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invention relates to pharmaceutical conpositions
i ncor pOV-ARYIODILDASEIRALSY CEI@ 0IOMPO UMDISSANDMETHODS OF
ni cotinic cholinergic receptors, for exanple, as

nodul ators of speprEpPARATION AND USKEEHERECGHIDt ypes.
The present invention also relates to nmethods for

treating a wde vari et YpRid &R8idveRisnh and di sorders,
particularly those 5 associated with dysfunction of

t he centtal . OITj er\ - Bac
of the | TEaER GABERIates SRR Rl it HRHES e
phar macol ogi cal eff.ects (Pullap.et al. . Enal . J

Ve acorsnngstabeble SaTEainp ity SR eierllin Riduopde =

gte u%ﬂ%%hilgtg?sgf %gq%&grn?%gg}% % pstglfel@gglg)gsr. V’ﬁl)é ?)ge}s)én? invgﬁt?o%_a?sglrglates
neuroprotective 10 effects of nicotine are proposed).

For tognethesisdor tepating 4 wides vamdy ofrapdifipnseand disprdars; Ragtyfarly dhose
serotonin and glutamate are rel eased by neurons upon
adnmsspdatedivito Aysfotction efdhg ¢eatrglRpdentpnagic gervous yystems.

Neur ochem 43:1593 (1984); Rapier et al., J.

Neurochem 50: 1123 (Ba@Bgoundahtherdnesntigh. , Brai n Res.
567:313 (1991) and Vizi, Br. J. Pharmacol. 47:765
(1973), Nidafile ezhibits a yarBiyosfiphammabiiegica effécts Riitldn32 81, N. Engl. J.
(1972), (Hery et al., Arch. 15 Int. Pharmacodyn. Ther.

296 R4 I30I11-8) 5 (1394), 6B ofWhidh are dietd ReRENsRAGer rdléise (e,
(1992)). Confirmatory reports and additional recent

st ugl, %§a1§519,\§i14kt@§e dIhIC gsté&,ﬂ%ss Zsémz@é G5 At fAde Ha%gkra&@me

glutamate, nftric oxide, GABA, takykinins, cytokines
d tel ' t
e CorBR Ry e R Be li RUBTREREIR)

S R R N R —
C e o il . Lo s R PP il roten
e s L Bhi T S
N C;17 :%50(19;3]5, (Hall et al., Biochem. Pharmacol. 21:1829 (1972), (Hery et al., Arch.
Int. Pharmacodyn. Ther. 296:91 (1977)), and Toth et al., Neurochem Res. 17:265
(1992)). Confirmatory reports and additional recent studies show that nicotine
administration modulates glutamate, nitric oxide, GABA, takykinins, cytokines and
peptides in the central nervous system (CNS) (reviewed in Brioni et al., Adv.
Pharmacol. 37:153 (1997)). Nicotine also reportedly potentiates the pharmacological
behavior of certain pharmaceutical compositions used to treat certain disorders. See,
for example, Sanberg et al., Pharmacol. Biochem. & Behavior 46:303 (1993); Harsing
et al., J. Neurochem. 59:48 (1993) and Hughes, Proceedings from Intl. Symp. Nic. S40
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Decina et al., Biol. Psychiatry 28:502 (1990); Wagner
et (1ad4), VRHauswadnionyl dbheficiayphadmatQlbgicdiABRets oPniodtine dave been
et al., Addictive Behaviors 9:265 (1984); Onaivi et

al . propdst@ §fé| for ¢, PR3ind A9 4Biol. Phychikp 28802 81990); Wagner et
Pharnacol Exp. 5 Ther. 221: 91(198 ) and Hanon, Trends

M B5Rbps 59512;1 -8 ({9589 PbmehShudsl, t,zfl'dng'tz136‘:’Behavzors 9:265
det’

n| COtI ne i1t vari ety of nicotinic COfT'pOUI’] S are
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con bns an anpl’e;
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Exp Qpin. . Invest. Drugs. 5( 1996); Benc

al ., 10 13 adgiHon igticsrine %@H ‘I"?ﬁ\? %‘f@“‘i‘&i%m?%g%‘)r? P“rPO“e‘“y
Llpplello et at., J. Pharnmacol. g er. 279:1422

( 100wl fadieatingc wide varieqeeficouditions @g (hi‘@‘QWJ.SeePFPéFﬁ"é%?’.
Exp. Ther. 291:390 (1999); Chiari et at.

AneWilliews of abgPregi NawsPer{ped gg@) 205 G99H AmsHiget aln GNS Drug Rev.
Ei senbach, Anesthesiol ogy 91: 1455 (1999); Holl aday et

at . 1131 (M@d); ArheivEnalnExA Q28 Vnvest 1BBigs 6(1199911;99shﬁnmhe1@f etal.,
at., Science 279: 77 (1998); PCT WD 94/08992, PCT WD

15 IWnadAddol FRETTHAD29%A 4B68R6);dAnpbidlloSt alRat Bhdrmes. Exp. Ther.
5,583,140 to Bencherif et al. 5,597,919 to Dull et

at. 27951@9419%} Dathapial. WElrosal encea@QbﬁJ 2Rl ESp. Ther. 291:390

Cosford et al Ni cotine and various nicotinic

d U cnpac
Wil eist U R cfgf%’og%ﬁ% (1899); La%?rfd Rife MoHfsenbach,

dlsor See, for

Lo rgaverenoT iy (EPsdfuntyi By @‘&%&%ﬁ%‘%@m
Pat gr?tg?Abg‘ﬁoé‘ th’g’tg'!‘f%gg? (éég?;}?‘ﬁo 2%45‘5@%@]1} V&e

neur ol og cal disorder. gy can be drug i nduced
at t PO/BIA7EdPe B WG 8?/&9688 PGS Fatret Nppa, 5834 %@tl?eaﬁh%‘f etal,
trauma;, or of unknown etiology. CNS disorders include
neupSP&YtHoddull et abiiSseHdat © Srw@mt@l apd 852,00 140 fosfordghal.
mental illnesses, and include neurodegenerative
di seasesNichtiesand orBdusQicotnid evrspoundgané teportedlli wsefudjéor greating a
and 25 cognitive affective disorders. There are
sevV efidel vafibl§ ol CBISrdikerdersmses dorcdxample AU.S. Patent Nos. 5,1871,166 to

Kikuchi et al., 5,672,601 to Cignarella, PCT WO 99/21834 and PCT WO 97/40049,
UK Patent Application GB 2295387 and European Patent Application 297,858. CNS
disorders are a type of neurological disorder. They can be drug induced; attributed to
genetic predisposition, infection or trauma; or of unknown etiology. CNS disorders
include neuropsychiatric disorders, neurological diseases and mental illnesses, and
include neurodegenerative diseases, behavioral disorders, cognitive disorders and

cognitive affective disorders. There are several CNS disorders whose clinical

R
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of neurotransmtter rel ease, inappropriate properties

of M@MfeShfichl hAYd Bebh atiruBAOCNS dgEfdbibn | (lrba, ixofders radulting from
i nteracti on between neurotransmtters

Ne U@ ats 1 VeRf of hEEERARmiter reRAYeES f@bpr%t&brﬁﬁ’é’rﬂ@sro? can

be attributed to a 5 deficiency of ne, dopam ne,

nor gy Cﬁ&%ﬂiﬁilh&% g{'so End?6t'i &fpgﬂ)gﬂate Bﬁér@étfo}{ %E%ema%tters

di sor I ncl U pre seni enenti a earl y-onset

Al z h Ingelrotr;ns?m%& ?E%Q%t,lbrsf %'vé:rg% %r?géfdé\'s (:?rﬁ%eﬂttn'bete@ Eo zI he

AI e er

; E%félee'a?ytsogae‘gme f‘émmgﬁ%if}??ﬁw& BRI noon s
unt | ot e amman CRA g i e e pe (el st

mani a, attention deficit  disorder, anxiety, dyslexja,
schilzbeimesniiseaselerspiledamstia (lementia of therksiney s, &pe), micro-

di sorders and Tourette's syndrone. A limtation of

s omiafan¢telomentiacAB¥sdatedodemientia, Rzautaftidakeb disgass Jipkas digease,
with various undesirable side effects, for exanple,

by Bdrkinsdnssti ingluding Sarkinaerds djseasy, 'pmg'ressivelﬁprawém palsy, |t
woul d be desirable to have conpounds, conpositions and
met Hogtgfors choey,aartive dyskitidsia hyperkintsid) gnavifay atedton deficit
conditions or disorders (e.g., CNS disorders),

I NChidstierdanichye Wi ddxiid) §chi h&ﬂlﬂﬁk%x&f obRE&HR-Bhipalsie disorders

where the conpounds exhi ni cotinic pharmacol ogy
W tﬁldarotﬁ?e@t@fs's%ﬂm@ffem (e g., upon the functioning
of the CNS), but w thout S|gn|f|cant associ ated si de

effects. hh%@dﬂ qu’ sbilE Bﬁgﬁmp@o X ansﬁ s that tﬂ@}séré Q«%E&a&@wnh

provi de conpoun compositio ods

e Sl B eSO A e
i nduce undesir fects (e.d.. a

act (579 e g'eagagﬁt%flavgﬁamg%f‘%fgﬂnpg&ﬁ{? §Pméihods for
sites). The present |nvent|3, provj des such cg nmpound
Conﬁrsgqn[tlpg, (gﬁTantn}ge\taﬁelbsscon itions or disorders (e.g., CNS disorders),’

including alleviating the symptoms of these disorders, where the compounds exhibit
nicotinic pharmacology with a beneficial effect (e.g., upon the functioning of the
CNS), but without significant associated side effects. It would further be highly
desirable to provide compounds, compositions and methods that effect CNS function
without significantly effecting those receptor subtypes which have the potential to
induce undesirable side effects (e.g., appreciable activity at cardiovascular and skeletal
muscle sites). The present invention provides such compounds, compositions and

methods.
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preparation and use thereof are disclosed. The

compounds are N-aryl sginamep bt the txehtien Compounds,
bri dged anal ogs of N-heteroaryl diazaspirocyclic 5

conpounds Coﬁ{qoﬁ{dg CHhHﬂx?ac&fthi% E%lﬂl&rﬁ $ncffdidgtBS Eompounds, and
conpounds e aryl group can five- or

S lf X t h'IFé?%%E gsqrgp?a daq{og GX& L:J.e(iherrf(ﬂ’ gre@s%‘o@&f? c%mfnﬁgﬁgrﬁ’k B aryl

I azasSpl ocycli1 Cc conmpounds I nc

7y§ |3 d&?&{zlas% %'clé(f & O d Ist’)aﬁ(?soﬁxljf{gﬁgi aﬁrgﬁ(}gﬁ QR %%te%g'l illlag%splrocychc

g(r)ln.ggrg ;,‘ Iﬁg I'Eg'lglfgs c|>\r|- rgeet;b% 1%3l E)y tlhese%hr%lz)gusﬁ S. ’Phey aryl group canbe a
(3 yrldyl) i ro[ 1-azabi cycl o] 2. 2. 1]hept ne-

2 3" - piy¥er o1 Some eredrh@ere 69%‘316%%&)0#&5@? FB%@C Namyl

be used to treat and/or prevent a wide variety of

c ondiazaspigeychie compaypdrdpeludea3rnyeidylnl {7sdiazaepite (44t laonage pud 1-G-

characterized by dysfunctlon of nicotinic cholinergic

neur pyrdyhsh7-diizaspiro[#ddnonaiien Exaples efchridgedanslogs plgN-heteroaryl

neur onodul ati on of neurotransmtter rel ease, such as

dop aivzaspiro@kkasenpo@Mds iddudi 15-(B-pheidgl)-spi| t-lazﬂxi@clo[Z.Z. 1]heptane-

characterized by an alteration in nornmnal

neurotransmtter rel ease,23'gyoladisdlher exanpl e of

di sorders that can be treated and/or prevented. The

CONPOUNUf1 B pGRAAP ORI dohPBSitiGRRaBbSRe®R tHashdIR prevent a wide
all eviate pain. The nethods involve admnistering to

a SMegﬁ}f c@rﬂhtﬁ{n@ BL&isoGer ﬁgﬂfaﬁlaﬁ’}f' thd€d d\ko?c[eﬂ characterlzed by

di azaspi rocyc compound dged anal og of an

N hg ) ngt%fryc{f n%l ﬁl"él%ﬁ#lfn?%}/ccr* I.n%tr&?s?ﬁ&#ﬁdmclgam? Qf dglg 11%81ving

ereo evl a e part

d d h '
ef { E%ﬁré%d@éﬂﬁraﬁﬁ" S R Pkt

! SpaOR g *&v@%%%tz«%ﬂv@@?"ﬁ%gﬁwe e PRt
subject and act as _a therapeutic
are another example of disorders that can be treated and/or prevented. The
compounds and compositions can also be used to alleviate pain. The methods involve
administering to a subject an effective amount of an N-aryl diazaspirocyclic
compound, bridged analog of an N-heteroaryl diazaspirocyclic compound, or prodrug
or metabolite thereof to alleviate the particular disorder.

The pharmaceutical compositions include an effective amount of the
compounds described herein. When employed in effective amounts, the compounds
can interact with relevant nicotinic receptor sites of a subject and act as a therapeutic
agent to prevent and/or treat a wide variety of conditions and disorders, particularly

those disorders characterized by an alteration in normal neurotransmitter release. The
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agent to prevent and/or treat a w de variety of
condi tions and disorders, particularly 25 those

waole@anoews characterized by an alteration i n nPCTVEK2003/020524

neurotransmtter release. The -4- RTP 70241vl WO
200shafited@izalRempbiizdHl prdl2iaRdapepicbdmehitd indddduals suffering from
conpositions provide therapeutic benefit to

| Ndiu¥h Gidathisrs aatf dxBIbitHE clihM manENatibnS 6f SUEK SisctB&ls. When
exhi biting clinical manifestations of such disorders.

Wh i td e
{ e AR By Gfeclfh A i EorHR e PO R Sy
and . ct I [ il . i (£.

o1 e nafn B Rnd ME  Phe SEAR, LB S5 s ha o
nodul ate their function, and/qr. (il dul a .

e e AP b S e eaf e Ml R, iR Br i moduate
sug&ress t he s% tons,gssoci ated, with éhose disease%.
| n BEYERTRPIHUer SHECH0D,#PY OWE It Ang TupPighs tay SRR AR 2t
of nicotinjc cholinergic receptors of the brain of , .

t heWidhthpistiseages In addifiphithe GampoBpis sem &b alier the Ifugttiegog;m@ﬂmc
(iii) when enployed in effective amounts, not result

i n chobinesgir zspriors ¢f e brainsefidbe natient ¢iig exhibit peugpprotegtiye effects and
effects such as significant increases in blood

pr e@iguvten amgloyedinteffeciive amowntsy mof iesdtin apraeraableasvers¢ side s
upon the gastro-intestinal tract, and significant

ef f &tk (e.gpside effeets elichl as vigaificant incidases bloodpresstiiecat] heart rate,
conpositions are believed to be safe and effective

Wi t fighiR@at shgative ePfe@y giitni thegaaméliritdseindl iaet andfsighifidante ffects
variety of conditions and disorders. 15 The foregoing

andy RhRedetATRAEES e phitghaPERSARbmMpALHEIAE biRbeRdved to be safe and
explained in detail 'in the detailed description and

exafpl-fve &@)ﬁ%%ggn tg gp&%ﬂ\f&n g taldhest JPg S6dd WahE©9df Odnditdgs and

| nventi on armaceut 1 cal conpositions
i ncl.udi.ng the conpounds, and nethods of preparation
lsorder?. ) !
hereof are disclosed. 20 The foll ow ng

and use

definitiQns wil.l b seful .in.understandi.ng the netes .
and  bountdoskoe A oFE APrn L RED) PREOR e ERp R T deuil
g?:ﬁéﬂé%c%%gﬁws%%ik | @315 E)]:a?nrp estsgt mttlg l%lgvb.t chain or

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 more substituent groups such as
hydroxy, alkoxy, aryloxy, mercapto, aryl, heterocyclo, halo, amino, carboxyi,

-5-
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groups such as 25 hydroxy, al koxy, aryloxy, nercapto,
ar ydarbah@t, Y436 y4ildhe k3] @lkeayll’ Pders Gastiaipkt/dhain-do brandied
70241v1l WO 2004/ 005293 PCT/ US2003/ 020524 car banyl ,
cy Q%rocﬁ‘ﬁgn taBRals hﬂéﬁldl 5@ L@gn% ferdbf)f CLS;s dn héitlﬁgf?dt g3kt one

0

chaln or branched rocar n radical s including

r(])n%t%foﬁ‘ ﬁég% g&"%bsﬁﬂﬁed%ﬁ’e‘n 9 rlrs Itc?aﬁ@nyf:’r‘a&cals further

car car bon I'e bond; "substituted al kenyl

r ef1:>eerar31nt I}C%l 51%9%/ Jub&ﬁ%n? gps dag fil neg abgl%v éy&@al@l {ri

uent groups®a
f t t ed { t ed
Eicﬁ%fuiatrf?rdma%rrrtg?ﬁrgﬂ SFralF U Bt Pk
t b to t
o e SRR B0l By b i S

radicals further bearing _one or nore substltuen )
gr otrsialleds refers tygloalighradicalyfuther begrng age Pbmares figent groups
radi cal s haV|ng six to ten carbon atons; “substituted
ar yisdefinddeabave; Sardl? yafers sapremptic mdiealnlavingeis torien Grkon gloms;
mor e substituent groups 10 as defined above;
" al feybstitupéd' aryld feders tot anylaamgaﬂs oty bearingede ermére sulititightsgroups
"substituted alkylaryl"” refers to alkylaryl radicals
f ur dshdefinddedbve) gaqunﬁylﬁ irefiams teealkylizabstitutaidrylgadicabs “abstituted
defi ned above; "arylalkyl" refers to aryl-substituted
al kytkylsrgrtiréfals $6 alk)ﬂht?ﬁhﬂibzﬂ& ftherteytiny diiglor morf MbKitient groups as
aryl al kyl radicals tfurther bearing one or nore

SUb&inb & R5dkve, 00 RURS I BrS fer<t6 hiyietbsaRRY Alkyl RELALCEYSEliMted

refers to saturatéd or unsaturated cyclic radicals 15

¢ onﬁr?f Pyyp’%fgl@% 91’3:1a { Galost ﬁfrfﬁglt &ﬁg \é SireBr mofb subbtitmht groups as

at of "t he rrng St ucture an ng two to seven

o 6t SHTR Bl Mftrs 1o MR LB PREEC R liars

ref ero |ca s fur ring one
or

Confhih i“%%%&%&%%%ﬂﬁi@%fﬁﬁ i iﬁlgsrg*g S

unds, bridged anal ogs of N- hetero ”
i AP B PR CARSRIARIE heging rsaa%mlﬁ?da‘r%ﬁ‘%rar&y} refgrsdp
t hese conpounds and pharmaceutical ly acceptabl e
sal h@erp%@nglé@fhcals further bearing one or more substituent groups as defined above.

I. Compounds

The compounds are N-aryl diazaspirocyclic compounds, bridged analogs of N-
heteroaryl diazaspirocyclic compounds, prodrugs or metabolites of these compounds,
and pharmaceutically acceptable salts thereof.

The compounds can bind to, and modulate nicotinic acetylcholine receptors in
the patient’s brain in the cortex, hippocampus, thalamus, basal ganglia, and spinal
cord. When so bound, the compounds express nicotinic pharmacology and, in

-6-
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The conpounds can bind to, and nodul ate nicotinic
acetylcholine receptors in the patient's brain in the

wa@ eooen3294i ppocanpus, thal anus, basal gangli a, PE@nusS2003/020524
spinal 25 cord. Wen so bound, the conpounds express

ni g@iﬁcaiaﬁ, nijdaatREOIeR@s IREkous Reurot@ansititiersAfcddidg ddfEnine,
2004/ 005293 PCT/ US2003/ 020524 particul ar, nodul ate

t he e b fatS1affineé 3dhAY fordFiHépking RadH dstsofonin) §detiinbBne,
dopam ne, other catechol am nes such as norepinephrine,

su ' i .
oSN, RGBTy BRELY  IELLLE cy CHBAn il A v
neurotrans '%%grs and neuronedi ators. 5 Receptor

bi n |38“8%ﬁ§ ants provide a neasure of the ability of

t he conpoun to.bind to half, of the releyant C or
sites o eﬁeéﬂgclrgf‘ﬁl“lﬁczgpsﬁa“gse‘? TpYde, megs repoaf?li1 ee%? Ry %{etg? 90‘%,%%) pnd
exanp| e, ng. et al., Biochem . Pharngacol .. 22:3099

(199 By el e istedic s TGP CivGR B LS plsphpe patent. See,
conpounds_descri bed herein generally exceed about 0.1
M for expmele, Ehenacsialaerstion. Rigmagal 22 SROLARTDy Th Esewor
about 10 nM and are often |ess than 10 about 100 M

of ttendihgennstants af the eernporodsygseribad hereingerarally axeeed abeysf.1 nM,
about 5 M Preferred conpounds generally have

I e cffeh @xcebd algtiun ) nbip arst fequentlyeseeed hibout 4G oMt arl 4e offign less than
sonmetines are |less than about 1 M and can be | ess

t hadboatlo0 tuM, Oftem Iéss thireaboonoqividad fiegentiydess thearabbut Sqem.
denonstrate a nicotinic function by effectively

act prétrbd\Eorifuh@ deAdtaIN ab€fecERET MR cohktaTa o6y then about 2.5
endi ng preparations (i.e., 15 synaptosones). As such,

thegag SHTRMLNLS 1&@%@%&{/?&@, hikd @Y BB lesO@b A8b%t 10D nM.
rel’'ease or secrete acetylcholine, dopam ne, and ot her

heurotr aﬂ% '&)ﬁl Slnds d&ERRR ﬂLlJeMI cah Mah&gtrgte g?mg?{ﬁ? Ghction by

activate opam ne secretion I n anpun east orne

third, .typicall t | eas bou t ) : :

F r effsieactPeqnb adbroifiler S54tbn A el enlfigBreparations G
ti t, t ,about 1,000 ti I th th

¢ eIPHRIFOED). A HetFOrPOMTE EMEATHls T AieRps BgRcase or

receptors. Certain compounds elicit dopam ne sqfretj n

in %ﬁm%ﬁﬁlﬁh%ﬁ'ﬁ&?P?@‘“e’caaﬁrﬁi‘F’é’Eﬂ“@t’iaBs‘T‘ﬁ%\‘F gr“?ee*? YeRPI15

an equal nolar amount of (S)-(-)-nicotine. i )
compounds activate dopamine secretion in amounts of at least one third, typically at

least about 10 times less, frequently at least about 100 times less, and sometimes at
least about 1,000 times less than those required for activation of muscle-type nicotinic
receptors. Certain compounds elicit dopamine secretion in an amount which is
comparable to that elicited by an equal molar amount of (S)-(-)-nicotine.

Preferably, the compounds can cross the blood-brain barrier, and thus enter the
central nervous system of the patient. Log P values provide a measure of the ability of
a compound to pass across a diffusion barrier, such as a biological membrane,
including the blood brain barrier. See, for example, Hansch et al., J. Med. Chem.11:1

-
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Preferably, the conpounds can cross the bl ood-brain
barrier, and thus enter the central nervous system of

wo b@4pe2oent . Log P val ues provide a neasure OPCT/N82003/020524

ability of a conpound to pass across a diffusion
bar(1963)., Typica 163 valdel &r @ compouRITBEseBad héfein 416 lgeittiallg greater
the blood brain barrier. See, for exanple, Hansch et

al .thamkbotfed.s, GR&Mre &batdr than7a'boﬁ-63m¥méq%¥ﬂtly% greater than about
2004/ 005293 PCT/ us2 03/ 020524 (1968) Typical log P

val Oufﬁfu? e g},pghgll %@Pﬁi gf(;ﬁtﬁéﬂ a€ Tjespﬁm? hBbuftd,%nd frequently are

genera ter -0.5, often are greater

th and frequently are greater than about
0. QQSS%P%[%?@ typl cally less than about 3, often are

| ess than aboyt dfre | ess tha baut
175 | n o g enb e oPRaTES R Rk B Bt
structure represented by Formula 1 below. ui /R QIV
QG &dew ) 1 u NQOyr "Formula 1 In the formula, QL
is (Cz2),,, Q is (Cz2),,, Qais (CZ22)W and Q is
(Cz2) X 10 where u, v, wand x are individually 0, 1,
2, 3 or 4, preferably 0, 1,,2 & 3. Ris hydrogen,

| ower al kyl, acyl, al koxy a‘rﬁbnyl or aryl oxycarbonyl ,
preferably hydr ogen or.I al kyl . When the val ue of
uis 0, the value of greater than 0, and, in
the case of Fornula 1, !V\:h m the value of wis 0, the
val ue of x nust be gr Niel than 0. In addi tion, the
val ues of u, v, w x are sel ected such that the

di azaspi rocycl ic ringghpp@entains 7, 8, 9, 10 or 11
menbers, preferably 8, 9 or 10 nenbers.

In the formula, Q" is (CZ2)y, Q" is (CZ2)s, Q™ is (CZ2)w, and Q' is (CZy)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.

Q{V\/Q\VI

Q—
Q- o
Q v
IL_—'Q il
Cy/
Formula 2
-8-
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QViQAaliyVv Q@ " Qv NQCr Fornmula 2 -8- RTP
70241v1l WO 2004/ 005293 PCT/ US2003/ 020524 |1 n anot her

weniwadoizent , t he conmpounds are represented by POT/IB1083/020524

2, above. In Fornula 2 Q is (CZ2),,, QI is (CZ2)v,
Q' i's (Gfddothér e%odxtn@nt( %%meoun@aﬂei&ﬁgﬁtb’d rmél 2, bSove.

(CZZ)Z where u, v, X, y and z arelnd|V| ual ly 0,
1, Vi % (@fbﬂ v E@i M an
Fo§nu‘?£26 5%2 Fe sesz?(c ?’? g%ﬁ ﬁat t ?)‘rléd%f(dgg d

d| [ 1 1
o sbﬁﬁ Rub ol g, T8 ApdfgRuanty d b psors ?fef’e‘%béf’o’l
case of . For nmul t he val ues e.
i P e SRR, . i i A et R Eeed o
alk , acyl . alkoxycarb nyl —or ar yl ox ar bon
%%F%PHP?/YCW BFBERITATEN S Polthr LPioy S memBs; bl daf 031 ot
represents ei t her hydrogen or a SU|tabIe non- hydr ogen
10 2umesebersydpth e§p~°@cqf &grmiyla 2, the valyes v and xisan pg %}F@Haneously 0.
al kyl , cycloalgﬁ substituted ¢ cl oal kyl ,
hetlarddifer, R is hydiegeni loweralkyhecds 8 Pgrbonywrwryloxycarbonyl
substituted aryl, alkylaryl, substituted alkylaryl,
ar yprefetayly hgdrogenbs tlowartabkgl. ar yl al kyl ; but preferably
| ower al kyl or aryl). In either fornula, Cy represents
a sui t alfach indiwklualdl reprexentssither lgdrogtredrer suaatderndn-lydragany .
In one enbodinent, Cy is a six nenbered ring of the
f orguydtaduent shecibs (e.gXhikyl, subbtithded 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:

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
to oxygen, and it is preferred that only one or two of X, X', X", X" and X" be nitrogen
or nitrogen bonded to oxygen. In addition, it is highly preferred that not more than
one of X, X', X", X" and X" be nitrogen bonded to oxygen; and it is preferred that if

-9
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Each of X, X', X', X'" and X'" is individually
nitrogen, nitrogen bonded to oxygen (e.g., an N-oxide

w@eooo@2pzincti onal ity) or carbon bonded to a PCT/US2003/020524

substituent 20 species. No nore than three of X, X,

X", on&of tha@Gpeties ifhifrofintHoR@RANo BXygoh, itk Gisicd rTde dMoét0
oxygen, and it is preferred that only one or two of X

X, ré%émby X" gﬁttraggﬁ 1 e Sféfen%ﬁ AR, BN SEhd0" are

ox gen ion, it is highly preferred that not

bor Etrcgé?oT 3&?1 élcyf )%"" ée car%% bo%ﬁé:h "a"su ‘ﬁlt\%htt %)QQ%TEM it

I'S pre erred that

Zgégﬁygg:a V\@ltﬁli(l)fdfgg 52 %H&Plgsgz{t Oxyc{g gﬁ' Zlﬁ'dfooggg' 1 (Ir c%xlilacff? Sther
XII 1) ma 1 I
Al i e e i | s

nitrogen. Typi.c X' and X'" are on bon ‘
t o lydsges %“G@ﬁtaf%‘ifé‘& mgggenaﬁlacqr&am Qe prsiies ICO‘F‘H%H“ t weere X
substituent s eC|es at X, X' and X"" are_hydrogen. For

c eris edrhordron amﬂ'@ﬁﬁé#eﬁ@@e%@rﬁﬁ@hﬁﬁd%’dr\%@r & apd X" age both
carbon bonded to a substituent species such as

hydnwegen, X and X" are both nitrogen. In certain other
preferred conmpounds where X is carbon bonded to a

subst i t eadotisp ewbaeimentcOy B3 fivg droaperredbenmirodidticame, such as
both nitrogen. In another enbodinent, Cy is a five

5- nRAR] fRchn)glicphed, RERIzLIG, ikdthigzols RIzoRS thiakBle pyytrazolep] 2,4-
furan, thiophene, isoxazole, isothiazole, oxazole,

thi (ﬁé@xlaﬁ)le RYASIRCld ard A2,4idiea DR examples of such rings are
4-oxadi azol e and 1, 2,4-thazole. Cther exanples of

S u C &ib@@ﬁl @%efatgﬁ %ﬁ,f 5 6?2:1868'}0 @leréen gt)%t etﬂ& centLofQdon3RS

to esen et ‘conitents of which are

in Ci(r)lcr: ora gerem rb? Ixé}elg%g? 1§ h%{r %Ht‘frgtgl anE %&/ &g@@k‘r@&@j is as

n@g Y and Y" are |nd|V|duaIIy nltrogen nitrogen
B"%o a substituent species,

Y
\:
YII_YIII

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
Y" must be a double bond and vice versa. In cases in which Y or Y" is oxygen or

sulfur, only one of Y and Y" is either oxygen or sulfur. Atleastone of Y,Y'", Y" and

-10-
RTP 70241v1



10

15

20

25

oxygen, sulfur or carbon bonded to a substituent
species, and Y and Y'' are nitrogen or carbon bonded

WO 000a/083203t i t uent speci es. The dashed |ines i nBCT/aAS®03/020524

that the bonds 20 (between Y and Y' and between Y' and
Y )Y Clst BE oRygeh 8h1fiEH Aigtb nVr nfdEE] BonBedda substieushspecies. It is
V\,hen the bond between Y and Y' is a si ngl e bond, the

rwef@ﬁéd”tﬁzﬁrﬁo\ﬁﬁﬁéjthaly'thré@b? ty, Re y@ 2540 be oAl sﬁﬂﬁjr Mitr6Fen or

versa. In cases in which Y or Y is oxygen or sul fur,

Ioglast &gﬁ leagrtdfex ya{'%bsfltwéptc‘ ﬁg%p i%lsq’é}f&? rggezrfé E_ﬂat 4east¥ne, but no
200AL 0 O SRRy st be oxyce,

roéegen’ ot rogen o%?&ed to a substituent

e ML o) Y

nltro en bonded to a substituent species,

fur¥ h&‘heﬁ AB 8 cyrben handed 2 *B%%%enmécleso%m%en h?ﬂdsd forfan
three, of Y, Y, Y'" and Y'' be nitrogen. 5 Substltuent
s pé@b%@“%&%@?%tt&dc%mthhv%ii%? myyalugbetwgen abgut —0.3and abqut
Y, Y and Y'' (when any is carbon bonded to a

SubTs, freeuently pesweeasbont 26 padjeheubbbicad each sigma m value
substituent species), typically have a sigma mval ue
betindieidualywah be Q oBnak nqhahtnmcto; adefGmirfed avpceordhnce wathdasch et
about -0.25 and about 0.6; and each sigma m val ue

I NCHly ChdilRey. 65 0990).or not equal to zero; as

determi ned in accordance with Hansch et 10 al., Chem

Rev. 91:E@mpled FhiabléudEmhas sﬁfmeMsé@md&wm;J(wdfmmtx" X",

speci es assoc:| ated with any of X X

Y 1 ' ld " ﬁl@ tt ée
£ Tt OBt AR A B i

2 3 gfz%tnld\%&ts e ﬁBEx(é*‘ltengcilei(sé ({lﬁﬁé%gg}}ég&? esaxﬁgtﬁded allkyl alkenyl,

2;@@%@@? P Rt s
2 u b‘}él’ﬂaog%lﬂewlu a‘ﬁ?ﬁlléf%hg{yl aahg?/a@?}(%ll)ﬁl g%al%@rw g,ylallg s‘xljstltuted

C( “(WIRH-]QL’\I]SMIO (W FC?@CST qz), 'O&( —I‘@}ﬁ'" 'CF Cl‘d) HQz, -CiR', -SR!, -N3, -
-(=Q R, - r NR' OR '
O(@%‘QWRMRWRO) ! g%(‘d»(NF@(E{O) 903 OQQCR R"):.C(=O)R/,

-O(CRR"),NR"C(=O)R', -O(CR'R")NR"SO;R’, -OC(=O)NR'R", -NR'C(=0)O R", -
SO,R', -SO,NR'R", and -NR'SO,R", where R' and R" are individually hydrogen, 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 ris 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
refers to the substituents described above, starting with halo and ending with -
NR'SO;R".

-11-
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SR, -S2NR R', and -NR SO2R', where R and R' are
i ndi vidually hydrogen, |ower 20 alkyl (e.g., straight

wa@ b@i03203 br anched al kyl including Cl-C8, prefreEDE3003/020524

Cl1-C5, such as nethyl, ethyl, or isopropyl),

cycl oal Imhmplbﬁmﬁ%ymygmu@rludludecypﬁfdyi (@hdapstitdtsd 6hsubSituted
benzyl), and r is an integer froml to 6. R and K

cany %@oan%rkgogim@) %@oéﬁ thhe faﬁelf!:?f{eh{%iféh gﬁaénmm@) germ
substltuted as applied to al yI, aryl, cycl oal kyl

e&ﬂa‘? diyl Kwﬁsﬁt%tlﬁﬁeﬁ otrg h[sﬁﬁ‘]teﬂglp %Hﬁﬁ&éwﬁﬁ%f df*%ﬁéj

starting with 0 an |ngvv|

AT esiongdabdihlc é% %-I%Q?Zo%& %I%Zlg@lazolgl 5-oxazolyl, 5
oL %w‘zefy@n%’igﬁém ot

af orement i oned substituen

(unsubs tePIFETERIYT a@wgwtﬂeﬁl@a PRerbl hepigh yﬂ;@ﬁﬁaw‘ Wlem h
any of the aforenentioned substltuent s),

5- | pyoitiayle pyrimidinyh yraginyks gytilagingh wlnolwbkraizlafiwl Gghers
thi azolyl, 5-(1, 2, 4-oxadi azol yl),

2- (rip@sentaoxcadmam rjfig)sysiemgarg get forth i Kiibsen gtal., J. Med. Chem.
Representative aryl groups include phenyl, naphthyl,

f Urasmpics (1996) My, of theye drdinatjd groypycontiningBpbcicspan be ubstituted
pyridazi nyl, quinolinyl, and indolyl. O her

I epr s & dast dné QutRtinBmigrdupl sudl asticdealeteridedatnet thhabart hssodiated
G bson et al., J. Med. Chem  39:4065 (1996). Any of

t heggy 2r A0l mcegR@pf@seﬁ@me?duagtn@eﬁynmmmn@arm €halo, hydroxy,
substituted 10 with at | east one substituent group,

sucﬂ &, *ﬂg’?fﬂ‘%ﬁﬁm“%ﬁ“@’%"ve that are associ ated

I ke. Representative substitevely

I ncl Ude /@A &é}lt su ﬁde{ltslai"%\aj é&y rOXYn y ?l @X%Xd Yaf(ééhéhxy,

or am no é strtuen cen subsfltuents o)

1.t
ar 8 “gf‘tg@eé‘ffﬁré %rggﬁn%%‘ioﬂlé’"{eg ?f Wr%g% ﬁremgrre S%rrateedsogﬁ ur gltratedd’
t t ed 15 t d bsti t ut.ed
car BREURS o BRI SEpRrIeLS P Tristooutrien A Bl gt
limted to, ether, acetal, ketal am ne, ketone,

| ackimited to] ether.asstale katalcamine ketgpe, lactone, lpqitmcrthamate; graea

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;
organic acid addition salts such as acetate, galactarate, propionate, succinate, lactate,
glycolate, malate, tartrate, citrate, maleate, fumarate, methanesulfonate, p-

-12-
RTP 70241v1



10

15

20

25

The conpounds can occur in stereoisoneric forns,
i ncluding both single enantioners and racenic

woook00293 of such conpounds, as well as m xt ur B6T/052003/020524

varying 20 degrees of enantioneric excess. The

co m&&é@f&@@, 4 abddrtte 5426 WA atidiciindio dofl sacls & dspdr@tetind
(e.g., as pharnaceutically acceptable salts).

Ex 1ﬁ§te oaﬁkaﬁ%étﬁ%ﬁs saa@arsmﬁmtah& théindt GRALRRAh metal salts
sal I nclude 1 norganic acid addition salts such as

sul f, a%nm@ﬁgM% eal A Rl sol, PEAARHE, b&siAGksuch as

addstlo s SUC as acetae tarate,

&Fxfng{lﬂn fam&rresﬁ—lgﬁlg a?ntﬁxgel’ > R 1r¥ea$1%611nea%1%'c¥o%giﬁ§1§me,qﬁ!ﬂ ﬁtl\‘%
f P,70241v1 04/ 00529
Sk o B e A e SR T

salts wth an aci dIC amino acid such as aspartate and
gl (ArEiniae-e Thegalis ean bedg somecapes dydrgienorsth egefolttesn e
pot assi um al kaline earth nmetal salts such as
ragedtiemetaref teeatalt willryary wifh sheunsfusaefithe ennepenenis. igpresentative
salts such as trinmethylanm ne, triethylam ne,

py rsati§ are proyided b$ drscribyd UyTélSoB@WII‘b)m 597,940 b Rulket ab, 5,616,716
di benzyl et hyl enedi am ne; and salts with a basic am no
aci td Dadiehalaand 6631366 anRiuecenfigit al.,ike difdhesusabf whicmarebe i n
some cases hydrates or ethanol solvates. The

St anéedipsried hateiflby kdferesoalit theirkhtiregr y Wi th the nature of
the conponents. Representative salts are provided as

descri beﬂegiréheluat%e cBmbaIHds Mefide theTFSovdd® to Dul | et
al., 5,616,716 to Dull et al. and 5,663,356 to

Rueﬁpglg ?fgo,[a;l dlazagﬁl HigGlasures of which are 10

|nco herein y reference in their entlrety

Hggiqu nGlyde the foll ow ng:
%@p@%@ﬁ ¥l?ic7° zaEp‘]i‘]rg . 4] nonane
rim.diny 34 as |ro[4 4] nonane
2(50 %8’%%‘8)3 -&'amf,bp?r-o g]i’g% Fro[ 4. 4] nonane 15
7 (5 i sot hiazolyl)-1,7- %ﬂzaspl ro[ 4. 4] nonane 7-(5-(
1, 276~ 6?‘5&?‘&2‘611)7 igzaspirp 441 199028%)i r 0 [ 4. 4] nonane
7-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4nonane
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[4.4nonane
7-(5-cyclopentyloxy-3-pyridyl)-1,7-diazaspiro[4.4 Jnonane
7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5-(4-hydroxyphenoxy)-3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5-ethynyl-3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(6-chloro-3-pyridyl)-1,7-diazaspiro[4.4]nonane

-13-
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7-(2-(1, 3, 4-oxadi azol )yl )-1, 7-di azaspi r o[ 4. 4] nonane
7-(2-pyrazinyl)-1,7-di azaspiro [4.4] nonane

wQ@ 2¢03/0p3203 dazi nyl ) - 1, 7-di azaspi r o[ 4. 4] nonane POT/US2003/020524

7- (5-nmet hoxy-3-pyridyl)- 1,7-diazaspiro[4. 4] nonane
7- (ﬁﬁscxmh&@eslbyﬂdamm& T Rdzh o )4-Anofaflé azaspi ro
[4. 4] nonane

7- (15 DMEdiYd dndnafs di @zaspi r o[ 4. 4] nonane
7- (500" E%?g%%iﬂﬁﬁy)]?%m- pyri dyl ) -

1, 7- di azasmi . . o

7- (lééle‘?ﬁl;/ﬂﬁn@*&lg[l’gydﬁ%zgwﬂ%h}o gp%zaspi ro[ 4. 4] nonane 25
7- (6;chl - 3-pyLidyl.) = 7-di [ 4.4
SR LGl b0E3b3 Bt USk003! 020524

7- (6-.net hoxy- 3- pyr.i dazi -1, 7-di azaspi ro[ 4. 4] nonane
1- (13“(‘)‘?‘?‘&6#?%3'&@%@8@%{]?‘95’["2‘? 4] nonane

1-(5-5péri m di nyl 3 1, 7- di azaspi r o[ 4. 4] nonane

1- (5(5d @A9%dipregiy)- 157-d1azasBeIf AH1o8a08) nonane 5
1-(5-isothiazolyl)-1, 7-di azaspiro[ 4. 4] nonane 1

_ (52113, 4roxndisapliyiol . -diayaspiro[# 44f1o89ngs pi r 0 [ 4. 4] nonane
1-(2-(1, 3, 4-oxadi azol )yl )-1, 7-di azaspi r o[ 4. 4] nonane
1- (2Cpyrazniyhly),J-dizaspde[4Atnopanco[ 4. 4] nonane
1-(3-pyridazinyl)-1,7-di azaspiro[ 4. 4] nonane 10 1

- met-BypyridaZityl)- by +diadydpire[4 ¥ ]nondneaz aspi r o[ 4. 4] nonane 1
-met hyl -7-(5-pyrimdinyl)- 1,7-di azaspiro[ 4. 4] nonane
1 -rriiyl-7-G-paidyDQBaiataypijo{4.4nénate az aspi r o[ 4. 4] nonane
1-nmet hyl - 7-(5-isothiazolyl)-1, 7-di azaspi r o[ 4. 4] nonane
1- netnbttl - 7-(-pyr{ndid iy -1 78 8Ha AR ¥ndnahke 7- di azaspi r o[ 4. 4]
nonane kS i - et hyﬁ?-(Z-(?g 42{aoxadi azol)yl) -

1, Tr_Bie@gRp.0d-{s8k 420191/ NONGRBspiro[4.4Jnonane

1-methyl-7-(5-isothiazolyl)-1,7-diazaspiro[4.4 Jnonane
1-methyl-7-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[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[4.4]nonane
1-methyl-7-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-methoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-cyclopentyloxy-3-pyridyl)-1,7-diazaspiro[4.4 Jnonane
1-methyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-(4-hydroxyphenoxy)-3-pyridyl)-1,7-diazaspiro[4.4]nonane
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 Inonane
1-methyl-7-(6-methoxy-3-pyridazinyl)-1,7-diazaspiro[4.4]nonane
7-methyl-1-(3-pyridyl)-1,7-diazaspiro[4.4]nonane
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1-nmet hyl -7-(2-pyrazinyl)-1, 7-diazaspiro [4.4] nonane
1-met hyl -7-(3-pyridazinyl)-1, 7-di azaspi r o[ 4. 4] nonane

wda 200eb82b3 7- ( 5- met hoxy- 3- pyri dyl ) -1, 7- di azaspi pO[/AS2bps1ae0524

nane

1- nﬁhawl:1265(;§yrwaihﬂp¢ntdiézaswroﬁmmﬂady| )-1, 7-di azaspiro
[4. 4] nonane 20 1 -nethyl-7-(5-phenoxy-3-pyridyl)-

1, 77‘-1‘?“%&3%1‘5‘13(Si-i'é&{aéolg]})fiS3inci"l£h‘taispiro[4.4 nonane _

1- met hyl - 7- (5- (4- hydr oxyphenoxy) - 3- pyri dyl ) - 1, 7- di azas
D AL bl o > i )

_1 Tr?f-lgl%{tg%lgl;éiﬁql %Aig’gﬂ%%‘%%lmi ,%Ié;a%és.piro [4.4]nonane | |

411]' %%gtﬁlgi17-§22.(58;ﬁé{ﬁi‘%@iﬁﬁX'%-'d%%é';aﬂ&’h%’]nldnzxied' azaspiro[ 4.

-(3-pyridyl)-1,7-di azaspi ro[ 4. 4] nonane -14- RTP 70241
vl Wtbwﬁi%mmlmﬁwwéﬁdmyﬁ

7-methyl -1 -(5-pyrinmdinyl)-1, 7-di azaspiro [ 4. 4] nonane
7- Memp Y1:1'(3-P>(f@a¥1§§d)<&ZG%%}PS}’IYSL[“?“-]’EHHQ%Spi ro[ 4. 4] nonane
7-methyl -1 -(5-isothiazolyl)-1,7-di azaspiro[ 4. 4] nonane
7- rée@3hpiridgl)-2,7-diazaspiro[4.4]nonane

-(5-(1, 2, 4-oxadi azol )yl ) -1, 7-di azaspi ro[ 4. 4] nonane 5
7- riehyiinidia@)-@.7;daz4spinofic Jagmahg vl ) - 1, 7- di azaspi r o[ 4. 4]
nonane

7- negshiydxakol{i3-2 ydigzbpizo[9.4 horaneli azaspi r o[ 4. 4] nonane
7-methyl -1 -(3-pyridazinyl)-1,7-di azaspi ro[ 4. 4] nonane

2- (Bespivsthydiy)2,7/disha s [héfade 4] NONane
2-(5§py;inid%%yl)-zfggdfg?aspiro[4.4]nonane 10

2- (B3 G 24 )QJd}ﬁ:z%llP)a)_-%7Qia§Zs<B§9[i4r4§&[o4mﬁd nonane

2-(5-isothiazolyl 7-di azaspiro[ 4. 4] nonane

> (Bl R sl dhagasn ol & ) nonene

2 (2PN ) and sl @A TRRACL 4- 41 nonane
2-(3-pyridazinyl)-2,7-diazaspiro[4.4]nonane
2-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4 Jnonane
2-(5-cyclopentyloxy-3-pyridyl)-2,7-diazaspiro[4.4 Jnonane
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[4.4]nonane
2-(6-methoxy-3-pyridazinyl)-2,7-diazaspiro[4.4]nonane
2-methyl-7-(3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-methyl-7-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-methyl-7-(5-phenoxy-3-pyridyl)-2,7-diazaspiro[4.4 nonane

-15-
RTP 70241v1



10

15

20

25

15 2-(3-pyridazinyl)-2,7-diazaspiro[ 4. 4] nonane
2- (5-nmet hoxy-3 -pyridyl)-2,7-di azaspi ro[ 4. 4] nonane

wQ@2¢03/0a3283 opent yl oxy- 3-pyridyl)-2, 7-di azaspi r opdT/4$10081620524

ne 2-(5-phenoxy-3 -pyridyl)-2,7-diazaspiro[4. 4] nonane

2- (653'3(}f§nﬁyl§ill%&H&Bﬁﬂ%&@]oaanepyr| dyl)-2,7-diazaspiro
[4. 4] nonane 20

2- (15mah¥1ym¢el @%dpyflléd(ylgga w3 Mo@&aspi r of 4. 4] nonane

6-chl oro-3-pyrid 7-di‘azaspi ro[ 4. 4] nonane

2 (26925(%9%92 53d1azQ¥ﬂ'1{ofj?1]bQXAe) 2, 7-diazaspiro [4.4]

non
PﬁtyY‘ D D R ST AR L o hent ror4. 4] no
gaxgwdﬂ)'(lé%?@ﬂ’dw -HnoRARe Gy1 ) - 2, 7- di azaspi r o[ 4. 4] no

nane -15- RTP 70241yl W) 2004/ 005293
PCTH-ughylda(opeidsl)-1.6dipzgspital - aippryane

1, 6-di azaspi ro[ 3. 4] oct ane

1- r?e(3l1wﬂdﬂ§) 3= WFR!W[% Slpomngli azaspiro[ 3. 4] octane 2-(3
-pyridyl)-2,5 -diazaspiro[ 3.4] octane

5- rﬁemhtwl-zzq-ﬁs‘riﬂy})ﬂ@ﬁydi)tzaapi@[ﬁﬂazmpi ro [3.4]octane 5

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

- mMe2-(Bypyridyl)-2;6pdiadashito]4.5]de@neli azaspi r o[ 3. 5] nonane
2-(3-pyridyl)-2,5-diazaspiro[ 3. 5] nonane

5- ne btk 2¢-Byridyh)i205ixzapito{4l5 deaspi r o [ 3. 5] nonane
2-(3-pyridyl)-2,6-diazaspiro[4.5] decane 10

6- Metid (lsrd;y“ ¥rd.51efnéli azaspi r o[ 4. 5] decane
7- (3( pyrlgb 5 1, 7alg| zglza]ggl ?0[4 5] decane 1

LB P O sty e
8-(3-pyridyl)-1,8-diazaspiro[5.5]undecane
1-methyl-8-(3-pyridyl)-1,8-diazaspiro[5.5Jundecane

Other representative compounds of the present invention include the
following:
1'-(3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1'-(5-ethoxy-3-pyridyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3"-pyrrolidine]
1'-(5-cyclopentyloxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]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]heptane-2,3'-
pyrrolidine]
1'-(5-pyrimidinyl)-spiro[ 1-azabicyclo[2.2.1 Jheptane-2,3"-pyrrolidine]
1'(5-isoxazolyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3"-pyrrolidine]
1'-(5-isothiazolyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
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1-nmet hyl - 8- (3-pyridyl)-1, 8-diazaspi ro[ 5. 5] undecane 15
O her representative conpounds of the present

WO pwenoi2en i ncl ude the foll ow ng: PCT/US2003/020524

1'-(3-pyridyl)-spiro[ 1-azabicyclo[2.2.1

] help-gﬁ(lQ 2-0%&&&%1)%9?31@[ I‘-@ﬂablcyclo[Z 2.1Theptane-2,3"-pyrrolidine]
et hoxy- 3- pyr1 spiro -azabicyclo[2.2. 1

] helpg?g% 3og’adi£¥f)§l?gﬂlfy[ flﬁﬂablcyclo[Z 2. l]heptane -2,3'-pyrrolidine]
ycl opent yI'oxy- 3- yl)-spirof

“ﬁ?’hﬁém&ﬂw . %%f%létzz.lih BBy ghicune] 20
?FW‘ﬁ?H?bx@i ﬁzagycyaép I]he(?yafnf -2,3'- P)r/rrtthdme]
il Fokdigolaif e lfyc@gga%@agk Cpighon

]he tane |soxazolyl)

1 alzé%Flég?f@r%lmlel)’Epl]fq{é'ﬁ?%d?[zsz llbmnar% %Pﬁlé?lldlaﬁé
-(5-isothiazolyl)-spiro[ 1-azabicyclo[?2.2.

] help«@m@ﬂ@xses-p arzwl)@pm[][l —azabmchﬁi):%/ Vbeptangs2, vvpmolldlne]

2004/ 005293 PCT/ US2003/ 020524 o

1' -(53-psrid¥]) puefd ehizabiriclof2. 3 2 loplane?,3 -pyzrabidiogkc| of 2. 2. 1] he

pt ane- 2, 3' - pyrrolidine]

1 -K’ZS-(ribtlﬁx%é%wﬂdbﬂ)aaﬂﬂOEly#Z)abiSmM[@-[Z:Bitambﬂdypyr@ﬁﬁ@] 1] he

ptane 2,3 -pyrrolidine] -(2-pyrazinyl)-spirof

aleb-by‘cY(Sﬂeﬁt&l%xﬁ%pr}l&ﬁ}lﬁpﬂf(bﬁl-&a&cy(ﬂt){ﬁmﬂ]cboﬂhnﬂel3 “pytrol{die]
-pyridazinyl)-spiro [ 1 -azabicyclo[2.2

] hepgﬁﬁﬁen%xﬁz,-p d;rlpipln'apn&labléyclo[z 2. 2]octane-2 3' yrrohdme]
et hynyl pyridyl)-spiro[ azab|cycro[2 2.

]:Lh_efgg?-gtﬁ-rl%l;r%ygﬂéélyrq? ﬁ;rﬂgﬂ) sp1ro[1-azab1cyclo[2 2. 2]oc[:t%neé2 i ’-pyrrohdme]

piro[ 1-azabicyclo
] h e]?—g?—@%?ﬁil-%g})_ygx%; gﬂlia)giz Q%)]%cycl 2.2 ZAfctafea N 011(111106[] 5 2 1
]“eﬁé@«@ygr el sloch (g g
met hoxy py

1- abAbPrgrmIdgyh-spirof rl@&%*ﬁ%f/éf'ogi %8 oipRe-&P rRyFRlifingly

1 5-cycl opent yl oxy- 3- pyr [)-spiro] 1
azéﬂz@%mfmsmryoﬂ SO 2 gyl piseliine]

- (5- phenoxy- 3-pyridyl)-spiro|
1 aV dBipgydazioyD-spircl] eeabinyelof2. R2]ogigne-BH3 ipyrakidine]
- (5- (4- hydr oxyphenoxy) - 3- pyri dyl ) -spiro[ _
I a¥ bt RyHd2 0Dk oLl bieial} 22 e, 3-pymolidinc]
1'-(5-isoxazolyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine]
1'-(5-isothiazolyl)-spiro[ 1 -azabicyclo[2.2.2]octane-2,3 "-pyrrolidine]
1'-(5-(1,2,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(2-(1,3,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 -pyrrolidine]
1'-(3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1]heptane-7,3"-pyrrolidine]
1'-(5-methoxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidine]
1'-(5-cyclopentyloxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-
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1'-(5-ethynyl -3-pyridyl)-spirof
1-azabicycl o[ 2. 2. 2] oct ane- 2, 3' - pyrrol i di ne]

wda 200400x2b3 or o- 3- pyridyl)-spiro[ 1 PCT/US2003/020524

- azabicycl o[ 2. 2. 2] oct ane- 2, 3' -pyrrolidine] 15 1
" - (P3mBYdihéy di nyl ) -spiro [
1 azabi cycl o[ 2. 2. 2] oct ane- 2, 3' - pyrrol i di ne]

" - 1(Z5-PidnBE % ﬁl}S{lrx)dy‘ﬁ)DZ’H% d[azaem&ym tof. ?-]h@pt&leom 'RroRdiRe]-
pyrrolldlne pyri dazi nyl’) - spi rof

azlags geﬁ%]dg%p%ngalﬁ 3 0@%9%15 Fj%l- Spgr?é 1{)?)ablg§c‘i‘5[bz.1]heptane 73"

azab | o[ 2. 2. 2] oct ane- 2, 3' - pyrrolidine]
oﬂ&xgazolyl) spirof

1-
1 R

1- ct.a ]

1 il &mw%]}?grﬂfoﬁﬁf?fbmﬁﬁﬁ Thesfeat 25 il o,

3 yrrolldln

1' w@dw’a%ﬁ%}% sabicyd 2 ot hePtrs i e pRrdidmed . 2] oc

t I

1ane'*22 pnraenyl{ égla;mra&loﬁzy@w})cl%il 1 gfeptane-7,3"-pyrrolidine]

1-azabi cycl o[ 2. 2. 2] oct ane- 2, pyrrolldlne]

1' -{83-pymdadipyl)-2 H-spirop azaPICSLcleéHu]l@y@h@Fé -pyrrolidine]

] hept ane-7, 3" - pyrrolidine]

1' - ('6-rethony§-pridaziriyt)y2 Bl-sgikdfi s pibioyflo[2- 20 bdxitap e Bipgudlidine]
] heptane-7, 3" -pyrrolidine] 25

1' - ('35-4pRAZ0 B Nspixo[1 Az4bydytidfa.). t Repthrel, 3 Plyrrolidine]
1-azabicyclo[2.2.1 ]| heptane-7,3" -17- RTP 70241vl WO
200799538920 § D HLSAR) BadBRI 82 DYV hépedred, lid

1 -( é phenogy 3- pyr?g ¥ ggkkgplﬁofﬁ% az %?;Efg?z 2.1

] hept B i -7,3'- lid
1 - fgg@?f}ZZ Sarl%%g ZI% OI_g§/ 1- %z)z/ﬂr)llcyclo[Z 221']hlf:|_pgmle [pyrro idine]

l-a I . r

1 - %?-éﬁ?groggéazé)#ll) _23? %@F‘ﬁﬁ%‘ﬁ‘?‘r’dﬂ% lg&?%gcyc Ohdme]
] hept ane-7, 3" - pyrrolidine]
1'-(5-pyrin1diny|)-2'FLspiro[ 1 -azabicyclo[2.2. 1

] hept ane-7, 3' - pyrrolidine]

1'-(2-pyrazinyl)-2'Hspiro[ 1l-azabicyclo

-azabi ] heptane-7, 3' - pyrrol i di ne]
1'-(3-pyridazinyl)-2"Hspiro[ 1-azabicyclo[2.2.1

] hept ane-7, 3' - pyrrolidine]

1' - (6-met hoxy- 3-pyridazinyl)-2'"Hspiro[ 1-azabicyclo
-azabi ] heptane-7, 3" -pyrrolidine] 10
1'-(5-isoxazolyl)-2"Hspiro[ 1 -azabicyclo[2.2. 1

] hept ane-7, 3' - pyrrolidine]
1'-(5-isothiazolyl)-2"H spiro[ 1-azabi cycl o[ 2. 2. 1] hepta
ne-7,3' -pyrrolidine]
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-(5-(1, 2, 4-oxadi azol )yl )-2' Hspirof
1-azabicyclo[2.2.1 ] heptane-7, 3" -pyrrolidine]

wQ 2004205293 3, 4- oxadi azol )yl )-2"Hspiro[ 1 PCT/US2003/020524

-azabicyclo[2.2. 1 ]Jheptane-7,3 -pyrrolidine] 15 -18-
RTRY.7 Neftlody O@Pyégagggﬁ{e@ﬁ%ﬁmag / US2003/ 020524 11.

Met hods of Preparing the npounds Schene 1 PG Qn N
MmMPG ACX QN QV QI (dhenkeacrion 1 Pd | | 11
INQNQHAr" Qi QM QIl~ Q ArX Q ~~ Qv Reaction

2QNQ~N i~-Q@,VPdI I QI /NQa /N HA
The conpounds of Formul agp@ and 2 can be prepared PG
using a general nethQod /5 involving arylation of one w /
ami no group of an opiignally protegaped Q—N’
di aReapiondal kan ch 1). Arylation at Nwth _an |
appropriate aryl | ol preferably hepgroaryl, hali d% Q
—nl Il
N—Q /N—Q
H Ar
Qw QVI
Q u v\ QW
, Q—\ ArX Q¥_\
Reaction 2 Q' / - [ N
| QV Pq? ¢ aQ®
N Q|| N_QII
Ar

The compounds of Formulas 1 and 2 can be prepared using a general method
involving arylation of one amino group of an optionally protected diazaspiroalkane
(Scheme 1). Arylation at N with an appropriate aryl, or preferably heteroaryl, halide
or triflate can be performed according to 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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catalysis. The preferred general nethod in the

Pr eBBétzyl- NYRpYridoNdiiaspitof£ S| nbitde t RaGbVangitheberBUGhing! by
10 or Hartwig (Buchwald et al, J. Og. Chem, 61. 7240

(1 A ae : L5
(19 9)°;g°£%{é)h\gvgroﬁio/ amé?m{g On%g’on n AR T (g 15’Elgzo

'az&g%%?%)l])non%{@ ey\ﬁélﬂat%ga{)ﬂerkﬁllfeé 1rI t‘h@ &t R4h W dé?nz% that various

)" cat al yst hosp I 1 gand base.

Th u rbtgg‘tgr% 0%20% str%ﬁag egéaﬁI%)@%?lhfo%dﬂ’t‘o@&?&%(?ducé b'ézﬁ'ﬂ'&taﬁ qu group
Llr Is‘?‘l(f?‘bﬂ%ﬁﬂ o %ﬁﬁ%?ﬁ&g&@f%%oﬁ h %\9% O raficfiy et

tert- butOX|d in toluene, % -19- 3) 10241v WO
200@%@?@ lee RRgFEAAIPY ?ar sent invention is benzyl and a carbamate,
1- benz 7-(3- pyrldyl)dlazasglro[4 4] nonane, Renoval

of tpeel IE)%WZWt byivdsappapgte. g ewrt-i driliazaspispl41tjognane is

pal | adi um on car bon, prOV|des 7- § ridyl)

di acasgriedafta, ldqenmiré(r(@rt -bhiraxgeankamy éli la@ﬁ@r@&ﬂ]np@@e DK
the art will recognize that various protecting group
St r a¢atrgéns svithaiiteebusyhdicaspenhte. cSybsament dygno gahatiensand @akadign-
an aryl group 5 on nitrogen N, as opposed to N

( ReatdlyRo afylation, Va3 -Bripmopyridinel gived B(ttry-buteefcaibonyl)-1-(3-
conmbi nation of protecting groups in the present

| NVEYHdyDiliaaSpikstin 2 lonmB I RamEa BEtHE tegt-butdkyeabdnyCgbtpy with
tert-butyl carbamate. Thus,

1- bepigdthiobic hoid] FEAIRI 1L @IKhrid NEAARBird[5.4]HoRMEC Firaly, i ind
1- bfg}ilagl 7? tCIerI? but ox(gcpgpg%ﬁy IJ d? azaspi ro?ﬁl4] nrcl)y

na n@as@/whetré ﬁ%gﬁrﬁnﬁre Weﬁ&l@ !dls%rﬁﬁlg Pﬁﬁ Q&heng{réf' Che ¥ (as in

Subsequent rogenatlon an dium 10 catal yzed

?r { gatrc orb C)Xyrge S’b ol%ctr\se %{yl In%?N cgn K€ ac'ccomphshed without first
pyrid 0[4.4 : -

Py bttt ziﬁlﬁ A 45D R P romppyidine
prOV|des 1 yrldyl) dlazasplro[4 4].nonane. Finally,

AR AR R R et b giyes almost
d|SS|n1Iar and whenever Nis tertiary (as in
Reaetdusively, 7-Gcyaidl)-dipzaspisold dmopanear vl ati on of N can be
acconpl i shed wi thout first 15 protecting N . Thus,
react i onlt efill b bvitiva retbpiersbilldd it thoartthet nfarppration of substituents
3- bronopyri di ne,
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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obvious to those skilled in the art that incorporation

of soMbsibibh bENbéhzy pn(imembgt;%a%lwizagpmg AlRbraad itetie
onto the diazaspiroal kane can be readily realized. 20

Su C&n%%ﬁaﬂn Y& iro-GBRXitRER VirkifouHS @Jntﬂe a%&ﬁﬂﬁ%ﬁéd@ﬁ thd ket

o t hensel v%s or serve as a handle for further

“ﬁa&ﬁ&d 8fﬁ+aEPeQ BPtReQDebz af ltgz‘irf'i@ s-Bﬁsoiﬁ%@Zj(aBﬁ%ﬁ%%ﬁ%'fthe

azaspl roal kane “can orat dto gl ve

Plggrcg}r,n nﬁgxeat%o Y}'l eg(azul 0 am‘?rlljokr)nsat 1|nﬂh% prr]és%nc%rbf tcl Iggpper catalyst.
di a§ éi‘é/h%m?%?ﬁﬁﬁgﬁ@“%ﬁdso% haa@pﬁffd ingiiprgnanner. S-Ethynyl-

3, 5-di bronopyridine with 1-benzy

1, 7S5tHYtad pRTRRAUAdSPR O iSRS e al?eégbrpsw SPBELHY by palladium
descrlbed previously. The -20- RTP 70241vl WD

200t oBphg N boshgbhotm-2wbhfoldgved diy bage- catalyzed (sodium
1-benzyl - 7- (5- br ono- 3- pyri dyl ) di azaspi r o[ 4. 4] nonane

i ntlyydritie) removal eftho auttang usit, andonding elike genemablgchninveedaseribed in
can be acconplished by the general nethod of Zwart et

al . CodRadeeall, J Wed: Cheni 39 3B3Y($99BsThedS-ethyPar(aldd5 bn bei n

whi ch the brono conpound heated with aqueous ammoni a

I N EdAQerideme Mietoftbspandin@Pethe®ilaall Yiisequentdy #ltieydodrgiponding 5-
substituted conpounds can be prepared in a simlar

MaNgRY1- angloétﬂ}}éﬂé@essn%%ﬁtyht: Hy R 6L cRATIRQEHIASNSC aMhe BAZido-substituted
prepared fromt 5- brono conpound by pal | adi um

cat a\){ég g%]%gﬁ’%ﬂaf@ £ ﬁ'ﬂ' 5%idtEd Eohh ogncpw %Rtidn With lithium azide

f ol catal yzed (sodlun1 Rydri de) renova

of t eLonge unlt C

tec Wldﬁééls %@S orrHam % &ﬁ%@g{u? glbé&tu{eg %Paqgé}?[‘ﬁ?k%%fepa&d from the

235 996 The

con BRI OTIRSEAY HLretisp SLBSh mrgpat esga‘éﬂ‘y"r Brfipiice sodium

subsequently to t he c¢orrespondin 0gs. by

suctlsasthiclate) psipg fephnigussiknoyaria hoshs lée&d? ﬁ§ ° ?ﬁ%gmc

5-azi do-substituted anal ogs can be prepared fromthe

5- b#ysssiBonpound by reaction with lithiumazide in

N, N-di met hyl f or mam de. 5- Al kyl t hi o-substituted anal ogs

can be pheopabadfpthenanalegs, bearing swstidiontp suthel S pysitiefttheon

with an appropriate sodi um al kyl mercapti de (sodi um
pyridine ring, can be synthesized from the corresponding amino compounds, vide

US

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

C O th RFe/TRIME th Geadfid 6Y tROATRRHINESsalt With@1coBsIPr Apprepriatés-diazonium
5-diazoniumsalt internedi ate. Exanples of other

5- syhstantydtuesh t?@ﬁ{tﬁ’él&e 83%35 BAkal& infRendd 20MTRR Khb R0 those

5-diazonium salt” i nternedi ates i ncl ude, but are not

linj . gD - , < 0,

5. R in e S AR s ilohP b opdpletdéd ung REHARSD

be nthesi zed usi.n er [ t

i n %g%bteg (1_31% l—zl?a&m?n et S?g’p'%’ g/fed.gfgl{r}em.e% r%tgs g{b@hﬂ uﬁi% ﬁl%grcgp%n J&

1- benzyl - 7- (5- hydroxy-3-pyridyl)-1, 7-di.azaspj ro[ 4. 4] n

n an%enE%Wd °Hhb "b'i“\éb &F & Vf‘it%rf? f ﬁ'é"h%yg%@ts}ﬂ?fﬁ’g’é?e ereL‘ﬂ'lon Wi
correspondi ng 5-di azoni,.um sal t intequdiate i t.h 25

wat ©dium hydsds gx@i’ an appropriate alkyl bromide. Subsequent oxidation would then
1-benzy|-7-§5-alkox -3-pyridyl)-1,7-di azaspiro[ 4. 4] non
anerovidea pdfone.24-Ac idpapalegsrof aj@’gmplg@gggg)mpounds can be
PCT/ US2003/ 020524 made fromthe reaction of the

di apreprredbysaactionpf the gdressproiding SApprogamipouadssvigh anapnioprste
salts can be used to synthesize cyano or halo

¢ o nidiantigdridesor weit khloaddusmgriechoiquésdmewn skthbiesslilled int theart of
art. 5-Mercapto substitutions can be obtained using

t echrpiiti@mthesiescri bed in Hoffman et al., J. Med. Chem
36: 953 (1993). The 5-mercaptan so 5 generated can, in

turn, bes Aoayey-hdetithed anadogdlokihk hftkdnentiBgddi copb@ids cdiybe used
reaction with ~ sodi um hydri de and an appropriate al kyl

br O#@ﬁ%are?_d%%ﬁ)ﬁ“ﬁﬂ% S QLA BBl doliBBundd b9 Ydaborcvith the

sul am do anal’ogs of the aforenentioned

co pg)g%gl‘%t&%gfg, %_?d clﬁgr?d%a&%gdk&ﬁhd’gﬁ%g: ]iﬁi%\mgé, tlliehﬁhydrox

corr am no tonpou an appropriate

aci d anh éﬁﬁ de or aci¢$ Lo i de usij techni ques kn o

o (HOBEMEAT Piatherdt tiatipt >apony 3rE T paasigh Fhatiegtfhise

5- Hydr oxy- substi tut ed anal.ogs of the afore tigned . .

e OO LSS 3 SO B TPE A GPPE o chiagpbensonitile

5-al kanoyl oxy-substi tuted conpounds_ by reaction mﬁéh

t heandehshiishlorepyamigtiney, Suebicherpiningisiwsd kngyn fcthese skilled in the art

anhydri de. Likew se, the 5-hydrox%
of organic synthesis. Ether derivatives can also be prepared from the 5-hydroxy
compounds by alkylation with alkyl halides and a suitable base or via Mitsunobu
chemistry, in which a trialkyl- or triarylphosphine and diethyl azodicarboxylate are
typically used. See Hughes, Org. React. (N.Y.) 42: 335 (1992) and Hughes, Org.
Prep. Proced. Int. 28: 127 (1996) for typical Mitsunobu conditions.

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

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

substituted analogs. Reduction of the 5-cyano-substituted analogs with lithium
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(e.g., 4-fluorobenzonitrile and
2, 4zl iy @RI YieTH Sihe EdrressHahg GheiThshdtlyl iafalvgsl 15- keypwn
to those skilled in the art of organic synthesis.

Et h@bstil@kd ¥lidg¥ 8 EedilepikdTrdatedieiondiag sich@BkjiftQicid-substituted
5- hydroxy conpounds by al kyl ation with al kyl halides

and ' YhiatdA ks HRRR usif YHnRIEY kndwA to th
whi %: 10gyit)}tr ﬁg‘%tﬁ)?%gdp%?rl gr J%Eygs phi neSl and dithtélt hyl 0 Ho%e
azodi.car.b I . ypically used. See Hughes,

O gs.qm&gé%ﬁl?é)é?%?gtg.gl;;lgié’?he%’S (1992) and Hughes, Og.

Prep. Progced. Int. .28: 127 996),..for. typi.cal
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t he af orenenti oned conpounds can be hydrol yzed. to

af 1 B PSS St ESESPRIION S BEEUT Wb & ArerarFigtealpohol and
conpounds. Further hydrolysis results in formation of

t heacibeatabesh oremprynds with eroup at the S-pxridyl pasitiqn Rap ge reduced
anal ogs. Reduction of the 5-cyano-substituted anal ogs

wi t With padiiny herohyizidgpAithyavaduyinhm\hgiriizga prgageghe corresponding
PCT/ US2003/ 020524 al um num hydri de yields the

cor s-agfroxyahetieyl-Sutatitutedrmpilbgsl Thesslaogjegs ib tub ydn-be converted to
substituted anal ogs can be prepared from correspondi ng

5- cednlpduidsibeariiy dt-cthieh sioletyit @t S-pymidlIq@sitiby by ssactidnowith sodium
with an appropriate alkyllithiumusing techniques
Knoyirid@ard H?ﬁag ropKatk bRl HaNdd, Rsin@édnvéitiondlgedhhiques. Alternatively,
syn?ﬁ%sis. 5 P(%grboxy i c aci d-substituted anal ogs of

t heyRfOl 8RR RhEENSHbHRATRLHARES S&Albe r&iBted WK RSy EChldReltd\Frovide
corresponding esters by reaction with an appropriate

Al Rl Qb dBthaift(d. fﬁl 1 anafREP RIS e Aila-tefiured
gr oﬁ% é\?&P g5 py?f‘%t I %@sﬂag’%ﬁ can Edé rxg cuced Wi t F]
sodi um borohydride or .Lithium al um nt %%?
pr otfice" ¢ Weal%gg?ercgg‘begﬁ% |k°nt¥g']le “EERG ?18 §§ %@fy y lgééaggls%l?lto & Ry
anal ogs.. These anah S in.turn can be copverted to~10.
o outsOia! St g b o STt 51 abronr BT gt Certin of
position by reaction with sodium h g%id nd an
D PSS AMSES a5 KRpMRa ety Underen Juclesy i apY) sustitution to produce
techniques. Alternatively, the )
5- hiretprsry Fhushipe se-ailed W eitielb amidss @mebary-Nanetbydamidgs) react
with tosyl chloride to provide
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 via 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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anal ogs by 15 sequential treatnent w th thionyl

¢ hl 241t #BanYibx9RuBRACQIRIhPbE1dd b ¥dadtibneth 1CRIKyRioh NOf
these am dés are known to readi |y undergo nucl eophilic

aCeryl%H hdedsutsi mto%uﬂﬂ%&@ﬁale?@&ﬁﬂ@ﬁ‘ow&%me& BSmpounds can
so- cal Wl nreb am des hoxy- N- net hyl am des)

J e‘%%tused’\fo epare !—Alfc 1: &faﬁ%esﬂ thd Uﬁcﬁ a'h@g-urea
g

Correspon | rary et ones. or exa

et.al. ..
Sl B b Sl PPt 3R R
R o R e

reduction wth I|th|un1alun1nun1hydr|de

5- TUEIORYHethy| - substi tut ed anal ogs of the

af orenenti oned conpounds can al so be used to produce

5- al ky| Gheméstries analegous trthess dessribeddhereinhefare for ietnsengration of
al kyl' l'i t hiumreagent. 5-Hydroxy-substituted anal ogs 25
of I-hubstithtsd pyiding amaleds elolirespirdsompenndecanrdisdlevisedoioethar e
5-N-al kyl - or 5-N- -23- RTP 70241vl WO 2004/ 005293
PCTsyhB2Q03 020 ghtariny snbstaudngnim tHe@x §,-and b positionsed the pyridine
compounds by reaction with N-al kyl- or N

ar Yiings oy aiaiphs a nbmbéFiof -, 84 B&d 6-bniindpyriyRlia2gspirohlkires can be
af orenenti oned conpounds can be used to prepare

S- 8l JnPekads e %&%sﬂ&rdﬁighﬁézbhluﬁm%glt HTREMAES vaith danYs ea
derivatives by reaction wth alkyl chl or of or mat e
a

est t?a[n%foﬂﬂgc‘ tN' %#éf% of &)ﬂnﬁuéds%lw shﬁé?l%éﬁﬁ at &g 2,4, and 6 Iposmons of

respectlv g techni ques known to those sk

R Ty A R UARLE By i
t ) : tituted d

S{Z RN et %@aélﬁﬁle%?%% g °9{bﬁbe‘§| s

poss%f?%{eﬁgsa#’sﬁv?sh@”%ﬁy%ﬁy ‘z%s%?r%%hé%s mr% yridyD)-17-

nunber of 2- -, and_6- anlnopyrldyldlazasplroalkanes

c andlb@splmﬁﬁﬁ’/bplﬂ’é‘& degeribad PrepieRd RO AY MANH IS ny ik Igaqtions

i nternmedi ates, which can be
are described in Chemistry of Heterocyclic Compounds, Volume 14, part 3, pp.3-5

(Interscience Publishers, 1962) and by Lahti et al., J. Med. Chem. 42: 2227 (1999).
After the desired heteroaryl ring functional group manipulation has been
accomplished, the optional protecting group can be removed from the diazabicycle
using appropriate conditions. Thus, for example, hydrogenolysis of 1-benzyl-7-(5-
alkoxy-3- pyridyl)-1,7-diazaspiro[4.4]nonane will generate 7-(5-alkoxy-3-pyridyl)-
1,7-diazaspiro[4.4]nonane. Those skilled in the art of organic chemistry will
appreciate the necessity of pairing protecting groups with the chemistries required to
generate particular functionalities. In some cases it can be necessary, to retain a
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transforned to a variety of conmpounds with
substituents at the 2, 4, and 6 positions of the

wW@o@I2e3 ri ng as was descri bed for the 5-subspCT/usmd3/020524

anal ogs above. The requisite 2-, 4-, and

6- gprtivay findtidnalltypoasilace @at kdtetnggreuppwah droitlee vi a t he
Chi chi babi n 15 reaction of unsubstituted pyridyl

di azaspirs ephlled@Se Agprdhch tolthOgmaekis 6 fydrdglsibkfitukedlpyfidyl
di azaspi ro[ 4. 4] nonane, described previously) wth

sody ' | SibimdpAgihd Rrté@ied thO86krdsPonding 5-
Gﬁgdr}lﬁsg%@{fh%fgneﬁa’gpgcﬁl e %ﬁ&plgoﬁr?glg rtVoI ume 14, sgglr %ng

3, - n IS, i g i ) .
Lo rphb USSR R ARGS 3y ol B gl akqriges
desired heteroaryl ri functional,  gro ni.pu [
nacr5RUH iR Prsbr DR RS pe D U Bl F e
gro c e v fromthe diazabicycle S

apor bt 258 bR B et as i Sovs-Ba! P 171 959
hydr ogenol ysi s of 1-benzyl-7-(5- al koxy- 3- )

oy rateIgiesl. Thip cmamalibncta(ibe orppeAtiond-Gr-megomamsnexy)-3-pyridyl)-
7-(5-al koxy-3-pyridyl)- 1,7-di azaspirof4. 4] nonane.
Thok&digRaspireld.4inenane Repgtiopfof &5 ghlrrpmopsiidie stithsodjum 4-
appreci ate the necessity of pairing protecting groups

W t ethdveypbénerids i N dedimethyl fomuintide giges 3gwomo-at(é-

particular functionalities. In sone cases it can be
necasthatyphedory)p@idinen Goupliddef 3Fkbind-344vethddfphenoxy)pyridine
2004/ 005293 PCT/ US2003/ 020524 parti cul ar

f un@ith obahdyl-y-(3-pRidyDil, Aaiaza3pico[ .4 Plof4ieii the redette of §ddium tert-
another. In an alternative approach to the synthesis

of Rxslidh, RRT Seatitictarotk d?ﬂd(diﬁénzyliﬂeﬁ@a@&@hd}dlﬁe&liﬁ@ﬁﬁf(@) and 2,2'-
3, 5-di bronmopyri di ne can be converted into the

Corg; %ﬁ%s&ino U hgﬁi}ﬂ%@ﬂgﬁ,qmlueﬁ&qbllowed b?l hydrogenolysis of the

5-ary ronopyri s by the action of Sodrum

ot Blorr Bl g Bl Ul pRMe o ned GRAL Py HENE-

69 .1990A$§2F Hertog et al., Recueil Trav. Chim
PayS#BR AT INAFE (1955) are used. This is
si( (e g?l( H@gg%b&y! )htﬁlpfgﬁ Bpggr egpgo%ﬁélgaﬁggjiywqatalyzed coupling reaction
1, 7-di azaspi ro[ 4. 4] nonane. Reaction of .
3, Sdegerifred mesyiouslyi ABuswi-¢Otpysisudinyh- 1. 7rdiazamiginenenelis prepared
N, N- di net hyl f or mam de gi ves 3-brono-5-(4 10
et inevsjpite musaygrdioni Ztbremop@amidiieragd gptionally 1-position protected 1,7-
3- br ono- 5- (4- net hoxyphenoxy) pyri di ne

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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with 1-benzyl-7-(3-pyridyl)-1,7-di azaspiro[4. 4] nonane
in the presence of sodiumtert- butoxide, and a

W@ atoalog20x anmount of PCT/US2003/020524

tris(di benzyli deneacet one)di pal | adi um(0) and 2, 2' -
bi sfudieppteny hrphespfibimtioh, dre khdwiaphthbyelskilledir thé are 8Borganic
foll owed by hydrogenol ysis of the benzyl protecting

thesid. | For Bk Y18 &-(6-chloro-3-pyridazin 1)-1,7—diazaspiro[4.4]nonane can be
-(4- nethoi?%%ené*y) 3- p&??dyl{ 15

%ﬂ&@éliéa[ffm%‘ 3.8 qq@[b?opyﬁi%e Al Y- d'i?ﬂaéﬁx%ﬁ Njﬂgﬁaﬁg OL{kB\ise,

paIIadlun}cataIyzed coupling reaction described
4.4 t
7. R 2 ot L e g e

r ner 5-bro [. 10
o B Aot SAIRPb e iy TRLAEILAS.
dla ?54 &ionane fo] |l owed by deprotection, if
nec hpeaneJesRReVERy i s 20 especial |y applicabl e
in cases such, as 3-braonopyr;.dine
3, 5-di br%ﬁ%lina rmﬂonaﬁsscsg edjp MWPF%O& Whetheg paijadivgmy, o
aromatic ring is not activated toward nucleophilic
ar orrialyzed sumpdtdre amenable tq high Byughpybsynthgligtsehnigyes f Thuga
heteroaromatic ring to the diazaspirocycle can be
ac clémpiyio$ beuponndshafilite prérentisentién gralbe gchduenddatcatnlinigsin a 96-
Exanpl es of both five- and 25 six-nenbered
het welbplaterfediiat, for ingancea vpoousdaloamhésobithavagioacdiazaspind
toward -25- RTP 70241v1l WD 2004/ 005293
PCT{ddipdafids/ 020524 nucl eophi lic aromatic substitution,
are known by those skilled in the art of organic

synt hesi e Di£24881R) Ring Systems
7-(6- chﬁ%?g 3- 5yr|da2|#§ly 1, 7-di azaspi ro[ 4. 4] nonane

can be  §uhby aéfleé c‘ix%‘sﬁro(éﬂ(ghé:xlﬂ{e%&ﬁéwé WadioRegahitine

1, 7-di azaspi r o nonane. kew se,

2, ?%o%a?%llfgcgsoog)zﬁggn 1&%[112@&] nngep gﬁéw&ouw&hoﬁg a&dveral of
7. (tgeieidl%%gw%?&{ e71nte e&%&e& 6{erk61f)\?(121 ascﬁ gwkiér 188 ﬂ%ﬁge pr?or}%rt
ER G it Y

anenabl e to high through-put synthetic techni ques.
Thugevgto the ¥t gp thsmhwwem actpyitty ofhe ptergisiptes W%Pﬁtl on

can be produced by coupling, in a 96
appreciated in the prior art.

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

Alkylation of N-benzyl-L-proline ethyl ester (Aldrich Chemical), using a
strong base such as lithium diisopropylamide (LDA) and the aminomethyl equivalent
cyanomethylbenzylamine, provides a beta-lactam, according to the procedure reported
by Overman, J. Am. Chem. Soc. 107:1698 (1985) and Tet. Lett. 25: 1635 (1985). This
can subsequently be reduced with lithium aluminum hydride to provide the 2,5-
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Am Chem Soc. 107:1698 (1985) and Tet. Lett. 25: 1635
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['ithium al um num hydride to provide the 2,5 -26- RTP
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derivative of 2,5-diazaspiro[3, 4] octane. Renoval of
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2,5-di azaspiro[ 3,4]octane. Alternatively, chemstry

simlar to that described in EP patent application
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derivative and suhsaquently Bonviert it o I desired
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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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produci ng 2-aryl-2,5-di azaspi ro[ 3, 4] octanes. The
isoneric 5-aryl-2,5 10 diazspiro [3,4] octanes can be

worzme/0i329f i r st protecting the azetidi nyl nitr oRENUS2003/020524

(with, for instance, a carbanmate) and then performng

t heesr, hibd %otf)ﬁtéd@?ﬂﬂitﬁiﬁmdﬁi@ffﬂ@%ﬂiwand 2HoWed'® réact by
N-bn 1. LDA N1 LiAIH4 bn O HP 2 NCN bn O (V,NH

N gl ohishinnd SRSt
co : [ j T2 V= =3
poé%egé’s’% oRipE DRy, SREQelh difirion o the TS gBR wiiTg
e pr d accarding to.nu 1aq
Cevimly REFA Ry e Oh R T o B L W08 pea i e an
Met hod A

ey

enmbadi nent.  ( a suitapl otected. proline
oot G S Eple At 8 Al gk R e RS i Bagid e
70241 v 1 WD 2004/.005293 PCT/ US2003/ 020524 ester, can
be F&%ﬁfl?ﬁlo?Fé‘F@dl’W'PFPSP‘F‘t[ﬁ-NE‘ﬁ?%‘?Z'g’&pr opy! ani de and
allowed to react by

The 1,7-diazaspiro[4.4]nonane-6-one can alternatively be prepared according

to one of several other methods reported in the literature. Such teachings indicate that
a suitably protected proline ester can be deprotonated with lithium diisopropylamide
and allowed to react with an alkylating agent such as chloroacetonitrile, then subjected
to nitrile reduction and cyclization (Method B, Scheme 3) as reported by Culbertson et
al., J. Med. Chem. 33:2270 (1990).

Other teachings indicate that a suitably protected proline ester can be
deprotonated with lithium diisopropylamide and allowed to react with an alkylating
agent such as allyl bromide (Method C, Scheme 3). The resulting olefin can then be
oxidatively cleaved to an aldehyde, as reported by Genin et al., J. Org. Chem. 58:2334
(1993); Hinds et al., J. Med. Chem. 34:1777 (1991); Kim et al., J. Org. Chem.

61:3138 (1996); EP 0 360 390 and U.S. Patent No. 5,733,912. The aldehyde can then
be subjected to reductive amination with an ammonium salt or primary aliphatic or
aromatic amine, according to methods known to those skilled in the art. Alternatively,
the aldehyde can be reduced to the corresponding alcohol and the alcohol then
transformed to an amine by conversion to a leaving group, followed by displacement
with the appropriate amine. This can also be achieved by displacing the leaving group
with an azide ion and subsequently reduction to the primary amine using methods
known to those skilled in the art. The alcohol can be converted to an amine using
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No. 5,733,912. The al dehyde can then be subjected to
reducti ve am nation w th anscheme®i um salt or primary
aliphatic or 20 aromatic am ne, according to nethods
known to those skilled in the art. Alternatively, the

al dehydeQcan be reduced to the correspondi ng al coho

and 80% t hen transfor to an am ne by
convergion~to a laawi ng gr f +Rdwed byc N—H
di sp ment mrfﬁ_rﬁg'app te amine. This can

al so bePAchi eved by displ acin @he IeaV|ng group Wi E

an azide ion and subsequently Treduction to the primar

am ne using nethods 25 known to those skilled in the
art. The al cohol can be converted to an am ne_ usi

208 AP SR e O AL P IRy () AP ACrS, heat

b) (i) LDA,; (ii) allyl bromide; (iii) O, or OsO,, NalO,; (iv) NH,CI, NaBH(OAc), (Method C)
c) (i) LiAIH, 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-

29-
RTP 70241v1
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M t sunobu conditions, as discussed previously. The
al kyl 2-am noet hyl pyrrolidine-2- carboxyl ate,

w@bdoaioe3 accordi ng to one of the nethods descpibEs2003/020524
above, can be cyclized to a spirolactam by nethods
K nodidizabfro{414)66nank (thio@gh 1he irtéimeditdy, of StxbcapSol i, a8 ghowni) can
a suitable solvent with or without an acidic or basic

cat g psptbrmea aI&ﬁdih?FJ tﬁéﬁe@@ﬁ%‘s BENLaRY ety COME286h. LhEN. Comm.
above mnet hods (Methods A, or can be treated with

a SpH. educi ng agent, such as lithium alum num
hydﬂ'%g,qll%g;' provi de the protected

1, 7-di azaspi ro[ 4. 4] nonane, in this exanple,

1- benzyl -1, 7- di azaspiro[ 4. 4] nonane. The protecting
group can be renoved usi n%hrreth ds known those
skilled in the art to pro 8% he desired

1, 7-di azaspi ro[ 4. 4] nonane. Arylation at 10 either
nitrogen can be acconplished using nethods descri bed
herein. Schenme 3 OORaor b NR CN H P9 CN OCN

PO H b (i) LDA (i) nitr%ethylene (Met hod A) or
CICH2(I\/Ethod B); (iii) Ni; (iv) PhCH3, heat D)
(i) Jf

(iv

. (ii) allyl bromd iii) 03 or Gs04, NalO4,
ACI, _NaBH(OQc) 3 (Method\ C) Ty (T) LTAl H4 or N
) [-PG Alternati t he ’
' N

. can al so be prepare

15 acoording to Scheme 4. Mhe'gonversion of

1, 4- di oxaspiro[ 4. 5] decan-8-one to 4-

benzoyl oxycycl ohexanone can be readily achi eved by

those skilled in the art. Subsequent transformation

of 4-benzoyl oxycycl ohexanone to 1,7 -29- RTP 70241vl

WD 2004/ 005293 PCT/ US2003/ 020524

di azaspiTramaeundnaiorppialoBHennE2: il eV rbefidat?: pessess the

4- oxocaprol actam as shown) can )
symmetrical 2,7-diazaspiro[4,4]nonane system which can be prepared according to

Scheme 5. This method is reported by Overman et al., J. Org. Chem. 46: 2757 (1981)
and Culbertson et al., J. Med. Chem. 33:2270 (1990).

Scheme 5

CN
<CN NaH, DMF EtOZC>< 1) RaCo, DMF OCN
cN  BrCH,CO.E CN  2)LAH N

EtO,C

15 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

-30-
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be perforned according to the teachings of Mjer et

al., Coll. Czech. Chem Comm 47:950 (1982). Schene 4
w@BR4@PIN N N CN 5 H O The conpounds of Forpai/asip3/020524

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

SY rgaeint $,938 912,1met@&&wurmﬂpxﬂie6@& pREnS ¥ ¢y YWNitehztan

be prepared according to 10 Schenme 5. This nethod is

I eARSKR LY ester FlalBE d&froBh vatthﬁl §ile Bnide GRd allowed
8‘%1) gﬁdesw B8 dGro@nated i B4 cﬁgﬁfl B3: 5570 e

( 1 grgzg‘)c w1t§‘%ﬁ1 %@ééné%%%h %@t‘&d{i{% ﬁ}‘ls_ klteﬁ%%3 Td:l)g':lso teaches
gggg%ilngr%‘%orgnof%}r%l 1§1} ét; tlﬁig\'?lg{l %dg?g&enccaelnnl\ée éerf%lr:ngd Wcﬁag’ the 2-
o A RS K0S Py SRS

EP360390 and_ US -30- RTP 70241v1l WO 2004/ 005
PCTETRYERID 410 DB SO ertsslip @R AMEI0O £ROUPPY 2 ‘H“ F 2‘eqﬁla¢foaexample

suitably protected proline ester (e yl -L-

pr gixidegionfolpedly dyctive amipatiene p"rlmﬁmlw S\W}t”lbﬁy Pqueﬁiea pioline

di i sopropylam de and allowed to react with an

al keptenednrhg dgpretenated @ith ithivm dijsoptopylainide andgllqyeedde react with an

5,733,912 al so teaches that hydroboration/oxidation

of dlkydatinlzlagdnt sicti@s difaliopropane. Kenyeesidroofitkxiprinarp iagidede an amine

the 2 5 (3-hydroxypropyl) group. Those skilled in the

ar tcawitich ba pafafied heotdivit to khie@viiyiethodsy for expnipi@treatmertt fngth

be converted to an ami no group by a nunber of nethods,

f Or ang&IP1nfhe presence of a copper catalyst. The resulting amino ester can be
cyclized to afford a protected 1,7-diazaspiro[4.5]decan-6-one using any number of
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-diaza-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-1-ene is used.

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

by removal of the protecting group, to provide the desired 1,7-diazaspiro[4.5]decane.

Arylation can then be carried out at either nitrogen using methods described herein.

31-
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oxi dation foll owed by reductive am nati on.

Alternatively, a suitably protected proline ester can
wheoodopizes onated with |ithiumdiisopropyl am dePemnuds2003/020524

allowed to react with an al kylating agent such as

di i odopr opane. Conversi on o$cheheéprimary i odide to an

am ne 10 can then be perfornmed according to known

net hods, for exanple treatnent with ammonia in the
Th

pre e of a copper catal . >esulting am no
esthTXag/be cycdized to(af pgr OR proteBTed
1,7-& az spiro[4.5]decan-64pne Usi ng any nunber of °N

knowpgpr Bcedur es, for exanplge ating in a suitable A N

solvent in the presence or absence of an acidic or H
basi c catalx as di scussed previously.

Al 't 8k JFeh: 9A aﬂ Bromigies ) oty H20:

1, 7-d{< n,.. re

seob §C§ :(eg{azﬁ SRR Rl BB |,

g\ F gl N |ch the ring contraction of
dlazablcyc o[i 4. 0] dec-1-ene is used. The

1 7-di azaspi ro[ 4. 5] decan- 6- one, obtai ned by any of the

above nethods, can then be treated with a reducing

agent, such as lithium alum num hydride, followed 20

by r em)\'ﬂle ?c;ulﬂﬁs SFSHRAE I NOhediR YR, vE0, DSR4, B@ssess the

desired azaspi ro[ 4. 5] decane. Arylation can

e T
T T e

%: Pvpoliiipnesth phreastsd Yooty Rel SR RE D | (rd o s

(+catal yst?) X=1: (i} NH3, Cul; (ii)_ heat

( +cad Raphaely. Chem. Soc. 3151 (1955)) in an intramolecular Mannich reaction. The
product, the ethylene ketal of 2-benzyl-2,10-diazaspiro[4,5]decan-7-one, can then be
hydrolyzed to the ketone, using aqueous hydrochloric acid. Deoxygenation of the
ketone can then be accomplished by standard methods, such as conversion to the
corresponding 1,3-dithiane, followed by treatment with Raney nickel. The 2-benzyl-
2,6-diazaspiro[4,5]decane thus produced can be directly arylated on the 6-position
nitrogen or converted into 6-(tert-butoxycarbonyl)-2,6-diazaspiro[4,5]decane by
treatment with di-tert-butyl dicarbonate, followed by hydrogenation. The latter
derivative can then be arylated at the 2-position nitrogen. Similar chemistry can be
used to convert other azacyclic ketones into the corresponding spirodiaza compounds.

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

described by Lall, et al., J. Org. Chem. 67: 1536 (2002) and Marchand, et al.,
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c) (i) BH3 or LiAIH4; (ii) [-PG The conpounds of
Formula 1, wherein u=2, v=1, w=0, and x=4, possess the

WQ2@4008228spi r o[ 4. 5] decane core whi ch can be prPepasmd3/020524

according to the nethod of GCiblat, et at., Tet. Lett.
42 HAd& cled 49149 (11998, withi@rmeh @i A2 amiavalyal8 dioxolane, followed
1 benzyl -3 5 pyrrolidinone can be reacted with

r% S?dygzna&lgn ?d?d@&ﬁ%&%lb))rre} v’.’»mgrrwaeé A8 Rorkdspbrilig prdtected 2,5-

J. Chem Soc in an

t = th
Ietn hC{l/ agﬁllr%[}‘%]gﬁgnag/?mrrﬁma | SdiR B=1 '(,h@’ wHU, Qflets). t he

2- benzy lﬂ'lg C%Tgﬁ({qlhgg(g%%lﬂg f’ \g?llegcg& ﬂnv% Q0§ an §n3 tﬁ&&@ssk{ﬁe 1,8-

hydrolyzed tone, using aquebus hy rochloric

[ nation of. the et on

e i O Rhirh e ot Oﬁd%m@gﬁ%r’é fgpording
to the 10 corres ondln di t hi ane | o
t r dafhirdeachipes 1P elﬂeff ot 2kl Figt. r%ﬁ'f 11 YY‘S%) d protected 4-
2, 6-di azaspiro[ 4, 5]decane t hus produced can
di reiReridgnegap ba cestyeids to s 4euiBRiPeridineG- S#P%eﬂufg!éMldrael addition
converted into
6- (Wit ¢thy) aenylates for lsxamyile, follogred by reslugionif thesiitsegravewisly Raney
treatment with di-tert-butyl dicarbonate, followed by
hy crickgk patvides the Tkfedibzspim{4. S klevan:\2adriev Fhis davtanheam Heeeduced with
arylated at the 2-position nitrogen. Simlar chemstry
C amnh@prbpriats eduding ety aich aolithitim sldaiyeal iydrilte fallvesd bnt o
the correspondi ng spirodiaza compounds. Thus,

I eagibwil oPfhe Pit¥ecBhg ¥3ip, @'sroNdP iR lopaéRd &:baﬁﬁteiddi,snones
(the synthes?s of %ﬁ? i |§: desc&?bed %y Lall, et at.

Qe & r&oaabe ARgediBns band had
-32 z%rpp‘q;@ggiv G A G e ST B oo

9 (1998)) with
Z-ﬁg%ﬁéﬁ?%gfﬁégﬁ?%éethyl) 1, 3-di oxol ane, followed by
deoxygenation (as descri bed above), will produce the
correspondi ng protected 2,5- diazaspiro[3.5] nonane
(Formula 1, wherein u=1l, V=440, and x=4). The
conmpounds of Fornula 1, wherein u=v=2, w=0, and x=3,
possess the 1,8- 5 diazaspiro[4.5]decane core which
can be prepared ac&g;drﬂ g0 Scheme P. According to

Yet

the t) achrn LEepo f iyl | et al .1) Li8iH, Het .
113@@872) prdtRedt ed 4- (pi Peri déhEPBan be \N-H
con erfed—tothe - nijt ropiperi dimhes ~Subseguent—M chaél

addi l}l on

N
PG

G w |
PG H

!
P

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-

piperidone can be converted to the 4-piperidinylidene acetic acid ester via Wittig
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with ethyl acrylate, for exanple, followed by
reduction of the nitro group with Raney nickel,

w@emniooss3 t he 1, 8- di azaspi ro[ 4. 5] decan- 2- one. HA¢I/8S2003/020524

| actam can be reduced wth 10 an appropriate reducing
agesMfinafiotl SubSequérdt Miblie Pdddition suithiycknigheof nittmethamel féljowed by
renmoval of the protecting group, to provide the

optaRab ¥f fshbigtdtbafd dpofitandbud gREiRAtoa [wAthH MeE aidkel, provides
Arylation on either nitrogen can be acconplished using

539 t tg 0 ﬁ%tﬁgﬁa 6lsldy %?ﬂgx%%?ﬂﬁcca@’-j hgge %‘%]a&)nenpof]tﬂe %é% )Q\!@Z

acry UAI'H4A 2) 6 2) RaN
-P, . f .
ot SHBES R Gl R TR Ry s

ac o al arbe B ARG s 627 b BRR e

(He Chim_Acta 60: 1650 (1977); Smth e ., J. .
oA ighEan b gedprlaes Oefgs@ﬁ%)n}“%ﬁ hipg he et deé?fﬁ?a herein.
Med. Chem Lett. 8:1851 (199?&% 3 protected 4

pi peri done can be converted tO0 Pﬁe 4- pi peridinylidene
acetic acid ester via Wttig -33- BWP Q241vi WO
2004/905293 PCT/ US20 5b524 ol el ?lbn.1£mm$ﬁQUent N
M chagl addition with the ani on of “jtronet BpralH,

f ol bVittig educt oFH:N@gbase t r @ gipup afdl-PCGl

spolt angoUs cycli zati on With Raney|nickel, provides

t he otected 2, 8-di aspiro[4.5]dec§n-3-one.

Treatﬁ@nt of the progected 2,8 PG T
di azaspiro[ 4. 5] decan-3-one with a reduci ng agent, such H
as |ithium alum num hydride, 5 followed by renoval of
the protecting group, provides the

2, 8-di azaspi ro[ 4. 5] decane.

The compounds of Formula 1, wherein u=2, v=1, w=4 and x=0, possess the
1,8-diazaspiro[5.5]decane core and can be prepared according to the procedures
utilized for the analogous 1,7-diazaspiro[4.4]nonanes by substituting pipecolinate
ester for proline ester. Alternatively, the procedure reported in Zhu et al.,, J. Org.
Chem. 58:6451 (1993) can be employed.

The compounds of Formula 1 wherein 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[5.5]undecane core and can be prepared according to
procedures reported in Rice et al., J. Het. Chem. 1:125 (1964), US patent 3,282,947,

-34-
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Aryl ation can be acconplished on either nitrogen using
the nmet hods described herein. Schene 8 O 6C02Et NO2

w@EaR4a)s2aNi , H2 NH 2) LiAIHA Wttig CH3INOZ, POEES2083/020524

10

15
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[-PG PGPGPGN | H10 The conmpounds of Fornmula 1

Whesrgi Med) €2emV8:82 (196%). and x=0, possess the
1, 8-di azaspi ro[ 5. 5] decane core and can be prepared

accor di @‘»ﬂlg‘é’enﬁﬁfon{é"r CERFBENESof thif prédeABEidlvdnebn EdWEbe made by various
anal ogous 1, 7-di azaspi ro[ 4. 4] nonanes by substituting

Pi ARGRIdsD ghsmeﬁl%a %elfle{owmrt& hb&%kﬁﬁa%rmeélﬁ)%ﬂgm yy%méms

the procedure reported in :

1§vc?\;3s %é'svﬁlﬁ?m ﬁﬁlp%ggst&@){le%%gf 81139@?’% %p RS ?g(aggntt vention
ynmet ri.cal 8- di azasp n core
csptgwa‘%ﬂala nitogat 4P RG SR Hirgier B RGP RaiX %?3?
Fblv Chi Act a 1 195
( 19%213)0% Q)c[l S, W‘é‘?"éﬁ%‘}]@* ?f@é? Béer%ogmprc‘éiﬂgleﬁvallﬁgg 1n,98eHmomencally
Chem 33: 2270 (1990). The, cgonpounds of Formul a
wh e ferp=bramplesineluge-tortarisodibenzaylt ad dl?doluoyltartaﬂc and
symmetri cal 3, 9-di azaspi ro[ 5. 5] undecane core and can_be
pr epmph;@ts‘dﬁmmamdn g When apy ane @f thegesor odgbyinglel cnantignercacis is
al., J. Het. Chem 1:125 (1964), US patent 3,282,947,
- 3&reacRTRVitORAdevic AN bﬁ%ﬁhﬂﬁ&z@@icﬁéﬁs’ TR0 (7340005 2.4
or J. Med. Chem 8:62 (1965). Single enantioner
c ongogstatiiation of thesahts ameé nibsequestitdeacraianfitie baackerelits in
various nethods. One nethod, well known to those

SKi dnhi@fbniehic kddBludibh thefeor gani ¢ synt hesi s, invol ves

resol ution using diastereoneric salts. Conmpounds of

the presgthet MYERF Yparation of involves conversion of the enantiomeric
mixture into diastereomeric amides or carbamates, using a chiral acid or
chloroformate. Thus, when racemic 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane is
coupled with N-(tert-butoxycarbonyl)-S-proline, using diphenyl chlorophosphate, and
the protecting group removed (with trifluoroacetic acid), the resulting diastereomeric
proline amides of 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane are separable by liquid
chromatography. The separated amides are then transformed into (+) and (-) 7-(3-
pyridyl)-1,7-diazaspiro[4.4]nonane by the Edman degradation.

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

can be carried out in a stereospecific manner. Thus, methods such as those described
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5 contain basic nitrogen atons and wll react with
acids to formcrystalline salts. Various acids,

w@ 200000323 ¢ and sul fonic, are conmercially avaPdEbDS®03/020524

enantionmerically pure form Exanples include
t argyadBeck et Al OENZPHth.-722621(1993)Rr WWaing ayd Gerirtadss, Synland3 (1999)
canmphorsul foni ¢ acids. Wien any one of these or other

Si NEhEreRARBES tREFER) @Bt BsddSo coRREHE SeiotHenistiyaF @i¥ alkylation
an1ne base, diastereoneric salts result. Fractional 10

al\ﬂlﬁe%%hﬁrﬁﬁn&&czﬁl??u&%&ﬁxe eﬁMc&Hﬂ@&ﬂH? Bailable from Aldrich)

reg eration of ses, results in enantioneric
resg }Jé&l Y ﬁxetsaﬁf %aterﬁ?ﬂ)& E\% @c@sss ﬁ’x@ Bﬂ5 ﬂo@ﬁ}:t R‘falso a
i nvol ves conver |on 0 antlonerl ture int

di ast reoneri m des

aCisan e ena hqnbelro AR n%ty 89 elﬁ,] ﬁl? S’e usgldS mrggcl'?alﬁy%tlo%
i trcRbs 1 bajed A R b re)? o2 %%?a@%&ﬁu{gép%% S%%%éﬁ%ﬁd t

chlorophosphate and the protecting group renov

( Wi QOFPPYIIds of e pEes Rt inzye%eﬂnd‘;emwé Johnsen¢/; 4rger- Chem. oc. 114;
di astereoneric proline am des of

7- (B7pY¥9dy! ) - 1, 7- di azaspi ro[ 4. 4] nonane are separabl e
by liquid chromatography. The separated am des are

t hen tr Brifged Sporo RiwgSystemsand (-) 7-( 3-
pyridyl)-1,7-di azaspi ro[ 4. 4] nonane by the Ednan

degr adatTihe iompdhin&ed ftiwinnvie 2syhdréira+ 5 vel, @+ g, y=2 and z=2,
enantioners can al so be acconplished by nethods known
t 0 BJIQSEhS kpitd] Pezabltyd16 22 heptantlq |3 -pREdNAUR] ¥dré bnd/dah Be as
the chem stry used for construction of the diazaspiro

M i NGSpaYddeStding &) SdhBRE 8NGRe arhd oflett] SivDARARS forinBd in the
mhlch the al kyFation of a proline derivative is used

gsre tcfj?gn ghﬂ'é%ﬁfé'ﬁﬁjb%%ﬁﬁcﬁmed Q&ﬁﬂ{qg})xa"ﬁ?drgﬁﬁ&{ b l%ﬁgusfn%’ the

I azaspiro nonane syste the al kyl ation

?r; rgcedun?aﬁe 215168 r% DG cHSE eﬁ d) ?tChle §§ﬁr(?§b§9,e§§?&ht§neous

ag suc ‘hose” descri b

RTP 70241v V0, 2004/ OO 3 PCT/ S200 /O b

o1 | EfuEhoEp e Sy aoup A1 8 160 a% ARG TageToR conitons
Ger manas, %plett . .33 (1999 (and references

t hePTaYiAgs thedr(hexamlgly ey ssisht s campoua @“éﬁé’i"ré‘ﬁf‘ &fth of
the al kylation step. \Wen enantionerically p

pr oydrrbreseic agid e%effmé p gibzamide, axhigh) ingczad sRTAREF icerhi}ﬁons to

the azabicyclo[2.2.1]heptane-7-carboxylic acid. Treatment of the acid with ethanol
and sulfuric acid provides the ethyl azabicyclo[2.2.1]heptane-7-carboxylate. This
compound is then deprotonated with lithium diisopropylamide and reacted by
Michael addition with nitroethylene to give the ethyl aza-7-(2-
nitroethyl)bicyclo[2.2.1]heptane-7-carboxylate. Reduction of the nitro group with
Raney nickel, followed by spontaneous cyclization, affords the spirolactam.
Treatment of the lactam with lithium aluminum hydride affords the spiro[1-
azabicyclo[2.2.1]heptane-7,3 "-pyrrolidine], which is subsequently arylated on the
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is used as the starting material for such a process,
the al kylation product is also a 5 single enantioner.

wa2nandaby of el ectrophiles can be used in suchCT/US2003/020524

al kyl ations, including allyl halides, which have been
us gfyublidife AiGBEHAMIb produGRiomPodnds bEie pregdnaineention.
conpounds of the present invention Genin and Johnson,

| Amer. Chem Soc. 114: 8778 (1992). Bridged Spiro
Ring Systens 10 The conpounds of Formula 2, wherein
u=1l, v=2, w=0, x=0, y=2 aftfer?e®?, pOSSess the

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

core and can be prepared according to Schene 9. The
anion of ethyl nitroacet@te,oforned in the presence
of arf) am ne base, can bencondensed with H,N N
tetr dropyr an- 4-one @i ny tHe rocedure reportef if?
Forhicdla et "8¢""™ J QO g. m 63: 352&ni(H1998) .

Si d nedU§‘I5;F§dUctio of |[the nitro group and|the

ol efin under €atal ytic hydgegenation conditions ~q
provi des the Z°f4- oxanyl )glycine ester. This conpound
can be treated with hydrobromc acid to afford a

di bromi de, which is cyclized under basicHconditions to
t he azabicycl0[2.2.1]hepugae-7-carboxyl'@ aci d.

Treat ment ofyhe acid with gthangl..and sdl furic acid

provi des t hesedrhyl 2)RaNi, H,
azabi cycl o[ 2. 2. 1] hept ARe/7-gaahoxyl at e. s 20

conmpound is then deprotonated with lit

di i sopropyl am de and reacted by M chael addition with
nitroethylene to give the ethyl aza-7-(2-

ni troet hyl ) bi cycl o[ 2. 2. 1] hept ane- 7- car boxyl at e.
Reduction of the nitro group with Raney nickel,

R

o AT U 8, 0055 L3R b 4Bk o

o0aPORERs SR 3 68D AIR T KSR Y BERmY o

Pr ngl'llgr?ch():% -(%lflgn?(f’m(gliyl)ttgtreah)edrrgf?xsagtcaril ny aecrfuteiveoc{1 thro%(g:}? re}lrgssylzgion and
subsequent treatment with lithium bromide. The reaction of ethyl glycinate with
benzophenone imine provides ethyl 3-aza-4,4-diphenyl-but-3-enoate which serves to
both protect the amine and activate the methylene carbon toward alkylation.
Alkylation of this imine can be performed, according to the method of Hansen, J. Org.
Chem. 63:775 (1998), by deprotonating with potassium tert-butoxide and reacting
with the 3-(bromomethyl)tetrahydrofuran. Deprotection under acidic conditions
gives the desired 2-amino-3-(tetrahydrofuran-3-yl) propionic ester. Ring opening of
the tetrahydrofuran can be achieved by treatment with hydrobromic acid to afford the

dibromoamino acid intermediate, which, upon heating under basic conditions, cyclizes
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0O O11 ONO_-\ ZNO O\ TiCl4, NWRaN, H2 Q
NO2 COZEt H N CO2Et 1) HBr 2) NH3 1) LDA,

woRdamoe2by |l ene 3) EtCOH, H+ 2) RaNi, H2 JN 3) ROCHUBOM20524

5 The conpounds of Formula 2, wherein u=l, v=2, w=1,
X=Qp theIlaAabidyddsf2.2.1 |IRPEEES Taibbeylic acid. This acid iscan subsequently
spiro[ 1-azabi cycl of 2. 2. 1] hept ane- 2, 3' - pyrrol i di ne]

I NGnotel @5Mha Bty A, Q@lnﬁ Brh&RA bR udGAOLE. NGk ati HCB@Bhen
10. Conversion of tetrahydrofuran-3-yl nethano

(Al b fofidd egfo(oﬁastmma{ Itubt Bisb AONHRHL SR Y e£&B0n Rth
achi eved thArough nesyl ati on and 10 'subsequent
i : Lithi : _ . _

r erﬁﬁgr& en% FEbse%t}em rg cla{n? 5'? tﬂgmtrgg?ogp g\@/i:ﬁ% ie{g&g?{%l{éf, Féﬂowed

gl yci nat’e enzophenone rmn

3- -4 4-di |- - 3- t e which h
o e R R O IR i RS L
t d | ation. Kyl at.i f this im be.
por R REIELL d NPt S ORIy R Brameeb i e

Chem  63:775 (1998), by deprotonating with EOt assium
t erlithiym dypigamdwdrideegives theydepied piml lrazabicyclo[2.2.1]heptane-2,3"
3- (brononet hyl )t et rahydr of uran. Deprotection under

aci pirelidioekl which issubsgineatly arylatedes;thegyrrolidine nitrogen to give
2-am no- 3-(tetrahydrofuran-3-yl) propionic ester. R ng
op eswimpgumds of the present invention.

Scheme 10
1). MsCl, Et;N
© 2) LiBr o
OH Br
'IAII
O NH , ‘ N-_-COE H,N.__CO,Et
ethyl! glycinate KOtBu, "A" \%
g ] o
1) HBr
2) NH,OH
3) EtOH, H+
1) RaNi, H
N 2)LAH, N NO,  LDA CHCHNO, &
-l
NH -
COEt COEt

The compounds of Formula 2, wherein u=1 ,v=2, w=1, x=0, y=2 and z=2,

possess the spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine] core and can be prepared
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t he tetrahydrofuran can be achieved by treatnment wth
hydrobrom c acid to afford the dibronpam no acid

WO naognRds at e, whi ch, upon heating under basi cPCT/US2003/020524

conditions, cyclizes -37- RTP 70241vl WO 2004/ 005293
PCTA VeRRR3 5408 @Ahatlfsr thd@rrbspoadial ssibet 1 -afaBicgclo[2.2.1]heptane-

] hept ane- 2- carboxylic acid. This acid iscan

subseguenidize], o5 QNEH 5@-mE 21! BRyPiuilcligifié-2 carbldBy186 can be
et hanol and Sulfuric acid. A kylation iscan then

pe rgfeﬁ’errﬂ@&j frP%ﬁ &Q-SWEE%))&%& ibS: li\ﬁe_LHiQ)cedures discussed

di i¥sopr opy acti'on™wth” nitroethyl ene.

Subsequent.. r tign of ' Si )
o RSO S et o i Rler2s MBSl 18 SRR
to those skilled.in the art I ves the i rol.1- .
oAb P bic Syt b veerhisdesi g o Sadi found in
'hl'; S}%trg,’nett éf,&eérrr]zte ﬁ}garlra té'gqmﬂ glatS th (1 Bgosmh%rrgag,l eltJI gl] .,r.]]yp)zarm.
spiro[ 1-azabi c cIo£2.2.1 hept ane-2, 3' - pyrraolidine],
whiRharmarol 464 64 (19A) apd drdrm.fehem. Sa¢- 1 He84H) (FW3)- d Efw
nitrogen to give conpounds of the present invention.
Sc hpimaclidine-Dedrpoxylasiscan thedeopated Bith Griprpdiisgpropylamide and
N1--1"COZEt HZN CO2Et ethyl glycinate K& Bu, "A" \ |
\  @edkcjedHBth mirodiiylétel SBHsedueHreatrivent With Ramdy nidkel giyes\dixk¢y the
NO2 LDA, CH2CHNO2 N

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.

-30.
RTP 70241v1



N N NH COP 10 2 CO2Et The conpounds of Formula 2,
wherein u=l ,v=2, w=1l, x=0, y=2 and z=2, possess the
W@ pioropsonzabi cycl o 2. 2. 2] oct ane- 2, 3' - pyrr ol i dPEEPSIOB/@20524
and can be prepared -38- RTP 70241 v 1 WD 2004/ 005293
PCT/ US2003/ 020524 in a feemedlisinilar to that for the
correspondi ng spiro[ 1-azabicycl o[ 2. 2. 1] hept ane-
2,3 - roIid'n(g]Et S 88, i n Scheme 11. Et hyl
qui ndi n%%% sr arboxyllat el can be generated from
S hydrepyran by the procedures
di scussed previously for ethyl 1 -azabicyclo[2.2. 1
] hew®ane- 2- car boxyl at € The requisite 4 5
(brononet hyl )t et rahydr op#tan can be prepared according
to procedures found in Burger, et al., J. Am Chem
: 5512 (1950), Thegnas, et al., J. Pharm

Pha ol . 15:167 (1963 d Jn_ Ao Ehem Soc. ypn  cokt
115! 1+ ANDO3pinyl Giydmgle  GUI NUE] 1 41 ne- 2komubaxy| at 6 :
i scan thegn deprotonated wt

and reaeteg with nitroethyl Subsequent treat nment

ni ckel gives dir®@ y the 10 spirol actam o
spi ro[ azdabi cycl o[ 2. 2. 2] oct ane-2, 3" -pyrrolidine]-2'-one

, by reduction of the nitro group followed by

spont aneous cyclization. This lactamiscan then

reduce with lithiumal um num hydride to provide the

a;ithiun1d++snprepylani e

desireg spirof1- .

azabi 2. 2. 2) Hehah&- 2, 376 Pysr olNogi neioa, ehico s

t hen “ar onethe—pyrr ol e nitrogen 15 -39-

RTP 70241 v WO 2004/ 005293 PE?PBE52003/ 020524 Schene CO,Et
11 0O

Alternate Synthetic Methods

The compounds can be produced using varying methods. Alternatives to the
palladium catalyzed coupling protocol described above can be used. For instance,
those skilled in the art of organic synthesis will recognize that one or more of the
nitrogen containing rings can be formed by any one of many common amine
syntheses. Thus, an arylamine can be reacted with a protected cyclic amine derivative
(see scheme 12), which contains two reactive electrophiles, to generate an N-
aryldiazaspiro compound. A variety of electrophilés participate in such chemistry
(e.g., halides and sulfonates via nucleophilic displacement, aldehydes via reductive
amination, esters and other acid derivatives via acyl substitution, followed by

reduction).
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Y 1). MsCl, Et3N 2) LiBr Y HOBr \ I \ NH N~CO2Et

H2N CO2Et ethyl glycinate KOG Bu, "A" \ ~\ | O 1)
WORa0G4/003223 N 2) Li ALHA N NO2 LDA, CH2CHNOZ2 N  NeCTZOS2ES/020524

COZEt Alternate Synthetic Methods The conpounds can

be produced using varéhegerfigt hods. Alternatives to the

5 pal | adi um cat al yzed coupl i ng protocol described

above can bpgused. For instance, those skil ||ﬁdxl‘1-;l t he

art of Qh’-gm C synthesis erbé ehfgcogni ze thatQ ‘ofle or

nigt r ogRp. cont ngs caQ: O med
of many cofmon | WW@EEEynt heseﬁ ihus, an
ary m@é can be reacted with a protectgd cyclic amne
deri vBtive (see schenme 12), which contains two

21?3% §E‘a§ 2p:}§{3"eu§s%f°"ax )‘vggﬁe?@%?ne:\le(l:tor ophi | es

part|C|pate in such chem stry (e.g., halides and
sul fonat es via nucl eophilic displacenent, aldehydes
via reductive amnation, esters and other acid

der i vat iTHefeqMisite ﬁ@-)éiect&b'ﬁlfeﬁ tdnbeispithesizel bpwafy iyerse methods.

reduction). -40- RTP 70241vl WD 2004/ 005293

Pddck%%é QAxPe s 1nc§$9ﬁﬁesué}2m{3 @néﬂlaté%%n reaction with benzylamine
or ammonia). Pedersen, et al., J. Org. Chem. 58: 6966 (1993) and Berkowitz, et al., J.
Org. Chem. 60: 1233 (1995) both report the alkylation of dianions of N-acyl a-
aminoesters. These alkylations also can be used for synthesis of N-aryldiazaspiro
compounds. Thus, dianion of commercially available (Acros) ethyl 2-pyrrolidone-5-
carboxylate can be alkylated with ethyl bromoacetate to generate ethyl 5-
(carboethoxymethyl)-2-pyrrolidone-5-carboxylate. The second spiro ring can be
formed by reacting ethyl 5-(carboethoxymethyl)-2-pyrrolidone-5-carboxylate with an
arylamine. The resulting 2-aryl-2,6-diazspiro[4.4]nonane-1,3,7-trione can be reduced
with diborane to give 7-aryl-1,7-diazaspiro[4.4]nonane. Depending on the nature of
the aryl group, the order of the synthetic steps can be changed. Likewise, it can be
necessary to incorporate protection/deprotection steps into particular methods.

A wide variety or arylamines are available for use in the approach outlined in

Scheme 12. In addition to aminopyridines and aminopyrimidines, 3-aminoisoxazole
is commercially available (Aldrich). This provides a means of synthesizing N-
isoxazolyldiazaspiro compounds. The isomeric 4-aminoisoxazole can be made by

reducing the corresponding nitro compound using the method described by Reiter, J.
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N reagents i GQNIV' I 'v+ ANHQQ Q+ Q@ 2 (vary

wth E) E/ v /NQiI EA E = CH2Z (where Z = X or
waeaooosbe) , CHO, CO2R The requi site bis-el ect BEhiUbme3/020524

can be synthesized by many di verse nethods. Schenes

2, GrgaOkbnb 5211714 (B8P Exainles bdthdr AintiodRelvaives of 3-hembered

reaction with benzylam ne 5 or ammoni a). Pedersen, et

al .arondatic Hngs inCl1&I3-amGioisERRB016, HRRH3 acdndin BRI Histhd, %t all/.
al ., J Og. em 60: 1233 (1995) both report the

) Ch
al kyl.at §n 7947 gg@%&mmngf@a -xiole:\maam&eﬁ%gga%valxa%@a,

al kylat 1 oris™al n be used for synthesis o

N-a di a Ny qunds.. . T | ani
et s e
f grps%x lri%%egtic%? ﬂy\rt}l%gl?lﬁ)g%xl'y?tgr%gp 1 attﬂe-%tlelﬂrll)(blere%rh% ero%g:/glg,%%r? be
(car boet hoxymet hyl ) - 2- pyrrol i done-5-carboxyl ate. The
sed¥Shiro ring can be forned by reacting et hyl

5- (Icar boet hoxymet hyl ) - 2- pyrrol i done-5-carboxylate w th
an 1 a tic 0 ng

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

r educed Thekempagidsodessribed bergjngan be incorporated into pharmaceutical
7-aryl-1,7-di azaspi ro[ 4. 4] nonane. Dependi ng on the
natcemposifions ahdusad yd prgventipcontlition or diserderfin & kebjeoy misheptible to
steps can be changed. Likew se, it can be 15 necessary
t 0 sucicOEditioh or Pisatiacirdan et Diubjsct suffesihg@fismitint @ndition or
particul ar nethods. A wde variety or arylamnes are

av aidoddek. eThehatsR chtital ddehpadtisne Aederibed Nerdi@ theiude ofCdientre
12. In addition to am nopyridi nes and

ani 0, gl ORI lySac6RIBRY Gt lhkiko.
RS e o b el e SR el o

f
SITSBRLAR, M ARG AL ARasP PN

thee cotrre%gondi ng nitro conpound using the method
desCOPT 8™y Reiter, J. -41- RTP 70241vl WO

2004/ OO5I%8 ?naﬁn%-l-/inuv% i%l?t /e%grcr)lgguids are administered can vary. The

compositions are preferably administered orally (e.g., in liquid form within a solvent
such as an aqueous or non-aqueous liquid, or within a solid carrier). Preferred
compositions for oral administration include pills, tablets, capsules, caplets, syrups,
and solutions, including hard gelatin capsules and time-release capsules.
Compositions may be formulated in unit dose form, or in multiple or subunit doses.
Preferred compositions are in liquid or semisolid form. Compositions including a
liquid pharmaceutically inert carrier such as water or other pharmaceutically
compatible liquids or semisolids may be used. The use of such liquids and

semisolids is well known to those of skill in the art.
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Og. Chem 52: 2714 (1987). Exanpl es of other am no
derivatives of 5-nenbered aromatic rings include

WwW@2@aio2d% ot hi azol e, made accordi ng to Hol | andPCBUSHD3/020524

J. Chem Soc., 7277 (1965), and 4-am noi sot hi azol e,
made acqgé domyghsitionvanl s, beCldmatlistered Ma injedtion) i.d.2: 922
(1976). Thus, a variety of Naryldiazaspiro conpounds

of 1ﬁtpﬁle1'§e09§lﬁslﬁ{f'£mﬁs@¥1§ﬁ§ ' s%ﬁcutaln@myyﬁJ Glrabbrofdall, BbrRaHRriaBy,
a five-menbered heterocycle, can be produced. II

Phay PR %Mw ge| c'&%%%'v%ﬁtﬂgﬁary” e[n& &}érh‘aﬁmﬂ?éﬁ%h *i’seéjpreferred

hereln ca ncorporate naceutlca

g&?%@ﬁéﬁﬁgﬁ%gﬂ%?lggg ch %V fengf%cggxe gr%rl%glt 138 QO those of skill
condltlon or djsorder, and/or to treat a_su t .
sufiP 81¢i 3l apd BRlude 8 % dsxapie; sohtipns, salwsy H‘é‘rphoslﬂ?éte%“ffered saline
phar maceuti cal conpositions described herein include
onélhgrcompeunds eamadenlrecrsiministexse @) pm nfysiogror njechinn (wg.» as a
pharmaceutically acceptable salts thereof. Optically
ac tsuspensionqas aglemulaion rea paphapetibalp accemae bquid rt mixgge of
or as pure enantioners. 15 The manner in which the
comjeidsds are adm ni stered can vary. The conpositions
are preferably adm nistered orally (e.g., in liquid

form w tripg RorAuRfbiaiidy alsdisdadatinitBred Ui hePineans, for example,
non aqueous liquid, or within a solid carrier).

ert:&él aﬁﬂu 11%9195 cfrhl ﬁﬁoxﬁsq{setﬁf%lr &@ama&}hﬁﬁs'iﬁﬁbrp Ruch as
i ncl ude S,

capsu es, cap ets, syrups,

an dsugs)}:),)(JS} (geljéegggrg g&ﬁ@&%ﬂ tggxﬂgﬁf sgzll @ﬁ%cnnasr{: AR %Eﬁﬁoﬁ{dg can also be
oS %ﬁgﬁ&sﬁﬁ% it Pt s e
Saﬁs‘fﬁ{én‘?figlliﬁ:c]g%;ﬁi}én%gﬁo fHorkyin Y Datgprvad ol kol me

phar maceutically  conpatible |iquids or sem solids may
be disstagurephwhighas leformretﬁd herein ma@s ARty )soRicaldy (eds 1t Lotlon
wel | known to those of skill in the art. -42- RTP

70 201 ot 3B A106 29 3siPCT rusge0B] prdisesing technology that is
commercially available from Novartis and Alza Corporation). Although it is possible
to administer the compounds in the form of a bulk active chemical, it is preferred to
present each compound in the form of a pharmaceutical composition or formulation
for efficient and effective administration.

Exemplary methods for administering such compounds will be apparent to the
skilled artisan. The usefulness of these formulations may depend on the particular
composition used and the particular subject receiving the treatment. These
formulations may contain a liquid carrier that may be oily, aqueous, emulsified or

contain certain solvents suitable to the mode of administration.
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The conpositions can al so be adm nistered via
injection, i.e., intraveneously, intranuscularly,

waameneaseousl y, intraperitoneally, intraarterpel/§2003/020524

intrathecally; and intracerebroventricularly.

| nt r avengyordsdBitiBhsSdah 8t hd@finisterad iRte@hiRENEGr ateirha], of
injection. Suitable carriers for injection are well

KNQWhtirduBud, Qﬁﬁnpér cék&dlﬂed Patd €3 a%th@mﬂfl&ode@ﬁlqm'aﬂf@ fgg ASnanmiAl

dextrose solutions, saline, and phosph ate b

Isﬁlfs{x&eas a J«Hfs‘e CAEP Llléﬁ)%ﬁ o%nplgl C%Q/ Qlem bt?ttaﬁ('ﬁﬁia sfifhre

usi on or Inj ect’ion Sus enS| on or as an

e “ﬂ%*ﬁ‘ﬁ‘aaésflggu a%? 6‘PX ‘ﬁ Ce%%@“%’é %?MB& oftmes
d f
?e gﬁgﬁliasyf’:{g‘{h%?ﬁ pi'f“?’}f?‘? n"&ﬂ?’loﬁfsl a&ﬁ{%m%g a&ETn Ya@F r ect aI

adm ni stration, such sup ositories, are well

to t hos&reifratlpiuppn ?dr’imt‘ﬁ'éa“c?ﬁ © ggfiye e&aﬂ&&ﬁdgw@ahwﬁr @8"4’“”
be adni nistered by inhalation g n the form of

an sieswishin theibofeef theghjert thaaffee; b?gl%nﬁ@mng of the &NS. Yles

of the type set forth in U S. Patent No. 4,922,901 to
Br cpkafiaily.dh treatinhe CNS dissirdss.preferablewainististiation is designed to
incorporated hereinin its entirety); topically (e.qg.,

i N dptmizenhelffetarpon thoss retavaﬂs@eptnnduprésehg.h,avm affgctarpon the
transdernmal patch, using technology that is

COrfImdtiohia bytha Cals| ahileminiaizinyohsetiects upotimadctatype receptor
Corporation). Although it is possible to adm nister

t heuBQpRO Wkts shifdbleheetiioas Bralimmistetink tirCdompBuridl @fithe ?kesent
it is'preferred to present each conpound in the form

of iavdAflag %a%ehqgeq%wmﬁe Nb.Bk0803 | & dMskipdtiapn  for

efficient and fective adm ni stration. 20 Exenplary

met hods Pfregéra ﬂrﬂuﬂ: ?ﬁp Flhglgsa %&dﬁxlﬁ?ﬁ%ﬁ%ﬂ&ﬁh u}:ﬁvehﬁgre ients

appar ent I san use ness o

these fornul ati th ti
A N T e
the t Th f | at

1 s eroed Ppare e PRy SRS oo SRS O Saties fiea dhey

or contain certain solvents suitable to the nnde, of
adrAfferisayiokine prpductipn.angéppseprstion veRidey GeRreRiEiiog® and are very

PCT/ US2003/ 020524 ) ) )
efficacious (i.e., they inhibit cytokine production and/or secretion to a relatively high

degree).

In certain circumstances, the compounds described herein can be employed as
partofa phar‘maceutical composition with other compounds intended to prevent or
treat a particular disorder. 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
antioxidants, free-radical scavenging agents, peptides, growth factors, antibiotics,
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The conpositions can be adm nistered intermttently or
at a gradual, continuous, constant or controlled rate

W0 000a/00&2031+ bl ooded animal (e.g., a manmal SUuCPCEESZ03/020524

nouse, rat, cat, rabbit, dog, pig, cow, or nonkey),
buthacrebicafuitia ggmsS inym@foSuppasd sivdd| Sitieoaztlahn, tufferinpiapehs) ang-
In addition, the tinme of day and the nunber of tines
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adm ni stered can vary. Preferably, upon
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receptor sites within the body of the subject that

aff e(flié)atlp@bcjngﬂtcﬁé?&iffégt éthfeag 9y§cn the &&'cédtfca' ly,

di sor nlstratlon
d d t th
- o L2 P badr T T
the 10 f t th
L Fepee e e lta o ShBs syl b Bner

sui tabl e met hods for adm nistering the co ounds of

t he predBnapPronTatosef thy compeurd is agamepnte Ctlré%ﬁoemfvent
No. 5,604,231 to Smith et al. Preferably, the
corpsostenpYfshesyapiams of therdisoedér ot fotireptsgme syTpptos of the disorder
ingredients interact with regions where cytokine

pr dohue whish thepatiérit eeffessd By "effettiye gmoTii "therspentia @mounthor
descri bed herein are very potent at treating these
condffédtioa dose! istheant thammogit.sefficientto glicf the désirey pltmaedlogical
production and/or secretion at very |ow

C O @itkdpaiiticeTiests Atk raduBting e Yifeclild pre@mitionsr t{datneent of they

i nhibit cytokine production and/or secretion to a
rel@doregl y high degree). In certain circunstances,

t he compounds descri bed herein can be enpl oyed as 20

part of dﬂr}&ﬁ{%‘-‘a@@ﬁ § GRbrde0 BPARCil O dMnt 5F BhiPSUnd is an amount

conpoun I ntended to prevent or treat a partlcular

d S Oft%le t to ssaa%gos%{hg %l%)tgg-g?alrt @a{f'ﬁér 6F H’%%Q& Sto %fndttg felevant

nmpoun ESCF ceutical

03|t|ons | ude .vari.ous
Composl 0% G2 +ec%féonw e rcepo
pharnaceutlcally accegtable co nts or adJ cts
whi ERYBSSe(CemPr yeshepioARsIHer Secr °Pc oy ﬁn W8e
25 antioxidants, free-radi cal scavengi ng _agents

pepup$aton eptelment ofthesfisordes) (Breveptionaf the disprder ggppanifested by

70241v1 _ _
delaying the onset of the symptoms of the disorder. Treatment of the disorder 1s

manifested by a decrease in 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
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WD 2004/ 005293 PCT/ US2003/ 020524 bacteriostatic
agent s, imunosuppressives, anticoagulants, buffering

wag®ane2oant i - i nfl ammatory agents, anti - pyr et PCEUS2003/020524

ti me-rel ease binders, anaesthetics, steroids,
Vi toflBipital compaefidilggnardlly requires sdnsihitefihglthe cGupdund in an amount
conponents can provide additional therapeutic
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phar maceutical 5 conposition, or act towards

Pr eUERt R tR Mol sRAd B infirHGetd b MRS Bn @t Shuscles
i posed as a result of admnistration of the

ph %E”g%%% itogﬁ'lly gfgtgl;@tgrﬁ 'g%%%‘ : Th-gl?: e@Re rdQ&r(jf @&ﬁ%%ﬁ?wﬁlf of course

the c oun unt eftective to prevent
occurrence of the s Q of .th | sorder. or t r

coe g ety Feobi Bl O Bl bRl SRR spRlpe el R
suf f B

rs. "effective a nt", " rapeyti c anmount”
or e oy qibrdFoisd Qs por e RREH BT PREF ent
to elicit the desired pharmacol ogical or therapeutic
ef fansewar affegts arecbsiry§dng in ef fective prevention or
treatnment of the disorder. Wen treating a CNS _
di sor deThe apmpsundss vheeeraplened in @ffecem\mwg in gccaplapgepyith the
sufficient to pass across the bl ood-brain barrier of
t henathdsl destribed berbinate sedectivd tovwartdin tdevarigigetinic redeptors, bui do
the brain of the subject and to activate rel evant
ni aot significandg egtivate recepibisyapsesiated wdth,unpgesaablel side effects at
neurotransmtter secretion, thus resulting in
ef feafdenitBtiond bENGOEe&Er thdn thése adquired fod Elidities tHé feloastesf)dopamine
Prevention of the disorder is manifested by del aying

t heyr QR EheuftrahbifittS MBY &HiPis HeahtiBat dip@RICEABY dosd bRAMPBRd
of the disorder is mnmanifested by a decrease in the

SY PREOR ift é@é’ﬂ}tﬁ% Eﬁ’d/éﬁ‘ theBtidgHeC S agmﬁ{ is QdseRAY wafectitv?] in

anel ioration of e recurrence of the synptons of

CLRTOBE ISt e lFoiEp bl MBM ol cncnrain,
R G Sk 5008y RS AP S oPAL 5 B e o
5 B B i B LI g B SR e bl o
25 pharmaceutical conposition is adm ni stered. For
huresraip spmpeings desprabed hergiiyagqiast dense ganghignic-type receptors

responsible for cardiovascular side effects is demonstrated by a lack of the ability of
those compounds to activate nicotinic function of adrenal chromaffin tissue at
concentrations greater than those required for activation of dopamine 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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typi cal conpounds generally requires adm nistering the

WwW@eowpo0s2e3 i N an anmount  sufficient to activat eP€PUSWA3020524

receptors to effect neurotransmtter (e.g., dopam ne)
I elieaek thabthe cbitRnt@dtidH BF ths bétipdind &vithinghd plaghaestithd atient
i nduce effects on skeletal nuscles and ganglia to any

si gRirhdigAHALs AR 9k Red s0ayAE herkdguentiQRes fAft eRe®

will of ‘course 5 differ frompatient to patient, ut’
in genergl c6 uHGEFes GBRY RrSin S Rntehiploy el GreliNS amounts in
effects or er desired therapeutic effects occur but

be'aexxraé?lse agﬁ? mg%e@f;b%f %eﬁc kﬂ{ cﬁgrsahésﬂeedeg}aa %fgfr%tlon

npoun |n eff'ect1 ve ano
acc r dance Wt

R eeson {?E‘?r?%ffegv%{ﬁ% L 9l i ders,
Y relipp SOy e bl telraecs aF Seféeceﬁ{e S 8°§’Jtvg grgounts

| east greater than those required for eliciting

r el shoge eAmrAypdsATHPically kslgyethe faesheld copreniration .r%qmreyto elicit
this is nmeant that a particul ar dose of conpound

ef fang eppreciable pdesftegtsi fgge)amledhosp etfeats relpting mselaﬁab@w@r The
Is essentially ineffective in eliciting activation of

c ercoaipourgla gl beoadimgnistyred imd therapavtic wirslown swhéchgertain CNS
concentration 15 higher than 5 times, preferably

hi glietderdaatrdéd dndresain sideeffeots areaveided. aldeallyhihg keffectivérdeose of
1,000 tinmes than those required for activation of

do ﬁﬂé&dhg)oﬁﬁdlsﬁﬁ%bea_ hérsin suitieny ot provide the @ésirad effects upon the
conmpounds descri bed herei n agai nst those

gangs g 1§3mtsMﬂ§16ﬁt§9@Pifs A6t a high RAGIEH Rvel) kPprovide undesirable side
cardi ovascul ar side effects is dermnstrat ed by a | ack

of Jefifis af%iief&hﬁ/t @k coﬁ‘n&ﬂé s 2O TRRHRRAR ? 2 86 P Fé’ &tRtive for treatmg

nicotrnic | on o) renal cnrona I ssue at

a Cplﬁ%gﬁlg 1;1s|00 ess t%an /9% d oHé)nS ssr agl / {(? (ijhe Oéllr'ﬁ rsec’lulred to

am ne rel ease

t he effectl v, %? ounds gener ally

r ecfiic ‘rtég‘m“aﬂﬁfl Bde F’H’ga@'ffc a’&téiﬁ%r(? nd in an am)unt of

at | east about 1, of t en at |east about 10, an

f r equentMQst Refarably eifegiiye fososarg at vemy IQW) COB%FPF@W‘S > VE

ef fective dose generally does not exceed about 500,

of treximalesfepts precobeenead taperyt, With@ minippm pEHdestlery: does

not 25 exceed about 300 g/ 24 hr/ patient. In

addTaricentratiquirileterstinedtas the apfountios cernpaspd perevofprecof relevant tissue,
typically provide a measure of the degree to which that compound affects cytokine
production. Typically, the effective dose of such compounds generally requires
administering the compound in an amount of less than 5 mg/kg of patient weight.
Often, the compounds of the present invention are administered in an amount from
less than about 1 mg/kg patent weight and usually less than about 100 pg/kg of patient
weight, but frequently between about 10 pg to less than 100 pg/kg of patient weight.

For compounds that do not induce effects on muscle-type nicotinic receptors at low
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is such that the concentration of the conpound wthin

wo bw4pbsasaa of the patient nornmally does not BXRDESIH03/020524

500 ng/ nL and frequently does not exceed 100 ng/ mi.
Theofienipaions| ShakFrectiveaidee 18 Gssethan 5 Wizky of ppticny @eight and often
effective anounts in accordance with the nethods

desaét ReotisAtd hdnfimifteied RVdndeh bR ot SY[1€ ® 184s than 5 mg/kg of
prevention 5 of the progression of CNS disorders,
anela|iQh Hefpne ymttgx@'%oiﬁé e R Q RSy réiéte TRt aRb@te

to sone degree of tThe recurrence of di sorders. The
ef facti. - Gl

pei B EeAERA; R OGRS e B ok o o
any_appreci abl e side effects, for exanple those

efﬂgggg relating to skeletal nmuscle. The conpounds

can be adni ni stered in t herapeutic wi ndow jn whi.ch .
cort ai nORRSTED RTS8 e TestE o aA DB L PO e fifgavires
effects are avoided. |deally, the effectjve dose of

t hedewsierinedhe epsopndEgdnpmpeRstof atdeast gopt, @?ﬁm ftdeast about 10,
provide the desired effects upon the CNS but is )

i nonfl fieqyeatly at(lgaspabou§ 25 ngh24 by patiept. gFordwman Raticatsethy effegtive
provi de undesirable side effects. Preferably, the

co dypical eoraphvindd requires ddministeridg the gempoundovhighegenerally does
treating the CNS disorders but less than 1/5, and

of trmnedceskabbltci®0,1dfied dotshet enveeduboutald)(j and dretjaeni]l$ dedsinot t
certain side effects to any significant degree. Most

pr efxededabout 360 i Quihv/eatias et addidion tthe/@impobitivns are advantageously
concentrations, where nmaxinal effects are observed to

OC Cadinini¥¥ered aanBrRE TV Mo sust ek tRS doR6dntration of the compound within
Concentrations, determ ned as the amount of conpound

Peliny @ééﬁggsofﬁﬁe SRk halfyl dS SRt exchdd800FI L, RIFRN HELE nBt exceed

nmeasu e degree to which that conpound affects
ok 2 . : .

oY Db SR 00 Ll LS g8 8

the co und in u

d f, | t h 5 K f .
e G RGnO TRey lch 58,00 P pin
IR T R TR T .

about 100 gg/h% of patient weight, but frequentL%
betibibiting Bients af higher congeatrationp g Fieqempgpids exibis ihibifay effects
wei ght .

on cytokine production and/or secretion when employed in amounts less than those
amounts necessary to elicit activation of relevant nicotinic receptor subtypes to any

significant degree.

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

The compounds can be used to treat those types of conditions and disorders for
which other types of nicotinic compounds have been proposed as therapeutics. See,
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concentrations, the effective dose is less than 5

Y /tiGx@iplR Wil Biths $al. dbkig Mg P@fs&&ﬂ T@)NLH5 Q99NOARKESC eiag, CNS

adm nistered in an anount from50 g to less than 5

O/ Ge REv. _1@2& i Egs) héit et all N6p.f @it IRbRD DRI s BEL) 7981996),

doses typi cal lI'y réepresent tha€ anount adm ni stered as

o, ABLSCHRES, R PR, ST SOSOR TIN5

over a. per | 0 ma .
RN LR R SN T P e
At GRPOIDEN G cba- s ioiogn o114 B B and

the effective dose of typical conpounds requires

ad rﬁIWFlbitCéM'W@hf%O@cﬂ*p‘dé% G Meurgeaieseal1997)dHaladay gt al., J.
not exceed about 500, often does not exceed about 400,
andéd: EgeraGhemy 49384168 1(199): Barhoatsbalt, Sgieered79:72 (198), PCT
patient. In addition, the conpositions are

ad Wi Oto=(N89905 PCT WOM6IBi147% redlUSt Patent&Nob £6383yvid0 do Bencheriftet
that the concentration of the conmpound within the

pl a$ 8 591,919he DRRkt £1) indR60MEU3I1 o SHEAR et ud] the XiseldsureOd which are
pg/ m., often does not exceed 300 pg/nL, and

f r aHAierAtYd KRGS b Riferbnee afleit ORiretg/ L. When enpl oyed in

such a 15 manner, the conpounds are dose dependent,
and, as AT . . .
20 o TR 6 YL I AE QISP coRBilaRn it
n Otex%i%{l]é g‘lte%agltﬁg 1?1%%1%15&%%19&& IOP@IC g%o%e?ﬂ‘ée}nfior?eh Cg B?&iSCaSCS and

concen conpounds “ex I nhi'brtory

ef f ect n cytokine pr.oducti and/ or secreti.on en. .
AP (R ST BS P RERSLA G i It o0 ¢ BEgbeE b in
to elicit actLvatio? of rel evant nigptinic receﬁ%pr....
sut Bwsr thel opHfizesefiecisgippr phnoHpal QUK B PropYPtioRY s fBIngpIzing
Usi ng t he Conpounds and/ or Pharmaceutical Conpositions
ThefleetrpprnTaceptos sultiepes such ap thope thatare assnsiatad yjtsmpgele and
condi tions and disorders for 25 which other types of
ni cganglis. Thisean beirr¢emplished beergetsd dprasisiivag and/or by adjusting the
t herapeutics. See,

dosage such that a desired effect is obtained without meeting the threshold dosage

required to achieve significant side effects.

Treatment of CNS Disorders

The compounds described herein are effective at treating a wide variety of
CNS disorders. Examples of CNS disorders that can be treated in accordance with the
present invention include pre-senile dementia (early onset Alzheimer’s disease), senile
dementia (dementia of the Alzheimer’s type), Lewy Body dementia, HIV-dementia,
multiple cerebral infarcts, Parkinsonism including Parkinson’s disease, Pick’s disease,
Huntington’s chorea, tardive dyskinesia, hyperkinesia, mania, attention deficit
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exanple, Wllians et al., Drug News Perspec. 7(4):205

WO 1994)529Arneric et al., CNS Drug Rev. 1(1): 1PCW9SH)3/020524

Arneric et al., Exp. Opin. Invest. Drugs 5(1):79
( 192Byder, Baxietydebfes®dn, alild, cognitivd iaiphaaelt, dyképia, sEhig6phrenia and
279: 1413 (1996), Lippiello et al., J. Pharnmacol. Exp.

ThefoureéQsyflidomd 1996) , Dammj et al., J. Pharmacol .
Exp. Ther.” 5 291:390 (1999); Chiari et al.

Anest hegh@ @@&d&% cari ¥t frehtbd gl?_&/? L{)g%'\éﬂt@&jb Miséﬁgg to a patient

Ei senbach, Anest hesi ol ogy (1999); Neuroscience

Y02 oyl 3BYh ofpnaremaken i bmpodRTE IR e for providing
(1998) . PCT - IO 94/ 08992, PCT. VIO 98§§%%7%er8”.d U s
PatSeE drgyee ofpreygution i the progression of ¢ gfder (€. BPYIdg 1 o

to Dull, et al., and 5,604,231 to Smit cal., the ., .
di JEPtersiyr edecty, apeiention @f t&?)sw&%?sp%u@éﬁieﬁélﬁ%ﬁ%ﬁ fpdygnelioration
reference in their entirety. The conpounds can_ al so be,
us e thegecuaiengeof a Oy digopdarn iy olxes admpistesingsan; effgetive
therapies in the managenent of the aforenentioned

t y pawuntofdicompernd selagied Gom dredienesal fprudage whish pigzes fork

it is preferably to adm nister the active ingredients

t o hereinbgfon@nner that optim zes effects upon abnor nmal

cyt oki ne production, while mnimzing 15 effects upon

r ecept othd Migopdess such as those that are associ at ed

with nmuscle and ganglia. This can be acconplished by

t ar get edh gidittbnde trbatig CNSWédaderd) YhedMhufit dutigallodmpodtisia ggn be
such that a desired effect is obtained without neeting

t he;stdioseiehihr 40526%ain bBAoh&HolsOdidcabdsane d8bBsf Ecanfles
side effects. Treatnent of CNS Disorders 20 The

co - '

i QORI RIEERAER GRS, BuBirin g G fuEh ol LERL Rbrcer
di sorders t.hat,L can _he treat i.n I '

or SRR S et B o S9G IR NER 8 e ifarions
onset zhgj ' [ sea ., senile ~denent.ia (denentia
o “ehionnin el o Su g Soith pusiyiai! Satenpipgs dan SHchora

H V-denentia, nultiple cerebral infarcts, )
ParRIH<S HesympRES adforiatedyith hoss rpnditigns disases gddisogders.

di sease,
Inhibition of cytokine release is desirable in the treatment of cachexia,

inflammation, neurodegenerative diseases, viral infection, and neoplasia. The
cachexia is often secondary to infection (e.g., as occurs in AIDS, AIDS-related
complex and neoplasia) or to cancer therapy. Examples of inflammatory disorders
that can be treated include acute cholangitis, aphthous stomatitis, asthma, ulcerative
colitis, inflammatory bowel disease, pouchitis, viral pneumonitis and arthritis (e.g.,
rheumatoid arthritis and osteoarthritis).

The pharmaceutical compositions can also be used as anti-infectious agents
(e.g, for treating bacterial, fungal and viral infections, as well as the effects, such as

-50-
RTP 70241v1



10

15

20

25

25 Huntington's chorea, tardive dyskinesia,
hyper ki nesia, mania, attention deficit -49- RTP

W@ 04002930 2004/ 005293 PCT/ US2003/ 020524  di sPCcT®82003/020524

anxi ety, depression, mld cognitive inpairnent,
dy sémisi of otz ypeophosind)a and Tourette's syndrome. CNS
Di sorders can be treated and/ or prevented by

adm ni StreE bdipdufdstaR 8¢ bRAls arlkeditd WikeadEonRulcOAPAIdA ds hbse
phar maceuti cal conposition effective for providing 5

SONfEat Q&%&?ﬁtoﬁfatié’sﬁe\éﬁ@ﬂsyﬁe tdt chitBtidHs QhES SO indeCehNSteld-

di sorder " (I.e., provide protective effects),

a jaration of the synptons of a CNS disorder, and
agEP#%rae?%h of the recurrence of a CNS di sorder. The
met hod involves adm ni sterin ef f . | £, -
oot el h Rlsg be apShefly S il Gpg AIBUDL: Dinin
are_set forth hereLnbg%Ege. 10 ClheF Di sorders In

ad PhpfeutigalcPIRPSIHRYS Bakarg used A3 41AgnOSHE BIOBEA  mceut i cal
conpositions can_be _used to &reve t .or. .treat certai

ot her cdheiFemrAYads wipfbacserding toythgmegod of the PESSERtyfvgRtion have

i ncl ude neurodegenerative di seases, autoimune |

di g ahality tashinthtoaand ip pigst cignrmgipnses. sause 3&iyation emigptinie
cytoki ne rel ease, anti-inflammtory uses, as well as

t hobelinergié ra¢ntan of thebrmt of tlrpatient fe. LGPCNG heyexe@pYrs tife
pharmaceuti cal conpositions can aneliorate nany of

t henclpiyd dopemarseledse)t Aslswihi duch bosmuodstuive thembility to express
di seases and disorders. Inhibition of cytokine

I el ip@sifticiphaisblo@h bl inpaitioalat, et aaitotinic ageibte Xihe receptor
i nfl ammati on, neurodegenerative di seases, vira

I NfisdidOddnstaits oGPPI 3thBoundi@sefif ALAAEKING oliSth©pleSt invention
secondary to infection (e.g., as occurs in AlDS,

Al ﬁérglllyaég@(gedzﬁgo&@m,&féﬂ dxREPRHAS] AM, AHd FQuERREREeed about

t het apy. anples of Inflamatory disorders that can

be 1t0r tﬁg récgﬁtltoﬁ%g(’hﬂ%iy n@taﬁt? I%\k/ éﬂgg Lg%):lc%l co?r%}lﬁglﬁ%nerally are less

stomatitis, cera Itrs, [Fanmmat’ory

20y 58 nBP L s o ARt B o

OStSe()orﬁlrl.t I@erciegtgrseiﬁding 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 useful
according to the method of the present invention have the ability to demonstrate a
nicotinic function by effectively eliciting ion flux through, and/or neurotransmitter
secretion from, nerve ending preparations (e.g., thalamic or striatal synaptosomes). As
such, such compounds have the ability to cause relevant neurons to become activated,
and to release or secrete acetylcholine, dopamine, or other neurotransmitters.
Generally, typical compounds useful in carrying out the present invention effectively

provide for relevant receptor activation in amounts of at least about 30 percent, often
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anti-infectious agents 25 (e.g, for treating

whamumeei2zad , fungal and viral infections, as wePdT/aS20031€20524

effects, such as -50 RTP 70241vl WO 2004/ 005293
PCH ld5 @65k 62 P&eht, a8 € REGuentlyOdt 1QEtBbuti 7 Peremtf oftthet infagjmally
The conpounds can be used as anal gesics, to treat

CORYWIRIBYSS citne SRy, tHRdal B6rBpoudiisefithinl GrrPihg out the
epi | epsy, ‘to treat conditions such as syphillis and

Ws&di Sl Olla'h‘gploﬁil é}%feﬂtslgan ﬁi& -m i ﬂﬂpﬁ%%ng fkﬁbvﬁlllﬁébept%r

ap roprlate y synthesi ze use as or w

artm% 1eUt enerab)ég};me%aéottﬁcp%nﬁdstulg 1if'ch ﬁf&t%‘?‘e present 1nvent10n

di &Gnost onpoun S use according t

the th d of res vention hav bj
sfgﬁaefy rSHidefor WG ETon of FABINE TR o gfeb el Bbo o

actlvatlon of ., nicotinic cholinergic receptor

By FToBl OHaRgt satteB: 11 Bergen A00 EPINRRUY HOGS! PRUP GFigert of

that 10 nodul ate dopam ne rel ease). As such, such

c ot meanatlypeovided by b (rmjeatige. Sefpmsemppynds of the present

phar macol ogy, and in particular, to act as nicotinic

agdnvestion canipeovidecsepretisn of @PMI@IH@@ aEoprvhigfcap grreedthat

conmpounds useful in carrying out the present invention

gemaaxithlly procddeldbyd Bp(-niGotihenfgnewily stypiea cempoumdougeful in

nM and frequently exceed about 10 nM The receptor

bi rdirfigg 6atthd pradest iafensioicire legppatedt timarPp@)rnisotie meelatiting

are less 15 than about 1 Moften are | ess than about

10Qhelitraitditdr c@GetRAL Juyh & ®phRims séda@idnabout 50 nM
Recept or bi nding constants provide a neasure of the

abi i ty 19t cshSoun@ M HeschtQnitinish, wheR @ploPdd ih Bffective amounts

rel evant receptor sites of certain brain cells of the

pgtggé%bd?%eeew%@ fefhod 6f tg@brese Eirﬁl&lﬁﬁm laabtﬁé Qﬁﬁ@' to el?cgt

e COI’TpOUﬂ S use accor di ng to

th t
cermn P ke St Ry SEReh Aleri2l g} MEp dé%fré v
licit fl h d/ t
SecrerdJft sdnindir e pEReN i el siardghto o e
thalan1c or strlatal synapt osones) 6@uch suc

co rffRﬁ?jH?j mibidiyra iqnflux3hyepgh chqnglccrgci?gg)rsr 19 cgl) prgparpiians 8)H§essmg

to becone acti vat ed,
muscle-type nicotinic acetylchohne receptors. Thus, such compounds exhibit receptor

activation constants or EC50 values (i.e., which provide a measure of the
concentration of compound needed to activate half of the relevant receptor sites of the
skeletal muscle of a patient) which are extremely high (i.e., greater than about 100
uM). Generally, typical preferred compounds useful in carrying the present invention
activate isotopic rubidium ion flux by less than 10 percent, often by less than 5
percent, of that maximally provided by S(-) nicotine.

The compounds of the present invention, when employed in effective amounts
in accordance with the method of the present invention, are selective to certain
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effectively 25 provide for relevant receptor

actréleddnt fidotiric ROESHE, Duddo @it cdueasitnifibmubctidBtighasfeeaptors
often -51 RTP 70241vl WD 2004/ 005293
PChtdded 0 i haedrablakidk efischs. BY & is pikamanf @pasticlldbidose of

frequently at |east about 75 percent, of that
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typi cal conpounds useful 1n carrying out the present
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ovide 1oOr € secre n- of

dopam ne in amunts of .at | east K about ercent, ...

of REWObIP Gy S seior s e o ooy AR Hgabitsy of
| east about 100 percent, . of that xi mal 'y provi ded

by thesp cpmpoysds toracHyate mgqtinig ﬁﬁn%@ﬁﬁsﬁwl girompfiin Sissueehg such,
i nvention can provide secretion of dopam ne in an

anoush coptioghdschare pooe akilitytte gause ivptepigartidiurieny fleretiraygh
(S)-(-)-nicotine. CGenerally, typical conmpounds useful

i n riétiomreaeptogs iowell plapargions derived fromrthe alrerat glands Sonerally,
potent than (S)-(-)-nicotine in eliciting

ne uyital preferiedicempaends edefid i casyinlg oasthel pesaik ingention activate
secretion. The conpounds of the present invention,

Wh EEotepT® hubydien iich fixftyaéss iin 0pertés, ofieh balesothaha B @ercait,tdf that
the nethod of the present invention, |lack the ability

t o Ridighily praeilitdBy $(OMiktingi cotinic receptors of human
nmuscle to any significant degree. In that 15 regard,

the comug;@an&gfofﬁﬂa bR SRRhtidnIWREH & ,oﬁa!ma?éfclﬁgéx £nounts in

poor ability to cause 1sotopic rubidiumion

th ra%g(ggan%ia Goth itlpei rﬁetﬁ&?&o‘%ﬂﬁeﬁfr@se{lﬂn&eﬁign Qfeeﬁ?ﬁﬁt?\tei t6Wards providing
expressing  muscle-type micotinic acetylcholine
BB SO E 5 EBERATR LS donde  Rion ot
provi de a ure of the concentration of c ound
PNt AL CIVS/Aitastes 1P BRCIOFAIOP & tokrieBee SEE Brueypeef

of the 20 skeletal nuscle of a patient) which are

ext Fpdisgrdpis goyeven suchpffective amopnth obthegicomppundgpire not
General ly, typical preferred conmpounds useful in

c arsugfiomnt tohedicyy argappreciahleside ieffects, as is demonstrated by decreased effects

on preparations believed to reflect effects on the cardiovascular system, or effects to
skeletal muscle. As such, administration of compounds of the present invention
provides a therapeutic window in which treatment of certain CNS disorders is
provided, and side effects are avoided. That is, an effective dose of a compound of the
present invention is sufficient to provide the desired effects upon the CNS, but is
insufficient (i.e., is not at a high enough level) to provide undesirable side effects.
Preferably, effective administration of a compound of the present invention resulting
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activate isotopic rubidiumion flux by |less than 10
percent, often by less than 5 percent, of that

woreoodmed2by provi ded by S(-) nicotine. The conppCmts2003/020524

the present invention, when enployed in effective

angy ktfmef ONSALSRAHPRC 6r's Wpdrhditigistratibh ofllesd 1/3,fRxquently less
present invention, are selective to certain -52- RTP
703k 15, Jané%h&ﬂ@és/ tRA012143 thP e RRRE 6 @Dse nlsRI¢@ffbcts to a
nlcotlnlc receptors, but do not cause significant

actd M AlePfeer €CEPLOrs associated w th undesirable
S|Je ef T ect By this is neant that a particul ar dose

CRE’%% ?oqlo(vgf&%xgnglgs lnn R)rvﬁi\éi? P)t 1'119§fra ﬂé @ fesdnf fi@étﬂ%ﬂtand

ess ntla I nef trve in
I t t f.
ﬁ.'cs it Pt St gs“hr%ﬂpéﬁereg o FRRCp(Blss. ARfs and
d f th t h
¢ RS ey HhYEE apey av@e%?ﬁo&fﬁe%%%?mrée@eg

is denonstrated by a lack of the abiljty of those

corpee a%rgem%eaéewatcemmewﬂlw Ayailaplg ﬁ@f‘}n@ﬁn%?méfcﬂ“‘e\‘ﬁéf’
chronaffln ti ssue. As such, such conpounds have, poor
abithionghoubthe fllpavingseyemples ripmapyidinee n§>5f¢bmmt)wﬂé‘u’§h5
nicotinic receptors in cell preparations derived from
t hebremordeminicgicaln 8-braeapgrimiding, andKopeniani Zoll were efftainedsiiom
compounds useful in carrying out the present invention
act AMgEeChénticd] Qpimpanyudaildhaaster SymtHebis kncb3-Andss-5boamo-3-0
percent, often by |less than 5 percent, of that

B Xh TRy 1pytidiicOVds@aEEhNEd Fom)MAYbESEd Clfemiéad Compada taf(Ry-(ve-

present i nvention, when enployed in effective anmounts

prEfRRE G216 %va%ﬁtﬁ'm&d"ﬁorﬂ? TR @h&fncﬁl@nﬁfaﬁ? QA4 (S)-(-)-propylene

|nvent|on are effective towards providin sonme
di gcg(r%g?ev?z{s oB{aﬁ'n\é ?Irgtng;?lldg%h élﬁk@n ﬁié ﬁ‘pz?rtﬁjor@rglugfn c%atography was

di sor der. nd

O P RS B 7 R e
er%g%ﬁaﬁvc%ﬂ%ﬁgc%%fgg l'lgbrnzfl @ 8$tfl§§tn§esl§)u rfergllreergactltor?s were done
denpnstrated by decreased effects par
el B NN R R
system or effects to 20 skeletal nuscle. As such

adnyahvesyaidabledronp Ace Glasvlpdieagifonmpistuss s pricalidispted psing a

high-temperature silicon oil bath, and temperatures refer to those of the oil bath. The
following abbreviations are used in the following examples: CHCI; 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
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of the present invention is sufficient to provide the
desh a&drdaﬁéeeaﬁttﬁtha&emutdee d&diToedhini U S. Patent$al5{39C,9€Mto Dull et al.

(i.e., is not at a high enough |level) to provide
undgpib#isk béhsdhd ?Ke\failﬁgt@ere ga'i’cu?z{te%f IR NeNCsoShfuBEiidingahe method
adm ni stration a conpound of the present invention

RS W e S

Iogfg]; [ue fﬁlp eﬁ&iﬁgﬁg enxlast re? nlet?;]{rg::j géllcatt?(ins ?’si ﬁaﬂqﬂﬂ? qéé%zﬁln g that
fi

Gogeupohal fe %%3% e Ry B B oy o | O

illustrate the present invention, and 5 should not be

construed as limting thereof. In these exanples, al

parts and percentages are by weight, unless otherw se

notletermiuation pO-pgl ¥alde are reported in nmole

percent ages. Several comercially available starting

materials are used throughout the foll ow ng exanpl es.

3- Bronopyri di ne, 3, 5-di bronopyridi ne, 5-

br doogrHi vabies,vhictelgivel been-usedmagsgssi the wlaties atalitiks of compounds to

4-penten-2-ol were obtained from 10 Al drich Cheni ca

Corasdutrdat the dudd b binyiat (Hansch, ek 8lG J. RedrGhaa- BE: hr(0968))3were

met hyl pyri di ne was purchased from Maybri dge Chem ca

Conagiidatedtuding tHRAC - so AR phakag: Verkiohe 3 55 Méledild? @dnulations,

from Fl uka Cﬁentca Conmpany, and (S)-(-)-propyl ene

oxige was obtained fromAl drich Chem cal Conpany.

Col umtm chr omat ogr aphy was done using either Merck

silica gel 60 (70-230 nesh) or al um num oxi de

(activated 15 neutraI Brockmann |, standard grade,
g@ . e g@ S rfereactions were done in a

he ?‘RBTW oP gmﬁ?% Fé tube (185 mL capacity), with

Ace- Thread, and plunger valve available from Ace

A ass Inc. Reaction m xtures were typically heated

using a_ high-tenperature_ silicon oil_bath, an

te n!ae?aatlmrégaaeewaé mepgradising therteqhmigues desgsibeg in Eth?'el’at No.

fol |l owi ng abbreviations are used in the follow n

exafp?7edl9 tchatl 8t 41 JReleds¢ isrewpreysed as a percentage of release obtained with a

concentration of (S)-(-)-nicotine resulting in maximal effects. Reported ECsp values
are expressed in nM, and Ep,x values represent the amount released relative to (S)-(-)-

nicotine on a percentage basis.

Determination of Rubidium Ion Release

Rubidium release was measured using the techniques described in Bencherif et al.,
JPET 279: 1413-1421 (1996). Reported ECs values are expressed in nM, and Emax
values represent the amount of rubidium ion released relative to 300uM
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20 CH2C12 for dichloronethane, CH3OH for nethanol, DV
for N, N dinmethylformam de, and Et OAc for ethyl

waemwiaer9s THE for tetrahydrofuran, and Et 3N fBET/US2003/020524

triethylam ne. V. Assays Binding Assay 25 The ability
of tbirencHB/MRAHSHISN ich, B MPerténtdgebaisant receptor sites
was determ ned -54- RTP 70241v1l WO 2004/ 005293

PCT/ US2003/ 020524 in accordance with the techni ques
described in U S. Patent No. 5,597,919 to Dull et al.
| bkl Rof OftARSh bifh MBLIVRSIpiRy © cal cul ated from

e 1 C50 val ues using the netho of Cheng et al.

cubRerpu B e e it detfudpunds B BP Adeptors was

this appljcation was.|es han . indicaty t
corpatas! BateRlndruin e tehuaie tektnidla EF ghPRP dvi e o
recept or Det erm nation of Log P Value L P val ues,.

whi 08l 2l ahp BaRmab v om0 inaS sl sORRPaCs oo e A @tined as
of conpounds to 10 pass across the bl ood-brajn

b arafpeéqeniagm@wa@mﬁqcrwa@n induged by Eht-)-pigoting. REROsiEY Fmax
were cal cul ated using the Cerius2 software package )
Verwiugs represerty thelgplogriplazsedraative to (§iré)-nicptige on a percentage basis.
Det er mi nati on of Dopam ne Rel ease 15 Dopam ne rel ease
was neasured using the techni ques described in U S

Pat. No. 5,597,919 to Dull et al. Release is

ex phb&asmathtian ofinfeedcaemvith Gandlioh Reepsaes obt ai ned with a
concentration of (S)-(-)-nicotine resulting in maxi mal

ef f B R terfRRR®IN T ehGhRRicticl dfele codipBurRd$ Witiaeglionit réddptors was
and Ens val ues represent the anount rel eased rel ative

t 0 amled(oud in aCEdrdHnEOYItR fhe WhA AR deRAbaOA 10828 No. 5,597,919 to
Det erm nati on of Rubidiumlon Rel ease
Dull et al. The maximal activation for individual compounds (Em.x) Was determined as

a percentage of the maximal activation induced by (S)-(-)-nicotine. Reported Emax

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.

VI. 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
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Rubi di um rel ease was neasured using the techni ques
described in Bencherif et al., JPET 279: 1413-1421

WO 2@88Y)5295keport ed EC50 val ues are expressed i nP@MUSZN08/020524

E,, 25 values represent the anmobunt of rubidiumion

I eleg@agles, AR patd an@ ptroentdyed/hire 5P welght uledbtheiwiddnoted. Reaction
2004/ 005293 PCT/ US2003/ 020524 tetranet hyl anmoni um

| ORjel @ hrérepbricagn hdtdheRBstage. Det ermi nation of _
Interaction with Miuscl e Receptors The determ nati on of
the interaction of the conmpounds with nuscle receptors
was 5 carried out in accordance with the techni ques
desgribped in U.S. Pat. No. 5,597,919 to Dull et al.

The maxi mal activation for individual conmpounds (Emax)

was determ S er.centage of. maxi nal .
acti vat i%g??pllgﬁ\g’u ?éﬂ@if y(lg%?(l bjcgﬁzlasc%rtowng.mrﬁgﬁ g@?'derachéonrﬁif ’
val ues represent th(? am)t]m% rel eased relative to

( Sy W R acesiing dhe olipHise (HATALS 1o

Determ nation of Interaction with Ganglion Receptors
The determ nation of the interaction of the conpounds
with ganglionic receptors was carried out in
acVtngethalengi t h t he techni ques described in U S Pat.
No. 5,597,919 to Dull et al. The maxi mal activation
for individual conpounds (Ens) was determ ned as a
per cent age of the maxi nal activation induced by

(S) - (-) Niireuliyilene wabpipparédatcendinglyltd thegireredure egpoaieichyt
the anmobunt released relative to (S)-(-)-nicotine on a
perrapinbanasl,y. OrgdSehentdsyi1ss (198d).sel ectivity of the
compounds for a given receptor can be eval uated by
conparing the binding of the conpounds to different
receptors using known 20 net hodol ogy. VI. Synthetic
Ex Syl QW Aat | 6_ mg are provi ded
to%&lﬁéﬁ%ﬁgﬁ{ﬁk@Q&éﬁy&ﬁ?ﬁBg@%‘riwcgmi irﬁ‘i?e;nd shoul d not
be construed as limting the scope thereof. In these
-56-

Under a nitrogen atmosphere, a solution of diisopropylamine (4.34 g, 6.01 mL,
42.9 mmol) in dry THF (50 mL) was cooled in an ice bath as n-butyllithium (17.1 mL
of 2.5 M in hexane, 42.8 mmol) was added by syringe. The ice bath was removed and
the solution of lithium diisopropylamide was first warmed to ambient temperature and
then transferred by cannula into a stirred solution of ethyl (S)-N-benzyl pyrrolidine-2-
carboxylate (10.0 g, 42.9 mmol) (Fluka) in dry THF (50 mL), held at -78°C under
nitrogen. The addition took 10 min. After stirring an additional 30 min at -78°C, the
enolate solution was treated (via cannula) with a solution of nitroethylene (3.13 g,
42.9 mmol) in dry THF (20 mL). The mixture was then stirred for 1 h at -78°C.
Saturated aqueous ammonium chloride solution was then added (at -78°C), and the
mixture was warmed to ambient temperature and extracted the ethyl acetate (4 x 30
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RTP 70241v1l WO 2004/ 005293 PCT/ US2003/ 020524
exanples, all parts and percentages are by wei ght,

waniesss20t herwi se noted. Reaction vyields are PEPUOR10681020524

in nole percentage. Exanple 1 5 Sanple No. 1 is

7- ()P Sxttacts Wefe dHed TRST,) @hdlcohbdn@aRd By rotary evaporation. The
di hydrochl oride, which was prepared according to the

f olrbQoMeREhs HEGHLY B}léﬁl%'mawgh;bﬁ?&hy MRR& silitl gl d0r(PRD 5y ey

was prepared accordingly to the procedure reported by

E?%gfﬁ%t\ﬁ%:l %\I/v)a}lexaneflzthygcgtate%benﬁéﬁon]filfﬁée((té@fgmions gave
6hgépggﬁéggb%ybg&ﬁépgﬂﬁﬁlpyrrolidine-2-carboxy|ate 15

ogen atnosphere, a sol ution of
dii sopropylamne (4.34 g, 6.01 nL, 42.9 mmol) in dry
THE (50 nL) was cooled in an ice bath as
n- but IIithiqn1(L7.é FL of 2.5 Min hexane, 42.8
o Benad-2atiatrspyolé HomaR-1-0a%e i ce bath was renoved
and the solution of l|ithiumdiisopropylam de was
first warned to anbi ent tenperature and then
transferred by cannula into a stirred solution-of
et hyl ( Baneyrickeki? gpyas askdeditorasoution otethyd 3xFngrasthyld - 0
g, 42.9 mol) (Fluka) in dry THE (50 nL), held at -78C
undenzylpyirolidige2-carbeylaiel (.00 © 9.6 aokolL B avsalute Athpmad (200 mL) in
stirring an additional 30 mn at -78C, the enolate
sol attydfugemstisn boteat Bt nhixiute wayshulten)fonii2thudesoliydtagem of
nitroethylene (3.13 g, 42.9 mmol) in dry THE (20 nL).
Theytfibsphéte €S0NRS ik Rt Rydrédefstion@ppatatlls, Filtered tfough a Celite pad
Sat ur at ed aqueous anmmoni um chl ori de sol ution was then

addgd cbential @Dy roRREvifiRateR. HOMSIERINIR IndiGitdaRERat iR

anbl ent tenperaturé and extracted the ethyl acetate (4

X 22ai i LB8RA%hine and the | Iti

v eBBrbRead] “r vtk e A prRS hine and s laam resuling

( nd. concentrat e r ot ]

» ?ﬁb@ﬁ%oﬁ S?I&faialéu et?ygoctﬁér/ %Srtreerl’[ 2‘%%/ xggh\f@rg %?gls%&eggbﬁluene

st e 1 ‘5:(? m%?.l A%gtal 7100 511%03u(r)1t gP ps-n)]uenesulfonic acid (~30 mg) was added and the
mixture was heated at reflux under a nitrogen atmosphere for 24 h. Upon evaporation

of the toluene, the residue (now entirely lactam, by GCMS) crystallized to give 4.20 g

(93.1%) of tan solid (mp 152-153°C).
1-Benzyl-1,7-diazaspiro[4.4]nonane

Lithium aluminum hydride (1.98 g, 52.2 mmol) was added in portions, under
argon, to a ice bath cooled solution of 6-benzyl-2,6-diazaspiro[4.4]nonan-1-one (4.00
g, 17.4 mmol) in dry THF (100 mL). The addition funnel was replaced with a reflux
condenser, and the mixture was heated at reflux for 24 h. The mixture was cooled to
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colum with 9:1 (v/v) hexane/ethyl acetate.
Concentration of selected fractions gave 10.0 g

W@ 784808290f vi scous, tan oil. 5 6-Benzyl -2, 6- dPERESPDI/aR0524

[4.4] nonan-I-one Raney nickel (-2 g) was added to a

solpet hitr@fed W dpibvise (dartiont édo@RtMIrgacion) with 10 M aqueous sodium
benzyl pyrrolidine-2-carboxylate (6.00 g, 19.6 nmol) in

gg iﬁ?éllfgil@e Ehth 3o gdrBufiba ce'aibd an@ ahﬁ’xﬂﬁﬁg &8 WeRbranular. The

The ni xtdre was shaken for 12 under a

hy %9&%&%@?@?%@0 384 Bﬁ%]r):d fh%u%lh?%ﬁ{e iyl ﬁR&W&s‘d@i@d

appar at us tered throug

Zﬁg&tﬁ é gn %Oﬂf(yl}t%%d alrﬁé(/ ar}eg\ég X : 07%'3 6? Qg(,:\@ts ac%ﬁjrl\é&l 1Ryuid.

mxture of the primary am ne and the Iactam resultl ng
fromcyclization of the amne onto the ester. The

m xture was_ di ssolved in toluene 15 (150 nmL). A
catla]FWVU'QTBUh‘EYlHJ‘yS‘-‘VB?H!Fé’tﬁ‘b&&P?‘t‘ﬂﬁ c acid (-30 ng)
was added and the mxture was heated at reflux under
a nitrogen atnmosphere for 24 h. Upon evaporati on of
the toluene, the residue (now entirely |actam

GCMVB) ¢ Ayixaire phlebener- lgT-diezaspipa4 4 1nopme (399 2ot 26 %\‘ﬁml) 3-
solid (nmp 152-153C). 20 1-Benzyl -1, 7-di azaspiro [4.4]
norheoneoplyritling (3 &g, Brii3nmumelh pdtassien (ext.-lgso)g'c,ie 38202, Aadmmol),
was added in portions, under argon, to a ice bath

c oaligdibelyliddneatemdhe)dipalladium(0) (0.318 g, 0.347 mmol), 2,2°-

6- benzyl - 2, 6- di azaspi ro[ 4. 4] nonan-|-one (4.00 g, 17.4
W%stlbﬁbnyrp}iosﬁhEoi il-(i)obl thyT t0e3 24 @40 5200indol)ARE Uryweltene (50
replaced with a ref 5 condenser, and the m xture

Wa g, N&sihcdd in'd réééﬁ(reftlf% uidbr Brgorl. h’?hé%fﬂ;ﬁ-ié Qa¥\@itred Rl Redted at
to -58- "RTP 70241v1l WD 2004/ (%05293 PCT/ US2003/ 020524

0C @ gﬁaghet%ﬁﬁ %39 ?ﬂr% $%ind S| Wateﬁ%@bilg WAk dded and the

reacti aqueous sodi um xi de unti |

g?’gﬁ% 0 es\ﬁ%lglél(t:thﬁp W{t gtﬁsl aceta%nfﬁl : E? aliiuﬁﬁé’]%ﬁrgc&§ @e%sdrl@@r e

ure Was S rre

f| I t&é§%£ha£‘8% h Cel g{ogﬂj o e f| | t r@yggﬁvlare(sgfg ?%v[egfksﬂlca

VI scous, colorless |i
gel 60 (70-230 mesh), with 6% (v/v) chloroform/acetone, gave 1.80 g (66.2%) of light

brown oil, after concentration of selected fractions.
7-(3-Pyridyl)-1,7-diazaspiro[4.4]nonane dihydrochloride

Aqueous hydrochloric acid (0.5 mL of 12 M) and 10% palladium on carbon
(0.100 g) were added to a solution of 1-benzyl-7-(3-pyridyl)-1,7-
diazaspiro[4.4]nonane (1.0 g, 3.41 mmol) in methanol (30 mL). The mixture was
shaken under a hydrogen atmosphere (50 psi) in a Parr hydrogenation apparatus for 24
h and filtered through Celite. The filtrate was concentrated by rotary evaporation and
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5 1-Benzyl -7-(3-pyridyl)-1,7-diazaspiro [4.4] nonane A
m xture of 1-benzyl-1,7-di azaspiro[ 4. 4] nonane (2.00 g,

w@2@6é/008103 ), 3- bronopyridine (1.38 g, 8.73 mMmed1/1S2003/020524

potassiumtert-butoxide (2.50 g, 22.3 mmol ), 10

t 1 icsludlinlvhronydtd gilsphedicieMenrk siticpgdl 166.¢1042800nesh)) . HiiBorgyith
0.347 mml ), 2,2" bis(di phenyl phosphino)-1,

1" 0j178P (W )equédds Bdthoia/m2tHaRE)/ chIvRd fhma Add Ebnedtatieofelected
(50 nlL) was placed in a pressure tube under argon.

Theyg4; )3 do t (56 Rg, 1.48
o v BT oAl Al A |

O SHPg) SGSRARERELE MAE Bp) iv
k2003 | _ _ -
A RDRIHR ey P TSGR Pl 5

6:4 (v/\y) chloroforn acetone, e 1.80 g..(66. 299 of

T ) an Fofip cgproratiar The e R iUt o
fractions. 7-(3-Pyridyl)-1,7-di azaspiro[4. 4] nonane

di H§RRFORaRql &9 giye 3ehmaARSZER o EPEFBCRISBIS ¢ acid (0.5 nL
of 12 M and 10% pal | adi um on carbon (0.100 g) were
added to a solution of 1-benzyl-7-(3-pyridyl)-1,7-

di azaspiro[ 4. 4] nonane (1.0 g, 3.41 mmol) in methano

( 3Exainple 2The m xture was shaken under a hydrogen

at nrosphere (50 psi) in a Parr hydrogenation apparatus
for 24 25 h and filtered through Celite. The filtrate
was concentrated by rotary evaporation and -59- RTP
70241v1 SW¥pR0G4 1 QO pAAB)ACTdibia26Mx3[ 02 0&de dihgdrochioride, which
chr omat ogr aphed on Merck silica gel 60 (70-230 nesh).
El st%/p\élfeﬁ Rcddrdidg th:te foMbWihg BAHERHES: _

amoni a/ met hanol / chl orof orm and concentrati on of

sel ected fractions, gave 0.650 g (93.8% of viscous,
brown oil. A portion (300 ng, 1.48 mmol) of this

mat er.ial | N ric acid (2
) el et €2 oty £ AERUR, DetbRR T
repeated treatnment with small vol unes of ethanol (-] 5

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
mL) and extracted with chloroform (4 x 25 mL). The extracts were dried (K;CO3)
and concentrated by rotary evaporation. The residue was column chromatographed on
Merck silica gel 60 (70-230 mesh), eluting with, to give 1.85 g (97.4%) of viscous,

colorless oil, after concentration of selected fractions.
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m.) and rotary evaporation. The resulting solid was
recrystallized fromhot isopropanol to give 360 ngy

w@ 3®4208290f fine tan crystals. Exanple 2 10 Seempis2083/020524

is 1-(3-pyridyl)-1,7-diaza-spiro[4. 4] nonane

di By 206-tid2aspivo [4c4) nonsas-2daeliuaiyRite according to the
follow ng techni ques: tert-Butyl

6- benzyl - 2, 6-di azaspiro [4. 4] nonane-2-carboxylate 15
D -t-butyl dicarbonate (1.45 g, 6.64 nmol) was added

to a solyut.i&; - ke Sl 72 . )
(1. 30" g M Bin B BRI 6 Rl B bRl AARRRRRE (170

i GLQ5 EHTAMulaa B hr) 3Amb WI0W SuliRam Yl hib6H (50

nper a verni g he 'm xture was

20 THE) THRHIOUCE At DR ERCEaP B Tl Fafp
oA R HTAERRIH or LA LT SR D T wes

chromat ogr aphed on Merck silica gel 60 (70-230 nesh)
el FORGsEtatEd by rofasy gjiaperationgamnd highgrpouney tregfment.deaying 1.26 g of
colorless oil, after concentration of selected )

f r adchesn ight bEwigpl (CiREo)y phichwas pisuiivient pergy dabe used in the
PCT/ US2003/ 020524 tert-Butyl 2,6-diazaspiro[4.4]
norsabeq@®@ntmadiony| ate A sol ution of t-butyl

6- benzyl - 2, 6- di azaspi r o[ 4. 4] nonane- 2- car boxyl ate (1.70
g, 5.37 mmol) in nmethanol (30 nmL.) was mixed with 10%
pal | adi um on carbon (50 5 ng). The m xture was shaken

UNGieFt-Butiye308e il yHL 1782 R asperol ] nfisdnk-2-éarBoXkite
hydr ogenati on apparatus for 8 h and filtered through
Celite. The filtrate was concentrated by rotary

evaporation and high vacuumtreatnent, |eaving 1.26 ¢

1 b SRR B b bt v 4
mmol), 3-bromopyridine (0.736 g, 4.66 mmol), potassium tert-butoxide (1.22 g, 10.9
mmol), tris(dibenzylideneacetone)dipalladium(0) (0.155 g, 0.169 mmol), 2,2°-
bis(diphenylphosphino)-1,1°-binaphthyl (0.158 g, 0.254 mmol) and dry toluene (25
mL) was placed in a pressure tube under argon. The mixture was stirred and heated at
180°C (bath temperature) for 8 h and cooled. Thin layer analysis indicated that very
little conversion had taken place. A second charge, equal in quantity to the first, of all
reagents except the tert-butyl 2,6-diazaspiro[4.4]nonane-2-carboxylate was added to
pressure tube and the tube was returned to the bath for another 8 h. Again relatively
little reaction seemed to have occurred, so a third charge of reagents was added and
heating (at 180°C) was continued for a third 8 h period. Water (20 mL) was added
and the mixture was extracted with ethyl acetate (6 x 25 mL). The extracts were dried

(K2CO;) and concentrated. Column chromatography of the residue on Merck silica
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subsequent reaction. 10 tert-Butyl
6- (3-pyridyl)-2,6-diazaspiro[ 4. 4] nonane-2-carboxyl ate

waoR0vimese of tert-butyl PCT/US2003/020524

10

15

20

25

2, 6-di azaspi ro[ 4. 4] nonane- 2- car boxylate (1.00 g, -4.4
mMgde) 60 304280 frEh)f With 6:@ ((/9) chi@o@rm/Acdidhegave ) 50 QA %E)wih
tert-butoxide (1.22 g, 10.9 15 mmol),

tri %rbeﬂ i) dﬂé@é&@&eﬂaﬁ&embmk& asliiond 0) (0. 155 g,

0.169 mml ), 2,2" bis(di phenyl phosphi no)- 1,

1' - bi napht hyl (O 158 g, 0.254 mol ) and dry tol uene
(25 L) was placed in a pressure tube under argon.

e e e S

indicated that very |little conversion had taken
pl ace. A second charge, equal in quantity to the

2. 6 aPeRSIPBPA T RO EP R pra B LAt

pressure tube and. the tube was retur nedcﬁ t he bath
f or(1gheere?30gnmol) indicoromethane (& mL) was gapidly ptartgdpyignl mL of 12

seened to have occurred, so a third charge of reagents
wasMdaidrechlerincidys ambient temperatgpdyr Uin duringwhish e thebiphasic
third 8 h period. Water (20 nL) was added and the

m xhixtuge hvgsme onephasic et dichlearhmbthanserastewapogated, 2181 the yesidue
The extracts were dried 25 (K2CO38) and concentrat ed.

Col wasnlisssivahintvetpr §pmy.) add rhide stresplydbesicdpH 9% witk pstabsiga
-61- RTP 70241vl WD 2004/ 005293 PCT/ US2003/ 020524 gel
60 darfdnatd OTHE G ure Wad fatatdd with vodiuwi Lidsideantefgaztedwdth
gave 150 ng (-1199 of [light brown oil, after

CONGERbHAh (LD 10ML TRttt wae ‘dh&f‘GKZCO3) and concentrated , first by
1-(3- Pyrldyl) 1, 7-di azaspi ro[ 4. 4] nonane

d' I'} g{;r : %fﬂ tgo%% gtl'gn%g Ihiség V%ﬁ 0of trdattiidnt. PHieWiscous brown oil which

iro 4 4] nonane- 2- carboxylate

Eagﬁgzb |rre8m¥ dfﬂ %?“dc‘Pé‘%ﬁqﬁ}’%@% A’ or| M’gﬁﬁhg free
bi pRaes 5”%1#)%?% Bt Greha o ittiaet q%}ﬁ’éhyé"m‘hﬁom acid The

di chl or onet hane was evapor ated, and the .resi
water was azeotropically removed y repeated treatment with sma volumes of

ethanol (~ 5 mL) and rotary evaporation. The resulting solid was recrystallized from

hot isopropanol to give 40 mg (72%) of fine tan crystals (mp 170-175°C).
Example 3
Sample 3 is 1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.4 ]nonane, which was

prepared according to the following techniques:
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10 was dissolved in water (3 nL) and nmade strongly
basic (pH 9) with potassium carbonate. The m xture

wo®4peor ated with sodi um chl ori de and extr acee@dUSzon$020524

chloroform (4 x 10 nmL). The extracts were dried
(Ka%)hy&mi}%?ﬂﬂﬁﬂ- nad@ﬂs iré[44fionlie rotary
evaporation and t by hlgh vacuum treat nent. The

vi scous brown oil which resulted was 98% pure by GCVS
and wei ghed 50 ng (73% . A sanple of this free 15 base

(40 g, 7029 gmﬂgl ) ngép%ﬂl A{fShahd (38 thedb. @Pﬁnﬂfq was disolved in

hydr ochl ori wat ér was azeot ropi cal |
2? @%ﬁ@f@* AT+ aﬁ fpL yé‘évd%*%f%ﬁ?n@?fﬂé%?fééa i
TRAAG alha l CRR Ly

le 3 Sa

rFRPTR JFTIPPIAAe, d&?f‘? a(lmth saturatgd agueays; spdipm biqarhspatgdo pH 9-10 and
mhlch was . prepared according to_the foll ow n
te@fﬁaﬁ%\gﬂh ehiorolgsm (R B Sk FOMDES GHRER A Facts were dried
PCT/ US2003/ 020524
1- NE2EOH), filteral ang cprpphtyated on ajiopmaegperator to afford g ef the
7-(3 -Pyridyl)- 1,7-diazaspiro [4. 4] nonane (30 ng,
0. Idesinmddodoinpoas! (83.6%dhsveclight browadgmidor ni ¢ acid (0.5 nl)
and fornal dehyde (1 nL, 28% aqueous solution). The 5
reaction m xture was heated to reflux for 8 h. The
reaction m xture was cooled to roomtenperature,
basiyfal M th saturated aqueous sodi um bi carbonate to
pH 9-10 and extracted with chloroform (4 x 3nL). The
conbi ned chl oroformextracts were dried (K2COX3),
filtered and concentrated on a rotary evaporator to

fford ndhane, whic
al gg{ b% 4:%% aﬁ%%yﬁ%'e{h%ﬁ)( g%gn%tﬂﬁﬂﬂd%%as@l&maﬁ Ghane, which

;ngvgigsh epahed CCO?(Ln OMheroHXw ng){éc)m]gm z dl az asp| r O[ 4. 4] non

5-bromo-3-ethoxypyridine

Under a nitrogen atmosphere, sodium (4.60 g, 200 mmol) was added to
absolute ethanol (100 mL) at 0-5°C, and the stirring mixture was allowed to warm to
ambient temperature over 18 h. To the resulting solution was added 3,5-
dibromopyridine (31.5 g, 133 mmol), followed by DMF (100 mL). The mixture was
heated at 70°C for 48 h. The brown mixture was cooled, poured into water (600 mL),
and extracted with ether (3 x 500 mL). The combined ether extracts were dried
(NaSQy), filtered, and concentrated by rotary evaporation. Purification by vacuum
distillation afforcied 22.85 g (85.0%) of an oil, bp 89-90°C at 2.8 mm Hg (lit. bp
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was prepared according to the follow ng techniques: 15
5- br ono- 3- et hoxypyri dine Under a nitrogen atnosphere,

wae omis203t. 60 g, 200 mmol ) was added to absol BEBUS2003/020524

et hanol (100 nL) at 0-5C, and the stirring m xture was
al lawedattsanmag de K. Zlarke) i ANY. ClRAPSSALBB5(192608Y. 18 h.
To the resulting solution was added 3, 5-

di bronopyridine (31.5 g, 133 nmol), followed by DV
(100 nL). The m xture was heated at 70C for 48 h. The
br gwu XE UE S | 1; ' r (600 ni),
and B R o e red
et her extracts were dried (Na2sO4), filtered, and
concentrated by rotary evaporation. Purification by

vacuum di.stillati.o ford . 8 85. 09%.. of, an

o |- bp 13y iR Hup Bt b nd s Hphdp s il
WD 2004/ 005293 PCT/ 003/ 020524 111.'C.at 5 nmHg, . .
sedlriolepg (lognl)dp a P m roundidpi fask sauiegsd Wct!i!%’éﬁg}‘?'_tl% stirting
1-Bené%j-7-(5-eth0ﬁ¥-3-péridyI)-l,?-diazaspiro 4. 4]
norPeRelNirogen waspubbled thropgh the sgluiion waslon sesatind o(tBoYirENs

mg, 2.4 mmol) was dissolved in dry toluene (15 nlL) in

a 50lutipn pay e%@mm-ﬁ&gmaq@m@@éé-&m,ﬂ-Sé nirpe) h @ptagsium tert-
stirring bar. N trogen was bubbl ed through the

soltmtaxade (il 93920 mf,OR6ghmebrrrac-7.3 - bik(dipherytphosplinod-d|1{1binaphthyl (
was added 3- brono-5-et hoxypyridine (513.8 ng, 2.55

mM86)4 mp,al. BiSmolahdtris(didenzydidersecetdhdRigpalladigm (09 (6366 mg, 0.06
mol ), rac-2,2'-bis(di phenyl phosphi no)-1,1'-bi napht hyl

10 BfoH, Wile Bntlfhidg¥® burg@Mth nitrogen. Nitrogen flow was discontinued and
tris(dibenzylideneacetone)di pall adiun(0) (63.6 ng,

0. Qe NRENRY 2k sealddian@ h&Adut 4t BOPCGr § B. PR BEctivh Was BodIEdE8 the
Ni trogen tlow was discontinued and the flask was

coo S elG RESERiarHagaBiioR The fRA TN Ml tipendec i

_ _ S re_m)ve y rotary .
S e eyl S0 Bl (ENEY LORYARAIR b 4225
R NG ERER TR DR
€0 nlgyerggagyaévggoration to a thick dark mass. Purification by column chromatography,

using methanol/chloroform (2:98, v/v) as the eluent, gave 0.54 g of the desired

compound as a light brown viscous liquid (69%).
7-(5-Ethoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane

To a solution of 1-benzyl-7-(5-ethoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
(540 mg, 1.6 mmol) in ethanol (25 mL) in a pressure bottle was added concentrated
HCI (1 mL) and Pearlman’s catalyst (Pd(OH),, 20% on carbon, 50 mg). The solution
was shaken under 50 psi of hydrogen gas for 8 h. The catalyst was removed by
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by rotary evaporation to a thick dark mass.
Purification by colum chronmat ography, using

woretoaan2bs chl or of orm (2: 98, v/v) as the el uent PCHES®03/020524

0.54 g of the desired conpound as a |light brown

Vi Sit@dtion thrgedhCdied) ¥d theBlter cake was washed with ethanol (20 mL). The
7-(5- Et hoxy- 3-pyridyl)-1, 7-di azaspiro[ 4. 4] nonane To a
SolsyviR a8 temoved by rotary evaporation, and the residue was basified with
1-benzyl - 7- (5- et hoxy-3-pyridyl) -1, 7-di azaspi ro[ 4. 4] non
anQatufardGqi®bus dodinBRAboratl §HAS! sd1i@olikn dhbride (2

was
pressure bottle was added concentrated HO (1 anyand

AR e ﬁﬁ%@%‘“&%’? éf"%é@%ﬁaﬁ‘?‘%g%“‘g@?%f , e Whbined
8 h. T -064- RIP
0 SHlnpony P Mersea s el g ruratif by bl

through Celite, .and_the_filter cake was shed w t.h

ot IFAPBIatOD P HESrd S me 6 g dmired Sampeuta oo 1By SrpYayigFous
evaporation, and the residue was basified with
satligpk@51%%ueous sodi um bi carbonate to pH 8-9. Solid
sodiumchloride (2 g) was added, and the m xture was
extracted with chloroform (4 x 20 nlL). The conbined 5
chl oroform extracts were dried (Na2SO4), filtered and

c orleMiethyh G-ethoxy-3tmyridyl dsdinzaspiyn[4tddnerfaner d 360. 7 ny

of the desired conpound as a |ight brown viscous

liquid (91.1 9.

1- Met hyl - 7- (5- et hoxy- 3-pyridyl)-1, 7-di azaspiro [4. 4]
nonane TbG shigrigy soldtioh onY-(S-elhbky-84pyAdyl)-1,7-diazaspiro[4.4]nonane
7- (5-ethoxy-3-pyridyl)-1, 7-di azaspi ro[ 4. 4] nonane

(3 i 8 f foPhnhibéyde f mL) was added
f o3?%#%%&%3%”&%”@%@%@@3%8%6% phblbete of o 135S
undgly, Ri.tEO e

Forids e G n oAb, T e ol B E Rl o et
roo rature, then basified with 15 satyrat.ed .
o B8 B R W 2ol TRt BBt b B fed wit
W th chIorofornH§4 x. 15nm). The conbi ned chlorofogm
extsetisated agupqus gediwg bicaghomatsito PH B19;and gytragtrg with chloroform (4 x
concentrated by rotary evaporation to afford a viscous
br oMmL)i e ¢omiringd chigreform extracts were dried (Na,SO,), filtered and

concentrated by rotary evaporation to afford a viscous brown liquid. This was
distilled using a Kugelrohr apparatus (2mm, 180°C) to give a very light cream-colored

syrup (340 mg, 89.3%).

Example 5

Sample 5 is 1-methyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane,

which was prepared according to the following techniques:
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distilled using a Kugel rohr apparatus (2mm 180C) to
give a very light creamcol ored syrup (340 ng, 89.3%.

WQ0oENeszpd e 5 Sanple 5 i s PCT/US2003/020524

1- met hyl - 7- (5- phenoxy- 3- pyridyl ) -1, 7-di azaspi ro[ 4. 4] no
narkBromds-phenxspyridipar ed according to the fol |l owi ng
techni ques: 25 -65- RTP 70241vl WO 2004/ 005293

PCT/ US2003/ 020524 3- Br onp- 5- phenoxypyri di ne Sodi um
hydride (1.35 g of 80%in mneral oil, 45.0 nmol) was

added t Qg ﬁ%ﬁﬁ&ﬁ 3§§ o@@(‘)%nn ﬁ’iﬁnepah &1} Q‘S o Amef véds ﬁcﬁéd% a

nnol) in DVF C, under 5 nitrogen.

t r ea frediealition %b%erngﬂs‘*%%éh%s%‘él B B s s undyr
heated at. 100C for act. ure S
e QHEREeT o e p ] PooB PR (3 T PR PR 3
water (100 mL) and 5M sodlun1hydrOX| e (10 nm), and
extdibremapyriginei{4-8€h K9 pgo)) apgd heatdd at +C feb‘%lil nBl$ Teacken
extracts were dried (Na2SO™4), filtered, and rotary
ev apistust wak ¢ooled tombm tmpey?éuﬂemou@énnto wnlmre(af vatay 100 mL)
Thi s was chromat ographed on a silica gel (200 g)
colandtiM svidiuim Iyelxaxide/(€Q iny), aad ettated slithethef GrneQ 8L The
v/iv) as eluant to give 2.86 g (68%yield) of a
colembRe8 ethid extracts were dried (Na;SOy), filtered, and rotary evaporated to a pale
1- Benzyl - 7- (5- phenoxy- 3-pyri dyl )-1, 7-di azaspiro [ 4. 4]

NORRNSw sdRi-shliBPRNT ¥). “ThishwddichroatRigiphd i Nanane! @60 ddlumn
nmy, 2.4 mmol ) was dissolved in dry toluene (15 nl) in

a i ex &g&ﬁ&l b OMIdrb sk (£94] VPR eMahito @%Q%egt (68% yield)

stirring Nitrogen was bubbl’ed through th

sol slow stream To the stirring qutlon
maéﬂéﬁgﬂdc§c@ronn-5-phenoxypyridine (636.8 ngy, 2.55

mmol ), potassi um

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
discontinued and the flask was sealed and heated at 90°C for 8 h. The reaction was
cooled and the solvent was removed by rotary evaporation. The resulting residue was

suspended in saturated aqueous sodium bicarbonate (10 mL) and extracted with
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20 tert-butoxide (1039.0 ng, 9.26 mol),
rac-2, 2' - bi s(di phenyl phosphino)-1,1"'- binaphthyl (86.4

Worgeo4003243 rmol ) and PCT/US2003/020524

tris(di benzyli deneacet one)di pal | adium(0) (63.6 ny,
0. Qfloratoim (4 305 Inft.) C At coribifgH drgaficlExgeactsiwdie dti¢d QBESO,),
Nitrogen flow was discontinued and the flask was

S eeﬂlféf@da%cgﬁﬁakeﬁ% yabtaBP&vapStatich €d-a thRR dakafidsk OThiawas purified
cooled and the sol vent was renoved by rotary

ﬁﬁrglo Orﬂlﬁ%&ﬁgdl %ﬁﬁ%@%ﬁ%ﬁtﬂ&o %@SSVR'P eNEe ik, o

sat agueo onate

t 66-. RTP 70241v.1 2004/ 005293
o R e Sl g ke -

conbi ned organic extracts were dried (Na2SO4),

filtered, concentrated by rotary evaporation to a

thick dark mass. This was purified by colum

c hrioFeRhsgpapirpyridel)-Ad-digaappip# AmaRef or m (2: 98, v/ v)

as the eluent, to afford 0.70 g of the desired

conpound as a light brown viscous liquid (78.6%. 5

7- (5- Phenoxy- 3-pyridyl)-1,7-di azaspiro [4.4] nonane To

a sol ut iTora solution of 1-benzyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4 Jnonane
1- benzyl - 7- (5- phenoxy- 3-pyridyl ) -1, 7-di azaspi ro[ 4. 4] no
nane90 £e.9071M@mol) ity &hanob(2p nlr) irh breswmie {a2ife was)adied @ncentrated
pressure bottle was added concentrated 10 HCO (1 nlL)
antHEqRMIYARD PekintaalsysthlystfHOH)2 2092 @ carbor 30 by, Thdsolution
ng). The solution was shaken under 50 psi of hydrogen
9asydsQhakdn Iﬂnde}—B@ p§idk ﬂ;LdY@%eﬁ HESr § BMPHSEhtdNts Widslrémhével B
through Celite, and t Fter cake was washed with

et I}ﬂﬂ&kon(tl%%ugﬂ‘é%]nér Bfd the ‘ﬁht%’feﬁfce WaSwisRPPY AR etm(noi &'{)Qﬁ]}’) The

evapor at i on, he resi was basified wt

s odP O She ST a3 By RS ROE8, 30 Rk e Wasﬂ?e&?f*%'nd
SorBILALH L HEP REERPTE CPH P 6 SN B EbEs 2 ) ves
af Laéﬁ%peﬁgg&‘%gﬁﬁ&%%%%géé%d%r csefbrm e B e agmbiged
\1/I iﬂgiwoq:;ﬂolmlr g%%gpmmypdi& gz;ﬁpnbl §iltsred ard qopepntrated pyrofaty 4]

nonane
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. The reaction mixture was heated to reflux

for 8 h. The reaction mixture was cooled to room temperature, then basified with
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To a stirring solution of
7- (5- phenoxy-3-pyridyl)-1, 7-di azaspi r o[ 4. 4] nonane

W@ 2@@/00093 1. 42 mmol ) in 37% aqueous sol uti on OPCT/US2003/020524

formal dehyde (5 nL) was added 98%formic acid (3 niL)
UNGeirafidtage@as sodiie bicB6datedd pHi 8¢9 sidextaged@ith Elflofoform (4 x
reflux 25 for 8 h. The reaction m xture was cooled to

F 0B\ ISNARE Bdribifed dhiRb¥oRR LB WeW dritd (NBB0,Xfilteré@#10
WD 2004/ 005293 PCT/ US2003/ 020524 sat ur ated aqueous

SO g#ﬁg?@étgﬂm&ﬂ &ah{}?@ﬂ _Igﬁ affordAGhiE blodnlvEdow¥ 1iqlid. This was

chl orm (4 x 15 e conbi ned chl orof orm

ext & a re [ fii

c on%sglﬁ%(?%%i\%aa %‘sée?rgﬁaa@ ev%ﬁ%‘rnéitligté@? (ggg ?g? pazlaletcﬁ?rgkmlored
brown vjscous. liguid. This was distilled using a
Ku@&??é% ‘Q%égPa%bs (2mm 180C) to give a very pale
creamcolored 5 syrup (400 ng, 90.9 9.

1- Met hyl - 7- (5- phenoxy- 3- pyridyl ) -1, 7-di azaspi ro[ 4. 4] no
nane di hydrochloride . . ) ]
1- NeMithyl-7-(3-phepaspciprrislyhyl, T-dipeaspirotd-4) pepane sibysirachigrids
nane (200 ng, 0.65 10 mml) was dissolved in
concentrated HO (1 nmL) and sonicated for 5 mn. The
excess acid and water were renoved by repeated

azeot r opiMetbylaGrEenay-3apyridy3-dl-diazagpiro(4. émenape (200 mg, 0.65
et hanol. A pale yellow solid was obtained. The solid
wasnioly sas diesdlved int Edicertiated MO bumbaid sohicatbd filr Gingin. The
ethanol (- 1 nL), and then ether was added drop-w se

UNtdxbest Bid B whtbrOberb REHTE] BPRFHARd a&édBlopid @vapdratibs with small
refrigerator overni ght produced 15 cream col ored

CT YdbifInS of dline) AVBAIE yklidwt 18 as YASHEH THelshliEhEissBIEd in the
drired in a vacuum oven to yield 210 ng (85.4 % of

pur inglquQ( 91@8&1? bPLdsHfate:ahol (1 ML) 13 theilether wa¥ 28R4 BroB-wise
20 Sanpl e 'S

1' - (35 i,dyl ),- spi - i I - ' =
e e

di to the fal.l.ow t echni : oy
ey a5 HUTA RS AL g gr g
zggol{/teL g)gaieolfd 255, r-ng)é805|4€jl (r% lo%gl}?(te Qiﬂgcirl)c;h%ridg%aslt,gx’l.p.zllég- IW. )

Example 6

Sample 6 is 1'-(3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]

dihydrochloride, which was prepared according to the following techniques:
(3-oxolanyl)methyl methanesulfonate

To a stirring solution of (3-oxolanyl)methan-1-ol (25 g, 245 mmol) and
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RTP 70241v1l WO 2004/ 005293 PCT/ US2003/ 020524
triethylamne (34.37 nL, 245 mmol) in dry

walcmhbanzgsret hane (250 L) at OC under N2 at noBEHES®03/020524

was added dropw se net hanesul fonyl chloride (18.94 ni,
24 Srietiylhnhine (3HBT hE,AS neholfindrpdichlé@methahd (260 mdy at 0TCainter
after warmng to roomtenperature, then a saturated

S ol Nyt dtRBspRére WakKdded GbBRisEimethaRSsuBSHYLehlatE (15194 FMLX b4F Bmol).

stirred for another 5 30 mn. The biphasic m xture was

S € P Mo HorP Rtk tdrd & 2 Q4 IRB b Cerh@UE VR Imith S 26618 %mp-gﬂi@ure, then a

aqueous llayer was extracted w th dichloronethane

5 iR FAR O ko e %é@f’esg&éd it
aﬁ%@;é’g l&lﬁgatsg n(ulé@lr%)‘slas sggargtfvc% éﬁltﬁ)e %r|ga“ué/ ia%'gné%als }scafged.

3 .
3t 3312%5% bty P e an Dhune H?A%" %@Bwegombmed

in dry acetone (600, ni)_ was. added
br &ﬁhé%omtb@eﬁxaacta\we dﬁ%@‘ﬁﬂzs% fiffgeed .ag%eqqceﬁrafﬁdmﬁ%ry
was heated to reflux for 3 h, then it was cool ed and
t hesvarsrationto giveddleg obly- axglanylymestyd msthanesyHonate@9 %) as a light
resi due was dissolved in water (200 nL) and extracted
wi throwi bdplidr onet hane (2 x 100 nL). The conbi ned
extracts were dried (Na2SO»4), filtered and
concentrated by rotary evaporation to afford a |ight
brown liquid. It was distilled at 70C and 1nm of
pr es@romoimethdlusolame 00 g (86.77 % of 3 20
(bronmonet hyl ) oxol ane as a colorless liquid. Methyl
3-aza-4, 4-di phenyl -but-3-enoate To a stirring solution
of met hyl glycine ester hydrochloride (17.49 g, 139
25 Mol Jrol il sBlush 6F(8 %g&lgﬁigﬁne&%gleMesHMﬁ{e D2 18, 239.5

roomtenperature was a P 70241vl WO
200rﬁ1/1198 ?n‘z(?r:;’ a&?ﬂe L(’(%?oolgﬁf \925 %geA& lithium bromide (101.7 g, 1198 mmol).

The reaction mixture was heated to reflux for 3 h, then it was cooled and the solvent

removed by rotary evaporation. The residue was dissolved in water (200 mL) and
extracted with dichloromethane (2 x 100 mL). The combined extracts were dried
(Na,S0,), filtered and concentrated by rotary evaporation to afford a light brown
liquid. It was distilled at 70°C and 1mm of pressure to give 33.00 g (86.77 %) of 3-

(bromomethyl)oxolane as a colorless liquid.

Methyl 3-aza-4,4-diphenyl-but-3-enoate

To a stirring solution of methyl glycine ester hydrochloride (17.49 g, 139
mmol) in dry dichloromethane (150 mL) under N; at room temperature was added
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di phenylimne (25.00 g, 137 mmol) in one portion. The
reaction mxture was stirred for 24 h, during which

W 2ove/oeszponi um chl ori de precipitated. Water (2BCTI$2005620524

added and the | ayers were separated. The organic |ayer
wasiiptefylingina\i26 100 $at 37rminel) in HirPoHBdns Thelicaction(RixtareWasstijred
and brine (20 nL). The organic |ayer was dried 5

( NG S, dufing WIREIEEma R meRiaEiRlorat Brkcipitatedt Waér (20 mL) was
evaporatlon to give -35 g of a thick light brown

Sy raH@ed(a%g%eQWe?s)wérQ separaR8Yeré Siobhic BhérSvasamsheak@mh @frdtdd
the next reaction wthout furt her purification.

VehibodsdidioR 1Pk am@ afd grfqerw@mme@;ggmc e Rasdiricd

SO uti on

ondSFsed il e bef‘%ééﬁﬁ Rhg (Pl 8l ke i
w3 Do Rt i 10l ﬁ&%lov,i% 2y ?Qrtéan%%eai%on

m n, it changed coI or fromyellow to dark

r edithont RFBHPUIfRRION. o sol ution of 3 15
(bronmonet hyl ) oxol ane (15 g, 90 nmol) in DMF (20 i)

and dry toluene (20 nL) was added via cannul a over a
period of 30 mn. The reaction m xture was stirred for
an Meidiyl 3-Gredolab§yl)2-aminaptupanoate enper at ure. Then, IN

HCI (100 nlL) was added to the reaction mxture and it
was stirred for another 30 min. The m xture was
extracted with ethyl acetate (3 x 50 nL). The aqueous

| ayer wWae a@singiseltion étm&myli3chzi3 @lBpHeylbdt-8-cHoat 23100€n90
saturated with solid NaCl and extracted with ethyl
aceh@bB uhdbr X, 30drOMF Qggn&?ca‘ﬂmlﬁb%@ (Bt YY) waGaiat fotassium tert-

extracts were dried ( filtered and concentrated

by bél'i&'icﬁr(YO ?%rrﬁ{lbl Hl R gf’tl\’)ﬁ ffd Qyétlon mxxture was stirred for 15

oxol anyl y-"2-am opropanoate (10 . as a

59
; °“‘qu'ﬁb%§ﬂ%%§ﬂ§f°‘t¥e#° Ft’ﬂ%%ﬁ%ddl.‘%ﬁ@ f‘%%’a%f‘%ﬁé%%n
e sto?nrokgr%%ll)oxo?ane (15 g, 90 mmol) in DMF (20 mL) and dry toluene (20 mL)

was added via cannula over a period of 30 min. The reaction mixture was stirred for
an additional 16 h at ambient temperature. Then, 1N HCI (100 mL) was added to the
reaction mixture and it was stirred for another 30 min. The mixture was extracted with
ethyl acetate (3 x 50 mL). The aqueous layer was basified with solid K,COs to pH 8-9,
then saturated with solid NaCl and extracted with ethyl acetate (4 x 50 mL). The
combined ethyl acetate extracts were dried (K,CO;), filtered and concentrated by
rotary evaporation to give methyl 3-(3-oxolanyl)-2-aminopropanoate (10 g, 59.37 %)

as a brown liquid.
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Met hyl 3-(3-oxol anyl ) - 2- am nopr opanoate (6.00 g, 3.46
mmol ) was placed in a seal ed pressure tube, then 48%

wa@aoueneRHBr (20 nL) was added and the sol uti oPCTHES2005020524

saturated with HBr gas. The tube was seal ed carefully
anEthgat-eabRy cldRQ2: 11Réptand DearBoxylate The reacti on was
then cool ed and the contents transferred to a 250 nL
round bottom flask with 20 nL of water. The excess
acid was renoved by rotary evaporation to give a sem

solid bra gﬁ§-§xolﬂ3@@—§9€&ﬁ@?ﬁ1@% (GO0 46Thmbly Wa®plaétd in a

(150 nL) was added at” 0C and e mxture was heated at

g etrHailgd %r@gslnlé%ul;eo{hex}%‘%’ a&heo :{;ﬁ%fg\%ﬁ&ggﬁfa}é\@&de%%%ﬁ% S%IE%M was

rotary evaporatfon to give ,

o e T
8 h., T [
1 I eoPtERveS e oot R el S e i mictos

solution to pH 8-9 and extracted with chloroform (4 x
40rheftomHagk wih Y w&&?&mear t‘l‘eoqxﬁ?sé 29 et rempxrebYforany
(K2C33), 15 filtered and concentrated to give a |

br cXpRAsItRE IO Bivea peanigplidbrowa gnags. skhep PR agugongagmonium

Kugel rohr apparatus (1mm 140C) to afford a colorless

| i chydupxidg (£p0 r8B) W Ridedsat 8°C andythamixtuse wanhkeated ot gande eaflys for

i soners of ethyl 1-azabicyclo[2.2.1]heptane-2-

c ardio XTheasbent3hs Egnyvied by sntaxy 2vapoiatiorn®tgive 2 typwy edli, which then
[2.2.11 heptane-2-carboxyl ate Lithium diisopropyl am de

( LBéys dimslved inpssohde etharfdC(S0miln QoncsmptedySas1( rlemL) was added
(2.078g, 20.53mml) and n-butyllithium (8.2l n, 20.53

MT0InY theSoRfi¥n Walkrefl@:d T 8 h. ke @6ntéls Were bJTRSRNA i bath) ari]
stirring solution of a mxture of the exo and endo 25

'S QHé{l?asi‘Pifed %tltmébnclﬁtf‘a%@%%}%%gogxfén %0 9pH m§m-?| a)nd extracted with

] hept ane- 2- car boxyl ate ( in

dry
et S fonkg OHE L M R e R0y
¢ anﬂtjel € tnﬁ_l%%l‘cgrrx a?%atg tg{Sv?g broovbc/}'xe-élag( lpqn%{ avglg Icl?%asl(gftméfg ‘usiIEg

r_ea& u _ rrre _or a oha
r2n Oh %%Eﬂgraggeprﬁﬁaa?}l#h%g #E(srctl 58&53 sls ﬁ&ueld %41 g,%@.zg%) asa

mixture of the exo and endo isomers of ethyl 1-azabicyclo[2.2.1]heptane-2-

carboxylate.

Ethyl 1-aza-2-(nitroethyl)bicyclo[2.2.1]heptane-2-carboxylate

Lithium diisopropylamide (LDA) was prepared at 0°C from diisopropylamine
(2.078g, 20.53mmol) and n-butyllithium (8.21mL, 20.53 mmol) in dry THF (20 mL)
under an N, atmosphere. To a stirring solution of a mixture of the exo and endo
isomers of ethyl 1-azabicyclo[2.2.1]heptane-2-carboxylate (2.67g, 15.79 mmol) in dry
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was added dropw se via cannula to the reaction m xture
over a period of 15 mn. 5 After stirring for 2 h at

WO Z8@po2be reacti on was quenched by addi ng a setT/US10031020524

sol ution of amoniumchloride (20 nL). It was
eXITHIE36An)iat h788C hiyider AL einddspherdwis added vik Panndhitied DA solution
(Na2SO™4), filtered and concentrated by rotary

eV aRer Apdridd of 05 MinY Thdreletiodl nkturd Wi st8&d fofsh RIdabAEI40
(86% pure) as a light brown liquid, which was taken on

to xﬁllﬂﬁtegl ei(ﬁen a%BﬁﬂorY\ﬂ)i{m&hyiéﬁE (&Y ¢ PBISB i@l inQRy THP (2D mL)

Hspiro azablcyc 0

he%a%qga{d vﬁée/{ ‘{19 ﬁlg 10 '?1 ggtgo %ﬁlmﬁlre over a period of 15 min.

1-aza- I cyc o

hept ang- 2- e.(3.8 86%
it sGae &d qhéy-?ﬁ"&n%‘? Radforipss PernB bl ety
bott e. A. 15 catalytic of ne S
addebitign gf %f@onww fieal @5&( et exrand Wgﬁh F@&eﬁﬁv‘?%? §2
at 50 psi_ on Parr apparatus fqor 16 h. The cataly
wadnke ABGEAY ab%m fijltered anqd epmeentratsd b rofary ¥aPOEAtigH tfgg%ﬁﬁj& gof
washed with ethanol (20 nL). A catalytic amunt (5
119)hefestred piodiesh (51 15R)96 A SRt cbroms it xhichy iR t#ken on fo the next

reaction mxture was refluxed for 12 h. The sol vent
wasstapevithostifuitherpotifigafiomvapor ati on to afford a |i ght
brown solid. 20 This was dissolved in conc. NaHCGO3
solution (10 nL), saturated with NaC and extracted
with chloroform (4 x 40 nL). The conbi ned chl orof orm

exta"Hodpiroyd2aBicybld[2.d.1] Hep B R)3 - pykrtolidingd'-aiel
concentrated by rotary evaporation to give a |ight
brown solid. It was purified by colum chromat ography,

usi ng McOH: CHCIS NHACH (9:1:0.01, v/v) as the eluent,

toaffoﬁﬂ -9 H 11k 10[2.2.1]heptane:2-carboxylate (3.82 g, 86%
2" Hspiro azaa ! zmbcfco[ i ihepiape-carboxylate (3.82 g, 86%

py r /r Ol Il-d)g gl“]ﬂz%) ‘ggsz(ﬂﬁ%&i%r %g@%g%g@ggm aslgjdb%el(o'f}s% bottle. A
PCT 003/ 0 S bi | 2
2 epEhdc ?nfgumﬁﬁ? %aBT xﬁ(ilkag\]/ls-laggeéia aé”llg %%:frp%ﬁlr Was sub)]ected to
H- spi zabi
Ih e*pég%ré&[i%aat 50 pion LE?H]“P@“‘%@’ I%h ( Theggtalyst gagygmoved by

mol) in dry THE &20 nmL) at OC under N2 atnosphere was
addélgration through a celite plug and washed w1th 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
extracted with chloroform (4 x 40 mL). The combined chloroform extracts were dried
(K2COy), filtered and concentrated by rotary evaporation to give a light brown solid.

It was purified by column chromatography, using MeOH:CHCl3:NH4OH (9:1:0.01,
v/v) as the eluent, to afford 1.96 g (75%) of 2'H-spiro[azabicyclo[2.2.1]heptane-2,3'-
pyrrolidin]-2'-one as a cream-colored solid (m.p. 98°C).
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l'ithium al um num hydride (647 ng, 17.7 mmol) and the
m xture was refluxed for 24 h. The reaction m xture

wore4oe2bed in ice bath and then ether (20 nl)P@BEES2003/020524

added. Excess hydride was quenched by the dropw se
addition of 5 Msolution of NaOH  The resulting solid
alum nate salts were renopved by filtration through a
celgpird[Rh2Bicy 82 Anépthad-REcpyRaidind ed (Na2SO1),
filtered and concentrated by rotary evaporation to
yield 800 ng of
spi ro[ 1- azabi cycl o[ 2. 2. 1] hept ane-2, 3' -pyrrol i di ne] as
a col or O Ak 0 > (13 LYW ) SR @y
Lr‘é)%isplghfrg&ﬁi %&Zﬁéa R vel 2.%,1%&'}1& % d%)ﬁrg?ldrn?Z one

[1-azabic ptane-2,3"-pyrro

Spith 8 8-8briehis 3570 ol g Bl waer s symosghengpsgoced
B8 1 TS bl B ot o2

(54.57mg, 0.0654 mmol ), rac-2, 2" -

bi 4% FheEEYIRBEpERVABIoled in ipe bath and them sther(3Qmb) wagadded.
0.131 mol ) and potassiumtert 20 butoxide (668.8 ng
5. dxcesybydriderwad qyenchid hyrike qromvise 3ddifies of & M sejution of NaOH.
seal ed tube flushed wth argon gas at 90C for 8 h.

Th & he essalting soliwkduroinate edtstwerd@marnad hyHfdtratinprthronghsa celite plug.
transferred to a 100nmL round bottom flask. The sol vent
Wa SThe dieate & addried (Nh30y), Glitapdinit doncentratdd bnmtargevagoratioets
di ssolved in a saturated solution of NaHCO3 (10 nl)

and @& BE&E 8fspifof INaZaRkR1dPE. 2N Theptanec2,35pitrjolidihBasaasidtlasd
chlq'cl)r of or mEZSSﬁgXE rzct smv\(gr e (yllﬂr ?ed (K2C3B), filtered

an iq%mge_ag% ited by rotary evaporation to give a -73-
RTP 70241v1 2004/ 005293 PCT/ US2003/ 020524 dark
colored syrup. This was purified by colum

chr omat ogr aphy, using MOH CHCL13: NHACH (8:2: 0. 01,

\(/éY%—)s%%’axt)‘/ip?)-g;lbi:rl?e[g-{aiagigyc?of[i.Q.rIHlegélge—% '-&);promﬁne]oéih}&rbchloride

1-azabicycl o[ 2. 2. 1] heptane-2, 3" -pyrrolidine] as a
light brown syrup. A portion of the free base (200

RNAAT RS S AR CE I I R R

" rsxrzglof S-grfom%p;rli 1r|;]et (34?4r 8\2?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

extracts were dried (K,CO3), filtered and concentrated by rotary evaporation to give a
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solid, (mp. 232-236C). Exanple 7 10 Sanple 7 is
1' - (5-ethoxy-3-pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 1] hept a

wWmee02/08293 pyrrolidine], which was prepared accpeTiURIN03/a20524

the follow ng techni ques:

1" -dafcdoldaersyrud: s vk Iphiri gl ByQolulnmbchedmaty@aphy[ Ring. 11

heptane-2, 3" -pyrrolidine] 15 A mxture of o

s pIm%zﬁ%:@@ppfmhqézazoan;@/tﬂﬁgttw%%t,% aflfotd B9 mgi(Tedos) & -
, 0. nmo

ng
- hBEDE b EBER20 G 8 S T e 0

osphi no) - 1,

3- 'e ;"{) i"g‘ﬁ?@&ﬂé% frg% %’jg}&r‘@rg ’gig? ngs mmﬂg%r}e’d tg % g%géhwde salt, which was
o o SR et Feafr IR kR sy,

and heat ed_at, C for 17 h. 20 The reaction was
codPig) (- 8¢ Zazll"(gpq)he contents transferred to a 100niL
round bottom flask. The solvent was renoved by rotary
evaporation and the residue was dissolved in a
saturated solution of NaHCO3 (10 mL) and extracted

wi tHxagipleot of orm (4 x 15nL). The conbi ned chl orof orm
extracts were dried (K2C03), filtered and

concentrated by rotary evaporation to give a dark

col ored syrup. This was purified by 25 col um

chr omat SgmgleiMyis 1'4(Sietex s @yt GHCEBroNHk@bicydo[2.20 ] iprane-2)3}
as the eluent, to -74- RTP 70241vl WO 2004/ 005293
PC—B{H&Q@Q@{ WRidR 34s pigpated Cortirg (?thFollRwing techniques:

1' - (5-et hoxy-3-pyridyl)-spiro[ 1-azabicycl o[ 2. 2. 1] hept a
ne-2,3 - pyrrolidine] as a viscous brown oil. Exanple
8 5 Sample 8 is

1 - - 3~ |Gyl - Sl - GV L e pt
i L e S
to the follow ng techniques:

1' - (5- Phenoxy-3-pyridyl)-spiro [|-azabicyclo

[2.2.1] r}fglsxat&]rg_ogépgro_[IQera{)ig}l'Clloc&Eﬁ]Jhe%t%ne'za:""nyf‘)lidine] (50 mg, 0.3

mmol) tris(dibenzylideneacetone)dipalladium(0) (9 mg, 0.009 mmol), rac-2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (12 mg, 0.018 mmol), potassium tert-butoxide
(147 mg, 1.2 mmol), and 5-bromo-3-ethoxypyridine (73 mg, 0.36 mmol) in dry
toluene (5 mL) was placed in a sealed tube under argon and heated at 160° C for 17 h.
The reaction was cooled to 0°C and the contents transferred to a 100mL 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 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
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A m xture of spiro[ 1l-azabicyclo[2.2.1
] heptane-2, 3" -pyrrolidine] (50 ng, O.3mmol),

wo eoogfoizbenzyl i deneacet one) di pal | adi um(0) ( 9NgPCOUNDD3/020524

10

15

20

25

mol ), rac-2,2' - bis(di phenyl phosphi no)- 1,
1' -giNe2Bhd @Y%) oA P-(PBthoRy- @-ﬁi@ndﬂﬁﬁdp}m[lp&hﬁl@;&ﬂd{m 1}heptane-2,3'-
tert but oxide (147 ng, 1.3 mmol), and

byRoRdiR:] ROE PRXBY¥Fowdige (90 ng, 0.36 nmol) in dry 15
tquene (5 nm) was heated in a seal ed tube under argon
at 160 C for 17 h. The reaction was cooled to 0C and
the contents transferred to a 100nL round bottom

3&? he solvent was renpved by rotary evaporation

ﬁg reS|due was di ssolved in a saturated solution
of NaHCO3 (10 nlL) and extracted with chloroform (4 x
15m). The conbined chl orof orm extracts were dried
(K2C™®),. fi d 20 _.con tra ed ,
evapor abPBRe dS Ed(é é’ﬂ%f‘°&§r3 Wyegﬁﬂ?pérﬁ ISWE%W]%%SMW?N) 2,3
purlfled by ~colum chromat ography, .uUsi

apireliimed; Wiplopag pyepsrest mordwwha@ﬂpwegg?@ewes to
afford 55.8 ng of 1'-(5-phenoxy-
3-pyridyl)-spiro[1-azabicycl o[ 2. 2. 1] hept ane- 2, 3' -
pyrrolidine] (52% as a viscous tan oil. 25 -75- RTP
70 2445-Phénond3200iy)op o f -mabicyideid 23/ bag a2, 3 Bxyanglidineg
Sample 9 is

-(5-pyrimdinyl)-spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 2,

3'- pyrrolidine], which was prepared according to the
fol | ow mtmaa'f@tteg;azabi&yctd[ﬁz.mebmat,ay;ty)foﬁpine]qso mg,
[1-azabicyclo [2.2.1 ] heptane-2,3'-pyrrolidine] A

i Xg, Hﬁﬁol@ftrls(d1benzyl1deneacetone)dlpalladlum(O) (9mg, 0.009 mmol), rac-2,2"-
spi ro[ 1- azabi cycl o[ 2. 2. 1] hept ane- 2, 3' - pyrrol i di ne]

(1 [HOR4 ) “binaphthyl (12 mg, 0.018 mmol), potassium tert-butoxid
trﬂgi(gi?%engfsq}? 3enea%etlg?te) |(paln}géd| um(mgio )( onsél,umo?ooﬁém °

bi S(I(!dl pﬁenyfnhﬁoc?é p | nor)omf 1phegoxﬁgﬁdl%e {0 WAO Re mnE)"])om o
ek ‘tff@m?@y ¢ e d,}lg a(siaj tﬁg 30%9%”%3516@’ S5 ?‘f‘?h) The

;? lgr(lé:sf:rt1lglﬂ1 gysllg gggeélt}o tC g %dmggts %?rsl’s%grreeddto 21 lfg(?mtl 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 extracts were dried (K2CO3), filtered and
concentrated by rotary evaporation to give a dark colored syrup. This was purified by
column chromatography, using MeOH:CHCl;:NH4OH (8:2:0.01, v/v) as the eluent, to
afford 55.8 mg of 1'-(5-phenoxy- 3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-

pyrrolidine] (52%) as a viscous tan oil.
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h. The reaction was cooled to OC and the contents
transferred to a 100nL round bottom flask. The

waedeo293vas renoved by rotary evaporati on andP€®S2003/020524

resi due was 15 dissolved in a saturated sol ution of
Nahepled0 n) and extracted with chloroform (4 x
15m) . The conbi ned chl orof orm extracts were dried
(K2C™B), filtered and concentrated by rotary

evaporation to give a dark colored syrup. This was

urifie { '
e m%f@?‘mw?@éﬁ!@% GRS Pepne 23"
a'f fpélgoh(fl' ne]wlglglh s)pre alr?do iqr%xgégo t(}:xgzl f llorvglgiechn uﬁst ane- 2,
3 20 pyrrolldlne] (32% as a viscous brown oi

Exanple 10 Sanple 10 is

yrid [1-aza o[ 2.2.2]octape-2, 3" -py
e PR SO L7 LS RaRE 20 B HGUTeL pe
foll owi ng techniques: -76- RTP 70241vl WO 2004/ 005293
PCT/ US2003/ 020524 Et hyl qui nucli di ne-2-carboxyl ate
The ethyl quinuclidine-2-carboxylate for this,
synt hesiAsmixguge pf @yaile@a@ex@b}{améwp@nq-w'thémhémh]déOO mg, 0.06
descri bed by Ricciardi and Doukas (Heterocycles 24:971
( 198, triyfdiberrxlidenadcswng)dippliadeun(B) (1 §ing, 0.0018 mmol), rac-2,2"-
qui nucl i di ne- 2- car boxyl ate usi ng chem stry anal ogous
t 0 Bid{@iphenyphcsphinb)-1 1ebisaphthyE@H sngd0.0@36wyinol), potassium tert-
1-azabi cycl o[ 2. 2. 1] hept ane- 2- car boxyl ate, but using 4-
( briaiat(Bo0 mexesRnio, Mldacrombpydmiiline (A eid) ¥]7)memol) andry
10 Et hyl 2 (2-ni troethyl)quinuclidine-2-carboxyl ate

Li tQjueil @b b3 9 R0PpMtaTh g@ea%&u&rtﬁlﬂﬁra%nﬁhd Reatddr#125° C for 17
I|th|un1d||sopropylan1ne (193.53nyg, 1.91 nmol) and

bt réatcmm{c%o a1 hah AR a1 00 1eng

d'via cannu o a stirring solution of et

qU' nucl i fg.,' ﬁ,%,?to%' at & §1 29(1&}:{? evapgragl 1{ é‘hdrmg#elldhé’]was

dry a'so

B e T b

Zt‘i :)Qrél:ﬂclgln 2 Lg O{[’Bq?%rr]xggxtled_cl?ﬂso%fogmhcaexuratg?gvte:}eocll;iemz rﬁtgr% a
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
afford 49.0 mg of 1'-(5-pyrimidinyl)-spiro[1-azabicyclo[2.2.1]heptane-2,3'-

pyrrolidine] (32%) as a viscous brown oil.
Example 10

Sample 10 is 1'<(3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine],
which was prepared according to the following techniques:
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sol ution of ammoniumchloride (20 nL). It was
extracted with ethyl acetate (5 x 25 nlL), dried

w@ dMn28632y3 filtered and concentrated by rotaryPCT/US2003/020524

evaporation to give 325 ng 20 (70% pure) ethyl

2-(2-nitroethyl)quinuclidine-2-carboxylate as a |ight

brown I'iquid, which was taken on to the next step

W tRBptquinticlilfe-2Rakbdxyfaé i on. 2 ' H spiro [azabicyclo

[2.2.2] octane-2,3 -pyrrolidin]-2"-one 25 A sol ution

of ethyl 2-(2-nitroethyl)quinuclidine-2-carboxyl ate

(320 ng, ) in -77- RTP 70241vl WO 2004/ 005293

PCT/ US2 . £1 ha . STl ddQccordi
qgfj' é@ﬁ%ﬁéﬁclgﬁﬁ%@?ﬁto&a@ ?hxs th fs(i{r%gr 16c%or ing

hydr ogeno on ? arr a paratrs
[ Ra i C. . ,
?Zkﬁﬁga%@%:d&%fﬁ% Tyglg‘cfa‘ﬁﬁ%g%]‘glﬁ‘gﬁ‘“c‘g%%(%%’%u%%ﬁm%6))' we
i (20 . A ti 5
oF 1% 4140 RTBRFEEL PO QUG 2o e Eh P oaloBp s tat

m xture was refluxed for 12 h. The 5 solvent was )

r erisediar the syndhesis of et zabicvsip (2 4. 1ilepaper2-satbpprdte. L bysing 4-
solid. This was dissolved in conc. NaHCO3 sol ution

( 1abreimpmetuDeraae soblagieroh 3 Kbromomatyboxotaset ed with

chl oroform (4 x 40 nL). The conbi ned chl or of orm
extracts were dried (K2C33), filtered and

concentrated by rotary evaporation to give a |ight

br ahylsB(2-sitrotthyDqiinugidine2-earbbyylater omat ogr aphy, usi ng
McOH: CHC13: NHAOH (8:2:0.01, v/v) as the 10 eluent, to
give 120 ng (38.2% of desired conmpound as |i ght
creamcolored solid (mp. 103-105C). Spiro

[ 1|- a tZ ab 'L@tﬂfcﬁhpdi{sgprgpﬁamigg Wi \Srepared at DY fr6hiliting kiiddprop9laghine
solution o

> . . [2 3 Con o

2 AL UYL PRSPk v
under, at nospher.e .wa Lt (U o ]

nycitei g § g AR bl £ BB hate 320 me,

refluxed for 2 h gL i I, Xt Uure. wa ooled in

| oo Hhimol s el of A of 287 RRe s g h niEiend

hydri de was quenched_hy the_ dropw addition of .5 M

S 01 -6 mes oo THEHD 6 PLA e 1446d digpyte 1 BifoRetiop mixture

salts were renpved by filtration through a celite

pl utyfter phging for 2 h at —78 C, the reaction was quenched by adding a saturated
solution of ammonium chloride (20 mL). It was extracted with ethyl acetate (5 x 25
mL), dried (Na,SQy), filtered and concentrated by rotary evaporation to give 325 mg

(70% pure) ethyl 2-(2-nitroethyl)quinuclidine-2-carboxylate as a light brown liquid,

which was taken on to the next step without further purification.
2'H-spiro[azabicyclo[2.2.2]octane-2,3'-pyrrolidin]-2'-one

A solution of ethyl 2-(2-nitroethyl)quinuclidine-2-carboxylate (320 mg, ) in
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filtrate was dried (Na2SO4), filtered and concentrated
by rotary evaporation to yield 83 ng of

W@ pioropsomzabi cycl o[ 2. 2. 2] oct ane- 2, 3' - pyrr ol i dPEEUSHS3/620524

colorless liquid (90 %9. -78- RTP 70241vl WO

20QHa0613 2OmL PRy dd&%@t@&id)@@ﬁ)&énolﬂsis-ai 30 p¥1 oh d Phir-apyratas for 16 h
[1-azabicyclo [2.2.2] octane-2,3 -pyrrolidine] A

St ivsinl REnéyalidkel £ cafalysPiThe [catllyst was removed by filtration through a
-azablcyclo[z 2. 2] octane-2,3" -pyrrolidine] (80 ng,

0 Ac%memg)and @vaéh%é %B %fm{& I(zh aﬁﬁ%wm?acdamht @dhg)eee)

rac
SRR ST ik e,

t ubsg])ventr\]vdis F"X%OV&A ﬁ)gpo%a(ﬁ %\gg&ﬁéon (o} ggeaafcl%, tii@“ﬁ s§l$c?] ﬁgs was
{r drerierd g *@gmg LN R Fﬁ%“?‘ld g gl
h
3’?2@{9?&8%% why fhsaabes tis 'an%? 5t SRS

and extracted with chloroform (4 x 15nl). The conbi ned
chl fiieesl andrronssatiatedtby rofap @ venoratign eqemblght brovinsobigh B v@s
concentrated by rotary evaporation to give a dark
colpurifed ls}wlmcpnat(Tgmélymmgdm@IﬂlCéHﬂbVH&H ($R:0.01, v/v) as the
chr omat ogr aphy, using MOH CHCL13: NHACH (8:2: 0. 01,
v/ elueas td giee EIOuR®N(38.206) of i desirel@Gampopnd@s lig’ht%eamf-cdmreq ®lid
pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 2] octane-2, 3" -pyrrolid
I ngfn.@303e-105t)t brown syrup. 15 Exanple 11 Sanple 11
i's

-(3-pyridyl)-2"H Spiro[ 1- azabi cycl o[ 2. 2. 1] hept ane- 7,
3'- pyrrolidine], which was prepared according to the

f ol %ﬁ'_rv}ﬂéf ngb?éjﬁG[ﬂJﬂ%ctaggz Bi_Byirolidine]

H, 5H 4-oxi nyl )-2-ni ttoacetate A 2 M sol ution of
tltanl umtetrachloride in THE was nmade by sl ow
addi tion of the titaniumtetrachloride (7.59 g, 40

L) o ST e B P i B 25 e o

t hergg,%deSGrngS 1nt (Pry THF (10 mL) at 0°C under N, atmosphere was added lithium
aluminum hydride (74 mg, 1.94 mmol) and the mixture was refluxed for 24 h. The
reaction mixture was cooled in ice bath and then ether (20 mL) was added. Excess
hydride was quenched by the dropwise addition of 5 M solution of NaOH. The
resulting solid aluminate salts were removed by filtration through a celite plug. The

filtrate was dried (Na,SQy), filtered and concentrated by rotary evaporation to yield 83

mg of spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine] as a colorless liquid (90 %).
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-79- RTP 70241vl WD 2004/ 005293 PCT/ US2003/ 020524
stirring solution, and the m xture was stirred for 5

wWorRov4/0dess , tetrahydro-4-H pyran- 4-one (2. 00PQr/ugi»03/020524

nmol ) was added in one portion. Then, a 1.0 M solution

of ING-FREil-spTRd| PagdbiciRlol 212.Tjokta0 8232 pgrrofi@ingol ) was
added mm se over a period of 2 h at 0OC. The m xture
was then allowed to warmto roomtenperature and was
stirred 5 for 18 h. It was then poured into water (20
m)  and seffAtofifiolbf dirs{1MhbiBR R 828 ]dctnk 2 34P§ﬂe91'd' £N@0 mg,
conbi neélAx gé]xt ractsovver%lrdfri ed 1g}f/;:er[ Na&SOE, fi terlegll gﬁd s

CoME A B LA D51 Gl e

syrup was rapny,

o SR SURSIRRG L el hneh o Bl

10 Ethyl 2-(4-oxanyl)-2-am noac t e Ran nickel (-P2
9) t\»&%‘)‘/d&da%“&ol 92 %‘6‘%’]& fzq %ﬁ tcﬂyeng? {.ﬁp]e,) was p? ced %n a sealecq tul‘?)e
2- (2H, 3H, 5H 4- oxi nyl 30- 2- nitroacetate (2.50 g, /11.62
moinyler; argantand Reated @ 80° ki fpr Ly The ﬁ@?thqcvasefolﬁi?).o Frand 4
m xture was subjected to hydrogenolysis at 50 psi on a
Parcontgpie reesfansdfto? 1<1<Bnlhr.ourr¥bott0@aﬂf&ky $he sphvent wgeBEVa\PY
careful filtration through a celite plug. The sol vent
wasotarysavepaatidnyand tieaesidue wap dissal vedrin a Taterated solutian of@aHCO;
basified with saturated aqueous NaHCO3 to pH 8-9,

t hqmo sd)) eidéxtdcted with Metlofa@amd4 @XtSmag.t Tk osbined khlorofdror m
(4 x 25 nlL). The conbined extracts were dried over

K2 @ gactf whic Qe (a0, ); An&edaddadoactntrited betotary Bvadordfiorgto give a
(-" 100% of desired conpound as a tan |iquid.

1- ' 2F HiBBEsy cohiR EiRMAth | &b
hySdr%lggéhol@%r&%l %E%Esrl’gélw%%(goxany}lygo- 2-am noafc%?}g‘t%’e (mlg. 50 g,

8. 1ss98lvAad,, A 9 i (1
%e@ﬁ%l%%lvﬁ‘h@gsé 9 0MHS V/‘VS]as4tﬁ%/ %}u%l%rtkl Ive 18D mgleds. 7 %) 3f 1S €

pressure e and saturated w S. The tube wa

S ea;ly%gyl)—_spslpo_[l-%@ici&gﬁ.]z\./ﬁoctane-&?)’-pyrrolidine] as a light brown syrup.

Example 11

Sample 11 is 1'-(3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1]heptane-7,3"-

pyrrolidine], which was prepared according to the following techniques:
Ethyl 2-(2H,3H,5H-4-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
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WO 2004/ 005293 PCT/ US2003/ 020524 carefully and heat ed
for 12 h at 120-130C. The reaction was cooled to room

wo eovpeobure, transferred to a 250 nL round borPCDDS2003/020524

flask, and the acid was renoved by rotary
eV afiftingtsbl@fion, Ahethd afikue Wae kixted fors thite Nexs, tettahpdrbvield- pyman-
30% ammni a solution (50 nmL). This m xture was

st igsRe2.60k, Fo dimah wadRINed 8GR HAftieh € Thénh il 10 M ¥6lhiigadfiNen
to the 5 desired aci d was conpl et e. The anmmoni a

SOlphiiy? ol hﬁ@l’ﬁq‘f@d@% ol 96 AMb1)SVRRAA U PViseloRerd e%d of 2

a light brown solid ch was redissolved in 5

Wathez{t 0% d'{'l}%%x&fuu A n%sot Wle@ﬂ) \%ﬁﬂggyﬁl fe Exgtuﬂ.sdrﬂgvas stirred

vva er as anmoni a Ammoni acal

Sl ante %%%ﬁg@%%?iw% 50 B 5
IC;) géF@% ﬂbﬁt } ej! GXtaﬁ}SCg?tV}Lﬁﬁa h g &% SI%’%EQP éﬁterfd Q_nl£n %on(:%ngg%ed by

of a creamcolored solid (mp. 232 turns

at roBryeyapprationsThg fhick bé%ﬁ‘b%%‘l"%? pusified by qo i Ghromatography,
hept ane- 7- car boxyl ate 15 A sol ution of

1- azmpicthytacope:exane| 1 Rapv)am slurnt, toaforkd 0Q g obpirgcompound as a
hydrochloride (1.20 g, 6.76 nmol) in absol ute ethanol

( 10ighd-Droamdymp 89t rat ed sul furic acid (2 nL) was
refluxed for 8 h. The reaction m xture was cool ed and
then basified with saturated aqueous NaHCO3 to pH

8-9. The solution was saturated with solid Nad and

extE@el 2 d-oMabi)2hintinedcerae (4 x 20 nL). The conbi ned
chloroformextracts were 20 dried over Na2SM4,

filtered and concentrated by rotary evaporation to
give a light brown liquid. This was purified by

Kugel r o an§1 kel {)étg') Qs fded fGoftftidn 8f aﬂgmz EHIEHIE. Jxﬁlyl) 2-

afford as a colorless liquid

Iogza %g( oe t %ﬁ’lﬁgf QTJt §8ﬁg&?ﬁigﬁ?¥&m%&‘l¥ I mL). The

v ot SRR bR SRS B AP, o

o chfa;?l?r&,)é rt(ago?ﬁ'_ 1y eI Kl on fardugh & cotitd Bug TR soTeRt tas
removed by rotary evaporation. The residue was basified with saturated aqueous
NaHCO; to pH 8-9, then saturated with NaCl and extracted with chloroform (4 x 25

mL). The combined extracts were dried over K;CO3, filtered and concentrated to yield

2.40 g (~ 100%) of desired compound as a tan liquid.
1-azabicyclo[2.2.1] heptane-7- carboxylic acid hydrochloride

Ethyl 2-(oxanyl)-2-aminoacetate (1.50 g, 8.02 mmol) was dissolved in 48%
HBr (10 mL) in a pressure tube and saturated with HBr gas. The tube was sealed

-80-
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5 under a N2 atnosphere. The reaction was stirred at
roomtenperature for 15 mn and then transferred via

w@2a00a0ba93 0 a stirring solution of ethyl PCT/US2003/020524

1-azabi cycl o[ 2. 2. 1] hept ane- 7-carboxyl ate (600 ng,
3. Rbrefiil®lapd hdatelHbr 2204t1120°a1302C7 8TKE reuntien was ¢ddled to room
at nosphere. The reaction m xture was stirred for 30

i rier?erat&x%,@mnfsﬂaﬁéu @ 230 Wili BindBotdin flRR AN KiRneid wai8mded by
ng, 3.91 mmol) in THE (10 nL) was added via cannul a

andoh Ne vERAGh O Th¥@k ol tdslagélwhPllisRARH il 1038 bmeotia 38lution
-78C. "Then the reaction was quenched with saturated

Zﬁﬂé@mggﬁ' ik 2 ebrt Yabbolrred TS £ 8364th @E@nﬂ&agjr&ru%ﬁy%gzaﬁon to the

to warmto room tenperature ‘and then

e R BB, EShB A o5 A o
oS Al P L ¥ SRR oy B e o

chromat ogr aphy, ., usjng 15 ethyl acetate: di chl or onet hane
(8:38 ’1orwx\%§1qngg és@ L\?ljég g‘@@r ﬁi;&‘f glg%t chﬁ amenip ?g{‘ﬁ Eﬂ')' mmoniacal
2'HSpiro [1-azabicyclo [2.2.1 ] .

he g:(agtip@spplgamwﬁhedjeplqurﬂudzver%ﬁgn@q%nd concentrated to afford pure
1-aza-7-(2-nitroethyl)bicyclof 2. 2. 1£_he t ane- 7- car boxyl
at ecidssbichyas con@grted20 anHEl Jaltgad cxysts 1@15(66611 ISOPEOPRTDh a1}

(25 nmL) and subjected to hydrogenolysis at 50 psi for
18 digthyl sthagtoBivedy2 Ind (BE%) ofxscreanc-adladey solid (e 232t tatny brown,
was removed by filtration through a celite plug. The
solivé3tat 2583-266mpved by rotary evaporation. The
resultant residue was dissolved in toluene (50 L)

and a catal ytic anmount of p-toluenesulfonic acid (10
ng) was added. The solution was refluxed for 12 h and
th 2 A rotary evaporation.
ThgﬂPngﬁ%gkc 2 Ahep ?ZS?’S? g?gbdé NaHOCB (10 ni)
solution -82- RTP 70241v1l WD 2004/ 005293

PCT/ US2003/ 020524 and extracted with chloroform (5 x
15 ). Th?

I L A RS OB A ISR s e
i1 30 e respin pesolitietbmol G Vi Fsfeied pturiogeid 2 miL)
g fe\gqr@?r@fb\gég gg%t}](q ?ﬁqé’rgag{iq}%girxgng \%gsp &%ﬂ% agg th%n basified with

saturated aqueous NaHCOs to pH 8-9. The solution was saturated with solid NaCl
and extracted with chloroform (4 x 20 mL). The combined chloroform extracts were
dried over Na,;SO,, filtered and concentrated by rotary evaporation to give a light
brown liquid. This was purified by Kugelrohr distillation at 120°C and 2.5mm

pressure to afford 1.00 g (90%) as a colorless liquid.
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2 "HSpiro [ 1l-azabicyclo [2.2.1 ] heptan
a-7,3 -pyrrolidine] To a stirring solution of

WQ@208400820%[ 1- azabi cycl o[ 2. 2. 1] hept ane- 7, 3' - pyr poOt/U82003/620524

2'-one (300 ng, 1.80 mml ) in dry THE (30 nL) at 00
Und&thyl¥2a24e5 (2asicko ethiv)Bicyio [1.0.1({htpfandF-cayboxylate nmol ) .

The ice bath was renpved and the reaction m xture was
refluxed for 24 h. The reaction m xture was cooled to

0C, diethyl ether (20 nL) was added and 5M NaOH was
added digﬁ’i is%&ﬂ}lﬁﬁ@é&rwﬁﬁ}édrﬂy'tﬁ@ad'dﬁfoh lof Alblityllithium (1.70

unr eact e Li Al solidified.” The'reaction m xture was

g”:@g%M@ hsﬁ‘?féé}gg igggeg'gn étg? ?at ed?s {5{/ %:gt alr!ymL) at0’
' ' 15.250 ng. (70 9 .
Sy e S mbhytie i ofs S5 daTRieff dhmlonfleilicy §3inyand

hept ane- [

D B drited S raula o Strsng solpsion afehyl Lzabioysiolp 24 saine-

(100 ng, 0.66 mmL%‘is 20 . R

t r i7sqerhomphaief POt meSaann Al ITHE (20mb) atn§) Cradsrg Napimosghere.
mol ), rac-2,2" bis(di phenyl phosphi no) - ) )

1, {Fheptagtgrhmpxire wasstgred dorGmnipattA8;C.0 nassofutien of nitroethylene
tert-butoxide (369ngy, 3.3mmol) and 3-bronopyridi ne

( 112863 m@, 32! mwl))in THE (H ;L) whaedded (ia cannplayangghegeaction was
placed in a pressure tube which was flushed with

ar gdrred fonedditidral Mast —784C.eThenlthe sadior daaquebnbiedivath shturatRl

h at 90C. The reaction m xture was cool ed, 25

t r ajCR k61860 Q0 @) O Therehtibh afixthileasds alowled th evaga lto/@bin
renmoved by rotary evaporation. -83- RTP 70241 v | WO

20Q4LR0RERInPMEA Was BARLERE A5R 4thyThREtale]S k AU V)2 ThOEHitEREd
into saturated NaHCO3 solution (5 nL) and extracted

W tﬂcti&ﬁ'»&&@ﬁ%&ﬁk&éo%, fhrrddlahd cJA}&r&?&MyQ@erqghﬁﬁﬁfoﬁ tdTkive

extracts were driéd over K2C03, filtered an

d ar. i ] i .
COMSRIMLAbo 1AL, SRR ol AR

puri

CHC13:; MeOH: OH (8:2:0.01 . v/V el b0 afford
oGt ﬁi;f%l%@‘l.t@%" hae @izg Foe e B e S?%"} ?ﬁé‘a&h@aﬁ‘a
turns dark brown on exposure to |light and air.

Exanpl es 12 and 13

¥

2'H-Spiro[1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidin]-2'-one

Ethyl 1-aza-7-(2-nitroethyl)bicyclo[2.2.1]heptane-7-carboxylate (550 mg, 2.27
mmol) was dissolved in ethanol (25 mL) and subjected to hydrogenolysis at 50 psi for
18 h, using Raney nickel as a catalyst. The catalyst was removed by filtration through
a celite plug. The solvent was removed by rotary evaporation. The resultant residue
was dissolved in toluene (50 mL) and a catalytic amount of p-toluenesulfonic acid (10
mg) was added. The solution was refluxed for 12 h and then the solvent was removed
by rotary evaporation. The residue was added to saturated NaHCOj3 (10 mL) solution

-82-
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7-(3-pyridyl)-1,7-di azaspi ro[ 4. 4] nonane respectively,

wowbioghoszes e prepared according to the foll ow NBCT/US2003/020524
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techni ques: Diastereoneric

7- (atd pytraced With thibrétbmr 6SPi 3 ALY . Phk rombined ShleiofrnreRtracts were
am des 15 Triethylamne (6.0 nli, 43 mmol) and di phenyl

¢ hl R0 pbeeN}) #iterel Znf chieentlaled. MR kasidae ivas FeiiRd by ichlumfat

order, to a stlrred suspensi on of

iNI-’1 (c:ljlf‘({:n%llh%'r% ngt ha & 1{)MC§H R (£1:081.6/v)%s ttlelent P tlord

under a nitrogen
at i ent
B ER A w@&*ﬁ%%%%h%%ﬁgﬁk P28 S vith a
solution of 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane
(4.40 g, 21.6 mml) 20 in dichloromethane (10 niL). The

m Xt S s irre nbi eny. tenperature.

Sodf ﬂ @& %ﬂlg&%af‘?{%}:‘ ﬁ'l{yr 5‘?‘"@“‘?&% was t hen

added. ﬁ¢ter stlrrlng an additional hour, the m xture
was poured into a separatory funnel with chloroform

(30 nL) and water (30 nL). The m xture was sh

vi gor oudlby stigring selwdon afyélrlémm}-ezab%ﬁ%% Hbeptamé 3 -pyrrohdm]
organi c layer and a 30 nL chl orof orm extract of the
aquous(3DGung; 1.26 miver )ein AN €0, migrat @ cundkfSOK)s addet! LiATH,
concentrated by rotrary evaporation. The residue -84-
RTR2702%hy,17. 3000200 4 TEO o 92h RGT teufo2 &DS/dGROBs2etion (mix@regyas
was di ssol ved in dichloronmethane (100 nL) and conbi ned
Wi taflided Fdr2a 0a @t kdactidGhitt&Raddopled TE Oytlsthyt @hat@®0 mL) was
stirred at anbient tenperature for 1 h. The volatiles

Ve R1EVARGMENSOH Wds hddedWYopwadeavith RYARRsArnG nfNg dnkadted
on the vacuum punp. The residue was purified by

Iel? TR oGkl Phhe 1Jéa3:'t1919 mb{ul %@ﬁﬁ&b& frrdugh thté- an{i’ @en the

uoroacetl C acCl In water as eluent.” Sel ected

5 Ty e B O P cof AR AL BR b Pa vige
11. d.2.90 4% | d f th di ast
t ha%soéwsﬂaqfafgloﬂ%#w byl 9) ot the o sstorcore

(presumably nono trifluoroacetate salts). 10 (+) and
(-) 7-(3-pyridyl)-1,7-diazaspiro[ 4. 4] nonane Each of

the two dlastereonerlc S-proline am des_was dissol ved
i n 1’-(3-Pyridyl)-2’H-spiro[1-azabicyclo[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"-
bis(diphenylphosphino)-1,1'-binaphthyl (45mg, 0.040 mmol), potassium tert-butoxide
(369mg, 3.3mmol) and 3-bromopyridine (114mg, 0.72 mmol) and dry toluene (10
mL) were placed in a pressure tube which was flushed with argon. The tube was
carefully sealed and heated for 8 h at 90°C. The reaction mixture was cooled,
transferred to a round bottom flask and the solvent removed by rotary evaporation.

-83-
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di chl oronet hane (50 nL) and triethylamne (2-3 nL),
and then conbined with phenylisothiocyanate (1.73 g,

wd 20800808 for the earlier eluting di aster eonePCHEIN003/020524
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1.57 15 g, 11.6 mml for the later eluting

di aHe ¢sRREWA pouléEintoMatuk AANIHIG; 6R#ion 63 MLy £l extracted with
anbi ent tenperature for 16 h, at which point thin

| ayBlordtinP (B POMBP Mhhel BRbMEE SflorbftRth extrdtes W&BakEPHRT K,COs,
were conplete. The m xtures were concentrated by

r Otfﬁ{e%d%}{&‘p&}{gﬁt%}ﬁ%g}bg rlfgttgﬁ gﬁ%ﬁﬁ%&j}gﬁm ek WAL riffePby column

taken up 1n and treated wth

Léic i %%‘%%%u%in%?}?%%%%f%o}f? Efﬁf?-??%z%ia% Refthiggord 130
o - L | th 80: 20: 2
ch|“3ﬁn§5é %%)??g?hgﬁgﬁ% “éﬁﬂgﬁﬁ &hﬁ%’gu‘ggﬂn%ﬂtf{gagwg&wg{%to

the earlier eluting diastereoner, 40.5%yield) and
720'8Hd@8r i ved fromthe later eluting diastereoner,
50. 7% vyield), as light brown oils. Chiral HPLC

anal ysis was perorned on a Chiralcel OD (r) colum,
usi ng 7:3 heaxane/ ethanol. The isomer derived fromthe
earixampleg12andhtp 25 di ast ereoner had the | onger
retention time on the chiral colum (10.9 mn); that
-85- RTP 70241v1l WD 2004/ 005293 PCT/ US2003/ 020524
derived fromthe later eluting isoner exhibited a
retent i Sampiese2 afd B. afe (H) and(R) 1-(Bepyridhi)11:0-diezakpiraf4. 4 hbmane
sanpl es were enantionerically pure within the limts
of ERe@tiklydWhich wéfdprepacediabébrdify ®he B116WIngS&tnighie:
subject matter of the present I1nvention, it should 5
be apparent that many nodifications, substitutions,
and variations of the present invention are possible
in ol . t

pr laApfeobldBE 3bcpykiayh S 7 G HARARES o Pine difices
specifically described. Such nodifications,
substitutions and variations are intended to be within

the sco pl'?’ie&fyla%lri]nee (%roerrslﬁrltg mn?af)zllrldc qghiegy 'chl]égop_hgs%_hate (4.0 mL, 19

mmol) were added, in that order, to a stirred suspension of N-(tert-butoxycarbonyl)-S-

proline (4.67 g, 21.7 mmol) in dichloromethane (100 mL) under a nitrogen
atmosphere. After stirring for 1.5 h at ambient temperature, the reaction mixture was
treated with a solution of 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane (4.40 g, 21.6 mmol)
in dichloromethane (10 mL). The mixture was stirred 3 days at ambient temperature.
Sodium hydroxide solution (30 mL of 5 M) was then added. After stirring an
additional hour, the mixture was poured into a separatory funnel with chloroform (30
mL) and water (30 mL). The mixture was shaken vigorously, and the layers were
separated. The organic layer and a 30 mL chloroform extract of the aqueous layer
were combined, dried (MgSQ,) and concentrated by rotrary evaporation. The residue
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RTP 70241v 1 WD 2004/ 005293 PCT/ US2003/ 020524 d ai ns:
1. A conpound having the following fornmula: Formula 1

wWaERdokboIWR - QG Qv n NQ Cyr 5 and phar naceut/Usabl/g20524

acceptable salts thereof, wherein Q is (Cz2),,, Q.1

I S ({.€4PVas dissQlved t diékd@pmethaid 1(NnLparldCE@Yined withutrifluroavetic
and x are individually 0, 1, 2, 3 or 4, preferably O,

1, adid950 AL). The rSixRYSWROBFred hiGienblckipbratud ok 1 h. The volatiles
al koxycarbonyl or aryl oxycarbonyl, 10 Z is,

| ndjeyd du ' fifnl paehpO f
hyd reo ge nﬁ&gt?éoll( ytﬁﬁ R gﬁ%gte%é&tm g gﬂ glll%ay&lc@g Pidg I k yp:ﬁ%p The

I
Subshdt ‘dJ g\lr?ﬁ’e%' 9?&4&&3%‘%}5{? Qﬁ}ﬁg' 19 'acétH{gﬁflé loogd

het er ocyc ary stit aryl’,
SRR i e g AR
< SPRPER LAY 1?’%25%41 S of @aﬁwsgﬁﬂﬂs@%@éla% e} 4 min

or carbon bonded t ubstit uent speC|e§ I n_no
min,

or60 AR ({176 HEi0 T8 dasigrpompafhat st 6 13 2 i, o 35 WhHG

foams (presumably mono trifluoroacetate salts).
(+) and (-) 7-(3-pyridyl)-1,7-diazaspiro[4.4|nonane

Each of the two diastereomeric S-proline amides was dissolved in
dichloromethane (50 mL) and triethylamine (2-3 mL), and then combined with
phenylisothiocyanate (1.73 g, 12.8 mmol for the earlier eluting diastereomer and 1.57
g, 11.6 mmol for the later eluting diastereomer). The two reactions were stirred at
ambient temperature for 16 h, at which point thin layer chromatography indicated that
the reactions were complete. The mixtures were concentrated by rotary evaporation,
and each of the residues was taken up in dichloromethane (10 mL) and treated with
trifluoroacetic acid (10 mL). These reactions were held at 50°C for 16 h and
concentrated to dryness. Column chromatography on silica gel with 80:20:2
chlorform/methanol/ammonia gave 620 mg (derived from the earlier eluting
diastereomer, 40.5% yield) and 720 mg (derived from the later eluting diastereomer,
50.7% yield), as light brown oils. Chiral HPLC analysis was perormed on a Chiralcel
OD ® column, using 7:3 heaxane/ethanol. The isomer derived from the earlier eluting
diastereomer had the longer retention time on the chiral column (10.9 min); that

-85-
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WD 2004/ 005293 PCT/ US2003/ 020524 X , X', X'' and Xare
nitrogen or nitrogen bonded to oxygen, or Cy is a five
wh20mntesrd het eroaromatic ring of the fornmul apCT/WSHH03/020524

where Y and Y" are individually nitrogen, nitrogen

b o rddeided feona the UAis ehiting iSomes ehibies a raetyiga imesifiB f7uninon the
carbon bonded to a substituent species, and Y and Y"'

ar ehirfll ol@He The Earﬁ;ﬁéﬁ%}e Q&Bﬂ@ﬂeﬂc@llﬁpt&& BisthinttheRthits of detection
speci es, wherein "substituent species" are,

inQLy%.ually, selected fromthe group 10 consisting

of ‘hydrogen, alkyl, substituted al kyl, alkenyl,

substi t lﬁa@ﬂg ﬂLJ@@n%’iLcl SI%H ﬁfe%ﬁlﬁ%s of Hattbrof M@s’eﬁﬂﬁ%nm it should

heterocycly titute cl oal k

aI K lagp%/?nl%ﬁ'} ”’n#tté)[ Iglyﬁ? EXatlo t u@ﬁ%{l fﬁ{l(ﬁc%]léii)ﬁglle gresent
) C(IQY_TRP? ﬁe ’pos_s ﬂgg\gh?eo!}l%’lao%uﬁd?rsltgé @@t@i{esent invention
Sl iy P o0 T Tl R

-S02R, -S2NR R', and - NR SQ2R', where R and R' are
i nciubsttitions gndripsiatinge Ate ingnded topacyithin EipsrapgIof fhe present
heterocyclyl, aryl, or arylalkyl, and r is an integer
f r capplication.6, or R and R' can combine to forma
cyclic functionality, 20 wherein the term
"substituted" as applied to al kyl, aryl, cycl oal kyl
and the like refers to the substituents described
above, starting with halo and ending with - NR SC2R"
and wherein the dashed |ines indicate that the bonds
(between Y and Y' and -88- RTP 70241vl WD 2004/ 005293
PCT/ US2003/ 020524 between Y' and Y") can be either
single or double bonds, with the proviso that when

-86-
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t he bond between Y and Y' is a single bond, the bond
between Y' and Y" nust be a double bond and vice

waengaos2zwhere Y or Y' is oxygen or sul fur, onlBCDO82003/020524

Y and Y" is either oxygen or sulfur, and at |east one
of Y, YClainfs: and Y"' nust be oxygen, sulfur, 5
nitrogen or nitrogen bonded to a substituent species.
2. The qQNEQMMnQBaﬁhii‘hmfdlloMgeﬁ)ﬂﬁﬁlazon| y one or two of
X, X, X', X... and "" are nitrogen or nitrogen
bonded to oxygen. 3. Fggnafipround of claim 1, wherein
not nore than one of X X, X', X'' and X'" are
nitrogen bonded to oxygen. 10 4. The conpound of claim
1, wherein X"" is nitrogen or njtrogen bonded to
oxygen. 5. The conpound o mclafm 1, wherein both Xand
X'"' are nitrogen. 6. The gonpound of claim 1, wherein
X, X' and X"" are carhqn M to a substituent
species. 15 7. The coﬁg claim®6, where the
substituent species aINx*QX" and X'" are hydrogen. 8
The conpound of clgépﬂl, wherein X'' is carbon bonded

to a substituent ecies and X and X are both
nitrogen, or X is carbon bonded to a substituent
species and X and X'' are both nitrogen. 20 9. The
conpound of claim1l, wherein no nore than three of Y,
Y, Y' and Y'' are oxygen, sulfur, nitrogen or

nitr Oge@n&)?ﬁﬁﬁgc_eh@caﬂy%b&ﬁiabl@léﬁ&tth&%f?i es. 10. The
compound of claim 1, wherein between one and three of

Y, YV Whered i (CZa5 €" N (EZHAYM is @Zz)v’ﬁaﬁa‘émﬁ bl cal

conmposi tion including a conmpound of claim1. 25 12. A
assoct avet Wik R uAivgReY B 270ad FRGISE 7858005
PCT/US2 Oig /119%8g56%,410wer 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:

where each of X, X', X", X" and X"" is individually nitrogen, nitrogen bonded

to oxygen or carbon bonded to a substituent species, wherein no more than three of X,

-87-
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rel ease of neurotransmitters nedi ated by nicotinic
receptors, conprising admnistering an effective

waemunes2eof a conmpound of claim 1l to a patient PCI/IE®A3/020524

of treatnment thereof. 13. The nethod of claim12,
whex'exn X had RNSirelhise et nitfogsicb@dt®®d dxygem) t he 5 group
consisting of pre-senile denentia (early onset

Al zhei Mgt 5 il HRISBEmber&Nhdi@oarStBaR Hrigd f (Hégomid: a of
the Al zheiner's type), Lewy Body denenti a,

H V-denentia, nultiple cerebral infarcts,

Par ki nsoni sm i ncl udi ng Par ki nson's di sease, Pick's

di sease, Huntington's chﬁ;ea, Lardive dyski nesi a,
hyper ki nesi a, mani a, aQLgf ' eficit disorder,

anxi ety, depression, mhd cHgnitive inpairnent,

dysl exi a, schi zophreni a ¥hey™10 Tourette's syndrone.
14. The method of claim 12, wherein the conpound is
adm nistered at a dosage effective at treating or
preventing the CNS di sorder but at a dosage that does
not result in appreciable anmounts of side effects

associ at@@re hil B dritmlvidANPhitrOEHChiog@bod@agh b Qilistituent
receptors. 15 15. A nethod of causi ng anal gesi a,

r ed#&jiéh%] mﬁ%,mu Sfbort BoRadd 09 shbsBfent sHEGE! #Mdl W&nd Y™ are
col |

tis, anmat ory and aut o-i mmune di seases, .
tr en%+ N oPEMERASAGIGE %fsmé’sgtueﬂ! sg‘f?c?e%es' and/or treating
convu‘%|ons, conprising admnistering an effective
amount of, a go und of. ¢glaim,l.f0,a patigegnt i.n need
of tr eatTHERE™ PHETEERL Pocies” ALV sk om uié etotp
bacter.i al, fupgal lor viral infections, and{or the
20 eptizeiot bydioes 4o pﬁu{aﬁw&%@@alw’ alkronl F‘ilﬂstéf&ie?aﬁ@?yh
conprising admnistering an effective, anount of a
confsineraciyh sebstituted heterpeyrlylaqyrlopiyh spbsiitated syclqaliyhaping
thereof. 17. A nethod of treating inflammtory bowel
di swhstutedaryk hlikylaryl, sehstitued aliybird agylelksl, substifited @gylalkyl, halo, -
stomatitis, arthritis, neurodegenerative di seases,
Cr eOR'ZINR'RY, -OBK 6N, dNOea€eR', SRE RN ) rQ(=EBNBIRIANR'€(E0) R”, -
i nfection, genetic diseases and di sorders, and/or 25
aut OE0YRYE=0)GR (SO HNCRRAYC(ZOIR THOXCRIR"MIREE(=O)R, -

effective amount of a conmpound -90- RTP 70241v1l

O(CR'R"),NR"SO;R!, -OC(=0)NR'R", -NR'C(=0)O R", -SO,R’, -SO,NR'R", and -
NR'SO2R",

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 and the like
refers to the substituents described above, starting with halo and ending with -
NR'SO;R", and

wherein the dashed lines indicate that the bonds (between Y and Y' and
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WD 2004/ 005293 PCT/ US2003/ 020524 of claiml to a
patient in need of treatnent thereof. 18. A nethod of

WO ndlodi2ong cyt oki ne rel ease, conpri sing adm NnPET/@62008/020524

an effective amount of a conpound of claiml1l to a

patbe@tn YNandeey chifbeleitBasiiRlor HbElERUnds, with. theproeisdithet wiien
treating ulcerative colitis, conprising adm nistering

an g Bnfl SEWeMEY ANPYS a QingR b%ﬁd%%‘ﬁld 8EtwebraV Mind Y"Ghudt be a
patlent in need of treatment thereof. 20. A nethod of

?l%hlﬂg bGPPI SR Q/ers{ ngiglre' Bhig i@ gg%g@h ot §ﬂfup Qn@%ne of Y and Y"

ective anmount COfT'pOUI’] larm 1

pat ee r "
hav {%xgg? ?r%ul?ur gnd]c gregﬁ %e& ‘&o{' adﬁl]')(/ 1@159 %ﬂ%}é\@/& sulfur,
harnaceutlcal
ac %%qgﬁﬁgznlg%epgo?%gf%%fu%s% SRS &P n q i's %/CZZ) L
cZ2)., .. (CZ N

i s( czz) § Ta%orwun4 of Cé"eﬁz‘) Zﬁ%aﬁ@roelygne 9T tvw 953)’9 fnd
are‘Lnd|V|duaIIy 0, 2, 3 or 4, and the values of

X" a’iﬁ/mti@geﬂl‘)famﬂo@nh?@egé? ¥B¥Y such that the bridged
dlazasplrocycllc rin contains 8, 9, 10, 11, 12 or 13
menber s 3. Rh¢ somwndagf&ha,iml loWiereiairielmoreghan one of X, X', X", X" and
al koxycar bonyl or aryl oxycarbonyl, 20 Z is,
i nAX'V htontkdgyn baedkdotaggednr om t he group consi sting of
hydrogen, al kyl, substituted al kyl, cycl oal kyl,
subst i t 4t atle componnd kfydlaimhe tvberemyX? ig njtrogebetriitreges donded to
het erocyclyl, aryl, substituted aryl, alkylaryl,
substit gk@nal kyl aryl, arylal kyl and -91-

5. The compound of claim 1, wherein both X' and X" are nitrogen.

6. The compound of claim 1, wherein X, X" and X" are carbon bonded to a
substituent species.

7. The compound of claim 6, where the substituent species at X, X" and X"
are hydrogen.

8. The compound of claim 1, wherein X™ is carbon bonded to a substituent
species and X and X' are both nitrogen, or X' is carbon bonded to a substituent species
and X and X" are both nitrogen.

9. The compound of claim 1, wherein no more than three of Y, Y', Y" and Y™
are oxygen, sulfur, nitrogen or nitrogen bonded to a substituent species.

10. The compound of claim 1, wherein between one and three of Y, Y', Y"
and Y™ are nitrogen.

11. A pharmaceutical composition including a compound of claim 1.

12. A method of treating or preventing a CNS disorder associated with the

-89-
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substituted arylalkyl; Cy is a six nenbered ring of

wWo h@4foes2ol a: I 1 X' ", X' 5 where each of XpCHys2603/020524

X" and X"" is individually nitrogen, nitrogen bonded
t O rél¥346 @PndAkotRAEHIGEs BROERd by icatifit RStptérs Qdinpaifieg bdministering
wherein no nore than three of X, X, X', X'' and X'"

ar @nREtIRE 8ot of b ESRBRRd BRIAAM QA paNHl B nec@bf tedatrhént a
five 5-nmenbered heteroaromatic ring of the fornula:

10 peredthere Y and Y" are individually nitrogen,
nitrogen bonded to a substituent species, oxygen,

sul f t A '
v baﬁ; $5. TREAORGPAUIER 122 RS B G B RESIERY i e
substituent. sp

. cies.. erein "substituent species' .
o U CaRTRRE Py oula ey e BBt YRS sevils
of hydrogen, al kyl, bstifuted al kyl, al kenyl .
SuBETTRER Gehee shie AlTRERE SO ILTY Bofiydeepit iV -dementis,
heterqcyclyl,,Cécloalkyl,_substiiuted_cyqloalk L
ar ypultiplg gerglrpkintagsds, Barpinsonigny inclydipe Pakinsan's disgase) Picks disease,
al kylaryl, arylal kyl, substituted arylalkyl, halo 20
OR Huntingtoms chorggs gardivegiyskinegip hypedsinesia, mgyma, attengpn deficit
-C(=ONRR', -NRC(=0 R', - (=OR, -((=OCR,
- Oiso@eR anxie® GRréRiYm, @iHOpRitive i@p@RMRIL) dyskxi@( seligpphrenia and
-92- RTP 70241v1l WD 2004/ 005293 PCT/ US2003/ 020524
O QRuRte;sNRidéRE , -OC(=O NR R', -NR C(=0 O R',
-S2R , -SG2NR R', and -

14. The method of claim 12, wherein the compound is administered at a
dosage effective at treating or preventing the CNS disorder but at a dosage that does
not result in appreciable amounts of side effects associated with simulation of muscle
or ganglionic receptors.

15. A method of causing analgesia, reducing inflammation, treating treat
ulcerative colitis, inflammatory and auto-immune diseases, treating neurodegenerative
diseases, and/or treating convulsions, comprising administering an effective amount of
a compound of claim 1 to a patient in need of treatment thereof.

16. A method of treating bacterial, fungal and/or viral infections, and/or the
effects of toxins produced by such infections, comprising administering an effective
amount of a compound of claim 1 to a patient in need of treatment thereof.

17. A method of treating inflammatory bowel disease, pouchitis, acute
cholangitis, aphthous stomatitis, arthritis, neurodegenerative diseases, Creutzfeld-
Jakob disease, cachexia secondary to infection, genetic diseases and disorders, and/or

auto-immune disorders comprising administering an effective amount of a compound

-90-
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NR SO2R', where R and R' are individually hydrogen,
Cl-C8 al kyl, cycloal kyl, heterocyclyl, aryl, or

waeykabieys , and r is an integer from1l to 6, OPCRUSZN8/020524

R' can 5 conbine to forma cyclic functionality,
Wh&F Eliafin 1| Ba bt in HeddSf trbatinedt thasofappl i ed to al kyl
aryl, cycloalkyl and the like refers to the

substi t Ygnh AR ihaiAWRineTé18dsk,| Jdehp¥ikih adidihRtefifiglan
ending with - NR SO2R', and wherein the dashed |ines

in cé'ff@&‘v% (ftf b \e,s)tgﬂdﬁqé of @ﬁh\’\ﬁﬁﬁ p\én@rﬁ‘;{n need @PHealBent thereof.

bet ween can be either single or double
and ¥ SW En%% :% SRRl is & 2“9‘@%%%*5%%“
oxfgfgﬂwgramé)ﬁ?tfog F Corgﬂ?lgl}g Sﬁglal cf %)%’al??gh‘% n need % trctaahtml:rﬁ thereof.

oxygen r ul fur, and. at | east one,
Y laszweqfcaemgfamlgmnmwgw %Plrn?t%%ga@ﬁﬁgﬁwe
bonded to a substituent species. . The con‘pt%u

of agoantRfaTomppNdSL Rlaish] {P Lppsicqfin PWS‘ Oéﬁe%nes& thegeof. -
and X'" are nitrogen or nitrogen bonded to oxygen.
23. The 2¢ofvpornpring havingthefotlowingdfermilys not nore than
one of X, X, X', X'' and X'" are nitrogen bonded to
oxygen. 24. The conpound of claim2l, wherein X'' is
nitrogen or nitrogen bonded to 20 oxygen. 25. The
conmpound of claim21, wherein gvxX and X'' are
nitrogen. 26. The conpound nalal\m 21, wherein X, X'
and X"" are carbon bonded to aQ‘Sbrbstituent speci es.
27. The conpound of clai W%We t he substituent
species at X, X' and X'" |25 hydr ogen. -93- RTP
70241v1l WO 2004/ 005293 P}"N/‘USQOOS/ 020524

Cy

Formula 2

and pharmaceutically acceptable salts thereof,

wherein Q'is (CZ2)s, Q" is (CZ2)v, QM is (CZa)w, QY is (CZ2)x, Q" is(CZ2)y
and QVI is (CZy), where u, v, w, X, y and z are individually 0, 1, 2, 3 or 4, and the
values of u, v, w, X, y and z are selected such that the bridged diazaspirocyclic ring
contains 8, 9, 10, 11, 12 or 13 members,

R is hydrogen, lower alkyl, acyl, alkoxycarbonyl or aryloxycarbonyl,

Z is, individually, selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted

heterocyclyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl and

-91-
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28. The conpound of claim 21, wherein X' is carbon
bonded to a substituent species and X and X are both

woRarogens or X is carbon bonded to a substit uRET/US2003/020524

species and X and X'' are both nitrogen. 29. The
cormggﬁaﬂecp{rylgikzqi; m 21, wherein no nore than three of Y,
Y, Y' and 5 Y'' be oxygen, sulfur, nitrogen or

ni t rogegyhondechehiderd siHPSE thl HRlilaspeci es. 30. The
conmpound“of claim 21, erei n between one and three of
Y, Y, Y' and Y'' are nitrogen. 31. A pharnaceutica
conposition including a conpound of claim2l. 32. A
nmet hod of treating preventing a CNS di sorder

associ at ed mb@hjgbfsgo rel ease of neurotransmtters
medi at ed by nllcotilnjc receptors, conprising
adninisterin&‘\a?’ ffective anount of a conpound of
claim?2l to a patient in need of treatnent thereof.
33. The nethod of claim 32, wherein the CNS di sorder
Is selected fromthe group consisting of pre-senile
denentia (early onset Al zheiner's disease), senile 15
dement i avherteaeinefi2s 01Xt K& apd Xlds individnally pigrpgen, wiffpeepdgpded
denmentia, H V-denentia, nultiple cerebral infarcts,
Partk iorggen ios carbandioudiidrig a Rarskfueigtepecies ovsaeis 89 mprectharsthree of X,
di sease, Huntington's chorea, tardive dyskinesia,

hy per XY, e¥'sdnd X"h#&8 nitrogat dreittdgembateibd o dxygehi sor der

anxi ety, depression, mld cognitive inpairnment,

dysl exi @& C§6¥ Fapmenbeaedhvleroatomatel drfg of tigyfoaiudare. 20
34. The nethod of claim 32, wherein the conmpound is
adm nistered at a dosage effective at treating or
preventing the CNS di sorder but at a dosage that does
not result in appreciable\annun s of side effects
associ ated w th sinul ath.en af scle or ganglionic
receptors. 35. A nmethod \of gausing anal gesia, reducing
i nfl ammati on, treating tYeay™25 ulcerative colitis,

i nfl ammat ory and aut o-i mmune di seases, treating

neur odegenerative -94- RTP 70241v1l

where Y and Y" are individually nitrogen, nitrogen bonded to a substituent
species, oxygen, sulfur or carbon bonded to a substituent species, and Y' and Y™ are
nitrogen or carbon bonded to a substituent species,

wherein “substituent species” are, individually, selected from the group
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylalkyl, halo, -
OR', -NR'R", -CF3, -CN, -NO,, -C;R/, -SR', -N3, -C(=0)NR'R", -NR'C(=O) R", -

C(=O)R', -C(=0)OR', -OC(=O)R', -O(CR'R"),C(=O)R’, -O(CRR"):NR"C(=O)R, -

-92-
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WD 2004/ 005293 PCT/ US2003/ 020524 di seases, and/ or
treating convul sions, conprising adm nistering an

webdogobizee armount of a conpound of claim21 tBCHUS2003/020524

patient in need of treatment thereof. 36. A nethod of
tr QF{CRVIQ?]NRGS@RP ,abCHNEH", NKIE0)®IR"AISO,RT ST, NRIRS, and -
and/or t effects of toxins produced by such

I nhgeshgrs, conprising administering an effective 5
anmount of a conpound of claim?2l1 to a patient in need

of tr eaW@{%tR'% 'e;QE md%?dualll)y ﬁ%‘ﬁ%%ﬁi (91sz aﬁ]&@tc&agalkyl

i nfl ammat ory di sease,” pouchi ti s,

hagl t "
el BRI i B verﬁ eiréd?;f?%*e% f?%fﬁ‘@ﬁdégigban&%gsge,
cachegla S condar}/cﬂtéml8 tion, genetic diseases and

di £8PEIF L0 foqRac¥H ne di sorders conpri si ng
adn1n|ster|ng an effectiv nt. of oun 0 of ..
ol ai m 2B PSR s GPRed o e et he ike
38. A nethod of inhibiting cytokine release,

corpleisde fhy saleptifusnts deseribed a gﬂ ¢, gpitiag pith dalgend prding wigh -
compound of claim?21 to a patient in need of treatnent

t he¥RI®M.R", 8d. A nethod of treating ulcerative colitis,
conprising adm nistering an effective anmount of a
conpounshefeincthadash&tllinepindicp@tthat e bonds(betwear Y anddtandnt
thereof. 15 40. A nethod of causing anal gesi a,

C Orgetwesh YJardidy™i) BarSheadfithérGingte @ fdbatslé botals, veithnthieproofso that when
conmpound of claim?21 to a patient in need of treatnent

t h@h&R¥nd Hdvee YGRAYOK AQingRI 136E,8Fe bdnd Bedwen YT H1dIY" must be a
consi sting of:

’- (d%uﬂx bty dnki Vloenegh ARRPY bPY4is bk PN P Sulfur, only one of Y and Y"
7-( -pyr|n1d|ny y-1,7- di azaspiro 4]nonane 20

7 ( eﬂl%p % X fé!‘ % d‘;ﬂt gazaﬁ%% [)f){(' '41{n ©must be oxygen, sulfur,

-1SO azo I azaspl ro nane
g e i =
R RIS
X" are nitrogen or nitrogen bonded to oxygen.
23. The compound of claim 21, wherein not more than one of X, X', X", X"
and X"" are nitrogen bonded to oxygen.
24. The compound of claim 21, wherein X" is nitrogen or nitrogen bonded to
oxygen.
25. The compound of claim 21, wherein both X' and X" are nitrogen.
26. The compound of claim 21, wherein X, X" and X"" are carbon bonded to a
substituent species.
27. The compound of claim 26, where the substituent species at X, X" and X"

are hydrogen.
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7- (5-nmet hoxy-3 -pyridyl)-1,7-di azaspi ro[ 4. 4] nonane

w(@' 2q03/0a3283 opent yl oxy- 3-pyridyl)-1, 7- di azaspi r opdr/4$10031620524
ne 7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4] nonane
7-(5-( 4%m.y<dn@@©)@he[mm)ahﬁ 2pywhesih X' 1s darlsbinabondadits @ kubstduent
nonane

/- (sgec‘xaés hyax an@ P S 'bgt‘ﬁln)tro%eg ofl ix2% 38MBb BdrfedHoHABARuent species
| oro-3-pyrid di azaspi ro[ 4. 4] nonane

%ﬁd %B%Varg?%ﬂﬁtﬂog azi nyl )

di azaspiro nane -(3 -pyridyl)-1,

7 di azagpi vy
1- (5. v Pt %mou%&?‘*%“ﬁzzgsw%n PR b v Y ond

(&H: soxazol di az ane
T OB R R o o B bohds 1 A swgﬁ% species.
1-(5-(1,2, 4- oxadi azol 7-di.azas non " om
1-(2- (139 Iheosegmoa&do?f%%ﬂi whegin %I§P &‘“‘h]hﬁ Pide Y. Y
1-(2-pyrazinyl)-1,7-di azaspiro[ 4. 4]nonane 15

1- @8d ¥V rrmRiPgap| ) - 1, 7- di azaspi ro[ 4. 4] nonane 1
-nEthyI 7-(3-pyridyl)- 1,7-diazaspiro[4.4] nonane 1
_ et hy| 37~ Aphaymacentigilsgmpositioninelndinga pamrspnd af daimatle
1 -methyl-7-(5-isoxazolyl)- 1,7-diazaspiro[4.4]nonane
1 -met hylz.- A-niShodsafttieatag o yte)/enlinzad]NSzéspdmeﬁsaciﬂfm otifh tlee
20 1 -methyl-7-(5-(1, 2, 4-oxadi azol ) yl) -
1, Feldisaoaag@irstohdmidtn arediaeed by nivetihiy recéptdiR; doinprising administering
3, 4- oxadi azol )yl )-1, 7-di azaspiro [ 4. 4] nonane

1- rnteledtivéafndulIor @ 2byduhd bf dlait 21213 3 pafidd th rebd ofNBdagment
1-met hyl - 7- (3-pyridazinyl)-1, 7-di azaspi ro [ 4. 4] nonane

1- gL bof - 7- (5-met hoxy-3 -pyridyl)-1,7-diazaspiro [4.4]
nonane 25 1 -nethyl-7-(5- cyclopentyloxy 3-pyridyl)-

1,7-di a48s Fﬁlé %Ltfﬁoél LM&H@%, wherein the CNS disorder is selected from the

group consisting of pre-senile dementia (early onset Alzheimer’s disease), senile
dementia (dementia of the Alzheimer’s type), Lewy Body dementia, HIV-dementia,
multiple cerebral infarcts, Parkinsonism including Parkinson’s disease, Pick’s disease,
Huntington’s chorea, tardive dyskinesia, hyperkinesia, mania, attention deficit
disorder, anxiety, depression, mild cognitive impairment, dyslexia, schizophrenia and
Tourette’s syndrome.

34. The method of claim 32, wherein the compound is administered at a
dosage effective at treating or preventing the CNS disorder but at a dosage that does
not result in appreciable amounts of side effects associated with simulation of muscle
or ganglionic receptors.

35. A method of causing analgesia, reducing inflammation, treating treat
ulcerative colitis, inflammatory and auto-immune diseases, treating neurodegenerative
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1- et hyl - 7- (5- phenoxy- 3-pyridyl)-1, 7-di azaspi ro[ 4. 4] no

WO 2008/005293 PCT/US2003/020524

1- net hyl - 7- (5- (4- hydr oxyphenoxy) - 3- pyri dyl ) -1, 7-di azas
pl rdNefeé laN@BARGIIng conVBLRYS, cdmprisigt Mkm&%rdfﬁyﬁv):'amount of

, 7- dlazasplro[4 4] nonane 1

{aﬁ%oxnd(cﬁ’gﬁ% 9f 90 §pd?i¥ﬁt' i Mée)d o%trzan%ﬁmwfr 0

nane - et hyl - 7- ( 6- met hoxy- 3- pyri dazi nyl ) -

% ZTE? Ih;lléelsgl chh o%}gr@ﬁ]@%ggeréfl al and/ctr v1rz]] infections, and/or the

S pyri ez as piro nonane’

7 b s A o RO e 08
16%0?1 ofa co&podn%ootf Ig aim { X)l z) patient 11(1:j he% a cl-:artr(r)lLrﬁ tlfre]reo nane

7-methyl -1 -(5-(1 4- oxadi azol )yl ) -1, 7-di azaspi.ro[ 4. 4]
nonane 37- Adnet md’_olf treating inflammatory bowel dlsease pouchitis, acute

-(2-(1, 3, 4-oxadi azol )yl )-1, 7-di azaspi r o 4. 4] nonane
7- redaplaygitis, aplithous stomatitisy pathritisyneyrodegengtative Jissases, Growfafeld-
7-methyl - | -(3-pyridazinyl)-1,7-di azaspiro[ 4. 4] nonane
2- (J8kobpdiscasty tachXi¥sedorsarydp infwtipﬂ,.gfqmi@ rdésagses &d disorders, and/or
2-(5-pyrimdinyl)-2,7-diazaspiro[ 4. 4] nonane
2- (dmto-momaedisptderstoihptsing abipiniserihgdanidffeotivermmount of a compound
2-(5-isothiazolyl)-2,7-di azaspiro[ 4. 4] nonane

2- (¢Fclaim 21 o HPARIEE @LANOS iredméntdhe@dspi r o [ 4. 4] nonane
2-(2-(1, 3, 4-oxadi azol )yl ) -2, 7-di azaspi ro[ 4. 4] nonane

20 2- ( 2-3BYy nagéthyd orighitfitifld SAGSHR eRAsE; dlnpiaR @dmitisteding an
-pyridazinyl)-2,7-di azaspiro [4. 4]nonane

2- (gfemeqmng’ofaﬂ)fngwnh of clainth Pl RtibR ifnebl BORMRent thereof.

cycl opent yl oxy- 3

LUECS R b A ———
effective amount of a compound of claim 21 to a patient in need of treatment thereof.
40. A method of causing analgesia, comprising administering an effective
amount of a compound of claim 21 to a patient in need of treatment thereof.
41. A compound selected from the group consisting of:
7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5-pyrimidinyl)-1,7-diazaspiro[4.4]nonane
7-(5-isoxazolyl)-1,7-diazaspiro[4.4]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 Jnonane
7-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane
7-(3-pyridazinyl)-1,7-diazaspiro[4.4Jnonane
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2- (5-(4-hydroxyphenoxy) - 3-pyridyl)-2,7-di azaspiro[ 4. 4]

PCT/ US2003/ 020524

2- (Besahbuiel3-ByriyD)H 10 zadpirol 44 morepi 1 O[ 4. 4] nonane
2-(6-chloro-3 -pyridyl)-2,7-diazaspiro [4.4] nonane

2 ( 2 4.4
e Wnonane 5

2 “ﬁmengxﬁﬁpﬁ%ﬁCi,Xﬂa&alefd[ﬂxjnLn&e7 di azaspi r o[ 4. 4] no

2- 7 (5 _

T e R o D, o 9

- pyr&yaifw‘yg? PR Y A sp B 4 RRRER: £ ono 70°°T 0 23
X 2.5-dj )

pyr é%lgro 31py§3%l égyg%ﬁpg? azasg:n;o[ls 4]octane 6-(3

-meth 6- (3-pyridy 1, 6- dlazas iro [3.5 ]nonane
2- (B( fﬁ?ﬁhp’@ﬂ PerdaZ‘Bylg -bi7fharaspinol 4] 80‘9‘11[’ nona]ne

5-net hyl - 2- (3-pyridyl)-2, 5-di azaspi ro[ 3. 5] nonane 15

2- (13(3p1§bmdd1)11)7-®a@5m1‘0 %199@%“@[4 5] decane 6-nethyl - 2-(3
-pyridyl)-2,6-diazaspiro [4.5 J]decane 7-(3-pyridyl)-

1, ﬂ—tﬁ-mm;iimm{l #-dizdspomfred Jionane

-met hyl -7-(3-pyridyl)-1,7-diazaspiro [4.5 ]decane 8 -
(3 r-(yisoxhyblyl)-117-dizaspiiofz4japnane [ 5.5 ] unde c an e 20

1-nmet hyl - 8- (3-pyridyl)-1, 8-diazaspiro[ 5. 5] undecane and

phay-(BRewtaks1i)1y7- (ﬂﬁz@ﬁﬂbm]ﬁo&ﬁéts thereof. 42. A
conpound sel ected fromthe group consisting of:

@ ay, A Qilzld)asél?)';l% P Ib d?arz]gs?ﬁprQt\]ﬂanne{ 2.2.1
1-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane
1-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane
1-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-pyrimidinyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-isoxazolyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-isothiazolyl)-1,7-diazaspiro[4.4]nonane
1-methyl-7-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4Jnonane
1-methyl-7-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4 ]nonane
1-methyl-7-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane '
1-methyl-7-(3-pyridazinyl)-1,7-diazaspiro[4.4nonane
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
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wa2e0de2yx| opent yl oxy- 3- pyri dyl)-spiro]

1' - (5-ethoxy-3-pyridyl)-spiro[ 1l-azabicyclo[2.2.1
] hept ane-2, 3' -pyrrolidine] 25

1-azabicyclo[2.2.1 ] heptane-2, 3 -pyrrolidine] -98-

RTFI-IZ&B I s Meh Q0 937-febspioP IRoAR0 524
-(5- pﬁéngxgﬁg pyr?gyﬁ? spiro[ 1 ggablcyclo[z 2. 1

] helpﬁlétﬂﬁ 254 ]@Mf&(%ﬂe%)@ﬁk-pyndyl) 1,7- dxazasplro[[4 .4]nonane
- (5- (4- hydr oxyphenoxy) - 3- pyri y )-spiro

aaq@aﬁé ﬁ*élnyﬂ'kg%ppo ?dégﬁ HOQMX%B%EgIEfLeptane 2,
!B b hTLRAR
B e

1 azablﬁy ;] ept ane 3' - pyrrolidine]

Jemethy 13(34936393]&11 Z‘BFZ)“%‘ I‘%‘éf‘??ﬂnel azabi cycl o[ 2.2.1
]hggtane 2, 3" -pyrrolidine] ‘b§2 pyrazinyl)-spiro[

@Bﬁhﬁly’c:(ij]?ﬂln?dll}yl])ﬂgﬂl%"}@ﬁz[ InpRARe o1 i di ne] 10

-(3-pyridazinyl)-spiro[ 1l-azabicyclo[2.2.1
] he7pmat|h¢1- D(Bisoxpgelybili7edizgradpiro[4.4]nonane

-(5-ethynyl -3-pyridyl)-spiro[ 1-azabicyclo[2.2.1
] hepmathgl- 2(Bisethiazolpl)-l Jidigdhspiro[4.4]nonane
1'-(6-chloro-3-pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 1] hepta
n e -RmethyPy(3-Aal,3,4lbxelazol)yl)-1,7-diazaspiro[4.4]nonane

- (6- met hoxy- 3- pyri dazinyl)-spiro[ 1-azabicyclo[2.2.1
] hemlamr-ﬂ(i’ng Y-k idz6)y1R] 7 Yiazkspirpard]syane spi ro[ 1

-azabicycl o 2. 2] octane-2, 3' -pyrrolidine] 15

1" -A DBl hgz(gyrg’zn%()ri ?‘-ﬁla)zasgﬂ%['ﬁq finchane

azablcycl oct ane- pyrrolldlne]
). h
1 azglleo&% @F@‘%Ll%‘g}:? a‘ﬁ%ﬁgfggwﬂ@@? O{I dine] 1
|ro 1-azabicyclo [2. 2. 2]
oo BB E T Bt apo
1 5 (4 h dr yphenox ridyl)-spiro[ 1
az Eﬁ@ﬁ}"&‘i“ P@é@? pé%t“ §¥ f)yrrol i di ne]
(5-ethyn yridy splro
1 a%éﬁoise’?éf’%{)‘? 72‘5)‘2?&’3(0&%% Inonage _ pyr ol i di ne] 20
-(6-chl oro- 3- %yrldyl)h%flro[
1 o Ehisethisrely-2-dipzenitgbfed]nomne pyr r ol i di ne]
-(5-pyrimdinyl)-spirof
azZ&tﬁ ﬁy2;4-o{(aﬁhai2012>}1)32,t7aiwea@1r3f4'4ﬂmmnﬁ i di ne]
1'-(2-pyrazinyl)-spiro [ 1 -azabicyclo[2.2.2
] oc2-em@;X4-o8adiqay)y1pd 7 diazegpiro[4.4]nonane
2-(2-pyrazinyl)-2,7-diazaspiro[4.4]nonane
2-(3-pyridazinyl)-2,7-diazaspiro[4.4]nonane
2-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-(5-cyclopentyloxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-(5-phenoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-(5-(4-hydroxyphenoxy)-3-pyridyl)-2,7-diazaspiro[4.4nonane
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1'-(3-pyridazinyl)-spirof
1-azabicycl o[ 2. 2. 2] oct ane- 2, 3' - pyrrol i di ne]

1- azabicycl o[ 2. 2. 2] oct ane- 2, 3' -pyrrolidine] 25

1" -4 p5-tRpyRI DN Ayl B Ridla04 ﬁoamqawnsﬂecIO[ZZZ]
octagset ﬁgﬂ g@?f%fldlnefp [99 RTP 70241vl WO

20%2@8&&%% fygg lwawgga%wnonane

I sothiazolyl)-spiro

L a‘f@"b*g'%%gkﬂ §g¥dg§%gxg?%“cﬁgz% sl bt o1
5 a%abt}‘f}{g‘(ﬂ’g}(dg’dzl]'})g‘%‘?nﬁ"fd%4§ noRY roI i di nej

azo
2 d|ne
1 gme&&ﬁ@éme%@ e @Fyi)ffﬁgf%%
t ane- pyrroli %
fsle%% M%yhesw@y%-mﬁm) 7-fiaggspirelft- 41“°3%‘3§’o| cyclo[2.2.1
]heptane 7, yrrolidine
Q@MYB;J&@W%NW{%QW Ryl )-2' Hspiro [ 1
azab|cyclo[2 2. 1 ]heptane-7,3' - pyrrolidine]
1'-Lﬁwﬂbbﬁéiywﬁhﬁvm@d@h%P&NﬁMhﬁkm@[ 1-azabicyclo[2.2.1
] hept ane-7, 3' - pyrrolidine]

1" - 1-83-pyridyl)elt, HiligpisgirogX ¢ Joe@nyr i dyl ) - 2' H-spi r o]
1-azabicyclo[2.2.1 ] heptane-7,3" - 10 pyrrolidine]

1 '§-ﬁreﬁf}'|l-gf(©-pﬁi@loﬁj,ﬂ§ﬂaﬁasﬁfrdf8.gllicfaﬁé 1-azabicyclo[2.2.1
] hept ane-7, 3" - pyrrolidine]

1" - §-p3-Pidyiyl 106- amka)spl?o[tlsﬁﬁhzfn@[ 1-azabicyclo[2.2.1
] heptane-7,"3' pyrro i di nej

] heét?“aeaé)i %%WA%;/} f'aéﬁ’dﬁféiji’é[3$]ﬁoﬁgxﬁbl cyclo[2.2.1

]hep? %Mﬂ% H‘g‘f‘%")rs%‘ 3 EB%u{n[ 1-azabicyclo[2.2.1
1 oS Byer Py ﬁ%%ﬁsﬁ HEFFSR ol ey

zo L 1-azabicyclo[ 2.2

heét%%\lﬁzg DL hphasarali3 g

]
1' - (5-i sothi azo 2. Hsp |ro 1-azabicyclo[2.2.1
] heémﬂ@y o Ty b Figparpols Sldecins

-(5-(1, 2, 4- oxadlazol)¥l) 2'Hspiro [
1 aiﬂbpmdﬁl)o{ Pdipzaspirgidpldeeanc 7, 3' - pyrrol i di nej
1'-(2-(1, 3, 4-oxadi azol )yl )-2' H spi ro[ 1- azabi cycl o[ 2. 2.

1] hemmh}é—ﬂ(?’-?pyﬁw)-hbldladasmc}[%ﬁr]dtcarzo phar maceutically
acceptabl e salts thereof. 43. A pharmaceutica

COI’TBQS—IquhM) Ledneaspirs[§. Shmdehahect i ve amount of a
conpound of
1-methyl-8-(3-pyridyl)-1,8-diazaspiro[5.5]Jundecane and
pharmaceutically acceptable salts thereof.
42. A compound selected from the group consisting of:
1'-(3-pyridyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1'-(5-ethoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3"-pyrrolidine]
1'-(5-cyclopentyloxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3"-pyrrolidine]
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1'-(5-phenoxy-3-pyridyl)-spiro[ 1 -azabicyclo[2.2.1Jheptane-2,3'-pyrrolidine]
1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-
pyrrolidine]

1'-(5-pyrimidinyl)-spiro[ 1-azabicyclo[2.2.1 ]heptane-2,3'-pyrrolidine]
1’-(5-isoxazolyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3"-pyrrolidine]
1'-(5-isothiazolyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1'-(5-(1,2,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1'-(2-(1,3,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1'-(2-pyrazinyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3 -pyrrolidine]
1'-(3-pyridazinyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1'-(5-ethynyl-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1’-(6-chloro-3-pyridyl)-spiro[ 1-azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1'-(6-methoxy-3-pyridazinyl)-spiro[ 1 -azabicyclo[2.2.1]heptane-2,3'-pyrrolidine]
1'-(3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine]
1'-(5-methoxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(5-cyclopentyloxy-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine]
1'-(5-phenoxy-3-pyridyl)-spiro[ 1 -azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(5-ethynyl-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(6-chloro-3-pyridyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(5-pyrimidinyl)-spiro[ 1 -azabicyclo[2.2.2]octane-2,3'-pyrrolidine]
1'-(2-pyrazinyl)-spiro[ 1 -azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(3-pyridazinyl)-spiro[ 1 -azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(6-methoxy-3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'"-pyrrolidine]
1'-(5-isoxazolyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine]
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1'-(5-isothiazolyl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3'-pyrrolidine]
1'-(5-(1,2,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3 "-pyrrolidine]
1'-(2-(1,3,4-oxadiazol)yl)-spiro[ 1-azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'-(3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3 -pyrrolidine]
1'-(5-methoxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidine]
1'-(5-cyclopentyloxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1}heptane-7,3"-
pyrrolidine]

1'-(5-phenoxy-3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1]heptane-7,3"-pyrrolidine]
1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1 Jheptane-7,3'-
pyrrolidine]

1'-(6-chloro-3-pyridyl)-2'H-spiro[ 1 -azabicyclo[2.2.1]heptane-7,3"-pyrrolidine]
1'-(5-pyrimidinyl)-2'H-spiro[ 1 -azabicyclo[2.2.1heptane-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[2.2.1Jheptane-7,3"-pyrrolidine]
1'-(6-methoxy-3-pyridazinyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3'-pyrrolidine]
1'(5-isoxazolyl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-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] and

pharmaceutically acceptable salts thereof.

43. A pharmaceutical composition comprising an effective amount of a compound of
claim 41.
44. A pharmaceutical composition comprising an effective amount of a compound of

claim 42.
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