsody idddDH made
basic (pH 11) with 50% NaOH and extracted with The conbi ned CHC13
layers are ditsged N@tQ@flTHFﬂulntyé%f é&%%%@@é&h&nraa?%hx%oge@?w botde) The  The

whi te needr e2otT RophRR R TSRk Gbel i hEpyE 3kl o g 09Y 2
20 Preparsat i pixtak i fikdisd thrawghdOelde bERz Cbligiiwadhcd iwith exBessHtOHi and thd  Ci S

2-benzyl -1 -azabi cycl o[ 2. 2. 2] octan-3-ol (4.2g9, 19mmol) is dissolved in 20nL
pyri di ne. Thelyankisupmoyed inggrey The rogsidug w@afléadwmowgﬁméﬁwmﬁw

chloride (1. 1 r 16h, 25 I N NaCH
O oy andUSg0%h EHRLNE S{’?Héeng)m%rﬁqégé% 75t ks E\ysoR) . filtered
and concent riggneglquiaelidhexaniae amadﬁeniimu)eﬂw@mzbmz MACUO. (IS, ti nes)
to provide 4.CQg (71% of a brown oil. M5 (ESI+) for CI5H2INGZS nfz 296. 2

(MtH) +.  The oil is dissolved in 17nL DMVF, treated with sodi um azi de
(2.45g, 37.7mmol) and heated at 100C. After 36h, the reaction is cool ed,
wat er i sltaddRapantiorn dferansN-(2-benzyl-3Gzabicychad el leitt hhylidaidoronzamalebi ned
organi c | ayers, ar shed with water, dried (MSOH), filtered and

concentr at edhXCBocﬁ‘?‘HWde 2.47g (759 of the product as an oil. M (ESI+)
for CL4HI8NA mz 243.1 (M+H) +. -20 WD 02/085901 PCT/ US02/ 08268 Preparation
of trans 2- benzyl4GhinTebanapis 2gid{Ri208e. 13 ywmab iapsh E&N @ 20mL, 1.43mmol) is

THE o ur ry on oA R BB g feddQuih i phou ik SoRASCIRALTE Mo P
i's charged W Bhmfbl)PAfted0.ly,dr dURIdNPASrannd- bahiﬂq\ﬁdudlﬂnﬁhathﬁné(@rzgo@h. The 5

mxture is filtered through Celite. The Celite is washed with excess EtOH
and the 5ol -8fmmod) ipdmdyEdFiinaddsdydhe maetipneisiafqwed to sitiat Rildar R after

chromat ogr aph}{lcﬁ I‘?NOIQIQ@E is a c&)&d %e?n %u%:le’xs(r%%wmtcﬁleﬁf Mﬁ'”s@ml, 59 (68%

of trans 2-
filtered and concentrated to provide 0.41g (88%) of a white solid. The hydrochloride

salt is formed and recrystallized from IPA/EtOAc. HRMS (FAB) calcd for
C21H3CIN,O+H 355.1577, found 355.1563.

20

Using methods described herein, other examples can be prepared including N-
(2-ethyl-1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide as racemic mixtures or as

enantiomers having any of the stereochemistry described herein.

25 3-Amino-1-azabicyclo[2.2.1]heptane (m' is 0 and m? is 1):

exo-3-Amino-1-azabicyclo[2.2.1]heptane

as the bis(hydro para-toluenesulfonate) salt
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benzyl qui nuclidin-3-amne as an oil. M5 (ESI+) for Cl4H20N2 mz 217.1

(MtH) +. 10 Preparation of trans

N- [ 2- benayb-oposwabi cycl of 2. 2. 2] oct - 3-yl ] - 4- chl or obenzam decThysdz/es2bs or i de.
4- Chl orobenzoic acid (0.205g, 1.31 mml) and Et3N (0.20nmL, 1.43mmol) is

di ssol ved in 6nL THE and treafed wg,t h, 4 gr%ll phosphi nic chloride (0.25ni,
1.31mmol ). After 0.5 h, a solutj on, of  tirans® 2- benzyl qui nucl i di n- 3-ani ne
(0.280g, 15 1.29mmol) in 4mL THETS adc‘%‘?ﬂ’.’s The reagl'g‘i on is allowed to stir
at RT for 16h after which IN NaOH i s adge® The mixtuf€°%s extracted with
CHC13, dried (MyS04), filtgret-dd:cevcent rated> o prbovide 0.41g (88% of
a white solid. The hydrochlori 88 salt is fori&d and rewrystallized from

| PA/ Et OAc. HRVS (FAB) calcd for C21H23CLN20+H 355. 1577, found 355. 1563. 20
Usi ng nmet hods descri bed herein, otRér exanples can beatfe'e‘-bared i ncluding N
(2-ethyl -1-azabicycl of 2. 2. 2] eetn 1) - 4u64,018bLNZ A, §etr acem ¢ m xtures
or as enantioners having any t haesterepefneni stry d€scri bed herein. 25
3- Anmi no- | - azabi cycl o[ 2. 2. 1] hept ath_g,h(gﬁpfi S and SeiE | sh1) :

exo- 3- Ani no- | - azabi cycl of 2. 2. 1]'hept afipraioastst & bi s( hydro"

para-tol uenesul fonate) salt -[2d,¥WD 02/ 085901 PCT/ US02/08268 HO ~N02

Br~-;--"-CO2Et Step A Step If-CO2Et O, HCO2Et ~, NO2 + HN > BzO I nt
1\,-Ph Step CNPh Int 21 4 NGt 4—StePDin BOCNEL BOCNHCOZEt H2N CO2Et N
-Ph Step F ~N Step E N | nt5,8,Chirat®Separatiion Int 5~Ph ~-Ph Step G Int
4 Amine 1

Step A. Preparation of 2-(benzoyloxy)-1-nitroethane (Int 1).

Benzoyl chloride (14.9 mL, 128 mmol) is added to a stirred solution of
nitroethanol (9.2 mL, 128 mmol) in dry benzene (120 mL). The solution is refluxed
5  for 24 hr and then concentrated in vacuo. The crude product is purified by flash
chromatography on silica gel. Elution with hexanes-EtOAc (80:20) affords Int 1 as a
white solid (68% yield): '"H NMR (CDCls) & 8.0, 7.6, 7.4, 4.9, 4.8.

Step B. Preparation of ethyl E-4-(benzylamino)-2-butenoate (Int 2).

10 Ethyl E-4-bromo-2-butenoate (10 mL, 56 mmol, tech grade) is added to a
stirred solution of benzylamine (16 mL, 146 mmol) in CH,Cl, (200 mL) at rt. The
reaction mixture stirs for 15 min, and is diluted with ether (1 L). The mixture is
washed with saturated aqueous NaHCOj solution (3x) and water, dried over Na,SOy,
filtered and concentrated in vacuo. The residue is purified by flash chromatography

15 onsilica gel. Elution with hexanes-EtOAc (70:30) affords Int 2 as a clear oil (62%
yield): '"H NMR (CDCl;) §7.4-7.2,7.0,6.0,4.2,3.8,3.4,2.1-1.8, 1.3.

Step C. Preparation of trans-4-nitro-1-(phenylmethyl)-3-pyrrolidineacetic acid
ethyl ester (Int 3).

20 A solution of Int 1 (6.81 g, 34.9 mmol) and Int 2 (7.65 g, 34.9 mmol) in EtOH
(70 mL) stirs at rt for 15 h and is then concentrated in vacuo. The residue is diluted
with ether (100 mL) and saturated aqueous NaHCO; solution (100 mL). The organic
layer is separated and dried over Na,SQOy, filtered and concentrated in vacuo. The

crude product is purified by flash chromatography on silica gel. Elution with hexanes-
.22



HN-12 GNN BOG/ N Step HMOH 10 Int 7 HH Amne 1 Step A
Preparation of 2-(benzoyl oxy)-1-nitroethane (Int 1). Benzoyl chloride (14.9
m., 128 rwolop/os®ondded to a stirred solution of nitroet haoaluspoResrL, 128
mml) in dry benzene (120 nL). The solution is refluxed 5 for 24 hr and

then concentg@Rdsisn 5y aGsds InkBas@ dske oR(PEHGeldS 'RINNMRI (€Y §1.8518,

chromat ography on silica gel. Elution with hexanes-Et OAc (80:20) affords
Int 1 as a 4WBidB4sloBi8d3.068%:30.81d3-6, AH2NWVR.3.CDC13) 8 8.0, 7.6, 7.4, 4.9,
4.8. Step B. Preparation of ethyl E-4-(benzylam no)-2-butenoate (Int 2). 10
Et hyl E-4-Dbrono-2-butenocate (10 nL, 56 mmol, tech grade) is added to a

stirred sol u§epp, Of DeEPRYABROIGT hdB-4ThminbdE(JHRRY ety ) 3B {rtlidindiPedd) at rt.

The reaction mxture stirs for 15 min, and is diluted wth ether (1 L).
The mi xt ur e dced ethplsdsted (i $h sat ur at ed agqueous NaHCOB3 sol ution (3x) and

wat er, dried over, Na2SHA, .- fil ed d cqncept rat i.n The.resi due
is purified by fladnixphg ot %Q-Z%ﬁyl1?2“%82??‘{]%%}&‘9@%9&?%321%P"rfr) is
hexanes- Et OAQadedQn 3 Parrdob® 431 HyRfogénAsd for @ 1P@idePhn atiRRfhery Bﬁllnﬂl)réée'n Ry
(CcbC13) 8 7.4-7.2, 7.0, 6.0, 472, 3.8, 3.4, 2.1-1.8, 1.3. Step C

Pr epar at i on ) dtirarkhedninire o-filtered thinmighlarpediof ICeli®; pyd tholsdldemaeamrmdvedaci d
ethyl ester (Int 3). 20. A solution of 1 (6, .9 nt 2
(7.65 g, 34.9var¢ %0 qﬁﬁf‘tﬁtﬁﬁ as (Aﬂ?aﬁﬁ)? (%49% ¥‘e‘q‘f)¢ lr'18 ﬁ’f\’g‘? @@ M}Qﬂﬁb@?{%ﬁ@#
concentrgf edy i , 2, ES ke dbIQ A i byt W tihh ether (100 ni) and
saturate agﬁ%’gﬁjg’@égﬁr@%&??bﬁg 1%&"(%”15_;4 9'(Ié' g%drlgzéni c layer is separated

and dried over Na2SO4, filtered and concentrated in vacuo. The crude
product is purified by flash chromato%raphy on silica gel. Elution with

hexanes - 22 P B2/ 08590 ¢rswetion oyrsgbbigl-dimbetadethgxycpetonylamidq)d-| nt 3 as a
clear oil (7 i : r%' (a?%gjc : = 4.8-4.7, 4.1, 3.8-3.6,
3.3-3.0, 2.( 7@3{%@]&5&%@1@’ . ér(e te%l’ﬂ%"ﬁ'rléétérr é\i?tls n of trans-4 -am no- i

- (phenyl net hyl ) - 3ppwrrbityidicatoaeti(8.67 g, 868 thedlnisl added gra {tirreid sé)utioAofii Xt ur e
of Int 3 (3.28 22 11.2 mmol ) and RaNi_ (1.5 g) in EtOH (100 nmL) is . placed
in a Parb5 bot f&2-83ha hiyarepdhix €d2¢Flok3Umb) eoded ingw igg PSR pRBS E2gHomydr ogen
(46 allowed to warm to rt and stirred overnight. The mixture is concentrated in vacuo.
The crude product is purified by flash chromatography on silica gel. Elution with
hexanes-EtOAc (80:20) affords Int 5 as a white solid (77% yield): '"H NMR (300
MHz, CDCl3) 6 7.4-7.2,5.1-4.9, 4.1, 4.0-3.8, 3.6, 3.2-3.0, 2.8-2.6, 2.5-2.4, 2.3-2.1,

20 14,13.

Step F. Preparation of trans-(tert-butoxycarbonylamino)-4-(2-hydroxyethyl)-1-
(N-phenylmethyl) pyrrolidine (Int 6).
LiAIH, powder (627 mg, 16.5 mmol) is added in small portions to a stirred
25  solution of Int 5 (3.0 g, 8.3 mmol) in anhydrous THF (125 mL) in a -5°C bath. The
mixture is stirred for 20 min in a —5°C bath, then quenched by the sequential addition
of water (0.6 mL), 15% (w/v) aqueous NaOH (0.6 mL) and water (1.8 mL). Excess
anhydrous K,COs is added, and the mixture is stirred for 1 h, then filtered. The
filtrate is concentrated in vacuo. The residue is purified by flash chromatography on
30 silica gel. Elution with EtOAc affords Int 6 as a white solid (94% yield): 'H NMR
(CDCl3) §7.4-7.3,5.3-5.2,4.1-4.0,3.9-3.7,3.3-3.2, 2.8-2.7, 2.3-2.1, 1.7, 1.5.
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psi) at rt. The mxture is filtered through a pad of Celite, and the
solvent is renoved in vacuo to afford Int 4 as a clear oil (100% vyield):
"H NVR (3@0 odg390CDC13) S 7.3- 10 7.2, 4.1, 3.6, 3.2, 3.0P2ZTAJS020868
2.8-2.6, 2.6-2.4, 2.30-2.2, 1.2. Step E. Preparation of

trans-4-(1, 1- di nembg el heanikany et dsolved via chromatography using a
(phenyl met hyl ) - 3-pyrrolidi neacetic acid ethyl ester (Int 5).

Di -t ert - but yPaicdahbelrpack A3 caumg, Fian ghertisl dnantdorpers dipstobtainesk ther ed sol ution
of 15 Int 4 (2.94. 2 L) .| 12 (30 cool ed i,n an.. bat h.
The reacti on("’i()?né'm%ﬁﬁéé‘]t B%r@ﬂ Pwﬁgﬁv fg‘*%ﬁ‘%‘iﬁ’&ﬁﬁﬁ‘)&ﬂtnﬁ oPﬂgglﬁf xture
I'S concentr Lﬁge)ch-}S%’rﬁ@comﬁ&ﬁx&F,rM%eaQrtl@ﬁ?&ndnﬁoﬁféf,'[%z%ibﬁ%’(c blogsh

chromat ography on silica ge ution wt hexanes- 80:°20) affords
Int 5 as 5 WHlicO®l)sgihvéstrise 13 Upticatlyhure éxbANRRInGBAGnpdvinids. ThaGhBtho® desdribed?,
5.1-4.9, 4.1, 4.0-3.8, 3.6, 3.2-3,0, 2. 8b2 6, 2. 5-ﬁ. 4, 2.3-2 f’L 20 1.4,
1.3. Step F.hespiayse dei(hergntiomer of Int 6 to obtain the optically pure exo-4-S final
trans-(tert- r \ sl 2- hy ; he 1)
pyrrolidine %grﬁ))ﬁ é?é @?&?ﬁ%g%teh&d% gsze? a%gﬁgpgyﬁ%ﬁge tlégﬁ eg(gﬁ%hgﬁﬁlgy mal |
portions to &f Iaté,making @m-sitidal tlangesfto ltit mbthods Progided h8reimml optdimthenhydr ous
THE (125 nm.) in a -5C bath. The mxture is stirred for 20 min in a -5C
bath, then qRRkaheauBYxefieR SglsORPPAIdsaddi tion of water (0.6 nL), 15%

(W v) aqypous NaCH (0.6 nL) and water (1.8 nL). Excess anhydrous K2CCB is
added, and the mxture is stirred for 1 h, then filtered. The filtrate is
concent r at edStept G/acuo. Prepsrati@s oftkie-3-Gerpbuiokyeabdnyldnhiasjal-chr omat ogr aphy on

30 silica gel. Elution with EtOAc affords Int 6 as a white solid (94%
yield): 'H NdRbicydpidiB)lheptaney(Im B, 5 3.5 2 4.1-4.0, 3.9-3.7, 3.3-3.2,

2.8-2.7, 2.3-2.1, E%Mg.g#, 58.9%%?% gﬁfeﬁﬁégg 5@&1&%&@?@@.% g,“ia.s &ﬂé@%ﬁ

racem c m xture t be res vi a chronat ography

chiral pack WTKEALB0. mEy,and tHeaeiotion énadlddoman Sce-water bhh aCRBSIO,CING.5 g,
(+)-enantioner, [a]25D +35 (¢ 1.0, I\/EO—?, gives rise to the correspondi ng
optical |5 phF-8mane)) w-therr addsd depvissy Arrsthe ipis el stiFred for) l0gRidR@BAST, [ a] 25D
-34 (c 0.98, Ol L . P e -4-R fi gejrpounds.
The net hods ggtse}(\:/?a%?eghghe\eéﬁgﬁnﬁ yﬁ@%‘% E}H’gtﬂgeﬁgakeﬂrll%%&” g]n%ﬁﬁ%? éﬁ@eogpﬁ%}lobf ain the

optical ly pugsutern)esradtdd with CHoORRewwial Simdsamey a6 pradhet wmhine disthe gaedcas e
equal ly applicable to the (-)-enantioner of Int 6, making non-critical
changes to tlagerht HddsThe ongneie davsesrass corainedwashed with bppe.idsigf oyerpur e

exo-4-R fi na&amgﬁ RYScentrated in vacuo. The residue is dissolved in EtOH (85 mL) and is
20  heated to reflux for 16 h. The reaction mixture is allowed to cool to rt, transferred to a
Parr bottle and treated with 10% Pd/C catalyst (1.25 g). The bottle is placed under an
atmosphere of hydrogen (53 psi) for 16 h. The mixture is filtered through Celite, and
fresh catalyst (10% Pd/C, 1.25 g) is added. Hydrogenolysis continues overnight. The
process is repeated three more times until the hydrogenolysis is complete. The final
25  mixture is filtered through Celite and concentrated in vacuo. The residue is purified

by flash chromatography on silica gel. Elution with CHCl3-MeOH-NH,OH

(90:9.5:0.5) affords Int 7 as a white solid (46% yield): lH NMR (CDCl;) 6 5.6-5.5,
3.8-3.7,3.3-3.2,2.8-2.7,2.0-1.8, 1.7-1.5, 1.5.

30 Step H. Preparation of exo-3-amino-1-azabicyclo[2.2.1]heptane bis(hydro-
para-toluenesulfonate), Amine 1.
Para-toluenesulfonic acid monohydrate (1.46 g, 7.68 mmol) is added to a

stirred solution of Int 7 (770 mg, 3.63 mmol) in EtOH (50 mL). The reaction mixture
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10 Step G Preparation of exo-3-(tert-butoxycarbonyl am no)-1-
azabicyclo[2.2.1 J]heptane (Int 7). TEA (8.0 g, 78.9 mml) is added to a
stirred swbukiogsronf Int 6 (2.5 g, 7.8 nmmol) in CH2Cl12 (5@cmisp2/es26s t he
reaction is cooled in an ice-water bath. CH3SO2d (5.5 g, 15 47.8 mml) is

then added dis®pats € refiid foH1E) HYiflldwed byscodling ted. The pAlipia ik Bolisttedds Wat er
bath. The resulting yellow m xture is diluted with saturated aqueous NaHCO3

sol ution, exyxaemddtpiierandrpashed with epld Etithiosgivnfming b app ydife solididZns in
the aqueoysdylg@iahlﬁé%g@%ﬁg) @22%9'? 33%’%%53%%2‘3?2"1%?"2"2 psed with

brine, drie tentr ted i'n"vacuo e r'ésidue is
dissolved in EtOH (85 nL) and is 20 heated to reflux for 16 h. The reaction
m xture is allowed to cool to rt, transferred to a Parr bottle and treated
with 10%%d/ C catal yst (1.25 e)do- 3FH@ib@{1taZébiF$CIQH2a?cb]dieDm@mr an atnosphere
of hydrogen (53 psi) for 16 h. Th I xture f||t ough Celite, and
fresh catal yst (10% Pd/ C, 1. Z%Staﬁglisg}yéfi)d%a&at W&‘& Feg)gzigg cgnti nues
overnight. The process is repeaped three nore tines until th%h

hydr ogenol ysis is co Le. Thg, Bl 25 m xh, Hs fil tEIH rough Celite
and concentrated in v onat ogr aphy

on silica gel. Elution t Cl@mh/g%—l-mw ht 11 f"gB' "5: 0. 5)" Affords Int 7
as a white solld(46%y| eld): HNW (CDC13) S 5.6-5.5, 3.8-3.¢,, 3.3-3.2,

2.8-2.7, 2.0-1.8, 1.7-1.5, 1.5. 30 Step H Preparation of

exo- 3- am no- 1- azabi CyCLH’Z 2. 1'] heptlang,bi s( hy& o< .gwar a- t ol°tfenesml f on ate),

Am ne 1. Para-tol uenegilfogic aci o nohyd#r—ate ( 4&‘@@7 6 l,) is added
to a stirred solution,Qf | 8tpof (7Z,errg, '8N63 rmpl in EtOH (50 nL). The

reaction mxture -24 \/\GQ{’\O‘BSQOl PCT/ US02/ 08268 i s heat ed to reflux for
10 h, followed by cooling,f Ihe precipitate is collected by vacuum
f||trat|on and washed with col df OH2tsoH give Amine 1 as a white solid (84%
yield): "HNW (CD3CD) b 7.7, 73““3937 3.7-3.3, 3.2, 2.4, 2.3-2.2,
1.9-1.8. 5 endo- 3- Ani no- 1- azabi CW:"? o[ 2. 2. I]hept ane as the bi s(hydro

par a- t ol uenegglffonat e) peghiatiGh bth{P sHydroxy-&Nokd-q 2 M6-tbrrahy@dpiigk 4HN

carboxylate (Int 10).

10 Absolute EtOH (92.0 mL, 1.58 mol) is added to a mechanically stirred
suspension of potassium ethoxide (33.2 g, 395 mmol) in dry toluene (0.470 L). When
the mixture is homogeneous, 2-pyrrolidinone (33.6 g, 395 mmol) is added, and then a
solution of diethyl oxalate (53.1 mL, 390 mmol) in toluene (98 mL) is added via an
addition funnel. After complete addition, toluene (118 mL) and EtOH (78 mL) are

15 added sequentially. The mixture is heated to reflux for 18 h. The mixture is cooled to
rt and aqueous HCI (150 mL of a 6.0 M solution) is added. The mixture is
mechanically stirred for 15 min. The aqueous layer is extracted with CH,Cl,, and the
combined organic layers are dried over MgSOsy, filtered and concentrated in vacuo to a
yellow residue. The residue is recrystallized from EtOAc to afford Int 10 as a yellow

20 solid (38% yield): '"H NMR (CDCl3) 8 11.4,7.4,4.3,3.4,2.6, 1.3.

Step J. Preparation of ethyl cis-3-hydroxy-2-oxopiperidine-4-carboxylate (Int
).
A mixture of Int 10 (15 g, 81 mmol) and 5% rhodium on carbon (2.0 g) in
25  glacial acetic acid is placed under an atmosphere of hydrogen (52 psi). The mixture is
shaken for 72 h. The mixture is filtered through Celite, and the filtrate is concentrated
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Step | COCEt Step J COOEt Step KiInt 12 Int 10 Int 11 Step L H CB OH CBZ
OH OHI~-WGN~\ "NOH GNN-~ HStep NOIs Step MInt 16 3StStep O Int
15 I nt 14wione/08d01Step P H GN 2TsOH NH2 Anine 2 Step | pCRrEpanebs on of
et hyl 5-hydroxy-6-o0xo-1, 2, 3, 6-tetrahydropyridi ne-4- carboxylate (Int 10).

10 Absol ute [tQkhd &2affordint 11.288 while)solid (Cfgzbalgmd)o‘mmmgnmglslm,m,r red
suspensi on of potassiumethoxide (33.2 g, 395 mmol) in dry toluene (0.470

Q Wen the4fix8. %% 333 BodBgbheous, 2-pyrrolidinone (33.6 g, 395 mol) is
added, and then a solution of diethyl oxalate (53.1 nL, 390 mmol) in
toluene (98 nL) is added via an addition funnel. After conplete addition,

t ol uene (1183 X and Ep,@Egrgtzgn OLois- ar(gy(ﬂréx)aﬁla;;{d)lﬁgé}mmm@;l(hymme mxture is
0

heated to reflux for . The mixture is cooled to rt and aqueous HCl
(150 mL of a 6.0 Imtébl(wgotﬂ9nyn@l&id%e@isolrﬂheadd@dtlms@lalwortmenamtuaﬁd y stirred

for 15 tract th CH2C12 d.th nbi ned
o?grganl cml gye?‘ogutéqneﬁfﬁzld“ IB@F @gﬁ’ﬁ of ﬁlotelg' SQHoR4 ™ C%H(?%m%?]étb@td‘e lec\c/)acljget 0
a yellow regjdtR is WansEDirf Ufd thentRECidctionl ik hafel foreffEtdPA8 1t orrf ford | nt

10 as a yellow 20 solid (38% ield): "HNWR (CDC13) S 11.4, 7.4, 4.3, 3.4,
2.6, 1.3. Stepxtre iPeeped mtanoee- wfateebatplbefore water (3.0 mL, 170 mmol) is added

ci s-3- hydr 2- 0X0 eri e 4- carb late Int 10
(15 g, m%ro?wgﬁdtooglg/wpﬂgm rﬁedlt"fmf:'ﬁ H‘OPé’fé‘%H %11& éﬁagﬁ%}é%wgdet ic acid
is pl aceﬂ) Ungifitici afd %&P?O %LOfSO@YIQﬁ&QeExde@QKE@OQ is a-ﬁbé'd %d%ﬂérrﬁlxhﬁe jshaken
for 72 h. The m xture is ltered through Celite, and the filtrate is
concent r at edstirre@d5igPodsty 68390inPTHt pERRU OB 2d@red, and the f11trate is concentrated

in vacuo to afford Int 12 as a yellow powder (70% yield): 'H NMR (DMSO-d;) 6 4.3,

4.1,3.7,3.5-3.2,29-2.7,2.5-2.3,15, 1.3.

15 Step L. Preparation of benzyl cis-3-hydroxy-4-(hydroxymethyl)piperidine-1-
carboxylate (Int 13).

N-(benzyloxy carbonyloxy)succinimide (3.04 g, 12.2 mmol) is added to a
stirred solution of Int 12 (1.6 g, 12.2 mmol) in saturated aqueous NaHCO3 (15 mL) at
rt. The mixture is stirred at rt for 18 h. The organic and aqueous layers are separated.

20  The aqueous layer is extracted with ether (3X). The combined organic layers are dried
over anhydrous K,CQ;, filtered and concentrated in vacuo to afford Int 13 as a yellow
oil (99% yield): '"H NMR (CDCls) §7.4-7.3,5.2, 4.3, 4.1, 3.8-3.7,3.0-2.8, 2.1, 1.9-
1.7, 1.4.

25  StepM. Preparation of benzyl cis-3-hydroxy-4-[(4-methylphenyl)sulfonyl
oxymethyl]piperidine-1-carboxylate (Int 14).

Para-toluenesulfonyl chloride (1.0 g, 5.3 mmol) is added to a stirred solution
of Int 13 (3.6 g, 5.3 mmol) in pyridine (10 mL) in a -15°C bath. The mixture is stirred
for 4 h, followed by addition of HCI (4.5 mL of a 6.0 M solution). CH,Cl, (5§ mL) is

30  added. The organic and aqueous layers are separated. The aqueous layer is extracted
with CH,Cl,. The combined organic layers are washed with brine, dried over MgSQOs,,
filtered and concentrated in vacuo to afford Int 14 as a colorless oil (78% yield): 'H

NMR (CDCl3) 67.8,7.4-7.2,5.1,43-42,4.1,3.9-3.8,2.9-2.7,2.4, 1.9, 1.6-1.3.
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in vacuo to afford Int 11 as a white solid (98%yield): 'H NVR (CDC13) S
6.3, 4.2, 4.0-3.8, 3.4, 3.3-3.2, 2.2, 1.3. Step K Preparation of

ci s-4- (hywoaryps®ohyl ) pi peridin-3-ol (Int 12). 5 Int 11 (3PCTY]S04/68268 ol )
as a solid is added in snmall portions to a stirred solution of LiAIH4 in
THE (80 nL of a 1.0 Msolution) in an ice-water bath. The mxture is
warnmed to rt, and then the reaction is heated to reflux for 48 h. The
mxture is coepNd in d?TGP&rétiQAmf@KO'ﬂa&‘ZhbibE‘ﬂO[ﬂez Whertan-31 @OIngdl3). 170 mol ) i s

added dropw se, fol.lo entl nm. of a
15% (w'v) 10 sol d%PBh‘)‘"%%a‘b bt BF l?%‘éfg@ﬁ?@ %&‘8%3%&&‘ is added,
and the m XtEOF i59 mBY is plRed Mh&%ﬁuﬁm@pﬁ% of RydfoBen. T2 mixxirtl iseshiaker fiok t er ed,
and the filtrate is concentrated in vacuo to afford Int 12 as a yel |l ow

powder (750%136|le|”ﬂ)e mixthisigfi[tekShrdeh Slie.350lidNAHCS;71.13, 53 sinl) B, 9- 2. 7,
2.5-2.3, 1. Pre)%aratlono

Ci s-3- h;/drox}?idﬁd Eon@?‘c’j? A h)}lﬁ'ﬁl WE iferied in aﬁgﬂ%b&ﬁ t20E€ fqreh- 155¢

N- (benzyl oxysoRRhPR rﬂé’&@\)‘éﬂ)lﬁ%ﬁ%d"me@@m&@e 1@411£®lvé@m23afﬂi‘m:a aueodsifedol o a
stirred solution of Int 12 (1.6 g, 12.2 nmmol) in saturated aqueous NaHCO3

(15 m.) at suotutxoilih€omlmmnsextractsm|qfrtleaohqabomlayemmsms aliquihlequid getndctionnd
aqueous | ayers are ed.. 20, The aqueous, | ayer wi.t h et her
(3X). The cd®BMABY (f)fg &i" rdrying thepreanc lﬁsg?veéﬁﬁvg?%ﬁge@g@?d filtered
and concgntr [ \ 1i@Y919Wiel QQ_?/(NWIﬁbd) "H
VR ( CDCﬁ)g) r%ltr@g%_d‘? tlgcfs%g&élF 914\%1%?951#%@9%&1% R3 \ﬁnbé%lo 1939 Iy e c{) "
25 Step M B.gm0-at8, 016-0b, henrAyll. Kilg- 3- hydroxy 4 [(4 met hyI phenyl)sulfonyl
oxynet hyl ] pi peridi ne-|-carboxyl ate (Int 14). Para-tol uenesul fonyl chloride
(1.0 g, 5.3 mml) is added to a stirred solution of Int 13 (3.6 g, 5.3

nmol ) in pyrddipe (10 1. for 4 h,
fol | owed by ag%ptl on Ol?ﬂeﬁ&t‘fbg?of?:ﬁﬁ%ﬁa@i& %E%&Wgol u'?mﬁe;)ta?%-gﬁc?g) (5 nm) is
30 added. The or gesh mignet efduerfid .0 gy8=9 mnaulparsitpiphatyd ghosphme §80@oUb.51 ayer

is extracted wth CH2CI 2. The conbi ned organic | ayers are vvash?d with

brine, dF ednmgbrin tjaee; THF(3q e d: 22 tanisrowr bathette addedseansntit g f or d 1 nt
14575 %5 BA8) @IS oy W PERRL oy ity >
PCT/ US02/ 082£&hyiSizadiciMbokylepat 8trhion 1 menod) in-telneadd @Y ehlo] Xh2.nlikhepisan- 3- ol
(Int 15). allowed to warm to rt and stir for 18 h. The mixture is extracted with aqueous 1.0M

HCl solution. The aqueous layer is extracted with EtOAc, and the combined organic

20  layers are discarded. The pH of the aqueous layer is adjusted to 9 with 50% aqueous

NaOH solution. The aqueous layer is extracted with CH,Cl, (3X), and the combined

organic layers are washed with brine, dried over Na;SOy, filtered and concentrated in

vacuo. The crude product is purified by flash chromatography on silica gel. Elution

with CHCl3-MeOH-NH4OH (92:7:1) affords Int 16 as a colorless oil (41% yield): 'H
25 NMR (CDCl3) 64.1,3.2,2.8,2.7-25,2.2,19, 1.5.

Step P. Preparation of endo-3-amino-1-azabicyclo[2.2.1]heptane bis(hydro-
para-toluenesulfonate), Amine 2.
A mixture of Int 16 (250 mg, 1.8 mmol) and 10% Pd/C catalyst (12 mg) in
30  EtOH (10 mL) is placed under an atmosphere of hydrogen (15 psi). The mixture is
stirred for 1 h at rt. The mixture is filtered through Celite, and the filtrate is
concentrated in vacuo. The residue is dissolved in EtOH (10 mL) and para-

toluenesulfonic acid monohydrate (690 mg, 3.7 mmol) is added. The mixture is
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A mxture of Int 14 (3.6 g, 8.6 nmmol) and 10% PdJC catal yst (500 ng) in
EtOH (50 nL) is placed under an at nosphere of hydrogen. The m xture is
shaken fowo 03/08®0h. The mi xture is filtered through Cel it @CTSwso2/082biHCO3
(1.1 g, 13 mol) is added to the filtrate, and the m xture is heated in an

oi | bath at affedfter 3Pmih, addthe prediMieind isifAtek@INOMRGrédipivacidavasiidie resi due is
di ssol ved in saturated aqueous K2CO3 solution. Continuous extraction of

t he aqueous seqyentially wiig cald EGQH dnd ¢ther dheprecipitatois drigg pareauaso ¢fferdn) |

foll owed by dryi t he or ' a n val of
the sol vent gﬁy%n:gﬁﬁoa %(P?%?‘g@ (%ﬁjf %édésﬁi\”\\/@% @393% ﬁ%o‘fz% %({? "NVR S
3.8, 3.0-2.833%3569%4 %3, 314-2.3, 1.7, 1.1. Step O Preparation of

endo- 3- azi do- 1-azabi'cycl of 2. 2. 1] hept ane (Int 16). To a mxture of Int 15
(1.0 g, &9 mmol) and triphenyl phosphine (3.0 g, 11.5 15 muol) in

tol uene-THF (50 nL, 3:2) in an ice-water bath are added sequentially a

sol ution of hydrazoic acid in tol uenec?’l'? R of ca. 2 Msolution) and a

sol ution of E%ﬂbnwga)gzgﬁgwaf k&%mky%m it]héptt@g?)mdﬁomzhnm faplakgoie (20

The m x warmto rt and’'stir for 18 h. The m xture
|s extracted with aqueous 1. OVI HG, Glon. oThe aqueous |ayer is
extracted with EtOAc, and the “ﬁa '_[2% loayers are di scarded. The
pH of the aqueous Iayer i s adj edoto Ow 50%laqueous NaCH sol uti on.
The aqueous layer is extracted wilh CH2C12 (3X), and the conbined organic

layers are washedpyhiidH oo M- @iiabﬁb\yﬁgz@q?f@%a 1i-hIcTRsheRPgnigencent r at ed

in vacuo. The cru?é% rproduct is purifre I"ash chr omat ography on silica
gel . Elutd on wi tTo &kiGt&t Msﬁ}rhsw c(lﬁ@DBeer))lceabfcb(rlﬁé mg0.666nmsl)an dol or | ess
0|I(41%y|elgzZ 'H 25 1) 2, 2.8, 2.7-2.5 2.2, 1.9,
1.5. Step P.C @Qé? Qt"ile)ds gqldegﬁagthg a&’h‘if’r{@zI”%Qéél”&’%lp’off’ﬂo‘ﬁe‘iﬁ%ept ane

1.3 mrol ). andPRonie oL 2R Rty W . Jy BBt b e 200 nder

an at nospher gl@donyfdREen ((20(5@80)44 nimiél) M whidf @.5 ;L) 9hd DMEF.OmLY i at rt.
The m xture is filtered through Celite, and the filtrate is concentrated in
vacuo. The rakiedtgcthdaines34 b, 1.6 mogH. (Afermii0)mian theparine saleiansinapidlyoni ¢

acid m)nohyd The. m xture
021 085008 pCIsasLEBsBRie i suterapd ¥B SHml aPire 'py i i L
filtered. Thehdrea&idd tht@e isparagdird beﬁ&@H 8ithiatdd aquibdspobRbidmida¥dnard et her.
The precipitate is dried in vacuo to afford

solution and CH,Cl,. The aqueous layer is extracted with CH,Cl,, and the combined

organic layers are washed with brine, dried over anhydrous magnesium sulfate,

filtered and concentrated in vacuo to a clear residue. The crude product is purified by

20  flash chromatography on silica gel. Elution with chloroform-methanol-ammonium

hydroxide (90:9:1) gives 88 mg (80%) of the desired material as a white solid: MS
(ESI) m/e: 251 (M+H).

The fumarate salt is then made: To a stirred solution of exo-N-(1-

25  azabicylo[2.2.1]hept-3-yl)-4-chloro-benzamide (81 mg, 0.32 mmol) in acetone (5 mL)
is added a hot solution of fumaric acid (37 mg, 0.32 mmol) in isopropyl alcohol (2
mL). The mixture is stirred for 30 min in a 50°C water bath. The solvents are
removed in vacuo and the remaining residue is dissolved in acetone (5 mL). The
mixture is stirred overnight at rt. The solid precipitate is collected by filtration and

30  washed with acetone. The solid is dried in vacuo overnight to give 80 mg (67%) of
the title compound as a white solid: 'H NMR (methanol-d,) 87.9,7.5,4.2,3.7,3.5-

3.4,32,30,22,1.8.
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Amine 2 as a white solid (85%yield): 1HNW (CD3CD) S 7.7, 7.3, 4.2, 3.9,
3.6-3.4, 3.3-3.2, 2.4, 2.3, 2.1. 5 Coupling Exanmple 2(a):

exo- N- ( 1-wpahiog3ipho[ 2. 2. 1] hept - 3-yl ) - 4- chl or obenzam de f un@cCatso2/o846€Cl O N
HO(OH I<Y LN HO Ifull Preparation of

ex0- N- (1-azabi cyl o 2. 2. 1] hept - 3-yl ) -4-chl orobenzam de. 10 To a stirred
suspensi on of 4-chl orobenzoic acid (103 ng, 0.66 nmmol) in dry CH2Cl2 (3.0
m.) is addedExample(bs mideN(92A1abicylods 2 rhdpy-3-yibfHcbloeetbeyzamideefumarate:

di phenyl phosphoryl azi de (118 L, 0.55 mmol). In a separate flask, to a
stirred solution of Amne 1 (444mzml) in water (0.5 nL) and DWVF
(3.0 n) is addedtrlethylam OH After 10 min, the

am ne solution is rapidly 15 add he ben20| acid solution, and the
conmbi ned m xture is stirred for 24Ch at rt. The reaction mxture is

partitioned betwggg ??Qﬁdf{cﬁf?e‘?zgo%@@%ﬁﬁ%ﬁ?%%w ;ﬂ)b gito?o -b&Phiideon and

CH2d 2. The aqueous ayer is extracte t he conbi ned
organi c Isayers arbo astiineibuspeniionrof hechlaobandom\aeid @0hydy 0166 mmgh és diym
sulfate, filtered and concentrated in vacuo to a clear residue. The, crude

product is paH¢l €40 BL)2Dadded JiEAtH2dHaORSrapel); @Hogfﬁfi.baéhr&énylpmsm?rdh with

chl or of or m et ium droxi d S..88 f the
desired mat et ela(qgé ”gn%?pgnoslz)h%c? Se%a%(tf:aég)tomszmg(i%@u?%il@nﬁ:ﬁ%zggar ate
salt is then,pase mmlﬁmsbdt&g(egrﬁg | &d O™ 30%9? N-dddePEAZEDS Y] PFE. 2. 1

] kept - 3-yl ) -4-chl or o- benzam de (81 0.3 ) in acetone (5 nL) is
added a hot mololit iAfterdd rrlimnthciamimodlt(oﬂs m;dl@amdmﬂle)bmmomgaprsommn
al cohol $ ture i.s sti a.50C wat er.

Th 3 i
T vt st Ml ATt S sitrd the 24 bk e sl fiXRE 5 Pelins
acetone (5 nﬂe}weeﬁfg%tur&ws e@ué?tt%tsiurrﬁ @gb&va@é EBl&liHn afﬁd ¢1t12c1;rhﬁhes5dub&ls

precipitate is collected ration and washed w th acetone. The
solid is drilegeriinextected voﬂe@Hh@htanﬂ@hcgcmeblﬁﬁi ongaifi6 Tafprsoire wlaﬂedtwnh e

SomPoung 25 LS AU SRR LSO A Dt Ot iR b >
clear re31due. The crude product is purified by flash chromatography on silica gel.
15 Elution with CHCl3-MeOH-NH,OH (90:9:1) gives 55 mg (50%) of the desired
material as a white solid. MS (ESI) m/e 251 [M+H].

To a stirred solution of Endo-1-azabicylo[2.2.1]hept-3-yl)-4-chloro-benzamide
(55g, 0.22 mmol) in acetone (5 mL) is added a hot solution of fumaric acid (26 mg,

20  0.22 mmol) in isopropyl alcohol (2 mL). The mixture is stirred for 30 min in a 50°C
water bath. The solvents are removed in vacuo and the remaining residue is dissolved
in acetone (5 mL). The mixture is stirred overnight at rt. The solid precipitate is
collected by filtration and washed with acetone. The solid is dried in vacuo overnight
to give 49 mg (61%) of Example 2(b) as a white solid. 'H NMR (methanol-dy) 7.9,

25 7.5,6.,4.6,3.8,3.5-32,3.1,2.2-2.0.

Using methods described herein, other compounds can be prepared, including
any one of or combination of: N-(2-methyl-1-azabicyclo[2.2.1]hept-3-yl)-4-
chlorobenzamide, or N-(2-ethyl-1-azabicyclo[2.2.1]hept-3-yl)-4-chlorobenzamide as
racemic mixtures or as enantiomers having any of the stereochemistry described

30  herein.

-29.

The



Exampl e 2(b): endo-N-(1-Azabicylo[2.2.1

] hept - 3-yl)-4-chl oro-benzam defunarate: H'C Oi LNHNHOOH OO

Pr epar at i w0 afos#ado- N- ( 1- azabi cyl o[ 2. 2. 1 ] hept - 3-yl) - 4- chlpaTozdoenszasi de. 5
To a stirred suspension of 4-chlorobenzoic acid (103 ng, 0.66 mol) in dry

CH2C12 (3.0 3dAMming-R4ADicytisf8..330dtandnfPGs mah)m2 isqhd oved by
di phenyl phosphoryl azi de ( 18 L, 0.55 muol). In a separate flask, to a

stirred solution of Amine 2 (200 . 44 ol ter (0.5 m_) and DMF
(3.0 nL) is added TEA (245 L, 1.78 ITﬁXft n, the am ne sol ution
is rapidly added to the benzoic aci d ™ol ution, to aﬁ'd t he conmbi ned m xture

is stirred for 24&)30?5%25[;& C]' gjgg&%ﬂ g%‘nﬂhg{(&fﬂ%g @ titioned between

saturated agueous p a431'UM Carp e so Cl2. The aqueous

llayer is extract ed miixtute 8HZG2abicyalof3.2 Nfocemrbione Hydrogasdide (2a80a1,973r e washed
with brine, dried over anhgdr ous magnesium sul fate, filtered and
concent r & edmmely eibaeel(35 BIL)candAwdroxylagies h%@h&rtﬁ?éléﬁﬁd@%ﬁ m@olis i fi ed by

flash chromato il I t

(90°0:5)" o1 vRGHERRIY sGlp b el i apucr 104 R TREMBMETEIRA:
(ESI) m e 251h[aMtEfapofdtedinSiutid. €Thesiebitiid @rallafedliﬂdoeHzcb, treated with

| -azabi cyl of 2. 2. 1} hept 3-yl)-4-chl or o- benzam de q@ 0.22 mmol ) in

acetone (5 neharqosl, Sidfaesd aadﬁmpog%wmlwewltmgjmw@ 569 n(uzen rl@romot)(@z
for 30

nmol n o] al cahal t e

50C  wator "SRR ERArtR B g ScTpbbanl h ot bBu Bl N e lmERh B e "
residue i dinSRhomyl Hédim%@:@h@rﬂﬁ:s f&r IM-dnd hBniRdurd 41cBoled 1Sl WAL Qv8AH ght
at rt. The solid precipitate is collected by filtration and washed with

acet one. Thecasefhilylandthd orgaaid lnyaraterdragiedr drieghMgS@).dilteseds acidifiedonidd of

L ) MDY, nd Byteraged | IR R 0 e e O st S e

conpounds caghdafieRifRakLdo gwac‘elxyma&ﬂb]cwa 30N offan BLarkiRE RIH}AEcATbrAk :
N-(2-nethyl -1 -azabicyclo[2.2.1 ] hept-3-yl)-4-" chl orobenzarmi de, or

N- ( 2- et hyl - (exo-§328i-Ayuine) id .49 % yiEkle MS 3%@7}114\11:(1{611)@(}5&)2@»&1@@) agz =rlddem c
m xtures_or as enantioners having any of the stereochem stry described 30
herein. %29 WD 02/085901 PCT/ US02/ 08268

endo-1-Azabicyclo[3.2.1]octan-3-amine dihydrochloride:

A mixture of 1-azabicyclo[3.2.1]octan-3-one hydrochloride (2.80 g, 17.3
mmol), ethanol (25 mL), and hydroxylamine hydrochloride (1.56 g, 22.4 mmol) is
treated with sodium acetate trihydrate (7.07 g, 51.2 mmol). The mixture is stirred for

20 3 h and evaporated in vacuo. The residue is diluted with CH,Cl,, treated with
charcoal, filtered and evaporated. The resulting oxime (3.1 mmol) is treated with
acetic acid (30 mL) and hydrogenated at 50 psi over PtO; (50 mg) for 12 h. The
mixture is then filtered and evaporated. The residue is taken up in a minimal amount
of water (6 mL) and the pH is adjusted to >12 using solid NaOH. The mixture is then

25  extracted with ethyl acetate (4 X 25 mL), dried over MgSQy, filtered, treated with
ethereal HCI, and evaporated to give the give endo-1-azabicyclo[3.2.1]octan-3;amine

dihydrochloride (endo-[3.2.1]-Amine).
Coupling

30 Example 3: exo-N-[1-azabicyclo[3.2.1]oct-3-yl]-4-chlorobenzamide 4-

methylbenzenesulfonate.
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3- Am no-| -azabicyclo[3.2.1]octane (M is 1 and n2 is 1): o=1 1 IN H2N - J
N N exo- | -Azabicyclo[3.2.1 ]octan-3-am ne di hydrochl oride A m xture of

1- azabi cywbap®8201] oct an- 3- one hydrochl oride (2.80 g, 17. 2CH/usombg2s8 et hanol
(25 mL), and hydroxyl am ne hydrochloride (1.56 g, 22.4 mmol) is treated

wi th sodium acetate trjihydrate (7.07 g, 51.2 nmol ). Th \xture is stirred
for 3 h and evaporate iq,,@uo. The residue is dol ut ith CH2Cl 2,
treated with char SnHI | eMed and evaporate hewHr e lﬂ'ting material is
taken up in 1-pre | (45 and heated i g 00 C ath. The
solution is treated w9 mmetal (6.4 g 10 i n"Pey s). Heating

continues for 3 h and thAE\\(fn' xture is cooled to rt. Vom\\ r is added
carefully and the org&gjlocI (g er is extracted, dri e%a (Sbim) filtered,
acidified with MOH HY Cg{i and evapor ated, 2-Prg ;SL s added and the
resul ting 550' [ dsifﬁiliieﬁxr%lii 2"11 v rq)élrgguifogge in VaCCHI@ro(j:éaré: :\Z 3'§'t;1])(ll)§:anz)t/anesulfonate

exo-| -azabi cycl o[ 3. 2. 1] oct an- 3-am ne di hydrochl oride (exo-[3.2.1]-Am ne)

in 49%yield. M5 Aekixfafd BANS(BIA D]2A MRS D.36 g2 ) mmM3, 4~chlérbbenzbR: £ad0- |

-Azabicyclo[3.2.1 }zoct an- 3-am ne di hydrochl oride: A m xture of

1- azabi cycl oP#26 212 détemold- BIAE (3 -d dEay (lem{.26 89 renol).7and DMFAI9 mLat hanol

25 nl), and _hydroxyl am ne. hydrochl ori . , 4 | ). is. .t ted
W th soui am SERTRE & RO A vEgon P ITATO O 8ie #3018 Bind3f e
for 20 3 sh apgnfRY¥aearvelightAnd &i@porhizd. MRS rékitfieli dihibd vad QUER akdi2Cl 2,
treated with charcoal, frltered and evaporated. The resulting oxine (3.1

mol ) is trewutshed withirquesieNaOREIND. (The onganiclageriy dried)dMig3@q, fAltersd psi over
Pt02 (50 ng) for h., The mxtyre .i.s.then filtered and ev ated. The
Fesi due i s texRBira: i B FronPii P igliRg by BRer dat bbb EbrofosiN S | <

adj usted to phe NHLOE-MeOHICHeRY! THOS-touiddhBorlafe JaNG8 fotme@ shd BthiRedM t h
ethyl acetate (4 X 25 nL), dried over MgSH, filtered, treated with

et her eal HC witlaRtO Avhpomateietdtheidesiret ipeodyict@.589 g, 63%). MS for

e S AR GBS Ml o or e (o122
exo- N-[ 1 - azabi cycliQf chagtidth&@s bf greXb uﬂ"ﬁﬁh@?ﬂ@%@ﬁ@sﬁ&oﬁa‘le salt are separated
nmet hyl benzenesul fonate. -30 WO 02/ 085901 PCT/ US02/ 08268

using a 5x50 cm Chiralcel OD column at 30 °C using a 25% isopropanol/75%

heptane/0.1% diethylamine (v/v/v) mobile phase, 84 mL/min. flow rate, and UV
detection at 225 nm. Injections of 250 mg (25 mL of 3:1 IPA/CHCIl3) are made. Two

15  collections are made with one being from 8-14 min and the second one being from 20-
30 min. Reanalysis on a 0.46x25 cm Chiralcel OD-H column, 15% IPA/85%
heptane/0.1% DEA mobile phase, 0.5 mL/min. flow rate, UV detection at 225 nm. is
used. The compound having the 3R,5R stereochemistry eluted at 11.7 min while the
compound having the 35,55 stereochemistry eluted at 23.5 min.

20 Example 3(a): The compound is partitioned between 1N NaOH and CH,Cl,,
washed with H,O and dried (MgSQOy). The p-toluenesulfonate salt is formed using p-
TsOH monohydrate and EtOH, triturated with IPA, and dried in vacuo to yield (3R,
SR)-N-(1-azabicyclo[3.2.1]oct-3-yl)-4-chlorobenzamide 4-methylbenzenesulfonate
(0.171g, 18%). MS (ESI) for C,4H,7CIN,0°C3HzO3S (MH)+ m/z = 265.

25 Example 3(b): The compound is partitioned between 1IN NaOH and CH,Cl,,
washed with H,O and dried (MgSOy). The p-toluenesulfonate salt is formed using p-
TsOH monohydrate and EtOH, triturated with IPA, and dried in vacuo to yield (38,
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NHIT NHC \ G \ HO'S HOBS O O O O Exanple 3(a) Exanple 3(b)

3R, 5Fi - N- (1-azabicyclo[3.2.1]oct-3-yl- 3S,5S N (1-azabicyclo[3.2.1

] oct - 3- ylwodzmkd9or obenzam de 4- et hyl benzenesul f onat e 4- ciricarusbzoszesn de
4- et hyl benzenesul fonate A m xture of exo-[3.2.1]-Amne (0.335 g, 2.14

mol ), 4-chlgy) qh@nmgcﬁarémz 1{d2t-4236)-8-chdrobnarBid} 4-mélhylbfzendshifohdtEA (1. 2
m., 6.89 nmmol), and Ill)ef) is cooled in an ice bath and treated with
Q)

HATU (0. 874 @179 g3®8%ﬁmM}9 (ESBefor Cxdlir @N29°GsHsgh Mg iz <03 ni ght and i s
evaporated. The residue is diluted with CHC13 and washed w th aqueous NaCH

(IN). The organic layer is dried (MgSO4), filtered, evaporated, and the

resul ting oi | purgdihgeheods Hesehibe®hatsm, SRECTMRANAPEM Helpréha94Y, inchiiitg
NH4OH MeOH CHC13) . T% p-t ol uenesul fonate sal tﬂ?s formaﬁj g%d triturated

wi th Et O&c/ h@W&ﬁéOf@rWr@bldattdmeOfdem red product (0.589 g, 63%. M for 10 C

14H17C1N20C8H803 nthoners of the conpound as
t he p-tol uenesul f &g @W@P@Y@%ﬁ?’éﬁgyﬁ ﬁ@"%’bg%‘ﬁl S?n Chiralcel OD
colum at 30 C USNIE@-n?et Jﬁéz%ﬁi@!’yél@ ) JoéBYoy11eBhIdRBERzahMeli et hyl ami ne
(v/v/v) nobile phase, mL/ m n. wrate, and UV detection at 225 nm

| nj ections of ZSUVﬁ%—e(f@!ilfﬁzalmtyC(ko[i 2 HN@-[YH@)CMWQbmdmIdeTm 15 col | ecti ons

are nade wth one i .8- ! e .second one being from 20- 30
mn. Reanal ysis olx?g %ﬁéﬁ@’ﬁﬁ*@ﬁﬁgpggyﬁ%ﬁ? me @/Sﬁaﬁ%”%%

hept ane/ { 1%, Blafte{BAd BaRiAR&s _thiﬁ%Hﬂr)/&‘tHe stele@¥hdn@ib@y dddvriBaf IRgdihon at 225
nm is wused. The conpound having the 3R 5R stereochem stry eluted at 11.7

mn while the conpound having the 3S,5S stereochem stry eluted at 23.5
mn. 20 Exa |l e 3(a): The co ound is partitiongd between IN NaOH and

CHzdCl 2, shdaninptlrazabivyslefd. M@d‘%k/@%&ﬁ)l amhads 2151 uenesul fonate salt is
formed usi ng p- TsCH monohydrate and Et OH, trlturated with IPA and dried
in vacuo to yield (3R, 5R)-N(1- azabillc %clo[3 1

] oct - 3-yl)-4-chl orobenzam def 4- net hyf bettzenes Ifﬁnate 071719, 18%. Ms
(ESI') for Cl4H17C1N20C8H303 \V/=IE 5 Exg 3(b): The conpound
is partitioned between IN Na®H and 2CI 2, vvqlshed w th"H20 and dri ed
(MgSH). The p-tol uenesul f onatce sal tefs formedocusi ng p-socTsCH nonohydr at e
and EtOH, triturated with | PA, and dried i n vatuo to M"&Pd (3S,

SV SN o

[3.2.2}~ Amnne Int 105
Int 104

Preparation of fert-butyl 4-(2-oxopropylidene)piperidine- 1-carboxylate (Int

15 101):

Sodium hydride (60% oil dispersion, 2.01 g, 50.2 mmol) is washed with
pentane (3X) and suspended in dry THF (40 mL). The solution is cooled to 0°C
before diethyl (2-oxopropyl)phosphonate (9.75 g, 50.2 mmol) is added dropwise.
After complete addition, the solution is warmed to rt and stirred for 30 min. tert-

20  Butyl 4-oxo-1-piperidinecarboxylate (5.0 g, 25.1 mmol) is added in portions over 10
min, followed by stirring at rt for 2 h. A saturated aqueous solution of ammonium
chloride is added, followed by dilution with ether. The organic layer is extracted with
water. The organic layer is dried over anhydrous MgSOQsy, filtered and concentrated to
a yellow oil. The crude product is purified by flash chromatography on silica gel.

25  Elution with hexanes-ether (60:40) gives 4.5 g (75%) of Int 101 as a white solid: 'H
NMR (CDCl3) § 6.2, 3.5,3.4,2.9,2.3,2.2, 1.5.
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55)-N-(1-azabicycl o[ 3. 2. 1] oct - 3-yl ) - 4-chl or obenzam de

4- met hyl bopaenewol fonate (0.170 g, 18% . MS (ESI) for Cl2driShM2@8H303S
(MH)+ mz = 265. Using nethods described herein, other conpounds can be

prepared, incl udi PgparatiGyf RDuBfl 402-SePRIpYBpiperidiaé-1-dirbdxgtaretifyl02):!
- azabi cycl o0[3.2.1 oct - chl or obenzam de,

N-[4-methyl -1 -az azburwmr@pfslnizlé] ¢ 23Lymmol)-anH | 18Foprladinm @I'éaaCUWeFZﬁ@Pﬁyl I
- bi | h b 4-
27261 oyel o @38 mopbEloR i m) Eh&BERF AT e 48 licei a3 na Pes or

as enanti onepss. Tﬁé/frﬂﬁul%rlyflﬂf:remﬂlﬂoﬁ eCeRe Nai thé flbtrafkei%@bhm&aﬁéﬂrﬁvdbuo to
3- Anmi no-1| -azabi cycl o[ 3. 2. 2] nonane (m is 1 and n2 is 2): 000 0 CH3 CHB

Br IN 16 N #ffawK.3 SEa%0E lIBO02RSE cleanpil:1 BINMR (GDEL) At 1838, 0.4, RR22.0, " -0
TFA H N [3. 672ﬂj ne Int 105 H Int 104 Preparation of tert-butyl

4- ( 2- oxopr opyli 2n ‘pi peridine- | -carboxylate (Int 15 101): Sodi um

hydri de (60% oil dispersion, 2.01 g, 50.2 nmol) is washed with pentane
(3X) and suspended in dry THE (40 nL). The solution is cooled to OC before
di et hyl (2- oxopr oprgbirpiiarsefivertduey] A3 AFomo-50x dpropybip)peridingeldeatbeirybpedIse.
After corrpleﬁﬁ.addition, the solution is warnmed to rt and stirred for 30
mn. tert 20°BuUtyl 4-oxo-I-piperidinecarboxylate (5.0 g, 25.1 mmol) is

added inyporti OnSTG’X@lrlrré(psolﬁHd?] lithRind H’é’)@%e@%’lcﬁil 4rhiag 1@THFt(26Qng, oMy
saturated aqueous solution of ammonium chloride is added, fol | owed by

dilution wi tin aet7188¢C bat'ﬂheadﬂeQa:hlomottm;edwlmbnekklr@nﬂe% Wmmol)\dense The
organic layer, | 98 il hs Y 96 o5, AHSwea by hddiSorer AP ToF BeNt 53 ed to
mmol) in a solution of THF (50 mL) dropwise. After complete addition, the mixture
is stirred at —78°C for 30 min. The mixture is warmed to 0°C in an ice-water bath and
15  phenyltrimethylammonium tribromide (5.25 g, 14.0 mmol) is added. The mixture is
stirred in an ice-bath for 30 min, followed by the addition of water and ether. The
aqueous layer is washed with ether, and the combined organic layers are washed with
saturated aqueous sodium thiosulfate solution. The organic layer is dried over
anhydrous MgSOy, filtered and concentrated in vacuo to afford a yellow oil. The
20  crude product is purified by flash chromatography on silica gel. Elution with hexanes-
ether (60:40) gives 2.2 g (52%) of Int 103 as a It. yellow oil: 'H NMR (CDCls) 6 4.2-
4.1,39,28,2.7,2.6,2.1-2.0,1.7, 1.5, 1.2-1.1.2.

Preparation of 1-bromo-3-piperidin-4-ylacetone trifluoroacetate (Int 104):
25 To a stirred solution of Int 103 (2.2 g, 6.9 mmol) in CH,Cl, (30 mL) in an ice-
water bath is added trifluoroacetic acid (10 mL, 130 mmol). The mixture is stirred at
0°C for 30 min. The volatiles are removed in vacuo to afford 2.0 g (87%) of Int 104
as a yellow residue: MS (ESI) for CgH;sBrNO [M+H] m/e 220.

30 Preparation of 1-azabicyclo[3.2.2]nonan-3-one (Int 105):
To a stirred solution of DIEA (13 mL) in acetonitrile (680 mL) at reflux
temperature is added a solution of Int 104 (2.0 g, 6.0 mmol) in acetonitrile (125 mL)

over a 4 h period via syringe pump. The mixture is kept at reflux temperature
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a yellow oil. The crude product is purified by flash chromatography on
silica gel. 25 Elution with hexanes-ether (60:40) gives 4.5 g (75% of Int
101 as a woices®ol id: 1H NWR (CDC13) S 6.2, 3.5, 3.4, 2.PCTAISB2/0262, 1.5.
-32 WO 02/ 085901 PCT/ US02/ 08268 Preparation of tert-butyl

4- (2- oxopr oplerfsme mhdinfiRmuke BRoREMhRE 8 (dddb ah8Me reMalfind tebidudfs | nt 101
(4.5 g, 19 mmol) and 10% pal | adi um on activated carbon (450 in EtOH

(150 nl) i s mpirdeedd batweeParsatubased dqueelscpaigsdivoyeanbanate sobriop and 4{HGE-  psi .

Th i xt i i d-th h Celi.t t. it J trated i
vacuo to 5 MEBHORTET TR Hori’ Gt IECHE-IRPR B KRRl s
4.1, 2.8, 2.4mbined ordarfic laydrs bre dricd ovér MgSEy,EfiRdrad bl cddtedtfitdd RWaio to a

4- ( 3- br ono- 2- oxopr opyl ) pi peri di ne-1-car boxy] ate (Int 103): 10 To a stirred
sol uti on 3 i throwmotle ddwetudg|pddduict igl panifidd by flastHehroatog@phy on silicagyl. in a -78C

mxture s Somprby GCnGRRORSAN I oy o Bdr R BY PR 405

(3.21 9, 13.3earWBRA)'H 9MR RIDCL) 88.705 38 A h8 ob)y, droppisg. After conplete
addition, the mxture 1is stirred at ~78Cfor 30 mn. The mixture is warned

to OCin an ice-water bath and 15 phenyl trinmethyl anmoniumtribrom de (5.25

g, 14.0 mol ) is added. The %tureﬁ’idf stirred.in an ice-bath for 30 m n,
- ¢}

a
fol I owed by the a%FGP%rP'd)‘?P 1 @'C]_Q “I‘?@f‘r.“3'PﬁB“e'&‘é@éou_s | ayer i s washed
with ethgy, rﬂ@tﬂY%Qﬁzeﬁ]?%ogﬁg)c)ﬂﬁ.Q?B'TJAﬁniln@yerS are washed with saturated

aqueous sodi um thiosu ut1on. The organic layer is dried over
anhydrous MgSOH4, To b semrebimandreob badib (230e0lg) 214 vianelp atdsadivord a yel | ow oi .

The 20 crude product is purified by flash chromatography on silica gel.
't on w t AR drain Rap mes§5apiolig B0 6 Sk SBoORN | ni 103 as a it.

yel I'ow oil : ﬁ)};r%nﬁ%}&%cﬁloﬁdﬁg%@% 23 thmof). &F ezmiZ(turFis‘Sstitn%d]at &8 10t 7,

1.5, 1.2-1.1. eparation o -3-pi peridin-4-ylacet one

trifl uoroacé.aTke fixntreiOfktere@ and thedilsite iy @thcaotatdd iavaafo torayello® spRd2 g, 6.9
mml) in CH2C12 (30 nL) in an ice- water bath is added trifluoroacetic acid
(10 niL, 130 herdeglutignal the seli S50 ang i3 mawldp n-repangt (Comky #f re vol atil es

are renoved | 011088 L0l EnByd 6% 49 nfiholl I sodfifordiSnontehb . esi due:
M5 (ESI) forﬂe@g@%rr\k@ﬁ %—fﬁ eegaég.' %0 rep%katsl on %(%rﬁ . )
| - azabi cycl ofiéatidg2} redluans Somineed fort2 hl OBhe: solvioa istdol¢dad remiditrineris added EA (13
m.) in acetonitrile (680 nL) at reflux ) i

The mixture is extracted with n-propanol, and the combined organic layers are

concentrated in vacuo. The residue is taken up in CHCl; and the remaining solids are

20 filtered. The filtrate is dried over anhydrous MgSO,, filtered and concentrated in

vacuo to a clear solid. To a stirred solution of the solid (320 mg, 2.3 mmol) in EtOH

(4 mL) is added p-toluenesulfonic acid monohydrate (875 mg, 4.6 mmol). The

solution is warmed in a water bath to 45°C for 30 min, followed by concentration of

the solvent to afford 710 mg (62%) of [3.2.2]-Amine as a white solid: 'H NMR
25 (CD;0OD)67.7,7.3,4.1-3.9,3.6-3.4,2.6-2.5,2.4,2.2-2.1,2.1-2.0, 1.9.

Resolution of stereoisomers:
The amine can be coupled to form the appropriate amide as a racemic mixture.
The racemic mixture can then be resolved by chromatography using chiral columns or
30 chiral HPLC, techniques widely known in the art, to provide the requisite resolved
enantiomers 3(R) and 3(S) of said amide.
Using methods described herein, other compounds can be prepared, including

any one of or combination of:
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tenperature is added a solution of Int 104 (2.0 g, 6.0 nmol) in

acetonitrile (125 nL) over a 4 h period via syringe punp. The m xture is
kept at rwbloawsivenperature -33 WO 02/ 085901 PCT/ US02/ 0826@CTawsee/ns2ght . The
m xture is concentrated in vacuo and the remaining residue is partitioned

bet ween a sat ur at gq| agaenso[BBAGH-8HF)CAERBRBERzZBAHIt | on and CHC13- MeCOH
(90:10). The aqueous layer is extracted with CHC13- MeOH (90:10), and the

conbi ned or gani ¢ Nd§enes ldflea@bicédob'ﬁ/%i?]nwgéﬂd) 4fthlqrelp@@alan@ concentrated in
vacuo to a 5 bI‘OV\N

chr omat ogr aphy on é?ﬂeélé;'me' eloff?gf’ %ﬁb@ludrhggl i laa-lls?% 4.5:0.5)

gave 600 mg (72% ngh- elH’yll 11&5bla§c1@[3 m]ﬂaﬂi 359)- mhlorchbehlmnamw) 6 3.7,
3.3-3.2, 3.1-3.0, 2. 2. 2. 8. Preparation of

1- azabi cy5c| o[ 3. 2. &1(a@ﬂwdrlwzabmm0[&2§(]non Bty réchlprehenzamide . Asfransatie)
([3.2.2]-Am n To a s e 0 2.4 mmol ) and
sodi um ~ acet Qf%‘c‘rf’f’ ﬂf/?freé‘%tl?r%efé H)@ng &168;?‘?{%%?‘ gw@%g??c(‘gg%h?{fﬁn i's aZ:Ided

hydr oxyl am nehydrochl oride (200 ng, 2.8 rrm)l) The m xture is stirred at rt

for 10 h. The m'xtur.e is filtered and the filtrate is concentrated in
vacuo to a yel I owMatsriialts. and Merhods fonidantifymgdfinding censtangs: (350 ng, 2.3 nmol )

i n n-propanol e rature i s add m et a 2.0 g,
87 mml) in snal IMg[Liﬁ’f r%efzﬁ’\‘}aglro%égﬂ?sprag%&awi Es%g%(?ggégg 25 Sc?8ﬂ{l'ffi§|iued for
2 h. Theygol %H&pr'ta‘imﬁ%ﬂh% Bréink twRG1E bRt ﬂﬁ’nds%e?é@gmﬁn) ard ABsséBred GUigky,S
extracted wi t'h n-propanol, and the conbined organic |ayers are

concentr at edwetgh&(hmaﬂlorﬂ'mmze@lrd%eolumes/gmWlsnghtt nf CeICORI GiFIM $usrasemai ni ng
solids are 20 .filtered. The fi

d d h sA
filtered anditidmdEMtERsSS ¢ Se&‘é‘&%&llgsué’ a(rgllfigigph’%\égpﬁfg ¥g g ?%F"@ds sol ution
of the soli dcefn%%g%&gat 12009 )Ugﬁ;r)lO'rﬂmEfegﬁt 4 6é, 'Tlaé superifde s &TIEBE&'%WSN fonic

aci d nonohydrate (875 ng, solution 1s warned in a water

bath to 45C Emrrifd@edmtr20, O‘OOIxI g)ﬂsﬁdobxymmemmem(r aThoresating péléet solewepended af f or d
710 mg (62% of [3.2.2]-Amne as a white solid: "HNWR 25 (CD3OD) 6 7.7,
7.3, 4.113, gto mprgtein epneontgtionf 17 84ng/21L2 féhquotszofli pldromoggnate piedEZgR Pon of
ster eoi So”erfi; P‘unfﬁ%e”d%d?oﬂhé’%ss%o“d%' o5k 528 ?ﬁe”zlgfs&yea @%&é’%@'ﬂ%%d%‘i" de as a

racem ¢ m xt cemc mxture can
chr omat ogr apfyniieiiperabilit bad did@bd Witg Kieb’ SBQOGIITMrI@épeHBM@erﬁI-BQ br(atqusﬁl w del y

known in the art, to provide the requisite resolved enantioners SgR) and
3(S) of sai dtempem@lre) containing 4.16 mM NaHCO3, 0.44 mM KH,POy, 127 mM NaCl, 5.36
mM KClI, 1.26 mM CaCl,, and 0.98 mM MgCl,, so that 25 - 150 pg protein are added
20  per test tube. Protein concentration is determined by the Bradford method (Bradford,
M.M.,, Anal. Biochem., 72, 248-254, 1976) using bovine serum albumin as the
standard.
Binding Assay. For saturation studies, 0.4 mL homogenate are added to test
tubes containing buffer and various concentrations of radioligand, and are incubated
25 inafinal volume of 0.5 mL for 1 hour at 25 °C. Nonspecific binding was determined
in tissues incubated in parallel in the presence of 1 uM MLA, added before the
radioligand. In competition studies, drugs are added in increasing concentrations to
the test tubes before addition of approximately 3.0 to 4.0 nM [*’H]-MLA. The
incubations are terminated by rapid vacuum filtration through Whatman GF/B glass
30 filter paper mounted on a 48 well Brandel cell harvester. Filters are pre-soaked in 50
mM Tris HC1 pH 7.0 - 0.05 % polyethylenimine. The filters are rapidly washed two
times with 5 mL aliquots of cold 0.9% saline and then counted for radioactivity by

liquid scintillation spectrometry.
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Usi ng nmet hods descri bed herein, other conpounds can be prepared, including
any one of or conbination of: -34 WD 02/085901 PCT/ US02/ 08268

N ( 1- azabwoyelosgosl 2. 2] non- 3-yl ) - 4-chl or obenzam de, N- (4- retrhydo2/08268

-azabi cycl o[ 3. 2. 2] non- 3-yl ) - 4- chl or obenzam de,

N-(2- et hyl - | - azabate WelaBEB. 2n dmpAitidn Windidk Giidies, RSB DM Hsonstant (Ki)
N-(4-ethyl-1-azabicycl o[ 3. 2. 2] non-3-yl ) -4-chl orobenzan de, or 5

N- ( 2- et hyl - | waszealsubaied 591 the cngemriragion dppenpdeny| inhidbond i HileMLdsbindi@gni c

m xtures or .en ioner,s. _having.theg stereochem stry.a scrided herein.
Verer als e R AR PN AR R b it S e R
Prepar ati on.eqifatiéh @Meague.Coand Bissodt, W (808 3a00)PraiRa&ac 22 fi. 3690-3168, by
decapitation and the brains (whole brain mnus cerebellu are di ssected

qui ckly, 5 wel%BsdHEhebeRpneie wereeabtdipedousing nomeldnegr vegressien ghrapbPad Bisme ol d
0.32 M sucrose_usi a rotati. estle on setting 50 (10 up and down

st rokes). Thségrﬂglﬁﬁlgde})%%ff%sp?gse vg@ﬁyﬁaﬁffgsz@egt 1,000 x g for 10 minutes at 4
C. The supernatant is collected and centrifuged at 20,000 x g for 20

mnutes at 4 C The resulting pellet is resuspended 15 to a protein
concentrati|dixapipld - 8 ng/nL. AlKgodbs of 5 nL honogenate are frozen at

-80 C unti | —reededFor—the—assay—Or—the—day—of—theg assay, aliquots are
t hawed at r%ﬁﬂw‘i%llr{?grature and Al luted with Kreb' g - 20 mM Hepes buffer pH
7.0 (at ro T €) cont|g¢d) 4716 mvi NaACcd3, 0. 44 nM KH2PO4, 127
mM Nadl , 593%)( &DE@?@PI. 26 nM aéat%%éw and 0.98 nM MygC12, so that 25 - 150
tg protein [aEfangsleddra2émiper testiitSube. Protein concentration is determ ned
by the Bradford nethod (Bradford M-M——Anal—Bioghem , 72, 248-254, 1976)
usi ng bovi neExampled 43R as thE standard. Binding Assay. For saturation
studi es, 0.t honogenate are adgegto test—tubes| contai ni ng buffer and
vari ous con::%’hatn?pg 3@‘-§ g%’f r adi qﬁ?@gltd, and are incubated 25 in a final
volume of 0.5 nL for 1 hour at 25 C. Nonspecific binding was determ ned in
tissues incubated in parallel in the presence of | tMMA, added before the
radi ol igand. In conpetition studies, drugs are added in increasing
concentrations to the test tubes before addition of approximately 3.0 to
4.0 nM[3H -M.A. The incubations are term nated by rapid vacuumfiltration
t hrough Whatman GF/ B glass 30 filter paper nounted on a 48 well Brandel

cell harvester. Filters are pre-soaked in 50
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mMM Tris HO pH 7.0 - 0.05 % pol yethylenim ne. The filters are rapidly
washed two tinmes with 5 nL aliquots of cold 0.9% saline and then counted
for radi owmotoeesy1 by liquid scintillation spectronetry. P8F/UAR/A29085901
PCT/ US02/ 08268 Data Analysis. In conpetition binding studies, the

i nhi bi ti on cematialiaifakd:) was cal cul ated fromthe concentrati on dependent
inhibition of [3H]-MA binding obtained fromnon-linear regression fitting
pr ogr am accol.di ngAcomppenddfehgFemalf equation (Cheng, Y.C. and Prussoff,
WH., Biochem Pharmacol., 22, p. 3099-3108, 5 1973). Hill coefficients

wer e obtained using non-linear regression @G aphRad Prism signoi dal
dose-response with variabl e sl ope). i Exanple 1(a) 26
c

Exanple 1(b) (i) 65-140 Exanple 3 (rac ) anple 3 (3R, 5R) 18
Exanpl e 3(3S, 5S) >1000 -36 WD 02/085901 PCT/Ugpp/ 08268 \What is claimed:
1. A conpound of the Formula I: 0O R2 N C N H(R, m Formula |l 5

wherein m is Oor 1; n2 is | or 2, provﬂ;djﬁgl%tat when mi is O, nm2is 1; R
i s-H, alkyl, hal ogenated al kyl, substituted alkyl, cycloal kyl, or phenyl;
R2 is -Hs al kidreinal w@andt ed al kyl , substituted al kyl, cycloal kyl, or
phenyl; or a pharpaceutjcally acceptabl e salt, pharmaceutical conposition,
pure 10 enanti onBris lopr 7 Reqyided thatiyhendn 1 ig O B fis PZ A nethod for treating a

di sease or condi tlipi@-l-i[,rﬁll%ll,%mhatg@al'ﬂ?ﬁguﬁshﬁft&P;Ilkyl, cycloalkyl, or phenyl;
R, is -H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;
or a pharmaceutically acceptable salt, pharmaceutical composition, pure

10 enantiomer, or racemic mixture thereof.

2. A method for treating a disease or condition in a mammal in need thereof,
wherein the o7 nicotinic acetylcholine receptor is implicated comprising
administering to a mammal a therapeutically effective amount of a compound from

15 Formula I:

Formula I
wherein m' is 0 or 1;
m2is 1 or 2;
20 R, is-H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;

R, is -H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl,
or a pharmaceutically acceptable salt, pharmaceutical composition, pure
enantiomer, or racemic mixture thereof.
3. The method according to claim 2, wherein said compound is administered
25  rectally, topically, orally, sublingually, or parenterally.
4. The method according to claim 3, wherein said compound is administered

from about 0.001 to about 100 mg/kg of body weight of said mammal per day.
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wherein the

adm nistering to a nmamal

a7 nicotinic acetylcholine receptor is inplicated conprising

a therapeutically effective anount of a conpound

from 15 Woroamwgsoli: O Rz N C _ NM H(CR M Formul arcTasereszes8s M is 0
or 1; n2is 1 or 2; 20 R is-H alkyl, halogenated alkyl, substituted
al kyl', cycl ogil kyl ThedethBE A¥dording o d18inT 3 witdrkid lsaidRBhPBEAEREs @ nRhikiéted

al kyl, cycloal kyl, or phenyl; or a pharnaceutically acceptable

substi t ut ed

sal t, phar neftemiabetl0. tabout 3¢ ma/kgmibedy waight plosrid maoymal perddiyc i xt ur e

t hereof . 3.

The net hod according to claim2, wherein said conpound is

adm nistered 25 rectally, topically, orally, sublingually, or

parenteral | yg 4. Ahgih®e 2e86r

ctHin®, WheiRidlcdmpatied BN (sai d conmpound i's

adm ni stered from about 0.001 to about 100 ny/ kg of body weight of said
manmal per deppbicyclg2. A2Joor3-§B50ch ot Zamidy gspgtrmaceutinalyrstépdeblasador di ng

to claim 3,
50 ng/ kg of

m xture ther

adm ni stered 10 from about 0.0

ound is adm nistered. fr

0.1 to about

erein.said con‘g ! ﬁgﬂ%ou
| SR COBPORBOT Pl P s Bepoctaic KR ABE Sccor di ng to
claim 2, whejein Themc@BRatddihg td\14itn & wherein said compound is administered
azabi cycl o] 2. 2. 2] oct- 3-yl)-4-chl orobenzam de or a pharnaceutically
accept abl e smttally, tppiealiypomllyj sblingumbly osyiparemteralijur e enanti oner, or racenic
of . Z. The nethod accqr.di to .claim6, wherein. said conpound
s adnini ot éhed TiECPEIPG coGHRER S1Hm brdiersh sSomighag foymiistered” TP
parenterg | yfrm?l-aba_ﬁlQ).dimttB%oﬁcl@grnﬁ’%/ﬁgof led%z' @éi%ﬂﬂof s%%zﬁhrﬂa@%’r dagonpound is

1 to about 100 ng/ kg of bo

wel ght of said

mammal per day. 9Thelihethpdtémpddiag torlaim, whereih aaichcompahed siadms@stdredonpound
i s adm ni ste

ed  fraom abqut 1to oyt 50 kg, of b i ght of i d
mammal per dé?/m ah?evtomm BHQ%@ééﬁgcﬂ?E?ag¥Welﬂhgg ag‘?n\ﬂﬂ‘é‘?ai\éﬁr\,%%g co(r)rpoﬁﬁld

I ncl udes N (

15

20

25

30

1

10. A method according to claim 2, wherein the compound includes N-(1-
azabicylo[2.2.1]hept-3-yl)-4-chloro-benzamide, N-(2-methyl-1-azabicyclo[2.2.1]hept-
3-yl)-4-chlorobenzamide, N-(2-ethyl-1-azabicyclo[2.2.1]hept-3-yl)-4-
chlorobenzamide, N-(2-methyl-1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide, N-(2-
ethyl-1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide, N-(2-benzyl-1-
azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide, N-[1-azabicyclo[3.2.1]oct-3-yl]-4-
chlorobenzamide, N-[2-methyl-1-azabicyclo[3.2.1]oct-3-yl]-4-chlorobenzamide, N-[4-
methyl-1-azabicyclo[3.2.1]oct-3-yl]-4-chlorobenzamide, N-[2-ethyl-1-
azabicyclo[3.2.1]oct-3-yl]-4-chlorobenzamide, N-[4-ethyl-1-azabicyclo[3.2.1]oct-3-
yl]-4-chlorobenzamide, N-(1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(4-
methyl-1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(2-methyl-1-
azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(4-ethyl-1-azabicyclo[3.2.2]non-3-
yl)-4-chlorobenzamide, N-(2-ethyl-1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide,
or a pharmaceutically acceptable salt, pharmaceutical composition, pure enantiomer,
or racemic mixture thereof.

11.  The method according to claim 10, wherein said compound is administered
rectally, topically, orally, sublingually, or parenterally.

12.  The method according to claim 11, wherein said compound is administered

from about 0.001 to about 100 mg/kg of body weight of said mammal per day.
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15 azabicylo[2.2.1 ] hept-3-yl)-4-chl oro-benzam de, N (2-nethyl- |
-azabicyclo[2.2.1 ] hept- 3-yl)-4-chl orobenzam de, N (2-ethyl- |

- azabi cycwo[02/085901 | hept - 3-yl ) -4- chl orobenzam de, N-(2- metrlayivsod/ 08268
-azabicycl o[ 2. 2. 2] oct - 3-yl ) - 4- chl or obenzam de, N (2-

et hyl -1 -azabigycl wﬁemzthahqgéor&nF kg cidmé Il onlehen zaidicdmpolhd R-Aagivdiytered-

azabi cycl o[ 2. 2. 2] oct - 4- chl or obenzani de, N-[ 1- azabl cyclo[3.2.1

] oct - 3- yl ] - 4from abartd}- b[ye.ﬂmmﬁ@glg/kg of body welght of said mammal per day.

N-[ 2-net hyl -1 -azabi cycl o[ 3. 2. 1] oct - 3-yl ] -4-chl orobenzam de, N-[4-

met hyl -1 -azabicycl o[ 3.2.1 Joct-3-yl]-4-chl orobenzam de, N-[2-ethyl-]I-

azabi cycl o[ 3. 2. 1] oct - 3-yl ] - 4- chl or obenzam de,

N-[ 4- et hyl - | 14zabAayethad B).rIreat]ir@a diSeased \}/hefred‘rdr@'rscatwnmyﬁgdﬁng deficit in a

N (1- azabi cycl o 2. 2] nan- 3 -4-chl orobenzam d

- azabi cyd] of @*a@[ﬂﬂ' Rempnsiog jd ra}géséﬁ&wa@n ked serrel ﬁﬂerane};“%ly

azabi cycl o[ 3 Vi SPEREZRM

N (4- et hyl - | ?fgezcélt;?gﬁlg%“ df)ac%nﬁpﬁgﬁds yl)-4- chI or obenzam de, N-(2-ethyl -
-azabi cycl o[ 3. 2. 2] non- 3-yl ) - 4- chl or obenzanide, g, or a pharmaceutically
acceptabl e salt, pharnmaceutical conpos pu nanti omer, or racemc
m xture thereof. 11. The net hod accc:nﬂ({ E}to‘rc 10, V\/nerel n said
compound is adninistered 30 rectally, topical 3)‘! orally, sublingually, or
parenterally. 12. The nethod according to clai N1k wherein said conpound
is adm nistered fromabout 0.001 to about 100 ny/ kg of body wei ght of said
mammal per day. -38 WO 02/085901 PCT/ USB@h@8268 13. The net hod accordi ng
to claim1l, wherein said. c ound is adm nistered fromabout 0.1 to about
50 ny/ kg of body V(/b?rﬁﬁ‘tmo’fs%gfpld manmal per day. 14. A nethod for treating a
di seases yphere thgpee | § B/ sensory-gating deficit in a 5 mammal conprising
admini stering to a manmal’ in need thereof a therapeutically effective
anmount of a CoeroRnd; -16f alledr imhbgenhted @IKRD shbstlﬁited-alkchjﬁtlQa,lk)FIomrpﬂeayll wher ei n

m is 0 or 1; ng | or al o
substituted al kyI R2 tsyﬁsa'%b’kwl%g%‘?atiﬁfrémi S“%S‘I‘-‘(’}étei‘i?ﬂ‘-ylli C?' al}typ Oﬁﬁli’%’éﬂanat ed
al kyl, substi tut egrh?t)ﬁ%nace%’l%lﬁﬁz{c&’ taleEalp ?ﬁ&é‘r{agaurtgﬁl &mﬁ}ﬂﬁfﬂ%??ﬂﬁﬂecal Iy

acceptabl e salt, maceuti ca osit
enantiomer or racemic mixture thereof.

15 15. The method according to claim 14, wherein said compound is administered
rectally, topically, orally, sublingually, or parenterally.
16.  The method according to claim 15, wherein said compound is administered
from about 0.001 to about 100 mg/kg of body weight of said mammal per day.
17.  The method according to claim 15, wherein said compound is administered

20 from about 0.1 to about 50 mg/kg of body weight of said mammal per day.

18. A method according to claim 14, wherein the compound is N-(1-
azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide or a pharmaceutically acceptable salt,
pharmaceutical composition, pure enantiomer, or racemic mixture thereof.

25 19, The method according to claim 18, wherein said compound is administered
rectally, topically, orally, sublingually, or parenterally.
20.  The method according to claim 19, wherein said compound is administered
from about 0.001 to about 100 mg/kg of body weight of said mammal per day.
21.  The method according to claim 19, wherein said compound is administered

30  from about 0.1 to about 50 mg/kg of body weight of said mammal per day.
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enantiomer or racem c mxture thereof. 15 15. The nethod according to claim
14, wherein said conmpound is admnistered rectally, topically, orally,

subl i nguawioyz/oes9opar enteral ly. 16. The net hod accordi ng t e@cal@ozngkbs
wherein said conpound is adm nistered fromabout 0.001 to about 100 ng/ kg
of body weight of said nammal per day. 17. The nethod according to claim
15, wherein said conpound is admnistered 20 fromabout 0.1 to about 50
my/ kg of bodd2.wei fhmethdd wpdlm@ﬂlmp‘ér wiasein thg compawidiodludescr(di ng t o

et 3 y1) - 4- P EHoR TRPBE b AgRap e BER NPT Sht Epfispeolapd Inrt

phar maceut i calCRAMODbENAThidd W €-&RANL-hABRYy cloP.2 N fepB S -Xt ure thereof. 25
19. The met hod accordl ng to claim18, wheréin said conpound is adninistered

rectal |l y,5 t ogilembénzamidea M-(2; methjl- 1%@@%@[2 6r2]<pm~r3eyii érchldrgben2gmidgh¥-(Zret hod

according to ai d C i st red f rom about
0.001 to abo?}ﬁylabéza#bc/yﬁl\éﬁé 91—?883 W@F“%’i“a ?ﬂ-@fﬁ?ma 1" day. 21. The
met hod accor&zaaﬁyae% @]om i% M@%@b@nz&ﬁh@e Wﬂ@%BQy&l%[ﬁﬂ@]d&h%tﬁﬁ ad 30
fromabout 0.1 to about body wei ght Said | per day. -39

WO 02/ 0859010lﬂ’6i"6bd:ﬂ8@ﬁﬂ@82/6(8 m@ﬁ}’l lﬁcamd)’cw[&@@dﬂ@-hgl)t%ddb@bmmnudm%r ein

N (2ot hyl -§ '%%'g%ﬁimbacf%%loi?éﬁﬁéo%&-yﬁ-@%lo@‘ée B Mhasifel O Peneam ¢
N-(2-et hyd -1 ;888 &18 9371}1&1% i hecﬁtorébaﬁ&amﬁeSNquem(ﬁheﬁzaew@[z AMNhen-aEt hy!l -

-azabi cycl o[ 2. 2. -4~ chl or obenzam de
ethyl -1-az abyl¢ylajhd1{rabe2128}1mbt N3Z13plzbidyctd{B Qrajhan3-ohi-4tehlotebeRzdpede, YW-(4--
azabicyclo[ 2. 2.2 hl ot 0

O e L b Saevbdia 2 e s B e BleRszarmides N iy | -

-azabicycl o 4 - -
(2-met hyl - | - ity %Eﬁgﬂg‘%’%ﬁ%ﬁ?’ ‘W&? SRRRNASctl-1-az ISR @il (ﬁr§/|3 2110

azabi cycl o 3y12 42:]hhnob612ylh)de4Nf(a4edT>d>beuabmycdeL3 2.2]non-3-yl)-4-chlorobenzamide,

N-(2-ethyl -1 - cycl Q ch] or obenzam de,
N-(1-aza cy%”blP r@ﬁ%ﬂ%@ﬁ%ﬂcgﬁ]m%ﬂ 8 ﬁlﬁ%ﬂi@ﬁ MRQsitign, pure enantiomer,

met hyl - | - azapi gy, 19[n%x§m[2§h@%'8f3 yl)-4-chl orobenzam de, N-(2-nethyl-I-
azabi cycl of 3. 2 2 non- 3-y 4-chl orobenzam de, N-(4-ethyl- |

-azabi cycl o] 23.2. 2Thomeod ytdording b cdrnimb 22, 2emreie said compound is administered

N-(2-ethyl -1 icyclo[3.2 2]non-3-yl)-4- chI or obenzam de, 15 or a

phar maceut i c@Fﬁaﬁ é@E‘é@@ng"iys%ﬂbﬁPg‘ﬂ?ﬁér YRGIEAY- conposition, pure

enantioner, -0 regeRkfholla¥ididifie td'@LFPE3, wherein said compound is administered
20 from about 0.001 to about 100 mg/kg of body weight of said mammal per day.

25. The method according to claim 23, wherein said compound is administered

from about 0.1 to about 50 mg/kg of body weight of said mammal per day.

26. Use of a compound of Formula I:

25
Formulal

whereinm' is O or 1;

m?is 1or2;

R, is-H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;
30 R, is -H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;
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23. The nmethod according to claim 22, wherein said conpound is adm ni stered
rectally, topically, orally, sublingually, or parenterally. 24. The nethod
accor di ngwoaeB®mom 23, wherein said conpound i s adm ni st erred/USAf0$269©m about
0.001 to about 100 ng/ kg of body wei ght of said mammal per day. 25. The

net hod accor di ng §0x SladinBRedBeal WRESAbIS Sl peREBaktTndr Sorddelniic stigfugsl  from
about 0.1 to about 50 ng/ kg of body weight of said manmmal per day. 26. Use
of a conpountl,ter@pf fqyrtmraparatxcol ¢t pharmageppcal comppsitign fortregtingrpdipgasaon
wherein m is hal ogenat ed al kyl,
substituted 9 }O“ ‘%W‘F’Bé?%?%m%?mﬁﬁ%%{}f:gom@deﬁsﬁyorés mﬁ’lwg E hal ogenat ed
al kyl, substituted al kyl, cycloal kyl, or phenyl; -40 WD 02/ 085901

PCT/ US02/ 08268 or a phar maceutical ly acceptable salt, pure enantioner, or
racem c i xt2it.e tTHes wfacwrdingheckam@ér‘aludrcin seid phaphecentcd vompesitiquisposi ti on

for treat| ng a disease or .condit j.on t he a7 ni cot ni c acetyl choline
receptor is Phifiminiicied restaly, toﬂ‘ﬁ yué’éa lag'f?glyt%flz?r%ﬂ?ﬁ‘ B, wherein said
phar mceut i C@é Sdelde@tding tb 91a119973\§|l'i@r5'1'n%5ﬁr& ofifd f:sltby)e alORI g8k Y

oral ly, subllngua y, or parenterally. . The use according to claim 27,
wher ei n sai dincorgoooumdof ﬁomabbm(m{mtmabomrl@ﬂ mg/hg aﬁbcaiymmghtaff shid omnarbalut
0.001 to about 100 ng/kg of body weight of said mamrmal per day. 10 29. The
use accordi n@ertdﬁycl aim 27, wherein said conpound is to be adm nistered in

an amouni, of od 1 Orr’l"ﬁ@ﬁ’éétacgor&m%% ghaHL7 aghéfg{nlﬁgldclfonﬁﬁqxd &b g)@tadﬂfm?t@ﬂeé mamal

per day. 30. The use according to claim26, wher har maceut 1 cal
conposi ti on insanNinduht oﬁﬂraxhlabyml(b[ f dboll MringBegydf pody wlaight ob@nrkmmndml per a
phar maceut i cgellyl. y acceptabl e
30.  The use according to claim 26, wherein the pharmaceutical composition is N-
(1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide or a pharmaceutically acceptable
15  salt, pharmaceutical composition, pure enantiomer, or racemic mixture thereof.
31.  The use according to claim 30, wherein said pharmaceutical composition is to
be administered rectally, topically, orally, sublingually, or parenterally.
32.  The use according to claim 31, wherein said compound is to be administered
in an amount of from about 0.001 to about 100 mg/kg of body weight of said mammal
20  per day.
33.  The use according to claim 31, wherein said compound is to be administered
in an amount of from about 0.1 to about 50 mg/kg of body weight of said mammal per

day.

25 34.  The use according to claim 26, wherein the pharmaceutical composition
includes N-(1-azabicylo[2.2.1]hept-3-yl)-4-chloro-benzamide, N-(2-methyl-1-
azabicyclo[2.2.1]hept-3-yl)-4-chlorobenzamide, N-(2-ethyl-1-azabicyclo[2.2.1]hept-3-
yl)-4-chlorobenzamide, N-(2-methyl-1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide,
N-(2-ethyl-1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide, N-(2-benzyl-1-

30  azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide, N-(1-azabicyclo[3.2.2]non-3-yl)-4-
chlorobenzamide, N-(4-methyl-1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-
(2-methyl-1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(4-ethyl-1-
azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(2-ethyl-1-azabicyclo[3.2.2]non-3-
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15 salt, pharmaceutical conposition, pure enantioner, or racemc mXxture
thereof. 31. The use according to claim30, wherein said pharnmaceuti cal
conposi tiwo 02983901 be adm nistered rectally, topically, orralTigse2/08268
sublingually, or parenterally. 32. The use according to claim 31, wherein
sai d conpoung)-#shi@othdzadide W1 @k gdcycldl3 221 Rep8ut)-HAEnlbrobshalodd, (4001 to
about 100 ng/ kg of body weight of said mammal 20 per day. 33. The use
accor di ng t omey éﬁ“haBaP,lCWiié?’-gi%“@a?"dl)tfb%@f@hﬁlziagn‘ﬂ%%@‘@S%D’hﬂst ered in an

amount of fr : i ' mal
per day. 25%@(%@%%]&0}&?8??3%%; 4] c4r§gﬁﬁqg'é?%&%/gri%zga{)¥1cg&g@Jﬁ%rgght i cal
conposi ti on yl)-Achlsesenbhrhite ¥ aRiceiyl-0fa2atdcydlo[B2eNhoB3W)- 4 4hkdbehganiidezam de,
N-(2-methyl- | - azabicyclo[2.2.1 ]hept-3-yl)-4-chl orobenzani de,

N- ( 2- et hyA - | orazRitermgeentifglyaccaptatieinit, Bhajmpcenticpl ompgsitiganpwe ecnagtiomefet hy| -

| -azabicycl o[ 2. 2..2]0ct -3yl )z4-chl orobenzam de, N-(2-ethyl- |

-azabi cycl o] .ric.?flgc 15%'-r%/lih¥r-e§f'chl or obenzam de, N (2-benzyl- | 30

azabi cycl o] 232. 2] Digd us3d-a¥tordihg €b t1ain® BENFIREiE8aid pharmaceutical composition is to

N- ( 1- azabi cycl o] 3. 2. 2] non- 3-yl ) -4- chl orobenzani de,

N- ( 4- et hy| - be admipisteyed 6@y, topiadly, grajly) sublingiadly obyenarentdraldy. N-

(2-methyl -1 -gzabigycl o[ 3. 2..2] non-3-yL)-4-chl or.obenzam d N-(4- et hyl,-1-
zab oyt o 35 2] Mt otk I8 PP So ikt sTURBFRORR fite bp aditinihEity

- azabi cyfd o[ i3.ad-adddu@nNofSrorft hbo.603/16 868A 1 0B G/ KSORE Si§adght of said mammal
yl)-4-chl orobenzam de, N-(1-azabicycl o[ 3.2.2]non-3-yl)-4-chl orobenzam de,
N- (4- net hylperiday.azabi cycl o[ 3. 2. 2] non- 3-yl ) - 4-chl or obenzani de, N-(2-nethyl -

| azabicycl g] 3. 2.2] non- 3-yl ) -4-chl grobenzam de, . ..

N (4 oty <1 S bl BEdpprbink g i S5 ARG T Somponnd s ta e sdminisigesly) -

- azabi cycl o 3. ad-adl JuaNofroth abdut @ & HBENAPRLAS of badPivehPORYaP®ambial péd Y
accept abl e salt, pharmaceutical conposition, pure enantioner, or racenc
m xture therdéyf. 35. The use according to claim34, wherein said
pharmaceuti cal conposition is to be admnistered rectally, topically,
orally, Sublingually, or parenterally. 36. The use according to claim 35,
wher ei n sai d3gonpowék 4 SnipfdulR@ ofFsinRils:ered 10 in an anount of from about
0.001 to about 100 ngy/ kg of body weight of said mammal per day. 37. The
use according to claim35, wherein said cogpouRd is to be adm nistered in

an anmount of from about 0.1 to about _5&;9,41{9/02/ dy weight of said mamal
per cl N
I /CH

Formula 1

wherein m' is 0 or 1;
20 m?is 1 or 2;
R, is-H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;
R» is -H, alkyl, halogenated alkyl, substituted alkyl, cycloalkyl, or phenyl;
or a pharmaceutically acceptable salt, pure enantiomer, or racemic mixture
thereof for the preparation of a pharmaceutical composition for treating a disease or
25  condition wherein there is a sensory-gating deficit in a mammal.
39. The use according to claim 38, wherein said pharmaceutical composition is to
be administered rectally, topically, orally, sublingually, or parenterally.
40.  The use according to claim 39, wherein said compound is to be administered
in an amount of from about 0.001 to about 100 mg/kg of body weight of said mammal

30  perday.
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day. 15 38. Use of a conpound of Fornmula l: O R N C N\ n2 1 M H(ICH
Formula | wherein m is Oor 1; 20 n2 is | or 2; R is-H alkyl,

hal ogenatwo oalok3sh1 substituted al kyl, cycl oal kyl, or phenplCI/USR208268 - H,

al kyl , hal ogenated al kyl, substituted al kyl, cycloal kyl, or phenyl; or a
phar maceuti c4l.l y dgc@ptaadiréingad tlairp 80 ewkdraintshidmdinpoahd fsa6 ®8ladmifistéled e
thereof for the preparation of a pharmaceutical conposition for treating a
di sease or DEmEHHINt plofroriBew; Gl EOrPé’Pét F@mg/kegeaf bedy weteht plgsaifbmpimal per g
manmal . 39. e use according to claim38, wherein said pharnaceuti cal
conposition 1s'to be admnistered rectally, topically, orally,

subl i ngual | y42.or Pieg esataeccatling .to 4dim BRewheinake piainageutioalDofipasi8on ismier ei n
said compound is to be adm nistered in an _anmount of from about 0.001 to
about 100° nyllkazabicydeldy2. NerigryDot-claiolenzapmidg or aphagapceytigally-agoepphlo2/ 085901
PCT/ US02/ 082 1..Th S or di ' erejn | onpound is
to be adni ni Sga?‘eP}ga magelfica s &%‘?“’g*r&‘?er %’%ﬁ“ﬁh@ﬁ?"g%fe%“ éﬁ‘é‘ﬁrf%%ﬁgonfg/ kg of
body wei ght 4 sarkk wemoedrdingno cla 42 AWherdin@aidshanfisetidal@ompositic S8,
wherei n the pharnmaceutical conposition is N 5

(1- azabi cycl o #iminpjesed regtally.)topically. erablyeibHRgwRly oor RRrgitiRIeBCceut i cal |y

accept abl e iflt, har mace Ii%@LI

conpos; tion,. pure enantioner,.Qr_racemnc
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phar macewd i Cial anGewaRasHt firéi absutt0200126 aBEWY 1005k £6f BRI VALt of S8 inSethm],
orally, sublingually, or parenterally. 44. The use according to clai m43,
wher ei n sai dPe@d#pound is to be administered 10 in an amount of from about

0.001 to abo&g' 10’Phen{95/ekagcoorgiint§ (()j Yt i‘lg,h\;[vheorfeinssgfddconm%mé is to be administered
in an amount of from about 0.1 to about 50 mg/kg of body weight of said mammal per
day.
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46.  The use according to claim 38, wherein the pharmaceutical composition
includes N-(1-azabicylo[2.2.1]hept-3-yl)-4-chloro-benzamide, N-(2-methyl-1-
azabicyclo[2.2.1]hept-3-yl)-4-chlorobenzamide, N-(2-ethyl-1-azabicyclo[2.2.1]hept-3-
yl)-4-chlorobenzamide, N-(2-methyl-1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide,
20  N-(2-ethyl-1-azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide, N-(2-benzyl-1-
azabicyclo[2.2.2]oct-3-yl)-4-chlorobenzamide, N-(1-azabicyclo[3.2.2]non-3-yl)-4-
chlorobenzamide, N-(4-methyl-1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-
(2-methyl-1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(4-ethyl-1-
azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(2-ethyl-1-azabicyclo[3.2.2]non-3-
25  yl)-4-chlorobenzamide, N-(1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(4-
methyl-1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(2-methyl-1-
azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide, N-(4-ethyl-1-azabicyclo[3.2.2]non-3-
y)-4-chlorobenzamide, N-(2-ethyl-1-azabicyclo[3.2.2]non-3-yl)-4-chlorobenzamide,
or a pharmaceutically acceptable salt, pharmaceutical composition, pure enantiomer,
30  or racemic mixture thereof.
47.  The use according to claim 46, wherein said pharmaceutical composition is to

be administered rectally, topically, orally, sublingually, or parenterally.
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(2-nethy|-Ié?zabicycIo[3.2.2]non-3-y|)-4-ch|orobenzanide, N-(4-ethyl -1 -
azabi cycl o] f?:Z]non-3-yI)-4-chIorobenzanide,

N (2-et hyl -1 -azabi cycl o[ 3. 2. 2] non-3 25 yl)-4-chl orobenzam de,

N- (1-azabi cycl o[ 3. 2. 2] non- 3-yl ) - 4-chl orobenzam de, N (4- nethyl- |

-azabi cycl o[ 3. 2. 2] non- 3-yl ) -4-chl orobenzam de, N-(2-nethyl- | -

azabi cycl o[ 3. 2. 2] non- 3-yl ) - 4-chl orobenzam de, N-(4-ethyl- |
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-azabicycl o[ 3. 2. 2] non- 3-yl ) -4-chl orobenzam de, or a pharmaceutically
acceptabl e salt, pharnmaceutical conposition, pure enantioner, 30 or
racem c m xture thereof. 47. The use according to claim46, wherein said
pharmaceutical conposition is to be admnistered rectally, topically,
orally, sublingually, or parenterally. -43 WO 02/085901 PCT/ US02/ 08268 48.
The use according to claim47, wherein said conpound is to be adm nistered
in an anount of from about 0.001 to about 100 ny/ kg of body wei ght of said
manmal per day. 49. The use according to claim47, wherein said conpound
is to be admnistered 5 in an anount of fromabout 0. | to about 50 ngy/kg
of body weight of said manmal per day. -44
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