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The present invention relates to pharmaceuti cal

conpoesitions incorporating conpounds capabl e of

affecting nicotinic acetylcholinergic receptors

(nAChRs), for exanple, .as nodul ators of specific

Ni COIARYEVINYEAZAICYCINOX PEKANE COMPOUNDS AND WMETHODS OF

also relates to nethods for treating a wide variety of

condi tions and FREMRATION AND USETHEREGEse

associ ated with dysfunction of the central and 10

aut onom ¢ nervous systens. Background of the Invention

Ni coti ne has been prop ave..a nunber of
phar macol ogi cal effect gﬁeﬁgé@elip tlg’>‘<arrpl e, Pullan et

reseglt o giae(i)atgk]ta Pﬁ%éa&%@%f lgﬁftfoﬂé HeSborating

?5 those e S can rela
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et al, J. Neurochera. 43:1593 (1984); Rapier et al.
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Res. 8%67 313 naco
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1: ﬁ% et al., Arch. Int. Pharlnacodyn.

lﬁl %égﬁ&ss '; and Toth et al., Neurochera
Res 17 265 (1992)) Confirmatory reports and

addi ti onal recent studi es have included the nodul ati on

in the Central Nervdimckgonadefitie@higntion gl ut amat e,

nitric oxide, GABA, takykinins, cyt oki nes and
pept i desNiceling hegbeenipFopepaddn havera nyfuber qi@bmaﬁ%ﬁaaésffects
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& Behavi or 46: 303 (1993) Harsing et al., J.
administration of nicotine has been reported (Rowell et al., J. Neurochem. 43:1593

(1984); Rapier et al., J. Neurochem. 50:1123 (1988); Sandor et al., Brain Res.

567:313 (1991) and Vizi, Br. J. Pharmacol. 47765 (1973); Hall et al., Biochem.
20  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 have included the modulation in the Central Nervous

System (CNS) of glutamate, nitric oxide, GABA, takykinins, cytokines and

peptides (reviewed in Brioni et al., Adv. Pharmacel. 37:153 (1997)}. In addition,
25  nicotine reportedly potentiates the pharmacological behavior of certain

pharmaceutical compositions used to treat certain disorders. See, for exampie,



Neur ochem 59: 48 (1993) and Hughes, Praceedings from

Intl. Synp.; Nic. 1540 (1994). Furthernore! the
w@gm&p@gﬁ ective effects of nicotine have beerl)CTlUszoo4!006530

proposed, see, for exanple, Sjak-shie et al., Brain

Res. 624:295 (1993). Various other 5 benefici aI

phar macol ogi cal effects have al so been proposed. See,

for exanple, Decina et at, Biol. Psychiatry 28:502

( 19¥inbery\an Phagiaddl. BiodRemnd Behgaorcioi308 (1993 ) Hatkddg et al., J.

(1988); Ponerleau et at, Addictive Behaviors 9:265
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Nicotinic compounds are reported as being particularly useful for treating a wide
variety of CNS disorders. Indeed, a wide variety of nicotinic compounds have
been reported to have therapeutic properties. See, for example, Bencherif and
Schmitt, Current Drug Targets: CNS and Neurological Disorders 1(4): 349-357
25  (2002), Levin and Rezvani, Current Drug Targets: CNS and Neurological
Disorders 1(4): 423-431 (2002), O’ Neill, et al., Current Drug Targets: CNS and



Ki kuchi et at, 5,672,601 to Cgnarella, -RCT..\WO
99/ 21834 and PCT WO . 97/40049, UK Patent .Application

wEB0%A95R387 and European Patent Application 3 r69804/006530
CNS

CNS di sorders are a type of neurol ogi cal disorder.

di sorders can be drug induced; can be attributed to
genetic predisposition, infection or trauma; or can
be of unknown etiology. CNS di sorders conprise
neur’gesglegica iitoedats Bd): 389-411 (2002 Ul FhteaNodi FE873466 ond
mental illnesses, and include neurodegenerative

di sdsikuchi et abeha(2.GH 4o CignaisHe T WERAI1834andRCEoWEer s

and g ffectjve dj . ere 1Q are. .. .
cov 0 peden: Al GB 2P A and Biarron Beat Ampigaton
havegbges attributed to OCNS dysfunction (i.e.,

di sorders resulting frominappropriate |evels of °

geur ot r aoNEididoferd 2 £EPE of AMRABH O Biséris:. RNAREERdEScaRbe
neurotransmtter receptors, and/or I|nappropriate

i nt drugdhdueead; loet bemmiboed togenamisreditpREfion ifection or rauma; or
neurotransmtter receptors). Several CNS di sorders

c an ciebefupkipmnetiolosy.aCHE Hiserdersppmpfiserumapsychiniodisorders,
e e i RS
eag Ly el s di e)...senil & dement i

bt BB SO MBS By b v R e

16/ €MRBkRral ANDIJoRdeRd $ibst SRR AN nPnitdBHom 1AYe BEHBRbed to

Creut zf el d- Jakob di sease, Pick's disease,

Par €NSsiysfusatbon (iel, diorigrsResultinataon maglirgeatdevelsfy body
20 denentia, progressive supranucl ear pal sy,

Hu ntquFritapsmigersplonseainanpaomuiaiecpreppstics 98 ndugotransmitter receptors,

o Sl TP e iR o Bl Heuf BT A tonmemitier
d i i - l,Si i , d ,
orle S0 5e 08 T8 SR R ot A B dBARI ) 1

Tourette”s ne. ere exis types o

15 n RefyRhbliR, dpakiR] nAGindpRibdPHRAIRkerB@RMOUS 25

20

25

systens, but the distribution of subtypes is

het er og&Retativgly cémmon OdiSaiixoederd ineludesprbsaniie demébtitiafeatlyeonset
predom nant in vertebrate brain are a4(32, ar, and

0( 3zheimesgs digsase) Grmiieseputiy spewis/of GeFdeheimgits type, micro-
gggﬁ&g IIﬁ%gggﬁ@%meﬁ%td%el%gnt}a?\?asgtﬂgrod’t]a%g}lt?a, aert]lgzlfellg-laiﬁag

disease, Pick’s disease, Parkinsonism including Parkinson’s disease, Lewy body

dementia, progressive supranuclear palsy, Huntington’s chorea, tardive dyskinesia,
hyperkinesia, epilepsy, mania, attention deficit disorder, anxiety, dyslexia,
schizophrenia, depression, obsessive-compulsive disorders and Tourette’s
syndrome.

There exist subtypes of nAChRs in both the central and peripheral nervous
systems, but the distribution of subtypes is heterogeneous. For instance, the

subtypes which are predominant in vertebrate brain are 04B2, o7, and 03832,



neuronuscul ar junction are alS1Sy and al (31Ss (see for
i nstance Dwoskiniet al. Exp. Opin. Ther: Patents 10:

0) and Schnitt and Bencherif, Annual
Wé%ﬂme%%hem 35 41 (2000)). Al mtat| on ofP(é’l‘Zﬁnﬁéh@Mm%ssso
ni cotinic conmpounds 5 is that they elicit various
undesi rabl e pharmacol ogi cal effects because of their
interaction with nAChRs in peripheral tissues (for
exaRylefeas thigsesbhitRproddnligatausté sutoride ganabh ire vi3f4 aACRe of
subtypes). It would be desirable to have conpounds,
conpewonigur pmckionethatidldyend piEide (e fiy nntam&&i)woslun etal.,

treating various conditions or disorders (e.q.,
d smﬁm e Eptsap 1 K16 G308 1dchonit Sy Hoboieet i

tm:iﬁmﬁ i et Gl G- o BB Sprie otsiq copppounds
e A R vl nc A Sl UGl e bl e

t he jRehétRA SR nATMY ﬁﬁ}t) %pﬁ’s@ﬁ%% (FoP &uniple; b%ﬁﬁnul% muscle
NAChRs). It would further be highly desirable to

pr owndigangiberpondaCisk subtypex)o 3t wouddBe desiabletolbavkscoimnds,
affect CNS function without significantly affecting 15
t hosempasiiops end meihndy ferpreiening dndive treatiag yeriau conglitiang or

i ndyce .undesi l.e side fect I eci

act vf’révsgq 88 B0t i e Aloubiisy RS @F?SSS).
he .

1 o SBEEES Hnerd B Bt AP A5t R EATHBU N  benofiial
Th Ceffic &Mt ANSELHRANe. b S hipdAlie fiRctidi@hg of the CNS), but without
vi nyl azacycl oal kane corrpounds of Formula (1): R~/ \

\  NbigaifidénRssodiated-effenision the poniphaalmA ChRAGR2GOUMB PS> for
PCTI1 US2004/ 006530 t he Wam% | ine represents variable
geofRiEmACHRs it wyuld brther benkiglls destiablp énprovidycqmpounds,

nit r o e()gitlglrls a%d I:@\)mzel:hods that affect CNS function without significanily affecting -

15  those receptor subtypes which have the potential to induce undesirable side effects
(e-g., appreciable activity at cardiovascular and skeletal muscle sites). The present

invention provides such compounds, compositions and methods.

Sumniary of the Invention

20 The present invention relates to the vinylazacycloalkane compounds of
Formula (I):

Rl‘—</X \

Formula I

wherein:

<4



R is hydrogen, Cl.6-al kyl, hal ogen, -OR4, -NR4R5, or
- SR4 when XIS C—RZ and hydrogen Cl.6 al kyl -OR4, or

en X is nitrogen; 5 R2 is hydrogen,
WIBHERHE" 7 Ty e 6l eyl - O 6 ky|‘fC'”§/I 2004/006530

heteroaryl, heteroaryl-Cl-6-al kyI het erocycl yl ,
het er ocycl oaI kyl, cycl oal kyl, pol ycycl oal kyl , - CR6,
-NR6R7, -SR6, -SORE, or -SO2R6, each of which can

optional | yHA8 GariaWletpBome aBonPmb b bénd;
sel ect ed ]%ér‘g%n hal ?Egéﬁbﬁ@ V% if)er(IJF!IéBmE(]—I - OR6, -
COOH, - COkoRgen & GRE) R6, - NR6R7, - NHC( O) R6,

-C(O NR6R7, -SR6, -S(OR6, 10 - SO2R6 gHsozFiG .
- SO2NR6R®, ml@@@gm@%-aﬂcmm}p@mR NRBI s -SRirwhen X is C-R

e b b bl SR sy 1.
ei( )élr barR% %J?'H%’%é’f %\6 a]k% ﬂﬁé‘%ﬁﬂy&éﬂfw lcl ﬂﬂ&r %!yf(ﬁéteroaryl

het gl iél(égl h&¥1%h9&§rlkﬁ/ terQé cﬁgik},‘f: ¥§f§l&?ﬂy§< gblvycyjc'i_’oamyl

i s betwe and

are oltfnq\mﬁgﬁdsni LSORY ysﬂmlakﬁ efth @m@mﬁ mbuonﬂﬁr rsdbdRituted
are, independently, hydrogen, Cl-6-alkyl, ary
ary |widhl 1 | G-radrk kgblst;lwﬂm‘ese@cwém hahegens-62% ylﬂoﬂmﬁes sDHyHORS, -

O SR e R
{E‘Eﬂ%f -Sﬂﬁ%% SRR INRIRS LR SRR, %l 6
? cotfroarsl beyyt Mikfuarodibity, affdoroniciilou il aﬁ%ﬁ%ﬁ

whergialkythe Cl. 6-al kyl ,- heterocyclyl, heteroaryl and
aryl groups can be 25 substltuted W|th from1-6
subst i t uBnisdydreae Cedalkylomyt-Gec-gikyiubeterosry) (éteraﬂg’l,of F,

d mcyclmmrchggalkygcxmaﬁ@b% R?}%;Vlg\gékﬂ: - N3,

CTI US2004 ONR$R9 -NR$C(=O) Rs, - C(=0)Rs,
Ec( O)OFééQe?%%% )CI:( =O) Rs, -C(CI:():O) NR$§9 a21d

- NRBC( =Q) {Bseween 1 and 3,
R* and R® are, independently, hydrogen or Cy.g-alkyl;
R® and R” are, independently, hydrogen, Ci.g-alkyl, aryl, aryl-C;.¢-alkyl,
heteroaryl, heteroaryl-Cy.g-alkyl, heterocyelyl, heterocyclylalkyl, cycloalkyl or
20  polycycloalkyl, each of which can optionally be substituted with one or more
substituents selected from the group consisting of halogen, Cy.¢alkyl, Cy.¢ alkoxy,
-CN, -NOg, -NH3, -OH, -COOH, -CO0-C;_¢ alkyl, -CONHg, formyl,
trifluoromethyl and trifluoromethoxy,
wherein the Cj.¢-alkyl, heterocyclyl, heteroaryl and aryl groups can be
25  substituted with from 1-6 substituents selected from the group consisting of F, Cl,
Br, I, R%, -NR®R®, -CFj, -CN, -NOy, -C;R®, -N3, -S0,CHj, -OR?, -SR?, -



where R8 and R9_are individually hydrogen or |ower
al kyl (e.gf, CL-©6 alkyl, preferably metky!, ethyl,
' r or ‘i sobutyl), an aromatic group'5 L
w?%@@‘(ogg%%r a substituted aromatic group-cont %fﬁ%ﬁbﬂ&“w
species (substituted wth one or nore of the above
substituents). Either R6 and R7 or R8 and R9 can al so
forma Cl. 1o cycloal kyl functionality (e.qg.,
cyc '&EDM*R?MSQMR*, -Cfecst{b RERIOIOR?, -COIH BREWCE=O)R?, -
cycl oheptyl and adanantyl).” Representative aromatic
Or OWRCE(=0)NR IR e (NRIEDOR? ncl ude pyridyl, quinolinyl,
pyrim di nyl, ghenyL, and benzyl 10 (where any of the
f or egoi negvhemR " lsnd Blare islividualily dydrogeneat lowar ks (6120 £31Cs
one substituent grou

el REFEPENE ek T, FRPOPL SoBRO By et sroup:
o CnRRPes o st I EREUR s B-oBatTRY shicles Mbstitueed
?ge NAth o8 oA N8R df 1R HBdve BUTRAE). Bimet 1P SAR"IDRE b RLan also

cemc mxtures, enantioners, diastereoners 15 and

t aUutigHEd 6,.Qleydlbilise BenRAUTAS.ga Sysl&rbpydsyclobutyl, cyclopentyl,
pharmaceutically acceptable salts thereof, are al so

i nclepdetexyl] trelgbeptgiont] adawatyl). dReprestristive aramatic group-
particularly to derivatives of Fornula (1) in which:
t he cainiagspecies include pibilauinohayl Eﬁmﬂ_ﬂf,ﬁmﬂ@m@ﬂw@ afl'm\{]'aﬁnzﬂ

-R2:. R is ogen; i S .- - [ X .
1f; S ngany o RSt o' syt St i R 85 supstivent
and /sBéci AR 10065381, HaROARYS ami
the%ogP}épgn%%tgéé%ig’tsgé:ﬁg{?? I ncl ucfigﬁg r acerari cm xtaﬁ?lcle%,
enagitsarBhts). Otk AghGERANRSorANd ring sy NeRy Be idb forthah Gibsua et
pharmaceutically acceptable salts

al., J. Med. Chem. 39:4065 (1996).

Isomers, mixtures, including racemic mixtures, enantiomers, diastercomers
15  and tautomers of these compounds as well as pharmaceutically acceptable salts
thereof, are also included.
The present invention relates more particularly to derivatives of Formula (I)
in which:
the geometry at the double bond is E;
20 X isNor C-R%
R} is hydrogen;
R?is -ORS
R? is hydrogen;
nis i;
25 m is 2; and _
RS is a alkyl, ary] or beterocyclyl; and



thereof, and to their use as |igands of .nAChRs. The
corrpounds of{ Forfmjl a (1) and their phar rraceut.l cally
wa 3R Rbgkbe sal'ts 5 can be used tO pPrepare  popyszond006ss0

armaceuti cal conpositions and/or medi canents

intended to prevent the disorders or to treat the

di seases associated with dysfunction of the nAChRs,
especially within the central nervous systemor the
gast r oi n§@fbisMkeof SHigfubatheldte, h@hdihg faerhit @ik tres, Bantiomers,
cover both beneficial effects on the synptons ‘and/ or
on tdmstecomesand fautomersaherehf; andphameheeuticallysicchptabld saltis 10
Exanpl es of types of disorders that can be treated

i ncltheseof, aném aég@raéh&%md%efw%saers i ncl udi ng

central rvous dIS sych as zhei 'S
i Sence Miccgitouios g R andbn dhhduttca Coigptite S
ar 0 .

3 sééﬂ‘d%er%e%a ﬁ%v%fﬁap%%m?%t&ﬂ%f?%%@@ B s itended
9astd SeMnehb dRBdes ¥Siotibat tﬂs BisSREPRHAEAGA @kﬁlﬁctﬁﬁroY fhe
as anal gesics, for exanple, 15 in the treatnent of

ac uhﬁCthl,rembﬂllpwnhiﬂ therceetnil npavous syBetar the gaddedntestipali on
of the Invention The conpounds, conpositions and

met koo, dBwdetinn goltréagT eSOV Ibpthﬁ@nﬁ@!aﬂ effects nydhe simpéems

W th referenceto&‘hefollovvl ferred enbodi nent s.

Thfa*%?‘l%fvl“‘n‘:c?ufsze e gangReeR PRt of Ul i n
N i D

6- ﬂﬁ&ﬁsaeg&eraruw@&s@}a&maw&nagtlﬁmag §Binl dEsob deitOuch A5
used her éi n, aromatic group- cont al ni ng SpeCI es" refer

t0 Hidheimios's disbat andutieer deméemial mdier disordere sahiag Pg'kmuqm s
Accordingly, phenyl and benzyl noieties are
i ncttigersel drug adpickony behiawioral disordess apdinfammetopy le‘?#@Q‘fﬁl githigrhe

aromati c sed herein, 6 al k radi cal s
(1 ooyl Do A0 FrnRo finfi sy o Haeb 5 example,
00 2 zbon atonms in a
I%t rg{tg%?gagﬁe{r angﬁ %Q%Lg?ﬁé&& so i ncl ude C34
cycl oal kyl noieties and al kyl radicals that contain
C3.6 cycloal kyl noieties. As used herein, Cl.6 al koxy
radi cal s cont ai n DetaifedDescriptioneftbealnventian i n a

The compounds, compositions and methods described herein will be better

understood with reference to the following preferred embodiments. The following
20  definitions will be useful in defining the scope of the invention:
As used herein, “aromatic” refers to 3 to 10, preferably 5 and 6-membered
ring aromatic and heteroaromatic rings.
As used herein, “aromatic group-containing species” refer to moieties that
are or include an aromatic group. Accordingly, phenyl and benzyl moieties are
25  included in this definition, as both are or include an aromatic group.

As used herein, Cy.¢ alkyl radicals (Iower alky! radicals) contain from 1 to 6



strai ght or._branched chain, and also |nplude C3.6
cycl oal kyl i and al | coxy radl cals that :5: c[ont ain C3.6
w@y@m%',gyl noi eties. As used herein, aryI ra@&%@o@yogﬁsm
sel ected from phenyl, naphthyl and indenyl. As used
herei n, heteroaryl radicals contain from3 to 10
nenbers, preferably 5 or 6 nenbers, including one or
nore heteroatons selected from 10 oxygen, sulfur and
ni t eABeNatolnX BINtREhoObr isatichaldheindandelso érchle 10;3 @ycloalkyl
heteroaryl noieties include furyl, thiophenyl,
pyr moleyles aidralkyh radiopls, thas gentain (- cycma&zhnylbtles t hi enyl ,
tetrazoIX and pyrazol yl nples of s
R

menber edAp P4 hetgis €4- o%lkwr%ffﬂ@tqoe@imw blébé {?%nw ina
oy e A e B o i mdilociCe GbRagbng SR g o

%s SJHtaﬁﬁbn VCIOQ%Pﬁ'E‘eP or| ne or bronm ne. As used

erein, radicals are fused cyclic ring
StrUCtUf§§uxﬂE@ﬂﬁ?&@ﬂkﬂkﬂyﬁe@ﬂ&i&yﬁﬁﬂﬁmﬁwinﬁﬂﬂ@@ﬁhﬁ

i nclude, but are not |imted to, adamantyl, bornanyl,
nor imdenydnyl , bonmenyl and norbor nenyl . Polycycloalkyl
radi cal s can_ al so include_one or npre_heteroatons,

such as 4gused b@fe@: heggyomg] radieals ¢aafain fom Ade L0 Betpbesy)

or RSREICA B CRPBhES e Wt DRyt S8R

1 t @g&? syl RS se @fsﬁﬁpfegemlmwm&xgﬂe&flgﬂa%wﬁ

I nc are n to, piperi

”Urﬁbﬁhéﬂﬁéluda%fyl%i ﬁlheﬁyﬂ yridi 1 iad@izbe, axdzolyl thiazolyl,

pyrazolidinyl, isot azo i dinyl, thiazolidinyl,

i sotkizngl, tetthzopyl, and)pyraablyl i Bxphuplep Dbmtdiaa 6gdemb2f§d ring

t et rahydr opyranyl _and tetrahydrof uranyl used

h e rlatqsowv@w@aﬂs R‘}Hluqeé’dﬂ@ﬂﬁsmé@ﬁthﬂ’]nPﬁ%?ﬂl’sﬂft"‘é}“@l vEapsh
oaglg %}(P 2004%@78 52 PCT/ US2004/ 006530 Exanpl es

PYEBET * radicals include, but are not

5 i mted A@ase@ﬂé}%ﬂ a8 ¥+ is cEMFhE %iﬂﬂe;, f10Hnk P BfMhe.
cycl ohexyl, cyc ohepty cyc ooctyl. Exanples of
sui t abl exgiked HR&E Lﬁdlfe@blbazkﬁ eabplsald fsaidytisc fimcitudares.
i nor ganic
Representative polycycloalkyl radicals include, but are not limited to, adamantyl,

bornanyl, norbornanyl, bornenyl and norbornenyl. Polycycloalkyl radicals can
also include one or more heteroatoms, such as N, O or 8.

20 As used herein, heterocyclyl radicals contain from 3 to 10 membets
including one or more heteroatoms selected from oxygen, sulfur and nitrogen.
Examples of suitable heterocyclyl moieties include, but are not limited to,
piperidinyl, morpholinyl, pyrrolidinyl, imidazolidinyl, pyrazolidinyl,
isothiazolidinyl, thiazolidinyl, isoxazolidinyl, oxazolidinyl, piperazinyl,

25  tetrahydropyranyl and tetrahydrofuranyl,

As used herein, cycloalky! radicals contain from 3 to 8 carbon atoms.



acid addition. salt{s such as chloride, brom de,

sul fat e, phqsphate and nitrate; 5 orgam'c ‘aci d
w@dslisfor$sz sal ts such as acetate, galactar ate,’ PCTstzoo4/006530

propi onate, succinate, lactate, glycolate, malate

tartrate, citrate, nmaleate, funarate,

nmet hanesul fonate, p- tol uenesul fonate, and ascor bate;

salts with acidic am no acid such as aspartate and

gl uEasmples ofahitalé cyohkklyl mditdlsinsludd) batarsadt livtited @,t  and

potassiumsalt; alkaline earth netal salts such as

rag Aelopropyd atyeloanyl, cyslopeniyh evalobexyheyenheptyil sad eyclooctyl.

organi c basic 10 salts such as trinethyl am ne salt

tri et hy| Brmpesof pyitablephprgiacrutical] ytaccegfa]g]ésplltpénglgqlqmorgamc

N NESHRREH AR e B bloridR Homids, pltotg plosphpip angtniyste;
Pas?fga@glgaga itish éﬂ§§mﬂ§s de¥@teNSl 2B dte, @g@l&ﬁw RicBifate,

sal s may I'n sone" cases drates or
et hpegle, sigtolat, esalatbeR s Rittadd, moRaspfubfirale, Sncflafdsuiitens-
described” in U S. Patent. Nos. 5,597,919 to Dull et
al . ohfenGhBoivatd; atdasDubite;stlisavith mﬂic @1@6 3¢ig56ch ag Esna{tate and
Ruecroft et al. As used herein, “agonjst" _ is

© subslptamets: elieli metal salis sich as ﬁoﬂ@moﬁaﬂan%o i selty @ alkalin carth

ot safp Soch &€ SliRham ) BBl G5 afifon ned&‘ﬁ’p"&?”é‘fﬁb“‘c
m N {06 sicn a8 EAhM 8’?&"3‘?959‘@“% r#gﬁ Qaﬁ, Bﬂm
subst a

conparison t actor o

ac C@pjcisheRflarfihe sAQ @Rl NN—dibénijr[btli%ﬂhneﬁm@ﬂt sha s4 withe
particul ar binding partner under substantially simlar
ci rlcasiceameaeid sush appsinesalitindlardginitersalé e Thef salikingy b¢ n spire

art. Stinmulation may be defined with resp ec{e an,
i ncgesasdidiates gr ﬁam @&Yaaas Bepreseptatiye %ﬂhﬁ%f? PEY1 ﬁaf dgseribed

[ nd.u a

ool Gt SR SEREP KO8 3F sHRBTEle 5 BRL jhTcen ase
12! 1 8suekbf eefif ects. 25 As used herein, an "antagonist”
is a substance that inhibits its bi ndi ng partner,

t ypi cal 145 Bed eedntaaragdnistiiibh biteanéeshatafiinniaes itn bintiag
context of the particular 9 WO 2004/078752
PCTHatis200nicalicERoepits §asnulamn isdgiined iptha centextiof the particular

it t f di t hat

JRCETERICR o0 N LRI N T -
& I

s RO ol DT SR Bl e )

sim
20  “antagonist” of the particular binding partner under substantially similar

circumstances as appreciated by those of skill in the arf, Stimulation may be
defined with réspect to an increase in a particular effect or function that is induced
by interaction of the agonist or partial agonist with a binding partner and can
include allosteric effects.

25 As used herein, an “antagonist” is a substance that inhibits its binding

partner, typically a receptor, Inhibition is defined in the context of the particular



circunstances as. appreciated by those of skill in the
art. Inhi bf_t oh hmy be defined 5 withirespect to a

woeGlRagR2 i N a particular effect or function t@hetydse4/006530

i nduced by interaction of the antagonist with a

bi ndi ng partner, and can include allosteric effects.
As used herein, a "partial agonist” is a substance
that provides a level of stimulation to its binding
par ta3eyy, dringdy Hesipparbe finnthe liseiraturb fromeediscubsitn hefeinthbl thdkeo s
10 conpl ete antagoni st and an agoni st defi ned by any
acc eypmparison andfacer posubstamnaitat is agaspied ag 9n “agenisgly’ pf athe

ot T Saasonist] o Siespeetnly DG PR BRAET S E iy Sl oy
f bst g t defi i Totes j )
o SHPRERREE hoPBelay HER ARPIR sk rprfRngePbeletcs
ACT i Wity é;lectg??ﬁ&frédsgﬁﬁﬁ/%a}ﬁcufa%ﬁéc?& fiuRetidR Wit FBARIAEELPT

bi ol ogi c ectiveness of the binding partner

C ONRhiersctichf Wetdhtagegareit Obifidieepiaer, pibvaiieiide gllostdrize
context in which intrinsic activity or efficacy
showfieethbe defined will depend on the context of the

bi nding partner (e.qg., receptor/ligand) conplex an
the consPaaesipwsin., a?‘pﬁﬁalalg?wi sy SP@%éV%\?#@t Rrgviges a level of
partj.c r hi.ol ogical outcone. For. exanpl NS
e cifiiefin 8.8 o RE SR v B Ry s e e £

n tJ § : ; Asé
I o gy R S Rl 17 S
Sci adukity) It2i0-bb rdcd@829d that\Wanleticny el iened, ahibiedd i defined
speci fic evaluations are relevant, and how t hey m ght
be intahsivably foriany subetancerir exegary of srbstpcessiome definedras pgamists,
w || be apparent to one of ordinary skill, |

the art.
As BRaSPDisES oF pirtiglh agonists Anepd hessin, “ERse 4ol ’s,er‘%@acy’

medi ated by the 5 .conpo [ ey e
e e B R UL PSS P3P ARG, fhrrcompi.
150D AR RopardQS REE bR olo f RS @RicR 18 ehidhl ikANB haivits OF
thquiorrpounds deﬂsigrﬁimbed ‘ié’ﬁf}o 2002/ t0178752 1 vieg
PCT4gE2QRM10 653dinet esile Hepehiditicthe contexs ofihe hinding partoer (e.g.,
partial agonists at one or nore of the CNS nAChRs. 1.
ConproentietdisThd compiss andl e gpusitisration af an actipiiiieleyand top

nmore as tri,c,carbons_and ] ) e
particular biological outcome. For example, in some circumstances, ntrinsic

7

or

activity may vary depending on the particular second messenger system involved.
20  See Hoyer, D. and Boddeke, H., Trends Pharmacol Sci. 14(7):270-5 (1993).
‘Where such contextually specific evaluvations are relevant, and how they might be
relevant in the context of the present invention, will be apparent to one of ordinary
skill in the art.
As used herein, neurotransmitters whose release is mediated by the
25  compounds described herein include, but are not limited to, acetylcholine,

dopatnine, norepinephrine, serotonin and glutamate, and the compounds described

10



5 can therefore exist in the formof isoners, racemc
m xt ur es, enantlorrers and diastereoners$. T eSe

wbrzdémi—;ghsgl conpounds and their mxtures are | ?’ 1006530
to be wthin the scope of the present |nvent| on

foll ow ng are representative conpounds of Fornul a (1)
(R - and
(S)-3-((E)-2-pynolidin-3-ylvinyl)-5-(tetrahydropyran-4
- y| ceyimpimititinree agdnisty &R pprtiabapdnists at one or more of the CNS nAChRs.
(S)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine (R- and
(S)-2- chI oro-5-((E)-2-pyrrolidin-3-ylvinyl)pyridine
(R -

(S) Xy-5-((E)-2-pyrrolidin-3-ylvinyl)pyridin
e (R - .

TR 32‘3? sompounds of Farmula (1) have one g more agymimetric.carhons pnd
¥l ) R ihdichRe exXifin the Rém of isomers, racemic mixiures, enantiomers and
(S) - 3-cycl opropyl net hoxy-5- ((E) - 2-pyrrolidin-3-ylvinyl

) py diadiereemers5 ThéRp-individhal compounds and their mixtures are intended to be

S)-5-((E)-2-(1-net hyl rrolidin-3-yl)vinyl rimdine
ERg mﬁgﬂ(}hg scopé of the preg/entp %venuon ¥ ylypy

(S)-2- Ch*ﬁq@ll&v&%& E)?e représ%ntggxtreh%nﬁa\éﬁnrdg Ioif gi n_u? ] ¥)| yvinyl)p

yridi ne

L) Ty AUERSORLABY BRI vl ey diyRl Yok fphitdifs
Ig ﬁé (10 bAdES)-B=((8)2EpyrdliBim 3-yhih ipsrikiiigab M di ne 20 (R) -
(S) K- él(diﬁ)-z-cbtbrmﬁ{(ﬁy-tzmyneﬁdid-ﬁFylﬁnylbpyﬂﬂmyI )pyrim dine

R
§s§ ﬂﬁ émll @)-§4s9rropeRy-2-((5)-eyralidinG=y}vioybayrifiizgr i di ne

(R
(S) BB ) Feprope S 2 e P AgN ) py
ri digi€an
() a3 e Rl ronyimethony, () pymolidicoolyimDpyeifoe
1Ppyr (R 8 (S)- B)((’E.)-af(qi-memylpyxrohdm-3-yl)v: Dpyrimidine
(S)-3-cycl opropyl nmet hoxy- 5- ( (yl nmet hyl pi peridin
25 (R)ydn)i\fﬁhg‘-bl)lplwﬁﬂﬁhé(I-methylpyn'ohdm-S-yI)vmyl)pyndme

E%ﬁl%;?g)zge“ di n- 4- yI Vi %@pﬁ’f I-Qe%&ﬂ:?m%l}dxhjm
-c-‘ﬁﬁév@%}?%%-“ . BE BZH din 4y viny ) pytidine
ﬁ-eqhb-%a (Or4E)-2 S At BLNVIPhRRIiiGhe - 4- Y1) Vi nyl ) pyri di
203| ;(Z@JBﬁﬂ)I(S)Hi/((H)Bﬁiﬂbﬁiﬁﬂ@li)ﬁr(cﬁﬂif@*ﬂb\ﬁﬁsﬂkﬂﬁmi&ne/| vinyl)pyri
(R)- and (S)-2-chloro-5-((E)-2-piperidin-3-ylvinyl)pyridine
(R)- and (8)-2-chloro-5-((E)-2-(1-methylpiperidin-3-yl)vinyl)pyridine
(R)- and (S)-3-cyclopropylmethoxy-5-((B)-2-piperidin-3-ylvinyDpyridine
(R)- and (S)-3-cyclopropylmethoxy-5-((E)-2-(1-methylpiperidin-
25  3-ylyvinyl)pyridine
5-((B)-2-piperidin-4-ylvinyl)pyrimidine

11



5 o

3- cycl opr opyl met hoxy- 5- ((E) - 2- ( 1- met hy/l pi peri di n- 4-yl )

woiz0sorexsi di ne  5- ((E)-2-azetidin-3-yi vi nyl) pyet/omodiussso
5-((E)-2-(1-nethyl azetidin-3-yl)vinyl)pyrimdine

5-((E)- 2azet|d|n3yIV|nyI) 2-chl oropyri di ne

5-((E)-2-(1-nmethyl azetidi n-3-yl)vinyl)-2-chl oropyridin

e 10

3-

(EHER2 d-etethyipipedidin-4+yinibylfriogdibopr opy| met hoxypyri d
3- (EMQD(SIMﬁWH@BﬁWHYI@WﬂW| nyl ) - 5- cycl opropyl ne
th

(

S) %o&x@ % }(?%]ﬁﬁha{éi’ﬁflff& |"ﬂ?v|’1“-y§1’¥'ilq}f“ﬁyl Ypyridi ne
Eg 3 @Wﬁ)grog}(rlmegloex(é)(@ ?(Illpm% r}fl}pylall n-3-yl)vinyl)p

¥ i ddyRlo progyhnetho 5-5 ((B)-Z—(l-methylplpendm-4- Dyvinyl)pyridine
3- phenoxy pi peridin-4-ylvinyl)pyridine 15

3- phie(@)@-a&udxéla yﬂm@npmﬂmbpl peridi n-4-yl)vinyl)pyrid
|ne henoxy-5-((E) - 2-azetidin-3-ylvinyl)pyridine and

?yclanetb@ﬂ@d(ni&mﬁvhmmudlm n-3-yl)vinyl)pyridi
s, i ndividual isoners

theﬁe@B'ﬁgﬁ%Ei"g;%éQ{%ngz 0‘01? {9fidi ng racemhc m?turez
%0 SRR IR BB RRMARRE S | Rl cor are

10 nt eq@ch i&u&lﬁ-%%&lﬂsiﬁﬁoﬁﬁﬂﬁﬁeth% ypyhginBr esent

i nvention ound Preparati on VWil e other

Sy NBRE)2( 1ahethy1e@|uém—3Aylb»hnsb)95 -appaprepyiméthotypasdino f
skill in the art, the conpounds of Formula (1)

whe &k mw)ﬁmbp@@férﬁ-@mﬂm@gérwlwﬂ Jyeidist ai ned 25
“°ﬁhf i CE P D RS BByl thvidnBsaane 1 ©
PRS0 1 N o (1D

15 3-phenoxy-5-((E)-2-(1-methylpiperidin-4-yl)vinyl)pyridine

(
(
(
1
(
ne
(
0

d

3-phenoxy-5-((E)-2-azetidin-3-ylvinyl)pyridine and
3-phenoxy-5-((E)-2-(1-methylazetidin-3-yl}vinyl)pyridine.
In each of these compounds, individual isomers thereof, mixtures thereof,
including racemic mixtures, enantiomers, diastereomers and tantomers thereof, and
20  the pharmaceutically acceptable salts thereof, are intended to be within the scope
of the present invention.

II. Compound Preparation

‘While other synthetic strategies will be apparent to those of skill in the art,
the compounds of Formula (I} wherein R® represents a hydrogen can be obtained
25  from a compound of genera! formula (II) in accordance with the following general

synthesis scheme:

12



f RENM(V) (M)-\ C R_\N\ ~-NH Q--The.gener al

synt hesi s scheme? it as follows: a) an al dehydée of
wgg&ﬁfo%ﬁf ormula (11) is reacted with the pho%%@mlooﬁsw

yli1d (El); 5 b) the vinylazacycl oal kane of general

forrrula (I'V) is reacted with a heteroaryl halide of

general fornula (V, where Y=hal ogen); c) the

tert-butoxycarbonyl group is elimnated fromthe

conpo?d oa gofleral formula (VI); and t prigducif i s
i sol at tio aIIy rted Pnto_a —%
phar ndceut {jgal | acggpt a@l e salt. The re i 0

between an @l dehyds® of geggral fornula (I1) an
phosphorane ylide (111) advantageously takes p ace
under an inert atnosphere (for exanple under nitrogen
or argon) in an inert solvent such tetrahydrofuran

at a tenperatyresbetweep -10Cg 0
t enpemat ur & of 9§ he'jr eactl on i xtur Iy at
a tenperature en around -5C and around he

reaction (b) Mhet leen a vi nyl azacycl oal kan "gener a
formula (1V) 13"W0 2004/ 078752 PCT/ 200%”0065 and
an appropriate heteroaryl halide of general for nul a
(V) advant ageously takes place undeg an inert

at nosphere in the presence of a catal yst such as

pal I adium acetate, a base such a

di i sopropyl et hyl am ne and an i AT ani
l[ithium chloride, in an inert sol
di net hyl formam de at a tenperature betgeen

The general synthesis scheme is as follows:

a) an aldehyde of general formula (II) is reacted with the phosphorane ylide
(m);

5 b) the vinylazacycloalkane of general formula (IV) is reacted with a
heteroaryl halide of general formula (V, where Y=halogen);

¢} the tert-butoxycarbonyl group is eliminated from the compound of
general formula (VI);

and the product is isolated and optionally converted into a pharmaceutically

10 acceptable salt.

Thé: reaction (a) between an aldehyde of general formula (I) and the
phosphorane ylide (1) advantageously takes place under an inert atmosphere (for
example under nitrogen or argon) in an inert solvent such as tetrahydrofuran at a
temperature between -10°C and the boiling temperature of the reaction mixture,

15  preferably at a temperatare between around —5°C and around 22°C.

The reaction (b) between a vinylazacycloalkane of general formula (IV)

13



5 20C and the boiling tenperature of the reaction

m xture. l'dealily, the tenperature of! the reaction is
wo Sholilai75£0i on of about 110C. In another enmbogicaRbsos/ooess0

the reaction (b) between a vinylazacycl oal kane of

general fornmula (1V) and an appropriate heteroaryl

hal i de of general formula (V) can be perforned

preferably under an inert atnosphere (for exanple

undeiid ahpBicpriag BBtefaryl AR ofs@en) forulh iT¥) flvesesnosslplhka

catal yst such as pal | adium acetate and a phosphi ne

s uc plaessunder gphivery htplvsphele in ¢hei presbrasiof a paseliystisuchf agpalladinm

exanple in the presence of a base such as .

tri et abpsssuchys dilserspgylatiylamine puct apduorzanircsal sach 45 dithivm

boi ling.tenperature of the.re lon mXxture

or P G GnG 8ienfinck d amp i forinile’t Kleiperaprp ety

he acti ( I [

i c R ERE R ol RS o8 SRS Ak, ReQbE BE Sfefnce

af f gthe fh@ion@Stn thé rebfd® of BHRELMORE. I N particul ar by

applications of the nethods described by T.W G eene

and P. GiWanMidrembollineht dleirenetiGr () patween Origymgacycloalkane of

Synthesis (2nd_ed.), A Wley - Interscience

Pubganerat fospule (B9 rpd aranpreprigiegicisroaryl balids o€ gensial fenpulsi(V)
elimnating the tert-. 20 butoxycarbonyl group from

£ hetRu R BT PregR pdeF B R Aeopect Qe pnde
ref. I ; i ;

1 GUBOAR o hBE Eiroffin Siloo L P BARY e pRUAAI Rt ond
aci gpisinck &4 ti 6phing irfesi rhdTiv) for R bapS o the Nt
sucﬂpas di chi orom%%e at a tenperature beta/een -10C -
andpredeacedialbasegutleapdehylommeodt a ténheratea bttwveen 20°Ctand die
preferably at a tenperature between -5C and a
t erhodingtterperators of theppctipnmixdyre greipmbly apg teppgpiure i) the
the r.eactj.an.(c) of elimnating the
t erPEBY P Gr bonyl group 14 WO 2004/ 078752

CT/ US2 9@&3{9{ .
15for mul a%@lé can tgf( %?rigfc%) &ngg]gg?g?geegrg%}i 037 Qﬁﬁa&ge;‘&uas%omary
| Nahdthails FhshRTR {dvefseleufoR e retdethe RdldcoBEin pattictlacier

argon) by the action of trinmethylsilyl iodide in an
i nepplicatibnsand theguathods slestiibed tyr D We Creane aed P& MeWwtss at ur e

bet ween, - 10C and_t he, boi |l i ng_tgenpe re of the
r e dEPIEGYS HrURs AR Or &?fligfsé(plggapg(?.ateqs, )g.aﬁ%lﬂcy ~ iterscience

Publication (1991). For example, the reaction (c) of eliminating the text-

20  butoxycarbony! group from the compound of general formula (VI) takes place
preferably under an inert atmosphere (for example under nifrogen or under argon)
in the presence of an acid such as trifluoroacetic acid in an inert solvent such as
dichloromethane at a temperatore between -10°C and the boiling temperature of

~ thereaction mixture, preferably at a temperature between -5°C and a temperature
25 in the region of 22°C. |

Alternatively the reaction (c) of eliminating the tert-butoxycarbonyl group

14



S tenperature.in-the region of 22C The/@Ierwatlves of
general fornulal(1) in which R3 does not fapresent a

wo'Ysbieaase can be obtained froma conpound of @eRAfBl4006530
formula (1) in which R3 represents a hydrogen atomin

accordance with the customary nethods of am ne
al kyl ati on which do not adversely affect the rest of
the nolecule, in particular by 10 applications of the

et pesshél@bionResk dyerhl formul@(VIY kan HOPEITEated PEfa1ably under an
Organic Transformations, VCH Publishers (1989). d

Al t aertatonospheye tfmmlale\xmﬂer\nﬂmgai ogadeasgon) by thelaetidplof

in which R3 represents a_ net h})l/ can be obtai ned by
 r ealimatiylslybiodide it ipert giveat e ﬁ%ﬂilﬂﬂvramﬂhynq 3 a\HPRCERIRS

' PR a‘f’f’%%ﬂt%"ﬁ&li%g%t“ et e B S crefthinse
90| teh@gr&él?%ﬁﬁ ﬁo?? bhe reactl on m xt ure The

‘conpoun orimula (11) which are not

CONMEr Ci -ﬁ{eldgnvﬁwag dfalRhdalFeriy nﬂhﬁ%}lhtv@hdh@ doYs @R Bdpydstid aOF

adapting nmet hods described b eschke B. et al., Eur.
J. hplogeftharbe db&u’ﬁﬁ:fm'&sﬁcc(xﬂ;ﬁﬂﬂd of geheraldornuda (Elmﬁhlm% h
are hereby incorporated by reference. 20 The )

c onfsBigRRNS adtydengae ﬁtam lfl arortdapce(wijh g pustpaaremathods of amine

ad 2%]?{1%&%@%%%@%' ool st oP B sBf &
1¢ On@?ﬂ&ﬁoﬁsf of i er n s%e&?fo&f%' R eopLBal gfoﬁ%][éﬂ)énswe Organic

ref érence e conpoun gener a

fOfT@dﬁﬁoﬂn‘JﬁoﬂsW@Hﬁi&hQﬁ&ﬁ(l@W 25 R2 is -OR6;, and R6
is CL.6 al kyl, aryl-Cl _6.al kyl, heteroaryl-d".6.al kyl,

het er ocyﬁte;dauveljt Fie{dcAVAER @00 /oBed SERETLiB 00 R a6568nts a
het erocycl al kyl, cycl oal kyl or polycycl oal kyl s, 3
t hemethylgan @alm byge@apg@ﬁ@lwnd el gsgeral @p@@a@ in whjgh R

T BRSBTS P 5 Bl
ﬁl kt¥1£1peratﬁgﬂggveelfl 9598 nd the boiling temperature of the reaction mixture.
The compounds of general formula (I} which are not commercially
available can be obtained by applying or adapting methods described by Peschke
B. et al., Eur. J. Med. Chem. 34:363-380 (1999), the contents of which are hereby
incorporated by reference.
20 The compounds of general formula (V) which are not commercially
available can be obtained by applying or adapting methods described in PCT
WO 00/75110, the contents of which are hereby incorporated by reference.
Alternatively the compounds of general formula (V) in which
Xis C-R%
25 R?is -ORG; and
Réis Crg alkyl, aryl-Ci.alkyl, heteroaryl-Cy.¢.alkyl, heteracyclyl,

15



trifluoromethyl-or trifluoromethoxy, can he obtained
froma hetlerparyl halide of 5 generali{foérfruba (VIl),
LhbS a halogen and Rl is as previously i

Wgﬁgﬁ@ﬁ%% cohol of general formula (VIII), mheré’b%gﬁ@ﬁsm

as previously defined, in accordance wth the
"following general synthesis scheme: HO ~ Y + R6-ON d

RB G'~Y R N (WUJU) R N (Vil) (V) The reaction

(d) Hé@%d&?&ﬁaikgf EYAGHIN] oPHERIEIbalRY1s, IRRE Fadicals B bptionally

(M1) and an 0 appropriate al cohol of general fornula

(VI Ishbstitusdddsy Indratee putafimembiciected dom leabogemdd s alkyl, Cy. alkoxy,

at nosphere in the presence of a diazene such as

di et-6M -NzodHarPRx{Q01 -6RE-Gi-s afkiyb sEANEe, foueyl. as

| SRR o b el g B
S ey S R R A

and afeBfol of genbl f&rﬂgllat(m?fvlﬁérb‘ R®isQb gfehﬁmﬁ? lav, inE&%adance

conpounds of general Fornmula (1) can be isolated an

pur ivfithakk foRbwigg gemirdl@githasiisthelieown t o those of skill
in the art, including, for exanple, crystallization,

chrowﬁ?:@yf‘fand/or extraction, In the -0 Y
above- neft i orfed -pchegmesoy Wher—aRy—ene- ogs/rmr (;f\“ t he

R- grou are or copf ain reactive grougs ak~are
pot ential | §f reactive Under the reaction B%ndi® ons,
for exampfd) -OH, -SH -NH2 or -COA it will beMeadily
apparent to those of skill in the art that these

funct i onEle redcElop &) Gafvetebidroayl diedholsef gofiers doitnaild @11) and an
“protecting groups” during the reactions to "block”

19 heappeeneinie\alaoholost geimsal Rorguba (Y1) t7kas place predraldy wudgr an inert

O R B St A 55 s S Skl i
LTI e
E’g;)!e ;%glﬁ?ﬁbegvg%ggoﬁgg&' lgl? bgigg %g%@@ﬁnﬁé oIR8 R on B8k ik, @
preferably at a temperature between a temperature in the region of 22°C and the
15 boiling temperature of the solvent.

The compounds of general Formula () can be isolated and purified using
methods well kﬁéwn to those of skill in the art, including, for example,
crystallization, chromatography and/or extraction.

In the above-mentioned schemes, when any one or more of the R-groups

20  are or contain reactive groups that are potentially reactive under the reaction
conditions, for example, -OH, -SH, -NH; or ~CO,H, it will be readily apparent to
those of skill in the art that these functional groups can require the use of suitable

“protecting groups” during the reactions to “block™ the reactivity of the R-group.

These “protecting” groups can be chosen, introduced and cleaved in accordance to

16



- formula (1'V) _can-be obtained in optically pure form by
separati ng the| r récermt es 5 in accordanteiwith the
w@gﬁ,ﬁ@gy met hods (i.e., resolution of enant |#@1ﬁ53§304,005530
by using optically pure starting nmaterials.
conpounds of general fornula (1) can optionally be
converted into addition salts with a mneral or
organic acid by the action of such an acid in an
approw Gilete S MEMNL WhR(PoxaiR!Roupdin Okl Smeiy@iited.),
such as an al cohol, a ketone, 10 an ether or a
chl drmaﬁyednwc%ﬁcHPubﬁbamn(mms l'i kewi se form part of
the invention. Representativ har maceut i cal |
accept abllke maognqlmf Lg@meal fcmﬂaa(B@nda e coanp@nqdé@%/ gegeral

benzenesul f onat e, loride, citra
et h Pray é\ﬂ}f}g{li? P gltcgphc mw;éar&x{lgysqp é!ggethelr racemates

T2, SRS onBLAARSH Y 8 fion o e, b
pal WRAS SpticAlPHRE 8hfing idkeraly| at e, 15 succi nat e,
sul fate, tartrate, ﬁeophyl I i nacet at e,

p-tol ue n@mﬂo&rqnﬁﬁds,of barid fdnaaladl) ahreoptiensllyds canteated into
salts. I'll. Pharmaceutical Conpositions The
phaatrlrhmgaltwith 8 onipasal jor prgagic acid by ﬁmgﬁqn@ftsm anrgeiddn fon

i ncl ude a ound _of For mJI
t heﬁ%?PﬂaP?ﬂSD ViRREs g{;,e@ngql%tag OFgANIL 50 yq,pé chglaﬁ%?lc@ol a ketone,

onpo
oBRRb R P . 15 LR RE AR B .
i nert OrRﬁf%éﬁ@ﬁ&q&h&%deyur@ﬂw AEaptBIRGHAICBOMAS bli RO EorCaAN
be adm nistered, for exanple, orally, parenterally,

r eCImitbd/toobenIz@mmﬂﬁﬁlhty, brémdaqrhksidefcits, bitlamoulfmsict fuonste,
for oral adm nistration include, but are not 25
| i nElnemateoiodataipaleats, issthiqnate, Ip@ib@é?'%fotlﬁél at | n capsul es,

act %@Y%B%ﬁﬁg%-ﬁ%%ﬁﬁw@&%? e R
(51| RIS D, kYR BAOARLARS -tﬁs;magaﬁ%mé/hgg.@géﬁ@m

tarc ose rose ctose or silica,
|deﬁdlgﬂau@ﬁ@gsags,stream of an inert gas such as argon.
The conpositions can al so include substances ot her
than diluents, for exanple, one or nore |ubricants

such_as magnesjum stearate or talc, a colorant, a
II1. Pharmaceutical Compositions

The pharmaceutical compositions according to the invention include a
20  compound of Formula (I) or a salt thereof, in the pure state or in the form of a
composition in which it is combined with any other pharmaceutically compatible
product, which can be inert or physiologically active. Such compositions can be
administered, for example, orally, parenterally, rectally or topically,
Examples of solid compositions for oral administration include, but are not
25  limited to, tablets, pills, powders (gelatin capsules, cachets) and granules. In these

compositions, the active compound is mixed with one or more inert diluents, such
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5 coating (coated tablets) or a varnish. Exanples of

| i qui d corpgsiltijons for oral administratifon incl ude,
woibgafhfrsy nOt 11 mted to, solutions, suspensi qifyysaoesioossso

enul sions, syrups and elixirs that are

phar maceutical ly acceptable and typically contain

inert diluents such as water, ethanol, glycerol,

vegetable oils or liquid paraffin. These conpositions

can ab@tafcB) GBS, SRS AR6BR @ bilid, ideliBNuridBea fhchi@f b inert gas

for exanple, wetting agents, sweeteners, thickeners,

f | awoclsasargbnst abi | i zers. Sterile conpositions for

parenteral adm nistration can include, for exanple,

aqueous dRe eampasisiopserngdrodralusle substinessother Bvs didigeats, for

enmul si ons. Exanples, of suitable solvents an vehilcl es

i ncleaPle e ompre {Bpriqantssych §S PRsnesmGRAralG L e Roloran, 2

ef I f s sol utions, propylene

g{yc%%@gzg%g%ﬁ)%?%@fj%%g%%yboI , vegetable oils,

especi al E¥arhiby/d 1fdhld cotlpb 8GR Phrrd? haARIFa RS iBEde, b@fare

exanpl e ethyl oleate, and ot her appropriate organic

sol netlisgited Ehassmtiondy) puspedsions emulivng Isgmups il elicizs that are

adj uvants, especi al | %/ wetting agents, isotonicity
age mhaymaeaviipallyfaceapiablecing iepiag Hin centaim igrt sliluanity sugle psswater,

Such sterile conpositigns _can be_sterilized in a
numisdpndselipginl, vegeably PH%%&HBH% ?Iaﬁf}l- g‘é”@fﬂ‘i"&l’ﬁlﬂﬁns can
iltrati ' [ izl Lnto
L ST
can s@tieREMREERE, BdvdrfaldibliRe) of sterile solid
conmpositions which can be dissolved at the tine of use
I n st er i $ierile vadposithons dyparhienl adiiesirktionican mcludb) fer example,
medi um Exanpl es of conpositions for rectal

ad maHeous A EPRAGUEGYS [sofdonshispatpianspad emplsions. (iExamplesef
capsul es that,, in addit

SuSEPELFaN SO , :
¢ ho SEble Gev AR etes ituORRh e Rl e paulein i figns.

e GO Al S ad il S b

Co ”Dé%%{abl'e QNS, ebRiall9 Bliecdil, dfféttabledrEadid ARrs; 8 exdriple ethyl
exanpl e, be creans, |otions, eyewashes, collutoria,
nas eleatelrao sthar apperpoiselcsganithselvetia Mreseeowipeations can also include

conpositions also can include various other .
adjuvants, especially wetting agents, isotonicity agents, emulsifiers, dispersants

and stabilizers. Such sterile compositions can be sterilized in a number of ways,
20  for example, by asepticizing filtration, by incorporating sterilizing agents into the
composition, by irradiation and by heating. They can also be prepared in the form
- of sterile solid compositions which can be dissolved at the time of use in sterile
water or any other sterile injectable medium.
_ Examples of compositions for rectal administration include, but are not
25  limited to, suppositories and rectal capsules that, in addition to the active product,

can include excipients such as cocoa butter, semi-synthetic glycerides and
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5 conponents_as additives or adjuncts. Exenpkary

phar maceut i cial { y: accept abl e conponent st ar ‘ad] unct s
woBdgd7ds£ enpl oyed in rel evant circunstances pcifjseddossso

anti oxi dants, free radical scavengi ng agents,

peptides, growh factors, antibiotics, bacteriostatic

agents, imunosuppressives, anticoagulants, buffering

agents, anti- inflammatory agents, anti-pyretics, tinme

r el qasethyicneglycals.anest hetics, steroids and 10

corticosterolds. Such conponents can provide

addi t i on&lompbritiens dort topicd) edraiistraticacan, tfer exampleche creams.

t herapeutic action of the pharnaceutjcal conposition,

or delons.sxevashes, epllieria; pase dEepy OLAEBAS al side effects
whi ch may, b osed.as a result of 1410 Lon of
the' phar JapapRaE il antoffpns psdiom R LEb08!

ir ive§ BTROHRE. Elatu'i:a[n{zea%ei 081
?anccg%ﬁé%g‘lg%i%d a‘g'ggar og ?%%%%ynggéﬁ?i cgl 5 pevre
CONRBmpéiedl obhdjiinctd WEiEh £6 BRAlRESN rldvandtduhaapesinente
or treat a particular disorder. IV. Mthods of
Tr e antienidanFhizceqadipd searengiessageith pdptives. grawth fagtaus epiifiiotics,
for treating those types of 20 candition

: . . nq .
di sdpeteriostatieageRs EHEIORIPTeRSi RS <A0H FoAgIANS, BB IRg A85R S U

have been roppsed. as therapeutics., See e

W1 PR BPRE Eigrolan agstys ridponyhelis FATE S
| . . - - - ' .

1 oS SN orbpcent e o Y PRk S bl acto
Beneffedt e thfrapalitic aclion Bhie ple@hceutivabeonifosition, o2 48 tdwhi-ds
(1996), Lippiello et al., J. Pharnmcol. Exp. Ther.

279 pleA@ging A90B)sntiabsiBasfieets ethichimay bripased 9e b wasalsof 1997) |
Hol | aday et al., J. Nbd.,Chein.,40(%$): 4169- 4194
( 19995nisafinR sy theyphgymaceuticpl compositiay. InGarigin qupgggipncepaT

WO 94/ 08992, .. PCT , ~ .
T BB PG et s it SO R B e of g el
15, S8cnpdflich QitBOReP 88 hpoutls iflended %o p8VonPdrdaa PAitibul gt
al., and 5,604,231 to Smth et al. The conpounds can
al sgisbderused as adj unct therapy in conbination with
exi sting therapies in the managenent of the

af orenenti oned types of diseases and
IV. Methods of Treatment

The compounds described herein are useful for treating those types of

20  conditions and disorders for which other types of nicotinic compounds have been
proposed as therapeutics. See, for example, Williams et al,, DN&P 7(4).205-227
(1994), Arneric et al., CNS Drug Rev. 1(1):1-26 (1995), Arneric et al., Exp. Opin.
Invest. Drugs 5(1):79-100 (1996), Bencherif et al., J. Pharmacol. Exp, Ther.
279:1413 (1996), Lippiello et al., J. Pharmacol. Exp. Ther. 279:1422 (1996),

25  Damaj et al., Neuroscience (1997), Holladay et al., J. Med. Chem. 40(28): 4169-
4194 (1997), Bannon et al., Science 279: 77-80 (1998), PCT WO 94/08992, PCT

19



5 disorders. la such situations, it i-s. preferably to
adm nistey the active ingredients inia: manner that
wdﬁgﬂ%fﬁqs?ﬁs ef fects upon nAChR subtypes such agctRQ5R4/006530
that are associated with nuscle and ganglia. This can
be acconplished by targeted drug delivery and/or by
adj usting the dosage such that a desired effect is
obtai ned wi thout neeting the threshold dosage
I equird) 9873147524 TR SPatdn® Niok. 150588 11 46 todBentHickie 6 8., 5,507, J1va0
phar maceuti cal conpositions can be used to aneliorate
any Dafl et 4l amdy3/604ci3d to Sadthetdt ed with t hose conditi ons,
di seases and di sorders. Exanples of conditions and

di sor der Bherdompownsia cyealeq benitsedias adivmalrieranydh pembigrtion) with
Ot R R kit ohSon Do leda
S B85, PP Ry Mg s B
of YRR EhlRhReY etfeckNPoRl LAOKR Siibtyed SRR la§ Biose that are

neur opsychratric di sorders, neurol ogi cal di seases and

menhabeiatkd WS mascle adgangtl This car b acemplishediby taggeted drug
di seases, behavioral disorders, cognitive disorders
andddiveryianidvebyddiusting the ddsage subh that a fpsited cifgebisobladned)
CNS  disorders whose clinical . nifﬁgtatjogétgaye een
at t Fitho: exeting tenBregaldl dprags BAVISE tp pohieve signiigpmy sidg ctiects.

1,5t $tadelfifft SRERGARES h Bo LBY T Anorate any of the symptoms

neusQbd i} th6de doRGERED BiReas@nEl @fsolddB@PpPr opri at e
i nteracti on between neurotransmtters and

neur ot r axafiplet of conditiops arddisordsesvtbatabn beONBtediimdudder s

can be attributed to a deficiency of choline, _
dopueevralegical diserdesis.meptedpgeacraivey dordeas, 8t Rarficylar, (ENS disorders,

e Bibey IS G b Al SAN DR L FALS Lot ) ibbuca

AR DR T S S
- i ncENgidRerdbh 08 RpER MRS Rhiali AR hersiantdl diseaaemidi a
(early onset zhei mer''s di sease), senile denentia

( demeuthliilnesdes,tahé indhalh @curedégenerative YlisedsesapehaBorn) disorders,
dementia, mcro-infarct denentia, AlDS-rel ated

deneaspitise dipprdersientbangnisive atfentivs fisurderer Dhradre sl 1S,
Par (l?f\xlso? e?:alg Whowe € it%lr:alj gﬂa%%eslzt)a%{olﬁls iV Beh a(iit'rigt‘ietgé b Cl‘% ﬁ#sﬁfhction

20  (i.e., disorders resulting from inappropriate levels of neurotransmitter release,

inappropriate properties of neurotransmitter receptors, and/or inappropriate
interaction between neurotransmitters and neurotransmitter receptors). Several
CNS disorders can be attributed to a deficiency of choline, dopamine,
norepinephrine and/or serotonin.

25 Examples of CNS disorders that can be treated using the compounds of

‘Formula (T) and their pharmaceutically acceptable salts, and pharmaceutical
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5 di sease, progressive supranuclear pal SY,~
Hunt i ngt on’ s chofr ea, tardive dyskinesia, |
Si epl | epsy, mania, attention defi
W@é@(ﬁ ogéeﬁf anX| ety, depression, dyslexia, Ferusz004/006530
schi zophreni a depressi on, obsessive-conpul sive
di sorders, Tourette's syndrone, mld cognitive
i npai rment (MCl), age-associated nenory inpairnent

( AAY 5%1303%(519‘1:’& § sbihpoRiah, feRHak hleVe@nith &Rﬁﬂﬁ @arly onset

whi re age-related or a 10 consequence of

al cieleifidhs MeateFuiRdehttlaqaayersiy bEithe Bizheinter'artype), Lewy
associated with vascul ar disorders, with genetic

al t @ody ﬂanmn@smmm-mﬁ;rctfdomemaam%;elmd &oepiin ﬂ[V lementia,
with attention deficiencies or |earning defici engj{gﬁg,
as

ac umltiple esiehsaliinfarcie Barbigensinpinglpdipg Pk s difress

A S rea e errspTcled Pl oston HcRore® e B hinesia,
trod ni cosgb" %%&P‘d%ﬁ eﬁt%n &éﬁ&@&;ﬁ&@& g’ﬁ‘ﬂ’ %31%5%%35 0

trea I ction and/ or behavi oral

di seyslens ssiophRtlialdepsisinl eiesieldompulsiwadisirders, Tourette’s
dependency (e.g., alcohol, cocaine, heroin and

opi ayrisome) mﬂﬂlwgmhmmairmﬁntwﬁb dgea@e@lat@bnanm impairment
barbi turates). The conmpounds can al so be use

t r e SAANH), pesmsgire smassis 4 Fmgﬂvgﬁhﬁorﬁer%% BF 9ge*re{ated ora
A, W TR TR 4R v
ul c %ﬁs%#l%: &8rhdrb ﬁmg@%ﬂetic%t%'%ﬁéﬁs RGRE as T&%x%ﬂ@ %sdxﬁy 21) or

e conpoun are a stered can vary.

C0rrfa@&lrmén@aaeﬁ@e@mﬂkahﬁgaeﬂ&agmw@mhator crotie. g ,in
the formof an aerosol either nasally or using

del harodegenctdtive eenditfons hushiay @Bymhlfcdﬁtcrhl scierasisgnultiglee nt

No. 4,922,901 to B K t _al | |

|- ot PAFFOFIY wﬁ@lghe&fwl gw}réﬁgfp@%@eaﬂd S??e'grﬁld?ﬁl g EPH%W f‘ﬂgﬁd“é"‘k e
Olt ﬁ?{ﬂé%}%@ Gan 2 gge & e?%%%m% adﬁ%ﬁox?w&%?ﬂ- B&Q{ugml or

-

I ntraveno

a dgxhiiesSa1Rkd ﬁ)aéubﬁﬁxcés(ﬂlwléaﬁ% de f@ﬁd@@y l&%‘doﬁnﬁl &Ucamc,
injection 21 1 1 WD 2004/078752 PCT/ U 2004/ 006530

( €. Berpina@d apiaks,peyrhbaimudintaberandiervyings o biarbitgrates). The
pharmaceutical |y acceptable |iquid or  mxture of

| i qodnipdundy ganalse e geeid|tg treat mth%l@&i‘%%ﬁhmaﬁ IRAARRRryY or
t d I
RUETETIPER Y e e

20 bowel syndrome and ulcerous colitis, and in diarrheas.

The manner in which the compounds are administered can vary. The
compounds can be administered by inhalation (e.g., in the form of an aerosol either
nasally or using delivery articles of the type set forth in U.S. Patent No. 4,922,901
to Brooks et al.); topically (e.g., in lotion form); orally (e.g., in liquid form within a

25  solvent such as an aqueous or non-aqueous liquid, or within a solid carrier);

intravenously (e.g., within a dextrose or saline solution); as an infusion or injection
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the formof a.pulk active chemcal, it is.preferred to
present each{conpound in the 5 formof &

WB??GW% tical conposition or formulation forpcrusioea/006530
efricient and effective admnistration. Exenp?ary
met hods for adm nistering such conmpounds will be
apparent to the skilled artisan. For exanple, the
conmpounds can be adm nistered in the formof a

t abl (s.?g,, ada §1Rp&hsiOR ok 4 ERBSH if agharﬁﬁc@hﬁwg%@tasﬁsﬁmd or
capsule. As another exanple, the conpounds can be

del invienesofligadsy etwctallyisirngreblweityipaladyo or paisddmily (e.g.,
technol ogi es. avai l able from Novartis and Al za B
Cor psing &itensdemmind patdiny dilborghtit i possible toladmiptigierthecenmmiunds in
conmposjtions, Qf the present,. inventjon can b .

i nt disnorp eht bullpctiye ch dibifpretersgip Pﬁﬁ%§?°%€8ﬁ§%‘ﬁtm the

r | lLed rate 1o ' . . a
it ool QubotiB S RIS, Moy bt v
COWoa Qi HARKE Yo xendd meﬂmrfb@aﬁﬁﬂ%ﬁ%g Such e&&,{&m&@é Will be
admnistered to a human being. In addition, the tine
15 appalai el sitithkal ditigiheFPorekarplefhe fetipclads dab dé adrhi@istered in
phar maceutical fornulation is admnistered can vary.

Ad ithei fotm ef 4 tble rbhudigalatiy cipsuls orss attivae-reldase capsuley eAs another
i ngredients of the pharmaceutical forpnulation interac

wi t FgmRle thepomprpnds cgp befekiverpd gansdesinally viipgthe Hipprelpaic

hat_af f h LoD f th or af the.
12 B0 Rl 25 PPl R B B Ao iaon.
tr eﬁégﬁgmﬁc%al%ﬁﬁﬁﬁﬁgns 2P 18 Pttt BlveAkidrQian BE Bk SRARhY or at

is such so as to optimze the effect upon those

r el egaidhal, doRaRRE cofdil ip@atruliddaite oy aan blobdeichinybas.g.,
the functioning of the CNS, while mnimzing the
ef f eatasmab suehaeis vlowse, yabeat tbbibidoe, Malsoypesmonkeneput

© he ASHRRSEReRly IRAPITBlY “PE ret e bing; B S fpe tine
lé\b . 015da Qlﬁd ﬁé%u%l ergg'ﬁ%cg? g{ir rt]ﬁ'{t/) that Eh? ghzg‘h'x%géuﬁc?&f ?ﬁ?’gﬂ%faﬁm 1sC h

I'S I'ncorporate _ y rererence In

ent hdRintereitan ¥RR! ARRiRiALGPeEAbI 8 SudanRawdls t hat
anmount effective to prevent =22 2004/ 078752

PCTingfsaia4/od (e pBErmacantival femmiztiof intdract syithpta@per cifes Widin
di sorder or to treat sone synptons of the disorder

fr ofheRpdtef thawibisat ﬂlétlrlﬂfe@fl!ilﬁef paioning of W prad gnount
¢ hasaRaTHmaL (Y Rehe Mo speiirl e lRE e isoreer

20  administration preferably is such so as to optimize the effect upon those relevant

receptor subtypes which have an effect upon the funcﬁoning of the CNS, while

minimizing the effects upon muscle-type receptor subtypes. Other suitable

methods for administering the compounds of the present invention are described in

U.S. Patent No. 5,604,231 to Smith et al., the disclosure of which is incorporated
25  herein by reference in its entirety.

The appropriate dose of the compound is that amount effective to prevent
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phar macol ogi cat-or therapeutic effects, thus resulting

in effective grévention or 5 treatnent oft the
w&?@%?&%z Thus, when treating a CNS di sorder ,pc8fi52004/006530

eftective anount of conpound is an anmount sufficient

to pass across the blood-brain barrier of the

subject, to bind to relevant receptor sites in the

brain of the subject, and to activate relevant

Ni CQbduiteficd of GRNyRIptMEUL iR sofdRr ¢ to tiehtdding @ymptoms of the

neurotransmtter secretion, thus resulting in

ef f disbidesfrpm exhivit thepationt sufferst By Meffeotive dveoudi"s Ghadapeytic 10

Prevention of the disorder is manifested by del aying

t he apquril opeifpetiveosm) dsgpepntihat ameuniutliciens fo eligif

0y abEmab SIS bbb Pai HERHE ByP gty S GRS hoelion o
Al arat] dheificd e FREUGAGNASHR x ERS aiKIERLA sl t he

i sorad he eftective dose carr vary, depending upon
f aChAbniDe E&h{ﬁﬁn&l BnGaRehsifivientltd pads defbss hablob brair Yaerier
severity of the synptons of the disorder, and the
manogthe sibjechito bind tidveelayina reveptentites il the buajnod ithtel subje¢tsand to
adm ni stered. For human patients, the effective dose
of estivateatievnhpicenieteeppins Sehiypps e gu Pryide JEVPIISTERT ng
the conmpound in.an agount suff.icient to agtivat
ol FiOh BB o B ventat P P PR dery
op don s{%%_a% & of th £
16°P B[ A% on O?h'tg?&gf#%?% g&aﬁﬁe fgrﬂ{elaﬁﬁ%'ﬂlledm{g of the symptoms o

IFnsuftrcien ce e cts"on skeletal nuscles
and g@andtdef TreatdRit FigNdidordeaRimAeaseEhby d berecagf inelet | ve
dose of conpounds will of course differ from patient

t 0 pahptent assoriatechwitly te disatdei orah auhelioratieneftike rseusrengeryy the
where CNS effects or other desired therapeutic

ef f egnpomeeifhe diperdethel ow t he ampunt where nuscul ar

QMR CH e RER e M B
Al . _ ! o
1%‘_ ggmr}%b%t% { %#%ﬁﬁ HREGmploRRY6r M dRRR! Al kit Heb¥aEN

o} active substance per day orally

f or waish @@\ Yhkrmad@uticaldBmpOfonqy SdthiniskReh. ISR ROAMORGERD) the
General | y speaking, the doctor will determnne the
appefftiveadase dbypigel campennds gevetaily seavfred aninigetingde ght

and all the other fa&}ors specific to the 1patiﬁni.
compound 1n an amount suifictent to activate relevant receptors to e1iec

neurotransmitter (e.g., dopamine) release but the amount should be insuificient to
20  induce effects on skeletal muscles and ganglia to any significant degree. The
effective dose of compounds will of course differ from patient to patient but in
general includes amounts starting where CNS effects or other desired therapeutic
effects occur, but below the amount where muscular effects are observed.
The doses depend on the desired effect, the duration of treatment and the
25  administration route used; they are generally between 0.05 mg and 100 mg of

active substance per day orally for an adult.
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The compounds—preferably have the ability.to pass
across the blopd-brain barrier of the patient. As

wousddr$idsh. conpounds have the ability to enteg Cl‘&;ﬁ'ﬁmﬁuoorsso

central nervous systemof the patient. The |o

val ues of typical conpounds, which are useful in
carrying out the present invention are generally
greater than about 0, often are greater than about
0.5, andGbfiesllisipbdking? e ddEteaklll detehaine &apfropriate dbiegd RQ
P val ues of such typical conpounds generally are |ess
t hadurmbioriof tBe 4ge, whigbiund all ¢thel otires factvesspatificito tBe patiaok.
sonetines are |less than about 2.5. Log P val ues

provi de The @mia@aadfrpéef@ﬁblw havedhg #hility t%vasaa%wbﬁmépdrhsain
e e ol S RS gh Bon B k"
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t h e whiciafe abful MRal ik 86 thd Freddns inPdhGbn &S gt greater than
receptors that nodul ate dopam ne rel ease) As such,

suc bbaodpdien de graez thanebd 0abardi fteguémly exggressr than about 1.

- nicotinic pharmacol ogy, and in particular, to act as

ni cdbs loe & vahigoef syeks tymcalpf&m@pmds aeysrillyrse Iespﬁhawaée@&% pften
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AM often are 20 |ess than about 100 nM and
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sites 9
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Ni Capohits or pdtaa takisthyTief t@plor iakivig ebisintsi off gypicahcdnlpdinds
t hrough, and/or neurotransmtter secretion from nerve
endisely! rcepping vhidhspipsentjinyentioy ganeralip @ugeod 8xgi20.1 nM, often
PCT/ 082004/ 006530 thalam c or striatal_synapt OE

As exgecnt 2bau d VG SR Geagatinerrerd ahentdginM-+ Jhd geepioy

ogse% n& c%ﬁ%}gt?vﬁﬁcél%gﬁf)ﬁtgn% g&%%a'lly %}361938 tﬁa‘i]n%baﬁ 1&?1\4,60%%8 are

or

20  less than about 100 nM, and frequently are less than about 50 nM. Receptor

25

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 nicotinic function by effectively eliciting ion flux

through, and/or neurotransmitter secretion from, nerve ending preparations (¢.g.,

24



dopam ne, or pther neurotransmtters. Cenefally,
typi cal conpoynés useful in carrying oul the pr esent

wdﬁpl Va#ﬁn effectively provide for rel evant rféf!ﬁﬁfb@#&lﬁsso

ron in amounts of at |east about 30 percent
often at | east about 50 percent, and frequently at
| east about 75 percent, of that maximally provided by

'(S)-(-)- nicotine. CGenerally, typical conpounds useful

i N Gk R8afil synBStofnRSR s subh Sthi o Fotﬁfd@hﬁ%rtﬁe HAte
than (S)-(-)-nicotine in eI|C|t|ng rel evant receptor

act ¢ansd relemant nétrovesrta bécpmetayiiatd) andaoebeasaisr secrett atetylcholine,
carrying out the present invention 10 effectlvely
pr ofd¢pamineoer mn@@@&a@m@wﬁo&wﬂmmw ¢ompepudsiusefpkin ot

| east about 50 ercent, e bout 75
oor GRS oYt Pﬁeé%agw?wng 5By Proidot e avcedin
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ain conpounds nvention
pr oawd% qRBay ﬁixb@ﬂamtﬂpm f Bt Iﬁ&lﬁwﬁ&wm msy- an
exceed that maxi mal |y provi ded by (S)- -ni coti ne.
Ce ngit@ink.\Genkilly, aglicat compomndsusefibfadarrying ibEt thepresentigvantion
the present invention are | ess potent than
( S)aré mp:emctmt thare(S)H(-)aiidobing inreljciting tpleyanigeeshior aesivation.

lsec eti h as d&{) rr%uTe secretio The conpounds
B

Fher Yé&@ C‘Prﬁl?féﬂ THERYRESPOPR BSsAt BYFIERR, ve

§° f.
| nviféfuvgh’”wﬁ‘éc fof i Sty bt i afoRits 6 LB ERE 50
n Aqéfﬁntoéftéﬂl‘bmﬁst AU W? pbrBerMd ?ﬂe&ﬂa‘nﬁj{ Gbdst £REF FD-pefchnt,
that 20 regard, the corrpounds of "t he present invention
derafsit maizﬂlabpp’ﬂbvﬂbdl by (S)-(H)miméns eCertattodonipiounds wif thetiprasent
ion flux through nAChRs in cell preparations
ex pResEmEn mcde@ecr@w@f HppastineinEn aeeust i qapsxceed that

A B RS GO0 Cpaae SpteeL ST pectul n

15P" Qi gs% BucTRARUER: lﬁﬁenppﬁarf?&Eg&%@bggy@ﬁw&@m%

0 acti Feceptor sit

of néBrobBmitle bRfedon, MaiCAsRlopAmine Ptdtionl ) Which are
extremely high (i.e., greater than about 100 pM.

‘Gener al Ty camppingdsof gregtsentduveodom whemlempleysdin eifertive

carrying the present 25 WD) 2004/078752
PCHMQID BACERIEAISD Wi Wéﬁ%ﬁh@@%@tﬁf@ﬂ&fﬂén‘r%% pack the ability to

| o b6 R ohul Tty of 5 e SR ST b B B

205( 1dgal, BRchifounds of the present invention dernonstrate poor ability to cause

25

isotopic rubidinm ion flux through nAChRs in cell preparations expressing muscle-
type nicotinic acetylcholine receptors. Thus, such compounds exhibit receptor
activation constants or ECsq values (i.e., which provide a measure of the
concentration of compound needed to activate half of the relevant receptor sites of
the skeletal muscle of a patient) which are extremely high (i.e., greater than about

100 puM). Generally; typical preferred compounds useful in catrying the present

25



The conpounds-.of the present invention, when enpl oyed
in effectivel Amounts in accordance w t’h fthe met hod of
nt invention, lack the ability to bi4/006530

ngﬁ“vgiﬁ?ﬁn of human gangl ion nAChRs to any s?gﬁ:lig?caat

degree. This selectivity of the conpounds of the

present invention against those nAChRs responsible

for cardiovascul ar side effects is denonstrated by a

| ackn@hitiddReudu Isblopic rafidituh ASEMGEOFS TS 10QeREA MRR Gy less

nicotinic function of adrenal chromaffin tissue. As

suc hhanﬂpefceﬁtpoﬁthmm}y@r@w@d byl8i(d) nicyptineo cause

i sotopic rubidiumion flux 10 through nAChRs in cell

pr epar at Thsreomperndsad tepeseat Wea@nnewgm fgmaw@d in effective
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of t & ess ha ercen

pr O\éae’c%t;)uf b camﬁl:luﬁ&t SfR pszeﬁ ﬁ%ﬁ&ﬂ@ﬁsﬂh@sc%ﬂ@kk ive
towards providi ng sone degree of prevention 15 of the
pr o gespasiblefoptardibiGsclilaaiddeffscts Brimhowsrated by a tdek: of the ability
synptons of CNS disorders, and aneliorating to sone
degobtosevempeunds feavseato picgtivg finetion s pdenalighiemefiin tisgien As
effective annunts of those_ conpounds ar

Suf FYcl Ak CqIRPOBTISAYe BOy a@ﬁﬁrtgewmsempﬁﬁa‘@&%an flux

10§ B G RERL S R Sofl PRASL R B tpd S8 B o,
On mﬁapﬁéﬁﬁaymhﬁ&s uSoELi8 Brrithg QltiRGrSehinakabet al

nuscl’e. As such, adm nistration of conpounds of the
p r e aaRimallp umvhnedsbt@ﬂmbﬂﬁm ian flnk by pethen t0 pércmko witemby less
which treatment of certain CNS disorders is provided,

andthap A gersented ﬂpﬁémapmlapimndééby ff-tnigptimsct s/ S| de
effects agre avoi ctive

cormoundleomRER: Bzaeo TSI RRTLEE ks doefie pvoston
18" OX tgg%x%gr%sgo%%fr@\% dl?(Il‘&&g EﬁleH&Qt?hgg E@s pt mpéi{CN§dlsorders

I nsu I's not at a gh level)

25 prOVicHBralhdRSbms bSeshe fotidnes bSCNPuRbRERD waever, such
effective admnistration of a conmpound of the present

i nvelificiivmemtslof thoge ¢amponedstanemit swficioMSo dil@tﬁﬂﬁépsfwable

occurs 26 i 't WO 2004/078752 PCT/ 1JS2004/ 006530 upqn

adniesited gicoinic gHeqtp asisdpmpnsiratgd by fergrsstt § °WS@§§TC&’P|§H°“S

1 5531%93 a] rethegt eft%cts on Hle cardiovascular system, or effects to skeletal

20  muscle. As such, administration of compounds of the present invention provides a
therapeutic window in which treatment of certain CNS disorders is provided, and
undesired peripheral nicotinic effects/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

25  provide undesirable side effects. Preferably, effective administration of a

compound of the present invention resulting in treatment of CNS disorders occurs
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1/10, that ampunt sufficient to cause any-side effects
to a significint degree. Synthetic Exampl es 5 The
Wéﬁﬂh@%ﬁg synthetic exanpl es are provided tOpcrs2004/006530
Il'Tustrate the present invention, and should not be
construed as limting thereof. In these exanples, all
parts and percentages are by wei ght, unless otherw se .
noted. Reaction yields are reported in nole
per afsH Redlstraliln GrREhA 113, 86l less than 1/5, and often less than
3-((B)-2-PVrrolidin-3-ylyinyl)-5-(tetrahydropyran-
4- y 140ythgymiodatrseffietent iogalsaabpside effectio & bigaificant dégres.
acid (0.91 cnB, 11.7 mmol) was added drop-wi se to a
solution of 0.44 g (1.17 mmol) of racemc 3-{

(E)-2-[5-(tetrahydr opyrgn-! éﬁ oxﬁ yridi n-3-yl]vinyl
}pyrrolidine-I1-carboxyl f butyl ester in 4.5
n8 15 ' . [

fas cool s PRk AERIeRE G s is O AL BB
N vk BRRSHA huld AR be ComtriedaR Uinlif@Nh@tofd I PEREALES ali
in the region of 22C for 20 h and was concentrated to
dr ypassndiphentagedate byl weichs aales otheBvize kidha) Reddtiongidlds are
residue was taken up in 5 cnB of water and the

r estepettaddgn molsipgrdeniagesas render ed basic (pH=8) by

addi ng 28% agueous ammoni a sol ution and 20 then
extracted with 3 tinmes 25 cnB of dichl oronet hane. The

1(\?/\; ?E&eﬂf? e P E‘élﬁ’icS AL %fitﬁnﬁ?i@gﬂg-(&éﬁﬁg’df Pyra .

y Irrroer ed I
CONGSRLNBSEnt ReslicatRESatender reduced pressure (2.7
kPa'}it_oﬁgleW‘O._ZZB%l—or ange-col ored oil, which was
pur i fi edrifiyohretiatia go.8péng’, dh7 sirhdlCwasgeiied drbpretideto a
di chl or onet hane/ net hanol (9/1 then 8/ 2 by volune)]..

Corsotution af §.-4hg Ef—”t neobnf facenaici3ol{E)>- it éprabydrgpan-
7 1 0.36 _
E’é? St sy APy ot ettt Fit e A G gm
' . ( - :
1R 2 Rrdh ARt 8k Pl il ogch ok wal baofc 0 e eaotion

0. Smifie Wis svib@ht this SerhiREilura €@ h abdehdti a5 b Wingperdh@8in the

brought to reflux and cooled to a tenperature in the
r egegion off 222Q for&0d and evas concentrated to dryness under reduced pressure

(2.7 kPa). The oily residue was taken up in 5 cm® of water and the resulting
solution was rendered basic (pH=8) by adding 28% aqueous ammonia solution and

20  then cxtfacted with 3 times 25 cm” of dichloromethane. The combined organic
phases were washed with 25 cm® of water, dried over magnesium sulfate, filtered
and concentrated to dryness under reduced pressure (2.7 kPa) to give 0.225 g of
orange-colored oil, which was purified by chromatography on silica gel [eluent:
dichloromethane/methanol (9/1 then 8/2 by volume)]. Concentration of the

25  fractions under reduced pressure (2.7 kPa) gave 0.1 g (0.36 mmol) of orange-

colored oil. Galactaric acid (0.038 g, 0.18 mmol} was added to a solution of this
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insoluble material was removed by filtration. The
filtrate was concentrated to dryness dnder reduced
(2.7 kPa) and the oily residue was /006530
WCP%&@%%ITB of ethanol. The precipitated soli ge\*fgjgz
filtered off, washed with 2 cnB of isopropyl acetate
and 2 cnB of diisopropyl ether and then dried at 40C
under vacuum (2.7 kPa) to give 0.088 g of racemc
: 3 ( O ZeRY b RdthHoDio3vnidn/0. 8 ¥%h) of water bas been added. The mixture
-(tet raﬁydr opyr an- 4-yl oxy) pyr.i di ne hem gal actarate in
t h € a0 biuPHit terellek ged Sooldddo a teivpsiatuspincha egiog Et 2}2°thd the
274 (M, nmz 232.1H NWR spectrum (300 MHz, ZSO
d6 asblble mmahwmmﬁedcwﬁwpndz e fltgaje %ﬂ)ﬂce}ﬁ@
2H); 1.82 1.98

0o T Mﬂ%@”ﬁé;@n@-ﬂ’ﬁf‘l‘( e tak?no"**_ )
by 37T by oo g 5 o
U1 o g ey e A et

J =L6cobt: (2. ¥hPa) t€ gﬂ& (XGES gldP rabdrhic;3- @E)Z@-pflmhdﬁﬂ:i)ylvmyl)
Racem c 3 { (E)- 5- (tetrahydropyran-4-yl oxyzr éﬂl din

3- yIS}(mmm}drquganf%YIDxiy)pmdlnedanmiaytarﬁtﬂ inchafotme pf 2 beigggolid.
ester can be epar ed as, follo Pal | ad| u ate
(0. Mags feyectomes% ?8’2&3%\4%% %ﬁ‘ﬁ 20

lﬁt ngrDPReEf i f E%eﬁ %‘éﬁé@?@é’?ﬂ 3in gono); 161 (m: 2003 1,82 Gm:

| d /B 33.07 ;
B e b e e i

MO kb mf. 10 B G 28, Bl41YHd) Y = 1015 eohid rTes- Hz: d B0 (dide, Tarc1 2
tert-butyl ester in 15 cnB of dinethylformm de.
Af t O15 aBd Adlzr BH)pB. 7TREatIEDE. &k(duie@z\mdﬁ 5&171 PHY: g4 (EHdD:

reaction 25 mxture vvass I
t enﬁé‘r" b 48 e ~dgret B 595k L s e Hnra0 ou
;ﬁg%@t( dryness under reduced pressure (2.7
Pa) . ‘resi due was 28 WO 2004/ 078752
PCT/ USZOQgCJeQQ;G_;Sﬁﬁ _2t|1glg€e&aﬁygrdpg}ra§&ﬂ )@fndﬁt hyl acetate
and the resulting solution was Washe successi on
Wi t B-yRviny1paradidinerBcaboxytit suid teﬂ?ﬂumirest@‘fcagm pricparedias
bi c?rnbonat e sol ution,
QlIOWS:

Palladium acetate (0.117 g, 0.52 mmol), 0.678 g (16 mmol) of Lithium

20  chloride and 7,25 cm® (42 mmol) of ethyldiisopropylamine were added in
succession to a solution under argon of 1.33 g (5.17 mmol) of 3-bromo-
5-(tetrahydropyran-4-yloxy)pyridine and 1.2 g (5.17 mmol) of racemic
3-vinylpyrrolidine-1-carboxylic acid tert-butyl ester in 15 et of
dimethylformamide. After 3 hours of heating at 110°C with stirring, the reaction

25  mixture was stirred for 2 hours at a temperature in the region of 22°C and then

concentrated to dryness under reduced pressure (2.7 kPa). The oily residue was
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2 times 25 cnB-of water and 25 cnB of saturated sodi um

chl orine sol uti dn and then was dried ovdr ‘magnesi um
filtered and concentrated to dr ynes cq4iis

Wéli%‘@té gzpressure (2.7 kPa) to give 1.4 g of g)r own 2(14@6530

This residue was purified by chromatography on silica

gel [eluent: cycl ohexane/ethyl acetate (8/2 by

volune)]. Concentration of the fractions under

r edunefl up PsTRMRf EdyladkiR)and ﬁié@es(ﬁltﬂl? s@lutin wateVdshed iR |

whi ch was used wi thout further puri ication in the

r emaigrestonafithttimesDfruniies water, BS cm® of saturated bicarbopate solution,

3- Brono- 5-(t trahydropyran 4-yl ox )pyrldl ne can be

pr eddingd 25 em of wastnand 2jcex’ kfga naﬁ@lu@cm and then

Sﬁmﬁgﬁ%@ﬁﬁ%ﬂﬁ 15, el 38 G IR ARG 4E o0

et IR iy
t 0' %%ﬁato?fabl%f 01125@11(,1&%1 thﬁﬁt Bﬁ?dhb%eﬁﬁ?ﬂcctﬁ@f@&’by v&ﬁ:;ne)]

wWth stirfing, the reaction m xture was brought to

t emM@ahdhtistidniol the f@ctagivederaddudsipresadte (e kPa)@stediid4 gof
succession with 2 times 75 cnB of water, 2 tines 75
cnB yelow ajbwhiciawennshd wathpefarther purificatiorin i@ retoatnder pSihens
.of water, and 75 cnB8 of saturated sodiumchloride

sol 8Y5ts8isand then the organl c solution was dried over

e i b 0 O e g

or ange- OOl E o@bdrboxbilits (7. ﬁawuﬁmm M%deanecg ﬁﬁei@@

cnB of diisopropyl ether and the solid for
fil ket vold: agod oNA2D gq30niral)Df 5ibesopBdiasiBolp4.69 g
dii sopropyl ether. The filtrate was concentrated to

dr y Hegemeliofepirshadrapyanirad ¢4 mmol) a1k BU TBORPle 10 g
Of B Rge£0L0 600 s, Lesh duc, ves pUr LIL edby
15Y Clﬂﬁfﬂ ’fﬁ 1 g /ﬂ%tr %ﬁ'ﬁ&)]ﬁﬁﬁ) t@lte%\(ag; %40% Qtyto X S léiztﬁe region of

ncentratron o FPACET ons Sunder uced preSsure
(2. TrokRag 1A ashéd & hcBssion with 2 times 75 em’ of water, 2 times 73 cm’
'3-brono-5-(tetrahydropyran- 4- yloxy)pyrldlne in_the
f or of satiratedybidattonate sélntidr-2 KivRs 72 em™6f waterwsl 79 on ofaemEaed

- PCT/ 1JS2004/ 006530
sodiumn chloride solution and then the organic solution was dried over magnesium

sulfate, filtered and concentrated to dryness under reduced pressure (2.7 kPa) to
20  give an orange-colored oil. This residue was admixed with 100 em® of diisopropyl

ether and the solid formed was filtered off and washed with 2 times 25 cm® of

diisopropyl ether. The filtrate was concentrated to dryness under reduced pressure

(2.7 kPa) to give 10 g of an orange-colored oil. This residue was purified by

chromatography on silica gel [eluent: cyclohexane/ethyl acetate (8/2 by volume)].
25  Conceniration of the fractions under reduced pressure (2.7 kPa) gave 7.3 g of

3-bromo-3-(tetrahydropyran-4-yloxy)pyridine in the form of a yellow oil. "HNMR
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spectrum (300 MHz, (CD3)2SO d6, Sin ppm 1.59 (m
211);1.99 (m 2H); 3.49 (ddd, J = 12.8 -' 9.5 and 3

: . 3.87 (dt, 7 = 12.5 and 4.5 Hz: 211);
W‘%}’?’@@z (dd, (0L 75 2o e, 1H): 8. 28 )(E,Cilf}%g"“gm“m

Hz: 1H); 8.33 (d, J = 2.5 Hz: 1H). 5 Racemc
3-vinyl pyrrolidine-I-carboxylic acid tert-butyl ester
can be prepared as follows: n-Butyllithiumin hexane

(145508, ot TP s s e

sus

tri plaany: 1S Lyl PAaSELe nEYB.8 @07 862i5mnd 360 AH); & 75 (:

t et rahydr of uran, which was under argon and cooled to
0C. 18 &.82Qdd,dac2.5 amd 2iixt 1EDES. 0861, &+ 2z dHAB.33 0oy 2.0 1!
h and then adm xed with a solution of 7.1 g (35.6
moliD.of racemi ¢ 3-fornyl pyrrolidine-I-carboxylic acid
tert-butyl ester. jin 100 c f tetr rof uran. ter
2.5 hour acS?“W%&‘BY@W&‘é’E“ﬁ%ﬁ‘B‘@L%?%‘?E&%ﬁ&@ Raet °F“é§| on
of 22C %Qs oﬁa&gst,ure was poured into 600 cnB of

sat Bj{pg@:g gueous ammoni um chl ori de sol uti on.

Fol | owi ngpaQeiti@in Rixasd Blcnd6eh BEN idiRiod) G tddeddiop-arise
15 was taken off by decanting, washed twice with water
andtoni subpensibaloBa ey S dimot) oftniphamiyhieetisdphosphonivarhiomtderin
dried over magnesi umsul fate and concentrated to

dr y Befban’ o ¢erahydsefutse gwisicls was yndler zzgon 3adgpoledipd°C. The

14} Feggannpin vioeiredy o et el A -t £ Guyion o

i

th 6211 gglr(%Sdﬁ %13&%)84)#5&%&(5 3-%@%@?&3@ {‘—cé}fn%ﬁyg? %cf.ig &g%—ﬁlﬁ_{rl%ster

under ¢ ressure gave 20"
I aCRMoD car ¥ YRRkl ATRr 25002 @F Wabttona h chriperaturbi tié
ester in the formof a colorless oi]. Mass spectrum

( ES)egiottiof 22°03 thie Mk fure wilspolietd int6.60Q cxo” §f sy@apd@quedP8752
PCT/ US2004/ 006530 ~ Exanpl e 2: Raceng o oh
5- ( gmEponiuynehiogide ertwion. Kollpwing addifion fipthylfgetate the organic phase

D5 A Bt RSB by

(1. A8oiNSutioRfnd tRGEHeA overthdghastin ¥iifalH HidRoncentrated to
dryness under reduced pressure (2.7 kPa). The resulting oil was purified by
chromatography on silica gel [eluent: cyclohexane/ethyl acetate (95/5 then 9/1 by

volume)]. Concentration of the fractions under reduced pressure (2.7 kPa) gave

20 6.3 g of racemic 3-vinylpyrrolidine-1-carboxylic acid teri-butyl ester in the form of

a colorless oil. Mass spectrum (ES): m/z 198 (MEL"), m/z=142.
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-5 5-ylvi nyl)py/LoI i di ne-1-carboxylic acid tert-butyl
est er in 6 cnB of dichloronethane, whi ch{ was under
on_and cooled to OC. The reaction nixture
ngz M0Z}54t this tenperature for 0.5 h then atPdg‘?&m"”{'06530
tenperature in the region of 22C for 20 hours and it
was concentrated to dryness under reduced pressure
(2.7 kPa). The oily residue was taken up in 5 cnB of

wat gf ang : ] ; 1S 10 Jered basic
( pH=BF—Oy—geraTIg 2070 oeh . tron and was
theﬁ#%@%%é?@%ﬁg Mﬁth 3 tines 25 an of

di c . The conbi ned organi c phases were

washed wirtilluatbadeBadd (NBdreY, 15.6 irinesl) WasekldsPRe Hiss o 2
sulfate, filtered and concentrated to dryness under

red lsohtiommfeﬁs@g d. 5(62:111‘10]1 P&)icetnmc G- QQ?YI@ﬁdlg- of
or ange-col ored oil was purlfle
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A 515 8 v
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actaric a 06 g, was ad
a S @hrWDinBHYs @hd ftRiaS cickntratdd t& dBibss Qﬁddﬂ?édhé’daqireststﬁe w7 &Pa).

0.5 cnB of water has been added. The m xture was
br oGébily wsided Wasdahmdlpumﬁ bm?j of water and thpgesultingsolutiort Was

regi on of 22C t he 20 insol uble material was

19 e nirndered hasiq Gpﬂ—&l lpsbaﬁidmgﬁé%qqu@qua@@% S@Bﬁ%‘b@@r"ﬁ‘ﬁ &hgn
t d dth

of | a0 eSS gt S oMh entiaf, TRY o dn S Eunlg ases

p @GR &&L&%&Pﬁi %%a@ér ! dn%ﬁ %ger‘?l}dc onesitds B ilidePard B

I sopropyl acetate and di i sopropyl et her
an d cérdeedirathidi 16 drybss4ffer wﬂﬂedd pros36 (Y £Pa) fo iPa.12®g of ve

g. %@%yge;sqrb;gde g}l i(\:viiich »@s prifiedybly chspniatgtiphe o glica gel [eluent:

e S5 L SRRt i
752

pCTFSsB RGPt i BRR o e iy Mg e

11 1):0101%&1 &8 (}Qﬂactlﬁg ac1d2(0Q}% f&)d fok mlnc?f)l\?lL s:a8e o 2 sblation ditthis oil
3.10 (m 111): 3. (m 11-1): 3.42 (dd,

J =1mmsna’rrﬂ nmnblzto W]lH)l 0.5 cﬁn37cﬂ w(asa:r hdsteen aid2d. The midtik)was

6.55 (limt AB: 2112 8.87 (s: 2H); 9.04 (s: 111211
Racbieitght to reflux and cooled to a temperature in the region o 22°C and the

Z(ici %I@lil? %ten Wdalisr}cl?m%d\g rt%:re?tmx %lf{ltgalltg \%asl congen rage(le | C
dryness under reduced pressure (2.7 kPa) and the oily residue was taken up in
2 em® of ethanol. The precipitated solid was filtered off, washed with 2 em® of
isopropyl acetate and 2 cm” of diisopropyl efher and then dried at 40°C under
vacuum (2.7 kPa) to gif/e 0.1 g of racemic 5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine
25  hemigalactarate in the form of an ochre solid. Mass spectrum (DCI): m/z 176
(MH"). 'H NMR spectrum (300 MHz, (CD;),S0 d6 with a few drops of
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5 butyl ester can be prepared as follows: Palladium
acetate (0.117% g, 0.52 nmmol), 0.678 g (116 mmol) of
lithium_ chloride and 7.25 cnB (42 nmol ) of
WQUMAB %S 0pr opyl ani ne were added in  successit&n 453004/006530
sol ution under argon of 0.822 g (5.17 nunol) of
5-bronmopyrimdine and 1.2 g (5.17 mmol) of racemc
3-vinyl pyrrolidine-I-carboxylic acid tert-butyl 10

est ' of (i hyd$.0. 08T, - .
hea ﬁgagflﬁ (ﬁg‘é‘ PPk i'@%?'rfr}bh%'?gpﬁ'gﬁyéégﬁ f%dhirhlig ?’Ej‘irsseg)hz
was 1l aT10Qh: 185; 32078 1 f); 3133%mt [2YE, 9 & N 4R 9. 5188 AN
of %g%sal?gglt 2@?{ %%ﬂgg%ﬁ gt3ggmt gﬁ'grgy ngssqu nfdler rqu%egy
Pr esgo(e 148 424KFDH); 58 (LinGt AB: 2105 83N E: BER 9.GKEIHp in
50 cnB of ethyl acetate and the resulting solution was
washed i RaceminceE)-Bpymiinidn-3-yhviinplpy2olidines] -cdrbowylie pcid 285-
cnB of saturated 15 bicarbonate solution, 2 times 25

¢ nBbw¥! agisr ean bepeerasd @pPllgPsisat ur at ed sodi um chl ori de

solutio nd was th [ over esi | f.at.6

P11 ter ot agsrea R £ & B3 3uamy PRERET B o Bl
pre : ' . R Mver®idded Thi s

P S s & RN il YPeslytdisdbplRpy it rerObdded

[ el siRBdssion fyLdoRliiRn ARG aigbl bf BEEX @561 7(fihal) by 5-beumopplitidine
Concentration of the fractions under 20 reduced

pr easlir2g (R17minoha)f ragemie 3oviadpyraidine decapioxylic acid tert-butyl

161 e 14 Bl e ARG OB og e o G R

spectr.um. (300 .MHz CD3) 250 .d6 in.p 142 e
oFy St e rariy rixhns Sk Sl 113 B o BN i S0 68 pgton
m : edd- .
16, R0 s fER confontifito Sl Kttt gl (2 91%). T
(s: oiBHpsi® W tlen up i) 50 AP o3 2thWcRAGANE R ABAIting solution was
PCT/ US2004/ 006530 Exanpl e 3:3 5
( +) wash¢d il)sucejor with 2 Himes25doy| of Wayep\a5icm” @f pasurated
al actarate: Trimethylsilyl iodid 0. 3, 1.4 ol
Iﬁasbiaaa'a@ateé?luamt,arﬁa%ﬁysa? EH%OE ‘ﬁatewg 2%&@13 sﬁsaé}’ffa%@d-“&l a)
??_l) éf@_n?i? S)JI_Q ] a2 W e riO &R+ glaé&ési%%f‘su%! Bitd2d and
2- PYhbeRiraie M tonryhest Bide) RUACE biediie 2 7 ) ROgivd 1.¢ gaeb@dwn
tert-butyl ester in 10 cnB of 5 dichloronethane. After
2 hailiThis odsidnt iwas pmdfieatbytchiomatogrpby at sitiea gedh Ecluantict i on

m xture
cyclohexanefethyl acetate (8/2 by volume)]. Concentration of the fractions under

20  reduced pressure (2.7 kPa) gave 0.43 g of racemic 3-((B)-2-pyrimidin-
5-ylvinyl)pyrrolidine-1-carboxylic acid tert-butyl ester in the form of an oil. H
NMR spectrum (300 MHz, (CD3),S0 d6, § in ppm): 1.42 (s: 9H); 1.78 (m: 1H);
2.05 (m: 1H); from 2.90 to0 3.15 (m: 2H); from 3.15 to 3.60 (m: 3H); 6.51 (d, ] =
16.5 Hz: 1H); 6.64 (dd, T = 16.5 and 7 Hz: 1H); 8.89 (s: 2H); 9704 (s: 1H).

25
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was adm xed with 15 cnB of 5% aqueous ammpni a sol ution
and stirred for M hour at a tenperature lin' the region
gnd left to settle. The aqueous phase Mﬁl
w‘gé%oﬁ’fggét ed and extracted with dichloronethane. T 520041006530
conmbi ned organi ¢ phases were washed twice with water
-and with saturated agqueous sodi um chl oride sol ution
and 10 were then dried over magnesi um sul f ate,

L i maﬁgle@imQggrﬁ-gﬁr_mm@ﬁx%gﬂ?mmﬂﬁrﬁam Fheed

0 gl VE ol or ed
oi | . Gal BginathikilylGodide (0235 gmnihl)hfasnitiidd)at wasnpRetirelin
to a solution of this oil in 6 cnB of methanol to

whi dife régién ¢ f2°Cfo serlesionhaderiaegon obblae d (0.Hlemmiokitofi ¢e-3n&k)-
brought, to refl ux cooled atenperaturelnt

reg?@ﬁ“@# nzérz WD RBRRG Fseberiie aﬁfimﬁ@@éy oo 10%m’ of
P ?‘?f‘éﬂ%ﬂl&éf@ et o b s gt e S
Sﬁ gy 0 3 18 plgplaofiloflald g1 hour

of gt tefpdriimein tHR)tegion ofli2re 3nd Wftve Q:ytle) Di¢ ddiieclisphase was
gal actarate in the formof a yellow solid. Mss

s p esspanated @BOEractedivith dichipgoniekdny. TheldomhiRed prgatic @MSQ&B\@@G
)2SO d6 with a few drops of 20 CDBC%DS

i n wpéhed tiicgwith wteim“’lﬂzsawtmqu&w sodjurgghjogide s “mﬂf&d

Gy o i cpgfbiey eyl iy lnt g under

4 Zé?ﬁc%d pfdsbure &.PEpd td fbd 0.68% oPdrdnge-BIoR i Gr’ﬁﬂanc Qcidd

( +) (036 (gE() 18mio1) wasdiddedtio ¥ lslintiotl Jfbis b0k Elémntof methmbbuoy
lic acid tert-butyl = 25 ester can be prepared as '
f ol Wwhigk O. 6,&;1113 ot waterhasibren gddedy fThe mixture was brought to reflux, cooled

E)-2- d 5-vl i di |
2081;%/%%9%%&%@7;&9%% OBEY abl CopiePieiey 1 eyiges e reduced
1 bR Tl e SRy bl 3

st %ﬂs@ﬁl@ﬁ%ﬁ cRRASRA thdidialfeaied ABs filterdd S8 alihbd G at 48T
m/mn uent : heptane/ net hanol / et hanol (98/1/1 by

v ol utidey) Jacui@o (ﬂ:'e}al’ar) &t gien0.072 ¢ hﬁa(+1)—6e(ﬁi)+2@pmaﬁdﬂle3- reduced
pressure (2.7 kPa) gave 0.24 111 +)- 5
( ( Eyvinylmprinyidioe galseiart inie fcwrof pyehQN srbid) Masgspestspm @CD:

acid, te I r and
CC Yoo Y R oo g i R4 itk gt
263 3EhEIEH a S SLET (m: 1H); 2.19 (m: 1H); 2.98 (dd, F = 11 and 9 Hz:
1H); 3.10 (m: 1H); 3.21 (m: 1H); 3.33 (m: 1H); 3.43 (dd, J = 11 and 8 Hz: 1H);
3.79 (s: 2H); 4.25 (s: 2H); 6.56 (limit AB: 2H); 8.88 (s: 2H); 9.05 (s: 1H).

(+)-3-((E)-2-Pyrimidin-5-ylvinyl)pyrrolidine-1-carboxylic acid tert-butyl
25  ester can be prepared as follows:

A racemic mixture of 3-((E)-2-pyrimidin-5-ylvinyDpyrrolidine-1-
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(+)-((B)-2-Pyrimdin-5-ylvinyl)pyrrolidine-I|-carboxyli
c acid tent-tbutyl ester was eluted in iflfst position
tention time of 14.2 nin on a 4.6 n
wiibddefgeL o0t 00 e ength Chiral pak AS TN ISg/USzo04/006530
colum [flow : 1 nUmn, eluent : 10
hept ane/ et hanol / et hanol (98/1/1 by volune)]. 1H NWR
spectrum (300 MHz, (CD3)2S0 d6, Sin ppm: 1.43 (s:

91 1)051'}3‘;7(311? a&H]teét’LgBtyI edteP @) g é}‘wa}, li%cct&f RAwe pﬁgdotélod 8Jr§n f@neter

8 5 caliin %oﬁ‘ﬂ&mm% 1Dkg of%hﬁﬁ s(atibﬂ@ﬂphi@e Cﬂirﬁpale\Si% 20 ,uﬁ [flow
Hz: 1H); 6.52 (d, J = 16.5 Hz; 1H); 6.63 (dd, J =

16. 513MdlditehertkhepthedBetimol/diamp} (98/1guby ¥luma))..
(-)-((B)-2-Pyrimdin-5 15

yl v ﬂqwepgwmfmfw@nqnswﬁq;é%wwdﬂaﬁm @& kPa)gavs 9-248 pli)-

g/as 5(%5 ed I‘E}ﬁ%ﬂﬁ ?}mp h{l{.@?-z F“gﬂ@%ﬁ?ﬁ%‘%‘ﬁg{lﬁf and0.27 g
nopP B EC RAGITer HAar B sroboff et SR

Spe L MﬂZS«I }li’o‘ﬁ@iﬂéﬁrcaabdk RO tef-bhdyl bSér was

Q)(m_;l y 1H); fror¥12 95t090315
( m elffed i fufst pﬁsiﬁbn%thtne@ﬂtﬁﬁl t{ome ofm)z m& ofvz 4.Ghdeh didmetdrind
8.5 and 3 : %broaddd :10and75l—|z
1H) 250%msdex gghcmaap@aas uneu%l@w dml/myin-eluerg : 5

1 g nce%@%w?@ﬁﬁ& wz%e& ﬁi%fele@%m GATRE

9 al %gppI,?)l E‘ﬁ? g@’ bﬁ? Yo (}no‘jiHﬁi% v 165 Groml2. §5 oo

ature In ereglon of

to 81§ 1m0ﬂoﬂmtoar39qm off); 0.42 944, (tsl=1@533 mmaJa)HmﬁH),
(-)-3-((E)- 34 WD 2004/ 078752 PCT/ US2004/ 006530

2- py.63 (hretidrddsd y|10|am]/7 ﬁﬁzr H@] 6(52|6113J| Y Hoxd)i 626Kl =
tert- but%? ester in di chl or onet hane, After

2 h¥f? an Hétluﬂ)ri% RY ((;a@HI ﬁr% (% AR EPPiBIdins3 i on
o)
lgl oXt h e]Apy\Argflfi g'aca?boolx :’Hildllf:rt %“Eq gstergivfs %ﬂlVe%qH §ec§3@d§lﬁ%n
re %gﬂa PJten%gf;uﬂn%;?ﬂrﬁn 502 £6%dch e:amEtee almmaﬁ 1S e

separated o and extracted with

di cohigmmrethBhes pthelrwaniiowed mifganeleephases  wer e
washed twice with water and with saturated aqueous
s odheptmeirethanclEtmodl P/ byyalimele A NeResngeay (I Mz,

or Yol O a0 Rl ey L b5 138 %S 05 Sl B 0m 2.95 10
20 3.15 (m: 2H); from 3.20 to 3.35 (m: 1H); 3.44 (ddd, J =11 — 8.5 and 3 Hz: 1H);
3.53 (broad dd, J = 10 and 7.5 Hz: 1H); 6.52 (d, J = 16.5 Hz: 1H); 6.63 (dd, I =

16.5 and 7 Hz: 1H); 8.89 (s: 2H); 9.04 {s: 1H).

Example 4: (-)-5-((E)}-2-Pyrrolidin-3-ylvinyDpyrimidine galactarate:

25 Trimethylsilyl iodide (0.2 om’, 1.4 mmol) was added at 2 temperature in

the region of 22°C to a sohution under argon of 0.29 g (1.053 mmo}) of (-)-3-((E)-
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under reduced pressure (2.7 kPa) to give 0.1 g of
or ange- col or ed, ofl. Galactaric acid (0. g, 0.28

added to a solution of this oil 'in gfsgﬁ] 3

quwﬁ)gl%ég?flo to which 1 cnB of water has beenpgg e .4%650

The m xture was brought to reflux, cooled to a

tenperature in the region of 22C and concentrated to

dryness under reduced pressure (2.7 kPa). The oin3

resiy m}i@ﬁ-st iayhAkeldihe 1 Lh8oRNe 360 6@ Bityls@r @ 10km’ of

dnsog#ygpy et%ery%nd the solidfornmed vvasyfi |tered and

t he dicHlor@fletBine 48GerPriders of g anti2 tethpkfaire the rgiction mixture

0.094 g of

(-) v@s adrire@with 16 otnf of 5% a1uppusiamproninsolution sitred for 1hata

galactarate in the formof a yellow solid. N@}SS
spe ENERANEDI i)hz region of &Fgﬂﬂéﬂg{'ﬁsetﬂiﬂiﬁweé’ﬂ% ALY 300

) O 6 i B . . 1
BB Sl e S R s
11y o gty nd s sy gl fuscn

4. 24nd ien werkkitied 6vér Maghdshiind sufile, fAfkidd and cBbefizated2bliiryness
9.05 (s: 111). 20 : '

(-) uﬁ_leg (ﬁ)leﬁ-;?ﬁsiﬂ:ﬁi(m kP taygive @% Igpﬁymhgﬁ-@n;md "i;‘CG‘“wd

| C acl tert-but ester can e pr r SCri

o DT e SHdeb A ORAR T R in B GRpo R
P val ich h {

1bo? s i KGR ol Pt BSE QA DR ASRERR 1Bty gocled

e AR Lol i Gt cuds

cal gieksiter@. USiaN Okt bty Beidic e ek stbin ehepaedeamat Jens obn
3.5 by Mlecular Simulations, Inc. Exanple 6:
Ev alliisapiopp] etlfer ahd thy seliddommed veap &iftered sndthenrdiindat 43 Camdete

e A B R A YRS Fmiome
18 ccRTRu b PR o SRS S MES B DI RV CTPE I,
R B R B e O 4.0
n- Apaipyl)che? (el F)RR. 1% dFD; % TNSd,FAChR)nd 9 Hz: 1H); 3.10 (m: 1H);
3,21 (m: 1H); 3.32 (m: 1H); 3.43 (dd, T = 11 and 7.5 Hz: 1H); 3.79 (s: 2H); 4.24 (s:

2H); 6.57 (limit AB: 2H); 8.88 (s: 2H); 9.05 (s: 1H).

20 (-)-3-((E)-2-Pyrimidin-5-ylvinyl)pyrrolidine-1-carboxylic acid tert-butyl

ester can be prepared as described in Example 3.

- Example 5: Determination of Log P Value:

Log P values, which have been used to assess the relative abilities of

25  compounds to pass across the blood-brain barrier (Hansch, et al., J. Med. Chem.
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a4f 32 Subtype.Rats (femal e, Sprague-Dawl.ey), weighing
150- 250 g, vér,’e mai ntained on a 15 12 h ,i i ght/dark
were allowed free access to water
W@é@é@f”g’ by PM Nutrition International, | n?&@ﬁgﬁ%{ﬂgﬁm
wer e anesthetized with 70% CO2, then decapitated.
Brai ns were renoved and placed on an ice-cold
platform The cerebral cortex was renoved and pl aced

in ' aYZa] 2 . Bex e
b fok UOEHTRrd S il WERerfl” dof e Atal YRR Bis 7
Na2 WpsRenla8 SiiMiaddeEs. (f ree acid), 20 nM

i odoacetanmide, 5 MM EDTA, 1.6 mM pH 7.4); PNSF,

di ssolved in nmethanol to a final concentration of 100

AM _was_ adde and the suspensi on was _honogeni zed by
f 20 mn at 4C and the resulting pellet was re-
gus%mgﬁﬁﬂ 20 vol unes of ice-cold water. After 60
mn. i ncrﬂgaﬁ . ' t . .
by centr’ uggél OEQ%S? %?%?Igg%%%gééor %ﬁ‘ﬁﬁ%ﬁé’aﬂéﬁﬁ_ﬁﬁ
The ofhbFiarmaRBloRhl phafertied obs@RIGRE dofhpdOndd AT Hefein,
bufferil?nd st grg!e%d at -20C. On the dayp$36 WO
20044028 BS AseR(FenkiSR ) Qd A 0D GEIher obmpdvmda ssdegcribbd baeie.

was thawed, centrifuged at 18,000 it g for 20 m n,
then re- suspended in ice-cold PBS (Dul becco's

hosphat ffer al i , 138 K .67 mVi
1§-ppor. ol it Cio {grvaes sYgemi-d éggfoling
MyCl 2, i /| G bco; pH 7.4) to a final
concent %\%F%@%Lso@%é%g?g imately 4 ng protein/ni.
Protein was determ ned by the nethod of Lowy et at,
J. Biol. Chem 193: 265-275 (1951), using bovine serum
al bum n ce#f2iSnbtypet andard. The bi ndi ng of [3HJnicotine
was neasured using a nodification of the nethods. of

Romano diatfemalesSprgecDavlsy), waighimgd S0-208 6) werp majpknined on a

175 124ty gtk cu® el RPP i 50 apdr R foter it R b it v
obt g iR G kibR MEN RIS KR! ghhﬁisoﬁ&s bifesthbiSediB08COS, then

[3H nicotine was neasured using a 3 hr. incubation at
4C. decantdpal Bois WeE fomoved and placed on an ice-cold platform. The

cerf;bral cortex was removed and placed in 20 volumes (weight:volume) of ice-
cold preparative buffer (NaCl, 137 mM; KCl, 10.7 mM; KH,PO;, 5.8 mM;

20  NapHPO,, 8 mM; HEPES (free acid), 20 mM; iodoacetamide, 5 mM; EDTA, 1.6
mM; pH 7.4); PMSEF, dissolved in methanol to a final concentration of 100 M,
was added, and the suspension was homogenized by Polytron. The homogenate
was cenfrifuged at 18,000 x g for 20 min at 4°C and the resulting pellet was re-
suspended in 20 volumes of ice-cold water. After 60 min. incubation on ice, a new

25  pellet was collected by centrifugation at 18,000 x g for 20 min at 4°C. The final

pellet was re-suspended in 10 volumes of buffer and stored at -20°C. On the day
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conducted in 4,8«\Nell mcro-titre plates and contai ned
about 400 g oft pr otein per well in a fi rial) i ncubati on
300 p.L. The incubation buffer was
we‘i‘gét he T1nal concentration of [3H]nicotine mp?%é}%‘imossse
The binding reaction was termnated by filtration of
the protein containing bound |igand onto glass fiber
filters (GFB, Brandel) using a Brandel Tissue
Har @b Blsa isthEwa talvd, Seitififed 08/080'x igTorB AN EER-
wat er contdi ni ng 0.33 % pol yét hyl enei m ne to reduce
non suspgrried ful ice- il BB gDulbene ' s Phosphite Baerad Shla, Sadlj 188
with 1 nmL of ice-cold buffer. 20 Non-specific binding
vvas ot BChi2068 dny KERD 41846 ml\tb:fNa&BP@MdenMr §dCh b inlvh
ni_cotine (Acros Or ani cs% in selected wells. The

| nhMEd 85 ][“Bﬂ]c’ﬂ? ‘hé’}% #idp adinphropeearationalounds

d di ff
e
Eachy gonggit él%i 393,485-275 Plob 2% s@%ﬂo’am%rsérﬂﬂ Aty od 120

val ues were estimated as ncentration of
conpadagl. t hat i nhibited 50 percent of specific

[3H ni cotine binding. Inhibition constants (Ki

val ues) , Thedpalitgad [THinkdnewes eeearaiuisaig @dnddifivatiome tha 7
I 1 V\D 2004/ 078752 PCT/ US2004/ 006530 1 C50 val ues

usi Wathedseof Roperyeis., Bgiangg 2L 647-650 @P%‘Bwé%aﬂfsr?éﬁlné%

wethe
185, Bl e HE b reinng sohafe AR
220*214@52 Vs D ERG PR GeaPE . a%‘ﬁ%m‘é% 47 on
| nt BHmadotifihs méadtred Aslh@@} br. WRukation aeFCh dhdubatbnuivelz

70% CO2, then decapitated.. Brains were renoved and
pl aeswductad imAs-wel mmodlqglpl%ﬁsanmommed ahpw00 sgpiiproteénsper

B o A R B o
BN M DN i

7 %mlnd?é\ﬁﬁn ﬁieatﬁﬁqlm%qman ¥BARANE boti 18:ahd BRb glass fiber
concentration of 100 pM was added, an

filters (GF/B, Brandel) using a Brandel Tissue Harvester at 4°C. Filters were

soaked in de-ionized water containing 0.33 % polyethyleneimine to reduce non-
specific binding. Each filter was washed 3 times with 1 mL of ice-cold buffer.
20  Non-specific binding was determined by inclusion of 10 pM non-radicactive L-
nicotine (Acros Organics) in selected wells.
The inhibition of [*H]nicotine binding by test compounds was determined
by including seven different concentrations of the test compound in selected wells.
Each concentration was replicated in triplicate. ICsp values were estimated as the
25  concentration of compound that inhibited 50 percent of specific [*H]uicotine

binding. Inhibition constants (Ki values), reported in nM, were calculated from the
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the tissue aﬁspensi on was honogeni zed by-~Pol ytron. The
honogenat e s: centrifuged at 18,000 xtg/for 20 mn
wobodie7gRs the resulting pellet was re 15 suspgigeshobdoossso
10 volunes of ice-cold water. After 60 m n incubation
on ice, a new pellet was collected by centrifugation
at 18,000 x g for 20 mn at 4C. The final pellet was
re-suspended in 10 vol unes of buffer and stored at
- 20Gc Bk \RiddaNe method BECRRE 8Yal., Bichée PABAnd-bR 2B 3099-3108
centrifuged at 18,000 x g for 20 mn, then re-
susgeavdrd in ice-cold PBS (Dul becco's Phosphate
Buf fered Saline, NaCl, 138 20 mM KCl, 2.67 nM
KH2PO4, 1.47 nM Na2HPO4, 8.1 mM Cad 2, 0.9 nM
MyCl2, O. I nvitrogen/ G bco; pH 7.4) to a final
o Sthivn

concentr ¢ approximately 2 ng protein/nL.

3 b or . M ERRBGTRASE DML S B e sgu et mhaiBla o o
al bysy "Pigﬁiﬁia W&clehad MRS .ﬁoﬁéﬁl@&cws?&?ﬂg £l ch?dﬂéuMﬂi%g by

was nmeasured using a nodification o nmet hods o

Dav PRH Nattritivh . Intefdaticrap e narahls wahs anassthe824d, willO3) CO,, then

[ 3BHIMLA 38 WO 2004/ 078752 PCT/ US2004/ 006530

( SpéeiapitatedABriing werezernevedsnd pleeadin)an igescolsiplatforad The om

Tocris. The bindi ng of 3H M A was determ ne using a

2 hbiPRRCGHRES Wi tgmovefand Pi?&%gt)‘ﬂt DypRmps feeightyAmE] efdos-¢old
8-well m

m.cre-ti at,.e: Al HOL 81
1, Biperileihfien (NiEF 187 80 o B AT 5 RpningLed, o
20088; bOLLHPADG PV R ch SRR, SRV, EDTAN €.6%iM; pH 7.4);
7 af PSR £000 £ F A e P EoThe: oindi g7
r eaPMiSPdiwekred irahethal ech fnal Eoncédtationof WD vl avaamdded] and
contai ning bound ligand onto glass fiber filters
( OFthB tissBe susperisjon yeds hgmaedrzeA &g Polpirer uEhahomagenaty wast

ORI B AR B e Rl
s b I

bi neliBowAsIEeidasy B ddtorn 2R 106D Q13 t8f 206RinMk 4°C. The final
nonr adi oactive MLA in selected well's. The inhibition
of eBibl WdsAe-bispeided iM10 tademesad bpifend staed 20Q08C.n0On e doy
of the assay, tissue was thawed, centrifuged at 18,000 x g for 20 min, then re-
suspended in ice-cold PBS (Dulbecco’s Phosphate Buffered Saline, NaCl, 138
20 mM; KCl, 2.67 mM; IC[IZPQ4, 1.47 mM; NasHPO4, 8.1 mM; CaCly, 0.9 mM;
MgCl,, 0.5 mM; Invitrogen/Gibeo; pH 7.4) to a final concentration of
approximately 2 mg protein/mL. Protein was determined by the method of Lowry
et al., J. Biol. Chem. 193: 265-275 (1951), using bovine serum albumin as the
standard.
25 The binding of [*H]MLA was measured using a modification of the

methods of Davies e al., Neuropharmacol. 38: 679-690, 1999). [PHIMLA

38



i ncl udi ng SEVZH different concentrati onst(@ the test
conpound in s | dcted wel|'s. Each concen étl on was

wo SRljeS@ked in triplicate. | CSO val ues were esgiy ﬁgtzﬁgmﬁm
as the 15 concentration of conpound that inhibited
percent of specific [3H M.A binding. Inhibition
constants (Ki values), reported in nM were cal cul ated
fromthe | C50 val ues using the nmethod of Cheng et

. (SRl Rk US-55ByRimolARas obBRd IbRBlockid Ot bindkll of

Determ nati on ‘'of Dopam ne Rel ease Dopam ne.rel ease was
me a$HMLA @ dptething atiag a 2 hisqubatenae 3196h Teivhaibng wor
rat brain, according to the procedures set forth b
Rapicendueted i 48-well miqetiarplates aglcontagrd gnfspremba@; welkin &

iR e e B Sabd Sha
%Iut rgll.“f\&‘8 ﬁgér? %)tgc tﬁ%ﬁ O?P ﬁnﬁg‘&f‘&%ﬁ r}i\;fap%é b%jdn@/ reE I}4011 was

a I'ona
anagshialel 5§ Gitratbd Hftﬁé)ﬁo%onialﬁﬁﬂ ﬁﬁﬁaﬁgén%% éEElﬁber
brai ns were qU| ckly renoved and t%]e strrata 3g9
200416k 8THB, Beahd) st a0Rb Bl3sucdia sart adoonSteEnpafaalre.
tissue from2 rats was pool ed and honogenized in 5 m
of Fidters weot spalieddn desionived sater containing 0,39 “cpaisatiiemed)ingtd
7.4, using a glass/.glass onogeni z The tissue
t hefpdacsoprsprsiischinding Reeh flfergvasgrash o Hirsagoudy Trphet PBS a

eI | et pas scard a
100 iy Rt NG b S AP AR RR Ly HiBeion gt 104,
pel h&kadi@Rtiveaat AR Ra&Ea weiRer f usi on buffer cont ai ni ng
nonoam ne oxi dase inhibitors (128 MM Nad, 1.2 nmM
KH2POA4, Phe4ntidititkChs, ["FBIMELA biwkiing Gy 2est aona:onﬁds NS Qtprnibed Byl
HEPES, 1 nmM ascorbic acid, 0.02 mM pargyline HO and
10 imMuging swyee dlﬂpﬁnchyemaons@ﬁﬂm tgsh g@@pop@ci insslepted wekss
at 2 OOO The f|n elle was_r es ended .in &
PP g PR i Ko e L weratiied s he

yn [ t
RS R A SHOE G P e
( [ 3liiMviorsihiftd Gidakuby] eporied 28nI, were calculated from the ICso
values using the method of Cheng et al., Biochem. Pharmacol, 22: 3099-3108

(1973).

I-I

20 . Determination of Dopamine Release
Dopamine release was measured using striatal synaptosomes obtained from
rat brain, according to the procedures set forth by Rapier et al., J. Neurochem. 54:
937-45 (1990). Rats (female, Sprague-Dawley), weighing 150-250 g, were
maintained on a 12 h light/dark cycle and were allowed free access to water and
25 food supplied by PMI Nutrition International, Inc. Animals were anaesthetized

with 70% CO», then decapitated. The brains were quickly removed and the siriata
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C /mol, NEN Research Products) was add at a final
concentrati q’n of 0.1 pM and the suspe i bn was
i d at 37C for another 10 minutes. 50

woa#ﬁ'ﬁ%% 15 of tissue + 100 pL perfusion buf T[USZOO4I006’530
| oaded into the suprafusion chanbers of a Br andel
Supr afusi on System (series 2500, Gaithersburg, M).
Perfusion buffer (roomtenperature) was punped into

of "SRR Sl o pd Rk 0k Falh Bkl Bom Srelifdin ST 436
p M col@8.35 WP FhcrRP Blnkfsing 5 niN EIEPEST pI3 79Nuskig! aegﬂd'ék@ms 40

seconds. Fractions (12 seconds each) were 20
CONlidnigehiztsy The tiksae wadkhén comtrifagld a¢ hA0GR g fertOmigitestThe
t he experinent to capture basal release,

agopellst wasntiseerled mrakike supbraaiset wasdentyiuged 2d2 003 Bn29 he

basel ine after the _agoni st appl,j.cation. e perfusate
iwasm@@resezh@@mamg&eﬁ?wsﬁ%se}sp&egqﬁlﬂp PraR el ogtang

whi ch til I
e s pEBus (R R Gy REE 20036 32
h

nor .%%‘d“?’zf"ﬁ B O S, S B Py

PCTgak5200 H1C) QARG BPmMAthess pHVBS) 2t petdfigel] fas 1 Bminutes at
percentage of rel ease obtained with an equal

c orZ500gaThofinag pellet wacwssispendedin b ml peréisioabuler foeach
test conpound was replicated wusing 2-3 chanbers;
1Qe|ﬁ)‘mll%€élt=’€%uﬁﬁ/ere averaged. When appropri ate,

o S b P SRR YR T
C0'@&H@%t&tﬁﬁ@é&m&?Sﬁﬁﬁﬁ@%ﬂ&?ﬁrﬁ@ﬂ@&ﬁ@ Qdiivﬁﬁizefo t he

maxi mal activation | nduced 1 ,nicotine

C ONPiatHRe], NBEN Rétkdrell Protucts) suab hcildeg at anfitvd kéncemtratiombf 0.1 pM
activation (EC50) of specific ion flux was al so
defand ik, sugesinsion wes ingubated aFfé7r Cifereangihen g pugtes.1 30 wl aliquots

1 ST AR
71
JEeL e

8 9 %&Q@tem%%é&&e) b B8RpciShio (RIHaRBErs hECARIGD BSnllia forlewash
phar macol ogi cal’ (Lukas et al., J. Plaarnmacol. Exp.

Vi gferio®bfl8 mintfies]1 §2st ¢QBHJund (10 pM) or nicotine (10 uM) was then

applied in the perfusion stream for 40 seconds. Fractions (12 seconds each) were

20  continuownsly collected from each chamber throughout the experiment to capture
basal release, agonist-induced peak release and to re-establish the baseline after the
agonist application. The perfusate was collected directly into scintillation vials, to
which scintillation fluid was added. [PHJDA released was quantified by
scintillation counting. For each chamber, the integrated area of the peak was

25  mormalized to its baseline.
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15 el ectrophysiol ogical (Oswald et al., h&yroéci.
Lett. 96: 207{212 1989), and nol ecul ar (bi}ol ogi cal

(Luther et al., J. Neurosci. 9: 108
W(%?g%‘}s‘;% mlar to the nuscl e-type nAChR TE6§#@%§'041006530
cells were maintained in proliferative growh phase
according to routine protocols (Bencherif et al.,
Mol . Cell. Neurosci. 2 52-65 (1991) and 20 Bencherif

I
£ o215} R P ot B o

EagéficantiXReh HI‘IAJQO@&Q /Vﬁ&hﬂ edbh tabkad Qethiesteempamd was replicated
(G bco BRL), 5%fetal bovine serum (Hyd one, Logan

UT) usidgVB shethbens; rqplicasesatess avéraghd.| WEEnappmopiialks, dos@Tespanse
units penicillin-streptonmycin (lrvine Scjentific

VWh leTm'E@IO[f Q:sl;/m@ogmb/gi@rlg deterzripad. g axinat éctgp%qnefar péwglual
4 b Tl By 0

a3 m;
ac o 1(1) g%ﬁ ?i—]?lgotl: g&#%%%%ﬁ%ﬁ@%ﬁa%ﬂ&dl n half ma}.x al

inerece unction s assayed
usi NevSRRUECE) bf $p%cifE R Tk Mas hlRo defifieihod descri bed by
Lukas et alc%f)Anégl)léc Bi ochern. 175: 212-218 (1988). On
the day of the experinent, growth nedia was gently
renoved fromthe well and %r owt h nedi a cont ai ni ng
86Rubi di um chl or i deelecliviéy . n!rlyh‘mhms ed to each

joud

V\eII.CeIswerel bate Eforamnlnumof?,
thours. expction at lF ]I g@f U®%cess 86Rb was
renmoved X q 63 M hi8human clonal line
| abel - fr‘g%qf)u{}bgg@os&%t osp ts\gfsbs%wgr ed sal |ur?(]ea

( Nage 74 A8D "'dhiche Herived $rom B embiEiRhatidofifosmbdonild urRon et
8.1 nM CaCl2, 0.9 mM MpCl2, 0.5 mv

| NVAlt, Cagegei 899985, 1989) Theskéeligxprassaeeplors thatdpes ur b
the cells. Next, cells were 10 expose f

t esmhacnmlﬁm@l (Liskas g pPsp e g Wﬁédz(s 1{7]581%2'?%&

n CS or. fe F

15, Ao el 1l L, fe 0B AR 2 b P
rel g ﬁﬁm%@ﬁbgﬁé\ﬁgf&ﬁ&wﬁﬁe&m U1 RRs5eE. 98 8201096, 1989)

SCIntI at1 on Scintillation fluid was added

andsimahaa SednieRi@ROIAGHR.y was neasured by |iquid

scintillation counting
TEG671/RD cells were maintained in proliferative growth phase according

to routine protocols (Bencherif et al., Mol, Cell. Neurosci. 2: 52-65 (1991) and
20  Bencherif et al., J. Pharmacol, Exp. Ther. 257: 946-953 (1991)). Cells were |
cultured in Dulbecco’s modified Eagle’s medium (Gibco/BRL) with 10% horse
serum (Gibco BRL), 5% fetal bovine serum (HyClone, Logan UT), ImM sodium
pyruvate, 4 mM L-Glatamige, 50,000 units penicillin-streptomycein (Irvine
Scientific). When cells were 80% confluent, they were plated o 6 well

25 polys.tyrene plates (Costar). Bxperiments were conducted when the cells reached

100% confluency.
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15 Wthin each assay, each point had 2 replicates,

whi ch were agver aged. The anount of 86Rb rel ease was
w& HTReIs58h to both a positive control (100 pM b CT/US2004/006530

nicotine) and a negative control (buffer alone) to

determi ne the percent release relative to that of

L-ni coti ne. When appropri ate, dose-response curves of

test conmpound were 20 determ ned. The maxi mal

acti vat i Q{dofifk adeBAEHGlABREepfo? TROCKIIFukJHOR ¥as WeaByed using

determ ned as a percentage of the maxi mal activation

i ndtfRbtiefiyx heddidiny boaeetiideesceibeployiukas eirvd.cAtalaBiodmm. 175:

resulting in half maximal activation (EC50) of

speI%2i8 (1938). Pnibe dexof e sxpediatent gtpwth m@pa@ﬁ igenily sgmoved

the Rat Ganglioni c Subtype 25 Ag t|o 3
gan §omshe wﬂ?mﬂ LN "éf‘é‘{aa?BP‘?’é‘H@d h fac Rrote (0P Clih was

B o i BT bR B bzt 20 AL Slkibehe s hours. At
F’CT &Uﬁ%@&?ﬁgﬁ&ﬁ 3cesd FoRl %Ls 1%%%(1 LIt Bl Herel wiaRbd i REVAh

t unor e rat adrenal nedulla. These cells express

gangbdlgiee Dulieciesiplanspata AGRisE s{ineaNud, l[38ngMa,t K€l, 2,67 mM;
Nature 327: 515-518 (1987); Lukas et al.

PhakHGRiDL 1 57 pib PP 0231t my §aCh20.9 mgsdgcw F My et
B R 10: 61-70
cei FRPRRTRgh oA T O Cﬁfeo‘%qtf%ﬁg‘ bl fﬁﬂsﬁ’ib feligrere

ccordi 0

1er reorade s 8 s B R0 oL MERPERRIhe Plorl grentlh,
J. EhRke: 860 for 4 Eﬁﬁ’nﬂt&gh%ﬁoﬁég the%ﬂﬁb %%eﬁécﬁ%e)sh ekt S
were culture becco’ i ed Eagle's rredl um

( G vitaidBi the wéabedﬁ@&b hrasﬁmovaﬁmdmraﬁ&&zbmlo BRhjillatiHvials.
fetal bovine serum (Hyd one, Logan UT), 1nM sodium 10
py r Seimtillasion fiwit/vias @ldsd and released gadiommtivif was measured by liquid
penicillin-streptonycin (Irvine Scientific). Wen

cel fcuntiljation a¥BlEoNf | uent, they were plated to 6 well

s IR A Bl e S e, e
EX R@KduAESM SR YR IeBseOPREuRbAE WHRh 4 P&itBelcbsird] RN ad L80%

confluency. N cotinic acetylcholine receptor (nAChR)
f undtdtine) avds nagaivy echteod (tuffer alone) to determine the percent release

relative to that of L-nicotine.
‘When appropriate, dose-response curves of test compound were
20  determined. The maximal activation for individual compounds (Emax) was
- determined as a percentage of the maximal activation induced by IL-nicotine. The
compound concentration resulting in half maximal activation (ECsq) of specific ion
flux was also defined.
Interaction at the Rat Ganglionic Subtype
25 Activation of the rat ganglion nAChR were established on the

pheochromocytoma clonal line PC12, which is a continuous clonal cell line of
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15 86Rb+ effl ux according to a nethod descri bed by
Lukas et al.,l Ahal. Biocheni.175: 212-2(18)(1988). On
t of the experinent, growth nedia was gepikies/006530
worzgﬁ%d\}g)éz fromthe well and growth nmedi a cont ali ni%g /
86Rubi di um chl oride (106 Ci/m) was added to each
well. Cells were incubated at 37C for a m ni num of 3
hours. After the |oading period, excess 86Rb was
I enpyed cRRGriche dGiiell oME! Bmues Bt sireal sbdulla2Dhese cells
| abel -free Dul becco's phosphate buffered saline (Nad,
13 8exipidss HbklionRliemehtoAnl n ACHRR(see Whidivg ethl., Ke2BRLY: 518518
mv CaCl2, 0.9 mM MCl2, 0.5 mM _ Ilnvitrogen/ G bco,
pH, (1987 Lukesiohe. Sharnasok Bt Thers 2ok 87142 ABFD Winiag ot ol
cells, were_ expo 00 gM of test conpound, or 100
tM%’f’l-ﬁf"H’bFf"’ni&@%ﬁqobr alone for 4 mnutes.

ol I ow re. Lo t ;
Sont ai ni Pt RN S REl A arb e BHAEEAE AR acording 0
t 1 3SR grBedi OERAtHREE dtlaB! MO CYR. MNefirosSC2: 32145 (29919 8nd
flurd was added and rel eased radioactivity was
e aBanckaifbyall, 7.qRliatmal. Exp.| That. 28T 95464968 (1991)). Cellsiwere )
WO 2004/ 078752 PCT/ US2004/ 006530 W thin each assgy,

e actultpusil it Dilherco’smeqdified Hagle s mgetivrn (GibpaBRL Lty Lofo hamsge

CorfFR (HesCPIghh ScBE) e SR (R FiogRoropt o PFsodts

buffer. a eLsj 3 .
10 o e B f Rt S0k B ep by ER B,
dOSgsdnGH D0 WhnC Y Oe QP%tcﬁﬁﬂueﬁQ RS ek PIBE@ o 6 well Nunc

determ ned. The neaxi nal activation for individual
C o e EmdlEadnsgatedarith (EA%E poty-Lelysias (Sigms diseolveije 16HmM
t he maxi mal activation induced by L-nicotin The
corhsoig peid): Frperimendt Wera cprdsiged whgn the cplty fFaCREd%%FODﬂ“mY-

B L

153‘ u mtﬂ%f%&%c&&hfnﬁ kd aglﬁteths e3rbd ﬂyiuﬁas%‘i’ B, | M40 BRochdin @75:

eriv y sequenti ubcl oning of the parental cell
|i 18 p 2K 1988, Onvhi @by dfabe b drywhhhaiineds dendymemoved

from the well and growth media containing $6Rubidium chloride (10° Ci/ml) was

added to each well. Cells were incubated at 37°C for a minimum of 3 hours. After

the loading period, excess %Rb was removed and the cells were washed twice with
20  label-free Dulbecco’s phospbate buffered saline (NaCl, 138 mM; KCl, 2.67 mM,

KH:PO;4, 1.47 mM; NagHPOy, 8.1 mM; CaCly, 0.9 mM; MgCly, 0.5 uM;

Tnvitrogen/Gibco, pH. 7.4), taking care not to disturb the cells. Next, cells were

exposed to 100 yM of test compound, or 100 yM of nicotine, or buffer alone for 4

minutes. Following the exposure period, the supernatant containing the released
25  ¥Rb* was removed and transferred to scintillation vials: Scintillation fluid was

added and released radioactivity was measured by liquid scintillation counting.
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a human peri pheral neurobl astoma. SH SY&Y cells
express a gdnglion-like 15 nAChR (Lukad. et at, Mol.

wo%ng/msﬂ‘i“rosc' 4. 1-12, 1993). Human SHSY5YP€'F/'U‘5§)04/006§30

maintained in proliferative growh phas
according to routine protocols (Bencherif et aI ., Mol.
Cell. Neurosci. 2: 52-65 (1991) and Bencherif et al.,
J. Pharmacol . Exp. Ther. 257: 946-953 (1991)). Cells
vere culwm@adhrasagl QBIE SNt R Yepiic s, RAdhavese MReghdN The
(G bco/BRL) with 20 10% horse serum (G bco BRL), 5%
f et ahounoof *fikb sieaserw4stdpBbuadto Hotigpegositive contdlrid (M nivvtine)
pyruvate, 4 mM L-d utam ne, 50,000 units
pendndiategative contel treffer alone) fordpfemaingdhcaerdent releasevplagive to
cells re 80% confluent, they were plated to 6 well
pol §ak sﬁ-’é‘ﬁ%" f-at es (Costar). Experl ments were

0 cot | n i sblfe i Bl RRRRs o SR REROFREY - 20

10

15

20

25

assqyegindd ek mﬁﬁﬁmcsw‘ubﬂ ibrmaam BEnpRinds (FRiRPHas
descri bed by Lukas et al., Anal. Bioch.eni. 175: 44 c

. \iBe2héd Ay Bdackntagd bﬁﬁéﬁﬁﬁhﬁoﬁﬁaﬁhoﬂﬂcﬁméﬂw L-8B8)e. The
the day of the experinment, growmh nmedia was gently

r ereowpdundrqopeantriféonedulting irhalf wewimalasdyation SREm) of spepific ion
86Rubi di um %orl de (106 (check)CG /m) was added to
eadhxygsalsodgtined. were i ncubated at 37C for a mini mum
of 3 hours. After the | oading period, excess 86Rb+ was
renmoved and the 5 cells were washed twice with

| abel - fiﬁ%rd?ﬁbﬁ?ﬁ%@lﬁlm bfiic Subtypeed saline
(NaCl, 138 . H2PO4, "1.47 nM  Na2HPO4,

8.1 nm\ Tﬁ‘aéﬁlﬂme SH—SYTSM 1sM@6‘ﬂiﬂmoﬁ)s Imerdetived by sequential
I nvi trogen/ G bco, , takln care not to disturb

t heubaiatingsof tlmatentaé e¢11 Isn éﬂ-ﬁﬂp*@ W%Oqgmlwbwneﬂé@tn

d, buf f 4
L
Su rans{ﬁ&ase @Icﬁ'(ﬂs@LN@lﬁ' £l4£2580 86 was renoved

erre scmtl atlon Vi‘al's. Scintillation
fl ui d WEEmas sasngemsab@aﬁﬁﬁmmd P lifeydtivi gyédh phase

measured by liquid scintillation counting.
according to routine protocols (Bencherif et al., Mol. Cell. Neurosci, 2: 52-65
(1991) and Bencherif et al., J. Pharmacol. Exp. Ther. 257: 946-9353 (1991)).
Cells were cultured in Dulbecco’s modified Eagle’s medium (Gibco/BRL) with
10% horse serum (Gibco BRL), 5% fetal bovine serum (HyClone, Logan UT),
1mM sodium pyruvate, 4 mM L-Glatamine, 50,000 units penicillin-streptomycin
(Irvine Scientific). When cells were 80% confluent, they were plated to 6 well
polystyrene plates (Costar). Experiments were conducted when the cells reached
100% confluency.

Nicotinic acetylcholine receptor (nAChR) function was assayed using

B6Rb* efflux according to a method described by Lukas et al., Anal. Biochem. 175:
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Wthin each assay, each point had 2 replicates, which

wer e averagedi The anount of 8GRb rel eabej)was

C to both a positive control (100 pM gj bd0Edos530
“Kigﬂgﬁﬁﬁg negative control (buffer alone) to gg@@%ﬂ?ﬁe

the percent release relative to that of L-nicotine.

When appropriate, dose-response curves of test

compound were determned. The naximal activation for

I ndm-ﬂlsqhm?.noﬁ tRWay 6B ¥ipeRent, g&@wfﬁkcﬁﬁ%@%nﬁy removed

percentage of the maxinmal activatron induced

L- nirowa thervec]l abderdah aediip contanngitRubidie Cldorideg30f ti ng i n

hal f maxi mal activation (ECso) of specific ion flux

was(chtokiCiftal) wasafideRopacswell Selly weie drpybaiedal SAKG for a

eval uat ed ing the assa descr.i bed ;herein. The

" o SHHEGER 013 baie: AReriha IRATEE PRt Coos f Roh Bapewau and the

i nventio Lvel. ' .

3 BIE 80 ROhSRLLSl 1 B B RA3 OISl e

val g&e, 1198 rfh NS 6 AiMAIEZ PR, € A7k RaSEatees. 1 b 0cath,

and EMAX val ues for dopam ne rel ease approach 100% of

t had.9 pvyVIg@lgl (0F/mM; Tnditkopen/GitvorsIlt AP siaking bee nékSo Wiurb the

2004/ 078752 PCT/ US2004/ 006530 conpounds of the

pr exslnt Nextveallsiwsre eiposad to Ki0nd aklest campeyndser 190 pM ples

of the nAChR which are characteristic of the,

pertHgnias. oF bienalnne fof damiples lﬁaélpwwéfwewwr%@@ Phe

conpounds .of .t.he present , i ' J peutic
1050 PRl e BB Rt vRY T FRyBRERED Bplbf @

di SeMmARLRHn Wi %nﬁﬁ&ﬁﬁ%ﬁﬁd‘@as?dd@@d Sldf6164s8d ARRAGHAY 96s 5

with interaction wth the peripheral nervous system
Ha\theagured bliqaé stitifieti@idouattde. matt er of the present

invention, it should be apparent that nmany
modi f i c3¥ithimeach sespys eachunoing had 2realicasesi whick eregwenapgpd. The

[ [ ible in ligh Jdt,
"< St Rbarews g pratarea e DppasaRi e ransElaPE At te
15P" 368 b 66008 Aflro AR AfonSAS AL Ik pRBRTLORE relitER,
noal catlons, substitutions an ariations are

i ntoeRdedni@ike W thin the scope of the present
application. 46

When appropriate, dose-response curves of test compound were

determined. The maximal activation for individual compounds (Emax) was
determined as a percentage of the maximal activation induced by L-nicotine. The

20  compound concentration resulting in half maximal activation (ECsp) of specific ion
flux was also defined.

Representative compounds were evaluated using the assays described
herein., The results indicate that the compounds of the present invention selectively
bind at c4B2 nAChRs and consequently elicit dopamine release. Typically, Ki

25  values for binding at 04{32 are in the range 1-100 nM, and Eyax values for

dopamine release approach 100% of that produced by nicotine. In contrast, the
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W claim | . A conmpound of the forruula.: R-~n N
-1IR3 N M Wiﬂerei n: the wavy line represents variable
(georretrgyo(P or’ Z) about the double bond; ~ X i

w

R 8&Por C R2; R is hydrogen, G -6-alkyl, P%J(‘@&%%{OMS”
-OR4, -NRLR5, or -SIR4 when X is CGR2 and hydrogen,
ClL.6tilkyl, -OR4, or -NRAR5 When X is nitrogen; R2 is
hydrogen, C16 al kyl, aryl, aryl-GC s-alkyl,

Cl. 6-al kyl,- I he . - ,
ot evagis F ot GRLRARON e pH B R oo Bedte

pol i T3 Rstic of if Frervofis and $REfar sgaes.
of ﬁ%q@é@%%ﬂ onaIB;Sy b?%pueggﬁut ed with | or E"r?}ore
subghiid, uRRbmponiie of @elplesenninvhaion possess thefiputidyoisntial in
-N112, -011, -OR6, -Q001 1, -C(O OR6, -OC(ORE, )

- NREBting-cHRG @riveys systdi Aisymies Rithos pr@incinggidy glfsets associated
- SO2R6,. - NI | SO2R6, - SO2NR6R6, -C(S)NRR6, -NI [C(S)R,

50- with interactignyith the pesiphefA\NETVOUBBYEM. ¢ (i | uor onet hyl |

1 ot R A] AP ¥hped bl G BRIy B g ve

ny aRDgn. e noli o ihe T god ARG L o ptocent

I ndaRenda Rtd possibiy t e thereof. - it ista bk yhdefstoad Ithit e @resent
cycl oal kyl containing alkyl), aryl, aryl Cl,6-alkyl,
hct ivestionlcan becgractived gtherChands specificallndasentisdy ShH |

het erocycl yl al kyl , ~cycl oal kyl or, podlé %Jfl o_?ble,,lgLI |, eac?
181 woriERationn sBRiRSions 40l vBRatisH e bed i ferRitE e spope o
rmrgl subst i Iluents sel ected from hal ogen, C .6 al kyl,
CL. BeRFRIY gPPUCRHE™ _ Nop, - NH2, - OH, - COON, - COOCL6

ni kyl, -CONI 12, fornyl, trifluoromethyt and
trifluoronethoxy,
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wherein the Cl.6-al kyl, hcterocyclyl, heteroaryl and
aryl groups can be substituted with from1-6
substituents selected fromthe group consisting of F.
ca, Br, I, R8, -NRBRg, -CF3, -CN, - 47 00 N2, -CZ2Rs,
-Ni . -SQ2CH3, -ORS, -SRR, -C(=0) NRBR9, NRSC(-O) RS,
-C(=O R8, -C(=OOR8, R -0OC(=O RS, -0C(-0 NRRR9 and
-NRSC(=O OR , where RR and RO are individually

We claiBfogen ?t Og%al kyl, pyridyl, substituted pyridyl,

1. Acoqwmhbq%lﬁﬁghp,o@l} &tituted quinotinyl, pyrinidiayl,
substituted pyrimdinyl, phenyl, substituted phenyl,
bcnzyl, or substituted benzyl (substituted with one or
nore ofthe above tituents), and where either R6
and R7 or Rﬁ an< ic functionality
containing R 10 car \ ' rs, mxtures,
enantioners, diasterconlers, onfreys+and

phannaccul i cal | y N"accept abl e sal t ereor for use in
preparing a nedi canent for treating/mcurodegcncrativo
di sorders. 2, A conpound of the fornmula: ~"n N'R3
wibgdiei n: the wavy line represents variable geonetry (E

or Z) about the doy 7 (B o 2patenfife dBuble$ond;
ey e, fbk’it‘".s%'?sa‘ﬂ{ *F{C%%Q‘?‘E‘S%ﬁ 3?2&%1} , -NRR5, or -SR4
%&ﬂ@cﬁgﬁﬁ&and hydrogen, ClI-681](yl, -OR4, or
- when Xi's nitrogen; 1.S4:0R., | SgER;
R s hyslristmEenalkyh halogen, oRE MR AR g}féj (gvan
R5_ are,. i ndepe | r or & _6-alkyl; Rand R
tiydrogenyg Cafﬁ%lﬁ'l’]ia hﬁ p@ﬁg@ﬁﬂf y\?{h%%?sdggﬁé}nh 6-al kyl (i ncludi ng_ 1
REXERRRb A CRORNSI, BiyAGryIal kB Gryliylaaryl, hetrgry) Rajgroaryt 1.
hct er oat yl, “hctcroaryl-Ci . 6-al E}/I A gﬁt]cr ﬁy;gﬂ Yépé _SORE, or -
«~alkyl, Horg@ryohydicjiradyeilyTkylesasl e PGy %i}g 0 ’ky% > "each
SOLRE, cg&} “gﬂ"ﬂ%ﬂh CAN  ARLLAPBE Lbstifited WRE 1 biikeR bithyenesdected fmm6
batogen, -CN, -NOj, -NIT,, OLL -ORS, -COOI, -C(0)OR’, -0-CO)R’, -NRR', NHC(O)R', -
CONRR', -SR’, -S(O)RS, -SO;R’, -NITSO;R’, -SONRR’, -CSINR'K', NUCE)R,
L0-80,18, aryl, lieteroaryl, formyl, triflucromethyl, iriffuoromcthylsulfanyl, trifluoromethoxy

and Cj.galkyl;

R} is hiydropen;

in is belween 1 and 4;

11 is belween 1 and 3;

R and R’ are, independently, hydrogen or Cy.¢-alkyl;

R® und R7 are, indepondently, hydrogen, Cy.g-alkyl (including eycloalkyl containing
alkyl), uryl, acyl Cra-alkyl, heteroaryl, heteroaryl-Crg-alkyl, heterocyelyl, heterocyelylaltkyl,
cycloalkyl o polycycloalkyl, each of whicly can optionally be substituted with one or morg¢
substituents selected from halogen, G alkyl, Cy.¢ alkoxy, -CN, -NO;, -NH;, -OH, -COOH, -
COO-Cy s alkyl, ~CONIL, formyl, (rifluoromethyl and irifluoromethoxy,

whetein the Cr.e-alkyl, heterocyclyl, heteroaryl and aryl groups can be substituted with

) Epf u -
from 1-6 substituents selected from the group consisting of ¥, C1, Br, I, R®, -NR'R’, -CF3, -CN; -
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substitticuts selected fromhal ogen, C& b alkyl, Cl1.6
al koxy, -CN, -NO2, -NIl2, -OH -COON, - COO .6

al kyl, -CONl -12, fornyl, trifluoroncthyl and
trifluoroncthoxy, 0. O 48 wherein the Cl.-al kyl,
hetcrocyclyl, heteroaryl and aryl groups can he
substituted with from 1-6 substitracnts selected from
the group consisting of F, d, fit", 1, R8, NR8R9,

NO,, Fcal%sﬂxi\lgsgi?cﬁh MRS h)@f@f%%ﬂrg’@p)g B OR®:-C-0j0"
o S AL 07 v

d%eﬁbdﬁw wﬁi‘bﬁb kil gQaIBM{ydMgn ¢ iy, nyidylsubsitited pidyl,

sti tuted
q(u nuﬂxﬂﬂeﬂ)h'xmm.ﬂ ked [hdlhhye Shyuphtbnyu sublsiheifag] pyua}xdlgﬁbgfgqlﬁhtsg%sillnted

e oSt L 03l QB&%% b {flucnis),
phenyl shapgyli osphstgyited bawlmiylstgugeltvﬂg} ‘?nﬂjelﬁgﬁg : ubs Fﬁ) -

sf [ L eyt fusdionialit C@tﬂmj‘gl t°1
and W"tﬁr%@ﬁ‘sﬁmyﬁg?l dgglngﬁgwr%qgﬁ(‘?i udrneés/ Sanant i orrgr s ~couticall
@B RIRO KIS os] @uliomess, diasteropHainatencrk 3jq ghama Y
acceptable snits 1hcrcof. 3. The conmpound of claim!l
.n.ocpt*tbic@!lswq@ﬂél n R is hydrogen. 4. The con‘pou{?d gf
aim1, diinb acC®© vadief dishrdfin |
gﬁ’r 3¢ “\/Jl'llrL |{r1ge"|l ﬁcﬁ%ﬁmwg?ﬁtmghgonpogﬁgg of claiml or
2, mhempbindeftha orifwldThe conpound of claim| or 2,
wherein R6 is al kyl, including cycloal kyl -cont ai ni ng
al kyl. 8. The conpound of claiml or 2, wherein Ris a
heterocycle. 9, T npound of claim8, wherein,

wherein the heter, cych% is selected fromthe group
consi sting @f eridi r phol i i pyrrolidinyl,
i m dazol i di nyl razo |d|ny i saf .ithglnyl

t hi azol i di nyl, l'idinyl, oxa di nyl’,

pi perazinyl, tetrahydropyranyl and at r ; ihydro lit
raayl, 10. A compound sel ected front the group
consisting of (R - and

i

T3 ((L,)-2-pyrrolidin-3- ct r Opyr an
tlﬂs'vyi@;gh):@giﬁmwrii{n wnablc geomcg' ( ;aboug {hc ciro Q%%OH@,y

X is C-R% 4 -
R is hydrogen, Cy.e-alkyl, halogen, .oRr*, NR*R?, or -SR* when Xis CG-R and

hydrogen, Cyealkyl, -OR*, or -NR*R® when X is nftrogen;
R?is -ORS, |
R is hydrogen;

m i between 1 and 4;
118 between 1 and 3;
R* and R are, independently, hydrogen or Cr-alkyl;
ing cycloalkyl containing

R® and R7 aze, independently, hydrogen, Cre-alkyl (includin

alkyl), aryl, aryl Cieslky!, hotoroaryl, Neteroaryl-Cag-alkyl, heterocyelyl, heterocyelylatkyl,

cycloalkyl or polycycloalkyl, each of which can optionally be substituted with onc of mtore

“Nii,. -OH, -COOH, -
eubsiitucits solected from halogen, Cp¢ atkyl, Cygatkoxy, -CN. -NQO;, -Nil;, -OH, -C

COO-Crg alkyl, -CONFL, formyl, tri fluoromethyl and triflucromethoxy,
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(ft)- and
(S)-5-((1?)-2-pyrrolidin-3-ylvitiyl)pyrinriditle
(k)-and (S)-2-chloro-5-((t;
)-2-pyroli(iin-3-ylvinyl)pyridino (R)- and
(S)-3-isopropoxy-5-((fs)-2-pyrrolidin-3-ylvinyl)pyridi
ne (R)- and

(S) 3- cyel opr upyl nmet hoxy-5-((fs)-2-pyrrolidin-3-ylviny

) V\gl)éwl idﬁ,%iﬁ@'l,jr&gcré% lfc efmaryl ancl 'u%l _g,roups can be substituted with

from @s;@fii@llumsosru&‘c@d (o) the~ gﬁ(btnﬁcrdnsisﬂlﬂgtﬂ' }ylﬂhﬁdyl )pr'N e Clig, - U;‘T
N0, (G -3o050,5pmop o= AT, SO

yr 1 9 ( g pi pcridi n-4-ylvinyl) pyr|
-rOC(rF%& ng( BW 8‘@ N%*({(( @S’ 2-pi peri din-4- Iy . 4l
Vl\ﬂ)é{[b)}ﬂw]uql‘)% 1l‘lleIdUauy hychogcﬂ Ci Cq all\yl pyﬂdy substituted pytiayy,

3-eycl opropy! ncllroxy-5- -2-p :
qmnnhﬂﬂ,ym[,qﬁm;zﬁﬁpypi|w]m@%/mmdgn(yl )subslnutcc?pymmdmyl phenyl, substitated

phcnyg, b(C(uy )orguﬁi@m}cﬂMv?%&g/lffsluﬂ}ﬂﬁ f@;ﬁu QH]E: ?Llr ilﬂgrrc cc)alg )t/};cl aénovc substiluents),
and Wﬁ%'(l Qﬁﬁer%ﬁalﬁﬁw oflie® ﬂ*rtﬂi%aw tanth k~cFelic junttiopalitysgntaining 2 fo 10 carbons,

rie - and 1 TlaCCUUCﬂHy
(ﬁ)dlaemha,nm«ymﬁs @(xmmawpa gisstoeromes AR RS PR
(I'i). 2-piperidin-4~ylvinyl)pyridine
amptgblbfelf%dﬁ%}@,f 5-((E)-2-azcti din-3-yl vinyl)pyridinc

OFONRL & RQBBEIST eF 20k herdlvit'is Bgiroger eof , i ncl udi ng
racem c mxtures, cnantiomers, and |autoniers
'heﬂenfmm@@wd optlaink haweiirngalsiNr acceptabl e salts

P eof . h‘égggﬁ#ifopﬁ Au&eapesnd of any of Cains

Y1 6P HOY ok S di canent  for Ireati ng

ag, nfpmi Jﬁh%@k{mgf@mnveodﬂsﬁmﬂenm 2. The use of cI aim
11, wheréin the neur odegenor.at i;ve [g Is Eﬁ'r f@l _containing
£,0Mhe donapprdpt¢laire] peveyieren ndtlsYE 1 ase,

Hevl, i nappropriate properties of neurotransm tter
alkyl v eccl ptora, and/or inappropriate interaction between

Ne uriRtcoapehd sRsinahdr hewiteotin Rfisna heterocydlecept ors.  13.

I‘Jr L)L?hbgf%g@g;@fé%&ré% uéhgékti{}f%lp%%qq ﬁléc hc%ecfg%%fc i %51‘&&%& {rom the group

nar 1, inidhdelidlne, fzodxﬁnn/l,al m
cousis i TR PRl 3R P e P e o o B rangtand
isolhiagetasiys thingoltfiny, isoxazolidinyl, oxazolidinyl, piperazinyl, tetrahydropyranyt anc

tetnthydroliranyl.
10. A compound sclected from the group consisling af

(R)- and (S)-3-((B)-2-pyrrolidin-3-ylvinyl)-5 ~(telraliyd ropyran-4-yloxy)pyridine
(R)- and (S)-5-((B)-2-pyrralidin-3-ylvinyl)pyrimidine

(1) and ()-2-chlora-5-((B)-2-pyrralidin-3-ylvinyl)pyridine

(R)- and (S)-3-isopropoxy-5-{( £2)-2-pyrealidin-3-ylvinyl)pyridine

(R)- and (S)-3~cyclopropylmeihoxy—s-((E)—z-pyrrolidiw'j-ylvinyl)pyﬂ'dinc

(1t)~ and (S)-S—{(E]u’lupipen‘din~3-ylvinyl)p)n'imidinc

()~ and (8)-2-chloro-3-((L)-2-piperidi n-3-ylvinyl)pyridine

(R)-and (S)«S~cyclopmpylmcthoxy-5~((E)-2—piperidhl~3-ylvinyl)pyridinc
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pre senile denentia (early-onset Alzheiner's disease),

senile denentia (denentia of the Al zhcinei's type),

premat ure anmesi ¢ and cognitive disorders which are

age-related or a consequoneo of al coholism

m cro-infarct denentia and vascul ar denenti a,

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

Pi ck's di sease, Parkinson's disease, Lewy body

enent i.a, rogressiye supranucl ear pal sy,

5'((@%[}”1’?%5{1’ ﬁylgmé’ﬁm’%'élf W%r di ve dyski nesi a, hyper ! dnesi a,
2—0!1Ioﬁﬁ514(gi)w2-ﬁig>hh8ﬂ%&¥yivﬂi Hingn deficit disorder,

anxiety, dysl exia, schizophrenia, depression,
3-oyclopspglsictmxyes i gipaidin-deagd oy pyribite et t e’ s syndr one,

arnyatrophje lateral, sclerosis, multiple sclerosis,
5'(([")Mbh‘é‘fgp’{vﬁyﬂﬁf‘m@ﬁ?cs, cerebral or spinal traumas,
((13) 3 K-35 G1-5.Q01 idiee use of a conpound of any
i )%Pﬁ%ﬁgfﬁ%s?ﬁﬁ“lwl n toﬁ@glr gpar ation of a medicanment for
3-((B)Oreatiling-yhibdpbwgtlopyppysdhaiypyedng nal  di sorders. 50

16,..The use of iml.S, rei.n the inflammatory
(R)- ang @é‘r?’d@}e"%y ‘g'e(ﬂg)c*?‘é’ﬁmf‘ﬁﬂ%ﬁ’émﬂﬁg Ugmeconsi sting of
hedlh LT NERY. 9. dihd ritabl e bowel syndrone
3-ph !g%(g %{tgzg&&&gﬁﬁt)ﬁgﬁ?qéﬁﬂ,&h%t hod of preparing
3-phicreaypo((ipg-oitiding-flomylpridinX R _( n NR3 N_ m

s o B B PSRBTl
{uutnngghfié%gg,%ﬁ@%ﬁg’ng?%ﬁgﬂgiﬁé’éﬁ&taﬁ?é éB.B?ﬂI&mgﬂ?fri( -NR 1 &5, or

drogen, al kyl, -OR4, or
- NR4 Ric wheaf dcdrspaindrodgenef Claims 10y fhegeeparation of a medicament

Cl.6-al kyl, aryl, aryl C _6-al kyl, Cl16-alkyl-aryl,
for Iropfitesh B ‘chﬂ‘ggwco‘g?%/ﬂler@ 6-al kyl , heterocyclyl,

L A e
inapproguiate pvetsrellncyrobvensitist folaate dnapptaprizteqropasties of neurotransmitter
rcccptgrgjt_); l‘} dljfml:{gaq} p?@%%t;ﬁ\tt&%t%}%&?gye@%&%&%@?@xﬁmﬁ@g%@ﬁo@aIfs%ﬁit ter
I'CCC[)[EHN L& O Re, |

13. Theuscol¢laim 11, whercin the disorder results from a deficiency of acetylcholine,
dopamine, narepinephrine and/or scrotoniu,

14. The use of elaim 11, wherein the disorder is selected from the group consisting of
pre-senile dementia (carly-onset Alzheimer’s discase), senile dementia (dementia of the
Alzhcimers type), premature amnesic and cognitive disorders which are age-relaled ora
consequence of alcoholism, micro-infarct dementia and vascular dementia, AIDS-related
dementia, Creutzfeld-Jakob disease, Pick’s disease, Parkinson’s disease, Lewy body dementia,
progressive supranuclear palsy, Huntington’s chorea, tardive dyskinesia, hyperkinesia, mania,
epilepsy, allcntion deficit disorder, anxiely, dyslexia, schizophrenia, depression, ebscssive-
compulsive disorders, Tourcite’s syndrome, amyotrophic lateral selerosis, multiple sclerosis,
peripheral neurotrophies, cerebral or spinal {raumas, and drug addiction.

18, The use of a compound of any of Claims 1-10 in the preparation of 2 medicament

for treating inflanymatory gasirointestinal disorders.
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C(())NR6R7, -8lIt6, -S(OR6, -SQzIt6, -NISO2R6,
-SZNRR' , -C(S)NR6R6, -NHC(S)R6, -0O SO2R6, aryl,
hcteroaryl, fornyl, trifluoronetbyl,
trifluoroncthylsul fanyl, trifluoronethoxy and

Cl4,al kyl; R3 is hydrogen; in is between | and 4; n
is between | and 3; V and R5 are, independently,
hydrogen or O -6-al kyl; 1t6 aid R7 are, independently,

Y, i ro
ey 16 Ui, GRORGF ) ey ST Ry Dl 16 QAT the group
consis 5f ﬂiﬁfd{é’r ﬁlolﬁr’@ih'ﬁyzlse 1hﬁhl€[& dewel syndrdned Wd““wbmad:dlyia

cyel oal kyl polyeyeloalkyl, each of which can
opt.i dnmkilpd bépmpbtsmg canjesiinds efile fansfaor e
substi tuans 5?' ected from hal ogen, Cl.6 al kyl, CI. 6
al koxy, - -NI1 2, -011, -coAl, - COO-ClL.6
al kyl , /I 2, nmet hyl and
trifluorone hoxy,
het er ocycl yl ,
substituted wth from 1-6 subst ents selected from
the group consisting of F, d, Br,’I" Rs, -NR R, -CF3,
-C‘é;hll 5.0l NO ., CzRR, -N3, SQzCFi,, 01:8, -SRB,

NSNR R -NO O(- ORS, -C(=0 0 -C(-0) CRR oc&@
OR8ya vy WeeFE)rIRARO asinblc Bty () QRB) thueﬂ"e dReblerhe
are individual Iny hydrogen, Cl-C6 al kyl, pyridyl,
| ubsitiogee e8CPYBi dyl, quinol i nyl, subst it ut ed
qi nal,j [ st NRULE 1 kC-R*and
I:{e +}d%g‘“b§(fp?/ft hl&ldhﬁ%la ?R bgﬁz{)l %rg%'l Esﬂ%ﬁ ]lmtiut ed

]1ydrobcﬁﬂZyJ(,a TeyGid, but?éld"mw'llmndﬁﬁxmrome of the above

S gnsCionbel oe oS Rt B DR Bk etgoary
5"2\“\.3/8I}lOR?OLﬁﬂ%\FE&?WB’?WI%X@H 8;1 gﬁ@%cgﬁ Ilc%al{ )Il\IRﬁR” SR®, SOR", or

SOAR?@@:Q«QMIamheh sl djtichhity Bofubstimbginiish hor moad subsbitieita gelasicd from
hatogan, o Moot 81, 2ore 200t -To)orS, -0-C(OIR, -NRR, -NHUC(OJR', -
CLOINRRT, -8RE, -S(O)RY, -SO,RE, -NHSOR’, -SONRR, -C(SINRRY, -NHC(S)R",
~O-SO5RY, aryl, hietcroaryl, formyl, triffuoromethyl, trifluoromnethylsulfanyl, {rifluoromethoxy
and Cygalkyl;

R? is hydrogen;

m is belween 1 and 4;
nis between 1 and 3;
¢ and R® are, independently, hydrogen or Crg-alkyl;

R and R are, independently, hydrogen, C).¢-alkyl (including cycloatkyl containing
alkyl), aryl, aryl Cyq-alkyl, heleroaryl, heleroaryl-Ch.g-alkyl, heterocyelyl, helerocycloalkyl,
cyeloalky! or polyeycloutkyl, cach of which can optionally be substiluied with onc or more
substilucnts selected from halogen, Cr.g allkyl, Crg alkoxy, -CN, -NOg, -NIz, -0}, -CQOII, - '_
COO-Cy.60lkyl, -CONHa, formyl, trifluoramethyl and trifluoromethoxy,

wherein the Cp.g-alkyl, helerocyelyl, hieteroaryl and aryl groaps can be substituted with
from 1.6 substituents sclected [rom the group consisting of I, Cl, Br, I, RY, -NRPR®, -CF, -CN, -
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H mwhere mis between 1 and 4 and n is between 1 and
3; wth a pliosphoranc ylido of the formula PPh3 =CH2
to yield a vinyl azacycl oal katie. of the fornmula nN
Or nb) reacting the resulting vinyl azacycl o al kane
with a heteroaryl halide of the formula: Y R N where
X and R are as dcfned above and Y is a hal ogen, and
C) renoving any renmi ning protecting groups. 52 0 0

8 » R
NO,. -CoRY, Ny, -SO,CHy, -ORS, -SKY, CEO)NRPR’, -NREC(=O)R’, -C(=0)RY, -C(=Q)OR",
2" y ANy 7w kL 1
_OCEORE, -OCEONR®R? aud NR¥C(=0)OR?,
where R® and R® are individually hydrogen, C;-Cs alkyl, pyridyl, '
midiny!, substituted pyrimidinyl, phenyl, substituled

|substitutcd pyridyl,

quinolinyl, substituted quinolinyl, pyrt

1 - - " . t ,
phenyl, benzyl, ot substituled benzyl (substituted with one or more of the above substitucnts)

' i m & cycli ionality containing 2 to 10 carbons,
and wherc cither R® and 27 or 1 and R® can form a cyclic functionality containing

‘ - 'S rmaccuticall
and {somers, MixuTes, cnantiomers, diastercomers, (automers, and pharra ally

aceuptable salts thereof,
conynising:

a) rencling an aldehyde of formula:

where m is belween 1 and 4 and n isbetween 1 and 3;

with a phospharanc ylide of the formula

PPhy===CH,

{0 yicld a vinylazacycloatkane of the fornula

ol g

b) reacting the resulling vinylazacycloalkane with a hetcroaryl halide of tho formula:

Y
xl\
/l\/
g N

where X and R' are as defined above and Y is a halogen,

and

¢) removing any remajning protecting groups.
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