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WD 2006/ 023630 PCT/ US2005/ 029371 THE USE OF N- ARYL
DI AZASPI RACYCLI C COMPQOUNDS .| N THE TREATMENT OF

@13[31 This application clains benefit of
ro&@ngggl Pat ent Application No. 60/603, 411)5?-/%15%(10%/%9371

August 20, 2004. 5 Field of the Invention The present

i nvent i onTEE B$E O N-ARYDIDIAZA SRIRAGNCEIG COMPOUNDS
particul arly antagonists and partial antagonists that

have more potent [ ANFARARBATMENT OF APDICTIONespect to
dopam ne rel ease than at the a4 32 receptor,

phar mace &tﬁdm . ?xﬂ?ﬁ b IsUiRBionhES&t Application
corrpoundzf,nlsgﬂédlct e u%iélyg ttggg chfr?gg;bor?gs in tﬁg

tre addi, Gt | yncl udi ng snoki ng
addﬁ@?&%?f&gdggfi?\télﬁg{igo’@ro%bti cs and ot her drugs, and
obesity that occurs foll.qu ug .cessation.

Background of the Invent#’%ﬁﬂogﬂﬁ%ﬁgnﬁ)&di ctionis a

conpl exn%henoman,on bel i eved to invol ve caogniti gfl tagonist
enhancemEhe Pressal ENeNtog relaps o dRrgtinicstagapisty, Pptlicularly antagonists
adaptation; reinforcing properties and 15 rel i_tenf from

Wi t loid partial an@eerdssthethave mogs RASTY PRIgEQDRRbc gpbilyvath respect to
treatnment for snoking addiction is an extrenely .

di f tbpanhine cehembd tharge theTid, recepteri parmaceniingheqrepastiipngiaciuding
partially responsible for the difficulty sone

i ndigneisélecthouhds; end the axeofeinsst ognsunds inghaiteiioent ofiaddiction,
Nuner ous net hods have been devel oped to assist with

s O kgl IS RireQRdiclifis had ke th aee6ticianG othstidmgs, and chesity that
20 tinme, and providing alternate delivery vehicles for

ni C%E&Hsefolllb&}ﬁ{g%%t%sﬁﬂ&ﬁ and skin patches. Neuronal

nicotinic ace ['1ne receptors (nNnAChRs) are w dely

distributed thr oughog%%ﬁ gu&(fgg#lglln%ﬁogeri pher al

nervous systens inclu g several regions of the

are as 39mgkifeafSioih  BpiPaL ofigm Sl pARERat uRERR Beniion

8 gretgin%lpgnrxe_xgj p%}gghjo oigi;ca{ c%%ﬁ 'tor?i%g,ssttjrggsya%gptgt?ons pe?n o{c%grf)roperties 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 0. However,
the predominance of a particular nicotinic receptor subtype in the brain does not
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WD 2006/ 023630 PCT/ US2005/ 029371 necessarily reflect
its functional inportance. For exanple, although of

bﬁfﬁﬁ (g5evalence in the brain, the a3 (i2- 9%@&@&ﬂ&&93n
recep or subtypes are believed to be at | eaSt

partially responsible for nediati ng dopam ne rel ease,
bas ﬁébe%ri@trblﬁéceﬁs fuRctidhaCimpoaaicag Boi samplef altHoagleof lesser
receptors (i.e., bungarotoxin and a-conoxin partially

' nhb@v&l@ﬁ’ce@n AR NEe é %S@ﬁaﬁmﬁ EftbisuBtypad are believed to be at
Pharm Ex. flier. 10(1 1561- 1581 (2000)).

Accql S%t cg)rlalq y {és%oﬂsf\blohﬁk %Xgﬁlné DpbmidiGEgast] r‘t?asé@dri k& in which

rece es |1 nvo ni coti ne-evoked

doD?&ggn i gﬁeﬁesg ﬁeceptg}s (4 atb%ﬁ%z}t!)\l'o%ﬁtahaa c%ﬂ(gﬁg? blted

act ese receptors

Qﬁg' kagﬁnv\?ﬁ o vt pt 9 Lo 35S 0, T o)L 3k 1581 (2000))
298(2) 395 (2001 10 Cne har ceutlcal roach_t
caudicrrydisalykdt petiecdhat G574 475 DY Le TP SR P gyotved in

ni cotine signal fromtobacco wth _ another agent, such

as Bisptimpévoked dupaiing reldse ibsiaptam. Neriiag pRiggqmatisactive against one
Bupropri on non-conpetitively inhibits a3(32, a4(i2 and

a7 onAGieReS theasicbcérsom one aramiel kedwm in the aki agd s desasibed dor
cessation. Qther non-conpetitive nicotinic

ant agemile tis Dhavidn 8t 49 08eAm N Thae298(2):B95420Mppr oach
to snoking cessation. 15 One theory is that the

ni cot i nepadbRRRRttisal BpR64deh ik GaukiBl Bhnokias bebsdiod Mdloles Blvcking
ni coti ne associated wth snoking addiction.

Ve C 3Iod; @ ihe Sguﬂ @roﬁmoﬂ&‘e@ 'W?t%l aRsth Ut adhCR &s Bifofidn. At low

receptors, an exanple o ni coti ne antagonlst t hat

P 2; Fg%g%gﬁ 7 g«?q%exﬁra%ngs ?ngo#nqon 1?091”&%% ﬁ@é?y Wniohts B %4?2%d 07

era cessat|

spi t knovvn thods f at | )

e Sel SEHS RO B i 4 i PR ot

nmet hods and phar rraceutlg os tions for tre i

s moRicARic auazQuistylpve piso genéapg% P 45i %0 FPPropeh ¢ 8\?@? essation.

addi cti on to other conpounds, i ncI udi ng _ opi at es,

coc&ing gheonris thet thepicofipeantagaris dlockihessipforping sisag) fom nicotine

other nicotinic conpounds have been proposed for use

i N esseciedinitl seoklingidictiono Méremplainine, st antegoniybatPothazBeand og

for exanple, Reid, Neuropsychopharnmacol ogy,

20( BoceptOrs; S@d eﬁa]:ﬁ&ﬂ@ df a niedtine 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.

It 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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WD 2006/ 023630 PCT/ US2005/ 029371 Canpiani et al.,
JMed Chem 46:3822-39 (2003) (discussing the role of

' D3/ D2 receptors), Chi and de Wt H
%@@6@?@% Cinical and Experinental ResearPg /,USZOOS/OZ%H
27:780-786 (2003); Pilla et al., Nature, 400:371-5
( 198@hpiasii b sMISIADCRN 4613625392003 (isabssitig tianioleef BEpamine
receptor agonists); Reid et al., 5

Ne U9 R e EQRIYNORICRL @8 Wit BOQ:AhoBon AP yid BxprAmRlitab!
al ., J. Pharmacol. Exp. Ther. 295:321-327 (2000);

p
Vor ﬁlesegrtch %7:7%9‘-37\;\3/63%%{%%%113. et ab ?N%%S4ﬁp§7 12 @1@39) (discussing the

(di'scussihg ne D3 tecepfor antagoni'sm

LQG&?%%?%&?‘ ”a?ﬂi%eﬁflé‘f‘z%%%é‘f?a.dggﬁ@é?‘%%f-‘fa”“d; 0

Neur opsychophannacgl oqy, - 576-5 2001),,

NeRoEvShPbaH e 20 VR RIPTREof ot af Bamgs: B

?gpe?ggce 10 in their entirety). V\% hto %? § ed(gfgjen .

o s Barad SN R0y Vewgshehoh Neigwact. PP 8 2008 @iscussing

Dwoskin et al., "Recent devel opnents in neuronal

ni chew dopandeeDy reshipipr andagopismyinkbits cogeingrerekingand cqogise-

Qpin. Ter. Patents 10: 1561-1581 (2000). It would be
deskrtabded birain pawavd therats)s bidbAachaniah & ey deiropsymkophigmmacology,
inhibiting this weight gain. 15 Dopam ne rel ease is

bel bpyesl5890(2061)ahs esitaiteol sath bf wiich @b heieby gorpatated by reference
"reward" associated with consunption of these

subg!@geesir&t). addi ction. Mdul ation of dopam ne

rel ease has been proposed for use in treating

addi ct oWg{ﬁMg ?éeﬂa SRR a@goclaliiﬁ winfdrdg cEﬁﬁtfdhtb@ée, ifSr XBfple,

way to no opam ne rel ease, and maybe at | east

f..th i Wi ' ' i eptor
Pt Dftiigh Wt 1 PGB BT ot S helBREAMHOARlcMR oty Rpgling recept

ef f iction. wever ,

maybe desirghle in s bnst ances t te l.ne

"ol e i Ol Qe PG SR, RS

the availability of a variety of li.gands.that. bin .

¢ AesiRblg o g idbimbgGls g gpibestisns JHIBRDRE B Seant sain

ot her than a4(32, and_that nodul ate dopani ne r?leeig, "

are of i Reeaneine relqapyis helieved tq hefssosiaf the ghysiological “rewar

ni cotinic conmpounds is that they are associated 25 .

Wi t hssociated with omivmiption pEthesegubstdnpescaf gddiptinn. dedniation oby

stinmulating nuscle and -3 _
dopamine release has been proposed for use in treating addiction. Modulation of the

0.4B, 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 a4f, 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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WD 2006/ 023630 PCT/ US2005/ 029371 ganglionic

receptors. It would be desirable to have conpounds,

ﬁfﬂﬁﬁﬁﬁ&%@ns and methods for preventing andpefusz00s/029371
reati ng drug addi ction, pronoting snoking cessation,

and i nhibiting obesity associated with overcom ng

addizablidic reddpire It R@ulidepiesiraie to @xve doinpopdviay crapokidigys and

with a beneficial effect (e.g., inhibition of dopam ne

SeChgthb&For preveniig adtl/driRiingSdrp hddi@Rn] prameting sidkihgsdeskation,

effects. The present invention provides such

co ”Bm‘&%ﬂﬁiﬁgg 8%@(3)(3% gsgbé?&éd and OVQ‘E&'RQE addiSibMWhdte Be dofiounds

I nvention phar maceuti cal conpositions, and

met hods, of treatin [ i | £t on- dr : i
aadraitremidciPek O BERenRE B el £ haBiio obopaning seereron)
nicotine 10 cessation. are.di sgl.osed. The conpounds

f U owlgﬂ‘éiﬁa’gﬁf“oﬁba?edlosﬁgerﬁ%%‘é‘t&r el ease, Wwithout
significantly affecting the a4 f6 Decreased dopam ne

rel ease ThePygserf inyeqtion H@E&@Sa?@]a cosmRAunds, 8&‘?13%5%“’%? 89\‘2?‘8&0‘18‘
associated with adm nistration of _nicotine or illicit
drugs, and thus hel ps Sowapayef thyivertih. The

compounds are N-aryl diazaspirocyclic conpounds, =
bri dged Gumapangds, pharidacelificH epmpesittops, aiil methods phlesating gicotine
conpounds, or prodrugs or netabolites of these

C 0 NRALNAS, drifsddiotiph, Milou pbasiy asseciated with drugrand/or nicotine

si x-nmenbered heterocyclic ring (heteroaryl). Exanples

of  t@ibh ale\disclis S aHRiBAY6hds faRipobydrdasing doleniad Blease,

pyridyl)- 1,7-diazaspiro[4. 4] nonane and

1- (@ %ﬁk%iﬁﬁ)ca&ky%f@&ﬁ@ﬁ@&mfe@eﬁw QRRRAsed doy@niak etedsd results
ged ana

bri ogs “of N- het eroaryl "di azaspirocyclic

compaou | cal 2 d” jated with administration of nicotine or
(3- yar(lgg%l"l%ea% %?s?cgfég%z%&a{:ycals%)f?% .Wll] hae'pt a%e‘% 2,3 -pyrr

olidjine]l. The, ¢co unds_an sitions can be used
to ﬂﬁ%%%ng%aw%ﬁu%ga éﬂ?ugn%fgggﬁgﬁriety of conditions

or disorders, parjicularly.those di.sorders . :
char act eﬁ%&lpﬁvn‘fs&{éﬁ I?ﬁéflfa&??pg?cyﬁ1l%%wprﬁu8dsc rdged g%llo%s of N
neur ot ransm ssi on, _including disoyders in of.vi n :
neuhderoarl dezagrrasyclivearpe sf?ﬁplf?‘%?gsrﬂérné!f&g }teg?,%hesgs
dopam ne rel ease. CNS 25 disorders, which are L
chacampasnds éthetayyl groupicerbet fiver o pixriesoplered heterocyclic ring

neurotransmitter rel ease, -4 )
 (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 alieration in normal neurotransmitter release,
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WD 2006/ 023630 PCTI US2005/ 029371 are anot her exanple
of disorders that can be treated and/or prevented. The
oand conpositions can also be used eTAUszooi/%zwn

all'eviate pain. The nethods involve adm nistering

a subject an effective anmount of an N-aryl

di azasfitlied exipl€of disongrosiihat cah bk tdgeell amiair pgevefitednThe
N- het eroaryl diazaspirocyclic conmpound, or prodrug 5

or JuRidtstsiah@ cdisisiidhs £ ol R\Uséd 1© allb@atp phihi Th Akthods involve
di sorder. The pharmaceutical conpositions include an

ef  AelihiVeAMUNLielt oh RifectR R IRBUAGT afl RS&YI RedspiReRilie.

t
When enpl oyed ineffective anbunts, the conpounds can

P AR S PRy ) ik, o ot

g stinu Itrzation
properties, 10 The pharmaceut.i cal ..c ositions provide
t he‘gé’beé?hogt‘? t%%?fg?? ?fetvbatefnﬁa P ?fi%a‘a]a dslsogg%’f fering from
such disorders and exhi biting.clinica ni f est at.i.ons
of such Taieéﬂé?la@P%%ﬂcalfﬁ@P%%?I%é%‘é‘ﬂﬁgiaB& e@%ﬁﬁ%}“ﬁw He
are believed to be safe and effective with regards to
t r ecomipeyndsidescaiber baseine Mehen vRployed @geéfeﬁfgvem“ai%h ¢ compounds
aspects of the present invention are explained in
det ahlcaust 3 decreash & diwemineadethed ¢ Fybigchvitiant doroniratiag
set forth below Detailed Description of the Invention

Co ngeigiildhs senpinastiva@eapieitiecal conposi ti ons incl udi ng the
conmpounds, and nethods of preparation and use thereof

are di scifRphskmaléificiltohn@viifichsdedvidd therapstivibédefibe individuals
useful in understanding the netes and 20 bounds of

t he, ulf{éﬁﬁé‘ﬁ?ﬁ RudSdifRass ARESh{bRIRY dinicAlSmatiREtafi@is F Such disorders.
"alsky " Tefers to straight chain or branched al kyl

radj | . HiofSare DEIRNVE] BYeYaftland-SffecBiVE With Pegards to
nmet yﬁ%%h%&%?%¥cgg‘%og&§og%? opyf ; "substituted alkyl" g
refer %{lt g_ﬁgl ‘g%/"l radicals further bearing one or nore
subSErPE Bste GiBUBE such as  hydroxy, al koxy, aryloxy,
mer capt Q ryl,. heterocyclo | o, am.no, ..car . .
Car bany! Thedoekitng Speestepicel Degiseayp e & i ned i deta
strai ght chain or branched -5 - ,

in the detailed description and examples set forth 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” refers to straight chain or branched alkyl radicals
including C;-Cs, preferably C;-Cs, such as methyl, ethyl, or isopropyl; “substituted
alkyl” refers to alkyl radicals further bearing one or mqre 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

-5-
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WO 2006/ 023630 PCT/ US20051029371 hydrocarbon radical s
including Cl-C8, preferably Cl-C5 and having at | east
%%00%§£@n- carbon doubl e bond; "substitutedpalkewd o937
refers 10 al kenyl radicals further bearing one or

nore substituent groups as defined above; "cycl oal kyl"

r ef Bydiodatbonsaditulsiheldding CylsairefeablydC,-Cyand baomgdtilast one
cyclic ring-containing radicals containing 5 three to

ei gBlrb&RERh @LBRBond Fafbetitalell Yikiehyle feférd tosdlkengbdabiols further
atons; "substituted cycloalkyl"” refers to cycloalkyl

radyeahso yéfr?@t% RSB QPS afefHol SbsePTyEIbARNL refers to
groups ~as defined above: "aryl" refers to aronatic
r ad| a%@rl?té? Q%sgt%ra§éde3an Qti(? g{m?i&?ntn%!é:? ining raPAL Edntififle

aryf ers to aril radil ca earing one or

ot By o ] onathy PRy B 0 i B Bome™ BRI

"substituted 10 alkylaryl' refers.to. al kyl aryl .
r adryeinalol eferdp cpdoaling grdisg %@%BF@%&B%H Pﬁ"eerﬂlbsm“em groups
groups as defined above; "arylalkyl" refers to

ar ybs defiped showe:s @ryk] 1efers to geameaticgadie gt 1@ den catbon atoms;
arylal kyl" refers to arylalkyl radicals further
beaf‘subgtitataé anyt” rafsrsdo stybzdicaly dwrthey besins ong or merpispstituent groups
above; "heterocyclyl" refers to saturated or

uns ad defiab@abovy Clalkglarydticfoms © allgbattatinitadgpry madienls; fiswbstituted
heteroatons (e.g., 0, N, S) as part of the ring

St I HikyldFye Rtk thAIYRYY1 Ralidalifuither beaiy onabbmorestibstiuenhgroups as
the ring; "substituted heterocyclyl" refers to

het 8Ly Shve; #AAMEAP S i) AOLsuBRREHA BIKONAd0Als; MO tituted

substituent groups as defined above. As used herein,

an , %%8}1’51%' erd £ a?ylaclﬁﬁ ?&xfi‘(f%fsefu}tﬁ@tbeéﬁdgmﬁle 3k ﬁl%re% duBstituent groups as

bi ndng “partner, typically a receptor. Stimulation is

B ] L s

herei n that makes conpari.son .t 0 a fagtor
SubSPLHBIBE PAGET e Seegioay @8- ot §§%Srﬁa§tt°? tigHing Hructure and
"antagoni st” of the particular, bipdin rtner unde

b bR P geusp e sk Gyl Fa S B ape B o

those of skill in the art. Stinulation may be defiped

Wi t heterosysiyd radicalsefiirthes beasingn Ar moresbstiteant giousy 38 dgtinggabove.
function that is induced by interaction of the agoni st ‘
or part i Ab useddervirs an fagohist? iba subistagceshatstimulates dfs bmding partner,
include allosteric effects. -6 WO 2006/ 023630

PCT 300 b 12283 IStimulation is defined in the context of the particular assay, or

may be apparent in the literature from a discussion herein that makes & comparison to
a factor or substance that is accepted as an “agonist” or an “antagonist” of the
particular binding partner under substantially similaf 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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As used herein, an "antagonist" is a substance that
inhibits its binding partner, typically a receptor.

bt is defined in the context of the '
ggg%@%ﬁgggnay be apparent in the Iiterature9€?®§$§$@%3ﬂ
di scussion herein that makes a conparison to a factor
or subst aRGEed Kddin, & “BAEENIEUIsASUBNancagab inbibits 3t binding partner,
"antagoni st” of the particular 5 binding partner under

su b%%;ﬁéﬁlgrﬁlr&)é k. MnhBtionli§ G4HIRY FEE SorAst @Pﬂl’é%ﬁﬁi@ﬁlﬁﬁa@%’, or may
t hose of sleI in the art. Inhibition my be define
with.r t; e | nanti f .

o e EAERip R PASEE 9565 Re AR, £ Shmflcn 0o
ant nist wth i ndi n ard ner.....and <an i s .

al | 3.%? F Subgaflg%?’g.ls AR %8‘9 er’ f?nﬁ?t §r gnpaa%‘]drggﬂ& 4fhe particular
agoni st" is a supstance aﬁ@at rovi des a | evel Ofatedlgy those of

st i PECHRS RIRMERIRdeE sysip F farcupiacep @s appreci
intermedi ate between that of a full or conplete

ant &lg¥rindhe grhd InhbilgRo AR Do definedamtinjesaar) i degspase in a particular

.standard for agonist activity. As used herein, a

" pareffed] orafunetipmnihet is induced iybintesaetien tofi ghe priggnid with a binding
| evel of inhibition to its binding partner that is

i Nt eanied, aat eabitlvdealldstesit effécta ful | or conplete 15
antagoni st and an inactive ligand. It will be

recogni zad dsb@theid, rutpattiabagordstt id) @ rsobstarics thdli firovidesi & level of
defined intrinsically for any substance or category

of  HRELARE LS itsObiRing %&ﬁ&dm@ﬁ iR Eenedise bawtagaai 9% full or
or partial agonists. used herein, "intrinsic

act icwnﬁ%{:i algé%o;fs{ Ghé %ﬁyagé%i?tr ﬁﬁggﬁ Dyt ShySRIBtEE Sahda®d ¥r agonist

bi ol og ectivenes i hdi ng partner
con'%lt;x. 20 Wth regard to receptor pharmacol ogy, the
cont®xt7in which intrinsic activity or efficacy

shoul d be defjned w Ll pend an,the contex: f t

i ndi ng ASESHRASTES: § 1,’algfi’(ie@&l PR i &gﬁ%s}a“&%#ﬁfg?v‘;a%%a level of

the caonsideration of an activity relevant to a

par dptdkition to it Ripdipg painephelds ﬁ‘g?%qgé’rat é,ﬁ)at iof 2 &} complete

circunstances, intrinsic activity may vary depending:

on thlespustente npctiyedigd- nessenger system i nvol ved.

See Hoyer, D. and 25 Boddeke, H., Trends Phannacol

Sci . 14( ¥) will beSraco@88)l. thah stimubtion ewhthengey aphibition 7s defined

WO 2006/ 023630 PCT/ US2005/ 029371
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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specific evaluations are relevant, and how t hey m ght
be relevant in the context of the present invention,

&6%09 3 parent to one of ordinary skill mg&gls%ogm”n
use erein, neurotransmtters whose release 1S

medi at ed by t he conpounds descri bed herein include,

but spedfid\etahlatitist Lelrdl evantaarsl hove they inight bel cgdavamtnia the @ntext of the
nor epi nephrine, serotonin, and glutamate, and the

CONRR&BASNRSEEH, Wik de BSaRinttol $HAGE biaMaSskalANhe4s OF
parti al agonlsts at one or nore of the Central Nervous

System RRurofranshBRRO YRGS r&@@se?&ﬂ@cﬁ&t@@% e %ompounds
N-aryl di azaspl rocyci’lr I ¢ conpounds, bridged anal ogs of

N 1. DeLer faly! HhARASRl’ 06y Gl chrseg@gundascetymg{eu Oopamine,

€S 0 Se conpounds,
phar rraceut i caI I ¥Wgoccepmglg saI ts r gg{l}i%?%(els described herein
acet hollne receptors in. the atlent s, br.ain
i (pertal agopits :

cor tBRCtioR jah RISt AT Partiah agoRiRtRat oBg SRTPOA{dhe Senﬁﬁhb*nmus System
spinal cord. Wen so bound, the conpounds express

ni cdENS) BAGhRs-nacol ogy and, in 15 particular, can

ant agoni ze the rel ease of dopam ne at effective
condeiongionnds t hat do not significantly antagonize

the a4f32 receptor. Receptor binding constants provide

a measur dhetoryfumnddiark IN-atylofiaakpdrocydip compounkls, bisidgell anelogs of N-
half of the relevant receptor sites of certain brain

cel Ingteffaryl GRzRPIrb&Rtic con@Punds, frodfigd BPmeabdliiend titke édmpounds,
Bi ochem "Phar macoll 22: 3099 (1973). The Treceptor 20

bi ndj,Agh£RASLARS a8le tptaBﬁ: aRmedpgs described herein,
at one or nore réceptors other than the a4(32

recept or i . ' _
P O 130 L O E AERRE g s
f J d.about 10 t

abodte ¥ te@%ﬁ?%ﬂ*% 3k, Piraiiianflt ?ha?%‘%sﬂtasg%a‘@%? aﬁﬂ%ﬂm
fre S ab Pr ef d

gengt%i’lm‘&}y‘ Z’P‘é‘g@&t%@% oSG LSO,

about 2.5 25 gM sonetines are |ess than about I

and p@ﬁwulab preaniagoRizA herselgrse pEGoRAmine 2t ghigesve s@@ﬁwyee@that do

PCTI US2005/ 029371
not significantly antagonize the a4f3, receptor.

Receptor binding constants provide a measure of the ability of the compound
te ‘t>ind 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 a4B, 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 pM, often less than about 10 uM and frequently less than about 5 pM.
Preferred compounds generally have receptor binding constants less than about 2.5
uM, sometimes are less than about 1 pM, and can be less than about 100 nM.
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Preferably, the conpounds can cross the bl ood-brain
barrier, and thus enter the central nervous system of
Wlﬁol?(%zk&{)‘t' Log P val ues provide a measure @bribR%0s/0290371
abiTity o a conmpound to pass across a diffusion

barrier, such as a biol ogical nenbrane, including the

bl ood br Piréferabilyy the tompoads daalcredx thieblad-birisin barhiex tindhus enter the
J. Med. Chem 11:1 5 (1968). Typical log P values for

the GARANABRESs sgaeﬁrdfaﬁq)aha{t.e LB BRAluEEREViat 4 shetHupPdfahe ability of
than about -0.5, often are greater than about 0, and

fr e%ﬁfp}b%ﬁ%?a&%@@s@ dieRi&Bn BRAEL sudd-a9 o bEEIAT Srembrane,

typi ca than about 3, often are | ess than about

2, and. f.re tl § L e u . n ]
e e P e R
o R0 PN I o i Manle My e
CZ2) v, "is (C7.2),,,, and v is (CZ2 wher e U,

\(/, v&xwg% e gﬁﬁmr)e Biatsr fhgn eb%ui 0, apd (ﬁgq\egﬂﬁn are greater han about
preferably 0, 1, 2 or 3. Ris hydrogen, |ower alkyl,
acy|0.5, ahdk e yxraeallp teps thew abauy B.pliee ardesiyhan abpwiie prdirgauently are
hydrogen 15 or | ower alkyl. Wen the value of uis O,

t he lesalthem abdutdl. nust be greater than 0, and, in the

case of Formula 1, when the value of wis 0, the value

of X nusin be: g@ibedingmt, thudcontpoundsthaaelthie sinaryre tdpeesestbdiesFormula
of u, v, wand x are selected such that the

di aziagdpdw-ocyclic ring contains 7, 8, 9, 10 or 11

menbers, preferably 8 9 or 10 nenbers. -9 WD

2006/ 023630 PCTI US2005/029371 Qvi QV Q f Q@

P v
Q—{—‘Q
g
7/
Cy
Formula 1
In the formula, Q'is (CZs),, Q" is (CZa)y, Q™ is (CZa)w, and Q" is (CZo)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 aryloxycarbonyl, preferably hydrogen
or lower alkyl. When the value of u is 0, the value of v must be greater than 0, and, in
the case 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.



15

20

\Y

NCy Fornmula 2 In another enbodi nent, the conpounds

are represented by Fornula 2, above. 5 In Fornmula 2

?&ioﬁs/&z g).., Qis (CZ2)v, Mis (CZ2)w, Qpcirsa00s/029371

X,

is(CzZ2)y and Qt is (CZ2)z where u, Vv, W,

y and z are individually 0, 1, 2, 3 or 4,

preferably 0, 1 or 2. The val viu, v, w, X, y and
z are selected such that the @ywidg di azaspirocyclic
ring contains 8, 9, 10, 11 1 dR—iR nenbers,
preferably 9, 10, 11 or qﬁ In the case of

For
10

mula 2, the values w andi X |canbe simultaneously O.
In addition, R is hydr oueerf ower al kyl, acyl,

al koxycar bonyl or aryl oycarbonyl , preferably
hydrogen or | ower al kyl.” Each i ndi vi dual Z represents

eit

substituent species (e

her hydrogen or a s ta Iﬁknon hytkzl)r:)gtent ; Ik 5
substituted al ky

cycl oal kyl, substituted cycloalk I het er ocycly
subst i t ultsgofher emmbrdjpry the aqrwoun%% fepresened Eﬂnnula 2, above.

al kyl aryl, substltuted 15 al ky

Illalk yl ory

subdn Fomda &F isl(GZRyI Q" iglﬁGZ:;)f, cis éﬁzyw,l%wr(cﬁt)leﬂ i8(CZ,)y and
aryl). In either fornula, Cy represents a suitable.

fi veQ"I tsr(CZh)xwhergy,ed x, hedds gaimliwdialy 0 hg, 3 bnd,gmeferably 0, 1
enbodi nent, Cy is a six nenbered ring of the fornula:

X~X%r bl Thé<va1ues-of u, v; ¥, xEAetl Ddre ¥elecked sudh thatthe badgdd X" "

is individually nitrogen, nitrogen bonded to 20
oxy Ql%asfpﬁro%'chcﬁﬂ o Dhrfathe 0010, 1 Q of 44N 8 thediiRt s, péderdbly 9, 10, 11 or
carbon bonded to a substit uent speci es. No more than

thr
nit

of o X the 2d18es hCOSR bR simult y 0.
Jauk rffiirs. T 08 caee b FoBM L She Wfesh hIAGER L8 himplsancously

t 0. %X(%ﬁhdnxﬁ, %}'ﬁala %gﬁ,.leggr a ’raoﬁlté %@Bxﬂﬂb}gnﬁ Uf ar?fox&é’é?oo%ll,

preferably hydrogen or lower alkyl.

Each individual Z represents either hydrogen or a suitable non-hydrogen
substituent species (e.g., alkyl, substituted alkyl, cycloalkyl, substituted 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:

\

Xl/ X\

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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or nitrogen bonded to oxygen. In addition, it is

highly preferred that not nore than one of X X X',

W(') %(, " be nitrogen bonded to oxygen; an%c‘ﬂush&rsmmsn
pre erre that if one of those species is nitro

bonded to oxygen, that species is X''. Mst 5

pr ef wroaidey, and'it is ipsefértddring enly oh@ oot D X2t ' raadl X" be nitrogen
ci rcunst ances, both X and XY" are nitrogen.

Ty pi & alittdpen Bond¥d tdM)zeh. Tn A @168 (30 BighyHA€MdméDthat not more than
substituent species, and it is typical that the

SUbSgHele RN SPER™ 83 R b¥nittdge@PEhd&d to XyBeI¥Ad 2 ?seﬂiefeE&f that if

certain other preferred compounds mhere X" is carbon
bon S e

and d‘%% og{rilg %gﬁgg %&E‘l § %& {;oe r g&?} ﬂ%? é_? tr%%{sg?e ?“r‘%sx
ded to a

L
|
D e THReRD Ry it o aifeatbon RladedeS'a untfigeny species, and it

furan t hi ophene, isoxazole, isothiazole, oxazole,

t hi 48 gy[p@al tb%thgw’bgﬁtqut spegies 6&}5 "and " are 'hydrogen. For certain other
1, 3, 4-oxadi azole and 1, 2,4-triazole. O her exanples of

suc rprcfpmrgtcomeml@ vehese X' bredrbion bondsd ta sehstitusis, species such as
6,022,868 to O esen et al., the contents of which are
incdmﬂmgagé@ah@fhﬁmb@hnﬁe@etdhcenﬁmoﬁmmmeﬁmndbmnpqnﬁswhmf)c
One way of depicting Cy is as follows: Y 4 YV, Y'1
wherigcatbaitsbnied @rasubdtibhent spacikd sach bd hyeden, Xiahd HYafe both
bonded to a substituent species, 20 oxygen, sulfur or

car hgodepnded to a substituent species, and Y and Y

are nitrogen or carbon bonded to a substituent

speci es. [% t}%@ Jﬂgan e @ajt—%ﬁrgrﬁ%ksi héieroRdRdfc ri g suchas

(betmeen can be elt

gletn%é,%nl% fat d%%hg&n %%x::rzoteb té%%o G\Q{J(%EOI% g?qugwe ole \},,2,4-
d - 0610 0 2005/ 029371 Y

dousT e Tk % 559 Tt 2 amblen Y B

is oxygen_ or__ sul fur onl¥8one of Y and Y" is el%her

oxy GlHFBFd B SR atenkNor 6422565 ie QUpservet o, thoponigyy of which are

incorporated herein by reference in their entirety. One way of depicting Cy is as

follows:

Yn_Ym

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''" nmust be oxygen, sulfur, nitrogen or nitrogen

bonded to a substituent species. It is preferred that

QQHEB’J/ﬁsésb‘an three of Vv, Y, Y' and Y"' Dbe 0XY%@%Rs1005/020371
nitrogen or 5 nitrogen bonded to a substituent

species. It is further preferred that at |east one,

but Vomustbe a dotitslebodit e, vicefvedéa. 1, cads immtlick"Y od¢" is oxygen or

nitrogen. Substituent species associated with any of

X, Xeulftfe, ok one o2 and Y" ¥s eith¥ ox3Béh or¥ulfur Wi @shsdh¥ of ¥, Y', Y" and
carbon bonded to a substituent species or nitrogen

bonded 1,0 1R ox %@ﬂ Sdifub 6o goR 8FhiGB den HoUBALD |a's¥b§ﬁﬁiéﬁt s%emes It is

sigma mval ue t ween about -0. 3 and about 10 O.

f r eﬂ%@f‘%}%&’ hgfeﬁovﬁgrgl i 3 2? @’ngmgy‘gpé %'tgg gﬁ{ﬂ' ﬁ%gen or

sig y tah be

g [e orﬂltr?@{}%eg%d?%g S%féglﬂ?tcs%%{%a GS gllvl\%xp hgrg? «%Bxg? at Ieasg dne, but no

substi t uent speC|es asso ted with any of X, X X
X+ morgthan three, pf Yy X', 3 &XQ BRAEFPESy i s car bon bonded
to a substituent species or nitrogen 15 bonded t
subst i t udiybstiyrat sresies asspeipted with pey ofForCs ARl Ry X™ Y YY" and
substituted al kyl, alkenyl, substituted al kenyl,
het eY'btytenyhy issathon boudeddo hs:bemeqt@pgﬂles og pigtogen Wlded toa
substituted cycloalkyl, aryl, substituted aryl,
al kysubstifhent spebiss)j typiceldly hdvkylls'fgmalm valng betivken about 0.3 and about
substituted arylalkyl, halo (e.g., F, d, Br, or 1),
- OR 0.79\Reffiontly b&ideen @Uut =0NPand-262R 0,6; aiReach siﬁa m value
C(=ONRR', -NRC=0 R, -(=OR, -C(=00,
m(lﬁ@)/ﬁually c%@gO %r }15 u@)tgz'zero% deﬁxfﬁﬁg{{ e dNE%r@{nc@NRh Hansch et
-(CR R")rNR S , r-NRC(=OO0OR'", -
S2Ry 1365 NR” SOZR' where R and Ware
i ndi vfg{ﬁal I'y "hydr oge I ower aI kyl (e.g., straight

g?alcg o; #’&(%I%‘n%h eﬂs&]atﬁtﬁé sll]';s ueH‘. specct’es%%)gﬁated%& ﬁ&%? le X, Xexm
gg ?1 l?g' fi )% é%l}lc $A gﬁéﬁa%f)pg 3{%?|1 %lblét}g{fu %Eﬁ&g}@ QFnitrogen

corrbl ne to forma cyclic 25 functi onallty The%é rI]
" sub¥pded e @aubsagleabww@-a ipgludg xgrogenyaliyl, spbstituded allgyl, alkenyl,
and the like -12 WO 2006/023630 PCT/ U82005/ 029371
r ef ewbstitued alkenyl bsteracyeyh subiéyied hpferpcrddyeycloglkal sybshtuted
with halo and ending with - NR SO2R".
cycloalkyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted

-l..)

arylalkyl, halo (e.g., F, Cl, Br, or I), -OR, -NR'R", -CF3, -CN, -NO, -C2R', -SR', -N3, -
C(=0)NRR", -NR'C(=0) R", -C(=O)R/, -C(=0)OR', -OC(=O)R', -O(CRR");C(=O)R,
-O(CRR")NR"C(=O)R', -O(CRR")NR"SO,R', -OC(=O)NRR", -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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Exanpl es of suitable Cy groups include 3-pyridyl
(unsubstituted or substituted in the 5 and/or 6

Ry ) with any of the aforenentioned
ggﬁ@bé@%%ﬁt s), 5 5 pyrimdinyl (unsubstitut egcg/rUszoosmzsvsn
substituted in the 2 position with any of the
af orgfeRh R MaBktBuARdebdidBd Shove Atttk with B addénding whth -
and 5-isothiazolyl, 5-oxazolyl, 5- thiazolyl,
5- ( lyRsé;@xadi azol yI) 2-(1, 3, 4-oxadi azol yl) or
3-(1, 2, 42 hazol yl). Representative aryl groups include
phenyl , . r1i gl : tituted
oyri i di %%ﬁ)f&/hf suﬁt%]?@_{/ @ou#)gglgfﬁ\%[‘} pyH%yl (Qf}sﬁwt 'tuted or dsubs e
i ndal

ol o Sl 10 S SR AL LYS S AL, LR35 e
can HEMIR (Y %%Sfteecbﬁi e T

group, such as those described above that are

as s féoramentiongyd substifuendpiet aneeS-jspragolyRdinnd sdsathipgald, S-oxazolyl, 5-
substitevely include al kyl, aryl, halo, hydroxy,

al k dkipzolyy $H(loX¢-ozndisgolylls 2415 dxadiernly)) on%(lA%Lﬁﬁ@@nbl)
substituents of X, X, X', X*', X", Y, Y, Y' and Y"'
(when s Repicsdniative aryh gneupxr iacledd phenﬁnnaphﬁﬂyl, figraryd, thienyh

one or nore saturated or unsaturated, substituted or

uns WysitiinyypReniaaiyl Qoyadinyt, potiddmaiye @ lihyloandiindigyl. Other

containing, but not Ilimted to, ether, acetal, ketal,
am r}@preéeﬁtaﬁ{?@amxha% ﬁsgesysdeﬁsh@%t 6 RAGMES ettar 082, Ehem.
nctionaliti es he corrpounds can occur

ster, 040%9 d&gf Jﬁhesé %hﬂqb El% Qéﬂ?mﬁﬁn Q]!)é?nes can be substituted

enan IOﬁE acemcC m Xt SUC CO[TpOUﬂ S, as

wel | gf’at Xtoglrgr%% S ue1\1/tar guch%gg{ogeges&fl eﬁ%ﬁ&% 'tg'ﬂ%gé a%somated

exce oun Inaftree ase ormo

a salt for : ohar ceutl cal e

2o cufnx edliind: BeRwmiins b5 Relate A5PF Wgah hydroxy,
acceptable 25 salts | ncl ude inorganic acid addition -
sal tadkoxpamylany ornging wbstHphhat e, and nitrate: -13 WO
2006/ 023630 PCTI US2005/ 029371 organic acid addition

sal ts sudidiasentsulstitnents o§ Xl X6 £drA.e{"pf.0pi $hadeY™ (when
succinate, lactate, glycolate, nalate, tartrate,

ci t rsabstituentlaccagresent) narecoatbine toderheomesn foonsatweatedhor 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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tol uenesul fonate, and ascorbate; salts with an acidic

am no acid such as aspartate and glutamate; alkali

Wolsd 6/03%365 such as sodi um and pot assium al %ﬁjr}ugﬁmsmz%n
earth nmetal salts 5 such as magnesi um and cal ci um
amoni um sal t; organic basic salts such as

tri rednd /M d8itioh chletsayl adcagte, R¥dctalit8 Grofioraed, BWttinate, lactate,
di cycl ohexyl ami ne, and N, N - di benzyl et hyl enedi ami ne;

and al.fafe, Waldkk, mlc&ﬂmﬁga@cnﬁ@a@ Bne¥fanbsiSione, 30
arginine. The $alts can Be in some cases hydrates or

eth qgﬁ&%&%\ﬂ% aﬁ}d al—&)?bafté ts%'tsqgi'(t)tpﬁpicf&fc Shin %{%ﬁd%ﬁéﬂ asvéﬂsﬂa!x’tate and

var hature e onent epresent at’l ve

S lttgﬁga,[ Zka&wc%’tﬁlg ch gsgssc’) [ baf%é)opatsgur&?lfﬁfélt%ngﬁthl\ggtal salts

and 5, 663 356 .to roft et al the di Ios res of
i RIS QREAREGR 365 SR ERBPBpaltdr ts Shfras
their.entirety. Representative conpounds |nclude the
f ol ItEmetglaming, mﬂy&m pyudine; pigoline, disyelohexylapyis, apbN.N'*-

15 7-(5-pyrimdinyl)-1, 7-di azaspiro[ 4. 4] nonane

- ( Slibeneylethybyadjaninsg avd seits sithredesic ainoregidesuch as lysine and
-(5-isothiazolyl)-1, 7-di azaspi ro[ 4. 4] nonane

- ( mrgidin2, Bheosakisl caanzbcelu) yonpe daséh-lgilmrer ©p ethajol seljaten dite

-(2-(1, 3, 4-oxadi azol )yl ) -1, 7-di azaspi ro[ 4. 4] nonane 20

- ( ZtdhiaRRYIf thelsalf will 8Z@siihrihd datdrk 0OtheRémponents. Representative
-(3-pyridazinyl)-1, 7-di azaspi ro[ 4. 4] nonane

- (
-(5

3-
%aﬂgeetrs%m%d BYddsShiBen i U, Bheaasi 5,907 BARANR 2L, 5,616,716
- cycl opentyl oxy-3-pyridyl)-1,7- dlazasplro[4 4]nona

t4 Dufl P EAYY663;33% kd A¥dototlet 41 Hhd aRSBI skwhidopane

A S
7-(5-et y

T S i o BFRAS hncne

7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane

SNNS NNNNNNNN
o1 O

7-(5-py1ifnjdinyl)-1,7—diazaspiro[4.4]nonane
7-(5-isoxazolyl)-1,7-diazaspiro[4.4]nonane
7-(5-isothiazolyl)-1,7-diazaspiro[4.4]nonane
7-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane
7-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane
7-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane
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[4.4nonane
7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4Jnonane
7-(5-(4-hydroxyphenoxy)-3-pyridyl)-1,7-diazaspiro[4.4]nonane
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- (6- met hoxy- 3- pyri dazi nyl)-1, 7-di azaspi r o[ 4. 4] nonane
3-pyridyl)-1,7-di azaspiro[ 4. 4] nonane 5

@k%%k&pidinyI)-l,7-diazaspiro[4.4]nonane PCT/US2005/029371
-1'Soxazol yl)-1, 7-di azaspi ro[ 4. 4] nonane

5-isothiazolyl)-1,7-di azaspiro[ 4. 4] nonane

7
1

1

1- ( S~(SctRyndl-Bpsuddydz Dl diazispio[A-4lh@mas pi ro [ 4. 4] nonane
1-(2-(1, 3, 4-oxadi azol )yl )-1, 7-di azaspiro [ 4. 4] nonane
1

1

1

1

1

1

1

n

1

-
s
X
(
(

0 Ir(62chiotb-3zyf}l)-1 Y- dadiiops Minb@dnd . 4] nonane
-(3-pyridazinyl)-1,7-di azaspi ro[ 4. 4] nonane

- asthoky33-Pyddagivi-1 b-diash BinboRare4- 4 1
oL ey s Bt 1 AR Mrofud - 4] nonane

pyrimdinyl)-1,7-dirazaspiro [4.4] nonane
'5”Elt-@yﬂy}iﬁiflsé;7-&82&%&'[1@16&&%' di azaspi r o[ 4. 4] nonane
-met hyl -.7-(.5-.1 sat hi azol - 1. 7-di azaspi ro[ 4. 4] nonane
- gg‘(ﬁwy-n‘?‘-lé%Ylk'i?’f}%aﬂ%@Q'%1?8?")‘5?| )-1, 7-di azaspiro[ 4. 4]
onaneg . . .

- ngt'ﬁ%?g}ﬁqxﬂ‘(lﬁ)'(lﬂ:%?%%?&”dﬂ&?’bﬁ“fy| )-1, 7- di azaspi r o[ 4. 4]
nonane 1 . .

- metihtpisothiazalydy | 4 Aigeaspirofd-4Inemang aspi r o[ 4. 4] nonane
1-net hyl - 7- (3- pyri dazinyl )-1, 7-di azaspi r o[ 4. 4] nonane
20 1-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane

1-met hyl - 7- (5- met hoxy- 3-pyridyl)-1, 7-di azaspi ro[ 4. 4] no
nand-(24(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4Jnonane

-met hyl - 7- (5-cycl opentyl oxy-3-pyridyl)-1, 7-di azaspi r o[

4. Al1nER@Apreinyl)-1,7-diazaspiro[4.4]nonane
-met hyl - 7- ( 5- phenoxy- 3-pyridyl ) -1, 7-di azaspi ro[ 4. 4] non

ane 1.(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane
1- et R oy - 3- pyri dyl ) - 1, 7- di azas

p| r L §79)2% . R .
1- ngt[ﬁgtﬁhgp?gﬂgltdﬁl))/ r%§/7l q%z-asgllﬁ[‘éﬁho??e% di azaspi ro[ 4. 4] no
nang

1- met [ﬁ%ylﬂ'?é‘?ygﬁigi%@ '§17ﬁ(§}?‘7f38§/ifc5[€"1],n99%1|ea2 aspi r o[ 4. 4] non

?EEQH@%B$%? ﬂ%%%%géﬁﬁggﬂg%%@giﬁg %§8%?$?éia2aspiro

%?ﬁgka§ﬂgpfﬁﬁ$%§?ﬂﬁyﬁﬂJfﬁ¥@ﬂ?5i%§BPF%F4.4]nonané
1-methyl-7-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspirc_)[4.4]nonane
1-methyl-7-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(2-pyrazinyl)-1,7-diazaspiro[4.4Jnonane
1-methyl-7-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-methoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-cyclopentyloxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4nonane
1-methyl-7-(5-(4-hydroxyphenoxy)-3-pyridyl)-1,7-diazaspiro[4.4nonane
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
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7-methyl - | -(5-pyrimdinyl)-
1, 7-di azaspi r o[ 4. 4] nonane
(5-isoxazolyl)-1,7-di azaspiro[ 4. 4],
‘;'O%é% }f(} -(5 i sot hi azol yl)-1, 7-di azaspiro[ 4. Wﬂ%gsﬁg%n
7- nethyl
- ( 5-1(-thetBy ﬂ?—?&ﬁﬁth@iﬁl%-)pyhdazilnyﬁ 1d7-a7aaé‘spir6[@ [“Anohbfonane
7- met hyl - (1,3 oxadi azol )yl )-1, 7-di azaspi ro[ 4. 4]

nona?”ﬁeth 1-1-(3-pyridyl)-1,7- dlazas iro[4.4]nonan
7 rret yl YI -£2py61yrng| nyl ) R '} d|]azasp| ro[ 4. 4] nonane

10 i 53?2??“‘9@&%’%%@%?@%%?%&22554 Hnonane
(- PUBVEL G-k s P ARRR bt ore
?7' LR %%ﬁylﬂdélgz}?%?' 4342l of 4. 4] nonane 15

1 3, 4- oxadi azol )yl ) -2, 7-di azaspi r o[ 4. 4] nonane
T Ryl borira U T G anne
3- yrlda2|nyl)-2 7-di azaspi ro[ 4. 4] nonane
- mﬁlﬂokf/?— .34 prafyazpDd)- 1.7 efliagaspire{4-dlnanatP nonane
(5-cycl opentyl oxy- 3-pyridyl)-2, 7-di azaspi r o[ 4. 4] nona
ne 72fdethyl-1- (2-pyrazmyl) 1,7-diazaspiro[4. 4]nonane
2- (5- phenoxy- 3-pyridyl)-2, 7-di azaspi r o[ 4. 4] nonane
2- ( Sfadhityd(opidagng)y 7 -Bazaspitof 4 hoané- di azaspi r o[ 4. 4]
nonane

2- ( 2-@lgviayih-2 F-R¥akpho[d. 4odmdi azaspi ro[ 4. 4] nonane
2 (6 cﬁ?%r%bS pyrﬂ&mﬂ{ ? di azaspi ro[ 4. 4] nonane

2. G-t DYLARHI Yl 2225p! 01 4 4] nonane
élﬁeyﬁhﬁggg%g? @%ﬁggggékE€$8%£§§9§7%-diazaspiro[4.4]no
- e yirobiaraksR T diepspo LU PGRAPS - 2. 7- di azaspi r of 4. 4] no

nane
2-(5-(1,2,4- oxadlazol)yl)-z 7—d1azasp1ro[4 4]nonane

2
2-
2-
2-
2-
2-
2-
2-

ANANAN AN AN AN AN

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[4.4jnonane
+2-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-(5-cyclopentyloxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
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]nonane
2-(6-chloro-3-pyridyl)-2,7-diazaspiro[4.4Jnonane
2~(6-methoxy-3-pyridazinyl)-2,7-diazaspiro[4.4nonane
2-methyl-7-(3-pyridyl)-2,7-diazaspiro[4.4]nonane
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6- (3-pyridyl)- 1,6-diazaspiro[3.4]octane
1-met hyl -6-(3-pyridyl)-1, 6-di azaspi ro[ 3. 4] octane 5
-(3- i.dyl) -2, 5-di azaspi ro[ 3. 4] oct ane
g’-"r%é‘%“%{“?‘g- (3-pyridyl)-2,5-di azaspi r o[ 3. 4] octGRES2005/029371
6- (3-pyridyl)-1, 6-di azaspi r o[ 3. 5] nonane
1- el fythyi67- ﬁmsﬂas y. 102, Aidgzaprblaofjferaheionane
2 (3- pyr?dyf éﬂd#%gééﬁ?ro[sag]n%ngne 10

> (F Mbhier (s -prgexg* Vi Sl ganbofidiahsonane

piro[4 decane

?Eﬁﬁgf’”@?%%% Y ecme
8- (3- Y%@f%‘mg%g)g Aaé‘ﬁﬁaﬁf’lfog%gfqgfag de[:ane]

1- et hyl -8 & e§r|dyl -1, 8-di azaspi ro[ 5. 5] undecane
Qhé’f@rlé’ﬁfilél érrdaZastit ot HhMeEER s of the pr esent
|nvent|on i ncl ude the follomnn

(@pythyld%r(%pwla@p-dwwmm[%ﬁlchpe 2.1
]he tane-2, 3" -pyrrolidine] 20
@HBquhdﬂy4$4b¥mﬁdyigSbmmmm[I-azablcyclo[2 2. 1]hepta
ne 2,3 -pyrrolidine]

GSnayﬁRﬁpﬁmmyWny%&apymnquhmﬁ@mro[1-azab|cyclo[2.2
1]heptane 2,3" -pyrrolidine]

33§ﬁﬁﬂﬁ%¥53hﬂﬁﬁhﬂﬂiim&mmbo[1 azabi cycl o[ 2. 2. 1] hept
ane 2

pyrrolidine

[2 %Si‘nétf}%l ?a gﬂ@ry:masﬁrdmmme spi ro[ 1- azabi cycl o

- pyrrolidine]
: b | o[ 2. 2. 1] hept 2
g 65“%%9%%@%825&%3 o[ 2,2 1] hept ane-2,
-p&gmstﬁ%@é | Yo shl Gl dsasabigyglol 2. 2. 1] heptane- 2, 3

] he ?@L}%ﬁt@ﬁﬁ }%@g‘i,ﬁg}g@gzabl cyclo[2.2.1

1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.5]decane

8-(3-pyridyl)-1,8-diazaspiro[5.5]undecane
1-methyl-8—(3-pyridy1)—1,8—diazasﬁiro[5.5]undecane

Other representative compounds of the present invention include the
following:
1'-(3-pyridyl)-spiro[ 1-azabicyclo[2.2.1 Theptane-2,3'-pyrrolidine]
1'-(5-ethoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1Theptane-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]heptane-2,3"-pyrrolidine]
1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1 Jheptane-2,3'-
pyrrolidine]
1'~(5-pyrimidinyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
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1'-(5-(1, 2, 4- oxadi azol )yl ) -spi ro[ 1- azabi cycl o[ 2. 2. 1] he
pt ane- 2, 3' - pyrrolidi ne]

%65056-/&}633 4- oxadi azol )yl )-spiro [ 1-azabi Cy%k‘f/l;sg{m%oz%n
ept ane-

3" -pyrrolidine] 5
-(2-pyrazinyl)-spiro[l-azabicycl o[ 2.2.1] heptane-2, 3
yr 1'Qb-isdk 88]yl)-spiro[ 1-azabicyclo[2.2.1]heptane-2, 3’-pyrrohd1ne]
-(3- pyrlda2|nyl) spirof 1-aza |cyclo[2 I]heptane 2,

3 - PYIS-RotniHD 1-azabicyclo[2.2.1Theptane-2,3'-
-(5- et I(W)yny 5'3) Spi/nr)[l a)%a Ic}:%cpc:[ro 135512& cy%ﬁo[Z 2 1] hept

?Qeaﬁ (LM kit e SRIORL 1 el 24 bRt
T O BAASRY PU SEAS hes BREL N
5 1. azﬁwgf Byt byl iob Beinndo2 1 Ignegh T apelidine

1' - (5- et hoxy- 3- pyri dyl ) - sp ro ﬁll az_abicyclo [2. 2. 2]

oct akré3-pyrislazigyl-spirqli-gzabeqyclo[2.2.1Theptane-2,3"-pyrrolidine]

1' - (5-cycl opentyl oxy-3-pyridyl)-spiro[ 1-azabi cycl o[ 2. 2

. 2] d ptbyiy]-3-pypdyl)-spitafl -azsbicyclo[2.2.1]heptane-2,3'-pyrrolidine]

1' - (5- phenoxy- 3-pyridyl)-spiro[ 1-azabicyclo [2.2.2]

oct akée-2hlaro-Fpyyridgl)isdiroidiazdbitycloh2.2 ( Theptpnk-2.8 iplretidiog) - 3

-pyridyl)-spiro[ 1 -azabicyclo[2.2.2] octane-2,3

' - pYIV{@hieﬂilbﬂﬁ]S-pyﬁ&izinyl)—spiro[1-azabicyclo[2.2.1]heptane—2,3’-py1rolidine]
-(5-ethynyl -3-pyridyl)-spiro[l-azabicycl o[ 2.2.2]octa

10 ne21 f’lﬁy[%i 10@kbicyclo[2.2.2]octane-2,3"-pyrrolidin
(6€% or) Brg;rl ;q, éplrgfl gzab?%?%lé[% 2. 2] octan

az a (s 13%411159% L1 %gﬁgn- phol LS8 SMdae ey [ fhrofkdine)
oct an gg/ é&%}p P{}(ggr%i‘sp’%f??@%% élgl{%glz’.{?iﬂg/ e-2 3'—pryrrt)hdme]
z aﬁai’%@%nw&?g ﬁ%&?ﬂﬁ it g lodert kpsmdndd. o

octan? 2,3 -pyrrolid
5G- @daz/é%me}w@aﬁwﬂylaf@m[éwwgloﬁ %?hetaa?r%ézpmohdme]
l'i di
15 1Y (<o soonguly spiel - spsbicaciolBcostefers, ¥-rayohidiasle. 2,
3 - pyrrolidine]
| - (154G dhl@p-B-myxidlyll)-spiod]) pzdbicypiof 272 joatrab? 8 yoyrofliding] 2] oc
tane 2,3 -pyrrolidine]
(12(5( Pyridnidingly-3pliral 1-akgbidyrlofl. E}m[:thnaz,abpﬁmuﬁ{ep 2.2] oc
tane , 3" -pyrrolidine] 25 1'-(

i %QM LazaBigfily o 1 7,3
glyrgl neﬁ) : \Agﬁgocs/%zscls%{m ‘/gaf;%'zzoj BEIRfge](, S - PYT T
20 syfer 18 2.2.1
- %gﬁﬁﬁ? 392%1)”-5 i 1 b)ciyaoﬂfzsﬂb&ﬂelz szaRbRxaLP! ]

hepta

2 " az gg 6§1§/(10 &ﬁ%] é}%&%ﬁgé . glygéll %Ayicﬁlo'[_b 3 B oc&{"e& ,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]
25 '-(3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1 Theptane-7,3"-pyrrolidine]
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pyrrolidine] 1'-(5-phenoxy-3-pyridyl)-2"Hspiro[ 1
-azabicyclo[2.2. 1 Jheptane-7,3 '-pyrrolidinej 5
L ydr oxyphenoxy) - 3- pyri dyl )-2' Hspir
?/V(ﬂ {8?65.{2%6.3?] hept ane-7, 3' - pyrrolidine] TRt S
- (6-chl oro- 3 pyri dyI) 2'Hspiro[1-azabicyclo[2.2.1] h

e pt alfe(é—?ne?ﬁhoxpwtp}oidbrwzriﬁ]spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidine]
-(5-pyrimdinyl)-2"1-spiro[ 1-azabi cycl o[ 2. 2. 1] hept an

e 7, 3’-(5&yé16§8ntﬂd:d?€§—pyndyl)-2 'H-spiro[ 1-azabicyclo[2.2.1heptane-7,3'-
(2 pyrazinyl)-2"Hspiro[ 1- azabi cycl o[ 2. 2. 1] hept ane-

7 3(%@?%ag: 25% ) 1(2) H Spi ro[ 1- azabi cycl o[ 2. 2. |1 ] hept an
e i g(ﬁﬁxﬁ{& '3?;:?1%1 gIZ-IpI%? I[S aZghigp s}guzrzo][]gepat&naebl cyal lf%ne]
2 I

]Ee(? RS R oyt A A spitel spaispe 2 2 Fiveises:

-7 3@"\%‘ ro} idine]

azolyl)-2"Hspiro[l-azabicyclo[ 2. 2. 1] hept a
ne7 Elyrrolldl )ai
15 =(p-ghipros3-gwidilaz Btspipehl- azablpsscﬁﬂ[? 3{lFhentzag; SypyrEsliding]
1]heEtane 7,3 -pyrrolidine]
' (@-Py@mﬂmi)a%iHamo[)lyazywa% Bilitsptener7 3bpyyyadidisfed. 2.
1] hept ane-7,3' -pyrrolidine] -19 WO 2006/ 023630
PCT/ 1)%2-paziaP3 Hespitd] 1 -Mebivgcle[ 2. 1 [Rereper 1,3 gytrblidine]
Compounds Schene | PG PC QN ArX @N Reaction |
?ryxle-@-pﬁldasz-m-@nrdﬂl Arabidyciid.2.([hepfandRR 3 Gyirolidide]Q Q%

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[2.2.1Theptane-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[2.2.1 Theptane-7,3"-pyrrolidine]

1'-(2-(1,3,4-oxadiazol)yl)-2"H-spiro[1-azabicyclo[2.2. 1]heptane-'7 »3"-pyrrolidine]
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Qv Pd QQv NQ NQ HAr" The conpounds of

Fornmul as. 1 and 2 can be prepared using a general
hnvol ving aryl ation of one am no gr

ggﬁagﬁzog??g prot ected di azaspiroal kane (Sche%%l%?;oog&gm

Arylation at Nwith an appropriate aryl, or preferably

het ello aMythpddef Rrépariny the IGdnipivads an be perfor med

according to methods known to those skilled in the

art, for exanple, enployi 8phesteal (e.g., copper or

pal | adi um conpounds) catal ysis. The preferred genera

nmethod in the present invention utilizes the teachings

of Buchwald 10 or Hartwi g PBuchwald et al, J Og. PC

Chem, 61: 7240 (199¢y4 Hartwig et al., J. Og.. fm

Chem, 64: 5575 (1999); see also O dagt al., J. Am Q—N

ChenResgrion 120: 9 Y8)), wherein an aning is Y

treated with a pal] adi um(0) cat al ystpdoa phosphi ne (IQ Q

i gand and base. NThys! N

1- benzyl - 1, 7- di,gZaspiro[ 4. 4| nonane is reacted with, Q
3-bronopyridin in the presence Ar

of tri s(di benzyl i deneacet one) di pal | adi un(0), 2,2" 15

bi s(di phenyl phosphi no) -1, 1' - bi napht hyl and sodi um
tert-butoxide in toluene, to give -20 WO 2006/ 023630

PCTI US2005/ 029371

1- benzyl - 7- (3- pyri dyl ) di\az Vbi ro[ 4. 4] nonane. Renoval /VQ‘
of the benzyl group ydf ogenation, pgver 10% QM QV\
pal | dRgastipo@ car bop) provi de¥s 7-(3-pyridyl)- | N

di azaspi ro[ 4. 4] nongdne. @&rnatively, pge skilled in 1

Q
the art will recoggzeythat various protecting groud [ Q
strategi es can b'_Z/ean oyed to provide products beari 7—Q
an aryl group 5'n nitrogen N, as opposed to N Ar
(Reaction 1, Schene 1). A particularly useful
combi nation of protecting groups in the present

i nventi ofyl 50:%5&&1& o@ﬁ}ﬁﬁgla& RLRATREhe prSfREsd Jsin%%l éeXeral method

tert-butyl carbamate.

1-b .= ' [ 4.4 i ried int

1~ pangfying bR RER iR O oty R0ERA Gftietyone
t t t wth.di-tert-butyl di 0 te. )

SabdSet i) - th oBH AR At 26 R P ery, halide

aryl at i Wi th 3-bronopyr.i di ne, gives

7- (8 F}ffagqﬁag)pg egqf%}qg pyqog_dnegto methods known to those skilled in the art, for
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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pyri dyl ) di azaspi ro[ 4. 4] nonane. Renoval of the
tert-butoxycarbonyl group, with hydrochloric acid,
RoP6hdiBSssd (3-pyri dyl) -di azaspi rof 4. 4] nonane pcljagkisr
I'n many cases where N and N are sterically

dissimlar, and whenever Nis tertiary (as in
ReaqtbeaiylZ-(335miaiBdidzas SR £ nbifhea Réha{dl 0f thefbedtyt gldup By
acconpl i shed W thout first 15 protecting N . Thus,
rsegglgﬁxgge&&oi,okxdﬂ 097 Rl ¢h éélh%&[]ﬁk%idw i-h.pyﬁdgl)-

yridine, under the palladi umcatalyze

condi t i d | ' I : .
ek P4 ARGHE ARG b Al HEF RN rocomis that various
wi |l _he obvious, to .those skilled in t.he art t.hat

" BrE BE P S G b PSSy OBt Hing g gt sroup
introduced onto the diazaspiroal kane can be readi

| calonggipeen b ssperrset o d (Reagira gglm?r 0 pdgriSyplerun
properties in and of thenselves or serve as a _handle

f or cpubinAiien efipretpeting Ereipg Bube present inXenfipnigpengyl and a carbamate,
prot ected heteroaryl diazaspiroal kane can be

el alspecificatly,ttert-firtylsarhameteh Ehuso -benzyl-U)7-diepapireirti4Inonane is
possessing substituents on the heteroaryl ring. For

ex arphwerted irve hbyhzyE7(Grthuoxgeasbquy)t 105 Hipzdkpire[4.4]nonane by

di azaspi ro[ 4. 4] nonane can be nmade by reacting

3, Stdhieat Rl i-@itatyMichbdndd€ NSublseqlidnt hydrogenation and palladium-

1, 7-di azaspi ro[ 4. 4] nonane accordi ng to procedures

des Gy ' - i ! bonyl)-1-(3-
Lo FRABTA PRt ey, B OB o

B A SR o
B L

whi ch th omp _conpound heated w {h, aquequs a i a
' s e S ERR R RRtA e S Riiey S0 Vha SR R RHRD R
substituted conpounds can be prepared in a sim|la
manA&rction 2e8ehempll), sdegive pryintien Ogﬁﬁﬁ%g‘h aComgihge without first
prepared fromthe 5-brono conpound by pal | adi um L
cat &ropectidg &6 UBlusrigadiion of 1.7-diegesnjrol 44 Jponapg with$-bromopyridine,
foll owed by base- catal yzed (sodium hydride) renoval

of whderdleatatindivmedatalyzed canditiong) raportedymejewsty, gives almost
techni ques described in Cosford et al., J. Med. Chem

39: exadGhvelyl 2¥Ebyridiediszasiitofn¥nonsnel ogs can be 10
converted into the correspondi ng 5-ethenyl, and

subsequentyill bk 8b¥ibes t6 Mds6 SIBNETnIBe &t 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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et hyl anal ogs by successive catal ytic hydrogenati on

reactions. The 5-azi do-substituted anal ogs can be
romthe 5-brono conpound by reacti '

gl T N, N- di net hyl f or mani de. Werkishibsisan

5- Al kyl t hi o-substituted anal ogs can be prepared from

the convbisprof ¢-bepoiHIqs5byonieaeitidm)didzbdpiraid. Angandintathe

sodi um al kyhner capti de (sodium 15 al kanethiol ate),

USi NebrfefFdhding¥esmikbouwdtifueediddgpBurfikdah Ibe dedothplifiRd 3% theQeneral

organi c synthesis. A nunber of other anal ogs, bearing

s ubs@%&u& BE Bwhi et N CRALOP iy @ﬁ]inz(.)foa}.sb%gi AY (b (g%sss,iiﬂgvmch the

can be synthesized fromthe correspo ng am
. : iy : I
"t exagapbb AP abt fpParinBh P HRLRR G bt compgrcmtynt

20 t an be pr.oduced fram 5-di azoni um sal.

"t et alaanng SR RIS b Ao g manrer. Sty
5- hydr oxy, .5-al koxy, 5-fluorq, 5-chloro, 5-iodo, .

5- cySefitutad QomPRREAE cantbs prepred @fonb'g‘ﬁﬁt?&%% cQuappuB by palladium
synt hesi zed using the general techniques set forth in

Zwar ¢atalyzed coupling gﬁp&_Z-npe@:ryl—é;bytypﬂegl, followed by base- catalyzed (sodium
1- benzyl - 7- (5- hydr oxy- 3-pyridyl ) -1, 7-di azaspi r o[ 4. 4] no
nanehyslgide) remoynl eHthie eckidneauitt dseordimgde thegendralti¢rhniques described in
correspondi ng 5-diazoniumsalt internediate with 25

wat eCosfdri leeali, SeMed. Chem. 39: 3235 (1996). The 5-ethynyl analogs can be

1- benzyl - 7- (5- al koxy-3-pyridyl)-1, 7-di azaspi ro[ 4. 4] non
anescoadétted Snto thelcoCpdAlifs 82801, SdubidRAY 02 H3 Z(?]rresponding 5-

made fromthe reapti on o .the pll azoniumsalt wt

al coligf) SnalSRVYRRESR caraflitit A0Mb piRati SPeh &ioh @ NTIRES -M3&Hsubstituted

to synthesize'cyan or hal’o conpounds, as wll be known

to t skil [ I - f . .
%gﬁ)g%%aime &)Qw!dq‘ro'ixhﬁe ﬁ-#?omg’ ek H%? B%g@?%n‘,wﬁg#%ﬁ%ﬁ azide

can ai ned “usi ng tec ques escr

et al J,. Chen: . 36, .,953 (.1 ._The 5-nercapt

So SnpUNETmMBG iRl 5Tyt oleb i andigS; e picHRled Bom the
5-al kyl thi o substitutuent py reaction with sodi um .
by dr - MR, FEmBR iy EasHiPR b 4p RRRTORHAn i SHEiEERaBide (sodium
oxi dation would then _provide a sulfone. 5-Acylam do

anal dgpeethiolate)cusifisdiedmiaves Bwam te dinse siled indhe askof organic
prepared by reaction of the correspondi ng 5-am no
conponthelds.wi t h an appropriate acid anhydride or acid

chl ori de using techniques known to those skilled in

the art @{nunilter of gtheri analpgs) béeetmp Substituents in the 5 position of the

pyridine ring, can be synthesized from the corresponding amino coﬁpomds, 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, S-iodo, S5-cyano, and S-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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5- Hydr oxy-substi tuted anal ogs of the aforenentioned
conpounds can be used to prepare correspondi ng

- oxy-substituted conpounds by reacti '
tévt@og(’z(%g&élépri ate acid, acid chloride, or aci ger[‘m‘é‘z(fog}oz%n
anhydri de. Likew se, the 5-hydroxy conpounds are
pr eatiddedrosn thé rdaotiéh éfiike Hazohjnosait veittdaléohiolst exppeopyikie)dydiazonium
via nucleophilic 15 aromatic substitution at el ectron

def i Giteah beLSEBb senthdsRE Sydn8 o8 halo dothiboiRdQRE RAIDBE kiidwreto those
and 2, 4-dichl oropyrimdine). Such chemstry is well

KNovWiife®id AESR. SMNidbfRb duBstitiforRchn bOSbtAh&PRE techniques

synthesis. Ether derivatives can al so be prepared from

the (%écpr%g& %Xﬂofﬁﬁ glr,g/d %leg'y Cf?énk%k%é&c@%ﬂl}h{)%@g-ﬁ&caﬁm SO

hal i des and a suita ase or via

chem str in.which a trialkyl- . o6 .triarylph hin .
nd BRI Pk L B Bt s aBliyla B Rg 35t fon win
See Hughes, .Org.. React. (N._Y.) 42: 335 (1992)..and
Hugf?@gl}‘m@yﬂlf“% mdey 2PpopE aalk}/lrﬁ@més: g&‘??&(efb@%sbﬂpwoﬂd then
typical M tsunobu conditions. 5-Cyano-substituted
analnsgiident sulfiese. of-dcrlamifio aapless ddhpforsmeniioned sgmpounds can be
hydrol yzed to afford the correspondi ng )

5- ¢ gépared by deactioef the coresdpandingStamigo corpppundewith an appropriate
hydrolysis results in formation of the correspondi ng

5- caktdamiydride achdd cllbrideuiziigitédhhigdesdmaivads thoReskilbddiin the art of
of the 5-cyan-substituted analogs with lithium -23 WO
200Q)ribdaG9hthB¥isl/ US20051029371  al umi num hydri de yi el ds

t he correspondi ng 5-am nonet hyl anal ogs. 5-Acyl -

subst i t Ukafl R DYSiHRA o gk LE MR AR Herh&RiIThSDHRARDaN Be used
5-carboxyli'c acid-substituted analogs by reaction

\IiVi thy 88? E&Q&E}&gﬂ&% %éfg@dgi({xﬂlesﬁggﬁlﬁéw ARJY 46 tion with the -

nown ose of o gani C

P L L 0 5L LRG0 Fogbaeng
GRS R EISIE TR —

group at_ the 5-pyridyl position can be r ducefg ith |
sodiaematissubiiion et elpctiondgiicient aTURAtS Gt P 4 uqr%%enzommle
produce the correspondi ng 5-hydroxynethyl -substituted
analaod2.4-dithieropyrimaidingy Sushchemistewis Well kaeyvy éo theep skifleddn the art
compounds bearing an ether noiety at the 5-pyridyl

posidf iorpanioyntkesist iBiirer derivativesdian also be prepared from the S-hydroxy -

compounds by alkylation with alkyl h'ftlides 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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hydri de and an appropriate al kyl halide, using
conventional techniques. Alternatively, the

- thyl -substituted anal ogs can be rg
afﬁﬁa%%ééﬁechloride to provide the correspongﬁ&gﬂmmnmnl
5-tosyl oxynet hyl anal ogs. The 5-carboxylic

aci cal@tinain Hydiiédyicldnthk ogesparitlid Samhemethplanalogsl §-ActlRe
correspondi ng 5-al kyl am noacyl anal ogs by 15

SequRBititakd hlaBik BRNGe prepadied fhdr BitrespbH dig TearBdXgli@cid-substituted

appropriate al kylam ne. Certain of these am des are

Known,{,8s hPRAHN vd#%%ﬂ gﬁrogﬁ!&g QRPN i uﬁﬁg techniques know1(1j to those

substitati on to etones. Thus he so-cal
ve|Q%ﬁF 55£?§ﬁﬂ nethylan1des) react wth
ﬁlun1rea produce t he correspondi ng

di aryI k t For. .exam et .
et 20 5-GRRopa a4 DRn e sy %ﬁ@%@fmﬁmémﬁ’%ms can
analogs of t he af orenment i oned co ounds_can

comlf@rceéwr% tq the cuBrEPULiREieRPYSe P%Whé’a sgnrmermtfe%}whol and
corrpounds reduction with [ithium alum num hydride.

5- Tosid a8 tGampoypdswith en ester groap gythe §1pyrifd position can be reduced
af or enent i oned conmpounds .can al so be used to produce

5- alwijH sodivpsbarohyidede ocithipo atersimuinchydede toipnodugs the camesponding
al kyl I'i t hiumreagent. 5-Hydroxy-substituted anal ogs

25 d-hydiexyalethybsobstituted @dalcgsmThesedhaloginen esebe tamverted to
prepare 5-N-al kyl- or 5-N -24 WD 2006/ 023630

PCT1dding0aiik B28ihg bn efhlely bRy RS pj?ﬁ&yﬁptbﬁbhibytr@dtwn with sodium
conpounds by reaction wth N-al kyl -

ar y 4,306y #aah 8SpropiATRIRATRHAS Lihy Eﬁﬁeﬁﬂﬁhlqg&nﬂfué h&lternatively,

af or ément 1 oned conpounds can be used to prepare

5-al Q%%&

desl%a%(l b eact ?g}rqéfvdn %d&?%%%%&#g?@?ggﬂa%%ﬁo provide
t | i . '

res RS ?x%troyd%?*ﬂsgl%g%ﬁhhﬁqu o PR B ity

inthe art o anlc synt hesi s ri

a1 Dgagan §lso BE CENTREL B R e g TR Gecy} asaloss by
preparation of 5-substituted pyridine anal ogs of

di aFaaysnia teameatmiths theomyl ehdorifie\and aw apnsepriafralkdgrming e G préain of
of anal ogs bearing substituents in the 2, 4, and 6
posithése amidss are oy ko rgadily undergo pecleapbilicand mbsitutign to produce
nunber of 2-, 4-, and 6-am nopyri dyl di azaspi r oal kanes

can kie@nes. 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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converted to the correspondi ng di azoni um sal t

intermsdi ates, which can be transforned to a variety
JofelpisTelFiaTefs with substituents at the 2, 4, g{i %005/029371

p05| Ions of the pyridine ring as was descri /g

t he 5-substituted anal ogs above. The requisite 2-,

4-, aglabamoyloeopyubstityied dopgangs bymhdtpnedthay-alksl ak Nabl e
via the Chichi babin 15 reacti on of unsubstituted

pyri shylisodj-ag@s P3-AadhKaAIbSSufcd aflalogs of the aforementioned compounds can
| -benzyl - 7-(3-pyridyl)-1,7- di azaspiro[4.4] nonane,

descpd g to%r%@ﬂﬁﬂk&ycﬂbb%@@swﬁl%d%m ShllsaAd 5-urea

reactl ons ‘are described in Chemstry of Het erocyclic

by e ves Y9ty e BRI hSporbats et 40TRRSH BERS
f unCWZ%Sﬁgif 1999%‘613'“ t %,Lﬁsgiegl tg%%ﬁggsdlgxg gﬁsé/ skﬂ ed 119 the art of

acconpl i.shed, the optional protecting group can be

r emoYEHLS PPHCEie di azabi cycl e using appropriate
conditions. Thus, for exanple, hydrogenolysis of 1
benzyl - 7 Q@mlqijnpep@@%yogous to those described hereinbefore for the preparation of
pyridyl)-1,7-di azaspiro[ 4. 4] nonane wi || generate

7-( Sﬁ-wbl&timszd@m@inﬁa anlogs of dizagpisy eospriomodsican pe deraged for the
Those skilled in the art of organic chem stry w ||
apprsynihatieof dnelopeissarisg supstitherpainrthe?) 4 ot @ pasitivgs gf the pgridine
with the chem stries required to 25 generate

par t1higpJ IFaF edadipld, b atabértofes 4-,|aid SQEnsHEaFdiakaspidshlB@es can be
necessary, to retain a -25 WO 2006/ 023630

PCT/ {daelilatPa83drtes F&ﬂﬁﬂ g dibBoafuni éanqﬁﬂeﬁmhatésywm’fcﬁ can be

repl ace one proteciing group with another. In an

al t @a%aggfs&nﬁogﬁ?é%gﬁ 888 at

e2
pyrl I ne- s stitut pyri azasplroal an

3, 5 tﬁ &rﬁiﬁ) H ?gesgﬂb%efgg {4 \é-eS{IBS gut&{] gn?ﬂogg gbove The requisite

corres rono-

g and 6 positions of

2l ki Bt br°g”§8¥dxfrfﬂ' Aoy %%r%?v%e%ﬁ%?z&ﬁe ﬂeﬁn“%@m

15

20
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t hose descri bed by Com ns et al

69 (Teartioy O%Wwwwwylaqwzasmeéﬂ@qs (ers a%rbel@ﬂ 71:9 -pyndyl) 1,7-
Pays-Bas 74: 1171 (1955) are used. This is
exerfizasnitetit-Hponane dssasibad previonsly) with sodium amide. Similar reactions
7- (5- (4- et hoxyphenoxy) - 3- pyri dyl ) -

1, 7-ak deseritpd iw CHenifinoafdimeroBetic Compowids, Volume 14, part 3, pp.3-5
3, 5-di bronopyri dine with sodi um 4 net hoxyphenoxi de in

N, N-(thtersiidhve Poblizhers,d062)i and by Baki erdd; A-Mel. Them. 42: 2227 (1999).

met hoxyphenoxy) pyri di ne. Coupling of

3- br onD- Heflef tHEREHRY KBIBRABX YihP FinkefbrAE 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 reqliired to
generate particular functionalities. In some cases it can be necessary, to retain a
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with 1-benzyl-7-(3-pyridyl)-1,7-di azaspiro[4. 4] nonane
in the presence of sodiumtert- butoxide, and a
amount of

l(dleggnzyl i deneacet one) di pal | adi un( 0) andPS,T/ESZ-OOS/029371
bls(dlphenylphosphlno) 1,1 - bi napht hyl, in tol uene,
f ol Ipawﬁﬁilabﬁmbﬁﬁfaﬁ@embpisée%nebrdtébﬁng beng Withranahact ing
group, will provide
7- (5- (4- TR0 prdach tPMhE sehthesislof Pyrdine-substituted p dyl

di azaspi ro[ 4. 4] nonane. O her aryl halides undergo t

pal | gdi, yﬁl@&ﬁés}’??%b?&ﬂ&}iyhﬁ&e 56 doRferted 86 rtﬂeb:%ﬂ'espondmg 5.

previ ou

7-( 5alchX(r '3nﬂrgﬁ18-y An?d 51 log*ra %%1% [i‘i&eqéﬂ;ﬂﬁ@ g&ﬁn o% sodi sodium alkoxides

pr epar ed nner

and opt onaII p Slt rot

i a 2288 lvla[aw%'%ean Bhse G BER 5 egswﬁ?de@f P il . O
necessar¥ Thi s technol og |s 20 espeC|aIyg %P

in CCO@@S O34 19N and He ﬁlr’llifr’lf?él Trav. Chim. Pays-Bas 74 1171 (1955)
35d|bro yridine, and 5- bronopyrim dine, where the

o oreee weetr Thily 5 s G O TETRTRS-- (TS RRIPES) 3 pyridy -
aromati c substitution. In some cases, coupling of the

het i bdiagaspite[d.4iriongnet Rea¢tmnaif ééaﬁhtbmpmﬂim witinsodpwn 4-
acconpl i shed without the use of palladium catalysis.

Ex ampdtiescyplienbgid & inf W WNedingthyl fordTansid & gives dbroad-5-(4-

het eroaromati c ring conpounds, which are activated

t oWaidhox: 3?11&9&;3 PR I3 nfé@ﬁ3@3&@51@%ﬁéﬂéxyphenoxy)ﬁyridine

nucl eophilic aromatic substitution, are known by those

ski Iyhifoh bhi1 g'ﬁgaﬁﬁd?f) 1@-91%3&0[3)4%&1@1% ifl th F&se@é%@‘%cﬁum tert-

7- (6-chl oro- yridazinyl)-1, 7-di azaspi ro[ 4. 4] nonane
C an b ?)glzd%gé}lltdr gclﬁ fﬁ%]q r?%l:?g%? eo% u%(@b&!%gﬁ%{eﬁé’é&doﬂé)éfp&?adﬂﬂm) and 2,2

I}l’mi(%]?ﬁ) : é)rnpg- inl%l%%lﬁ{yﬁ dnio uegegj @ wed by hy %(gzctanolyms of the
{0 A D g IO
respectlvel " The coupling reactions described in this

appldiazaspirelf-4logneaeer pal | adi um catal yzed or not, are
anmenabl e to high through-put synthetic technlques

Thus a Other arylhalidesundsraerispalipdivimecainlzed peupling teactioon

can be produced by coupling, in a 96 10 well plate

f or medcribédprevioadyn ibims TWapynmsdiig)-bdrdeazespire]4 4inemne ssepared

) aij‘: Sllmrler manner from S—bromopymmdlne 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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conpounds. Specific Diazaspiro Ring Systens Optionally
prot ect ed di azaspi roal kane i nternedi ates used to
NEREs 3Ee conpounds of Fornmulas | and 11 9?Em§£)05/029371
prepared by nunerous nethods. Several of 15 ese

di azaspi roal kane i nternedi ates are known and can be

pr epaundebpbiicrgpnpatic subsétutioneidilathsn bylakeseakilled fmehe art of organic
synthesis of the intermnediates using palladi um

chenkgitliegisi For exeiplep7-{d16hlawot3-pyaiddzihy1p 1 TOBIAAGERML 4 |68hane can be
activity of the internedi ates was not appreciated in

the pyitiRkiz&d from BLdiEINHREUASING bnd E'?-'gga{z%p;ro[m%ﬁne. Likewise,

u=v=1, w=0 and x=3, possess a 2,5

di az Q,%jSa&kﬁgéﬁgﬁ%ﬁ@z:f—b&%%ﬁ%hm%%t %hﬁ[?e-ﬁﬁ{agﬁm"’[\iﬂnonane to

deglcted In I fion o oo I
e S R e Y e R

(LDA). and the.am nonet hyl _equi val ent

eyan@ﬁ@ﬁﬂ?ﬂﬁgH?9W§nFﬂﬁ?%ﬁﬁ%vides a beta-lactam

accordingngf the procedure reported by Overman, J..

4m Chem Ihsgeuvplingreactons degasipsy indhig application, phethorpalladinm

(1985). This 25 can subsequently be reduced with

| i t heatekyzeil grietuare ipeabledo high shroughdent synhedicechniges\\Bhus a

2006/ 023630 PCT/ US2005/ 029371 di benzyl derivative of

2, 5-liraiy &€ pompjuddsidfobe present Reenionalcawbe prhéuded by ydupling, in a 96-

protecting groups, by either hydrogenation or

oxi dwéll pletedbramy, dcinsthdds, vatios lekarelkeewitk Shridis dRBEPRO UM

nitrate, wll produce 2,5-diazaspiro[ 3, 4] oct ane.

Al t egopdol¥®l Y, chemistry simlar to that described in

EP patent application 90117078.7 (publication nunber

EP 50 4 ; : Rﬂgﬁg, produce a gem na

bis(hydrgivﬁggﬁy%?ﬂgg?iv tiggﬁgnd subsequently

convert i { b . ' Ik ctane

(Seneme Syl ol el £ thERRTREBorth REAEN. the

aryl ation,,as.described preyi ousl woul d be ect.ed

£ P8 3R PRSI AR pRES e ety R a RS R R  § 6 erat of
hi nder ed. azeti dj nyl. nitrogen, = producin . .

. 2- aﬂs?s-e g}ﬂ%@smfa %@ﬁiﬂ?tsrr@fiw?ea atedawn and,gas hegpared using prior ar

5-aryl-2,5 10 diazspiro[3,4logtanes.can be made by =

fi r Jpethedst Slowieys, the synghesis ofiihejatermediatng aping wpliadiunt ehemistry is

new to the art, and the pharmaceutical activity of the intermediates was not

appreciated m the prior art.

The compounds of Formula 1, where u=v=1, w=0 and x=3, possess a 2,5-
diazaspiré[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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15

i nstance, a carbamate) and then perform ng the
arylation, followed by deprotection. Schene 2 /N bn

LiAlH4 bn O Z/Pd 2 N'CN bn ~O (
R Pod b 02 H O 3 LA 2 bensz|§/[1$;°°5“’29371
amne CX~ OH 3. H2/Pd NI bn The conpounds of

For naibézl devib@iveiof 2\5~Hazasirb[ 3, 46 btaddd Rexw¥al falssiensyl tphetecting
15 1, 7-di azaspi ro[ 4. 4] nonane system whi ch can be

Pr epab&s, Br& M Rat{o T8 bRHSve BRI ME Swiths RY 8% ahplé)fceri
mhigﬁhggéaghownyg%g%e in Schenng. ?%goﬁe enbod#%eﬁfnc
('\/Et i . | _1"‘ - i e . .
A s A i o

P.CTI lij?s}ﬁ,?orgg {ﬂ%%%%sé%‘?ﬁdqrsf 55? éatae:%@aa%gﬁfag\%g 26 ﬁ%@% @@t‘i{lbﬁ%/a'ﬁGn number EP

litH am d 0 rea

M c h@? i 726%32{:5{51: b[%gﬁécf Wﬁréc{u%@e El gé/nlliggl%is(ﬂ-}bcirgxy%{e%\ﬂ)dd%gvative and

met h

benzyl pyrrolidi ne-2-carboxy] ate. Subsequent reducti_on
of twbseapently carvsit wsth%esm%é3¢laﬁﬁseweﬁ3?4]?%Meéggﬁm&ﬁ- The

| actam zation by methods known to those skilled in the
art subsequent palladium-catalyzed arylation, as described previously, would be expected

to proceed with selectivity for the less sterically hindered azetidinyl nitrogen,
producing 2-aryl-2,5-diazaspiro[3,4]octanes. The isomeric 5-aryl-2,5-
diazspiro[3,4]octanes can be made by first protecting the azetidinyl nitrogen (with, for

instance, a carbamate) and then performing the arylation, followed by deprotection.

Scheme 2
N/bn v
| bn O 2. Hy/Pd

2. N eN .

l/ tl)n
N 1. LDA N
n O 2. Et0,CCl w H

3. LiAlH, 2. benzyl amine
3. H,/Pd

U—Zg
3

(@]

I

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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5 (for exanple, heating in a suitable solvent with or

W t hout an acidic or basic catalyst), provides

%O%W , 7-di azaspi ro[ 4. 4] nonan- 6-one. The perus2005/029371
zasplro[4 4] nonane- 6-one can alternatively be

prepared according to one of several other nethods

I epadsic,tah Be ddpeotbndt@Y withulithiunSdidsoptopplainidegad allaliaied ecact by

that a suitably protected proline ester can be

depratnRa b8t fothitrddiiiiidnd) Thispediden Wetiyl 2€2-hilrodthgh)-1-
all oned to react mnth an al kyl'ati ng agent such as

chl ofnaq ﬁ}ﬁ% fn@'Zl P fatd. %‘d’@éeﬁﬁén? gedu&tﬂ)nmf el o group using
0 an as

reduct | cyc |za Ion (Method B, Schene 3)

s gg%sn%% oL BIBEE S oiEhizall by Iﬂ%théﬁsqmos;ﬁ qzbbge%kﬁ%% the art

eaC|ngS|n at a sui
prot ect ed i he .ester can be r ot
lit Q]ﬁf‘?}Pﬁg%ﬁPW&ﬁha@ & sofvert LWy our %%1 ag an mth?]asm catalyst),

al kyl ati n 15 a such a allyl brom de (Method C,
Schetevidgs, Wéylrlg%@atz‘fsﬁ’éo[é PRt hen be

oxi datively cleaved to an al dehyde, as reported b

Geni n et The 1,7-djazagpip[4 ¢inengnespoesan aligrmaysly: beIHF‘?Pa%ed@Pcordmg
al., J. Med. Chem 34:1777 (1991); Kimet al.

Chertp on64f @188 otied 8B FhodErporiahio exafvge. (Bugh t@ahlégﬁm icate that
No. 5,733,912. The al dehyde can then be subjected to

r edurduitsisly protecadippslineiesthr ean badepmionated with lithiump diisopropylamide
ali phatic or 20 aromatic am ne, according to methods

K noviad tallow &% Qeatkivith efl alkflatiiytagdfit suckibs dhlcdedcetotityle, thérhaibjected
al dehyde can be reduced to the correspondi ng al cohol

and ¢ hfriRlefidn &ﬁ%chﬁaﬁ@ﬁ‘ NiahsEd, $PemB 32&3 18ForlY by Culbertson et

conversion to a.l eaving group, followed

di splagepe ﬁbhe%nd%gm%%w%pr opriate am ne. This can

al so be ac dirsplacing the leaving group wt h

% SRR “bag%ﬁ%a&v'ﬁ%a%& géﬂgagw BB
AR N R ggﬂam%umg

condi tions, as discussed preV|oust The
2- arfigABanehyas iyl remidei(Methed G, SPhrmgdaille reé%‘flag plgin can then be

according to one of the methods descri bed abdve, can

be wydativedpdieeveddo spildeliyde,taa mepottedey Gonin el@ovkrDrgoChem. 58:2334

those skilled in the art, such as heating in a

Sui t(@9939y; Biabyetnl., JMda. Gheni3aHaaT (291 p Kiiniet alg /. Qegs iChem.

cat al yst.
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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5 The | actam obt ai ned by any one of the above nethods
(thhods A, Bor C can be treated with a suitable

sggent, such as |ithium alum num hydpigesaohSozes71
prOV| e t e protected 1, 7-di azaspiro[4.4]nonane, 1n
this exanple, 1-benzyl- 1 7- di azaspiro[ 4. 4] nonane. The
pr ot eitsunobu gorditions, a8 dﬁmssaimmmsugs I'Thg atied Dagsndethglpyrrolidine-2-
those skilled in the art to provide the desired

1, 7- @R sdifeddc0RaRBeo of MR nBod dedQibell hRE, can be
nltrogen can be acconplished using net hods descri bed

her gl R
s Hyﬁ;ze?%f@ Qﬁﬁ)la%zaﬁ %Ieiiﬂ?% X é% gm& Nsbktﬂ%]eg‘ iftthe a?c ScfD heating

(1) FRLE %E%P%ér%f}#oam%m@ ffv%fﬁf Qg*'@goﬁeakam

(BII—I\?/>) E\IHA' ) 1%‘%}# %&gg (cj)f tﬁ% 8§3V6(111e?tholﬂs 'a\/ll_{ﬁoé)s A,BorC)
1, 7-di azaspi r o] 4. 4] nane core can also be prepar

15 a“éeg? edter Wish astiiehie raducgegeriipch aﬁ

1, 4- dloxasplro[4 5] decan-8-one to 4-

benzsgvidsijie prottestrdilahdineaspine]4 ddnonansin fisgaanelo.dbangyl-1,7-
those skilled in the art. Subsequent transformation

of 4lidrespio{A.4nyuapel Theprateoting grouplsan be 3gnaNed 26108 eRESNown
PCT/ US2005/ 029371 di azaspiro[ 4. 4] nonane (through the

i nt eheredkifled inche det txqaove the dedimi], 7adiazlpivaid.4mananeb Arylation at
performed according to the teachings of Majer et al.

80 lC: egh@ﬁl@é'gen CREPS acc@nPlishedisi®blethd B cribog hasm. 4 0Bz

eh dride, to

Scheme 3
0]
O—-R aorb ' N—R' c N
N —_— —_— ~H
\
Pg N o N
pg ‘H

a) (i) LDA; (ii) nitroethylene (Method A) or CICH2CN (Method B); (iii) RaNi; {(iv) PhCH3, heat
b) (i) LDA; (ii) allyl bromide; (iii) O, or OsO,, NalO,; (iv) NH,Cl, NaBH(OAc); (Method C)
¢) (i) LiAlH, or BH; (ii) [-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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5 OH O The conpounds of Forrmula 1., wherein u=2, v=1,
w=1l and x=2, possess the symmetrical

7-di piro[ 4, 4 nonane system which can b
§%E%@#|%§§to Schenme 5. This nmethod is repor?ggﬁﬁgﬁ&&gsn
Overman et al., J. Og. Chem 46: 2757 (1981) 10 and
Cul Wigrzaspim]4etinalane (tBroufliethe irGkreredia@Bo 2R caroRotrm, as shown) can
Schene 5 C N NaH, DM Et0 C CN 1) RaCo, DMF N 2 CN
Br Ciie GeRtbrincBiaRdedifightothe teAttinds of Mager ebalp AofidSzeok. Chem. Comm.
Formula 1, wherein u=3, v=1, w=0 and x=3, possess the
1, 748i3g Ry 0 4. 5] decane system which can be prepared
according to Schenme 6. The 15 teachings of Kimet al.,
J. Og. Chem 61:3138 (1996), patent EP360390 and US
patent 5,733,912 indicate that a suitably protected
proline ester (e.g., l\l—bergﬁ}&ezl proline ethyl ester)
can be deprotonated with |TtThi um diisopropyl am de and
allowed to -31 WD 2006/ 023630 PCT/ US2005/ 029371 react
with an al kyl ati ng agent such as allyl bromde. US
patent 5,733,912 al so teaches that
hydr obgggti on/ oxi dati on of t allyl side chain can be
perforfred to provide the 2- (3-hydroxypropyl) group.
hydr p

Those i(lled inthe art w preciate that the
@ graup can,then bge conyert®d to an ani no O@CN
group. by’ a nunber of nethoqs, for exanple 5 oxidati

fol l onged by reductive ani naMi Alternatively, a N

sui tabpy protected proline Hest@r can be deprotonat ed

with ['ithiumdiisopropylamde and all owed to react

with an al kyl ating agent such as dii odopropane.
Conver si of the primary iodide to,an anine .can then
be perf o&ﬁ‘é@%&ﬁ%’#&a@é%nﬁ S frofe- Wf_'grangﬁ%f)‘?ess the

treatment with ammpnia_in the presence of a copper ..
cat amxemcaﬂr?e7-é@§a§pg?[ﬁg1]w&%f§wm%?ﬁn&é pigparey) @pqosdipg to
to afford a protected 1, 7-di azaspiro[ 4. 5] decan- 6- one
usi Sghems/5.nThibmethofl is tepested by Qearnr et gl., f G Shampe 2757 (1981)
heating in a suitable solvent in the presence or

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

Scheme 5

CN  NaH, DMF

CN
EtOZC>< 1) RaCo, DMF OCN
BrCH,CO,Et CN  2)LAH N

EtO,C

CN

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

31-



absence of an acidic or basic catal yst, as discussed
previously. Alternatively, the known

spiro[4 5] decan- 6- one can be prepa
é%%gaaﬁng to the teachings of Loefas et al.?@g@m(m%pnnn
Chem 21:583 (1984), in which the ring contraction of

2, 10redér viihaaal 19% afcht ducHhel@B brogdige. i 1SS ysiest.5,7B3®12 also teaches
1, 7-di azaspiro[ 4 decan- 6- one, obtai ned by any of the

abovﬁaﬂ@ﬁ%‘ﬁ%ﬁom/&ﬂﬂaﬂoﬂ%@ tlﬁ%]lﬁ/lrs?&tc%%n‘@aﬁ Be rf&&@@ {d}gowde the 2-

agent, such as lithium alum num hydride, 7ol
Gesi o PybigRubkEhe ol gt d ﬁf""%??ﬂ?%‘ne“fé%ﬁhﬁ m-‘fl

doscHPBLEmIER eﬁctonvi%tteﬁ‘ m%é%%rgyaéiéﬁﬁm% oMihods, for example
PCT/ US2005/ 02937

N | %é @z o4 by pedig uatjvexmew% )‘\%EIBAHWEYR |a>§}11ta&fyoﬁf9f&&ted proline
(ii) 13FB H202 X=I: LDA, 1, 3-dil odopropane b) X=OH

(1) eteccaybesigatptongied wityllopm dismrprybenide and ﬁﬂloyﬂeﬁ gyfeact with an
(+catalyst?) X=I: (i) NH3, Cul; (ii) heat

(+c aal]@rlg,tmg’agem)su@a)s dBp@pmpauép mlqwers(qnmf tHe ppig)arsriedide to an amine
conmpounds of Fornula 1, wherein u=2, v=1, w=0, and

X=4, captisade petibrened Zp@)rdihgmdﬁzpbvn m{leﬂlcﬁ]s,cfecammp&admamdmit with

can be prepared according to the nethod of 5 G bl at,

et admmoni@in thé plebencdef a cbPpér cafdBBtl )The TébuRingQaNHNEI st 8drl be
avai | abl e 1-benzyl -3- pyrrolidinone can be reacted

10 W t heyRrizR b Nerord u plotedBd QR Ashird[4318Hc i 810RB Bsiig &lydfimber of

15

20

known procedures, for example heating in a suitable solvent in the presence or
absence of an acidic or basic catalyst, as discussed previously. Alternatively, the
known 1,7-dia}za-spiro[4.5]decan—6-one can be prepared according to the teachings of
Loefas et al., J. Het. Chem. 21:583 (1984), in which the ring contraction of 2,10-
diazabicyclo[4.4.0}dec—I—ene is used.

The 1,7-diazaspiro[4.5]decan-6-one, obtained by any of the above methods,
can then be treated vﬁth 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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and Raphael, J. Chem Soc. 3151 (1955)) in an
i ntranol eoul ar Manni ch reaction. The product, the

etal of
(ﬂ%h@{% 635 10- di azaspiro[ 4, 5] decan-7-one, can il'/USZOO%/029371

hydrol yzed to the ketone, using aqueous hydrochloric
aci d. Deoxygenation of the 18chestedne can then be
acconpl i shed by standard net hods, such as conversion
to the corresponding 1,3-dithiane, followed by

treatfrent with Raney nickel he 2-begzyl -

2, 6- SPORoO[ 4, 5¢decane t/hus rqﬂgced cdhbe
dlrectNy rylated on the 6- NSI ni trogen or N
convenbedolnto o) i N
6- (tert-butoxycarbonyl)-2, 6- dlazasplro[4 5] decane by H
treatnment with di-tert- butyl di carbonate, foll owed by
hydr alg¥it:i(ib DA T bfomtideafi) BHa M vati ve can then be

aryl at ¥ bbA!iediiodop E9§?'ﬁ on nitro Simlar chemistry
can Bbx PPSO Naﬁﬂgé@bKW%h%%@Bﬂﬂgﬁﬂnto

t he corrpounds Thus,

reac any4 va |ous N—protected 3-azeti di nones
(the synt heS| S of which is -33 W 2006/ 023630

PCT/ US2005/ 029371 described by Lall, et al., J. Og.
Chem 67: 1536 (2002) and Marchand, et al.,

Het erocycl es 49: 149 (1998)) with

2-nmet hyl - 2- (2-am noet hyl ) - 1, 3-di oxol ane, followed by
deoxygenation (as descri be ove), W Il pro t he

cor r espordf AP Fé)glnglag W, ?rﬁ‘?é’s 5i Y §g§1 Wgﬁ‘a"ﬁepossess the
(Formula 1, wherein u=1, v=1, w0, and x=4 The
conpPetdidzaspiro[# §idepang core Wm@r eAvrpe prspared aﬁ%}m&mhimsthod of
possess the 1, 8- diazaspiro[4.5]decane core which can

be [Ciblpgeeal., Fercbett HATARIS (200 p ELUE, conpearidilngyailatde {-henzyl-3-
teachings reported by Wttekind et al., J. Het. Chem

9: 1pyfrdBdiR)ne can pe tracted wdth&-mthﬁ@-ﬁZehnﬁaoM)-hé—dioxolane (Islam.
converted to the 4-nitropiperidine. Subsequent M chael

addighil ®aphadi, ThCRA Sbe. 3¢5V (1859) irf Ainacadipdutar Mainichwedtion. The
by reductl on of the nitro group with Raney 10 ni ckel, '

pr O\ﬁr&ﬁét el Ub@ZAI Y12, Fil GiRsd8hirol4,8[lReanI b, can then be

| actam can be reduced mnth an appropriate redu0|ng

age r}l&dﬁoggg@@ﬁe kdebu M&@M&thh}?yxﬂ{»h@ Soid. gﬁk&:ﬁéﬁﬂu&yof the

r eno ro éc g group, to provi

opti.opal | t| tut .g% .
Ar y KSR e, ?*H’S? st AR kb EiRGS 0n o the
et ro]::(()n(’jrgspgr? C ' I1 ge thlane flolli]owed by treatment with Raney nickel. The 2-benzy1-

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
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15 Scheme 7 0 0 NO2 1) LDAAy AlH 1) NH OH
et%crylate 1 N2) [-PG Li4 3 H 2)[01 2) 2 PG PG N

e conpounds of Fornula 1, wherein
ggﬁ&@%{? possess the 2, 8- diazaspiro[4.5] dggglgtseiﬁg%?msn

whi ch can be prepared accordl ng to Schenme 8. According

20 tdRsofidbd ByiBall eaahis Cheh \67: {336200AS bl B@ichdRD& al.,
(1977§ Sm&tjhaet al rm? NBd. Chemr&1993772 (01996)

Elli I R "Mﬁgl' 4. & 35,1

(19 gg%%rosjclegh% tlg?:t(e 21? 4m%9p% (S %‘rﬁno 3 é)e Bﬂ dioxolane, followed
PCT/ US2005/ 0 eri.do e

4- pl % coXyEC a?mn gaﬁ éie%gg Iaf:bogc \gﬁ@@f)@.}ceg}?a %p%gdﬁug plto@e%ted 2,5-
ol ef}j, atLo Subsequent ael d|t| on.w th

ani GG TatREs ﬁ&nﬂﬁm e € VHeHT PO ¢ he

nitro group and spontaneous cycljization w th Raney

ni ckel | EP%WW stquogpg}@écwggem u=v=2, w=0, and x=3, possess the 1,8-
2, 8-di azasI%l ro[ 4. 5] decan-3 -one. Treatnment of the

pr otdéazespifold, HdSauh eorawhich efrbeairepacetracgording tapetiemg 7. According
reduci ng agent, such as |ithium al um num hydri de,

f ol ltothe deablyingseneported byTWitteking etotl e £ tilatgClgrm 8111 (W@yladne@ected 4-

the 2, 8-di azaspiro[4.5]decane. Arylation can be

ac c pifetitladeadn becaiveial to ihd 4-pigepiptisdifg SubsequeitMidBael addition

described herein. Scheme 8 O COP NO2 CO2Et 1) RaNi,

H2  Nithtdthy? heridale Hbr Wdnlplg) fHd3NTDy r&RSEon0f the M group with Raney
nickel, provides the 1,8-diazaspiro[4.5]decan-2-one. This lactam can be reduced with
an appropriate reducing agent, such as lithium aluminum hydride, followed by
removal of the protecting group, to provide the optionally substituted 1,8-

diazaspiro[4.5]decane. Arylation on either nitrogen can be accomplished using

methods described herein.

Scheme 7
NO, 1) LDA -
1) NH,OH ethyl acrylate 1) LiAlH,
Elﬁ 2; (o1 ﬁj 2) RaNi 2) [-PG] N—y
)
PG

I—=

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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N 6N N PG PG PG| 10 The conpounds of Formula 1,

wherein u=2, v=1, w=4 and x=0, possess the

%(ﬁiﬂﬁ‘ééﬁ?&ﬁp' ro[5.5]decane core and can be prepafeflosnosn
according to the procedures utilized for the

anal ogous 1, 7-di azaspiro[ 4. 4] nonanes by substituting

pi pesipdridond @n besb@rerttdto the Spipeddiaglidene acktit ecidadterwed Wittig

the procedure reported in Zhu et al., J. Og. Chem

58: Bdterinafid:® S s&RBntGicBAP hdaiesh willtbthd Bfiof eMpatnesa followed by

Formula 1 wherein u=3, v=1, w=1l and x=3, possess the

y ml%&{ciﬁs&gf fe ﬁm@i(ﬁ%%?g @%@5&&@&%@& 8 RadR%i &R provides

s
be prepared accor proCedures reported in

Y Pl ol Bz
O S WEST i N N T

3,9-di azaspiro[ 5. 5] undecane core and,c repare
accdPliewgl Bygempyabe @ap&eqhe%s&wg@r?‘ﬂd%%@%ggﬂpaaﬁ%folﬁldecane-
Het. Chem 1:125 (1964), US patent 3,282,947, -35 WD .
200 6A0kE 6 canre PressaliyBydmodther nitgegen using ihe methedgdegriped herein.
(1965). Single enantionmer conpounds of the present
i nvention can be nade by vari 84%M&%t hods. One net hod,
well known to those skilled in the art of organic
synthesis, involves re€OjHtion usi . |
sal ts.||Conpounds of tlje present invexqtiion 5 cynfagi,n
basi Kt rogatig at ons-and @b, b&act
crystall | ne—satts. | Var|ous—actds, dar bgxyli c—and—»
sul f Of are comersjal |y avail abl e™y
enantibuerically pure form Exanpl es Jincl ude
tartaric, dibenzoyl - B%d di-p-toluoylfﬁrtaric, and
canphorsul foni ¢ aci ds. Wien any one of these or other
single enantioner acids is reacted with a racemc
am ne ba di astere ric.salfs. re . L '

isfgng?%o S ﬁﬁg)er@ atls’whér%g u—%%——ll “)24?8& k-—o(ﬂ %Lss&& the

crystalli= subsequent” _
e e RN R cLe e Sardd oS BT hdoEdures

utilized for the analogous 1,7-diazaspiro[4.4]nonanes by substituting pipecolinate

Ir—-=

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 u=3, v=1, w=1 and x=3, possess the
symmetrical 2,8-diazaspiro[5.5Jundecane 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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Anot her neans of separation of involves conversion of

the enantioneric mxture into diastereoneric am des

%0&19{/ at es, using a chiral acid or chlorgf-QrRBlE.g37
us, eén racemc

7-(3-pyridyl)-1,7-diazaspiro[4. 4] nonane is 15 coupl ed

W t horlyﬁ/;egr@keppg@gxmponyl )-S-proline, using di phenyl

chl orophosphate, and the protecting group renoved

(with tr '§ﬂéﬂ@5&ﬂﬁ&hé&oﬂﬁab@d‘s of i€ fpf‘é%@rﬁllﬁ\}eﬁgon can be made by various

di astereoneric proline amdes o
7 3 d d

( &XB& 36:% F@)anrﬁdblnglg E;EAM %lé‘csgléﬂjg&ﬁtﬁa 015 ?ga?ﬁ@sghﬁesls
then transfo

oyr YRR itk ?»aét %mzef%%g% ngépmgs of he present inveation

degradation. 20 Selectiv hesi s
enarftoRBHhasicogFPesP sioms émg&/éﬁwa?t .Wgwea&ldfafio %‘\’i‘gt"%@gmﬁ ﬁe}!ﬁn

to those skilled in the art. Such nmethods will vary

t he Variows seiflsy carbeydic peg subiopist 410 comparcilly erilagie Ay mtl?reencally
rings varies. For instance, for the syntheses in

whi cure foema Ekgrhples iopludé tagtanie, dibengoybiand diap-taleoyltartariceand

to formthe diazaspiro system (such as described for

t he chmphetisalfomiqrcids] W Hehnopn amesofalyast erthert sivggleadnkiyticatdr acids is

of proline 25 can be carried out in a stereospecific
manNN@soted WitBa ra0®hid Q8SneB464) dRStetdMSAc SIS @dsuldCHractiohdl WO

2006/ 023630 PCT/ US2005/ 029371 by Beck et al., Og.

Sy nt staZlgzatléﬁ)-oi( Ok, 2 sxﬁ@?ueﬁf‘fig%fdmﬁ dBthe BYdak, @bdults in
(and references therern) can be used to

conté'n%ﬁol‘n%%c%sgﬁﬁgﬁq e,ptry of the alkylation step.

When enantionerically pure praline est er (comercially

avai |l abl e, frrom Al dri.c

acer ol sl b of B Beel ik f?l?%ﬁf it Bfhnsomert

also a 5 single enantio ariet ectr, h|Ies

e an B B SR YT F SRR, SRR Ry ﬁ?@ pr

hal i des, whi ch _have been useful in_assenbli ng iro

sy steiasofpanate. s Bus oVhaagaAss el dd3-Byridiel. frdiagasrirol 4 Ranepgis

Genin and Johnson, J. Aner. Chen?. Soc. 114: 8778

( 1992yple@with dedershitorycribanyl sy ereine, usneriphesyehlomrhesphate, and

Formula 2, wherein u=1, vim w=0, x=0, y=2 and z=2,

pos shsproteliing group removed (with trifluoroacetic acid), the resulting diastereomeric

spiro[ 1- azabi cycl o[ 2. 2. 1] hept ane- 7, 3' - pyrrol i di ne]

cor eréli@ agddesE 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)-‘l ,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 synthesesin
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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prepared according to Schenme 9. The ani on of ethyl
nitroacetate, fornmed in the presence of an am ne
Qﬂ?ﬁmw@ﬁ& be condensed with tetrahydropyran- %CQHﬁmm 029371
usi ng € procedure reported in Fornicola et ?

Og. Chem 63:3528 (1998). Sinultaneous 15 reductlon

of thieRstklef 4., Dr-oUPnANI: 6D §1BIBPbI Wk SR G&dbmdsySyinfers : 33 (1999)

hydrogenatl on conditions provides the

o e"’{ 2R AR AcR! ﬂ’l@ﬂeﬂﬁ carfd kd toT&hﬁolm&HMeﬁfkﬁfg BEthe a].kylatlon

ed wth hydrobromc acid to afford a di bromd

afzabf 1l %"z‘inéé‘ﬁ%e%?%’e&%&’@g?‘ﬁ%%? (dofifitoikfly aﬁ’agg%‘%fefﬂ?‘ Aldrich)
? hetlé?ﬁ s St e 18 z’orﬂlﬂﬂ%ﬁ’%ﬁeég%%%?@% Sriof S0 o

conpound is then depr.ofona h l1ithiu
i SR uawalefy@afefe@ao es %Pi’ﬁaéqdla RePlhptiaRs
nitroethylene to give the ethyl aza-7-(2-
ni t rigelpdipg vl dglidesvphich have dprcivefilinasierbkipe sitieo, systems related to
Reduction of the nitro group with Raney nickel,
f ol | compduinls of fepresemduentgrGenia eidlohnsoinf .6 rddert Glem. Soc. 114
spirolactam Treatnent of the lactamw th [ithium
al ung7remdegyri de affords the spiro[1 25
azabi cycl o[ 2. 2. 1] heptane-7, 3" -pyrrolidine], which is
subsequerBridg ts;,hatmﬂggyst&,hga -37 WD 2006/ 023630
PCT/U82005/0293 1 pyrrolidine nitrogen to produce

conmpoundsryg fcoﬁl QP%ula@/ %Eﬂeﬁlrh—l Sehe W&ngégogl@andg—2
11 /N H2N O "

possess the spiro[1 -azab1cyclo[2.2.1]heptane—7,3 ’-pyrrohdme] core and can be

prepared according to Scheme 9. The anion of ethyl nitroacetate, formed in the

- presence 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
prov1;des 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[Z.Z.1]heptane—7—carboxy1ic acid. Treatment of the acid with ethanol
and sulfuric acid provides the ethyl azabicyclo[2.2.1Theptane-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[2.2.1Theptane-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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1)HBr CO2Et 2) NH3 1) LDA, nitroethylene 3) EtOH, H+
2) RaNi, Hz N 3) LIAIH4A N 5 The conpounds of Fornul a

=1, v=2, w=1l, x=0, y=l and z=2,
g%% %@?% 1- azablcyclo[z 2. 1] hept ane-2, 3' pyrroﬁgg‘ﬁgﬂ)%‘71
ring systemand can be prepared accordlng to Schene
10. PS&G SoFHiRs it n.
Al |Cﬁ§lﬁ§ %Ltog) @ee?%ﬁﬁug{irahydﬁ%ﬁrlgﬁa?gn be
achi eved through nmesyl ati on and subsequent treatnent
with lithiumbrom de. The reaction of ethyl glycinate
with 10 benzophenone im negpraypdes ethyl
3-aza- 4, 4- di phenyl - but - 3- enoate whi ch serves to both
protect the am ne and activate the nethyl ene carbon
toward al kylation. Al kyl&iog of this imne can be o
per f orgred, according to t t hod of Hansen, J ,g.
Chem J63:775 (1998), by geprotooating with potass o\
tert buljoxi de mpemreacting with the ..
3- (brompnet-hytet+ahydr of @f an. Deprotecttomunder
aci di @conditigl¥ 15 gi veslghe desired
2- ani no- 3- (t et rawydr of Iran-QS-yI) propi oni c ester.
Ring opening of the tetrahydrofuran can be achieved
by treatment with hydrobromc acid to aff d the

di bronbam no acid int erme q.:tte whi ch, heati ng
under basic cormi tions, yc? izes to the
e-

O

1- azabi cycl o[ 2 E:?H ho] hep 2”@2&"‘;}‘6%&5% c ac{d. This
acid iscan 630

PCTIU82005/029371 con er ed to t he et hyl

et hanol and sul furic acid. Alkylation iscan then
performed by deprotonation with Iithium

di i sopropyl am de and_reaction with nit | ene
Subseque GP%B@{“%%H £ Frooy PﬁhF’ieB“brloﬁ_ % G¥ribgnd 72,

ni ckel, followed by |actam zation_ by nethods knomn t

t hososseks the emrq[haqu@yalp& 2.fihortane- 3 -tygoldipg] ring system and can be
azabi cycl o[ 2. 2. 1] hept ane- 2, 3' -pyrrol i di ne]-2' - one.

Tr e atregerstdl avbortling 1o Schenm i Convdrsiomoftatraiiydrefures3-ylmethanol
hydri de, gives the desired

spi r@{ldrcay ld-dyahahah)tdfdhedtofimen @pde-achigved dhroughmegsylation and
whi ch is subsequently arylated on the pyrrolidine

Ni t r RB&Gudn® trddti@nt with lithium bromide. The reaction of ethyl glycinate with

usi ng

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)tettahydrofuran. 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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conpounds of the present invention. Schene 10 0 1).
Et3N O 2) Liar fOH Br NH NvCO2Et H2N CO Et

inate KOtBu, "A" YZ 1) HBr 2) NH4
g‘%vﬂt""‘%%gl\l 2) UANH H2 G\ NO2 LDA, CI—|ZCHI\IOO;Cl}J/USk‘iE|5 P71
Et 2 COZEt 10 The conpounds of Fornula 2, wherein u=l

» V=ZonWtdd tohe ethyl-edtefl i Eﬂlanollaﬁéssﬁﬁlsictabiﬂ. Alkylation iscan then
spirof 1- azabicyc o[ 2. 2. 2] octane-2, 3" -pyrrolidine] core

and Ca0RA bh gﬁ‘afoﬁgnon' WigttitRRR@ifsopropilh@idetafd tdadionf with
the correspon ng splro [1- azablcyclo 2. 2. 1] hept ane-

d
AL RS SRR B Bt o

PCT/ U 71 r at ed

Wi‘%%wa?mim i@ﬁ@%&%ﬂf?&f‘es’%% Hrdinghe it giyes oo spirol 1
d| scussed [ ousl
1- az’%%hl%‘yl?[)ﬁ% ’fﬂwn f@ﬁ‘é’?émﬁa% t?&%y?%??‘@m*rﬂ%the lactam with
requi site 4- brom)mat hyl)tetrahydropyran ca ,
pr e pihiveg aam@mhﬁ@l%@ﬁ? @ dhepired Sl azagwyd%?g’glﬂeptw'z 3"
al., T. Am Chem Soc. 72:5512 (1950), Thomas, et al.
J. Piyaoliding], Whigh isvbiequenty 26/ iatedi @by Parrlidine niFgeemtgive
Soc. 115:8401 (1993). Ethyl
qui rgmpowtids f the passér kyveatian. i scan t hen depr ot onated
with [ithiumdiisopropylam de and

Scheme 10
1). MsCl, Et;N
© 2) LiBr o
' ——
Q/OH Br
IIA'I
O NH U O N-_-COFE H,N._COEt
ethyl glycinate KOtBu, "A"
e 3
g l o
1) HBr
2) NH,OH
3) EtOH, H+
1) RaNi, H,
N 2) LIAH N NO,  LDA,CH,CHNO,
N -
| COEt CO,Et

The compounds of Formula 2, wherein v=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

-39-



10

15

reacted wth nitroethyl ene. Subsequent treatnent with
Raney nickel gives directly the spirolactam

[ icyclo[2.2. 2] octane-2, 3" -pyrrolidi =2 -
ae%@&%ggﬁgtlon of the nitro group foll owed E§£M§NN§ME%H
spont aneous cyclization. This |actamiscan then

r eduggétated Goid (U tbrdrhéhiéttynatk ROy ai b lthe Geocturpy divdusiRd

. the desired spiro[1l

aza %r&)f&lsﬁl r dhyl lo&taﬁi@fc‘létﬂ 3. ljﬁ%[aﬁn@bldafb@ﬂdate"\hhg Féqhﬁlte 4-

then arylated on the pyrrolidine nitrogen. Schene

o ngﬁ’gﬁﬂ MPY%&Q’@" bl fgbhetl apcbyding o OB foppd in
B Bt Ak 2, b G012 03 36O R TR G BT

rnate Synthetjc Methods The c
o oduigETesIAg o4 KIPPhEp b ofbom Aot Staaepy 0pb Bk
pal | adi um cat al yzed coupl i ng protocol described above
can qénugkidipe -Zmr%oxsﬁ%tﬁ isqerethen dopsaienated witholithjum difpeprppylamide and
of organic synthesis will recognize that one or nore
of trhasted with nitroethylene. Subsequent treatment with Raney nickel gives directly the

spirolactam, spiro[azabicyclo[2.2.2]octane-2,3"-pyrrolidine]-2'-one, by reduction of
the nitro group followed by spontaneous cyclization. This lactam iscan then reduced
with lithium aluminum hydride to provide the desired spiro[1-

azabicyclo[2.2.2]octane-2,3'-pyrrolidine], which is then arylated on the pyrrolidine

nitrogen.
Scheme 11
o o
1). MsCl, Et;N
2) LiBr
HO Br
IIAII
N CO,Et HN CO,Et
O NH ethyl glycinate g KOtBu, "A" 2 2

_—

5 o o

1) RaNi, H,
N 2) LIAIH, n NO,  LDA, CH,CHNO,

NH

CO,Et CO,Et
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5 nitrogen containing rings can be fornmed by any one
of many common am ne syntheses. Thus, an aryl am ne
cted with a protected cyclic am ne
. : CT/US2005/029371
er.“@"Z‘P?@@ (see schene 12), which contains thvo
reactive electrophiles, to generate an N

aryl di azagpirhfte §9RHONIetiibasar i ety of el ectrophiles
participate in such chemstry (e.g., halides and

sul f onat gg, \é&IﬂR&H{&L EORJY drbduceld mm?&eth@hsd %Yeg&ﬁives to the

\éi a red_uct Ive 10 am nati‘on, esters and ot her aci
rZ&L%a@%%ﬁ%?caf%iy%%ﬁ%éé%&%@;@%&‘ﬂedo%@%r“égé/é@%‘%’f?- Forgstance,
S O ith E) O0OFE Q. EA_E.=
gkﬂzgf%\%@rué‘ﬁfl\ltgg% \éféléﬁq% %)ﬁg}%if ’Qﬂgﬁﬂ)gﬁﬁ%ﬁe &y, more of the

requi site bis-el ectophiles c% be synt hesi zed by nman

di vaHERSRSPHEgNS rings Fadyhedomne %ygﬂzﬂ ofe mlmﬁyr?ewarag%év

such internediates (in reaction wth benzylamne or
ammoivhthyses. PEtsy anearylaminegan be rpactey with eperiecteigyclogpine derivative
(1993) and Berkowitz, et al., J. Og. Chem 60: 1233

( 19959e solpdrie Y23 pulxith ¢dmnénimd thvplresctivmel edtroghidgsi torgsneyhte an N-

N-acyl a- am noesters. These al kyl ati ons al so can be

us e thr§loiazByins besposndf ANatiety bfielactaphilespaiRipatnp cudhthemistry
Thus, dianion of commercially available (Acros) ethyl

2- pY(e/pQ hhlRe ndsulfoflates ¥R R IGHOiR3 ABPaBSaTchl, WERAMEEL 029 3duktive
carboxyl ate can be al kylated with ethyl bronpacetate

10 OeNELRh Sesfld WA otier acid derivatives via acyl substitution, followed by
(car boet hoxynet hyl ) - 2- pyrrol i done-5-car boxyl ate. The

sec lsyo ring can be forned by reacting ethyl
5-(§§§g§§phoxynethyl)-2-pyrro|idone-5-carboxy|ate W th
an arylam ne. The resulting

2-aryl -2, 6-diazspiro[ 4. 4] nonane-1, 3, 7-tri one can be

reduced Scheme 12
PG N
u .
Q l}l reagents 0 é,\,
R o]
QY +  ANH, (vary with E) C]‘) { ]
E /Q" Ar/N_Q
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, etal., .
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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5 with di borane to give

7-aryl -1, 7-di azaspi ro[ 4. 4] nonane. Dependi ng on the
Wabussnh, the aryl group, the order of the syntbsbdiResn
steps Can be changed. Likew se, it can be necessary

to incorporate protection/deprotection steps into

par tch®bkyiste 6B kraiSlatdd witllethyldsrbrabatetate tapstieats etayl 5ar e

avai l abl e for use in the approach outlined in Schene

12. (J:d?bc?bﬁ@k%&ﬂyﬁ-@gﬁ%wfﬂ&w&?a@ﬂ @'he second spiro ring can be
am nopyrimdi nes, 3-am noi soxazole 10 is comercially

2k )3, L PRSHASD sty v
cor PELs A AR ERSLS SRRl R P O b e
o B Pestiet e ol o Shongie. SR RE nace of

aromatic rings include 3-am noi sothi azol e, gﬁﬂe ..

acc sherrrggreup. s iorden af the sysglietic steps aag begapecdglakewisy jtcan be
(1965), and 4-am noi sot hi azol e, made according to

Av alneepssagy toghcorporgte pro@gtien/deprotedipn stepying) p meghods.
variety of N aryldiazaspiro conpounds of the present

i nvent i on, wida vavistgbr drylempey re gvailapleifer use fni the approdsbroptlined in
het erocycl e, can be produced. M Pharmaceuti cal

Conmsebérhé TN SIn 38difihetocatimgyridisedatciiggrinédisisn3-aaimolzexazole
i ncorporated into pharnmaceutical conpositions and

useds §nhértinty Aa0kle BARKE)I TERSSRdR A mdahEatsyhthetdzing N-

addi ction, or treat or prevent obesity associ ated

1 _ . Cichl e
W I?s&éiebgyl g?aéﬁc} ‘?%OB%&? TRE MoBREE Ylah i Adisox QIO SIn e @Rle by

descri e one-or nore conpounds of

For a or [Or. i .

ol T ERehforeaitag hiod \GlrBRGE e doBEE BRIy Reiter, .
enpl oyed, as ' | XL ures or. as pure .enant i oner

"0 Qi Sl PaoAAA 680 kel B0l AN S AR 3 fembered
whi ch the conmpounds are_adm njstered cgnh va The
CongERIeSi9ES BB - aREIHBI Rt A ads HONgH & g
inliquid formw thin a solvent . such as an_aqueous or
non-Gligeedees 127 4(1965), and 4vpminpisothiagele; padepesqrding to Avalos, et al,,

Preferred conpositions for oral adm nistration
i NClAnd Quint. 172 S9221(3¥16xt Thuscaparieteef, N-enplierspiroppmppends of the

present invention, in which the aryl group is a ﬁve-membered heterocycle, can be
produced.
II1. 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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5 and sol utions, including hard gelatin capsul es and

time-rel ease capsules. Conpositions may be fornul ated
%5 %gse form or in multiple or subunit g?ﬁgmng”l
erre conpositions are in |liquid or sem so

form Conpositions including a liquid

phar nacetthe gainhdt ih Raich tEdokipBindsliedadsiniéRfed cadVarpt Ty
pharmaceutically conpatiblé |iquids or sem solids nay

be UGthositibiis a&‘éﬁrgf%f‘ab?%ﬁ( ikfghbll ABal I’(g gs ﬁiﬂq’?ﬂi fofl8 wiid Ssolvent

wel | own to t |nt

co ”Ps%ét& %4[ QNSLSa0, +0§19a4%§0@ %ghia' §t ‘ﬁﬁtﬁﬁ 2 WbiR daMY bhePlired

eneous
?ﬁ??c&h%@%ﬁ b ot pentfiasioR Bdids s iﬁﬁ%ﬁr bapFfeseaplets, syrups
| nt ravenous admnls tlon is prﬁ{e”e met ho of
i nj e@diseiEt O@UW]&B% Eefalip gaps gIF WP THRSHTRS

known to those of skill in the art, and 15 incl ude 5%
dextGaumpesitionimpy beforgulpted & unitdpsp Fﬂa@pﬁrdpén%w ¢ e whunit doses.
sal ine. The conpounds can also be adm nistered as an

i nf Useferredcompuisiions e in(lquid or semiisalid fpe foinpesitinns dsluging a
emul sion in a pharnmaceutically acceptable [iquid or

m X tliguéd sHarthacguticdRy inert Threief auchnad whiconothen phamaceulieally

adm ni stered usi ng other neans, for exanple,

t r anapaditk hqméﬁorg;emlsuﬁdm%aaetwsamsme fuBedf spet liduidswad Bgnisolids
technology that is commercially 20 available from

NOV bt K Y Rk GPUAB LA @) . For mul at i ons_usef ul

for transdernmal adm nistration are well known to those

ggmsﬁ: :slt glgaeﬁgﬁé H%’Wﬁlﬁon (e. g , %ﬂhe ?tg)r bﬁe mtraveneously,
f‘ﬁé"fg?w%'g*grw  SHER ?@ﬁ%ﬁﬁﬁn B n%eglfas m“ﬂ%a%ez%ﬁ%dﬁ*%?ﬁe“'gﬁy; and
B

i SR KRSV 8 e L ts&pqr%fswr?whocbof

inlotion 25 form; or rectally. Although it

pos Snisption: Suitedle carrisrselor mpretion s SisH doWR & hgserag pkifl gp the art, and
-43 WO 2006/ 023630 : PCTI US2005/ 029371 a bul k active

c herindude, 5% deiteospsaditions,salinepanst phosphateduidiired salsubep Gompounds
the formof a pharmaceutical conposition or

f or mah alsé beradministefdd asiap Mfusiowlorafifectixini (¢g., as a suspension or as an
adm ni stration. Exenplary methods for admi nistering

S uc henfisigOmRGhathdcbutieallypqroeptsb liqad bi@ixtek of liqdds).

artisan. The useful ness of these fornulations may

depend oRpt EgnRekibhCHAPdlso 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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5 conposition used and the particular subject

receiving the treatnent. These fornulations nay
%%@d/ 330 liquid carrier that nay be oily, 9%?/%2?}05/029371
emnu %% or contain certain solvents suit

the node of adm nistration. The conpositions can be

adm abslk et chathRalNit i pefetrsd 10 fpradtnt@agl @ihpdlind in the form of a
conti nuous, constant or controlled rate to a

var mikAfeeskafEdniBikitiof off form@ati® IR bfficikat aﬁid“ekfe@ﬁle %dmunstratmn
nmouse, rat, cat, rabbit, dog, pig, cow, or nonkey),

but adva rﬁ,@&%&ﬁ%ﬂm@ﬁ@fo? iRisRli htcer&?}%‘gfrdml Qgﬁgrent to the

In addition tinme o ay an n

per S{?IY dtag%én t 'Pﬁe \P @?ﬁ:p%esg ?%nintlﬁ{lg% rg!i)l @e@eﬂdson the particular

admi i stéred can vary era

adm ni str, t|on active i edl ents_interac

o st B s e et B 6T Phe e RRR: Thiss
control dopam ne rel] ease,, The conpounds 15 may be

ant agBRw §@@S ey septainaHiguidenies thet mawbe eily, FRNSRRS, Rplsified or
subtypes affecting dopam ne rel ease, as long as the

ef f etonfaincertaincelventa svitshlerie theaepde of admiaisiraiiad. y cont r ol
dopam ne release is at |east an order of magniture

| ess t haiTheltamposities sax §e administegd ifteratiedtly oaftf agraduahe

out (32 receptor. In one enbodi nent, the conpounds are
par téoatinuoaftcagaait 8t sontraliell fateao pamtm-dlooded admal (817, a mammal
permts the conpounds to result in a preferred 20 side

ef f agbh B DhbhsR, fag el Fawsit, ldog, ik, lcoRdragaiked) But adiitageously are
ability of t hese corrpounds to partially 1nhibit the

rel epRtnittbred A2 betng. 88 RERHGH, tné DA I8t da ?aéme n@fbédrlof times
i ndicates that the conpounds can be usefu

Itpte In %ﬁ%l sor’gﬂej’]r?mglc ﬁmg’?%{ﬂm ﬁa léﬁrgs@&bd%q/é{—}hus in

di sor der de subst anc use toba

wei ght gz’ﬂfﬁn ‘Ph ¢ UbgR admrichation: 2‘? GG mgRaeRs iy ﬁragt-"ifEP Riggoter
20061023630 .FJS2005/,029371 Th t.he nds

s CHPHRYAHGTY 5F o oSt contiel SrpRrRreleiog L cprgounds
dependenci es on drugs of abuse including al coho

anpHeayshe antagonipia pthoflytha 0482 subhmg 2ad these btypes affecting
caf f ei ne, cannabi noi ds, cocai ne, hall uci nogens,

- opi actopamine pdlense,\as langiam theafiictivelvanentrativg nebdedtio efftctiwely control

20

25

of eating disorders such as obesity that
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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5 occurs follow ng drug cessation while reducing side
effects associated with the use of psychonotor

[ (agitation, sleeplessness, addict]
giocwﬂﬂ%g conmpounds al so advant ageousl y affggmeﬁgsmgm
functioning of the CNS, in a manner which is designed

t o opti mmkgs, ikecoffphfids ddRPBed RAEE afed RYRANAItOEIOPIOFeating
subtypes that have an effect upon dopam ne rel ease,

whi | 2,848 .s%'?ﬂuésl?)?aﬁfste SehRidR L SGpRtantifles ¥RBiturates,
receptor subtypes. Preferably,” the Conpositions are
admb@hgotd?arzﬁp ne%uga@fe;ngaéanﬁl&oﬁﬂo\@s ¢ {ng,q{aﬁ{@éiﬁoge*l$5 LAGT

I oS whéere dbpam ne pf ctioni1s affe

w t h reg odu ted or
occurs. Th C ounds scri be erein.are ver .

pot e BT B S BP0 L 1 B g PP out o obesity tha
secretion_at very low concentrations, and are, very.

ef f | QoGP Ellewing dsug cespatipn Shie Erdncing Sigh ‘??fsr?éswe‘%d%ﬂ} thf use of

and/ or secretion to an effective degree). In certain

ci r csyiehomatos stimelpets Cagipiinm gleeniessness, Bddictingy &P can be

enpl oyed as part of a pharmaceutical conposition with

ot her coffjheverogounds dsalatyantagqonsly effect the funationing df thg CNS, in a
addi ction, nicotine addiction, and/or obesity. In ‘
addimamer wikclessfdedghedao optimiza tie efitctiupen thosquelemals receptor subtypes
descri bed herein, the pharmaceutical conpositions can

20 ahgBaldvel e vpoh depienind RR%AsE ARNORGRnSiRStha effécts 3pR8 muscle-
or adjuncts. Exenplary pharmaceutically acceptable

cpnng;},e,ggegwggu@ﬂjey_ncts which are enployed in rel evant
ci rcunst ances include anti depressants, anti oxidants,

free-rad bgﬁ%rﬁlgy,g%g @cgh&%% i g?% SdminRERLd SR that kot {hgredients

factors, I CS, eriostati c agents,

I munosuppr.essi ves nti coagul.ant s fferi g S,

L REPRHE S B0 here Sha-ERE I R 1o LEF ot OuROTHE S

25 binders, .anaesthetics, sterojids,.vitamns, mnerals
nd COBPAYKs dFSRed Rereinsireyer npieny g S5iseiine o Rzl productioh shd/or
PCT/ US2005/ 029371 conponents_can provi de additi onal

-t hersaqFelinn a verg HeY Fencenigations, and 41g ¥eryeHicasinet Grfe they wlubit

action of the pharnaceutical conposition, or act

t owalogamipe prodnctiongndiay segrstion tq anl effertine degiePlect s whi ch

can be inposed as a result of adm nistration of the

phar mac e ld éettain cicompiasies,i thecompounds 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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5 The appropri ate dose of the conpound is that anount
effective to prevent occurrence of the synptons of

e dj er or to treat sonme synptonms of th ' %ZI/
&&HW&%%&%E the patient suffers. By "effectivgcgﬁ%%ﬁ &%yn
"therapeutic anount” or "effective dose" is neant

t hat cFRH G s SMiphdGdeddditoRaltthdrapdutit BéhellE attft& Blffect the therapeutic
phar macol ogi cal’ or therapeutic effects, thus

resul &b Rge b pﬁﬁ&g@m cHREYRN Qe {o“xafcﬁ%;é«v@ﬁng%ybbﬁnﬁal side

10 di sorder. ective anmpbunt of conmpound IS ah

anou uf.fi,.cient.to S : ' .
par r e aftiohi et B posb? B ARG Sy P plccutica
sites in the brain of the subject and to activate
rel PRSP ot i ni ¢ receptor subtypes (e.g., to
antagoni ze or partially antagonize dopam ne_ .
product i orre#RproBate é«aﬁe@i‘ thepompeng 15 that graquageffagtive to prevent
effective 15 prevention or treatnment of the disorder).
Pr evesstirenge of the Ranpipms pfibe dispelenerrip freajseme pympigras afthp disorder
the onset of the synptons of the disorder. Treatnent
of tfem cibsbrtbepatiest suffersi BySeffattiby ardemt's &thempeutih emount"” or
synptons associated with the di sorder or an
ame| ieffe@tviedosed fis théit thacamern aefficinttid elicythpieirad plarmb®logical
di sorder. Preferably, the effective anmount is
suf f brqh@8eutiOcfflRtsaihis RN R dtRetivegRttlchtiobtlireatment of the
insufficient to cause 20 appreci able side effects. The
ef f egldyg dose can vary, depending upon factors such
as the condition of the patient, the severity of the
synpt ons dj (75 PRAY o) t

off &%eoargpo%ﬁg confidfind 1 &n BB sutcdich Yo FHsd ddfbss the

phar maceut ca osiItion'Is a uman
pati.ent the effective se. .of ical conpounds, .
Gonenatabraindaier o 56 ettt Bindly B Biepn MBS i o of the
amount . 25 sufficient to decrease dopam ne yel ease, but
F ho SHisth A Shestivele SleYARLHFTNES AP RGIONIRG (@ 1o antigonize or
20061023630 PCTI US2005/ 029371 induce effects on, . L
skel ractiglly gpisgonize dopemips merdugtionoang{oy secrebiqnsthesagpulting in effective
degree. The effective dose of conpounds w |l of .
courmgevedtifif enrtroatnagnt pfthe disorden). Prevemtion of hetdisorderidp magifested by
i ncl udes amounts starting where desired therapeutic
ef f eddlagyingdbeionséti af ¢he, symipeones of diogpdisorder. Freathuent ofthe disovderis
secretion is sufficiently | owered) but bel ow the
anoUfiinifested 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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5 where nuscul ar effects are observed. The conpounds,
when enpl oyed in effective anounts in accordance wth

e d described herein, are selective j
%@%?g icotinic receptors, but do not /iRl
significantly activate receptors associated wth
undegisn@ieRcts bl Skedtfionisslefhind £AREL0 0L IERINSarA Hedr&R Sthe effective
greater than those required for suppressing the
rele | : Bl £
et SR8 oPbonhfbulANRHH diRote QLA B [ARREAL bif ir? cenBiél

_ that a particul ar se o compound

B ARG SHRL AR AR R iR WA i o, where
O g gt aion e seraiey s e BeeRap urg Do Beod i amount

ineffective in eliciting activation of certain
gangPheamuseulasetfesis asopsirvedr ecept ors at concentrati on

hi gher than 5 tinmes, preferably higher than 100 15
times, aritherpompoyndsf wheatsimpldved kreeffach smamountiin apagedance with the
than those required for suppression of dopam ne

pr odmethbd desanthddreraig lageasslectivE b sertain sf¢vianti nigotipfc reeeptoss, hut do
conmpounds descri bed herei n agai nst those

ganghdt GighifichntaactiGRefcepisrs aaseians withanleirable side effects at

cardi ovascul ar side effects is denonstrated by a | ack

of t higcéHbialibrslat RhstighRRS (oA MRRY RGSired r Appteéah@the release of
nicotinic function of adrenal chromaffin ti ssue at

con C@cg)taﬁaﬂei of %@eﬂﬁ&%tﬁﬁmﬁ@te{sh #y thid QS Redne il 4 HG@E dose of
suppression of dopam ne production and/or release. For
hu na@onﬁ%%ﬁc? %esctiV% Px&r?*feeggfgt dnfifor ;ﬁg%ﬁx#ﬁir?%ér@incg@'{l,t%coﬁne addiction

conpourtds genera quites

compound [n.an anoynt of at |east, ahout 1  oft at . ..
" eaniidlinsheie Gerimay ook HessisroD b shesibr ssqsthtd Gk gymicotine
24 hr/ patient. The effective, dose generally does .. not
excetdsaipRhit essentially nelipctiygdn elifgingcae E%@HQBB%WW@@%‘HWP?
frequently does not 25 exceed about 300 g/ 24 hr/

pat i ®ipetiniq fgceptss ol concentrafigndigher thep §riings, prpfsrablyrhigher than 100
dose -47 WD 2006/ 023630 PCT/US2005/ 029371 is such '
t hat tithése amomorepreferably hightr thie 1,000 mendiamibosd ngquired for

pl asma of the patient normally does not exceed 500

ng/ nduppueskidn ef@oparhing prbdesion@hd/exriase. TTHis seipctivity offvertain
conmpounds descri bed herein, when enployed in effective
anoUghnfholilds RSB BAEIA aghihdt thdse gamlibaidsypdesepioladsponsible for
herei n, can provi de sone degree of prevention '

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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5 of the progression of CNS disorders, aneliorate
synptoms of CNS disorders, and aneliorate to sone
q&?ﬁ(ﬁﬁ%&Othe recurrence of CNS di sorders. TQ%TR?FW&M%B7I
efrective amounts of those conpounds are typically
bel ow the threshold concentration required to elicit

any g RRhekd: kel @nsdndridf Jreld ompbaid WA ASAASH the patient
effects relating to skeletal nuscle. The conpounds

can e AfMAJek 366kEais0o A/l ShaRRHbdRy Woa IR ic@ed'%ocrgg/mL.
certa?ﬁ %ﬁ% 10 Sésorgers are tregtedyand ce?tain si de
effects ' | Ly, i 3 f )
he compa EGatAALEF iR etin, WiEn ERpEFLd HEARARR dfounts in

P o gggh pAE T Retn s deisped Bt {45 prehiR i defiar g prgrention

provi de undesirabl e side, effegts, Prefer aglgﬁs\}{éhe

conpt thfagospsioamhHCN Ssqisqrdass, gpeliorais Sygatogis sopdsys, and
treating the CNS disorders but less than 1/5, and .

of t emelierste tolseme deares ofithreaurenag of (@S Hiseiderso The gffective amounts
elicit certain side effects to any significant degree.
Mo s tof fhiosé eorafpiupds @ typixally below sheesthreslold congentiatipy ygquired to elicit
concentrations, where nmaxinal effects are observed to-

OCC Uy apprediatie sideéfifacts, fol esdntide thbfeeffests relating to skeletal muscle. The
Concentrations, determ ned as the anount of conpound

per éRlpuikishn bEidyiaRlerddiit & URrapeltiPhiddw ¥n Whiol beltirfCNS
nmeasure of the degree to which that conpound affects

CYT QifdoRferle BEALW A &Rainl-giﬂe lef8dtd Yre ald18eE T TEQAY, HEMREPe dose of

of such conpounds generally requires admniStering

th e.tﬁé’%ﬂgﬁ cﬂes&%p@ gﬁ:{éﬁ:iﬁﬁffﬁ&%ﬁﬁo g Hie %hé'%sﬂf&i Gects tupon the

patien e conpouhds of the presen

i nv ' .are admnistered in.an a n . . .
t har SRS SHBRE L S, Bl aratifif R ket oAy EERpsirable side
about_ 10 kg. of patient., weight, but frequentl .
Dot Vieris et Do s SopBOTRS & A Ay it for reaing
meigﬂt. 25 For conpounds that do not indyce effects on

mus dheCNg disopdersdut Fisg thaw E@ptndrafteness than 1/18gthgemount required to
2006/ 023630 PCT/ U52005/ 029371 concentrations, the

ef f editit vertaitoside ¢ffecisde eny Higmfi@nhdgekeg- of patient wei ght;

and often such conpounds are adm nistered in an

anmount f ot p@ferabdy, teffedtive doteh are ab very ddwy cafcentpéibing where

wei ght. The foregoing effective doses typically

I epres@nil difeat arobsdiied t8d8dun, witled athidamaofsidegifectslose,

or as one or nore doses adm nistered over a 24-hour
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 patier_it 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 patieﬁt weight.

For compounds that do not induce effects on muscle-type nicotinic receptors at low
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5 period. For human patients, the effective dose of
typi cal conpounds generally requires adm nistering

e nd in an anmount of at |east about
g{bﬁogﬁz(g?&gbout 10, and frequently at |east %558{85@5/029371
pg/ 24 hr/ patient. For human patients, the effective

dosechberdtd4Rbitsdthe CHBNRM QS i§ REMNAES ndfliE oTipatié Wweht; BEd often
conpound whi ch general |y does 10 not exceed about 500,

of t et o083 G8achiAROM A QRoufbrf 56 AL &1ek Pg/kg of
not ecxcee%lcmélkgso%té g’%gn%]%} 24 aﬁ(r;%opatl ent . Egn ad%}mig{l)%n,gﬂ(go
the conpasi.ti.o re adv e Ly . 1.0

an PEORT el ol Rho bR picaly PploEh i o
conpound. wi thin . the plasma of the patient .nornal

oo a3 siggls G5B AL tPeEHOtbe R AGIA 4verhig-hour
pg/ mL, and frequently does not exceed 100 pg/nL. Wen

enpl BY¥E i n such a 15 manner, the conpounds are dose
dependent, and, as such, inhibit cytokine production .
and/ or sdtr bupampagisels, herplifesiizeidese of buicelneawarndstgenyially requires
but do not exhibit those inhibiting effects at higher
concaintiniateriogthe cdinpowndipaumdeunt rfitiéast dbohi hioften st least about 10,
effects on dopam ne production and/ or secretion when

enpl aydtbqidhtlaaDenst abduR 2S5 pipfveirhet putiset. Borbumbs patepssihaeffective
to elicit activation to any significant degree of

Ni C0oddsBbEtypRABIPbunds PeqBiitd ARBSisRESOHE 3bBoukdiwhie gerally does
ef fects. ?’{)/ Met Eods ofq%Usi ng the Conpounds and/ or d

Phar fRefidbd st SSUTBR dde@ RSt exdR8 abAITROYMHS ﬁ%@xﬁbn/ﬁ? b6t

o

to treat drug addiction, nicotine addiction and/or

L

adj unct. .t her.a i onbination wth exjsting.therapies ...
7 R 2b ol g i e s B hlrton' s BB P within
PCT/ | TS2005/ 029371 of the_ aforenentioned types of

di sla8 .Iamfo G aicaEramaly G g SPr0) BREL, jofteq goes not exceed
preferable to adm ni ster the active ingredients to in

a neiti@e/ml,and fsayenily deesapt excead 10@@6@%0}5@&? g@ployed in such a
production and/or secretion, while mnimzing effects
upormames ecrompgussisyreedose deplandent, ehd e sydhainhibrtecytokine production
associ ated with nuscle and ganglia. This can be 5

ac c cad/or sdeestioh whien eploget] al davg catebntiativys Bt db oot dxhibit those

~adj usting the dosage such that a

20

25

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/or 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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desired effect is obtained w thout neeting the

threshol d dosage required to achieve significant side

‘géggo%&o%ﬁoThe conmpounds have the ability to %%#2?05/029371
I'n~most circunstances, antagonize or partially

ant agoni ze one or nore nicotinic receptors of the

br aipfhe bfokdhentidfdigdds @PHiséRet andathetdtse 16 QRARItMEIons, it is
rel ease, other than the a4132 receptor, at

con ?feg%gtﬁé fooiaﬁlhﬁgte%ﬁg vk Mrdtehddio i85 RREAY tHa® ohtBhid& é;fects

una ted. As such, such conpounds have the "abilit

to express nicotini . '

Lo G Gl SR S TR A AR B U lrcopcr
constants of typical, conpound eful, in cartyi out

© he Sytmeneh o B et SRRavR yHE Febtien i SRR Ty s 8

of ten exceed_ about 1 nM, 15 ang/f{)egcﬂen,tl&e%ceed b
aboaecomplisher by Fraeqteddipe delivieryfon bL SR the d9pass fugh that a

typi cal conpounds generally are |ess than about 1 M
of t desirgd effect tsbtainad veithout mastioe the thigpheld desagpiaguireg tepchieve
| ess than about 50 nM Receptor binding constants

pr ovigdificant nidasfiedts.of the ability of the conmpound to
bind to half of the relevant receptor sites of certain
brai n cefhecoadpotuids Haad the abilitySe dindGheng in mbstaircymstances,

Bi ochem Pharmacol. 22: 3099 (1973). 20 The conpounds,

Whe Bniegil 2R Y8 PartiMlyedohpehizy 6ncdFabdit Sicanid e@etbi ®dthe brain of the
herein, are selective to certain relevant nicotinic

rec E&feﬂf at RouAO SRR Bidhdel SREH thah th@ &P, Y&Efor, at concentrations
receptors associated wth undesirable side effects. By
this,| t . ' d f

. gff ‘%'%’181¥r§@§4ﬁé%£@ tgglrselélglélk gﬁ%*e%fed. A3GudN ﬂ%g??%g%dg R&Ve the

is e IV S opam ne prod

and/or. rel ease is _.essentially ineffect] ] i CI L

e+ POIpH B RS PSR RERE b PRE 5 RAEE 0 R bt

or o SR S oo eSS BD TR Fomponts trefi 1 camying
PCT/ 1JS2005/ 029371 agai nst those receptors

r es peithe present ivention gprsvallycarresd aBow §- 1l eoffeq exgeed about 1 nM,
denmonstrated by a lack of the ability of those )
conpedificimently exceddahow 19inddtTheireceptanbiniling cerfstanisrad segh typical
chromaffin tissue. The conpounds denonstrate poor

abi kompounds geaeaty hedéss than abaiil diMynficoaref lbssxhanmboutr160 gM, and
nicotinic receptors in cell preparations expressing

MUS GleQuehtl fre Mds§ eHah Bbut 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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acetyl choline receptors. Thus, the conmpounds exhibit

receptor activation constants or ECso values (i.e.,

W fobs35QY1 de a neasure of the concentrati onpaf 162005029371

conmpound needed to activate half of the rel evan

receptor sites of the skeletal nuscle of a patient)

wWhi cégainat thosextaeptoed igspongjble for. cardiowgsa@ddraide kffans Bldembnstrated by a

100 M. Cenerally, typical preferred 10 conpounds

usef latk bfith€abikityiof thobd\@nioasdth abtiRIHiddinicXahdtiéabeadrenal

isotopic rubidiumion flux by less than 10 percent,

of t eghrbiMathiBSisSsubhan 5 percent, of that maximally

provi ded by S(- nicotine. Accordingly, the conpounds

are effecgy j ' : 10N -
e\égm%un%ly H%&ﬁggt@ %gng dabtﬂgf’ ?);T(],eag% 1#{31%9 Hbidi®R ion flux

and/ or rel ease, and can

addi gf | . nicotine addigtion, .. 15 and/.or obesity at . .

o 1 clfngicPeiChecBRo S it el prdihipns pdPGrePE wlfdir bt aopge
elicit .appreciaple gide effects,.as is .
Genirer R Hirohut Tt B COmpetais oHbbresppAcH yion constants or

believed to reflect effects on the cardiovascul ar

systi&rp velpesdt-¢-ehish provided) ragagyre g{ the icancentzafiog 9 pompound needed
adm ni stration of the conpounds provides a therapeutic’

wi ndewctiviatodialieh thetrelexanireaqepterfsitdy efghaskeletal nmwcle nf patien® which
addi ction and/or obesity is effected, and side 20

ef f ewe extwmelyzhigh @led gredtenthan shouh hOGENIE Generallyl ogdcabpreferred
conmpound of the present invention is sufficient to

pr owothpoidie uskisliin eshrylig the pitk&it integtidnestifatORo@PRAGBIMHAm ion flux
production and/or secretion, but is insufficlent

(i . eyless $halqD paicerd, Hiabyete Ul 5l R¥ @Y of BatthANi8® provided by S(-
undesirable side effects. Preferably, the conpounds
resylfi®ihd treatnment of drug addiction, nicotine

addi'cti on and/ or obesity upon adm nistration of |ess

2006/ 023650 Hefp B3 BobAaBaL st e f Poastyills appapne

B B S LR GRS AP P B

provided to illystrate the pr,esetﬂt i nventjon, and .

sho @R Ohdtesifeat CBRLIVP gbepnatietionsthat granet suffrientito chibay

exanples, all parts and 5 percentages are by weight,

un| eBRregighle pigp effect axig dempnstaied hy Jeeweased effestsiopiparations

in
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 pfovide 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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nol e percentages. Several commercially avail able
starting materials are used throughout the foll ow ng

I 3- Bronopyri di ne, 3,5-di bronmopyri di -
@?’%ﬁ%ﬁoﬁ%ﬂi nic acid, 5-bronopyrimdine, and BErrusinsiss
4-penten-2-ol were obtained from Aldrich Chen cal
Conpaeen 1685 thaaNCias HAT anRytitt AEFSEiSntIt 6aus@ adnsideefctd k0B grificant
10 net hyl pyridi ne was purchased from Maybri dge
menaéé?ge. Company Ltd. (R)-(+)- propyl ene oxi de was
obt ai ned from Fl uka Chem cal Conpany, and

) e 5oL PTG 00 o, s
i i.th Mer.ck ,si l.i | 0- 230 h
o uniaid rgfhe ARkt 3k Lo ooty 1d (S5t BntRS B s and

standard, grade, about 150 sh). Pressure reagctions .
wer st by ot pcaie ws et etk natd i aptsd i
nm. capacity), with Ace Thread, and plunger valve

av ai Ml PErcEeges Reyerdl waunareially reehle arting moatprials aypered
typically heated using a high-tenperature silicon oil
bat hhrosglput thefeliawing exampidsed-Bramaenyrdiae c%,S-tibeonenplyrigiae.1H-
The follow ng abbreviations are used in the follow ng
ex arpbmenic@iii Bid, Srbrahbdmriofidine)and GiRaxeR-2fad were obtained from
di chl or onet hane, CH3OH for nethanol, DMF for N, N 20

di meAlayith Ohdwrioal mpanyloflafestdr Synthédinlnc. @6 Ainaioes-brbiio-3-
for tetrahydrofuran, and Et3N for triethylamne. V.

As S 3y §h b RliOw A hedhastl FroaPMal i g ChbhRaCOimMP 481, (10)-(+H)-
bind to rel evant receptor sites was determned 25 in
acc >

Pt AtONGE oflde s QighBE RGN HaS, ARRRL BEp, HetS)0-propyiens

(. e Polbt oy Sy e O] IR PR R Bty s

th t had .of et at j Ph L 22: 3099
15757 e R e S00E CORRT e
0] e €Xa es 1.n 1S a I.catl on S _ |1 ess an ,

i ndi”c?H‘F?lf%r%B]ﬁB%m Iﬁw&a@&@%@%@%@@b RECSSHG Esaptiqny were done

bind tightly to the recegtor. 5 Determ nation of Log P
Val e 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, CH;OH 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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Log P val ues, which have been used to assess the
relative abilities of conpounds to pass across the

= n barrier (Hansch, et al., J. Med. '
W&@gﬁ% lo, were cal cul ated using the Ceri usf@?@ﬁﬂ&é@gm
package Version 3.5 by Ml ecular Sinulations, Inc. 10
Det emhibitédn cdhstadts (B0 paliks) & eRedabaiedPamathei€s valuesseng s method
nmeasured using the techni ques described in U S. Pat.

No. &f GRkhg 2., B chd#H. | PHatmabl 20808RE673)S Fox ik 83SL&bAPDe,3he Ki

percentage of rel ease obtained with a concentration
of (S e : , . . o
o b e G A ah B ) B St o
val ues r esent . 15 .r d tive to
0 Qoﬁﬁ%s c{%%he epr%s%gt I%HQIE b%lg géﬁtbgtgﬁlge rekﬁnlto%.

(S)-(- otin a percen tagoni sm of

dopam ne | ease. cap. al e eval uated using the

assays 0@&%@%@8&*@—%&9@? al ., "Characterization of

ni cotinic receptor nedated [3Hl dopami_ne rel egﬁ,e_ from
synapt osdrRsd Y aeh havs Resrotssd losaseosibgglativy abilities of

Neur ochem 59: 848-856 (1992) and Sol i akov and

Wb nnepsenornds typhss agressstbe Blopd-hrairplopride A auseh,rah 8l Med. Chem. 11: 1
i nvolved in nicotinic receptor-nedi ated [ 3H] dopani ne

r el ed968)), vore cabdulatet usingttlad Cerym%\mf(y@mka'gey ersion 3.5 by Molecular
Neur ochem 67:163-170 (1996). Determ nation of

Rubi shimufations) kel ease Rubi di um rel ease was neasured

usi ng the techni ques described in Bencherif et at,

JPET 279:Detédninatida br DbPRRihe RBRA®RS t ed EC50 val ues are

expressed 1n nM and 25 E. val ues represent the anount

of rubi dipyPah eRL&ATRIndaShBd LY IR ¢ es ®3cti¥ed in U.S. Pat.
2006/ 023630 PCT/ US2005/ 029371 te%ramst hyl anmoni um

i on, N8.r5,§9ﬁ§f§$rﬁlplg§cca?.2§é&§ase Qeetxﬁéegﬁfﬁgg a X rcgﬁta%e of release

Iﬂteractloﬁ W th ecept o ermnhation of

t {0t ' f i

s A PAGhLR oo SRR b THR G oS aTBheie

d i bed. in US Pat. No. 5 5 597,919 Dul | al .
The Trepori FCiaction s RS TR BMG A e 2B RIS 12 simoun

was

released relative to (S)-(-)-nicotine on a pércentage 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 Soiiakov 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 ECsp values are expressed in nM, and
Epax values represent the amount of rubidium ion released relative to 300pM
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determi ned as a percentage of the maxi mal activation

i nduced by (S)-(-)-nicotine. Reported Em val ues

2@;){0?%3% the amount rel eased relative to POTIUS2 05/029371
Icotine on a percentage basis. Detérmna

of Interaction wth Ganglion Receptors 10 The

det efefhhiahjlBmehiuii6n, dhtaferehiagdbAfs. t he compounds with
gangl I onic recept ors was carried out in accordance

W th the phaohnl GUE Sf BESSdibR $AthiMusteRecBAds NO
et al. The m

5,597,919 10 maxi mal actlvatlbn for

i ndi vi duathe%%{g Q,Qtﬂo}xcgfﬁhaei ihte ﬁon ?ﬁ%ﬁ[ﬁ(}ﬂl %sta@%]‘?muscle receptors

percent age o

S)-(-)-nicotjne. . t..th
ot RO e wfe@%%ﬁ%ﬁ% SRR AUSH T NE
SR, T ottt oSS e 2 v

conparing the blndlng of the conpounds to different

r ec efstesmined g5 mperReiAgs of themprsrirpdl gghjvationingpceddy(® he}-pigotine.
Exanpl es The followi ng synthetic exanpl es are provided

t o iRépoged Big valhes rppressohithe ampye meélpased retadive o(S)-()-misotieon a

-y

.,u

‘construed as linmting the scope thereof. In these

exanmkreatagabdsispart s and percentages are by wei ght,

unl ess otherw se noted. Reaction yields are reported
in ol e IedGRIMaE6E of BEerachidn Wkh 204 A&Z&ﬁa&ors

PCT/ US2005/ 029371 Exanple 1 Sanple No. 1 is

7- (13- pyr "I“iﬁéld}t'eﬁmﬁat%n% %%the%ﬂerﬂﬂﬁ@&ﬂﬁpounds with %anghomc

di hydrochl ori de, was prepared according to the
{0l 1:9%ngs &méa% &ra&csm'tﬁé@c@ldrﬂ od ARG TS. Pat. No.
was pr pare accor g’y to the procedutre reported by

5,597,919 to Dull et al. The maximal activation for individual compounds (Epax) was
determined as a percentage of the maximal activation induced by (S)-(-)-nicotine. .
Reported Epqx values represent the amount released relative to (S)-(-)-nicotine on a
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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Ranganat han, et at, J. Org. Chain. 45: 1185 (1980).

Et hyl

@-(g%?ng&get liyl)-1-benzyl pyrrolidine-2-car b%¥h]§£0%5/029371
nde

a‘nitrogen atnosphere, a solution of

diisopropylamne (4.34 g, 6.01 nL, 42.9 nmol) in dry

THE £08hpd) was cooled in an ice bath as
n-butyll'ithium (17.1 nL 10 of 2.5 Min hexane, 42.8

mol ) wa Yis §)8 1 1 h&id 551 BRL i i
and the :Sg?%ﬁﬁg%q&? §?C|6' lrp Ellg%’rlr)\ %?faédg%?’gg&ﬂ% dee g}gga}g'??%r%de’
war ned t o amhi ent t r I ransferred by
cannU 1gh At %re%ares({ ?Crc&gg] stgflﬁtflg%%ﬂ%% tegtﬁﬁ@fets'( S) - N- benzyl

pyrrQlidine-2- carboxylate (10.0 g, 42.9 mol) (Fl uka)
in V“’?fl?é"f?’go m.), held at -78C under nitrogen. The
addition _took 10 mn. After stirring an additional, 30
mn at - Pgeocthyienciasgrcpriedacwafingly dhthGamwoceduseieaeriqdYa
cannula) with a solution of nitroethylene (3.13 g,

42. Rangaathapretdly/. OAE (eer. 431187080 xt ure was t hen
stirred for 1 h at -78C. Saturated agqueous anmmoni um
chl oEihgE2-¢hintdethylwbbenzylpyredidac-2-earbo¥d@e, and t he

m xture was warnmed to anbi ent tenperature and

ext r act edUddbea gitbydn sedphtre, { sblutiod®f diidopropylamirex(#3d@f 601 mL,
were dried (K2CO3) and concentrated by rotary

eV ap. $inhidl)-in GRETIO (JORSLYWA coBiRd R4 ité Bdh Byn-butyllithium (17.1 mL
chr omat ogrgphy on a( Merck silica gel 60 (70-230 nesh)

col Us MALR hekahe, (48] 8 hmBB AR 84&IaIHY sy @bkt ahe ic(e) bath was removed and

Concentration of selected fracti ons gave .0g

(76.,39% V| Lgss Pl i

6 neH S oo Y il el S ammedfo et et and
(2_2( %im?ﬂvﬁ%s%?r%@gx E:a%fu a%%lo sztts{ix%ld s%flutl%iﬁl?)}‘ Ie:thyl (S)-N-benzyl pyrrolidine-2-

benzyl pyrrolidine-2-carho te (6 9 ).in

Do IR e A B ToBaeD) ke 1548y g SRoFh b gh s C bt
PCT/ US2005/ 029371 a hydrogenation bottle. The m xture

was @ﬁ%@énﬁ%ﬁddlt@qio%g‘bmlﬂa Afierstigiag an additianshd) wig a§g78°C, the
psi) in a Parr hydrogenation apparatus, filtered

t hr caghtesolbdibn tes preaded (vinccaswrh@orithy asodutiop ! nigtogthylene (3.13 g,
evaporation. GCMS anal ysis indicated that the

hy dr42cgesnsiol) at dyr THIE (20 mi)s The miixturer wasdhert shiereg farridr at -78°C.

am ne and the lactamresulting 5 fromcyclization of

t he Suiiraied debud Men QG chlofikesolitiohur tasdaéds@pi78%), dnd the

o ujxir;](teure' was warmed to ambient temperature and extracted the ethyl acetate (4 x 30
mL). The extracts were dried (K2CO3) and concentrated by rotary evaporation. The
residﬁe was purified by chromatography on a Merck silica gel 60 (70-230 mesh)
column with 9:1 (v/v) hexane/ethyl acetate. Concentratioﬁ 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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(150 m.). A catalytic anount of p-tol uenesul fonic acid
('30 ng) was added and the m xture was heated at

er a nitrogen atnosphere for 24 h.
é@%%%%gﬁggn of the toluene, the residue (no%#@ﬁ%FPgF?3”
| actam by GCMS) crystallized to give 4.20 g (93.1%

of tamydespehdliohbafile] TRe Atle-wab@haken for 12 h under a hydrogen
1-Benzyl -1, 7-di azaspi ro[ 4. 4] nonane Lithium al unm num

hy dr jiflgsphdre 350 ?si) ﬁ%:ﬁﬁﬁgg%%ewén g%ﬂ?ﬁlsi, B1t&Red i Q128 = Celite pad

unger rgon, to aice cool sol ution of
6- ' i . ) )
17. A RERTRL b NOCRS s QB8 ol i

was ,replaced with a refl.u copndenser, and the m xture .
was TElelian Bogpe e opitine 1 RTERRY sriRen0 0% Rl difieng
to 15 0C and. treated drop-w se (cgution: exotherm..c

r eadf9m® ﬁb;clwtmé IR e SEE TRE TREFBTFOY SKGHef o oluene
hydr ogen_evol ution ceased and the alum nate salts were

gr arféP@mL). Theatalytig pmpent i B-tefpenepul fpnic agida {~30ma@itps added and the
filtered through Celite. The filtrate was dried

( K2 Q@B jurawes liated @ehteflax suder hoixogemyaigroghere o84 194/pert evaporation
vi scous, colorless |iquid.

1- Besfah tolhefe3 thpyresidhel (hovit entirelly dzctempibly 6}CM8] crosialized20 gike 4.20 g
m xture of 1-benzyl-1,7-di azaspiro[ 4. 4] nonane (2.00 g,

9. 2Go3my) bf taid soltdt @PoIBRLisdiaye (1.38 g, 8.73 mol),
potassiumtert-butoxide (2.50 g, 22.3 mmmol),

Br%}%ﬂ%ﬂiﬁl&gﬁ%@ﬁg@@ymggpal | adi um(0) (0.318 g,

bi s( di pheayl ahasaRi Aok 11i-di .

I Rt

ELZ?%%ZP%%%%%“‘?QB%? ﬁ%)%‘é%ﬁi?%ﬁ%iéz5%?%%210%‘%{9@&%-ﬁ&%’e (4.00
vater. (£0 s -56 WO . .

o0 654880 bierUaBRyAIEBLE T agien Rt e ER e e mith o eftux

with ethyl acetate (6 x 25 nL). The extracts were
dr i eqndenpercand)themixtes wag Reatesk ak seflugdpr Adh- cHiegni fug Wagspled to
of the residue on Merck silica gel 60 .S7Q- 230 nmesh),
wi t H°6 and (reated) droprivdved cantinn: e ethemeic regatien) withd 0V egigopsgodium
of light brown oil, after concentration of selected
f r adtyiorEle ubtilhyi®eRly evaligtion-cégséd didithe sivimingtelsalty wereggnanular. The
di hydrochl ori de - '

mixture was stirred 1 h at 0°C and filtered through Celite. The filtrate was dried

(K2CO3) 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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Aqueous hydrochloric acid (0.5 nL of 12 M and 10%

pal | adi um on carbon (0.100 g) were added to a

sol ution of 1-benzyl-7-(3-pyridyl)-1,7-

gfloazgg%o&?ﬁrzg[ 4. 4] nonane (1.0 g, 3.41 mmol) in Rt hEHGy/ 029371

(30 nL). The m xture was shaken under a hydrogen

at sQEEY) athle @RtrARPRER LHE
fo?qgﬁag%%ﬁ; an thﬁdli I)Ntltgr%éhgl ff)cﬁgageu(gﬁ( éel i'te. Thté filtrate

tI:E :ﬁr 0 ?63 r apﬁ&g\'gmp%ﬁ\?xég%gﬁ ?ﬁé?%g%gﬁta b @8@;‘%@% 8* mg"k silica
1: . .
l“t i & W@ﬁgﬂbﬁsﬁcwﬂt@o@% ﬁn)‘*hlg%#fan‘éaﬁstgﬁ% 81T G o020 orl
6 93. 89 | ,
Efoi%é& PiL RSO TREOROP IR TS o rnl | of thig

material was treated with aqueous hydrochloric acid (2
L) .7-Gryridet.7dinzaspireld dinonaps dibydxpchlopidoed by

repeated treatnent with small vol unmes of ethanol (- 5

m) and rsmerus hydrapidorie acih(0.5Tmb of &2 WDtand d0%malleivg on carbon

recrystallized fromhot isopropanol to give 360 ngy

( 88.(AAP0 gf wére nddeddan a solysornd sl -benxyp(3epyRid@xipte 2 is

1-(3-pyridyl)-1, 7-di aza- spi ro[ 4. 4] nonane

di hygsaimops.4]denaneii.¢ B, 3.20mwas) ipirfandd3@miyr Thawgidae was

the follow ng techni ques: tert-Butyl

6 beRzeh uidd a%&%@&PéMEﬁre@ (B@ PANR-adaBrHyaOR¥h Ao a%paratus for 24

-t butyl di carbonate . 6.64 nmmol) was ad

gbaiﬁlﬁ'f%feg'fmg m%'h:elﬁg ”FP[A ﬁli!r v&b @&f&ﬁi'drté?{lf& A]aﬁ}pa@{;&atmn and

and tri et yI am ne

5 il g oSt P iR i@f%%‘%%@ 50 B
P57 Gy E%@y%%%%%%“a%%ﬂn%%ﬁé@@%g piorm il et uaton o slected

extracted with chl orof orm( The extracts
wer diaghonsgeaROGER L 33 %) e%ﬂ&fé’H% i@&%glby‘\ PB‘F’QNJ’(O mg, 1.48

evaporation. The residue was col um chromat ographed on
ﬁfmllé The water

give 1.85 g (97.49% of viscous, <colorless oil, after
C oncestapatiopicallyf remlvebbse@péateddxeamt with smali vcﬂutny$ of ethanol (~'5
2, 6-di azaspi ro[ 4. 4] nonane- 2- car boxyl ate

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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A solution of t-butyl

6- benzyl - 2, 6 di azaspi ro[ 4. 4] nonane- 2- car boxyl ate (1.70
in methanol (30 nL) was m xed W

gV(ﬁ%adl um on carbon (50 ny). The m xture was SEJS%&{R)Z%H

under a hydrogen at nosphere (50 psi) in a Parr

hy dr 0 panatdxaictedwitli eilosfdrr(4& 25 mild Thielekiegoestwédrh daedK,COs)

Celite. The filtrate was 10 concentrated by rotary

evapgidabhciirabdibiotly ¥apbafivd. [ Bl reBiie wds@BMliniichiom&ogtaphed on

of viscous, light brown oil (>100%, which was of
suf fMchﬁ@fth E£1'6b¥7d QSOblﬁeéllﬁ ee‘ﬁltin thlﬁll,eto %M@ﬁ@ﬂg B 49%) of viscous,
reaction. tert- (3-pyri di azaspiro

[4 4%11&1%‘3@51? aﬁfr ﬁﬁ%% o%to ée&lecgﬁ'é&ﬁgnff tert-butyl

I azas onane- 2-car e (1.00 g, -4.4

pot I DN AeE B lu® T o)

500 bt ol ne e 0 815 e

1' - bi napht hyl (0.158 g, 0.254 nnol) and dr tolue e

(25 &/ rmagl) puaetb@noil %Oanb}\@wed vith 40%maladiggn gg garbon (50
The m xture was stirred and heated at 180C (bath

t enpeglatlhe @)ixtigrwsd shaken ainde alhydrogdhatmosnhprer(5@ psi) insA Rarr

i ndicated that very 20 little conversion had taken

pl adedroAesation agbacdtay fged hand flteredthrorghCelite. (The filteate was
first, of all reagents except the tert-butyl

2, 6-gdhechaaRil bpldarg LRPORAMon ndRIER xh@ltRatiisht, dehsg 1125 g of
pressure tube and the tube was returned to the bath

for aaehd ‘ﬁ%ht%ng\wn S8 @1009: | vt Rhof shiticlehEpurRRfd BelRed in the

seemed t0 have occurred, so a third charge of reagents

eating (at 180C) was continued for a
t hi rsa %aﬁe g{éb??% Water (20 nL) was added 25 and the

The ST e Cp RSP hilail b BiEh Ehgatipute ™)

PCT/ U82005/ 2937 d d.
chr omat ogt O %teft t’&% @S%SQ}?P &g%aelt%e léoxykgqnaé)@ g ~44

(70-230 rresh) with 6:4 (vliv chI oroforrﬂacetone ave
150 TgoPs I-arppopyridipg @ﬁ@%@ mgRqD), pefpgsEim e 28 109
of selected fractions. . o

1- ( 3wmghi tdg(dibenzylideticacetons) dirsfladingpt) (& A%S g, 0.169 mmol), 2,2’

di hydrochloride 5 A solution of tert-butyl

6- ( Digfgfiphehylphephtirodtl A -biyplitb§l40.45hg 62 id-@mol) alvbdrylteltene (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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- condasft (P8 gy VY hmmol e digsolved g &

(100 ng, 0.330 mmol ) in dichloronethane (5 nL) was

rapidly stirred with 1 nL of 12 M hydrochloric acid
tenperature for |h, during which

&‘o@g@%&gm xture becane nDnophaS| c. The th%SEJB?/OZ”n

dichloronethane was evaporated, and the residue was

di ss@,0ed) dnd cordeBifraté® OdiimA BErofRRBraphy ONEE Yestdds bk Ml silica

9) wth potassium 10 carbonate. The m xture was

sat uga6 ¢r0M John SR Wﬁ{'@{@ cHferd i/ 5etdnB 581 34 dlan (~11%) of

chloroform (4 x 10 nl) extracts were drie

(K2 q@% bf%% o0 gff& %Bﬁc%é@gﬁn OE Eélgcttedbélac bgtary

evapor at | on an Ut Bat nent . The

Vi sc . whi.c esul t % pure by GCVS

and Wi ‘8“'@&%‘#@”&%’%44 oélﬁﬂf)ﬁg‘yg?*ﬁ’r' free base

(40 ny, 0 nnnl)mas dissglved in 10 draops, of

hydr ochl c‘f sutigrgf ¢ WYIE(WQVD%dI%“éHN%ﬁ]n&ﬁ?qesfz‘carbo"ylate
renoved by repeated treatnment with small vol unmes of

et haA8¢ mg( 0.83Gwmop i dichloemethans fombd Wentapifihestitied withj lrgL of 12
solid was recrystallized from hot isopropanol to give

40 i hydohlotd adid afentbiant tempstagire fof ith, duripg WhisB)time the biphasic
Exanple 3 Sanple 3 is

1- mehixpire Bechiie monophakip- The' didhlarasthane vds dlaporatedeand the residue
whi ch was 20 prepared according to the foll ow ng

t echidsqlisslved in water (53 mL) and made strongly basic (pH 9) with potassium

1- Met hyl - 7-(3-pyridyl)-1, 7-di azaspi r o[ 4. 4] nonane

7-( %a%bh&t@y e thixfurtl @< SeRhic® Mﬂfb]ﬂiﬁﬁ%ﬁﬁmﬁé %d@qtra&e& %mh

mol ) was dissolved in 98A)formc aci d

F encHIAONIG L do iy HOGRALERR SR @“% a%dT %%ceﬂ%fated firstby
d 2
S oo STt SRR TR g e

H 9- 630, PCTI US 102937 )
S %&?ew“ﬁy%ﬁéﬂoﬁwm@mo mai?%% Aterglp oftis e
chl grof orm extracts were dried ér@ fo‘) filtered and

ps elol2aihydrgchiorigrgpid  The
the desired conpound (93.6% as a light brown |iquid.
Ex arfffte was 8zagiapitallysengved by repeated treatment with small volumes of
1- met hyl - 7- (5- et hoxy- 3-pyridyl)-1, 7-di azaspi ro[ 4. 4] non
ane ethaholdh 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 agueous sodium bicarbonate to pH 9-10 and
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was prepared according to the follow ng techni ques:
5- br ono- 3- et hoxypyri dine Under a nitrogen atnosphere,

j 60 g, 200 mml) was added to abso
WQ%Z&?&OO m.) at 0-5C, and the stirring mk§%1%82005/029371
allowed to warmto 10 anbi ent tenperature over 18 h.

To t higraties WithicABreFoiUi x0T MR STha ¢8@Bindd Shloroform extracts were dried
di bronopyridine (31.5 g, 133 nmol ), foll owed by DV

( 100 rEDs,), TitEredhnd é&@en‘ﬁ@t%d oR 8B RhpofHor tt)‘%ffofhs_’» d]nn%gﬂﬁe

browh ‘m xture was cool ed, poured |nto wat er

Zmer ei%@g V\ggée/tc? ggﬁ(gﬁ%‘grg%%(m)fﬁgrggﬂbgﬂgd

concgn mn:i\egd by rotary evaporation. Purification by
vacuu J:b distillation afforded 22.85 g (85.0% of an

OI l see 8@9’5”’@?6% ﬁé-%egylmy%?%éq@md@%&g dli%ﬂésﬂ%[gé@@ﬂm which

1 Benzyl - 7- ( 5- et hox Xrldyl) 1, 7-di azaspiro[ 4. 4] non
ane VasgEepaRd afcordlégé)ztag& lowjng teghaisigsie (500.0 ng, 2.4
mmol ) was dissolved in dry toluene (15 nL) in a 50 nL
roudﬁbbﬂnwﬁmmmhmskmbq0|pped with a magnetic stirring

20 bar. N trogen was bubbl ed through the solution in a

sl ow st r @anter amitrbpem atthdspheérnGodinin i Gore, 28Gmadit)erhs added to

3- brono- 5- et hoxypyridine (513.8 ng, 2.55 mmol),

pot agbsolutdettandl(10DubD)dt @6°Cﬂﬁﬁ9h@stﬁﬂng Bixdtre WP hllowed to warm to
rac-2, 2' - bi s(di phenyl phosphi no)-1, 1" - bi napht hyl 86. 4

Ny, dhbiht BMIeran@BBver 18 h. To the resultlr? solutlon was added 3,5-
tris(di benzyli deneacetone)dipalla urr(O (63.6 ny,

0. Ofinbﬁiﬁ%;?rbdv%\{%ig gCPﬁHh&H 36 Dedb) Wé«#‘fﬁl tmﬂﬁ&me was

Ni t rogen scont |

e Um0 e A B8 co0
oo PR ERtFReT ALY SOEREN R SRR el it

sodi um bi carbonate (10 nl), and extract ed with

© chl dNasXimiitared, a@émﬂsyfrat%‘év TOBRLFYReerafiony driricetiqnibygiegrum

15

20

25

were dried (Na2SO4), filtered, and concentrated by
r ot akisfillatienrdfosdadaa- 8@ (85-0%) ekardeih bp $8:99° Cﬂ@r$mmﬁg(1ﬂrbp

by col um chromat ogr aphy, 5 using net hanol /chl orof orm
( 2: 981°Gratv)mmdig, bee K| Clake, et glaVeCherb Sog 1885 (1960))esi r ed

_ 1-Behzyl-7—(5-ethoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonine
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 stirting
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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conpound as a light brown viscous liquid (69% .
7- (5- Et hoxy-3-pyridyl)-1,7-di azaspi ro[ 4. 4] nonane To a

‘}'%ng%ﬁ’%“@f (5- et hoxy- 3-pyri dyl ) - 1, 7- di azaspi FSP4SAPHBR"

ane (540 ng, 1.6 nnDI) in ethanol (25 nL) in a

233%%2"5?5 ettt RS LS mﬁgq%%‘*fgﬁ“%%ﬁg‘%“ssme“ded n
spm%eéfaglw&ﬂn % g@%ﬂéﬁ%ﬁ@ oAb U ORER (25

thro h it ndthefl ter

o hanDr 128 soiBined Hatic Sl @%@éﬁereﬂow gncentrated
eva oratlon andtheresnduevva sified

sat (PAPeR eé(alafg?ﬂ@ %G*PE}?H%’F E’éﬁ%j’ﬁﬁgéat{%%% FP\A‘IB“”Q chiggyafography,
sodi um chl ori de was 15 added, and the m xture

was Uusieg F%lta@elfwlctrﬁfoasn (9% 6D a8 the cluenipesne ) S4af the desired

conbined chloroformextracts were dried (Na2SO4),
fil tcompourad adightlanwn aiseeisthiguidd6hy evaporation to
afford 360.7 ng of the desired conpound as a |ight

br oWwh(SVEthooy+3-pyridgi41¢7-didZaspirdy4.4]nonane
1- Met hyl - 7- (5- et hoxy-3-pyridyl)-1, 7-di azaspiro

[ 4. 4] nongee saﬂlti&_@ of1-5érzk - T-(DethOty3-baidydfE 1,7-diazaspiro[4.4]nonane
7-(5- ethoxy -pyridyl)-1, 7-di azaspi r o[ 4. 4] nonane

(36Qs 16 thndBiYth kethiafol 379 mBFHHSOMSssH@IbdtleQhs Alided trated
fooiefrd deByde ta ) ol 425 AN Sl idileOfhs d (2 e

nmL
UNOGHc1th LG peattifin'sXBfalsOB (O}, 0% HPSHBBPHef OThe solution
HTIIE8 peattifar )

refi ux rea m’Xture was coo

room t erat | asifie

cauds SHEH S0l OEQ%%%%%S ey Q“h %glﬁgxt??a%?%m%’ed by
chl or of or The c d.chl

oxt HiEHcD J@P@g‘%ﬁ% Sofihs S35 ek ot whate g ctiaga et rme

2006/ 023630 PCT/ US2005/ 029371, concentrated hy rotar

evaoiventivss rerBovef Py Fojary eYIPSERtiQR. e SigTerivruras.basfrd withs

di stilled using a Kugel rohr apparatus éerm 180C) to

gi véatyrajedraguéqug pedivn gmbe@atatoadi 8-9y Sejid ¢@ipgn ﬁlg,londe (2 g) was

89.3%. Exanple 55 Sanple 5 is

1- matded] and-th&mtteneovey eStrgeyediveth ghldtofperi(4xz 26 pily) oTHe ddnrhined

e ihloroform extracts were dried (N ast4), 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 exiracted with chloroform (4 x

15mL). The combined chloroform extracts were dried (Na;SOy), filtered and
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whi ch was prepared according to the follow ng

t echni ques: 3-Brono-5- phenoxypyri di ne Sodi um hydri de
80%in mneral oil, 45.0 nmol) wa

%2%?/(%?62’& solution of phenol (4.26 g, 45.3 m&gﬁlﬁ%&gm

DMF (30 mL) at OC, under 10 nitrogen. The m xture was

stirg POt R sﬁhb&{@a&ﬁfdé’m@s § bRANnafuid. tiihisSwds-
di brgﬁn%’ﬁ@%tf% nea!r? § g, 16.9 mmol) gﬁd heatielll(lal1 at 100C

for d43%11? us af(ﬁge‘f,ghlogﬁ)lp &12{51% YRSCLBYRE Jer 1 @Qﬂe?m-colored

erature, xture of water
and 5M IumSErL oxi de (10 m.), and extract ed W th
et hé?’ru %/) The conbi ned ether extracts were
dried ( 2S5M), filtered, and rotary evaporated to a
pal EX88PIE | ow seni - sol i d (4.9 g). This was
chr omat ogr aphed on silica gel nm ith
hexane/ e hﬂypleéd%l'éftf‘éllyé'ﬁ'r(éTPBF‘EﬂXW(@mﬂylg)l T %asgg)[‘gﬂﬁfqgmn@
to give 2.86 g (68%yield) of a colorless oil.
1- Bevhigh was;(r@a{cﬁ@nwgmstqoﬁ;w falewjngitechnifugs aspi r o[ 4. 4] no
nane 1-Benzyl-1,7-diazaspiro[4.4]nonane (500.0 ng,
2.43nﬁtdn)o-5\@hemﬁxspp}idiﬂel in 20 dry toluene (15 nmL) in
a 50 nL round bottom flask equi pped with a magnetic
sti rri ngsb@ium Hyiido@ss gefs0tLihblinealtdily 4510 mndipwas added to a
solution in a slow stream To the stirring solution

was sﬁﬂgdagahﬁmgro?fmenéf @NRNDAY B Yirhél) ﬁmm%ﬁo S180°2; &fder
, potassium tert-butoxide (1039.0 ng,

:T: rﬁtﬁc{gﬁ Tl%é’glél b %Qgﬁ%g%ﬂo%ﬁ’éﬁ%%} ¢ for 31; ':e.ated with 3,5-
o' 08 ‘*%‘g‘%n bimir 0 2 ot PR R out ik Wy 188 fiBon

Nitrogen flow was -62 WO 2006/ 023630

PCT/misRer0s#020ted 1o rogmstemReraiNTre BOESRI Aumpture R Water (100 mL)
seal ed and heated at 90C for 8 h. The reaction was
coolaed Shirmediviehydetxider (i 0 wes, aod wsivastedyyithy efker(§ x 60 mL). The

evaporation. The resulting residue was suspended in
sat wombiadd aifjeretracts welicuitiel (Naf Oonfitteed, 50d rrtyry qyegorated to a pale
extracted with chloroform (4 x 25 nL). The conbi ned
or ggeiiew senhirsolid 64.9\8). €Tt waxckh¢dxa Gdphed bn hisilicege €200 g) column

concentrated by rotary evaporation to a thick dark
mas %1&%&1GY@§/1 Raskdtd/b1R6koR¥m (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 stirring
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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col utm chr omat ogr aphy, usi ng net hanol / chl or of or m
(2:98, v/v) as the eluent, to afford 0.70 g of the
npound as a Ilght brown vi scous |i
S‘&giﬂrg%jm&{%? (5- Phenoxy- 3-pyridyl)-1, 7-di azasgﬁrglsf%.yﬂ””l
nonane To a sol ution of

| -b eH‘i§6@ntu¥ueﬁ§m@ t}f%riﬁmw%s Meli dNd heated 4t 0°BZBSPH! PhélreddidA was

nane . in et hanol (25 m) in a
EQZ??M% a?%%@f? %@f‘”a?%g"?%ﬁ?%%%% SfREsioc mé gt Rfduo was
;I'gre %1%' el'lntdI in s%tgfagef g{alléoeu\%gé’l gnelrblcar Pl%te (ﬂfmm/e%doe&gact&famth

rennve Fation

thro e fi cake was was

et hattgroRss (s e THE gk vttt egoedes eév?%{ﬁa?M
evaporation, and the residue was basjified wth

sat ufilisred conserigiied yoetapnevsPerai e athick dark ppags. 9Th1‘sw§ pyrified by
sodiumchloride (2 g0 was added, and the solution was

ext r epbursrichubmhtogtaplay, osing methanol/chipraform (288 viybastheeyent, to

chl oroformextracts were dried (Na2S®™), filtered and
concaffitrd 6178 @ of herdesizad\compuagicasatligbtbrown afstarsdiqudq73rG%).

of the desired conmpound as a |ight brown viscous

| i qUT-5-Phéhdxy BlpyridyBOL,7-diazaspiro[4.4Inonane

1- Met hyl - 7- (5- phenoxy- 3- pyr i dyI) 1, 7-di azaspiro[ 4. 4] no
nane To arsst ddhition@f $Bettyl-005Dhenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5- phenoxy 3-pyri dyli)ﬂy'll g?l azagplpryg[i)ﬂ nonanpe 441

(420 GP@ mﬁyl 4¢ M%x eiﬂangﬂ(% 5‘%9%?@%‘8}6%&%8%&(1%1 cr?{c):entrated

for adde formc acid

und eﬁc{‘ fr%]%gaglg Pearyll%ae:({ f (gdg C#s? gl;éﬂ{%ig%%d% X\Qéarﬂcﬁ?‘sﬁ %&S.oThe solution

refl Ux ure was coo
t t f 5 t ed
cooe B S et L S e

wi t h_chl or of or -63_ WD 2006/ 023630
pCT/ s szm%n ihtealasldﬁlm filter qakeupsifyated Ve ShasebfhmL). The
extracts were dried (Na2SO4), filtered and
con c@h@nbwwemyqu&yapmamﬂtm &l theregidpewas basified ayith
brown viscous liquid. This was distilled usi
Kugedatusdted agqupeusavdism(tieanhonai@dCpH18e. gfokid sadium@?omidb € g) was
creamcolored syrup (400 ng, 90.9 %9. 5
1- Medddyd, -ardd (hs-splingarowys Scqagted oyth chlbroforeh @zeXpml) The combined
[ 4. 4] nonane di hydrochl ori de

chloroform extracts were dried (Na,SOy), 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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1- Met hyl - 7- (5- phenoxy- 3-pyridyl ) -1, 7-di azaspi ro[ 4. 4] no
nane (200 ng, 0.65 mpl) was dissolved in

ed HO (1 nlL) and sonicated for 5
‘&ng&%k@;d and water were renoved by repeat g%f}usz-g&‘?umsn
azeotropi c evaporation with small portions of

et haysahL). ArHRabAbMEH Li¥oER ditiri@s walkideied @0, SOEfiBGtd shd
was di ssolved in the 10 m ni mum anount of absol ute

eth adaﬁéen&at%d %)ma@ B¢hpbli&Bn &F 4Hfd &\@&1@&9\%& VIEAR 104148 This was

until the solution becane opaque. Cooling in the

refr r
or yS({ %ﬂe@hé\]{# ﬁ%&efrogp%ﬁ) aggggﬁglm&%@gmﬁQig€§ggale cream. colored
dried i oven to yield 210 ng (85.4 % of
puréwﬂ?R @} ﬁ#%g%be salt, mp. 180-191 C. Exanple 6
15 Sa '

(131%4»11 agxﬁypbgb?’fm-nwaéﬂbilEv%s%f@'r‘zl‘*ﬁwa ﬂslyér@hlqslde
yrrolldlne di hydr ochl ori de, which was prepar
accor di nd-MethylE(Sphenewy-hrgyidybhhi-disgaspirol4. 4]n0nane (200 mg, 0.65
( 3- oxol anyl ) net hyl net hanesul fonate To a stirring
sol munob) wa$ dig®lvedah eongbntratad 3@l (1-ml) ap@ Borgcatedlafer Frmin. ) The
and triethylamne (34.37 nmL, 245 mml) in dry
di chxcasoatd hahweatéAbére rnjovad b fepuatetbazeot?dpid\vapdmiaplath emall
was added dropw se net hanesul fonyl chloride (18.94 ni,
245 parmding of dildol. eAphle §BlldW sdlidrvaas\Wbtainlll Thesblidwais Aisgdlved in the
after warmng to roomtenperature, then a saturated

SOl yhih @i bmMNHHEERL OB tHHrb1 Qlliﬂsmﬁfj 48 HRA SthbNRasHASddrBp-wise

stared for another 30 min. The biphasic m xture was
SorchaLSF g Bl 0Lt LAUSH AP AR e
25 m— an %{érﬁé%g;ovb}ﬂ f’m%ltg G Oh ORI ane e?({r)l%& $5a vacuum

vvere a’nd concentra

232%&%&?@?@ 8@*% DL YRR iR bty 191°C.

met hanesul fonate (99 % as a light brown I|qU| d.
3- ( BamBlet hyl ) oxol ane To a stirring sol ution of
(3-oxol anyl') met hyl met hanesul fonate (42.16 g, 239.5 5
mol) in Sdlnpleécei’dﬁ@ypéﬂbsnmilmmda%ﬁ uaapmma 3'-pyrrolidine]
br oni de (101.7 g, 1198 mol).

dihydrochloride, which was prepared according to the following tecbmques

(3-oxolanyl)methyl methanesulfonate

Toa 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 NaHCOs (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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The reaction m xture was heated to reflux for 3 h,
then it was cooled and the solvent renpved by rotary
n. The residue was dissolved in waty

; &ﬁ% gxtracted wi t h di chl oronet hane (2 x fggﬁﬁﬁngyn
The conbi ned extracts were dried (Na2SO4), filtered
and ewpaetior @tgieb 42y 6rd By x clumpaliyl aretafesaftbitel(98 %) as a light
light brown 10 liquid. It was distilled at 70C and | mm
of presaligeid o give 33.00 g (86.77 % of 3-
(bromonet hyl ) oxol ane as a colorless |iquid. Methyl

3- azf(HromdihdthAb4baEt - 3-enoate To a stirring sol ution
of nethyl glycine ester hydrochloride (17.49 g, 139

ten n'lp)er at o ﬁ%@%’g’hﬁ%@a oLtk Bheliol S R (4233%1 239.5
for %a‘ of BB Ao e SR Xoﬁ#l@?e 3% £ h1dd o,

precj ated: Water (2 d and the ] ayers
vver e %?&18{‘ EHX“EPH‘@SE‘F %6‘3’?‘8&/@3%& et 3138 aoaked aﬁld the solvent
saturated Na2CCB8 solution (2 x 20 nL) and brine (20

nlL) .rempeeddiygatntevepgraionylhe gesidug wag fissalred)in waper (200gelL) and
and concentrated by rotary evaporation to give -35 g
of eextragtedkwith dighlopandthameni2 5 ¥9QmIL).9086 qeubinedientract @@ wried
yield. This was taken on to the next reaction wthout
f ur t(hegS(ayilferedand concedtidtdiyHy rotary evaporation to afford a light brown

3- (3-oxol anyl ) - 2-am nopropanoate To a stirring
sol Uiguih Iowasdéthiel aB70rzamd 1 Amdbfrenie tdbive 33.00 ?@8@77 %) of 3-
(23.00 g, 90 nmmol) under N2 in dry DVF (25 ni) and

t ol ysren gqggiolmsdsza@gg,gle@ arsi um tert- 25 butoxide
(10. 20 g, in one portion. The reaction

m Xtyg WO 2006/ 023630
PCTI U%%E%%?%az@gﬁmn‘??ﬁu&m agﬁged color fromyellow

to dark sol u of . 3-

(bromo matrrﬁ %1%%9] kgg%\éw? ié‘mgtﬂy ﬁ‘f?oﬁsﬁer g%drﬁbll-‘m(!f él 7n4_% & 139

and dry.to 2 via cannul a over

perl X%fn %%ﬁﬁ?g W@}‘%’é}%ﬁ “Q%ng%ﬂiéo%?ng’ﬁaf‘}r%ﬂa‘f lded

it onal 16 h at_anbi ent t e({rrger ature. Then, IN

%(P%G%‘/ 0085 {3 mineDin gnespqriiert t Therresption mixutgyens stirred

|t was stlrred for another 30 mn. The m xture was

ext Aercdddy dygingwhich time ammonium chloride precipitated. Water (20 mL) was

added and the layers were separated. The organic layer was washed with saturated
Na;CO; solution (2 x 20 mL) and briﬁe (20 mL). The organic layer was dried
(NazS0,), 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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ethyl acetate (3 x 50 nL). The aqueous | ayer was
basified with solid K2C03 to pH 8-9, then saturated

j i.d NaC and extracted with ethyl ace
g&%ﬁé&k&ﬁﬁe conbi ned et hyl acetate extract stp\%grﬁ]gg(ﬂjSh”n
dried (K2C33), filtered and concentrated by rotary

ev apl‘ﬁ!r@’iticﬁﬂlgIE@ cElbVBoHBEI to dark reddish-brown. Then, a solution of 3-
3- (3-oxol anyl ) - 2- am nopropanoate (10 g, 59.37 %9 10

as y .
1 R Y g (7 B 20, mmoD SR RME (2001 gl g fluene (20 L)
3-(3- | | ).- 2- ami.n . . 3. 44 des:

wes Brandg iy bub@PREsaRaarsh fuf. itefiion iyl Piskrimed for
aqueous, .HBr ( nL) . was added and t Lon .\was

ot vaRdionp R habrpiAE e Ahahd NUAGH HE Bl 3R pngpd to the
and heated at 110-120 C for 8 15 h. The_ reaction was .
t herFepasion BuxtHFrRng favas SHirerhtos anqthgs 3P ship ebhegixirowes qyfracted with
round bottomflask with 20 nL of water. The excess

aci cethid scataert’ e 80 m).ldeanyeoutlpggorasbrefied witlypalid kpC&y/ip pH 8-9,
solid brown mass. Then 30% aqueous amoni um hydroxi de

( 150ther atwiated with eolidiNaCl@nd metracted withethyl ecetats (4ve5Q wd).dthe
gentle reflux for 4 h. The solvent was renoved by

I ot agoynbéned [ethyhidetate dxragts werealried (RYC Q) filiered whd cdncérerted by

20 was di ssolved in absolute ethanol (50 ni).

Conce by %ﬁ&aﬁ@ﬁ@%ﬁelﬂetﬁfﬂ-h—(@%ioﬂﬂﬁ?@anﬂﬁ&ﬂ;rdﬂ%ﬁoaﬁ@dlotgl, §9137 %)
was refluxed for h. The contents were cooled in an

i ce RathowRghid.t hen basified with concentrated NaHOCO3
solution to pH 8-9 and extracted with chloroform (4 x

(TR AR AHR?, "

Cuoe - ot Sl Ry M B B gt
i qui 4 g, 68, 259 -6 0 02363 .

e oclob s saa TR fBede MING R aneiaan] b spton was

of ethyl 1-azabicyclo[2.2.1]heptane-2- car boxa/l ate,

Et hysaturated with HBr gas. The tube was sealed carefully and heated at 110°-120"C for 8
l-aza-2-(nitroethyl)bicycl o] 2. 2. 1] hept ane- 2- car boxyl at

e Lik Ahereachidnswgsribgmdoaleil ded {he Baytenigisansiasted ted 23 mpaound
fromdiisopropylamne 5 (2.078g, 20.53mmmpl) and

N- b otbini flaklk with 26 n1eflwat&0 Th exwerd dcid wasdemoTddby(r2aryni.)

>

evaporation to give a semi solid brown mass. Then 30% aqueous ammonium
hydroxide (150 mL) was added at 0°C and the mixttﬁe 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>S04 (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 NaHCO; solution to pH 8-9 and extracted with
chloroform (4 x 40mL). The combined chloroform extracts were dried (K2COs),
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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under an N2 atnosphere. To a stirring solution of a

m xture of the exo and endo isonmers of ethyl

- | o[ 2. 2. 1] hept ane- 2- car boxyl at e (2
W‘%%%%g@ry THE (35 nl) at -78C under ?ZQ’US%’%’&%’"
was added via cannula the LDA solution over a period

of 1bixmire of the exd awiGihie Boflexstof EylBazabickelo@d. flbsptaie-2-
additional 40 10 minutes. Then a solution of

ni tr@edorylagne (1.45 g, 20.53 mml) in dry THE (20 ni)
was added dropw se via cannula to the reaction m xture

oY EdyPE 5&@9—(&Holé%gbﬁaﬁlgea1ﬂg .,gttah lehthdkPlatd D at

~the reaction addi ng a saturated
oxtract 2&%‘?41@43#%%@%%2%5% ! P%blfedné'i‘)"%%usopmwlmme
evaé@ﬁg 2 &q t er §qf§‘§ngf%§’?“ @’Fﬂ'@%éém % yﬁ%?j@f (20 mL)

(86% pure). _as a I| ght. brown i qui d, .whjch t aken, o

to tHderfad at@?@ae% Fﬁ&&fl%ﬁ?ﬂ@?ﬂﬁiﬁ@%wgg?glﬁ exo and endo
2'"HSpiro . )

[ az dbivesre Pyl 2-azphieyslofhd 1 heptanerdrcpbprdata (2.678, dpd9 mmol) in dry
Et hyl

1- aZBHR (3oL )y a0 e7$7¢ uniderdyoitwpsphere Was egdednda @ngele By 4 solution
e (3.82 g, 86% pure, 15.78 nmmol) was dissolved in

et haovet a p&riddrf ) 5 imin. &'hl yehethgemndityrs was kiivtdd for anfaddRidnal 40

catal ytic anmount of Raney nickel was added and the

m XthinhetedaShentoRELE Of AiGobiAEeRI@ A8 ]gy 30.53 @incPn @5} TION (2 mL)
Parr apparatus for 16 h. The catal yst was renoved by

fil tmtau@éa dr v@ik’é?ﬁa Rarfrilalth ﬁleelaéeaoﬁﬁﬁt%%@ada Iyuxfob of 15 min.
thanol (20 nL). A catalytic anmount ny)

-t OAARRESIG Y %yg?hﬁd‘ﬁ%i%ﬁﬁﬁ%?ﬁg%&@ bﬁ/eaﬁﬁﬁxgggaturated
ol 1iagmtt kpBltm AL AL, i el e e A e 25

(10 vy - h NaC d 67 WO 2006 023630
ém/f{rﬁ’@% BT O3S, T iag Coretiried BPLFGTGPIRLOR & 2y 3.82 g of

. The conbined chloroformextracts were dried
( Kz@ﬂ«}emﬁd Progct (Boanprrekasadight brow ligyidy Whish yas taken on to the next

evaporation to give a |ight brown solid. It was

pur isteperithoyt wohermurifeationat ogr aphy, usi ng

McOH: CHC13: NHACOH (9:1:0.01, v/v) as the eluent, to

af f 'H-spirdzgbityddef@.2dfheptane-2,3'-pyrrolidin}-2'-one

2' H spiro[azabi cycl o[ 2. 2. 1] heptane-2,3'- 5

pyrrol i dibfiyl 2 azoDEniasethyl i QRIN Z.0/1 fHepns RlchBotytatp (3.82 g, 86%

98C)p.ure, 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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Spi ro[ 1- azabi cycl o[ 2. 2. 1] heptane-2, 3" -pyrrolidine] To
a solution of

! ' azabi cycl o[ 2. 2. 1] hept ane- 2, 3' - pyrr gl di.nlz 2
-&’6#83‘9‘1(25‘%0 g, 6.02 nmol) in dry THE (20 nl) gg?%@bs’&”"
under N2 at nosphere was added |ithium alum num

hy dr &3@c1ed ¢1th RBlorckdrm/ (A RAY hLNThelddmbiHed bR f¥@Bextracts were dried
refluxed for 24 10 h. The reaction m xture was cool ed

in i C@?} Bita2d o (ﬂ&)@ %‘ﬁg{%ib %&%rgtal piRsicR WEde a li %‘?&;?‘n solid.

hydr de was quenc the  dropw se additron o

e qff@ﬂﬁﬁgowl% o
by h%aaas;hee%gd“ SERIZRY sl Bl PR A ke .-

of spiro[ | -azabicyclo[2.2,.1]he tane .- pyrrolidine]
as PEOlgnI-@see 48 crepprolpredspl é%P 580
1'-(3-Pyridyl)-spiro[ 1- azablcyclo .2. 1] heptane-2,3'-p

yrr o‘Spim[lr@]zalticsz%d eptange,3'pywrolidined of

spi ro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 2, 3' - pyrrol i di ne]

(300 ngy, Tb. %luﬁmmlfi'li-@tbfaaaiﬁwtd[ﬁﬂd&ep@xldrflﬁgpy@hﬂ@]-fl'-one
nnrol), tris(dibenzylideneacetone)di palladi un{0)

( 54. @00y, 6.02 dohel) ey THF(2CmL) &' 0°C@nder N, atmosphere was added

bi s(di phenyl phosphi no) -1, 1' - bi napht hyl (74.22 ny,

0. 13#hmiNmBne BaHas@4 v Mgl €7.Y mnkll axithem{ 068 wis Pllluxed for 24
5.96 mmol) in dry toluene (20 nmL) was heated in a

sealpdre4bftioh hﬂftﬂl%%a‘é‘c&&e@ﬁﬂ@@bﬁl@ﬁn@theﬁgﬁ‘erf(% m®) Yras added.

The reaction was cooled to OC and the contents

tr a”éic%s Srgmgeowgs qt]?tgrgérﬂ)?d ég tes r%%ée%tﬂgﬁ%# I\/]_Qﬁurg)?xl ofRAbH.

was renov tion an e resi adue was

d d | ut 25 (10

a'nﬁsﬁiﬁvﬁ%%‘in%&aw??lwa# ST By e py toR aiSudt oo
hi f 6/ 023630 PCT/ US2005/ 029371

gxt e it s driscale Scé«%céseredﬁnfi Cancgpral cham%ﬂiap%re%rl to

rotarx evaporation to give a dark col ored Sy

Th| <igld 80Qymgiof sritpl bpzabisyeli?-% Hibentereod? yrolidipe]; aﬁ@ Ghlorless
McOH: CHCI 3: NHACH (8:2:0.01, v/v) as the eluent, to

af f diquid380.43%)( 79. 099 of 1 -

(3-pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane-2, 3' - pyrr

-~ ol dI'-F(ﬁ}PyﬂﬂyH—sbirgl’lt-azhbmyﬂoB;@xl]hepﬁnaﬁz,ﬁ(apynrolhimé] dilggirochloride

20

25

free base (200 ng) was converted to a hydrochloride
sal t, whighia® 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 NaHCO;
(10 mL) and extracted with chloroform (4 x 15mL). The combined chloroform
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crystallized fromisopropanol and ethanol to yield 200
mg (76% of a light browmm solid, (mp. 232-236C).

Sanmple 7 is
%%@-’02?%%xy- 3-pyridyl)-Spiro[1-azabicycl of 2_1)5?"/5{?2}%)0656({2%371
ne-2,3" - 10 pyrrolidine], which was prepared according

10 theadiolkRWHRE (KRN feRA and trated by rotary evaporation to give a
1 -(5- [aEt hoxy- 3- py(/rl dy?]) - spi rag[ i?na(\:g%\bai ecycyl o[arzy.ez. %]r?}eopl)lt ag1

0o aatc SRUEA Gl T4 wis et b olugn shromatography using

2 e N QEL B UL ) B e SR ARy 330 me 6198 of 1~

mmol ), rag-2,2"- ) , 1 .

bi s ((érpéfﬂgﬁ%rf%ﬁ?&'ﬁﬁb}?wl?ﬁ%?ﬂ]hiﬂt??ﬁﬁ% Tyrokidine] g a lighthygyvn syrup.

mml%, pot assi um tert-butoxide 15 (147 , 1.2 mml), .

and 4 ppritignst the Sep basg §300 rar)rveas convergd top l%%r%mlﬂe salts Fhiph was

toluene (5 nL) was placed in a seal ed tube under argon

and sl fonTisqprabaiot and pianol tield 208cag GA7ats bgksibean

to OC and the contents transferred to a 100nL round

bot tsotd, (fl.p282°-2B6&C)s 0l vent was renoved by rotary

evaporation and the residue was dissolved in a

sat uEsatptk Bol ution of NaHCO8 (10 ml) and extracted

with chloroform (4 x 20 15nL). The conbi ned chl orof orm

extract s sumbR 70k i 6@-diiox5PBpyridl) shies| 8 Azabichclo[2.2. 1 Jheptane-2,3'-

concentrated by rotary éevaporation to give a dark

col : Ui R i e
R@?gﬁ%ﬁg bﬁl}}mﬁ a$ Rf’é@&e@ %cbfdﬁr%:o e foﬁ@s!vﬁi@‘?e_ch.ualie’s.

chr usi hg” McOH CHCT3: NHACOH (872: v/ v)

. BTFE sedmBA B, sy pryotidinel

2 Aok B e S o

|1 S . . . . . '

1' - (mmeb disgibengyilepasgione)dippliadivQ)y Qine, 408 mmal). 11%&ht
ane-2,3' - pyrrolidine], which was prepared according .
to tms{dmmqyéhp%moé@ﬂnbgg@@yl (12'mg, 0.018 mmol), potassium tert-butoxide
1' - (5- Phenoxy- 3- pyri dyl ) -spiro[ 1- azabi cycl o[ 2. 2. 1} hept
ane-(24Bingply? moral) pmb§-bHma-Friethbxyparidine (73 mg, 0.36 mmol) in dry

" spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 2, 3' -pyrrol i di ne] (50

ng, .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 @und bottom
flask. The solvent wés 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 extracts were dried (K,CO3), filtered and
concentrated by rotary evaporation to give a dark colored syrup. This was purified by
column chromatography, using MeOH:CHCl3:NH,OH (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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0.3mmol ), tris(dibenzylideneacetone)di pall adi un{O0)

(9mg, 0.009 mmol ), rac-2,2'- bis(diphenyl phosphino)-1,

' - Dhi hyl (12 ng, 0.018 mmol ), potassiu
ol e (147, 1.3 mol), and o PeTusiesessn
5- br ono- 3- phenoxypyridine (90 ng, 0.36 Mol ) in dry
t ol uepgidg ML) was heated in a seal ed tube under argon
at 160 C for 17 h. The 10 reaction was cooled to 0C

and the Cs%ﬂlgf‘éﬂéé lt_(saghgg@,g &%ggﬁg%pﬁg@%aﬁi%mzﬁﬁgﬁe Bhe-2,3"-

flask. The sol vent Sr ary e€evaporation

o AR, I LR L L PR
15nm).. ' ) o
g L AR A AR T VR

evaporation to give a dark colored syrup, This. was

puri fi ed Abwweesﬁmal-mmeBg?ragw@m pyrrolidine] (50 mg,
McOH CHC13: NHAOH (8:2:0.01, v/v) as the eluent, to

af f d}-3mmel) gripfgibspzylideregesions)dipajladium(0) (9mg, 0.009 mmol), rac-2,2'-
3-pyridyl)-spiro[ 1-azabicycl o[ 2. 2. 1] hept ane- 2, 3' -

pyr r$(dighery]pho§bigo)-d sl ~hinepleled (K2 mar).Ai8lmmel,aqopdsgug tert-butoxide
Sample 9 is

1" - (@4Pig) 13 ehinfy), hndEPbropjol3-phabkyyeidine 29Pmg ] Fhmaod-i2 dry
3'- 20 pyrrolidine], which was prepared according to

t he hRbANINY wREbAbAIHESsealed tube under argon at 160° C for 17 h. The
1'-(5-Pyrimdinyl)-spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 2,

3" - r‘%{&i@ﬁ i Bfled t6 0Pt YAdMhE c@Mtents transferred to a 100ml, round bottom
spi ro| 1-azabi cycl o[ 2. 2. 1] hept ane- 2, 3' - pyrrol i di ne]

(10 , . . .

{11 Sy TR el rempved by foacy vappration g fipgesidne o gisgolved
mmol.), rac:2, 2 -. ; .

o1 s (e SHERF sRaGEm PENFHGOn L0 2B PRAef S aglorefopp b~

nmol ), potassiumtert- 25 butoxi de (300 2 l),

and ]?:?-“550 ?JSHI’?L{?W‘?ﬂii ‘i’i‘if’r?f%ﬁ SHctsgreye igﬁﬁ‘iﬁll (}{2@93%?6“@%9)

WD 2006/ 023630 PCT/ US2005/ 029371  toluene (10 L) was,

pl aceBcanfratgd By rotasy eyapseation tegives dask celpred Reyp- Ghis vag puyified by
Cfor 17 h. The reaction was cooled to OC and the '

c ontoohtnm chrammatégraphydusing MeQBHHCl DUHOH Bx:9.0vv) as the eluent, to
The solvent was renoved by rotary evaporation and the

r esiatifoed ¥Smgaif $'sGHphenbxyn3-pysdytl HspibHdazsbicydlo[@12. Igkeptane-2,3'-
NaHCO3 (10 nl) and extracted with chloroform5 (4 x

15 olldific](S2Va) evisdhorablr m extracts were dried
(K2CXB), filtered and

Example 9

Sample 9 is 1'-(5-pyrimidinyl)-spiro[1-azabicyclo[2.2.1]heptane-2,3'-

pyrrolidine], which was prepared according to the following techniques:
’~(5-Pyrimidinyl)-spiro[1-azabicyclo[2.2.1}heptane-2,3'-pyrrolidine]

A mixture of spiro[ 1-azabicyclo[2.2.1]heptane-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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concentrated by rotary evaporation to give a dark
colored syrup. This was purified by colum
r aphy, using McOH CHC13: NHACH ( 8: 2:
gg”t%@tzgq%ent to afford 49.0 ng of QCQI%SZ(M/&QQ”I
-(5-pyrim d| nyl)-spiro[l-azabicycl o[ 2. 2. 1] hept ane- 2,

3 I%ﬁkﬂé 1@'nﬂ:€)]waé %&c@d ﬁ% s@al¥d &BOUSAP AR ai Reated h0125° C for 17
arrp e 10 Sanpl e

efémhﬁ wﬁ?{;{f ?Jd' 0 @@QA&K& L&t da%]sf%ﬁje@{b%?om R¥nd

rroI|d I ne repared accor

G L Bl R S o
o 5 BTGk B B

(1986)). have al so_prepared et hyl

(i i@ Tsae The saniipat b irrogs PHepcieT? 45 (KaRQoGlied and
to that wused for the synthesis of ethyl

1- azaptanyreied bpratary preporatine togivar Buk yolated sytynt Thisiveg purified by
(brononet hyl ) oxane in place of 3-(brononethyl)oxol ane.

Et hydohar{ érormitogreptyy liging MeOELCHCH NIZOFREIIL.01,a1'6 a2 he eluent, to
Li t hi um di i sopropyl am de was prepared at OC from

|'i t hifferd dbiosepsO PY(syiinedingliSBrobBambicyclOR. 2 héparr)3'-
n-butyllithium (0. 764nL, 1.91 mmol) under N2. It was
addefr%ii@in6ABIH) & 4 As@uSblowhiong sol ution of ethyl

qui nucl i di ne- 2-carboxylate (320 ng, 1.74 nmmol) in dry

THE ( hd 1t -78C. Afterlh, a solution of

nitroet ene (140.41 ng, 1.91 mmol) in THE (5 ni)

e S D RO .
dd 2
ECTI/‘%%%‘%U%/&%% a°°%‘8¥‘§€¥@ﬁ%@? %)%éﬁ?w Ehl ori de (20

m). It was extracted with ethyl acetate (5 x 25 nL),

dr i defhyhanimestidine3- F‘Fé’l"éﬂatgnd concentrated by rotary
evaporation to give 325 (70% pure) ethyl

2- (2- ni t ribeetwyl qwch@wﬂcﬂarb@leaf@af?vdblﬁwﬁh@wa?gasa)mn%taccordmg
brown liquid, which was taken on to the next step

wi t Hotite Iﬁejhcrd'@scrﬂmd by Rofardiand Doukas (Heterocycles 24:971 (1986)). We
2' H spiro]azabi cycl o[ 2. 2. 2] octane-2, 3" -pyrrolidin]-2'-

one 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.
Ethy.I 2-(2-nitroethyl)quinucﬁdine-z-carboxyl:;te

Lithium diisopropylamide was prepared at 0°C from lithjum diisopropylamine
(193.53mg, 1.91 mmol) and n-butyllithium (0.764mL, 1.91 mmol) under N,. It was
added via cannula to a stitring 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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A solution of ethyl
2-(2-nitroethyl)quinuclidine-2-carboxylate (320 ng, )

%ZB@J}%@&)I (10 nL) was subjected to hydr °ge9€Jr/¥J§io§5/@5371

a Parr apparatus for 16 h using Rane
ni ckel as a catalyst. The catal yst was renoved by

filtEbtiondf b élof®Rl (R0 ALY HgasddkiateS WEE ettt d2etate (5 x 25
et hanol (20 nL). A catalytic amount (5 nmg) of p 10

t ol URRS ikl M, §Ogcﬁﬁer¥\?§1dqg{4€éﬂtr§t@&i 15 p:ﬁ’argf %@{p‘bfaﬂgn to give 325 mg

mxture was refl uxed for 12 h. f sol veI

Gl HDa'e Mﬁx%j-%@%@&@@%lléﬁﬁe %%8%5 i OWiquia,
10 )

Ul oM BB PRr s ,)m %’aﬁ%weﬁﬂg St RS 541“10? m

extracts were dried iltered a

conc?| H’?IH'E%%F*‘BWF‘B[%@0%‘95?73135?)"81‘!1"?‘8] arw ali ght

brown solid. It was 15 purified by chromatograph .
USi g b CHEEHERRINRCH (- Bipelybaminugidme decartigyinie (iR fug, ) in
to give 120 ng (38.2% of desired conpound as |ight

cr easthaol @0eul)swdsisubjedted o hydogerbly5iS)at S@psi op a Parr apparatus for 16 h
[1-azabicyclo[2.2.2]octane-2,3 '-pyrrolidine] To a

sol utisitgRaney nickel as a catalyst. The catalyst was removed by filtration through a
of2 H spiro[ azabi cycl o[ 2. 2. 2] octane-2, 3" -pyrrolidin]-2

- on@litelfdbk: andGrd¥Bed WittoEthaABD{20 h). Y Yatdiflie drdddntis)m@tof@C

under N2 atnosphere was added lithium alum num

hyd rﬂoﬂz%ne(s@ﬂ’oxﬁg ac1é- w%"adﬁ@@ hod B0 thab i Mix¥drs! s WAsxed for 12 h The
refl uxed for reaction m xture was cool ed

L"Sr%%?g%ﬁ%qa%@ n%a‘“%{y drhrics iR ?%ﬁﬁéﬁﬁds W was

| 9f Na | .
3&251?88 w%ly%ﬁ‘??za%‘) iRt 5, Aot SRR s 8o with
25 fi d s tered
2 o e ¢ B30 0 ipd ST OP’EeS g%a@flsdﬂ%%dﬂe%z%)’
2006/ 023630 PCT/ US2005/ 029371 ng o
spi ridferedangd wpweﬂr@fébyzrotqrb@faaﬂ@n@ @glmﬁr light remmesplidy It Jyas

colorless liquid (90 %

- (1Buifigd byighrpmgioiraplisi uazaMeQ}bCHPi’s ISHID (- 2AQ1 2v/9) asihe

rroI idine] A stirring solution of spirof

1- azahixng yo bivf 220mg|(3%:2%nef desBed pympamhd ds kgt cxe8D-aatpred solid
0.48 mmol ), tris(dibenzylidi neacetone)di pal | adi un(0)

(26. #alp.M03°-M0BCY Mol ), rac 5

2, 2" - bi s(di phenyl phosphi no)-i,|"-binaphthyl (30 ny,

0. 04hirgazad&R10p25 2 foetan @2 P gyrrolidine]

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 additidn of 5 M solution of NaOH. The
resulting solid aluminate salts were removed by filiration through a celite plug. The
filtrate was dried (NaySOy), filtered and concentrated by rotary evaporation to yield 83
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but oxide (215 ng, 1.92 mmol) in dry toluene (15 niL)
was placed in a sealed tube under argon and heated at

h. The reaction was cooled to 0C g
ggﬁ?gﬁpg%gransferred to a 100nmL round botton}?@nﬁﬂﬁsmnmn
The solvent was renoved by rotary evaporation and the
resi digerrépiso] Hasidyvio[R.2.9]oatafd? BLmirtidEe] asta wlorels liquid (90 %).
NaHCO3 10 (10 nli) and extracted with chloroform (4 x

15}« 31 idy@PiRG asdbi G| 2. Blo b 2 ipgrivhittheflr | €d
(KZQ)SS is]"?l I tered and é%ﬁcient 1rzTa(l’tced by Irpzflary of

evapor at | @Ry£0,,9h8o ofsgaaﬂi aggslg,rc 2§}2266?ane-5m “Dyf6iRiine] (80 mg,

purified y colfunm chromat ography, "usi

gl v e 1 d\IPE%_‘?&%'IZdlg a?gto?egélpgllaa%rﬁ(a)e(ﬁ '4‘#%[& 0.05% mmol), rac-
p)% Irg’?’ %F@E#x rgép hz?ISI?ZngER) Cl%z/)]r an[‘izlgéflé%)& 8%%5]09 a&i potassium tert-

nple 11 is

- ( éutﬁw? AP yaz 141 spnolhindratelisne (13 wfpwas pliasd jit agraled tube
- pyrrolidine], which was prepared according to the
ol |mqeh@'gp@mheq@égt 90°€iforyli6 h. The reaction was cooled to 0°C and the
2-(2H, 3H,5H4-oxinyl )-2-nitroacetate A 2 Msolution of
ti t aciniants tetnsfzobd ®rad WOmLrotidibotas flrakle Thy/sadveptwwas removed by
addition of 20 the titaniumtetrachloride (7.59 g, 40
Mol Jotdrg echipyrafibicard@e residuatvaddissoh@ddtin asaturaiet salgon of NaHCO;
at nosphere. Ethyl nitroacetate (2.66 g, 20 mml) was

t hen(1898iethnll extedifed viith dhldrb@rd M %1 5:80). Pictokddbheldchlbtofem
was stlrred for 5 mn. Next, tetrahydro-4-H pyran-

4-0 n&ti(agts %regdneaQK )ﬁl‘(@&l A @@&ehﬂat@&‘g%ﬁ% é\%IBoranonEto givea

3
f

Then .0 M sol u%mgr% of NN neth

(5 i °?1§%8m%)eﬁr¥?§vta§?%%ﬁ§’%§en S Al
o eSBREREL SO fr 80, S e B ctiehf 7 R ot g (e f’ P of 13-
Pty MR AR AR R T T N

filtered and concentrated by rotary evapor at ion. The -

t hi chxagmbehl syrup was purified by col um

chr omat ogr aphy, using ethyl acetate: hexane (1:9, v/v)

as el uentSample Hf i d G- Mﬂ)-@TbSplmm-ezabmplgml]é@twe-B'

l'ight-brown syrup (709 .
pyrrolidine], which was prepared according to the following techniques:
Ethyl 2-(2H,3H,5H-4-oxinyl)-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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Et hyl 2-(4-oxanyl)-2-am noacetate Raney nickel (-2 g)
was added to a solution of ethyl

- H 4-oxinyl)-2- nitroacetate (2.50
%@/@E&sgt hanol (50 mL) and conc. HC (1 nl%ﬂc.l%%ﬁ@gmwm

m xture was subjected to hydrogenolysis at 50 psi on a

Par r fAPPRT AlwS tfelpotd thio Wakr D 1B AL ¥R EratGISwHEARM @6etate (5 x
by careful filtration through a celite plug. The

sol v L)me Barglﬁﬁ%,{cg%mk&&s Rferd %V&g@dg@b‘i;,%rea Igﬁcli_%&gentrgted by

resi due W th saturate gqueous Na t

- h : ) A R
o0 Bt A SR i o SRR RGN Yooy,

dried,over K2CO3, filtered. and conceptraied t ield

0 AR by bepe T 5 B BTG Aores (bl fapbound as a
15 1-azabicyclo[ 2. 2. 1] heptane-7- carboxylic acid

hy drlégbtrbromnganupt(AQ¥e)-2- (oxanyl ) - 2- ani noacet ate (1.50. g,

8.02 mmol ) was dissolved in 48% HBr (10 nL) in a

pr esEthyB2-(41pxanyheP-aminoacatatd wi th HBr gas. The tube was
sealed carefully and heated for 12 h at 120-130C. The
react i on Reasy niokdl ée2 g)ovasaddad to e spletiart off atfyl £+ 2H SHehH-d @bxinyl)-2-
to a 250 nL round bottom fl ask, and the acid was

I emieshcbited0.50 @f HI.§2 @ud)ati athhrwd (SORAE) slrrdone G1CIr @dAnL). The
resi due was di ssolved in 30% amoni a solution (50

M) . mikRiré wid SbjHcRANRByRSdchb198s AP0 pri bh APark Bpatatus for 18 h. The
tenperature, until cyclization to the desired acid

was D& 1 aR, SRS ESBY S hdWIvent
r ot a(%%megt‘g;ﬁ%ﬁregti on"to ;ﬁl%@lgﬂghr?i %ﬁé\i@ blr%ﬁmigélsol [ d,Ven was

whi ch r.edi egd.in . d . i f.i

an o SR ERAE Rl The rifte WAEDRIRANAAD UL i

a [ 30% )., _Anmoni ac fractign nt.ai nin

e Naleol PR et SRRarb T b BACheP L SeaRt rif BhBiegbRre x 25
aci DRI ForEiGed i P 59 AFEril Coohferaffa soncentrated o yield
crystallized fromisopropanol and_  diethyl ether to

gi ve-40 2t Yorandslesied sompamdpe dta@digsidsol id (m p. 232

turns brown, nelts at 253-254C). Ethyl

1- aZaimabicytlo[22.2] Hepitms: 7 merboxpliv dnid hyditoghléride sol ut i on

of 1-azabicyclo[2.2.1] heptane-7- carboxylic acid

hydr ochl @thyde-(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.). Ammoﬂacal
fractions containing the desired acid were combined and concentrated to afford pure
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(1.20 g, 6.76 nmol) in absolute ethanol (10 nlL) and

concentrated sulfuric acid (2 nL) was refluxed for 8
ction m xture was cool ed and then i £l

W‘%%ﬁ‘?g’@r ated aqueous NaHCO3 to pH 8-9. Thgez}é]%%"t%g%zﬁ”l

was saturated with solid NaCl and extracted with

chl oh&d,evtitH Was'coderfell ko anTHE! Sa@iBl BB6taltizbdfoh @doftopano] and

extracts were 10 dried over Na2SO™, filtered and

CONCERIyBSHES tDY¥ivE DLRINSSHRPOS @dnRBolbRd gd.)lYﬂnﬁp.l 239Marns brown,
brown |Iiquid. This was purified by Kugelrohr

di st | lol;@d¢ioQp_#d40420C and 2. 5nm pressure to afford
1. 00 Si%d%b%%%gcm orless liquid. Ethyl

ﬁégtz gﬁhgrl g/?ag?;\%rlt [fx@%‘%%iiﬁ%té:%f J%'%f%};‘yﬁ?)t;é]r ogyl am de was
d : 1] : i t hi 1.7Q .15 . .
Pri,epgr 26 &1%?}%1?"611 ﬁaé‘gg@%éﬁm%%ﬂe(%t Ib%)rp)(}{i acyél.q?rérochlonde

mmlz in dry THE (5 nL) at O _ under a N2 atnosphere. . :
The Hedc% iﬁa\é ipel) By gbselatg cthanel (HPnle Apskoreentiated spliuris acid (2 mL)
mn and then transferred via cannula to a stirring

sol uvpoislefedder’/h. Thereadbion yuikiufeowas dopleé padiihen basified with
7-carboxylate (600 ng, 3.55 mml) in THE (20nL) at -78

C unshanated dheais e iP@s to . pH SFhe Thesuditionrwasisattitated withssolid NaCl
stirred for 30 mn at -78C, then a solution of

ni t r adtdrrhaetwd)cl@Bford (98,203n191 ThisRbhbined dHibrofolfd efiricts were
was added via cannula and the reaction was stirred

for @sdiohvboNakog ftefdd and 86ncediitiedd ByBtaledahdrRMon¥8 Sive a light
guenched vvit% siturat ed NH4C sol}{}?i on (fio rrL).%lThe g

r eachh,en lighi%i.t Tgﬁtvﬁ%iueh\aéméeﬂoﬂ}?iﬁﬂ%ﬁoﬂ &ﬁg?%: and 2.5mm

t enper at u an S extracte et acetate

o A R O T
Y a0 g b iy ' 0

WD 20061023630 PCTI.US2005/ 029371 et hyl o

acet at e: dit @mm&lﬁ@l%gvazp@mﬁﬁy{% agfifien gberbpyllithium (1.70
(85% of tan |iquid. ) ) : .
2' H13pi ¢ mmehde disapropylanming (hk b egn 626 nenolhipdry THEi(HnL) at 0

2' -one Et hyl

1- azwmder & 9> atinpspheteh yithg bhéactior wisstired htvepindermperatumftnoboyhin and

ate (550 ng, 2.27 mmol) was dissolved in ethanol (25

nm.) thadirawfejred tiadadrmld iy drsdgigeblnsos ofdthyd Q-gzsbicyctn]2.2 3 Theptane-
18 h, using Raney nickel as a catalyst. The catal yst

was 7-e4iBo4§Thtd 606 higl 3.8 hdibl) id MPIUR0mL) 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 fof additional 2 h at —78°C. Then the reaction was quenched with saturated
NH4CI 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 (K2CO3), 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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a celite plug. The solvent was renoved by rotary
evaporation. The resultant residue was dissolved in

I 0 nmL) and a catal ytic anount of
%%ﬁﬂ@ﬁ%ﬁul fonic acid (10 ng) was added. TﬁCT/US2005/029371
solution was refluxed for 12 h and then the sol vent

Vas  gBjTRvaste:dRloksthéhhe 3ap@{/ td @ 600 8g (8534 d)‘f@an\'l@%]d
added {;ﬂg sat ur at ed Na 10)arrL§ sol utlggn 0 and

ext r9@#—%&'1%Qalﬁ@%[@&qqﬂ@pgzrﬁleﬁdﬂ’spkgwh@h? -dn@nbi ned

chl o ormextracts were filtered, and
chr omat og Bt %-égﬁﬁ%ﬁ%1>§@?(fé&%h&%ﬁff% 80 oo e 227
?2 n;’g’%ﬁgl ue gb@%{%&ﬁ{ Eha.]m% (%%m& Mﬂw{%ﬂ ?o h}Pdu rogenolysis at 50 psi for

2' H-S iro[ 1-azabi cy Io[ hept ne-7, 3" -pyrrolidine

] 1 5l uémggp.pq.yq;\ e catalyst was removéd by filtration through
of 2 H-splro[l azab| cycl o[ 2. 2 1] hept ane-7, 3' rrolidin

|- o2»califeplpg e fejvent wapramayed by fetaty gvappRtipn0 %?SL&WUCSMUC
under N2 was added Li AlH4 (274.33 ng, 7.22 mmol). The

i ce Wastdissalved ingpluemedS&md-)tehé a cdalytic anount vf pHduenasulfonic acid (10
refluxed for 24 h. The reaction m xture was cooled to

0C, mipewdsyddet ke s¢ldformvhs reflexedafohdoh amidh&Mhbladtnd@ass removed
added dropwi se with constant stirring until all

unr eRGoRely pdrhtinArhs edsidieWae dddelihe sdt@aet NAFIOU,; X1 040E) solution
was flltered through celite and then the filtrate was

dr i eghd st wit élﬂ&r@foﬁg égﬁ ds ?rf—L?P qgi& E&lﬁﬁge(pé}ﬂér@f‘oﬁﬁ%xtracts were

evaporation to yiel of a colorless

Sy r Ltgleg)usccpgl),)ﬁl’fmﬂ_ and, confef tgg b’i'[‘léczl rcefldtlaw? L]rﬁied tb% col
3 -pyrrolidinel

S PP Sy G VDRG0, g gy o
§ 3?%@59%9%?35 oFie Sirme e e rsrm-Saloma Bk F ¥Ry, 0. 020

% rac-2,2' -76 WD 2006/ 023630 PCT/ US2005/ 029371

bi s( HMl ?ﬂ%%%l%% Alheptane-7,3inyeiokidingd (45ng, 0. 040
nol ), potassiumtert-butoxide (369ng, 3.3muol) and

3- br onopylioiadtirring(selutiag of UHmlrﬁHrﬁZ)iblayrgb[aﬂyl ]hemaueﬁ &-pwreolidin]-
m.) were placed in a pressure tube which was fl ushed

Wi t 2-ang@GA0 mpeh .86 uinel)vasiry THF €3 Qunly at08 ahdat Narvwhs lhddedddATH,
for 8 h at 90C. The reaction m xture was cooled, 5

ﬁ

- trangf£33ag 122 @mbhl Me hetbathivdslratdvedadd ﬂi&&eﬁ:ﬁbﬁ/ﬁm{ture was

renmoved by rotary evaporation.
refluxed for 24 h. The reaction mixture was cooled to 0°C, diethyl ether (20 mL) was

added and SM NaOH was added dropwise with constant stirring until all unreacted

LiAlH,4 solidified. The reaction mixture was filtered through celite and then the

filtrate was dried (K2COs), filtered and concentrated by rotary evaporation to yield

250 mg (70 %) of a colorless syrup.

1’-(3-Pyridyl)-2’H—spiro[l—ézabicyclo [2.2.1]heptane-7,3’-pyrrolidine]
2'H-Spiro[1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidine] (100 mg, 0.66 mmol),

tris(dibenzylideneacetone)dipalladium(0) (30mg, 0.020 mmol), rac-2,2'-
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The residue was poured into saturated NaHCO3 sol ution
(5 nm) and extracted with chloroform (4 x 15 nlL). The
conbi ned chl orof orm extracts were dried over
VP2P¥O%34nd concentrated by rotary evapor atf"gﬁﬁégﬁ??m%n

resi due was purified by colum chromat ography, using

1301"?%3{%3{1?5%&? FBlpbhigY (45ine20.080 WARY) péiftsith] @htbutoxide
L RS R Qi ol e
GECTETAR R TR W

techn ues: 15 Diastereq

7. ( sl alstend pegsdiosd Efqt 8?“&3 e SseSHien B YR gooled,
amdes Triethylamne (6.0 43 mol ) and di phenyl

chi dranfereesish areund botiomiflask gnd thwlyenmr@%ﬂabé@tmy ﬁvaPPrétwn
order, to a stirred suspension of

N- ( {The teshiut orey paréxbingd satugatepNaHC He sqluticd(5 gal)2nd pxtraetsd with

i n di chl oronmet hane (100 nlL) under a nitrogen

at nesphdoen (4Af 1MLt Therdondirfed chlbrdforn axtraginiviesndried over K>COs,
tenperature, the reaction mxture was 20 treated with

a sqietedand @cfnch{a&dWrmdyaﬂ Svagordtichi ThasRidue fvhs flikeddyeolumn
(4.40 g, 21.6 mml) i chl oronet hane (10 nL). The

m Xt ?thﬂ%?a 2, '&fn@@l—ﬁll?ﬁ%?)l—?ﬁl—ﬁ@ﬁ'(g QtO dlem?ﬁsaélwn@, to afford 130

Sodi um x1’de Sol ution (30 was then
add d &Haqmﬁeuarkﬁr&ﬁ B Yhdbie t
%9 red ?%glgcbg@g% atory T&Jrnne w th chi orrlo o%ﬂr% e

(30 1gg{}'?§qdand water (30 nL). The m xture was shaken
Vi gd and the |layers were 25 separated. The

organi c 4 ' nd a 30 nL chloroformextract of the
aquddgep eéi 1377 Wb 2006/ 023630 PCT/ USZOOS/ 029371

wer e conblned dried ( and_con ntr
rotrary SUEpE ? 8% gl 3 wgﬂ%%{ N &3~ y gsplrz[‘* 4inonane

di ssol ved in dichl oronmet hane (100 and conbi ned

Wi t respedtivielyr whick wiers prenared acgnding jo therﬁdlomma igphmignss

stirred at anbient tenperature for 1 h. The volatiles

wer ddisstexeomatie -(3-pyridyl)-1y7-diezaxpirovAiperameiSoproline amfttes

on the vacuum punp. The 5 residue was purified by

pr epar at iTviethlaGe (89inily 43Qfmel} edddipheniyl éhlorbptibsphate (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 stitred 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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trifluoroacetic acid in water as eluent. Sel ected
fractions were conbi ned and concentrated, |eaving

% vyield) of the diastereoner whi ch
%f.]zioﬁzéggand 2.90 g (74%yield) of the di asfgjf@%ﬁ%/&g”l
that elutes at 13.2 mn, both as white foans

( Pr ewéeraRbiyinb® AGed {11\14@]3@9 BRBERatRLeAdy rsttary &Rpbridio NThe residue
(-) 7-(83- pyrldyl) di azaspi ro[ 4. 4] nonane Each of

the @&Wwo\q}R 8564 TR ﬁicﬁlo?brﬂétﬁéﬂeg?omm VRGindH @ﬁl?ﬁi\fﬁgoacehc .

|n dic Iororrethane triethylamne (2-3

7;@[‘80&:9’3” THhE rrix rc@vayﬁﬁll?ed 8%@%&1{ &%)Plja&?é/ BPR4E The volatiles

e earlier elu

d| astereomsr |, for he | at e

o oo o rﬂfaﬂ;@fsm b Of?@e{l?%&wsu@tpwe he
at 15 anbient tenperature for_ 16 h, whi ch rg}

t hi rFeridyRavasaFE AL PrRrFRAsPHY e o Apiag | afetovﬁ% o.1%
reacti ons were conplete. The m xtures were
cond@fueraaestic psjd rlbWQin)ﬁS elngplorSelactsd fractigng werscqembined jgad
resi dues was taken up in dichloronethane (10 nL) and

t r e adosckntveted, leavirigf3. Liog (YQleYield) eltheldipstiereorndr whitheelutes at 11.4 min
reactions were held at 50C for 16 h and concentrated

t o cinydr2e®s (784! vield) of liteadimstaaennagp that elntes ed 13chmie bothiak White
80:20: 2 20 chl orfornf et hanol / anmoni a gave 620 ny

( derfoxfsl(présoimullh erona b flu@koabtbfeisalgs). di ast er eoner, 40.5%
yield) and 720 ng (derived fromthe later eluting

di a - L brown oils.
Chi ?(g._ Bﬁ@ C?é%g%gﬁgq%fkﬁ?%%eﬁmgﬁhg Chiralcel OD

I 7 T
(f) co u §3h8fvo dlgst%?&é‘%&&.! ﬁ&hﬂ@&hldes D& a@m&g he

deri ved e ear di ast er eoner

lﬁgt rrﬁ%l?ﬁﬂ%o@? el fhgfiﬂﬁﬁé kG apflheh Poublad Bl
2008PeRABoRer S 550 8512050 o e e st gher and 1.57

sanpl es were enantionerically pure within the limts
of et bEmumpe] forthe gy elum&ﬁsaﬁt@remeﬁhgh%wcryawn% Were stirred at
vitro pharmacol ogy of 7-(3-pyridyl)-1,7 5
di azmbisot toperpimeoivadé hsﬁd%é@l paintitign Meaﬂuqnategemhysndla@ted that
both the a402 subtype (1C50 =

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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193 M Imax = 50% and those NNR subtypes affecting
dopam ne release (1C50 = 901 nM Imax = 67% . The

BN this conmpound to partially inhibi
%J@g@é‘a’%L dopamine is especially signifi Ca%gfrﬂlgéools/?wsn
i ndi cates that this conmpound (and others in the
N- ar yligpedl@eh ATRA4KANG vALSHRaNiSTRHREIFHBE Withinfthe limits of detection
interrupting the dopam ne reward 10 system and thus
trea?jgg.disorders that are nediated by it. Such
di so 3e s include substance abuse, tobacco use and
wei 9E§ H14t hat acconpani es drug cessation. The in
vi vo evi‘dence that N-aryl spirodi azaal kanes can be

useful in,this ner . was derived m a. .f.oyr.t een- day

or ecl | ni CHie Sy S PR a i Habar ek ekl G hradch 7 (3.
pyridyl)-1,7-di azaspiro] 4. 4] nonane reduced wei ght gain

i n r&rzaspigglt-Hienangsheowed i torheng antpgonistiahhath e a4b2 subtype (IC50 =
sensitization properties. Based on this data, it is

ant i t3pa eihaxrad0%)cmp those SINGK subtyped\ffecting dopamine release (IC50 =
aryl spi rodi azaal kane genus descri bed herein present a

usef 91 m{TafaRat§796). | ThelabRidy bitlis coRPaIIdas Saraallyoiahidlt Hsrelease of
of abuse including al cohol, anphetam nes, '

bar bidptn@les$ espeRBRZAGH BAHED iR PndidaRE Rt € compound (and others in the
cannabi noi ds, “cocai ne, hall uci nogens, opiatés, 2

phe %ﬁ‘g’#@%g‘?ﬁﬁﬂ&é g&%&ﬁﬁaﬁﬁ%s&ﬂl itnriﬁt@ltrﬁﬁ%]g l?lget V\(}Oﬁgn‘néle reward

di sor as obesIty “that occurs rug
cessat.ion ile reducin Lde effeac S iated wth
e gt alrBhl Faad il el R 1938 ARGt blbrude

sl ee ssness, diction, etc.).. vi ng her.eh .
i S CRbERe R feat e pereb biie B! sPouBR desre b
it should be apparent that many nodifications, L
subst i t utihsie viva ggdspss that Nowdspijodiagralkspescan pe pspful in this manner
invention are possible in light thereof. It is to be
undewasidstved fiem adistepr-daenreclingpabsafotypharmadlogm study, in which 7-(3-
2006/ 023630 PCTI US2005/ 029371 can be practiced ot her
t harpysidyl3 Fedifdaspitd[4.4 esaeirdinded Beight gamdn fits; atithowsiemonstrating
substitutions and variations are intended to be within
t he ssiampdt sehsitibatiopfpegenies. appl i cation. 5 -80
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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CLAIM5 1. Use of a conpound having the foll ow ng
fornula R Qi QIV nC N Formula | or a
ically acceptable salt thereof, wh
3%% is (CZ2)V, QL is (Cz2),V, and Q\g&%&“%’dﬁm
(CZ2)x, u, v, w, and x are individually 0, 1, 2, 3, or
4, PéaRpARIiYedQthel thad as YPeciBical B WbsédbRd. g@éhqﬁ&nﬁéauams v,

w, and x are sel ected such that the depicted

di az

nenb%?’é’f“ﬁ%@%%%%iﬁfahﬁ&tm k5 b yittin e sckie oBfhersent
and m@@n wis 0, x is greater than 0, R Is

hydr%ﬁgﬁ Ogtralght chain or branched C1$ al kyl, acyl,

al koxycar bonyl, or aryl oxycarbonyl, Z is,

individually,vselected fromthe group consisting of -

hydr ogen, al kyl, substituted al kyl, cycloal kyi,

substituted cycl oal kyl, aryl, substituted aryl,

al kylaryl, substituted al kylaryl, arylal kyl, and

substituted arylalkyl; Cy is a six nenbered ring of

the formula: XI'\X* ,,,, where each of X X, X', X'

and X"" is individually nitrogen, nitrogen bonded O

81 to oxygen, or carbon bonded to a substituent

speci es, wherein no nore than three of X, X X', X

and X"" are nitrogen or nitrogen bonded to oxygen,
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or Cy is a five 5-nenbered heteroaromatic ring of the
formula: where Y and Y" are individually nitrogen,
nitrogen bonded to a substituent species, oxygen,

sul fur, or carbon bonded to a substituent species, and
Y and are nitrogen or carbon bonded to a substituent
speci es, wherein "substituent species" are,

i ndividually, selected fromthe group consisting of
hydrggéﬂﬁgalkyl, substituted al kyl, al kenyl,

subs d al kenyl, heterocyclyl, substituted

het erocyclyl, cycloal kyl, substituted cycl oal kyl,
aryl, substituted. aryl, alkylaryl, substituted

al kykaryly j ; yi, hal o,

o 17 Xy Elpung R g B ol TS
-C(=ONR R', -NRC(=O R', -C(=OR, -C(=0)OR,
AC(=OR, -QCRR)r¢(=OR, -QCRR"),NR'C(=OR,
-O(CR R")rNR'S02R , -0OC(=0 NRuwR'..R NR C(=0) OR",

-S2R, -S2NR R', and -NR , where R and R' are
i ndi vi dual Iy hydrogen, Cl-f Vv, cycl oal kyl

het erocyclyl, aryl, or ar yl*, and r is an integer
froml to 6, or R and R'y,cald!! conbine to forma

cyclic functionality, wherein the term "substituted"

as applied to al kyl, nyl, cycl oal kyl, al kyl aryl,
aryl al kyl, al kenyl, and heterocyclyl refers to
substitution with one or nore of halo, -OR, -NRR',
-CF3, -CN, -NO2, -C2R ,Fommlal-N3, -C(=O NR R',

-NR C(=O0 R -C(=0)R, -C(=OOR, -OC(=OR,
0( CR R') PR Rbgraaceutisaliyaqreptapirsalf thgyerl.

SR %emﬁ% (©Zat b B30 B el 201 ek

R T o
dou%lﬁeé’f Y, \&f 55&1 tx'ﬁﬁe %re%\éieﬁ%uw Mat e Bepib i J?é%@gplro chlic ring

bet ween is a single bond, the bond between

andcontaifdi#1 8, bQE 1@ ofl QY kh'\é?ntﬁ%] %r@ﬂéd%’éimﬂdﬁﬁj Romd, is greater than 0

bet ween Y and is a doubl e bond, the bond
and whenwis 0, X is greater than 0,

R is hydrogen, straight chain or branched C,s alkyl, acyl, alkoxycarbonyl, or
.aryloxycarbonyl,
Z is, individually, selected from the group consisting of hydrogen, alkyl,
~substituted alkyl, cycloalkyl, substituted cycloalkyl, aryi, substituted aryl, alkylaryi,
substituted alkylaryl, arylalkyl, and substituted arylatkyl; '

Cy is a six membered ring of the formula:

where each of X, X', X", X", and X"" is individually nitrogen, nitrogen bonded

o
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between Y and Y" nust be a single bond, where Y or Y"
is oxygen or sulfur, only one of Y and Y" is either
oxygen or sul fur, and at |east one of Y, Y, Y', and
Y*' must be oxygen, sulfur, nitrogen, or nitrogen
bonded to a substituent species, in the manufacture of
a nedi canent for treating or preventing one or nore of
drug addi cti on, nicotine addi ction, and obesity. 2. A
or tre

ound as defi ned. Lin

pr gﬁewgﬁ@ op FabeR %Cieé’ tgp S"bf»tliiée"ga%ﬁ%?ﬁ @i\efeﬂ Bigpqre, ghan three of
addi ction, and obes havi ng
t he X &) Kovs n@"q‘)ér rﬂﬁ‘? Q(Yroger@r\wtrqgen @r{ﬂ%gr{gwn'%r mila 2
or a pharnaceut ceptable s erein
Q is (¥ yls aéve s‘m rggez g R teaaroma?cb&%‘? fg&nyl\g?s
(Cz2) . Q/is(CZZ)y and QJ is (CZ2)~ 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, d z gare sel ected such that
the depicted bridged di N clic ring contains
8, 9, 10, 11, 12, or 13 nbgrs, provided that when u
. is 0, vis greater than ¥Y'-9Y™ 83 R is hydrogen,

straight chain or branched C 5 al kyl, acyl,
al koxycar bonyl ,- or aryl oxycarbonyl, Z is,
i ndividually, selected fromthe group consisting of
hydrogen, alkyl, substituted alkyl, cycloal k .
subst i t utede &yaid AT lage individuelly sirBaen, iffogan éioy'i’[ed to a substituent

al kyl aryl .
gpecneg, 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 heterocyélyi, cycloalkyl, substitufec__l cycloalkyl, amyt,
substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylalkyi, halo,
-OR', -NRR", -CFs, -CN, -NO,, -C;R', -SR', -N;, -C(=O)NR'R, -NR'C(=0) R",
-C(=O)R', -C(=O)OR', -OC(=O)R, -O(CRR")C(=O)R", -O(CR'R"),NR"Q(=O)R',
-O(CRR")NR"SO,R’, -OC(=O)NR'R", -NR‘C(=O)OR", -SO.R', -SO.NRR", and
-NR'SO,R",

where R' and R" are individually hydrogen, -Ci-Ca 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, alkylaryt,
arylaikyl alkenyl, and heterocyclyl refers to substitution with one or more of halo,
-OR', -NRR", -CFs, -CN, -NO,, -C;R', -8R, -N;, -C(=O)NR'R", NR'C(-O) R",
-C(=0)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)OR“, -SO.R', -SO.NRR", and

o
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substituted al kylaryl, arylal kyl, and substituted
arylalkyl; Cy is a six nenbered ring of the fornula:

X, XIt 1,,," where each of X, X, X', X'", and X"" is

i ndividually nitrogen, nitrogen bonded to oxygen, or
carbon bonded to a substituent species, wherein no
nore than three of X X X', X', and X' "' are
nitrogen or nitrogen bonded to oxygen, or Cy is a five
5-menber ed heteroaromatic ring of the formula: Y
wher-BIRBQeRd: apd are | nd| vidual 'y nitrogen, nitrogen

bonded i
oot bon baW@En dte Gosteied daicate B HE bogdébeieen o and Y and
gggcqn'gé { %\%ﬁgpg rY"%%r Se(:tF%)rnsg??ﬂq épd&b%%%wﬁﬁﬁe proviso that when

peci €s

| ndiy] gﬁ% dx%{w e#%ﬁgeﬂ,sfé’ %%H%lé IB?E tﬁé’ﬁ?rkoq%?@é&t YHhd Of must be a

hydr stitu enyl ,
SUb%hBlthaquaédﬁe\ﬂ?(én t!l(ehﬁérﬁjr S’é‘tW@ér.V lv, asstd & WoBBle bond, the bond
yC

het eroc cyc substituted cycl oal kyl,

ary |betwe%rlb:55hc§ e ﬁi@s@fe\’é singie b fnhkre Y8 BB ik omyged or sulfur, only one
al kylary aryl al kyl , substituted aryl al kyl , hal o,

- ORof Y-dNd W'is ertt@'?%xygeGN;r suliRand 284ast onSBF Y, YNE', and Y must be
"A=ONRR, -NRQ=0 R, 084 -Q=OR -Q=Q&R,
suﬁuﬂn&iﬁgé’h )qrﬁ(tm@érfbonde@@msﬂbsﬂﬁﬁm SDECKER |
" CRR'),NR'S02R , -O(=ONR R', -NR (=0 OR',
- S02R , inSGRNRInEfactusndf a MRICEDERt for RRNRG oRprexefifingrong pgmore of
i ndi vi dual | y hydrogen, Cl-C8 al k&l cycl oal kyl ,

het drugagsiclion. ﬂmea@c@ﬁﬁnﬁl%ﬁ' and r is an integer
froml to 6, or R and R' can conbine to forma
cycl ic functionality, wherein the tern "substituted"

ar y?ppl ' 84 tg]%ggrlll@%s ’dgﬁqﬁa\éhg clalri |101%|' b%étinga&rli)\‘év%ﬁﬂrllg one or more of .

al kyf", terocyc fer

sub EMgtalémc%h, WcbthePRfiickbn, b obefity! aI o,

3. Use of a compound having the following formula:

Formula 2
or a pharmaceutically acceptable salt thereof,
wherein Q' is (CZo)., Q"is (CZzh, Q" is (CZow, Q" is (CZ2) QV is(CZ),. and
Q"'is (CZ,), where u, V, W, X, ¥, 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 depicted bridged diazaspirocyclic ring

contains 8, 9, 10, 11, 12, or 13 members, provided that when u is 0, v is greater than

0



-OR, -NRR', -CF3, -CN, -NO2, -CR, -SR, -N3,
-C(=ONR R', -NRC(=O R', -C(=OR, -C(=OCR,
-O0C(=0)R, -QCRR"),(=OR, -QCRR"),NR'C=OR,,
-(CR R"),NR'S®2R, -OC(=ONR R', -NRC(=O OR', -S2R ,
-S2NR R', and -NR SC2R', and wherein the dashed
lines indicate that the bonds between Y and Y and
between Y' and Y" can be either single or double

and ¥ i o K e goBeReHt Ao Bepelicen ok AR yrbon, or

be a oub%% %&,nd and when t he bond between Y and Y
i s adOUNFEOBDd, the bond between Y and Y' nust be

2 70 gl Py e, oy
| east Iugé?lﬁllt% al g‘h,gy%cr)a\ﬁr;x!,t beqtit?ﬁég%@aﬂ?b aRXY$l@Rtituted aryl, alkylaryl,

sul f @ r 0g rogen a substituent

spec IsESstitdtdl éthﬁargnﬁg&faﬂ&l, WhE s@fstiftcdmAyIsIRENt f Or

reating or preventing one or nore of drug addiction,
ni cotine ad@ &5k embensl Miyst taformdula:A conpound as
defined in"claim3 for treating or preventiing one or
nore of drug addixtioR, nicotine addiction, and
obesity. 5. Us&'6f conpound sel ected fromthe group
consi sting of: [ -
7-(3-pyridyi }1,X7,-\dd"'a)§aspi ro[ 4. 4] nonane; 0 85
7-(5-pyrimdinyl}1, 7-di azaspi ro[ 4. 4] nonane;
7-(5-isoxazolyl}1, 7-diazaspiro[4.4]nonane,
7-(5-isothiazolyl}1, 7-diazaspiro[ 4. 4] nonane;
(5- (1, 2wHer8eash 820) Xyk), X, dndlxazamdividubiy dilrogemanigpgen bonded
2-(1, 3, 4-oxadi azol )yl ) -1, 7-di azaspi r o[ 4. 4] nonane; v
2touyGet, by barbdn Bortied 2a apubstitdent jpasiesneherein no more than three of
3-pyridazinyl)-1,7-di azaspir o[ 4. 4] nonane;
5X ot XXy Sndoyt iach/miredenior ditepgar perided40 2x¥98Rane;

or Cy is a five 5-membered heteroaromatic ring of the formula:

7-
7-
7-
7-
7-

—~N~

T

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", -CFs, -CN, -NO,, -C;R', -SR', N3, -C(=O)NRR", -NR'C(=0) R",

[¢]
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7- (5-cycl opentyl oxy-3-pyridyl)-1,7-di azaspi ro[ 4. 4] nona
ne;

7- (5- phenoxy- 3-pyridyi)-1, 7-di azaspi r o[ 4. 4] nonane;
7-(5-(4- hydroxyphenoxy) 3-pyridyl)-1, 7-di azaspi ro[ 4. 4]
nonane;

7-(5- ethynyl-3-pyr|dyl)-1,7-d|azasp|ro[4.4]nonane,

7- (6-chl oro- 3-py6dyl ) -1, 7-di azaspi ro[ 4. 4] nonane;

1 (BRI BB TEIDR olRcon
%@g}@%ﬁlai ‘9%&‘ E‘Fg'é(‘lﬁgﬁgﬁ:ﬁ@z? -SO.NRR", and

(_ thi azolyl)-1, 7-di azaspl ro[ 4. 4] nonane; 1-(5
3\”3§§§<‘§1d| azol )yl)-1,7-di azaspiro[ 4. 4] nonane;

2- (1, gndka© dél@agOsg) e MK@ %2%@9&,4 Aloarpe:; cycloalkyl,

(
(2- pyrazi ny i azaspiro onane;

z I FRFAASo 6, or R' and R"
1- nettﬁ%gycgﬁ(%&%ﬂ |agyl&§ﬂléiﬁﬁﬁa§§iﬁ?%[?ﬁz] ngnanoé . on

1- ﬁ&irﬁ%et&f&rﬁw@wdumﬁcﬂada)nil 7-di azaspi r o[ 4. 4] nonane;
1- met hyl - 7- (5-1 soxazol ) 4) 7-di azaspi ro[ 4. 4] nonane;

1 wherein the term “substituted” as applied to alkyl aryl, cycloalkyl alkylaryl,
-met hyl - 7-(5-i sot hi azol yl ) -1, 7-di azaspi ro[ 4. 4] nonane;

1- naylalkyl; Ekéd,(dnd2 hdtemoyely! a'eiars) tpl Qubstittian wita ope 106 p}prqpf halo
nonane; O 86

1- WéIRﬁ.yWR’R‘( 2:GFh, 3CH, oN@i 2B1.) PR, 1-Ns. dCERANRIR o WREHGFP) R

oné6ne;

HBQGS@)R? (BEIPR MACFOR'di-UGRBINGFAR] nHERE WMR'C=OIR,

X FONR SR, 1 SR M EIRR et o, and
, naq §zol et hyl - 7- (5-cycl opent yl oxy- 3- pyri dyl ) -1
E’B a?gpﬂn [ 4. 4] nonane;

}O{njft 2}/ %Zre%ﬂ@q@%ﬁ% eRYindicdts knat the (Boﬁaél%@tween Y and Y* and

between Y' and Y" can be either single or double bonds with the prowso that when

1
1-
1-
(1
1-
1-
1-

the bond between Y and Y' is a single bond, the bond between Y and Y" must be a
double bond and when the bénd between Y and Y' is a double bond, the bond
between Y" and Y" must be a single bond, where Y or Y" is oxygen or sulfur, qnly one
of Y and Y" is either o@gen or sulfur, and at least one of Y, Y', Y*, and Y™ must be
oxygen, sulfur, nitrogen, or nitrogen bonded to a substituent spebies, '

in the manufacture of a medicament for treating or preventing one or more of

drug addiction, nicotine addiction, and obesity.

4. A compound as defined in claim 3 for treating»or preventiing one or more of

drug addiction, nicotine addiction, and obesity.

5. Use of a compound selected from the group consisting of:

7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane;
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1- met hyl - 7- (5- (4- hydr oxyphenoxy) - 3-pyridyl)-1,7-d

i azas pi ro[ 4. 4] nonane;

1- met hyl - 7- (5-et hynyl - 3-pyridyl ) -1, 7-di azaspi ro[ 4. 4] no
nane;

1-nethyl -7-(6-chloro-3-pyridyl)-1,7-di azaspiro[ 4. 4]
nonane; .

1- met hyl - 7- ( 6- met hoxy- 3- pyri dazi ny]) -1, 7-di azaspi r o[ 4.
4] nonane; . ] ) _

7- mEGyyrimidi )y -digrgspirof-4RoRaa%pi r o[ 4. 4] nonane;

7-met hyl -1 - (5- pér i m di.n)(l ]}1, 7-di azaspi ro[ 4. 4] nonane;
7- ni(ByisoxazqlP)-1. £liazaspital4-41r0Man8i azaspi r o[ 4. 4] nonane;
7-methyl -1 . . ]

-( 5-ﬂ-@dsﬁhb@ﬁﬂ)ﬁsXﬂfﬂz?sﬁﬁoﬁ_z‘ﬂgﬁlaf%{ 4. 4] nonane;

zo:]n% %,.y(l1,_2|,4_-<gx$a§j iga%él)2y1)f11_, .é%% S%%rg 4)‘ ‘MA c)nén]re;7' di azaspi r-o[ 4. 4]

T b PARSAG I e O azaspi 0L 4.4

nondn&
7- | -1 (2-RyLazi -3 7l iro[4. 4 :
7 ey DR oSS T e ] nonane:
2- (3 pyri: 7 i ;
( é—' @Y)PM'%QM)%M{—?Q% gi a@ﬂlg{inégﬁ]dfgf]r‘]ﬁgﬁane; 2-(5
b= 30oyi i ircf4. ;
S A PO a. 4] nonane:

(

0

(

(5 ryiaE dy\H1)7-Qazasdiral4dimpnans 4. 4] nonane;
(g(?%ygoﬂe oxadiseag)gi %’% )-2,7-di azaspi r o[ 4. 4] nonene;
( Z=@ypherdxyyd-pyridyl}-1 (i-diazespirol6firoddneonane;
(3-pyridazinyl)-2,7-di azaspirof 4, 4& nonane;.
( F-(Fet-hpdroxyphenaxytgpydy 7L GoRzasosP 4(ﬁ?'2f’.n2]‘?1'onane; 0
-

- 2-( 55(6zeghyoﬁeﬁ1b)§7ildwgﬂ.73di§%?ﬁrwz§gl°??rlﬁ; azaspi Ez[i] 4] nonan
e; _2-(5-phenoxy-3-pyridyl)-2_ 7-diazaspiro[4.4]nonane;
2- ( gﬂﬁy&'%ﬁyﬁg@ﬁ'ogé?Z%Ql-pﬂg?[r“'r‘%?ﬂ"%b%, 7- gi azaspi ro[ 4. 4] n

2. ( 3EOMAYY-SPEGRTRYH] TS 7SI 4) nonane;

1-(3-pyridyl)-1,7-diazaspiro[4.4]nonane;

2
[

2
2
2
2
2
2
8
2

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[4.4Jnonane;
1-(3-pyridazinyl)-1,7-diazaspiro[4.4jnonane;
1-methyl-7-(3-pyridyl)-1 ,7-diazaspiro[4.4]nonane,

| 1-methyl-7-(5-pyrimidinyl)-1 ,7-diazaspiro[4.4]nonane;
1‘Qmethyl-7-(5-isoxazolyl )-1,7-diazaspiro[4.4]nonane;
1-methyl-7-(S-isothiazolyl)-1 ,7-diazaspird[4.4]nonane;

1-methyl-7-(5-(1,2,4-oxadiazol)yi)-1 ,7-diazaspiro[4.4]nonane;

o
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2- 6-chloro-3-py(dyl)-217-di azaspi ro[ 4. 4] nonane;

2- (6- net hoxy- 3- pyri dazi nyl ) -2, 7-di azaspi ro[-4: 4] nonane;
. 2-methyl -7-(3-pyridyl)-2,7-di azaspi r o[ 4. 4] nonane;

2-met hyl - 7- (5- met hoxy- 3-pyridyl)-2, 7-di azaspi ro[ 4. 4] no
nane; :

2-nmet hyl - 7- (5- phenoxy- 3-pyridyl)-2, 7-di azaspi r o[ 4. 4] no
nane; 6-(3-pyridyl)-1,6-diazaspirof3. 4]octane;

1- met hyl - 6- (3-pyridyl)-1, 6- dlazasplro%g oct ane;

2- ( 31-piettiyiyi(3- L3 S-odadiazabii- G} BazeFRiEd SBOnane:

5-nmet hyl - 2- (3-pyridyl)-2,5-di azaspi r o[ 3. 4] oct ane;

6- (31mnyuy4(a-pﬁraﬁnmazmsm{oﬁ4 ‘ﬁ]‘?ﬂﬁ'?ﬁne -

1- net hyl (3-pyridyl)-1 6-diaza 3 5] nonane;
2. (31W7X3-Qy®a@ﬂﬂi&€pﬁ‘$zé‘ﬁ8"

5- met hyl - 2- ( 3- d

2 ?‘EWW%; :rE oA 2@%2%%8@%13’0"5“‘“”&”9

7 (St Ipopeien gy LB Qe idREane

i et
o7 T B RSP bt SloRgnRIT aashidtinone:

accept a salt thereof, in the

manuf ﬁ\% (@%th%ﬁ%yﬁ%ﬂﬁﬂ?-dﬁé&ésmmlhmner preventi ng

one or re 0 ction, nicotine addiction,

and _Y.(6-Ehlor8-Hyridyds-a, 7adiazaspiro[4.4]nonane;
7-(3 ?E'%ﬁyw-@l% dlglgag%?ro[4 4] nonane or a

phar {Theeiyt-7-gaethoxpe peridaryl- tsatiazaspislé Hnonane: t he
manuf acture of a medicament for treating or preventing
one Dmethyl-&(pyridyikd 7adiazaspirelf.ANGNeY i ne addi ction, and
Obes7l-:n></athyl 1-(5-pyrimidinyl)-1,7-diazaspiro[4.4jnonane;
7-methyl-1-(5-isoxazolyl)-1 ,7-diazaspiro[4.4]nonane,
7-methyl-1 —(5-_isotﬁiazolyl )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)y)-1 ,7-diazaspiro[4.4]nonane;,

, 7-methyl-1-(2—pyrazinyl)—1.7_—diazaspiro[4.4]qonane; '
7—methyl-1—(3—pyridazinyl}1.,7-diazaspiro[4.4]nonane;
2-(3-pyridyl)-2,7-diazaspiro[4.4]nonane;
2-(5pwihidihﬁ}2,7diamspiro[4.4]nonane;
2-(5—iéoxazolyl)—2,7-diazaspiro[4.4]nonane;
2-(5-isothiazo|yl)-2,7-diazaspiro[4.4]nonarie;

2-(5-(1 ,2,4-oxadiazol)yl)-2,7-diazaspiro[4.4]nonane;
221 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-pyn’dyl)-2,7-diazaspiro[4.4]nonane;

o
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7. The conpound as defined in clains 5 or 6 for use in
treating one or nore of drug addiction, nicotine
addi ction, and obesity. 8. Use of a conpound sel ected
fromthe group consisting of:

1-(3-pyridyl)-spiro[ 1-azabicyclo[2.2. 1
] hept ane-2, 3' - pyrrolidinei; '

1- (5-ethoxy-3-pyridyl)-spiro[ 1l-azabicyclo[2.2.1
]heptane 2,3 -pyrrolidinei;

- (B{ayclopprtyiont-3 oy - diegAspialfAInoppne:

azab|cyclo[2 2.1 ]heptane-2,3" -pyrrolid ine];

| (z(qenmnoms-ey )r2d '?23§Bif9[6ﬁk‘°§%%| cyclo[2.2.1
] hept ane- 2 pyrrol i

1' (23(56(4-ﬂyywwéﬁt§x8¥ﬂd@?%§’ﬂfa&§?ﬁmg "r]'??ﬂaﬂe azabi cycl o
[2.2.1 ] heptane rroli | ' -(5-pyrimdinyl
) - s~ M@M&Iﬁngt%i"é'aéasf'r?[gé&oﬂﬁ%e '2,3 -pyrrolidinei;

I3 @,@%?&%%Mdyl)—%?drastperE‘*a c%%o[z 2.1 ]hept ane- 2,
e A RS052E Bl i AR sk e? 2.1
D S 2 2

m%ﬂwg?’? f‘o’ﬁéﬁ@k@é%&&dﬂ))?ﬁ&bf&b&o{amnawI o[2.2. 1] he

IOt ane- rroll di nei
- (ZmBiyRZ gslyﬂe}loﬁpsfpg)ﬁdyt)amhaameplm@z]@nane
] hept ane- 2, pyrrolidi ne] (3 pyri dazi nyl ) - spi

r o[ %@Z@Jau;ayq:bz&na’&aaplto[j Alegtmne- 2, 3' -pyrrol idine];
-(5-ethynyl -3-pyridyl -apiro[7 - azab|cyclo[2 2.1

] h e Dit-memy@-@-p)mlylylb-o16|—<ﬂazaﬁ@]ol3 Aloctane;
- (6-chl oro-3-pyri dyf-spiro[ | -azabicyclo[2.2.1
] he2-@roridy!B2,5 zlagwo&ﬁ $lestane;

e i i SN
rrol(qs@%/é]‘yl _d‘aozag‘%[o?s arz]g\ngl 8yc| o[ 2. 2. 2] oct ane- 2, 3' - py

rget ﬁ?%ﬁg%ﬁ ot s iRdiS Shdnaweabi cycl of 2. 2. 2] octa
a2 gg@%@ﬁ)ﬁ%@%ﬁ%&r& Suériafyd ) - Spi r of !

2.2]octane-2, 3" -pyrrolidine];

- (5meth @Q@‘py&dﬁyzbdﬂéz)as;SiMIfﬁhdnmabl cycl o[ 2.2.2]octa
ne 2, 3- pyrrolldlne]

1 4@4(3.dwagnpxgﬂimasp(m]4—53dwnedyl ) - spiro[ 1-azabi cycl of 2
2 2] octane-2,3" -pyrrolid

ne
@n%ﬂ%ﬂpﬁdﬁﬁﬁd&ﬁqﬂgﬁiﬂﬁ%ﬂe%ﬂﬁbl cycl o[ 2. 2. 2] oct an
e 2,3 -pyrrolidine]

1" - e 3eyrievioL. BoisrasRpI4 EIdS5eRS; i - azabi cycl o 2. 2. 2] oct an

&2 -metgyly-(%l (;ygliiyi) ]l 7-diazaspiro[4.5]decane;

8-(3-pyridyl)-1,8-diazaspiro[5.5]undecane; and
1-methyl-8-(3-pyridyl)-1 ,8-diazaspiro[5.5]undecane;

or a pharmaceutically acceptable salt thereof,

in the manufacture of a medicament for treating or preventing one or more of

drug addiction, nicotine addiction, and obesity.
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1'-(5-pyrinidinyI)-spiro[l-azabicyclo[2.2.2]octane-2,3
pyrrolldlne]
-(2- pyra2|nyl) spirof 1- azab|cyclo[2 2. 2] octane-2, 3’
pyrrolldlne]
- (3- pyrlda2|nyl) spi ro[ 1- azabi cycl o[ 2. 2. 2] oct ane-2, 3
pynrolldlne]
- (6- met hoxy- 3- pyri dazi nyl)-spiro[ 1- azab|cyclo[2 2.2]
octane 2,3 -pyrrolidi
_6- i sbisaz &fylﬁwnﬁﬂi‘iwé’%ﬁ?W?@rﬂTofaﬂeZ b farkdiagn greutically

1’ py Ea;gﬁl!é@ﬁ'%?%tz%ﬁ?m indhe menyfagiytanf armgdigegrent fgy reating or %reventmg

| f %%%Eb%’re&? Fsrug sAditpR enyto ddfip fdbeddys ) or! 1ol

-(2-(1, 3, 4- oxadi azol ) yl ) - spi ro[ 1- azabi cycl o[ 2. 2. 2] oc
tane 2,3 pyrrolldl ne]
by &l @Pbruss in treating one or more of
Jhe%z rﬂ}g}z‘b%gyr id ﬁ% |n3&§h%‘5y u

t ane- |ne

hept arg?ify Mn%o@f(éga’d{étbn%n&oﬁeélw(l azabi cycl of 2. 2. 1]

pynr o I nej
-(5-cycl opentyl oxy-3-pyridyl)-2"H spiro[ 1-azabi cycl o
[2 2.1 Jheptane-7,3" -pyrroliidine]; :
1" - @5- pheseuya Sorﬁwdm\d)sbbee@d Homythe griolip aansisitiog of: of 2. 2. 1
] hept ane- 7, 3- pyrrolidine];
1- (94~ ﬂyyidwpsghp[‘ﬂemb;c)@lé[zmmmameéﬁM@Idﬂ‘@[ 1- azabi cyc
l o[ 2. 2. 1] hept ane- 7, 3- pyrrolldlngﬁ
1 ae(@ketmaa;wvlo-eerﬂ-azaquﬁipl&?f hepsasrzy AvEpisingl: |
] hept ane-7, 3 yrrol

1 h ('55Wp‘meW§'PWQW’§B'F4{b‘ﬁ{abé%’glﬂ 2c?yg|1%:rt§ne22 i—pyrrohdme]
] ept ane é%% 'T&S% d&?ﬁp‘é‘ﬂy %1\bicyglggb2 1C] e-2'23 f'rrohdme]

- '-
] 53(%8311 lnggdlﬁ%i l§)8}%!3§iyﬁt§l (g)irg[‘l -aza ICYC;/O[% 2. 1!hegtane 2,3 pyrrolldlne]
(liil l - - i )

2. 1 ']- Qﬂﬁ)")zsﬁrot‘pé(iabibw;ldmze!]lheptane-z 3'-pyrrol|d|ne]
25 i soxazol yl')-2' H spiro[ 1- azabi cycl of 2.

] hemt(an@tri’az'blmwpiro[ﬂ-aﬁame}'qlo[Z 2.1]heptane-2, 3-pyrrol|d|ne]

1'-(5-isothiazolyl)-2"H spiro[ 1-azabicycl g ]. .

] hept(H€2 Z-cﬁfadlpywl)ydl-apdom@]Zab'CyC'OIZ 2.1]neptane-2, -PWO idine];

i] hé’?(ﬂé%éi%?@gl)%%é%: i ﬁéfblcvc Ak fepang 23-Bioighdy >

1'-(2-(1, 3, 4- oxadi az .

spi 5d?‘9¥@2‘8ﬂ0‘§9‘@fb‘ﬁéab22))ﬂ°he%ﬂg%a“ﬁ %‘3&’( rolifine} ne]; or
har maceut j cal I acc 90 in

t heJi)rfﬁTﬁ’M’Fdéét"W‘ 396? @Pt?&%ﬁlpé‘?g or ? ﬁ:g‘n%r

PT e¥ _e(g_e hygyl- -pyn%{d)—splro% -giabtcyclo[zz.ﬂheptane-z 3-pyrrolidine];
1-(6-chloro-3-pyridy!)-spiro[ 1-azabicyclo[2.2. 1]heptane-2,3'-pyrrolidine];

1'-(6-methoxy-3-pyridazinyi)-spiro[1 -azabicyclof2.2.1]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[z.2.2]octane-2,3’-pyrro|idine];
1'-(5-cyclopentyloxy-3-pyridyl)-spiro[1 -a;abicyclo[z.2.2]octane—2,3‘-pyrrolidine];
1°-(5-phenoxy-3-pyridyt)-spiro[1 -azabicyclo[2.2.2}octane-2,3’-pyrrolidine];
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drug addiction, nicotine addiction, and obesity. 9. A
conpound as defined in claim8 for use in treating one
or nore of drug addiction, nicotine addiction, and
obesity. 10. Use of a conpound having the foll ow ng
formula: QMR Qiv CNQY Formula 1 or a

phar maceutically acceptable salt thereof, wherein d is
(Cz2),,, Q is (Cz2>" Q' is (CZ2),v, and QV is

(()?Zz)qéhdgyéro;ﬁ%nggy)%-gmg;igﬁugqll %Zlﬁglu aI é{g 2&}3%%?220:? %Mrroudme]
S

is U%@H@?%waﬂyib il tﬁ%ggrﬁocgan‘r@‘;fg,e%c gf% or

ar oA w&'@frzn-a%cxcﬁé%%@%ﬁ% PHRST o tne
g{ﬁ -(29&?%'@& ?ﬁfaszg%g¥c?cg§? QJC?@ gbt\é-:zoa iﬂrﬁﬁ@iﬂb} uted

gﬁtb E‘f‘{}%h#m ﬁ%%gl'%éf)ﬁ?d?@Q%Wu%eénglr%% aryl ,

aryly atblsrﬁé ﬁ)@-pyfrﬁiézbﬁ?l Spitdtflagib lbz@lbfmd Z]Odt‘ame-z.?}'epysbbdme];

nmenbe t he orrrul a. ? X1.11 X~ where each
of % géﬁsoﬁgzolyl%i dpwo[ﬁaﬂa%' yelojo. 2jocthns-2lapyimplidinglr ogen,

ni trogen bond to oxygen, or carbon bonded to a _
su bql@é@ﬁbz&sﬂ%mm-a@mygw 2a@odtarws? 3epywoliginglno  nor e
than three of X X X', X'', and X"" are nitro r
ni t MeE@en, Zﬁemcwmzolayl)espﬁgyrazablcyclolz 2.2]Joctane-2,3"-pyrr |d|ne?
1-(2(1,3 4-oxad|azol)yl)-sp|ro[1-azablcyclo[z 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-pyridyt)-2'H-spiro[1 -azabicyclo[2.2.1 ]heptane—7.3'—pyrfo|idine];
'-(5-cyclopentyloxy—B-pyridyl)-2’H-épiro[1-azabicyclo[2.2.1]héptane-7 3'—pyrroli'dine];
-(5—phenoxy-3~pyndyl)-2'H-sp|ro[1 -azabicyclo[2.2.1]heptane-7,3" pyrrolcdme]
1'~(5-(4-hydroxyphenoxy)-3-pyridyl )-2'H-spiro[1 -azabicyclo[2.2.1]heptane-7,3"
pyrrolidine]; |
1 '-(6-chloro-3-pyn’dyi)—2’H—épiro[1 -azabicycld[2.2.1]heptane-7,3~'-pyr,ro|idine];
'-(5-p$'rimidinyI)-2'H—spiro[1 -azabicyclo[2.2.1 Jheptane-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[2.2.1 Jheptane-7,3"-pyrrolidine];
1 '-(6-methoxy-.3-pyridazinyl )-2'H-spiro[1-azabicyclo{2.2.1 Jheptane-7,3-pyrrolidine];
1'-(5-isoxazolyl)-2'H-spiro[1 -azabicyclo[2.2.1 Jheptane-7,3"-pyrrolidine];
1'-(5-isothiazolyl)-2"H-spiro[ 1 -azabicyclo[2.2.1]heptane-7,3'—pyrrolidine];
1'-(5-(1,2 4-oxadiazol)y!)-2'H-spiro[1-azabicyclo[2.2.1 Jheptane-7,3"-pyrrolidine] ; and
1'-(2-(1,3,4-oxadiazol)yl)-2'H-spiro[1-azablcyclo[2.2.1]heptane-7,3'-pyrrolidine]; or a
pharmaceutically acceptable salt thereof,

(o]
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or Cy is a five 5-nenbered heteroaromatic ring, of the
“formula: Y/ 1"-YVII where Y and r' are individually
nitrogen, nitrogen bonded to a substituent species,
oxygen, sulfur, or carbon bonded to a substituent
species, and Y and r" are nitrogen or carbon bonded
to a substituent species, wherein "substituent

speci es" are, ‘individually, sel ected fromthe group
consi sting of hydrogen, I tuted

al kenyl , i tissnanuteciere g ¥ 'cameﬁg{z’é %t&'/‘E % P@‘*"lé'w“g one or “‘°’? of

Sum‘&rh# E&(ﬁ&loheﬁl@éti%)éﬁhwﬁon gxCOERIKY| subst i tuted
cycloa , aryl substituted aryl, alkylaryl,

substituted al kyl aryl aryl al kyI subst ituted

ar y| aI kyI ha;'g(ﬁ@d aSC?QfoRIF‘? ,m 3'\1&:@? &%Unb\@e or more of drug

C( O -QCRR)rC(=0)R,
dgdlﬁ“?” e ‘g%gﬁfm“ %;%(08}&5?{ ), NR' SC2R

OC(=ONR R', -NR C(=OOR', -SSR, - S2NR R', and
-NR” S2R", V\,here R and R' are |nd| vi dual I y hydrogen,
al nglted RNeGNGtoyhulaar yl , or
aryla k :%meg%%?guﬁﬂa}vhtgeger fro?nl to 6, or R and
R' can conbine to forma cycllc functionality,
wherein the term "substituted" asﬁgpplied to al kyl,
aryl, cycloal kyl, alkylaryl, ma | kyl, aikenyl, and
het erocyclyl refers to substjtuljion with one or nore
of halo, 0 92 -OR,. -NR'CfFfI -CN, -N®2, -CZR ,
-SR, -N3, -C(=ONR R R R', -C(=OR,
=R, -0(=QR, - , A=0 R,
-(CR R"),NR'C(=O R, /O(CRR‘) NR'SOZR'
-OC(=ONR R', -NR C(= - SO2R’ _SCRNR R', and
-NR SO2R', and wherein the dashed Iines i ndi cate that
t he bonds between Y and_Y' ﬂ between Y' and Y" can
be either single or douBEY %o ds, with the proviso
t hat when

or a pharmaceutically acceptable salt thereof,
wherein Q'is (CZz), Q" is (CZ), Q" is (CZ2)w, @nd QVis (CZZ)X,
u, v, w, and x are individually 0, 1, 2, 3, or 4, preferably 0, 1, 2, or 3, and the
~ values of u, v, w, and x are selected such that the depicted ring contains 7, 8, 9, 10,
or 11 mehbem, provided fhat when u is 0, v is greater than 0 and when w is 0, x is

greater than 0,

R is hydrogen, straight chain or branched C.s 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:

of



t he bond between Y and Y' is a single bond, the bond
between Y and Y" nust be a double bond and when the

bond between Y and Y is a double bond, the bond

between Yand Y" nust be a single bond, where Y or Y"

I's oxygen or sulfur, only one of Y and Y" is either
oxygen or sulfur, and at |east one of Y, Y, Y, and Y"
nmust be oxygen, sulfur, nitrogen, or nitrogen bonded

to a substituent species, in the manufacture of a

medi canment for_tr or preventing one or nore of

drug addlctloﬁx nlc tine addiction, and obesity. 11. A
compound as deinedan claim 10 for use in treating or
preventing one ofX"“nore of drug addiction, nicotine

addi ction, and obesity. 12. Use of a conpound havi ng

the fol | qeROedchONX, &, X QC" an@by" is GyividualFoitregen anos?n bonded
a pharmaceutically acceptable salt thereof, wherei

i s ((€&gen, o@arban HEBRY o aQubstiteent SFEjes! w@srerrsat(lmpsze and no
QVis(CzZ2)Y, and Q' is (Cz2), where u, Vv, X

and raoratrenitimde of U4l xyxo arm X% arezitrqgen gF "‘gﬂae’t tP%‘de to oxygen,
values 0 93 of u, v, and z ar % :

such t haor €pis aﬁwec@@amaer&%g}?rm?ﬂcuf@g W& e aai ns

8, 9, 10, 11, 12, or 13 nenbers, provided that when u

is 0, vis greater than 0, R is hydrogen, straight

chai n or branched C15 al kyl acyl al koxycar bonyl, or

aryl oxycarbonyl, Zis, indi |Iy sel ect ed fron1the
group consisting of hydﬁ' en aIkyI substitut ed

al kyl, cycl oal kyl, substi gd-cycloalkyl,

het erocyclyl, substituted heterocyclyl, aryl,

substituted aryl, alkylaryl, substituted al kyl aryl,
aryl al kyl, and substituted arylal kyl;

where Y and Y" are individually nitrogen, nitrogen bonded to a substituent
species, oxygen, sulfur, or carbon bonded to a substitﬁe_nt species, and Y'and Y"
are nitrogen or carbon bonded to a substituent species,

wherem “substituent species” are, individually, selected from the group
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substttuted alkenyi,
heterocyclyl, substituted heterocyclyl, cycloalkyl, substi.tuted cycloalkyl, gryl,
substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted ary_lalkyl, halo,
-OR', -NRR", -CF3, -CN, -NO,, -C;R', -SR', -N, -C(=O)NR'R", -NR'C(=0) R",
-C(=0)R', -C(=O)OR', -OC(=O)R, -O(CRR")C(=0)R', -O(CRR")NR'C(=O)R,
-O(CR‘R"),NR"SOZR', -OC(=0)NRR", -NR'C(=0)OR", -SO:R, -SO;NRR", and
-NR'SO.R",

where R' and' R" are individually hydrogen, C;-Cs 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, alkylary,

arylalkyl, alkenyl, and heterocyclyl refers to substitution with one or more of halo,
[e] .
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Cy is a six nenbered ring of the formula: | | X'"~X""
where each of X. X, X', XC', and X'"" is individually

nitrogen, nitrogen bonded to oxygen, or carbon bonded
to a substituent species, wherein at' |east one and no

nore than three of X, X, X', X'', and X'" are nitrogen
or nitrogen bonded to oxygen, or Cy is a five
5- menber ed heteroarorratic ring of the formula: 1-~A

where Y a IVI u - nids ogen,Dj N oty N
bondé@Rt-oR'%%ub F't (g@ '%éygeﬁ G ﬁNFQﬂ -NR'C(=0) R",

Z?éb‘n’&—ﬁﬁé %(Lgaﬁﬁiﬂﬁa{;{s&)ﬁé SRETOL Yo i o

ec : R Re,. . R
sp I@@‘U Iy, 2Sul ( S&ﬁ?bﬁ%}) OR" €..S0,R', SO%NRR, and

i ndi tt'e the group’ consis |ng 0

hydr ,gl ?{(l‘,( subst it ut ed al kyl.,- al kenyl
substit u?é alkenyl, 0 94 heter ocycl yl, substi t ut ed

het er Ocyctﬂéremcfﬁ%' 8K ines iHRdeld tﬂrbﬁ%ecb&@ddsabdﬂwben Y and Y' and
aryl, stituted aryl, alkylaryl, substituted

al kybé‘tﬁvﬁén Yaédﬂ W’ Kdﬂ be %m’(b‘itslnbtét@“@oably Ibahdksy lwithtiiad proviso that when
-OR, - CN, NO2, -C2R, -SR, -N3,

- fﬁ)eWaneMeNR’ \CérRDY' R4, singldlord) e bot bEERN Y" and Y" must be a
-0(=O R, "=Q(CRR'),(=QR, -QCRR), NRC=QR,

- O GiRvuBte bNR! sa When- tﬁE(bo@)i mtween Y mdcx‘:l@)audpuble bond, the bond
-S02R, -SO02NR R', and -NR SO2R', where R and R’ are
i ndi betereen Ywnﬁyﬂﬂwgfé he a@m@c&\pk\yrpere GRENO A gypen or su ur, only one

1 onfrR 468 ¥ lsgitnke G o Sulh Srd sk ERRkOnE T oripy Yr SV must bo
lic funct the t ted
os cpomtashs A oS et kPR
| al kyl | k | h e
2{1%3? it ﬁt i 8% r\r,}fe{? Hrg gla rﬁ%a? %'?{?Y }reétﬁ'fge({ééré\%ntm& one or more of
-NR ‘a‘g_%% ﬂQMcoﬂng%&imuons%d obd¥y. - X O) NR R*,

11. A compound as defined in claim 10 for use in treating or bféventing one or

more of drug addiction, nicotine addiction, and obesity.
12.  Use of a compound having the following formula:

VI
Q H

Qv
(IQ'_H\Q{,
N

Qll

Formula 2
ora pharrnacedtically-acceptable salt thereof,
wherein Q' is (CZ),, Q"is (CZ2), Q" is (CZy)w, QV is (CZ2)x, QY is(CZ,),, and

Q' is (CZ,), where u, v, w, X, Y, and z are individually 0, 1, 2, 3, or 4, and the values
. o |
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-q=0)R, -(=0OR, -O(=OR, -QCRR")r(=0R,
-QCRR"),NR'C(=0)R, -QCRR' ),NR'SO02R ,
-OC(=ONR R', -NRC=OO0OR'", -SO2R, -S2NR R', and
-NR SO2R', and wherein the dashed |ines indicate that
t he bonds between Y and Y and between Y and Y" can be
ei ther single or double bonds, with the proviso that
when the bond betvveen Y and Y’ is a single bond, the
bond between Y and r' nust be a

t he 8 Hol. Metdel ahd 7 amepieeieg S50k s JdS%CESQZ?ﬁ%W%"“Q contains
i gt \3%? ge{p ‘3‘? "é—’upff {rﬁu megﬁev Brﬁglgg(%ﬁa%q&l I\é.\dbei} Es %e%%r tﬁan 0,
P St b ol e b b PR e ot Ay B, o

bonded .t o a%Pg,rgpstltuent speci es, |n t he rmnuf acture of
a med rycl dr treating or preventing one or nore of

drug addi gt,gon,ﬂ d e‘%ﬁu ! @éidilfrsm ?\@r grdls RRSEtidg/ of kdroden, alkyl,

conpound as d T2 m 12 treating or
pr eV%BBduR@eoonﬁkﬁf Wéro%lk?if sdﬁéﬁ&t@ﬁdéy@robw, REeRICEN,  substituted

addi cti1on, and obesity. 14. The use of claim1,
3, 1QeteRicydid, Q@Fylt eebsammpwi eﬂ<y|eiyau subdtituted alkylaryt, drfalkyl, and
wherein only one or two of X, X', X', and X'" are

nltrgquﬂuﬁdgrylalkgagen bonded to oxygen. 15. The use of
claim1, 3. 10. or 12 or the conpound of claim?2, 4,
11, or 13Cyiswhsix miembendd ringrof thelfamubme of X, X, X',
X'", and X"'" are nitrogen bonded to oxygen. 16. The
use of claiml /3)( 10, X\or 12 or the conpound of claim
2, 4, 11, or 1%5” rein X'' is nitrogen or nitrogen
bonded to oxyggw_ 1,7)(""The use of claiml1, 3, 10, or 12
or the compound oX"claim 2, 4, 11, or 13, wherein
both Xand X'' are nitrogen. 18 The use of claim1l, 3,
10, or 12 or the compound of claim2, 4, 11 or 13,
wherein X, X', and X"" are carbon bonded t

substit uermer@ pe@h efsX, X', X", X™, and X" is |nd|v1dually mtrogen nitrogen bonded
to oxygen, or carbon bonded to a substituent species, wherein at'least one and no
more than three of X, X', X", X", and X™ are nitrogen or nitrogen bonded to oxygen,

or Cy is a five 5-membered heteroaromatic ring of the formula:

e 7/al
\ "_4111
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,

o]
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19. The use of claim1, 3, 10, or 12 or the conpound
of claim2, 4, 11, or 13, where the substituent
species at X, X', and X'" are hydrogen. 20. The use of
claim1, 3, 10, or 12 or the conpound of claim2, 4,
11, or 13, 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. 21. The
-10, hsterocychyt, shb_st@seqaobet@mvcw aﬁYﬁ‘PQKM su i’“‘"tSF %‘fm‘i\" arl,
22%&'»2@1&1 mr eas%‘g&bégh&uggd alivigs %F?l%ggﬁ?sil}gtﬁa Uty halo,
o, USRI R SRECLES, 66, 1B USROS e B o) w
nne {-%&%99%%%@3}98&? BELTES DlerrrE=oR, VERR %(=0)R',
-O(CRR")NR"SO;R’, -OC(=O)NR'R", -NR'C(=O)OR", -SO;R', -SO,NRR", and
-NR'SO.R",
where R' and R" are individually hydrogen, C¢-Cs 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 functibnality,
wherein the term “substituted” as applied to alkyl, aryl, cycloalkyl, alkylaryi,
arylalkyl, alkenyl, and heterocyclyt refers to substitution with one or more of halo,
-OR', -NRR", -CF;, -CN, -NO,, —CZR', -SR', -N;, -C(=O)NR'R", -NR'C(=0) R",
-C(=O)R', -C(=O)OR', -OC(=O)R', -O(CRR")C(=O)R’, -O(CRR")NR"C(=O)R,
-O(CR;R“)rNR"SOZR‘, -OC(=O)NRR", -NR'C(=O)OR", -SO:R, -SO,NRR", and
-NR'SO;R", and :
wherein the dashed lines indicate that the bonds between Y and Y' and:
between Y’ and_ Y" can be either single or double bonds, with the proviso that when
the bond between Y and Y' is a single bond, the bond between Y' and Y" must be a
double bond and when the bond between Y and Y' is a double bond, the bond
between Y* and Y" must be a single bond, where Y or Y" is oxygen or sulfur, only one
of Y and Y" is either oxygen or sulfur, and at least one of Y, Y, Y", and Y™ must be
oxygen, sulfur, nitrogen, or nitrogen bonded to a substituent spécies,

in the manufacture ‘of a medicament for treating or preventing one or more of

drug addiction, nicotine addiction, and obesity.

13. A compound as defined in claim 12 for treating or preventing one or more of

drug addiction, nicotine addiction, and obesity.
O
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14. The use of claim 1, 3, 10, or 12 or the compound of claim 2, 4, 11, or 13,

wherein only one or two of X, X', X", X", and X" are nitrogen or nitrogen bonded to

© oxygen.

15. The use of claim 1, 3, 10, or 12 or the compound of claim 2, 4, 11, or 13,

wherein not more than one of X, X', X", X", and X"" are nitrogen bonded to oxygen.

'16.  The use of claim 1, 3, 10, or 12 or the compound of claim 2, 4, 11, or 13,

wherein X" is nitrogen or nitrogen bonded to oxygen.

17. The use of claim 1, 3, 10, or 12 or the compound of claim 2, 4, 11, or 13,

wherein both X' and X" are nitrogen.

18. The use of claim 1, 3, 10, or 12 or the compound of clain‘i' 2, 4, 11, or 13,

wherein X, X", and X" are carbon bonded to a substituent species.

19.  The use of claim 1, 3, 10, or 12 or the compound of claim 2, 4, 11, or 13,

where the substituent species at X, X", and X" are hydrogen.

20.  The use of claim 1, 3, 10, or 12 or the compound of claim 2, 4, 11, or 13,
wherein X" is carbon bonded to a subsfituent species and X and X' are both

nitrogen, or X' is carbon bonded to a substituent species and X and X* are both

nitrogen.

21. ° The use of claim 1, 3, 10, or 12 or the compound of claim 2, 4, 11, or 13,
wherein no more than three of Y, Y', Y", and Y™ are oxygen, sulfur, nitrogen, or

(o]
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nitrogen bonded to a substituent species.

22. The use of claim 1, 3, 10, or 12 or the compound of claim 2, 4, 11, or 13,

wherein between one and th_ree of Y, ¥, Y*, and Y™ are nitrogen.



