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THE USE OF N- ARYL DI AZASPI RACYCLI C COVPOUNDS I N THE
TREATMENT OF ADDI CTI ON This application clains benefit

wW@R006l0S630Pr ovi si onal Patent Application No. 60PGDBS2069029371

filed August 20, 2004. Field of the Invention The
present invention relates to nicotinic antagonists
parti cul BHE/USKtQEMARL MAZMRIMCXQHE(}&OM%OUMS
have nore potent antagonistic activity with respect to
dopanmi ne r el easeIN THE TREAEMENP OFABRIGITION

phar maceuti cal conpositions including these conpounds,

and thepys ?{?ﬁfcafi SIGinFOSRERNGISU SN PER&si L8 2hIdRNA pSlication

addi ction, 1ncluding snoking addi ction, addiction to

nar.cot | d_.other dr nd obesity that occurs
f3N?ﬁ#%ﬁ§f@&ugﬁ@é§§%§ﬁ%ﬂio%gckground of the Invention
Snoking addiction is a cggglex phenonenon believed to

i nvol ve cogni tion enhanFietnf thedayertinmgi cal

condi tioning, stress adaptation, reinforcing

pr oper tTigsprast frekhiidn fetatss tainidotnivemtagofistss paytiewltily antagonists
providing therapeutic treatment for snoking addiction

' Szbrﬁ'i Al raﬁﬁ'%!)ﬁistg ok h&W thofeiRtd BB gonifte: AMGRY ki redpect to

t oba ble for the

co may De partially responsi

difficulty. so i ndividual s face in_overgon - ' -
e B R AC b ae ke el v e AP e PR e faing
assi st with snoking cessation, including reduci nfg ..

c ohsseromnonndsy end themse ohigsqeasmmanAyihe gepmeat of addiction,
delivery vehicles for nicotine, including guns and

s kinolugateaieskingNeldicioa) addiconitonarcatet andaitiadridmegs, and obesity that
receptors (nNAChRs) are widely distributed throughout

t hgeGRb I8N uPessAAr al nervous systens including
several regions of the

Background of the Invention

Smoking addiction is a complex phenomenon believed to involve cognition
enhancement, psychological conditioning, stress adaptation, reinforcing properties and
relief from withdrawal. Consequently, providing therapeutic treatment for smoking
addiction is an extremely difficult challenge.

The nicotine in tobacco may be partially responsible for the difficulty some
individuals face in overcoming smoking addiction. Numerous methods have been
developed to assist with smoking cessation, including reducing consumption over
time, and providing alternate delivery vehicles for nicotine, including gums and skin
patches.

Neuronal nicotinic acetylcholine receptors (nAChRs) are widely distributed
throughout the central and peripheral nervous systems including several regions of the
brain. The two most prominent CNS subtypes of nAChRs are a4}, and o7. However,
the predominance of a particular nicotinic receptor subtype in the brain does not
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brain. The two nost prom nent CNS subtypes of nAChRs
are a4b2 and a7. However, the predom nance of a

W@2006i0236B@r ni cotini c receptor subtype in the BCHUS2005/029371

does notnecessarily reflect its functional inportance.
For exanple, although of |esser prevalence in the
brigicessarilljsefi@bits funetional ilfﬁQOIﬁft‘@épg o exapl sy giiBougheot lesser
believed to be at |east partially responsible for
mgsiéaldokg itihpdminethe elfasatailtiag sdestor subtirties ard treliahédcto be at
ant agoni sts of these receptors (i.e., bungarotoxin and

a- i i n studies in which
(BT RRLPRpRYIY AR o RAD O R0 sl
(2000)). . Accordi ngl i.t 1s believed.that there. o
rarieb st 856 oot e LR P SR mebth g B Buieed
dopam ne release in striatum N cotine antagonists
actopeeiregaleass (yvessioret Alore PE# . Hs Eh?"eé%%'?émoh%g 152800)).
wel | known in the art, and are described, for exanple,

i nAQoedikElR, i@ts WllievedlthaRhaterare fxltiplé teeepto2@®tyes BOBGIved in
(2001). One pharmaceutical approach to causi ng snoking

fg@é&ﬁe%okﬂy g@ggﬁn@}e@&& POt RBmMN NGOS i ean$dgBARts dckiéhgainst one

acco wt er agent, such as Bupropion. At |ow

ot RORsateEs Gerpors rears woRARHR LS o and e dinered. for
and is now marketed as an aid to snoking cessation.
Ot d¥emph in Porepliniet plne/. Fieion. ik gh%t”n@%%fa)iggft &04e al so

been consi dered as an approach to snoki ng cessati on. .
One t heOnyphamabattichlnppriachtd cemsingtsagbinigstessabibo okvolvee blocking
reinforcing signal fromnicotine associated with

2 2{@5 LG tAC SRl Rt tRERW R FhABer @BntABIAGR Buptopién. 2allEw

2 and a7 receptors, is an exanple of a nicotine

ant agoni st t hat asg[_?enu.d a e, gli- 1 d

CoRRRRER LR het e eeor e s el AR ot ¢ ciboander

pronot e snoking cessatjon. In spite of the kng e

methbRs.fapd it pevamarEptatinanfd lamle RS ressatioar Dtheipgrrpompetitive

an interest in new nethods and pharnaceuti cal . )

c omipatiiit knagorfisis havesdsd agn soudidergd asi artpreash t¢ smpking cessation.

al so difficylt to overcomne addi ction to other .

C 0RO HAES is kit kiedhiB&tine antagonists block the reinforcing signal from nicotine
associated with smoking addiction. Mecamylamine, an antagonist at both a.4f; and a;
receptors, is an example of a nicotine antagonist that has been used, alone and in
combination with nicotine replacement therapy, to promote smoking cessation.

In spite of the known methods for treating smoking addiction, there remains an
interest in new methods and pharmaceutical compositions for treating smoking
addiction.

1t is also difficult to overcome addiction to other compounds, including
opiates, cocaine, and other ilicit drugs. Mecamylamine and other nicotinic
compounds have been proposed for use in overcoming addiction to these illicit drugs

(see for example, Reid, Neuropsychopharmacology, 20(3):297-307 (1999);
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opi ates, cocaine, and other ilicit drugs. Mecanyl am ne
and other nicotinic conpounds have been proposed for

W@ g@eiozs6aver com ng addiction to these illicit PETYS2005/029371

(see for exanple, Reid, Neuropsychopharmnmacol ogy,
20(3):297-307 (1999); Canpi ani et al., J Med Chem :
46§®&2@1@9 al(,2lfey C(léms%@ng§3%§9 {2083} (sliscugingthe &ofe 9é dopamine
D3/ D2 receptors), Chi and de Wt H, Alcoholism

A Db31Deabceptuds)ECheardndnWal H Reldeavlisn: Qlinie@0wddepeanesy!
PiUa et al., Nature, 400:371-5 (1999) (discussing the

F R&HLn P14 Ry 3640BBTY, PRI af.,eNEzBFéJEIOQ:QO[USS(WQ% (Bebwhsing the
et al . Neur opsychophar macol ogy, 20:297-307 (1999);

Sl t.al., .J. Bh | . ExP.p T 295: 321- 327

( 23%&%:13&%64 g?paggmgpg,r{é‘ée%q%ég%l%ﬁ I,{elg%? 8595-603 (2002)

(di scussi ng how dopam ne D3 receptor antagoni sm

| MVdusoRsyclapbarecodesok 2 %89 GAR7 61&85?;@&@%18%%» Brlagmacol. Exp.

reward in rats), and Zachariou et al.

Neep 66320 3 Pgr (ee@m)t Wayel eRdl:, ST BeaBBcl , 2209595-G(13e(2002) (discussing
contents of each of which are hereby incorporated by

r i &Y & dh‘\g/]\nD? E@é;je?tcﬁ RhiabShivth inM6it@8caiRlReltifig Bhd 8dtaine-

assocl at e ug cessation (see, for exanple,

Dwoski n et .al ., "Recent el opnents in ne

] OEP BB SR e DU At B FL OB lgracotos.
pin. Ther. Patents 10:1561-1581 (2000). .It. woul d b%
deX: P HbP & 260 bk thei contents Hsach einwhish afsdisrehydneorpesated by reference
inhibiting this weight gain. Dopanmine release is
behitksieehtiretype associated with the physi ol ogi ca

"reward" associated with consunption of these

subst angR{neEaidds bfibh afocivRduligt 1A RbsafieRagBeNor example,
rel ease has been proposed for use in treating

agﬂi}’}’é‘é}‘iﬁﬁ g{ %1'5/5%&%8 88 Rpnfefs iﬁgt%ér({rrrlgg:/ﬁj%éﬁgitc iaFeetgfsaﬁol\gge?rteceptor

t opam ne rerease,

ORGP e i PSR D) o dErinl &

in some instances to nodul ate dopam ne rel ease w t hout
andeaiyablie 20 prpvadimethots ond gomositionstipeinkititing s weighbgain.
a variety of ligands that bind with
Dopamine release is believed to be associated with the physiological “reward”
associated with consumption of these substances of addiction. Modulation of
dopamine release has been proposed for use in treating addiction. Modulation of the
0.4, receptor is one way to modulate dopamine release, and may be at least part of the
mechanism by which mecamylamine is effective at treating drug addiction. However,
it may be desirable in some instances to modulate dopamine release without
antagonizing 0.4B activity. Thus, the availability of a variety of ligands that bind with
high affinity and selectivity for receptors other than a4f,, and that modulate dopamine
release, are of interest.
Further, a limitation of some nicotinic compounds is that they are associated

with various undesirable side effects, for example, by stimulating muscle and
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high affinity and selectivity for receptors other than
a4b2, and that nodul ate dopam ne rel ease, are of

WO pd06/02880 Further, a limtation of sone ni cotPEI/TS2005/029371

conmpounds is that they are associated with various
undesirabl e side effects, for exanple, by stinulatin
mgsugleonanegenionsi driveuld be dptigble to |h@VWIa0%éSacFQ§}PPéIHPES and
to have conpounds, conpositions and nethods for )

P eaessi foppenettal ahd/eatrieatnetirug addidiant, pomotprgemikingcessation,
snoki ng cessation, and inhibiting obesity associ ated

AN irﬁq\{ﬁ{ﬁﬁg %é@t{yaaggﬂcgtéd)\pith WhgtEnindadarRipe uMkse erehioligounds
pharmacol ogy wth a beneficial effect (e.g.,

i nhj bi.tion of dopani ng secreti.on byt .. : :
gt ece LS o b e ST RS RIRaLs ¢ Ml §bdopamine secretion).
invention provides such _conpounds, conpositions and
néwhvdboutSignitieant afsoeinted sileehier'sn  conpounds,

phar maceuti cal conpositions, and nethods of treatin

ni cot i NEheastelieat inventiorprgvidediuch icompowmid/ exmusisiiins ynd methods.
associated with drug and/or nicotine cessation are

di scl osed. The conpouRgdahi¥ycdfitRS IivendiRAr €asi ng
dopam ne rel ease, wi thout significantly affecting the

adb2 regeptor. crease ] e i :
decr st By dr Ao earted SogPolss yERABHRESH: fihE rftoine
admi ni stration of nicotine or iIchit.g{ S, Pd thys
heiddistion edras peiarn and gnobeptil axBHBALD e SRS pieotine

di azaspi rocyclic conpounds, bridged anal ogs of

Nhesetioanyd disileseds fihe oampbimls dampion s slecrepsing deragyse mlease,
net abol ites of these conpounds. The aryl group can be

a {iiN&it sRnifidadtiVBAREHE dhd\eperepet.i Dedredrgd dopamine release results
(heteroggéf). éggnpleg of‘?he dﬁgryl di azaspi ocyclic

compoynds NGl -} 3 ” i ith administration of nicotine or
pyllnla 56_21?63(171)&1&'81%;0%0&( rrgrvj'flrddf]ars]soor%art]%d \gln administration
| -(3-pyridyl 7-diazaspir§h4.4 nonane. Exanpl es of

brﬁ@@g%ﬂaﬁépé8£@@PWN9N@F@W8 JictioR-azaspi rocycl i ¢

conpounds i nclude 1'- .

(3- pyr i Gy Jorspiund§ ared¥-atyl dirghwpirpowlic|chmpounds, brideedgpalogs of N-

° }Ilec’:;rI;:l!y.l diazaspirocyclic compounds, or prodrugs or metabolites of these
compounds. The aryl group can be a five- or six-membered heterocyclic ring
(heteroaryl). Examples of the N-aryl diazaspiocyclic compounds include 7-(3-
pyridyl)-1,7-diazaspiro[4.4]nonane and 1-(3 -pyridyl)-1,7-diazaspiro[4.4]nonane.
Examples of bridged analogs of N-heteroaryl diazaspirocyclic compounds include 1'-
(3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3 -pyrrolidine].

The compounds and compositions can be used to treat and/or prevent a wide
variety of conditions or disorders, particularly those disorders characterized by
dysfunction of nicotinic cholinergic neurotransmission, including disorders involving
neuromodulation of neurotransmitter release, such as dopamine release. CNS

disorders, which are characterized by an alteration in normal neurotransmitter release,
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The conpounds and conpositions can be used to treat
and/ or prevent a wide variety of conditions or

wale@enesss, particul arly those di sorders char aeCEFUB208029371

by dysfunction of nicotinic cholinergic

neur otransm ssi on, including disorders_ jinvolvin

neter anotitbn Pranipla obflisprdarsdhataas Be treaied ﬁ@qi/@%@r@,verge@ hThs
dopam ne rel ease. CNS di sorders, which are

c Ramp6iiRisiane dodpodtion dag mBbiberuseditondleniate pain. The methods involve
neurotransmtter rel ease, are another exanple of

di : . .
'aﬁ&ﬁrgﬁgrgn%{]&? st o%‘[ BeE£RE %ﬁloﬁﬂtﬁz‘f‘hh NN Gghtz{%g}lro@tﬁlc

conmpoun ositions can al so be use

al | evi at in. The t s, 1 nvagl.y 1 piist erd

S Breee TR e e o R o R Bhlgnd BrBrodrug
di azaspirocyclic conpound, bridged anal og of an
N-Ohmeéa’fmhtqﬁrlerﬁpﬁtﬂe{%ls}“ﬁ@d%P‘fu’&lc?:]éh%‘éﬁ?ﬁ‘iﬂr,- or prodrug or
nmetabolite thereof to alleviate the particul ar

di sor defhe phagngebaticuhcanposittdnsdoetpdesart ¢ftaetive amburteof dre

ef fective anount of the conpounds descri bed herein.

W&%ﬁlg%gﬁ’d Qe ideld i CHWNLE cAIRIRE $n effbifive @ifdhRCihe caipounds

caus ecrease i n dopam ne release in a subject,

i t hout desonst rati ng sti mul Lt i zab -
BB aH T BLC R DI R a3 Teloe IEnk Wmgnrtting

therapeutic_benefit to individuals suffering from such
dissiordant sergHiraBXMPISPETSY cl i ni cal nmani festations of

such di sorders. The pharnmaceutical conpositions are

bel i eveThetphahrasafienl andpedifiewtirvadothcnneagabensfit tp individuals
treating these disorders. The foregoi ng and ot her

aspeelisg b H8h BIBRRAL anldrexBiMitifclafi€a] @apl fastmeshsiof such disorders.
detail Tn the detail ed description and exanpl es set
f

th.bel ow .Detailed.Descripti V@il O With ds t
cofsouiaae el sEnaGel EE bBGRR Pbe SR al R PRt regards to
conmpounds, and met hods of preparation and use thereof
arteeaging #1988 digordeife fol | owing definitions will be

useful in understanding the netes and i ) ) .
The foregoing and other aspects of the present invention are explained in detail

in the detailed description and examples set foﬁh below.
Detailed Description of the Invention

Compounds, pharmaceutical compositions including the compounds, and
methods of preparation and use thereof are disclosed.

The following definitions will be useful in understanding the metes and
bounds of the invention as described herein.

As used herein, “alkyl” refe;s to straight chain or branched alkyl radicals
including C1-Cs, preferably C;-Cs, such as methyl, ethyl, or isopropyl; “substituted
alkyl” refers to alkyl radicals further bearing one or more substituent groups such as
hydroxy, alkoxy, aryloxy, mercapto, aryl, heterocyclo, halo, amino, carboxyl,
carbamyl, cyano, and the like; “alkenyl” refers to straight chain or branched
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bounds of the invention as described herein. As used
herein, "alkyl" refers to straight chain or branched
wa@bkdoglo2ysawi cal s i ncl udi ng Cl1-C8, pr ef erabl y Clp@BUSENO&R9371
as nethyl, ethyl, or isopropyl; "substituted aIkyI"
refers to al kyl radi cal s further bearlng one  or
sUpdraceibonradjedlspnslusing CaSsmyefersily C aPRWﬂV&%&%@@ﬁt one
nmer capto, aryl, heterocyclo, halo, am no, carboxyl,
c a:faﬁmmydarbmlydnmble tamd; tdubstitivled ;alkbaW( gefpts'to raﬂfeeylsradi@als further
strai ght chain or branchedhydrocarbon radicals

| Nehtidd B Silmbre su%tﬁﬁ&{t 2Rlups & d&FirRAAbORY Bkl Sdlky1B asférs to

one car bon- carbon doubl € bond; "substituted al kenyl "

0 aIk radi c b
el MR BT SR S SRR Ao cJifin
r ef ers to saturated or unsaturated, non-aronat
cyibracdo eighfcarbon apwsiyefesbly dree to St PR O é&‘b%“ted
ei ght carbon atons, preferably three to six carbon
at gokalkys Ulefdrs totnyehbaﬂiybtadwalsyﬂu‘thfrréfeetieg oue @ypdrssihkgituent groups
radi cals further bearing one or nore substituent

Or QURSNES BIRE! NRA” 3EeMA6 arcdiatic radigdle hvih@ ik o Bl dagbon atoms;
radi cals having six to ten carbon atoms; "substituted

ar‘yl §ﬁ‘gtf & 1’t 2 {erg Yo tfg %Qfa%?&ﬁgrg)g%%&?erdr A 18 @ﬁbs@{tqent groups

uen gro s as ine ylar

refers to al kyl ted adi cal s; « :
SinssEned <Ll A ] relereip el e S 4By ecicalss spbgttuted

further beari ng one or nore substituent groups as

dedlkylegl atetoreto a‘lhylyrryhtaldgdals fogherbeating emqwl-rgmswbttmm groups as

al kyl radicals; "substituted arylalkyl" refers to

ar&éfﬁh'eli%oxfeadé@ﬁhl@l’f 1&gy arheaibstigted i radits “substituted
substltuent groups as defined above; "heterocyclyl™

L'?faﬁ%ﬁ’ P GL 1 ﬁ'&ﬁﬁn%/?fadﬁ&ﬁ%ﬂﬁ@rtt%gnfg% 6hd & Iﬁ@l@'Nsﬁﬁétﬁuent groups as

ng one o t eroat ons

g gﬁg%,&%fdé%he %cﬁgrpSt r Ak ﬁ ers: tg A 1ia VI : q\%grtategl ;‘&‘f th.cals

refers to heterocyclyl radlcals further bearing one or

mosatEnipg one eemorghaepatoms (aah hdY SaBepat ofde ginggtructure and

herein, an "agonist" is a substance that stinulates

it ﬁmhtgﬁtdfdf@ spadit Gaan dtypk aethe ying; fsebstjitied heStaayullyHtriefens to

is defined in the context of the particul ar assay, or
heterocyclyl radicals further bearing one or more substituent groups as defined above.

As used herein, an “agonist” is a substance that stimulates its binding partner,

typically a receptor. Stimulation is defined in the context of the particular assay, or
may be apparent in the literature from a discussion herein that makes a comparison to
a factor or substance that is accepted as an “agonist” or an “antagonist” of the
particular binding partner under substantially similar circumstances as appreciated by
those of skill in the art. Stimulation may be defined with respect to an increase in a

particular effect or function that is induced by interaction of the agonist or partial

agonist with a binding partner and can include allosteric effects.
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may be apparent in the literature froma discussion
herein that nakes a conparison to a factor or

W@ sh23se® that is accepted as an "agoni st" orP@NUS2005/029371

"antagoni st" of the particular binding partner under
substantially simlar circunstances as appreci at ed

t hose of\s gked herpin, ahéanggonistt is iAuhstress thatyinpibits éf |bﬁé%ng partner,
with respect to an increase in a parti cuI ar effect or

f uRpicaldi aréw@ptor s Iihilsitioe i definedirethacbhtert afthe patiagenassay, or may
or partial agonist with a binding partner and can

I ngd r&HiliRshé ﬁl'téfatﬁfef £6ihSa A8cIRH HHe&iRitRat Iﬁékes a comparison to a

anta onist” Is substance that inhibits its binding

R’ EB?#E’)P?al l {sf%'é%,g?cf ; oa[ﬂ ‘ég:gglglgp ' Ia%n‘?}ltf’g}%cgnel%[" 08the particular

ap arent inthe literature froma discussion herel

divgissingr Bedes sHbYuHially synflerceitumstansenay speecigtphby those of
|s accepted as an "agonist" or an "antagonist" of the
pasltiil doltler addi Mahibiiopanaynee defckelr withivedpacit ioad tgeredsein arparticular
ci rcunst ances as appreciated by those of skill in the

ar Lfed M QLA R Ys k?ﬁddé@(ﬁ "t?feﬁllté%étf@)nr &8 ﬂi%cﬁntﬁ%n@st with a binding
decrease in a particular effect or function t i's

i nduced b nt e antagonlst with a

bi B?}f ﬁrcf%g}cud%r?yog[g t(rg Yide allosteric effects.

As used herel n, a "partial agonist" is a substance

that prdviwesd hergipyel DRAtial pEGRILA P o SHhstaneg D apYiges a level of
partner that is internediate between that of a full or
cosphelhom b aigro bislingapelrtaer thgomnd sttenteddiaie bebyeeanthat of a full or
accepted standard for agonist activity. As used

hegghpletedantRedlidt ddndait ageMistSdefined By ahPILepes tthadard for agonist
prOV|des a level of inhrbition to its binding partner

that i nternedi ate between that of a full or

corrp e e antagoni st and an inactive ligand. It will be
recogni zed that stinmylation and,hence, inhibition

def | ned ASHIFY Hercih 4 peris afpoRighsip %%@S%PC%&%QW&A@S@ level of

substances to be defined as agoni sts, antagonists, or
panﬁmkatlolagmns bindingAmrtosediatie iafermeditebetiwesh ¢hat of a full or complete
activity", or "efficacy,"’

antagonist and an inactive ligand.

It will be recognized that stimulation, and hence, inhibition is defined
intrinsically for any substance or category of substances to be defined as agonists,
antagonists, or partial agonists. As used herein, “intrinsic activity”, or “efficacy,”
relates to some measure of biological effectiveness of the binding partner complex.
With regard to receptor pharmacology, the context in which intrinsic activity or
efficacy should be defined will depend on the context of the binding partner (e.g.,
receptor/ligand) complex and the consideration of an activity relevant to a particular
biological outcome. For example, in some circumstances, intrinsic activity may vary
depending on the particular second messenger system involved. See Hoyer, D. and
Boddeke, H., Trends Pharmacol Sci. 14(7):270-5 (1993). Where such contextually
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relates to some neasure of biological effectiveness of
the binding partner conplex. Wth regard to receptor

w@b@eaesed ogy, the context in which intrinsic BCT/US100§5029371

or efficacy should be defined will depend on the

context of the binding partner (e.g., receptor/llgandz
cotpstidic eaplyations asoreledal anfl daWd: exaﬁn%t&tbie\r?l@wém thggeptext of the
to a particular biological outconme. For exanple, in

SOpfesetit {ventdrp MGk de appdrentns bae afdididatyyskidhyn tharayt.

depending on the particular second nessenger system

i nvol Veﬁr %glen % eur@ran%ﬁte?&o\gﬂ@slé%eleﬁeqs Heﬁfh@e?l by the compounds
Phar maco . 7):270-5 (1993). Where such

te I eci fi uat| ans e] evant

R e AR A ﬁce%l?%oglé‘ﬁt Adbpamine,
|nvent| on, wll be apparent to one of ordinary_skill
i nnarRRingphrine Aserpiesinh 8r¢i glutapats: otida Hagricop@pundg degeribed herein
rel ease is nediated by the conpounds descri bed herein
i nfulnuden adagoniskseommirtidliagbhied at one acetoyd ohibleiGeairal Nervous System
dopam ne, norepi nephrine, serotonin, and gl utanate,
an@l{l ounds described herein function as
agoni sts or partial agonists at one or nore of the

Ce]wt al _Neryous System (CNS) nAChRs. |. Conpounds The
co%@gm N-aryl diazaspirocyclic corrpounds

bri dged anal ogs of Nheteroaryl diazaspi rocyg

conpoundBe cqrpRingdg aredy-apd diggasnitosyclisicompesnds, gﬁﬂ%ﬁﬁ‘r?&‘él,ogs of N-
and pharmaceutically acceptable salts thereof. The

c ohgzerongs dimamphrooytlic epmanchdspprokiatge on mgibphtes of these compounds,
acetylcholine receptors in the patient's brain in the

Coaﬁ&ﬁaqaanhh&aaeﬁm&eptaméllsaamtﬁereaas al ganglia, and
spinal cord Vhen so bound, the conpounds express

ni cot i ml“ﬁ g‘?ﬁé 0919@{11182(9 émh 'ﬁuﬂﬁ[atté 1%1?1#10 a?é?gichohne receptors in

ant agoni zé ease 0 am ne a

O B A e B TR P BN

a neasure of the ability of the corrpound
cord. When so bound, the compounds express nicotinic pharmacology and, in
particular, can antagonize the release of dopamine at effective concentrations that do
not significantly antagonize the a4f3, receptor.

Receptor binding constants provide a measure of the ability of the compound
to bind to half of the relevant receptor sites of certain brain cells of the patient. See,
for example, Cheng et al., Biochem. Pharmacol. 22:3099 (1973). The receptor
binding constants of the compounds described herein, at one or more receptors other
than the 4P, receptor that mediate dopamine release, generally exceed about 0.1 nM,
often exceed about 1 nM, and frequently exceed about 10 nM, and are often less than
about 100 uM, often less than about 10 pM and frequently less than about 5 pM.
Preferred. compounds generally have receptor binding constants less than about 2.5

1M, sometimes are less than about 1 uM, and can be less than about 100 nM.
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certain brain cells of the patient. See, for exanple,

wW@h@an23B0 al ., Bi ochem Pharnmacol . 22:3099 (197G)/US200$029371

receptor binding constants of the conpounds descri bed
herein, at one or nore receptors other than the a4b2
r ecept oPraférablynibdicampowtsy e aess Hleddewd-bigarkarren, gnd thus enter the
exceed about 0.1 nM often exceed about 1 nM and
f r egueDhéyoexserth abepatict. Mg Brdluas proofdeanmeasse dftthdability of
about 100 mM often | ess than about 10 mM and
fr I : R r
gg&%P{)t}l/rYdhﬂg?g% 435 agﬁffgér | orebakr, Bh&f &7 Ki6106RAPARRE e,

genera recept ndi ng constants | €ss than

abou .5 netinmes age less than_abouyt 1 a

ca e e o AR SR o 0B i P arERab T ghal ) & Chem 11:1
conpounds can cross the blood-brain barrier, and thus
ent{9168). nEymeatdogaP valses fou shesspsmnonnds desprbysharein ere gepgraly greater
val ues provide a neasure of the ability of a compound

t OtHRASBOBGI00S Dfidn dicf dreseahabatiout 6F andsfiejuentdy @re greater than about
bi ol ogi cal nenbrane, including the blood brain

baprd : Hars

cnory 0 PGB Iof IR o SRRE A Clespan atlu Vot froquently ae
conpoynds. descri bed herein are generally greater than
abggfﬁmﬁﬁg?mg%ten are greater than about 0, and

frequently are greater than about 0.5, and are

t ypi cal [yoneembadimantaherompourdsthaye Hreestiugiye fopegsenipd by Formula
2, and frequently are less than about 1. In one

embddlowent, the conpounds have the structure

represented by Fornula 1 below. Formula 1 In the

formula, Qlis (CZ2)U, Q@ is (CZ2)V, Qnis (CzZ2)W and

Qis (CZ2) X where u, v, wand x are i ndividually 0, 1,

2, 3 or 4, preferably 0, 1,2 Qr'*3. R is hydrogen,

| ower al kyl, acyl, al koxyc 'Bagyl or aryl oxycarbonyl,
preferably hydrogen or |ower qbkyl. When the val ue of

uis 0, the value of v %hst be~*greater than 0, and, in

the case of Formula 1, when 'the value of wis 0, the
val ue of x nust be greater “than 0.
Cy
Formula 1

Tn the formula, Q" is (CZ)u, QVis (CZy),, Q™ is (CZy)y, and Q" is (CZx)x
where u, v, w and x are individually 0, 1, 2, 3 or 4, preferably 0, 1,2 or 3. Ris
hydrogen, lower alkyl, acyl, alkoxycarbonyl or aryloxycérbonyl, preferably hydrogen
or lower alkyl. When the value of uis 0, the value of v must be greater than 0, and, in
the caée of Formula 1, when the value of w is 0, the value of x must be greater than 0.
In addition, the values of u, v, w and x are selected such that the diazaspirocyclic ring

contains 7, 8, 9, 10 or 11 members, preferably 8, 9 or 10 members.
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In addition, the values of u, v, wand x are sel ected
such that the diazaspirocyclic ring contains 7, 8, 9,

wQ@ Q0061023630 nenbers, preferably 8, 9 or 10 PCT/US2005/029371

menbers. Formula 2 I n anot her enbodi nent, the conpounds
are represented by Formula 2, above. In Fornmula 2 Qlis
(CZ2)U, Q@ is (CZ2)V, Qnis (C;Z{)\V\Q\QNiS (CZ2) X, Qv
is(CZ2)y and QVI is (CZZ)therééﬂ V., w, x, y and z
are individually 0, 1, 2, 3 0 \pneferably 0, 1 or
2. The val ues of u, v, mn(& f#z are selected such
that the bridged diazasplrbcy licring contains 8, 9,
10, 11, 12 or 13 menbers, Nref¥lably 9, 10, 11 or 12
menbers. In the case og; ormula 2, the values w and x
can be sinultaneously In addition, R is hydrogen,

| oner al kyl, acyl, al koxycarbonyl or aryl oxycarbonyl,
preferably hydrogen orFomwda 2al kyl . Each i ndivi dual Z
represents either hydrogen or a suitable non-hydrogen

subst i t yeflotlpesbesin{cat, he cathpotinds Stespredantedthyatidtitiula 2, above.
cycloalkyl substi tut ed cycloalkyl heterocyclyl

%SIIE ary aegg‘ﬂgg gjdm{é (&?}2:3 R,H; %L@ ))Iw, ﬁtvq? (@Z% Q is(CZ,)y and
ar§$)l%t<¢%52wﬁ%éh%my2é‘& p&yﬁg@gﬁ tOYEh. ROt pxSferably 0, 1

five- or six-nmenbered heteroaromatic rlnlg In one
enbodi Henvalugyofivg vawst,y En’!érib'éﬁ selestehepcbithatiile bédged| a:
Each of X, X, X', X'' and X'" is individually

Ni §7a08pitocydlit lh@g%ﬁnt’@ﬁn@ ded, 1) 10xXyDeN A Be@bers Arefrabty 9lel0, 11 or
or NNO functionality) or carbon bonded to a

S ubs He%d‘ﬂ)xﬁt 17 RECAES of PInITRL € thd ¥Rt %ﬁd cakbe Hmultineously 0.

are nitrogen or 'ni trogen bondedt o oxygen,
anﬂf1 red hat or t

i, Wi b5 dyogen, Jerer st acp b SisdcpesrBhad! ofirstiisysafbony,

In addi ti on, |t is highly preferred that not nore than

onpregirably hydrogae or lgwer allil. X" be ni t r ogen bonded t o

oxygen; and it is preferred that if one of those

speci esEa¢h individige A romadadt ditheokydyegen drhabitsiie corhydrogen

X ". Most preferably, X" is nitrogen. In certain

pr gliRfifRe: Plekied! (B 2RAS subdRulfedalk@ Ny clbalkyRlsBbstituted cycloalkyl,
heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, alkylaryl, substituted
alkylaryl, arylalkyl or substituted arylalkyl; but preferably lower alkyl or aryl).

In either formula, Cy represents a suitable five- or six-membered

heteroaromatic ring. In one embodiment, Cy is a six membered ring of the formula:

\

Each of X, X', X", X" and X"" is individually nitrogen, nitrogen bonded to
oxygen (e.g., an N-oxide or N-O functionality) or carbon bonded to a substituent

species. No more than three of X, X', X", X" and X"" are nitrogen or nitrogen bonded

-10-
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nitrogen. Typically, X X' and X'" are carbon bonded
to a substituent species, and it is typical that the

w@aipseieaent species at X, X' and X'" are hydrPgEOS2009029371

certain other preferred conpounds where X'lis carbon

bonded to a substituent species such as hydr

ant® oxyeen.and ot i prafetresiibat onlyoren taorrfehRer Xp >8f @rerd' be nitrogen
conmpounds where X' is carbon bonded to a substltuent
specniasgaiisdhdasd thyxiseg.em addithongitXs higatyeprbfetded thdt hog@ore than
In anot her enbodinment, Cy is a five 5-nenbered

hepgr ﬁ@ioﬂaw" Cx hﬂ(gX'”SMtr@Eenod’Jnﬁ&!l fo o{}}ééﬁfrbnd it is preferred that if
t hi ophe | soxazol e, |soth|azole oxaZol e, thlazole

pyrazo oxadi a azol e

SRS Foseurucs irreD bt et AT bR TRl Most
descrlbed in US. Patent No. 6,022,868 to O esen

al prefarpllyc¥hissniireeey Ipfspiain araderoterqyatskanges, hethel r@né " are
reference in their entirety. One way of depicting Cy

I Sni®gbm| Toyisallywixe X& aid Xittar¥ carhbe bbndbidub disabstituent species, and it
nitrogen, nitrogen bonded to a substituent species,

oxiégt?ﬁcaﬁHétftHé s&"sﬁﬁ@ﬁt@%@m@soﬁ@@ it hdax'® URSKYdr &AL For certain other
speC|es and and are nitrogen or car bon bonded

to_a.substituen S.. as i |ca
{ nRRAEH C@g}?&gn%%‘@ﬁ & efi iy e §REGo gl ﬁ%let%eﬂvi%e‘%e%wsh as
can be either S|ngle or. doubl e bonds., However, '
t hBydseeRn. Bettfet nary batcnitpogans In ceitagy P@lebswéerrqdrf@%v@ﬁads where X
between Y' andY" nust be a doubl e bond and vice versa.

| niscasen Hondehiochsubstituent spedesssugly emhydrogen, Xuand X1 bse both

one of Y and Y" is either oxygen or sulfur. At |east
ongitRken, Y, Y' and Y'" nust be oxygen, sul fur

nitrogen or nitrogen bonded to a substituent species

I t ' N pirbg ortllie?%mtblaatm%?)? {sea,fi&%qmteﬁfbgleed(i{ete%argmgnc Ian% such as

rogen or rogen
to a sub ent species S further refe red t
at Pmﬁgxfimﬂnwﬁnw%?@wﬁ%t o peeRxarge, piazgle, Pﬁaz‘gﬁdlaz"”'

Y'" be nitrogen. Substituent species aSSOCIated W th
anyxafiazgle, X,3,4-¥%adixble andt Ing,4¥riazple. Qthenpxhmples of such rings are

described in U.S. Patent No. 6,022,868 to Olesen et al., the contents of which are
incorporated herein by reference in their entirety. One way of depicting Cy is as

follows:

Yll YI"

where Y and Y" are individually nitrogen, nitrogen bonded to a substituent species,
oxygen, sulfur or carbon bonded to a substituent species, and Y' and Y™ are nitrogen
or carbon bonded to a substituent species. The dashed lines indicate that the bonds
(between Y and Y' and between Y' and Y") can be either single or double bonds.

However, when the bond between Y and Y" is a single bond, the bond between Y' and

-11-
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Y'" (when any is carbon bonded to a substituent
species or nitrogen bonded to a substituent species),

wo y@eo2deBy have a sigma m val ue between about POT/BSENF029371

about 0.75, frequently between about -0.25 and about

0.6, and each sigma mvalue individually can be 0 or
nofY"eaushbe & donlde bondandieiteversm el dagesat edrielat o Yiiis pxygen or
Hansch et al, Chem Rev. 91:165 (1991). Exanples of

Susiiak] enl§! l@bs bf upaty'siperh@vxegaosisalfed M lelstany odl, X, Y" and
X X, X, X", Y, Y oand YU (when any i s

Ca@bqgu%%%@g&g%%lé ts&ﬂ{ftﬁr”ﬁ%éé&%ﬂr?@e?@do ﬁe@fo ﬂétﬁ)‘é%@ﬁ species. Itis

bond ent Species rogen,

g: Eﬁqﬁéfrgdutﬁéérglgte%gtp% E%gmcgaﬁ( ,K?’u%/( ’and;gh :eg)%l;'l;ée{eny Fulfur nitrogen or

cycl oal kyl, substituted cycloal kyl, aryl, substituted
ar pitrogsh kyndedytp a ssbisitednt spasipsalldy farfher preferyadsthgiat least one, but no
substituted aryl al kyl, halo (e.g., F, d, Br, or 1),

- ORtlore tRYURee, of QR YChhd YNGR nitrdgeRl, - SR1, -N3, -
C(_ONR'R' -NR ( _O R', -C(=OR, -C0=0 CR1,

- 0( C/I\?O)l %ﬂstktﬁ% %c%s)afsgcolca?ﬁwth a%%kﬁﬁg @RK@(X@ ? Y' Y" and
SO2NR1

g SRR SR aRae] %?u%ﬁ%t Spsmas & ERpgpeic o o

chai n or branched aI kyI i ncl udi ng - pr ef er abl

Cl sdsfitugntspegiss bisally havng pigmgrm Vg]@s ,bggg;qe;l about —0. yand about
cycl oal kyl, heterocyclyl, aryl, or arylalkyl (such as

be0zasl )”reqlamdy beiveeea mbbutt-@@éranﬂrabnmt](). 6;and .cattl sipaha R valae
corrbi ne to forma cyclic functionality. The term

" shatiihMbedin RO SRRt LEth tPzab Kkl detddi¥ed i ¥EdoPdinky IWlth Hansch et

and the Ilkerefers to the substituents described

abo o and ending with - NRLISO2R'.
ﬁp?%%" gg%& @9@ groups include 3-pyridyl

(unsubstltuted or substituted in the 5 and/or 6

posi t i ofamPigstoh suifaploTubstEenirsprdpItsedifed with any of X, X', X", X",
SUbStituentS) 5- pyrinmidinyl (unsubstituted or

subgt,i,'ed" amd WHéwhemarsy isicarbonibbhdeainty aclibstireent species or nitrogen
bonded to a substituent species), include hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted
cycloalkyl, aryl, substitufed aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted
arylalkyl, halo (e.g., F, Cl, Br, or I), -OR, -NR'R", -CF3, -CN, -NO, -C,R', -SR', -Nj, -
C(=O)NR'R", -NR'C(=0) R", -C(=0O)R/, -C(=O)OR', -OC(=O)R', -O(CRR"),C(=O)R,
-O(CRR"),NR"C(=O)R', -O(CRR"),NR"SO;R', -OC(=O)NR'R", -NR'C(=O)O R", -
SO,R!, -SO,NR'R", and -NR'SO,R", where R' and R" are individually hydrogen, lower
alkyl (e.g., straight chain or branched alkyl including C;-Cs, preferably C;-Cs, such as
methyl, ethyl, or isopropyl), cycloalkyl, heterocyclyl, aryl, or arylalkyl (such as
benzyl), and r is an integer from 1 to 6. R'and R" can combine to form a cyclic
functionality. The term “substituted” as applied to alkyl, aryl, cycloalkyl and the like

-12-
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af orenmenti oned substituents), 4 and 5-isoxazolyl, 4
and 5-isothiazolyl, 5-oxazolyl, 5- thiazolyl,

wW®B2{0b/0236d46 oxadi azol yl ), 2-(I, 3, 4-oxadi azol yl ) BPCT/US2005/029371

3-(1,2,4-triazolyl). Representative aryl groups

i ncl ude phengl, naphthyl, furanyl, thienyl, pyridinyl,

py refers & hglsubsiaenty dgprribgshabora stamjng wighibalel andyendingryeth -
indolyl. OQther representative aromatic ring systens

ar silRss,F'orth in G bson et al., J. Med. Chem 39:4065

(1996). Any of these aromatic group containing species

can be Eggtﬁf)f-eg HE SeaBlel %ﬁ)}l%%%%fudgﬁ-g)ytﬁﬁ?ls&h%b%ﬂﬁted or substituted

group, Su as those des abov at are

associ ateq, wi_.t h x' d.the |li.ke. Represent.atjy

S uBSE cotio Cimherignl) iy oL e RBe RO ap b et 5-

al koxy, aryloxy or am no substituents. Adjacent

s ubwitntdiesd (ensybstitute or sybstitugd inythe 2 pysition withrang q§ther -

(when substituents are present) can conbine to form
onefodémdémioacd subistimienld), drand risiddrazalyt dl, arglubibihiarobd, Boxazolyl, 5-
unsubstituted carbocyclic or heterocyclic rings

c Oﬁﬁéioﬁh,”ﬁgl ﬁg,m?)&l@faz!)lgﬁj .’%—Sﬂf&,ﬁ%xagitagﬁl&l) 02881 3 4-tABbBY).

am ne, ket acton cCtam carpbamate, Orf urea

St o1 coi OS5 g, S RO Oy oGl erorany, thensl

enanti omers_and racem ¢ m xtures_of such conpounds, as
webyridisylnpyritidinylopyiaainyt. nyridpetybgrinedingl apd 1ndlgbili Other
excess. The conpounds can be in a free base formor in

a saprdsefitative frengtic riag sphtansrameaett fothlinh Gitson eptlabl #led. Chem.
salts). Exanples of suitable pharmaceutically

ac§eRbad|1®osh! Asy bmksdoR9s §a0) Comainthgdiibt & %gb&ituted

such as sulfate,” phosphate, and nitrate;organic aci

addi. t i salts h _as _acetate al gctara .

or Sttt Bty s 1B R5ob&! Sheye fhog re associated
tartrate, citrate, maleate, fumarate

me Phkie S0f fisilice Represeufativsivbsiérudly inchkly allodgityahalo, hydroxy,
salts with an acidic amno acid such as aspartate and :
gl atkarmtagylomy &edminpstbdtiteats s such as sodi um and

pot assi um al kaline earth netal salts

Adjacent substituents of X, X', X", X", X", Y, Y', Y" and Y" (when
substituents are present) can combine to form one or more saturated or unsaturated,
substituted or unsubstituted carbocyclic or heterocyclic rings containing, but not
limited to, ether, acetal, ketal, amine, ketone, lactone, lactam, carbamate, or urea
functionalities.

The compounds can occur in stereoisomeric forms, including both single
enantiomers and racemic mixtures of such compounds, as well as mixtures of varying
degrees of enantiomeric excess.

The compounds can be in a free base form or in a salt form (e.g., as
pharmaceutically acceptable salts). Examples of suitable pharmaceutically acceptable

salts include inorganic acid addition salts such as sulfate, phosphate, and nitrate;
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such as magnesi um and cal ci um anmoni um sal t; organic
basic salts such as trinethylamne, triethylam ne,

w@eoea23sa) pi col i ne, dicycl ohexyl am ne, and NSPCF/US2005/029371

di benzyl et hyl enedi am ne; and salts with a basic am no
acid such as lysine and arginine. The salts can be in
sonegaoizses! didira selfs suchatshagtele, gadhararaiesproplomate, succinate, lactate,
stoichionetry of the salt will vary with the nature of

t helyeeRRORRNES tarffefRe! E5eR! AhicuR, Amhdrsteanethpi@vifeede, as
described in U S. Patent Nos. 5,597,919 to Dull et

al tolu%%e?l}iﬁonye(s aﬁ@%ﬁg}bl(ﬁegga[lﬁlwit}?ﬂgac%dighgﬁréﬁg’%ig Quch as aspartate and

Ruecr et af. closures O

i ncorporated herejn by reference in their entirety.
RoSRLARHE Ak EmEBh YR HBE 750 s a0 S s lfine edith metal salts
7-(3-pyridyl)-1,7-diazaspiro[ 4. 4] nonane _

7- sechmpmagndsingl and Talpivin aramenipe falf; digariafasic salts such as
7-(5-isoxazolyl)-1,7-di azaspi ro[ 4. 4] nonane

7- (B btholahine @listhYlamibe/ ph dide ioliaE, Alidichubeaylemfie dnd N,N'-

, 2, 4-oxadi azol )yl)- 1,7-di azaspiro[4. 4] nonane 7-(2-(l

73 ziﬁaeg%}?%?@%%d}é{ﬁﬁx?ﬁ ag1|d7s'aﬂ§ B .a%f.a[dr iffd 3B as lysine and

azaspiro nonane

7" LB RS s Do o RS el -G by Toe

7-(5-cycl opent yl oxy-3-pyri dyl L |, 7-di azaspi ro[ 4. 4] nona )
e SPiqBmHBHYC Syl Gy th e Btk fhe GIapoReRisn Ffercsentative
7-(5-(4-hydroxyrhenoxy)-3-pyridyl)-I,7-diazaspiro[ 4. 4]
nordnefe proveled s kescBibpy i Uy, Palent/Nod. $25959110ad Dull] et @ha§1616,716
e 7-(6-chloro-3-pyridyl)-1I,7-diazaspiro[4.4] nonane
7- (SDIR X YadBs,BY3, 5 5% R¥dcdott etat IHRARSMISuRs bf Hridnage
incorporated herein by reference in their entirety.
Representative compounds include the following:
7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5-pyrimidinyl)-1,7-diazaspiro[4.4]nonane
7-(5-isoxazolyl)-1,7-diazaspiro[4.4 Jnonane
7-(5-isothiazolyl)-1,7-diazaspiro[4.4]nonane
7-(5-(1,2,4-0xadiazol)yl)-1,7-diazaspiro[4.4nonane
7-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4nonane
7-(2-pyrazinyl)-1,7-diazaspiro[4.4nonane
7-(3-pyridazinyl)-1,7-diazaspiro{4.4]nonane
7-(5-methoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5-cyclopentyloxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5-(4-hydroxyphenoxy)-3-pyridyl)-1,7-diazaspiro[4.4]nonane
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wa2qsAoe®exazol yl ) -1

| -(3-pyridyl)-Il,7-diazaspiro[ 4. 4] nonane
1-(5-pyrimdinyl)-I ,7-diazaspiro[ 4. 4] nonane

1 (5- isothiazolyl)-l , - diazaspiro[4 4] nonane
9 oxadlazol)yl 7-di azaspiro[ 4. 4] nonane
2(-5(€fth3313’1r3t9¥51§15’1é21d ﬁgaze)spmb%ﬂpalzaa@pl ro[ 4. 4] nonane
1 (2 pyrazinyl)-1, 7-di azaspi ro[ 4. 4] nonane 1-(3
-pWM6démMnympwibmyuvamaaﬂﬁm¢¢4hﬁMWﬁnane
1-nmethyl -7-(3-pyridyl)-1 ,7-di azaspiro[ 4. 4] nonane
i- "VB(Fthbﬂl@x;( 5@&&&%;@1} mfﬁtalaélas&r@[ua@m&lé o[ 4. 4] nonane
me

hyl - 7-(5-T soxazo 1, 7-diazaspiro[ 4. 4] nonane
'Ieérgy'rrfd;ﬂ)% a%splr%fépjl]}’mﬁan% 7-di azaspiro[ 4. 4] nonane

oxadlazol) -1, 7-di azaspi ro[ 4. 4] nonane
1 H’E(t i‘ﬁ)’lmnild’(nfl)(ll 7 d1azasp1ro[4 4]nonane
, 3, 4-oxadi azol )yl )-1, 7-di azaspi r o[ 4. 4] nonane
1-daﬁHybgﬂeb@éb%ﬂ&zhn@kﬂ44hmﬁmﬁiazaspiro[4.4]nonane
| -met hyl -7-(3-pyridazinyl)-I,7-di azaspi ro[ 4. 4] nonane
| - megshiydihibz§191) MET-AR%NspBo Py 4 jndidne | . 7- di azaspi ro[ 4. 4] no

nane

14?5@%%%%&%&%ﬁkf}ﬂe?‘%%ﬁ’%ﬁoﬁéf BYORERE ) gy 15 o) 222SP T

i) 7- j

1- &@@r@3‘5’4}5&{1?@39{{}&%E%W@%%Ah@nw. dyl)-1, 7- di azas
i .4

PI a&%ﬁgmgzggﬁg?gtdiwwirﬂ4ﬁ%dm¢ )-1,7-di azaspiro[ 4. 4] no

nane

1- rre(BtpyndZmﬁﬁ)qm brsBirp4]dynahe 1, 7- di azaSpl ro[ 4. 4] non
anel - met hyl - 7- (6- met hoxy- 3- pyri dazi nyl)-1,7-di azaspiro

4.
[7- I%E‘ﬂ?@m gynd d’ylcsla%aSp}m(}ﬁg %Oé‘SP?o[ 4. 4] nonane

1-methyl-7-(5-pyrimidinyl)-1,7-diazaspiro[4.4nonane
1-methyl-7-(5-isoxazolyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-isothiazolyl)-1,7-diazaspiro[4.4nonane
1-methyl-7-(5-(1,2,4-0xadiazol)yl)-1,7 -diazaspirq [4.4]nonane
1-methyl-7-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4Jnonane
1-methyl-7-(2-pyrazinyl)-1 ,7—diazaspir6 [4.4]nonane
1-methyl-7-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-methoxy-3-pyridyl)-1,7-diazaspiro[4.4 Jnonane
1-methyl-7-(5-cyclopentyloxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-(4-hydroxyphenoxy)-3-pyridyl)-1,7-diazaspiro[4.4nonane
1-methyl-7-(5-ethynyl-3-pyridyl)-1,7-diazaspiro[4.4Jnonane
1-methyl-7-(6-chloro-3-pyridyl)-1,7-diazaspiro[4.4]nonane
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7-methyl - 1-(5-pyrimdinyl)-1, 7-di azaspi ro[ 4. 4] nonane
7-met hyl -1 -(5-1soxazolyl)-1,7-di azaspi ro[ 4. 4] nonane

wQ@ 20081083686 | - (5-i sot hi azol yl) -1, 7-di azaspi r o[ 4. BTMORZN®029371

7-met hyl - 1- (5- (1, 2, 4- oxadi azol )yl ) -1, 7-di azaspi r o[ 4. 4]
nonane

7- rrempiayl-7-(¢-methoxy; Upwidedingbol, Ydlidzaspi{ 4 loasys r o] 4. 4]
nonane
7-WahﬂﬁbhL{l%yﬂ&ﬂﬁlﬁnﬂhimbﬁﬂﬂdﬂﬂiﬁﬁeiro[4.4]nonane
7-methyl -1-(3 -pyridazinyl)-1, diazaspiro[4.4]nonane

23R gx%)f)ﬁgmgwg%gfsgggagg,ﬁﬁé%ﬂﬂ honane
2 5 | tﬁtgfﬂ%g}%ﬁézf"iﬂ%l?%zas él?'[ﬁé'[l%l g‘?ﬂgﬂgne

2 5 (1,2, 4-oxadi azol) 2, 7-di azaspi r o[ 4. 4] nonane
2- (Iamethyl- B(Srisortuerodd bl )7y<%1§12a291170[&|4émp¢r o[ 4. 4] nonane
2-(2-pyrazinyl)-2,7-diazaspiro[ 4. 4] nonane

- (73npyi- thes-( nyﬂ)oxadﬁzﬁlbﬂ)l-&lﬁ pdindspiréirdnaiage
5- met hoxy- 3- pyridyl) -2, 7-di azaspi r o[ 4. 4] nonane

E}n&}i*}l' p@ﬁ@whoasaéaféz%lg éﬂala% %zaspl A% Lol 4. 4] nona

(
@ (5= phenoxy- 3- pyr | 3° 4] nonane
&gﬁé‘[ﬁy Y-?i-p}fl)a/lg nyﬁ Wblazas%}’mtﬂx]'n%mﬂ -di az asp| r 0[ 4. 4]

2 5-eth nyI yridy I% 2, 7-di azaspi ro[ 4. 4] nonane
2- (enethy }@-B%&Zira@ﬂ sligzagnizo}44plonapes. 4] nonane
2- (6- et hoxy- 3-pyridazinyl)-2, 7-di azaspi r o[ 4. 4] nonane

2- ﬁE(B#gyhd%)(zsl-ni)azﬁspybﬁ4—.42]nanaﬁeaz aspi ro[ 4. 4] nonane2-net h
- 7- (5-met hoxy- 3- pyridyl)-2, 7-di azaspi r o[ 4. 4] nonane

2-(5-pyrimidinyl)-2,7-diazaspiro[4.4]nonane

2
2-
2

2-(5-isoxazolyl)-2,7-diazaspiro[4.4]nonane
2~(5-isothiazolyl)-2,7-diazaspiro[4.4]nonane
2-(5-(1,2,4-oxadiazol)yl)-2,7-diazaspiro[4.4[nonane
2-(2-(1,3,4-oxadiazol)yl)-2,7-diazaspiro[4.4]nonane
2-(2-pyrazinyl)-2,7-diazaspiro[4.4]nonane
2~(3-pyridazinyl)-2,7-diazaspiro[4.4]nonane
2-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4nonane
2-(5-cyclopentyloxy-3-pyridyl)-2,7-diazaspiro[4.4nonane
2-(5-phenoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-(5-(4-hydroxyphenoxy)-3-pyridyl)-2,7-diazaspiro[4.4Jnonane
2-(5-ethynyl-3-pyridyl)-2,7-diazaspiro[4.4]Jnonane
2-(6-chloro-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-(6-methoxy-3-pyridazinyl)-2,7-diazaspiro[4.4]nonane
2-methyl-7-(3-pyridyl)-2,7-diazaspiro[4.4]nonane
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2-met hyl - 7- (5- phenoxy- 3-pyri dyl ) -2, 7-di azaspi ro[ 4. 4] no
nane 6-(3-pyridyl)- 1,6-diazaspiro[3 .4]octane

wa. 200803686 6- ( 3- pyridyl)-1, 6-di azaspi ro[ 3 . 4] oCPEN®S2005/029371

2-(3-pyridyl)-2,5-di azaspiro[ 3. 4] oct ane

5- met hyl - 2-( 3- pyrldyl) 2, 5-di azaspiro[ 3. 4] oct ane
6- £3n iiylrﬁyi Jnethogyci-puridypr 2, p{dBz8imimiaAmonane

1-met hyl - 6- (3-pyridyl)-1, 6-di azaspi ro[ 3 . 5] nonane

2- Q3n@yyl-Ty3-phehory BLBARS DL, @-[di’azQs]pih@[lfam}ﬁonane
5-met hyl - 2- (3-pyridyl)-2,5-di azaspi ro[ 3 . 5] nonane

: %%?%thgll)&ara%sgir??fg%{a% gzg]sgle?ng 5] decane
7 &3?%% gX%éwﬁya g§ﬁ§ %$%g %gﬁd%?gFi.S]decane 8-(3

yridyl)-1, 8-di azaspiro[ 5. 5] undecane
I ﬁdﬁfrwhdsl)(lsi giaraspyrp)3-4logtagl azaspi r o[ 5. 5] undecane
O her representative conpounds of the present

i n\saﬁ&thgm-'(mpylﬁk@e)-z,Baﬁémlbimmgoctane
-(3-pyridyl)-spiro[ 1-azabicycl o[ 2. 2. 1] hept ane- 2, 3

Byegfg)g gredzd%zas‘%?h ﬂ%ﬂan% pyridyl)-spirof

1 azabi ptiane-2,3 '-pyrrolidine]

1%}1@5%-%@3‘199%3 P Gﬁa%hiéf hiciBht oL 1-azabi eyel of 2.2

ne %3g@gg;ﬁ&ﬁfﬂgg&g%%hziﬁgéég[I-azablcyclo[2.2.1]hepta
- (5- (4- hydr oxyphenoxy) - 3- pyri dyl ) - spi r o[
1-éaﬁhhywzhbbﬁdaﬂ}lﬁhﬁmmmﬁaﬂ2§$ukmn@yrroIidine]
2-(3-pyridyl)-2,6-diazaspiro[4.5]decane
6-methyl-2-(3-pyridyl)-2,6-diazaspiro[4.5]decane
7-(3-pyridyl)-1,7-diazaspiro[4.5]decane
1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.5]decane
8-(3-pyridyl)-1,8-diazaspiro[ 5.5Jundecane
1-methyl-8-(3-pyridyl)-1 ,8-diazaspiro[5 .S]Jundecane
Other representative compounds of the present invention include the
following:

1'-(3-pyridyl)-spiro[ 1-azabicyclo[2.2.1 Jheptane-2,3'-pyrrolidine]

1'-(5-ethoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1 Jheptane-2,3"-pyrrolidine]

1'-(5-cyclopentyloxy-3-pyridyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]

1'-(5-phenoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1 Jheptane-2,3'-pyrrolidine]
1'~(5-(4-hydroxyphenoxy)-3-pyridyl)-spiro[ 1 -azabicyclo[2.2.1 Theptane-2,3'-
pyrrolidine]

1'-(5-pyrimidinyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
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r-(5-pyrimdinyl)-spiro[l-azabicycl o[ 2. 2. 1] hept ane- 2, 3
"-pyrrolidine]l -(5-isoxazolyl)-spiro[

\Vaammmhwewclo[z.z. 1] hept ane- 2, 3 ' - pyrrol i di nePCT/US2005/029371

-(5-isothiazolyl)-spiro[l - azablcyclo[z 2. 1] hept ane- 2
3 rrolidine] 1'-(5-(1 ,2,4- oxadlazol)yIL spi rof
e S@WDUE)ZSPEO[II:PW@HWQW 2.1theptapg2: Binytiotidine]
r (2-(1,3,4-oxadi azol )yl )-spiro[l-azabicycl o[ 2. 2. 1] hep

t allle(SZw&hr@Wy[)Cﬂplild[1n@z}abﬂcyc1(322 D)‘l]”t&ptaﬁyJZ)}’-@prrbE{hne]
1 azabi cycl o[ 2. 2. 1] heptane-2,3 '-pyrrolidine]

1] he%‘@ gﬁ%@%ﬂy I)Sﬂ%hljgﬂ[ %b%ag .’PQ’ q }%b%ng 2,3'-pyrrolidine]
2(2381% %F%c? ft;%%ﬂbls){)ln)o 1sgzarb9 10?22.?.? he}g‘galng [223 -%yrrl)Fg" gg]a

%6 chl oro-3-pyridyl)-spirofl - azab|c¥clo[2 2. 1] hept an
@-pypyaingd)-srifal éjazabicyclo[2.2.1]heptane-2,3"-pyrrolidine]

r (6- met hoxy- 3-pyridazinyl)-spiro[l-azabicyclo[2.2.1]h
ept adepy2iddzinpyspiad[ilcimbicclo[2R.1heptane-2,3'-pyrrolidine]
pyrldyl) splro[l azabicyclo [2.2 2]octane 2,3

B T R e e S R s
?555-9@%8-&9%;1YMP1@Ilpf/%%ba%yﬂol% il ans-zza%-lowe}%flﬁ
2]octane 2,3 -ry rrolldlneﬁ
r- (15C6pméth@azy331y§§1a11@w “srisqlil ragphicyclelBiZe\berspe-2,3 opsealigine]
e-2,3 '-pyrrolidine]
1' 1¢6-fykidylehpirsipimabizyyip B2 poctaiyi2)3 eyitifine]
1 azabi cycl o[ 2. 2. 2] octane-2,3 ' -pyrrolidine]

15@%@%@2 YD 1SRGl 222 BB H b0l By Rotling 2

g-cyc o} %r(l) ?0&? }gr}/(iyi) S ro loLzablcyc ol[f ¥ %!] oc[tane—zl g‘lp%}frto?lﬁme]
(5- pyr|n1d|nyl) spiro[l-azabicycl o] 2. 2, 2] oct ang- 2, 3

&, QSr]ghepgq;yTé-}pyndyl) sp1r0[1 azab10yclo[2 2.2]octane-2,3"-pyrrolidine]’

-(2-pyrazinyl)-spiro[ 1-azabi cycl o[ 2. 2. 2] oct ane- 2, 3

@yﬁF(th}drm@phmoxyB3wndyl}xpmg{ll Yazalpicyadp[2.2.2]octane-2 3'—pyrr011d1ne]
1- azablcyclo[z 2.2]octane-2,3 ' -pyrrolidine]

1" 1(6- 'd ) H@Fl'—a[t‘tibﬂsy@@ X 232]octa.ne 2,3'-pyrrolidine]
[1 azablcyclo . 2] octane-2,3 yrrolldln

pyrfqﬁ ety SR PLLARGAR Yo e FLREAR P 3

3 1- —Ix%gqtm iﬂ?’ gﬁlp}/rlozl -azal 1cy[:lo[ 5 %P %120 -2pylrroﬂhne]t ane-2,

r-(5-(1, 2, 4-oxadi azol )yl )-spiro[l-azabicycl o[ 2. 2. 2] oct
ané C—(Z;m’raqjg{yl)—wimﬂ 1 ragdbicyclo[2.2.2]octane-2,3 -pyrrolidine]

ne

1'-(3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 -pyrrolidine]
1'-(6-methoxy-3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 -pyrrolidine]
1'-(5-isoxazolyl)-spiro[ 1-azabicyclo[2.2.2 ]octane-2,3'-pyrrolidine]
1'-(5-isothiazolyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine]
1'-(5-(1,2,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.2 Joctane-2,3'-pyrrolidine]
1'-(2-(1,3,4-oxadiazol)yl)-spiro[ 1 -azabicyclo[2.2.2 Joctane-2,3'-pyrrolidine]
1'-(3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1 Jheptane-7,3'-pyrrolidine]
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r-(2-(1,3,4-oxadi azol )yl )-spiro[l-azabi cycl o[ 2. 2. 2] oct
ane- 2, 3' -pyrrolidine]
\N@2@BMﬂymidyl)-2'FLspiro[I-azabicyclo[2.2.1]hep®nnsﬂmymw3n
-pyrrolidine]l -(5-nmethoxy- 3- pyrldyl) 2' FLsplro[
1 azablc clo[2.2, 1]heptane rrolid
ﬁ}oe;rzs Sniexridyky2 B=spyrel ldwjowzclﬁi/?s%ﬂ }f@pﬁanaimpczgreh@ne
[2 2 1] heptane-7,3 '- pyrrolidine]
r - (15¢ phpaapentyBoxyy3-peydy)-2 Hssip| t-apdbiazdd)? Cyldhagitahe27,1} h
eptane-7, 3" -pyrrolidine]
- ﬁ@hgydroxyphenoxy)-3-pyridyI)-2'FLspiro[
azab|cyclo[2 2. 1]heptane 7,3 '- pyrrolidine]

r-(e h oro Y o
g slp FEReSy 36R éﬁéﬂé SR gy iy e
rimdinyl H-spirof 1-azabi %

1] Heﬁ-%gydyowphﬁwya-@mmdm;} H-spiro[ 1-aza 1cyclo[2 2 1]heptane-7,3'-
r-(2-pyrazinyl)-2"Hspiro[l-azabicycl o 2. 2. 1] hept ane-7

, 3'pypylidiak] di ne]
r-(3-pyridazinyl)-2'Hspiro[l-azabicycl o[ 2. 2. 1] hept ane
7 18(6- QMBfooﬁJp ié}-2'H-spiro[ 1- azablc clo[2.2. 1Hheptane—7 3’—pyrr011d1ne]

r-(6-nmet hoxy-3-pyridazinyl) - spiro[l-azabicyclo[ 2.2

ReL @aof&ns%&%z%ycao%;ggheg;aae&a it
r- (15? ] S%EH@ «l I%Splrré[? ﬂ@%&yq%? 2.2 Liksptayet 3[-pyrsolidingd pt an
(ra- 65?1-£§%/a21&;§h;;£bﬁlyaaabwyﬂo@2.ﬂ febteag- a3 -pyabofigeR. 1
] hept ane-7, 3" - pyrrolidine]
R e

§az§ 2oy JifSRRGLY [29aGhdRhe2r S firolilfhe] -
conp Eor i % %f %@

can preﬁa usin a

of a?@a{ﬂe -y oL e S By b g iR TSt are!
1). Arylation at Nwith an appropriate aryl, or
ot d-6- s g-cnedieralty P Hosmirol trezabicyclof2.2. Theptane-7,3pyrrolidine]

1'-(2-(1,3,4-oxadiazol)yl)-2'H-spiro[ 1-azabicyclo[2.2.1 ]heptane—7,3 '-pyrrolidine]
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or triflate can be perforned according to nethods

known to those skilled in the art, for exanple,
weapboyicsy netal (e.g., copper or pall adi um coP@DURNSF/029371

catalysis. The preferred general method in the present

invention utilizes the teachlngs of Buchwal d or

HarllwMethedcof Breparing dhe Compopgds Chem , 61: 7240

(1996); Hartwig et al., J. Og..Chem, 64: 5575

(1999); see also Ad et al Schgme Am Chem Soc. 120:

9722 (1998)), wherein an amne is treated with a

pal | adi um( O) catal yst, a phosphine |igand and base.

Thus, 1-benzyl-1,7-di azaspp(;:)[4 4] nonane i s reacted PC

with 3- bronDpyrldlne mn Mfe presence of

I
tris(di benzylideneac I)dlpalladlunﬁﬁ) 2,2 - Q——BP
bis%d@mhﬁnylphosQ$' -5V - bi napht hyl and sod|um o |w
tert-butoxide in , to 0 Q
givel-benzyl-?-éiipy mdyl)diazaspiroF9.4]nonane

Renmoval of the zyt” group by hydrogenation, over }Q¢&—Q

pal | adi um on clrbon, provides 7-(3-pyridyl)-

di azaspi ro[ 4. 4] nonane. Alternatively, one skiIIed |n

the art will recognize that various protecting group

strategi es can be enployed to provide products bearing

an aryl group on nitrogen N, as opposed to N

(Reaction 1, Schene 1). ajticularly useful \
conbi nati on of pr ot eg{f g, dr oups in the present r/y\‘
invention is benzyl &hd @Ycyrbamate, spggifically, \

t er (RIARIGNar bamatgl Thus, / '\
1- benzyl -1, 7-di azagpi 1o X]nonane i s dqedverted into
| - benzyl - 7- (tert- icar bonyl ) -1, 7-di azaspi ro[ 4. 4] n

nane by treatnment/wth di-tert-butyl di car bonat e.
Subsequent hydr&genati on and pal | adi untat al yzed Ar
aryl ation, with 3-bronopyridine, gives
7-(tert-butoxycarbonyl)-1I-(3-

pyridyl ) di azaspir

al of the.
Pt Ve e apRuIotSobHRS i D e ErepeveH dsiggaygeneral method

provides |-(3-pyridyl)-diazaspiro[4, 4] nonane. Finally,

I n IRAYIng asedaiofied oee NmiRUZNED af an eptismalinprojected diazaspiroalkane
dissimlar, and whenever Nis tertiary (as in Reaction

2, (Sin}haﬁmell)) Arglatier bl N evithr anl dppraptiatf arll, 6Apref@ably heteroaryl, halide
acconpl i shed without first protecting N . Thus,

I ¢ kifPfle &fn ﬂ)e derfihRe@aRiof b tsHhBABANEN M f those skilled in the art, for

3- bronopyri di ne,
example, employing metal (e.g., copper or palladium compounds) catalysis. The
preferred general method in the present invention utilizes the teachings of Buchwald
or Hartwig (Buchwald et al, J. Org. Chem., 61: 7240 (1996); Hartwig et al., J.
Org..Chem., 64: 5575 (1999); see also Old et al., J. Am. Chem. Soc. 120: 9722
(1998)), wherein an amine is treated with a palladium(0) catalyst, a phosphine ligand
and base. Thus, 1-benzyl-1,7-diazaspiro[4.4]nonane is reacted with 3-bromopyridine

in the presence of tris(dibenzylideneacetone)dipalladium(0), 2,2'-

bis(diphenylphosphino)-1,1'-binaphthyl and sodium tert-butoxide in toluene, to give
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under the palladium catal yzed conditions reported
previously, gives al nost exclusively

W@ 240803680 dyl ) - di azaspi ro[ 4. 4] nonane. It w || PEI/US2005/029371

obvious to those skilled in the art that incorporation
of substituents on the heteroaryl ring introduced onto
substituents can provide useful properties in and of
t heyEEEanaG0RovELT 026 paBadtukl dAdagbohOprokidet NEB-psyiayihet i
di & ' c : t: '
s SFARBlrE PR e AehB 0 ARl R R A

P& BLQup.S pilestialcs garb‘sgglaﬁyoyeq to-provide products bearing an aryl group
di azaspi ro[ 4. 4] nonane can be nmade by reacting
7-di azaspi ro[ 4. 4] nonane according to procedures
degsshbibgsbrPé rbRUEA Y grokpeiRahy plesér® inv@hition is benzyl and a carbamate,
'n L bt &~ PHD PRHRR L - OAHBShne |
R S s e
al ., Recueil  Trav. [ Pays-Bas.74. 1062 . i
NS SRS e SR ot - AUe g A pie by
s ubseatinent with dotesiobirpisdiesaponste. prubsedusat hysregenptien and palladium-
manner. 5-Et hynyl substituted conpounds can be prepared
coupling using 2-methyl-3-butyn-2-ol, followed by
g?gf%d t ﬁﬁgﬂﬁ) 4@%5’151&5“ HHa061 the SR ¥Rox XarB§1 group, with
descrihed.in.Cosfard al .. Med. . Che 39: 3235 .
(15585 Hi8ie RaT IR OHES FlaBmindraiitausUeeis By in many
t he correspondigg 5-et henyl , and subsequent|y to the
hydr ogenati on reactions. The 5-azi do-substituted
anReagi®ona S clbangl cyehictde fnytaton o€ Nocab bermocaptpbed erithyut first
5- M acihBING - THES tddctbeor ﬁ'?ﬂii%@iﬁf{@AEﬁmﬁﬁ@ﬂﬁh 8chrbmBpyridine,
the 5-brono conpound by reaction with an appropriate

t he-banat-ds@imuilykdinsaspun 4rnersadi Remowal ¢fAbeibergykgroup by
el aboration. A suitably protected heteroaryl
%g[i@%e @bt various

heteroargl ring, For ex
3, 6a dittegomdhyas ogpesed v@ NHReadionzy Scheme 1). A particularly useful
| - benzyl - 7- (5-brono- 3-pyridyl)di azaspi r o[ 4. 4] nonane
in the presence of a copper catalyst. 5-Alkylam no
f r canulyel drylatiompyictodgbesmchybidinea pivasdV(rertctattan yeaddnyl)-1-(3-

unit, according to the general techniques
cof#ses pheigilhgnds @?ﬁ%ﬁcé}%\‘lﬁéﬂ@ﬂﬁ& ag¢h whenaiey N 18 sy (pgin
reaction with lithiumazide in N, Ndi net hyl f or mam de.
S ogriléjerrnﬂ?el Mfaﬁﬁﬂn‘i@ﬁ%l&%ed éo%gﬂioﬂgnreported previously, gives almost

exclusively 7-(3-pyﬁdyl)-diazaspif'o[4.4]nonane.

It will be obvious to those skilled in the art that incorporation of substituents
on the heteroaryl ring introduced onto the diazaspiroalkane can be readily realized.
Such substituents can provide useful properties in and of themselves or serve as a
handle for further synthetic elaboration. A suitably protected heteroaryl
diazaspiroalkane can be elaborated to give a number of useful compounds possessing
substituents on the heteroaryl ring. For example, 1-benzyl-7-(5-bromo-3-pyridyl)-1,7-
diazaspiro[4.4]nonane can be made by reacting 3,5-dibromopyridine with 1-benzyl-
1,7-diazaspiro[4.4]nonane according to procedures described previously. The
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al kanet hi ol ate), using techni ques known to those

skilled in the art of organic synthesis. A nunber of
wWo@ren2mp@al ogs, bearing substituents in the 5 POFUS10051029371

of the pyridine ring, can be synthesized fromthe

correspondi ng am no conpounds, Vvide supra, via a

5- ¢ORYBHPI R géxeﬂzylﬁr@rbf@@pai-pyn@)éwaﬁ%rom.4b10n@¢e into the

5-substituted anal ogs that can be produced from

5- doazgpondingSadrhinorsubstitedd abmpouricdatide, actuthplashed Bothe general

limted to: 5-hydroxy, 5-al koxy, 5-fluoro, 5-chloro,

S- i9lRod Gf ZNAREs al ARD i MBLE 301N PAINEEE: $£TBEY gfb%fSS?ﬂH which the

be synthesized using the general techniques set fdrth

in,Zwart et al pr.a. For exanpl.e,.

| DG Pombpdd raied 2y tadiSpr AT Opiadn fe.preeprs of 4coppReeatalyst

nane can be prepared fromthe reaction of the

cofrabplaming gubstigited epmpawndasan hepreparediing smiliar manner. 5-Bthynyl-

wat er. Li kew se,

| - Babstiylted edrbpadddexyn Be prepardy fjord thé-Sebhramasiontpolidd BY paltadium

anes can bemade fromthe reaction of the diazonium

sal ' A ' Hadi j t :

B e T2 2Ry codiom

be . knowy to tho skilled in the. art. 5-Mer Q oo

oubSE i Batet 28 g S g Gindab ietef BBhsiaves deseribed in

described in Hoffrman et al., J. Med. Chem 36: 953

( 16&giord vhal., 8- Med a9 3235 89@ ddredasthynvh apalpgs capde

converted to a 5-al kylthio substitutuent by reaction

Wi tchnwaoie o hiyeedrebsp@amniih g ethppyl pard subeeqabktyy tobthe terdsponding 5-

Subsequent oxi dation would then provide a sul fone.

5- AWl aRHI6R BNaLQesivetathiREe ﬁ{,&ﬁg&ﬁﬁaﬁ RBFor0 RIS do-substituted
can be prepared by reaction of The correspondi ng

5-amiin Q | ropriate acid anhydride. .

> L0 SRRSO GSARPLCRObEAB L SepiEEl ium s

skilled in the art of organi ¢ synthesis.

5- malpel&*iyng plermanide %@kﬂggo-évbﬁlﬁée%@&wm pepegpared from the

conpounds can be used to prepare correspondi ng

5- attcamodomppusdiby tdattisreditc empprmpisatb godivmcikydmewiaptide (sodium

the appropriate acid, acid chloride, or acid

anhjidnétiiats), Ksnk &RhnighHes 1BroMndb @dse skilled in the art of organic
synthesis.

A number of other analogs, bearing substituents in the 5 position of the
pyridine ring, can be synthesized from the corresponding amino compounds, vide
supra, via a 5-diazonium salt intermediate. Examples of other 5-substituted analogs
that can be produced from 5-diazonium salt intermediates include, but are not limited
to: 5-hydroxy, 5-alkoxy, 5-fluoro, 5-chloro, 5-iodo, 5-cyano, and 5-mercapto. These
compounds can be synthesized using the general techniques set forth in Zwart et al.,
supra. For example, 1-benzyl-7-(5-hydroxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane can
be prepared from the reaction of the corresponding 5-diazonium salt intermediate with

water. Likewise, 1-benzyl-7-(5-alkoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonanes can be
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conpounds are precursors of both the 5-aryloxy and
5-heteroaryl oxy via nucl eophilic aromatic substitution

w@eooelozssBr on deficient aromatic rings (e.g., PCT/US2005/029371
., 4-fluorobenzonitrile and 2, 4-dichloropyrindine). Such

chen1stry is well kpown to those skilled in the art of

or A BoB\the Fastiqn oEihe diazgeinm, it wids aleehpls 4gpigeriate S- “diazonium
prepared fromthe 5-hydroxy conmpounds by al kyl ati on

Wi sditsabi b ubal to desthesize @yase bt bdld eolnpswndsy aswvidl be known to those

M t sunobu chem stry, in which a trialkyl- or

tr hianyd phasphi BaviaRaptdisebdtivhtichs @eh Babhaxl atifg @écﬁmques
typl cally used. See Hughes, Org. React. (N Y.)

h S, Pr e lat..
ggségﬁc)) c? 1?11 I?;\%n F’f S]&Qﬁ% b(aheg% Bg 55%%2593) e 5—1%%fca€5t%n SO
5 Cyano- substltuted anal ogs t he aforenentlog ed . i
coRpsters cain E, W&PB‘Y%& dog é e diqisibstutuent by reaction with
correspondi ng 5-carboxar ni do-substituted conmpounds.

Fusddien hiygddobndsarsappesuiatesalkyl bromiviet iSohsagfienthoaidation would then
correspondi ng 5-carboxylic acidsubstituted anal ogs.

Reghftdesulont. hg_&cgpaylﬂa@ aBdOS! d i Sdreanadliofsd Wrhpbunds can be
I| hi umal um num hydri de yi el ds the correspondi ng

5 PIILRRTBY BBt 06 on B AR S UORIb LG AR 9% uf Abropriae

rom cor res car box
ac:ld substltuteda sbyr action with

appie grisakide or Rod|c ds AR E R (1 thosyailleg in the art of

those skilled in the art of organic synthesis.
5- Gabiowyhthesiaici d- substitut ed anal ogs of the
af orenenti oned conmpounds can be converted to the

cor r esperHydgxeaibetititddyanaRas bf 0@ afdrbiedivrRARbAPLIEIs@an be used
alcohol and acid catalyst. Conpounds with an ester

m&g el ?‘es@oﬂé’ hb @ydl 2105(%9{??5@1%6&) @oxﬁ@%ﬁ‘ag gy\f‘éatcﬁon with the

oro e or um num

z;gﬁxgg@né L AT

conpounds bearing an ether noiety at the 5-pyridyl

pos¢mp@mdp yre saettsan ofhbath tl%ﬁaw&ﬁmﬂuﬂaet%m@rymy via nucleophilic

appropriate al kyl halide, using conventiona

t eatoiiatioeabstiblticar A atdcireh Yefididt® aromatic rings (e.g., 4-fluorobenzonitrile

5- hydroxynet hyl - substituted anal ogs can be reacted

Wi 414 5 QM En1GRb PiAEind)O SRERUGSistry is well known to those skilled in the art
of organic synthesis. Ether derivatives can also be prepared from the 5-hydroxy -
compounds by alkylation with alkyl halides and a suitable base or via Mitsunobu
chemistry, in which a trialkyl- or triarylphosphine and diethyl azodicarboxylate are
typically used. See Hughes, Org. React. (N.Y.) 42: 335 (1992) and Hughes, Org.
Prep. Proced. Int. 28: 127 (1996) for typical Mitsunobu conditions.

5-Cyano-substituted analogs of the aforementioned compounds can be

hydrolyzed to afford the corresponding 5-carboxamido-substituted compounds.
Further hydrolysis results in formation of the corresponding 5-carboxylic acid-

substituted analogs. Reduction of the 5-cyano-substituted analogs with lithium
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t he correspondi ng 5-tosyl oxynet hyl anal ogs. The
5-carboxylic acid-substituted anal ogs can al so be

w@orvemeiced to the correspondi ng 5-al kyl am noacR¢T/US2005/029371

anal ogs by sequential treatnment with thionyl chloride

and an appropriate al kylam ne. Certain of these am des

ar eluanowm hydride sigldsyheearesspending H-eminrimaeteylaaglogs. 5-Acyl-
substitution to produce ketones. Thus, the so-called
Veisttseilbutadrighdsgs(dhh ve phepasedNirore thiyéspondiag b-catacylivhdil-substituted
aryllithiumreagents to produce the correspondi ng

3 S5l 5 10150 s AL gt o s

ana .0f, the aforenenti oned conpounds can be
coﬁ%@@a@H&?ggfﬁgm%%ﬂ?%ﬂiﬁﬁﬁing 5- net hyl - subst i t ut ed
conpounds by reduction with [ithium alum num hydri de.

5- Tosy| éx§abexylic-asishsbstivtedrnalegh e gforementioned compounds can
af orenenti oned conpounds can al so be used to produce

5- dkkyhvestel 36 tHelbadspoadinglesidss byt @adtactitlomn aprrbpréae alcohol and
al kyl I'i t hium reagent. 5-Hydroxy-substituted anal ogs of

t hg.af Ny :
S UMW A 0 858 o b ot

b ' i .t h L kyl ¢ :
Naryih oty e B At B s e prsgiacs foecpgesponding
af orenenti oned conpounds can be used to prepare
5- arREsgrTRHkAPituted Bt pgsu TAGSCHIRRES ARy gma R be eprgrted to

derivatives by reaction wth al kyl chloroformate
estcempoamts bidadhgkatl ethermdiatyydt itlssoS-panidyt] @ositive bp ecictiveivwth sodium
usi ng techni ques known to those skilled in the art of

or gaiide SMUNPPlcPriafeFRY Halid& SsABIbAEARUONI PedhARRRs. Alternatively,
descCri bed hereéinbefore Tor the preparation of

G SR D e

by Eﬁ%&%@%&%&%@{éi@%@%@ﬂ%@%ﬁ‘é@iﬁ Splia st pstivted

6- am nopyri dyl di azaspi r oal kanes can be converted to

t hendogs empsedhengpnsierdedohoitimemdsporidim g F-atkylamissgcylvmaddgs by

’ aZec:Jueential treatment with thionyl chloride and an appropriate alkylamine. Certain of
these amides are known to readily undergo nucleophilic acyl substitution to produce
ketones. Thus, the so-called Weinreb amides (N-methoxy-N-methylamides) react
with aryllithium reagents to produce the corresponding diaryl ketones. For example,
see Selnick et al., Tet. Lett. 34: 2043 (1993).

5-Tosyloxymethyl-substituted analogs of the aforementioned compounds can

be converted to the corresponding 5-methyl-substituted compounds by reduction with
lithium aluminum hydride. 5-Tosyloxymethyl-substituted analogs of the
aforementioned compounds can also be used to produce 5-alkyl-substituted
compounds vig reaction with an alkyllithium reagent. 5-Hydroxy-substituted analogs

of the aforementioned compounds can be used to prepare 5-N-alkyl- or 5-N-
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transforned to a variety of conmpounds with
substituents at the 2, 4, and 6 positions of the

WQRe06a23880 ri ng as was described for the 5-subseCT/usmds/029371

anal ogs above. The requisite 2-, A, and

6-an1nogyr|dyl dlazasplroalkanes are available via the
ChiasYiFasadnaylpeasitisthtesk campaupds bY tpeetipoyith A alkyl- or N-

di azaspi roal kanes (e.qg., |-benzyl-7-(3-pyridyi)-I,

di azﬂisptyamhtés.%-mﬁnﬁnaubﬁ'ﬂsied inhel dgpofatie afmséméntmlédlcompounds can
sodiumam de. Simlar reactions are described in

Ch Qfé‘u%&d bb Rbpdte B%EIQﬁ&QArb&aQQH@ QUBEBute/ O HPFINLS and 3! rutrea
3 pp (InterSC|ence Publ i shers, 1962) and by Laht

2 99
de PPt pFGH T ST 67 RS S anﬁr&?%{f?r Mo
has been acconplished, the optlonal protectl
carftsosiaies deseeivalih #sie dochniqups keo %?p%p ?ﬂé‘flp dhegart of
condi tions. Thus, for exanple, hydrogenonS|s of
I-bmgx@dsﬁﬁhﬁﬁs.aIkoxy-S-
pyridyl)-I,7-di azaspiro[4.4] nonane will generate

7-(5-al @ié)/m&n@é/ 4rlafgobs td thgséjd@éfﬂ%a' Hefdiffo b RADAME ipreparation of
Those skilled in the art of organic chem stry w

ap th C i rin tect S

o C B Bt RaPEABTOLLY PP p b S b P Tme
functlona ties. In sone cases it can be necessary, to

r etsxmhesawﬁ qnalogs Rearingubstgnents inthe 2o4.a0d|0Ra81tioRe of the pyridine
protecting group with another. In an alternative

appingadior exanile, asymhlee of 8-, df, qoy G-athimepwirhddinzaspiechlkanes can be
pyridyl diazaspiroal kanes, 3, 5-dibronopyridine can be

ConvavdrRd tb Heokldspoh@ingBRRRHin SalPmtcthk@msits SwRicR BB be
and 5-aryl oxy- 3-bronmopyridi nes by the action of sodium

hlci)lcs&éé gﬁ%‘?{obi% W&Hﬁ?ﬁ%&e@ th Eﬁb%ﬁﬁ%i{seﬁ @euf |3, %)zd 6 %smons of
L9208 s AT i S P B8 i

pr eparation 7-(5-(4-nmet hoxyphenoxy)-3-pyridyi) -
, 2= cH-candspinsiopyridyl dirzaspirorbkanes arp avdilable via the Chichibabin

’ 3 5-di bronmopyri dine with sodi um 4- met hoxyphenoxi de in

N, headtior bhyhdubstivant §eri@yl\diszaspitvalitmedte(d; 1-benzyl-7-(3-pyridyl)-1,7-

met hoxyphenoxy) pyri di ne. Coupling of

3- R4 AT YYRRBEP K RS MR sodium amide. Similar reactions
are described in Chemistry of Heterocyclic Compounds, Volume 14, part 3, pp.3-5
(Interscience Publishers, 1962) and by Lahti et al., J. Med. Chem. 42: 2227 (1999).

After the desired heteroaryl ring functional group manipulation has been

accomplished, the optional protecting group can be removed from the diazabicycle
using appropriate conditions. Thus, for example, hydrogenolysis of 1-benzyl-7-(5-
alkoxy-3- pyridyl)-1,7-diazaspiro[4.4]nonane will generate 7-(5-alkoxy-3-pyridyl)-
1,7-diazaspiro[4.4]nonane. Those skilled in the art of organic chemistry will
appreciate the necessity of pairing protecting groups with the chemistries required to

generate particular functionalities. In some cases it can be necessary, to retain a
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with | -benzyl-7-(3-pyridyl)-1,7-diazaspiro[4. 4] nonane
in the presence of sodiumtertbutoxide, and a

W@ a10al09363€ anmount of PCT/US2005/029371

tris(dibenzylideneacetone)dipalIadiun(O) and 2, 2" -
bls(dlphenylghosphlno)-l "-binaphthyl, in toluene

f oPRIGIKRLE Geliti do EiDjase 9ne Pratersing EFoup Wikh anatkeri ng
group, W I | provide

7- (5- (41med hleexygphenppiohelBtopie syhthgsid of pyridine-substituted pyridyl
di azaspi ro[ 4. 4] nonane. O her aryl halides undergo the

pahla%gép%hﬂaﬁé%l y 3%&%%@@6 L8268 LR eHES Thd BRTorresponding 5-

preV|ous y.

or ARG tf'}]ﬂ%'g”é?%ﬁafafxo R Rt bV BROE TP if dium akoxides

and optionally 1-position protected 1, 7-
di 8y seskin eriokfiero Paaeedpessisachets thysetioserdied byi Gaming gt al., J. Org.

necessary. This technology is especially applicable in
caghsm. SHa9 (2998 -ahd dlvppy et ali, Recud| Brasti OhianHoays-Bds M, 1171 (1955)
and 5- bronopyrimdine, where the aromatic ring is not

ACLNMALEITHRREInTHIHCA 8D hd biEpAEASDYS.(AiRAdx wﬁén‘aya;{) 3-pyridyl)-

n some cases, coupling of the heteroaromatic ri

I h d h h
JeRe i RS TRk R AR R
SI X-menbered heteroaromatic ring conp ounds V\,hl ch are
ac tethaxyphangwisiedin DeN«iéprihy] fenwwﬁﬁgﬂ@s duBemP ot on,

are known by those skilled in the art of organic
sy ntettesiyphenery)pesidinpl Epupling of 3-bromo-5-(4-methoxyphenoxy)pyridine
7-(6-chl oro-3-pyridazinyl)-I|,7-di azaspiro[ 4. 4] nonane

c a%tlhel -BUBRYNESH -ﬁ)?ﬂdﬁf -9 W'-(ﬁa@sﬁ'r@[m AEANE RS pRAeARDf sodium tert-

, 7-di azaspi ro[ 4. 4] nonane. LI kew Se,

2. ?Hfg?(ﬁi?o Py &&glw H&th o% t‘%&‘? H?ﬁé}hﬁé{’éa&té%é)&p&?ﬁ%h(O) and 2,2'-

I azas

7 %@(4: o gh}xmpq])l[ ngZI n){)lél)ia:i)lglg}yll g%l gglﬁ?q%ghg%&eélb %r;/gneger?oqyms of the

respectlvely The coupling reactions described in this
appéenayhpiotasfingigatipewilppitovaldi Ta(h-@amethyzyhenox St pyrayd-1,7-
anmenabl e to hi gh through-put synthetic techniques.
Thumizaspitopr.4hynse. cOonpounds of the present invention

can be produced by coupling, in a 96-

Other aryl halides undergo the palladium-catalyzed coupling reaction
described previously. Thus 7-(5-pyrimidinyl)-1,7-diazaspiro[4.4]nonane is prepared
in a similar manner from 5-bromopyrimidine and optionally 1-position protected 1,7-
diazaspiro[4.4]nonane followed by deprotection, if necessary. This technology is
especially applicable in cases, such as 3-bromopyridine, 3,5-dibromopyridine, and 5-
bromopyrimidine, where the aromatic ring is not activated toward nucleophilic
aromatic substitution.

In some cases, coupling of the heteroaromatic ring to the diazaspirocycle can
be accomplished without the use of palladium catalysis. Examples of both five- and

six-membered heteroaromatic ring compounds, which are activated toward
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wel|l plate format, for instance, various hal oarenes

W th various diazaspiro conpounds. Specific D azaspiro
wWoRWG/0B63¢ ens Optional ly protected di azaspi r oaP®ENE2005/029371

i nternmedi ates used to prepare the conpounds of

Fornukggghcand Il can _be prepared by nunerous nethods.

SeVEF

RrEaRIcHBsEnY: dka kogw@ hyrfhesekdicdiia shearbof organic

known and can be prepared using prior art methods.
Howseywridsesis.t Rer exypmiphee 3#(6-chforofepyirdbeinpirdi Atlmsaspib e nonane can be
pal | adium chem stry is newto the art, and the

phaghmead fah 3a8Hicklokdpydidatil€andl SLdBALAEAS. 40ROt Likewise,
appreciated in the prior art. The conpounds of Formula

1,
di aZaspiro ane core

M—ﬁfcforyp%%%iﬂﬁ, g\cﬁ:? Q-kg&%oﬁigk’%eﬁgﬁfr%ﬁa v%éhzb?:edﬁ%zrag%roié.ﬂnonane to

can

depi.ct in Scheme 2. Alkylation of N-benzyl-L-proline
et jTe L Shloas @it e PP OUL Figniesttiohg-BiedeyD 1.7
such as lithiumdiisopropyl am de (LDA) and the
anidiazaspito) . 4bgobna respectogbnonmet hyl benzyl ami ne,

provi des a beta-lactam according to the procedure

repor t edreyoteid@Actiohs dABibeNBIthisPplicatdh; WEQBe Fed8@ihim
and Tet. Lett. 25: 1635 (1985). This can subsequently

be
th

2

pr SPEEY ©

ec%%ﬁ%?(g ?Bflé\ér)]ttz%lel | gp%lﬂ\;lg’ttcf‘ﬂ\l}gﬂ‘gﬂiﬁﬂg}ﬂ}éﬁﬁ siyg%e{ig te%fu%}illledse Thus a
TSR Sk B B TS a2 Lvping, i a6

oxi dative cleavage wth, for exanple, eerie ammoni um
ni tyedk atedpiopat fopihgtaece variolisdwbepenes Fad{hjasiotiadiezaspiro

Al ternatively, chemistry simlar to that described in
EP cpaipenidsappl i cation 901 17078.7 (publication nunber
EP 0 417 63 1) can be used to produce a gem na

bi s( hydr t rebv.gtd nd subsequently convert
it tot rﬁ%g@%ﬁé@sﬁﬂ@%‘y‘g?ggﬁnﬁo[ 3, 4] oct ane (Schene

2 e TP S B B SR AR 554 e o

wWth selectivity for the less sterically hindered
az @pm@pwgds of inmg@]@N and II can be prepared by numerous methods. Several of

these diazaspiroalkane intermediates are known and can be prepared using prior art
methods. However, the synthesis of the intermediates using palladium chemistry is
new to the art, and the pharmaceutical activity of the intermediates was not
appreciated in the prior art.

The compounds of Formula 1, where u=v=1, w=0 and x=3, possess a 2,5-
diazaspiro[3,4]octane core which can be prepared as depicted in Scheme 2.

Alkylation of N-benzyl-L-proline ethyl ester (Aldrich Chemical), using a
strong base such as lithium diisopropylamide (LDA) and the aminomethyl equivalent
cyanomethylbenzylamine, provides a beta-lactam, according to the procedure reported
by Overman, J. Am. Chem. Soc. 107:1698 (1985) and Tet. Lett. 25: 1635 (1985). This
can subsequently be reduced with lithium aluminum hydride to provide the 2,5-
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produci ng 2-aryl-2,5-di azaspi ro[ 3, 4] octanes. The
i soneric 5-aryl-2,5- diazspiro[ 3, 4] octanes can be nmade

wWdY00bi02R®B0 prot ecti ng the azetidinyl nitrogen (®T/OS2008029371

i nstance, a carbamate) and then perform ng the

arylation, followed by deprotection. Scheme 2 The ,

c ofibenad demyative o] Sadiazaspinel ¢l pctenep Repaqval ofthe haazyk aptecting
possess the 1, 7-di azaspiro[ 4. 4] nonane system whi ch can

be g pHdyeithaco@isiengtidmorukiditios sleaeddeadish, feekample, oéric

whi ch are shown above in Schene 3. In one enbodi nent

( %H%gil.@ Eit@l‘ceS Wifl @Pd&ﬁcé’ b AL £5LEHird)B ,Ql:]&d?&e.e%germatfv‘éfy, chemistry

exanp enzyl -L-proline et ester, can

y
deprofonated. with [l.ithiumdiisopr.o ] nd .al |.owed
£ o Sidlag 5 gabtambet i H s AP SRR PO RIS F 228 Fmber B
provides nethyl 2-(2-nitroethyl)-Ibenzyl pyrrolidine-
2- 041 B6xY) cande vsebtoanyodine argsgiealibivthyiroxecthyl) deyivgtiye pnd
usi ng Raney nickel, followed by |actam zation by
me it eguekitip wonstet it toobe deditel |25 dianasplie[ 3 Joctahi®(Scheme 2). The
exanpl e, heating in a suitable solvent with or w thout

onaci d % : . g !
o %@%F(gizegg |ura§ﬁ§‘j.l %Tt%%%g_} gzgfa}lon,rﬁ's_?jﬁbegﬁﬁd L R8AEK, would be expected

one.

|, 7-di azaspi.r ol 4..4].ngnane;: 6- qne c¢an.al ternat.i.vel v, be

or Bpsp BB R B Re s Y8R Bl PRl R Ofen
reported in the |iterature. Such teachings _indicate

t hatoducigg Pragyh3s Spliareerirob 4 ckineh e essisenene a-apd-2,5-
deprotonated with lithiumdiisopropylam de and al | owed

t odiaespyito 3y fdetaans ednkyd madeatsy geprbtestinhtheszetidinyl nitrogen (with, for
chl oroacetonitrile, then subjected to nitrile

r egliehtOn AR ahd %én%r&%ﬁ%qge Bylatioh efdRowed Bg deprotection.
reported by Cul bértson et al, J. Med Chem 33:2270

(1990). O her teachings indi gak&ndpat a suitably

protected proline ester can be deprotonated with
l'ithiumdiisopropylam de and allowed to react with an

al kyl ati ng agent such as allyl _hrom de (Method C

Schene 3). The resulting olefin n be

oxi datively cleav o an al dely as repar tigm,by
Genin et al., J. ?Jrq‘g&A ém 581233 :
2. ll\l/\CN

2. H,/Pd |
bn

ITI 1. LDA ITI
H

bn O 2. Et0,CCl w
3. LiAIH, 2. benzyl amine
OH
3. Hy/Pd

n

o—=2

The compounds of Formula 1, wherein u=2, v=1, w=0 and x=3, possess the
1,7-diazaspiro[4.4]nonane system which can be prepared according to numerous
methods, several of which are shown above in Scheme 3. In one embodiment

(Method A), a suitably protected proline ester, for example N-benzyl-L-proline ethyl
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(1993); Hnds et al., J. Med. Chem 34:1777 (1991),;
Kimet al., J. Org. Chem 61:3138 (1996); EP 0 360 390

wa@r@e2330 Pat ent No. 5, 733,912. The al dehyde cROT/UR®N5/029371

be subjected to reductive animati on with an ammoni um

salt or primary aliphatic or aromatic am ne, according

{ oestet hutibe demomianatel wibdahisi dilsepropylaride end allowed to react by

Al ternatively, the al dehyde can be reduced to the
comMiekdebndtifion ®l abethylans THie palvides ehethyl @A(2twigosthol)ted

to an am ne by conversion to a |eaving group, followed

by di £ i . : . :

o RO TR b LS, SRR A Dt PSS poine
an_azi de j on. and bseguently reduction to t ri nar.

e Srk HEPNeALY BRI sh hEERbahekfh PR in the
The al cohol can be converted to an am ne » _

us (fog Meanspladisatiesing suitehls solyenidvillk gs withowraaaciklie pybasic catalyst),
The al kyl 2-am noet hyl pyrrolidine-2- carboxyl ate,

obbaivided 1asmayldi,Hgidzasprngs efnohle 6rmiehods descri bed

above, can be cyclized to a spirolactam by net hods

known t Q‘IhE h %fi\e}%ﬂﬂr{;\n @?ﬂh&hab@%- doan A6l E@bfeggreh Rccording

a suitable so or without an acidic or basic

ﬁg%cha | S(gf'(Sﬁ/g%ﬁlol grt&qg%g trl%]é}%e éﬁ){]%e:f%‘%éi;ag%?.e g&%& Peﬁc}gggsvigdicate that
sui tabl e reduci ng agent, such as lithium al um num .

hy 8sPiRbly protesteshiraling eptersappe derrgtonated with lithium diisopropylamide
|, 7-di azaspi ro[ 4. 4] nonane, in this exanple, 1-benzyl-

1, %nd dilazabtpireai 4vith) analigiaingdgentpuoh ecthlogpacgtoniprile,ahen subjected
be renoved using nethods known those skilled in the

ar to LigrileQMicHEn hitecREishti @A MetHodB a8@RRIe N 2§ rdloned 89 €ulbertson et
Arylation at either nitrogen can be acconplished using

nmet ho d ri bed ' Schene 3 a) (i) LDA; (i)
ni pb@%%??@%%m(fg%@dﬁg?%r Cl CH2ON (Met hod B): (i |
RaNi ; (iv) PhCH3, heat b) (i) .LDA: (ii) .allyl broni
(iii) o@t%?r teachyngs npdieate zh(ﬂ? %iulﬁWmfPteﬂéém(@%@tﬂ can
(Method © ¢) (i) LiAIH4 or BH3; (ii) [-PQ
Al depmotunated iwith tithah ditsophrapyapide epdialidwisitaneact writh anaabkylating
al so be prepared

agent such as allyl bromide (Method C, Scheme 3). The resulting olefin can then be

i)
B

oxidatively cleaved to an aldehyde, as reported by Genin et al., J. Org. Chem. 58:2334
(1993); Hinds et al., J. Med. Chem. 34:1777 (1991); Kim et al., J. Org. Chem.

61:3138 (1996); EP 0 360 390 and U.S. Patent No. 5,733,912. The aldehyde can then
be subjected to reductive amination with an ammonium salt or primary aliphatic or
aromatic amine, according to methods known to those skilled in the art. Alternatively,
the aldehyde can be reduced to the corresponding alcohol and the alcohol then
transformed to an amine by conversion to a leaving group, followed by displacement
with the appropriate amine. This can also be achieved by displacing the leaving group
with an azide ion and subsequently reduction to the primary amine using methods
known to those skilled in the art. The alcohol can be converted to an amine using
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according to Schenme 4. The conversion of
|, 4-di oxaspiro[ 4. 5] decan-8-one to 4-

whewsngicexycycl ohexanone can be readily achi evedI/bg2005/029371

those skilled in the art. Subsequent transformation of

4- benzoyloxyc cl ohexanone to 1 di azaspi r o[ 4. 4] nonane

(t Migghby penditinnsy mmcal@gﬁdaﬁemmcmﬁr@fﬂ&@mnoa@yl pyrrolidine-2-
shown) can be performed according to the teachings of
Majcgibogdlai@| obtained hecotditg fo ofddithe faethiods 4ascAb& 4bb¥820an be
Schene 4 The conpounds of Forrmula 1, wherein u=2, V=,

ﬁgd X5 gsglﬂ? %?%gtrﬂ@h@ém%'tg ?Aoseﬁ skilled j bn the art, such gs heating

|azasp| nane syst em wh can pe pr epare

accordl s.repqgrted by

ol ﬁawpa%%e v W'fﬁ@f g e RS 05 bl Chdisty  ant

Cul bertson et al. Med. Chem 33:2270 (1990).

Scherme Fhyhactan ﬁ’p@mdsby@y pee Aliiha abovasnethedn(MeiBods/A| B or C)
w=0 and x=3, possess the |, 7-diazaspiro[4.5]decane

sy shiebe wkdtehwitan sogalie &ﬂhlb'ﬁa@ agetpsuth ag lithurbahenidum hydride, to
The teachings of Kimet al., J. Og. Chem 61:3138

( ]gwde ﬂB@EﬁRECt&P §§Q§§ﬁsﬁﬂﬂ4 dRahE M th?s dimple 4 -benzyl-1,7-

ndicate that a suitably prot cted proline ester

e..g., N ral i ne et ester
e Pab TS EARIR . | e et ol bRy S hinametady known
toreact with an al kyl ati ng agent such as_al )
br asaekillegsinihe arftto Bropads the desiredd, - é@é#ﬁ@srow};]mnana Arylation at
hydr obor ati on/ oxi dati on of the allyl side chain-can be
peeithermittiogen can dbv acnifieh&} vkide mgithodx ggscnbad Derginoup.
Those skilled in the art will appreciate that the
hydr oxyl group can then be converted to an am no group
by a nunber of nethods, for exanple oxidation foll owed
by reductive animation. Altesdainksel y, a suitably
protected proline ester can be deprotonated with
l'ithiumdiisopropylam de and allowed to react with an
al kyl ati @g agent such as diiodopropane. Conversion of

the primary iodide to an am ne then be performed
accQr y g OoRnowy ,net hods, Cﬁ@@nﬁl e treatment w MN\H
N\ N N

P9 O] \
pg "H

a) (i) LDA,; (i) nitroethylene (Method A) or CICH2CN (Method B}); (i) RaNi; (iv) PhCH3, heat
b) (i) LDA; (ii) allyl bromide; (i) O5 or OsO,, NalO,; (iv) NH,Cl, NaBH(OAc); (Method C)
c) (i) LiAIH, or BHg; (i) [-PG]

Alternatively, the 1,7-diazaspiro[4.4]nonane core can also be prepared
according to Scheme 4. The conversion of 1,4-dioxaspiro[4.5]decan-8-one to 4-
benzoyloxycyclohexanone can be readily achieved by those skilled in the art.

Subsequent transformation of 4-benzoyloxycyclohexanone to 1,7-
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amoni a in the presence of a copper catalyst. The
resulting am no ester can be cyclized to afford a

w@e@boziced 1, 7- di azaspi ro[ 4. 5] decan- 6- one usi NECEHO2005/029371

nunber of known procedures for exanple heating in a
sui t abl e sol vent resenc %§ence f an
acihé%SPHP[“b‘Q§P%an€z§Tl}%‘P‘$g§‘tt ¢ RerpediopL g Oﬁ?wrfge%m as shown) can
Al ternatively, the known
| , Be pérfrmed pecanflibg 54 thedeavhBrgs o€ Magar ebel. grdpdizech. Chem. Comm.
according to the teachings of Loefas et al, J. Het.
Chgpos@ards88 (1984), in which the ring contraction of
2,10- diazabicyclo[4.4.0]dec-I-ene is used. The
|, 7-di azaspi ro[ 4. 5] decan- 6- one, obtained by any of the
above met hods, can then be treated with a reducing
agent, such as lithium al nun1hydr|de fol | owed by
renoval of the protecting 4t o provi de the
desired |, 7-di azaspiro[ 4. 5]decane Aryl ation can then
be carried out at either nitrogen using nethods
descri bed herein. Schene 6 a) X=OH (i) LDA, allyl
bromde; (ii) BH3, H2O2 X=I: LDA, 1, 3-diiodopropane b)
X=0H:OBZ) PCC or Swern: (ii)ONHACI, NaBH(OAc)3: (iii)
heat [catal yst?) X=I: (|) NHB, Cul; (ii) heat
. ;o (L) [-PGE ,The
conp gs of—Fornuta 1, erein\u=2, v=l, w=0, and N
x=4,~possess the 2, 6-di azaspirof 4. 5] decane core which
can be prepared according t e nethod of Ci blat, et

, Jet. Lett. 42: 4815 (2001)Q Thus, comercially
avai |l abl e | - benzyl - 3- pyrrolidinone can be reacted
with 2-nethyl - 2-(2- aninoethyl)-l 3-di oxol ane (Islam

"t r anofl BEGiaPOWA QT ERTRGALCY ?rel(fllgﬂlbaﬁcfan%@ possess the

et hyl ene ketal of

2- bemnyirica] 2,0-diizasmaropd.f fonais) weleamwirich wen bepiepeied acgpeding to
hydrol yzed to the ketone, using aqueous hydrochloric

ac BehenkeDXYHiE MRdthedis @époitae by Overman et al., J. Org. Chem. 46: 2757 (1981)

and Culbertson et al., J. Med. Chem. 33:2270 (1990).

Scheme 5
CN
<CN NaH, DMF EtOZC>< 1) RaCo, DMF @CN
CN  2)LAH
cN  BrCH,CO,Et Et0,C ) N

The compounds of Formula 1, wherein u=3, v=1, w=0 and x=3, possess the
1,7-diazaspiro[4.5]decane system which can be prepared according to Scheme 6. The
teachings of Kim et al., J. Org. Chem. 61:3138 (1996), patent EP360390 and US
patent 5,733,912 indicate that a suitably protected proline ester (e.g., N-benzyl-L-

proline ethyl ester) can be deprotonated with lithium diisopropylamide and allowed to
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ket one can then be acconplished by standard nethods,
such as conversion to the corresponding 1, 3-dithiane,

wo 2002860 by treat nent with Raney nickel. The Pebesng$/629371

2, 6-di azaspiro[ 4, 5]decane t hus produced can be

dlrectly arylated on the 6-position nitrogen or
congast veld anradlgylating agent such as allyl bromide. US patent 5,733,912 also teaches

. 6-(tert-butoxycarbonyl)-2, 6-di azaspiro[ 4, 5] decane by

t r ebdt i atobotdibndixidagivh oDk Willyldsi dadtaanednthe feploh@v®th f¥vide the 2-
hydr ogenati on. The latter derivative can then be

ar 3(!’; glg g%r wﬁ g{‘bu@o E\’I'h'i)'sé) i 15QH@511 wﬁ'l E}é}%l@&al%qgﬁ]tﬁé hydroxyl

can vert Ot er azacy C ones

the corres n odi aza co ti

of BP0 DS S0 R rbarRes BB MY b of prefipds, o example

synthesis of which isdescribed by LaII et al, J. Og.
Chexidagpn falbyedtpoedyctiyndmingtiona pﬁ\dten@(tlvg]bg a sultably protected proline

Het erocycl es 49: 149 (1998)) wth

2- reeflehydn B dpraoh ity lifhilmItiQogropliamede dndl dilowed tdyeact with an

deoxygenation (as described above), will produce the
COlyf - . )
( Fgrw&@%g&%ﬁgglg?sﬁ&aho@%p&@é?e. d@&éf’%ﬁg%é’i e ?hﬁﬁ?\}ﬁf&ﬂlde to an amine

nd or , X=3 .
o BE Yt dertoghed pdodng Pimavitiatafe s iinas with
be prepared according to Schene 7. According to the
t e AEHRGIHR Iy g @rqse@pem% a\gpppiepiatyskt Thy resulfingaminocystamean be
9:1 1 (1972), a protected Apiperidone can be converted
t 0 cytiezed 1o bffordp pretectid ngl-diBppradesiteddnadramd usgigartyi ramber of
with ethyl acrylate, for exanple, followed by
r €6 {rh ProRbtureh) qof‘éylahﬁ)ltgﬁ@dﬁﬁﬁ‘% b BuiBAeY O 1UnE h’?i!he presence or

provi des the I 8 dlazasplro[ 5] decan-2-one. This

| ac ca ed w,t ro riat.e ed

R B G RY Rl Mo B AR SR Gyl %&g&g&s\;&lm the
renoval of .the pratecting group, to provi de t

0 ptkf“BWQI1@%‘&%&%%’(5&?0@‘@ -ongica he prepaed as?qyél@a i the teachings of
Aryl ation on either nitrogen can be acconplished using
metllveths etlals or Hee damr 21:683 E@&8d)yen Which the tiAg béddraction of 2,10-

diazabicyclo[4.4.0]dec-1-ene is used.

The 1,7-diazaspiro[4.5]decan-6-one, obtained by any of the above methods,
can then be treated with a reducing agent, such as lithium aluminum hydride, followed
by removal of the protécting group, to provide the desired 1,7-diazaspiro[4.5]decane.

Arylation can then be carried out at either nitrogen using methods described herein.
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The conpounds of Fornula 1, wherein u=2, v=l, and

w=x=2, possess the 2,8- diazaspiro[4.5]decane core
wokioei2an be prepared according to Schene 8. BCT/OSZNNFIORI3TL

to various teachings (Helv. Chun. Acta 60: 1650

(1977); Smth et al., J. Med, Chem 19:3772 (1995);

Elliott et al., Biorg. Med. oHEMEOett. 8:1851

(1998)), a protected 4-piperidone can be converted to

the 4-piperidinylidene acetic acid ester via Wttig

ol efinati on. Subsequent Mc | addirtixon with the

ani\Qn DRr onet Rane, fol o byhg educt i 81° of the

nitr§ grpup and spont aneous Nychjjzati on wi th Raney N

ni ckey, @rovi des the protect o) ﬁ N
2, 8-di azaspi ro[ 4. 5] decan- 3-one. Treatnent of the
protected 2,8- diazaspiro[4.5]decan-3-one with a

I eci) O(=0H: &g €DA, aligibedmids (i)i By, Hy@.al um num hydri de,

f ol | odmedLA; 1rdediovedrop@het he prot ecting group, provides
t hev) X=BHd{ipPaspir Sokrd; G} decalnkdaBHRONRL(iiiD heatdrcabeyst?)
accon{l:i(i3N8¢ Cuh (igihedidtcatdlist?ogen usi ng t he net hods

dese () BEgoméAldi hil) [$&Hleme 8 The conpounds of Fornula 1,
wherein u=2, v=l, w=4 and x=0, possess the

|, 8-di azaspi ro[ 5. 5] decane core and can be prepared
according to the procedures utilized for the anal ogous
|, 7-di azaspi ro[ 4. 4] nonanes by substituting

pi pecolinate ester for proline ester. Alternatively,
the procedure reported in Zhu et al., J. Og. Chem
58:6451(1993) ¢ y. The ,con qugg -
FornuIaT‘eﬁﬂg %F%gﬁgg?ﬁgg%?’ﬁg?ﬁéhd2kggg po§§8§é ?Hgm“$8ﬂw
symetrical 2,8-di azaspiro[5.5]undecane core and can
be2$rdiprragr 4cddicannierte wheqbecaa}badoé%n&r@sa%r&&}& dhg method of
Helv. Chim Acta 36:1815 (1953), J. Org. Chem 28:336

( 19683t eral., fereLet.ald: ¢31(A00). t Blows, enmumbrcjally.aviigable 1-benzyl-3-
Chem 33:2270 (1990). The conpounds of Fornula 1,
V\hgyﬁdplﬁlihb_ﬂé_-_oan%@ Geddfod=ith @@&&E;ﬂ&-@QhﬁnﬁMBﬂEgl)f 1i,3-dloxolane (Islam
3, 9-di azaspi ro[ 5. 5] undecane core and can be prepared

S

pfod%t? me e%éngne(k]é?a? %} 2-benzyl-2,10-diazaspiro[4,5]decan-7-one, can then be

\
H

hydrolyzed to the ketone, using aqueous hydrochloric acid. Deoxygenation of the
ketone can then be accomplished by standafd methods, such as conversion to the
corresponding 1,3-dithiane, followed by treatment with Raney nickel. The 2-benzyl-
2,6-diazaspiro[4,5]decane thus produced can be directly arylated on the 6-position
nitrogen or converted into 6-(tert-butoxycarbonyl)-2,6-diazaspiro[4,5]decane by
treatment with di-tert-butyl dicarbonate, followed by hydrogenation. The latter
derivative can then be arylated at the 2-position nitrogen. Similar chemistry can be
used to convert other azacyclic ketones into the corresponding spirodiaza compounds.

Thus, reaction of any of various N-protected 3-azetidinones (the synthesis of which is

-33-



10

15

20

Si ngl e enanti oner conpounds of the present invention
can be nmade by various nethods. One nethod, well known

WO e0obiozssao skil led in the art of organi c synt heBCEHDS2005/029371

i nvol ves resolution using diastereoneric salts.
Compounds of the present invention contain basic

ni tlesogbed by bals eaald WOrE. Cleaict67wl §360 @00 YsantldMrghand, et al.,
crystalline salts. Various acids, carboxylic and

SUELRPb&clea4e: LTI lifhy2-méadyl-alth &nliRoethyl)-1,3-dioxolane, followed
enantionerically pure form Exanples include tartaric,

di henzayl - al I 1 R- 10l ' .

canpRers e It R hlPh o 8 corepnaing prosectod 25
single enantiomer acids is reacted wth a racenc
anfigaspiel > laprasedF esmls i cvagPipgTle ¥l tV=FREE KT Ohal
crystallization of the salts, and subsequent

r egener Ahe oompdundsef Baismsda 11 whereinsu=ivir2ewaflt andrmet3i, possess the 1,8-
resol ution thereof. Another neans of separation of

| NYRLYPS0[O51M6SaRE @BreQihit BarEhAeh 2@ hdOrdTh K idS @ehRt? According
di astereoneric am des or carbamates, using a chiral

acj r | f . e i . ]
2 LBl R] RpShBELE wilbhBa cliT.p HEECREA 11 (1372 o protcted
with N-(tert-butoxycarbqgny|)-S-praljne sin i_phenyl . .

c hP’é’P’éé‘Pf%ﬁHé’F@?n‘éeﬁ@%tt% @%%W@Eﬁﬁeﬂémﬁr §u§seﬂ@ 3\@(‘;{2%1 addition
(with trifluoroacetic acid), the resulting

di ssthetledaeylate, foraixiamglea fiol bereddfy reduction of the nitro group with Raney
7-(3-pyridyl)-1,7-diazaspiro[4.4] nonane are separable

by nick&lUpbvides et edi2pdhiro[ 4 FRles8PRLAE. CThiRMAES cad Be reduced with
then transforned into (+) and (-) 7-(3-

py - |. - 5 o) 7 2
Gegh Bhirbinied i PRRRRLI N ) DARAR RN kBB Tollowed by
can als acconpl i shed, by net hods kno t.0..t ho

S kel PG RESTRE 0k UENEd IO LT R REES-
chem stry used for construction of the diazaspiro )
ri diggaspirpidelldeqoe. Angaiercen either nittpges gn beawwemplishadiusing
the alkylation of a proline derivative is used to form
t henetliodz dsgeiibed Batsinem (such as descri bed for the

|, 7-di azaspi ro[ 4. 4] nonane systen), the al kyl ati on of
proline

Scheme 7

0 NO, 1) LDA O

1) NH,OH 2 ethyl acrylate 1) LiAIH,

2) [0] 2) RaNi N 2) [-PG] N

_—l
! \
PG PG ITI I}l
PG H

The compounds of Formula 1, wherein u=2, v=1, and w=x=2, possess the 2,8-
diazaspiro[4.5]decane core which can be prepared according to Scheme 8. According
to various teachings (Helv. Chim. Acta 60: 1650 (1977); Smith et al., J. Med. Chem.

19:3772 (1995); Elliott et al., Biorg. Med. Chem. Lett. 8:1851 (1998)), a protected 4-
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can be carried out in a stereospecific manner. Thus,

met hods such as those descri bedby Beck et al., Og.
WE0W6102363R: 62 (1993) or WAng and Cernanas, SyPCBUB2005/029371

33 (1999) (and references therein) can be used to

control the stereochem stry of the alkylation step

Wheivesfens dagbscpaydriod tp Blipélrlﬁilﬁﬁh‘é%l?@?et{c@@iﬁﬁt@wa@ Wittig

avai l able fromA A drich) is used as the starting

mabRfinatiod. BubsewpienieMivhaeleslditionheitiathk\ahani cfmitpsroethate, fdlowed by

also a single enantioner. A variety of electrophiles

P:dg@n&?ﬁﬂh.é Etﬁ"’%@u}ghﬂﬁy é}%h’caﬂg&ls dyBiz2aeh Q\gthqka\rﬁékf nickel, provides

eenuseful in assenbling spiro

y AR ‘%B%Psplj‘%%g?"anéﬁ‘g}% D R RS
(1992) Brl d iro Ring Systens The corrpounds of
Fodirgpspirp[4 ﬁoae:vvlth\afzducwwgem— guchyas Jithjmm gluminum hydride,
possess the

s pifsliwedagabinoyallof iz Zotltiepgang, pro@depthe 2(R-didzaseiro[4.5]decane.
core and can be prepared according to Schene 9. The
aniA?Naibn Sl ac@brhﬁl@ﬁl%ﬁ bflefher IﬁerEéﬁ Usthglthe niRFRAS A6RriBEd herein.
an am ne base, can be condensed with

t et rahydropyran-4-one using tRkResgrogedure reported in
Fornicola et al., J. Og. Chem 63:3528 (1998).

Si mul t aneous reduction g he nitro 0 d the

ol ef igh under catal yti (Héﬁ#ogenatioAQS ﬁ%??ﬁongRaNLHz N
provijdes the 2-(4-ox hyl)gl yci ne est Thi s @hipdtind

ca t r edtigd wi t r ok, 804, baskci d ffor @) &PGl

di b de;—whictit i § cyc|l i zed—und&r basi c| condi-tiers—te

t he™apabi cycl o[ 2. 2. pt ane- 7- car boXyN1c aci d.

Treatlpent of the acid with ethanol anqpéulfurlc acid w
provi des the ethyl PG H

azabi cycl o[ 2. 2. 1] hept ane- 7- car boxyl ate. Thi s conpound
is then deprotonated with |ithium diisopropylan de and

reacted by Mchael] addition with. nitroethylene to e
t he et hg.]h% gglgpqur(dg of Formula 1, wherein 1|1—2 V= \}; f and x=0 %Io\s/sess the

ni troethyl)bicyclo[ 2. 2. 1] hept ane- 7- car boxyl at e.

Redgedinpaspwd[ 5t ¥ decain¢ caregnd o b priepRategconding éf the procedures

fol l owed by spontaneous cyclization, affords the

S piyfiRbeicof Re analogous 1,7-diazaspiro[4.4]nonanes by substituting pipecolinate
ester for proline ester. Alternatively, the procedure reported in Zhu et al., J. Org.
Chem. 58:6451 (1993) can be employed.

The compounds of Formula 1 wherein v=3, v=1, w=1 and x=3, possess the
symmetrical 2,8-diazaspiro[5.5]undecane core and can be prepared according to the
procedures reported in Helv. Chim. Acta 36:1815 (1953), J. Org. Chem. 28:336 (1963)
or, preferably, Culbertson et al., J. Med. Chem. 33:2270 (1990).

The compounds of Formula 1, wherein u=v=2 and w=x=2, possess the

symmetrical 3,9-diazaspiro[5.5Jundecane core and can be prepared according to

procedures reported in Rice et al., J. Het. Chem. 1:125 (1964), US patent 3,282,947,
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Treatment of the lactamwi th Iithium alum num hydride
af fords the spiro[lazabicycl o]

wQ2@s/M02388pt ane- 7, 3' -pyrrolidine], which i s subBerusIw$/§29371

arylated on thepyrrolidine nitrogen to produce

conmpounds of the present invention. Schene 9 The

conpduresd (GlermF8168{12065, wherein u=l, v=2, w=l, x=0,

y=l and z=2, possess the

spi r o[ | SamdbémyadabreotapduR@Ppbdame present intdntiog lchilb&gbde by various
ring systemand can be prepared according to Schene

10 epsi f I - 3- I : :
(APSERRES Ok it Weld el I BT Rk AR W0 rpapic aymthesis,
achi eyed thhfu h mesyl ati on and, su se%uen t.reat ment . .

wi THOIYes RiSgHPGR S &liastere it el n - B wfﬂof graRepieat @ vention
W th benzophenone i m ne provides ethyl

3- agnfain Masiding ey latdms ang-veillogaat Wik askdsge feas crysfabhioe lsalts.
protect the am ne and activate the nethyl ene carbon

t owariduaddidy, adrbenylicAnk ¥liEbhie,hre torhefcidlly 431l §H8 iéhantiomerically
perfornmed, according to the nethod of Hansen, J. Og.

Ch -7 r ' i j
e TSy 2Bty SR BB 08B 8
g c rg%%gl%ggﬁ&%ﬁl %ffﬁ t élﬁgégarufy{]cg{eﬁpggl?qgg glr 8t %rc éihg 2 erlilgln 1%Ener acids is
2-am no- 3- (tetrahydrofuran-3-yl) propionic ester. Ring
op&stcied voth a reemistaning bassf diestarcomerip salisansudly dtfagdipnal
treatment with hydrobromc acid to afford the

di brystatizatiowofibk daltsn bt subdeqict regbrictdtionuyiaine besad, irésglts in
under basic conditions, cyclizes to the

| - _@Eﬁf%ﬁbéﬁk?&s%hﬁioﬁ]tﬁ@%@ne' 2-carboxylic acid. This

acid 1 scan subsequentlyconverted to the ethyl ester,

usi ng et,hapol and | furic id.. Alkylationgd.scan f.hen.

per f or né&‘oﬂ?r ngﬁ?so‘?flcj?ﬁ%%r PP G TPFOLVES iy Rision of the ehantiomeric

di i sopropyl am de and reaction with nitroethyl ene,

SuBYEgriato dladerepmenc amidep er parbapatgs, aisingeshigl withey

ni ckel, followed by |lactam zation by nethods known to

t hoblercflinhdte dThus, tvhen eactmig7-(Rpytidyd)-$ JdiadakpireBiddnymlang is

2.2. 1) heptane-2, 3" -pyrrolidine]-2'-one. Treatnment of

t heod A&t Rith W-LtBrtblutoRlyeiFb &y d4ih & 8iphBiyl 8BlokdHRosphate, and
ou A& f y ﬂmsgml]hy @'pz'g}r_ difhosp

desired spiro|l-azabicycl o[ 2. ept ane-

Bz Eﬂr?e%r%)tg%:pli]rg %‘f)ﬁﬁ %eé%or}jeg 6\%%? Elgﬂﬁ'oer%ée%c %Eiﬁ&,%eex%sﬁﬂné Ial%\stereomeric
proline amides of 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane are separable by liquid
chromatography. The separated amides are then transformed into (+) and (-) 7-(3-
pyridyl)-1,7-diazaspiro[4.4]nonane by the Edman degradation.

Selective synthesis of single enantiomers can also be accomplished by
methods known to those skilled in the art. Such methods will vary as the chemistry
used for construction of the diazaspiro rings varies. For instance, for the syntheses in
which the alkylation of a proline derivative is used to form the diazaspiro system
(such as described for the 1,7-diazaspiro[4.4]nonane system), the alkylation of proline

can be carried out in a stereospecific manner. Thus, methods such as those described
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conmpounds of the present invention. Schene 10 et hyl
gl yci nate The conpounds of Formula 2, wherein u=l

WO 2068/023830 , X=0O, y=2 and z=2, possess the PCT/US2005/029371

spiro[ | -azabi cycl o[ 2. 2. 2] oct ane- 2, 3' -pyrrolidine] core

and can be prepared in a manner simlar to that for

t hby Berlr eisgho At nSyndpi72 0§ (1893ircYehpiRl GernjdnentSanks : 33 (1999)
2,3 '"-pyrrolidine], as seen in Schenme 11. Ethyl

qu{dndGhiegtindes theal) Rax b At 16 @BnBEGROSERLEENIEBYDT the alkylation
(4-brononet hyl )t etrahydropyran by the procedures

- SEHE PSR GH Bl bl csfer (cqmmercialy available from Aldrich)
requi si.te_4- (bronmonethyl)tetrahydropyran can be .

b B ES e oG pib S ISy B gBrluctds also a

al, J. Am Chem Soc. 72:5512 (1950), Thomas, et al.,

J. sirpleremantiRivaerireic varietyl 6f alectraphdedjandedisgd insmch elkatations,

Soc. 115:8401 (1993). Ethyl quinuclidine-2-carboxylate

I s gRMudifeslyd epkdds ORBich thawe bdenlustéfal thasedrhislafy Dyl sestede related to
and reacted with nitroethyl ene. Subsequent treatnent

W Egrn of t/lgeﬁag%%gle\ﬁg?ﬁmnr@&ﬁ% ?{%& .fk%}l/l?% P?Jéf?zgit @_‘Hfm_. ,g%% 114:

SpIrofazani c oct ane- I nej

, tion of the nitro group followed by
spgﬁ%ﬁ%i& cyclization. This lactamiscan then
reduced with [ithium al um num hydride to provide the

desi r ed Bajsiged SpiroaBing)Syistgms
2.2.2]octane-2,3" -pyrrolidine], which is then aryl ated

on the QMW komboume ofiFbrragen, whémin @tlyE2, w=0, x=0, y=2 and z=2,
gl yci nateAlternate Synthetic Methods The conpounds can

paP Sy At B ER, TRCRES 2 Qi pLiaRie] K35 b chiee

um oupl i ng "prot ocol” descri bed above
oSS R S ISR T el e
th 1e)resence of an amine base, can be condensed with tetrahydropyran-4-one using the
procedure reported in Fornicola et al., J. Org. Chem. 63:3528 (1998). Simultaneous
- reduction of the nitro group and the olefin under catalytic hydrogenation conditions
provides the 2-(4-oxanyl)glycine ester. This compound can be treated with
hydrobromic acid to afford a dibromide, which is cyclized under basic conditions to
the ézabicyclo[2.2.1]heptane—7-carboxy1ic acid. Treatment of the acid with ethanol
and sulfuric acid provides the ethyl azabicyclo[2.2.1heptane-7-carboxylate. This
compound is then deprotonated with lithium diisopropylamide and reacted by
Michael addition with nitroethylene to give the ethyl aza-7-(2-
nitroethyl)bicyclo[2.2.1]heptane-7-carboxylate. Reduction of the nitro group with
Raney nickel, followed by spontaneous cyclization, affords the spirolactam.
Treatment of the lactam with lithium aluminum hydride affords the spiro[1-

azabicyclo[2.2.1]heptane-7,3'-pyrrolidine], which is subsequently arylated on the
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ni trogen containing rings can be formed by any one of
many common am ne synt heses. Thus, an aryl am ne can be

WO e@oz3mi t h a protected cyclic am ne deri vat POBUSBO®029371

schenme 12), which contains two reactive el ectrophiles,
to generate an Naryl di azaspiro conpound. A variety of

el pwtoloidd diesg@atotpredyzatcempousisol tlehmrsent myefteony. |
hal i des and sul fonates via nucl eophilic displacenent,

al dehydes via reductive animation, esters and ot her
acid derivatives via acyl substitution, followed by
reduction). Schene 12 Dn RG Q9N reagents Q-Q 1V Q

] - Qv + ArbNH2 (vary with E) E = CH2Z (where Z = X or
sul fonate), CHO CO2R The requisite bis-electophiles
can be synthesi zed by nanﬁ di yerse methods. Schenes 2, g
3 ang 6 all incorporate such {{nternediates (in

reactlion with benzyl am neN \a). Pedersen, HN o\
al "3y Og. Gham 58: 8966)|(1993) and Berkowitz, et
al |, JJ) Og. Chem §0: 12 995) bot F%Mdport. t he

al kybati on of d.ani ons of |[N-acyl a- am noesters. These
al kyl ati ons aKC%oEtcan be useéd“for synthesis of ¢}
N-aryl di azaspi ré6 conpounds. Thus, diani on of
commercially avail able (Acros) ethyl
2-pyrrolidone-5-carboxyl ate can be al kyl at Ed W th

ethyl bronpacetate to gemmyate ethyl 5-

(car boet hoxyigi hyl ) - 2- pyrrol j dgne-5-car boxy)ate. The
second spi r o EdHG can b forﬁamfhy reactin et hyl

5- (car boet hoxynet hyl ) - rrgbhgone-5-Carb |ate with
an arylam ne. The resulting N
2-aryl -2, 6-di azspiro[ 4. 4] nonane-| ,3,7-trione can be

reduced with di borane to give
7-aryl -1, 7-di azaspiro[ 4. 4] nonane, Dependi ng on the B
nature &he oS ofF Wla?h‘élﬁﬁﬁeﬂ’e‘?“lef’ _S’h"é“]sﬁ‘n‘tohﬁ]i nd z=2,
steps can be changed. Likew se, it can be

possess the spiro[ 1-azabicyclo[2.2.1]heptane-2,3"-pyrrolidine] ring system and can be

prepared according to Scheme 10. Conversion of tetrahydrofuran-3-ylmethanol
(Aldrich) to 3-(bromomethyl)tetrahydrofuran can be achieved through mesylation and
subsequent treatment with lithium bromide. The reaction of ethyl glycinate with
benzophenone imine provides ethyl 3-aza-4,4-diphenyl-but-3-enoate which serves to
both protect the amine and activate the methylene carbon toward alkylation.
Alkylation of this imine can be performed, according to the method of Hansen, J. Org.
Chem. 63:775 (1998), by deprotonating with potassium tert-butoxide and reacting
with the 3-(bromomethyl)tetrahydrofuran. Deprotection under acidic conditions

gives the desired 2-amino-3-(tetrahydrofuran-3-yl) propionic ester. Ring opening of
the tetrahydrofuran can be achieved by treatment with hydrobromic acid to afford the
dibromoamino acid intermediate, which, upon heating under basic conditions, cyclizes
to the 1-azabicyclo[2.2.1]heptane-2-carboxylic acid. This acid iscan subsequently
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necessary to incorporate protection/deprotection steps
into particular nethods. A wide variety or arylam nes

wae@earmwsld abl e for use in the approach outl i neRCT/HS2005/029371

Scheme 12. n addition to am nopyridines and

am nopyri m di nes, 3-am noi soxazole is conercially,
avedniverickto(thg ethylesjer, usmgsethanel parbaul Birigosids Aelkylatlon iscan then
synt hesi zi ng Ni soxazol yl di azaspi ro conmpounds. The

| sperRrined By deproainativawithditidam disopragelabyde sdireacigntwith
corresponding nitro conpound using the nethod

deﬁi%}etﬁil@n%y&ﬂﬁbé&rnt rebucti¥iof (kb8Mo Réup %Z%Rﬁﬂe%@ﬁékel followed

Exanpl e am no derivatives of 5-nenbered

aronptj c r|n 3- 0i S ZoJ) e,

cooPe AR e Tl AT 18 Sl B e spirol-
(1965), and 4- am noi_sot hi azol e, made according to _
Avasiabis'elel?. Al Inopiane-2 A pHTolEnc e dregimenfighdhe lgctam with
vari ety of N aryldiazaspiro conpounds of the present

i Nighinh @ymiim Wyisde, tghes dhieydesyedsypro] b-azat¢yeko] P riffleepeane-2,3'-
het erocycl e, can be produced. II1. Pharnaceuti cal

Og%ﬁgidﬁﬂ %m?iﬂ‘?s SBIRREAGParIREEI dnRBE phebiedine ARfdzBEt0 give
i

orated into phar maceuti cal conpositions and used

to bri essation, treat drug

adﬂ?ﬁ?q gﬁwg?%ﬁ? ?I%@EVent obesity associated with
drug cessattion. The phgrn&ce tical conpositions
descri bed herein incl udé&® r nmore conpounds of
Formulas 1 or 2 and/or pharmaceutically acceptable
saltg thereof1). hﬁp:Egallx)actlve conmpounds can be

d as nacen1c m es or as pure
eggng§£§$s The manner which the conmpounds are
adm ni td can vary. The 3 ositions are preferably
adm ni stered orally (e. & in I|quid formwthin a
sol vent such as an aqueous or non-aqueous |iquid, or
within a solid carrier). Preferred conpositions for

oral adm nistration incl pills, tablets, capsules,

cap syrups, and sol i ncl udi ng hard gelatin
cap tine-rel ea €5 CO.Et H,N.__CO,Et
ethyl glycinate KOtBu, "A"
0
1) HBr
2) NH,OH
3) EtOH, H+
1) RaNi, H,
N 2) LIAH Zgg:zf\v/Noz LDA, CH,CHNO, Zﬁgiz
N CO,Et CO,Et

The compounds of Formula 2, wherein u=1 ,v=2, w=1, x=0, y=2 and z=2,
possess the spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine] core and can be prepared
in a manner similar to that for the corresponding spiro[ 1-azabicyclo[2.2.1]heptane-

2,3'-pyrrolidine], as seen in Scheme 11. Ethyl quinuclidine-2-carboxylate can be
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Conpositions may be fornulated in unit dose form or
in multiple or subunit doses. Preferred conpositions

wW@e@6i0zB6Bo qui d or semi solid form Conpositi onsPCT/US2005/029371

including a Iiquid pharmaceutically inert carrier such
as water or other pharmaceutically conpatible |iquids

or gsesrhise (ogs(dnrpmemetiod)tetihgdiggran by shepror¢dpuesdscunged

sem solids is well known to those of skill in the art.
Thersasgebsiot ERE1-aadbi@lci)2 .04 laghdnei S tab&d/ate.aThe requisite 4-
injection, i.e., intraveneously, intranuscularly,

T

fﬁ?@?ﬁﬁ@%@ﬁ?’ﬁi“ a&k@?ﬁ’?ﬁ%ﬁ%ﬁ@@%&%ﬁf?%@% s 95;@“%1 found in
| and_ Fht racer
| BRSO & of BTt Spt 1P 130 B e i

known to those of skill in the art, and include 5%
dexXtnosecod ASutG7dn863)zalli/ndrn. &hempiass bHEB4010(1PP2x eBthyl

sal i ne. The conpounds can al so be adm ni stered as an

I nlgubluohdiae-2idajiekllaeiséa. then d@Sotdnsus pethdithinnodiisdproplamide and
emul sion in a pharnmaceutically acceptable liquid or

M XA vikh Jal'tr‘a . 2%)1& %El?se %nwkﬁyeﬁ{‘\%ﬁg‘%r@ ﬁigkaegives directly the

adm ni st ered usi ans, for ex

transder.mal | e.g., usj a tr der . .ch, usi .

te éﬂ%@?‘&@‘% %Pﬁ?&a%aglcgﬁlﬁﬁeﬁg] °5F3P§'3?V'£W§Eﬁlh&gﬁ ot by redfction of
Novartis and Al za Corporation). Formulations useful

f otha nitagaapiallowedby brantanepecysheatingl [Thislgoiamriscantibenereduced
of skill in the art. The conpounds can al so be

adraith I§himeslubymin hadédd toprgvedgthe desirddnpirbpl-m of an

aerosol either nasally or using delivery articles of

th 12 -3 5. i iV e lidi
SBEAT A T L UFRIIIR U S0
herein in its entirety); topically (e.g., in lotion

f oy 2By rectally. Although it is possible to
adm ni ster the conpounds in the formofa bulk active
chemcal, it is preferred to present each conmpound in
the form of a pharmaceutical conposition or

formul ation for efficient ¥Rt ective

adm ni stration. Exenplary methods for adm nistering

ouqua\gg I&IF Hbe |9 ent to the skilled
5 The ! 'ul*ness |of tlthese fornul ati ons nmay
n t%%lpaLLLsular

arti

HO _ Br
i All
O N._COEt H,N_ _CO,Et
O NH ethyl glycinate g KOtBu, "A" 2 2
O l 0]
1) RaNi, H,
N 2) LiAlH, N NO, LDA, CH,CHNO,

NH
CO,Et CO,Et
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conposition used and the particul ar subject receiving
the treatnent. These fornulations may contain a liquid

w@ a006/023636 hat may be oily, aqueous, emnul sifi edP@F/US2005/029371

contain certain solvents suitable to the node of

adm ni stration. The conpositions can be adm ni stered
i nt er m Alennatg SyntlatticaMgthadsial , cont i nuous, const ant
or controlled rate to a warm bl ooded aninal (e.g., a

manmel - gUe BodpowhdIRES Be pfodlicedCiding Vailk inetlilRlg, AMethatives to the
cow, or nonkey), but advantageously are adm ni stered

£ o ' . an . . _
AR ROy PO e bR s e
formul ation is adm_.ni stered can vary. Preferably, upo
o Siflsd ingRe 36 ORBRICNIOREF SOl EXPSRIZ HeF 2 SLppls of the
receptor sites within the body of the subject, that
conitrogen dorgaininggingsicembe foried byanp onedEmamycdyemon amine

ant agoni sts at both the a4b2 subtype and those NNR

SUbyR&Sss. af MeCin AglaapasanIfe feedtedseth adfoteotdd codictdhine derivative
ef fective concentration needed to effectively control

Id ggs%gitsﬂgerr{{ete#g a@ﬁich %oﬁt%inls 8RS teadfiv® %19&%&%;1?/% g&{e&’e{tg N-

t necessary to significa ect the
a4b2_receptor. I n qne enbodi pent, e coppounds are .
paFDIdiF R aEaAPErd, Aartieng! GesiaPH LR g BHF Shpich chemistry
permts the conpounds to result in a preferred side _
ef {egt hgdidss pndsyl finalies vie nuglepphilic dimplagomierts sldelmysles via reductive
ability of these conpounds to partially inhibit the
r ehe@stionf esc@Patt ¢ther RikdgBatiads wa aéyd subistiaaivh, followiet by
i ndi cates that the conmpounds can be useful in
in}giﬁg@b[ng t he dopami ne reward system and thus in
treating ‘disorders that are nediated by it. Such
di sorders include substance abuse, tobacco use and
wei ght gain that acconpani es drug cessation. Thus, the
conpounds descri bed h%%ﬁin a a useful alternative in
treating dependencies qﬂ%ég of abuse incl udi ng
al cohol , anphetam nes, barbiturates, benzodi azepin

caf f ei ne, c&éhabi noi ds, cocai ne, hall uci nogens .~
. 1T Q—N
opi ate ITI reagents | L
/Ql QY + ANH, (vary with E) Cf) Q
E Q' N—-Q"
. Ar
E

E = CH,Z (where Z = X or sulfonate), CHO, CO,R

The requisite bis-electophiles can be synthesized by many diverse methods.
Schemes 2, 3 and 6 all incorporate such intermediates (in reaction with benzylamine
or ammonia). Pedersen, et al., J. Org. Chem. 58: 6966 (1993) and Berkowitz, et al., J.
Org. Chem. 60: 1233 (1995) both report the alkylation of dianions of N-acyl a-
aminoesters. These alkylations also can be used for synthesis of N-aryldiazaspiro

compounds. Thus, dianion of commercially available (Acros) ethyl 2-pyrrolidone-5-
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phencycl i di ne and tobacco and the treatnent of eating
di sorders such as obesity that occurs follow ng drug

weewsaticeh whil e reduci ng side effects associ aP€riuston$029371

the use of psychonotor stinulants (agitation,

sl eepl essness, addiction, etc.). The conpounds al so
advarhoxdae st he alkilated witheethylriwemongetage t5f ankeateapilyl S-n a
manner which is designed to optim ze the effect upon

t hegebdetoRy@BthyleXr-patdlidosieHst sapRkylaiat Thwseeomhspiifof 1Ry can be
upon dopam ne release, while mnimzing the effects

I A ‘ )
UPAEH B rgz&ﬁ/lﬂg g{hggﬁeaﬁ%%%%ﬁ@p-?ﬁ%&kﬁm&&catrﬁ]&(ylate with an

conpositrons a at active

ingredients interact w th region ere d 1 ne

or GREERIEn TP MG L Ior 6 duRam el M BBir) G ie can be reduced
descri bed herein are very potent at affecting doam ne

pr withctibaaneatodsior 7-set ét-fligrpsatrolfet]ponapg Depending on the nature of
concentrations, and are very efficacious (i.e., they

I nkHekir{ ﬁ@gﬁ}lﬂid@d&f sfadbEeyntietiaRebpocarsleeclahpah Likewise, it can be
effective degree). In certain circunstances, the

co #

R R o R M R e herRids.
intended to prevent or treat drug.addiction, nicotine . ..
i bt dnvRsRarey SaBlibieS s plhef s ik, e BufP Sitined in
amounts of the conpounds described herein, the o
ph8eheeeld-i baddiionje sminapigdinghand apinppEimiine q3-asyroisoxazole
ot her conponents as additives or adjuncts. Exenplary

phéy conaatriciatislal yilabbo@itiadil) e Thmpovided smeansad]symhtdzing N-

whi ch are enployed in rel evant circunstances incl ude

antdodeRiAasashio cBRpbadsIaME $sont drRet-hfflofsdka ARV Mde by
agents, peptides, growmh factors, antibiotics,

bacteriostatic agents,. | MMUNQSUPPI.ESSi Ve . .
antidgigIn sl Sning SRR ERAER Rie Hidthod devgritgd by Reiter, /.
agent s, anti-g retics, time-rel ease binders, .

an&¥et Qe &2 ol Exgmplgsi of othegppanoydesivgiiyes of S-membered
corticosteroids. Suchconponents can provide additional

t herompeictrings ehefel 3-amaoisotitazald, ectde bberding tapellond; et al., J.
action of the pharnmaceutical conposition, or act

t ORLAS SHU. e t(1 965) i PRhBbisoflialdlthade according to Avalos, et al.,

An. Quim. 72: 922 (1976). Thus, a variety of N-aryldiazaspiro compounds of the
present invention, in which the aryl group is a five-membered heterocycle, can be
produced.

III. Pharmaceutical Compositions

The compounds described herein can be incorporated into pharmaceutical
compositions and used to bring about smoking cessation, treat drug addiction, or treat
or prevent obesity associated with drug cessattion. The pharmaceutical compositions
described herein include one or more compounds of Formulas 1 or 2 and/or
pharmaceutically acceptable salts thereof. Optically active compounds can be
employed as racemic mixtures or as pure enantiomers.
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effects which can be inposed as a result of
adm ni stration of the pharmaceutical conposition. The

wapmsopsd@t e dose of the compound is that anpuP€T/US2005/029371

effective to prevent occurrence of the synptons of the

di sorder or to treat sone synptons of the disorder

f r om whTbéntaheerpawihecht the abhpoends Bye ddefifitstarédseanairapy nt e
“"therapeutic anount” or "effective dose" is nmeant that
anBfposstidsiabd MRterdtdy BdrhRiidterb 8rall§ . £E6h liquid form within a solvent
phar macol ogi cal or therapeutic effects, thus resulting
in_eff [ [ 1. . qf . 1 .50

s S bl el S AR o LR Yok Baled b feRred
sufficient to pass, across the hloqd-brain barrier of

t heoraRAsytRns fox erabpdynisgatien g pﬁge@%f%ﬁ» ogles, qoplets &yrups,
brain of the subject and to activate rel evant

ni ewt sohitionscioclutimg leubgstposcapeulgs and omamelagpschpslasy
partial |y antagoni ze dopam ne production and/or

sechipbsifiond ﬂﬁﬁbé esrbrul dtillini uhitefok € €driny er Y rAvRipld @ublinit doses.
treatnment of the disorder). Prevention of the

di ?%trf%?édscg toglgﬂgmg gl%tlg gﬁgﬂlo?%lsﬁ)@ioﬂg &8 Cﬁﬁﬁg}%ﬁﬁks hﬁﬁlding a

synp I sor eatnent of the ‘disorder 1s

mapi fested by decreasjng.the s tons associated with

¢ hH SRR TR BT BRI P BaGUPRB ARt

the synptons of the disorder. Preferably, the o
ef taopatinde hguider Semisnkids inydwtused Taistuse At susk liguisis pad semisolids
result, but insufficient to cause appreciable side

ef {sagdlsknothetoathbgaifiskid] idasearcan vary, dependi ng upon
factors such as the condition of the patient, the

severityy0 &%%gﬁsn?(ﬁrgﬁ%ﬁ TR0 Bk abiEnisteRANeInjecRBA itd)8ntraveneously,

manner in armaceut1 cal conposition i's:

adm ni stered. For human patients, the effective dose .. |

o BTSS0S G n e Pisal, eiasGr b Spfiigiy; and
t he compound in an amount sufficient to decreas

€ . Cl, ) S
dopuererebiogpriEselarlpuintrerenonsadminigrsionds pareferred method of
i nsufficient toinduce effects on skeletal nuscles and

gaiigédtient Suitkbie cirgers fordajettiaesre eell kKhoened flest ol ekill in the art, and
include 5% dexirose solutions, saline, and phosphate buffered saline. The compounds
can also be administered as an infusion or injection (e.g., as a suspension or as an
emulsion in a pharmaceutically acceptable liquid or mixture of liquids).

The formulations may also be administered using other means, for example,
transdermally (e.g., using a transdermal patch, using technology that is commercially
available from Novartis and Alza Corporation). Formulations useful for transdermal
administration are well known to those of skill in the art. The compounds can also be
administered by inhalation (e.g., in the form of an aerosol either nasally or using
delivery articles of the type set forth in U.S. Patent No. 4,922,901 to Brooks et al., the
disclosure of which is incorporated herein in its entirety); topically (e.g., in lotion
form); or rectally. Although it is possible to administer the compounds in the form of
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dose of conpounds will of course differ from patient
to patient, but in general includes anounts starting

wob@emBesi red t herapeutic effects occur (i.e.PCIIBL065/029371

dopam ne production and/or secretion is sufficiently

| owered) but bel ow t he amount where nuscul ar effects

ar & tobis eqtiveghemmiel, dfApeerces, towrsantcasph egmpoynd in the form of a

ef fective anpbunts in accordance with the nethod
dephaineedutival esmnpositich aebanilatien fop effetidmiand effé@iwantiministration.
nicotinic receptors, but do not significantly activate

r ecept OIE cADRRE hithiRfdls Wil rﬂnﬁfﬁgﬁﬁhg @%h%o%&%n@sf &fﬁ?f)é&gﬁﬁrent to the

concentrati ons” at | east greater tThan those require

e RN XN Y A—

dose of conpound effective in preventing and/or

t r CaMPAgtieR uspdanditiee pasHculay %lblephr@cgmgég@ weptaenl dhese
obesity (primarily but not necessarily the obesity

as SommAiténhs dnaygcoataima tqbidrarree dmatiag bk oily, @psew embilsified or
ineffective in eliciting activation of certain

ganRghi A icbainydddAtsGRlthik fo M eRIeIradAiniSipMeANt r ati on
hi gher than 5 tines, preferably hlgher t han 100 tlnes

and nor prefer I gher, than an t

R Y A T R e

rel ease. This selectivity of certain conpound

de SERtOYS HfepenRt oaganwledtrﬁfsé% agaEgHhleeded apypd (e.g., a mammal
receptors responsible for cardiovascul ar side effects

i s suenasresmpatee tht foat, aabibat; Kogyfpig, wewabi mnbhleydfbut hdemtageously are
conmpounds to activate nicotinic function of adrena

chranmdifteRRdtd 8 HuMadbem@N GRS d, MStirdle SBHSF arldBE nbkB&Sf times
required for suppression of dopam ne production and/ or

tr el glag thki%he Eﬂ%ﬁﬂcaﬁfch ef;afxﬁulaﬁ&? isSlh G gﬂe}[e%. C %’gryof

Corrpo generally re res admni's erlngthe
conpoun% anount of at Ieast about of ten at
| east a S?ftgragg’ uﬁ‘ﬁhacil?lé‘%fﬁféﬁ?l}vﬁ hegetive iugr e‘ilﬁt&ﬁ fnt?QCtﬁijlfh receptor
24 hr/ patient. The effective dose generally does not
ex siedwHlothe Baly, ofdhe subjatt dkat wonirexiopetinetrelgnsed Othe camgounds
frequently does not
may be antagonists at both the 042 subtype and those NNR subtypes affecting
dopamine release, as long as the effective concentration needed to effectively control
dopamine release is at least an order of magniture less than that necessary to
significantly affect the a4p2 receptor. In one embodiment, the compounds are partial
antagonists, and the partial antagonism permits the compounds to result in a preferred
side effect profile relative to full antagonists.
The ability of these compounds to partially inhibit the release of dopamine is
especially significant, as it indicates that the compounds can be useful in interrupting
the dopamine reward system, and thus in treating disorders that are mediated by it.

Such disorders include substance abuse, tobacco use and weight gain that

accompanies drug cessation.
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exceed about 300 ng/ 24 hr/ patient. In addition,
adm nistration of the effective doseis such that the

wa@oemveerdes@t i on of the conpound within the pl asper/of2005@29371

patient normally does not exceed 500 ng/niL and

frequently does not exceed 100 ng/nmL. The conpounds

descr i b&duhre¢amponindndesepbel/leateinnred fisefulialternativein tgeating

in accordance with the methods descri bed herein, can

Pr g¥pchbeidtOndRIELEr Dhsdimehdig Aévhof, abipbetar@tsesabidirates,

of di sorders, aneliorate synptons of CNS

di -and ' : S . de : he .
S R R L S L e

t hose caonpounds are typically bel qw t he .t hreshol d .
coRBEI IR taBrAce Gl 5 tiRelart of RNk AEFA Shed &5 hesity that
effects, for exanple those effects relating to

sk etarsfollowsng drug Thesabanpbilekslugiag side edigets assoriateddvitinthe use of
a therapeutic window in which certain CNS di sorders

ar sjichebed stdlaa ey (agitdliod] deepddshenst, adaictionvad.fled.

Ideally, the effective dose of the conpounds descri bed
herein i I C t j j :
apon { ndERnpFcR B BBl ARy WiBCrIRERnEHEhE BFE ONS, ina
hi gh eno | evel 0 provide undesirabl e side

ot fere et isclemghsd f FRtah D tire g e HeCHS Feeapigy subtypes
a dosage effective for treating the CNS disorders but

| edhat hiveranieffot wpva deppeing elpgse, Wawle prinmnizingdheeffeaty upon muscle-
required to elicit certain side effects to any

si gpefrecepttl salggpese. Mst preferably, effective doses
are at very |ow concentrations, where naxi nmal effects

are obs ?féf&qm??thggt‘églﬂmsi%ﬁ@ar@ alfin{Hi S QhctSihdeactilvE ﬁfgtégdients

Concentrati on m ned as the anount of conpoun
per_.volune of .relevant tissue, .typical ovide a

e rUiRE O (opionS et oqmsing wdtstin S imuBl & kPt e

cyt oki ne produption._TypicaII¥, the effective dose of

s uEHMpYsls datrsibgd hetiel 419 verqeiens at affreing deaping gradystion and/or
conpound in an anount of |ess than 5 ng/kg of patient

we isgpnetionGht tverry, lotwhoen cantqatioms; sndéretviery qffiesdots (i.ey ey irdnbit

are adm nistered in an amount fromless than about 1

Ok LarRiab idubEdDid/aNedcreabtd ah dffivé Bggtegbout 100

ng/ kg of patient

In certain circumstances, the compounds described herein can be employed as
part of a pharmaceutical composition with other compounds intended to prevent or
treat drug addiction, nicotine addiction, and/or obesity. In addition to effective
amounts of the compounds described herein, the pharmaceutical compositions can
also include various other components as additives or adjuncts. Exemplary
pharmaceutically acceptable components or adjuncts which are employed in relevant
circumstances include antidepressants, antioxidants, free-radical scavenging agents,
peptides, growth factors, antibiotics, bacteriostatic agents, immunosuppressives,
anticoagulants, buffering agents, anti-inflammatory agents, anti-pyretics, time-release

binders, anaesthetics, steroids, vitamins, minerals and corticosteroids. Such
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wei ght, but frequently between about 10 ng to | ess
than 100 ny/ kg of patient weight. For conmpounds that

waleooaoe3edinduce ef fects on nuscl e-type nicoti ni BCT/US2005/029371

receptors at | owconcentrations, the effective dose is

| ess than 5 ng/ kg of patient weight; and often such
conponakntsgas paeivrile addiborsd therapgntiahengfit, akt oratfsot tng thepapeutic
| ess than 5 ng/ kg of patient weight. The foregoing

ef hewdd srahépisematatiiceladompokidhesat toiwads @eRdihg any potential side
adm ni stered as a single dose, or as one or nore doses

adntkdi I - i .. . .
ety WL ot IO RS ol TR phprmaceuticn
general l.y requires adm nistering the conpound in an
ambtiRPOBHOht | east about 1, often at |east about 10,

and frequently at |east about 25 ng/ 24 hr/ patient.

For hundie pppropriats dosehef thé feropound isl b ampuntyesiectave to prevent
conmpounds requi res adm ni stering the conmpound which
genesitdnye G088 spabtogsFeitt dibadér @Q0 tre@f dofie s§ARFoNOS the disorder
exceed about 400, and frequently does not exceed about

30 p . " i-1 i he i "
ar B 1 por Aifke. B BNEY oud S0 HERFRAR. bbBHR" or
sugh..t hat .t he.concentrati on of..t.he co nd, wthin the. .
o1 e TSr AP R A AGioA TagTcineS RBRE B edteyhacologica
pg/ nL, often does not exceed 300 pg/nL, and frequentl|

does theppeaticeféadts) Buis peguiting inkésctévedireoyeation ar fgaiment of the
manner, the conpounds are dose dependent, and, as
sudisordenhi bi t cyt oki ne producti on and/ or secretion

when enpl oyed at | ow concentrations but do not exhibit

those i DI BdctiROaRblRYrSoRpotHREh 2APRHERIEALA D Dass HMfoss the

conpounds exhibit inhibitory effects on dopam ne
ed

product.i on.and/ or. .secy et ] ) n I i n.amunt X

e B R BB P BB BT B R o B PO B B of he

to any significant degree of nicotinic receptor )

s uBYRipe and s tivateagleyfnt mictigic reeepérrtsybtypes (bt ornsagepize or

Usi ng t he Conpounds and/ or Pharmaceutical Conpositions

Theaialtp entagenizadopasminspddudionraadior deanetica thus trésoiting in effective

ni coti ne addi cti on and/ or
prevention or treatment of the disorder). Prevention of the disorders is manifested by
delaying the onset of the symptoms of the disorder. Treatment of the disorder is
manifested by decreasing the symptoms associated with the disorder or an
amelioration of the recurrence of the symptoms of the disorder. Preferably, the
effective amount is sufficient to obtain the desired result, but insufficient to cause
appreciable side effects.

The effective dose can vary, depending upon factors such as the condition of
the patient, the severity of the symptoms of the disorder, and the manner in which the
pharmaceutical composition is administered. For human patients, the effective dose
of typical compounds generally requires administering the compound in an amount

sufficient to decrease dopamine release, but the amount should be insufficient to
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obesity, such as the obesity associated with drug
cessation. The conpounds can al so be used as adj unct

WO b@sapss3o n conbi nati on with exi sting therapi eBCT/NS1008029371

managenent of the aforenenti oned types of diseases and

di sorders. In such situations, it is preferable to

adrdiics edects ha skaletalmusolesraadigenglé toany migaifrranidagreeh dthe effective
opti m zes effects upon dopani ne production and/ or

Selosd bioddmpiahdewill &ff dbuzdeniffed f@f HatieH enpatReePudn general

subt ypes such as those that are associated with nuscle

an (N kS : ' r.get

Qe M e S FHAE AR08 AULARLLIARE Sk UOFIED. Rkl
desjred. effect .is optained withqout. neetin e

© hloBABing PaoLigeR Pal g o8 I deancioyiad Barhelay d amount
ef fects. The conpounds have the ability to bind to,

andvhiere mpsqularicticdrsteohseyedant agoni ze or partially

ant agoni ze one or nore nicotinic receptors of the

brai n ofThelemipatuhd3Nivheh ainpligediraéfect 09 ambings irtd®afRnce with the
ot her than the a4b receptor, at concentrations at

whi ah(gd"u%ﬁeﬁ% He‘?éig,gatrg Eelb&iveds g%it n WAL GEESGhic ‘rAéQt:eptors, but do

suc compoun ave the ability to express

ni coti.ni. r macol o and in rticular, to.act.a
ot iiRa s R Ry O Sehiod frenauBl it et o
of typical conpounds useful in carrying out the

pr egpepntrpensit et gjedterthan (hossregueding sepmessingvhe sileasp of
exceed about 1 nM and frequently exceed about 10 nM
Thelopaaipetod bther nelird@amzaiitéranBy thit isSmednt thypia@atticular dose of
conmpounds generally are | ess than about 1 nM often

ar %oingﬁﬁn& L1190 Hbre +ARinBMn d AP B A BB LA K ASE nic%ﬁge addiction

t han about 50 nM 'ReceptOr binding constants provide a
measure of .the.ability of the conpound.to bi.nd.to half .
of e Rty B B aft nerPSuTTRCURPiY fosBiiafeq B Picotine
of the patient. See, Cheng, et al., Biochem o
Ph&espaken) is ossentpdlygnefiestivg in qieitingehyatinnsof ogfain ganglionic-type
enpl oyed in effective anbunts as descri bed herein, are
s elndamtinicereteptare nt @incentedtion dnghenthaotSi times, pefepbly highebtitan 100
do not significantly activate receptors associated ‘
Wt ddNEIRISh b RIPrSfefibReniBhdraBarS1, 06y tifnBs hah $hd¥8 2&Huileh @ér 2
suppression of dopamine production and/or release. This selectivity of certain
compounds described herein against those ganglionic-type receptors responsible for
cardiovascular side effects is demonstrated by a lack of the ability of those compounds
to activate nicotinic function of adrenal chromaffin tissue at concentrations greater
than those required for suppression of dopamine production and/or release.

For human patients, the effective dose of typical compounds generally requires
administering the compound in an amount of at least about 1, often at least about 10,
and frequently at least about 25 pg/ 24 hr/ patient. The effective dose generally does
not exceed about 500, often does not exceed about 400, and frequently does not

exceed about 300 pg/ 24 hr/ patient. In addition, administration of the effective dose
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particul ar dose of conpound that is effective at
suppressi ng dopam ne production and/or release is

wesmeneicdd |y i neffective in eliciting activatiPeT/082005029371

certain ganglionictype nicotinic receptors. This
selectivity of the conmpounds of the present

i nisesuch b gwi costentiatisr of biespmppend wipioribé plasmp of the patient
cardi ovascul ar side effects is denonstrated by a | ack

of nbdgalBhices hot sxteédhsmaldgzmmaa mguérlyaloks ¥&tekceed 100 ng/mlL.
nicotinic function of adrenal chromaffin tissue. The

conmpoungg, gﬁﬂ?ﬁ@% ?&&nﬂgﬁ bR, Wiy eﬁl?éo%gél‘ fPefr &Rl Qfé}l‘é}lnts in

rubi di umi rou nicotinic ptors in c

preparati ons. expressing nmusc|.e-type nicatinic :
D Skt et o ThCRE TR0 destR R ort Heceoa kPO LR AU drgrey of prevention
receptor activation constants or EC50 val ues 1}(§i .e.,
whptthepregresonap frdNS diserdsfs, anelieretecempiany of Y6 disorders, and
conmpound needed to activate half of the rel evant

I ea@pli®atestb s6Bie dbgreb of SlsebRinghcdMBCNE di¥orderd allieedTlective amounts
which are extrenely high (i.e., greater than about 100

Mt 5500 duhas bR SEUILAIRGS A SATRAALR S Motk to elicit
carrying t present” Invention activate 1sotopic

rubi di um i. f.l.ux l.ess than 10 rcent,.. often

| 88 RSPl Sl SRS O PP e T8 bi0R Skl gpusele. The
) nicotine. Accordingly, the conpounds are effective

at cemppinsls shmbe admigdired iea tetrpgetic windawdn orhiehe¢asiageCNS

and can be used to treat drug addiction, nicotine

addisetdetsare asated andoetid sidatiiafd aetavvidedt Ideally, the effective dose of
concentrations that are not sufficient to elicit any

ap HeSohMOuRdSA L6 I 1REdiS is R¥fidiSntdE PRIV At 86kiRY effects upon the
decreased effects on preparations believed to reflect

SR B inets b RS Byl BRI 10 B bl dhesivabte sice

co oundsjérovides a therapeuti¢c wi ndow in which . .

t r edeqieAireisrabl thy cwmmosndone admidtieied ahddesees sHoalyg/fos treating

obesity is effected, and side effects are avoi ded.

Théte ¢SS disords{ uwttless ¢haholk'®, amfl cdten desp thandl /d, the@mount required to

present invention is sufficient to provide the desired

antRAPHrfid SdSE8ES & LY stAPRIhN@egaéLduct i on and/ or

Most preferably, effective doses are at very low concentrations, where

maximal effects are observed to occur, with a minimum of side effects.
Concentrations, determined as the amount of compound per volume of relevant tissue,
typically provide a measure of the degree to which that compound affects cytokine
production. Typically, the effective dose of such compounds generally requires
administering the compound in an amount of less than 5 mg/kg of patient weight.
Often, the compounds of the present invention are administered in an amount from
less than about 1 mg/kg patent weight and usually less than about 100 pg/kg of patient
weight, but frequently between about 10 pg to less than 100 pg/kg of patient weight.

For compounds that do not induce effects on muscle-type nicotinic receptors at low
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secretion, but is insufficient (i.e., is not at a high
enough |l evel) to provide undesirable side effects.

wee@hoembd y, the conmpounds results in treat menPCDUSTNEORIITL

addi ction, nicotine addiction and/or obesity upon

adm nistration of less 1/3, frequently less than 1/5,
andgofcesiralienss therediectiveldse islass thabimg/kaidf patieniweight; and often
cause any side effects to a significant degree. The

f olsheméomgp emasple@amidisteRIIQN bfl @thotift frdrh BBtpab Gesk igan 5 mg/kg of
present invention, and should not be construed as

AT IR 20 i b SUATEL ) AL o
B 2S04 5 Pl B ARPLAAET g

used throughout the foll ow ng exanpl es.
3- Bedodbpyri di ne, 3, 5-di bronopyri di ne, 5-
br onmoni cotinic acid, 5-bronopyrimdine, and

4- pent eFo? hamaivpateentd) thi et ¥ @u¥e A 6pi i céhpdingalgenerally requires
Conpany or Lancaster Synthesis Inc. 2-Am no-5-brono- 3-

BT 5 A £ L BORAGRT, TR o 10
o P AT AL AP P ) TPt £ BBEERRHpRS, the effective

Col um chr omat ogr aphy was done using either Merck
si [dpgsoigEpicgooppoundretiists adminigieting thermrompoded which generally does
(activated, neutral, Brockmann |, standard grade,

abaut exbd arsin 500, [ifes ueendt eacded absutw0eardbfieuentlRidoes not
heavy wal | gl ass pressure tube (185 nlL capacity), wth

AC Ry Jdat 8BGut 0P U BEGRHYA! YRad @, R SorhSRMAS GrdRERageously

nc. Reaction mxtures were typically heated using a

I

hi gh- i id .bath, d o
rerar ETBEABLE e BBy o RE oo RPio BT R B tobound within
abbrevi ations are used in the foll ow ng exanpl es:

chtherlpgna ehihe paficnt Rproeibdoss nefrexgpecht Brasgwalhafien does not exceed
CH3CH for nethanol, DMF for N5Ndi net hyl f ormam de, and
Et G860 pgmuL,eint fteqaedlyatoes nditd céalr 1 0gigymby Wladnuenapl pyanid such a

Et 3N for triethyl am ne.
manner, the compounds are dose dependent, and, as such, inhibit cytokine production
and/or secretion when employed at low concentrations but do not exhibit those
inhibiting effects at higher concentrations. The compounds exhibit inhibitory effects
on dopamine production and/or secretion when employed in amounts less than those

amounts necessary to elicit activation to any significant degree of nicotinic receptor

subtypes associated with side effects.

IV. Methods of Using the Compounds and/oxr Pharmaceutical Compositions

The compounds can be used to treat drug addiction, nicotine addiction and/or
obesity, such as the obesity associated with drug cessation. The compounds can also
be used as adjunct therapy in combination with existing therapies in the management
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V. Assays Binding Assay The ability of the conmpounds
to bind to relevant receptor sites was determned in

waceweonesace Wi th the techni ques described in UEI/US2005/029371

Patent No. 5,597,919 to Dull et al.Inhibition
constants (K values) were calculated fromthe 1C50
vabfibs afgementidned ek otl dis¢asGhanigdisarders.. [n BichsHeations, it is
Phar macol . 22:3099 (1973). For the a4b2 subtype, the

Ki pieddritsle tsdmiResterahe dtive exabIib@s td 1 4 MbsneR Bt opdniARR effects
vvas less than 1 mM indicating that conpounds of the

cﬁﬂﬁo a{h‘f&ﬂ}ﬁ%ﬁﬂfﬁ)’ﬂ%&d{%?%&{ o 9/[]351 151%91?1‘1’1%%%?6?“[3 uipon receptor

ues
bee usedtoases therelatlve abilitie

SRS B e O MBI HRbEaEl % This can be
(Hansch et al., J. Med. Chem 11: 1 (1968)), were
c aheohpliskedhsi tagetedalrCe délivensurd wdyeadpistra e dnsags weh that a
3.5 by Mol ecular Sinmulations, hie. Determ nation of

Dopévitied @ffBeie abtainan Wﬂﬂ‘ioﬁﬁméﬁh%&ﬁé thiesholteds g e quisédd achieve
the techni ques described in U'S. Pat. No. 5,597,919 to

Flén &|s1da%?f§fése is expressed as a percentage of
rel €ase obtal ne W|th a concentration of

()() |cot|ner ffect

Report ed E&IB Q/‘ﬁ’rdﬁ ﬁ‘@ EQ @n@g@@ﬁnﬁmmgﬁ&lrgmtances

val ues represent the anpunt reI eased relative to

( Spmtegqnizd eraritrlycntagopar can pugerdeotiic meepigiiishs bpin of the
dopam ne rel ease can al so be eval uated using the

as payeht tasaodbiac dopaiimdyhasabther thahaliawiBe rdceptbt, ancafcentrations
nicotinic receptor medi ated [ 3H dopam ne rel ease from

Sy Q@\pﬁ 2R PR 8?1‘&%[%619@ 14 91 REHSRe B AL 8idAMuchtompounds have the
Neuroc em 5 856 92) and Sol i akov and

| R abiePieT BEERtsPoaUal 8y Tanp BODAHERae PR gbfthine

f r ggaéc?rflsts The receptor binding constants of typical compounds useful in carrying
out the present invention generally exceed about 0.1 nM, often exceed about 1 nM,
and frequently exceed about 10 nM. The receptor binding constants of such typical
compounds generally are less than about 1 uM, often are less than about 100 nM, and
frequently ai'e less than about 50 nM. Receptor binding constants provide a measure of
the ability of the compound to bind to half of the relevant receptor sites of certain
brain cells of the patient. See, Cheng, et al., Biochem. Pharmacol. 22: 3099 (1973).

The compounds, when employed in effective amounts as described

herein, are selective to certain relevant nicotinic receptors, but do not significantly
activate receptors associated with undesirable side effects. By this is meant that a
particular dose of compound that is effective at suppressing dopamine production
and/or release is essentially ineffective in eliciting activation of certain ganglionic-

type nicotinic receptors. This selectivity of the compounds of the present invention
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striatal synaptosones,"” J. Neurochem 67:163-170
(1996). Determ nation of RubidiumIlon Rel ease Rubi di um

wO0 edoeass3mas nmeasured using the techni ques deseeT/DEIOF/029371

Bencherif et al., JPET 279: 1413-1421 (1996). Reported

EC50 val ues are expressed in nM, and _ Emax val ues

r e&g@g%tﬁﬁO%eH'écca%ﬁfﬁsp@?Slbl@ B grigve vaseil preidesf g tsris Hampyssrated by a
to 300nmM et ranet hyl ammoni um i on, on a percent age

badadck. of et ahrihfiymdithasa cofpbmidstaattivare nicotmidfisetien of adrenal
Receptors The determ nation of the interaction of the
COpREEN Whdfe, Muscl e receptors was carried out in
accordance with the techni ques described in U S Pat.

or +naneraodeb Sutdstciee it nad IR T Y Etee Rl b Lum fon

percent age of the maxima| activation induced by L

( Syireush Ricelinic FeePiREyH e ArepFEkiona FXSESSIgIR_SSENYPE Risotinic
anmount released relative to (S)-(-)-nicotine on a
percgpichgjmerasdipsars. Ddtuey thie nampamds fexhibitee@ptdr antividtioh constants or
Gangl i on Receptors The determ nation of the

| NBETACAILEYL.8f whith 6viRe H Aekhsiwe b (HBadEEdRRt6n bECSERIRE needed
was carried out in accordance with the techni ques

degG ARG Hallk Af-8Rs rel Rhint D0 t(?f’nsglgs\?/ ?igt%lg Fﬁii%t%%l‘d%%é o% alEPl%t%?Pt) which

The nmaxi mal actl vatF| on orp dua

was det ernj ne s a percentage of the naxinal )

B BT /EBIA el B IS an S5P0h DS heetbh bxnicoisferred

val ues represent the anount released relative to

( Srotppyunsis seeinhia carrymgghe presend frevebtien activat iegtbpieirelyidium ion flux
The selectivity of the conpounds for a given receptor

caby s ehanl 1095cesn) Y iien B ddsk BGntser&dint G ight daxihfly provided by S(-
conpounds to different receptors using known

mes BRdahoay-

Accordingly, the compounds are effective at suppressing of dopamine
production and/or release, and can be used to treat drug addiction, nicotine addiction,
and/or obesity at effective at concentrations that are not sufficient to elicit any
appreciable side effects, as is demonstrated by decreased effects on preparations
believed to reflect effects on the cardiovascular system, or effects to skeletal muscle.
As such, administration of the compounds provides a therapeutic window in which
treatment of drug addiction, nicotine addiction and/or obesity is effected, and side
effects are avoided. That is, an effective dose of a compound of the present invention
is sufficient to prbvide the desired antagonistic effects on dopamine production and/or
secretion, but is insufficient (i.e., is not at a high enough level) to provide undesirable
side effects. Preferably, the compounds results in treatment of drug addiction, nicotine

addiction and/or obesity upon administration of less 1/3, frequently less than 1/5, and
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VI. Synthetic Exanples The follow ng synthetic
exanples are provided to illustrate the present

w0 novefoziceén and shoul d not be construed as | i m PCTYS1008029371

scope thereof. In these exanples all parts and
percentages are b unl ess ot herw se not ed.

Re adtendessyihas 80, Eu)a/@ arr@,yg‘p susficient tashuse any side effects to a significant
per cent age. Exanple 1 Sanple No. 1 is

7- (dgmegridyl ) -1, 7-di azaspi r o[ 4. 4] nonane

di hydrochl ori de, which was prepared according to the

fol I ow nﬂietfsﬁmin%l@iﬁ FMS taf@ﬁrb@ﬂ%@ Reid4:0 ﬁterﬁf%s%g?m\()@tﬁton and
prepar ed accordlng y he procedure reporte

Et ﬁﬂPtﬂﬁtn%? Be construed as llmltlnthergjteq}t the%e e)%aln% e %iﬁ %ggts and

2(2 ni troethyl)-I-benzyl pyrrolidine-2-carboxyl ate

Un dRSFeeatages 316 §i v eaghbouiess otherwisg opigd %wct;pn yields are reported in
dii sopropylamne (4.34 g, 6.01 nL, 42.9 nmmol) in dry
THEn¢16 Percktages Sewwod] edminterainlly eenilablielstagisng materials are used
n-butyllithium(17.1 nL of 2.5 Min hexane, 42.8 mmol)

Washdiesht B SUbHBex abiptes] ﬁ@r&ﬁ&ﬁ‘yﬂ%%e @%‘T&Mﬁﬂn@gﬂdhﬁe&

solution of lithiumdiisSopropylanmde was first

to n fure and .then t.ransfer
U SRS G (EFNETLRS yte SiRhRed fom
pyrrolldlnez car boxyl at e &@429m’m| nLSFIuka

n Adfiichr{jherpisgl @elppaWeqrcLaaﬁaSIers?@n 818 It 2t ABEeN? -bripeo-3-
addition took 10 mn. After stirring an additional 30
mi methylp8tic; wahpurehaskd fiens Maybiidge Gleesnital €atngghng Fitd (R)-(+)-
cannula) with a solution of nitroethylene (3.13 g,

42 pRopyidte)oxide Wasyobtthed #0mMilka FhenidhXtdthSanyasnd dS?—'@ )-propylene

stirred for 1 h at -78C. Saturated aqueous ammoni u

C.hl ?{dquas o%lté‘lﬁécpﬁ]%tw?%ldég% Iﬁlé@lﬂ%?ij& %Jarpa %@uﬂ%ofnﬁ% graphy was

ure was war ne enper avur e and

extracted t acet at 4 x 30 The extracts

e oG priag eyt ST sTGE a0 a0 deesBy i e oxide (sctivated,

evaporation. The
neutral, Brockmann I, standard grade, about 150 mesh). Pressure reactions were done
in a heavy wall glass pressure tube (185 mL capacity), with Ace-Thread, and plunger
valve available from Ace Glass Inc. Reaction mixtures were typically heated using a
high-temperature silicon oil bath, and temperatures refer to those of the oil bath. The
following abbreviations are used in the following examples: CHCl; for chloroform,
CH,Cl, for dichloromethane, CH30H for methanol, DMF for N,N-

dimethylformamide, and EtOAc for ethyl acetate, THF for tetrahydrofuran, and Et;N

for triethylamine.

V. Assays

Binding Assay

The ability of the compounds to bind to relevant receptor sites was determined
in accordance with the techniques described in U.S. Patent No. 5,597,919 to Dull et al.
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resi due was purified by chromatography on a Merck
silica gel 60 (70-230 nmesh) colum with 9:1 (v/v)

wheooanzIeet hyl acetate. Concentration of sel ectdr/us2005/029371

fractions gave 10.0 g (76.3% of viscous, tan oil.

6- Benzyl - 2, 6- di azaspi ro[ 4. 4] nonan-| - one Raney ni ckel

(~ @ﬂgpltm§ow@é@(h,o/ahle§)o\yqp icatgulgteddidiy the ICso values using the method
2-(2-nitroethyl)-1benzyl pyrrolidine- 2-carboxyl ate

( 6.00Cheng 8i%1.0Brohén. Phurabss 22:80%t (18M®). Koz Gk adpR sub@pe the Ki
hydr ogenati on bottle. The m xture was shaken for 12

ﬁ;g@fue%tr%gﬁ 9o e%ﬂ{?l%? Hﬁ{#fsl e%pg ﬁi wadle tﬁ)ﬁ{ { HM 1nd1cagmg that

rogenation appara roug

AP ERD BB R °t%b%w§¥$ﬁﬁht§v e

of the primary am ne and the lactamresulting from
cycl i zaDammadationef hagReVane o t he ester. The mixture
was di ssolved in toluene (150 nL). A catalytic anount
of p-t olLegPerilhdspwhich Aavebden3Bedrm) asvas iladdrdvansilitibeof
m xture was heated at reflux under a nitrogen

at 'EQE&E a%uf) hssatrolds th@%%del%%&o&a%%r({ﬁa%ch) 8ol 9! MERGhem. 11: 1

the r now entirel | act am

cr Ilzed 0.giye.

T e R o Sl g e P en gl RS Bsiom it By Moleculr
alun1nun1hydr|de ( 1.98 g, 52.2 mmol ) was added in
poPimBlaons,Hifer argon, to a i ce bath cool ed sol ution
of 6-benzyl -2, 6-di azaspiro[ 4. 4] nonan-I|-one (4.00 g,

17. 4 mrﬂDeIerhﬁnai'ron of opaidie RelpaseThe addition funnel
was replaced with a reflux condenser, and the m xture

was heatRgphasind @fdabXwhOmeddiréd usihe téélﬁﬁ«?léé@%s&ﬂféh e6l U.S. Pat.
to OC and treated drop-w se (caution: exothermc

reagti g v.dr.o t

hy§%052%97é%“%*&t1?‘21% M BNERAS, S P néﬁf%%é tdsf olere
ular,. The m xture wa rred.1 h C

fi PB@I“E’G Wit 6ﬁﬁﬁlFePféF'i“tl‘e°fs(‘§;é )TW‘F‘FWSFSS ’d]rl?l%’ﬁ‘mal effects.

(K2C3B) and concentrated, |eaving 3.60 g (95.7% of

vi Kepored EGkoralues gre f:)qmesged in nM, and E_,, values represent the amount

released relative to (S)-(-)-nicotine on a percentage basis.

Antagonism of dopamine release can also be evaluated using the assays
described in Gradyet al., “Characterization of nicotinic receptor mediated
[3H]dopamine release from synaptosomes prepared from mouse striatum,” J.
Neurochem. 59: 848-856 (1992) and Soliakov and Wonnacott, “Voltage-sensitive

Ca®* channels involved in nicotinic receptor-mediated [3H]dopamine release from rat
striatal synaptosomes,” J. Neurochem. 67:163-170 (1996).

Determination of Rubidium Ion Release

Rubidium release was measured using the techniques described in Bencherif et
al., JPET 279: 1413-1421 (1996). Reported ECs, values are expressed in nM, and
Enmax values represent the amount of rubidium ion released relative to 300uM
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| - Benzyl - 7-(3-pyridyl)-1,7-di azaspiro[ 4. 4] nonane A
m xture of |-benzyl-1,7-di azaspiro[ 4. 4] nonane (2.00 g,

WO2@6/0p3%80 ), 3- bronopyridine (1.38 g, 8.73 nmbCY/US2005/029371

potassiumtert-butoxide (2.50 g, 22.3 mmmol),

tris(di benzylideneacetone)di palladiun(0) (0.318 g,

0. Sramephylmmonipm ion, on a percentage basis.

bi s(di phenyl phosphi no)-1,1"-bi naphthyl (0.324 g, 0.520
ol )  amdtahnyndioh l@@ﬁﬁeré&ﬂ)ﬂml)th wagclelReeptoisn a pressure
tube under argon. The m xture was stirred and heated

at 90C @@H&eﬁ‘gﬁgﬁgﬁwﬁ dntbQbtico fhé @&n?&ﬁng q%th\éﬁﬁﬁie receptors

(20 rrL) was a em xture was extracte

et acetate (6 25 nlL),. . The. extra wer.

(IR GuEip e St GEIGHLR Sarbg) Bahy. Bt e
reS|due on Merck silica gel 60 (70-230 nesh), with 6:4
(V597 9P v Bubiehtladhbe oraaima) aviévatiogforyindpilizbgorapoundg HEmax) was
brown oil, after concentration of selected fractions.

7- G&ei?is(ilhbdi ¥$ ) ptredntadcacfabmagingl 4ttivatian énduced by (S)-(-)-nicotine.
di hydrochl ori de Aqueous hydrochloric acid (0.5 niL of
12 10

% @adﬁo utm%galggél{ a%gﬁ%gmﬁaﬁ@?%sgg | pr@)to‘(@f@) -A06He on a
dl azas 4 4] nonane (1.0 g, 3.41 mol) in nethanol
( 38E! ag Sti xt ure was shaken under a hydrogen
at nosphere (50 psi) in a Parr dr ogenat i on appar at us
for 24 ﬂi)eﬁﬁmlrfa.tlpn@t Ererpefion with éx%nglmn Reueptofs | trat e was
concentrated by rotary evaporat| on and col um
chr omat aye dpesdinatiordMef thk igerdacticn @fthe 6ampaithd? 3Gthneasflionic
Elution with 0.01:1:9 (v/v) aqueous

a”l%%@fgt%fs“@&%ﬁ@éd Sl E&%ﬁfaﬂbe F0d tl?é’ﬂ%@l?rﬁ HRldeQRibefl in U.S. Pat. No.
sel ected fractions, gave 0.650 g 93 of VISCOUS

o 300
g?@ﬂb&%ﬁuﬁ R PSPVﬁ‘? U bl (Bwo was
The water was azeotropically. renmoved by. repeated
tr é@r@ﬂ@ﬁﬁdaﬁ t Retseiirge Qfdhemasingy gl vbins induced by {S)-(hgfcotine. .
rotary evaporation. The resulting solid was
r eReyatal Ei.z galués mprebertt theopowop agledsed celgivedo §6)9(-Jrgicotine on a
(88.2% of fine tan crystals.

percentage basis.

Selectivity

The selectivity of the compounds for a given receptor can be evaluated by
comparing the binding of the compounds to different receptors using known
methodology.

V1. Synthetic Examples

The following synthetic examples are provided to illustrate the present
invention and should not be construed as limiting the scope thereof. In these
examples, all parts and percentages are by weight, unless otherwise noted. Reaction

yields are reported in mole percentage.
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Exanple 2 Sanple 2 is
| -(3-pyridyl)-1,7-di aza-spiro[4. 4] nonane

walrdogaizsehl ori de, whi ch was prepared accor di ngp€DUB1965/029371
_followi ng techniques: tert-Butyl

6- benzyl - 2, 6- di azaspi ro[ 4. 4] nonane- 2- car boxyl at e

Di Exampleyll di carbonate (1.45 g, 6.64 mmol) was added

to a solution of 1- benzyl-1,7-diazaspiro[4. 4] nonane

(1. 30 gSa@pINeMDIs)7-@3 k)&t Ty agespine[ 4.4 Thofidne dillydrochloride,
dlchloronethane (25 nL), and the m xture was stirred

pour 2%1 \g&tpr c?fic% éﬁgdfbvtﬁé ﬁ;lﬂ;% ﬁ%qh xture was

|nto urate gueous Soar i'car bonat e

(1 niL) a extracted with chloroform(4x25 niL).

Igeeth @P§ were dried (K2C08) and concentrated by
rot ary evaporation. The residue was col umm
chr omat dgiregsthdanwvanpsepied hecordingluito 88 nta@dpBoepastid)by
eluting with, to give 1.85 g (97.4% of viscous,
CORahgathaf) ét,al.,aﬁt@rg. Chasefs: 1883 (vgoyf. sel ected
fractions. tert-Butyl

2. Frfle it Ak A ARG RoSAEROK Ay ! Ut on o
o S SVt AR OSSR daloor mt

pal | adi um on’ car bon (50 nmg). The m xture was shaken
unde® rampldn dge RHE( PHepd avae cogled fsian icp hath apgrhutyllithium (17.1 mL
hydr ogenati on apparatus for 8 h and filtered through

Cebt £ 8. MThaefdnk] 408 enriels wao added by alangd yTHedt@bath was removed and
evapor ation and high vacuumtreatnent, |eaving 1.26 ¢

1¥ SRR of 1A d?fs@%Y‘g Qi de 008 w%ﬁéﬁho‘ﬁﬁﬁné}ft temperature and

icient purity to Plised in the subsequent

t . .

"B by C%“%’?‘aa% PO iB L L DN 53 Bygolidine 2
A m xture of tert-

2, Ga@pEAais i Q- 9[%44?4? @@ﬁ@Jﬁ EElpkp)dn ¥ox THEHE0 pml) el at 78’ Gunder
mml) 3-bronmopyri dine (0.736 g, 4.66 nmol), potassium

t enttrdgeh.oXheleddifio?®ol,1010in9 Afteplsfirring an additional 30 min at -78° C, the

tris(di benzyli deneacetone)di pal | adi um(0) (0.155 g,

0. 188 atdBlukiondvad treated (via cannula) with a solution of nitroethylene (3.13 g,
42.9 mmol) in dry THF (20 mL). The mixture was then stirred for 1 h at -78°C.
Saturated aqueous ammonium chloride solution was then added (at -78°C), and the
mixture was warmed to ambient temperature and extracted the ethyl acetate (4 x 30
mL). The extracts were dried (K,CO;3) and concentrated by rotary evaporation. The
residue was purified by chromatography on a Merck silica gel 60 (70-230 mesh)
column with 9:1 (v/v) hexane/ethyl acetate. Concentration of selected fractions gave
10.0 g (76.3%) of viscous, tan oil.

6-Benzyl-2,6-diazaspiro[4.4|nonan-1-one
Raney nickel (~2 g) was added to a solution of ethyl 2-(2-nitroethyl)-1-
benzylpyrrolidine-2-carboxylate (6.00 g, 19.6 mmol) in absolute ethanol (200 mL) in
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bi s(di phenyl phosphi no) -1, r-bmapht hyl (0.158 g, 0.254
mmol ) and dry toluene (25 nL) was placed in a pressure

W0 adve/oedsd@r argon. The mixture was stirred andp¢iFES®AS/029371

at 180C (bath tenperature) for 8 h and cool ed. Thin

| ayer analysis indicated that very little conversion

had hydiegenation bettleA Bweanitire was gleaker derall2 b wodsn adyiltogen o

the first, of all reagents except the tert-butyl

2, 6tmebspEAS P50 pdifindd PaN BB oZenatibbappekans MNetedabdagh b Celite pad

pressure tube and the tube was returned to the bath

fo [ [ [ : i
En@@&{c@ﬁﬁaatg% B%E@%?regg?&é@dévﬁ%ﬂrs da{nga sfs 1ﬁ(ﬁ§?ﬂ:& Bat the

seened to arge of reagents

wa dded,.and heatin at 18 was cont.i nued_for a .

¢ hRygrogsTatigR Prastyct v@%gaefmt% (ﬁ@\e BB i e e resulting
m xture was extracted with ethyl acetate (6 x 25 nl).
Th&osxesichgationgd the gnine dpiieryten nbheapixdertvasdésgolved 1n toluene
Col utm chr omat ogr aphy of the residue on Merck silica
gel150nL Y, 0A 2301yt sountbf frtducheuifonic acid (~30 mg) was added and the
chl or of orm acet one, gave 150 ng (-1 1% of |ight brown

ol %‘%’f‘%{ﬁ \?gsy@fggfﬂﬂ?g%@féazgggﬁ gﬁ_ggf %%%g%lé&@ #4:90%h. Upon evaporation
di hydrochl ori.de A.sojution. of .tert-b . )

6. DTN iRt Lo ey B SRS ol fp give 420 8
(100 , 0.330 mmol) in _dichloronethane (5 nL) was

r af?dl %) ef fiap selid (e h52-4P3°6D- 12 M hydrochl oric acid at

anbi ent tenperature for Ih, during which tine the

bi piBanzgl-nj7xdivzsphefhsmonmnophasi c. The

di chl or onet hane was evaporated, and the residue was

di ssol veghiumh ¥RhEhurh %E;Hgiae @ grBde SibONHadBaS irtpdrBbhs, under

9) with potassium carbonate. e m xture was saturated
wi th sodi um or.i nd ex cte i t.h_chl or.of.orm
¢ ol 5 Bt oy £ s B B BRI BO fone 4.00

concentrated. first,R% rotary evaporation and_then

hi §hl LAsunel it &3 R (L00mb). vilisaddiionfunpel svas remlaced it a reflux

resulted was 98% pure by GCMS and wei ghed 50 ng (73% .
A samishserpfndithe miktueewplsated4d reflpx 024 hndhy westure was cooled to
di ssolved in 10 drops of 12 M hydrochloric acid. The

WaDET aNdEeAEEohAPisE Bahon: RABMBENiB YedcaPLRKRE 10 M agwsdns sodium
W th small volunes o
hydroxide until hydrogen evolution ceased and the aluminate salts were granular. The
mixture was stirred 1 h at 0°C and filtered through Celite. The filtrate was dried
(K,COs) and concentrated, leaving 3.60 g (95.7%) of viscous, colorless liquid.
1-Benzyi-7—(3-pyridyl)-1,7-diazaspiro[4.4]ﬁonane
A mixture of 1-benzyl-1,7-diazaspiro[4.4]nonane (2.00 g, 9.26 mmol), 3-
bromopyridine (1.38 & 8.73 mmol), potassium tert-butoxide (2.50 g, 22.3 mmol),
tris(dibenzylideneacetone)dipalladium(0) (0.318 g, 0.347 mmol), 2,2’-
bis(diphenylphosphino)-1,1’-binaphthyl (0.324 g, 0.520 mmol) and dry toluene (50
mL) was placed in a pressure tube under argon. The mixture was stirred and heated at

90°C (bath temperature) for 24 h and cooled. Water (20 mL) was added and the
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ethanol (~ 5 nL) and rotary evaporation. The resulting
solid was recrystallized from hot isopropanol to give

wa002363R% of fine tan crystals (np 170-175CrCT/US2005/029371

Exanple 3 Sanple 3 is

| -met hyl -7-(3-pyridyl)-1,7-diazaspiro[ 4. 4] nonane,
whinmgktuasagexépaied dv1&mibylca|cctgtet(6 xtApemEp| Tleegxtgcts were dried
t echni ques:

| - E\k}d‘(ﬂ) afd CSndeMiratdy. Columfr dlire@atspiabRy 6f the REFIdRON Merck silica
7- Pyridyl)-1,7-di azaspiro[ 4. 4] nonane (30 rTg, 0. 15

) § O5 R, 0
f oPriaaR 23bﬁ%h%%t%@%?ﬁﬁé@é@wﬁée?ocﬁl%) et E086.2%0) of ligh
re ctlon m_xt ure was. heat reflux for 8h The
r e SEAV L Y eRmsentEALion s Isga‘;t?‘gﬁF‘ﬁWt enper at ur e,
basified with saturated aqueous sodi um bi carbonate to
pH793Ryridylek 7 rdiazaspire{4.4nohiwr dihydrechloride3i) . The
conbi ned chl orof orm extracts were dried (K2C33),

filter e@kq@&msq?aﬁﬁmoﬁmaem (15 LB 2N) Mda00% paltdidrd on carbon
afford 30 ng of the desired conpound (93.6% as a

ggi%@é)%?g et oxy -pyr?&ﬁeﬁ%{r{p}? dﬁ (§'5)p| ro[4 4] non
wh
f‘” rrauee MESmPTE 0 8 R thetmohBaml) otz ves
at nosphere, sodium (4.60 g, 200 mmol ) was added to
abslken endarhdivdrogen eamerpherst(SQps) m a Parghydregenatipp pppgratus for 24
m xture was allowed to warmto anbient tenperature

oV @rand 8iltered Torotugie CeBteu [ Thie fitrate Mtk icomcenasted gl @stad, &aporation and
di bronopyridine (3 1.5 g, 133 mml), followed by DW

( 1QQwufHn) chrokR&toBa gﬁé&f & VRrLheReR1 86 7?)0536 19581‘?8 Eﬁh’uoﬁhﬁth

rovvn m xture was cool ed, poured |n o wat er

ﬂéﬁ ‘?g)géqulwg\}tésr aégltasglrg/a‘lg%}&ﬁ@g%gf%%ﬁrﬁl tagg ganceghatlon of selected

concent rat ed g/ r ot argy evaporation. Purification by
v adiaetians, gave 0.650 g (93.8%) of viscous, brown oil. A portion (300 mg, 1.48

mmol) of this material was treated with aqueous hydrochloric acid (2 mL). The water
was azeotropically removed by repeated treatment with small volumes of ethanol (~ 5
mL) and rotary evaporation. The resulting solid was recrystallized from hot
isopropanol to give 360 mg (88.2%) of fine tan crystals.
Example 2

Sample 2 is 1-(3-pyridyl)-1,7-diaza-spiro[4.4]nonane dihydrochloride, which
was prepared according to the following techniques:
tert-Butyl 6-benzyl-2,6-diazaspiro[4.4]nonane-2-carboxylate

Di-t-butyl dicarbonate (1.45 g, 6.64 mmol) was added to a solution of 1-
benzyl-1,7-diazaspiro[4.4]nonane (1.30 g, 6.01 mmol) and triethylamine (1 mL) in
dichloromethane (25 mL), and the mixture was stirred at ambient temperature
overnight. The mixture was poured into saturated aqueous sodium bicarbonate (10
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distillation afforded 22.85 g (85.0% of an oil, bp
89-90C at 2.8 mmHg (lit. bp 11T C at 5 nm Hg, see K

w@b@ekese3et al ., J. Chem Soc. 1885 (1960)). PCT/US2005/029371

| - Benzyl - 7- (5- et hoxy- 3-pyridyl)-I,7-di azaspi ro[4 4] non
ane | -Benzyl -1, 7-di azaspiro[ 4. 4]nonane (500.0

mor)) apd exdrasebivitk ghliorpfary (4 ©20awe- (Ths eRcts were @Eﬁdﬁl_{zCOs)

round bottom fl ask equi pped vvlth a magnetic stirring
bagand dbricenigeed wasotiylbhmdatidn: dilghreditee wad edlumn chrongatographed on
slow stream To the stirring solution was added

3- 0
R e el € ol (RN

1o% %ﬂi%%ﬁ%%he” ROPEPEARSN rcsadcaconers | o

paIIadlurr(O rrE; 0.06 nmol ), while continuing to
puteyéButyk?, 6nd@zr2@wo 4 1nousner2-cahexylade di scont i nued

and the flask was seal ed and heated at 900C for 8 h.

The r eact sodutionast ool Gebeanyl -2, rdszhspdrol 4. WaenamAdeadokylate (1.70
rotary evaporation. The resulting residue was

sugpeRdathd1niSALHMLALIFS0 i%ﬁ}) QP ik By 1@%?&1&@% 6n cdBon (50
m.)” and extracted wi th chl oroform(4 x 25 )

combivn nic e acts

Fr Py atie FRAR Stk AR b o gl o} ORI 0w ipg B

t hi ck dark mass. Purificatjon

chP¥HREEHIAP APPArYYs Fry 8 rtbtf@aﬂéqr?%mf‘?}%g&%"rlm ( Shayfiltratg yyys

as the eluent, gave 0.54 g of the desired conmpound as

a chlgitmtrhile«bhm rokhlsfcetvallmrhﬁicquzitmﬂ Higl9¥8cuum treatment, leaving 1.26 g of
7- (5- Et hoxy-3-pyridyl)- 1,7-diazaspiro[4.4]nonane To a

Sok/iskb@ hgﬁt brown oil (>100%), which was of sufficient purity to be used in the
I-benzyf (5- et hoxy- 3- pyrldyl)-l 7-di azaspi ro[ 4. 4] non

ggi 6mm|) in ethanol (25 nL) in a

pr essuéllp sS4 vvas added concentrated HO ( 1 rrL) and

Pear | man' s ata (Pd( % on carbon

TS aY G RO 13d] grangy2 WHPSB&W gas

for 8 h. The cat al yst was renoved by filtration

t hr ough ACmixters, of dertibutyk2,bidiazaspicd # € Inamened shdhgxyliater(1.00 g, ~4.4

et hanol (20 nL). The solvent was renobved by rotary

ev apasiRt3-Bdmopnddinb €0.736 & dU6s wasol)) psiakdie twitbitoxide (1.22 g, 10.9
mmol), tris(dibenzylideneacetone)dipalladium(0) (0.155 g, 0.169 mmol), 2,2°-
bis(diphenylphosphino)-1,1°-binaphthyl (0.158 g, 0.254 mmol) and dry toluene (25
mL) was placed in a pressure tube under argon. The mixture was stirred and heated at
180°C (bath temperature) for 8 h and cooled. Thin layer analysis indicated that very
little conversion had taken place. A second charge, equal in quantity to the first, of all
reagents except the tert-butyl 2,6-diazaspiro[4.4]nonane-2-carboxylate was added to
pressure tube and the tube was returned to the bath for another 8 h. Again relatively
little reaction seemed to have occurred, so a third charge of reagents was added and
heating (at 180°C) was continued for a third 8 h period. Water (20 mL) was added

and the mixture was extracted with ethyl acetate (6 x 25 mL). The extracts were dried
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sat urat ed aqueous sodi um bi carbonate to pH 8-9. Solid
sodiumchloride (2 g) was added, and the m xture was

wezdioeaeicedd with chloroform (4 x 20 niL). The cop@i/mem05/029371

chl oroform extracts were dried (Na2SO ), filtered and
concentrated by rotary evaporation to afford 360.7 ng
of (Ki{eOdasil cencenbaisduhdlvasn ehrbingtography wh theirsg dusson Merck silica
liquid (91.1%.
| - et 60y70230 ettt &4 RyK) eylbdofbrnd/acbt@reasier 1B04ng {(41A96) of
ane To a stirring solution of _

h@érB%Bbil3aﬂéfréo§1¥én)crh{'9rz oAz Az B 4] nonane

2 ol ) in 37%

7-(
(361 .4ny, 1. aqueous sol ution of

formgl dehyde. (4. .nmL) wa dded 98% form.c acid (2 nlL)

Bt ST aifrsphat fgRans S PE RS S ar ed t o

reflux for 8 h. The reaction m xture was cooled to

room t edpwiaicn e tert-hatyl b4 3ipyridul) i G- diagaspire it 4 doregpadecmboxylate
sodi um bi carbonate to pH 8-9 and extracted with

¢ h(otahgr 03 3¢mmolbinidichldibmet@ab (ed.) ehk eapadl@stitred with 1 mL of 12
extracts were dried (Na2SO4), filtered andconcentrated

by M ﬁ%@&m@ﬂ@@&ﬂ at ifibhe tﬁg@{ngﬁﬂﬁle ?orwk;g@ﬁ@ \i?ﬁi‘amme the biphasic

i qui This was disti using a ohr appara

E gzng}?%eab%gg% g)éjqn%&%ﬁg | ﬁ%ﬁgﬁh&%&t@ng S)vrgs %%poorrgcgd,sgrll[i Lgl?e residue
| - met hyl - 7- ( 5- phenoxy-3-pyridyl)-I,7-di azaspi ro[ 4. 4] no
naes diplee Vealph @pak bendaseds siongivibasieRt B Wioksium
techni ques: 3- Brono-5-phenoxypyri di ne Sodi um hydri de

( 1c@bonptaf TBOMtorenwasesn@bated Wwith4bdidmnehbddrldenad exddeadd with

a stirred solution of phenol (4.26 g, 45.3 mml) in

DVEhIbR o4 210 HE.). dhd@kirilitd %%?ied?ﬁ?C@E)’%‘drc%n%%teg_, first by

stirred at roomteéenperature for 3 h redted wth 3,

di i di. ne 0 16. 9 Mo and ated at., 100C. .

Foro g ReceRictFolslpy B bl D lakecRRR o o plowhoi whicn

tenperature, poured into a mxture of water (100 piL)
resulted was 98% pure by GCMS and weighed 50 mg (73%). A sample of this free

base (40 mg, 020 mmol)was dissolved in 10 drops of 12 M hydrochloric acid. The
water was azeotropically removed by repeated treatment with small volumes of
ethanol (~ 5 mL) and rotary evaporation. The resulting solid was recrystallized from
hot isopropanol to give 40 mg (72%) of fine tan crystals (mp 170-175°C).
Example 3
Sample 3 is 1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane, which was
prepared according to the following techniques:
1-Methyl-7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(3-Pyridyl)-1,7-diazaspiro[4.4]nonane (30 mg, 0.15 mmol) was dissolved in
98% formic acid (0.5 mL) and formaldehyde (1 mL, 28% aqueous solution). The
reaction mixture was heated to reflux for 8 h. The reaction mixture was cooled to
room temperature, basified with saturated aqueous sodium bicarbonate to pH 9-10 and
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and 5M sodi um hydroxide (10 nL), and extracted with
ether (3 x 60 nL). The conbi ned ether extracts were

walrioen236B2S04) , filtered, and rotary evapor at BdI/U82085/029371

pal e yellow sem -solid (4.9 g). This was
chromat ographed on a silica gel (200 g) colum with
he%ﬁé‘ﬂé‘g wyth chlosefare (¢ ki3orlof %Prmcpmbmeﬂ,chwrvﬁonaﬂﬁwamere dried
to give 2.86 g (68%yield) of a colorless oil.
| - BERCOLY, Tiltélad phée onceniBatpy bh dybihry evapoliatuz s pife@[ 3. rﬁ% Bothe
nane | -Benzyl -1, 7-di azaspi ro[ 4. 4] nonane (500.0 ng, 2.4

- ' i Aot 15 m) in a 50 nL
mﬁg reﬁ%ﬁn@!@??&ﬁ@é&% %E%Igb\%l&?ﬁﬂ ui(r(giagnet ic stirring
bar. Niﬁr gen was bubbl ed through the solution in a
sl G281 %%m To the stirring solution was added
3- br ono- 5- phenoxypyridine (636.8 ng, 2.55 mmol),
pot assi (IR § SolrmsHistta- (6 Uy -niidsd)- bE-disvabyiro[4 4nonane, which
rac-2, 2' - bi s(di phenyl phosphino)-1,1"- binaphthyl (86.4
g, wd3.plepametindcroding to the following techniques:
tris(di benzylideneacetone)di pal |l adi un{0) (63.6 ny,
0. FOIRd-X- ' inuing to purge with nitrogen.
Ni t%?%gen ]Zilegﬂv\;ﬂ\%g lel?lg%gnti nued and the flask was seal ed
and heated at 9C0C for 8 h. The r [ was ool e
2nd ¢ he GuiebRaitaRse PinsBoda syt CAR) el aiBRal i dseo
resul ting residue was suspended in saturated aqueous
sodbsaiitsictuppldd 80 &l po Oy, anddhe stirinemeigtusg was allowed to warm to
chloroform (4 x 25 nL). The conbi ned organic extracts
we rmbiknt éanfeneRisO4er 18 hl Ternkresalang esiutio eds bydeddt Rr y
evaporation to a thick dark mass. This was purified by

COlgHIme R MIRS CArARNB3 kbl YoBivRa sy DMp gﬁé@%}gﬁ.ﬁ}ée mixture was

-(2:98, viv) as the eluent, 'to afford 0.7

?szfe%tg/? af:%%{]&% RSTfe lbr'o%vrht mertL(l)rVe\:H\Na\éic%gf)e ,S polui;re(‘::ﬁJ 1jngo water (600 mL),

7- (5-Phenoxy-3-pyridyl)-1,7-diazas ir‘o 4. 4] nonane To a
S o|(aml ieghacéqc%/ with gt\ﬁer (3yx %00 mL). The corﬁbine ether] extracts were dried

| - benzyl - 7- (5- phenoxy-3-pyridyl)-I,7-di azaspiro[ 4. 4] no
naia{68Y filtpred] afdconvehtyatedhbetdtayelagazgionl. )Purification by vacuum
pressure bottle was added concentrated HC ( 1 nlL) and

?ﬁ g[d;iglanac't)fisziﬁ&ﬁad Y385 g8k O &£ 2R 0106 SROGENat 2XOmRIHg (lit. bp
111°C at 5 mm Hg, see K. Clarke, et al., J. Chem. Soc. 1885 (1960)).
1-Benzyl-7-(5-ethoxy-3-pyridyl)-1,7-diazaspiro [4.4]nonéne

1-Benzyl-1,7-diazaspiro[4.4]nonane (500.0 mg, 2.4 mmol) was dissolved in
dry toluene (15 mL) in a 50 mL round bottom flask equipped with a magnetic stirring
bar. Nitrogen was bubbled through the solution in a slow stream. To the stirring
solution was added 3-bromo-5-ethoxypyridine (513.8 mg, 2.55 mmol), potassium tert-
butoxide (1039.0 mg, 9.26 mmol), rac-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (
86.4 mg, 0.14 mmol) and tris(dibenzylideneacetone)dipalladium(0) (63.6 mg, 0.06
mmol), while continuing to purge with nitrogen. Nitrogen flow was discontinued and

the flask was sealed and heated at 90°C for 8 h. The reaction was cooled and the
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was shaken under 50 psi of hydrogen gas for 8 h. The
catal ysts was renoved by filtration through Celite,

wa@eeekss3di | ter cake was washed with ethanol (POT/mE3005/029371

The sol vent was renoved by rotary evaporation, and the
residue was basif ed wth saturated aqueous sodi um

bi selvbnedseeinovetbyBrodary SedpotateadiThmretultong rdad(@wey suspsnded in
added, and the solution was extracted with chl orof orm

(4 surifeddgheodsN®dRThicA®en £ (U ALPERA extdcaatwith\ellSroform (4 x 25
dried (Na SO4), filtered and concentrated by rotary

eV%HSr ?%]!ﬁt%g tbﬂxeafofrlgarngc ¢ r%]cﬂgve?% d{lg(g(l\ga%%[; ?ﬁltgl%ﬁp&lﬂrb%ncentrated

as a’l rOwWn scous Ti1qu

| - hyl - 7- (5- ph -3-pyridyl)-1,7-di [ :

n aggtrq%ryaevgf()q?r@ ?Iﬁ‘gaoééﬁ%t(f%%tlng%/s. )Pulrifi?cat(ii(l)rijl g}(? gcﬁllnrng[cﬁroﬂar’gg graphy,
7- (5- phenoxy-3-pyridyl)-I,7-di azaspiro[ 4. 4] nonane (420

g psing aetimmol/Fhlprof@nee2:afu &b 8s ol alndntrgavé 058 rgd] thiedssided

(5 nm.) was added 98% formc acid (3 nL) under

Ni t6@PEIEhd akhelighe BEIWDVisEBuX liduRl (6a%)heat ed to reflux
for 8 h. The reaction m xture was cooled to room

t egpRr _ asi §:i j ted aqueous

R S e L T T Y

chl orof grm (4 x15 . T ombi ned chl or rm .

xt ract Jesde %ﬁ%ﬁg&‘;ﬁ?ﬁﬁr BBl -taspirof4 4Jnonane
concentrated by rotary evaporation to afford a thick

br 639 mE.slc6mamél) guéthanoT[@Ssmbdin apresivre beitlesiangddéed concentrated

Kugel rohr apparatus (2mm 1800C) to give a very pale

Cr 8RN CedIOraad Peyiflipn 6 481@1ys(PdBOHS, 20% on carbon, 50 mg). The solution
| - Met hyl - 7- (5- phenoxy- 3-pyridyl ) -1, 7- di azaspi r o[ 4. 4] no

B R PR RO gy 7 st gy

o g iU el FRE S 1B s SR S M G EFH). oo

and water were renoved by repeated azeotropic )

ev SpEeRtwasHemPY e nigkary ganoraien, o1d tae resrbie was bagified with

yell ow solid was obtained. The solid was dissolved in

t heatorarddnagoresussodiunobicadbendte teepld t8haNSOlid sodiunrkhlorida @ g) was

then ether was added drop-w se
added, and the mixture was extracted with chloroform (4 x 20 mL). The combined
chloroform extracts were dried (Na,SOy), filtered and concentrated by rotary
evaporation to afford 360.7 mg of the desired compound as a light brown viscous
liquid (91.1%).
1-Methyl-7-(5-ethoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane

To a stirring solution of 7-(5-ethoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane

(360.4mg, 1.4 mmol) in 37% aqueous solution of formaldehyde (4 mL) was added
98% formic acid (2 mL) under nitrogen. The reaction mixture was heated to reflux
for 8 h. The reaction mixture was cooled to room temperature, then basified with
saturated aqueous sodium bicarbonate to pH 8-9 and extracted with chloroform (4 x

15mL). The combined chloroform extracts were dried (Na,;SO,), filtered and
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until the solution becane opaque. Cooling in the
refrigerator overnight produced creamcol ored

wa@eysaded) which were filtered, washed with etP€r/us2uds/029371

dried in a vacuumoven to yield 210 ng (85.4 % of
pure di hydrochloride salt, mp. 180- 191 0C. Exanple 6
Saopicentatedsby rotary evaporatlon to afford a viscous brown liquid. This was

r-(3-pyridyl)-spiro[l-azabicycl o[ 2. 2. 1] hept ane- 2, 3' - py

rr @it @lingd RgEIRMR hppdrstes (2MhC hBoREF topgiePakesd light cream-colored
accordlng to the foll ow ng techniques:

(3 0X0} B t nmet hanesul fonate To a stirring
soﬁ”??g 2§3§§olanyl)nethan | -ol (25 g, 245 nmol)

and trlethylanlne (34.37 nmL, 245 mol) in dry

di BR8Pl Ret hane (250 nL) at OOC under N2 at nosphere

was added dropw se met hanesul fonyl chloride ( 18.94

m., 245Sample)s.is Theethglat(3-phenoxyxSupyeidybis] , ddiazaspgro[4.4]nonane,
overnight after warmng to roomtenperature, then a

salyi{Ates prédatdd QRorANHIRB(1bAhdephigsesadded and t he

mxture stirred for another 30 min. The bi phasic

e nd the organic |ayer was

dIS §E2§%?%&B§éﬁégﬂgglayer was extracted with

dlchlor and .t he c

di chl or P é‘“é%ﬁ%\%sgm#én&}m@al ?1fdar5%§gﬂi‘{°1)r‘i"?staé’fl8‘&t° a
and concentrated by rotaryevaporation to give 42.16

of st{rBedosodiitmmydfphretdiy4.26rgt #ad ezuol) onBMVE (399nD) atHSCaunder
l'ight brown liquid. 3-(Brononethyl)oxolane To a

st hftlro' 89 TR Mbiter wis stide@%elodfiepetaitt for 3 h, treated with 3,5-
nmet anesulfonate (42.16 g, 239.5 nmol) in dry acet one

5
iyl i B SRAL P] (881 e

h, then it was cooled and the solvent renove F

r ofaXtyreaaOked; te oot RnpeEaiiEf BOWES ITHP 8 SYKEROF Falght 0P mL)

(200 nL) and extracted with dichloronethane (2 x 100

mL_jnd IMesodimbhydroxid ( Tomly, and eatrabtédith NGR@S(4) 60 mL). The

filtered and concentrated by rotary evaporation to

af tQneindd kihghixthic®@Where dried (Na,SOy), filtered, and rotary evaporated to a pale
yellow semi-solid (4.9 g). This was chromatographed on a silica gel (200 g) column
with hexane/ethyl acetate/chloroform (8:1:1, v/v) as eluant to give 2.86 g (68% yield)
of a colorless oil.
1-Benzyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane

1-Benzyl-1,7-diazaspiro[4.4]nonane (500.0 mg, 2.4 mmol) was dissolved in

dry toluene (15 mL) in a 50 mL round bottom flask equipped with a magnetic stirring
bar. Nitrogen was bubbled through the solution in a slow stream. To the stitring
solution was added 3-bromo-5-phenoxypyridine (636.8 mg, 2.55 mmol), potassium
tert-butoxide (1039.0 mg, 9.26 mmol), rac-2,2'-bis(diphenylphosphino)-1,1'-
binaphthyl (86.4 mg, 0.14 mmol) and tris(dibenzylideneacetone)dipalladium(0) (63.6

mg, 0.06 mmol), while continuing to purge with nitrogen. Nitrogen flow was
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liquid. It was distilled at 70C and | nm of pressure to
give 33.00 g (86.77 %9 of 3- (brononethyl)oxol ane as a

W@ od0e/0k®3& | i qui d. Met hyl PCT/US2005/029371

3-aza-4, 4-di phenyl -but-3-enoate To a stirring solution

of nethyl gl ycine ester hydrochloride (17.49 g, 139
mdisportmued yndithetlask orme séwettan(dIfaterta) 9Uiadior 812 Eite reaion was
tenperature was added di phenylimne (25.00 g, 137

MTRbdled BnPiMe sPREAH Wik refhldQed BREJArQRYAROFAtINE ’M@Sfeﬁﬂﬂlﬁg' R€idue was
for 24 h, during which ti rre amoni um chl ori d

pr g&ép@ﬁ&e%tlﬁ gatay@éfﬁgqu%&g) S0 C %%@gg\gtg (%ﬁi%z ggd claﬁa%fe% with

wer e-separ

d I db
s R OB SR

and concentrated by rotary evaporation to give ~35
of filtetedj elncéntrpited tyr wvary syapopat{odgemhick Jarkrmass1 Cm%was purified by
yield. This was taken on to the next reaction w thout

f ucblagin ddvdrhitb S@phyR Misin@hdidnol/chloroform (2:98, v/v) as the eluent, to
3 (3 oxol anyl ) - 2- am nopropanoate To a sti rri ng

T Bk M PR R s

toI u (25 pof assium t ertbut oxi de
(10 gtﬁ&“"%ﬁ#ﬁ%ﬁ fﬁoc}ewﬂae%rpf%ﬂmﬂrﬂ%e reaction
m xture was stirred for 15mn; it changed col or from

yel | ow o adehitioneddishzir brphenosy3-ryrido)tt 7-dizetpiref4.4Jnonane
(brononet hyl ) oxol ane (15 g, 90 mmol) in DVF (20 niL)

angoabriigt 0TVsMe]Y AGthdab] IBmBHihetbréisarLiiieivas aiRa cdncentrated
period of 30 mn. The reaction m xture was stirred for

wg%g{@@?h PL&f agﬁg'% g(éﬁ%ﬂ%ﬂ cBrborl. hﬁ%ﬁj N{'}tle solution

was a reattlon m Xt ure a
was stirred for_.anot

30 m

extPACRAET RPYH 5&%9%@@%?9@% pry it otV e by

| ayer was basified with solid K2CG3 to pH 8-9, then

s aﬁuraéloedhr\ﬂugm Celifiei endNheifilignepke vtas acashes! with ﬁtf@thIZO mL). The

acetate (4 x 50 nL). The conbi ned ethyl acetate

ex solaeitsvaseemod Bdrofas? Sapprdtion] ardatle assitive ovusdatifiad edth

by
saturated aqueous sodium bicarbonate to pH 8-9. Solid sodium chloride (2 g) was
added, and the solution was extracted with chloroform (4 x 20 mL). The combined
chloroform extracts were dried (Na,SQ,), filtered and concentrated by rotary
evaporation to afford 490 mg of the desired compound as a light brown viscous liquid
(92.7 %).
1-Methyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane

To a stirring solution of 7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane

(420 mg, 1.42 mmol) in 37% aqueous solution of formaldehyde (5 mL) was added
98% formic acid (3 mL) under nitrogen. Thé reaction mixture was heated to reflux
for 8 h. The reaction mixture was cooled to room temperature, then basified with

saturated aqueous sodium bicarbonate to pH 8-9 and extracted with chloroform (4 x
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rotary evaporation to give nethyl
3-(3-oxol anyl ) - 2- am nopropanoate (10 g, 59.37 %9 as a

whre@an2icsqui d. Et hyl PCT/US2005/029371

| -azabi cycl o[ 2. 2. 1] hept ane- 2- car boxyl at e Met hyl
3- (3-oxol anyl ) - 2-am nopropanoate (6.00 g, 3.46 nmol)
wad Sphlak ekhej qembirasaghéerofprmexirnets mmadrlftdw@hz AQep HHeredasd

HBr (20 nmL) was added and the sol ution was saturated

W tchnddBtragd by rdtass évaberanes isaedred thiak 8favn yisedid [#@at erhis was
at 110- 120 C for 8 h. The reaction was then cool ed

Pl AL FRE 3N RehpRpER Rk, 188 TR ARGy DAL L-colored

by rot eva g ion to give a sem solid brown nass.
ThéWm§8@&£ @@é 8rmoni um hydr oxi de (150 nl) was added
at QC and the m xture was heated at gentle reflux for

4 A:-MethylJo(SvetrrnowsS-pyidxle-d, Tndiazaspinoid. dlneopane dihydrechloride

give a brown solid, which then was dissolved in

absol ut &-elethyhok(5(henery)3-p @ty NTFditAspiHg $@ndnbAe (OD mg, 0.65

was added and the solution was refluxed for 8 h. The

cont. a1 %va%k@ol@@c@ Iﬁ&nbéht&%& €l @%ﬂ aﬁmnﬁd&% 1%@?; lnfih €9 he

wi th concentrated ]?utl on

extracted . w

oheb et drihind Pl %e%a%ovaﬁ by aepﬁ%‘e‘:@@o{mﬁ ?VQP%I&E% yith small
concentrated to give a brown-black liquid which was

di Pertiomsaf eibppg]. % palgselionsolishpee etaiged. | g solidops)didselved in the
afford a colorless liquid (4 g, 68.25% as am xture of

t henieiooum athoantdsf absanereshambl @t hill), and then ether was added drop-wise

| -‘azabi cycl o[ 2. 2. 1] hept ane- 2- car boxyl ate. Ethyl

| - 3a8r e cHlutibR BEdNS BHag¥E | O dAind it eREBReer SRER r@&uced

e Li t hi um di i sopropylam de (LDA) was prepared at

%gc]ta% {:(ﬁ&%ﬁ% t ﬂ%ﬁ@(v%ﬁrgaﬁ%redzgvaﬁﬁlmg‘) et%‘?rﬁﬁld(dﬁ’(?dﬁ’ﬁji vacuum
d N2 at T St ol ution_of

r“n”;e?f%n & uroofb TsBie® ehowerosercslriegphyn . 180-151°c.

| -azabi cycl o[ 2. 2. 1] hept ane- 2- car boxyl ate (2.67g, 15.79

mdixpmple @r y

Sample 6 is 1'-(3-pyridyl)-spiro] 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
dihydrochloride, which was prepared according to the following techniques:
(3-oxolanyl)methyl methanesulfonate |

To a stirring solution of (3-oxolanyl)methan-1-ol (25 g, 245 mmol) and
triethylamine (34.37 mL, 245 mmol) in dry dichloromethane (250 mL) at 0°C under
N atmosphere was added dropwise methanesulfonyl chloride (18.94 mL, 245 mmol).
The reaction mixture was stirred overnight after warming to room temperature, then a
saturated solution of NaHCO3 (100 mL) was added and the mixture stirred for another
30 min. The biphasic mixture was separated and the organic layer was discarded.
The aqueous layer was extracted with dichloromethane (3 x 25 mL) and the combined
dichloromethane extracts were dried (Na,SOy), filtered and concentrated by rotary
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THF (35 nlL) at -78 OC under N2 at nosphere was added
via cannul a the LDA solution over a period of 15 mn.

wabeeizs®et i on m xture was stirred for an addi t PONER2048029371

m nutes. Then a solution of nitroethylene ( 1.45 g,

20.53 mmol ) in dr THF‘EZO m.) was added dropw se via
carsiaraatian totgeve £akt & oh Grpxalund)nesileyl neethaneswtbnate (98 %) as a light
mn. After stirring for 2 h at -78 0C, the reaction
wadremeiigidd by addi ng a saturated sol ution of

ammoni um chloride (20 m). It was extracted with ethyl
aC%t@ir%n{o%&h%l%Mne dried (Na2s™), filtered and
concentrated by rotary evaporation to give 3.82 g of

t he desired pr.oduct. .(86%.pur S i ght br

i quid, g SoTp %{éhoﬁogg“?ﬂﬁleﬂ’é’i&gtaaﬁs‘\iﬁ%ﬁt&u@z-16 g 239.5
further purification. 2H o _

- s PRRe #y iy asgione ((P0anh) wapadged lithigmibromidedil P 1 g} 1 98 mmol).
'-one Ethyl

| - &har&acion hrixatenyhs dacadcab efBux2fot B he fiea itew 2s @aidaam g solvent
e (3.82 g, 86%pure, 15.78 mol) was dissolved in

et handled3 oty e\l'a%]g)?atigﬁ.d TRE %&Riu?é%a% d@s%&fggg inan éte%' ﬁZeOO mL) and

catal yti c "anount of Raney nickel was ad

m [ ubjected to olysis at 50 psi on a .
ot FHed 00 SRR Ay BOCHTR THE bGinined Bty B Briea
filtration throu%h a celite plug and washed with

et K104, JBterad)and gopesniaipdiby raiepueMappstiag o efford a light brown
p-t ol uenesul fonic acid was added and the reaction

m Xiguide Iwags distillades @0f©and 2mim offfressard toegite 3880 & 3OVEY) of 3-
by rotary evaporation to afford a |light brown solid.

ThigsrotsncdiyPoRbIAE ad A1cE18A8ss 1RRIICB sol ution (10 nl),
saturated with NaCl andextracted with chloroform (4 x

?ﬁ%hyl iP??_?%@hﬂglg}g@dtgg_gﬁ orm extracts were dried

concen‘fart%\t ed by rotary

evaporatj on toQ gi e_al'ghi3 brown solid. It was

puri fi ed OBSIEERE, “t%,‘H‘r‘bflrFB?t YrayHge estribydroghlondesid 49 g, 139
3:NH4OH (9:1:0.01, v/v) as the eluent, to afford 1.96

g meol) inndry Zichleypinetifane GHi0oyk) wider N, 4f toept tampe@i1Be was added
pyrrolidin]-2" -one as a creamcolored solid (mp.

98@fpheny®nine [15.6x abi3T\amel)dn 3nd pbreiph aMle eadtion mixture was stirred
"-pyrrolidine]
for 24 h, during which time ammonium chloride precipitated. Water (20 mL) was
added and the layers were separated. The organic layer was washed with saturated
NayCO; solution (2 x 20 mL) and brine (20 mL). The organic layer was dried
(NaxS0y), filtered and concentrated by rotary evaporation to give ~35 g of a thick light
brown syrup (99% pure) in ~ 100% yield. This was taken on to the next reaction
without further purification.
Methyl 3-(3-oxolanyl)-2-aminopropanoate
To a stirring solution of methyl 3-aza-4,4-diphenyl-but-3-enoate (23.00 g, 90
mmol) under N; in dry DMF (25 mL) and toluene (25 mL) was added potassium tert-

butoxide (10.20 g, 90 mmol) in one portion. The reaction mixture was stirred for 15
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To a solution of
2H spirof[ azabi cycl o[ 2. 2. 1] heptane-2, 3' -pyrrolidin]-2'-

WO r@6(023300 g, 6.02 mmol) in dry THF (20 nL) aPCT082005/029371

under N2 at nosphere was added |ithium al um num hydri de
(647 nmg, 17.7 mmol) and the m xture was refl uxed for

24 nin; it hleanged colpofromi yetlowdo ek reddistetiravm. i Benpasdiuaemiof 3-
then ether (20 nL) was added. Excess hydride was
qug@g@h@%d&w&h&mﬂ& OIBv¢, 96 nadel) ih DMP{200mM) s@l dityitoeS (20 mL)

A The resulting solid alum nate salts vvlere renoved
o LR L B D AR RSt o
spAhaf ﬂa%ﬁaégg%la%{b%ng 9@%}%@@5@% dhongtN B (K] mf-paps added to the

a coI orI ess liquid (87. 43?@1
1' r¢agtiey miixlyte)andpi waq stireedelbi ayethes B9 n2ind Thepixinee-wasPxtracted with
"-pyrrolidine] dihydrochloride A m xture of

Spiethg] hcobteld £ 90 hil) 2Tis dfube 1ake asdasifipy kil sollil &L O; to pH 8-9,
(300 ng, 1.98 mmmol ), 3-bronopyridine (344 ngy, 2.18

rmg{e?;;a{uﬁtgci g@gg@ﬁé’ Na@?&ﬁ?&&%@%ﬁlﬂ’&f’éﬁﬁzl%&%lfﬁ(% 50 mL). The
: Sé@‘bﬁﬁ@ B BTG 735%? et gt DR et sl engatsg by

mml) in dry toluene (20 rrLg was heated in a seal ed

t ubetary ayepasetion torgies @eihyb%rﬁ -akolod 2 fapringprapaipgie (10 g, 59.37 %)
reaction was cooled to QOC and the contents

t r anabeywielquié. @ 1007 round bottom fl ask. The sol vent

was renoved by rotary evaporation and the residue was

di ﬁﬁh\ﬁegﬁm’ﬁl"zﬁ?q Réfpggnei -cHPlB la(PE'\'f"HC(13 (10 ni) and

extracte The conbl ned

chl or of cts,we dri ed :
concent MEH 56 oRIFD birGen aa%a?lé %@ b 56 Glipdlf Was placedina
col ored syrup. This was purlfled ]
cheephed @gfrsaﬁwbe dhendp ‘hearponsEiBrg &mm'a(sadé@ctﬁr@iﬁhe solution was
v/iv) as the eluent, to afford 350 ng (79.0% of 1'-

( 3sgiyratedywith Bliir |ga$.l Tlaztabé eye baa] 2l @refhihe pridimated, 43'119¢120° C for 8
olidine] as a |light brown syrup. A portion of the free

\?ﬁ??ﬁ@&gctm W B et DI&T RIGhE GorRellY SR &QT tode 593ht. round

bottom flask with 20 mL of water. The excess acid was removed by rotary
evaporation to give a semi solid brown mass. Then 30% aqueous ammonium
hydroxide (150 mL) was added at 0°C and the mixtufe was heated at gentle reflux for
4 h. The solvent was removed by rotary evaporation to give a brown solid, which then
was dissolved in absolute ethanol (50 mL). Concéntrated H,SO4 (10 mL) was added
and the solution was refluxed for 8 h. The contents were cooled in an ice bath, and
then basified with concentrated NaHCOj3 solution to pH 8-9 and extracted with
chloroform (4 x 40mL). The combined chloroform extracts were dried (K,CO3),
filtered and concentrated to give a brown-black liquid which was distilled using a
Kugelrohr apparatus (1mm, 140°C) to afford a colorless liquid (4 g, 68.25%) as a
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crystallized fromisopropanol and ethanol to yield 200
mg (76% of a light brown solid, (mp. 232-236C).

W(Exwtﬁsw Sanmple 7 is PCT/US2005/029371

- (5- et hoxy- 3- pyridyl) spiro[l-azabicycl o[ 2. 2. 1] hepta
ne 2,3 - rroI|d|n ~whi ch was re ared according to
t hém[xg}rp 8 hﬁg:xp apth anda jsemers of ethyl azablcyclo[Z 2.1]heptane-2-

- (5- Et hoxy-3-pyridyl)-spiro[l-azabicycl o[ 2.2.1] hepta
ne<ﬁﬂ®xymﬂyrrolidine] A m xture of
spiro[ | -azabicycl o[ 2. 2. 1] hept ane- 2, 3' - pyrrol i di ne] (50
Erg,Etﬂyﬁbag%g)(nmaﬁﬁb:ﬁe&ayﬂzztﬁﬁﬁee&ﬁ%%@QI%bﬁﬁaleadI un( 0)

ng, U.

oo . BOPABHRRR AP P PRI A0 ‘i“SOBWgylamme

5- br ono- ethox yrldlne ( mmol )
© oIl AEE. (8 YR A B W e Pk T mabtierd i 5820 L)
and heated at 160 C for 17 h. The reaction was cool ed
t 0 vB0EG s, dtheselent. €fid s stimagsbhtioad b miatut®chthe koo et endo
bottom fl ask. The sol vent was renoved by rotary

evapiat bP&th ?!nldaiahﬁ:g:l%ﬁz gl l}!'ﬂle}ﬁﬁtﬁe-@-@a%ﬂx‘yﬁﬁe (267, 15. 39 mmol) in dry

saturated sol ution 0 nL) and extracte

o P aﬁ%%%osah SRR g i
by rotary, ev orat|0ﬂ gi ve_a dark col gred sy
Thio¥eR@RETNG TP dping Y %%ﬂaaw BRI S GHERH for aasqdﬁglonal 40
MeOH: CHCl 3: NHAOH (8:2:0.01, v/v) as the eluent, to
gi vanZi@s.nih¢ $glutodn of nitroethylene (1.45 g, 20.53 mmol) in dry THF (20 mL)
- (5-ethoxy-3-pyridyl)-spiro[l-azabicyclo[2.2.1] hepta

‘ n e-whs 3ddeddopRise did\@hndls 16 thel re5HoR ik o fdrla. fForid R @5 in.

Sample 8 is

o A SRR 2 %w@p R N

acco

| 508 h Bhidyreatis s OG0 vasssoedausta apsas x 25

ane-2,3 "' rrolidine] A mxture of spiro

1- adlab ﬁl@%ﬁ%ﬂz@oz) ﬁm?ﬂfré phd nencenigated py roteryi cyaprehti¢roio gig 3.82 g of
the desired product (86% pure) as a light brown liquid, which was taken on to the next
step without further purification.
2'H-spiro[azabicyclo[2.2.1]heptane-2,3’-pyrrolidin]-2'-one

Ethyl 1-aza-2-(nitroethyl)bicyclo[2.2.1Theptane-2-carboxylate (3.82 g, 86%

pure, 15.78 mmol) was dissolved in ethanol (50 mL) in a hydrogenolysis bottle. A
catalytic amount of Raney nickel was added and the mixture was subjected to
hydrogenolysis at 50 psi on a Parr apparatus for 16 h. The catalyst was removed by
filtration through a celite plug and washed with ethanol (20 mL). A catalytic amount
(5 mg) of p-toluenesulfonic acid was added and the reaction mixture was refluxed for
12 h. The solvent was removed by rotary evaporation to afford a light brown solid.

This was dissolved in conc. NaHCO; solution (10 mL), saturated with NaCl and
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0.3mmol ), tris(dibenzylideneacetone)di pall adi un{O0)
(9mg, 0.009 mmol ), rac-2,2'-

wherabterpbenyl phosphi no) -1, 1" -bi napht hyl (12 ngpCDUSA85/029371

mol ), potassiumtert-butoxide (147 ng, 1.3 nmol), and

5- br ono- 3- phenoxypyridine (90 ng, 0.36 mmol) in dry

t oleeagied 5(1th19)11 th éhk é8 nlp). alhseahbdnad dhborafedmrexameo were dried
at 160 C for 17 h. The reaction was cooled to OQC and

t hgKooo!)efltsrell bad séRehtesded By ﬂ)t&g@(}hpdr&wiﬁo t@¥d DREht brown solid.
flask. The sol vent was renoved by rotary evaporation

o R SRS o St R L AR Rl 001,
it T AP L RO TSt 85 et 5o 8 neptnc.2 -

evaporation to give a dark colored Syrup. Thi s was
pupyfrpledinby -ens! agrarrresm-sotatasipokip iy, p. 987Gy
MeOH: CHCl 3: NHACH (8:2:0.01, v/v) as the eluent, to

af Spird[Bazibicg:lsk.2. 1]hé€m rolidine]
3-pyridyl)-spiro[l-azabicyclo[2.2.1] heptane-2,3"-

pyr r 0| ' q"orhegolﬂtﬁ%()@fzaf? sPird 2SRRI 2. 19hdptardeX PR Erofdin]-2"-one
: @3 M ﬁ%d' o) b i LA R E P EsS: ng i Fadaded

follo

low ng t echnl ue
| e G TS GH4TOpE- i e ] e iy prateduzcd for 24

3 '-pyrrolldlne] A m xture of
spiht dfhlerexdibh eyigtued RaLcoblldieipti eniex2 ad thep gthep(A0dnheivas added.
(100 ngy, 0.06 mmol),

tr E‘%Eé’ds ﬁ’&&ﬁ&é wgﬁﬁif‘e%ﬁéd%ﬁt}lé’ ERBH QAT I ot ST Butdn I AEOH.

, rac-2

)
m‘riﬁ-‘ &aﬁvéérﬁﬁf%f*%a@&wm 38 ﬁéﬁl o Hhepup eifie plue:
5- bronDpyr|n1d|neﬁ§ in drytoluene (10
ni iThe ftgatp was deied @Sern%bere@@Bé CQM@FTatﬁii §¥Fotarygevaporation to
heated at 125 C for 17 h. The reaction was cooled to
Q0 ickh80Q g of opire] tazabicarie[ReX. I Jaepttume-2,3 1pyondlidima] msl a colorless
bottom flask. The solvent was renoved by rotary

ev#peidaRy aBo@gnd the resi due was dissolved in a
saturated solution O NaHCO 3 (10 nlL) and extracted

W t1h—(f-i%fﬁd?f)-%E)HJO[l-azablcyclo[2.2.1]heptane—2,3 '-pyrrolidine] dihydrochloride
A mixture of spiro[1-azabicyclo[2.2.1]heptane-2,3"-pyrrolidine] (300 mg, 1.98

mmol), 3-bromopyridine (344 mg, 2.18 mmol),
tris(dibenzylideneacetone)dipalladium(0) (54.57mg, 0.0654 mmol), rac-2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (74.22 mg, 0.131 mmol) and potassium tert-
butoxide (668.8 mg, 5.96 mmol) in dry toluene (20 mL) was heated in a sealed tube
flushed with argon gas at 90°C for 8 h. The reaction was cooled to 0°C and the
contents transferred to a 100mL round bottom flask. The solvent was removed by
rotary evaporation and the residue was dissolved in a saturated solution of NaHCO3
(10 mL) and extracted with chloroform (4 x 15mL). The combined chloroform
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(4 x 15nL). The conbi ned chl orof orm extracts were
dried (K2CO3), filtered and concentrated by rotary

W@e@poeawBo on to give a dark colored syrup. Thi BCTES2005/029371

purified by colum chromatography, using
MeOH: CHCl 3: NHAOH (8:2:0.01, v/v) as the eluent, to
af eairectai@e® dripddK2COs), filtered and concentrated by rotary evaporation to give a

r-(5-pyrimdinyl)-spiro[l-azabicycl o[ 2. 2. 1] hept ane- 2, 3

' - dewd dodredlbyrep. TBRWaspurified bs eSusnuhenRateplaph iRl e
10 Sanple 10 is

P NS I LA IRl 1900 o1
T BV A B el 3 Do g BRIy 8 1Mt brown syrup.

synthesi s was prepared according to the nethod

degcpartied obtheRresdiasg @00 arg) WS gkaver{edide e hydrpchloside 4219 which was
(1986)). W& have al so prepared et hyl

quicRidelliAdd fRm? isepfopaxdl land ethdfding yiEDdGing)7694]bOYAME brown
to that used for the synthesis ofy et hyl

| - iy echab®, 20k} hept ane- 2- car boxyl ate, but using 4-
(b?@%gﬁgﬁﬁ§?§o%§%é$in pl ace of 3-(brononethyl)oxol ane.

Et hyl 2-(g-nitroethyl)quinuclidine-2-carboxy|ate

Li tHP®R) i sopropyl am de was prepared at OOC from

l'ithium diisopropylam ne (193.53ng, 1.91 mmol ) and

n- but y| Sempleifis(10-(ethery-3ipyoilyhreoiry[ luarabicyplo[2.3.1 |hgpigne-2,3"-
added via cannula to a stirring solution of ethyl

quipspttelidifénehthodsiaepdral &coizd); 1whhe follodvingkhnigtesdr y
THF (10 nlL) at -78 0C. After Ih, a solution of

ni k¥ : : b)11i

o eSE Py B sty T P AR 21 g o

for 2 hat.-78 QC, . the reacti s _.quenched .addj

2 s at ur & BitR Bt dreraiRee B bR RS (Bgralfgine] (50 e, 03
was extracted with ethyl acetate (5 x 25 nL&, dri ed

( Ny fris(dibenzatidencaerioncodipaliadivn@y (hypegs 80P yamol), rac-2,2'-
evaporation to give 325 ng (70% pure) ethyl

2- bx(diphenyithbyphige) hifddinaphiied 2EXagh@R18 ameolp potastiiughtert-butoxide

brown |i quid,
(147 mg, 1.2 mmol), and 5-bromo-3-ethoxypyridine (73 mg, 0.36 mmol) in dry
toluene (5 mL) was placed in a sealed tube under argon and heated at 160° C for 17 h.
The reaction was cooled to 0°C and the contents transferred to a 100mL £ound bottom
flask. The solvent was removed by rotary evaporation and the residue was dissolved
in a saturated solution of NaHCOs (10 mL) and extracted with chloroform (4 x
15mL). The combined chloroform extracts were dried (K,COs3), filtered and
concentrated by rotary evaporation to give a dark colored syrup. This was purified by
column chromatography, using MeOH:CHCl;:NH4OH (8:2:0.01, v/v) as the eluent, to
give 28 mg (27%) of 1'-(5-ethoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-

pyrrolidine] as a viscous brown oil.
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whi ch was taken on to the next step w thout further
purification. 2H -spirof[azabicyclo[2.2.2] octane-2,3

WO 2g1023B0 di n] -2 ' -one A sol ution of ethyl PCT/US2005/029371

2-(2-nitroethyl)quinuclidine-2-carboxylate (320 ng, )
in ethanol (10 nL) was subjected to hydrogenol ysis at
50 Bysinpt8 a Parr apparatus for 16 h using Raney nickel
as a catalyst. The catal yst was renoved by filtration

t hr ough Sanped 8 ise1'495 Se@x?-aa?ﬁhg@-gﬁiﬁolmJézdbadwlo[z.z.(l]lfep}ane-z,:s'-
ng) o

A catal ytic anount pt ol uenesul foni c acid was

ad : ' ' - .h.

T oitet VRPE 08 K BRAE EUNIRE Rfigha:

af f or i ght bry solid. This | ssol ved,,i n ..

cor% Crbered kav ity BrspiensCaeypleteg B2 HhES G S catber diine
extracted with chloroform (4 x 40 nmL). The conbi ned

chl or of & mixirterafspiollerzebigyeleld 3. Kibepiape-2 5i-pywelédingd {80 mg,
concentrated by rotary evaporation to give a |ight

br ov#inpol); dis(dienwpisd epuadetoneyllifladfuhqOpoagy, oY mmisiNgc-2,2'-
MeOH: CHC 3: NH4OH (8:2:0.01, v/v) as the eluent, to

gi . .20, f1.: ' i . : .
2, o GRRARAARE) PR £ OPOOR i bt et
[ 1 pzabi oysl 0 [P o 288L2080 8y pr AL B0l ) 19 i ey

2H spi r o[ azabi cycl o[ 2. 2. 2] octane-2, 3" -pyrrol idin]-2' -0

ne t¢lugw (GgnLowsshestnd in ajspaled (pbeppderiegzqn at 180° ©dar LihkieThe

N2 at nosphere was added |ithium al um num hydride (74

Ny redkti®d wanobdgledtvdd ‘Chundrth tetitentwasnsfafddur ed 00mL ddndbottom
The reaction m xture was cooled in ice bath and then

et hgkk. (PR SR entRas ARG b@fﬁﬁiﬁsewgfa{igﬁ alPhe FHEMENSS dissolved
5 NaOH. The

by the dropw se addition oOf M sol ution of

i e st Pt Ry s; Q0GR AR Blygorm o

dried (Na2SQH4),. filtered and concentyrated bg r ot arg
evdpBiat ilB# CQIBBW@ Fhlogdpn gxtracts were dried (K2COs), filtered and
spiro[ |l -azabicycl o[ 2. 2. 2] octane-2, 3' -pyrrolidine] as a
colcondentrstefl by wotdry( S@p&atior to- gige Pylatkaploredgirnm This was purified by
[1-azabicyclo [2.2.2]octane-2,3 '-pyrrolidine]
column chromatography, using MeOH:CHCl3:NH4OH (8:2:0.01, v/v) as the eluent, to
afford 55.8 mg of 1'-(5-phenoxy- 3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-
pyrrolidine] (52%) as a viscous tan oil.
Example 9

Sample 9 is 1'-(5-pyrimidinyl)-spiro[ 1-azabicyclo[2.2.1 Theptane-2,3'-
pyrrolidine], which was prepared according to the following techniques:
1’-(5-Pyrimidinyl)-spiro[1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]

A mixture of spiro[ 1-azabicyclo[2.2.1Theptane-2,3'-pyrrolidine] (100 mg, 0.06
mmol), tris(dibenzylideneacetone)dipalladium(0) (18mg, 0.0018 mmol), rac-2,2'-
bis(diphenylphosphino)-1,1’-binaphthyl (24 mg, 0.0036 mmol), potassium tert-
butoxide (300 mg, 2.6 mmol), and 5-bromopyrimidine (114 mg, 0.7 mmol) in dry
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A stirring solution of
spiro[ |l -azabi cycl o[ 2. 2. 2] octane-2,3 '-pyrrolidine] (80

wWOg0602330 nmol ) , PCT/US2005/029371

tris(di benzyli di neacet one)di pal | adi um(0) (26.47 ny,

0.024 mol ), rac-

2, Mlugrie(1 dinphevas nhdved pin 2 nedled tube bindeaprgomyand (B&tedngt 125° C for 17
0.048 mml ) and potassiumtertbutoxide (215 ng, 1.92

NTR )Thie Redki¥n i@k B6s16d (ol et tWeSoRbRE ﬁQnslféi“re%i 89l 09hI. round
tube under argon and heated at 90Q0C for 16 h. The

s
tr onp et ﬁg@dlﬁ%w%?ﬁ%%ﬁdvg‘ ?%?%8%*@%@ U e
vvas r ed by rotary eva n th reS|d wa
O ol ket S hien cE SRR S ppentrotes With Shloroform
and extracted with chloroform (4 x 15nL). The conbi ned
chi(bxdbmim dhe cambisedwehlorafpine gxttd<aCoosE dritd (Ket@g), filteted and
concentrated by rotary evaporation to give a dark

colooficetratgd Bp rotdRyi vap@atigiitol divesl dax c@RJrétmgm Thls was purified b
chr omat ogr apﬁ usi ng MeOH CHO 3: NHAOH Zp P Y

/ f
Vyr%%lgﬂﬁ éhg&glngtggxl%ﬁfé% %ﬁg%f!@?@gc Oc%ﬁgs ;@o o, \J/vg & i pluent, to
h I
| StrefhgBogydst 47 gsmm%‘ﬁr%am?ﬂ%%&ﬁ@m@%%ﬁ? H
3'- pyrrolidine], which was prepared according to the
f obyaokidige]t(@2mpyuziscoustthgwn oil.
2-(2H, 3H,5H-4-oxinyl )-2-nitroacetate A 2 Msolution of

tit &Xathplé 80 rachl oride in THF was nmade by sl ow
addition of the titaniumtetrachloride (7.59 g, 40

ol ) @asie K 120y pl P R
at m)spheﬁle53 Et hyl ﬁjo? Cetat gé;yﬂo?@ U%&%Mgﬂohdlnﬂ,
t hen ddedtot e st n ut.i o and the m xture
wod i PRt Sochidite e ?Oqiog%l?%ﬂ%%u% i pyran-

4-one (2.00 g, 20 nmmpl) was added in one portion.
Th&ﬁhylamn@chdlwilwarlmyéﬂrte Nmet hyl nor pholine in THF

(8.09 g, 80 mmol) was added dropwi se over a period of

2 h at Ob€ethfhquiniolidines2-warbokylete fod thoveydthiess was prdpared according
roomtenperature and was stirredfor 18 h. It was then

g g g{ glt@ éﬁé(iﬁéa IRES AR TR BEd DOUKAIEREL Y les 24 (1986)). We
have also prepared ethyl quinuclidine-2-carboxylate using chemistry analogous to that
used for the synthesis of ethyl 1-azabicyclo[2.2.1]heptane-2-carboxylate, but using 4-
(bromomethyl)oxane in place of 3-(bromomethyl)oxolane.

Ethyl 2-(2-nitroethyl)quinuclidine-2-carboxylate

Lithium diisopropylamide was prepared at 0°C from lithium diisopropylamine
(193.53mg, 1.91 mmol) and n-butyllithium (0.764mL, 1.91 mmol) under N,. It was
added via cannula to a stirring solution of ethyl quinuclidine-2-carboxylate (320 mg,
1.74 mmol) in dry THF (10 mL) at —78°C. After 1h, a solution of nitroethylene
(140.41 mg, 1.91 mmol) in THF (5§ mL) was added dropwise to the reaction mixture.

After stirring for 2 h at —78°C, the reaction was quenched by adding a saturated
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40mL) . The conbi ned extracts were dried over Na2SO4,
filtered and concentrated by rotary evaporation. The

W0 bosk23ssown syrup was purified by colum PCT/US2005/029371

chr omat ogr aphy, using ethyl acetate :hexane ( 1:9,
v/iv) as eluent, to afford 3.00 g of pure conpound as a
[ @p{u.tl[gn@\ivgmg}qnupn cliovle (2 i) It was extracted with ethyl acetate (5 x 25

2- (4- oxanyl ) - 2-am noacet at e Raney ni ckel (~2 g) was

addel), dde@($HEOL), Gitel 208 ByhceRtrbi2Hb3 h'btéﬁ'e‘{ra?@rlaﬁb’ﬂ Yo gdve 325 mg
nitroacetate (2.50 g, 11.62 mmmol ) in ethano

e Sl 54 P
The c was, r ved b reful filtratjon throug
a c“étfl %ﬁi@n ORfft WVesﬁ?py ‘O(HE Lﬁmﬂuﬂ C3%Pary
evaporatl on. The residue was basif ed wth saturated
aquidupindamabirycly b2 2ipctane-h3 hpyaolidin]€d-omet h NaCl  and

extracted with chloroform (4 x 25 nL). The conbi ned

ext r act sA vsltgordsf &llylQv@rnikkd€hll)qiihhdlidiRd-8@8oxylate (320 mg, ) in
concentrated to yield 2.40 g (~ 100% of desired

C o%ﬁﬁHG 18801 WA subjeditiado g&%ﬁg ¢ oc s’:a{t %Qé éor&l Parr apparatus for 16 h

ept ane-7- cdrboxylic aci ori

o SRR R RRR R ol C%?ﬁYSE Wé%ﬁ?%%@gaa%thmugh a

saturated with HBr gas. The tube was sealed carefully
an@elite 2 egpndoyashod Wltateth@ml @Oo. Aketalyiaemosnt (Aasg) of p-

cooled to roomtenperature, transferred to a 250 nL
r otwiderpotlfariv héidstas addedl dodehacdactinpmixterovadeflyxeddbalyh. The
evaporation. The dark col ored residue was dissolved in

30%RERDMADBY e bPRIAD Qviﬁa}atlo-ﬁhtb %ffﬁ}(f(ﬁ HER bi6%n §$IH rﬂgs was

for 5 h at roomtenperature, until cyclization to

di?r%sfvsé% %@1 gt aRgRETR s fon LR R Rt ek N aﬂf’?‘swated with

whi ch was redissolved in 5 nL of water and
pu .Cii#or@aﬂa K 2A0el- ebherrarmbanadadigrolesm s irapis Sferedriqd{&-COs),

el uent and ammoni a (30% aqg.). Ammoni acal
filtered and concentrated by rotary evaporation to give a light brown solid. It was

purified by chromatography, using MeOH:CHCIl3:NH,OH (8:2:0.01, v/v) as the

eluent, to give 120 mg (38.2%) of desired compound as light cream-colored solid
- (m.p. 103°-105°C).

Spiro[1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine]

To a solution of 2'H-spiro[azabicyclo[2.2.2]octane-2,3'-pyrrolidin]-2'-one (100
mg, 0.55 mmol) in dry THF (10 mL) at 0°C under N, atmosphere was added lithium
aluminum hydride (74 mg, 1.94 mmol) and the mixture was refluxed for 24 h. The
reaction mixture was cooled in ice bath and then ether (20 mL) was added. Excess
hydride was quenched by the dropwise addition of 5 M solution of NaOH. The
resulting solid aluminate salts were removed by filtration through a celite plug. The
filtrate was dried (Nay8Oy), filtered and concentrated by rotary evaporation to yield 83

-72-



10

15

20

25

fractions containing the desired acid were conbi ned
and concentrated to afford pureacid, which was

w@orvemeiced to an HC salt and crystallized froP€T/US2005/029371

i sopropanol and diethyl ether to give 1.21 g (85% of

a creamcolored solid (mp. 232 turns brown, nelts at
253nggﬁmlr_o[Engkmcyclo[2.2. Joctane-2,3'-pyrrolidine] as a colorless liquid (90 %).
| -azabi cycl o[ 2. 2. 1] hept ane- 7- car boxyl ate A sol uti on of

1- dazabiPyylyd)-{piro]1-hlabiendl 626 A octane 203 yir €oledin &l
hydrochl oride (1.20 g, 6.76 mmol ) in absol ute ethano

(10 ni) ﬁgﬁnﬁg%ﬁ%ﬁ%mﬁr P'aEé!ﬁér%%lcts’{Q'zcb]&&aﬁ@—é,3 olidine] (80 mg,

refl uxed for e reaction ure was cool

th as fura

o SLsRBoLl i il Rl A R QB Rd Rt d B o) rac-
ext racted with chloroform (4 x 20 nlL). The conbi ned
chi2et Bisbdiphentrhosplnqlet.& -binamdhd (30 mgad 8¢ mmel) ped pefassium tert-
and concentrated by rotary evaporation to give a |ight
br dwoxtide@il 8 mgl hio2 n@s!) pi diyf toREndY1 FulpivaoPlaced in a sealed tube
distillation at 1200C and 2.5mm pressure to afford

1. QQae: 984 I °
| -aza-7-(2- nqcﬁ%ggg %3%%’{. %326'11 gH%%ﬁﬁ{I{ygsncéoo%edctgrobc)?w the

aadriebi irsinag R0t PR T ?PW% SRS 155 spifgttprasgemoved by
d||sopropylamne(§\F43 1.1 , 6.26 mml) indry THF (5
L fOtaty &yapeigkien an hstr%%wwehswh@d i a stieedmedution of NaHCO;

stirred at roomtenperature for 15 mn and then
t r 4G dy) mad extrataiamitiu tld otodoran 6t x 4 §mby Thd cdmitined&hloroform
et hyl |-azabicycl o[ 2. 2. 1] hept ane- 7-carboxyl ate (600

Y ex@adt® weFRdred (R,EOE), 6RO and@tonctBirkted BY %ta@ %poraﬁon to give a

atnDsphere The reaction m xture was stlr{ed
f 285
g 2o ey b it PR oA ol G %Paﬁg%ﬁﬁ g
I
T T S o1

NH4CI solution (10 nmL). The reaction m xture was

- al Ipyvied)-spireldrazahioyole 312 2] ectpies- 2,6 ipwraivding] e a lightbrown syrup.

extracted with ethyl acetate (4 x 20 nL). The conbi ned
Example 11 ‘

Sample 11 is 1'-(3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-
pyrrolidine], which was prepared according to the following techniques:
Ethyl 2-(2H,3H,5H-4-o0xinyl)-2-nitroacetate

A 2 M solution of titanium tetrachloride in THF was made by slow addition of
the titanium tetrachloride (7.59 g, 40 mmol) to dry THF (20 mL) at 0°C under an
nitrogen. atmosphere. Ethyl nitroacetate (2.66 g, 20 mmol) was then added to the
stirring solution, and the mixture was stirred for 5 min. Next, tetrahydro-4-H- pyran-
4-one (2.00 g, 20 mmol) was added in one portion. Then, a 1.0 M solution of N-
methyl morpholine in THF (8.09 g, 80 mmol) was added dropwise over a period of 2
h at 0°C. The mixture was then allowed to warm to room temperature and was stirred
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fractions were dried (K2C33), filtered and
concentrated by rotary evaporation to give 650 ng of a

woO e@hat2ssown | iquid. It was purified by col unmPCT/US2005/029371

chr omat ogr aphy, usi nget hyl acetate: di chl or onet hane

(8:2, v/iv), to give 600 ng (85% of tan liquid. 2H

- SparrIG[H. - larab itepgloofed. igto W dtepRame-)And' expyetedivitliet]yd 2cetate (5 x
one Et hyl

| - agRALY- TRe Borhbiaed bittach wate ldaibd oderNA)S Y iteerdd ST dd¥dttrated by
ate (550 ng, 2.27 mmol) was dissolved in ethanol (25

m,‘}otglgldev @‘hﬁ‘&{ eﬁhektﬁ clilébg&glg g%}? 3693&' ?uﬂfliﬁ(lis Q% B?IhPlEQ:?no]n?atography,
SoFTBREy g&ltaét o °21,5?%§>‘;$’%}31&pi§s @gtg@gwgwgpure compound as a
resul tant residue was dissolved in toluene (50 nL) and

a tightahrpwinsyawpd{ifto).of p-t ol uenesul fonic acid (10 ng)
was added. The solution was refluxed for 12 h and then

t hEtealvenéx I-affvedetife rot ary evaporation. The
resi due was added to saturated NaHCO3 (10 nL) solution

and ext R%ﬁ%?ﬁ ic O gh%gmv% &Hd%ﬁrt% &?olﬁ%&r? of'é't%l% 2;%—5 3H,5H-4-oxinyl)-2-

conbi ned ¢ extracts were

filtered, trat d The resi S fie

by MG Bnt bE ARy Tty Sonh) fedsen il O L. The
(9:1:0.01, v/v) as the el uent, to afford 320 ng (859

of npxftiee W@ﬁmtbmébdetg hydiogeniysinatdOasi omp Crirgppaptus 2o4 18 h. The
-Spiro[l -azabi cycl o[ 2. 2. 1] heptane-7, 3 ' -pyrrolidine]
Tocaalstti wad reghosed by capafudfiltration through a celite plug. The solvent was

2 H spiro[l -azabi cycl o[ 2. 2. 1] hept ane-7, 3' -pyrrolidin]-

ré?ﬁ@veﬁ%gqofﬁgy e gglqtl J1‘)1(3 i‘égldglé ¥va1_ Hgﬁf;lg’(@ \év%nz%ﬁgatéh aqueous

nder N2 was ddde

oSBT LTS a@?eélé'ﬁﬁ @ﬁ@fﬂé’ Befiad iy 42

(DC di et hyl et her (20 nmL) was added and 5M NaCOH wa

adfdg- Bhopwmiiaedertracisorare dried QrardiCRy, fliered aad poncentrated to yield

unreacted Li AlH4 solidified. The reaction m xture was

fi RHérege 100fDufldegsdd dosnpannd dhetantlig@id.i | trat e was

dried (K2C33), filtered and concentrated by rotary

evaRRLBicyAB[2.2.1)h&}tan&F0c A okyift 26id Al dPochhifdd ess

syrup.

Ethyl 2-(oxanyl)-2-aminoacetate (1.50 g, 8.02 mmol) was dissolved in 48%

HBr (10 mL) in a pressure tube and saturated with HBr gas. The tube was sealed -
carefully and heated for 12 h at 120°-130°C. The reaction was cooled to room
temperature, transferred to a 250 mL round bottom flask, and the acid was removed by
rotary evaporation. The dark colored residue was dissolved in 30% ammonia solution
(50 mL). This mixture was stirred for 5 h at room temperature, until cyclization to the
desired acid was complete. The ammonia solution was removed by rotary evaporation
to afford a light brown solid, which was redissolved in 5 mL of water and purified on
an ion exchange resin using water as the eluent and ammonia (30% aq.). Ammoniacal

fractions containing the desired acid were combined and concentrated to afford pure
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-(3-Pyridyl)-2"Hspiro[l-azabicycl o 2. 2. 1] hept ane- 7;
, 3" -pyrrolidine]

WQRBR02366( | - azabi cycl o[ 2. 2. 1] hept ane- 7, 3' - pyr r CT/U52063/029371

(100 ng, 0.66 mmol),
, 0.020

trls(dlbenzylldeneacetone di pal | adi um(0) (30ng

nsic)d, vhigh Wwaspeonpprégddo @ﬁé%‘@ I sshesp ﬁmstr;ghaed rfmm wapieprmyal and
(45ng, 0.040 mmol ), potassiumtert-butoxide (369ny,

3. Stiwthyl)etleamdo givbridtogERSPE)iafe cfeati-doigredGolid (mapo 2} 2%aachs brown,
dry toluene (10 niL) were placed in a pressure tube
whigghiwassidiaysiesl with argon. The tube was careful l'y
seal ed and heated for 8 h at 9C0C. The reaction

ransf round bottom
fl ?@‘E‘ygkazf"ﬁ E%ﬁﬁdf,éﬂi‘e?télﬁﬁ' e gf}xyﬁﬁ‘i%ary evapor at i on.
The residue was poured into saturated NaHCO3 sol ution
(5 i) dhevlesivr ablaehiel S ~ildhertamnd (cprhoxybe peil hydpehloride
conbi ned chl orof orm extracts were dried over K2CGO3,
fi I(1 £0egl6 A dnmok) dreattsohtieethimol (B0 mily aed aqaseatrated sulfthie acid (2 mL)
resi due was purified by colum chromat ography, using

CHG a3 rMBEaNG O ([Be %a@tl&;mlk’tﬁl\é)wﬁsco%iéd%ﬁ 'thénooa‘%‘fffeg Nélth
130 mg (86.7% of a |ight brown syrup The product

d ai
Ecanprad! RN ACE IR, e i 75 S(a%ﬂ'}fatgﬂa“%] splid NaC
7-(3- d 7-d 4, 4 t

e %%é%wégc*pwg%sh@aéfgéﬁ PP Regblo Timsompiacgbingoiomm exiracts were

techni ques: D astereoneric

7- (dBiep prédyd PO, filtatedaabpince]tzatet] yontame e Sxppravionne give a light
am des Triethylanmine (6.0 nL, 43 mmol ) and di phenyl
chibeswpligsihahes d;QJriﬂed by KUBRbIr BET1RtIBH AL 20°Chinkti DA mm

order, to a stirred suspension of

N GLekla UL eORsbp gwdd@ TG ol Sy 7 ™

or onet hane ni trogen

at ter s at anbi ent

F enBByLkars7-enirpedisb sl 2k slepianstrebosuinis ¢ h o

solution of 7-(3- pyrldyl)-l 7- dlazasglro[4.4]nonane_

(4. 40 g Lithium iisansdpylamiddives popereditydhe addifombf n-bTiyBithium (1.70

m xture was stirred 3 days at ambient tenperature.
mlL, 6.26 mmol) to diisopropylamine (431.1 mg, 6.26 mmol) in dry THF (5 mL) at 0°
under a N, atmosphere. The reaction was stirred at room temperature for 15 min and
then transferred via cannula to a stirring solution of ethyl 1-azabicyclo[2.2.1]heptane-
7-carboxylate (600 mg, 3.55 mmol) in THF (20mL) at —78° C under a N, atmosphere.
The reaction mixture was stirred for 30 min at —78°C, then a solution of nitroethylene
(285.3 mg, 3.91 mmol) in THF (10 mL) was added via cannula and the reaction was
stirred for additional 2 h at —78°C. Then the reaction was quenched with saturated
NH4Cl1 solution (10 mL). The reaction mixture was allowed to warm to room
temperature and then was extracted with ethyl acetate (4 x 20 mL). The combined
fractions were dried (K,CO3), filtered and concentrated by rotary evaporation to give

650 mg of a light-brown liquid. It was purified by column chromatography, using
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Sodi um hydr oxi de solution (30 nL of 5M was then
added. After stirring an additional hour, the m xture

worwepzassed i nto a separatory funnel with chl oPGF/O82005/029371

(30 nL) and water (30 nL). The mixture was shaken

vigorously, and the |ayers were separated. The organic
| ayéyl asrtaterdBblasemethpes GEd i) etet give 60met B oxgiieo liguid.
| ayerwere conbi ned, dried (MgSO4) and concentrated by

r oarlargpim{amm“e'yaa[.z.2Th]mepe;$1ied7§w-;(yhaicgh]-wasn@Ii ssol ved
i n dichloronethane (100 nL) and conbi ned wth

trifluregeatl &a@%i&ré&#%ﬂicy%@@%@ﬁ% fre-P23rbo V\Z {ee(§50 mg, 2.27

at anbi ent” t enper atl I'es

evi‘r?%l iinnssed el Bl ) AR bR %gyrto‘é?nolysw ot 50 psi for

gar ative HLPC using 10% acetonitril e 0.1%
t r iLB 1y BYiB& Rangycnigls] @s p qatakyste Thesatalysewes regedvied badiltration through
fracti ons were conbi ned and concentrated, |eaving 3.13

g @eeleyilwd. Ghe @iﬁlvbﬂ[t%ﬂiré&b%&l@ﬁﬁitar%b%ra&imt Gheatsulidntdesidue
mn and 2.90 g (74% yield) of the diastereoner that

el Wa89isRlvdPindolehe %ﬂ Al é(‘@zlt&]?ﬂé Qgﬂ%t(o?'b%l“ﬂgﬁ@s}uﬁomc acid (10

nono trlfluoroacetate sa ts
7 3~ D |azas [ ne

o5 At e o UBRAER ﬁ@%ﬁ&&e@@a@@ § s SpbpHfpyas removed
d|chloronethane (50 nm). and trlethylamnergal1 g?
an8Y fofary %Pﬂiﬁ%@a Thagsigaerps pddedrie satyrfastNal{@O7 §{0ynL) solution
12.8 mmol for the earlier eluting diastereoner and

1. 5id gxtratied6vithneilofodornt (fex | atrdr). @hetombindd akloesfeanextracts were
The two reactions were stirred at anbient tenperature

f odrid® (1,C ?l f1dr&d) aR@ et cehirhtBa.! ?Héefesﬁlhé Wﬁgﬁ)ﬁﬂfi@cpﬂycolumn
i ndi cat ed that the reactions were conpl et e.

a t | and
5, S AP OO0 DI o s
treated with trifluoroacetic acid (10 ni).
The2d AR GhEmSPwPAUNKIA S P iak P
concentrated to dryness. Colum chromat ography on
si R{RE-8piysl1-araticyddo[22; Yheptiane7R pymeiliing| / anmoni a
gave 620 ng (derived fromthe earlier eluting
To a stirring solution of 2'H-spiro[1-azabicyclo[2.2.1]heptane-7,3"-pyrrolidin]-
2'-one (300 mg, 1.80 mmol) in dry THF (30 mL) at 0° under N, was added LiAlH,
(274.33 mg, 7.22 mmol). The ice bath was removed and the reaction mixture was
refluxed for 24 h. The reaction mixture was cooled to 0°C, diethyl ether (20 mL) was
added and 5SM NaOH was added dropwise with constant stirring until all unreacted
LiAlH, solidified. The reaction mixture was filtered through celite and then the
filtrate was dried (K,CO3), filtered and concentrated by rotary evaporation to yield
250 mg (70 %) of a colorless syrup.
1’-(3-Pyridyl)-2’H-spiro[1-azabicyclo[2.2.1]heptane-7,3’-pyrrolidine]
2'H-Spiro[1-azabicyclo[2.2.1Theptane-7,3"-pyrrolidine] (100 mg, 0.66 mmol),
tris(dibenzylideneacetone)dipalladium(0) (30mg, 0.020 mmol), rac-2,2'-

-76-



10

15

20

25

di astereoner, 40.5%yield) and 720 ng (derived from
the later eluting diastereoner, 50.7%yield), as |light

whe@en230 s. Chiral HPLC anal ysis was per or medPORUS2005/029371

Chiralcel OD (r) colum, using 7:3 heaxane/ et hanol .

The isomer derived fromthe earlier elutin

di bistdpleoyiphosrhihd)Hel thomrphthyt e45erg, 04 0mmel) gpptassim tert-butoxide
chiral colum (10.9 mn); that derived fromthe | ater

el @aoRe, B 3aiRe]) exd s brdebyaidikd @ Mg 0.72 fEndlf arfl dryiblene (10
on thechiral colum. The sanples were enantionerically

g@bﬂ?&{]ﬁ lﬂl bt Qb Q/ﬁi}cﬁ%ds sflegv@th a@&‘ﬁnﬁlh% 1tk was

The e’lnvitro armaco

4. 4] nonane sh wed it
g%iﬁﬁilai b Heatch Gt A8 4@%&%% Ko Ba A es e cqefSd.
I max = 50% and those NNR subtypes affecting
d otramfm‘eedrtelaeragmi pateso flaskopnd the/solyentxer=o 6oy, rotpe evaporation.
ability of this conpound to partially inhibit the
I elTas@iduk vk patiedntoSarised NaHOD;Sblimibh £ &ilt) andextrdcted with
indicates that this conpound (and others in the

Ml‘o%&ln{ "l‘ ﬂﬁ kfﬁ’t@ HRBHRY Yo B YRREMS wi H: dned over K,COs,
d;

|nterrupt| opami ne reward system an
|sorders hat, are ne by .i.t. .
o Shpisdad eorrenauce b SadiSodnaed “Thapksihe yatbifed by column
WGI ght gai n that acconpani es drug cessation. The in

vi viromaiagesrbe, wsies CNChr)le6): NoOR, G2 R QheevEasrlunt, to afford 130

useful in this manner was derived froma fourteen-day

pr e 08617%)I of adfglt Yropmesyrme oftegyroduat tlyns dark badvedor e@sure to

pyridyl)-1,7-diazaspiro[4. 4] nonane reduced wei ght gain

I NjibRtaRd o t hout deronstrating stinmulant sensitization

pro erties. Based on this data, it is anticipated that
oun% 2 %?g Nar yl spi r odi azaal kane genus descri bed
P Fé & useful alternative in treating

dependenC|es on dr

u abuse i ncl udi nq
ot < Homotes T anbS aralraand pomu gD HI Il ad m saipid Hgonane

cannabi noi ds, cocai ne, hal |l uci nogens, opiates
respectively, which were prepared according to the following techniques:

Diastereomeric 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane S-proline amides
Triethylamine (6.0 mL, 43 mmol) and diphenyl chlorophosphate (4.0 mL, 19
mmol) were added, in that order, to a stirred suspension of N-(tert-butoxycarbonyl)-S-
proline (4.67 g, 21.7 mmol) in dichloromethane (100 mL) under a nitrogen
atmosphere. After stirring for 1.5 h at ambient temperature, the reaction mixture was
treated with a solution of 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane (4.40 g, 21.6 mmol)
in dichloromethane (10 mL). The mixture was stirred 3 days at ambient temperature.
Sodium hydroxide solution (30 mL of 5 M) was then added. After stirring an
additional hour, the mixture was poured into a separatory funnel with chloroform (30
mL) and water (30 mL). The mixture was shaken vigorously, and the layers were
separated. The organic layer and a 30 mL chloroform extract of the aqueous layer
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phencycl i di ne and tobacco and in treating eating
di sorders such as obesity that occurs follow ng drug

weewsaticeh whil e reduci ng side effects associ aP€riuston$029371

the use of psychonotor stinulants (agitation,

sl eepl essness, addiction, etc.). Having hereby

di geroseubingd dsigd J(hflgSOn)amdecrongmttalt@ yr regrenyt evaparetion. oFihe residue
it should be apparent that many nodifications,

sulpz.Lig) wiak dfxSolvadih dri@lﬂbﬂinhdﬂlik&le@ 00 Re) Bh@s@ibindd Wi trifRRoacetic
are possible in [ight thereof. Is to be understood

that; t(@@ FFL(?Z Qﬁ‘rgk&l‘f@@%& %ﬂ? nat gﬁlb? él@?é[ﬁc&?&ul%tfgle [ 1t A88 volatiles

as specil escr I ons
substitutions q vari ations are i ntended to be within

£ heVeLE BYROTHo B BY e o appye it padheppa hyacyum gump. The
met hod for treating drug addiction, nicotine

addesidueoras panidied by prrpstatiye Fi i misisigri§ Yaaetonitsie 0i 1%y an

ef fective anmount of a compound sufficient to decrease

pr edileirbaurtiancidon waee betivemt. Melededarictiendier@ combRRdRed
having the following fornmula: Cy Fornula 1 and

h j . I
ips @?ﬁ(%%?%t%ﬂ%%é\hﬂg ?%%%(% éﬁdﬁﬂ(@i &‘;{e?é%fl eé‘eéfh?&?%%% 11.4 min
or P25 (7o 5eidyofine gheseliacios e st 13 Apitbygas white
acyl , alkoxycarbonyl or aryl oxycarbonyl, Z is,
i ndvapmsPatstinablyanena tidluprosastetssaléPoup consi sting of
hydr ogen, al kyl, substituted al kyl, cycl oal kyl,

sulpsy :iutdj(-)am-(@mmgl)m’v-diﬁzahﬁm[ayq hyhanesubst i t ut ed
heterocyclyl, aryl, substituted aryl, alkylaryl,

substit l}‘ita@lg o?ﬂh@ Y8 HYa's’eerél‘)'iﬂérﬁl Q‘%ﬁohﬁ@ an?d@ %dstd&gssgfed in

arylalkyl Cy Is a six nenbered ring of
h. of .
in 8%#0& bale n%fs%?rglgg?{ld%m ‘iﬁy]&énéﬂé B%(%&b[é,n anc%hen tSmbined with

phenylisothiocyanate (1.73 g, 12.8 mmol for the earlier eluting diastereomer and 1.57
g, 11.6 mmol for the later eluting diastereomer). The two reactions were stirred at
ambient temperature for 16 h, at which point thin layer chromatography indicated that
the reactions were complete. The mixtures were concentrated by rotary evaporation,
and each of the residues was taken up in dichloromethane (10 mL) and treated with
trifluoroacetic acid (10 mL). These reactions were held at 50°C for 16 h and
concentrated to dryness. Column chromatography on silica gel with 80:20:2
chlorform/methanol/ammonia gave 620 mg (derived from the earlier eluting
diastereomer, 40.5% yield) and 720 mg (derived from the later eluting diastereomer,
50.7% yield), as light brown oils. Chiral HPLC analysis was perormed on a Chiralcel
OD ® column, using 7:3 heaxane/ethanol. The isomer derived from the earlier eluting
diastereomer had the longer retention time on the chiral column (10.9 min); that
derived from the later eluting isomer exhibited a retention time of 8.7 min on the
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to oxygen or carbon bonded to a substituent species,
wherein no nore than three of X, X, X', X" and X"

wa@e@omrisBogen or nitrogen bonded to oxygen, orPCHUSH0#029371

five 5-nmenbered heteroaromatic ring of the fornula:

where Y and Y" are individually nitrogen, nitrogen

borshigel aobiran sTibe samplemwersisogitiserisalypure vithif the lonits of detection
carbon bonded to a substituent species, and Y and Y'"

ar ¢~I%y.r ogen or carbon bonded to a substituent

speci es, wherein "substituent species" are,

in y, selected fromthe group consisting of
hyg?%glﬂ?hglkyl substituted al kyl, al kenyl,

substit | Kk I heterocycl stitute

et or ooy eIy et B gql%wéﬁ&m@ih bt

aryl, substituted aryl, alkylaryl, substituted
aI@y&aﬂymi4éh@hahkﬁbweéuﬁebemume@ganykmbkgmheuéBbSUMypeaCSO—
OR, -NRR', -CF3, -CN, -N®2, -CR, -SR, -N3,

C(199gNR Iﬁiaxq m%@logcl)\)lNR s% ﬁffecﬁ%ﬁ@a@ﬁne release (IC50 =

) S hﬁl@ D§ A))’ aﬁgcgbl%log&lﬁcommlg} tolga%fﬁé{ 1@1b1§lﬂée release of

i ndi vi dual |y h drogen C1-C8 al kyl, cycl oal kyl

hetdgp@piie |1§/¢Spe<aa19/y sigeificaiityasdt wogicates fapt ihip soranoumit(eg«b@thers in the
from1l to 6, or R and R' can conbine to forma cyclic

fu N:-aﬂytspﬁbdﬂayaallvdne izenus) tiag beaseful suihetiptingeité dapamine reward
applied to al kyl, aryl, cycloalkyl and the |like refers

t 0 s§dtéin Satashad tEmt ?dijs%ﬁféh! tlhﬁﬁhr@%\d?ate@ﬁ}ﬁﬁt 50& Mdrers include
halo and endi ng wi NR1SQO2 and whéerei n the dashe

R,
li ?@Egtdn@%ﬁg oy;'%to utsgg nd g%flhé ?1? éh:’vﬁ gecgm&%ﬂ%% gmgecessatlon.

bonds, th the provi so that when, the bond between Y
and Y' \QA degn wivg ﬁ}ﬂéewgat Nawlsinqdiagealiamen can beysgfubin this manner
nmust be a double bond and vice versa, where Y or Y' is
ox yge demyyedsindrh arfourteenydaypeechihicyl safiety Yharmacology study, in which 7-(3-

pyridyl)-1,7-diazaspiro[4.4]nonane reduced weight gain in rats, without demonstrating
stimulant sensitization properties.

Based on this data, it is anticipated that compounds of the N-
arylspirodiazaalkane genus described herein present a useful alternative in treating
dependencies on drugs of abuse including alcohol, amphetamines, barbiturates,
benzodiazepines, caffeine, cannabinoids, cocaine, hallucinogens, opiates,
phencyclidine and tobacco and in treating eating disorders such as obesity that occurs
following drug cessation while reducing side effects associated with the use of
psychomotor stimulants (agitation, sleeplessness, addiction, etc.).

Having hereby disclosed the subject matter of the present invention, it should
be apparent that many modifications, substitutions, and variations of the present

invention are possible in light thereof. It is to be understood that the present invention
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is either oxygen or sulfur, and at |east one of Y, Y,
Y* and Y'" nust be oxygen, sulfur, nitrogen or
WoRa0602pEB0 bonded to a substituent species. 2. HBUS2005/029371
met hod of claim1l1, wherein only one or two of X, X,
X', X" and X'"" are nitrogen or nitrogen bonded to
ox\ege he pRictiFdreothetthadasofpecifigilin descmibasly $iuch notdifeatiens,
than one of X, X, X', X" and X"" are nitrogen bonded

t 0 saxyFeibns4nd Theatioek ARANRhded @I H8 Withiigs @J_?Ee &F the ipBesent
nitrogen or nitrogen bonded to oxygen. 5. e net hod

of i.m 1 wherein both X and X' " are nitrogen. 6.
Thgﬁhg%ﬂ%é'of claim1, wherein X, X' and X'" are
carbon bonded to a substituent species. 7. The nethod
of claim®6, where the substituent species at X, X' and
X'" are hydrogen. 8. The nethod of claim1l, wherein
X' " is carbon bonded to a substituent species and X
and X are both nitrogen, or X is carbon bonded to a
substituent species and X and X'lare both nitrogen. 9.
The nethod of claim1, wherein no nore than three of

Y, Y, Y' and Y'" are oxygen, sulfur, nitrogen or

ni trogen bonded to a substituent species. 10. The

met hod of claim 1, wherein between one and three of Y,
Y, Y' and Y'lare nitrogen.11l. A nethod for treating
drug addiction, nicotine addiction, and/or obesity,
conprising adm nistering an effective anmount of a
conmpound sufficient to decrease production and/or
secretion of dopam ne of a conpound having the

foll owi ng fornul a:
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Formul a 2 and pharmaceutically acceptable salts
thereof, wherein Qlis (CZ2)U, Q is (CZ2)V, Qfl is

WO G0RPYe3QN i s (CZ2) X, Qv is(CZ2)y and QVI i s PCRUS2005/029371

)Zwhere u, v, w, X, y and z are individually 0, 1, 2,

3 or 4, and the values of u, v, w, x, y and z are

sel ect edlagmeh that the bridged diazaspirocyclic ring
contains 8, 9, 10, 11, 12 or 13 nenbers, Ris

hydr ogen, A hssieyd fak kitingaiiig ad btk ucatiboaddictivn, and/or obesity,
aryl oxycarbonyl, Z is, individually, selected fromthe

or ; okt f oy P
o g%&?%%%%#&%@gsaggg{e%ﬂgggk a gﬁ;lefﬂ%dd Hi8dent to decrease
het erocycl yl., substit d heterocyclyl ryl .
SubSepGilpRatdler speredqnh doppmined g Pt Rayg fog fllowing
aryl al kyl and substituted arylalkyl; Cy is a six

mefdsebld ring of the formul a:where each of X, X, X',

X" and X"" is individually nitrogen, nitrogen bonded
to oxygen or carbon bonded to a substituent species,
wherein no nore than three of X, X, X', X" and X""

five 5-nmenbered heteroarona ing of the formula:

are nitrogen or nitrogen bo&dﬁc}?t oxygen, or Cy is a
o
where Y and Y" are indi v?du |1 Qlrv{itrogen, nitrogen

bonded to a substituent i es; oxygen, sulfur or
carbon bonded to a substy,tugdt species, and Y and Y'"
are nitrogen or carbon/ﬂgnd to a substituent

speci es, wherein "substituent species" are,

i ndividually, selected fromthe group consisting of
hydr ogen, al kyl, substituted al kyl, al kenyl,
substituted al kenyl, heterqgcyclyl, substituted

het er ocycl yl, cycl oal k P?nﬁﬁgstituted cycl oal kyl ,
aryl, substituted arYI, al kyl aryl, substituted

al ky! ar g#d pharppequiigally acentable a%lédh%‘% al kyl, halo, -
ORl, -NR1R', -CF3, -CN, -N®2, -C2R1, -SR1, -N3,

- =0 NRwhBtein QNR(CZ20) QRS (CZ2)v, Q™ is (CZo)w, and QV is (CZo)s,

u, v, w and x are individually 0, 1, 2, 3 or 4, preferably 0, 1, 2 or 3,

R is hydrogen, lower alkyl, acyl, alkoxycarbonyl or aryloxycarbonyl,

Z is, individually, selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted
heterocyclyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl and

~substituted arylalkyl;

Cy is a six membered ring of the formula:
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(=0 R, -C(=OOR, -0O(=OR, -0(CR 1RL1IXCC=O) R1,
-O(CRIR')INR'C(=O)R 1, - O(CR 1Rl 1NRL1SCRRI,

WO 0@6ABeBIR R', -NR1C(=0 O R, -SO2R1, - SO2NR1RPCT/E8I05/029371

NRLSO2R', where Rland R' are individually hydr ogen

C1-C8 al kyI ﬁ/cl oal kyl , heterocyclyl, aryl,

aryl al kyiheregagh pf Xs Xan<'i M'agd X't rsondlylctugllﬁmtmgemmgen bonded
R' can conbine to forma cyclic functionality, wherein

t heo bxygeh '08 tibén betided to asutapipleneshetiesabikertin ndrmibre than three of X,
cycloal kyl and the like refers to the substituents

de§<§rx'b§<d AAOYE oreStiRb bd rkgng@g 4} gekee@ea%xg gding with -

wher el n t I nes | |cate t hat

t he bond b t nd Y, dbet
b’ et Cnat Chrs IEE Bler e n AT Finko B odiphiad "

t hat when the bond between Y and Y' is a S|ngle bond,

t he bond between Y' and Y" nust be a double bond and
vice versa, where Y or Y" is oxygen or sulfur, only
one of Y and Y" is either q«ygen or sul fur, and at

| east one of Y, Y, Y" ynd“ st be oxygen, sulfur,
ni trogen or n|trogen bonded {/o a substituent speci es.
12. The method of claim 1Y'—XHerein only one or two of
X, X, X', X" and X'"" are nitrogen or nitrogen bonded
to oxygen. 13. The nethod of claim 11, wherein not
nore than one of X, X, X', X (tmand X'" are nitrogen
bonded to oxygen. 14. The nethod of claim 11, wherein

X" thtefeoﬁ Gflq 9 aﬂai BRARAL ﬁﬁﬂ%%ntlﬂgf?ggﬁ%%de&ﬁw a SfBStituent

met hod claim erein

gl&%{nge%&) a su%stltuvmt spec1es ahd § and Y" are

nitroge t 0

PR ean, spllf

nitrogen or carbon bonded to a substituent species,

wherein “substituent species” are, individually, selected from the group
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substitdted alkenyl,
heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylalkyl, halo, -
OR!, -NR'R", -CF3, -CN, -NO,, -C,R', -SR, -N3, -C(=O)NR'R", -NR'C(=0) R", -
C(=O)R!, -C(=0)OR!, -OC(=0)R', -O(CRR"),C(=O)R’, -O(CR'R")NR"C(=O)R', -
O(CRR"NR"SO,R!, -OC(=O)NR'R", -NR'C(=0)O R", -SO;R’, -SO,NR'R", and -
NR'SO,R",

where R' and R" are individually hydrogen, C;-Cjg alkyl, cycloalkyl,
heterocyclyl, aryl, or arylalkyl, and r is an integer from 1 to 6, or R' and R" can
combine to form a cyclic functionality,

wherein the term “substituted” as applied to alkyl, aryl, cycloalkyl and the like

refers to the substituents described above, starting with halo and ending with -
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substituent species. 17. The nmethod of claim 16, where
the substituent species at X, X' and X'" are hydrogen.

wdad snoe/ss3iet hod of claim 11, wherein X'" is cap@DnS2005/029371

bonded to a substituent species and X and X are both
nitrogen, or X is carbon bonded to a substituent
speR'80.RhdnK and X' " are both nitrogen. 19. The
met hod of claim 11, wherein no nore than three of Y,

Y?, Y &ibreln thdWsRMaRR inditHté tat tHRIVoh@@RtvAIen Y hidPgeshd
bonded to a substituent species. 20. The nethod of

cl ai o ' t . t e, .of . Y. . Y
o Selpbhy HRES) QB A08 RAAPE SRl oyl g when
addj ction, nicaqtine addiction, and/or obesity, .

c ot PRAdREHERM ad X?ﬁsrﬁlgﬂ%ﬂ%e Biachhs bpmddbizase ang ¥ must be a
conpound sel ected fromthe groupconsisting of:

7- [d8ulply boug hid Vicq vetisa zawpé ¥ afrd( "4} neygeney sulfur, only one of Y and Y"
7-(5-pyrimdinyl)-1,7-di azaspi ro[ 4. 4] nonane;

7- ([(SeittRe¥R¢h ok kullfur/ arll /2esPbKd Y ANPNANEY™ must be oxygen, sulfur,
7-(5-isothiazolyl)-I|,7-di azaspiro[ 4. 4] nonane; 7-(5-(l

S A s AR ) onare (2

7-(2-pyrazinyl)-1, 7-di.azaspi r g 4. 4] nonane, . -
7 (5 py dhpmgHhyd of o ﬁi@%ﬂﬁ%@p opeREhpef X, X, X', X" and X
7- (5-net hoxy-3-pyridyl)-1 ,7-di azaspiro[ 4. 4] nonane;
7- @B wijregapamiiydgeayboBded foi akyidn.| | 7- di azaspi r o[ 4. 4] nona
ne; 7-(5-phenoxy-3-pyridyl)-I|,7-diazaspiro[4.4]nonane;

3. The method of claim 1, wherein not more than one of X, X', X", X" and X""

are nitrogen bonded to oxygen.

4. The method of claim 1, wherein X" is nitrogen or nitrogen bonded to
oxygen.

5. The method of claim 1, wherein both X' and X" are nitrogen.

6. The method of claim 1, wherein X, X" and X" are carbon bonded to a
substituent species.

7. The method of claim 6, where the substituent species at X, X" and X"" are
hydrogen.

8. The method of claim 1, wherein X™ is carbon bonded to a substituent
species and X and X' are both nitrogen, or X' is carbon bonded to a substituent species
and X and X" are both nitrogen.

9. The method of claim 1, wherein no more than three of Y, Y', Y" and Y" are
oxygen, sulfur, nifrogen or nitrogen bonded to a substituent species.

10. The method of claim 1, wherein between one and three of Y, Y', Y" and
Y™ are nitrogen.
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7-(5-(4-hydroxyphenoxy)-3-pyridyl)-I,7-di azaspiro[ 4. 4]
nonane;

wQ@ 24060368y Nyl - 3- pyri dyl ) -1, 7-di azaspi r o[ 4. 4] noPEI®S$2005/029371

7-(6-chloro-3-pyridyl)-1 ,7-diazaspiro[4. 4] nonane;

7- (6- met hoxy- 3-pyridazinyl)-1,7-di azaspiro[ 4. 4] nonane;

| - (3- pyti.dyhkethod Terdireetiag diugddditionpmaetee addiction, and/or obesity,

1- (5 pyrimdinyl)-1,7-di azaspiro[ 4. 4] nonane;
rﬁ%ﬁ%&ﬂﬁlﬁisieh%g%h drReARINM Al oA BENAAEId sufficient to decrease

sothi azol yl) 7-di azaspi ro[ 4. 4] nonane;

(
érgdégfionfng o)é;a(egclal g)glgc?fydob?lll&le.?q & 68’12)8{11[‘1 e?i/jfnél?lg%]ﬁ]&vmg

1-4
| -
| -
1-
| - razinyl)-1,7-di azaspiro[ 4. 4]nonane

| - idazinyl)-l,7-diazaspiro[4.4]nonane;

| - nethyl-?-(S-pyridyI)-I , 7-di azaspi r o[ 4. 4] nonane;

1-met hyl - 7- (5-pyri m dinyl)-1, 7-di azaspi r o[ 4. 4] nonane;
1-net hyl - 7- (5-i soxazol yl ) -1, 7-di azaspi r o[ 4. 4] nonane;
1-met hyl - 7- (5-i sot hi azol yl ) - Vi
1, 7-di azaspi ro[ 4. 4] nonane; l1Aiet\h F%?-(S-U

, 2, 4-oxadi azol )yl ) -1, 7-di azas iﬂb%A ] nonane;
I-nethyl-?-(z-(l,3,4-oxadQ§kI I&K/,7-diazaspiro[4.4]
nonane; l
| -met hyl - 7- (2- pyrazi nyl) -l yZ-gjlazaspi r o[ 4. 4] nonane;

| - met hyl - 7- (3- pyridazin b)-l -di azaspi ro[ 4. 4] nonane;
1- et hyl - 7- (5- met hoxy- ybyrldyl)-l

, 7-di azaspi r o[ 4. 4] nonane;

| -met hyl - 7- (5-cycl opent yl oxX¥odmy i dyl ) -1, 7-di azaspiro
[4. 4] nonane; 1-nethyl -7-(5-phenoxy-3-pyridyl)-I

, - dlazas ro
| - met hyf }taéé’?%“ AP bl salis thereo s 401y 1 7. di azas

pirol 4. 4lngr%{]na8 is (CZ)u, Q"is (CZa)y, QM is (CZo)w, QY is (CZ2)s, Q" i8(CZo)y

and QVI is (CZy), where u, v, w, X, y and z are individually 0, 1, 2, 3 or 4, and the
values of u, v, w, X, y and z are selected such that the bridged diazaspirocyclic ring
contains 8, 9, 10, 11, 12 or 13 members,

R is hydrogen, lower alkyl, acyl, alkoxycarbonyl or aryloxycarbonyl,

Z. is, individually, selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted
heterocyclyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl and
substituted arylalkyl,

Cy is a six membered ring of the formula:

\
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1-met hyl - 7- (5-et hynyl - 3-pyridyl ) - |
, 7-di azaspi r o[ 4. 4] nonane;

wo 200803686 7- (6- chl or o- 3-pyridyl) -1, 7-di azaspi r B(HUg300029371

ane;

| - met hyl - 7- (6- net hoxy- 3- pyridazinyl) -1, 7-di azaspi r o[ 4.

4] nonanevheve eaehloy PG K,(28', X" and X" is individually nitrogen, nitrogen bonded
-pyridyl)-1, 7-di azaspi r o[ 4. 4] nonane;

7- iebYdenlor CAHBY Bbﬁﬂe@'t@ﬁ'sﬁbétlﬂeh@ RS PA&GEA fbl AORARG, three of X,

7-met hyl - 1- (5- |soxazolyl) 7-diazaspiro[ 4. 4] nonane;
/- t " nl i | | 4 4
e s AN P o
nonane

7- met hylor Cy(isa five 8-mergherad hsteropianyatic rinefibeosmpl 4. 4]

nonane;

7-met hyl - 1- (2- pyrazi nyl) - 1\7 dlaﬂgspiro[4.4]nonane;

7-met hyl -1 - (3-pyridazi nyI'} zaspi ro[ 4. 4] nonane;

2-(3-pyridyl)-2, 7-di azaspi ro§4 4] nonane;

2-(5- pyr|n1d|nyl) 2, 7- dléYas |ro[4 4] nonane;

(5-1soxazolyl)-2,7-di azaspi ro[ 4. 4] nonane;

5-isothiazolyl)-2,7-di azaspi ro[ 4. 4] nonane;

( I vhefle ¥raad “Yé\'zamé Individua] 17 nitregeaspitro géndbatidad taam egbstituent

, 3, 4- oxadi azol )yl ) -2, 7-di azaspi ro[ 4. 4] nonane;

(

(5-

(2-

(séeo@éér 82| Suiflr &r SHBAASRIdE ts*a Qt]‘tféﬁﬂéﬁ@spemes and Y'and Y" are
(3-pyri a2|nyl )-2, 7-di azaspi r o[ 4. 4] nonarne;

t 4.4
-%§“§§8Pg§%ﬁ??ﬁé%§%§ %ﬁﬁ?gVG? 5%%6%{g£asp}PgFinj]nona
e; 2-(5-pheng 3-pyridyl). di azaspi ro[ 4. 4] nonane;
2- (5-( 4- ﬁl%xﬁljéﬁ W@@&;ﬁpecs%m,dWyLdyalw delsstad fopuibe gaqup
2 ? ggggﬁmg@f Thy&ogym, iatigll,)suBstituted allas pilreayy suljstioieahakenyl,

2-
2-
2-
2-
2-
2-
2-
2

=]

heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylalkyl, halo, -
OR!, -NRR", -CF3, -CN, -NOg, -C,R', -SR, -N3, -C(=O)NRR", -NR'C(=O) R", - |
C(=O)R', -C(=0)OR!, -OC(=O)R', -O(CRR"),C(=O)R', -O(CR'R")NR"C(=O)R', -
O(CR'R"),NR"SO,R!, -OC(=O)NR'R", -NR'C(=0)O R", -SO,R', -SO,NR'R", and -
NR'SO,R",

where R' and R" are individually hydrogen, C,-C; alkyl, cycloalkyl,
heterocyclyl, aryl, or arylalkyl, and r is an integer from 1 to 6, or R' and R" can
combine to form a cyclic functionality,

wherein the term “substituted” as applied to alkyl, aryl, cycloalkyl and the like
refers to the substituents described above, starting with halo and ending with -
NR'SOzR", and

wherein the dashed lines indicate that the bonds (between Y and Y' and
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2-(6-chloro-3-pyridyl)-2,7-di azaspiro[ 4. 4] nonane;
2- (6-net hoxy- 3- pyri dazi nyl) -2, 7-di azaspi r o[ 4. 4] nonane;

WQ 20081083686 7- ( 3- pyri dyl ) -2, 7-di azaspi r o[ 4. 4] nonBEEYS2005/029371

2-met hyl - 7- (5- met hoxy- 3-pyridyl)-2, 7-di azaspi ro[ 4. 4] no

nane;

2-hppwesnl Y andsy D lsembs sitler pipeledy dpuble poads yadighe srovise)thy when

nane; 6-(3-pyridyl)-I,6-diazaspiro[3.4]octane;

1-mebbyd b&ween RYdnddy i a dinftedoad akpbom] Betdbacyaarel Y" must be a

2-(3-pyridyl)-2,5-di azaspi ro[ 3. 4] oct ane;

5- - 2- (3-pyri.dyl i oz [ : "
ﬁ%%ongyaﬁi)ﬁ_v?%é 6\}_6 %, WhéreY gli? AIVEN & AlREIRR e of Y and Y

-pyri azaspi r o[ 3. 5] nonane;

| - et hyl - 6- (3- i dyl)-],6-di az ' w3, nane;
st ol ead allsfsi ST hyh dndind ¥ ARNbe oxygen, sultur,
5-nmet hyl - 2- (3-pyridyl)-2, 5-di azaspi ro[ 3. 5] nonane;
2-1igogsy drchjirygen londedpaspivpiiimtspedesane;
6- met hyl - 2- (3- pyri dyl) -2, 6-di azaspi r o[ 4. 5] decane;
7- ( 3- pyr2.dyhe mkthéd df alans pi ywhetein]oabcamesor two of X, X', X", X" and
1-methyl - 7-(3-pyridyl)-1 ,7-di azaspiro[ 4. 5] decane;
8- kBreﬁé/fdt@g%ﬁ of mﬁbgé Bil iP$=ygeh.undecane;

yl-8-(3 yl

1-geth -pyr: -1, 8-di azaspiro [5.5]undecane;

and pha euticall cceptable salts thereof. 22«1 Aw ~m
net hod 1; r LG 0g °ﬂ§¥8|ﬁﬂﬁ?§d‘g APOSR MO S Pﬁ)geOf%’X’&’X and
addi cti on, and/or obesity, conprising adm nistering an

ef K&oar¢ pidrogamberdedfto axygsApound sel ected from the group
consisting of: 1'-(3 -pyridyl)-spiro[ 1-azabicyclo

[2.2.1 ]hephamethdd df clapy i pvheteine]™ is nitrogen or nitrogen bonded to

oxygen.

15. The method of claim 11, wherein both X' and X" are nitrogen.

16. The method of claim 11, wherein X, X" and X" are carbon bonded to a
substituent species.

17. The method of claim 16, where the substituent species at X, X" and X"
are hydrogen.

18. The method of claim 11, wherein X™ is carbon bonded to a substituent
species and X and X' are both nitrogen, or X' is carbon bonded to a substituent species
and X and X" are both nitrogen.

19. The method of claim 11, wherein no more than three of Y, Y', Y" and Y™
be oxygen, sulfur, nitrogen or nitrogen bonded to a substituent species.

20. The method of claim 11, wherein between one and three of Y, Y', Y" and
Y™ are nitrogen.

21. A method for treating drug addiction, nicotine addiction, and/or obesity,
comprising administering an effective amount of a compound selected from the group
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r-(5-ethoxy-3-pyridyl)-spiro[l-azabicycl o[ 2. 2. 1] hept an
e-2,3 -py pdidine];

wa.20066239€| opent yl oxy- 3-pyri dyl)-spirof PCT/US2005/029371

1-azabicycl o[ 2. 2. 1] heptane-2,3 '-pyrrolidine] ;
r-(5-phenoxy-3-pyridyl)- splro[l-azablcyclo[Z 2. 1] hept a
eﬂzmgmnﬁyfrolldlne]
-(5-(4- hydroxyphenoxy)-s-pyridyI)-spiro[
1- a4 atpyayd)-a[72didzaspirbeiptjaoeng;, 3 ' - pyrrolidine];
r- (5-pyrimdinyl)-spiro[l-azabicycl o[ 2. 2. 1] hept ane-2, 3
- PY5Ip %hﬁ'&hﬁ -1 ’ﬂ-dl&&%ph%%ﬁ@ﬁa)ﬂ )-spiro

1- azablcyc 0 hept ane-2,3 " -pyrrolidine];
h lo[2.2.1]h 2,
[ egﬁg(}a%g&?@gﬁdkazas%mmA]ngga%%' cyel o[ 2. 2. 1] hept ane-
l% 2, 4- oxadi azol ) vyl B spi ro[ | -azabi cycl o[ 2. 2. 1] hep
ta E(Sgsqb;hm@yla-éﬂ dapaspiro[4.4[nonane;

r-(2-(1,3,4-oxadi azol )yl)-spiro[l-azabicycl o[ 2. 2. 1] hep
t aﬁQS-Zl,3;4wdiazbl)¢]|)ﬂe]-diazaspiro[4.4]nonane;
r-(2-pyrazinyl)-spiro[l-azabicycl o[ 2. 2. 1] hept ane-2, 3' -

Py L0l Gid8dadidzol)Fh AYT-bfaLp Y4418
r| I‘I70(Q (- 22428)% cilcmg?g gfl hfgt ane- ]ZO%anF ryrrolidine];

1] ﬁggtp g¥n3¥)31 % d?é’za%pl?’o[l 4i‘%]"a% 1- azabi cycl o[ 2. 2.

g
6-chl oro-3-pyridyl)-spiro[l-azabicycl o[ 2. 2. 1] hept an
-(3-pyrifgsing)- Egr(ﬁézyasplro 4.4]nonane;

- (6- met hoxy- 3- pyridazinyl)-spiro[|l -azabicycl o[ 2. 2.

1] Adpiaeieoy-Bpyrigyl)-i O-didiaspiro[4.4]nonane;

r-(3-pyridyl)-spiro[l-azabicycl o[ 2. 2. 2] oct ane- 2, 3' - pyr

r ol7idicRelbpentyloxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane;
r (é ngthgxyys %yﬁ?ﬁ@?f splro[P agaglcyclo[Z 2. 2] octan

r- ?égé)}/lg%%{ggink%(g’gi/_l’g c|101§1/zras}%lly?[4 4:1%%?0% -azabi cycl of 2. 2.
2 - ,3' - ljd

7! 9 e isnyokd rr}(?k%yﬁ%ﬁmio%lﬁzaa@%ﬁéwf@p% 2. 2] octa
ne-2,3 "' rrolidine] (5- (4- hydr oxyphenoxy) -3
-pyf(ﬁ@mypyémmflyn-lﬁz@bmsm[é {lrong] odt ane-2, 3 -

pyrrolidine]; -(5-ethynyl -3-pyridyl)-spirof

1- az(a%hﬁitﬁi?)qiy%dgzl)-?l] Paiaangird[R4[nopatet ol i di ne] ;
r-(6-chl oro-3- pyrldyl) spiro[|-azabicycl o[ 2. 2. 2] oct ane

LGS el g Rassp ol
1-(3-pyridyl)-1,7-diazaspiro[4.4]nonane;
1-(5-pyrimidinyl)-1,7-diazaspiro[4.4]nonane;
1-(5-isoxazolyl)-1,7-diazaspiro[4.4|nonane;
1-(5-isothiazolyl)-1,7-diazaspiro[4.4]nonane;
1-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane;
1-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane;
1-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane;
1-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane;
1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.4|nonane;
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r-(2-pyrazinyl)-spiro[l-azabicyclo[2.2.2]octane-2,3" -p
yrrolidine]; 1'-(3 -pyridazinyl)-spiro [1-azabicyclo
WO 2006@2%poCt ane-2, 3 ' -pyrrolidine] ; PCT/US2005/029371

r-(6-nmet hoxy- 3- pyrlda2|nyI)-spiro[I-azabicycIo[2.2.2]o
ctane 2,3 _'-pyrrolidine _

1c@£§h§b%-é§rpwmydlgph)fl -liagaspisoldyAinafae2. 2] oct ane- 2, 3
-pyrrolldlne]
r- (ISmEmQI-VH(Sl-Z'SBijic)IylSﬂLT—@i[akaspiﬁM.QM@ﬂa@E?- 2. 2] octane-2,3

"-pyrrolidine]; -(5-(1 , 2, 4-oxadi azol )yl)-spiro]

1- qZﬁ@ﬂh?WJéS’ %ﬂ%az%ilﬁ?ﬁ W“&ﬁg’a glrol]"ﬂgl?ﬁ(g&hbd' ne

oxadlazol

1 Z c dlne

X 1%%:;1"-?-&%2% Al RO T Pb et
I]heptane '-pyrrolidine]
r- (15mﬁfét/h%~@r(h3ﬁmaéw9mé) H7s<bm@puro[éz4&m@y@,| o[2.2.1]h
eptane-7, 3' -pyrrolidine];

14 (ﬁethy]e?-&-pyﬂayﬂrm@yl—,?&dwasipﬁy[49.4]&b1lritrﬁ:pi rof
1-azabicyclo [2.2. 1] heptane-7,3 '- pyrrolidine];

r - (15nah D’ﬁl{ypﬁidib)ﬂﬂyg)\d VE d?az'é%ﬁfb‘[ﬁ 2fdonggabi cycl o[ 2. 2. 1] h
eptane 3' pyrro

0 L d iro[l-azabic
cI g[qaétgylhTﬁ{ %t ar%(y!'}" 1d; éyf%/ al%ﬁfﬁrgfél Eljf‘ogi‘%eJE:hl oro-3 d
-pyridyl)-2H -sp |r051 azabi cyclo [ 2. 2. 1 hept ane-7, 3
- éw?%ﬂr?jﬁw@qclop@ty qw—%ym@alhmyilazazplm 4pinafane;
1-azabicyclo[2.2. 1] heptane-7,3 '-pyrrolidine] ;

1' 1{Rethylr A-plydnpx -3 Hpys iyl el 7 -diaamhb pdnohahe?.
1] heptane-7,3 '-pyrrolidine] ;r-(3-

ryt lrﬂ@ﬁylnﬂtﬁfélzh}lﬂréﬂph@ﬁéxﬂé Wﬁl 191.- ata%asHIB ﬂ)ﬁﬁeﬁan% 3

-pyrrolldlne

? &Rﬁbﬁ@ gymr?’l éjﬁ’fd)@y -]'dlazasp%%'[l ngzabi cyclof 2.2

heptane- pyr

1] h&ﬁt@)ﬂ%&%gq%roﬁ,—p%qlﬁg:‘lko 1azlasl?11%oa2 |4(]:r¥o$1|a§e[: 2. 2.

r- ;5 i sot hi azol yl)-2'H spi ro[I azabi cycl o[ 2. 2. 1] hept an
—Imthjﬂy%wpﬂ]pnbp-pyndazmyl) 1,7-diazaspiro[4.4]nonane;
r-(5-(1,2,4-oxadi azol )yl)-2'Hspiro[l -azabicyclo[2.2.1

] hephcng- 12g33pyrmy[)rn174d¢azaqilro{4 4]rrof12ne( 1
, 3, 4-oxadi azol )yl)-2"H spiro[ 1-azabicyclo[?2.2.

1] hoi B8 B hrirnilK e)oiv%&glpm[@ﬁﬂmﬁmef maceutical l'y

accept
7-methyl-1-(5-isoxazolyl)-1,7-diazaspiro[4.4]nonane;

7-methyl-1-(5-isothiazolyl)-1,7-diazaspiro[4.4]nonane;
7-methyl-1-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4Jnonane;
7-methyl-1-(2-(1,3,4-0xadiazol)yl)-1,7-diazaspiro[ 4.4 nonane;
7-methyl-1-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane;
7-methyl-1-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane;
2-(3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-(5-pyrimidinyl)-2,7-diazaspiro[4.4]nonane;

2-(5-isoxazolyl)-2,7-diazaspiro[4.4]nonane;
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23. Use of a conpound having the follow ng fornula:
Formula 1 and pharnaceutically acceptable salts

wo b@ooede3o wherein Qlis (CZ2)U, Q@ is (CZ2)V, QCT/5S2005/029371

(CZ2)W and Qis (Cz2)X u, v, wand x are individually
0, 1, 2, 3 or 4, preferably 0, 1, 2 or 3, Ris
hy @ @egiesthiazolybr2, Zldiazhspim¢4 it lnoaddepx ycar bonyl or
aryl oxycarbonyl, Z is, individually, selected fromthe

gr o @Q?‘S-bﬁidl%l)@'f) zﬂmimmo[zahjfmhanesubst ituted
al kyl , cycloalkyl substi t ut ed cycloalkyl,

hetyeh aryl,
subs (ﬁ ad1§%6ﬁ’)§/3|%<’7‘|tdga%a{f§}o§4{ %@éﬁ{l Uted al kyI aryl ,
Kk u stltuted arylalkyl; Cy is a SIX
@%amﬁb 371' lﬁzﬁéplf‘t[f*r‘iﬂﬂimélaw’ VI X' ¢ ., X"" where
each of X, X, X', X" and X"" is individually

ni t2r(<3g13'f111dannl’lbdg7eduawpttekﬂ 4Joommggen or carbon bonded
to a substituent species, wherein no nore than three

of 2X5-nfethox¥-3 p?§q1dyl?-Qd7 &‘iazas@fr@[fﬂ]hér%@n or nitrogen
bonded to oxygen, is a five 5-nenbered

_het %E%:g%&%f( 32%11(&%,1)@? dfa%%g‘ éﬁ@ﬁé& Y and Y" are

S“B;@g.ﬁgﬁx.g.g o2 roe samﬁvhﬁ%%a«?fw Tare i trogen

or carbon bonded to a substituent species, wherein

" s dbSt(Ethydraxyphrnoxes3-paridyD) -2 adieiagpad Myt Insanect ed from

the group consisting of hydrogen, alkyl, substituted

al Ry(5-etlaiybBypyridglyst-diagdsp ol Kadydne;
2-(6-chloro-3-pyridyl)-2,7-diazaspiro[4.4 nonane;
2-(6-methoxy-3-pyridazinyl)-2,7-diazaspiro[4.4Jnonane;
2-methyl-7-(3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-methyl-7-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-methyl-7-(5-phenoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane;
6-(3-pyridyl)-1,6-diazaspiro[3.4]octane;
1-methyl-6-(3-pyridyl)-1,6-diazaspiro[3.4]octane;
2-(3-pyridyl)-2,5-diazaspiro[3.4]octane;
5-methyl-2-(3-pyridyl)-2,5-diazaspiro[3.4]octane;
6-(3-pyridyl)-1,6-diazaspiro[3.5|nonane;
1-methyl-6-(3-pyridyl)-1,6-diazaspiro[3.5|nonane;
2-(3-pyridyl)-2,5-diazaspiro[3.5]nonane;
5-methyl-2-(3-pyridyl)-2,5-diazaspiro[ 3.5 nonane;
2-(3-pyridyl)-2,6-diazaspiro[4.5]decane;

6-methyl-2-(3-pyridyl)-2,6-diazaspiro[4.5]decane;

-80-



10

15

20

25

het erocycl yl, substituted heterocyclyl, cycloal kyl,
substituted cycloal kyl, aryl, substituted aryl,

wa@bdoglozgeyd , substituted al kylaryl, arylal kyl, PCT/US2005/029371

substituted arylal kyl, halo, OR, -NRLR', -CF3, -CN,
-N®2, -C2R1, -SR, -N3, -C(=ONRR', -NR (=0 R', -
C( FaprRoyridyl OpERAspirolfld@)aRe; - Q CR R')rC(=O R,
-OQCRR)INR'C(=OR, - QCR R')rNR'S2R ,

- OQ(mEhMRT IR~ DR [4:596%Rle;- S2NRIR', and -
NR1SO2R", J\f’ihg?gﬁig} and R' Bare i ndi vidual |y hydr ogen,

ClC l@r@fr 1 §-‘A‘§Jz§§>96r]§ sf%ﬁ&eeofa%yc'y' aryl, or

aryl and eger froml to 6, or R and

tRhﬁsﬁhm‘?%m%ﬁz-&%é%“azagﬁ%iéLﬁ‘imféﬂégé:%i Byl aeyl

cycloal kyl and the like refers to the substltuents
depbpinrscutidatly ecceptabletsaligytheraoh. hal o and ending with -
NR1ISO2R', and wherein the dashed |ines indicate that

t he _bOHQQ. @P@%ﬂ@&ffor\ﬁ@ﬁﬁ% Wrugadtididpioh)Yaesiné adaitioN, andf@dbesity,
be either single or double bonds, wth the proviso

tN2bmphehs biGiRO0M PE YREHvY @teg%t ot ol AnfhoBhd R EtBPRGN the group

Vi ce v%rsa where Y or Y" is oxygen or sulfur, onIy
on&OBTSHpE Aty v |s ei ther oxygen or sulfur, and at
| east one of Y, , Y' and Y'" nust be oxygen, sulfur,

ni tGoeyridyd)-spitof bg@bl@@h&ba liteptane 2o¥mivrobidine peci es,
in the manufacture of a nmedi canent for use in treating

dr ag(Saettlogyt-B-@yridyl)-spite[Merzalsl Gy [2 1 Thagiade?, BDﬁﬁﬁdlIdYne]
24. The use of claim 23, wherein only one or two of X

oxg}g?egn o5l en%yﬁsg@}%ﬁéu LP%%W) ok Qe?ﬁ %%g%ﬂdlne],

ox; g@%pheho%y- -Pylldyﬁ(—spuo -azablcgcrlce) ZrB. ﬁxg&gne—ggqggrgoﬁd?ne] ;

1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3'-
pyrrolidine];

1'-(5 -pyrimidinyl)—spiro[1 -azabicyclo[2.2.1Theptane-2,3'-pyrrolidine];
1'-(5-isoxazolyl)-spiro[ 1-azabicyclo[2.2.1Theptane-2,3'-pyrrolidine];
1'-(5-isothiazolyl)-spiro[ 1-azabicyclo[2.2.1Theptane-2,3 -pyrrolidine];
1'-(5-(1,2,4-oxadiazol)yl)-spiro[ 1 -azabicyclo[2.2.1 Theptane-2,3'-pyrrolidine];
1'~(2-(1,3,4-oxadiazol)yl)-spiro[ 1 -azabicyclo[2.2.1Theptane-2,3'-pyrrolidine];
1'<(2-pyrazinyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3"-pyrrolidine];
1'-(3-pyridazinyl)-spiro[ 1 -azabicyclo[2.2.1 Theptane-2,3'-pyrrolidine];
1'-(5-ethynyl-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1Theptane-2,3"-pyrrolidine];
1'-(6~chloro-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1Theptane-2,3"-pyrrolidine];
1'-(6-methoxy-3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3"-pyrrolidine];
1'-(3-pyridyl)-spiro[1-azabicyclo[2.2.2]octane-2,3 ’-pyrrolidine] ;
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26. The use of claim 23, wherein X'' is nitrogen or
ni trogen bonded to oxygen. 27. The use of claim 23,

wob@emis3iboth X' and Xm are nitrogen. 28. The PGEUSL005/029371

claim 23, wherein X, X' and X'" are carbon bonded to a
substituent species. 29. The use of claim 28, where

t hd’ é%a@thoeiuénmyryh@cqpe@[la@zaklcysvdo[za?a dloctanes ¥-thyyudtidipeD.

30 The use of claim23, wherein X" is carbon bonded

to lét(SscM(bpeht}%ﬁy—Spmcﬂ}e)sqﬁﬁb[ Kagatdcy€lo[22e]bQkde-2,3 -pyrrolidine];
nitrogen, or X 1is car bon bonded to a substituent

spe Cfﬂaﬁhé}ﬁQy% SRy spirf 1%%9&51%18 Lf.i.gg)ggng%l%p%h

of claim 23, wiheréi'n no nore

onabat B oS dipePhl P85h el of %fanazaa ™

23, wherein between one and three of Y, Y, Y" and Y''
ar @YIHPIE‘?lB@]en 33. Use of a conpound having the
followi ng formula: Fornula 2 and pharnmaceutically

ac ¢ e(ft-ethyreyl Sapriyt)pirefi-azablegele[ 112 Qdctane CZ2)pyrro@ink B
(CZ2)V, Qmis (CZ2)W QWVis (CZ2)X, Qv is(CZ2)y and

' 2 a 2 ,_ « g )
IQXEI V@T%}ggil%l %/Egﬁkﬁflﬁsﬁiro[y azalic ’ lo ZQ?ﬂcet%beg%g oofhdlne]

t ed t hat e br
di azgs%frﬁ%%iln X St? ro g)bciéfflé’f%g Béowﬁle il%'pyirf lg%ff or
Ris h drogen | ower al kyl, acy
al &o&y}&)ﬁ%%&rm&[l@?%lax%aﬁb?dﬂ%ne-%rgyﬂ@lh@m]; dual Iy,
sel ected fromthe group consisting of hydrogen, alkyl,
sub's@ipyuridedingl)spiro[ learabioptlklpl 2.2 pataat 21 AHpedokidiatipal kyl ,
het er ocycl yl, substituted
1'~(6-methoxy-3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 -pyrrolidine];
1'-(5 -isoxazolyl)-spiro[l -azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(5-isothiazolyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 -pyrrolidine];
1'<(5-(1,2,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.2]Joctane-2,3"-pyrrolidine];
1'-+(2~(1,3,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'~(3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1Theptane-7,3'-pyrrolidine];
1'~(5-methoxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3"-pyrrolidine];
1'<(5-cyclopentyloxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3 -
pyrrolidine];
1'~(5-phenoxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidine];
1'<(5-(4-hydroxyphenoxy)-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-
pyrrolidine];
1'~(6-chloro-3-pyridyl)-2 ’Hjspiro[l-azabicyclo [2.2.1Theptane-7,3"-pyrrolidine];
1'~(5-pyrimidinyl)-2'H-spiro[ 1-azabicyclo[2.2.1Theptane-7,3"-pyrrolidine];
1'-(2-pyrazinyl)-2'H-spiro[ 1-azabicyclo[2.2.1 [heptane-7,3"-pyrrolidine];
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het erocyclyl, aryl, substituted aryl, alkylaryl,

substituted al kylaryl, arylal kyl and substituted
wa@egbabieyd ; Cy is a six nenbered ring of the PCT/US2005/029371

formul a: where each of X, X, X', X" and X"" is

i ndividual ly nitrogen, nitrogen bonded to oxygen or

carlbGhpyokdey )t BHespsupstdabicsolp [%bé]iiepslne-\ﬁ(lgﬁémgr’mlidine];

nore than three of X, X, X', X" and X'" are nitrogen

or lﬂ(ﬁ-ﬁl@ﬂﬁﬁﬁb.)%ﬁﬂﬂzﬁl?l)ilxﬂgﬁﬁ@ locfza@é%¢1§[f262 f ih¥stane-7 3’-pyrrohd1ne]
5-menbered heteroaromatic ring of ornul’a; where’ Y

iﬂ‘és?ﬁ R B EERN B e M e REE P RO AR el

to ubstit ecies, and Y and " are nitrogen

or ekl e gl bagbioriah?. 14ytimed wpEpbiie:
"substituent species" are, individually, selected from

t hé'-@r—ﬁu%)‘lma@ihml)yﬂl)gZ'Hf-smtybﬂ}-@@émyclaol[kyl1]h@tdmst’/i,?z’quyﬁdlidine] ;

al kyl, al kenyl, substituted al kenyl, heterocyclyl,

SUbS(2| g, $-@xﬁ@bﬁﬂﬁ@)‘@’1—h’§p1ro?h‘-Qiefbﬁiyﬂbl[z ZQM@tdnEm ?@)yrrohdme], and

cycloal kyl , aryl, 'substituted aryl, alkylary
subbuimagewbally Redeniaple, salis theedofy| , substi t ut ed
arylal kyl, halo, - OR, -NRLR', -CF3 -CN, - N2,
-C2R',-SR',-N3 -C(=O NR R', -NR'C(OR' -
(=0 R 23: G4 Rm w@@@a@égthefo Rodeh=O R

-Q(CR R")rNR'C(= O)FE') r NR'

-OC(=ONR' R", -NR C( O)OR' -S@R‘, -SOZNRlR", and -
NR SO2R', vvhere R and R' are individually hydrogen,
Cl1-C8 al kyl, cycloal kyl, hetgfocyRliyl, aryl, or
arylalkyl, and r is an inte romlto 6, or R and
R' can combine to form a cyglicifunctionality,wherein
the term "substituted" d? i@d to al kyl, aryl,
cycloal kyl and the like refdrs to the substi t uent s
descri bed above, startipy~wiQ h halo and ending with -
NRLISO2R', and wherei igythe dashed |ines indicate that
the bonds (between Y and Y' and

Formula 1

and pharmaceutically acceptable salts thereof,

wherein Q' is (CZy),, Q" is (CZy)y, Q™ is (CZy)y, and QY is (CZy)y,

u, v, w and x are individually 0, 1, 2, 3 or 4, preferably O,‘ 1,2 or3,

R is hydrogen, lower alkyl, acyl, alkoxycarbonyl or aryloxycarbonyl,

Z is, individually, selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted
heterocyclyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl and
substituted arylalkyl;

Cy is a six membered ring of the formula:
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between Y' and Y") can be either single or double
bonds, with the proviso that when the bond between Y

w@r@6N23686 a single bond, the bond between Y' BReUY2005/029371

nmust be a doubl e bond and vice versa, where Y or Y" is
oxygen or sulfur, only one of Y and Y" is either

oxygen or sul up%&g at least one of Y, Y1, Y' and

Y'" nust be oXygen,;| sul fur, nitrogen or nitrogen

bonded to a syhstityrent species, in the manufacture of

a medi canent forXlse in treating drug addiction,

ni coti ne addiction, and/or obesity. 34. The use of

claim 33, wherein only one or two of X, X, X', Xm and

X'" are nitrogen or nitrogen bonded to oxygen. 35. The

use of claim 33, wherein not nore than one of X, X,

X', X" vKEe sach of ke Xni X' &g eandpe T drciadividusily gérpgeamitrggan bonded
use of claim33, wherein X" is nitrogen or nitrogen
bordeslygeo ooxyyen bodded tdheubmsitucnt spdciiswWB&einwtvanhederthan three of X,
both X and X' " are nitrogen. 38. The use of claim 33,
whe{exn 34 and"X'angs aifro g’é}f & HR6 RADHRARIR Y bBeR

substituent species. 39. The use of clai m38, where

10, The hd SR P BRI pdeustionlIE o o FhSpME R dea

to a substituent species and X and X are both
nitrogen, or X is carbon bonded to a substituent
species and X and X " are both nitrogen.41. The use of
claim 33, wherein no nore ftyhan t ree of Y, Y, Y' and
Y'" be oxygen, sulfur, M'ffo r nitrogen bonded to
a substituent species. 42\."';,,T e use of claim 33,
wherei n between one and tWre& of Y, Y, Y' and Y'"

where Y and Y" are individually nitrogen, nitrogen bonded to a substituent
species, oxygen, sulfur or carbon bonded to a substituent species, and Y' and Y™ are
nitrogen or carbon bonded to a substituent species,

wherein “substituent species™ are, individually, selected from the group
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylalkyl, halo, -
OR/, -NRR", -CF3, -CN, -NO,, -C,R, -SR', -Nj3, -C(=O)NR'R", -NR'C(=0) R", -
C(=O)R!, -C(=O)OR/, -OC(=O)R, -O(CR'R"),C(=O)R', -O(CRR")NR"C(=O)R/, -
O(CRR")NR"SO;R', -OC(=0)NR'R", -NR'C(=0)O R", -SO,R’, -SO,NR'R", and -
NR'SO,R",

where R' and R" are individually hydrogen, C;-Cs alkyl, cycloalkyl,
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are nitrogen. 43. Use of a conpound selected fromthe
group consisting of: 7-(3

WO poosioeBsB) - 1, 7- di azaspi r o[ 4. 4] nonane; PCT/US2005/029371

7-(5-pyrimdinyl)-1,7-di azaspi ro[ 4. 4] nonane;
7-(5-isoxazolyl)-1,7-di azaspiro[ 4. 4] nonane,

7- heterwytlll, amd] orl ayylalkyl, didiz ssypiintepd. fadmdnaneor R-gn8-R"can
, 2, 4-oxadi azol )yl ) -1 ,7-di azaspiro[ 4. 4] nonane; 7-(2-(l

, 3.comBiRdb 8x# 4 Woliclfuncfrodhi@zaspi r o[ 4. 4] nonane;
7-(2-pyrazinyl)-1,7-di azaspiro[ 4. 4] nonane;

7-(3-pyt,i LAyl -] J SR . ; .
(5 et Egh et fpshRaT g bt BRI chsioation and the ke
7-(5-cycl opentyl oxy-3-pyrjdyl)-1, 7-di azaspiro] 4. 4] nona

e ot S UETTORG R BT Soin st ag 400 ey repnec: -

7- (5-(4- hydroxyphenoxy) - 3-pyridyl)-1,7-di azaspiro[ 4. 4]
nodEHEO,R", and

7- (5-ethynyl -3-pyridyl)-1, 7-di azaspi ro[ 4. 4] nonane;

7- ( 6- chivdiefeiBtheydakiehd imed intticht@@hasii behds ERRRANCInd Y' and

(6- met hoxy- 3-pyridazinyl)-1,7-di azaspiro[ 4. 4] nonane;

Bl Nt o AR Ly A AERA o e v st e
RO R L M—

(5-(I,2,4-oxadi azol )yl )-I,7-di azaspi ro[ 4. 4] nonane;

doulfle bol andoviaelversa IWherg Yior Y7-isipayess pi sdfut, djljonanty and Y"
1-(2-pyrazinyl)-1, 7-di azaspi ro[ 4. 4] nonane;

is either oxygen or sulfur, and at least one of Y, Y', Y" and Y" must be oxygen, sulfur,

7-
| -
1-
| -
| -
I
1

nitrogen or nitrogen bonded to a substituent species,

in the manufacture of a medicament for use in treating drug addiction, nicotine
addiction, and/or obesity.

24. The use of claim 23, wherein only one or two of X, X', X", X" and X" are
nitrogen or nitrogen bonded to oxygen.

25. The use of claim 23, wherein not more than one of X, X', X", X" and X"
are nitrogen bonded to oxygen.

26. The use of claim 23, wherein X" is nitfo gen or nitrogen bonded to
oxygen.

27. The use of claim 23, whefein both X' and X" are nitrogen.

28. The use of claim 23, wherein X, X" and X" are carbon bonded to a
substituent species.

29. The use of claim 28, where the substituent species at X, X" and X"" are
hydrogen.

30. The use of claim 23, wherein X" is carbon bonded to a substituent species
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| - (3-pyridazinyl)-I,7-diazaspiro[ 4. 4] nonane,
1-met hyl -7-(3-pyridyl)-1, 7-di azaspi r o[ 4. 4] nonane;

WO 20081083686 7- (5- pyrim dinyl)-1 ,7-di azaspir o[ 4. BgTMORZN®029371

| -met hyl - 7- (5-i soxazol yl') -1, 7-di azaspi r o[ 4. 4] nonane;
1- met hyl - 7- (5-1 sot hi azol yI)-I 7-di azaspiro
[ 4.28§ doerah¥’, are both nitrogen, or X' is carbon bonded to a substituent species and X

1-met hyl - 7- (5- (1, 2, 4- oxadi azol )yl )-1, 7-di azaspiro
[ 4.a8di DON@dBothlmmegday| - 7- (2- (1 , 3, 4- oxadi azol )yl ) -|
, 7-di azaspi ro[ 4. 4] nonane; 1-nethyl-7-(2-pyrazinyl)-I
, - di az Pl [ RV m
ety (85 ORIy ey e oo ¥ o
- 7- 4.4
ln aﬁgg/g n, sulﬁl(rsmggtggnogly mtroge}/ rblogldea toa Subgtllt%él%ssgleglgsl; Jno
1- et hyl - 7- (5-cycl opent yl oxy- 3-pyri dyl) - 1, 7- di azaspiro
[ 4. 4] noddndhe use of claim 23, wherein between one and three of Y, Y', Y" and Y"
| - met hyl - 7- (5- phenoxy-3-pyridyl)-I, 7-di azaspiro[ 4. 4] no
Nanes nitrogen.
1- et hyl - 7- (5- (4- hydr oxyphenoxy) - 3- pyridyl)-1, 7-di azas

piro[ 4. 4k

D et iyt 27 {{ERE R comppun having e following formules, oy 1 1
nane;

| -met hyl -7-(6-chloro-3-pyridyl)-1,7-di azaspiro[ 4. 4] non
ane;

| - met hyl - 7- ( 6- met hoxy- 3- pyri da;/WQVII 7-di azaspiro[ 4.
4] nonane; 7-nethyl -| i

-(3-pyridyl)-1,7- dlazasplro[4 4]

7-met hyl -1 - (5-pyrimdnyl) - Q a$p|r0[4 4] nonane;

7-met hyl -1 - (5- |soxazolyl)-H |a splro[4 4] nonane;
7-met hyl - 1- (5- |soth|azonIhF141 di azaspi r o[ 4. 4] nonane;
7-methyl -1-(5-(1, 2,4-0 azol )yl )-1, 7-di azaspi r o[ 4. 4]
nonane; 7-methyl-1-(2-(

, 3, 4-oxadi azol )yl )-1, 7-di azaspiro [ 4. 4] nonane;
7-met hyl -1 - (2-pyrazinyl)-| Formulagzaspi r o[ 4. 4] nonane;
7-met hyl -1- (3 -pyridazinyl)-1,7-di azaspiro

[ 4. 4] nonadeharmaceutically acceptable salts thereof,

wherein Q'is (CZp)s, Q" is (CZs)v, QM is (CZo)w, Q" is (CZo)y, Q" is(CZo)y
and Q" is (CZy), where u, v, w, X, y and z are individually 0, 1, 2, 3 or 4, and the
values of u, v, w, X, y and z are selected such that the bridged diazaspirocyclic ring
contains 8, 9, 10, 11, 12 or 13 members,

R is hydrogen, lower alkyl, acyl, alkoxycarbonyl or aryloxycarbonyl,

Z is, individually, selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted
heterocyclyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl and
substituted arylalkyl;

Cy is a six membered ring of the formula:

-95-



10

15

20

2-(3-pyridyl)-2,7-di azaspi ro[ 4. 4] nonane;
2-(5-pyrimdinyl)-2,7-di azaspir o[ 4. 4] nonane;

wQ2(os/0e®6exazol yl ) -2, 7-di azaspi ro[ 4. 4] nonane;  PCT/US2005/029371

2-(5-isothiazolyl)-2,7-di azaspi ro[ 4. 4] nonane;

2-(5-(1, 2, 4-oxadi azol )yl )-2, 7-di azaspi ro[ 4. 4] nonane;

2-(2-(1 ,3,4-oxaMiazod)yl) -2, 7-di azaspi r o[ 4. 4] nonane,
2-(2-pyraziny¥ -2 di azaspi r o[ 4. 4] nonane;

2- (3-pyridaziywl ) - Zmwr- di azaspi r o[ 4. 4] nonane;

2- (5- met hoxy-"3-pxri dyl ) - 2, 7- di azaspi r o[ 4. 4] nonane;

2- (5-cycl opentyl oxy-3-pyridyl)-2, 7-di azaspi ro[ 4. 4] nona

ne; 2-(5-phenoxy-3-pyridyl)-2,7-diazaspiro[4.4] nonane;

2- (5- (4- hydroxyphenoxy) - 3-pyridyl ) -2, 7-di azaspi r o[ 4. 4]
nonane;

2- (5- et hwheye e®hpy X, &3 X", X" 7andid? asipidivajually pitoggnaritrogen bonded
2-(6-chl oro-3-pyridyl)-2,7-di azaspi ro[ 4. 4] nonane;

2- (& oxpich @x ¥arBo pondbdzb ayliDstiucht sheas SPhérdinhokhoenBdiethree of X,
2-met hyl -7-(3-pyridyl)-2,7-di azaspi r o[ 4. 4] nonane;

ﬁég}ﬂ@f bl d X ek %Y st it 8¥n bonddd & 3&RsR! ol 4. 4] no
2- met hyl - 7; (5- ph -3-pyridyl) -2, 7-di azaspir o[ 4. 4] no
nane: 5y 6553 g ety hedatsniesmeaf i hnahle:

| ~met hyl - 6- (3-pyridyl)-1,6~di azaspiro[ 3. 4] oct ane;
2-(3-pyridyl)-2,5-diazaspi rx][ 3. 4]jloct ane;

5- et hyl - 2- (3- pyri dyl ) - ¥/B- di;azaspi r o[ 3. 4] oct ane;
6-(3-pyridy|)-|,6-diazasd¢g9 . 5] nonane;

where Y and Y" are individually nitrogen, nitrogen bonded to a substituent
species, oxygen, sulfur or carbon bonded to a substituent species, and Y' and Y"' are
nitrogen or carbon bonded to a substituent species,

wherein “substituent species™ are, individually, selected from the group
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylalkyl, halo, -
OR', -NR'R", -CF3, -CN, -NO,, -C,R', -SR', -N3, -C(=0O)NR'R", -NR'C(=0) R", -
C(=0O)R!, -C(=0O)OR’, -OC(=O)R’, -O(CR'R"),C(=O)R', -O(CRR"),NR"C(=O)R', -
O(CRR")NR"SO2R', -OC(=O)NRR", -NR'C(=0)O R", -SO;R', -SO,NR'R", and -
NR'SO,R",

where R' and R" are individually hydrogen, C;-Cg alkyl, cycloalkyl,
heterocyclyl, aryl, or arylalkyl, and r is an integer from 1 to 6, or R' and R" can

combine to form a cyclic functionality,
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| - met hyl - 6- (3-pyridyl)-I,6-diazaspiro[ 3. 5Jnonane;
2-(3-pyridyl)-2,5-di azaspi ro[ 3. 5] nonane;

WG 20061083686 2- ( 3- pyri dyl ) -2, 5-di azaspi r o[ 3. 5] noONBEEYS2005/029371

2-(3-pyridyl)-2,6-di azaspiro[ 4. 5] decane;

6- net hyl - 2- ( 3- pyrldyl)-2 6- di azaspi ro[ 4. 5] decane;

7- ( 3- pyrvligyein the teym dslmgglmdr”@[s 4ppjeddoalie], aryl, cycloalkyl and the like
1-methyl -7-(3 -pyridyl)-1,7-di azaspiro [4.5] decane;

8- (r8fepytoititysybslitunididagaibpd salve, HirtiRgd @G Rlo and ending with -
| - met hyl - 8- (3-pyridyl)-1, 8- dlazasplro[S 5] undecane;
andyieRargeGRyti cal |y acceptable salts thereof, in the
manuf acture of a medi canent for use in treatl ng dr ug

Z‘?d'acf:l)" ot e L P 3 e e it ¥

S@g pyr i dyI ) iro[l-azabicycl o[ 2. 2. 1] hept ane 2 3 - py
twrepe] and Y"fcan be either single or double bonds, with the proviso that when

r-(5 ethoxy 3-pyridyl)-spiro[l-azabicycl o[ 2. 2. 1] hept an
e- ZhSbondhetwedn Yianely; isk sifdle byrad, &QﬁﬁnWHéWeeﬁ Y' and Y" must be a
- pyri dyl) - spi ro[ 1-azabicyclo[2.2. 1] heptane-2,3

- [BhBIe |bbﬁlél Qﬁd vice Yersh %@@?Q%W":EIS 8%({%6?1}6}[ %%ﬂ’lﬁ'é?ﬁ)lgl one of Y and Y"

1 azablcyc o[ 2. 2. 1] Hept ane

1 aza I@/%Elg)x%&@% ?féi\[/)%talﬁflgp dfy}) S " 6‘?‘; i ARgst be oxygen, sulfur,

(5-pyr|n1d|nyl -spiro [1- azablcyclo [2.2.1
] h@ﬁf%ﬁ%ﬁgn@rog%wwmt@aﬁ@}stltuent spesieb.soxazol yl ) - spi rof
1-azabicyclo [2.2.1] heptane-2,3 '-pyrrolidine];
' - (5-i sotheimawifydtyre sph [I&[didlnﬁﬂﬁibi‘ oyccinaledtidg drug addiction, nicotine
1] hept ane-2,3 ' -pyrrolidine] ;

r'@t@dléﬂlor?»aﬂd/éi(@@ésﬁ§0|)y|) spi ro[ | - azabi cycl o[ 2. 2. 1] hep
tane-2, 3" -pyrrolidine]; -(2-(1

1]3 héelp?)a(l%gl 3’?‘1% lug%/ JF)? clai 31 3P [wheTe%% (antl)ll Ghé lo(r) {wo of X, X', X", X" and X" are

nitrogen or nitrogen bonded to oxygen.

35. The use of claim 33, wherein not more than one of X, X', X", X" and X"
are nitrogen bonded to oxygen.

36. The use of claim 33, wherein X" is nitrogen or nitrogen bonded to
oxygen.

37. The use of claim 33, wherein both X' and X" are nitrogen.

38. The use of claim 33, wherein X, X" and X"" are carbon bonded to a
substituent species.

39. The use of claim 38, where the substituent species at X, X" and X" are
hydrogen.

40. The use of claim 33, wherein X" is carbon bonded to a substituent species
and X and X' are both nitrogen, or X' is carbon bonded to a substituent species and X

and X" are both nitrogen.
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r-(2-pyrazinyl)-spiro[l-azabicycl o[ 2. 2. 1] hept ane- 2, 3' -
pyrrolidine];

WO 240803680 dazi nyl ) - spiro[ | -azabi cycl o[ 2. 2. 1] heptHOS2085/@29371

"-pyrrolidine];1 -(5-ethynyl -3 -pyridyl)-spiro|
1-azabicyclo[2.2. 1] heptane-2,3 '-pyrrolidine] ;

r - (6- chl4dr Ah@-usy of dyin) 33 pihenih nazadye tyanl thfe 02 Y1 Wept and Y™ be
e-2,3 -pyrrolidine];

1" oG biguty nidropdtt dndﬂﬁ“bgefﬂ Bonged foOe[ subsB@eR prake[ 2. 2.
1] heptane- 2, 3' -pyrrolidine] ; 1'-(3

- P)F/))r/lr (rj)élélb 4 S’Iﬁl'e]rugé 3f aéﬁ%ﬂ%e%ﬁ bgtwe%]'l Ak Q&fﬂgee of Y,Y', Y"and Y"

% thoxy 3-pyridyl)-spiro[l-azabicycl o[ 2. 2. 2] oct an
SBUIREY ol i di ne] ;

r (5-cycl opentyl oxy-3-pyridyl)-spiro[l-azabicyclo[2. 2.

2] oct and32 @eoﬁyppmppm(%f@}ected from the group consisting of:

r-(5-phenoxy-3-pyridyl)-spiro[l-azabicycl o[ 2. 2. 2] oct an

e- Z-@-pypidyhol, 7-diazedpiro[4.4]nonane;
r-(5-(4-hydroxyphenoxy)-3-pyridyl)-spiro[l-azabicycl of

? ?égbﬁﬁﬁﬁgﬁwg §;§F§M%§&i% IlBF%nézablcyclo[z 2. 2] octan
dgéﬂséFngjg?ﬁ#%@ﬂ?“@%4kﬂle'zablcyclo[2 2. 2] oct ane

-2 3' -pyrrolidine]

r- ﬁﬂﬁpythMQWHyuXﬁyﬁﬂﬁm®ﬂ4ék@bmﬁyclo[2 2. 2] oct ane- 2, 3'
-pyrrolidne];

1' -7((3-(@)2,4&&:&&#12?01)3@1}lr,bklibzmb[@j/]@lbﬁz[u%; 2. 2] octane-2, 3

"-pyrrolidine]

r- (73(25(31@'41@%&&'1&/2!,01»991"79{a|zas%¥1‘3pi EMhae2. 2. 2] oct ane-2, 3

-pyrrolidine]

ctgdgqg&ﬁgé%bfg %@%ﬁéﬁﬂéh} %E%ro[l-azablcyclo[Z 2.2]o0

r-(5-isoxazolyl)-spiro[l-azabicycl o[ 2. 2. 2] oct ane- 2, 3' -
pyr r(érpya],dﬁ@]lyl -1,7-diazaspiro[4.4]nonane;
r-(5-isothiazolyl)-spiro[l-azabicyclo[2.2.2]octane-2,3
- py(ormethdxyadipyridyl)-1,7-diazaspiro[4.4nonane;
-(5-(1,2,4- oxadiazol)yl) spiro[ | -azabi cycl o[ 2. 2. 2] oc

tan 5 Zoy8lopemylok §I3Lsrusl): 1,7-di [44
q { ,E 4yoxgd|azo?9yl _gm?ﬁgm é@gg?%yclo[Z 2. 2] oc

ol 2

e&éﬁ&?%ﬁ@@ﬁp%hﬁ? | %41]1(%1) 1,7- dlgzoa[sllofr(?[i%?rllcgn%gl o[2.2.1]h

r-(5-cycl opentyl oxy-3-pyridyl)-2"Hspiro[l-azabicycl of

2. 2-($jdiepybdeyidd)-1,7-diazaspiro[4.4]nonane;
7-(6-chloro-3-pyridyl)-1,7-diazaspiro[4.4]nonane;
7-(6-methoxy-3-pyridazinyl)-1,7-diazaspiro[4.4]nonane;
1-(3-pyridyl)-1,7-diazaspiro[4.4]nonane;
1-(5-pyrimidinyl)-1,7-diazaspiro[4.4]nonane;
1-(5-isoxazolyl)-1,7-diazaspiro[4.4]nonane;
1-(5-isothiazolyl)-1,7-diazaspiro[4.4]nonane;
1-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane;
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pyrrolidine]; _
"-(5-phenoxy- 3-pyridyl)-2"H-spiro[ 1-azabi cycl o 2. 2.

Wa]zmlemsme- 7,3 '-pyrrolidine] ; PCT/US2005/029371

- (5- (4- hydr oxyphenoxy) - 3-pyri dyl)-2"H spirof
1 azabi c cIo[2 2. 15 tane-7,3 '-pyrrolidine];
r-(16(2c(m -oxBligaphly ; 1, y-dizpspinel 4. dJnonaneabi cycl of 2. 2. 1] he
ptane 7,3 -py pOldl nej ;

-lé(a-pgyatzmnyl);lﬂﬁydlazaﬁplw[spl]ﬁcﬂ{ahe azabi cycl o[ 2. 2.
| ] heptane-7,3 '-pyrrolidine] ;

réq%és%%ﬁlﬁym Rt apirbRld1nasaki cyc! of 2. 2. 1] hept ane- 7

Qﬁé%l:,?g{l gﬁﬁll@ %7%1aéjasp1r [4.4 1%oan%|ngy0| o[ 2. 2. 1] heptane

r
1 (6 met hoxy- 3- p(%/rl dazinyl)-2' H spiro[ 1-azabi cycl o[ 2.
2 11!]1% Pt ahepyimidingy § /ofipzsispie[4;4]nonane;
1'-(5-isoxazolyl)-2"Hspiro[ 1-azabicyclof2.2.

I
[

] heptthyle?-13-Bokazpyyl)-0)7-danepiro[4.4]nonane;
-(5-isothiazolyl)-2"Hspiro[l-azabicycl o[ 2. 2. 1] hepta

Tyt 2

LIRS LB %a%@iy& gt s o

h - i di d ph ticall
aiegﬁét a4t %x%@?@y’b”f RS APAETaRS of o

medi canment for use in treating drug addiction,
ni ¢onéthg-apwnrion)-1dhdiasaspobsd lhynane;

1-methyl-7-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane;
1-methyl-7-(5-methoxy-3-pyridyl)-1,7-diazaspiro[4.4nonane;
1-methyl-7-(5-cyclopentyloxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane;
1-methyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane;
1-methyl-7-(5-(4-hydroxyphenoxy)-3-pyridyl)-1,7-diazaspiro[4.4]Jnonane;
1-methyl-7-(5-ethynyl-3-pyridyl)-1,7-diazaspiro[4.4]nonane;
1-methyl-7-(6-chloro-3-pyridyl)-1,7-diazaspiro[4.4]nonane;
1-methyl-7-(6-methoxy-3-pyridazinyl)-1,7-diazaspiro[4.4]nonane;
7-methyl-1-(3-pyridyl)-1,7-diazaspiro[4.4]nonane;
7-methyl-1-(5-pyrimidinyl)-1,7-diazaspiro[4.4]nonane;
7-methyl-1-(5-isoxazolyl)-1,7-diazaspiro[4.4]nonane;
7-methyl-1-(5-isothiazolyl)-1,7-diazaspiro[4.4]nonane;
7-methyl-1-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4[nonane;
7-methyl-1-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane;
7-methyl-1-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane;
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7-methyl-1-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane;

2-(3-pyridyl)-2,7-diazaspiro[4.4|nonane;

2-(5-pyrimidinyl)-2,7-diazaspiro[4.4]nonane;
2-(5-isoxazolyl)-2,7-diazaspiro[4.4]nonane;
2-(5-isothiazolyl)-2,7-diazaspiro[4.4]nonane;
2-(5-(1,2,4-oxadiazol)yl)-2,7-diazaspiro[4.4|nonane;
2-(2-(1,3,4-oxadiazol)yl)-2,7-diazaspiro[4.4 nonane;
2-(2-pyrazinyl)-2,7-diazaspiro[4.4]nonane;
2-(3-pyridazinyl)-2,7-diazaspiro[4.4]nonane;
2-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-(5-cyclopentyloxy-3-pyridyl)-2,7-diazaspiro[4.4Jnonane;

2-(5-phenoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane;

PCT/US2005/029371

2-(5-(4-hydroxyphenoxy)-3-pyridyl)-2,7-diazaspiro[4.4Jnonane;

2-(5-ethynyl-3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-(6-chloro-3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-(6-methoxy-3-pyridazinyl)-2,7-diazaspiro[4.4|nonane;
2-methyl-7-(3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-methyl-7-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-methyl-7-(5-phenoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane;
6-(3-pyridyl)-1,6-diazaspiro[3.4]octane;
1-methyl-6-(3-pyridyl)-1,6-diazaspiro[3.4]octane;
2-(3-pyridyl)-2,5-diazaspiro[3.4]octane;
5-methyl-2-(3-pyridyl)-2,5-diazaspiro[3.4]octane;
6-(3-pyridyl)-1,6-diazaspiro[3.5]nonane;
1-methyl-6-(3-pyridyl)-1,6-diazaspiro[3.5]nonane;
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2-(3-pyridyl)-2,5-diazaspiro[3.5]nonane;
5-methyl-2-(3-pyridyl)-2,5-diazaspiro[3.5]nonane;
2-(3-pyridyl)-2,6-diazaspiro[4.5]decane;
6-methyl-2-(3-pyridyl)-2,6-diazaspiro[4.5]decane;
7-(3-pyridyl)-1,7-diazaspiro[4.5]decane;
1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.5]decane;
8-(3-pyridyl)-1,8-diazaspiro[5.5Tundecane;
1-methyl-8-(3-pyridyl)-1,8-diazaspiro[5.5]undecane; and

pharmaceutically acceptable salts thereof,

in the manufacture of a medicament for use in treating drug addiction, nicotine

addiction, and/or obesity.

44. Use of a compound selected from the group consisting of:
1'-(3-pyridyl)-spiro[ 1-azabicyclo[2.2.1 Theptane-2,3'-pyrrolidine];
1'-(5-ethoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine];
1'-(5-cyclopentyloxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1Theptane-2,3'-pyrrolidine];
1'-(5-phenoxy-3-pyridyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3'-pyrrolidine];
1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1 Theptane-2,3'-
pyrrolidine];
1’-(5-pyrimidinyl)-spiro[ 1-azabicyclo[2.2.1Theptane-2,3’-pyrrolidine];
1'-(5-isoxazolyl)-spirof 1 -azabicyclo[2.2.1 Jheptane-2,3"-pyrrolidine];
1'-(5-isothiazolyl)-spiro[ 1 -azabicyclo[2.2.1heptane-2,3"-pyrrolidine];
1'-(5+(1,2,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine];
1'-(2~(1,3,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3 -pyrrolidine];
1'-(2-pyrazinyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3 "-pyrrolidine];
1'-(3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.1 Jheptane-2,3"-pyrrolidine];
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1'-(5-ethynyl-3-pyridyl)-spiro[ 1 -azabicyclo[2.2.1 Theptane-2,3'-pyrrolidine];
1'-(6-chloro-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1Theptane-2,3'-pyrrolidine];
1'-(6-methoxy-3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine];
1'-(3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 -pyrrolidine];
1'~(5-methoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 "-pyrrolidine];
1'-(5-cyclopentyloxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(5-phenoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-
pyrrolidine];

1'-(5-ethynyl-3~pyridyl)-spiro[ 1 -azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(6-chloro-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(5-pyrimidinyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 -pyrrolidine];
1'-(2-pyrazinyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(3-pyridazinyl)-spiro[ 1 -azabicyclo[2.2.2]octane-2,3 ’-pyl;rolidine] ;
1'-(6-methoxy-3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(5-isoxazolyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(5-isothiazolyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3"-pyrrolidine];
1'-(5-(1,2,4-oxadiazol)yl)-spiro[ 1 -azabicyclo[2.2.2]octane-2,3'-pyrrolidine];
1'-(2-(1,3,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 -pyrrolidine];
1'-(3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3"-pyrrolidine];
1'-(5-methoxy-3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1 Jheptane-7,3"-pyrrolidine];
1'-(5-cyclopentyloxy-3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1]heptane-7,3'-
pyrrolidine];

1'-(5-phenoxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1 Theptane-7,3'-pyrrolidine];
1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1 Jheptane-7,3'-
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pyrrolidine];

1'-(6-chloro-3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1Theptane-7,3'-pyrrolidine];
1'-(5-pyrimidinyl)-2'H-spiro[ 1 -azabicyclo[2.2.1]heptane-7,3'-pyrrolidine];
1'-(2-pyrazinyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidine];
1'-(3-pyridazinyl)-2'H-spiro[ 1-azabicyclo[2.2.1Theptane-7,3"-pyrrolidine];
1'-(6-methoxy-3-pyridazinyl)-2'H-spiro[ 1-azabicyclo[2.2.1 ]heptane—7,3 "-pyrrolidine];
1'-(5-isoxazolyl)-2'H-spiro[ 1 -azabicyclo[2.2.1 Theptane-7,3'-pyrrolidine];
1'~(5-isothiazolyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidine];
1'-(5-(1,2,4-oxadiazol)yl)-2'H-spiro[ 1 -azabicyclo[2.2.1heptane-7,3'-pyrrolidine] ;

1'-(2-(1,3,4-oxadiazol)yl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3"-pyrrolidine]; and
pharmaceutically acceptable salts thereof,
in the manufacture of a medicament for use in treating drug addiction, nicotine

addiction, and/or obesity.
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