10

15

20

WD 2004/ 005293 PCT/ US2003/ 020524 N- ARYL
DI AZASPI RACYCLI C COMPOUNDS AND METHODS OF PREPARATI ON

Wé%)%‘#ﬁ?’g%HEREOZ Field of the Invention The Pfl@f/%giooslozosu

rel ates to pharmaceutical conpositions

i ncorp g 04N

i cot | AARYIPEAERSRHLICYERRE ROMPOIBE AP ME T FHODS OF
nodul at ors of specific _nicotinj ept o bt ypes.

The present inven?B@HAEﬁQHOP%ﬁgﬁggﬁgTaFh ds for
treating a wide variety of conditions and disorders,
particularly those 5 asFisid efitheIRyeptionjysf uncti on of

the central and autonom c nervous systens. _ Background
of the | Hhepreseoriniinton iefatesdx haphaosutcal compepyiogsfincorporating
phar macol ogi cal effects (Pullan et al., N Engl. J.

Med cord@iin8sléhp @il S of afB&hE)nicatioive halfnendid eteptors feheyample, as
neurotransmtter rel ease (See, for exanple, Sjak-shie
et glodulafBfsHfBpdddi nid8fic 28kptod 2BBpes. \Whe peesent invention also relates
neuroprotective 10 effects of nicotine are proposed).

For ¢ £t @i sor ﬁ%ﬁﬁ%& Slaevifigy oflRRATbMRANd dREFIER) FABATaL those

serotonin and glutamate are rel eased by neurons upon

RSl 01 O TSy s

Neur ochem  50: 1123 ( X Mnfdntigh-» Brain Res.
567: 313 (1991) and \Aﬂz”?,ﬁ%?’éﬁmgh’ér macol . 47:765

(1973), (Hall et.al., Bio m__Phar. ;

(1072) " 1Rty Bhivfly a varih X Dol O RERfecrs (AT, N Fngl 1
296:;91 (1977 and Toth et al., Neurochem Res. 17:2
(1o y30b b3 BBE5ope pbviiEh ais dOS FariroBTP 5 50pe (e
studi es show that nicotine admnistration nodul ates

gl ufoaexanenle, Siakrshie epali. Faain BapA24-LAXURH: Where pSpropEptRdwe

and peptides in the central nervous system (CNS)

( r eeffastsed nicatiBrirepiopased)a [For example, agfylghaline flopagyme; 53
(1997)). N cotine also reportedly potentiates the
phansreindphgineg a¢ro@Binlaad ghiaoratesire rsisased by ngirenspow admigistration
conpositions used to treat certain disorders. See,

f or oficvtint RovaHDEN, J. Mduradhen. SEIAELOSH); RBpiocttah J. eurochem.
Behavi or 46: 303 (1993); Harsing et al., J. Neurochem

ﬁl 9: é@gﬁzg%@s?);@aﬂddﬂum@gmiﬁ’mc e6Td3 Y5991 @nd Viad, |Br. Spharmacol.
| C. -

47:765 (1973), (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 syétcm (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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RTP 70241 v1 WD 2004/ 005293 PCT/ US2003/ 020524 (1994).
Vari ous additional beneficial pharmacol ogical effects

W(%go.}oﬁﬁﬁi ne have been proposed. See, for exapPl/s2003/020524
cina et al.,

2 Bi ol . P;ychiatry 28: 502 (1990); Wagner
Sli g?‘%‘f); arplsRgRe &5&6@%@%&3@%@%@%&? o gRERp B8} oen
., Li i. 54(3):19 994, - ' be. .
el S80Sl AT By i o e

in Pharmacol. Res. 15:36 94). | n addit,,Qn.t . .
i e Plarmiapasiyahiaiy Tt S15P90 omep it At istieviay 9269
purportedly useful for treating a wde varj of

C orPH) B eI S - a1 g . PR a2
et al., Drug News Perspec. 7(4):205¢§1994 . Arneric et

al . The€N3101 (1§8Reavnd Hampn,) Frands 1oBRlymagyl. Resila:36 (1930). |

Exp. Opin. Invest. Drugs 5(1):79 (1996); Bencherif et

al ., 10 I addPfar tombootindHxself, alvaeiety of HiBotimd Gonfio88ds)are purportedly
Lippiello et al., J. Pharmacol. Exp. Ther. 279:1422

( 1926 fdPaeRing@twidd varielyaifcomtiticns ard didR8ct). JSeePoacxmaply, .
Exp. Ther. 29%: 390 (1999); Chiari et al.,

Anegliligns a0 I9r3 Wekd PerspdD9@):203-@ 9 IARRHTE: ah\ANS Drug Rev.
Ei m@%@%%ap%ﬂest hesi o'I‘Sggy g)l 154_25 1999); I—Iollada;uget

at . . 4 . ) AB&HRAerfflet al.,
ol MO Al e e e T a5 TR e
15 31475, P . : Pat .

5. SRR O e ARcE P ap s Mt oy B PRIl Erp Ther
al ., 5, ol t o Sm et al. 2. 04 .
oAU (1988 DeRpel iansiretra R HTR By 1. mher 291:390
compounds are reportedly usef ul r treating a w.de
var(1893); Ghiarigl 4iugsihgeolesy %éb“fbﬁ@?’%iﬁ#&ﬂé‘,&ﬂ?@d%‘“ﬂm’
Patent Nos. 5,1871,166 to Kikuchi_ et al., 5,67 0

t o DieyhesidpgyH1:IHET (\ABP) Slobladay &t almd A@r%@’%dﬁ@& 1169

20 UK Patent Application GB 2295387 and Eurggean
Pat@897)Bainoe eftal.ofriae7 215 37 (O98); BCIVAOHH889% PG TWHe.
of neurol ogi cal disorder. They can be drug induced,

at t96/11478PATOW OBIMIGE2, and EC8. Ppioat Nosoh 583, Hilde Beaghentet al.,
trauma; or of unknown etiology. CNS disorders include

neus,sryohe Bull ecal(l5,504,0%) t Sntithiet all gl 862,041 sceCesferd atal.
mental illnesses, and include neurodegenerative

di seaseicdimband s Albstitic@nipousd g repordifiuseflior geating a

and 25 cognitive affective disorders. There are _

S eVigia8 barfrb e id6HISs WL for dnil& .. 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 Patént 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, co gnitive disorders and

cognitive affective disorders. There are several CNS disorders whose clinical

-
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mani f estati ons have been attributed to CNS dysfunction

wd%(m%ooszg" sorders resulting from -i nappropri atyie32003%020524
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neurotransmtter rel ease, inappropriate properties

of neurotransm tter cept o h 2 QRGBS &b Bing fr
B B e B PRGNS gPftcBtn (335R6RRK!Akig from
neurotransmtter -receptors). Several CNS. dj s can
be 1BAPPFIPHRtE deyels oF ae"sf’t%éf‘flﬁﬁz‘%ﬁﬁg eowns%waa%ﬁp%?%g&? ne,
nor epi nephrine and/ or serotonin. Relatively co ONH
di SSHIPEPRSIHES FEFERIOTSy WX maP%ma%ﬁ‘r%’r??eF%t“?‘ég?‘?‘“ﬁ?“o‘h“%é’?‘an ers
Al zhei mer' s di sease), senile denentia (d nenLL%ﬂ?f t he
Al zind ingretransmiftigeeceniore) GevarpCAV T disedsr fan bg atinbutedto a

Al DS-rel ated denentia, Creutzfeld-Jakob di sease,

Pi adefisientiyoé elsndine, doparking,qworepinephirine PRGNk nson' s

di sease, progressive supranuclear palsy, 10

Hunt i ngRehtiselg bannan CNSrditowdersdydiderpesssenile Herpentia (eseyopset
mani a, attention deficit disorder, anxiety, dyslexia,
S C hA iZRdphéey diseasd) @phiksdRnentia (daaasmiof the Adrpirhers\tgpe), micro-
di sorders and Tourette's syndrome. A linmtation of

S ON{B e BQhdniih CAIDRIRBIAWEESial ORULZFbBIakab diseass Ridkit digtase,
with various undesirable side effects, for exanple,

by S R GudThS PoBinstiats daae proplessivekbphanetit pilsy, |t
modﬁgbgghgggﬁgg@ﬁg to have conp%u%%s, conposi tions and
methods fox I i hybdrEiadsia thaiia] dt@pkfon deficit
e ARk oG Bl 8 ROy SRRl o

or di'sorders (e NS di sorders),
incl.uding alleyiating,th . Qf S8-cHinpRkide iSorders
wh %’“ﬁeﬁ’%“%%hp%?ﬁﬂeég’ %%W@F?Mgﬁ%@é ?ogi %ﬁsgﬁar r?acgl olgy '
wth a beneficial effect (e.g., upon the functioning
of FnAdouteREss SYMIMEyi ¢ hout signi ficant associated side

effects. It would further . be high 0 .desi :
provi de AWHRIRQE SO f'oﬂﬁ%’i‘ft‘i%wg‘%&{ﬁis tﬁ%tt I c?gé %Eé\ct?atédqmﬂl
effect CNS function_ wthout significantly eftfecgting .
© hosgowsaudrsishle s ey [oRHETPIHY SURHER LS S spfionic

i nduce undesirable side effects (e.g., appr eci@bl e
actreveptoys. dt would 8 desirglla aliava FRMRAVESS FRPPOSHIRRE frid methods for
sites). The present invention provides such_conpounds,
c onrowntingmms/oa réatingwaim sonditions 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. 1t would further be highly
desirable to provide compouﬁds, compositions and methods that effect CNS function
without significantly effecting thése 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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25 -3- RTP 70241vl WD 2004/ 005293 PCT/ US2003/ 020524
Summary of the Invention Conpounds, pharnaceuti cal

W@mg@gzgj ons including the conpounds, and nepbDUs2005/020524

preparati on and use thereof are disclosed. The
conmpounds are N-aryl ' ' Sehiién COMPoOuUNds,
bri dged anal ogs of Nﬁg#lgfagg?tytpg I azaspirocyclic 5

conpounds,, or pr,odrugs or. netabol.i .
co % ounds Cmfﬁ 1PngF,>H atgi}agﬂglc:aﬁg:ﬁmgégl a&n@ ?r}c\f/l{ed}]{g]g?é@ompounds, and

i X- menb het | i i - 1)
Z)y 5 ?d?lya;;sgzgyalﬂl%;&ga%@f&dk% gfiﬁidf 4 8%@8{:‘1%@ gii?%g’spirocyclic

bri dged anal ogs of N-heteroaryl diazaspirocyclic

c onpauprasds, prirodiags or metabolites of these compounds. The aryl group canbea
1'-(3-pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 10

2, 3' - fiver ol shaimesbered haterogyehiotingidetarearybo Fzamples ahithe Naagyl

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

C ongibdakos el cotlippondiandydeFag3tiycdylp [7ydiazaspine[ 44 Joonage sl 1-(3-
characterized by dysfunction of nicotinic cholinergic
neur gridi)sINi-giataepiro[4.Aforshien Exathples aftbridgédanalogs ofN-heteroaryl
neuronodul ati on of neurotransmitter release, such as

dop it ABirdGHRADErpotliS ifkuddi1S @Lsi@is!)-spikv] Cazabloyclof2.2.1 heptane-
characterized by an alteration in nornmnal

neurotransmtter rel ease,y ifnRg.her exanpl e of

di sorders that can be treéteg&%nd/or prevented. The

conmpoungs and 0?18%81 I {nﬁgsgﬁ(ﬁ@ @z\\/rgt}te\sll%e@tg di'rﬁﬁ%dﬁo? prevent a wide

al | evi at'e” pal e ne s 1n nistering to
hj JLeffect.i .
SO OT RS TR O 80 el chrzod
or CRUABGRO BeRiEs SRFREBEqH TP ey P APl e Eiving

di sorder. The pharnmaceutical c

it i ngl ud
ef fnsgrompgulation gfincpptrangmiticr 6%’6% § Sﬂlﬁ 8@%8!%%?%‘%? g?hﬂf

Wien enpl oyed in effective anpunts, the conpounds, cap
i ntdisoeders, which arectharpetarizedi by 3p pligretionde g nelrqtEausgiitetfeicase,
subj ect 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

-4-
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agent to prevent and/or treat a wide variety of
condi tions and disorders, particularly 25 those

wdjitﬁﬁ’/ 535 characteri zed by an alteration in nErmes2003/020524

neurotransmtter release. The -4- RTP 70241vl WO

2004/ 005293 PCT/ nl uals suffering from
corfBSF R hhen QHRRE0 ploRid vt F‘S“*ﬁ"s%‘??‘%“ fifuals suffering f

%g%il%x c?mla rﬁ; %%@Eifnf?{gf rl?ﬂi"g}agifg%%%f R o W,
{ mplaoRh HeFct spris chasogmrpe et i pe oL LD SRt ©

and affect relevant nicotinic recePtors S|tes %gﬁ%&t
bi mékotinic pharmaealeayringd atfect r)evapiglistia CF%CGBﬁBde‘F & 0
nodul ate their function, and/or &@ mpdul a &

ne mictinia peatilcholine wewmtars prshmadiate fgis Tyncton Apd/gn{d) modulate
suppress the synptons associated wth those di seases.

| n negidirirsmitier tdoeetion apbibmnsisrevemh and suppragsithe sympionif Astnsiated

of nicotinic cholinergic receptors of the brain of

t havipathbsediseaséd. i additioittie compowpls oare () altes thefnumbesofzingtinic
(ii1) when enployed in effective anmounts, not result

i N BPIeRS RMpRra6MRS Brainsifde phfieraf (ipethibi(eumpprotesitisectfects and
effects such as significant increases in blood

P 855 When &Bploftadh bifécalamoitd) BbiirbsuR i appe@iiblowdvetd odd s
upon’the gastro intestinal tract, and significant

eff ﬁ%& nS arﬁ%&%ﬁ{cﬁ Ls Hgﬁiﬁl:ﬁﬁ mcfEQé%s G165 65¢lire Gad heart rate,

con‘posn Ieved to be safe and effective

yéfﬁp%lifge}g%rngsaﬁtv : on@% ltl'g: agﬂ'gmw 621 IR Lan@bigRifvhisl @ffects

ondi or ers. 15 The foregoing

d n
Z)rz bllpgﬁtx ggiftq?ﬁp Bé?)al ep aﬁ'mf'a ufe EI‘? m];)cﬂgﬁgée %rg Pfl%{vlé‘% tr? bg r%fe and
P o 5 8 P B i

|ncI udi ng the conpounds, "and nethods of preparation
andlisgsd®rs: her eof are disclosed. 20 The fol | ow ng
definitions wll be useful in understandi,ng the detail
and  bodhelfregoingiaad pleraspecspiiee RessptinyRRoR AP &F a‘“ﬁ"‘ etal
used herein, "alkyl" refers to straight chain or

br dn dieeﬁtadéd(dﬁlscnpadn azgd examples set forth below.

Detailed Description of the Invention

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

The following definitions will be useful in understanding the metes and
bounds of the invention as descri‘bed 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, carboxyl,

.5-
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i ncluding C1-C8, preferably Cl1-C5, such as nethyl,
ethyl, or isopropyl; "substituted alkyl" refers to

woMdeYboshexdi cal s further bearing one or nore sulstis206n20524

groups such as 25 hydroxy, al koxy, aryloxy, mercapto,
20530y B85 55 B 88 el RSm SRS oL Rt

ch et e F AP R e il il one
L Bl bo SR ra B P G s e

refers to al kenyl radicals furthe bear i one or

o HEATHIGIREE PF R SURSHBIGRETORDS a%f“?‘ﬂ@@ bRy, 83,"’?‘9"@9’2 | S&FY) -
refers to 5 saturated or unsaturated, npn-qfoE$tic .

cy shiutatedion gnsetwated, pemeromal. €xalis g ceRipiAIng gadiqafs containing

ei ght carbon atons, preferably three to six carhon

at dlweg to'eighib sarban atesus, prefasabiythesr to sixcprbpratorsic yesttedy |

radi cal s further bearing one or nore substituent

Or @yfsalkydSretted iorgcloakyd vajcalsdngther beasing one ergnere s¥hitifuent groups
radicals having six to ten carbon atons; "substituted

ar ik defirefl @bdve] Ayl tefers td@tanadtis ridicalstavin elarté teg cadhen afoms;
nore substituent groups 10 as defined above;

" aledgyds Al aryl ek REsSto hify] Aldicyls fiortes béakitg enb amydre substiitoert groups
"substitute al kylaryl"™ refers to al kylaryl radicals

f urt BeneB SB0ve M ANORB IOf TPl LS A Hstifuted Ayl SHdivdlsssabstituted
deflnedlabove; "arylalkyl" refers to aryl-substituted

| kyl, radi cal & o ) D an ]
g i s g
? g?iéﬁl'getdfa Qieagz{q%glfcil’d ?%f?rs gef -ﬁlﬂstﬁgtg&' Ryl A8 eqwednted

S u unsat ur at cyclic radicals 15
AR TR A P R Do o il fi6ups as
b t inth [ ; "substitut het Sy
et I T

or nore substituent groups as dﬁf l\ned abg%e.. 115‘l nd
Coregeaining ope orrRere hgikioiomsde-gr O Ne 35 ot PLDS Ung PEIehIT 1
conpounds, bridged anal ogs of N _heteroaryl o

di devisplvoioperen cabonifona dsthe Hrgd F%BW&P%F%%‘[WH Felers iy

t hese conpounds, and pharmaceutical ly acceptabl e

s alterdchalyleadicals 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 compbunds, 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

W69664ﬁﬁ$529§” ppocanpus, thal anus, basal gangli a, penars2003/620524

spinal 25 cord. Wen so bound, the conpounds express
oo BBI BRL00 FRksls el etdink fopifine
b SR e e PG M E e,
S BB RSl B8 RO ol B i

neurotransmtters and neuronedi ators. 5 Receptor

bi nﬂlidrﬂgur@@‘ﬁélﬁtal’&s provi de a nmeasure of the ability of
the compound to bind to half of the re]evant cept or
sites ofReceptordinditgy conplanieprpyidep mepmirgoftpeapility St@?c mppgund
exanpl e, Cheng et al., Biochem Pharmacol. 22:3099

( 1963jnd t7 half pithe peleyrnt réxepidi sitgs obeesminfrain eflisof the patient. See,
conmpounds descri bed herein generally exceed about 0.1
NM for edatrple, ChaRed alb Boathet. Riidrmannd 223080ER73)y Tog easentor
about 10 nM and are often | ess than 10 about 100 M

of tiAgihEEsialid 6f Ab euthpotdsddsaitad heremigendrally dxesss abdaf.1 nM,
about pM  Preferred conmpounds generally have

I € C&ith Qkcelil BHuR 9 nb0 BSd Adtuently@sbeet ABSut A0 @M, akl dve oftdd less than
sonmetines are | ess than about 1 pM and can be | ess

th ad%o@tbl%ﬁﬁi(g&%@teﬂ Mss hiEatoRMRQINM dad HequehilpRsh ther it Sqev.

denonstrate 'a nicotinic function by effectively

acty vat i neur ] i th8n about 2.5
b T S U R bl el e

t he conpounds.cap _act i r

rel ssé’“gﬁn?%%rf éetséﬂ"ﬁlé élfc’)‘?' }’féﬁlg, ?ﬁdec,%‘%g geggn&%é %2}1 (ij@o%'e r
neurotransmtters. .Generally, typica .

act i vat e HaGBHRT sé@&'ﬂ@?%ﬁ’ﬁ%ﬁ cﬁnﬁ ?fhskx gte%?u r@?ﬁ? gglgtmnob e
third, typically at |east about 10 tinmes less . :

f r enflseiiva Ackvating AN ORBT T oo ben gL endif preparations (L.
sonetinmes at |east about 1,000 times |ess than tgosle

r eqynansesomes). AstsichatlietsFoBPOVRLS SPEaciiyafe fﬁi‘?"&ﬁ‘t’}ehﬁ"es golease ot
receptors. Certain conpounds elicit . dopam ne secretjon

i n sorcwmoetyichalive cdepimine,codptheramuEotepsRitigs. SenEd!yePisy

an equal nolar anount of (S)-(-)-nicotine. . )
compounds activate dopamine secretion in amounts of at lcast 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 (8)~(-)-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, Hanschetal., J Med. Chem.11:1

7-
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Preferably, the con‘poUnds can cross the bl ood-brain
barrier, and thus enter the central nervous system of

wd}g,@4,@@§§3ent. Log P val ues provide a nmeasure ofCT/U82003/020524
ability of a conpound to pass across a diffusion

tb ﬁréfdgsj(; b’fﬁ)gc%hog% v?:lugé f%lr aﬂiégrgr{’)odﬁﬁyﬁé's@ﬁ&d héRid 436 héﬂéfagtg greater

rain barrier. for exanple, Hansch
[, J : 11:1 . - 74 P a¥reater than abo
go&&PGB‘E%@-%%“?‘@%B%?’%@B&‘%(i %ﬁm}'lﬁ)&pl caleatl oﬂgl;a Pb o
I f th I b | u
ey K] GPEAE T DL Uob en B s GhTabuEs End freguenty ar

than about 0, and frequently are greater than about
0. fess hawabaublt ypical |y | ess than about 3, often are

| ess than about 2, and frequently are |ess thand%blqut !
1. 5 | nlnome embbdiicat e compaingnhgys thspbruptyfrgeRrpRgnied by Yormuia
structure represented by Formula 1 below. QIl /R

Q Vbelokk C¢y NQ Formula 1 In the forrmula, QL is

(Cz2),,, Q is (CZ22)% Qmis (CZ2)w, and QV is (CZ2)x

10 where u, v, wand x are individually 0, 1, 2, 3 or

4, preferably 0, 1, 2 or 3. R Rs hydrogen, |ower

al kyl, acyl, al koxycarbo P wi ar yl oxycar bonyl ,
preferably hydrogen or, | wel| WAl kyl . When the val ue of
uis 0, the value of Qe greater than 0, and, in
the case of Fornmula 1,| wh¢n the value of wis 0, the

val ue of x nust be grgéte® than 0. In addition, the

val ues of u, v, w x are sel ected such that the

di azaspirocyclic ri ngF%S §opt ains 7, 8, 9, 10 or 11
menbers, preferably 8, 8767 " 10 menbers. Qv Qv

In the formula, Q' is (CZ2)s, Q" is (CZ2)v, Q™ is (CZ2)w, and Q" is (CZa)s
where u, v, w and x are individuallﬁ 0,1,2,3or4,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 v, 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.

vi
e
N—Q"
Cy/ o

Formula 2
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~C3iv ¢y NQFormula 2 -8- RTP 70241vl WO
2004/ 005293 PCT/ US2003/ 020524 | n anot her enbodi nent,

Wiﬂﬁwﬁqppunds are represented by Formul a 2, apowegs2003020524
ormula 2

Qlis (CZ2)", Quis (CZ2)% Q is (CZ2)w,

O 12 (T iAo G50y i e
D" 30 Borgutng Qi (Staon CislClme Qi gty 87 ¥ (C2he QY id(CE bt

di azaspirocyclic ring contains 8,, 9 , 12 or .13
e DL T st W 8, 9 o7 ricuatly Gyt & PRy, 1
case of Fornula 2, the values w and x can he,
si muRt Thevlss pf 0, v, W, K, ardizareselected sechiha .r’]zfg‘t!h‘,ge# ower
al kyl, acyl, al koxycarbonyl or aryloxycarbo&gl
pr eieaphbeychiydupgamin8, Pollel 1,dR loy 13 mEmbers;py iably9al 0, 21 or
represents either hydrogen or a suitable non-hydrogen
10 13¥hsitetsU BNthe SRROF Bom{uta 2) the aliey ,and erlvan be simalianeously 0.
al kyl, cycloal kyl, substituted cycl oal kyl,
hetrg @Gy, Klis hydvbieh, Ibweedih et dkugtarbonyberydryloxycarbonyl,
substituted aryl, al kylaryl, substituted alkylaryl,
ar Kb b Reldwed el aryl al kyl ; but preferably
I o?ﬁé‘?}t a?aky r‘_c))g:‘alﬂaryl ). ﬁ either fornmula, Cy represents
a sul t A hdiVRnal% régfe&nﬁféﬁ’ﬂ&f §rop it SORSLITG IRy didgey
I n one enbodi nent, I's a six nenbered ring of the
formula: 15 =X oalifl, suBdithted Gyclosilkyl,
in &.‘q@ﬁt‘g‘ﬁg‘i sp‘flm?fi (F'Ig'd alé(ﬁl,? gltrhsﬁltggg@k g?nsdoea dlét oS . oxyge I‘)l,
(e.g., an N-oxide or N O fungt] ' Q RQbstituted
boﬂ%@&oci"gylasug'ﬁmgtﬁl 8@8‘3@’%’ a%é%ﬁ%@#&%%ﬁo%ﬁ%}’an three
of X X X', X' and X'" ar 1 1rogen .ar.ni
poridla e B ke oo AR PRy Jolek SR agn,
or two of X, X X', X'' and Xbe qi {.lro%en

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:

X!V/ x\
[}
xn\x" ?Xmu

Each of X, X', X", X" and X" is individually nitrogen, nitrogen bonded to
oxygen {¢.g., an N—oxidc 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 mO 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.
RTP 70241v1
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W

or nitrogen bonded to oxygen. In addition, it is
hi ghly preferred that not nore than one of X X X'

200 ,3515(193(" " be nitrogen bonded to oxygen; andpétrukR03/020524
preferred that if 9 RTP 70241 vl WD 2004/ 005293

PCT/ US2003/ 020524 . f i s
ortIE AT DRy iy e B3R cled . a"

preferably, X' is nitrogen. l.n certai e u

ci rrsefrrRbliE ot nitRger, 3 cgpign rofetreg Sireutstnf osg'ge"ﬁd;; KoHha x"are
Typically, X, X' and X'" are carbo (ﬁond %P ﬁ os and it
sulnitregenc hrpiesscX.eX and p" 41 catpan 1?‘398? 1912 SEPRRPUCPyecIes:
substituent species at X, X' and X'" are hydrogen. For
ceris tpivalobdidie Bbstiteshtsneaiss BHPS andiX ™ Arrdidrogen. For certain other
carbon bonded to a substituent species such as .

hy chrefeyesl, codhpaundis Whemr &" is otthombandedytors. substiteeat 8Fias Behay
preferred conmpounds where X is carbon bonded to a :
s ulyytiiokete Xt an PR Gikessotis niebgans Hnyaitaigpsier piefeared cathpeynds where X
both nitrogen. In another enbodinment, Cy is a five

5- 176 BREIEn it 16 2 QabsEARA spediésigch Sylrogsn, Xiadd X/t arobah
furan, thiophene, isoxazole, isothiazole, oxazole,

t hi ., pyrazole, 1,2,4- oxadiazole,

1, 3, 4-oxadi azol e and 1, 2,4-triazole. O her exanples of

such ri rl‘rgfﬁlo?{eg Fmﬁcﬁ%&éﬂt,b@ﬁisiarﬁvQ-SSnenﬂﬁEeﬂrHetean@atﬁZﬁg,&ﬁ&l as

to desen e _ e contents of which are

A Aol Pl SRR e g g 2

eprcti 15 rZ, Y-
where Y and.Y' are i,ndiVj . ni [
oradiae 0 i RetiB i LA b O Seitupl &l e Biithgs ar

car bon_bonde 0 a_.su jfuent. speci es n ﬁﬁﬁ -
ar éleﬁﬁrlb%’&elﬁg' éﬂ'e“é ﬁ’bgﬁﬁo%#&g g)l?sg“ % ag’u%% ??I?el? gn? hrare
speci es. The dashed |ines indicate that tE% bgndﬁ %gw
( bengsrazatsd hesein by Frierprse R R iRy Png WA AL §REICUPE b}
singl e or double bonds. ‘However, when the bond
betfodews:Y and Y' is a single bond, the bond between Y
and Y" nust be a doubl e bond and vice versa. |In cases

15 in which Y or Y' is oxygen or

20

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
¥" 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

sul fur, only one of Y and Y" is either oxygen or
sulfur. At least one of Y, Y, Y' and -10- RTP 70241vi

WM‘QP(%%QQ 4905293 PCT/ US2003/ 020524 Y"' nust bepoxy@eins/n20524

nltrogen or nitrogen bonded to a substituent

N pegl,, muy be &‘%geg, Solf I & g& (;rql?tgo&%? B(?H’%@totm%tftﬁb%?ﬁeggs Itis

20X nitrogen or

PR ol 4l iy s

three, of Y, Y, Y'.and Y". be_n u stlt
spe@F%n%%‘kéﬁc’a% @@SW?WHS%S?S oft “"bé‘ 5‘("fen’ §aa ')2’3 I\? but 1o

Y, Y' and Y"' V\/nen an is car bon bonded to a

subsmwﬂu@ﬁme%sé¥fgs dY't PoBEREBoNded t o a
substi tuent species), typlcally have a sigma m
bet ween Sabsiftent Pedesasshciatadwith MmypE X, Ki, X Ybé(t \k%é‘ﬁd

about -0.25 and about 0.6; and each sigm mval ue
| ndy"v (whealahyiscabobbordedto mbstl-mnna‘speclgs oravitngenhonded to a

determ ned in accordance with Hansch et 10 al., Chem
ReVoubQikichBépetid Afpicalfpareps digmoin licthatyicen shavs 4.3 a@rﬁbOUt
speC| es associated with any of X, X X', X" X',

0.5, ARty betk¥diBoRnY.25%né abida00.6axddedh sigmem value
substltuent species or nitrogen bonded to a

su dal & 2668 ab¥&lEAIRA in adclsidance with Hansch et
sugzi{h:v{dgfﬂggcaggggb?%quny saubst i tut (;Itlzl z:I kenyl ,

het gr I ted heterocyclyl cycloalkyl,
subgrgﬁgﬁ%fﬁ% 9oy Wyl aryl . substituted aryl,

2|u Ig)sllt Ia{ Yﬁx&t&sfé I%}e ?ub?tkth%ﬂt @]%ééies a@%@t@& C}@)ﬂ: an): of X X ),(“ X",
- O_?%m ’I\h ﬁ,y' aqqﬁcév__h@ ax?:s{.l’s carpoil. ngezﬁo_a&égn&t J’_}@mes or .mtrogen
8(0(1191@15 't aﬁ%sgggg S%Jéc?&?z%qq@yég%&? N%&u%%tgeﬂa% alkenyl,

S02!, -SO2NWR', and - NR SO2R', where F‘ 11\(lx\g d
i nckiubstituted aliertyly apte@ewlyu %‘hxévutzé)h%{?wac éy‘ac’"‘ PRGN
chai n or branched al kyl i ncluding ? l? Yl d
C1- Bloalkylc dryh substitstetl piy), adpiagyl, Sl@ﬁﬁmtﬁ%ﬁﬂ‘ﬂﬁw )aryalky substitute
cycl oal kyl, heterocyclyl, aryl, or arylal kyl (such as
benarylalkyl, Bald (e.iF ChBri m&g@R‘, KRR, :CFp -GN, WO gRR-SK’, -Ny, -
can conbine to forma cyclic functionality. The term
é@@ﬁ)ﬂﬁ&fﬁrm—@pm J-EC-Q)B!, aCED)PRArQT(=00 e tERIB/HC(=O)R’,
and the like
-O(CRR"NR"C(=O)R', -O(CRR")NR"SO:R', -OC(=O)NR'R", -NR'C(=0)O R", -

SO,R’, -SO;NR'R", and -NR'SO;R", where R' and R" are individually hydrogen, 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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wo Aod

refers to the substituents descri bed above, starting
with halo and ending with 25 NR SQ2R'. -11- RTP

?gﬂé O 2004/ 005293 PCT/ US2003/ 020524  Exap@l/e$2005/020524
suitabl'e Cy groups include 3-pyridyl (unsubstituted or

¢ ﬁi’sét o ?sidois‘ﬁlggﬂ%geﬁ%viﬁ%%é%f?ﬂ%‘ggsr%““%f‘%"bm‘f% W‘;ﬁ"wd
Sngh o Semlr pastion R B AREP St uprebaicped Aplh -

5- |sqxa;oI¥ 4 and 5- |soth|az$-¥ S- 0Xi zoI fﬂ15 5

t hipswidiny uam(bitﬂzteé opsuketityted i the 2 position Wi

2- (1, 3, 4- oxadi azol y or 3-(1,2 rlazougl

Re pfmnnaqu\sebsamms ﬂ@uﬁbé-lsomaw iagplvind-pyazolyl, 5-

furanyl, thienyl, pyridinyl, pyr|n1d|nyl pyrazinyl,
Dy thiskonil,y(1,2,4-opsidiaoblyDy2-(1, Behdxadiedolyl) lor 3-CBdririazolyl).

representative aromatic ring systens are set forth in
G bson Répradentative ariegoupCireinde pBAyY afthti(yl S@sdyl thisyylof
these aronati c group containing species can be

Zﬁdlﬁﬁt;%nﬁ&l dym phraginyl| SaRihziAylpqindiayl sndendolgr Ouipr
S uc es

as those cri bed above that are associ at ed

Wt D ent AR afdiaticichg S%S%Wﬁﬂfmllﬂ61&WMalI.E\MdayChem

|nc ude al kyl, aryl, halo, hydroxy, alkoxy, aryl oxy

v 3@@&0(125@3 tAQS/ Bgﬁﬁ:& \z(llro%g%tfd%“ggﬁp cohtBmiltrglsp@ndsSa®be shbstitited

(when substltuents

are . eas E&%‘ 3 %Eht{i%ﬂg}ogg ts‘ila'l {0680 QBLrifdd BBV EthatHd dsadcatled

or“ﬂ |tute or unsubstit uted

o STk o SRR I I8, 351 0

am ne
| act one, | actam . car anate or urea functlonalltles.

ThelkesrmeierrLr eminosebsiuenty stere0|soner|c for ns,
i ncludi ng both single _enant| Qy
P 2o, KSR Commn

nlxtureé.ﬂ$ﬂ§ﬁﬁﬁ“@%m%%ﬂﬁd§ X
he
corsplestinigats ererprasent) gengombiag i EB ORGP AIQIF SqtFatyd OL prsatprated,

varying 20 degrees of enantlonerlc eXxCcess.

(e.g., as pharmaceutically acceptable salts)

Ex anfptitsedatr uasmbstithted cpsbeayeiicts beteroaylip nasfc@ﬁfags% but not
limited to, ether, acetal, ketal, amine, ketone, lactone, lactam, carbamate, or urea
functionalities.

The compounds can occut in sterecisomeric 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-
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salts include inorganic acid addition salts such as
sul fate, phosphate, and nitrate; organic acid

wé‘%‘fos‘i salts such as acetate, gal actarate, pcTS2003/020524

propronate, succinate, |actate, 25 glycolate, nalate,
tartrate, . citrate unar.

o PSR atop oates 1€ pith 4TBGHE Sping s s s paprgige nd
PCT/ US2003/ 020524 toI enes Ifon and

o elumate it med s Such oo gna poesg st eﬁfg‘hﬂésa“s
glutamate; alkali netal salts su éh as .s dlunk dh
potsas}sasmﬁgnwmpmdr@ CER (AR salty preanic Bayig saltgsuch as
magnesi um and cal ci unt ammoni um sal.t; organic ba
sa|mme&wammstmﬁwemmmﬁmep1c<zlmee4wl°aﬁ=f%mﬂw}1$ ﬁ‘clﬂe

pi col i ne, dicycl ohexylam ne, and NN 5

di bﬁmwlahﬁydesmemeammtts witltla basic amiog adid such a8 Iysing Ao
acid such as lysine and arginine. The salts can be in
S ONBpifiAS EPhe WK @in®s iDfonricases hidrates eratlesol splvates. The
stoichionetry of the salt will vary with the nature of

- t Ne GRSV the SRR VIIESLN Ivith ihematusddilthe aumegpoperts | Rbpdsergative

descri bed in U.S. Patent Nos. 5,597,919 to Dull et
91]1@V1Z11-c§as JeQcriBdl n 85, Pdtent M26l 55596839 &bDull &t al., 5,616,716

Ruecr t"et al., the disclosures of which are 10

i n GeDif'e le&d%edb@'ﬁﬁ BYRURIR & BC §hd disdidi@iek o£Which arey .

Represent at1ve cofpounds i ncl ude the fol | owi ng:

e e T B R e 0 onane

-(5-isqxazo 1, 7-di zas [ ane 15

-(5-is WFQSE%?%N ecompoungy azglg%ﬁ‘%o‘rlﬁ;ﬁ%onane

-(5-(1,2, 4-0x dlazol é7 di azaspi ro[ 4. 4] nonane
("ZBCWHQYQ'IJ 'i‘ﬁa%PéW{%%/]P;naf 7- di azaspi r o[ 4. 4] nonane
-(2-pyrazi nyl) 7-di,azaspi ro$4. 4] nonane

- (B6 mmm@zylwﬂ)dl@mfe 4"0@5%‘}5‘1“ o[ 4. 4 nonane 20

(5 met hoxy- 3- pyri dyl 7- di azaspi ro[ 4. 4] nonane
(B(Sgywdaapiﬂbﬂlﬂl—ttwsmm ]Fl@!}ﬂlﬂy 1, 7- di azaspi ro[ 4. 4] nona

7—(5-isothiazolyl)-1,7-diazaspir0[4.4]nonane

S NN NNNNN

D

7-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane
7-(2-(1,3,4-oxadiazol)yl)-1,7-diazaspiro{4.4]nonane
7-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane

7-(3 -pyridazinyl)-l ,7-diazaspiro[4.4]nonane
7-(5-methoxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
7-(5-cyclopentyloxy-3-pyridyl}-1 ,7-diazaspiro[4.4]nonane
7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro{4.4]nonane
7-(5-(4-hydroxyphenoxy)-3 -pyridyl)-1,7-diazaspiro{4.4]nonane
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- (5- phenoxy- 3-pyridyl)-1, 7-di azaspi ro[ 4. 4] nonane
745- (4- hydr oxyphenoxy) - 3-pyridyl )-1, 7-di azaspiro[ 4. 4] n

d;;f@i}ﬁos 93 PCT/US2003/020524
W -etﬁynyl

-3-pyridyl)-1, 7-di azaspi ro[ 4. 4] nonane 25
G BB o

7-(6-methoxy:-3-pyridazinyl)-1, 7-di azaspiro[ 4. 4] nonane
21:43'@%@8\]{’7'%1“,%1’8?@24;@%?‘380[ 4. 4] non ang L4

5-pyrimdinyl)-1, 7-di.azaspi r o[ 4. 4] nonane

5155 1%%6&@2@1kz7'£ﬁﬁpﬂ?[5fﬁ?ﬁ T El . 4] ]n onane 5

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

(55(sbxazolyl ok ddiagespiypli4luopane di azaspi r o 4. 4] nonane

(

a

(

2-(1, 3, 4-oxadi azol )yl ) -1, 7-di azaspi r o[ 4. 4] nonane
Assortaziotyy) ), 7-diaZasdire[# ddpenans{ 4. 4] nonane
3-pyridazinyl)-1, 7-di azaspi ro[ 4. 4] nonane 10 1
metibyl,2,4-dx3dipaol)yDyl, }-diazaspirafd dlnasamer o[ 4. 4] nonane
met hyl - 7- (5-pyri mdinyl)-1, 7-di azaspi r o[ 4. 4] nonane
i3 4=okadibzolfyhaxBdiatagpijo{4 Anénatieaz aspi r o[ 4. 4] nonane
nmet hyl - 7- (5-1i sot hi azol yl ) -1, 7-di azaspi r o[ 4. 4] nonane
Sobalingt) (1 7-dibzhspirofd. Mpastinaz ol ) y1 ) -

t
di'azaspiro[ 4. 4] nonane 15 1

O B 1l S o akasy | )

‘7i

?3 zaspl'ro[ 4. 4] nonane

T R g AR L o1 4. 4] nonane
e s SRR 7 3540k 6 s O 225D T o[ 4. 4] no
Tl St R SRR oy

, 7-di azaspirol4.4]n ne .
1-methyl-7-(5-iso 'azol)]ri)-?,L)%lazasplro[4.4]nonane-

-t

1oy 1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
n
1
[

1

1-methyl-7-(5-(1 ,2,4-0xadiazol)y]);l ,‘7-diazaspir6[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]nonane
1-methyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspiro[4.4Jnonane
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]nonane
1-methyl-7-(6-methoxy-3-pyridazinyl)-1,7-diazaspiro[4 A]nonane
7-methyl-1-(3-pyridyl)-1,7-diazaspiro[4.4]nonane
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W&Z

1- met hyl - 7- (5- (4- hydr oxyphenoxy) - 3- pyri dyl ) -1, 7-di azas
pi ro[ 4. 4] nonane

n

¥1y1-1-(§ I?yn%ﬁldmgrﬂ-l,%-cﬂﬂakﬂ%ﬁ.dﬂwgang i azaspi ro[ 4. 4] non
i] e ol B 10 50 L4

7-methyl -1-(3-pyridyl)-1, 7-di o[ 4. 4] nonane - 14-
Rl F-p 14111«{15 ¥ ﬂds‘;z'% FP’@?‘?‘@Q%?@%/ 020524
7-met hyl -1 - ( 2éﬁ/rlmdlnylz 1,7-diazasp |rq¥4 4] nonane
7- rkmhb}lyl-l (5 (1 2-prasheaslgil); | . diazaspirgi4. 48305 o[ 4. 4] nonane
7-methyl -1 -(5-isothiazolyl)-1,7-di azaspiro[4. 4] nonane
7 - retbthil-1(2-1,3,4-oxadiazol)y])-1 7-dlazasp1ro[4 4]nonane

-(5-(1, 2, 4-oxadi azol )yl )-1, 7-di azaspi ro[ 4. 4] nonane 5
7- einbity1-1-(>fyRadiyl 3], doxagirad dljopaye

1, 7-di azaspi ro[ 4. 4] nonane
7- membibt1-((-griduziagd)-ny ! diazdsphofii4aampe r o[ 4. 4] nonane
7-met hyl -1 - (3-pyridazinyl)-1, 7-di azaspi r o[ 4. 4] nonane

2- ane[ 4. 4] nonane
%% pyrFﬁ?%?H§M%mak?¥gﬁg%asL|ro%4 4] nonane 10

%tsﬁ%@ﬁ thd;Zzaq;l@mabﬁaaM 4] nonane

) -2, 7-di azaspi ro[ 4. 4] nonane

. (g-(_sg% x%ziylgéaid&%%} goﬁad'ngnaze di azaspi ro[ 4. 4] nonane

-2, 7-di azaspi ro[ 4. 4] nonane

o (o PR G araaREe L onane
% (B rprER e T B 222501 Tor 4. 4] nona
2° (50 e mro e e imd'ﬁéaiph.r azaspi 1 of 4. 4

nonane ] ]
2-(2-pyrazinyl)-2,7-diazaspiro[4.4Jnonane

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-diazaspirof4.4]nonane
2-(5-phenoxy-3-pyridyl)-2,7-diazaspiro{4.4]nonane
2—(5-(4-hydroxyphenoxy)-3 -pyridyl)-2,7-diazaspirof4.4 Jnonane
2-(5-ethynyl-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-{6-chloro-3 -pyridyi)-Z,7—dia.zas§iro[4.4]nonane
2-(6—meth0xy—3-pyridazinyi)—Z,‘?—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
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20 2-(5-ethyny|-3-pyfidyI)-2,7-diazaspiro[4.4]nonane
2 (6-chloro-3-pyridyl)-2,7-diazaspiro[ 4. 4] nonane

5467 oxy- 3-pyridazinyl)-2, 7-di azaspi r o 4. At VORBNS020524
w%z&@mﬁ@%i‘? (3-pyridyl)-2,7-di azaspiro[ 4. 4] nonane

na:ge 32;§mdy1) (3 JIBLARKYs BoR¥dd dy!) - 2, 7- di azaspiro[ 4. 4] no

2- neth | -7-(5-pheno -2, 7-di azaspiro[ 4. 4] no
narlemetl 1156*(3Wd¥’5ﬂ4§f€11239@1y%‘8]§? 293

PCT/ US2003/ 020524 .

6- @GWFF‘H?P?'@W%T%Q@‘W%[B 4] oct ane
1rreth|-6(3pr|‘2€ﬁ/ 6- di azaspi ro[ 3. 4] oct ane

2- (BmphylrH(@E-HyEyH- @IZ@QWQ[})‘[‘]SC@FON ane

5-met hyl - 2- (3-pyridyl)-2,5-di azaspiro[ 3. 4] octane 5

6- (6363pyritdgy-l ,ﬁ-cﬁaﬁs;dto@:é]sman@ [ 3. 5] nonane

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

2- (Bmpyyl-aE-pyridyh-1ct-dizasyito{ D Boddnaonane
5 nethyl 2-(3-pyridyl)-2,5-diazaspi ro[ 3. 5] nonane

Glyb )s-BaRasyli mahe[4 5] decane 10
?%Ihuzy()?? pyrlsléliyo;li?ﬁ}gl 6- di azaspi ro[ 4. 5] decane

7 decane
(Ssm%?ll %yrﬁygaghﬂ ﬁmd[g?]ggl?;pl ro[ 4. 5] decane

8 (23 3%HQY?§$ﬁsﬁfﬂ%&aﬁQ[ 5. 5] undecane

pyridyl)-71, 8-di azaspi ro[ 5. 5] undecane 15

i nv eﬁlfﬁlelpi.&snéﬁ}dgé'zvfﬁd&&?%f&fmg}ae%et he present
., 4’&!5%&@? K@ R4 s pgaks CVC' o[ 2. 2. 1] heptane-2, 3' - p

yrro

ne-lzf,nst Y€§f¥md§f5ﬂeﬁq3i£% 30irk Sfuds,azabi cycl o[ 2. 2. 1] hept a
8-(3-pyridyl)-1,8-diazaspiro{5.5jundecane
1-methyl-8-(3-pyridyl)-1,8-diazaspiro[S.5Jundecane

Other representative compounds of the present invention include the
féllowing:
1'-(3-pyridyl)-spirof 1-azabicyclo[2.2.1}heptane-2,3 ‘-pyrrolidine]
1'-(5-ethoxy-3-pyridyl)-spiro{1-azabicyclo(2.2.1 Theptane-2,3"pyrrolidine]
1'-(5-cyclopentyloxy-3-pyridyl)-spiro[1-azabicyclof2.2.1 Jheptane-2,3"-pyrrolidine]
1'<(5-pbenoxy-3-pyridyl)-spirof 1 -azabicyclo[2.2.1 Jheptane-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)-spirof 1 -azabicyclo[2.2.1]heptane-2,3 "_pyrrolidine]
1'-(S—isothiazolyl)—spiro[l-azabicyclo[2.2.1]heptane—2,3’-pyrrolidine]

-16-
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1'-(5-cycl opentyl oxy-3-pyridyl)-spirof
1-azabicyclo[2.2.1 ] heptane-2,3' -pyrrolidine] 20

w(}'zo-og,gas\%;benoxy- 3-pyridyl)-Spiro[ 1- azabi cycl o] 2p@rbtaePézos24
ane-2, 3" -

pyrrolidine]

' -(5-(4- hydr,0x enoxy.) - 3z pyEidylh-.Soi i- .cycl o
[ 21(2551@@@%{%@2%15’)@)51)1 ﬁ-?zgpn%c:iﬂg%ﬂheﬁﬁh&% PRIy

%' :léaﬁér,%—gfagggll)})d):?p%lo[IQLz]éfai%)%c o%ﬁ?’lﬂe%%eﬁ;ﬂ;ﬁfo‘ﬁd%]e' 2,
F L sorarol o B3RS LAkl ane 2. 3
1'-(5-isothiazolyl)-spiro[l-azabicyclo[2.2.1

] hdptleppidazisyl)-spjof badabicye(2.2-1lispianep2:20pMTalHme

2004/ 005293 PCT/ US2003/ 020524 L

1" -1(-B-4thyn3]-3pyridyd)-spiro[ Iazkabicysii[2.2[1 Theptanh 2 dypimefiding] | ) he
pt ane- 2, 3' -pyrrolidi ne]

1" 16-85-dhlord-34pyErtslisgizapl habjoyélpi2r2ol | Reptanatdi X pyiralidined . 1] he
ptane-2,3' -pyrrolidine] 1'-(2-pyrazinyl)-spiro [

1- az.adj bidazinyl) kpiedlt andicdcid]2- DY héptdriecd, glyrrolidine]
1 fl( %ﬁ?’l az?%;l/l f{nglg)i irSligc“[ 1- ﬁgbg cylgl o[ 2.e2. 1 o

R S e b (v TR
5B B BYL B ol -azsbieycofo 2 lesane 23 prolidne]
e Py diofyezabieyelql 2 2octane 2.3 pyroliing]
1 T B snrc PPt Satinspl At Spmoias, o

rrolidine . . . ' .
L SRR P B T PR A A oA S pynglidine]
ne-2,3" -pyrrolidine] 10 . , . 1

L e bemd OB bl 2 kg 2SPEERARE of 2. 2
. 2] octane-2, 3' -pyrrolidine] , s

1' -i(-6-ghendpyidyipypirdi-azabigrlpBr2 2lastansr 2 dvgpidiselo] oct a
ne-2, 3" -pyrrolidine] | L

' - (15¢5-gyrimiding-ypind hrezapjoyslof X 2ldstane- B pinyaphidiaglabi cycl of
22. 2] octane-2, 3" -pyrrrolidine]

1' -1f-B-gicisiyy)-spRo[lydzabiyycle[2 pi2]afabe A abyreoliding] 222] oct ane
-2,3" -pyrrolidine]

1' -16-G-pyridasioy Bshibof i -aabicysipferldotae A -pyndlafiRd. 2] oct ane
-2,3" -pyrrolidine] 15

v -16@&%&%%&1@1&?@9 pidd{ L-agibdytiopcl DpAdad-natmyneliding -

pyrrolidine é-ptra2|ny!)-spiro[

T e D o 55 3] cct ane- 2, 3

i p%“—fﬁis&tﬂia?oﬁ}l)-spiro{l-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. 1Jheptane-7,3'-pyrrolidine]
i ’-(5—cyclopentyl;)xy-B-pyddyl)-2 'H-spiro[ 1-azabicyclo[2.2.1]heptane-7,3"

-17-
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-(6-nethoxy-3-pyridazinyI)-spiro[
1-azabi cycl o[ 2. 22] oct ane- 2, 3' - pyrrol i di ne]
W(}':’ZOOQIF gpxazol yl')-spiro[ 1- azabi cycl o[ 222] oct aperds03/620524
yrro |ne] 20
9&% ufoﬁhlazolyl)-spiro[l-azabicyclo[222]octane-2,3
-p 8? ne] (5- (1 2, 4- oxadi azol )yl ) -spiro]

1- az.ak_)lla }%%lyo @ﬁé&ﬁ a}’z@ ""ﬁ]j’%' ﬁ'rj ﬂhébﬂne-? 3'-pyrrolidine]

-azablcyclo[222]octane i.ne
T Sk b e &Tﬁ%&sﬁ AT GeS2. 1 Iheptanc-7,3-
]heptane 7,3 -pyrrolidine]
1 {@ﬁbhkmﬂoxy 3-pyridyl)-2"Hspiro[ 1-azabi cycl o[ 22. 1] h
eptane 7,3 -pyrrolidine] 25
1' -I(-B-chjarb Samitiyl)-2Hyspiroplyazabligydfo(2:2 i heptaperf Bl-pyrEabidingk | o
[22. 1] heptane-7,3" - -17- RTP 70241v1l WD 2004/ 005293
Pﬂf—(ﬁ}@ﬂﬂdﬁﬁwmsplmyr-mblcyhlm‘[é]2 1Jheptane-7,3"-pyrrolidine]
- (5- phenoxy- 3-pyridyl)-2"H spiro[ 1-azabi cycl o[ 2. 2. 1]
h e |qt' i/l C?-mfsfyﬁbﬂldltzﬂﬁc}yclop 2.1]heptane-7,3"-pyrrolidine]
- (4- hydr oxyphenoxy) - 3-pyridyl)-2' H spiro[ 1- azabi c

yC' 0 ARl 4f1%azab Bhil he-$,3"-pyrrolidine]
! E @ﬁ?%#o 3'§3??a[ )-faﬁﬁgplrg?gﬁazablcyclo[z 2.11h

ept a i Q(ﬁ- 1-azabicyclo[2.2.1heptane-7,3'-pyrrolidine]
1 EbemZthS%xrﬁ gﬁ]ﬁ%n Spm[ azf a)z{ab[l cy(]:I cI)J[ 2.2.1

] h Far

%- Bz asRy éipa.'ﬂ%kflafzggggﬁpéayg 73 B”""“ﬁ“?".] ept ane
rol.i ,

76 %iffhaa%w? i abiorlyte 2o TP et an

.71 Biithomghscie Byl e -pymolidine]

a]( ga-?_bh lagag%%?y]iiheﬁ?t anﬁ(ﬁzablcycﬁ}ﬁ E%heggane- yrrohdme]

1- azabi cycl o[ 2. 2. 1] hept ane- 7, 3' - pyrrol i di ne]
-(5-isothiazo|y|)-2‘FLspiro[l-azabicyclo[2.2.1]hepta

ne-7, 3" -pyrrolidine]

"-(5-(1, 2, 4- oxadi azol )yl )-2' H spi ro[ 1- azabi cycl o[ 2. 2.

1] hept ane-7, 3' - pyrrol i di ne]

"-(2-(1, 3, 4-oxadi azol )yl )-2'Hspiro|

1-azabicyclo[2.2.1 ] heptane-7,3 '-pyrrolidine] 15 -
18- PT? 70241v1

1
1
e-
1
1-
1
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WD 2004/ 005293 PCT/ US2003/ 020524 H. Met hods of
Prepari ng the Conpounds Schenme 1 PG PG QnN ArX Q@

Fgacrion 1 QL Qv QL 1v - Pdo NQ N Q Hriis200/620524
W(yf"“lc‘ﬁoﬁ%% ArX Qi O/ Reaction 2 21~ Q IV Pd 0 Q Q-

u / Ar.. The s of Fornmulas 1 and 2
ca#‘D@eﬂ”B%%%&pﬂé?%%egog nglrﬁgfj met hod 5 involving

aryl ation of one am no gr g%p an optionally

prot ected di azaspi roal kanéew% chene 1). Arylation at N
with an appropriate aryl, or preferably heteroaryl,

halide or triflate can perfornmed according to

met hods known to thoge skiTled in the art, for s
exanpl e, enpl oyi ng QeT?I (e.g., cogger or palladium Q@—N
co catal ysi . 1Re preferred general _nmethod in | w
t he present i nv%‘ﬁ“ﬁ@ti lizes thepaoeachi ngs of Q

Buchwal d 10 or Hartiyg (Buchwald et™al, J. Og. emQu
Hartwig et al., J. Og..Chem, &4

PG

61: 7240 (1996)/
5575 (1999); Bee also Ad et al., J. Am Chem Afoc.
120: 9722 (1998)), wherein an amine is treated with a
pal | adi um(0) catal yst, a phosphine Iigand and base.
Thus, 1-benzyl-1,7-di azaspiro[4. 4] nonane is reacted

wi th 3-bronopyri di ne

Vi
Kiwy iw

Reaction 2 ; / - | £
? ol Pdo C|’ Q¥
]

N—Q" N—Q
7
H 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(dibenzylidencacetone)dipalladium(0), 2,2'-
bis(diphenylphosphino)-1,1"-binaphthyl and sodium tert-butoxide in toluene, to give

-19-
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in the presence of
tris(di benzylideneacetone)di pal |l adium(0), 2,2' 15

wghg‘ﬁghg{ggnylphosphino)-l,l'-binaphthyland sodipgirUs2003/020524

tert-butoxide in toluene, to give -19- RTP 70241 vi1

VO ?%9%?2-?%—3%@%%&8&3?2%9%4 emoyval of the benzyl group by

1-benz spiro[ 4. 4] nonane. Renoval

o TG o B oSl LGB Ui
ChoSaTRPR iobRSg e YL one et PR Fhesih bl yarous
o iy wop s e kS BB SR B oy

(Reaction 1, Schenme 1). A particularly useful 1
combi nigogeN'ofs oppesed i N (Reaghiaubp Schemeg He Agragiculply usefu
invention is benzyl and a carbamate, specifically,

t er terhibatico af hateatieg graunsdy the present invention is benzyl and a carbamate,
1-benzyl - 1, 7-di azaspiro[ 4. 4| nonane is converted into

1- bgreically; (chtehutyldutiamatec dbg iytienzyl- 1 7-diraseisit flopuand jno
nane by treatnment with di-tert-butyl dicarbonate.

SubsgfbedltinfaY g TRdrobuteiydarbaiyl)al T-dinedspirafa t4qiopaecby
arylation, with 3-bronopyridine, gives

7- ( be&lthe Wil SR -PRMicardondtd- Subsequent hydrogenation and palladium-
pyri dyl)di azaspi ro[ 4. 4] nonane. Renoval of the

terts ; idthd, Bi AbatoRYdatbongl)-2-(3-
pro%?%g%ﬁl- @®g§$¥g§?§@g?g?§g%??§€Zgﬁ]nona%g. F?%a#ly,

h[‘éﬁ%)g@&%@?}ﬁ% ofiarld. %@ﬁoﬁl of\the tﬁ{-ﬁ.{tb)%‘}gﬁﬂb_b{nyl group, with

enever Is tertiary S in

Reagtj on. 2 hene ,1), .sel [ ' fs
e PSR FRGGE YD OTS el g R
reaction of_ 1, 7-di azaspiral 4. 4] nonan ' . . :
3- b ASFORRATS B aﬁ@,Ndafa ﬁ%?ﬂ‘?ﬁ[?%ﬂaf 3 Aoty gty (asin
conditions reported previqusly i ves al nost .
ox cRestigR BySchemel) plerepanitiion st Nfep BF aCcHTRBISH yithpyt it
wi || be obvious to those skilled in the anﬁﬁggat Y
i ncprofroting NorFhay, reagtion 9ftLuiadipzaspisni4 ¢ nensnsifispromopyridipe,
i ntroduced onto the di azaspiroal kane can be_readily
r ealuideethe pal@iBucitalyzed sonditiens repogtshPisyisusly &ivss almes
properties in and of thenselves or serve as a handle
f or efclissivielyr 7-Sypyridet)-dimzaspat{ddioname. A suitably
protected heteroaryl diazaspiroal kane can be ]
el abor atgdilt be givicas & thogehkilledin the edt tHat incorperatietsof substituents
possessi ng

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

20-
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substituents on the heteroaryl ring. For exanple,
1- benzyl -7-(5-brono-3-pyridyl)-1,7-

W%ﬁ@;@@%g o[ 4. 4] nonane can be nade by reacti NngpcT/US2003/020524

, b-diI bromopyri dine with 1-benzyl 25
1, 7-di azaspi,ro[ 4. nan e :
deSoPI AT Br ettt O PGRE  H AR e LR RG e
2004/ 005293 PCT/ US2003/ 020524 conversi .
T BSRpPang BemiRGO N Ty S sl S b the general

into the corresponding 5-am nQ-substjt d ound

c ameSeodRs ZoEict shdirensy Trite e drarBesi KOE QIR A he
al ., Recueil Trav. Chim Pays-Bas 74: 1062 (1955), in
whibgéme pempaynd hestedoritoasyerus aameniain the PaseRss 952 & afalyst.
in the presence of a copper catalyst. 5 5-Alkylam no

s ulBslkylatninb substisetedicmppandstsan e prsparediinjarsimilagmgoneg, S-Ethynyl-
manner. 5-Ethynyl - substituted conpounds can be )

pr epbstiaded doatpotuds cor be praperaidingo thed-trymp sbhpatind by palladium
catal yzed coupling using 2-nethyl-3-butyn-2-ol, ]

f olda@West dayiphaseingRinathylzBbhtfisDdl, dotlowe by bake) catadynod fdodium

of the acetone unit, according to the general

t eqf}ﬂlii&g Sl Bs thdRStohOuniCasbaink ®theadencralkechivigles dBsaibed in
39: "3235 (1996). The 5-ethynyl anal ogs can be 10

ConVkord &ta]'l ny, 9/.({)&1? ﬁh&ﬁ? ROESRSPMRY TeSLaRmYl anaRBslcan be

subsequent 1y 't e corresponding 5- ethyl anal ogs by

SUCHHR %’tiex ﬁ%és: ﬁlﬁa t%h%%shgndgy&dq -&ﬂ&&ﬁ%@%bﬁéﬂeﬂ y3 the cIH&‘spo:llqding 5-

5- aZ1 do-'s al 0gs~“c¢an be prepared fromthe

5- br,0 onpound by reaction Wit h |ithi ' ;

N, K TRy T e et Psalidfoh Kapliof; 364 5Sial stiuted
can be prepared framthe_.5-bronp c Qun . oYMl

W PRelSE aB B BisPrER BOBIHN SRR PR Ry ¥ R Ade
al kanet hi ol ate), usjing techpi ques kno t o those

kiin N Gimethylonitsmidst S gaHocstbgiviAR araloss Cap bR pisared fom the
ot her anal ogs, bearing substituents in th osi.éi(ond.
of Sbremoggmpeinddyreastion WihalAPPIOPREKELIYRA Pfge (sodium

correspondi ng am no conpounds, vide supra, via a,

5- chlkanethiolate) Suing teahmignesdaiown to thpseskilled in the a pherganic

5-substituted anal ogs 20 that can be produced from

5- diysthedis. um sal t i nternedi ates include, but are not

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

5-i 0odo, ASm@ytenof othsrdndegrcbarng mubstithagsein the 5 position of the
pyridine ring, can be synthesized from the corresponding amino compounds, vide
supra, via a 5-diazonium salt intermediate. Examples of other 5-substituted analogs
that can be produced from 5-diazonium salt intermediates include, but are not limited
to: S-hydroxy, 5-alkoxy, S—ﬂuoro; 5-chloro, 5-iodo, 5-cyano, and 5-mercapto. These
compounds can be synthesized using the general techniques set forth in Zwart ¢t 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

2i-
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conpounds can be synthesized using the general
techni ques set forth in Zwart et al., supra. For

PCT/US2003/020524

W@@gﬁé@?-’: 7- (5- hydr oxy- 3- pyri dyl ) - 1, 7- di azaspi r o[ 4. 4] no

nane e _prepar Tomthe.r ' 0 :ate S-diazoni
cor'Pgégg’HUT?‘ﬁ a%t_u& Qﬁ%ﬁ‘{‘%ﬁ?{‘%lg'l st iwﬁlﬁégchg Pat gﬂr e diazontum
wat er. Likew se, ) .

1- sl 5P by mpad ta yrhesize ey PERA compounfis, gl Be AP o B e
anes_can be -21- RTP 70241v1l WD _2004/0Q5293 .
PCRkilisd frothe 05 Mercaptrrubstityians fp B QRtameg 151 teppuaques

di azoniumsalt with al cohols. Appropriate 5-di azoni um

s al describad iddofisatetiab, -é%?diﬁ’??rﬂzég Syan§93) ThgSgmercaptan so
conpounds, as will be known to those skilled in the,

ar tgenérathlt oo i torns dsinvertedito a §-abrlihib substitugienbhy gagtieg with
techni ques described in Hoffrman et al., J. Med. Chem
36:soffam Hylfi@3and ahhgpoprias slkylibemide Subgementakidtiomwould fhen
turn, be converted to a 5-al kylthio substitutuent by

r egabiigda Wilfohe. $AdiMIdAYdilbEof BRdf@emaniphepedngioandsichry be
brom de. Subsequent oxidation would then provide a

su :%:%ﬁ?e v TékHbRHT O ciBpRamg Slanfiieconipourdenit arupdropriate
corfpounds

can be prepared by reaction of the
cor | 8 BhiBGa QiLRFiSuaKhbwA o BERIsRINed 81 tRe art of
aci 5@%@%@%@%@%‘@%“%@0” dgu usi ng techni ques known
to those ngiel'sl, ed in the art of 10 organic synthesis.
5- I—%fﬁéfnb& NEE¥sti tuted anal ogs of the aforenenti oned

v- |
7o kandoaRgocubaEr et bl BB R mERESRERRp s an b used

the appropriate acid

. acid chloride or ' L
an Hy@fqpal@_cog?quwl%!’i-a]ikﬁ@y xwﬁ@};@{?&% &BWB lbﬂ?g 'IS::§i 5era<étwn with the

precursors of both the 5-aryloxy, and 5-.heteroaryl oxy

Vi cepRtepHais peif acid Chl@dﬁ’rq;ﬁﬁlfiiaehyéﬁg% ﬂ'r‘l‘?}‘t“ﬁ"o%‘was?ﬁy &dtron
deficient aromatic rings (e.g., 4-fl uorobenfoni tri Ile il
anccompuntisard irecugsprs afibatbriby S-argiexy; andsheteroptylaxy vigdjupleophilic
known to those skilled in the art of organic .
sy ndrbasticssubgatition atleleétuoatdeficient evmatis §oesde-2p AdPRFdEZoPigHP
the 5-hydroxy conpounds by al kylation with alkyl

hal indess-giklopsithidire). eSush shentistryis svel/knewm tshose skilled in the art
chem stry, in which a trialkyl- or triaryl phosphine
andyr@inttydynisad i Eherldenyatiatseamalso BOpreyaed o yhe folsdroxy
See Hughes, Org. React. (N. Y.) 42: 335 (1992) and
HUGRGHoufds®y alkylation with alkyl halides and a suitable base or via Mitsunobu

chemistry, in which a trialkyl- or triarylphosphine and diethy! azodicarboxylate are
typically used. See Hughes, Org. React. (N.Y} 42: 335 (1992) and Hughes, Org.
Prep. Proced. Int. 28: 127 (1 996) 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 correspondi ng 5-carboxam do-substituted
conpounds, Further, hydrol ysis.r h OndiG¥sMBIAQN of
t hé ‘E%‘P?rﬁéﬁﬁf%iyheé&@% %8‘35%‘ llng 30 1&1113631?} subgsi { utcgd

anal ogs. Reduction of the_5-cyano-substi . |

W CHbRied TR 953 DRPISPIGS SRPCAOBPITID oL o 28 B
PCT/ US2003/ 020524. al um num hydrjde yiel ds the

c oranalegrdidrasgon Withah SRRIPRIAS %%ihﬁhw Wsig AGCHIaes known to those
substituted anal ogs can be prepared from correspondi ng

5- chilledinthe ert aboreamepsthicsitit ed anal ogs by reaction

with an appropriate al kyllithiumusing techni ques

known t 6-Ganerglic skid-bybetituted andiegsaf the gforerpepiigned compounds can
synthesis. 5 5-Carboxylic acid-substituted anal ogs of

t heyeabavepsdnithoorispadingestels bg sactidnevithoamapproptate glcplnd and
correspondi ng esters by reaction with an appropriate

al cR{uataBRE Confpolindsatie ansdster SoupaundSpyidyhpasiticastebe reduced
group at the 5-pyridyl position can be reduced wth

S O RRREPEHIEHyaAG SHTithilnliuiiinath jdride 1o produdede dotresponding
prodluce the correspondi ng 5-hydroxynet hyl -substituted

anaj_ 2 j14kst Gl Gn RPN tctled B
coﬁgp%@?}%{ﬁg@gﬁuﬁgﬂgﬁgg?dg}%s Eﬁofbgty aétg t he 5- pyrilélyl °

I ti [ ' [ . e with sodiu
2o S A 0 gt i i
g?&gﬁ{:&%ﬁbﬁf)r t ets zliq\éﬁlllj%l(’ie(&’ g%% cgagenéig%al Beé:hxgiglée.csi eA(ljternatively,
\ém_ :tg% %%%Mﬁﬁjs&%g&gﬂ%gﬁ?#gc%g p% %?1%}%()9( \;w/thlﬁ gt:@?lnéﬂcl?ﬂe to provide

aci d-substituted anal ogs, c al.so be .convert ed e
cortheeqsssrandise §=t8"rYWD’Hﬁg‘H’cﬁé’gi}gs' aﬁ’ﬁl5 6°§§b°591°lq§l£subgtﬂutte&]
sequential treatnment with thionyl chl r'bde ang an
appenelogs cenalsa bR genyertedkto tregomssnending S-afiulamingary enalggsdy
known to readily undergo nucl eophilic acyl ) .

s ubstuentifliteamteot witithianyl chieridgradan am{f@,ﬂa%ﬁgfy?&"&fal Geggin of
Wi nreb am des (N-nethoxy-N-nethyl am des) react, wth

ar ythése idesnedagen tosres dilypmdetge pucldephitio peyé shshigfipgyto produce
di aryl ketones. For exanple, see Selnick et al., Tet.

L etitetondst: THAOARe {0lQH3J Weinreb amides (N-methoxy-N-methylamides) react

with aryllithium reagents to produce the corresponding diaryl ketones. For example,
see Selnick et al., Tet. Lett. 34: 2043 (1993).

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

-23.
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20 5-Tosy|oxynethyf—substituted anal ogs of the
af orenenti oned conpounds can be converted to the

Wﬁgdﬁ_ﬁ@ﬁgpdl ng 5-net hyl -substituted conpounds B¥T/1S2003/020524

uction with [Iithium alum num hydride.

gf g?%’ﬁ?ﬁ?r?%ﬁctgg@ Bﬁi_fgg ?ﬂtql t lﬁ@ﬁﬁds %a% cszil\gi;tlé grhﬁl‘lgr -p rrg{j-uce
5- -
o1 e eAgo S“‘C’%’MW@ e fRrdl °’2Y§'r‘%a°f’m§5h“ds oan

25 of the aforenentioned conp %nds an be iﬁ%s
pr deaised @mpaw%vﬂko’aﬁaréomml%su 6%110“9 S ) >-urea
2004/ 005293 PCT/ US2003/ 020524

ar ylesiantivgsrby teastipn syithalkyl chlerfarmats setan and Y-l qriNn

with N-al kyl- or N arylisocyanates.

5- Anry/lisoeysnhtes, rdsprctivelp maing deehuifjues oo torthersskilledindghe art of
compounds can be used to prepare

5- adrisaiysatbsxan do- substituted conpounds and 5-urea
derivatives by reaction wth al kyl chloroformate

esters an@dmiuidskidlogot tdthbseateydribsdherintsefers for the preparation of
respectively, using techniques known to those skilled

i N 4 BifhsAiled Qiridind SRS ofdifiabifif mpoliaigicai bd devised for the
analogous t 0" those describe herelnbefore for the

8lid OFhnRbes et ibitikn@dn e 2, 4] £ 6370808 Ahe pyridine

dla asplro conpounds” can be devised for the synthesis

f | a
T ey e

ol P T A BRASAARADECD

of GRpET it s g%gthﬁ naa@rg'v%%ons of
b ptis et 965 E%é#x%?f%%%ggu@s%wﬁe%%ﬁﬁﬁbbﬁg it

4-, and 6-am nopyridyl di:azaspiroal kanes are Ie
Vi a2+t freardi-eshinppsidyl diszaprimelkares arsavaiipbligg e Gihugibabin
pyridyl diazaspiroal kanes (e.g

1- breactiph ovur(sebquyxtmayh)iylthsmnoe&wp (e8] UbemerlohieyridyD)-1.7-
descri bed previously) with sodiumanide. Simlar

r e adibdagpimo[4.4lnenate lesdribedipiemioGHPWigh sodiuof arpide. eFigdlpeiepgtions
Conpounds, Volune 14, part 3, pp.3-5 (Interscience
Pubdré ghseribed id Bhehpisapof Hixterualelit Cempainds, blurhett, pahd np.3-5
42: 2227 (1999).

(Interscience Publishers, 1962) and by Lahti et al., J. Med. Chem. 42: 2227 (1999).

:)ly sait mu:-

-q

:

) j

Afier 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]Jnonane 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

-24-
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After the desired heteroaryl ring functi onal group
mani pul ati on has been 20 acconplished, the optional

quogllﬁgg_,,ng group can be renoved fromthe di azabigyeb020524

usIng appropriate conditions. Thus, for exanple,

R PRt
7- (5- - 3- pyri - 1,.7-di i o
Those. s ReLaR i qangosh o3 SpBERF B e SpgREaRprion
o DA, S B meetfiaedia g oo e iR P M HoAE -

particular functionalities. In_so cases it.can_ b ;
ne e&kexyBPromay aﬂéﬁémpxaé-brgmﬂpmimeggﬁ A o 8 sodium afkoxides
2004/ 005293 PCT/ US2003/ 020524 parti cul ar .

f uncsddimabiyloxides. Proesdiires suchae thesedeseritied §y Gomins ehple H Ore.
another. In an alternative approach to the synthesis

of Qhyi 58: 69 (1990 Hettog et).r Rebykil Tahivahinp Pawaldsddel 71 (1953)
3, 5-di bronmopyri di ne can be converted into the _

C OlafeqeD i ekemplifi¢a by tha-pheparstion 24(8H4-methoxyphenoxy)-3-pyridyl)-
5-aryl oxy- 3-bronopyri di nes by the action of sodium

al KopdigaspiR[ P8 nsRAk UREREYA 663, Slatbronpytidiy with sedioh 4as

t hose described by Comins et al., J. Org. Chem 55:

69n{€ﬁ§, ifbthAformameiel@ich 3-braiio-5Cp M
Pays- g@hﬁ&gigﬁg\h(q%gg%ﬁ oall.jrn g usgge Thi s ?s@u

exenpl i.fi he . p k9! -5-(4- h idi

7 BB Rl feifiePOSRIRE LY 3 broma 5-(4-methoryphenoxy)pyridine

1, 7-.di.azasqi 4.. ' i -

3, SRR P A s RE My Hag n th presence of sodium te

N, N- di et hyl f or pam de gi ves, 3- br.em-5- : .

e PHOXPE N BT BOF P o BB Hiernagedcetchelpaiadium(0) and 22

3- brono- 5- (4- net hoxyphen rjdin Wi :

. @@@menvlpwp?p&gir na;?@%%ﬁ%@%egﬁ- d°6‘f’>t’.°§§’ﬁ‘%dé‘?%“i"¥s‘? oft
e presence of sodiumtert- _butoxide, an ca i C

anmbenay] protectingrenny Wik poYide Fﬁ-é%-&‘é%ﬁ*@a‘m‘“ﬁ%‘?xp’k%wr‘ﬁ@'&'n d

2,2' - bis(diphenyl phosphino)-1,1"-binaphthyl, in

toldweaﬁplmff‘*d]mm by hydrogenol ysis of the benzyl

D (52 ( 40rtat igiiionmisey Sepyiadiytpatalypedieoupling eaction

di azaspiro[ 4. 4l nonane. O her aryl halides undergo the

paldesabedpredowlyy ZBls TgspirimiginydelkT-dioraspiie(d dinopans is propared

previously. Thus

7- (ipa ﬁﬁgliaf%ﬁiﬂéyﬁbmlsrb}oﬁb@&i&ﬁdim ajdoplibreilydrposition protected 1,7-
prepare

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 nng 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 palladiﬁm catalysis. Examples of both five- and
six-membered heteroaromatic ring compounds, which are activated toward

-25-
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in a simlar manner from 5-bronopyri m di ne and
optionally 1 -position protected 1, 7-

Wodi'(]@;,@[%@:,,r o[ 4. 4] nonane foll owed by deprotecti grorid2003/020524

necessary. This technology is 20 especially applicable
in casesq. such as. S | N6 those skilled in the art of organic
3, 577 ?Ig}‘?oaﬁ?/r??n |Sﬁes,hglglﬁgpagé-(%?}g py()rsf:?n d‘ia nlg, wher e %he
aromatic ring is. ngt tivated t.oward_ Yihdifan b
o ST SabSerpls el b BEL - AU ORT g can be

heteroaromatic ring to the, dia Lroc e .

o EeiZe B A oiopHaciaink =B L drriiny s dikowise,

Exanpl es of both five- and 25.six-nme d .

e O Bl PTE e A g PERIBARIS A N e -Gl oonane o

toward - 25-R1? 70241vl WO 2004/ 005293 .

PCEiveS2(6e3i@o-d5atzinglid ) edprmspirafd-Alnenare apd Tidstiazeydn,

are known by those skilled in the art of organic

sy didaespire[4.4foonapx acspécaiyely.

7-(6-chl oro-3-pyridazinyl)-1, 7-di azaspi r o[ 4. 4] nonane

can be Tayoduplisg mediohs dvidhed imihtsvpplicagion, ivdhetherailghigm

1, 7-di azaspi ro[ 4. 4] nonane. Likew se,

2, @agjfgécpm@v, hfZinttRabl@tachigh throngiopitispathétis tedhiniquese ldws a

with 1,7-diazaspiro[4.4]nonane to 5 give

/- ?f%faeﬂbpéoﬁfp%amrowe Pdsent Invéntitinaa 5@prodhced 4 darpding, imad6-

7-(2-thiazoyl)-1, 7- di azaspiro[ 4. 4] nonane,

re | | ' d886Us dekpid thi s
B kot KBS s G R 5

app al l adium catal yzed or not, are

anenabl e to high through-put synthetic techniques.

Thﬁgmgouqdls‘br ary of conpounds of the present invention
can be produced by.c | LD in a 96 10 well plate
fornat,§P8?H?ﬁ5?gﬁwgaagﬁﬁygﬁg§haIoarenes with various
di azaspirag onpounds,. Specific .Di az .- | th
Syet ome CeBeTAN PR R G e AR R T Bbpare te
i nternmedi ates used_to prepare th conmpounds O%e
ForcampaEnds of Remiles d 4t I e heseReEe] OB PUMERRET BOB e eeefd of
Several of 15 these di azaspiroal kane Lgt er me&ji ates.
ar dhdse diamaspitenlkean inyemediatsn e dnepet #¢ R PHPIERTY RIS
However, the synthesis of the internediates ysi NG sty i
palnheltidsnHotvevarghe synthesis of the intermediates using palladium chemistry 18
new to the art, and the pharmaceutical activity of the intermediates was not
appreciated in the prior art.
The compounds of Formula 1, where u=v=1, w=0 and x=3, possess a 2,3-
diazaspiro[3,4]octane core which can be prepared as depicted in Scheme 2.
Alkylation of N—benzyl-LQproline 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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unds of Fornmula 1, where u w 1, w=0 pafyx733/020524
possess a 2,5- 20 diazaspiro[3,4]octane core which can

be red ted in

- ERGHR ERp PRES Bk BN, Bemofih B BbERH Ptecing
using a stron ase such as, l.ithi umdj.i

( LOA§oPaty S tyAToRGHAER g SRR dlpae Wik 18 swdhiride
cyanonet hyl benzyl am ne, pr V|des et a-

ac mm'gnpﬁr%mlbweé@&&r% Mgéf’c%’}e Bl nikcly’fh"’m‘s“y
Am Chem Soc. 107:1698 (1985) and Tet. Lett. 1635

( 198®ilar t tiatdeagrited in ER bafen applicatjoryio] ﬂ@i’@ae(auwcwn number EP
l'i thium alum num hydride to provide the 2,5- -26-

RTRY L4851 L cabe 2661 ARG REimalisiEiudiosposhy) dujvativeApd
derivative of 2,5-diazaspiro[3, 4] octane. Renoval of

t hesubRgasnkly pomiefdt to g degired M diatagpiei[ 3 Alectahg ticheranidt iTh
or oxidative cleavage with, for exanple, ceric

amgﬁﬁéeh[ﬁ@n"ﬂ pailadiugh-catdlyded ﬁ@ﬁiﬁdﬁ @s described previously, would be expected
, b-di azaspiro[ 3,4] octane. Alternatively, chenistry

S i %%lﬁ{ceé&mﬁhﬂecﬂ*ﬁ%f 8 tksk StefidRlIPBinadted ARlinglatitrapan,
9011 078.7 (publication nunber EP 5 0 417 631) can be

o&u‘81 Oa‘ii# s-ﬁla% r6[§'4 Qb)Y Reiere 5 ayg1)2,5-

derlvatl subs quen l'y convert it to the desired

d or
2 afqlgé? 3 RL\otc%lLly 1 é% BEhA )‘ s 0%t theTﬁ@tldlﬁﬁ RERGUPERH, fi

aryla tlon as describ

FSJ(YEFI\E/%%‘U%I es CF tfl% Xg er&)p’ggg ﬁoﬁr@&ﬁ) ﬂ?%gg& gy deprotection.

azeti di nyl nltrogen pr odug,
2-aryl -2, 5-di azaspiro[ 3, 4]octanes The isoneric
5-aryl-2,5 10 di azspiro[ 3, 4] octanes can be nade by

first protecting the azetidi |tro en (with, for
i nstance, a carbanate) and thenyp f m ng the
aryl ation, followegdpRy depro g t| Sch1eh'é"‘2 0"
1 LDA N 1. L|AIH4 ‘bn HPd 2. HgPd
ACN
| OQ*H
N ' 1. LDA N
bn O 2. Et0,CCl w H
3. LIAH, ()C 2. benzyl amine
OH 3 HyPd

i
bn
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

27-
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2. NCNOC 1 H 11 1. LOAl bn 0 2, E1 CHSCCl H 3.

Li AlHa OH 2. benzyl amne Cy~-OH N 3. HZ/Pd | bn The

of Forrmula 1, wherein u=2, v=1, w=0Op@rds»&3020524
possess the 15 1, 7-di azaspi ro[4 4] nonane system whi ch

Conahe B BB SR M Wd@dl}ﬂgﬁd Ravare)
eﬁé@a B N%ﬂ?f@%m%éﬁiﬁs‘s brofds iRty

RTP70241v1_ WO 2004/ 005293 .PCT/ US200

carbeBR S SPEARORa Y En SHEHET o ﬁ%g{)@ g BB i
allowed to react by Mchael additi oEn

ni tRasey katlowwlwmg bﬁﬂ"l‘&ﬂ own to those skilled in the art
2-(2-nitroethyl)-1- benzyl pyrrolidine-2- carboxylat
Sul{§eguantle, heatingtin o nuimbletShg'emtlwlﬂ@fg‘ﬁ@Bpt aggpidiy or Rasigsptalyst),
ni ckel, followed by | actam zation by nmethods known to

t hqseviddsi 1Hbendylilp7-dinmmspird[4.BInphaorb-enanpl e, heating in a
sui table solvent with or without an acidic or basic

cat al yStI}le I,Mi@éklﬂw.ti]nonane—&one can alternatively be prepared according
1- benzyl - 1, 7-di azaspi r o[ 4. 4] nonan- 6- one. The

1, 7to93hé‘&ias%{?lérﬁlQJ[tlf'er fHeNaBARBorfed G the Qitdiatalet Suctatkachirigy indisate that
prepared accordlng to one of several other nethods

pa;)s'u{t?ggh B];erlfﬂ@ b@irthf be SpedtonRRAGHH I Biuindlisopbeylamide

it ab protected proline ester can be

d |e Fa(rsl \Aélgg‘%detg rﬂc{ @lﬂ!l ﬁhgﬂmr%k bftg RhdhRY '(:ﬁimda@et(;r@uﬁ? then subjected

t0 reac ting agent such as
chl {0 it Fo (ﬁxchgnr énd cycllzggon mcﬁcﬁ @heme 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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ngb@%?zgglggo). O her teachings indicate that paT/us2003/020524
suitably protected proline ester can be deprotonated

drtabl'y prot ect |
oi Nl 58 BB TaR 18 AR ot hmlidine

(Method C, Sche 3).,.The resul ti lef i e
oo SRy Bley U B o IPE Lo A Sy o B gl BeE b
Genin et al.,.J. Og. Chem, 58:2334 3 H.N | P
| eyeleda spisHei™ BAmethods Kapys 1 horg TSR Ty e 3 ffpeaing
Chem 61:3138 (1996); EP 0 36Q 390 and U. S. Patent

No. in5 spidahlesoventyith af wishsptian acidic prhasic calydypj ected to
reductive amnation with an amoni um salt or prinmar

al i phat i Ehedacta9 obiripndiby anyant pthe aleave metheds Metgﬂ% é%ﬂr Y
known to those skilled in the art. Aternatively, the
al dednybd erestad witk arseidibtarddicingtagent coel ssdphin algmiaiadpidride, to
and the al cohol then transforned to an am ne by
CoNyRVEE B préteded EAMviangpiEs[dMinoni, inchis dxdmple, 1-benzyl-1,7-

di spl acenent with the appropriate anm ne. This can

al s giaPRpiafi it MbRsheD Thel pofcfsy fGud dag bl eanived using mpthods krewn
an azide ion and subsequently reduction to the primary
anm A Uki1RE ik BAYS prévidk e \WBsite@ 1{70diAssiH0[4.4]ndndnB. Miation at
art. The al cohol can be converted to an am ne using

- 28_. . RTP B ASAmblRTds\ 520034 A30R24
Nltgﬁ%%@égé%%%%F¥%%§982§Q%|scusgggkpreviously. The

al kyl 2-am noet hyl pyrrolidine-2- carboxyl ate,

obt ai ned according to one of the methods descri bed
above, can be «cyclized to gnepkBoOl actam by net hods
known to those skilled in the art, such as heating in

a suitable solvent with or without an acidic or basic
catal yst O 5 The | actam obtained by any one of the

above~Jretihods (Methods A, B or can be treated wt
a suf t 3bl erdduci g agent , &t hi umeal umi nu ~H
hydriee, to provide—the protecyed N

1, 7- di azaspi r o[ 4. 4] nonane, in\% i s exanpl e, Y4

1- benzyl -1, 7- diazaspiro[4.4]ﬂ nane. The protecting

group can be renoved using net hods known those

skilled in the art to provide the desired o

1, 7- chi) dix BRADi(iD oifrdetiyjene (Mathed Amgﬂl%acb'rwattwd B); (iil) RaNi; (iv) PhCH3, heat
b) (i) LDA; (ii) allyl bromide; (iii) O, or OsO,, NalOg; (iv) NH,Cl, NaBH(OAc), (Method C)
¢) (i) LiAIH, or BH; (i) [-PG]

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

Subsequent transformation of 4-benzoyloxycyclohexanone to 1,7-
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w(l,\lg’(ﬁ,,;}a%zb-!, a) (i) LDA; (ii) nitroethyl ene (Mthogdusooso2es24

10

15

CH2CN (Method B); (iii) RaNi; (W PhCH3, heat D)

)l ety il g o0
15_5{23&%1;?@8% %nzlm%}o tian%taéh\{ s Hf Mta ?et , Coll. Czech. Ckem.dComm.

nane re C 156 be pr epare
15 cor.di to Schenme 4. The conver3|on of
1, 49’895§>£g%33?r o[ 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
WO 2004/ 005293 PCT/ US20033 @
di azaspi ro[ 4. 4] nonane (through the internedi acy of
4- oxocaprol actam as shown) can be perforned
according to the teachings of Majer et al., Coll
Czech_ _Chem Comm 47:950 % 982). Schene 4 OBz O!N
N\ N°§Zo H O The conpoundsijjof Formula 1, wherein u=2,

1 and x=2, possess t symetrica
2,7 aspiro|4,4|nonane system whteh—can=be prep?if%%:::h
acca gto —_—
N N
H

o 0

The compounds of Formula 1, wherein u=2, v=1, w=1 and x=2, possess the
symmetrical 2,7-diazaspirof4,4]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 &

CN
<CN NaH, DMF Et020>< 1)RaCo, DMF QCN
CN  2)LAH N

The compounds of Formula 1, wherein u=3, v=1, w=0 and x=3, possess the
1,7-diazaspiro[4.5]decane system which can be prepared according to Scheme 6. The
teachings of Kim et al., J. Org. Chem. 61:3138 (1996), patent EP360390 and US
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10 Schene 5. This nethod is reported by Overnman et
J. Og. Chem 46: 2757 (1981) and Cul bertson et

al .,
(%%%14/0 89j\/!ed. Chem 33:2270 (1990). Scherme 5 GpciNakkoosn20524
2 CCN1) RaCo, DMF |~ CN CN BrCH2CO2Et CN 2)

t ':‘g')’ag{}g[ ’ 53:1 3 Jl“rgdr%ér?@ee th%t?argégksﬂgsgérgfé{:ﬁg Bfoﬁfﬁ«lz Bstel (e. WORIEZ0EYI-L-

X=

B e L

J. Og..Chem 61:3138 (1996),..patent EP360,

s gechirih PR BAG Sty OISR, USTRGS poamag ol teaches
patent 5,733,912 indicate that a suit%blg $ro%§cted the 2
pr ¢hatedreberationfaxidgtion af theply) pidg cha an bR gErfopge fmrpyfls the 2-
can be deprotonated with |ithiumdiisopropyl am de and

al |(3hedroxypropydgraupwiThpsezskillad inythe art 1l appesstateihatihglaydroxyl
allyl bromde. US patent 5,733,912 al so teaches that

hy dr@ipannthen bé cotiveladd toan efinolgeoug|byylnumibgofaretiads.darexpaple
performed to provide the 2 5 (3-hydroxypropyl) group.
Thesplatiéi foliewled by fethectiag sminbtidn. aprmatively,a sulteily priotected proline
hydroxyl group can then be converted to an am no

9" Qier & bR deptaidRitediviti Hikied Siisopopylemiephealloveiddatdactwith an
foll owed by reductive amnation. Alternatively, a

Suig @Hﬂ%{ﬁ RéeRt Sk 86aiRIBpoPMe. EohREsiGPIT thepritBiy Mditeas extlamine

Wi t I'um di i sopropyl am de and all owed to react

W LBy B30 b%&(oln?t%% 51%?1:3 3 b k¢ métBodd for SR IP@Ement with

Conversion o y 1odide to an am ne 10 can

RS PR I A3 oSl G Rl chicn e

W anmon resence of a

con Sr?gé ?({ %}%ﬁ % Brrogp:gd B?féﬁ#lgzt@%pr%%[fgﬁidgc%n-%%n% husih Qn)bl’?umber of

cy e

1, 7-di azaspj ro[ 4. 5] decan- 6- one usi ny, NUb
SR PO 0t AP TEaNA B it Yot A TR pseBesr
solvent in the presence or gbsence of, ap %{ dig or
bagbeenegefangeidic osbask widlib @ disrustRddugiigrsly. Altemnatively, the
Al ternatively, the 15 known . . ¢
1, kndwa i J-diagarspird45]dteandrone wade prratsd asseuling toghe teachings o
according to the teachi ngs of .

Loefas et al., J. Het. Chem. 21:583 (1984), in which the ring contraction of 2,10-

diazabiéyclo[4.4.0]dec-l-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.
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Loefas et al., J. Het. Chem 21:583 (1984), in which
the ring contraction of 2, 10-

wé"b@é@l pagycl ol 4. 4. 0] dec-1-ene is used. The PCT/US2003/020524

azaspi ro[ 4. 5] decan- 6- one, obtained by any of the
above nethods, can then begdhem@bed with a reducing
agent, such as lithium alum num hydride, followed 20
by renoval of the protecting group, to provide the
desited 1, 7-di azaspiro[4.5 , yl ati on can then
| edyQut ataeither i usi ng bt hods

ererm— =31 R i WDO—200Z/ 005293
PCT/ LF;§20 3/ 020524 Scheme 6l ORga OR X b, ¢ p9 O P9 ChH N
N a)°x=OH (i) LDA allyl Brofide: (ii) BH3, H202 4
X=1: LDA, 1, 3-diiodopropane b) X=0OH (i) PCC or Swem
(11 3) REACK) LIN&BHi(I B8mide; (i) ( BH,I H.Oheat ( +cat al yst ’?) X—l
(1) Ne3; LA ,3-dfigdopropamat ( +cat al yst 72 C)

(1)
LlAlb)HfFO (i} PCE or&yenT (i Wgﬂﬂﬁﬁwcdsf “'P:(B'P?h!n’r‘?ata!smmer ein
u=2 ’Vﬂ Nile=Gut; a)h"g é—gﬁm‘)ﬁﬁ’ sess the
6°)o(i')§£'a%’r51'pi”'b T¥ecane core which can be prepared
accordl ng to the method of G blat, et al., Ter. Lett.
42: 4815 (2001). Thus, conmmercially avail able
1-benzyl -3 5 pyrrolidinone can be reacted vvith

éagﬁgg?/l gcoré?g{% n%%enf\@%éﬂws eg%g | aﬂ,e»g(d cﬁ@-‘l s&gess the

I(;_\? b;ﬁagigl}_aggig{[%%]dggagg Icgrg Jh?c%%tarll 83 pre;-m‘gd act or%mg%o the me?hod of

of 2- benzyl - 2, 10- di azas |rohé 5] decan- 7- gne, gp t hen

be Cibiptiriily FescLatod3:H81 k@08 He Thys icormarrindiy giailable 1-benzyl-3-
hydrochl oric aci d. Deoxygenation of the ketone can

t heuymbiidiasecapbe il Wigh 2meioh?-@-rwinesly))-1Sudipxolane (Islam
conversion to the 10 correspondi ng 1, 3-dithi ane,

f olahoRaphddly Jt(@Heat Sans154i(1955R6ney munamlotdculafmdemﬂclb@ml?n The
2, 6-di azaspi ro[ 4, 5] decane thus produced can be

di Rsdukl ihdleltlyRhe Retflivf hrnyl-RQ6ididzaspiro{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 afylated on the 6-position
nitrogen or converted into 6-(tert-butoxycarbonyl)-2,6-diazaspiro[4,5]decane by
treatment with di-tert-butyl diéarbonate, followed by hydrogenation. The latter
derivative can then be arylated at tile 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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nitrogen or converted into
6- (tert butoxycarbonyl)-2,6-diazaspiro[4,5]decane by

W(#Og with di-tert-butyl dicarbonate, folpd@weshoisyo20524
rogenat

ion. The latter derivative canlthen be
oo ef tedgfaam%f% R ?%%?é;é{ﬁ%?%@% DL R Mltbwed
+ oEx fremERags e At R PRRE ed°°§f61§“*ﬁfn§.%°s%°§§ 25

(the synt hesi s of mhl h i descri bed II et a
diazaspiredi drongne (Femada |, z%?}n UHd Ve c%y ?ﬁ?? :

-32 RLP 70241v1l WD 2004/ 005293 PCT/ US2003/ 0 0524

Het er oc¥lkd @sflmgﬂdSPﬁﬁ‘)'(ﬂl%B)“‘) efgin §=v=2, w=0, and x= possess the 1,8-

2- et hyl - 2- (2-am noet hyl ) -1, 3-di oxol ane, faol | owed

d e dieyappite(tti Sidec{resorberhich m@e atspued accardins tp SekRS t&Fé?Ofdmg

correspondi ng protected 2,5- diazaspiro[3.5]nonane

( Fes fi keackingswhypited by Weittekind=t al. W, Blet. Ghetn 9=1l) (197X} protected 4-

conmpounds of Fornula 1, wherein u=v 2, w=0, and x=3,

PO$FRESorkREn Be &nv&tedlt@&asmnm:[lﬁbxﬁirﬂe Seirsequeot Iiokhdl gédition

can be prepared according to Scheme 7. According to

th %ﬂl%ﬂﬁrhé&ﬁ&e r8PQLPE, filowWéd beketidtior bf tk nitrokrougetith Raney
Ch em 911 (1972), a protected 4- piperidone can be

g%?élt ﬁ‘é s th@ £ S%iﬁhgp'ir@ﬂj §8chilbRRe. ‘Puibmo@EEARR bbtedhesd with

et hy acrylate, for exanple, followed

B?sr b G faReqle gfégaﬁ 3 G5B A B30, ISKSA by

azaspirof 4 ecan-2-one. This

SRR RO R R
LSH?%%Q}IPI{A} 53%8%’? : ?ﬂ{fy E%An?_cg%él’ﬁlgﬁurg&%g f:?ﬂ(r)l? 44 g%gg%deusmg

Aryl ation on either nitrogen can be acconpllshed usi ng

neinsdees @%@%V?ﬁ@ﬁ“hereln Schene 7 0 0 N2 1) LDA ac
late 1) UAIH, _H

Scheme 7
1) LDA .
1) LiAIH,
ethyl acrylate
A swe (5 a3 O,
N .
\ ) N "
PG PG A

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: 165_0 (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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r I 2) [0120H ci 2) RaNi ry N 2) [-PG SN I\ 11 PG PG
P 15 H The conpounds of Formula 1, wherein u=2, v=l,

W%%4¥186§2§ possess the 2,8 diazaspiro[4.5] dec;m@/[;@;@gggmosm

can be prepared according to Schene 8. According

E?g‘\%‘% El L] o? ?Ftt am{@?‘l{%ﬁuf% th@gﬁ}zoe‘gpnmfm%@g&am o

(ﬁg@ ;‘3“0“ Sfﬁ‘g Bl"’é’ltﬁ“é‘ﬂ’ aﬁ‘dﬁ?%l&”??éﬁéggat%}be c%%{/egp %ceﬂlé}g?&des
" .

L e Ry 2 AR S GO BERTS 065 Bl 2%

ol efination. Subsequent M chael addit JMth the drid
ani Gnzaaivol £ 1dormBt HenronlT P IHEF S5 suﬁeaﬁ"}etmuwlwmm&y ride
nitro group and spontaneous cyclization wth X

ni Cfoﬁbwe¢3bmm§zg of the@rqiecting g10up) provides the 2 8-d:azasp1ro[ 5]decane.
2, 8-di azaspi ro[ 4. 5] decan- 3-one. Treatnent of the

pr oAgtdtied cih B attamplishid of elth&] miteagen ugng the mgithads described herein.
reduci ng agent, such as lithium al um num hydride, 5

foll owed by renoval of the pﬁ@'ﬂ%‘@ﬁt ng group, provides

the 2, 8-di azaspi ro[ 4. 5] decane. Iatl on can be
acconpl i shed on eitherCajgrogen u5| hgg;sH N’
descr bed herein. Sgheme 8 O C(P COZEt )_|Aﬁagl\f
3) v[:;ﬁ’gfi | JcitNB ) [- Fi&H-PBB PG
Fhe—eompounds of——F&r—m:H-a er el p—u=2—w=1,
x=0, posse 1, 8- dlaza kT o[ 5. 5] decane

core and can be prepared accord| ng tg t he procedures

I—Z

The compounds of Formula 1, wherein u=2, v=1, w=4 and x=0, possess the
1,8-diazaspic0[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-diazaspirof5.5]undecane core and can be prepared according to the
procedures reported in Helv. Chim. Acta 36:1815 (19535, J. Org. Chem. 28:336 (1963)
ot, 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 corerand can be prepared according to
procedures reporteci in Rice et al., J. Het. Chem. 1:125 (1964), US patent 3,282,947,
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utilized for the anal ogous 1, 7-di azaspiro[ 4. 4] nonanes
by substituting pipecolinate ester for proline ester.

WOAMO%E)JS%:! vely, the procedure reported in Zhu gdT/ak2003/020524

Chen1 58: 6451 (1993) can be enployed. 15 The
co d 1 wherein u=3, v=1, w=1 and x=3,
'gewem r%:fél? (u=3, )

POSSESS rlcal 2, 8- dlazasplro[S 5] undecane

R L A
C|h ?rlrgthyzg I\égg m&g&%@@mgngr %nf & eX iﬂqtgj 8% ﬁp&r%gndc Sﬁn{]‘nems,

Formula 1, wherein u=v-2 and w=x t he

sy rimwolvies eespigtion wing-diastareagresic s3itin E@Elaﬂ‘@“dg 8? @E’&FFa‘”E Hyepsion
prepared according to procedures reported in Rice et

al contdin beki¢ nitrGgenatorss a@svitl reskyith wilsia farAy crgstaliue sgltsy

-34- RTP 70241v1l WD 2004/ 005293 PCT/ US2003/ 020524  or

J. Wdeidus 4ShiB/Rartixglic 4ri$6B)nic, Siargimencevialinaveildlc i spptigredcally
of the present invention can be nmade by vari ous

e pliRds:m. Peanipkishtdudewsrtaric kdibaoyl cantlhib peolsiyiaktatic, knd

the art of organic synthesis, involves resolution

US icRgnilirdSfosic A6IdR N Whes tylohe ofhBie@ btler sifigle eanfioraseranids is
invenglon 5 contain basic nitrogen atons and w | |

Q%irctew‘,\tlﬁ aarﬁéeQﬁc 5iRink BAJY) dihNSbodhdricREItsSaults Frackadal OUs
ci car boxyli1c and sul fonic, are commercially

_av 3l %Hﬁ?ﬁd%f%@ﬁfé §db§§#ul:ﬁf reg@Hér@hcanff e Ua¥a[REAS in

i nc artaric enzo di - p- toluoyltartarlc
and a hors |ds vwen any one of these or
ot Y8BT reescléhﬁtfé\qi%orﬁglsr: acids is reacted with a

Fract] 8@33‘1?%1%%%& PO GO FarlBlioh of BRptomeri
e ot Taio s ERaIegt OIS REBBra e bR AR By
s A e oL SR
using a chiral acid or chlorofornate. ,

r acewiled it B-(feyt-husgpiyparhonyh:-Siprlings §Fips thﬁ]Yif}H%ﬂahqsghates 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 systemj, the alkylation of proline

can be carried out in a stereospecific manner. Thus, methods such as those described
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15 coupled with N- (tert-butoxycarbonyl)-S-proline,
usi ng di phenyl chl orophosphate, and the protecting

w@&@%ogﬁ{mved (with trifluoroacetic acid), thect/us2003/020524

resulting diastereoneric proline am des of

[ (RN b e A2 82 059 vAHARAD G, SPRGH 13 8995)

i"quil t ogra he separated am des are
th f d_{ nt + d. (3 P S TR :
o Po S0 L Bl L e iy e
degradation. 20 Sel ective nthesi s of sin .
o otiP: ShennerRmaT el B R Tk ty a fatle fom Aldrct)

to those skilled in the art. Such ﬁtﬂ&fiﬁf&l will var a8
t hds eyed s the stprting aateriabfor sushemroress, e aliplafip predud fralio s,
rings varies. For instance, for the syntheses in,.
whisastgle dmentigimep| Atviatiety of electiophiies Gan braysed iy sughalkyatipngy

to formthe diazaspiro system (such as described for

t hdndydinglally? baides, sfhichanobezn ssefslsn asspmblingspixp Rysremsirelated to
of proline 25 can be carried out in a stereospecific
Margagipountl Ubthe pREGD itvestivnlGenin 4nd Jelmsdm Scdibre Ghem.3c. 114:
RTP 70241v1l WD 2004/ 005293 PCT/ US2003/ 020524 by Beck
et @by (199¥9. Synth. 72: 62 (1993) or Wang and
Germanas, Synlett : 33 (1999) (and references

t her ei n)g, £30d Rpirt RSk SRt rol the stereochem stry of
t he al kylrgi?i onslrst ep. ﬁhen enantionerically pure

Pr ol | N 155 Gt RAIBEY o h bYwAikEh babhea! WamAd r-2ak -2,

is used as the starting material for such a process,

the al kylati.on pr i 3 2,9 dhR1 6518 0hd QuBE -

n PErER e BeLy BaB Ry Tp e e R SHE

al kyl ati.ons, .. i ncludin |yl halj . ' Y& BeEN

s drermegos s Begnes; Fie et B ok f dimoelyy ke

conpounds .of the present inyventio [

J. DAGRERCe ofARAINg hpse, Gaf FCO@?‘?%de”i@é%?’y‘%Pﬁﬁg%‘é% €§$ the

Ring Systens 10 The .conpounds. of  For eLel

= roggiigre regorsed isaf@rnisplggtéﬁd? Q&,Chewo@égzéz g ?1%5- Sifuttaneous

spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 7, 3! -.p&‘{{ol i di ne(J? .

corredustion efithe nitro gpup gad the okfandsr saalygc Bydregppatipn cpptions

anion of ethyl nitroacetate, formed in the presence

of mevidesites?-Basapylglyriteesteo nHhinesapopnd pan be treated with

t et rahydr opyran- 4-one using the . .
hydrobromic acid to afford a dibromide, which is cyclized under basic conditions 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 nitroethylehe 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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procedure reported in Fornicola et al., J. O g. Chem
63: 3528 (1998). Sinultaneous 15 reduction of the nitro

W(ﬁioﬁﬁ’ﬁhs%d the ol efin under catal ytic hydr ogengif/@soos/020524
It ons

con provi des the 2-(4-oxanyl)glycine ester.

Thi QU i ; hC acid to
af £ ﬁ@fﬂgﬁgﬂ% gfr}n er;g&vc\;/%lg:c (ﬁgd%\?/fg &%%gﬁﬁgéen?%asi c
conditions to the }
azabi cycl o[ 2. 2. 1] hept ane- 7- car boxyl i ¢ aci d. Treat nent
of the acid with ethanol 5 %nggsul furic acid provides
the ethyl azabicycl o 2. 2. i'] Wept ane-7-carboxyl ate. This
20 conpound is then deprotonated with [ithium

dii sopropyl am de and rea@tegy by M chael addition with
nitreet hyl ene to give t% etlhyl aza-7-(2-

H,N
nitrgethyl)bicyclof 2. 204 taxfen7- car boxyl at e. ? o\
Redtctyon of rduhemni tro grolp with Rapgy nickel,

f ol owed by—spoentameous chy zat i om—=aftords the
spir8iactam MNreat nent he lactamwith |ithi

al um num hydrege affords the Spiro[ 1 25

azabi cycl o[ 2. 2. 1] heptane-7, 3" -pyrrolidine], which is
subsequently arylated on the -36- R1P 349241vl WO
2004/ 005293 PCT/ US2003/ 020524 pyrrolidiRe nitrogen to
pr oduce con‘%eunds of the present inveniioh. Schene 9 0

00OI 0i @ K2NO" R RaNTTYH2 O NOR
COEt OO m 1) :
nltroethylene 3) EtOH "H+ 2) RaNi, H,

The compounds of Formula 2, wherein u=1, v=2, w=1, x=0, y=1 and z=2,
possess the spiro[l-azabicyclo[2.2.i]heptane-2,3’-pyrrolidine} ring system and can be
prepared according to Scheme 10, Conversion of tetrahydrofuran-3-ylmethanol
(Aldrich) to 3-(bromomethyl)tétmhydrofuran can be achieved through mesylation and
subseqﬁent 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 deprotoﬂating 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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acidic conditions gives the desired
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openi ng of the tetrahydrofuran can be achi eved by

t 1 §kroREhe Mvhidh iysdbsicatty eryRtiddnithe Bidolidide hiegen to give

di bronmbam no acid internedi ate, which, upon heating

unq%hggﬁﬁg%f&%%gg&hgﬂ@mmﬁycIizes -37 RTP 70241vl WO

20041005293 PCT/ US20031 020524 to the

1- azabi cycl o[ 2. 2. 1] heptshgnedocar boxylic acid. This

acid iscan subsequently converted to the ethyl ester,

usi ng ethano“ %ﬂ& w'furic acid. Al kylation iscan then
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per f d by btOhat®Qn with lithium

dii %yl anﬁge—m‘rd riegztmi%on with nitroethyl ene.
Subséquiepn®Hr eduction o Bmitro group using Raney
ni ckel, followed 5 by Ma&ctam zati on by nethods known
to those skilled in the art, gives the spiro[1-
azabicyclo[2.2.1 ] heptane-2, 3" -pyrrolidine]-2'-one.
Treatment of the lactamoaith [1ithium alum num

hyd e, gives the desi
spi - az@bi cycl o[ 2. 2. W Heptine<P2R . pyrrol i #NeiCOHE
whi ch” i sFsubs 732 aryl atled on théfﬁﬁiﬁbLjdine
ni trogegNoO give O '
¢ 2
1) HBr
2) NH,OH
3) EtOH, H+
1) RaNi, H .
. 2; v ¢ NO, ' LDA,CH,CHNO,
NH CO,Et 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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conmpounds of the present invention. Schene 10 O 1).
MsCl, Et3N O 2) Liar ~OH Br NH NVCO2Et H2N CQOZEt
: )

W(Eﬁd&_{(}oﬁwd nate K& Bu, "A“ \l \l o 1) HBr 2) p#tklooidd20s24

, FF N 2) aNH H2 ~NO2 LDA, CH2CHNO2 NH COP CO2Et
10.4 Th . : ' 7elo[2%14heptane-
T

. =2 poss . o .
nd-hfrdtis) st shagt PR BB I SBnPH Bt es

PCT/ US2003/ 020524 i n ]3 ng}fnger Si g‘n l.ar to tha&iscﬁ;é)s%dt he
coBPREEieshianTR & Bromesiety i ehvetppyap bY Se prareditraids

2,3 -pyrrolidine], as seen _in Scheng 11, Egggl e 4
quipravsiuplyiferetiny arabisygipkiZe! Ibentanse2-caghordpigt d4° FeApRte +
(4- brononet hyl ) tetrahydropyran by the procedures )

di §oomemdthyRietatydiopyyn ¢agrbegreppied according to procedures found in
1-azabi cycl o[ 2. 2. 1] hept ane- 2- car boxyl ate. The

r e @uiger, teeald JodA4.0Temo Sat 1255 1261 9 HhyIhoups etal., dathaye.
prepared according to procedures found in Burger, et

al Phadnachinis: CERD6HQed J. Uki. Thid. SLORB)840THONR)S, Edyl al . |
J. Pharm PharmacolL 15:167 (1963) and J. Am Chem

SO QuinddiiRédarbok9Reiscafr i ldeprotonated with lithium diisopropylamide and

qui'nuclidi ne-2-carboxyl ate iscan then deprotonated

W T Aol W YRy RAD! QB Bt #RatRHaEE with Raney nickel gives directly the
spirolactam, spiro[azabicyclo[2.2.2]octane-2,3"-pyrrolidine]-2"-one, by reduction of
the nitro group followed by spontaneous cyclization. This lactam iscan then reduced
with lithium aluminum hydride to provide the desired spiro[1-

azabicyclo{2.2.2]Joctane-2,3"-pyrrolidine], which is then arylated on the pyrrolidine

nitrogen.
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reacted with nitroet hyl ene. Subsequent treatnent with
Raney nickel gives directly the 10 spirolactam

Wé%@%@@bl cycl o[ 2. 2. 2] oct ane- 2, 3' - pyrrol i di npt1R'S2005620524

reduction of the nitro group followed by
spont aneous cycli zation. sfkme thact am i scan then
reduced wth Iithiun1a|un1nun1hydride to provide the
desir spiro[1l 0

azabifcyc] o[ 2)-MsAH Bt ang- 2, B' -pyrrolidine], which is
thenlary! at &4-8n t he py idine nitrogen. 15 -39-

R1P 7024nmv1 WD 2004/ 005293 PCT/ US2003/ 020524 Schene
11 yo1). MC, Et3N 2 LIBr HOO Br "A" \ | \ N-COZEt
H2N COzEt NH ethyl glyecanate KO Bu, "A" O 1) RaN,
HZ N 2) Li AlH4 NENOZ LDA, CHZCHNOZ N NH CO2Et COPEt
Al terpate Synthetic Met The conpounds can be

progucyd usi ng varyi ng Al atives to t e
pal RAt altyﬁ Jlgw;gup Mé%ﬁp%@graAbed a 8825

can be uged. Fnr

1) RaNi, H,
[r% _DLAH, /AQ\, LDA, CH,CHNO, ["“AQ
NH

CO,Et CO,Et

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 orgaﬁic 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 gencrate 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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those skilled in the art of organic synthesi s w il
recogni ze that one or nore of the nitrogen containing

ﬁﬂsﬁﬁn be formed by any one of nany conmonre@E;E¥803/020524
syntheses. Thus, an arylam ne can be reacted with a

protected cyclic am nphegeliyati ve (see schene 12),

whi ch contains two reactive electrophiles, to generate
an N 10 ary (gi azaspiro conpound. A variety of

el ectr%p participate in such chem st ryQ't

hal i des g,sulfonates vi a” ilic dy @rrent,
al deﬁ Qvi a fedftitve amiywithBn, ester d ot her
acitd de"I vatives via acyl substitution,, $£0lTowed by
reduggi on). -40- RTP 70241vl WO 2004/ 08%293

PCT/ US2003/ 020524 Schene 12 PG /PG Ow N O~ N

r eagenCidjZ (whieke Z ©X qf'sulfana) NFRO(GQER with E) O (1' O
OEOW NO Ar EE = CH2Z (where Z = X or sul fonate),
CHO, CO2R The requi site bis-el ectophiles can be

synt hesi zed by many di verse nethods. Schenes 2, 3 and

Do RO RALANS AU S RE Al SBed bk AR U hntthdch,

benzyl a et” a

%‘Ep"ﬁm%gz ?gg% agﬁllggoggo&g slfggow s (Bp bty oy e
N- -
al SEAEmSRiBle Podaten ¢hsl sl A éﬁé@;@?%a Shephfiual, s

conmpounds. Thus, diani on of comTerm alfjdy avai i‘ﬁ el
( ACrg Hhewst 6 |12$23 ﬁ?%)&oﬂg@p@t tiye alkylation of dianions of N-acy! 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—S-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[4.4Jnonane. 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 (Aidrich). 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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carboxyl ate can be alkylated with ethyl bronpacetate
to generate ethyl 5 10

( oxynet hyl ) - 2- pyrrol i done- 5- car boxyl apeyushRs/020524
ég@gﬁgﬁgl roring can be formed by reacting ethyl

o G O s TRk L 36 g.;(,feg OF bil'Niits SHVRINEY b3 kbl

rzeglr‘lj%’léa(ﬂl% r\%ﬁd 451%@ lagzl[xfénsp 1369 cilé aC(':Ol’dlg'lé 'tooﬁglla?ﬁ et Qle J.

7-ary 7-di azas 4. 4] non Dependi n

o Sic, TEREUAP5) angh-bHpho GG GRE AP RN n"t"ﬁg’ts’i el
steps can be changed. Likew se, it can be 15 nec

t 0 AmQoinpGRA2R2 (p?”loﬁﬂ e'EhuSomYad@b’er PNearyklisgasire E%mPWF‘g
particul ar nethods. A wde variety or arylamnes are
av girtsaitlievehtion, isehichtheheyl gpp dacivegnembanthefaiocy e fahee
12. In addition to am nopyri di nes and

angp@fyed. m di nes, 3-ani noi soxazole is comercially
avai |l abl e (Aldrich). This provides a neans of

SY i fiagmAceubieall floyk di azaspi ro conpounds. The
i someri ¢ 4-am nol soxazol e can be nade by 20 reducing

the cor ngespanRsiuAgs &stsed GEBRRUNBL Mbdrheratel éntophidsmaceutical
described by Reiter, J. -41- RTP70241vl WO

e —
ma &gc %%%ggmﬁ P {1’%&1"&% {ﬂdﬁ%% fé{b‘fg F%c@sﬁﬁgggn ﬁ%%gttgé &ﬁlgiéigl; or
1965

/(AV éﬁ@) er.q agltlgc%ﬁﬁ S&? l%omg%t% dgg%g%lg#%ﬁ Etg.:'llﬁlg oh@or more

varlety of N-aryl di_az ro,co t

e of Fomaei of Rabdpphagrea ey Sossdil %&%E@W

heterocycle, can be produced. |11. Pharnaceutic

Coﬁ%@i@ﬂl{)i ashiee epouBdi a0 REISmRIgET a8 BRSPS °5ﬁ5 B‘“e

i ncorporated into pharnmaceutical conpositions and

us estastwmersevent a condition or disorder in a subject

susceptible to 10 such a condition or disorder,

and/ or (The traesdr 1mwhmbﬁlmmbmsuﬁnﬂepﬂeﬁgmfmw4%@%&'hﬁ on

or disorder. The pharmaceutical conpositions described

h e r&h?oéaﬁ@ds lyeeprefegatly adminBteredomyily(ags iroliqui form | vethin a gpivent

/or pharnmaceutically acceptable salts thereof.

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 pharmaceuticaily
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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Optically active conpounds can be enpl oyed as racemc
m xtures or as pure enantionets. 15 The manner in

| conpounds are adm ni stered can var ypef€2003/020524
““%%ﬁ%@%??fons are preferably admnistered orally (e.g.,

in liquid formwthin ol vent. . ueous or
non- aqu ig‘ﬂ copposilens ca&rﬁmsqeﬁﬁﬁ"%s%%# ?E @g?tr&{ﬁ’e ?)g
Preferred conpositions for oral admnistratio .
i ndntayeneepsly sntramysculady, %ﬁ%ﬁea‘és}y-é%tbﬁps’{“g?eag% g‘ﬁr%‘imm”y’
and sol utions, including hard gelatin capsul es. and ferred
t i nmrathecallys enddnpegtebroventgoueyhp OBIrRYSIPRS aPRYRIFEAton Is a prelerre
formulated in unit dose form or in multiple or )
sulsticd of asjesion. Stimblecapitreompyestion aresvelk knowg tp thpse gf skill
or semsolid form Conpositions including a liquid ]
5 phas RGAUhhERALINe 5 fedekiro®y solutionss salineasndvpibephatgrbuffered saline.
pharmaceutically conpatible |iquids or sem solids nay

be beStdginib el a6l 5n aifekionsee hije@ion dsg. & a
mlTﬁ%Eﬁ’gﬁﬁﬂ’tﬁ%@ﬁ%ﬁﬁ of SKiTl inthe art. -42- RTP .

70241y 1 . \\O 4 TR fﬁ%“é%@@c% 119 2Qetdble Fikdid or mixture of
corsrkf)S \érl}sf?nooﬁégg%é&gl?légﬁbe adm ni st eged via i l31‘jﬁecti on,

[ 3 .Jdntravenously, intramnmuscul arly, subcutaneously,
in ‘rqg‘&@)ri toneally, intraarterially, intrathecally;

T, FEEF LRSS LR B AL e B et
0 Chsbiedabentt SR s .

sol utions, saline, and phosphate bufferﬁﬂﬁsaline. Th? b
CorspeRositiies cate el knpen seitiosd afiskillia tesarh e GPRBPYHs G also be
injection (e.g., as a suspension or as an enulsion, in

a piminineediby mhilatjonse.ge i thbFarm| dfguperowl eighex naspldy grusmg
l'iquids). The fornul ations nay al so be adm ni stered
USidaBvedy ReitleBiahotypé st f@tteinl.$ PatepONe.&63231901 to Brooks et al., the
adm ni stration. Fornulations useful for rectal
adrgigicsire aF wBith isiedipciated Betpiposits atirap); topicallydslg., it nsiam

to those of skill in the art. The conpounds can al so

15 be pRdMntslRnRaiyE ¢, aiiag @idudertfl patch, ising teehrobrpmtiod is
an aerosol either nasally or using

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.

20 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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delivery articl es of the type set forth in U S. Patent
No. 4,922,901 to Brooks et al., the disclosure of

'0&51“5:2?3 i ncorporated herein in its entirety)per/ss2003/020524
oprcally (e.g., inlotion 15 form; or transdernmally

. 0., [ 1L d . t ch ' t
SRR 115 g LT R T
S CICVINE LI IMINE RS0 WEOR I T

it is preferred to bgyesent_ each conﬁﬁ%ﬁgg iﬁ t he fO{m
of suchpal amruess it cab rabbisA9BsPig: 9> B mP W yntagpsty are
efficient and effective adm nistration. 20 Exenplary .
e térailistdrat to adwinan being.i Ingddition thetimooffiay angd the ngber of times
apparent to the skilled artisan. The useful ness of

t hpendaf Gianthe phirmaseurieal fatepiatidn srrdmimsterad eanc@nar
conmposition used and the particul ar subject receiving

t he tr epfefadly, udiefimihistatioh ahé anive ingyediofstinevactwith gedptpr
carrier that may be oily, aqueous, enulsified or

COBHAIHEEE 8bdY TPhAbfest tBdtaffede ke fusctiohiag nbiie GNS. More
adm ni stration. -43- RTP 70241vl WD 2004/ 005293

F’Ca;e%'?ﬂ% 3L 0R0RAS s CRRiSORIER HréfbrbbIB Sdraidistration is designed to
admnistered intéermttently or at a gradual,

conty; 1 4t Ravk an effect upon the
B S e e i e QLTS

ra at., rabbj o[ Wo A _ ceptor
o R ol P pblhcl B prRls SBRISRCkle b recrtor
addi tion, the ti 0 ay _and. t he. [

P U AT Htebg et o oo pf MR RGfpGlnds bFS preden
adm ni stered can vayry. _Preferabl .

APy 25 Sespribed MU, Patont ik 338%?%#1{%?“?‘%"& Phct with
receptor sites within_ the body of the StHagj ect .t hat.

af f ect Pteerghly diejcomppyitions argpdoimigterefsych that sehvedpgragipnts
in treating a CNS disorder, preferable adm ni st,l;hati on
i s intersétgritacregions voprd ayfokineedustignsis pifegtestorongue The compounds
rel evant receptor subtypes that have an effect upon

t heeskbédireedin am iveny pofent 4t ere@iug, thesp conditiang phisqragys tiige they
ef fects upon nuscl e-type receptor subtypes. O her

S Uiaffadt cgroking prodhiotibn andicinsecretidneat ivery low eonsemtpdiony gndre very
the present invention are described in U S Patent
NO e a&ifis (28 Lthépinfibitichtokine ptoduction and/or secretion to a relatively high

degree).

In certain circumstances, the compounds described herein can be employed as
partofa phar;naceuﬁcal 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 vartous 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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Preferably, the conpositions are admi ni stered such
that active ingredients interact with regi ons where

' production is affected or occurs. Th&r/us2003/020524
“Kg%ﬁgéﬁg s - 15 described herein are very potent at

treating these conditions or di (T . i
ot PR dpbEREERe PR P en e G as thfring dapRY, i
| ow concentrations) and are very..efficaci ' .

{ PURTRDY poteis, DRI SR B ClgL s Py Seres,
relatively high degree), In certain circunstan

t heitasing srineals gadeariqegigrotisy epen ‘P&}P"B%ﬁ%‘f?ﬁ P a§§1%b%
part of a pharmaceutical conposition wth_ other .
cotherpentis enefrasetd affect giectherapeutis action o the phiymagqutical,

di sorder. In addition to effective anounts of the

c osgmpusition, atesctoividsipiyesnting anyt frotengiplsideeetlotts whigh can be
conmpositions can al so i nclude various other
COmRmRENs: resulrddihinisastiar ofalsy phagtaeutiealkwpipasition.
pharmaceutically acceptable conponents or adjuncts
which afg ax8 dodeldf ftR|compaindds thatumdunneféstiventiopreyent
25 antioxidants, free-radical scavengi ng agents,

PeRdyesoe o8 ﬁfé\@gﬁ o bPths disdabs 8it®tredt Some sydptoms of the disorder
RTP70241vl WO 084/ 005293 PCT/ US2003/ 020524

b a?rgl%r\irlﬁa’f @k P&leﬂg R: By OMRASHRREGYS K& Bpeutic amount” or
a ul ants, buff

nt'I coag eri ng agents, anti- inflammtory

ag eegée?ﬁveta ots.é"'ig é{eg{t iﬂﬁ?am&dn%fﬁslﬂﬁ% Elid (RO&dsied pharmacological

ana etics, erords, vitamns, mnerals and

t t j . aouch L [
b B RaRe S 38 T ERTRRERD e AR R ment f e

therapeutic action of the pharmaceutical 5
coﬁﬁ Ption, or act towards preventing any potentia

side effects which_can b [ sed as r.esul t qf.

admi ni SWHER Reiing p GNP EAOBE 5 aTpqugH s ap ggmouat

appropriate dose of the conmpound i s that anpu

ef sufficientdo pass perossdhe blogstlrainbarics obihe P‘I‘hé“%;’%‘f‘g utﬂ%felff"a“t

the disorder or to treat some synptons_ of the disorder

f r et sites intthe frainiof fhe sebjedt andsto apjivatereleyantinice B IRFARIor

"therapeutic amount” or 10 "effective dose" is neant

t hadbtype® Yag., profide atwottansioitiet seciction, Heusdesyitingdn effective

phar macol ogi cal or therapeutic effects, thus: )

T epiekéntidg of teatinbmof il disprder)e Rtdvantionrof thealisordenis resifesied by

delaying the onset of the symptoms of the disorder. Treatment of the disorderis
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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di sorder. Wen treating a CNS disorder, an effective
anount of conpound is an anount sufficient to pass

-acr e bl ood-brain barrier of the subjectpcigsidoiados2s
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nt 15 receptor sites in the brain of the
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di snd ghoglioto aap sigaifiant féstearlhe affestive fAgse of goppauRd¥ ot course
the synptons of the disorder. Preferably, the

ef ik from parientd patisntsbift iri ganerat inclydestsmenpts siging adeied NS
result, but insufficient to cause appreciable side

ef f:ﬁ'é‘dtéSor ol dediit¢ tetapeutid effects arcunlaut helow dreamiunywhgion
factors such as the condition of the patient, the
Seyfisbdiar ¢Ofcth i@ obsepRiions of the disorder, and the

manner |n V\/nl ch the 25 pharnmaceuti cal corrp03|t| on is

admi ni s ARl Bl¥fEctitd incahisénidcurlanteseth the
-45 R1P 024|v| V\b 2004/ 005293 PCT/ US2003/ 020524 of

typiGal g%%ﬁﬂgdjman GeN&feBfiveto CEESH feRVa Gibofthis r&Eptog, tutdo

coirpoun an anount sufficient to activate rel evant
recept or. eff dsBalde siddlGRRRIanE)
relnggséguﬁcﬁﬁﬁy Ftiy gtm F‘Eg%ws F%%&l?%%uffl eient 1o

i nduce effect on skel et
o et et B B LR Gl e

w |l of course 5 di f f from t

i n oy athererIotARMiHers By e §‘°§R "@‘{‘vbﬁg’ ﬁ%@a&p"m

effects or other desired,ther utlc ef f ect

b cleBoptive én pIVERRITE ol Seatingac Ssorrrs psciply B ?@4“0’251‘

The conpounds, when enpl oyed in effective anpunt S iy
ac elicitiapativetiantof cerérin gABEHRIr-HBS B PHEGTERANYUS At COQFeRtratio

sel ective to certain relevant nicotinic recegé %
do higher tha 5 tiingw ipfaferably higherdham 189 Emep @ag maFePr ?géﬁhéﬁ fithan
w th undesirable side effects at

1,000 times than those required for activation of dopamine release. This selectivity of

certain compounds described herein against those ganglionic-type receptors
responsible for cardiovascular side effects is demonstrated by a lack of the ability of
those compounds to activate nicotinic functipn 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 des not exceed about 400, and frequently does not
exceed about 300 pg/ 24 hi/ patient. In addition, administration of the effective dose
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RTP, 7024t vl 2004/ 005293 .PCT/ US200 ' e
Fitbe SRR RE PR GT I O Loy eh

pl asma of the patient, nornmg]ly do nQt exceed .
P TGAS b FRRBEM(S 8B ADiE S B I BB e FSTRE Undigiable sid

conmpounds descri bed herein, when enployed in_.effectjv
anifects. Breferablycbe qampaunds arp admigistradiih 3 doges effse ‘é%lﬁ’r tréating
herein, can provide sone degree of prevention 5 of ,

t hehpEN§rdisssiemsrbubiesChigh Hﬁsmg @fensles 140 Sheamapntedited to
of CNS disorders, and aneliorate to sone degree of the

I eCalicit e6rtuin sifle ENGtsdo smyrsiificantidegreef f ect i ve anobunts  of

t hose conpounds are typically below the threshold

concent nVadst pidferilly) ieffeutive dosed are at verploy @peantraticud] wherd de
effects, for exanple those effects relating to

sk ehlih] JFiSE b2, obIdied t6 OEmA Witk miaimie ofislds eister ed i n

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

For compounds that do not induce effects on muscle-type nicotinic receptors at low
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10 disorders are treated and certain side effects are
avoi ded. ldeally, the effective dose of the conpounds

chfﬂﬁ&[}@&d herein is sufficient to provide thep@Egsiieos24

upon the OCNS but is insufficient (i.e., is

-h. h | A i i b often
07 bemenfarigng e SRt dafs i ks o PR UR pHAESEEROLR of
dri ni stered at “effective f -
oGt GEPERGHs ats pAy SR g st oo 0t R 5 s of

1/10, the anount required to 15 eljcit certain side

of PelisnsweighiarThe $BEA118 <CRRIvedlors SR SPTSFL IS ARy

ef fective doses are at very | ow concentrations, wq re
meveiiministezéd asasingly doselos 8y RS @T METeGHAEEHRAMGRITECd OYRL i ﬁﬁ‘fﬁ“
of side effects. Concentrations, determ ned as the
ampendd. of conpound per volunme of rel evant tissue,
typically provide a nmeasure of the degree to which )
that coppcuitin phtieaes, e efftaive dese 20typicalhooippuns generally requires
Typically, the effective dose of such conmpounds

ge Qﬁﬁlﬁliétéfin?%ﬂoﬁ@‘éumﬁﬁﬁh BinGiir of tdedstubostolypHemat I¢ast ahout 10,
anmount of ['ess than 5 ng/ kg of patient weight. Oten,
theng ﬁ%ﬁh&gﬁjﬁ 186t dub6t 2815 2NKr/ pdiéRNt Forhumue patients, the effective
adm ni stered i

in an anount from |ess than about 1

my /dé&o%g‘{ﬂ cd%:ﬂoqms r@tﬂﬂlre!s‘ Sdifihisiérib@ e cblipsuna hich gbéally does

g/ K I ent”  wel ght, but frequently between about

: 2,4:85%%5436 Sur'sBA AR Rl PeaBlediBbi 06, At Bllontl7 ock A6t

0 Nno uce eftrects on nuscle-type
nicotinic receptqrs at.l -4/~ BIP i¥ils W dvanta 1
D05tk SBEk B uiosbolaagditon, Teeofeflitls s quanageously

e
effective dose is |Je than, 5 [ k f.. ' ' ithi
o adminiteed SanRNEHE So L SRka e gpudly i FomffBud ithin

anmount from50 gg to less than 5 f ati,e
weithgplasnipnd tlfecnagaé inﬂlgﬂaé‘bff‘e??ﬂ%/@“a“g‘gg@g %52})?% s 9“@ hot exced
represent that anount adm nistere sygpsingkgﬂgose

or 388 ppind., end fesuentlisioesnct gxierd L0nebALoYWhen smblpYet i i &
period. For human patients, the effective_dose_ of .

{ y phamatr, the ppopods are desealepapdem iy as suchy inhibi Qyfokme pgpduction
t he conmpound in an anobunt of at |east about 1, often

at an@@pdecrtionwhérlsmplayed af lwaorentrations butdlaot eybihitthess

g/ 24 hr/ patient. For human patients, the effective
inhibiting effects at higher concentrations. The compounds exhibit inhibitory effects

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 Compeositions

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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dose of typical conpounds requires adnihistering t he
conpound which generally does 10 not exceed about 500,

w(g%‘iog)agsggjes not exceed about 400, and frequent#é’rlﬁ_@ﬂﬁsmmsu

eed about 300 g/ 24 hr/ patient. In addition,
the conpositions are advant ageousl . i, Rk St t
S P S i e e el N e

conpound within the plasma of the patient mal | -
dodbunBev. A5 ATRYic Al BRp pii JeeesinDrues SR by,
pg/ m., and frequently does not exceed 100 ,pg/ml. Wen
enBeastedf etnl. sl Charanats). Feandber, 20%e43dAPMMTdRMsliact dbsk
dependent, and, as such, inhibit cytokine production
anraFmaok Egh. iTher. \1181420(1096)cDarad] et dyw/ Rhacwenol. dxpokisr.
but do not exhibit those inhibiting effects at higher
CORQEALE AYIDNChiar BEalS AABRMESOR gL XN 14ATH(1999 Ilaivangl homme and
effects on cytokine production and/or secretion when

e ”@ig}{ﬁ‘a‘éh,i DRSS 919385 11989); No@SRicnas1901T)s HoRaiag siai.y./

toelicit activation of relevant nicotinic receptor

fjg ?%a? ?ﬁ%&%% g%%g 418 gﬁbfn, BaondLAr 8Biende\tTo MR (1108R POT

s and/ or” Pharmaceuti cal Conpositions

oYL oot o o B
ey SRR, BB AR Bty

PCT/ US2003/ 020524 for exgngle, Wlliams et al., Drug
Neigcomoraigsthereitypyisefesenge fmBeentirdtynarj ¢ et al ., CNS

Drug Rev. 1(1):1 (1995), Aneric_et al., EXxp. .n. .

| nvest . The eayepospds)canalsp bouss as adjunct foeiapy ‘"é{i’"‘é’l'cﬂ.%{‘““h‘.’“‘h
Phar macol . Exp. Ther. 279:1413 (1996), Lippiell.o et

al existing thetapiesiadle mar@ggment QEthe aéwn. eptioned trys g1 disasgiapd

et al., J. Pharmacol. Exp. Ther. 5 291:390 (1999);. )
Chidagotdess. Imbuch situntiond) 5§ pieforaplyoe administer fpgmiive ingredients to in
Lavand' homre and Ei senbach, Anesthesiology 91:1455 = |
( 199 nneNBAtloptimizeneffec{shPBn Abnotindl lcpidkine produg¢tion, while manimizing
ChenChem 40(28):4169 (1997), Bannon et al., Science

27 $fidhs (HIeptoP SabtypdDufdt A9 S hat REETasCiaHl vaihimBsclcsand

U S. Patent Nos. 5,583,140 to Bencherif et al.

5|’ fg%ﬁ%lﬁl YhisQaiPbd dccbihpidhed bpfagbefd @A dfery andnibyhdjesting the
al .,

e disclosures of which are
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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10 incorporated herein by reference in their entirety.
The conpounds can al so be used as adjunct therapy in

- conbj ion with existing therapies in the nRA3gEIRN20524
I

forenentioned types of diseases and

di sorders. .In such_sityations, .it .. s pr A :

c RSPAOSE EPdisth depIET Qe 4 Gredut s i Raipiend GGG Mitadlronia and
opti m zes effects upon abnormal cytoki ne production,
whilpwehg’ssmlomeg 15 ef fect s upon receptor subtypes

such as those that are associated wi th nuscle.and .
gangl i aCNSMisordesseapde sreateshanidios Resyensd RyAdgupisigrng (qg patient
delivery and/or by adjusting the dosage_such that  a

dean aracunt bf eannﬁosncbbxtlﬂnhmdeuﬁcalrcgmpom&ﬁ@qu{@r providing
threshol d dosage required to achieve significant side
ef £@fié Gagreblof pievition of thEpHgiission dfar NS disTider (Gonpovidels
descri bed herein are effective at treating a w de

VabidtlchvOltfects)\ameli Rl dhfthe spnpithlsef a ONSEiksrdbrsod dmplioration
that can be treated in accordance with the present

| MYPIRE L RBrrbdiE bHENBIRORRAI TR GRS i clvek @dinirgstaigal offective
Al Zheirner's di sease), senile denentia (denmentia of

t h%mAlmﬁ Q?% P&hpoind Feﬂ&‘)ced thi\he BOYal $SHRNRE] Which are set forth
H VEdéhen ra, multiple cerebral infarcts,

Part ki n ofni sm i ncl udi ng Parkinson's di sease, Pick's
di Srﬁglg? %5 Huntington's chorea, tardive dyskinesia,

hyperkiB Si nia, attention deficit -49- ROP

70241 vl M@@%OSZQS PCT/ US2003/ 020524 di sor der,
anxiety, depression, m.ld.cogniktive i ks " b
dysl exi i additign WF‘%%S%?BK&FO% 8%%;57%%%%‘5%%}&% gn be
Di sorders can be treated and/or p.evente‘izl‘(gsp‘%,8

ad biadite Peeveni §T TRt geTfaily qthet conditions, fiFFATeS A% S oRPe

pharmaceutical conposition effectiye for providing. 5
s oimpludle geuredegenemtive diseases 2y pimpyne SFSB@F@%@W\%‘P“% gk%&’ié“’“
disorder (i.e., provide protective effects), o
amassocintad with cpibkinéd lessarputoinglagmatprionies: @p wgH agfhosejpdjcations
amelioration of the recurrence of a CNS disorder. The
me ikt MROTVWE $82i6n9.sTherphagnaseutishk copppsitionsca eliopste
a conpound sel ected fromthe general fornulae, which
ar enan@bf the kfrhptoms associated with those conditions, diseases and disorders.
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
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her ei nbefore. 10 O her Disorders In addition to
treati ng CNS di sorders, the pharnaceuti cal

cQ Lfions can be used to prevent or treatp®eéRhihos24
“K5¥ﬂ§@%é%%ditions, di seases and di sorders. Exanpl es

i ncl ude ur ode erative di seases, autoi nmune

di Wﬁ&fgﬁ?ﬂg’ﬂﬁg‘g‘g‘ﬂﬁ?&s, di sorders associated with
.cytokine release, anti-inflammtory .uses

Those | s commpins cambesised Fomeipericy lragmsl gyt Ahose

phar maceuti cal conpositions can. aneliorate. . man f )
t hthatyre syroptemetissel SPRAPEY tired SRS sishils EYPBS amd Cleutzfeld

di seases and disorders. Inhibition of cytokine

r eJambdisessedesi rable in the treatment of cachexi a,

i nfl ammati on, neurodegenerative di seases, viral .
5 infect i Diw compoumisom dsi be appropriatelycimthesigeil andyyse@ ps or within

secondary to infection (e.g., as occurs in AlDS,

Al Parimetcatiel cafpdsiiops tut Aacked epdikgieistéy probest o cancer
t herapy. Exanples of inflammtory disorders that can

be tr eatgOonipelnid@sdEiiceording kothg icttod ofithh ptesens invention have
stomatitis, asthma, ulcerative colitis, inflamatory

boyel ., Bl B3R to LAY GinbltTircithdt@ced) BRiEmRdtIvhtich oddcotinic
arthritis (e.g., rheumatoid arthritis and

0s Eﬁoq%[artgwlje%fbﬁ))rs of tEb PR AR pSHHnk (2., SHONRORbse ré3ptofaNat

al SO be®used as anti-1nfectious agents 25 (e.g, for

t t.i terial . f ' [ i , Te
10y Foonfa RRHR s AT R oflfoRls 1 SRL LG s

2004/ 005293 PCT/ US2003/ 020524 - S:Qf .
of n{cat}yinﬁ pharmago ogéfoﬂ)gdlbﬂ cylar, to, a%? aﬁ‘%ﬁ%ﬁg@ agﬁg{% F'IhEYeQ@;ﬁor

cah be use esi cs,
to treat convulsions such as t@ se t.h e venti
sy hidogeranTof SERLpRgpotpd yspBbT camyte pydhdoresent invention
syphillis and Creutzfel d- Jako‘get di sease. ggThe
cosprsmilisxessth abgus 8.1 M, oHE% BisEFLADORY @n‘l"\‘i‘ SAYDEY gygged about
used as or within pharnaceutical conpositions tqﬁtfﬂeﬁ
ar 0 ubbdhawceiterdrinsting eongtaepetsuchyygicalropwarnss eerezgily ar
according to the nethod of the present inventi ?n q_lave
15 than about 1 uM often are less than about 100 nM, and frequently are less than about
50 nM. Receptor binding constants provide a measure of the ability of the compound
to bind to half of the relevant receptor sites of certain brain cells of the patient. See,
Cheng, et al., Biochem. Pharmacol. 22: 3099 (1973). The compounds useful
according to the method of the present invention have the ability to demonstrate a
20 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 neurotransmifters.
Generally, typical compounds useful in carrying out the present invention effectively

25 provide for relevant receptor activation in amounts of at least about 30 percent, often
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the ability to bind to, and in nost circunstances,
cause activation of, nicotinic cholinergic receptors

the brain of the patient (e.g., such as thgsgysiesnz0524

of
WO 2084615 t hat 10 nodul ate dopami ne rel ease). As such,

such conpounds have the abili t ress i [0
phaklsast o0 peaseat mpd caueRtly At iﬁxf/’?t Poitgs pegin, ft it rlaRintaly
agoni sts. The receptor binding const a&ts ﬁq'tcﬁsig%aloutthc
c oppwided by (Bdfuiicqtine.Geneplin GyrigH cQPROVBITEEI ™ £ Pon

general |y exceed about 0.1 nM often exceed about 1

N Mpreasmd irfvestipnen myregricattiamn(®d(0-nicotingim eligifias pelryapreieptor
bi ndi ng constants of such typical conpounds generally .
ar gettvatisn. Gendrhity) typkmaldonipobMsaikefelin srayingpeu therpipsertgasiuon
100 nM and frequently are | ess than about 50 nM

Re g frii9kly BrdVetie'Tar 166 Ratofion 6f dupamiddn amowvsefiaglcatt abius 50
ability of the conmpound to bind to half of the

r ek}@%@tﬁ,toff G GERAPEbGTk T ESer¥at, 68d Eraquently @ileastabbiits] 00 percbrd, of
patient. See, Cheng, et al., Biochem Pharmacol. 22:

e B o e e bt 1y Lo

invention have e ability to

denpnstrat e 8%’"1‘2# usgé'r%ﬁhi of hﬂ;afnﬂﬂé:ihi 2R AmbintefHi@Cdah édeyd that

el PEEPYAS2R rough, and/or neurotransmitter
secreti from..negyv ' r @il ful i
¢ hareialy gro iR P LY O P o BleR GhLA Bl ot in
conmpounds have the abj.lity.to ca rel ey : ;

C o chatonmt et ebon ¢ o5 pAR T G} CL AR RIHERAg

acetyl chol i ne, dopam ne, Lq%r of her neur otransmtters.

Ge mewrairansmitiey secEtion SBERRFABERINE 81U carryi ng out

the present invention effectivel 25 provide I

r el evaniThe exepounds Cﬁ'éheiW?tdﬁanHD‘gmﬁFg’p%Vedg‘P c%gcélgf’ amounts
about 30 percent, often 51-R1? 70241v1 ’gg - ticit
206 4@6f283 WidThts2hodelthe prsent fventionsick i ghiligdo elict
percent, and frequently at |east about _75_ﬁger cent, of

t haktivigish ofditatiniqreceptodesf homat Susgle joany signibisant degree. In that
General |y, typical conpounds useful in carrying out

t NgegaRd, @RADInpbIIGE OF ihe Present inventpnpistrenttratspaor ability to cause
(S)-(-)-nicotine in eliciting relevant receptor

actiyahd RABidifEe Atk itoudhitdtiaic reeprosinasll pespdrations gxpressing
carrying out the present invention 5 effectively

Pr QYO thY niddBRic e &y 1818 réebptole PEis ch corapymudst exhibit reqeptor
| east about 50 percent, often at |east about 75

percent. . aNdlils S0 BEss Laudli L. oRmth g0t a lidspestapat ,  of

concentration of compound needed to activate half of the relevant receptor sites of the
skeletal muscle of a patient) which are extremely high (i.¢., 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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that maxinmally provided by (S)-(-)-nicétine. Certain
conpounds of the present invention can provide
secretion of dopamine in an amount which can gxp@85hes/020524

WQ {00 mal |y provided by (S)-(-)-nicotine.

Generally, typical c unds usef ul. i j ut

t héels‘faés@ﬁ@hmwe?ﬂt‘?f&??gg‘?%nqt suse B%?‘bﬁ%“? ??1%‘3’%&‘9{ dpreclihof
(S)-(-)-nicotine_in elicjitin neurotransmtter. .

S opephis witbeReEblaSda RiTFS. DU RTI MRt SIS PRSI dorg of
of the present invention, when enployed jn.effective.
ansompeundiresuittgan peeMesionapdior tisatmest ﬁ'(y)"o&ﬁ qlsﬁ@]e‘b isssspally
invention, lack the ability to elicit activation of .
Ni Gmiffetiie in eli@gtgpactivationlod petainrgaoglionia- PR RO ENG TFCFiers, JHs
degree. In that 15 regard, the conpounds of the

Pr Qsledtivity Y Sicbmpoutasofthe pateat puentionbdingt phasoregeniare

i sotopic rubidiumion flux through nicotinic receptors

i N E8bhsitle BR 3hrdlovaiRElaL3iid EResis Rgdentonsteitel yyplecinefdlat dbslity of
acetyl choline receptors. Thus, such conpounds exhi bit

re L 3okl Pl BERiPRh&ion of RiEoth] vindothaffin(tissue. As such,
whi c‘ﬁggérge%gé a nmeasure of the concentration of

d ' iy . thr
C USRIl RSB P e Bt
Do s P RRLPEHFGTRk elofd vl SRS o,

ypl cal preferred conpounds
usefuyl _in_carrying the present..i ' j vt o
' GRS BTtz QPR e 2 gy i P B pRBeny Bhd diivate
often by | ess than ercent ., of that L oml |
pr deqtepigTubidiugy 10n QngHtlgsﬁ g.‘a“'?’h 8¢ %rﬁ‘pogﬁe & g%c% AN percent, of that

present invention, when enployed in effective anounts

25 rgximalborredARdb Y (OmI¢98Be et hod of the present

i nvention, are selective to certain -52- RTP_70241v1l _ .

VO 2004/ 3052081 RETEpS2en Iepemy when grpigydin fighys ppgunts in
receptors, but do not cause significant activatiaon of,..

r e ciepirdarse with Seonethatofithe pressnidavantion age effegtivelpyardg providing
By this is meant that a particular dose of conpound

r eSiohicidegred Of meventat ofahe prmgtéssiontaf EASrdisardess, ageliagation of the
di sorder, is essentially ineffective in eliciting

aCtdy&?fdn%f@ijgdra&rﬂ agdungélioeation td sqme degreotof the gecurrence of
receptors. This 5 selectivity of the conpounds of the

Pr €589 hishla¥ B Nibwéved daihFtectivé @gputite 0£thbar ®mpounds are not

B

sufficient to elicit any appreciable side effects, as is demonstrated by decreased effects
on preparations believed to reflect effects on the cardiovascular system, or effects to
skeletal muscle. As such, administration of 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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responsi bl e for cardi ovascul ar side effects is

denonstrated by a lack of the ability of those

conpounds to activate nicotinic function of agepnadensnzoss
poo

WRREM?PY n tissue. As such, such conpounds have

ability to cause, isotopic rubidiumion flux r

o B FAPER oG GO BB S PP ST ACaN o 1988 ey fes
the adrenal gland. Generally, 10 typical preferred

C orfivm i and:sBenipss hanclA}h ek sttt SIS R st b s lresio ®
activate isotopic rubidiumion flux by |less than 10
perségaificantafegreer by | ess than 5 percent, of that

maxi mal 'y provided by S(-) nicotine. Conpounds of the

pr esent Thavdlotvingrexampienare pivised th illnsteater the pregeat iyentiennd
in accordance with the nmethod of the present

i @A 86t beabastiabd &tmivieg theisaf. ds tiesoexiatipleg, allifrts e
degree of prevention of the progression of CNS

di SpfdfhSes a g dnRAs Sthervite nbiedIReatmomfiel@iNie reported in

di sorders, and anelioration to some degree of the

FeGHEL gé}&f%tég@s. SN BRRAGNT aviiRbR (Rftinghitétiatd dreadel ve
anount 0

those conpounds are not sufficient to
el igl i L depBhbfidine, 83-ditfromopyridine, 5-
deﬁ%ﬁé@?@?@%Rﬁ§ﬁ@§§$é§g%%@effec S gh preparggfgns
bel.i eved to.reflec f 0 1 (AL 0Vas hthiRbd fr
syggﬂ?nl%qhngfalpbdcﬁ(s%%{ngq%gﬁsi%er {é}fdta %‘@c%ig. As such, "
adm ni.strati.on of co unds, o he esant- i Q\ i Qn
pr GV Bl CBpeiD! LA Ui e FRa Bne
certain CNS di sorders is rovi,de an i de f S
o ensidpyriine s gurchised kam Mp@EdE Sheptet BrbEn Rt
of the present invention is sgffjci nt toigrg%gﬁf Lhe e
degirepsiene pride was ofained fiem Elulsa CherpicalLompany,pd (3)Propy
(i.e., is not at a high enough level) to provide b
undeierves obtairied &omfAlénqlschezscqbpemw%?y!un%?q%&?ﬁt%@ y was
adm ni stration of a conpound of the present invention
I esdohé ising eithbSMeRR Bilize el 50 (70/33020¢h) oy@bpaigum oxide (activated,
PCT/ US2003/ 020524 in treatnent of CNS di sorders

0C GiéhiSal URROkraehii [étaidadtgrale, abbutl 166 snesli)3Prefuegpgeqtions/were done
less than 1/5, and often |less than 1/10, that anpunt

s Ufiﬁia%ﬁ?twa‘ll%lﬁé\yﬁaﬁsuﬁmbésﬂ'lﬁﬁnﬁ.fcﬁﬁm:itﬁ), tvith A ceSlhgmail fand ahnger

degree. The foll ow ng exanples are provided to _

i1 sk adiBible P R8s 6 Rks Inf \Reaétioninixared were typically heated using a
high-temperature silicon oil bath, and temperatures refer to those of the oil bath, The
following abbreviations are used in the following examples: CHClI; for chloroform,
CH,C), for dichloromethane, CH,OH for methanol, DMF for N,N-
dimethylfonnamide, and EtOAc for ethyl acetate, THF for tetrahydrofuran, and EGN

for triethylamine.

V. Assays

Binding Assay

The ability of the compounds to bind to relevant receptor sites was determined
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' unl ess otherw se noted. Reaction yiepgs ?@3,029524

Wolz@ﬁgﬁzgﬁ nol e percentages. Several conmercia
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?g%:a'@ﬁ%,?éﬁgce;;,g{g AR igas-‘.%m KIS el

3, 5- d|bronnpyr|d|ne 5- bronnn|cot|
5- Ibhlbmpygnstap@(ﬁevah@ﬁbwq;e plptlesd @01& glﬁ? using.the method

from 10 Aldrich Chem cal Conpany or Lancast

SyofiCthes e al.pRiock2m ARkl 2189 EL9TRe Ry ﬂ.ﬁwﬁﬁj Subtyps, fhe Ki

"~ purchased from Maybri dge Chem cal Conpany Ltd.

( Raldefr caphi ok enamplexinthisappliatiomivasdassthannh 1yl iegicating that
Chem cal Conmpany, and (S)-(-)-propyl ene oxide was

0 o po@els fof @EpAYsetit irbBntdrtindtidhtiCenparegept@ol umm

chr omat ogr aphy was done using either Merck silica gel
60 (70-230 nmesh) or alum num oxide (activated, 15
neutral, Brockmann |, standard grade, about 150 nesh).
Pressy I ' re done in a heavy wall gl ass
prlgcs“é'i “gantoﬁgg%%g l\r{ﬁ capacity), with Ace-Thread, and
pl unger valve available from Ace dass Inc. Reaction
m xtures were typically heated using a

P%IE%;I; ? ﬁ%;‘g‘t&é{ e {b'ﬁe:gzl%gq f%b aiegsathgﬁza@i(}? lflﬁ%cgﬁgwﬁ s to
TS F a5 UG GF YR BT et Biapdi8 &3l P WD RS AR e d68), were

CH3OH for nethanol,, DVF for dlme

1 calvelpsghusing i Cop s are PGk e’é‘@?#%&@%‘%‘}m“é‘%‘?‘“ﬁ@&‘
Et3N for triethylam ne. V. Assays Binding Assay 25
Thiacability of the conmpounds to bind to rel evant
receptor sites was determned -54- RTP 70241vl WO
2004/ 005293 PCT/ US2003/ 020524 in accordance with the
techni ques described in U S. Patent No. 5,597,919 to
Dubktediingtion of Dopuinkihd Relsaseonst ant s (K1 val ues) were
calculated fromthe |1 C50 val ues using the nethod of
Cheng et al., Biochem Pharnacol. 22:3099 (1973). For
the a4132 subtype, the Ki

Dopamine release was measured using the techniques described in U.S. Pat. No.

5,597,919 to Dull et al. Release is expressed as a percentage of release obtained with a
concentration of (S)-(-)-nicotine resulting in maximal effects. Reported ECsq values

are expressed in nM, and Emax values represent the amount released relative to (8)-(-)-

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 ECso values are expressed in nM, and Enax
values represent the amount of rubidium ion released relative to 300pM
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val ue for each of the exanples in this application was
less than 1 AM indicating that 5 conpounds of the

resent invention bind tightly to the recept -

Rt Hati on of Log P Valgue {og P val ues, pv\k?iycgﬁU zg(\]/3é020524

been used to assess the relatiye.abilities of
c ofgSEmsthylamgroningn (980N apearesalgs YA, 5od- brai n barri er
(Hansch, et al., J. Med. Chem 11: 1 (1968)), were
cal cul ated using the Cerius2 software package Version
3.5 by Mol ecular Sinmulations, Inc. Determ nation of

Do ztarminafivs] ef dsteractics WSpHHsieRecePtedse was neasur ed

using the techni ques described in U S Pat. No.
5, 59¢ d&z@nihaioDor the étteradtion RE the semppunde Wjsh awsde reqeptors was
percentage of release obtained with a concentration
of chrBkd butlin Rice@ahdeavithaheltethriques desonbedrimU.S% Ppie Blos3,597,919 to
Reported EC50 values are expressed in nM and E, ".

valpifSt ke PhES Snalt Lo8vATR Usttindielded sedpountiafEng wagdetermined as
(S)-(-)- 20 nicotine on a percentage basis.

Deta%ref'ge d @theFhaxtriRl i +Hkoh HdudalbyAS- PhibotitieLRepostbdBi.e
Su e(g

was ‘nea usi ng the techni ques described in

Beneh S(ra %{J@bﬁv minoun]c Bhdaséd Riativé b3S AR RicoRYn)a. percentage basis.

Repaor alues are expressed in nM and EO 25
val ues represent the anount of rubidiumion rel eased
relative to 300M -55- RTP 70241vt WO 2004/ 005293

PCT/ US2003/ 020524 .t et rapet hyl (umion, on a
peedsTRAE, @Facm%?‘hﬁﬁfﬁmé%g‘g%mﬁt eraction with
Muscl e Receptors The determ.nation aof t ' '
of T deteompBon AL BT e gy T gatdbiie Ao R was
out in accordance with the techni ques,.d rg '
0. ‘Sariod it acsorages vigiye fghmipies legiogin L ahdf pgp7o1 v
activation for individual conpounds (Emgz S .
detlaihitak ahamaximab@tiwwmef'gfelﬂ@}f’ldtlﬂ@wé%qﬁﬁiﬂ'\gs a5 detprgpined as
i nduced by (S)-(-)-nicotine. Reported Emaz, Reported Ex,

a percentage of the maximal activation induced by (8)-(-)-nicotine. Reporte ax

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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val ues represent the anount rel eased relative to
(S)-(-)-nicotine on a percentage basis. 10

t . pation of Interaction with Ganglion Regepy9583/020524
Wb TR Af

m nation of the interaction of the conpounds

Wi th nglionic receptors S._C ' i ' :
A cotae el g AECR R ] o2 s P gt ot Repotion
No. 5,597,919 to Dull et al. The maxinmal activation

f opialdsars feprrted i BRI PEYAEENS) was deternined as a
percentage of the maxinmal activation induced by
(S)-(-)-nicotine. Reported Emax 15 val ues represent
the amount rel eased relative to (S)-(-)-nicotine on a
peBxemplade basis. Selective The selectivity of the
conpounds for a given receptor can be evaluated by .
conpar i Bgmplediobl isdi-Bepydfyh-ha-diaaspinoifciinensnellihy&peygride,
receptors using known 20 net hodol ogy. VI. Synthetic

EX 3/ H8%as Pipafe@labdvdinttothbliewing tehaigupdses are provi ded
toillustrate the present 25 invention and shoul d not
be construed as limting the scope thereof. In these
-56- RTP 70241vl WD 2004/ 005293 PCT/ US2003/ 020524
exafRb&tvieit | Parts and percentages are by weight,

unl ess o?hermﬁse noted. Reaction yields are reported
in nole percentage. Exanple 1 5 Sanple No. 1 is
7-(3-pyridyl)-1, 7-di azaspi ro[ 4. 4] nonane

di hydrochl ori de, _ whic tertddmt he
ol ow NrEUkRe yatRmipd EuBheRds R ARRdiptudty 12
was prepared gccordi ngl o, .t cedure reported by
Rarﬁjlﬁﬁ%’@ﬁé’i‘r,et@tﬁa re. ng%d‘sgl_lsjéﬁ%%b?.%: 1185 (1980).

Et hyl
2-(2-nitroethyl)-1-benzyl pyrrol di ne-2-carboxyl ate 15
Under a nitrogen atnosphere, a sol ytion of

di iBsbp2e@ynitnesthal){lbegaylpyrrolidjne-grearboxylate

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 mmdl) (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 (4x30
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42.9 mol ) in dry THE (50 nL) was cooled in an ice
bath as n-butyllithium(17.1 nL of 2.5 Min hexane,
mml) was added by syringe. The ice bat hp#a$s2003/020524

WQ%?P&(?@?P%M the solution of Iithiumdii sopr opyl am de

f d nh
55 et A TR0 SRR Sl sigon. o

ethyl (S)-Nbenzyl pyrrolidine-2

g, reddw wavphijfiqdityekematogiaphy o Meffgégwﬁﬁi %62‘? 236 ‘t'“eSh
-78C under nitrogen. The addition togk 10 m n

st icohimgwisng:& (v )t hewanalettiybacetate. Lfoncepetion gfge e?é%ff%ff'gns gave
solution was treated (via cannula) with a solution of

ni tiomet {71g/3es)ef (iScohs ta0il. 42. 9 nnnol ) in dry THE (20

m.). The m xture was then stirred for 1 h at -78 C

Sat ur at ed aqueous anmoni um chl ori de sol ution was then
added (at -78C), and the 25 mi xture was warned to

anbg_%%?tlgrggﬁgﬁs r&4aANbnaxiitaet ed the ethyl acetate (4
7- RTP 7 24|v WD 2004/ 005293

PCT/ US2003/ 020524 ). The extracts were dried
(K2CGB) and concentrated by rotary evaporation. The

resi due jnas gg%%bgggwaﬁ% ARLARLABF Q-@_n}(ﬁfcg{yl) 1-

S|I|ca colum wt

ane/eth acetate. f OOmL in
ﬁﬁ’e}%g"’i%"’év“‘écfd}g’e@o‘@b%t"?‘m 2‘383‘2“@%2’%%5 o>
6 Benzyl i 1.0
f"(g@'iﬁ“@? g‘%ﬁ%% %wg % ut |rolr% oyl et E@ sen
2 (2-nitroethyl)-1- ben trolidine-
( 6. 2nogphere SHniBE Por hvcfs%@%ﬂnepmfﬁgsﬂ gf‘“@? Bﬁ%ﬂaée%‘*’ pad
10 a hydrogenation bottl e, Th L%QSKE}Q
12 dmdmmwaéedﬁ?dﬁ'é@'éﬂa%ﬁ*ﬁ%p Sﬁéﬁ\{gcai AP r
hydr ogenati on apparatus, fi I ter ed t hrqugh a C‘gl [ teg{)g_l
anchydmgemtion piodiebt yps # wswsy thepomaE NS EeNke ng
i ndi cated that the hydrogenation product was a
M Xfidihi €yolifation ef fheiamineyongrthe estean dhe méxtyrg ag dssabusdin folpgne
fromcyclization of the am ne onto the ester. The
M X156 MLYAA cithlyioint@mt ofp-tohienesniforiisadid 5(63011@;) w3 added and the
catal yti c amount of p-toluenesulfonic acid (-30 ng)
Ve Sy, BEGE Washidtell BEreflux 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-§iazaspi;o[4.4]nonan—1 -one (4.00 |
g, 17.4 mmo) 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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m xture was heated at reflux under a nitrogen
at rmsphere for 24 h. Upon evaporation of the tol uene,

resi due (now entirely |actam by GCVS) (fTIgSZgONOZOS%
0

WQ?‘&PQ’P%ﬁZ?% zed to give 4.20 g (93.1% of tan s

152-153C). 20 1-Benzyl-1, 7-di azas I 1.0

Li OFG mtmawmdmprﬁlﬁ?ffﬂ“&@ erpthggmig roag rhag @Lﬂﬁé]“%ﬁ%‘éc%“sos&%l&m
in portions, under argon, to a_ice bath %’i tar. Th
s ohydrbxide wit bipdmgepl w@luaoweas;e%pﬁl thsplminate tﬁ “ﬂefecﬁ‘?é‘“ ar. 1he
(4.00 g, 17.4 nmmol) in dry T13F (100 nL
adgiitfuerwdsutine 1 has)°Cepd Stedd thraugh £elitef | %ﬁE@te was dried
condenser, and the m xture was heated at reflux for 24
h. {rgo w«t tbnEentard deming®. 600g (95586) oRviscons,Z4lpyless\ignid.

2004/ 005293 PCT/ US2003/ 020524 0C and treated

drop-wi se (caution: exothermc reaction) with 10 M
aqueous sodi um hydroxide until hydrogen evol ution

ce poese granul ar. The

m éflge?'zﬁnﬂg%e”@rngm?mhzgsat 6C‘ﬂand filtered through
Celite. The filtrate was dried (K2CO3) and
concentrated, |eaving 3.60 g (95.7% of viscous,

col orl egs J ui 4 2.00 g, 9.26 mmol), 3-
1- Benzy e %glrllj%z?'l ! T-dl?uéngd' I}OP%HGA{ 4] %onane )

m xture af, 1-Db

0. Beomrgfine 60 S SyPP ieRG 3 %%Lﬁﬂé%@%%m s,
pot assi um tert - but 2 ,10

b1 S PEIYmEsERE §§@%§ﬂéﬂﬂ@p@%lsa Roh A5

0. 347 mmol

bi SiseHipheniphossbophlAidyiosphbyl €74 8P i3 e snd g oes
nmmol ) and dry toluene (50 nlL) was placed in dat
pr esi9uvas plagbbinamaessure fupe Hnder REZORY %‘?ﬁ“@‘%? a%ft}r{ﬂfléﬂd heatpd @
heated at 90C (bath terrperature\)l for 24 h and F%Jc .
VA9OTC (bath temperaias:) &adé b aahepalede ?fﬁfﬁ%ff@)\)bﬁ%a%‘ég 'S%d
with ethyl acetate (6 x 25 nL). The extracts were

dr ingilmibwidAEERYd whllethyiracatats (G @8mLBoThmextracts were dned
chromat ography of the residue on Merck silica gel

(781@@@, 3B Bncentiated, Golhnfiohymatdiranhy bbthetresidve on Mercg@u@a
1.80 ¢ 866. 299 of light brown oil, after

CONGEEY #8150 thedt), With 6:31(#N) dHiG6lonf/asetone, 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~benzy1-7 -(3-pyridyl)-1,7-
diazaspiro[4.4]nonane (1.0 g, 3.41 mmol) in miethanol (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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7-(3-Pyridyl ') -1, 7-di azaspi r o[ 4. 4] nonane
di hydrochl ori de 20 Aqueous hydrochloric acid (0.5 L
and 10% pal | adi um on carbon (0.100 @Tf@ﬁ%&/t)zosm

f 12

Wﬂg’&aﬁ%‘ﬁ% a solution of 1-benzyl-7-(3-pyridyl)-1,
di iro[4. 4 1.Q.9, 3.4 1) |
(3001 chrprmaionfsphe o ik SuftgeL O (79780 mieshl ST A

at nosphere (50 psi) in a Parr dr.ogenati on ar S

£ 0P 024 : 55/ aqmgus fhmeme/ eRGYSBQEIF, fad Copfeptoy ?%ISF%S‘M
was concentrated by rotary evaporation and 1%9- RE@

70 &ddtions,\Wav QDO 993398 oPTRaus s 0ib oA partoa 4R e, 1-

chr omat ogr aphed on Merck silica gel 60 (70-230 nesh).

El dnicByofithis fraGridilyas t@ated mith agupeashysirochloric acid (2 mL). The water
amoni a/ met hanol / chl or of onn, and concentrati on of

sehasiRBtrofiéalg réfi@d by Rpeat@l taGnent (AIB s8Y volmes efgunol (~ 5
brown oil. A portion (300 ng, 1.48 mmol) of this

e had ro\é@? etdpBatist MieclrbuRing elitbwinyreergadllizdifonaliitd (2
m.). "The water 5 was azeotropically renoved by

Lﬁ%%g{?ggﬂ {oegévé%tmg/\és%h%a@hhe uakysls. of ethanol (- 5

rotary evaporati on. The resulting solid was
recrystallized fromhot isopropanol to give 360 ny
(88.2% of fine tan crystals. Exanple 2 10 Sanple 2

is . 1-(3-pyridyl)-1,7-di aza-spiro[4.4] nonane
diﬁ?ﬂ&%&ﬁloride, whi ch = was prepared according to the
foll owi ng techni ques: tert-Butyl

6- benzyl - 2, 6- di azaspi ro[ 4. 4] nonane- 2- car boxyl ate 15

D -t-butyl dicarhonate (1 45 . 6..64 mol ). .
Lo & SoPRiba sor- G ey iaeadpistie M ndiip G AatdE dunicn
(1.30 g, 6.01 npol ) and triethylamne (I nL) in

di ®#ab prepared reardingts theifellovapgiteehauesy t yre was stirred

at anbi ent tenperature overnight. The m xture was
poured into saturated aqueous sodi um bi carbonate (10

tert-Butyl 6-benzyl-2,6-diazaspiro{4.4|nonane-2-carboxylate

Di-t-butyl dicarbonate (1.45 g, 6.64 mmol) was added to a solution of 1-
benzyl-i,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 (XC0s)
and concentrated by rotary evaporétion. 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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extracts were dried (K2CC8) and concentrated by
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graphed on Merck silica gel 60 (70-2 nesh),
eluting with, to give,1.85 97.4%. of viscous,
coltextt 20?'9{”%???‘81/4"38?1%’?%%{?%@3? sel ect ed
fractions. 25 -60- R7P 70241YI WD 2004/ 005293 .
PCT/ US2003/ 020524 tert-Butyl 2, 6-di azaspiro[4. 4]
nonane- 2- car boxyl ate A sol ution of t-hutyl
6- benzy A splugion okt i@Ml@mmﬁé-gﬁpﬁmaﬂﬁr@xy‘f%bm
g, 5.37 mmol ) in nmethanol (30 nmL) was mxed with 10%
palg, 447 umahinazatizon! (3613 wagmixefivdthnioe palladimo B0
under a hydrogen atnosphere (50 psi) in a Parr
hy dig)g Th@inizxmire aap alizktsndeoa hpirdgea athdsphare(0@sy it HPah
Celite. The filtrate was concentrated by rotary
eV aRfopéiaién Aparatiis gor SamidfietsdambugnCelite.bhd filgate wag g
of "viscous, light brown oil (>100%, which was of
sufbh&h@ita Biotary evaBordori ki thighvatien tréduiereplesving 1.26 g of
reaction. 10 tert-Butyl
6- (3B 1 ; ' inicBlwhs 4F sufGhiai pustyaa bdaseyl irbthe
A S L bl T G BOR RA posys
2,6-di az ' 4. 4] nonane- 2- car boxylate (1.00 g, -4.4
ol S,ea%ﬁ-%gl%grtrlg%yri dine (0.736 g, 4.66 mmol), potassium
tert-butoxide (1.22 g, 10.9 15 mol),
tris(di benzyli deneacet one)di pal | adi um(0) (0.155 g,

0.169 ol 2, 2" bl s(di phen hosphino).s
1" -teyt t‘%@?rPY(f bi_yi)égé- Eazgﬁ.l’fgffl-ﬂ BﬁJneéﬁ%;rH'rlvl?t& uene

(25 nlL) was placed in a pressure tube under argon.
The m xture was stirred and heated at 180C (bath

tenperature) for 8 h and cooled. Thin | gyer anal ysi

i ndi cat domixtue of/fertsputyf 2 HrdiazagpirpiAdt g?f@ﬂe'ﬁ'éafb%ﬂ%‘ﬁ {000°g, ~4.4

pl ace. A second charge, equal in quantity to the

f i memol),Gfbrambpyrlined8.§ah e eommeD, pofassipytert-Hioyide (122 g, 109

2, 6-di azaspi r o[ 4. 4] nonane- 2- car boxyl at e was added_to

pr asmol),arit(dibenzztidentavetone)dipaliadinm(@) (y@rlﬁiécg, 9.469 penabia .3’

for another 8 h. Again relatively
bis(diphenylphosphino)-1,1’-binaphthy! (0.158 g, 0.254 mmol) and dry toluene (25

mlL) was placed in a pressure tube under aigon. 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]nonané—2-carboxy1ate was added to
pressure tube and the tube was returned to the bath for another 8 h. Again relatively
little reaction seemed to have occurfed, so a third charge 6f 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
(K2COs) and concentrated. Column chromatography of the residue on Merck silica
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little reaction seened to have occurred, so a third
charge of reagents was added and heating (at 1800

' j nued for a third 8 h period. Water (g@rMk003/020524
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and the m xture was extracted with ethyl
25 .mL). : L
e T R e

resji due on Merck silica - %l tR %702541v1 WO
20d1hbrsys Siladey (easeirafiebYEslC ei 8B ( 70- 230 nesh),
with 6:4 (v/v) chloroform acetone, gave 150 ng (-11%

of light brown oil, after concentration of selected
fractions. 1-(3-Pyridyl)-1,7-diazaspiro[4.4]nonane

di Hy@rbu'idyl)rli,ﬂéiasami@bl P'@ﬂiled‘t‘h}tdé?‘tm‘lﬂﬂeyl

6- (3-pyrdyl)-2, 6-di azaspi ro[ 4. 4] nonane- 2- car boxyl at e
(100 ng, 0.330 mmol) in dichloronmethane (5 nL) was
rapidly stirred with I nmL of 12 M hydrochloric acid

at anmbi @ndohitienpereatintyd 6{(Bpyridyil)-2,6Hdiazasgireldiddonangyd-carbexylate
bi phasic m xture becanme nonophasic. The

di qhdemeEIdanacNasdicapmedttS nil)dvas bepidle stirdhdevitOl mbof 12
di ssolved in water (3 nL) and made strongly basic (pH

9) Wil BoBRSRSRid i ameRAOBRBEEure o1 HYtiging whivktime the biphasic
saturated wth sodiumchloride and extracted with

O SO b ol T S eSS0 ot the residue

concentrated, first by rotary evaporation

o0 A Ry LY GRS RS9 S i

resu and wei ghed

PRt e ARl oG R

id T i

B L i ey
r edp maegpnqigt%’gragﬁig’r\ég by 5@1 iv@%amgw%q%?-t te'@{q%gﬁa '0%\9’3%&

729% of fine tan crystals 170- 175C 0 anpl. e
Sgarrp?ﬁgedgwasﬁs% pure by GCMS and \!Sengjhed 50 mg (73‘%). % sample gpbus f%ae

1-nmethyl -7-(3-pyrdyl)-1, 7-di azaspi r of 4. 4] nonane, i
wasasqe pags 620 mmobwak digsotved itk dreps G2 %L%ethﬁrtf&émg: The

water was azeotropically removed by repeated treatment with small volumes of

ethanol (~ 5 mL) and rotary evaporation. The resulting solid was recrystallized from

hot isopropanol to give 40 mg (72%) of fine tan crystals (mp 170-175°C).

Example 3

Sample 3 is 1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane, which was

prepared according to the following techniques:
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25 -62- RTP 70241vl WD 2004/ 005293 PCT/ US2003/ 020524
1- Methyl -7-(3-pyridyl)-1, 7-di azaspi r o[ 4. 4] nonane

W%S-O r%dyl) 1, 7-di azaspi ro[ 4. 4] nonane (30 rrgng.@g%ogsmmsm

di ssolved in 98%formc acid (0.5

fornaldeh de (1 % aque, solution). The 5
Fiel G PoP L N BRI BRPE (of 8 h. The

reactlon m xture was cooled to roomtenperature,

basified with saturated aqueous sodi um bi carbonate to

pH 9-10 and extracted with chlorgform }

conbi ned-(@Ryoad)- b7 wiazsapiral4-4dnened Br“i‘gee% (‘K’Q%g? $ diskofied in
filtered and concentrated on a rot ai%s evaporator, to

af faspiifoaficrmidd0.5 i andjfosmnlécm@@fﬂp@l; % gpeasolytion). The

l'ight brown liquid. 10 Exanple 4 Sanple 4 is
1- rreddeiyh mTxtérs wab hexad3 rqfluxifoly8 h.- Thezeattiowmbyite ofas corleddn

ane, which was prepared according to the foll ow ng

t eGRbh WHfReranks, basiHEOWTh Sat@hfed xyiRpts Widive bitintmatedo pH 9-10 and
ni trogen at nosphere, sodium (4.60 g, 200 mmol) was

adqgd,dtQ wRb&bidiodm ¢4 Ranw). THORmibined @hlofdf&fs examcts i dried

stlrrlng m xture was allowed to warmto 20 anbi ent

oSflokd WAt
RO Bty ohuveos

b ure was heated at
70 ef" #ﬂmgﬁa‘g? %tg{éure s cool ed, poured
into water (600 ni), and extracted with ether (3 x
500 nmL). The conbi ned ether extracts were dried
(Na2sO), filtered, and concentrated by rotary
evadpdPRIGDn. Purification by vacuum 25 distillation
afforded 22.85 g (85.0% of an oil, bp 89-90C at 2.8
mmHg (lit. bp -63-

Sample 4 is 1-methyl-7-(5-ethoxy-3 -pyridyl)-1,7-diazaspiro[4.4]nonane, which

was prepared according to the following techniques:
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 {o
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
(N2,80y), filtered, and concentrated by rotary evaporation. Purification by vacuum
distillation affor(ied 22.85 g (85.0%) of an oil, bp 89-90°C at 2.8 mm Hg (lit. bp
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R7T 70241vl WD 2004/ 005293 PCT/ US2003/ 020524 111 C at
5 mmHg, see K Carke, et al., J. Chem Soc. 1885

W‘%@%’gaziy?"- 7- (5- et hoxy- 3- pyri dyl ) - 1, 7- di azaspi rof 4 4] non -+

ane 5, 1-Benzyl -1, 7-di azaspir . 4] pon .0 no,

2, Zlﬁﬁfﬂt? %ygzﬁe%g%ﬁ ’F‘}r)?‘-"g@e'('b'?"ﬁeﬁ%g({l%‘a ) in a

50 nL round bottom fl ask equi pped with a magnetic
stirring bar. N trogen was bubbl ed through the
solution in a slow stream To the stirring solution
wad-Bepapldl-G-¢shewyos-Byd Wbl ydiazaspirpl4-fpRang 1y - 2 55
nmol ), potassiumtert- butoxide (1039.0 ngy, 9.26

mol ), rac-2,2'-bis(di phenyl phosphi no)-1, 1" -bi napht hyl
10 86.4 ng, 0.14 mmol) and o .
tri s(di b&wayllfelieagitiindispalI084dingRehmpel} wes digsolved in
0.06 nmmol), while continuing to purge with nitrogen.
Ni diogRBnd (1 SD)asa s ML eaindiboaomalask equipped il k nwgaetic stirring
seal ed and heated at 90C for 8 h. The reacti on was

CO@h€ Ni@hEn WaS bustNMBRLgHE sslendniad slow stetrar Yo the stiring
evaporation. The resulting residue was suspended in

sa HEOH i i 238 mle] £ 55 mal)) fotassium tert-
ex%?&ggélg‘gas\?\dngt h cﬁrlogfrag%‘ éoﬂrﬁrﬁt) %ﬁﬁx% 15ﬂ(r%1_) . The );g(r)‘rbi ned

Or gafl . kR 4 NG oy Iphbdphiab Rt 1 ifghthyl (
co%@éﬁ@?gbgg'a%g\?g%g?gievapor at’i on ?,cl)) agpt hi )gk dar k
mags., Puri.fication.b HARARRY0) (685 hE) 0.06
o R4 P EROl SR g BE brEAREBRAIARID) (3R
8 | g‘f}%‘g% %{hii]ta g(?era]%%%g (r%e gurglg&w&%ggenfa %Jiéoéeh%gv wWsUWontinued and
. ok o scaiel Yad oheh ad90%e B2 i kel bAPARNR alfurd
1-benzyl -7-(5-et hoxy-3-pyridyl)-1, 7-di azaspi r o] 4. 4] non.
an o305 Tegoved B 190N Guapara At RS oo BB AKop g sispendEd i
pressure bottle was added concentrated H(J ( Hd 55
Pe aatirated'agueons seklinm bigqronate)(20 mbyapdextragtpdwih ¢ Bm:q{ﬁ“. X
The solution 25 was shaken under 50 ggi of hydrogen
gasnl)o Th8cdmbifddergaatcaxiratts were driedtNa 30Dy filteraslqandgopeentrated
70241v1l WO 2004/ 005293 PCT/ US2003/ 020524 filtration
t hib eghry @edpotation fnckhick darkinhdse r Purificationshy ophuriveghrempategraphy,
et hanol (20 nL). The o )

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%).
*-(5-Ethoxy-3-pyridyl)-1,7-diazaspiro{4.4|nonane

To a solution of 1-benzyl-?—{s-ethoxy-3-pyridyl)—1,7-diazaspiro[4.4]nonanc
(540 mg, 1.6 mmol) in ethanol (25 mL) in a pressure bottle was added concentrated
HC1 (1 mL) and Pearlman’s catalyst (PA(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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sol vent was renoved by rotary evapor'ati on, and the
resi due was basified with saturated aqueous sodi um

bi car ate to pH 8-9. Solid sodiumchloride 0524
wopighal R

nd the m xture was extracted with chloroform

(4 x 20 nL).. The conbi ned chl oraf gr. r

i et dhbieh ol s et o eke i Saen Sr P AR miy fhe

evaporation to afford 360.7 ng of the.desired.c und

as salvant yht remeBHHPRACRBISYaPoTation, 314 theypsidys was ‘?as‘ﬁeé)‘%?

1- Met hyl - 7- (5-et hoxy-3-pyridyl)-1, 7-di azaspjraQ .4

n osﬁuret%d mlegﬁ@ﬁ sadigm %‘Fﬁhﬁ’gz@& %/HI)SG% Sofid sSdiom ahlofiad é g bias

7- (5-ethoxy-3-pyridyl)-1, 7-di azaspi r o[ 4. 4] nonane )

( 36died myd the ndixtumoiv)s dxtradabytiycdoabradh 420 sl of he combined

formal dehyde (4 nL) was added 98% formc acid (2 nli)
5 UNgbrofdrkRE8s wars dricd@zsSQy), fillerediané couentiagsdtbe dotagy

reflux for 8 h. The reaction m xture was cooled to

I 0Q¥RpbBHBEloAEHEE360 TR0 fARS Bdsiredicothiond & slightibaivadriscous

aqueous sodi um bi carbonate to pH 8-9 and extracted

Wi iiguifi@I‘?f" form (4 x 15nL). The conbi ned chl orof orm

extracts were dried (Na2s™4), filtered and
concentrated by rotary evaporation to afford a viscous
brown liquid. This was distilled using a Kugelrohr

2?3%@#%*%@?&?‘@@?@% i T e T S
4
10 1?gt ﬁyl - I7?(5- phenoxy- 3- pyridyl ) -1, 7-di azaspi r o[ 4. 4] no

nane, which was pre cordin '
Fechni s Stipis spBHOFR- GoRiony wyCk  DGesBisof ftane
PCT/ US2003/ 020524 3- Br onp- 5- pheno ridi ne Sodi um
hy (360gkng, 1.8mmgDdn 38BARPGPUSFPIREN ShsPRtagy %ﬁﬁw%“gde“
added to a .

98% formic acid (2 mL) under nitrogen. The reaction mixture was heated to reflux

for 8 h. The reaction mixture was cooled to room temperature, then basified with
15 saturated aqueous sodium bicarbonate to pH 8-9 and extracted with chloroform (4 x

15mL). The combined chloroform extracts were dried (NagSO4), 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%).
20
Example 5
Sample 5 is 1-methyi—'i-(S-phenoxy-3-pyridyl)-1,7—diazaspiro[4.4]nonane,
which was prepared according to the following techniques:
25
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stirred solution of phenol (4.26 g, 45.3 nmol) in DW
(30 nL) at OC, under 5 nitrogen. The m xture was

roomterrperature for 3 h, treated
wog}oﬁ}@ﬁ%ay o PO 2603820524

dine (4.0 g, 16.9 nmol) and heated at 100C
for _48 h. The reactjon m xture was cooled to room
t ePrBEPmPSrRICOYRYEAIRE Nt o 2 ni xture of water (100 ni)
and 5M sodi um hydroxide (10 nmL), and extracted with
ether (3 x 60 nmL). The conbined ether extracts were

dried (Na2SO4), filtered, and rotary aporat ed

pal o 1(Bognt biiride Hi3 SN A0 TG DI AT § FgRY was aadcd B
chr omat ogr aphed on a silica gel (200 gg col umn r@ﬂ
hestired seltitign of@mca(dezm%aoﬁml)nn(@\@( mi) 3)0°Gsindfyant
to give 2.86 g (68%yield) of a colorless oil.

1- Revgenl The tlixtpleans xyrd-apyronthpinperdture-fo éham@tedo\[lﬂl 34 no
nane 15 1-Benzyl -1, 7-di azaspiro[ 4. 4] nonane (500.0 ny,

2- éibi YridiRS(4d £ 3610 \akbl) dnd Hdhtyd balOUED for ¢8 8. [Ty rehotioa
r und bottom fl ask equi pped with a magnetic

st i 0%as Bibfed PrddrPRfBertfiS, BRI RS 4 HE@E B her (100 ml)

1)&ture
nasowsr To t he stirring solution

s A PO  83 S 5

g,rmﬁlgl?}hwqqﬁ Zg\ém&g l)pbeged%f)e? iﬁy EB*);’ﬁR&kéd‘ Qhd fotdry evaporated to a pale
trisg E,S,;Fgﬁ?.ig L gansagel oneldi ot %?I‘F‘g T kLo ?zoogg column

Nltro en fl ow was dlscontlnued nd the fl.as o
Sewith Horpelchuapusresblomaem Bl ) SToiuats i S50 RE8% viel)
cool ed and the sol vent was rem)ved by rotary
eveafroroddrlesswil. The resul ting residue was 25 suspended in
saturated aqueous sodi um bi carbonate (10 nL) and
extracted with -66- RTP 70241vl WD 2004/ 005293

PCT/ US2003/ 020524 chloroform (4 x 25 mL). The
COMBefind- TS pMehaxyeScpyryl)s 1, Arskiazasirif el RaBBOL ) |

filtered, concentrated by rotary evaporation to a

thick dark mass. This was purified by columm

chromat ogr aphy, using nethanol/chloroform (2:98, v/v)
as the pRUeAI1,71dazaspiro[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), potassinm
tert-butoxide (1039.0 mg, 9.26 mmol), rac-2,2'-bis(diphenylphosphino)-1,1"*
binaphthy! (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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afford 0.70 g of the desired conpound as a |ight brown
viscous liquid (78.6%. 5

7- (5- Phenoxy-3-pyridyl)-1, 7-di azaspiro [4.4
Woawé%?anQS y-3-pyridyl) P [4. 4] pReAARG3H20524

on of
vamamofse o BER S e Yol el hssbre

pressure bottle was added concentrate 10 (1 m).
anltpedrconesntrated hy K9ty evANOMRLIORD2 uBesk m@ésrmé baffprifiea
ng). The solution was shaken under 50 psi of hydrogien
gaby Ealums chromitography, alsing trecthenel/shégralpag (398, W) 85 thg qleme.
through Celite, and the filter cake was washed with

et a0, 1020 oMtk desTiee coraiumé s a light brewm visebul Yiqwid (2§-§%)-
evaporation, and the residue was basified with

sat urated aqueous sodi um bi carbonate to pH 8-9. Solid
sodium chloride (2 g) was 15 added, and the sol ution
vas e r?&g fdyD)- ofd.4iflosa0 nL). The

coz‘éig)r‘l)ielg %;j%})rygr orfhhg%t&%pg?\gere dried (Na2SO4),
filtered and concentrated by rotary evaporation to
afford 490 ng of the desired conpound as a |ight brown

viscous_liguid 2.7 e oIy 7di 4 ATnonane
1 ot P sk Tt Aty 2 P s

. i ti | l . f NnCce:
7° (ol a4 80) B preeyo oty i i soentt

420 ,.1.42 mol ), in 379 oluti.o ‘on
| oFieanyind Teatimay s b PaHECHT SRt S mR- e splpio
under nitrogen. The reaction _m xtuyre heated to

¢ eagshakes der 59 BT OFPHArOBRLER 5,¥ hi SHE SPBTRRN LB P
roomtenperature, then basified with

-67- RTP_7024
vt filN@a0uhed SZHE, Pd i jdien oe0ws B‘Eﬂhedé’ﬁi?’&ﬂlﬂ‘%‘cfziﬁ’@g—[}?
sodi um bi carbonate to pH 8-9 and extracted with
c hialvent wasnefnéved WySromty)evaiitretionownsi thetssideg wasdrefipd with
extracts were dried (Na2SO4), filtered and .
CORf@Ble aiReusBpdiuat HtayboutapopHB-B rSdid seditm chlodde @igg was
brown viscous liquid. This was distilled using a
KUGEdeh QM tRADRISH Was dxiiate:d &R Chlotoforgi (#ex 24 mlek \Thp a¢rabined
creamcolored 5 syrup (400 ng, 90.9 9.

chloroform extracts were dried (Na;SOs), filtered and concentrated by rotary

evaporation to afford 490 mg of the desired compound as a light brown viscous liquid

(92.7 %).
1-Methyl-7-(5-phenoxy-3-pyridyl)-1,7-diazaspire [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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1- Met hyl - 7- ( 5- phenoxy- 3- pyri dyl ) - 1, 7- di azaspi r o[ 4. 4] no
nane di hydrochl ori de

Wi@%%{%%? (5- phenoxy- 3-pyri dyl ) - 1, 7- di azaspig@fdsAbiMdos24

ng, 0.65 10 mmol) was dissolved in
concentrated HCl_ (1 . nlL) a sqny cat - 4T
ex GeuRteq @ﬂ'éF°3%r°d’dW;‘f B?af%\wgeqf’ BcS B“Gﬁes‘“?‘géde‘g}@cfﬁ"“’m (4x
azeotropi c evaporation with small rgi
et RAmSY): The mlén%ﬁélhl%‘&fo%ﬂtﬁcwmoﬁ%gi(ﬁ%’gB%)Tﬁféerg%ﬂdd

was di ssolved in the nininun1anquné of absolutedWI .

et leamehtrted by totayy, evaperationde atierl @thigls BroXg Yisqous gy, s was
until the solution becane opaque. Cooling in the

r efdistijet asirgra Kngehohgppargno@oesd 80°0) te give iyey PYF stgam-colored
crystals, which were filtered, washed with ether and

dr isgielp (400ang @699 oven to yield 210 ng (85.4 % of
pure di hydrochloride salt, mp. 180-191C. Exanple 6

20 Sample 6 is 1'-(3-pyridyl)-spiro[1-azabicyclo[2.2.1
] hept ane-2, 3" -pyrrolidine] dihydrochloride, which was

pr %%%ﬁ:glﬁz‘-l?ﬁgﬁogﬁ-stﬁrld}ﬁ-f,ﬁhiaewpn@[4,4qﬁmmmdmchloﬁde

(3-0x0 net hanesul fonate 25 To a stirring
solution of (3-oxolanyl)nethan-1-ol (25 g, 245 mol)
and -68- RTP 70241v1l WD 2004/ 005293 PCT/ US2003/ 020524

triethylan . g 04id 74l Hnon: , 0.

il el o ST S e n e T deabiicofd ¥inonane (200 me, 0.65
d i th ' .94 ’

e i SR TR B e TR

after warmng to roomtenperature, then. : :
s ol EeasHRFIGINANARELET? SV §Y (iR g on S dh i 9‘3"“1

stirred for another 5 30 nj.n. The .bi Si C,. m Xt

e parianeot aao Hhpde geliomolidyar oateds O P LN Hifiy U e

aqueous | ayer was extracted w th dichl oronet ha 3 X .

25 mibjmuanemeuns Oﬁmuwwan@i(tﬁlngr)oﬁf@t‘ﬂweé il %l‘gfe% SWB'r“élse

dried (Na2SO4), filtered and concentrated by éﬁtarg i

ev a6t the autindegrimecopague] G agling in(the rekageraiRr oy FRIER{froduce

nmet hanesul fonate (99 %9 as a light brown liquid. 10
cream-colored crystals, which were filtered, washed with ether and dried in a vacuum

oven to yield 210 mg (85.4 %) of pure dikydrochloride salt, m.p. 180-191°C.

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 methanesulfqnate

To a stirring solution of (3-oxolanyl)methan-1-ol (25 g, 245 mmol) and

_68-
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3- (Brononet hyl ) oxol ane To a sti rri'ng sol ution of
( 3- oxol anyl ) net hyl net hanesul fonate (42.16 g, 239.5

mol) in dry acetone (600 nL) was added it hi
WO&“B‘H% PUR/US2003/020524

hoaé%(ém_ 7 g, 1198 nmol). 15 The reaction m xture
) ] fl f 3 h I [
2 DL s e D MBSO PO

resi due was dissolved in water (200 . extract ed
wi N atmaspiesy wasaddethdropwisg medianesy] o ot 2%,
extracts were dried (Na2SQH4), filtered and
cofbereactionauixtyge was irrgd exesH gt A RPOWAIIELP oY tCHPETafRg, then a
brown liquid. It was distilled at 70C and 1nm of

pr esterdted solotiay of Na3EM A1) hBpwaddyd ayfd the mixgure stirred for another
(bromonet hyl ) oxol ane as a colorless |iquid. Methyl

3- 30 @ik, ‘Thetiiptasio yixtatet waR-sepacaddem@shecorganic layargvas discardedn

of methyl glycine ester hydrochloride (17.49 g, 139

25 THERukosNay’f Waslb-@htted Gih dfthlosonictinfe (3-X 26md) pnd\de a¢mbined
roomtenperature was added -69- R7P 70241vl WO

2091%41@ AnE GhtRRSARAUZA 0, ifiRE@AYMhd Eondentra2d bY Cotary
137 mol)

I'n one portion. The reaction m xture was

sti rott Aoty B I j il FRthaReERIEbH4te (99 ba) ak &l Rght
prg%:alrpggflg %fwgr%%%%ﬂ%@\}\&ﬂ%g%ed and the( I a?ers ©
\/ve%e sq&glrdat ed. The organic |ayer was washed with
satti’at "Na2CO3 solution (2 x 20 nmL) and brine (20
m.). The organic layer was dried 5 (Na2SO4), filtered
and concentrated by rotary evaporation to give -35 g
of a thick light. brown syrup (99% pure) in - 100%
yi t{Bromepethyboxolangc, on to the next reaction without
further purification. Methyl
3- (3-oxol anyl ) - 2-am nopropanoate 10 To a stirring
sol ution of nethyl 3-aza4, 4-di phenyl - but - 3- enoa
(23. 00 To a sbringeadutoned (EpxalgnyDiethy|meshpesulfongiey CATTREL
toluene (25 nL) was added potassiumtert- butoxjde
( 1@nrdd)) ity drderono(600imL)ovae agrsd dithiwm brgreide 04 {7jg 4198 mmol).
m xture was stirred for 15

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,804), 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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mn; it changed color fromyellow to dark
reddi sh-brown. Then, a solution of 3 15
(br omonet hyl ) oxol ane (15 g, 90 nmol) in DVF (

WO ol uene (20 ml) was added via cannuIPz?gpféi\jlgc‘ez)rj03(':1{’20524
period of 30 mn. The reaction m xture y f
B SRR A e PYER eI ion Hkhle i sifed
HCl (100 nL) was added tq the _reacti.on mxture.a '
o i BT SO RO e AR LM @0 LY ik
extracted with ethyl acetate (3. x 50 nLh, Tge.ggueogﬁ
| apédedwnd the ayers iwste separated o hepraanisplayer i ap paghed Wil saiig
saturated with solid NaC and extracted with ethyl
acalagl® solutizn @ 2fLinL) Aitddbring (Rounhle Theeragric lyervasdried
extracts were dried (K2C3B), filtered and concentrated,
by (N,909! Hitesteddrcahdentatbdbygiotaey emapdrgtion to give ~35 g of a thick light
3- g oxol anyl ) - 2- am nopropanoate (10 g, 59.37 %9 as a
br @ym! sy AKIH% g@:e) i60- 1080810 2% is Was WP QDWW t(HORXO Baction
PCT/ US2003/020524° Ethyl 1-azabicyclo [2.2.1]

hepl; f%%&? Gl,]@ﬁeé't'aﬁ.e
I\/E%@P@ -o?o anyll ) - 2- am nopr opanoate (6.00 g, 3.46

nmmol ) was placed in a seal ed pressure tube, then 48%
aqueous HBr (20 nlL) was added and the solution was 5
satyrated w t.h as e was seal ed carefully
anMﬁ@ﬂ?@@ﬂg?h&iﬁ'ﬁi’gﬂ“@%@%@gﬁ_ The reaction was then
cool ed and the contents transferred to a 250 m, round
bottomflask with 20 nL of water. The excess acid was

SR TN PO
RN R T S R T

rotary evaporation to give a brown saglid, which thedr}. 15
vaduisikide (1029, P mawiloingne pertiph nHie teastonnyxture was stired tor
Concentrated H2SO4 (10 nl) was added and the sql utjon
wasnifdf dhanged cblor frémiyellawn & dadhreddistsbinene Thep paplufion -
ice bath, and then basified with concentrated NaHCO3

s OlbbinBiethf)dXblaBe Bl 555 80 exiolpia DME @0thL) and|dey ohenei20 Ly
40mL) . The conbi ned chl oroformextracts were dried.

( K293 ded 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 K2COs to pH 8-9,
then saturated with solid NaCl and extracted with ethyl acetate (4 x 50 mL). The
combined ethyl acetate extracts wére dried (K2CQ;), 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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15 filtered and concentrated to give a brown-bl ack
[iquid which was distilled using a Kugel rohr

ng&g@%}gg@(l mm 140C) to afford a colorless bé%isﬁboélézosu

as a m xture of the exo and endo i soners
gg KtV 1-azab s 8812 fih Qa2 LhioRpianRe- 2- carboxyl ate.

Et hyl 1- aza- 2- (ni troet hyl ) bi cycl o[ 2. 2. | | hept ane- 2- car bo
xyl ate Lithiumdiisopropyl anmide (LDA) was prepared at

OC from. diisopropyl amine .(2.078q, 5 I n .
n- but yI Mathl 61{%10891%%2,'&26‘?’8@9?&?%‘3)(&8%g’W‘?ﬁEﬁ(“dz’éplr?i")d ma
under an N2 at nosphere. To a_stirring solélti on of B

mi sealedprossuteliebeethen 436 agraus HBr (20 aple s gfidegapyg fhe solution was
1-azabicycl o[ 2. 2.1 ] heptane-2-carboxylate (2.67 o

15. si@ratedokiyh HBr ghsy The (e waT ealpd sarstly g heatsd 8b0R5d20"C for 8
PCT/ US2003/ 020524 THE (35 mL) at -78C under N2

at ' Thheadionas:s detd edoled enddbeenskeatstitansitm te 6/25¢ i yound

over a period of 15 mn. The reaction m xture was

St igokiee fHask wRIn2@a df warenl THOexoess atid svas Finevedibprstary i on

of nitroethylene (1.45 g, 20.53 mml) in dry THE (20

M -evapoffon36/6i08la HnsiRWEEBrowinanA6 MHith 30%aqbdvas meaoniuon
m xture over a period of 15 min. 5 After stirring for

2 i BwdsQaddd £ 0°C\aR tdRDGLE dadieatdat gentla reflux for
sa‘[hara{ftxg%%ﬁgg{ﬂ?t i%% of ammoni um chl ori gle (20 mL). It

\(’\'al\lztlzlg&k;e%gf;v?rﬁ w\éf.s 'i%\(gitﬁ!g lﬂr r@&?%%%raﬁén % g@v’i‘, a Bfbwn sélid, @8ich then

tere concentrated by rotary
evaporati.on to, giye ' {PRYSHvas added
( 86‘5 osﬁi%is %lyeda‘g a]&&:lul egﬁtﬁang)r? E)S\%mrgllf')i' gﬁlﬁbgmgﬁvﬂ %%@ﬁgs ta e%s ao ne
to the next, step.w thouf, f.urther AR i qn.:
o nde o tionBRORRIIH b Meisp il Y cb6ie indfticgtn, gnd
'-one Ethyl | . -
1- Aben basifiad with gpnegryatsd YAHCGPysolutiop ol &9and eximacied wih,
e (3.82 g, 86% fure, 15,78 mml?g was di ssol %g%l@co)
et Iehlpnoforms(# n40ml)n The pombiaehbeitarplora exigcts Viere Fnedig2t-ts)
catal ytic amobunt of Raney nickel was added a‘gd.ieae.
mi xfiltered and consentjatedtte ive @ brap-Bladriuidyiaich wasgystiled ugine 3
Parr apparatus for 16 h. The catal yst was _renoved by
Kugelrohr apparatus (Imm, 140°C) to afford a colorless liquid (4 g, 68.25%) as 2
mixture of the exo and endo isomers of ethyl 1-azabicyclo[2.2.1]heptane-2-

carboxylate.
Ethyl 1-aza-2-(nitroethylbieyclo[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 TPIP’ (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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filtration through a celite plug and washed with
ethanol (20 nL). A catalytic amount (5 ng) of

-t esul fonic acid was added and t he reac}d
wcﬁ%gg?)g{i’sg% B¢ FH52003/020524

s refluxed for 12 h. The sol vent was

removed by rotagy eyvaporatian to af.f ' :
solit 8?(‘)‘}&"}HF_S Lnegf gsﬁ*%@*%%%ﬁ%‘é‘%ﬂ%%‘g% ﬂli?‘?%)@umn
(10 nmL), saturated with Nad,6 and ext r(ﬂﬁct ed d\gltlth 140
chioner Reriad plil Saming Tha rpaction gixyreyy 4§ SHTEH I FHIGH
extracts were dried K2C33), filtered and. .

comaigtes. aFhen alsglutias @fm%@wpm A 20D m@ ig dry GHF (20 mL)
brown solid. It was purified by colum chromat ography,
us iwng addeGidrapve3idNianHh foothd repction mixtpre,gvens perjod b L9 BYR-
to afford 1.96 g (75% of '

2" b feep btir@ih g o2 Rihcy 7830 2h rebfirepvampethed by @@ing a saturated
pyrolidin]-2' -one as a creamcolored solid (mp. 98C).

- 7 2o luBIo i fiohinm cME: AR08 1) 52 R 3s GAEA¢tEBROD 8hl20821 (5 x 25
Spi ro[ 1- azabi cycl o[ 2. 2. 1] hept ane-2, 3' -pyrrol i dine] To

a %%&J&ﬂiéafmazsm , filtered and concentrated by rotary evaporation to give 3.82 g of
of 2" F spi ro| azabi cycl o[ 2. 2. 1] hept ane- 2, 3' - pyrrol i din] -

2' (‘51‘?@& ired aé:&d&@ﬁ@% ré) 2s SNRhObrdwh BuYd, HHEH(RR tKed ofto BEnext
under RO nosphe d

re was adde [ithi um al um num

hydri de 67[]% pmol ) and the m xture was
refsfeﬁ%g'()?tgf? pu%fica%;]é reaction mxture was cooled in
ice bath and then ether (20 nL) was added. Excess

hydri de was quenched by the dropw se addition of 5 M

sol ution of NaCH. e resultin |'hd, m nate salts
vverzéHTsBPr'Bl?é‘tp‘Wq_'q{?'?ﬂ}'ﬂ'{agﬁ'%'rpg&é’ﬁagﬂ gé?+ tJ[rje plug. 10
The filtrate was dried (Na2SO4), filtered and
concentrated by rotary evaporation to vyield 800 ng of

spi ro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 2, 3' - pyr.rol.j di

apc ol E)r Egdwk 1-aq:q)-/%rmit[goe@yk)bh;go)g[_lz.l]heptane-ZD-c}grboxylate (?gi g,aS%%

1'-(3-Pyridyl)-spiro[ 1-azabicycl o[ 2. 2. 1] heptane: 2, 3' - p

yr rpatd, 5. A@inmei)iwad dissdlvesy ingthanal$SQnmiy) w4 fiydrogenolysis bottle. “A

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

( 3QAtalyHc atho@f of Raney hickd-vas@dduani thermeixugyasfybjegted &

mmol ), tris(dibenzylideneacetone)di palladi un 0)

( 541yBrbaEholyRisA650/psio®h Parr apymratyXor 16 h. The catalyst was removed by
filtration through a celite plug and washed with ethanol (20 mL). A catalytic amount
(5 mg) of p-toluenesulfonic acid was added and the reaction mixture was refluxed for
12 h. The solvent was removed by rotary evaporation to afford a light brown solid.
This was dissolved in conc. NaHCO; solution (10 mL), saturated with NaCl and
extracted with chloroform (4 x 40 mL). The combined chloroform extracts were dried
(K2CO»), filtered and concentrated by rotary evaporation to give a light brown solid.
It was purified by column chromatography, using MeOH:CHCl;:NH,OH (9:1:0.01,
v/v) as the eluent, to afford 1.96 g (75%) of 2'H-spiro[azabicyclo[2.2.1Theptane-2,3'-

pyrrolidin]-2'-one as a cream-colored solid (m.p. 98°C).
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bi s(di phenyl phosphi no) -1, 1' - bi napht hyi (74.22 ny,
0.131 mmol ) and potassiumtert 20 butoxi de (668.8 ny,
mml|) in dry toluene (20 nL) was heated i)@)gﬁ%20931020524

5. 96
WQ Y2 be flushed with argon gas at 90C for

The reaction was cooled to OC and the contents
transferred to a 100nL round bottom fl ask. The sol vent
was renoved by rotary evaporation and the residue was
di Spisp{learabicyeloR:hentane-byrRyrrdidingdl NaHCO3 (10 nl)
and extracted with chloroform (4 x 15nL). The conbi ned
chl orof orm 25 extracts were dried (K2C03), filtered
and concentrated by rotary evaporation to give a _-
73- RL? T624dutlond 2I08piQeatioR1drTT/1ispeost 3 2oamiidingtd rene
colored syrup. This was purified by colum

c hy pomE, AR inkddy THF (30 fiH) GHOCIndid2GHrh@spherd wad added
v/iv) as the eluent, to afford 350 ng (79.0% of 1'-

( 31@(‘5&, iR hydidd (a7 kY, ¢7.¢ hihal) hdithhimpines eva2reBluxqayfor 24
olidine] as a |l1ght brown syrup. A portion of the

frege ’Iﬂ%ﬁe ci&q{?' nge) WHBS R VEE bAR akdthan SeH(@TRLYwhskdded.
salt, I ch was

crystallized fromisopropanol and

et hanol . 1 0. i el 7099 ; ol ESW¥bn oF B OH.
(g gl il GucpIRa T el adich s DPSMen o78%
1' - (5-ethoxy-3-pyr.i dvl )-spir - ' .

e T G Ho1 il sl Rl B di i MG Gk el
the fallowng t ni,ques. .

1 Toe Beeionap e (RSO Hleged 4 ponsmnied BY TSP S opTRIom2
ne-2,3 -pyrrolidinel 15 A mxture of, o

oyl 30vg o weyel b ha blhshatert B ABFL 8 st
ng, 0.3 nmol) ‘

t r tigeidi(®BH4)- i deneacet one) di pal | adi um(0) (9 ng, 0.009
mol ), rac-2,2'- bis(di phenyl phosphi no) -

1, 1" -binaphthyl (12 ng, 0.018 mmol), potassium
tert-butoxide (147 ng, 1.2 mmol), and . . Bloride
5- br-@Pyr3dya)-tpivo] uzabiiyale (A% B heptane 236 pyrreliginglilydyochlori
toluene (5 nL) was placed in a seal ed tube under argon
and heated at 160 C for 17 h. 20 The reaction was
cooled to OC and the contents transferred to a 100nL

round bathRbire b sprb[1-aEhticys {220 hepmne-2,8 \pyvoliding] (B mg.\1 98

evaporation and the residue was di ssol ved
mmol), 3-bromopyridine (344 mg, 2.18 mmol),
tris(dibenzylideneacetone)dipalladium(0) (54.57mg, 0.0654 mmol), rac-2,2"-
bis(diphenylphosphino)-1,1-binaphthyl (74.22 mg, 0.131 mmol) and potassium tert-
butoxide (668.8 mg, 5.96 mmbl) 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 soivent 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
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in

a saturated solution of NaHCG3 (10 mL) and

extracted with chloroform (4 x 15nL). The conbi ned

chl orof orm extracts were dried (K2C03), filt
WQRHWEEMPht ed by rotary evaporation to give a%@g%ﬁsmosu

co
ch
as

| ored syrup. This was purified by 25 co

derkecologedsgymp; T §.Wﬂ§p}%§§4 @ﬂmﬁm 1922 Yd‘SB’f v/ V)

the eluent, to -74- RIP 70241vl WO 2004/ 00 29 3 "
79.0%) of 1"-

PCM&OBQ@@MIQHHHQH (8:3i0\)d, W® anthe(chpng, tqyiford 350 mg

ne
5

1
an
to

an
SIO

tr

-(5-ethoxy-3-pyridyl)-spiro[ 1- azablcyclo[2 2. 1] hepta
{2-pidyDpspiro] L atabieyclafd. 2 [heptansnd,d " fyrrolifingias a IEhEHHBSYEP-
-Sanple 8 is
A PorlBEEHY frde s (209 kg) wpd donfrdrted 2@ hydrodhiride salt, whispwas
e-2,3 - pyrrolidine], which was prepared according

ch!%aufzea EoMiirdpRid) RhdletRnol to yield 200 mg (76%) of a light brown
- ("5- Phenoxy- 3- pyri dyl ) - spi ro[ 1- azabi cycl o[ 2. 2. | | hept

ohighnel 10 A m xture of

S?ﬁfim zg}#cyclg[z 2. 1]heptane 2,3 -pyrrolidine] (50
nmg, O0.3mol),

i s(di benzyl i deneacet one) di pal | adi um{0) (9ng, 0.009

-2,2' - bis(diphenyl phosphino)- 1,
qpﬁ%%WB%ﬁfhyl(lz my, 0.018 nmol), potassium

te
5-
to
at
th
fl
an
of
15

rt-butoxide (147 ng, 1.3 mmol), and
br ono- 3- phenoxypyridine (90 ng, 0.36 nmol) in dry 15

l uene (5 niL at
160" simak Tivl RE-hre-S peBotnoll e by A AL S
e contents transferred to_a 1 oun ottom
yieolidipnd, wlich wag meﬂaé%@‘éﬁit“ég%?gﬂ?%‘g’ﬂ Pt i on
d the residue was dissolved in a saturated sol ution

NaHCO3 (10 nlL) and extracted with chloroform (4 x
mL). The conbi ned chl orof orm extracts were dried

( KZO@Ethoﬁthmﬁﬁl)aﬂpdoEleambmdv{tzr‘-’dﬂb%ptw%rwryolldmel

ev

pu
\e

3-

aporation to give a dark colored syrup. This was
rified by colum chromatography, using
OH CHCl 3: NH40H (8:2:0.01, v/v) as the eluent, to

afford ASmfaii®o [pub|f1-a(z5bip,r¢m[m.y}heptane—2,3'-pyrrolidine] (50 mg, 0.3

pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 2, 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 scaled 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 ﬁy rotary evaporation and the residue was dissolved
in a saturated solution of NaHCO» (iO 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;:NH,OH (8:2:0.01, v/v) as the eluent, to
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pyrolidine] (52% as a viscous tan oil. 25 -75- RTP
70241 v1 WD 2004/ 005293 PCT/ US2003/ 020524 Exanple 9

me%&ﬁ%r : ﬁ] Qi nyl )-‘s_pi ro[ 1- azabi cycl of 2. 2. 1] hlé%l;fg%zgl_)sé?zosu
7 ol B AN 1 ElS R 95rh SBREAATERIE D Hefhab R

1!
3!
of

-(5-Pyrimdinyl)-spirg[ 1-azabi cycl o[ 2. 2. 1] hept ane- 2,
Tyyelicine] a3 HEpcounboMROl o
spi ro[ 1- azabi cycl o[ 2. 2. 1] hept ane- 2, 3' - pyrrol i di ne]

(100 ng, 0.06 nmol),

tr

i s(di benzyl i deneacet one) di pal | adi un{(0) (18ngy, 0.0018

mrddxpmpledc- 2, 2' 10 bi s(di phenyl phosphino)- 1, 1

bi napht hyl (24 ng, 0.0036 mmol ), potassiumtert-

but oxi de (300 ng, 2.6 mmol ), and 5-bronopyri m di ne
(114 ng, 0.7 mmol) in dry toluene (10 nL) was pl aced
in a seglmple BUDE-(SHpBkaioxp8 goridd)abirefatzabicyrio[2.25 Jieptane-2,3*

17 h. The reaction was cooled to OC and the contents

tr

bRk OvHich RaskRiktedra0ttRding 2Qhé PIToWIngItchnines:

sol'vent was renoved by rotary evaporation and the
resi due was 15 dissolved in a saturated sol ution of
NaHCO3 (10 nlL) and extracted with chloroform (4 x

T B A e g

ev
pu

aporation to give a dark colored syrup. This was
rified by colum chromatography, using

21/? fC]; r gkl%g%%%?&% 1 -Za:zaoﬁigy]élo[i/.ﬁ.Y})he]ﬁgnet-ﬂ?-p%TUﬁme] (g@mg,

1"
3"
Ex
1

rr
fo

-(5-pyrimdinyl)-spiro[ 1-azahi cycl of 2. h 2 21,
st e (T g
Ofnpg)

anpl e 10 Sanple 10 is Lo .

] &Bdlpl}eplylﬂbqsgf@@i‘ Ly binaphthyl (1 mec)-9l Sgyglfgt]aoéﬁg@?,t plbt)(})ude
olidine], 25 which was prepared_according to Ehe

(M mhgd X mombbi @gésbromqé_-phenoxypyndme (90 mg, 0.36 mmol) m dry
toluene (5 mL) was heated in a sealed tube under argon 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 (K2CO3), filtered and

concentrated by rotary evapofation to give a dark colored syrup. This was purified by

column chromatography, using MeOH:CHCl;:NH,OH (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. 1jheptane-2,3'-

pyrrolidine] (52%) as a viscous tan oil.
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RTP 70241vl WD 20041005293 PCT/ US2003/ 020524 Et hyl
gui nucl i di ne- 2-car boxyl ate The et hyl
qui nucl i di ne- 2-carboxyl ate for this synthesi

é®¥ according 5 to the nethod descri be2‘)(\{;‘%52003!020524
Ri cciardi and Doukas (Heterocycles 24:971 (1986)). W
ha¥sample8 prepared ethyl quinuclidine-2-carboxyl ate
usi ng chem stry anal ogous to that used for the
synt hesi s of ethyl
1-azabi cycl o[ 2. 2. 1] hept ane- 2- car boxyl a but u3|ng 4-
(br onon’demlb ympmqumaspuﬂlmwew%i}hﬁm "ane.
10 Ethyl 2-(2-nitroethyl)quinuelidine-2-carboxyl ate
Li {p 1], RS WiRyprepated acouading toshafolldw g t@lnigresn
['i thium diisopropylamne (193.53ng,1.91 mol) and
n-butyllithium (0.764nL, 1.91 mmol) under N2. It was
added via cannula to a stirring solution of ethyl
quiy Rl 4 B2 hedkand-2,3pyrbolidimk]) i n
dr)}T@J{%ﬂﬁ% y @géﬂA tloq Q] aﬁa’t’asol ut |pgn of
ni troet hyl ene (140 41 ny, 1. 91 mmol) in THE (5 nl)
was added dropmﬁse to the reaction mxture. After

t for INRsr

Zd::ilrglgn st sggo[l-az&%%ycfo 21fl ﬁl@ﬁ‘%ﬁom um cﬁﬁao{fﬁf] e (2%30 6
tracted w t a
i mﬁ%% H rrapbhig ORI G G B vl e
t t ive 325 709 t : }

L TR, hmapg%xé% b Pl s
brown iquid, which was taken on 10 EII]S next, st ﬁ)indry
Wi tbhmﬂegmrmﬂ Grumpp); andS r‘?iﬁm"l’ynm‘ ine (114 Mg,
2' H-spiro[azabi cycl o[ 2. 2. 2] oct ane- 2, onagyﬂégh%g ﬂ%cﬁmr17

oneaoliéneAl SmLywaoplacsfl 1pg {;ﬁyfl]ed tube under arg

2-(2-nitroethyl)quinuclidine-2-car boxyl ate (320
i N h. “THE reaBlidh WR24dled ta’C200 theposeys trmsfered ngg@géd

et hanol (10 nlL) was subjected to hydrogenol ysis at 50

PSipoREmAafa M Reieem twas rdntuved By totary ersporgtiRpgndytbgiesidyg was
as a catalyst. The catal yst was renoved by filtration

t rp4@RePin aGeutatel solution afiaNE@ONEAd nvli)tahd etttagied withzbloroform
m.). A catalytic anount (5 ng) of p-

(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:CHCly: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.l]hcptane-2,3'-

pyrrolidine] (32%) as a viscous brown oil.

Example 10

Sample 10 is 1'—(3-pyridyi)-spiro[1-azabicyclo[2.2.2]0ctane-2,3’-pyrr01idine],
which was prepared according to the following techniques:
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WOH0HI0529%hi s was  di ssol ved in conc. NaHCOB sol U

t ol uenesul foni c acid was added and the reaction

m xture was refluxed for 12 It. The 5 sol vent was
renoved by rotary evaporation to afford a Ilgﬁgyﬁ%%&ﬁnmﬂ4
(10 nL), saturated with NaC and extracted wth
chloroform (4 x 40 nL). The conbi ned chl orof orm

extracts were dried (K2CO3), filtered and .

c o Mtkeyl tquatueHidipg-2reatlzoxylage aporati on to give a |ight

brown solid. It was purified by chromatography, using
McOH: CHCl 3: NHAOH (8:2:0.01, v/v) as the 10 eluent, to
give 120 ng (38.2% of desired conpound as |ight .
cr eam cPhosthyl qaiabéliine(2wtboxyake fhOGE)syntipsis was prepared according
[ 1-azabi cycl o[ 2. 2. 2] octane-2, 3" -pyrrolidine] 15 To a

SOl Mfnl Qethod described by Ricciardi and Doukas (Heterocycles 24:971 (1986)). We
of 2' H- spi ro[ azabi cycl o[ 2. 2. 2] oct ane-2, 3' -pyrrolidin]-2

th‘g‘fe a'({é)q:qepa{:& ’eH’g'lr @ﬁ“m"}'zi'daf%&ﬁafg kiEing dienitigy mbloPdus to that

at'nosp was added lithium al um num

hyard {4 i i Jadid- ate, but using 4-
_réf“%el[j&e IdtglF gmﬁ%&s ?5{ aﬂx}ﬁgﬁwlcﬁm%hhﬁwmaﬁé dlcrb¥adate, but using 4

reaction " mxture was cool ed

n jce bath.and then Wpseadded. Excess
hy&%?@@ gﬂaﬁg%@ﬁgﬁe§§£ﬁﬁg&§$%%¥pge addi tion of 5 M
solution of NaOH The 20 resulting solid alum nate
salts were renoved by filtration through a celite
plﬁg. The filtrate was_ drjed §N3 SH), filtered and
coAdbyl2-Grtrogshylqurinycid a‘JﬁEﬁrH o€t o yield 83 ny of
spiro[ |l -azabi cycl o[ 2. 2. 2] octane-2, 3' -pynol i di ne] as a
colorless liquid (90 %9. -78 RTP 70241vl WO
2004/ 005293 PCT/ US2003/ 020524 o oy .. .
1' - ( 3- Pithidyl diisepponybidewasnrenassdop §"Girom dithiy diisppropylaprine
rrolidine] A stirring solution of s iro{

1- grosd3eys | 8] BnIRind ettatdlithive: O5Fdmby 181 mejol)unden R, It was
0. 48 nmol ), tris(dibenzylidineacetone)dipalladiun(O%

( 26.ddell vidicanful® @/ stimsilg) solutian oBethyl quinuclidine-2-carboxylate (320 mg,
2, 2" -bi s(di phenyl phosphi no) -1, 1' - bi napht hyl (30 ng,

0. Q4% FRBl) In &P IHPY RME) WMTEX.t Afrlruihpx scdietion 21 Bitwegthylene 2
mrol) in dry toluene (15 nL) was placed in a seal ed

tu Q?40.ngg,g ASAR) &R enElwad addeddiopwisd fb the rebbtion mixture.
reacti on s cooléd to OC and the <contents

trafgt ?ﬁ&iﬁg fc{g 9 1ot LAPFLnE AuBkbeds BAdhb@BKadditlae sambateint

was Tenoved by
solution of ammonium chloride (20 mL). It was extracted with ethyl acetate (5x25
mL), dried (Na;SO4), filtered and concentrated by rotary evaporation to give 325 mg
(70% pure) ethyl 2-(2-nitroethyl)quinuclidine-2-carboxylate as a light brown iiquid,

which was taken on to the next step without further purification.
2'H-spiro{azabicyclof2.2.2]octane-2,3 '-pyrrolidin]-2‘-one

A solution of ethyl 2-(2-nitroethyl)quinuclidine-2-carboxylate (320 mg, ) in
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rotary evaporation and the residue was dissolved in a
saturated solution of NaHCO3 10 (10 nlL) and extracted

w@n%é@gﬁ{%g)r oform (4 x I5n). The conbi ned chl 0p et R%5003/020524

were dried (K2C33), filtered and concentrated
N Y e e T R
VoOH O 3 N (250 AL bl Wiion ongh
heriashis o nesca ranerayg mi rspfeannn B ¢
b t6iBenpyylbpicjaci wasaddadand theseastien mieyre was 1afiuxest fop £2 b The

"- pyrrolidine], which was prepared according to the

f ol solveditrvs randved by esary 2eepBitatign to afford a light brown solid. This was
2- (2H, 3H, 5H4- oxi nyl )-2-nitroacetate A 2 M solution of
ti t@ERbved inebliadhHOO; dduiion (THmL)astunseiwitly NeCland extracted with
addition of the titaniumtetrachloride (7.59 g, 40

MQUhlordfOmel (4% JHELY. 2fheombited Olorofsteyexact2Eenidtied (oF0s),

- atnosphere. Ethyl nitroacetate (2.66 g, 20 mmol) was

th SiRedtAfed vy fSaryRTIpoffidd 1 divé¥Dligid OddviaDsoBia 31t was
PC??@%%%%%O@%SM gti rl;yi ngp solution, and the m xture
was, Skl ' 'A%&@Hkﬁiél REGOA-(8:2.01p A8k the
4- ﬁ'ghk(lcgﬂ)g%"%&&%%a%s)l S added?i n one( portion.

Then 1..0 M-S0l ution of |nd Rk daR€cdléred §0d
( 8.5y © FHe %g@%&@ggudggﬁeg@%%gsne ovVer aaperi od of
2 h at 0C m xture was then allowed to warmto

r oS R-d é]ro;;l[{@re and was stirred 5 for 18 h. It was
then poured into water (20 m-) and extracted with
ethyl acetate (5 x 40nL). The conbi ned extracts were
dri ed over Na2SO4, filtered and,(gagcentrat ed by

r otSnixp[ezabinyelo[2oh2loqtage243-pyrrpli syrup was purified
by col um chromat ography,” using ethyl acetate: hexane
(1:9, v/v) as eluent, to afford 3.00 g of pure

conpound as a light-brown syrup (709 . ey
To a solution of 2'H-spiro[azabicyclol_%l.z]octane-2,3’-pyrrohdm]-z -one (100

n-ag, 0.55 mmol) in dry THF (10 mL) at 0°C under Nz 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,SOs), 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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W

10 Et hyl 2-(4-oxanyl)-2-am noacetate Raney nickel (-2
g) was added to a solution of ethyl
2- (2H, 3H, 5H 4-oxinyl )-2- nitroacetate (2.50

#995293n et hanol (50 L) and conc. HCl (1 I\/%SC 22&1%0524
m xture was subjected to hﬁ:gro enolysi s at. E]O psi on a
Pail -(3eRyyidyBr spirof loazabigyplo[2ihioctang-2,3 yRyrr gRIngle .y 0 g py
careful filtration through a celite plug. The sol vent
was renoved by rotary evaporation. The residue was
basified with saturated aqueous NaHCO3 to pH 83
then sautaigdolmiidthofNpith| ! embieyriof2i2loatang-2.A - BHoHBEldEH S
(4 x 25 nlL). The conbined extracts were dried over
K268 mrié1), e @Berapidinacsenr)dipdliadiund®) 2 64 tme0.02440mel), (rac-
100% of desi r ed conmpound as a tan |iquid.

o o)eiRbanshtilyl (30ehpaAsimmel axil potassium tert-
5 0 BBk Rlishodphblo AnbaReG] (TraB D) ,

10

15

20

25

2- (oxanyl)-2-anmi noacetate (1.50 g,

8. R e @1 i1 %% S3Rby R RhARY 53 )RS plabed file)seiled mbe

pressure saturated with HBr gas. The tube was

led -80- v ooled to 0°C and the
POPMBS a0 FRsy SPAEE £ TR B S eled o

t fpih pretoned SR RR BBk PG ent s removed by
flask, and the acid was re ion of NaHCO
ev &Y éf’?ﬁ?Fﬁ“""l’ﬁ%‘:{:%‘ﬁfq?‘ 38?’8%%5%%@??"&%%\{%%& e ed i
30% anmoni a solution_ (5 . . Ihi ] Xtuge

ot (1B grengacueiyity usrotoumgr 47aFS, The el Borotom,

L e e o By o oheh i BB Bhafengp gives
a light brown S%i d, V\hi_tc_;gwdh\g’/as redi SSO't%’%%}hiﬁn%%gm of
waiderk catodedomyruipf Thid veas pum! rPOREHARYE » ng

water as the eluent and amonia (30% ag. ). Ammni%ia% L s
f r AGOROSICIANHZOHI(312:0100 ev/ulssitheceluesb iteizie 1 @2 mg i hd of 1-(3-
and concentrated to afford pure acid, which was
CORYREIREitop -Aabitidlo[s Al 2ocnd-2Y pyralidinc? sve Kight hjown syrup.

i sopropanol and 10 diethyl ether to give 1.21 g (85%

of a creamcolored solid (mp. 232 turns brown, nelts
at 253-2540).

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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Et hyl 1-azabicyclo[2.2.lIheptane-?-carboxylate 15 A
sol ution of 1-azabicyclo[2.2.1] heptane-7- carboxylic

W@EIOQIOE'%&% ochloride (1.20 g, 6.76 nmol) in- ab]_s@f,ggﬁ,ﬂmmsu
et hano (2 nm)

(10 nmL) and concentrated sulfuric acid

\Qﬁ%ﬁ by ls&é&& h&{e t(lj;@ V%tﬁr-g%s sf;ﬁ?gtf fon‘m‘Iﬂ Xl'tIé'kE q‘f\ﬁllaml—%mg%%n-

asr saturat ed aqueou
. t [ / t ed |
ext r%?@g& |o %%%? LJ"E%“)%OQ’#“W@GS“? e co@él Ne g
hl f t 0 d d
e RS TSy S g s

glveall brown liquid. This was purified i
1%@ inturg wasithen allowsdtpovamdo @WPHP‘B%%‘F&# ghirred

afford 1 00 g (90%9 as a colorless Ilqwd 81- RTP

70 %o . \Iﬁv@omfm/mm-go PaEr (Rxob3ind zamaeipd vathphyl acetate (5 x

1-aza- 7- (2-ni troet hyl ) bi cycl o[ 2. 2. 1) hept ane- 7- car boxy]

at ¢0iL). HThervonibined pxtopts iveene dreedwarer Na:8Qa filtdreh gnd ¢nacentrated by

addition of n-butyllithium(1.70 nlL, 6.26 mmol) to

di kS0P kOaptation. MEhe( thidk blowrDsyrip. s pnﬁﬁd:d) byl colushnychiddiatégraphy,

nm.) at 0 5 under a N2 atnosphere. The reaction was

st h§iﬁ§3&hﬁtacét§t@ﬂéiaﬁm 3 ¥)fa6 eluit, tb2ff6idB.Ginglofipneacompound as a
transtferred via cannula to a stirring solution of

et . y0[ 2. 2. 1] hept ane- 7-carboxyl ate (600
nghgmb}o@&%&wl@r/r?mz (20m) at -78 C under a N2

at nrosphere. The reaction mxture was stirred for 30
mn at -78C, then a solution of nitroethylene (285.3
ngy R nm.) was added via cannul a
angtl?yﬁg'](‘r"gg%%’?‘)o%gl\’\]/}a—ds#;f[%;%t| rred for additional 2 h at
-78C. Then the reaction was quenched with saturated
NHAC1 solution (10 nlL). The reaction m xture was

;Ll " act BKPE épéfv‘n’garv‘@%?sﬂzﬁg‘%?ﬁ S g2 Eﬁﬁ@ﬂ@f Ty
contesierin G0ty | 61 Bmp)ah speiel (UREL G 5PoRHCh4 My pe

a light-brown liquid, It was purified by colu
chmirherectss aiptisetedue hyrsogenolysin gl S0ebena mea@?EwéMa g
(8:2, v/iv), to give 600 ng (85% of tan |i
2' bktﬂyﬂt waf mabbmfd[fnu@oxqt}mpﬂm@hw Hog. gf;herselvmwp
2' -one
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,COj, 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 hydrochlori_de

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
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Et hyl
1-aza-7-(2-nitroethyl)bicyclo[2.2.1] hept ane- 7-car boxyl

\Véhﬂuﬁﬁéﬁsng, 2.27 20 mmol ) was dissolved in eph@fRhoo3/020524

(25 nmL) and subjected to hydrogenol ysis at 50 psi for

18 @a C I
vvaséarrecig'H ; %hg%éh?fl}ﬂf {Erlg%thlg 91 ?r?f% u%@%&{@é‘ %F gﬂ%tg ré(o?riIi he

sol vent was [

o< AT ol Bl BFPEREL) 8B o' P papmmoved by

oy R st R w‘é' VARt fp Bkt guon

then the soIvent was [ enpy b rotary eva ti.on
Thao0 Bl | Hos T S ETEe 1o b AL NI T aton o the
solution 82 RTP 70241vl WD) 2004/ 005293

PCHetied 0oid v ooppleteq Ahe ammpnia sARLGH Va5 FEMPYHAY SotARY exappration
15 nL). The conbi ned chl orof orm extracts were dried

( K2@aiByrd aflight twpwemisolidnwhich weeredissalend. in Fivel. plavateraad perified on
purified by colum chromat ography, using

CHG1 3on\ixChinik-#Bir ubidig Watr Bslthe vlhent apd ammenie (303haq.). t Axmmoniacal
afford 320 ng (85% of pure conmpound as a

Cr dabkdQ lcovtsiding eadesisadradid. webe combined and concentrated to afford pure
2' H Spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane-7, 3' - pyrrol i di ne]

TO agidswhith wAdconPértedit®ah HEI salt and crystallized from isopropanol and

2' Hspiro[ 1- azabi cycl o[ 2. 2. 1] hept ane-7, 3" -pyrrol i din] -

2%t b ,
una'er R 50K Blke 121 HLBEPbDa dxchef EofortBolld 282 bun brown,

dﬁ? 554‘9)3 renoved and the reaction m xture was
re uxe 24°h. The reaction m xture was cooled to

0C, diethyl ether (20 nmL) was added and 5M NaOH was
added dropwi se with constant stirring until all

d. L | df d, T
1 PR dcreehieb i 2o TR PR T T Bt e v

dried (K2C33), flltered and concentrated by rotary

evaporation to yield 15 250 ng (70 % of a colorless

syrup. . ) . .
1" - (3- Prsphagipy obl-arabisydlefR 2.1 hempnsytricatboxylic priddydrarhloride
3' -pyrrolidine L
2' Hp %bg,@mnmém Wyelpis[ethapol ] ) anreconcentratsd sylfiyrie apid 4 mL)
(100 ny, 0.66 mml), 20
t r weg tfloaeifpt 8 HeRhearsattion eyitupsarisaapledaod themeasified with20
| 2,2 -
mTatzlrate:i igueous NaHCO; 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,;S0Q,, 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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bi s(di phenyl phosphi no) -1, 1' - bi napht hyl (45ng, 0.040
mol ), potassiumtert-butoxide (369ng, 3.3mmol) and

wé-z)bﬁﬂmgrl di ne (114rrg, 0.72 nmmol) and dry tolp@gﬁgm{oggmsm

were placed in a pressure tube which was flushed

Forou 88 7-GofidaiEnbRia B2 Mt RERMECART (o708

transferred to a round bottom fl ask and the sol vent
removed by rotary evaporation. -83- RTP 70241v1 WO

2004/ 005293 P /USZ 03/ 020524 The ue ed
into satdfumd ASHIde, P PR ipr sl byl (170
with chloroforn1(4 x 15 nL). The conblned chloroforn1 0
extmb@:26 mapb tdiisepropylamping A3dd me.6 26prpely ingy THF (O mL) at0
concentrated by rotary evaporation. The resi due was
puninfl¢radNinpmesphenen The tenasion wag stirpaidyat raga] tagperature for 15 min and
CHC13: MeOH: NH40H (8:2:0.01, v/v) as eluent, to afford
13Gh& traysfeBE Fisgannfilado  stiyting tnliion of ythylpl-azabieyqie[23udheptane-
turns dark brown on exposure to |ight and air.

Ex ep@iisylhid (600mg, 3. 550mbaly il BEF (20ndy)dt -178° &rundéria) Nzatidosphere.
(-) 7-(3-pyridyl)-1,7-di azaspiro[ 4. 4] nonane

I e SR edalcéH MixtiMd wadstiRd Eorl30 @fia hedy 8aC aherth ffuition of hieoethylene
foll owi ng techniques: D astereoneric

7- Q@sﬂomg /b ) minol)-ifl Tﬁ?f’{lﬁﬁhm{vé‘s £EHAORR BAMPaRAA kHeReiction was
amdes 15 Triethylamne (6.0 nL, 43 nmmol) and di phenyl

g?gﬂﬁ&?ﬁ9§ﬂ%§l i ﬂ’glo ) 7i¢, '111%11 ﬂWﬁ&uoWaEq&%&?eqamﬂﬁaﬁlﬁ%d

to a stirred suspension o
e
atnDs fﬁﬁer stirri glfo 1 g p @& %HQ bined
lﬁfg@%ﬁw endbnkedatiboliin Buecua o Bpc o
(4 Eiefigs voie eI b et G d ns PR Ry RO g give
m xture was stirred 3 days |ent te erat ur
So GSTEIS) A iGN e B bitag BRI By PR RRE GEFBTS vsing

added. After stirring an additional hour the m xture

wasthyasets: dichleromethans8:31 Wyy tor lYﬁh@O ¢ (35°% of R diaviam
(30 nL) and water (30 niL). The m xture was shaken
vigorously, and the | ayers were

2'H-Spiro[1-azabicyclo{2.2.1]heptane-7,3'-pyrrolidin]-2’-one

Ethyl 1-aza-7-(2-nitroethyljbicyclof2.2.1]heptane-7-carboxylate (550 mg, 227
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 NaHCO; (10 mL) solution

‘ -82-
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separated. The organic |ayer and a 30 nL chl orof orm
extract of the aqueous |ayer 25 were conbined, dried

Wd%@ 93and concentrated by rotrary evapor at iﬂf‘rmﬂﬁ@smzosm

resi dué 84 ATP 70241v1l WD 2004/ 005293

i G Bt MR Soipras ot R RE AR epblotorm extracts wer
at e IGEE: Efrelani eirepprar The nlod s R o3 Kbt

evaporated, first by rotary evaporation and then o

t h&hipaatograPl Hpine @ﬁlYGlﬁMs@Haﬂéa%ggﬂ’ﬂp@Pﬁf"(" @ By efuent, 1 afford
preparative HLPC, using 10% acetonitrile, 0.1%5

t r i320 mer@Be)kafipyreanomponny apgceameeplased fBick syap| ect ed

fracti ons were conbined and concentrated, |eaving

3.13 g (79% vyield) of the diastereoner which elutes at
11.4 mn and 2.90 g (74%yield) of the diastereoner

t hatH-SpirbHsazabic}do2.208] heptixot 13 'opyrvdlidine] f oans
(presumably nmono trifluoroacetate salts). 10 (1-) and
(-) 7-(3-pyridyl)-1,7-di azaspiro[ 4. 4] nonane Each of

the two diastereoneric S-proline am des was di ssol ved
i di i PLeARY bHion( O HIiropnSbabic k(R 2l 1aNSp e {72 Byrrolidin]-
m.), and then %onbined mﬁthoﬁgheny i sot hi ocyanate

(1,7 s!li( fﬁln HoK dy ARIFE36 kil § bt ®lurlide™g was added LiAIH,
di gs%nggfé%o]n% ’8lé1n 1.0g7 Tg g, 11. 6§m’mlu formgt he | ater

el 4y i et (@ i6n Rl tide §As
ot l&'}gﬁglng%?a?%& ' emelpl?h &%%eﬁ?@éﬁa ﬁ%rﬁﬁ \

enpefature for at which pornt thin
| a chro ogs aphy. i ndi cat ed €1: '
wo Pt r 2F b P Bektion Ptk G b1l e T EBATHP B0 mL) vas
rotary e tion, .and each of th si.dues.
t aeatedand S el s eadBR ot 1 o eah L R A fprpgces
trifluoroacetic acid, (10 nl). These [eaGtions re
hel-éAlHy soligdiedq The eeaﬁh%am%g %ﬂr@&efﬁdrtﬁ%& ?eﬁteaﬂ*’@ﬁ‘é"é‘é‘.‘e
Col utm chromat o rasjh on silica gel wth 80:20:2 .
c hifi§irateovasidmed ) diestiand epugentted byrgotany SYARPEIOR foyipld
the earlier eluting diastereoner, 40.5%yield) and
72050myg (Her) ofsdcolarlesy syhwp. | at er el uti ng di ast er eoner,
50. 7% vyield), as light brown oils. Chiral HPLC
anal ysis was perorned on a Chiralcel OD (r) colum,

usi ng 7: 3 heaxane/ et hanol. The isoner derived fromthe
eat[L'(ael'yrﬂiy(l)t-i’I-lgspiro[l—azabicyclo{Z.Z.l]heptane-’l,B’-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 mmiol), rac-2,2"-
bis(diphenylphosphino)-1,1’-binaphthyl (45mg, 0.040 mmol), potassium tert-butoxide
{369mg, 3.3mmol) and 3-bromopyﬁdine (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.
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25 di ast ereoner had the | onger retention time on the
chiral colum (10.9 mn); that -85- RTP 70241vl WO

W&?@Qﬁk@ﬁ?@gs PCT/ US2003/ 020524 derived from tP@rﬁl@ioﬁfmosu
utlng I somer exhibited a retention tine of 8.7

he . h ra e
ena i paZpored Rt AR 1Pl & mp) g extpsteg vt
FBV|ng her eb dIS l e su
t héﬁsmf S VB i combeR Gprators ST ar v L ?2003’
é¥ nodi ficati ons, substltutlons and vari ati
Iigred sbch eoncenimatedtty sofam cRaRoRion H ke Tesidys wpwﬁsf B’o‘f"l“‘“"
It is to be understood that the present invention

be ohroawtdgoptly, asing CHGaMe@E: NH&QH (§: 5001w/ Has shippeld. afford 130
Such nodifications, substitutions and variations are

i ntmn@6a%) (ofioﬁglvt/ibtd\a'msyhlpe The pdua furnswdarip brozwaren exposure to
application. 10 -86- RTP 70241vl Cainms: 1. A

corahtdnd altavi ng the followng formula: Formula 1 .R
-NQ Qv Cy NQ and pharmaceutically acceptabl e

salts thereof, wherein Q is (CZ),,, @ is (CZ2),

QVis (CZ2)w, and QNis (CZ2)" u, v, wand x are

| Ngi\MinBdahd ¥ad®3 1. 2, 3 or 4, preferably 0, 1, 2 or 3,
R i s hydrogen, | over al kyl , acyl al koxycar bonyl or

aryl oxycar bonyl ,

Samples 12 and 13 are (+) and (-) 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane

respectively, which were prepared according to the following techniques:
Diastereomeric 7-(3-pyridyl)-1,7-diazaspiro[4.4|nonane S-proline amides

Triethylamine (6.0 mL, 43 mmol) and diphenyl chlorophosphate (4.0 mL, 19
mmol) were added, in that order, to a stirred suspension of N-(tert-butoxycarbonyl)-S-
proline (4.67 g, 21.7 mmol) in dichloromethane (100 mL) under a nitrogen
atmosphere. After stirring for 1.5 h at ambient temperature, the reaction mixture was

treated with a solution of 7-(3-pyridyl)-1,7-diazaspiro[4.4]nonane (4.40 g, 21.6 mmol)
in dichloromethane (10 mL). The mixture was stirred 3 days at ambient temperature.
Sodium hydroxide solution (30 mL of 5 M) was then added. After stirring an
additional hour, the mixture was poﬁred into a separatory funnel with chloroform (30
mL) and water (30 mL). The mixture was shaken vigorously, and the Iaye.rs were
separated. The organic layer and a 30 mL chloroform extract of the aqueous layer
were combined, dried (MgSQOs) and concentrated by rotrary evaporation. The residue
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Zis, individually, selected fromthe group consi sting
of hydrogen, alkyl, substituted al kyl, cycl oal kyl,

Wig@%}ﬁ)g%%ed cycl oal kyl, heterocyclyl, substi ti"‘?%szoosmzosu

Lyl aryl substltuted aryl, al kylary

ub uted a

USRSl léﬁ&m ‘ﬁﬁd‘ t“iﬂg” @“@ﬁé“‘?’*ﬂmﬂt“"“e““
l |_where_each of X rat Stor 1 h. The volatiles
i ndFigi (el y Thei "'F‘P‘B'g‘et‘ias Sﬁ‘i“tei‘i Btgf’éli‘t"% FFE?&““F% Bxygen: or
carbon bonded to a substituent species mhereln no

o rvere ¢vaporatd.disst by rotary evappratign gud then ondhe Yagyuippumpy, The
nitrogen or nitrogen bonded to oxy wher ei n V\,hen Cy
r i mepidus vess pyrifiedibyepraparatve HLP@@srngri%%cPCﬂenttfH%
di azabicyclic ring via the 3- position on the pyrldyl
r i Rgfl@roddytid Aiddn fwatee aBelnentbBelentedftcionsavesneombinadiang of
the fornula: where Y and Y" are individually nitrogen,
Ni tebAGRRathy RAGiHg BA3 @ (P00 Field) o€t dispromeswhidlxglgtemat 11.4 min
sulfur or carbon bonded to a substituent species, and

Y' 88990 g (BoF yicld) bf Be 8Rstereofadl thgtielderae €32 tin, doth as whlte
substltuent speci es, wherein "substituent species”

i o SifL6oh&ehtd & the group consisting
ng%ﬂgEM gbﬁy ) su@ﬁtltutgggglkyl al kenyl ,
substltuted al kenyl, heterocyclyl, substltuted
heterocyclyl cycl oal kyl , substituted cycl oal kyl ,

{ I bstituted
glry Wbﬁé' ; y%yﬁ&sﬂ?)s Qﬁ%harilualsklylu (I?]alo
,-NR’R" -CF3, -CN, R, -SR, -N3,
-CC ONR R, -NRC(O)R' -C(O)R Q=0 CR

qO(C;(R' (|:\)>-) Eacm:@f gwcgo %lé?S&)ﬂ&N&pﬁ?]ﬂ amg\y é}v b& Scﬁyﬁ@)in '

-S®2R, -S®NR R', and - R, wh
i ndiishictera¢thane KM bYed, meﬁlylanrlg|(?<9|ml~)c§1@|etla,eg1 cpggalgmed wih" ©

het erocyclyl, aryl, or arylalkyl, and r is an inte

f 1 qiserylisashibeyavate (1738 42 Armmelrfor ! tho pasliorelatige figstereqmer and 1.57

cyclic functionality,
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% vyield), as light brown oils. Chiral HPLC analysis was perormed ona 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
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wherein the term"substituted" as applied to al kyl,
aryl, cycloalkyl and the like refers to the

substituents described above, starting with 4
WRHGMAY M th - NR S2R', and wherein the dashﬁﬁ?%@gmmsz

I ndj h he_bond b Y. and Y -
i B R PSETEP: ke P g

bonds, with the proviso that whe t he bon et we Y ..
an@hivslgolyms;i The samplergvers RnBRCTICAIL BRE T “q'é% e Ot deteption
be a double bond and vice versa, where Y or Y" is
ox\g¥h).or sulfur, only one of Y and Y' is either

oxygen or sul fur, and at |east one of Y, Y, Y" and

Y'"  nus Habieg beyigedisclosed fhasybjeah mattesgs thegresgrigipsgiion, it should
bonded to a substituent species. 2. The conpound of

c| ajepgarenehiar @by hbdificatiogs, substitotiats, g viagations aEthe drepent a

di azaspi rononane. 3. The conpound of claim1, wherein
R ii8vch@diire pbssible indightl thedgofaltyd by addrstogd that the presPhiinvention
conmpound of claim 1, wherein only one or two of X X,
X" canbe pradtftedlother@dhh Rispécially Qdsciiicl Sgembdifickeidng, o
oxygen. 5 , The conpound of claim1l, wherein not nore
tha, QR8RS :gxé’vafﬁwtiong(;re intend@i €b beXvithif iR sBdpelof gRPpriamded

t o “oxygen. . e conmpound of claim1, wherein X' is
nitrogen or nitrogen bonded to oxygen 7 . The
coﬁB@%ﬁgmhf claim1, wherein both X and X'' are
nitrogen. 8. The conpound of claim1, wherein X, X'

and X'" are carbon bonded to a substituent species.

9. The conpound of claim8 where the substituent

species at X, X' and X'" are hydrogen. 10 . The
conmpound of claim1l, wherein X' is carbon bonded to a
substituent species and X and X are both nitrogen, or
X' is carbon bonded to a substituent species and X

and X' are both nitrogen.

-86-
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11 . The conpound of claim11, wherein no nore than
three of Y, Y, Y' and Y'' are oxygen, sulfur,
nitrogen or nitrogen bonded to a substituent species.
12. The compound of claim 1, wherein between one and
three of,Y Y, Y' and Y' are nitrogen. 13 . A

phar rracgllj"\"?‘ﬁ'al conposition including a conpound of
claiml. 14 . A nethod of treatjng or preventing a CNS
di sor de,l.%g%gqugfiéavwflﬁf?lﬁpéwngioggulab rel ease of
neurotransmtters nedi ated by nicotinic receptors,
conpri si ng adni ni st er Fagnulah ef fecti ve amount of a
compound of claiml to a patient in need of treatnent
t hereof. 15. The nethod of clainl4, wherein the CNS

di sorder is selected fromthe Rgroup consisting of
pre-senile denentia (earl@ﬂen;s’et Al zhei ner' s di sease),
senile denentia (denenti of[  he Al zheiner's type),
Lewy Body denentia, H Q¥ia, multiple cerebra

i nfarcts, Parkinsonisn{in lhudi ng Par ki nson's di sease,
Pi ck's disease, HuntjMgt@n's chorea, tardive

dyski nesi a, hyper kioggsi a, mania, attention deficit

di sorder, anxiety, depression, mld cognitive

I mpai rment, dyslexia, schizophrenia and Tourette's
syndrone. 16. The nethod of claim 4, wherein the
.compound is adnministered at a dosage effective at
treating or preventing the dj sorder but at a
dosage #hageaseuticatly g‘icégtﬁl?lfcsl\’l‘iﬁ therefeci abl e anounts of
side effects associated with simlation of nuscle or
gang! i owhereip £ iCdr)e. Q 17 (C)w B o2 284 QI At CZ2)x

anal gesi a, reducing inflanmation, treating treat

ul cer atw,wewaod k aresindivigiprBniydt Bdyor dnereRebb O, drdioe3,

di seases, treating neurodegenerative diseases, and/or
t r eat i nR ischydsogkis ilowes alkyb apylj dkaxgeasitmyhirsdeiyogbenyl,
effective anount of a conpound of claiml to a

pat i entZ ispindRailaly, stleaed fiemn the diarpaohsisting of hydrogenhakylof
treating bacterial, fungal and/or viral infections,

angtefituted aikyE Efcbsulisy, @libdtaréd §elalRgl Betetodlys abrtituted

i nfections, conprising adm nistering an effective
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,
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anmount of a conpound of claiml1l to a patient in need

of treatnent thereof. 19 . A nethod of treating

i nfl ammat ory bowel disease, pouchitis, acute

chol angitis, aphthous stomatitis, arthritis,

neur ) Y ' SRR s ob di sease,
cac ﬁg’%@ ggs gg‘%ﬁd aa?@ﬂ{ng I nf zlét%%ﬁ%gnggﬁ{eoﬁxgé%{ifseas es and
di sor dewhgreiamditro€y riagis @ phudingngdit Sdinkleis tHediREYIGLRGing via the 3-
adm nj [ .an .effective anmount of a conmpound -90- 0
ofg%pgﬁhgﬁmggngﬁﬂgﬁient in need of treatnent thereof,

2 0 . A wébrioafive S-menibstedibatgroesonitc risg pfthe degrala:
conprising adm nistering an effective anount of a
conmpound of claiml1l to a patient in need of treatnent
thereof. 2 1, A nethod of treating ulcerative
colitis, conprising adm ni)steri g an effective anount
of a conpound of clai myt#to tient in need of
treatnment thereof. 2 2.“5 et hod of causing

anal gesi a, conprising adﬁﬁﬁﬁ%tering an effective

anount of a conpound of claim1 to a patient in need

of treatnment thereof. 2 3 .A conpound having the
followng formula: Qv Qv QN +Qv Cy NQ Fornula 2
and pharmaceutically acceptable salts thereof, wherein
Ql is (@hReX ar@diY'l ae {BidddualiDhitiogen|, Gy bapled ® a GERuent
Qv is(CzZ2)y and Qi is (CZ2)z where u, v, w, X, y and
z apeidspakiygérg stdfilr yr Earbdh baddedto arsubktitantkpedies, and i umd YO are
u, v, w, x, y and z are selected such that the bridged
di aitaspeh bORyohibendddnga seRfhdhtRpeces, 9, 10, 11, 12 or 13
menbers, R is hydrogen, |ower alkyl, acyl,

al koxy c yhbiemysutiRfituehtthEbiese afedRBNiduaily, sSlectbd ot ittiiabiy .
sel ected fromthe group consisting of hydrogen, alKkyl,

consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,

heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl,

substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylalkyl, halo,
OR', -NRR", -CF3, -CN, -NO;, -C2R!, -SR', -N3, -C(=0)NR'R", -NR'C(=0) R", -
~ C(=0)R!, -C(=0)OR’, -OC(=O)R', -O(CR'R"),C(=0)R', -O(CRR")NR"C(=0)R, -
O(CRR")NR"SO,R’, -OC(=0)NR'R", -NR'C(=0)O R", -SO;R’, -SO,NR'R", and -
NR'SOzR",
where R' and R" are individually hydrogen, C;-Cg alkyl, cycloalkyl,
hetérocyclyi, 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 -
NER'SO;R", and
wherein the dashed lines indicate that the bonds (between Y and Y" and

0
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substituted al kyl, cycloal kyl, substituted cycl oal kyl,
heterocyclyl, substituted heterocyclyl, aryl,
substituted aryl, alkylaryl, substituted al kyl aryl,
arylalkyl and -91- O substituted arylalkyl; Cy is a

six nmenbered ring of the formula: 1 I X.,... ~X'

where each of X, X', 30, X' and X"" is individually
nitrogen, nitrogen bonded to oxygen or carbon bonded

t o beswebs Y1 indeiY capteadither, singfiresreionbla bomisy with tepravisoetbat when
of X, X, X', X'" and X"" are nitrogen or nitrogen

bondgchohe! b%é&?? an@%" ¥ sirgledbohli MBe BorliyERtef ¥ and Y" must be a
heteroaronatlc ring of the formula: Y~I Y, \ Y-y

b on gSUC}JYe B3 afid VR {;ﬂsy Uingteiyal &’Vls%k%ééﬁg)‘? Quifif? (f )8%%’1)1’ Y and Y"

onded Lgngezu?gtl uént  species, oxygen,
o X peryEn SRl R iR o £ 8L oimdY b, s
iﬁéﬁiﬁ%«ﬁgﬁ%ﬁi E?%%@%’%ﬁé@%ﬁé consi sting of
subst it ubedt %\%/Wﬁk}‘iy of oy L"g’éal k‘%‘l’ ringgltlﬂkg‘l%t‘%{t“eﬂt“hed isa

heteﬂﬁﬁyﬁkmhmn@ycloalkyl substltuted cycl oal kyl

aryl, b t ut ed
al iyl ar ;ﬁu %Ir%?upiggf‘ Y aﬂfbg Isal? y\#gﬁc&i %&ﬂ ﬁldalryloxycarbonyl
mé( ! O) N g"he corﬁgo%nd ogﬂlm 1N&12er%?6% I%'ne m?ﬁcalz otg)( g'; X" X an d

(I:ﬁ(c‘])a% itrd 80 Bg&rd@go CRR'),NR OR, -
o RS SR, - xyge@(q NR R')' -Ng'(C()O)O R

- SO2 R 15 .Sl% %Rn}%und é‘ﬂzfl’alm 1NRhe26R ot more than one of X, X, X", X" and

X™ are nitrogen bonded to oxygen.

6 . The compound of claim 1, wherein X" is nitrogen or nitrogen bonded to
oxXygen.

7 . The compound of claim 1, wherein‘both X' and X" are nitrogen.

8 . The compound of claim 1, wherein X, X" and X™ are carbon bonded fo a

substituent species.

9 . The compound of claim 8 where the substituent species at X, X" and X"

are hydrogen.

10. 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.

11 . The compound of claim 1, wherein nio more than three of Y, Y', Y" and Y"
are oxygen, sulfur, nitrogen or nitrogen bonded to a substituent species.

12. The compound of claim 1, wherein between one and three of Y, Y', Y"
and Y" are nitrogen.

13, A pharmaceuiical composition including a compound of claim 1.

14. A method of treating or preventing a CNS disorder associated with the

o-89%- ©



where R and Ware individually hydrogen, Cl1-Cs al kyl,
cycl oal kyl, heterocyclyl, aryl, or arylalkyl, and r
is an integer froml to 6, or R and R' can conbi ne
o forma cyclic functionality, wherein the term

B & e A B B i

above, starting with hal nd endi ng with SOZR"

AndP ghestis Aoyl o corrpund pEdaip o Rt poed RE‘I
‘(between Y and Yand between Yand Y") can be elther

si Mepreofor doubl e bonds, with the proviso that when

the bond between Y and Y is a single bond, the bond

bet weenl¥afigt methodssficlaire Va whitneib the (NS diserder iy sedestoddionnthe
where Y or Y" is oxygen or sulfur, only one of Y and

Y" group cehdistiag oDpiy gertiledementlaf(edrly P Mshelmastdisoase), Génilé,
Y, Y' and Y'' nust be oxygen, sulfur, nitrogen or

ni GeASRR (BaRaEE of e AlBURRLs tHR)) Letp %H?&eméimég HIVIidsnentia,
conpound of claim 23, wherein only one or two of X X

X" m r*)l@&‘i‘ebrﬁf mfa@fs@d?h%o?ﬁ%ﬁﬂn@lﬁdiﬂg PhRAREN’D 8136k88] Pidk’s disease,
oxyge . The conpound of clarm 23, wherein not

o ni B QBGr& ta vQ&yslé:FhSI hyper ﬁxrlh;émlgraﬁeﬁﬂohrdeﬁ&f‘

bon 0 oxyge npoun clarm 23

UL i B B e

trog&ﬂ 2 8. The compound of claim23, wherein
Qe M e carbon bonded to a substltuent

speci es.. 2 9. The co nd of .c|.ai m 28, .whe

subst i t fenthedngthq dé& gﬁ"ﬂ;j{ ‘%emé'i‘lﬁ‘eﬁ‘mpmg‘flés %'éeﬁ ata
-93- 0 30 . The compound of clain?3, whe a>(f<

c afproge effastivert trsatineor peyenting the C3, disorder ‘%6‘ ogpag thet doss
are both nitrogen, or X is carbon bonded to a

s ubettresultam appseseablecamonnty ef sidepfdbcteassogiatedypith simplatigiyfmuscle

or ganglionic receptors.

17 . A method of causing analgesia, reducing inflammation, treating treat
ulcerative colitis, inflammatory and auto-immune diseases, treating neurodegenerative
diseaseé, and/or treating convulsions, comprising administering an effective amount qf
a compound of claim 1 to é patient in need of treatment thereof.

18 . A method of treating bacterial, fupgal 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.

19, 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- ©



31. The conpound of claim 23, wherein no nore than
three of Y, Y, Y' and Y"' be oxygen, sulfur, nitrogen
or nitrogen bonded to a substituent species. 3 2. The
conpound of claim 23, wherein between one and three of

Y'  and., Y"' It .
pha?ﬁf%ad’é‘l}t tPé‘&’Iaueé’(S fﬁ)‘l?ﬁﬁ??ﬂf)eﬁ[rﬁ’%'gﬁﬁf?oﬁg a c onpound of
claim21l. . A net hod. of treaslng or rev%m g1
CNS di s &Odeﬁr ma@g% ef nhibigingryipkingelease pmpsingadministeting an
neurotransmtters nmediated by nicotinic receptors,
congffecvemmendhofia compoundcpf clain dte 2 emevémaﬁ@flﬁf?treémat thereof.
compound of claim23 to a patient in need of treatnent
t her eof 213 ASmethddef treatitgicazdtive calitis, Samprigingradministerng@NS
di sorder is selected fromthe group consisting of
pr eeffefivd Andansi dompbwrrdfylanmd ed a paticheinmeed of teatmeastbyrgof.
senile denentia (dementia of the Al zheinmer's type),

Lewy Bogy demBibd 86 caliding Me1¥esid, icdmpristhy ddniihiBtefify fbhafibtive
i nfarcts, Parkinsonismincluding Parkinson's disease,

Pi Cﬁfno%n%ﬁﬁ%ﬁﬁoundmtahﬁ 4@ patiehARAd of tRhsthehEthereof.
dyski nesi a, hyperkinesia, mania, attention deficit

di sorde ognitive

i mpair rrg%tglgéﬁ.ﬁ exi a, H%&h?glg’%ilﬁ?é&%gulgnd Tourette's
syndronme. 36. The nethod of claim 34, wherein the
conmpound is adnministered at a dosage effective at
treating or preventing the CNS dlsorder but at a
dosage that does not result i eC|abIe anmount s of
side effects associated witQ tion of nmuscle or
ganglionic receptors. 37..A of causi ng

anal gesi a, reducing inflaﬂnatl lvtreatlng treat

ul cerative colitis, inflagmagpry and auto-immune

di seases, treating neurqedegenerative -94- o diseases,
and/or treating convul'sf ons, conprising adm nistering
an effective anount of a conmpound of claim23 to a
patient in need of treatnent tRemmdd2 3 8 . A nethod
of treating bacterial, fungal and/or viral infections,
and/or the effects of toxins produced by such

i nfections, conprising adm nistering an effective

and pharmaceutically acceptable salts thereof,

wherein Q'is (CZz)w Q" is (CZ2)v» QM is (CZo)w, Q is (CZa)x, Q" is(CZa)y
and Q%' is (CZy), where u, v, w, x, y and z are individually 0, 1,2, 3 or 4, and the
values of u, v, W, X, y and z are selected such that the bridged diazaspirocyclic ring

contains 8, 9, 10, 11, 12 or 13 members,

R is hydrogen, lower alkyl, acyl, alkoxycarbonyl or aryloxycarbonyl,

Z is, individually, selected from the gréup consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted

heterocyclyl, aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl and
-91- o



anmount of a conpound of claim?23 to a patient in need
of treatnent thereof. 39 . A nethod of treating

i nfl ammat ory bowel disease, pouchitis, acute

chol angitis, aphthous stomatitis, arthritis,

neulﬁpe

e di seases, Creutzfeld- Jakob di sease,

er at
cac eﬁ?%ggggﬁﬂ%%Ty to infection, genetic diseases and
di sorderg, ., and/ or . aut Q- i ne di.sorders conprising
adninisté¥ﬁﬁé”ﬁﬁma?ﬁﬁgPﬁﬂgqgﬂgﬁﬂﬂ&of a conpound of
claim?2 3 to a patient in need of treatnent thereof.
40-. A nmethod of inhibiting cytokine rel ease,
conprising adm nistering an effective anount of a
conpound of cl,ak to a patient in need of
treatment thefjeof.”| 4 1, A method of treating
ul cerative ch1$i§x“conprising adm ni stering an
ef fective amountX0f a conpound of claim23 to a
patient in need of treatnment thereof. 4 2:. A nethod
of causing anal gesia, conprising adm nistering an
effective anount of a conpound of claim23 to a
pati ent yJiprd\@eslofk, X7 2akmeRg Xhg rirﬁmi?uaﬁy%iuogél, GRAROEShded

sel ected fromthe group consisting of:

7
7

7
o
E
7
7
o
E
7
n
7
n
7

e

o

(R o o3R8 AR g v e,
B R e s AR

5-(1,2, 4-0xadiazol)yl):1 7-di azaspi r.Qf 4. 4 nane
> (15T AR Sh8niH BdedapBE S et lignane
2-pyrazinyl)-1, 7-di azaspi ro[ 4. 4] nonane

3-pyridazinyl)-1,7-di azaspi ro[ 4. 4] nonane _95- 0

5- met hoxy-3-pyridyl)-1 7-dia1aspiro[4.4]nonane

5-cyc|openty|oxy-3-ewrjf [)-f1, 7-di azaspi ro[ 4. 4] nona
7- (5- phenoxy- 3- pyri¥qyl ) 7/I, 7- di azaspi r o[ 4. 4] nonane
5-(4-hydroxyphenoxy)m@mp&nidyI)-l,?-diazaspiro[4.4]

(
nane
(5-ethynyl -3-pyridyl)-1, 7-di azaspi ro[ 4. 4] nonane

NN AN AN AN

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, alkeny!,l substituted alkenyl,
heterocyclyl, substituted heterocyclyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylaikyl, halo, -
OR/, -NRR", -CF;, -CN, -NO;, -C;R/, -SR, -N:;, -C(=0)NRR", -NR'C=O) R", -

C(=0)R', -C(=0)OR', -OC(=0)R!, -O(CRR")},C(=0O)R!, -O(CRR"}NR"C(=O)R/, -
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6-chloro-3-pyridyl)- 1,7-diazaspiro[4.4]nonane

6- net hoxy- 3- pyri dazi nyl)-1, 7-di azaspi r o[ 4. 4] nonane
3-pyridyl)-1,7-di azaspi ro[ 4. 4] nonane
5-pyrimdinyl)-1,7-di azaspiro[ 4. 4 nonane

7-(
7-(
1-(
1-(
1- n
L R RAO N -GN AR o B0 s, -
1-(5- (1, 2, 4-oxadi azol )yl)-1, 7-di azaspi ro[ 4. 4]nonane

1- gl‘iR%@% »4- oxadi azol )yl ) -1, 7-di azaspi r o[ 4. 4] nonane
1-(2
1-(

pyrazinyl)-1, 7- dlazasplro 4. 4] nonane

3- py erheeeR gd R are ndetignaily pydragen, &) Romkecycloalkyl,

1-nmet hyl -7-(3-pyridyl)-1, 7-di azaspi ro[ 4. 4] nonane 1

- mehtetepdeydlyl, Beyhpr arurlatkiyh ytu; £ is ap tegenframyi to 6] ar R pmdbRagea
1-met hyl - 7- (5-1 soxazol yl ) -1, 7-di azaspi r o[ 4. 4] nonane

1- reetrbitle td fortn-al cyclichumiohality,- 1, 7- di azaspi r o[ 4. 4] nonane
1-met hyl - 7-(5-(1, 2, 4- oxadi azol )yl ) -1, 7-di azaspi r o[ 4. 4]
nonane wherein the term “substituted” as applied to alkyl, aryl, cycloaikyl and the like
1-methyl -7-(2-(1,3,4 oxadiazolfyl) 1, 7-di azaspiro[ 4. 4]

n Y '?9{@1% to the s{tiR%hts GedcAbddydbovd, Biting with halo and ending with -
7-di azaspi ro[ 4. 4] nonane

1- KBl a3~ PYr i dazi nyl ) -1, 7-di azaspi ro[ 4. 4] nonane
1- met hyt - 7 ( 5- met hoxy- 3- pyri dyl ) - 1, 7- di azaspi r o[ 4. 4] no
nane

1 nmet hyl h‘}“"'(“éh%‘}f‘é %dpI ienr?f mld%?ﬁty? t%at pt)lif rb°8di (betTree%n glag.% aspl pI r 0
 REPRSE Tt e s gyl boncy e uen YR B e
1- MRt DoEen ¥ A0 Fife 82 PRIeciaBhy e Bomgpeiaga YV pd X g e
?' Hgvmvfgn?fagg 9@9 N5 whateY, pf ¥y is pxygen of s Bigaply aoe of Xjapd Y
Qa?p&;qu oxyequenr spiiesy wd3t fegstiony P V.1V 7 YGand RS ppstap axygepdHlfur,
inﬁﬁmﬁgﬂ ermitfagenborvisd yo Bsubgtitueid spasies) - 1, 7- di azaspi r o[ 4.
L7l] Rg? ﬁ;?lelt—-l Theompourdydf plalin 23 dvlszas puly ofelordpmoohZnd', X", X" and
X"" are nitrogen or nitrogen bonded to oxygen.
25 . The compound of claim 23, wherein not more than one of X, X', X", X"
and X" are nitrogen bonded to oxygen.
26 . The compound of claim 23, wherein X™ is nitrogen or nitrogen bonded to
oxygen.
27 . The compound of claim 23, wherein both X' and X™ are nitrogen.
28 . The compound of claim 723, wherein X, X" and X"" are carbon bonded to a
substituent species.
29 . The compound of claim 28, where the substituent species at X, X" and X™
are hydrogen.
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7-met hyl - | -(5-pyrinidinyl)-l,?idiazaspiro[4.4]nonane
7-met hyl -1 -(5-1soxazol yl)-1, 7-di azaspi ro[ 4. 4] nonane
7-methyl- | -(5-isothiazolyl)-

1, 7-di azaspi r o[ 4. 4] nonane
7-met hylgg ; 'f’h% c() gun%_o?xlg Reyenl XJ' is car%on%%g’c%d Lsubslltuent

nonane

7- neth I-I 2- OX dlazol i.azas
non g}?g and }& c{ X! are both m%ogen, or car?)'on bonde& to apsu S ent JpBCleS
7-methyl -1 -(2-pyrazinyl)-1,7-di azaspiro[ 4. 4] nonane

7- ndtdhy pod X" e Beth mitkegenny | ) - 1, 7- di azaspi r o[ 4. 4] nonane
2-(3-pyridyl)-2,7-di azaspiro[ 4. 4] nonane

2- (5- pyr3iiniThe nyin)ao@,d ?f dlniay 23 whersimnatiporgthanchree of Y, Y', Y" and
2- (5-isoxazolyl)-2,7-di azaspi ro[ 4. 4] nonane

2- (8" ibs okygeazolfd, hitdgen-od ndmgspbordpd tod substimant species.

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

(2- (1,33.4mexashamab) sthim 23, Whdichvitpéchond arft thR8aN¥, Y', Y"
(2-pyrazinyl)-2,7-diazaspi ro[ 4. 4] nonane
(ﬁﬂﬁﬁ#&dﬁﬂk@&{) 2, 7-di azaspi r o[ 4. 4] nonane

( 5- met hoxy pyridyl)-2, 7-di azaspi r o[ 4. 4] nonane

(

5- CY 8BOREMaYhaENsicAT Mﬁoéi%ﬁ i InGind a6 mpBAddr H1atth RPN
e 2-(5-phenoxy-3-pyri , /-di azaspi ro[ 4. 4] nonane

( 5 ( 43%13’ XN 82&}49&‘ Wﬂﬁg cﬁ p?é%ht%}’é d CRS bisBtdRF AR Wirtihe

g %‘: ¢, h%p%‘lfg“%'o let{grs%r)lgdia%éfilagrg 1-'35 ffrs ?J)Igﬁ%%%ea dministering
e ua&ﬁa&%ﬁé@#aﬁm@stﬂ Bijehdadhnonans

HEIQX|-7 (5- et hoxy- 3-pyridyl)-2,7- dlazasplro[4.4]no
na

2- et hyl - JéS pheno % i dyl) - di azaspiro[ 4. 4]n
nane 639 3Thgmethod pt al@ﬁ&p ﬁb@f%%@sd}%skaﬁéelecwd from the

group consisting of pre-senile dementia {early onset Alzheimer’s disease), senile

2-
2-
2-
2-
2-
2-
n
2-
no
2-
2-
2

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.

36 . The method of claim 34, wherein the compound is administered at a
dosage effective at treating or preQenﬁng 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.

37. A method of causing analgesia, reducing inflammation, treating treat
ulcerative colitis, inflammatory and auto-immune diseases, treating neurodegenerative
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1- met hyl - 6- (3-pyridyl)-1, 6-di azaspi ro[ 3. 4] oct ane
2-(3-pyridyl)-2,5-diazaspiro[ 3. 4] oct ane
5-met hyl - 2- (3-pyridyl) -2, 5-di azaspi r o[ 3. 4] oct ane
6 (3- pyrldyl) 1, 6- di azaspi r o[ 3. 5] nonane

2 ( seﬁ%)/a‘s1 Wfo; trgyt %%‘%%%s cg[l‘l\-a?%lgl?lg 8@@%@&%@ O 8t tive amount of

5-met hyl - 2- ( 3- pyridyl) a p|ro[3 5 npnane

2- (%cogimlw_i/?fjd%mé?ﬁ dP afé%eﬁF ‘PcS‘F%F %‘S L5¢

6- met hyl - 2 (3 yridy Ié dlazasplro[4 5¥decane

7- (3-py r3|8dy\l me odzoﬂrea %lmckz@flgj,ﬁlggzg apd{prviral infections, and/or the
1-methyl -7-(3-pyridyl)-1,7-diazaspiro[4.5] decane

8- (Sfepty of thying pmdacfaﬁ tasachinfectids Sjonpdisiog administering an effective
1-nmet hyl - 8- (3-pyridyl)-1, 8-diazaspiro[ 5. 5] undecane and
phaintoasesfta aipbyndosfehh 2Bkeea pSatientsin nbeelr of aatméntdherdof.
conpound sel ected fromthe group consisting of

- (3- pybi. AvhdthePéf tRhtlngAandhmelytodeLdiddabe powbhitis Aacte - P

yrrolldlne]

1 cﬁéraﬁglti%ymﬁo@éfdn%ha afRifdsOhdreabicerivt @hese; lhorid

ne-2, 3" - pyrrolidine]

3 JQI? 'bccﬁ&la Fzgh%! %ﬁmﬁd’aﬁ%ﬁ Ergé’ééﬂm,%ﬁt%[dil%ases and dlsorders and/or

1 azab I cyc I ne| -

1 eaﬁg-lﬁi}ﬁ&%é¥sofaege,vcfoh§mg S Rllnf &P ndted m&n?ofu dfefpbund

rro

SRR o

-(5- pyr|n1d| r.Q zabl o[2.2
] hept an#&? gAgﬂef%gfiqfdﬁPQ}P{lﬁﬁyt i“e rfléxqe ‘E?%H’?G'W pminsterigg an
1-azabicyclo[2.2.1 hept ane- rrolldln %
1" =ffective gmapaLAf Pyplpp@ﬁri P’éflﬁmhé’%'ﬁ. ke [ipnesd ff A Ehezeof.
3 -pyrrolidine]
- (5- (41 2Amahasgif resingpicprative eolitis. compEising administesing pp o
ptane 2,3 -pyrrolidine]
1 effecn(vg adountaf a dompainil pf §laigp 23 to[apationd i repd pbfreatment fhgecof.
pt ane- 2, 3' - pyrrolidi ne]
42 . A method of causing analgesia, comprising administering an effective

amount of a compound of claim 23 to a patient in need of treatment thereof.
43 . 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-diazaépiro[4.4]nonane

7-(21,3 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 Jnonane
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1'-(2-pyrazinyl)-spiro[ 1l-azabicyclo[2.2.1

] heptane-2,3 '-pyrrolidine]

1' - (3-pyridazinyl)-spiro[ 1-azabi cycl o[ 2. 2. 1] hept ane- 2,
3" -pyrrolidine] _ _ _

L I35 GBI L] A GRl e aRaD! eyl o[ 2. 2. 1] hept
1'-(6-chloro-3-pyridyl)-sp.ro] 1-azabi cycl o[ 2. 2. 1] hepta
ne_é—?%cx%ppp%op%%wgﬁ&l}-l,%Rillaza n‘oﬁ.lﬂnona}{e [ I'hep
1' - (6- net hoxy-3-pyridazinyl)-spiro[ 1-azabi cyclo[2.2.1
] he{a{%pmngis)eg-pwﬁﬁbl ,?-éiaﬁ@plro[4-4?nonane
1'-(3-pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 2] oct ane- 2, 3' - py
r r ol H{4rksjdroxyphenoxy)-3-pyridyl)-1,7-diazaspiro[4.4]nonane

1' - (5- met hoxy- 3-pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 2] oct a
ne- 2{Rethyyt-8 glyridiylpbJ-diazaspiro[4.4]nonane
1'-(5-cycl opentyl oxy-3-pyridyl)-spirof

- azA- 6o ALRAmidy D] (Fedigdaspi{44 Inpiydne ol i di ne]j

' - (5-phenoxy-3-pyridyl)-spiro[ 1-azabi cycl o[ 2. 2. 2] oct a
ne-2(BmetA¥ky-Ypirsdaai})-1,7-diazaspiro[4.4]Inonane
1'-(g-(4-hjﬁ?%¥s%h2%%xy)-3-&;er91)-spiro[l-azabicyclo
[ 2. 2¢% 1 67-Gaispifd{4 S Rbhdie N€]

P’ %gﬂgﬁﬁyﬁgﬁ 3- pﬁl%yl -spirof

%:a%gg%%%ﬁbbgéﬁ%v&%%§%§@§%ﬁ9%%%Pg%;8:%SLPE%Z.Z.Z]octan
P > | R oL A ¢ ol

T R Gy i g DL 5 OV )0 Tl
1'-(2-pyrazinyl ) - spi

1- aé'éb‘%‘b@%‘g?l .IQCE%%H?JR%‘HE?@“? pyrrolidine]

1'-(3-pyridazjnyl)-spiro[ |

- azla@i'é)5%4'%’f@?a??l@]lbl??‘gﬁég?!@‘um i di nej

" -(6- et hoxy- 3- Xrida;inyl)-s?iro[l-azabicyclo[2.2.2]
octla@ed 3 ,%oxaﬂyg(plg\[ } H?ﬁ@]zasplro [4.4]nonane
I''-(5-isoxazolyl)-spiro[1-azabicycl o[ 2. 2. 2] oct ane-2, 3'
- pyirQepyiratiny®}1,-9@zaspiro[4.4]nonane

' -(5-isothiazolyl)-spiro[ 1l-azabicycl o 2. 2. 2] oct ane- 2,
3' -ipBrpyoidazinyl)e], 7-diazaspiro[4.4]nonane

1'-(5-(1, 2, 4- oxadi azol )yl ) -spi ro[ 1- azabi cycl o[ 2. 2. 2] oc
t anemath@-7-(Bypyridiyl)didihzaspiro[4.4]nonane
1'-(2-(1, 3, 4-oxadi azol )yl ) -spiro

1- azabhglyT{pyRinAdiayipe j7adigzaghisd]4.4notant i di ne]
1'-(3-pyridyl)-2"Hspiro[ 1- azabi cycl o[ 2. 2. 1] hept ane- 7,
3" -10¥EthL7-(5-B&azolyl)-1,7-diazaspiro[4.4]nonane _

1' - (5-net hoxy-3-pyridyl)-2"H spiro[ 1- azabi cycl o[ 2. 2. 1]
hegt, §107-&-i% L& 1-2 7084 zaspiro[4.4Jnonane
1'a€g$§§%1g%%ﬁ%%hg§;?ggg%rﬁhyF)JZ'FLspiro[I-azabicycIo
[2.,2 SRS ol o B _phJqgl -

1 1 (rggtlﬁﬂ:’ﬁ{)w? 4—0&&&&9?9)&1 gl] 6L 081 4.4Jrionane

3- pyri H splrof 1-azabi cycl o[ 2. 2. 1]
hept -1 R = l.i di . .
B G BB REDI T S P o 1- arabi o

lo[2,2.1]h ne-/7,3 - . :
ye lgrglethyl-’i-&—pe ;z?nys-l,7—§iazasp1ro[4.4]nonane

1-methyl-7-(3-pyridazinyl)-1,7-diazaspiro{4.4]nonane
1-methyl-7-(5-methoxy-3-pyridyl)-1,7-diazaspiro[4.4 Jnonane
1-methyl-7-(5-cyclopentyloxy-3-pyridyl)-1,7-diazaspiro[4.4]nonane
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pyrrolidi ne]
'-(6-ch|oro-3-pyridy|)-2‘FLspiro[l-azabicyclo[2.2.1]h
eptane 7,3 -pyrrolidine] -(5- pyrinidinyl) 2'Hspiro
[ -azablcyclo[z 2.1 ]heptane 7,3 -pyrrolidine]

azabi | o[ 2. 2. 1] hept ane-
7 3 mﬁw 2’% gﬁ“ﬁé’]‘y’?’fm Yé)'PééPF%FBE?l%ﬁ n%neH_ sp} rop[
1- azabl c c Ilﬁqept ane-7,3' rol.i gé %}
1" -methy gﬂlycdﬁgm %bﬂgﬁrgméylhlgpptﬁ?zafmm gls RAPE| of 2.
2 1 he tane-7, 3" -pyrrolidine]
'ﬁsh?«éﬁ'z@ih)ﬂﬂﬁ pysidd bl .7 sliazapiraliddyepeg 2. 2. 1] hept ane
-7 3 -pyrrolidine] 1'-(5-isothiazolyl)-2"Hspiro|
1- dzmbuhgly’b—[ﬁa@}ﬂorﬂﬁlpﬂddﬂbﬂ dadiazasigto[p4Inomane di ne)
"-(5-(1, 2, 4- oxadi azol )yl )-2' Hspiro[ | -azabi cycl o[ 2. 2.
1 l1baph@nE (6/mathoy 3-paidagingB{1 , 7-diazaspiro[4.4 Jnonane
-(2-(1, 3, 4-oxadi azol )yl )-2"' H spiro[ 1-azabi cycl o[ 2. 2.

1] ent® er-(}-ﬁrﬂdpbjflrﬂ.lhhﬁhﬁlﬁiy Ahdnanghar maceutical l'y

accept abl e sal ts t her eof 5. A pharnmaceuti cal

corpashil R —ﬁQfﬁH&fn§l')ﬁ9 (ﬁ&aﬁﬁom]hu&namunt of a

compound op claim4 A phar naceuti cal

Conpaant P@-ﬁ%{%m?(gd‘%%% [Eghoie DUt OF 2

7-methyl-1-(5-isothiazolyl)-1 ,7-diazaspiro[4.4]nonane
7-methyl-1-(5-(1,2,4-oxadiazol)yl)-1,7-diazaspiro{4.4]nonane
7-methy1- 1-(2~(1,3,4-oxadiazol)yl)-1,7-diazaspiro[4.4]nonane
- 7-methyl-1-(2-pyrazinyl)-1,7-diazaspiro[4.4]nonane
7-methyl-1-(3-pyridazinyl)-1,7-diazaspiro[4.4]nonane
2-(3-pyridyl)-2,7-diazaspiro{4.4Jnonane
2-(5-pyrimidinyl)-2,7-diazaspiro[4.4]nonane
2-(5-isoxazolyl)-2,7-diazaspiro[4.4]nonane
2-(5-isothiazolyl)-2,7-diazaspiro[4.4 jnonane
2-(5-(1,2,4-oxadiazol)yl)-2,7-diazaspiro[4.4 Jnonane
2-(2-(1,3,4-oxadiazol)yl)-2,7-diazaspiro{4.4 Jnonane
2-(2-pyrazinyl)-2,7-diazaspiro{4.4]nonane
2-(3-pyridazinyl}-2,7-diazaspiro[4.4 Jnonane
2-(5-methoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-(5-cyclopentyloxy-3-pyridyl)-2,7-diazaspiro{4.4]uonane
2-(5-phenoxy-3-pyridyi)-2,7-diazaspiro[4.4nonane
2-(5-(4-hydroxyphenoxy)-3-pyridyl)-2,7-diazaspiro[4.4 Jnonane
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2-(5-ethynyl-3-pyridyl)-2,7-diazaspiro[4.4]nonane
2-(6-chloro-3-pyridyl)-2,7-diazaspirof4.4]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-pyridy!)-2,7-diazaspiro[4.4]nonane
2-methyl-7-(5-phenoxy-3-pyridyl)-2,7-diazaspiro[4.4]nonane
6-(3-pyridyl)-1,6-diazaspiro[3.4]octane
1-methyl-6-(3-pyridyl)-1,6-diazaspiro[3.4]octane
2-(3-pyridyl)-2,5-diazaspiro[3.4]octane
5-methyl-2-(3-pyridyl)-2,5-diazaspiro[3.4 Joctane
6~(3-pyridyl)-1,6-diazaspiro[3.5]nonane
1-methyl-6-(3-pyridyl)-1,6-diazaspiro[3.5]nonane
2-(3-pyridyl)-2,5-diazaspiro[3.5]nonane
5-methyl~2-(3-pyﬁdyl)-Z,S-diazaspﬁo[B.S]nonane
2-(3-pyridyl)-2,6-diazaspiro[4.5]decane
6-methyl-2-(3-pyridyl}-2,6-diazaspiro[4.5]decane
7-(3-pyridyl)-1,7-diazaspiro[4.5]decane
1-methyl-7-(3-pyridyl)-1,7-diazaspiro[4.5]decane
8-(3-pyridyl}-1,8-diazaspiro[5.5Jundecane
1-methyl-8-(3-pyridyl)-1,8-diazaspiro[5.5]undecane and
pharmaceuticaily acceptable salts thereof.

44 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)-spirof 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[2.2.1]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)-spirof 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[iZ. 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[2.2.1Theptane-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 Jheptane-2,3-pyrrolidine]
1'-(6-methoxy-3-pyridazinyl)-spiro{ 1-azabicyclo[2.2.1]heptane-2,3"-pyrrolidine]
1 ".(3-pyridyl)-spirof 1-azabicyclo[2.2.2]octane-2,3"-pyrrolidine]
1'~(5-methoxy-3-pyridyl)-spirof 1-azabicyclo{2.2.2]octane-2,3'-pyrrolidine]
1-(5-cyclopentyloxy-3-pyridyl)-spirof 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-pyridy!)-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[2.2.2Joctane-2,3"-pyrrolidine]
1'~(5-pyrimidinyl)-spiro[ 1-azabicyclo[2.2.2Joctane-2,3'-pyrrolidine]
-(2-pyrazinyl)-spiro[ 1-azabicyclo[2.2. 2]Joctane-2,3"-pyrrolidine]
1'-(3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.2Joctane-2,3"-pymrolidine]
1'-(6-methoxy-3-pyridazinyl)-spiro[ 1-azabicyclo[2.2.2Joctane-2,3"-pyrrolidine]
1~(5-isoxazolyl)-spiro[ 1-azabicyclo[2.2.2 Joctane-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)-spirof 1 -azabicyclo[z;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[ I -azabicyclo[2.2.1]heptane-7,3"
pyrrolidine]
1'{(5-phenoxy-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1 Jheptane-7,3 "-pyrrolidine]
1'-(5-(4-hydroxyphenoxy)-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1  heptane-7,3"
pyrrolidine]
1-(6-chloro-3-pyridyl)-2'H-spiro[ 1-azabicyclo[2.2.1Jheptane-7,3'-pyrrolidine]
1'-(5-pyrimidinyl)-2'H-spiro 1-azabicyclo[2.2.1]heptane-7,3 "-pyrrolidine]
(2-pyrazinyl)-2'H-spiro[ 1 -azabicyclo[2.2.1]heptane-7,3"-pyrrolidine]
1'-(3-pyridazinyl)-2'H-spirof 1 -azabicyclo[2.2.1 Jheptane-7,3"-pyrrolidine)
1'-(6-methoxy-3-pyridazinyl)-2'H-spiro[ 1-azabicyclo[2.2.1 Jheptane-7,3 "pyrrolidine]
1'-(5-isoxazolyl)-2'H-spiro[1 -azabicyclo[2.2.1]heptane-7,3 "-pyrrolidine]
1'-(5-isothiazolyl)-2'H-spirof 1-azabicyclo[2.2. 1]heptane-7,3-pyrrolidine]
1-(5-(1,2,4-oxadiazol)yl)-2'H-spiro[ 1-azabicyclo[2.2.1]heptane-7, 3'-pyrrolidine]
1'-(2-(1,3,4-oxadiazol)yl)-2'H-spiro[ 1-azabicyclo[2.2. 1 Jheptane-7,3 ‘-pyrrolidine] and

pharmaceutically acceptable salts thereof.

45. A pharmaceutical composition comprising an effective amount of a compound of

claim43.
46. A pharmaceutical composition comprising an effective amount of a compound of

claim 44 .
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