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The present invention relates to pharmaceutica

conpositions incorporating conpounds capabl e of

affecting nicotinic acetyl cholinergic receptors

(nAChRs for exanple, as nmodul ators of spe
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associ ated with dysfunction of the central and 10

aut onom ¢ nervous systens. Background of the Invention
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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. Pharmacol. 37:153 (1997)). In addition,
25  nicotine reportedly potentiates the pharmacological behavior of certain

pharmaceutical compositions used to treat certain disorders. See, for example,
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proposed, see, for exanple, Sjak-shie et al., Brain

Res. 624:295 (1993). Various other 5 beneficial
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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 al., 5,672,601 to G gnarella, PCT WO

99/ 21834 and PCT WD 97/40049, UK Patent Application GB
wQ2®38&75and Eur opean Patent Application 297, BSBUSH04/006530

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

di sorders can be drug induced; can be attributed to

genetic predisposition, infection or trauma; or can
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common di sorders include pre-seni enenti a
( eabblyavinnd disorddtsz&vgnie disorders add e)gnithe affb@ive ai¥eidbis AThere
édenentia of the Al zheimer's type), mcro- infarct
18 e mawstseecral ANSSisatlers wHosgetivinalinanifesiations havedeereaitribated to
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di sorder, anxiety, dyslexia, schizophrenia,
depreessbn)), SeobakCNE dBerdenem s ateibilict @ & @sfiicagof
Tourette's syndrome. There exist subtypes of nAChRs
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disease, Pick’s disease, Parkinsonism including Parkinson’s disease, Lewy body

20  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

25  systems, but the distribution of subtypes is heterogeneous. For instance, the

subtypes which are predominant in vertebrate brain are a4f32, o7, and o332,



neuronuscul ar junction are al (31& and al(31& (see for

i nstance Dwoskin et al., Exp. Opin. Ther. Patents 10:
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ni cotinic conpounds 5 is that they elicit various

undesi rabl e pharmacol ogi cal effects because of their

interaction with nAChRs in peripheral tissues (for
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bondompositions and methods that affect CNS function without significantly 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.

Summary of the Invention

20 The present invention relates to the vinylazacycloalkane compounds of
Formula (I):
X
R‘—</ \ N\
NNy p3
m
Formula I
wherein:



X is nitrogen or GR2; Rl is hydrogen, Cl_6-alkyl,

hal ogen, -OR4, -NR4R5, or -SR4 when X is GR2 and
whyanogse, CL 6 al kyl, -OR4, or -NRARS when X PGI/US2004/006530

nitrogen; 5 R2 is hydrogen, Cl_6-al kyl, aryl,

aryl -Cl1_6-al kyl, Cl1_6-al kyl -aryl, heteroaryl,

het eroaryl - C1_6-al kyl , heterocyclyl heterocycloalkyl

cycloalk¥l polycycloalkyl - OR6, " NR6 R7, -

- SOR6, ofhe-vgyzHBS repErspntLTAAPlE ERotRRHY Bt Zéﬁ%ﬂqt Qlets’@uble bond;

substitu&g W t h %;ﬁ? nore substituents selected from

hal ogen, 1R Og NH2, -OH, -OR6, - 000H, -C(O) OR6,

-O C( O) 1 ) l!ﬁl@'ﬁzl - 2

-S(0 ReRﬁ RRLEE CIG%Q—’IS&B@R%“’ Ezsslgzl\lReRa o & T RRRS OR

- NHGhEShfBogenE SGRRG, -OR! yr -NRECeFHRA NS nitfogedy | |,

trlfluoronethyl trifluoronethyl sul fanyl,

srifl uor B.FrBtHydpogelalﬁd s-alRY1, Bryh | akylG1.caBkyl, £1Ja3nli¢ybgle'h heteroaryl

Cl - 6-al kyl -Cl _6-al kyl, heteroaryl Cl 6-al

het desEpBll{Ls- aﬁ@% é%@yquﬂahﬂk%mcw@@vb aqu%ﬂ%rpolycycloalkyl -

Dot YRt Y, “50RY o SERE EEH ruent bpidhyll be substtuted
hydragen,, ‘}%f%ub‘é @Ln}ié’kelec%ﬁ ffb%ijhzﬁ? ren, 'lﬂéf RRAZEDH, YorS, -

hydrogen, aryl, ary

het 1@y b(oﬂmﬁercm@l(ajkécll\l};@f{?il NHb(ojRé; ﬂ(owm‘iwl -SR?, -S(O)R®,
heterocyclylalkyl cycl oal kyl or ol yc cIoaIkyI

18ac hSORMNHIOBANSOPFR W ai0(§)NRSRE uNEG(S)B%/ eO-SPARS, ayle

or nore substituents selected fromthe grou

condietstaang, fermyprifaeameidyl, elfhaor@ﬂethymﬂfm% %ﬁkgf?meth@w and

NO%’ 1[1\<»_E -OH, -COOH, -COO-Cl_6 al kyl, -CONH2,
fo 6 1KY r|quoronethyI and trlfluoronethoxy, wher ei n

the CL 6yal ’géhlzo ﬁstfk ¢l .clptgﬁ;%; ﬁaa%ary@aaﬂs-ékyﬂ

gr oups can rom
SUbfeictdd9a}ISh&GLERIRKYI, R:Sim)zﬂk\ﬁ oﬂp(ﬁly@clb@m@l sting of F,

a, Br, I, R8 -NRBRO, -CF3, - NC2, -C2R8, - N3,
15SO2 CH3, m1@RB,weeISR8nd4 5 WO 2004/ 078752
PCT/ US2004/ 006530 O NR8BR9, -NRBC(=0 R8, -C(=0 RS,
"0 oR s SoOERmeRS; O~ R, -
R* and R’ are, independently, hydrogen or Cy.¢-alkyl,
R® and R are, independently, hydrogen, Ci.¢-alkyl, aryl, aryl-Ci¢-alkyl,
heteroaryl, heteroaryl-C; ¢-alkyl, heterocyclyl, 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, Ci.¢ alkoxy,
-CN, -NO,, -NH;, -OH, -COOH, -COO-C;_¢ alkyl, -CONH,, formyl,
trifluoromethyl and trifluoromethoxy,
wherein the C;.¢-alkyl, heterocyclyl, heteroaryl and aryl groups can be
25  substituted with from 1-6 substituents selected from the group consisting of F, CI,

Br, I, R, -NR®R®, -CF;, -CN, -NO,, -C,R?, N3, -SO,CHs, -OR®, -SR®, -



OC(=0O) NR8R9 and -NRBC(=0) OR8, where R8 and R9 are

i ndi vidually hydrogen or |ower alkyl (e.g., Cl-C6
w@bdoylo787p2 ef erabl y net hyl, ethyl, isopropyl orPCT/US2004/006530

i sobutyl), an aromatic group 5 containing species or a

substituted aromati c group-containing species

(substituted wth one or nore of the above

substltuen8 ). Either,R6 and, R7 or R9 .can al so,
£ or HEOBIRRS NP GRIR B GiraDPRe LaOR' B0, -
cycl cl opent yl cycl ohexyl ,
cycl%ﬁe@ﬁyyl% %ﬁﬂé mn?w Rgpr e)s/ent at iyve ar o?/mt! C
group- C%{m@'ﬂa 'aH@RS%Qdd%ﬁ 9'h?ﬂ%6£y6r'layér’alkgy{e |¢1[UJ ,

pyri m di ny phenyl, and enzy where any o

f or ep@i, pEef&asly BRtSYiethgh |1$6pﬁjpplsdrl1§obt1t@rj af dr b tic graqst
one substituent group as defined above, specifically

Bnclconthinipglspavias onh kybistitubedlapymatio gtap-cantainig species (substituted
substituents). Qther representative agomati c

systve%mapén@@tof therabAve Fbet R E&ther& and 131 ori ang Rhgaalso
065 (,1996 ne ture
m X %ﬁmeas&l @ﬁé‘ﬁ?ﬁ“&ﬁ@%ﬁc’%@s@r ' &9 mpy Obu ! %%fc)gencqﬂ
of 1.0g PO BRPEAS1 dnt %Q@étak&ﬁz{t oup-
acceg agef(g ?dﬁ ﬁﬁrg%ng?e gﬁ%o I ncl uded. y%’ 3
pr egefthining\ipetids deIddRIpsti@s, qRidinigpiritidingt, plertyd and benzyl
derivatives of Formula (1) 1in which: the geonetry at
10he (dberb by dzfdhﬂjforgoﬁg ca@@e iitgbl XewbstiuRA: W1Fh1at legst one substituent
hydr ogen; IS i.s .hydrogen; is 1, 25 m
i 5 ZrouRRy dﬁeleﬂ §b‘§’ea91pb‘<‘ilf1°aué(rl9‘}1“ Re h&@@lbéyl@#@ pod/grpming
WO 2004/ 0787 PCT/ US2004/ 006530. oer s [
i X UPEES TRl R A o P AR A B o T L Gibson e
enany | PHRLSChem. 39:4065 (1996).
Isomers, mixtures, including racemic mixtures, enantiomers, diastereomers
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 is N or C-R%
R! is hydrogen;
R”is -OR’
R’is hydrogen;
nis1;
25 m is 2; and

R® is a alkyl, aryl or heterocyclyl; and



di astereoners and tautoners thereof, and
phar maceutically acceptable salts thereof, and to
W@ b@iw781SE as | i gands of nAChRs. The conpoundsP@Ff/US2004/006530
Forrmula (1) and their pharnmaceutically acceptable
salts 5 can be used to prepare pharnaceutica
conposi tions and/ or nedicanents intended to prevent
the disorders or to treat the diseases associated with
dysf unct isemersfthered, migessereefsipelading ragerictpix purgspgnantiomers,

The HEHPREY 204 AHoR LR el B AaTHeBuReRy teanaf M o
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e 0 Exanp

under consi deration. es of types of disorders

t hat canThecdniRah@dfFomhilsd) adiansipptleganRu@ially acceptable salts
di sorders, including central nervous system di sorders
Suc hamlse usdl mheepaes plermicsetins beaanpisitibiseand e medit aragntnimteoded
di sorders such as Parkinson's disease, d

r
additepiewmt thedlisarders o fo @eas Bie diseascargoqisied %ﬁgx%wﬁon of the
di sor s wthin the ast roi nt esti pal stem. The
ConDRORES. el s O CeRS L o WS S bin el
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pai n- Description of the Invention

CONMRAWBASH the BsR@SIf Hedadiamtuiet badidedesatri bed herein
wll be better understood with reference to the

1bol | owi nBxpnpésesfitges efdisudarethascan Phéedted inolmiderg 20
definitions wll be useful in defining the scope of

t he nPwodsgenesRive Aisorlemdinglidias Gentrel pesFeHs syster disgidgrs spchas
to .. preferably nd, 6- nenbered,. rjn romati.c and
et BT dieaie e o B ey Ay aserderchp g ks

9r o £RN r@%gdcﬁ]&ioﬁ,po%ﬁéﬁg‘r;l dish&hs 4R iﬁ@ilﬁhét@l%/ diddfders WHiin the
or include an aronatic group. Accordi ngly, "phenyl and
benzydiroiiés@hil 8st@h e The’Sonipdthdsdesl alshseir vl & add fdsitis] fopEkample,
as both are or include an aromatic group. As used

15er én the t€itnBntadfleyibte, chobinalr seciiremprinal kyl radi cal s)
contain froml to 6 7 WD 2004/078752

PCT/ US2004/ 006530 carbon atons in a straight or
branched chai n, and

moi eti es and al ky eFﬁ%ﬁgﬁhgﬁhﬁggfg%ﬂgﬁﬁﬁ&%gfgkyl
cycl oal kBﬂle gg}l'l[%‘ilh&,s 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.g alkyl radicals (lower alkyl radicals) contain from 1 to 6



As used herein, Cl_6 alkoxy radicals contain from1l to

6 carbon atons in a straight or branched chain, and
w@bk@ae/078162 ude C3_6 cycl oal kyl and al koxy radi cBEBUS1984/006530

5 contain C3_6 cycloal kyl noieties. As used herein,

aryl radicals are selected from phenyl, naphthyl and

i ndenyl . As used herein, heteroaryl radicals contain

from3 to 10 nenbers, mefaam 5 6

i nclCHBPMEOBA &N BSTagH ar %\tce%%xamn%aéwe%@ €x Qﬁ‘f’l(’&l@yl

o aaie® prd o SREeBb R o7 B0y BicPr o1 © 0
thi ophenyl usé?lWefe?A Y5 alk ﬂ%@eﬁé’ +on]ta(i’ﬁ(ﬂ519|1%5 6¢ Pﬁ‘%t%hﬁé ln a

thienyl, tetrazo pyrazo Exanpl es o

sui ts@ebglﬁ o bfﬁﬁméﬁfcﬁﬁn rana glso RIuGE O YcldilkyBhrdeskdxy @Adicles that
pyridinyl, pyrimdi nyI pyrazinyl, of which pyridinyl
andcpxyamrﬁsdlcmmllaﬂmomtle# erred. 15 As used herein,

hal ogen is chlorine, iodine, fluorine or bron ne.

used her &5 Hseddstejin ¢oil icrly IarerSS]&Pté‘éffgmd%hénxla}?@EIth&Wfil c
ri n%&%t ructures. Representative pol ycycl oal kyl

r adPEEPY i ncl ude, but are not limted to, adamantyl,
bornanyl ﬂgerd]%%feﬂﬁﬂ&ls xBTS c8fiShn ARRPO I Ydmbers

Pol ycycl oal radlca s’can also I nclude one or nore
het @fahB1YB or & Webass, Mclufin® bnsor rddle Abtelds®hs REEQE rom
het erocyclyl radicals contain from3 to 10 nenbers
10nc lowgiengsubfineandmitnages. Betneplesatt @utmbb;él eerhipded ringheteroaryl
oxygen, sulfur and nitro | es of sujtable

net B phcnir Fhilé%PhP ARl b mﬁam eIy}, eyl o
o B gL SRR ERD bkl s mrpreed fine
t h' %étg}daﬁjl Fl%heélgé eas él‘i.ﬂ iﬂynmmﬁ?ﬂ %g‘rﬂﬁﬂ}ylof which pyridinyl

pi perazi tetra rfanyl

tet @ﬂ@yﬁ{lﬂlﬁu@aﬁyb};@f@%&dused herein, cycloal kyl radicals
contain from3 to 8 carbon atons. 8 WD 2004/ 078752

1PCT/ US2004 h§@esan, hilegands edonife, E)dmb,aﬂuoeincytlbromlineyl
radi cal s include, but are not |im cycl opropyl,

cycl obut s useshherea @ﬂ]tyﬂjif‘ﬂoag?’ﬁaé’f‘félﬁ We f“W@V@WéBWF“‘&H‘GS

cye lRepreséﬁtatlve 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 S.

20 As used herein, heterocyclyl radicals contain from 3 to 10 members
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, cycloalkyl radicals contain from 3 to 8 carbon atoms.



Exanpl es of suitable pharmaceutically acceptable salts
i nclude inorganic acid addition salts such as

w@hdoan7sis2 brom de, sulfate, phosphate, and niPCHUS2008006530
organic acid addition salts such as acetate,

gal actarate, propionate, succinate, |actate,

gl ycolate, nmalate, tartrate, citrate, naleate,

fumar at e, net hanesul fonate, p- tol uenesul fonate, and
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amoni um salt; organi c 10 salts such as

tri gelhydiasa §@s Sdhtas chlbhi®, biphiads, nefasaphospiate, iafld Rigrate;
salt, picoline salt, dicyclohexylamne salt, and

5l, Norgdhiseniz\additiny badts edihaneetats ghliactarated pl@ﬁion@e,veiut:ﬁnate
basic am no acid such as I%sn ne salt and argi ni ne

sal ﬂactam e1y§@lmesmﬁlag¢ etatonciiigemaleals dumpip sy mpganegpitonate, p-
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et a erelin, an "agonist" Is a
Subshead 6Atstshit asSﬁdgﬂbﬂlﬁﬁ eft dnﬂ%albiuﬁﬁba[tgamfﬁaﬁltuﬁeﬁlt organic basic
typically a receptor. Stimulation is defined in the
160ntsaisstsuct astttimethalatineusetrtricthgsmine sdf, porigingsaltapigelinsrselt,
inthe literature froma discussion herein tha

k
2 compaivsiamito i bbb eatunin s saﬂ?w?tﬁ

accept.ed as st
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cir et RGO h MRIG1tre PRV dh@désa@o d
art%y%?hiﬁﬁﬁgto%zhaﬁgl%g&e de%)lrne%l W th reg%ect eto an ©
| NCHLeBXE PhdntNG®as 591uoab Dafifeedl!, 5167 uhaibDwhettahand 5,663,356
i nduced by interaction of the agonist or parti al

18goné Rtieowoft &t ah bi ndi ng partner and can incI ude
allosteric effects. 25 As used herein, "ant aglrngl st”

is a subds éiﬁ%‘é“ef%tanl ‘I*ﬁ‘?i“lﬁf’tl%a FQ@taW%mtﬁBm“B?ﬁ {t} Bjnding

t | hi bi.t d )

Cgﬁltpgg%ge ,y typalféﬁglc ?elp 06 qurP{lla 0 «ztjb%g /118 ext'f {he%artlcular

PCT/ % a?%g%?%r Jﬁ‘ﬁ?ﬁ'&( llte%urg?r}ﬂmtheth&g&%rﬁ{&em that R&kes a
ure

|tera I scussi on herein that nakes a

CONMR3fmb&RAn tda fAcloR6l bst@ice §i4bBhodprd bbad “dgénia oepi ed
as an "agonist" or an
20  “antagonist” of the particular binding partner under substantially similar

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

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



"antagoni st" of the particular binding partner under
substantially simlar circunstances as appreci ated by
wo bawge7852 skill in the art. Inhibition may be BEf/USm04/86530

with respect to a decrease in a particular effect or
function that is induced by interaction of the
antagoni st with a binding partner, and can i ncl ude
allosteric effects. As used herein "parti.a
agorsseyorimaybe spprgens i e {ifpsturp fiow %@?ﬂ%l%%@n grat makes

stinulation to rt ertha

"t GPmetana St er bRt gt i asin oning o

ant a
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t hatcirgirhdtacad dsQppredin@d Be fes ofl kil 1b itel 2000 Thisibidioh Mag e defined
intrinsically for any substance or category of
Substitnessctito aldecreksé imephrtisilaa gifent ot Bincticarthatgomideted by or
partial agonists. As used herein, "intrinsic

act ilpagtion of the-aafagppigioyitiva binding pastmer, gndeapdnehadecliogteri
bi ol ggi.cal effectiveness of the binding partner

conﬁ? 315 Wth regard to receptor pharnacol ogy, the
context i (0 b

shoul d be g I n eéﬁ i Tpfﬂdl ea%gﬁglt (h)nd S:ulhsset%g:g rtllt?dfé{;%&gﬁya fogel of
bi ndtinglapadk tdlarbu(&ngparmeﬂm ePhefhddigebeyeomm oF X fandr
the consideration of an activity relevant to a

19ar tdompleteranbigohistgind ah agamist defined by anjeacasntédestaridardsfonagonist
circunstances, intrinsic activity may vary dependi ng
on taR@vipyarle W&hhedﬁcogé@%@a%g@@ﬁ@%ﬁn‘é9@?@@%]%\?8%‘/%@?“%

va( 0 T @ 3y R S Faebire! APt 0o O BB depriss
ev alaﬂ&‘%&ﬁ%f% O?Eﬁrtiﬁleal ENiaat A? aad hQ@ﬁY t‘lH@ﬂlSl@"a&Nﬁyb r “efflcsitcly,

rel eva e context of the pr esent | nvenfion

be appRE &NbmeMmaante of biblogicdl aftyctivekdss bf thé binBidg dhiftner ASmplex.
used herein, neurotransmtters whose release is

Ivedi Bibdegayd tOha:epIZ)SPhame\lnw.Sthd eantext bewlhihle ingtingic activity or
i ncl ude, but are not lim , acetyl choli ne,

d ﬂ p&RHGAEY smaldéﬁq%%msirwﬂéiep@é Pefwﬂteé tha Rindipgpamen -,
t nds, d i b 004/ 078752

PCTORBO0 HOTLET HR OPe PR BTk Sy npfo e
ggiré}gﬁ%glggﬁmogfcﬁl GltcoRRE FOf exXdRDR, A sobaB @ir MR tAAEN Ririnslc

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 evaluations 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,

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

10



The conpounds of Formula (lI) have one or nore
asymmetric carbons and 5 can therefore exist in the

WO o00a0Td752 soner s, racem ¢ m xtures, enanti omer BCEOB2004/006530
di astereoners. These individual conpounds and their
m xtures are intended to be wthin the scope of the
present invention. The followi ng are representative
compounds of Fornul a
( S) -hgreiry fapetiongs ﬁg%alﬁtwrrpaé@wpﬁgﬂa} one. Qrmare Ghe CHSYHALHRs.
4-yl oxy)pyridine 10 (R)- and
(S)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine (R - and

S-Za—(%giﬁh -((E)-2- [idin-3-ylvinyl i di
gRg-I' fae- ((B) pyrrolidin yl vi nyl) pyri di ne

(S)-3-i S(Igé egpnds df([Foymala Py havel dnél bnm3eeyak ythmptik pyibbsk and

e (R an

(ss§ c)an thetsforo puistyin Gie(fom) ofisqniersraachipiqryiusts enantigmes pad n
yl di

( 33 Risisjrons %&w%@lw&w cgmpeysyls sndfheir BiyeH2ars infensed i be

zgrvl‘éﬂﬂ%fs?pf% Pﬁe@ |ct)31/anFrcl)t i n- 3- yl)vinyl)pyrimdi ne

(R) - andTye following are representatlve compounds of Formula (I):
(S)-2-chlof 0-5- ( () 2 (1-met hyl pyrrol i din-3-yl)vinyl)p

yr i drRnend ($)3-(Bpe-pyrrolidin-3-ylvinyl)-5-(tetrahydropyran-4-yloxy)pyridine
(S)-3-cycl opropyl net hoxy-5-((E)-2-(1-net hyl pyrrolidin-
¥yl (R\)"I ang I(S)p‘iy((E)jZ-mgerl@m%aah\dnyl)pynnndme

én?j (R) (agld)(S) 2- chloplrgrSI (dGIE)nZ-pyr)rlcl)lY .'nn Iy}vp rl)lpgrnn 1InQ e 20 (R-

(o Ryt P05 5008 RERS Dl bRata ¥ Bghiay | m i ne

( S) (?0 Calﬂh 04)93-RofrbfoxyS-REPEN 1 -Hethy ByrbNAiRBL IRy P idEne

E %I(ﬁzmhﬂ @%)fﬁ -BycldpEpy BndHoxiyest-(15)-pppeslidii-B-yBrysl)pyiidiye ) py
15S) -(B)-cmd (Dpr- 6}5}1‘2161?@6%&1}'50]@‘(1&)3 Wvpiypeyiimidines- y| vi nyl )

E’é)r ' §rape Ké@éﬁ%%e@b&- L-mefopleyrrolidin 3pdvinyDBITsERS di

20 TBf b RSy Bsthoncs (B)2-(Lomethtpyrpslidips

ZOO@E?Y@J)&%WP@E USZOO4/ 006530
5-(( 2-°(1- et hyl pi peridin-4-yl)vinyl)pyrimdine

2- cRpraad §S)(S-&FE)-2-phpefidini ylninghpsiriniidiye ) pyri di ne
2-chl oro-5-((E)-2-(1-net hyl pi peridin-4- ylgw nyl) pyridi
A9e  (R)- and (S)-5-((E)-2-(1-methylpiperidin-3-yl)vinyl)pyrimidine
(R)- and (S)-2-chloro-5-((E)-2-piperidin-3-ylvinyl)pyridine
(R)- and (S)-2-chloro-5-((E)-2-(1-methylpiperidin-3-yl)vinyl)pyridine
(R)- and (S)-3-cyclopropylmethoxy-5-((E)-2-piperidin-3-ylvinyl)pyridine
(R)- and (8S)-3-cyclopropylmethoxy-5-((E)-2-(1-methylpiperidin-
25  3-ylvinyl)pyridine
5-((E)-2-piperidin-4-ylvinyl)pyrimidine
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3-cycl opropyl nmet hoxy-5- ((E) - 2- pi peridin-4-yl vinyl)pyri
dine 5

W@2an0783p7 opyl met hoxy- 5- (( E) - 2- (1- met hyl pi per i BCTUZ2094/006530
vinyl)pyridine 5-((E)-2-azetidin-3-ylvinyl)pyrimdine
5-((E)-2-(1-nmet hyl azetidi n-3-yl)vinyl)pyrimdine
5-((E)-2-azetidin-3-ylvinyl)-2-chl oropyridi ne

5-((E 1- net hyl t di I l)-2-chl di

e (1% 2(E) 2% -mgglylp)l/pe?iczh(lel -yll)vqny )p)}/frn)nﬁn?ey )-2-chloropyridin

3

( ( ghloro%zﬁ) fjp1per1d11¥4 yllv1Xy19pyndm¥C| opr opyl met hoxypyrid

3 B iBn3e iRy dins- cycl I
. hg)((z%;l/(%?gﬂ%ﬁéﬁ Pﬂ)n;@tﬁgl%ié)gh&in& WiiHpydidine- cycl opropyl e
E% ﬁc}’fag@ﬂ@?@heﬁmﬁdfﬁ)(@=$bipﬁidiﬂnﬁd‘3nﬂ)ﬁﬂiﬂmb) pyridine
- an
) gacyplwmxlyneﬂmq&yﬁ)((EZ=l-mrmethﬂyippﬁqlieﬂirmwm}@)pyﬂic}iw nyl)p
ridine
% pﬁe(ﬁ%)x%fa@tl(h(ﬂé YiyingDpaimidiog- 4- yi vi nyl ) pyridine 15

?ngr%e e T S R AL AR
I?({(Wﬂagéhﬁ&@ ¥131n9ﬂ"2r@ﬂd?¥ﬂﬁ1%lﬁfe' d' n-3-yl)vinyl)pyridi

n each heSe conpounds, individual isoners

t herse(@E)rz -kl R setidihe3-g0vinyl)-Dehlegbpygdinacem ¢ m xt ures,
enantioners, diastereoners and tautoners thereof, and

190 t3I°(éE)p2razeﬁdmeﬁﬂlivmal)+SWYabpwaIai@tI@XEmid@et hereof, are
intended to be within the scope  of the present

i nv én@)o?'f( Wthyle%ﬁ%&ﬁml)w&lbéﬂfwﬁpww@xmmém
t h f
SR B R iSRRI PO b RS °
Whef(ﬁ) %B%)rseﬁ{eﬁ ?(Em*ay%{ %ﬁ?ﬁ)é}ﬁﬂl ??1)%91%39@% 25
ormu

froma conpound o genera i N~ accor dance

W t I3-ghlagoxfycs- {(Emmg)egelﬁeltﬁbmylspgmidhﬁa s schene: 12 WO
2004/ 078752 PCT/ US2004/ 006530 Hn N-~( +
1PhhB:-phenoxyeHZE)-2~( I-misth@lpaperiflint4-yNkinyl jpytidipe (1 V)

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 tautomers 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 general formula (II) in accordance with the following general

synthesis scheme:

12



Y (IV) +b Fit Nm\~ (V) (M) \\' ¢ NaNH (I) m

The general synthesis schene is as follows: a) an
w@baehysis2 of general formula (I1) is reacted wWaTUs1ve4/006530

phosphorane ylide (I11); 5 b) the vinylazacycl oal kane

of general fornula (1V) is reacted wth a heteroaryl

hal i de of general formula (V, where Y=hal ogen); c) the

tert-putoxycarbgnyl group is elinmnated fromthe

conmpouyd eral formula (VI); ,and t praduc Pis
i sol at&d opti oNall y meavert ed—intosa “'Jz
phar niceut V'eal | acceptabl e salt. The readti on®
bet ween an @l dehyde of geddral formula (I11) andvwthe
phosphorane ylide (111) advantageously takes place

under an inert atnosphere (for exanple under nitrogen
or argon) in an inert solvent such t et rahydr of uran

at a tenperat "ween - 10C th il
t erpefdt ur & of ff he |r eactor—mi xt ur &=

at
a tenperaturg en around -5C and around Z44C. &myéw
reaction (b) between a vinyl azacycl ogl kangwof genera
formula (1V) 13 WD 2004/078752 PCI/ US2004/ 006530 and
an appropriate heteroaryl halide of dgeneral fornula
(V) advantageously takes place under! an inert
at nosphere in the presence of a ca st such as
pal | adium acetate, a base sucly
di i sopropyl et hyl am ne and an i norg
lithium chloride, in an inert solvent such
di nethyl formanmi de at a tenperature betfleen

N

The general synthesis scheme is as follows:

a) an aldehyde of general formula (II) is reacted with the phosphorane ylide
(11);

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

c) 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 (II) and the
phosphorane ylide (III) 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 temperature 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. ldeally, the tenperature of the reaction is
w0 poottloz8762gi on of about 110C. I n anot her enbodPeEN$2004/006530

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 Sfor exanp

u

l e
undépd amAnRTPFigtgdistertaryl halide of gepseal forpuia() piwastagequsiyftakgs
catal yst such, as pal | adi um acet at e .and, , a phosphi.n
st RS Bt R suf b ot or AauhaHeR o laium
exa [ . .
1 p RS atbakd\ich I ERGRGE by BnhB36d S8Ry sol eyl p lthium
boi lchiogdd, eReinet sl een®fuch RS diRasfoMianiit& 4t temperature between
preferably at a tenperature in the region of 110C 15
The 20¥aatdi thbgiking temperstupd el gavtion aliktyrel ddealiy,chal@mperature

with the customary methods which do not adversely
af f O thegepstionsis in e regiem fgb@t d1®C.i n particul ar by

and PG 1R PR R G Do et A ity ine of

Syn ; | . ) ;
ubEP At T 0gL i SAR e EER BB fomuy v
el | @hed pep@rhdipréfRFablydRdéin Gx Camnbhle (£ extidnlé @det he
conmpound of gener al fyor mula (VI) takes pl ace

10r emarogl 9r undeteargaan in the preseateroispdatal st §ifchias paladipineacetate and
under nitrogen or under argon) in the presence of an
aci @ PEesphing§uahras frinhsridphosplivee iabryc medigm. fos exammleintbnt

such as djchl oronet hane.at. a tenpperature between -10C
ona Penaen Sl § bisg b st g et £ EREeAbHE Fregfenisg apdoe
P enpahg ohpllay LEMPRABI L A, BRESI0I5  FlfipGanre ip he

t he rdggacdfilooe c) of elimnating the

tert-butoxycarbonyl group 14 WO 2004/078752

1IPCT/ US20Tid 180658 (c) tikenphatchgeneralipowacdorddénce enith tizd customary
formula (VI) can be perforned preferabl iééunder an

i neMethedniyhish dp sotadyersedy affgst Be gestiel thamoleserin prrticHardty
. by th ti f ot iyl jodi i
moRtoleaaps ot 8 ek oA P antt e nd Bt U
bet ‘Pﬁﬁ&ﬁ%&.@rﬁ)u@?ﬂl é Qni? §#rﬁdk1)cf§§é GRS AWHIE Ofntdrffence

erably at a

reacti on m xture, re
Publication (1991). For example, the reaction (c) of eliminating the tert-

20  butoxycarbonyl group from the compound of general formula (VI) takes place
preferably under an inert atmosphere (for example under nitrogen or under argon)
in the presence of an acid such as trifluoroacetic acid in an inert solvent such as
dichloromethane at a temperature between -10°C and the boiling temperature of
the reaction 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
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5 tenperature in the region of 22C. The derivatives of

general formula (1) in which R3 does not represent a
whyanoss can be obtained froma conpound of gREIEDS1004/006530

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

met Houstheleaepqubé ar grperl formula¥blean topasiogRehRpipeably under an
O O GRS oL TRk SVt B S S 1S08) oo
In %&Hylﬁﬁd [ SadeSr gﬁ‘o rtQolvaR & Ias ﬁﬂtﬂl[opcﬁ'le ?EP%P@EI&%C

reacti ng a -compoun general formula

I ephesREt S102Chnd it BelinYitdniperatii® bEitht edactin mﬁuﬂalpéaamz ata
in formc acid at a 15 tenperature between 22C and the

5oi lienm@ratempethatragion aff22tCie reacti on m xture. The
conpounds of general formula (I11) which,are not

conmer ci &h¢ derivaiives phesnerak formple (Bin whisk B’ Boes agpiepreseyt ar
dapt i t d i bed by Peschke. .B. et.al. . .Eurs
3 Reio i be 9565 rama Spradui o et simufa O b niah L
; T .
oA p SRR b o S s o i

COMARK fakidh Wiich AY bl AARESel ¢ affedd the @kt 8 thetholeyula AR Ipitio@l aty
adapting net hods described in PCT WD 00/75110, the

l6ontapplicatiais ofithie aietlande déverieddybyiRnColgposkaCenipisiensive Organic
reference. Alternatively the conpounds of general
f or riangfogrygtions, VFH Exblichprs (I98RP: 25 R2 is - OR6; and R6

is Cl1L 6 g#kl, r I-CI-6-aI6>I§I, ter yl-%l ggalkl
et or aoy altypatvebisie shigu ol st BephBRD Sh A iseS d et
het Elflebly a0 4 ¥dryrin P68 LEAE! BANNY [154p which R?
t heg{eeﬁlﬁgglngdae?)lsb Agfirt])g¥o§t Iona nfpy nsutﬁsét %ét ute %V%P ‘grlc
DT Qep3dtbt b hikB@BEH vaif] LN Rdn bf AAMAIELIIAE ih fofaicBcidlaky |
Cl1_6 al koxy, -CN, -NO2, -NH2, -OH, -COOH, -COO Cl_6
14| Kk ydmperdGEblb2weéro227and threitiolling taymet dtgrk obthe reaction mixture.
trifluoromethoxy, can be obtained froma heteroaryl
hal i de ofhe compounds of general formula (II) 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 -OR® and

Réis Ci.6 alkyl, aryl-C;.¢.alkyl, heteroaryl-Cy.¢.alkyl, heterocyclyl,
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5 general formula (VIl1), where Y is a halogen and Rl
is as previously defined, and an al cohol of genera

wo oooabsrsy VI 1 1), where R6 is as previously defP@EUS2004006530
accordance wth the follow ng general synthesis

. scheme: d FR+ RB-OH I RIN (VIIl) A7 N (M1) (V) The
reaction (d) between heteroaryl al cohol of genera

formul a (VIH% and an 10 appropriate al cohol of genera
f or heferecyolylalkyl, exslaalkypprrobycyeledlkylaphsse tadisals baingiopdenally

at nosphere.in the presence o i azene such as

o o PP L P R s SRS e, Sroationy
triphgn hagphi i Raal= e t ol uene
e R R N

t enagRkdHidhy br tifRofoRREok rtaibX bbthiged fréth @fheterlat W haideaf
tenperature between a tenperature in the region of 22C
and getveal fariubo(Vil) nghdre ipea balogea aod R iseis pmivicssly deffired, and an
conpounds of general Fornula (L) can be isol ated and

) ! at e

pur iafeplad of gensgl fogpala Y EDwWEhere Bn ésvis pEcyiquply slefingd, ygepqrdance
inth r i ncl udi or anple, crystallization,
chr M BLPURHPE sHier S s, 1 T
abovengent l.onedy schenes, when any one or ngre gof the
R- groupsY, 20%4&re, or_contain reattive grelps
potentialiy/;eadfivemﬁﬁﬂ%r the reaction cong

7 -0OH, -SHVYIDNH2 or -CO2H, it wh hie
readily apgpgrent to those of skill in the art4hat
these functional groups can require the use of
suitable_ "protectin roups” rin he reactio to
bl ok~ - TheRrdRE (DUt PetBRer kbl e EREmIE P id an
npr ingl . ar 2ond :
10 el P Ao T B s 50y ¥ am e
PCThid fﬁQﬁe'sﬁ@sena_e oM dAzeRNRicR E]éjdiahfzi‘1 alvbdidMbSkylate and a
(Protective Goups in Oganic Synthesis (2d ed.), A
W | @liosphina twwhsie irgpherylpobpliinait iap meft508dntsuchifsdoluene at a
conpounds of general forrmula (1) and the conpounds of
gendampteratyre pefiyeen Q" C\and sherboilengderpparatuig of fhegpactiemmixfure,

pur %reffcggb y g a tgr% grgt%%el b%gveteplgltermge?a erlg?rtl e region of 22°C and the

15  boiling temperature of the solvent.

The compounds of general Formula (I) can be isolated and purified using
methods well known 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
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5 in accordance with the customary nethods (i.e.
resolution of enantioners), or by wusing optically

wEee/0%782 t i ng materials. The conpounds of genRCHIS2004/006530
formula (1) can optionally be converted into addition
salts with a mneral or organic acid by the action of
such an acid in an appropriate solvent, for exanple,

an organi c solvent such as an alcohol, a ketone, 10 an
et hdiWoBSreene MR- Crvit WeitsdBloes e Groipsia QratmiaSyrithesini(26 ed.),

formpart of the inyvention. presentative
phafhsg@ﬂ&|%%¥$Vmﬁﬁggﬁ?ﬁﬁpél%£} s include, but are not
limted e ' {de,

_Ci trate, tTH«% ﬁgnﬁlge%%&% ;él 1{169{11% r?nul?éllfmdqﬁ’e cfo?l@ogﬁcis%? general

i od %ﬁmlzﬂg{/ $&inSe dbBfleRiPo Ry RS ﬂﬁxﬁ%?%ﬁa@ﬂﬁ @heir racemates
nmet hyl enebi s(f -oxynaphthoate), nitrate, oxalate,

pal rmadcerdapdeosifhiht eystamdry mgthatle(i.e., fsolsti@cofrradmiomers), or by
sulfate, tartrate, theophylllnacetate

p-t OIBménEtsculllt’mr&tS@Itlﬂgémt@QﬂSact arate and gal actarate

I I Ph
har mce b EATOUBE P O QTR AU e crHEER bh
i nc lak’i&i 01‘?l salts Qxht%%rmlgwpc%r%f %a%%ra%l b%? tfglé 20%18{1 ofj'su?fi‘laﬁ acid in an

there

co mﬁﬁ‘o{nheﬁé‘ sdwbnmwimln le| aﬁl &ggﬂm S8Rt PNl hBEh ketone,
pharmaceutical Iy conpati product, which can be
1onerah ether @hyilc@inagd saldny. ’Jaeta sdBs lilswdde fomnpasoftthomsemian.
be adm nistered, for exanple, orally, parenterally,
rectally R@presemﬁtrlﬁgphwma@@mﬁ}/ aepepiblg é@ltsdnc‘é'&m@matq 19hs
for oral admnistration in but are not

| it 6 bopapuliSiatey ropade. (e SpGertaternchge frpwae
;2? hg\?/uc&)latg‘ ngda%r ﬁ)gfégt% SCﬂanz&{' E\%%angsgﬁtg ‘?é tions, the

€ coﬁpou nd nore inert
di | Lﬂﬁe@ﬁﬁeneﬁl'ééﬁboxyiwphmat%p Q! B de %&@29%?9@@ 2R ylate,
as starch, celiulose, sucrose, |actose or silica,
1|5deah¢cynaw1 sk fateq tasticate ahopliylmacétae ) f-toh @aesuifoncite, Asmpplyomrate
The conpositions can al so i nclude substances ot her
t hamnd gdlegsarats salisor  exanpl e, one or nore |ubricants
such as magnesium stearate or talc, a colorant, a 5
coating (coated tablets) or a varnish

I1I. 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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Exanpl es of liquid conpositions for ora
adm nistration include, but are not limted to,

W@ 788%, suspensi ons, emul sions, syrups andP&l/UK100£006530
that are pharmaceutically acceptable and typically
contain inert diluents such as water, ethanol,
gl ycerol, vegetable oils or liquid paraffin. These
conpositions can 10 conpri se substances other than the
di | & siEsh, gellosse sya50se, lagietetor sigica ddeally under pslsqapmefag inert gas
thickeners, flavors and stabilizers. Sterile
conpBE FiHE- f or parenteral adninistration can

i ncl ude, }QL, Rh€ean a?s%gm s%stﬂlg&quegﬁn%?x ed\ic’lu%l}ts, for

sol uti ons, suspensions and emnul si ons.

Sui tealthfle stk \ve Hofe [ahicatB Ridhl 28 albhluntifearRVbr @lcCa B&lbrant, a
limted to aqueous solutions, 15 preferably buffered
aqueoasggodatdd tabists) grraopstishne gl ycol , a pol yet hyl ene
glycol, _vegetable oils, especially olive oil

i nj ect abE82Bplgnefi liquidsqomtpesitions foreoral pgminigtakion inchide hupare
d ot i at i | vents. T

compgbiET BT telion. sEsPhe P i and Sis dh ey

o7 PABBARRL ok SRR RISl AL i e

CONR@Rhdll gRcerslavego@bls odk bi liguRTbakd¥fi@ THEIDESmsitivdy&an 20
for exanple, by asepticizing filtration, by

1i0nc eppprigt subgarsesesthdritlznrtge dilpents.doi exampichwetting agents,
conposition, by irradiation and by heating. They can

al sEWBRieHsFse Brgkeners. dlavers anditapilizers. st eri | e sol i d

conposi ti,ons whi ch.can be dissolved at the . ti f use
n Ster i PEnIGRmpASIc Tor parspierdl atpEisoton e dpgiuglsy Br cxample,
medi Exam f L I

ad m'al [ 30{1 rati o%cﬁl[%%l%l Sggllg,gp%gl%sb%g{e%ﬁ%%@m&@&{nlﬁm]atxggplf %?f

S Up R@igble¥olvebits afidlveh@ddsahcleRPBid lafsnot Ridited fohqastils kdl@ibnk 0
the active product, can include excipients such as

160c peeféyably bnffersdaquesysrsblugibise pmbylemr glytes agothet§lendglycol,
2004/ 078752 PCT/ US2004/ 006530 = pol yet hyl ene gl ycol s.
Conpyessitabicotils ¢specialbyslive pildujastalle prsanic eficrs.dar cxppple ethyl

ﬁ;? o éa%’r %{glgotlgr %ﬁ%ﬁg&% grtgén?%%ﬂ\@eﬁé %@2%@?@%&053 éa%rais% 'include
Com e ARl LIS 5N B s
phanneassilizesal $ueh seERRbAPbsRions 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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conponents or adjuncts which are enployed in rel evant
ci rcunstances include antioxidants, free radica

W@ eENeTRIFNg agents, peptides, growth factors, PCT/US2004/006530
antibiotics, bacteriostatic agents,
I mmunosuppr essi ves, anticoagul ants, buffering agents,
anti- inflammtory agents, anti-pyretics, tine rel ease
bi nders, anesthetics, steroids and 10 corti costeroids.
SucPobwsthyisne gbysolean provi de addi tional therapeutic

b fit, tt. fect the.ther. ti ti f th
phar mce SRt eB gL EPEH RGP R REPP G e FA g
anY B0k Uk henSl U6 RS 54 Bl alBipabe posed as a

resu mnistratron o he pharmaceuti ca

conposi t A8 phdrMatifitacbmpdsitdBlEOMmasclud vaiongand of
the present invention can be enployed as part of a
pharovapendniscaladdibvesamrpdisidts. dixemplaly mhtaheacesticaflp acudptable
intended to prevent or treat a particular disorder.

| V. WEPRFAS BrdivrdahichererRplyshigalsuant geemsiasees include

herein are useful.for treating tho type f 20 ... .
cond PP R wisalGaieasie pegl EROSrndP iy efSyputibiotics
LT RS e, RPORERS e oy o
7( 4)in28naA8rf; agérk) AA-pyrRLEE filns r@dasebinders,Mesetis, ReMoids and
1(1):1-26 (1995), Arneric et al., Exp. Opin. Invest.

IOr ugsrtispstyroids.- 3@ qofiipesnts cBe pohele afldieonahtherapdutic benefit, act to
Pharmacol . Exp. Ther. 279:1413 (1996), Lippiello et

al . affgct tmhetapeuéie actioppf thepdarmagendical gomppsiteye pr acp tpwards

PR T S D e O TR

Sci - , : 4408992 .
2004 GTATRI b R Bl S G ST e e e 1
Pat eRinpdiasl of the3BeheddvdnBoBan®B embloyed asqart.of @ phSfhabd@ical
to DU|F et al., and 5,604,231 to Smith et al. The
ISonmpoumpostiaawittadther dompussld irdendedijoupmevent drdéreatnyparticular
conbination wth existing therapies in the managenent
of tdierdef-or enenti oned types of di seases and 5
di sorders. In such situations, it is preferably to
adm ni ster the active ingredients in a manner that
m'hnilmi. ARshEdd dttrsatiRap NAChR subtypes such as those
that—are

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
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associ ated with nuscle and ganglia. This can be
acconplished by targeted drug delivery and/or by
wW@ojousts7ey t he dosage such that a desired eff eRCT/US2004/006530
obtai ned w thout neeting the threshold dosage
required to achieve significant side effects. 10 The
phar maceuti cal conpositions can be used to aneliorate
any of the synptonms_associated with those conditions,
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resulting from’i nappropri at eve

neur@thoafhebting e thiebIRABosage rB@RE @PichRY € siBRiEIpAK bide Sff&ds.
neurotransmtter receptors, and/or inappropriate

liont érhe pharoncditaleempostions caearsed toanslianat any of the symptoms
neurotransmtter receptors). Several @~ CNS disorders
can apwciated with thesg conditiongdiseases apd/disgrdeghol i ne,

d ' j ' d/ t.oni 25
el oo EBFROREN PO ot 4 ARG 4R b R Hediea iingeng
the n%ﬁ%%iéﬁprﬁ c{?{l{ers,%Qﬁlg%@%?érét)ve%ﬁgrcfe}l?félrpsﬁicular, CNS disorflers,

phar maceut | caf acce e salts, an arnmaceuti ca

20 \A6H 2ARMNAIRY 8dofders/ ONRQb L86H3Be daiistd; icOBe attributed
i ncl udi ng these conpounds, include pre-senile denentia

I5eartd genetis predispisitivn] infection ofi teems;er cars bl vakuewreettolegy.
(denentia of the Al zheiner's type), Lewy BOdé
denéml$ §isorAers FRPTHE APEPPYelaAE fordpys msufalpgiad giseases and

denent | H V-depenti.a [ tiple cerebral i.nfarct

par RIREDHISHT A6 TG posnberneinte GG, B Bid e
di seg tivd%%ﬂc‘ié??%ldvc% iHIE G eecﬁgorﬁé}g. Shherd HOLdvBE OR'SS
chorea, tardi ve dyskinesi a, yper ki nesi a, epllepsy,
manidgorddls visé Ohicke tiagifdstallofadebsenamibi@éd/to CNS dysfunction

depr essi on,

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 (I) and their pharmaceutically acceptable salts, and pharmaceutical
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dysl exi a, schi zophreni a depression,

obsessi ve-conpul si ve di sorders, Tourette's syndrone,
woredod/ozeoeni ti ve i mpai rnment (MCl), age-associ at BCI/DE2004/§06530

i mpairment  (AAM ), premature ammesic and cognitive
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S .0| %&de%é%?at%% cOMbifEAY H%s ﬁq&ﬂ%}‘scblérés%" hgﬂt%pg
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|nJect|on 21 WO 2004/ 078752 PCT/ US2004/ 006530 (e.qg.
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efficient and effective adm nistration. Exenplary
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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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apparent to the skilled artisan. For exanple, the
conpounds can be adm nistered in the formof a
wo a4e1875a hard gel atin capsule or as a tine-rBCBHESE04/006530

capsul e. As another exanple, the conpounds can be
delivered transdermally using the types of patch 10
t echnol ogi es avail able from Novartis and Al za
Cor poration. The admi nistration of the pharnmaceutica
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20  administration preferably is such so as to optimize the effect upon those relevant

receptor subtypes which have an effect upon the functioning 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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of the subject, to bind to relevant receptor sites in
the brain of the subject, and to activate rel evant
WO @IS receptor subtypes (e.g., provide  PCT/US2004/006530
neurotransmtter secretion, thus resulting in
effective prevention or treatnent of the disorder). 10
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the present invention are generally greater than
neurotransmitter (e.g., dopamine) release but the amount should be insufficient 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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about 0O, often are greater than about 0.5, and

frequently are greater than about 1. The |og P val ues
w@boogTd151 ypi cal conmpounds generally are | ess PEEIS2004/006530

about 3.5, often are less than about 3, and soneti nes

are less than about 2.5. Log P val ues provide 10 a

nmeasure of the ability of a conpound to pass across a

di ffusion barrier, such as a biological nmenbrane.

See HanSeneralistspaaking, the dogter withstprmine the qpm@@syte dwe asa

CI r %ﬁgg%ﬂ{tgggget gg‘ﬁ nglétl foaé%]i‘eg ﬁacgqrs: Sﬁ%ﬂ%ﬁ?& hSPatH%
brain of flat T hhcﬁ efgleab havestlﬂ§ le tb E% %crogsetﬁggltogﬁ-ﬁrain

t hat nodu oparm ne rél ease , suc
conpariREst thay ficht e\ skacta Bidhi codpbighde KNe@BSabilitg @b brtbiGhe
phar macol ogy, and in particular, to act as nicotinic
agokemstabnavous aysténa bf thg patiest. él‘herrgeP vaeesif eypidail octiprgnds,
constants of typical ounds useful in carrying out
t he “@#cé%wzsefu}] %ﬁf%ﬁ ogggﬁ Pighany in¥sution @reagsatially greatghan

20 e FACT SR o1 ULy SR AR
COTHIUIT ARRELALLN 315 LERRUATAY e ok Hon GES, oten

t hagreal@dtan 260N arfdecRREBEs ardlefthPato@nss. an%P RALON (H6vide
a measure of the ability of the conpound to bind to

1fal & meafurt biigche dlikityafit corepmptl 0 pass aoeess @fdifﬁsidnaaamdn,rsaclnas a
cells of the patient. See, Cheng, Bi ochem
PhaPieiegzsal mom @eggge(elﬂwyh etrﬂefd\éfﬁb&masﬂulseﬁé@

accor di ng to the sent.invention

o o g CuteindE o e RS BB T 204 i M St
by  EAEEELNELYorEhACH] B0 Bha 1 pab RUOoPRA

neurotransmitter secretion rom erve

Pr g Sﬁbﬂs@l%nfoﬁullte,doE Hind¥RleAR) 4 AR & hdshich compounds have the
PCT/ US2004/ 006530 alam c or striatal synaptosones).

18s sghitity, to sxpobss aoopoia pbiamaentegyt, el ialphitictlyr, tawact esmis@inic
rel evant neurons to becone activated, and to rel ease

or 8gisis @ pagia %Oéﬁtﬂ |Tﬁ@feceRi@fﬁ%\‘Pﬁ“?ﬁ’econétﬁntéPﬁ%’Pwal compounds
neur ogr ansm tter Cener

o D A e R B GERr ARRET CE e Qb offen
gr ogkéé {1 Xﬁfﬁe %&%ed%?&lﬁtlb}{ﬁf 9 Srt%d%g%?ﬁlﬂ@ﬁl%

east about 30 ent ten at |lea out
per a&ﬁtants o Bthfry e Sdﬁhﬂ)dﬁnad gen&aBy a8 @k tharf abdik 1l @M oftePhre

that maximally provided by (S)-(-)-

20  less than about 100 nM, and frequently are less than about 50 nM. Receptor
binding constants provide a measure of the ability of the compound to bind to half
of the relevant receptor sites of certain brain cells of the patient. See, Cheng, et al.,
Biochem. Pharmacol. 22:3099 (1973).

The compounds useful according to the method of the present invention

25  have the ability to demonstrate a nicotinic function by effectively eliciting ion flux

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

24



ni cotine. Cenerally, typical conpounds useful in
carrying out the present invention are nore potent
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conmpounds of the present invention against those
20 AChdgsrd, the compounds of the present invention demonstrate poor ability to cause

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

100 uM). Generally, typical preferred compounds useful in carrying the present

25
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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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reported in nole percentages. 10 Exanple 1: Racemc
3-((BE)-2-Pyrrolidin-3-ylvinyl)-5-(tetrahydropyran-

wa200403875pyri di ne hem gal actarate: Trifl uor oacRCT/USH04/6D6530
(0.91 cnB, 11.7 mol) was added drop-wise to a
solution of 0.44 g (1.17 mml) of racemc 3-{
(E)-2-[5-(tetrahydropyran- 4-yloxy)pyridin-3-yl]vinyl
}pyrrolidine-1-carboxylic acid tert-butyl ester in 4.5
c B upsn edmigistatiquras Aase Ham /3. fpuerldass thandks, and gien lasscthan
was olled to OC._.The reaction., mxture was,stirred at
¢ hi o/ kle bR ST g0 e SN gideiRERCIS fo 2 TPRROF et

in the region of 22C for 20 h and was concentrated to

dryness under reduced pressure (2.7 kPa). The oily

resi due was taken up i ngonthbfic Bfand@eer and the

resulting solution was rendered basic (pH=8) by

addi ng 28% fdlovingsysathetirraxamples at iporvided do 2Mstrdtethe present

extracted with 3 tines 25 cnB of dichloronethane. The

c onBveations prfhsiioald nehkeseonstiyed as lipiing dhepgalh Imtbese pgaraples, all

wat er, dried over nesium sul f filtered . an

te,. d
cond@it FIREEFeRBEH AP O ECRBCS? BGERIERF ores Repiopyieyds are
kPa |V f orange-colored oil, which was
pur%@%@ﬁ@gvﬁggpéﬁéFgggaphy on silica gel [eluent:

di chl or onet hane/ net hanol (9/1 then 8/ 2 by vol une)].
Concentration of the 25 fractions under reduced
10r e Bxanpld B. RadeRu¢ 3-4@)2-Pyriolidin 3-\36npaSi(fetcithydrapyozm-

colored oil. Galactaric acid (0.038 g, 0.18 mmol) was
addddvlexy)pyridine hemigalactarates 27 WO 2004/ 078752

PCT/ US2004/.006530Q i i 2 f th t whi ch
S S PN AR S A M PR AR

bro . X : .0 the

it o 681 £ Wiy 7380 Bl 3. ) SIPREREGoWE 12

by 416433 yrRim-3-Th@infl) iR easrBRRECHd Rtk 6ster in 4.5 cm’
dryness under reduced pressure (2.7 kPa) and the oily

I5e s iofl diehesnetlake nwhigh was undé acgrid apfl wat bantal to 0TR.Elhe reaction
precipitated solid was filtered off, washed with 2 cnB

of TNy W stired altthis Lengpgerture forf-SJT andi thangh A ymnerasyrp gy the
dth ' 40 d 2.7 kPa). to, gi
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t he T or m”of el ge SO
solution was rendered basic (pH=8) by adding 28% aqueous ammonia solution and

20  then extracted 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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Mass spectrum (El): mz 274 (M), mz 232. 1H NWR

spectrum (300 IWHz, 10 (CD3)2SO d6 with a few drops of
wEpReOE»sW4, 6 in ppm: 1.61 (m 2H); 1.82 (mPCI/H$2004/006530

1.98 (m 2H); 2.17 (m 1H); 2.96 (dd, J = 10.5 and 8.5

Hz: 1H); 3.07 (m 1H); from3.10 to 3.40 (m 2H)

3.41 (dd, J = 10.5 and 7.5 Hz: 1H); 3.50 (ddd, J = 12

- 9.5 and 3 Hz: 2H); 3.79 %s:3lkb; 3.87 (dt, J =12

and ail is2 e oDpgpthanpl soqwhigh 0.3 |qm” of watgohas heemgdyled. gThegnixture
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E)-2- - . i din-
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est ey undsr M@@@F@quaesmf@aj M0She 518/ eABIdAAEIRH AP Sn
(0.117 g, 0.52 mol ), 0.678 g (16 mmmol ) of lithium 20

6hl ardndef athandl.. Phe pe@pitddl sotio Wwps fiftered off, washed with 2 cm® of
et hyl di i sopropyl am ng were added in succession to a

sol usapepylargielc ad gem’ of diisoprry eisr ard themidedst 48 (hngemn -

ot SR MR Sl el
st & gl I YT By R HU R 8 ROFRI O Wejge solc
I eaQJisQ SheRudli(EH Whe 2R SMSY. infd B2, FIONMR §Rbtinsm @500VHz,

tenperature in the region of 22C and then

100NEEDL)ESD a6l with adew deps oLODETO0R dd.Cein ppr@skeir @n:(2H);71.82 (m:
kPa). The oily residue was 28 WO 2004/078752
PCTERsCRnD BB 017 (rddh: 46 (06, F501 & and$.5 Sizh yH: 308 e SED;
and the_ res ' l.ut] S in_.s i on

i t oo 1 SR B0 B To 835N ES sl uk SRR F7 12-
bi te  SahUfipn, (1. &1 5 . 2B
o RIBE SRR i RS 1R £ hee3pd 10,

was 4ol (g 1By @43MBANES] ¢HRITULS: at®.6.96 dat BE edrRNH); 7.49 (m:
concentrated to dryness under 5 reduced pressure (2.7

1IsPa)IH)8.20) @e 2H)4 g of brown oil. This residue was
purified by chronatggraphy on silica gel [eluent:

cycl ohexBaeente Byl (E)a Brdatehy@omyray4-yiokpmnigin-
e TN ALTN R Ay R
wi t hoyt further purification in the remainder of the
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 cm’ 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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synthesis. 10

3-Brono-5-(tetrahydropyran-4-yl oxy) pyri di ne can be
wpe@parsss2 as foll ows: Diethyl azodi carboxyl at BCT/US204/006530

cnB, 45 mml) was added drop-wise to a solution under

argon of 5.22 g (30 mml) of 5-bronopyridin-3-ol, 4.69

g (45 mmol ) of tetrahydropyran-4-ol (45 mmol) and 11.8

g (45 mol) of , triphenyl phosphine in 150 cnB of
t ol idkge up Af T0:qm 0f ethiylirostagst and e ipswgfingsglion was washed &

with stirring,, the action m xtuse . was brought to .
FerpuRatian i TG TGt eI T QG ARt scivepss polation

o 2Bl bl el S, P of Whfpa YRR ctybrite (ffiolnd g
of Wk afiePé\dr hagfRnOful @] Mddefd csREhtHRCH ey e under

sol ution and then the organic solution was dried over
fagnamcedpressuk (A7 &Pa)to lgtverlelde efitdowmoit dhisrragid was purified by
dryness under reduced pressure (2.7 kPa) to 20 give an
or ARBETEBERPBOBHilics EEh [aunE sy elohe Xl Aol (8 DYVaImEo).

cmB of diisopr .et her. and the solid_faqrned
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dii . cOne .

iy P B b 8 mech b o BB B RER AL e
of @pnesAnge-colored oil. This residue was purified by
chr omat ography on silica gel [eluent:

10y cl ohexaiBeémd-Hy(tetratyelraiyean( B dx )y yridihe i bf prepared as follows:
Concentration of the fractiong under reduced pressure

(2.7 kPaPicgay azopicgrbgxygpte (7.1 cm”, 45 mmol) was added drop-wise to a
3-bronmp-5-(tetrah n-4-yl riding in the
For ARBROrong ) Gy 22 oL o Ve R bt

Rl e e e T

12. By i T i s
12, S A B 2, S e

15H) wil.sBBingcthe deactic thizturd ws brBugBio(ctemperatui: i6 thdzregion of
1H). 5 Racenic 3-vinylpyrrolidine-I-carboxylic acid 3
t er 22%uand| thensyashediasuesessiqurveifad Bes® p| af igger, 2 times 75 cm

A IR Bl e 51
mro lsgdil?l{l cfﬂ%ﬁﬁws%mﬁo%h@ }Heﬁ) H%%P&ﬁ{&' sHIRLBE QR &&d fYer 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 cm® 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  Concentration of the fractions under reduced pressure (2.7 kPa) gave 7.3 g of

3-bromo-5-(tetrahydropyran-4-yloxy)pyridine in the form of a yellow oil. "H NMR
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300 cnB of tetrahydrofuran, which was under argon and

cooled to OC. The 10 reaction m xture was stirred at
wOofors782 5 h and then adm xed with a sol uti onP@F/US2004006530

g (35.6 mmol) of racemc

3-fornyl pyrrolidine-|-carboxylic acid tert-butyl ester

in 100 cnB of tetrahydrofuran. After 2.5 hours of

reaction at a tenperature in the rgggon of 22C, the
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reduced pressure (2.7 kPa). The resulting oil was

pur i f i edRbsemic Buvimyhtyaglidipdy-cambosyliciacid teyebutlylbdstee ndn be
cycl ohexane/ ethyl acetate (95/5 then 9/1 by volune)].
Con@eapeied as How: t he fracti ons under reduced pressure
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PCTAbpea04Y ¢ SdfurfEX 3RSy ad und¥R GI%h Gnd cooled to 0°C. The
5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine
1henrgati@cihxmat evas stifreidfat 0fGF foa@.8thi and den ddipike@ with, solifiol of

mmlg) was added drop-wise to a solution of 0.43 %
(1. 56 s3610ympel) phraesrrie 3Fomuinyralidingilaaghonyls: acid tert-butyl ester

et 3 by i AR @ S Vil e
. I . i '
A R R N o e

t emaghhithecHlstideR6lutiel IFaNowing ddditiod FrethdDaddid e dFdnictphase
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102. Tvak R&gn off bpdeanting, washed treiceviyih tvatee andpith satiratedBodigm
water and the resulting solution was 10 rendered basic
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ou o Hopfhofpof fodot PRLEE oyt RingHEH o FRRL03) im0/ by
r edygRehe)l €rfedfittation of thk Badtidn® ufkeY f2decliPResflir®{2.7 kPa) gave
20 6.3 g of racemic 3-vinylpyrrolidine-1-carboxylic acid tert-butyl ester in the form of

a colorless oil. Mass spectrum (ES): m/z 198 (MH"), m/z=142.
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orange-col ored oil which was purified by

chromat ography on silica gel [eluent: 15
waelc@hios7enet hane/ met hanol (9/1 then 8/ 2 by vol peey$2004/006530

Concentration of the fractions under reduced pressure

(2.7 kPa) gave 0.1 g (0.57 mol ) of orange- col ored

oil. Galactaric acid (0.06 g, 0.28 mmol) was added to

a solutlon of thls 0|I in 2 an of q?thanol to which
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O cnB of ethyl acetate and the resulting solution was

20 insoluble material was removed by filtration. The filtrate was concentrated to

dryness under reduced pressure (2.7 kPa) and the oily residue was taken up in

2 cm® of ethanol. The precipitated solid was filtered off, washed with 2 cm’ of

isopropyl acetate and 2 cm® of diisopropyl ether and then dried at 40°C under

vacuum (2.7 kPa) to give 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

(MHY). 'H NMR spectrum (300 MHz, (CD3),SO d6 with a few drops of
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washed in succession with 2 tinmes 25 cnB of water, 25

cnB of saturated 15 bicarbonate solution, 2 tines 25
weeB407879mt er and 25 cnB of saturated sodi um P¢IT/08100€006530

solution and was then dried over magnesi um sul f at e,

filtered and concentrated to dryness under reduced

pressure (2.7 kPa) to give 1.1 g of brown oil. This

resi due was purified by chromatog raﬁ) on silica g
Lo GEREOOTE S o eraid Gy PR B8 gt LEB2B834. s L5 Hi:

pr eggb} fJb( o 9*‘3%‘;@%\}5& 5?3@123 1@?%‘%&@% {e?i‘ oY 5 1z 1H);
GV T i B L s

spect r unr{ee4 A . 1 : .
ory: 1. gléﬁ( b c %I_'ES) 2(;%@%)1&&@ Win lﬁ)yfh"r& ol%ﬁgjl gcgllboﬁghc(a%ld tert
6m biiy) ¢stefmambe3pra@mcms301&®vs(m 3H) 6.51 (d, J = 16.5
Hz 1H); 6.64 (dd, J = 16.5 and 7 Hz: 1H); 8.89 (s:

9. ORalfadium aqptatex§. 13 g\ES 220m9)) (5767852(16 mmol) of ithium

? i:)T/ gié,(% paic): %ﬂ%f‘? mn%f%ﬁw jdigtproRyiamipg g added in
a ol of 5. ) ine
0al EkakANGo a {8 P{@m\ﬁ&%}%&ﬁ' 0925895 6 Wm?nﬁ 8- ookl

was a erature In Ionm o

?0|) ldﬁd on é)l{!‘)"dﬁ Emﬁ’cflg&r}a&fm@S-Zﬁly@yﬁgllcﬁﬂb‘ll-@ﬁﬂ%))yli@famd tert-butyl
+

18- pyftexfrn db omB of diviethylfyrmpartidy. Afteriehdurcalttoary dt ¢ 166€] with
tert-butyl ester in 10 cnB of 5 dichloronmethane. After
2 h elifrigg.ghe mwagtion; Iwgtua‘ft waswrlgeci @ﬁﬁépw @t etepperafiegint thaggion

ol 8 %ﬁ&w&cﬁ%ﬁﬁa%o A SR R
L oo B 226 AN sh s of B LG rABHFE WSion was

separ at

dl C Waﬂfe@"ﬁ%d&@&@ienm 2GR @ﬁP @f@ﬁ@ﬂ 85 PRASESMWREE
washed twice with water and with saturated aqueous

15 odbisambomdtosdlatens D timbs 2fhcratrud wher wed 25 ¢riveot saliuiagl sotiem
magnesi um sul fate, filtered and concentrated to
dr y Aldegda gedision an«éwas:féal ried Py errneagnosivm gEifyte, tfléte@d\aed 0. 06
g of ora | ored

Ga t id
J 160%%%96%8 a2 3RS e ghgiir f pPtgown

PRIl Sl o BBy A
T f
ddelg I{ﬁg %Hé; ﬁr@n\A}aS rounéﬁt }félf ux%%coo ed to a
t enpilcHekiiR/diy] héteatd @B B voimed £ CodtueRRCT i RdcBns hder
dryness under reduced
20  reduced pressure (2.7 kPa) gave 0.43 g of racemic 3-((E)-2-pyrimidin-
5-ylvinyl)pyrrolidine-1-carboxylic acid tert-butyl ester in the form of an oil. 'H
NMR spectrum (300 MHz, (CD3),SO d6, o in ppm): 1.42 (s: 9H); 1.78 (m: 1H);
2.05 (m: 1H); from 2.90 to 3.15 (m: 2H); from 3.15 to 3.60 (m: 3H); 6.51 (d,J =
16.5 Hz: 1H); 6.64 (dd, J = 16.5 and 7 Hz: 1H); 8.89 (s: 2H); 9.04 (s: 1H).

25
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15 pressure (2.7 kPa). The oily residue was triturated

in the presence of 5 cnB of diisopropyl ether and the
wa@edoud7d762 ned was filtered off and then dried BET/BS1004/006530

under vacuum (2.7 kPa) to give 0.072 g of

(+)-5-((B)-2-pyrrolidin-3- ylvinyl)pyrimdine

gal actarate in the formof a yellow solid. Mss

spectrun1(DCI) niz = 176 (MH). 1H NNR spectrun1(300

D) PA (ka) ‘.u,l, Ay Iyl ; B
Iaﬂ d PP 9 n)HZ T%lm%]ﬁyl(sﬂgl 19_(5%6( Wr T@l@g}? V(Vﬁsizad%% gtda:fielgéer%tllﬁe in

e NEot R e T

( 3 m1d1n-5 ylvinyl)pyrrolidine-1- carbothc acid tert—butyl ester in 10 cm’ of
(+)- “((E)-2-Pyrimdin-5-ylvinyl)pyrrolidine-I|-carboxy

i ¢ divhictorh@hiine DAt 2 hodbs of stirging aEthis bempei fme tiedre@Sion mixture
follows: A racem c¢c m xture of

3- ( "By admiygd withdp nmg] of/ 3% iagiebyammertia eilwiéon| and Stil‘rwor 1 hour
2004/ 078752 PCT/USZOO4/?9§§§O carbogyllc acid

t er fL biFRpprapeg othe i5gign g3 23 Gand ks OB%PIEE’ée s

a8 n of

s SO S B TR P g s v
m / maaaed%iée Rifith’ wd?&mhmﬁﬁ PR6AR0 e b @A &rﬁ&/lcile/ sbluB¥n and
volune)]. Concentration of the fractions under
10edweeatthgt @sgllover mﬁgnZSlklﬁaDllfzga\fﬁeﬁd 24d ¢pnoéntfated-to Qryness under
((B)-2-Pyrimdin-5-ylvinyl)pyrrolidine-I|-carboxylic

aci gedueqd preageng|(2. égf@rto givd 096 zpf gra@ge-colored 011 Galactaric a01d

()4 ésg%%)tl%;l 0L el d SR R Bt P B
( *) V&th 0 02 &J WA teqlhai g)éex laéfdeﬁy”l“l? g%ﬁ&éx% 4)‘19% lﬂggéh't ?oa{eﬁﬁﬁqé&led

c aC| ter but

Wit @tehﬁa%ﬁﬁﬁé ﬁhrthé ifegm %if 23t o d bt e APt th- d@yﬂm mdam&&ed
and 250 nm | ength iral pak AS IM 20 mcolum [flow :

15 miptegiute (261 kit Thie ol rdseint smetrimehtdinothé ptebanneo bf § aﬁ? df/ 1
by volune)] 1H NWR spectrum (300 MHz, (CD3)2SO d6, 8
i n gpsgpropy] cz[;ger(agd t@lﬂ)) id fprmed ‘(thﬁ filtepgd: onar@gh ieg f4j 4 45°C

f 95 to 5 1

3 Z?n%ea gepuum T b Lla et #@-ifﬁ 2-Py1§°§%n(3é foad

dd, .

6.6 glll&ra/ d)})grjl%[h(finelgé?ag%“te dﬂi_}}geﬁgﬁn §Eﬂ &ngvfésgl’c(l]hﬁasg }_g;gatrgﬂ‘lgl?CI)

(St mpd.176 VEl B NATIR Vel (300MELR, (CD3),SO d6 with a few drops of

ylvinyl)pyrrolidine-1-carboxylic acid tert-butyl ester
20@as GE;a0eD d4) Ssepmny 180t 1K) 2.19 (m: 1H); 2.98 (dd, J = 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-ylvinyl)pyrrolidine-1-
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with a retention tine of 17 min on a 4.6 nmm di aneter

and 250 mmlength Chiral pak AS TTvl 20 m columm [fl ow
WO 24078782 n, el uent : hept ane/ met hanol / et hanoPCT/887004/106530

by volune)]. 1H NWR spectrum (300 MHz, (CD3)2SO d6, 8

in ppm: 1.43 (s: 911); 1.79 (m 1H); 2.06 (m 1H);

from2.95 to 20 3.15 (m 2H); from3.20 to 3.35 (m

1H); 3.44 (ddd, J =11 - 8.5 and 3 Hz: 1H); 3.53

( br @:anboxj;dlc agld:ter&butakﬁgtev (065 g-}zwaSJgnj)aete@mE;g/o (acts on a8 11@ dgameter

2 H) c%]gméfo?tgmmggﬂ k@fa{:‘l}ﬁf]ﬂgstaglpnary phasg%hlrgllﬁgk Ag 1#9 20 um [flow

gal ac ar a%mg %ﬁ%%@eﬂnﬁhéﬂo}?{aﬂ?ﬁ% F%H/Wg&ﬁrﬁﬁ)]' 1.4
mTo |don¥@1§'a@6ipﬁ(‘t‘heaﬁacﬁoﬁsaﬂﬁ@1r @&déé@gﬂeﬁburet (QQ HPS eﬁb@ OQf4 Tg?(g@-)-

to a solution under argon of

0- ) (@A B)imidid-SNDvRPDEh/ rfdN8inbA dﬁfb’ﬁb{jd&%lﬂﬂtbﬂ%&lﬁ Gster and 0.27 g

2-pyrimdin-5-ylvinyl)pyrrolidine-I|-carboxylic acid
t er 1of Gir(GED- 2e1§1r1éndm15 mnzlmrr@hdmmlccmb@fcﬂmcmwbum ST

R R R S S S SR P R
S Ol lé ulte%QP flgé Bgsrlt(ieo% :% fle{etﬂtlgﬁ ?@F of FA{F% ﬁlrlr%ryz[ £ 6'nﬂn Eﬂﬁleter and

ion o queous
Was 250 ﬁﬁaﬁ)ﬁﬁ h @i %ﬁk ﬁSdM@@tﬂn@&Sl@ﬁn ‘ﬂ‘ldv!ﬂ 1 ml/min, eluent :
dlchloronet ane. The conbi ned organi c phases were
10as hegptaieimetkanol/éthanoi (98 1/ Abglvolinhé) | SHINMRB tspettraop@ UM Hz,
sodi um chl oride solution and then were dried over

gag KE€BhetR d615inppm): f1+4|§t(§r9&i' bﬁ%(%!dﬁﬂ'ei}% aa:ddt @Om 2.95t0
o B a RTErE e 1 Pkt Gad vC Y %8 8%?‘3{2911%;
0 2%05?‘{8110%%aﬁol a@cﬁ?ﬂ%? 1ﬁ8|éj§ b 0563?% G'dg (r}iq=

add%Sa}'{H@Hﬂ XETH RGOS SHY DOOR! 1 80(§€(E|)-Q2Pynﬁﬁ&lh$d to a
tenperature in the regi on of 22C and concentrated to

1dr y ybasyl podeliditieeuabeokylip aeid sty 2stér wikegluted msecondyposition
residue was triturated in the presence of 5 cnB of
di i S0fraopiphticnt tineg ofddnipiea add] a diapsierdndda0 mn leagthd

and 1r§p61g;§|8qg umcoumn?f?ow Ym Il'{llilr?]e ent7 kPa) to give

( )'hg glr(el/:liletﬁarf&}?%thﬁlo ?sﬂ/f” Yot :1)11%5 gécﬂﬁ}éﬂéoo MHz,

gaacaraeln rmo aye ows

SpeQCD%Dg(ﬁ E@lﬁ)m ﬁi‘l? 123%4OH)MY9 (m: 1 le @ﬂeﬂﬁ)rﬁ*&thQo
vvlthafewdropso d4,

20 315(m 2H) from320t0335(m 1H); 3.44 (ddd, T =11 - 85and3Hz 1H);

3.53 (broad dd, J = 10 and 7.5 Hz: 1H); 6.52 (d, J = 16.5 Hz: 1H); 6.63 (dd, J =
16.5 and 7 Hz: 1H); 8.89 (s: 2H); 9.04 (s: 1H).

Example 4: (-)-5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimidine galactarate:

25 Trimethylsilyl iodide (0.2 cm?, 1.4 mmol) was added at a temperature in

the region of 22°C to a solution under argon of 0.29 g (1.053 mmol) of (-)-3-((E)-
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inppm: 1.82 (m 1H); 2.19 (m 1H); 2.98 (dd, J = 11

and 9 Hz: 1H); 3.10 (m 1H); 3.21 (m 1H); 3.32 (m
wabkhog/0&748 (dd, J = 11 and 7.5 Hz: 1H); 3.79 (BCT/BEH0p4/006530
4.24 (s: 2H); 6.57 (limt AB: 2H); 8.88 (s: 2H); 9.05

(s: 1H). 20
(-)-3-((E)-2-Pyrimdin-5-ylvinyl)pyrrolidine-|-carboxy
lic acid tert-butyl ester can be prepared as

des @riybiadding-gxiankpyerolding gafhosyls: acidderbriyhestsr i Logm’ of
Log P, Val ue; Log.P val ues, .which h b dt )
s s iebleysthaue o fter 2 BT STE0E 3t Ao TRRSTS HOFro1<5i0p e

oa TR YRR R O R I b IR B e gor b e
( 19@BdperaciyBhiEthe %f%éll dbed aisd 186 td R81eCEld dfdous Phidear

package Version by Mol ecular Sinulations, Inc.

Ex anglaeatél ofEaal exahdtahwinli dithierovetliaoel ThPcopkintd egaié phases
Representative 5 Conpounds: The foll ow ng_assays were.
be wsedwashedbries Withwaterrndpyidoiaigated #quaeus yodima chisride polution

ARG IR R
eva luH?eiLr g%dgl é%rﬁs‘é?%‘gﬁ’ztﬂg%etﬁ givg B3¢ 6{%“?&11 gg-ggfs%%égr%ﬂl Q}alactaric

Radi o ral rvou

N- Ageitivh.089! 0.7EmmBE &R haded td £D6uttN@T s i &2 03 of R thanol
Rats (femal'e, Sprague-Dawl ey), wei ghing 150-250 g,

10€er eo whichtl ainrl @flwater ks bidn atidech The glittidarak boopghteio aefhix, cooled
were allowed free access to water and food supplied by
PM toNutemiperagne infheregian o AAIC ang sencepisatprhiogirypgpsgander reduced

3‘2?2’%?5?%@3‘8%? a0k i a1 e prATFBPh SHne
cer %%F}c&:rop&g F%ﬁéy&@% sf)ﬁm}lﬁ%} @&dﬁlfélr&lca%q_tﬁe% d%lg? %(tgélrSH%ﬁder

(wei g Ice- cold preparative

(NaGh B 1) #Give Olh4% - e Sidn-BMivie imidi
Na2 HP%T,;T;(B mvla) HEPES (f rgeiﬂwgcﬁ?%%nm BMlvigfpyrimidine

1500 Qalaethard id ehe fHromdd a FEDEA, solid. Blassrifectplin TDE)); mRMSE6 (MED).
disqolved in methanol to a final concentration of 100
M  HNMR spectrum (300 MHz, (CD3),SO d6 with a few drops of CD;COOD d4, &
in ppm): 1.82 (m: 1H); 2.19 (m: 1H); 2.98 (dd, J = 11 and 9 Hz: 1H); 3.10 (m: 1H);
3.21 (m: 1H); 3.32 (m: 1H); 3.43 (dd, J = 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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was added, and the suspension was honogeni zed by

Pol ytron. The honpbgenate was centrifuged at 18,000 x
w@2d00078262 mi n at 4C and the resulting pellet WasST/D§2004/006530
suspended in 20 volunmes of ice-cold water. After 60
mn. incubation on ice, a new 25 pellet was collected
by centrifugation at 18,000 x g for 20 mn at 4C The
final pellet was re-suspended ip 10 vol unes of buffer
and iisk 3Ped),arere @@f@latmsmgéhm@snus{;@fwwgmg@ e 3.5 by
PCT/M%J§2 4/ 006530 of the assay, tissue was thawed,
cent Wgaé&%‘flati@sd% x g for 20 min, then re-
suspended in ice-cold PBS (Dul becco's Phosphate
Buffered Saline, NaC, 138 mM KCI, 2.67 mM KH2PO4,

1. 4 exaiip1 G 2k ¥ atios: of t@"’a%@o &ti@s MR epridifitadive 0. S

mV TTnvitrogen CO, Inal _concentration
of wmately4rrg proteln/rrL Protei n was
determ ned by the nethod of Lowy et al., J. Biol.

Chem 193he foflewiizmis{ay9waip be usq‘drtg deseriipeeths é'rrxsimgatlffbmtmand
as the standard._ The hin ni co e wa )
rrea§£hﬁéﬂhat§'§‘iﬁ??gogé°aHBfGP?fP?§ég C8h “b?f %'éﬂ Arscrthed herein,

ot eediyetied, R Shbue 6 %3%9&%%%?%%?@ b

[ 3H] ni cotl ne (SpeC|f|c Activity = 81.5 G/ mmol) was
obt ai ned from NEN Research Products. The bi ndi ng of
103H] ni coRiadivligmal Bindingrat Cenhl¥eraods $ysten naldetyldholneat
4C. Incubations were conducted in 48-well mcro-titre
pl at es aRgceptars &CNS ALt 400 g of protein per well
in a final incubation volunme of 300 L. The incubation
buf fer was PBS and 15 the final concentration of

[3H nico nM The binding reaction was

term nat é‘éﬁi M@'?P%r ation of the protein containing

bound I 'i Qﬁﬁ@feﬁﬁIeoS&héﬁﬂ)zfvﬂa@ I'weilhihg 85624 /\x%re BhiaAtel bn a
usi ng a Brandel Tissue Harveéster at 4C. lters were

1so0aked light/dek byl medvendiliwed Gee adcassng wated Snd’/ﬁood supplied by

pol yet hyl enei m ne to reduce non- specific binding
Eac PMI Nutdronfaternesiorabdng Animels weire weithmzeéﬂvlth?g%c%@zd then

buf f f b det
o P B RO YL BREr it r g AT Ao

g %ch&%} cdr{éx %V%L ?e(ﬁ{o%gd Xh%l ;Jle?ted in 20 volumes (weight:volume) of ice-
cold preparative buffer (NaCl, 137 mM; KCl, 10.7 mM; KH,POs, 5.8 mM;

20 NayHPO,, 8 mM; HEPES (free acid), 20 mM; iodoacetamide, 5 mM; EDTA, 1.6
mM; pH 7.4); PMSF, dissolved in methanol to a final concentration of 100 uM,
was added, and the suspension was homogenized by Polytron. The homogenate
was centrifuged 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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The inhibition of [3H] nicotine binding by test
conpounds was determ ned by including seven different
w@omveeTi7Fat i ons of the test conpound in sel ectBdI/vustob4006530

Each concentration was replicated in triplicate. 1C50

val ues were estimated as the 25 concentration of
conpound that inhibited 50 percent of specific

[3H ni cotine binding. Inhibition constants (Ki

val @by assappistucarpsitirweny cepsifeged at B0 egifor 28 min.Hken rg7

{ e SHEEHEA ?%Sg-aﬁgﬂg Sﬁ"%ﬁ‘cco”s%%mw?%s@r%ﬁea c@%.ss

gg?%&‘gé%%aﬁ( ey WEI g 3‘%@3 lggzgﬂjos %?@H;nal ht

on g2 ol vaécﬁt%am%@i $H 810§l oVefi i1 8bdcens oh bﬁe

access to water food supplied by PM Nutrition

b nt eppratimaril 4 mgmpeoteiAmlireirsteiners darasathiy the e thudtoli Lowry
70% C02, then decapitated. Brains were renoved and

pl aeed.. drPigh Clen-193] %ﬁSpth%ﬁrl}nusma Soving gspde albpumén agdhe
remve(faﬁgnd pl aced in 10 vol unes (weight:vol une) of

i ceS@y 10 preparative buffer (Nad, 137 mM KO,

10 7 mM f

10, 1 ™ SRR oo O B B 1 55
7. 4 riethoBVSMRofind$PLY, Sdichét 110! HAEN0 (19803 ahd Mi@tks et al., Mol.
concentration of 100 PM was added, and the tissue

18 US pPaasideol. ¢ si2hdae (86 dthe tpit{]ﬁ’mbgater(smcﬂﬂmcﬂmy@@e fat e
was centrifuged at 18,000 x g for 20 mn at 4C and the
r es Gl/nineal) yes gbéaineglefrom NENQ‘%%@@?*@I@M& rhebindgigghes of

ice | d water. Afte batlo g a_new
$e| I Siinigerinc sps imsatuied Rt gt N e
o sGueRbls-on B@?uﬁé Billye gf?di#é%‘ine‘ﬁ%%%"@ g BF iRt por

of LR 128 8RN indubfRMSoW@R Jf BEORD. TESRAEHatibYBERtvad BBOQRd
x g for 20 mn, then re- suspended in ice-cold PBS

16 Du klimefmbmcme@hm[aﬂawbﬁmm 55aMi ke bikdiGh reail:ﬁ?(ﬂl 20
mM KCL, 2.67 mM KH2PO4, 1.47 nM Na2HPO4, 8.1
Ca@mma@d y matlowgdhz prqyelscmmlna bpunddigard @it ebss fiher

ERIRLNCT R M M S
Low s¥aked 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 uM non-radioactive 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. ICso values were estimated as the
25  concentration of compound that inhibited 50 percent of specific [H]nicotine

binding. Inhibition constants (Ki values), reported in nM, were calculated from the

37



et al., J. Biol. Chena. 193: 265-275 (1951), using

bovi ne serum al bum n as the standard. 25 The bi ndi ng
w087 A was neasured using a nodificati on PET/UR®04/006530

nmet hods of Davies et al., Neuropharrnacol. 38:

679- 690, 1999). [3H MLA 38 WO 2004/078752

PCT/ US2004/ 006530 (Specific Activity = 25-35 G/ mol)

was obtai ned from Tocris. The binding of [3H M.A was

det &€sivaleesusingdhcamethbd pfChea el Bn Barchart Ehatmab 321 3998-3108

were conducted in 48-well mcro-titre plates and

con{®¥7Akd g of protein per well in a final incubation

vol ume of 3007about 200 A. The incubation buffer was

PBS 5 and the final concentration of [3H M.A was 5

nM  The Dy 8fhéyge r€action was termnated by filtration

of the protein containing bound |ligand onto gl ass

§i ber f Rt gemale SpriueBaneds) yeiptih H 050023 @ RERI mAih@aidé on a

Harvester at roomtenperature. Filters were soaked in

d e 13 hiligktlaviatysle and rvees aliowgd ﬁe@@cce/ssps@w?et imd feodsupphied by

reduce nagn-specific binding. Each filter

vvas RV Naitoplaterpational Thg. Abpmplssiess angesthesiard with 10% CO, then
| n C gcrgsiﬁrde BrNon SI% rgrlnfoxlle agd Bfal e I]I\A\?L!ascedceglg ]{aﬂfo d ’ﬁ}/e

nonr adi oa in's
vel bgnochBpul Q'é‘é Ilgin'b’v&f‘arﬁ é)le{cg’d'ﬂn%om&ag (R W lBS) of ice-cold
conpounds was determ ne i ncl udi ng seven di fferent

100N pRPirhaid tufter QfadlS7 e} Kcnnpaumt KH,BE®), 88tnid; NeJHP),, 8
Each concentration was replicated in triplicate. |1C50
val mdd; HErES @t aerd), 80 mad; idaacdsmidoncalt Eatliford .cohM; pH 7.4);

compound that inhibited 50 percent of specific [3H MA
o VA, S e BAncl e il cenceracipn of LR M, Bpdkledy and

Méls\éq‘%rse %r?sluc):nuslfle?st }r%%lofg[gg mdlt,]bh ho )%)9 THE L urﬁg’gfgac'tle Bds the

ar maco

309%61:??111% ed 4t 18, 66@ X %Qr JRh &AL Tedddqne &Eulmp@as re-

Rel ease pam ne re ease was neasured using stri atal

1Sy naphesied sl (0kihahdsed iderold witat Afted b0 mirihcabadbman ice, a new
the procedures set forth by Rapier et al., J.

Neu peltshwas ccgmcted BBFentugation ) 18,08xss for 60rmlleat 4°C. The final

Spr ague- Daw ey hi 150- 2
P gllet was re- suspended mQO I%mes of bu%fer gnd storecf at -20°C. On the day

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; KH,POy, 1.47 mM; Na,HPOj,, 8.1 mM; CaCl,, 0.9 mM;
MgCl,, 0.5 mM; Invitrogen/Gibco; 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 [PH]MLA was measured using a modification of the
methods of Davies et al., Neuropharmacol. 38: 679-690, 1999). PHIMLA
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mai ntained on a 12 h light/dark cycle and were all owed

free access to water and 25 food supplied by PM
wdorfots7en | nternational, Inc. Aninmals were  PCT/US2004/006530

anaest hetized wth 70% CQ2, then decapitated. The

brai ns were quickly renoved and the striata 39 WO

2004/ 078752 PCT/ US2004/ 006530 di ssected. Stri at al

tissue from2 rats was pool ed and honogeni zed in 5 m

of i(Beecificdtativily 82590 Siveradewaoohtangd fram Togrlyl AlEPBBdinglaf

7.4,,using a glass/ %fass honpgeni zer, The tissue was

t heth PB%«M e ing @@ hingubagien at @1 - nipeehations ere

Il
Con PRI 4TSS AHRRE b5 o RO i parut i,
pel |f§151 ﬁ’l‘@h%aﬁcﬁ%ﬁmwﬂbdﬁ%édlng %@%&fb&ho{i Bieét vils DB

nmonoam ne oxi dase i nhibitors

KH2 R the Zindl dstaitchtiondf 23H]MYAAO&€§ 2aMVhd/Bindhg réetioiMyvas
HEPES, 1 nmM ascorbic acid, 0.02 mM pargyline HO and
10 revmiflated by diltrasian pf the pagiein centining bgend ligend aBo iglamufitees
at 25, OOO/%ﬂ The fi nal Bel | et was_resuspended in 1.4
m pers (SFEh Brandela psipg? i%d?lr%a? Hpryegigr @t ropftemperature.

S y n g’@%? SQIR soaiucf' Pefish 019 V\\?Ster coﬁ | V| %'j ‘?ﬂg'jlystgnlenem&ne to

res ore ne

( [ S b ncﬁlps%thl& Gindk! Ehéh)ﬁlter %%s Qash@i é BHRS withERLL of PBS at

Research Products) was added at a final concentration
10f  @ocin témparcird. €ors siRpigio dindmgwas deteaibet wineltsidy 6F 00UM
another 10 mnutes. 50 L aliquots 15 of tissue + 100 L
perﬁlgm@naquwh@{AMIBbctbd)wd]éﬂj |nto the supraf usion
chanmbers_of a_, Brandel P‘; System (seri es

2500, GafbhiBrHisngt! ﬁrb}ﬂ wstwemt)@fnds meﬁ?ﬁmned by
te”?ecﬁu iy rs%)len%&erg#nggcen{rﬁ IR §ﬂ§ fed n%@%&@% aeété‘é Feltd

3 or a was erio

co ”@a&i{‘&nwﬂ%aﬁ@n Wis lﬁ:‘ﬂ{eﬂ ietri ?ﬁ@ateM WPl §Rre ARRhE gs the

in the perfusion stream or 40 seconds. Fractions (12

1Sec eostenteaoh bf veipurd thavinhibhetbitspeyceand ] spet fid FINIA daating.
chanber throughout the experinent to capture basal

r el dabibition gomstants-(Khvalesst repoakd M awase eglenlated from the ICso

re-establish the. bas ne after on|

applVAust 5818, th erlﬁethe@?ffe‘b&as &t %gwefeﬁ"r Bhopcel ?%éPP% S0 o
sci Zgﬁ%atlon vials, to which scintillation fluid was
add "3H] DA rel eased was quantified by

20 z 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 striata
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scintillation counting. For each chanber, the

integrated area of the peak was 25 nornalized to its
whameh7sre2 40 WO 2004/ 078752 PCT/ US2004/ 006530PC REFMas 6530

was expressed as a percentage of rel ease obtained with

an equal concentration of L-nicotine. Wthin each

assay, each test conpound was replicated wusing 2-3

chanbers; replicates were averaged. \Wen appropriate,

dos élsmmdo Seatal tisgue &omoX ratseas poolap andipmgemzed in 5 ml of ice-

determ ned. The maxi mal e‘}%}}iﬂ vation_for individual

conﬁ%ldﬁdf@ IYIEH%{%@ cRaemmg I HERES #HY- éﬁ@&ﬁ@&@%%%s t he
t ti L
co n%gmﬂ%e%gzgh\é@ﬁtlr%gl%e v{/ag %% ¢ 1i1t{1¥ulged Qtl (?1&) )?ge for -{051 mlrllutes. The

I on resu

act by kAL dlgtg%@an@the%@ﬁe?ﬁd‘tdn? w'aéj&ntr fh'%dvé@ﬁ @(b(%cfor 20

defined. Selectivity vs. Peripheral

b nt afim@és. Ohe adsulting pEllesans MhsptrleSitbpeyfusiol\biififer abntainingf
nmuscl e-type nAChR was establi shed on the human cl onal
| i nenondiEGing oRBrsevutiikiters @ 281mM Nedl, fl 2onM A b maM KC1, 3.2

590 T8 EohS N Ml R ﬁéﬁigw@%a%%'elg‘#%ﬁ?%éf%ve

.?.E:rpanra glgriecﬁqlc?aéld ]!é Eﬁ? é@]@?ge %7’4 ‘gn cen mﬁ?+r 15. mJ%Ptes at

(Csval bgO tTlfélfmal ﬂﬂﬁla‘tr W3 %susﬂeﬁ&éd in Qﬁp mﬁ&?fuﬁggbuﬁe? @&)

and nol ecu ar | ogi cal profil (Lut her et al

10e uiamediate se. 1082 1096 1989) SI m I ar to the

nmuscl e-type nAChR. TE671/RD cells were maintained in
prol i fer&hé syeamomnahsugmlsien aee mcclbaltfgl for B minytes pe37°C to
prot ocol s (Bencherlf et al ur.osci

52 gestore ggtahol gﬁat“zry ééﬂ&?@?‘?‘lﬂe "‘HJA?A Sp%flf%fﬂeaﬂ%ae%ﬁ

o GBS Reahh datelsh o ol R iy il 4 b
1 O%aﬁ‘cpfhé §usE§1%§dﬁr9/a{s@10kﬁﬁﬁecBRL3)7°C ﬁ){"aﬁ&ﬁél 10%141!1@@ ﬁ)q,lluzmquots
(Hyd one ogan , 1mM sodi um pyruvate,
15- Gloﬂﬁ@m Re0o0 ﬁDpaﬁQ;mnﬂjuffSr wasicadéd into-thé a@mfmrxtMmbers ofa
(Irvine Scientific). Wien cells were 80% confl uent,
t hePrandelcSuptafusiah Systed (waleh 2309, Gaithesbyree NED)p [Patfusion buffer
(Costar). Experinents re conducted when Qe cells
r ea&lee® temperature) was pumped into the chambers at a rate of 3 ml/min for a wash
period of 8 minutes. Test compound (10 pM) or nicotine (10 pM) was then
applied in the perfusion stream for 40 seconds. Fractions (12 seconds each) were
20  continuously 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. [’H]DA released was quantified by

scintillation counting. For each chamber, the integrated area of the peak was

25 normalized to its baseline.
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100% confl uency. 41 WD 2004/ 078752 PCT/ US2004/ 006530

Ni cotinic acetyl choline receptor (nAChR) function was
w@s®ayesisusi ng 86 Rb' ef fl ux according to a nepdiDtisS2004/006530

descri bed by Lukas et al., Anal. Biochem 175:

212-218 (1988). On the day of the experinent, growth

nmedi a was gently renoved fromthe well and growh

medi a cont ai ni ng 86Rubi dium chloride (106 C/m) was 5

added t oRelaass wesekpressed a5 neEseatagheiplatse @btined mithfag eqipl

eriod, .exces

e e T S R
130 bk 2R RGO RSB A BB sl e
MM c6REsLeE ted cSmpdvind Mafd dteriihed. T inbaseNdcE Bfa forthblividual
7.4), taking care not to disturb the cells. Next,

Sel lcsmpamds (Erflax® xpo daeintinedhe @ phicerftagead thecoarimalradiivation
100 M of L-nicotine (Acros Oganics), or buffer alone

f or influpedfupt lewicoties. | Thgicagpeund cengspisaion resalting dn halfygaximal
super nat.an ontainin he rel eased 86Rb was renoved
and 26#aHeR éﬁ‘%&d’qﬂf"&%ﬁlg‘f ﬁ‘l"? weg e %ﬁﬁ?@ Scintillation
fluid was added and rel eased radi oactivity was
measured by liquid scintillation counting 15 Wthin

each assay, each P@eRkiVIBYs2PefiHelAMAThRWNI Ch vier e
averaged. The anount of 86Rb rel ease was conpared to

1bot h a phstetdctien aothe Fuma{nIMdsdé Subtgpeot i ne) and a

negative control (buffer alone) to determ ne the _
percent Astiedion of mascla-typendGhR was esigblishedjondiag ywnangingl line

ot AB0 VB bl RSB0 R an A SR PR e (St o

i ndi aYi &Jr%zln 0%%%2%@%# W) 'I‘ﬁ@g%ceﬁj@{rﬁésg'r&@ 81%?)1/&% have

per céntage actrvation induc
h- ln 'fpﬁ&l’iﬂaﬁ&o%ﬁ:h?LuI&Q BROUNPraAAEON ERALTTeA 25EST5118DGOsM,
a

maxi mal activation (EC50) of specific ion flux
Idas ebcsophysiblogal (Oswaldreadt, Nemoadi. Kdne9RIAT-CdHJOBYNnars
Subtype 25 Activation of the rat ]\9angl ion nAChR were
est amil¢cyhes Biolpgiqahprofiles (Luther et al., J. Neurosci. 9: 1082-1096, 1989)
similar to the muscle-type nAChR.
TE671/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), 1mM sodium
pyruvate, 4 mM L-Glutamine, 50,000 units penicillin-streptomycin (Irvine
Scientific). When cells were 80% confluent, they were plated to 6 well

25  polystyrene plates (Costar). Experiments were conducted when the cells reached

100% confluency.
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pheochronocyt oma cl onal line PCl2, which is a

conti nuous clonal cell line of 42 WD 2004/078752
weERanANE8D4/ 006530 neural crest origin, deri ved/U$m03/e06530

tunor of the rat adrenal nmedulla. These cells express

ganglion-Ii ke neuronal nAChRs (see Witi ng et al.

Nat ure 327: 515-518 (1987); Lukas et al., J.

Pharmacol . Exp. Ther. 251: 175-182 %989) Whi ting et

al ., MpNicopnigjagetRekoling gecepar (vécb&b Fijon waspgsayEinsmg

Si'c'é ¢ Bl geeine [remphol ot bELKR oF 1 Aot Biiem. 175

21?@5%13?@2@&% E;;ifof tt?eﬁe ?Ehré%@%}% déﬁ?!{sg%ég 1y fenfived
Cel InSmBE Qell GHd quplmbcna BMlih@ee ?fkﬁblﬁmdi é}ﬂ@fhel%&g‘l @/nﬂg was
medi um (G bco/BRL) with 10% horse serum (G bco BRL

5% fédedlto bahiwedl. SieilsiwelehiyGbaedat 37YE &m auﬁi)n,mlnmrﬁvf 3 balirsi nAfter
10 pyruvate, 4 nM L-@ utam ne, 50,000 units
penitlesi Ipading Rariod X9y ¢ |Rh V(qu remeved asking pellspyesg washgd fvice with

gﬁ'n&a%egﬁ%ef%@%% Geroy sf% Sl v osmn ‘°K6c1%mM

pol Si P! | 13 9]]91(9{7?4 id).
Expgcrfli_rre it's vvereN%on ucte wheénbl% he ce s reac " 80%
confrbvaesyer/Giblds fETi N (f taRfn@ tedle GBOb Idkeurb EHeRBINT NeﬂAQnR)were

functi on was assayed using 15 86Rb+ effl ux accordi ng
100 axpmthod 00¢dE of tbﬂdorbyodndk(ﬂéO@uMad)f I-nipotale. (ABros €lrgamics),
175: 212-218 (1988). On _the day of the experlnent

gr ok bufiss aloae fad I@’@H‘F? yEQlleingdhE exppgis PasiodyBE Fupsrgtant

& 7 e e QoS e eRrgR St vt
at %Zﬁtlflﬁ[oneﬂum g%%%cpgsnd%d@&g& %da ra1l Cﬁ\?ﬁ wals aétﬂ@djﬁ}ngqmd

excess was renove e cells were
Waslgﬁﬂtﬂ]gmioﬁeoﬁlﬂuh 20 | abel -free Dul becco's phosphate
buffered saline (NaCl, 138 mm KC1, 2.67 mm KH2PO4,
1:5 47 vt Wit HFRCH assB8y, BachijoinChdd 2replcaesnivhicMyEke2yvefag&l. The
I nvit Eﬁ%gen/ G bco, pH 7.4), taking care not to
di sta@lpbnttoﬁe éﬁlp@emmmp%ﬂ tpéoth@rpemtlé@(ffa@@b 106 1¥b- pM
of tes icotine

a1 ooty SRS ket g R Bat e reieigese
thergié{%rt@ LAY - ﬁ]?gﬁﬁl ning the rel eased 25 86Rb+ was

r enoved transferred to scintillation vials.
Scintill Wheﬁ Bpprbptiate, W8 -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 L-nicotine. The
compound concentration resulting in half maximal activation (ECso) 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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added and rel eased radi oactivity was neasured by

l[iquid scintillation counting. 43 WO 2004/078752
weFanAEeD4/ 006530 W thin each assay, each pop@r/Ukzmd4/@6530

replicates, which were averaged. The anmount of 86Rb

rel ease was conpared to both a positive control (100 M

nicotine) and a negative control (buffer alone) to

determ ne the percent release relative to that of

L- ninewe} eyest ongipyisH verhisers g riyraeref thegateadreaglypetydla.c Thesp gells
of test conpou were d 1 neqd,. . The i mal

ot TR TR e 3R COBRIsat VA HESh ey Vel 327: 515-518
det ' e b Vb
g R O PREMRHEER] ThaCadTE TR, Q580 Fil et al
r eswhdri e ReshB: 61.maxigvel). acti vation (EC50) of

specific ion flux was also defined. 10 Interaction at
tShe HunmaRaIGl debnwere Sudiityipel ilipeolifehtivel groveth pBhbe3¥&Yding to
is a continuous |ine derived by sequential subclonin

of tewing grasesols| (Bersherif qt glo MaCall Slenrogii & R2wWAL1991) and
origjnally obtainped fr hu '

neursBiee! et - Siesel Bor Tuoednt BEOE IR Gl vaee

15 . , ' -

o0 3] R N ERECh otiop E0bi s Bl REHCCPIRL) vl 107 B
pr olskrdify (@hitcd BRAL O HetflRSBe sed6ié GHHCIdHe, TR iOUNT), N&1M sodium
protocols (Bencherif et al., Mdl. Cell. Neurosci. 2:
192- GSruvhte9OmM kuGtluBairehs0,000 wits pdnicillid-strEiptempeic Grvindexp.
Ther. 257: 946-953 (1991)). Cells were cultured in

Dul ISeicatfia. Nowncellsgva §0% canfhisay they FereiiaedrIo Well Npnoo

O S A SRR B o A A o
- Gut.amne. . : el s gty .
g R 4 ) L2 SN s
they wer ®idatiai@ektyiohdlind@dckptoP@ATERY fuBgorDl Ataesiyed using

(Costar). Experinents were conducted when the cells
15e a R efflb@@86ording toremetiiod &Scritied by Lnkas eaale iyl Balchers 175:
recept or EnACh%; functi on was assayed_ using
212-218 (1988). On the day of the experiment, growth media was gently removed
from the well and growth media containing 86Rubidium 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 86Rb was removed and the cells were washed twice with
20 label-free Dulbecco’s phosphate buffered saline (NaCl, 138 mM; KCl, 2.67 mM;
KH,POy4, 1.47 mM; Na,HPOy4, 8.1 mM; CaCl,, 0.9 mM; MgCl,, 0.5 mM;
Invitrogen/Gibco, pH. 7.4), taking care not to disturb the cells. Next, cells were
exposed to 100 uM of test compound, or 100 uM of nicotine, or buffer alone for 4
minutes. Following the exposure period, the supernatant containing the released

25 ¥Rp* was removed and transferred to scintillation vials. Scintillation fluid was

added and released radioactivity was measured by liquid scintillation counting.
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86Rb+ efflux according to a nmethod descri bed by Lukas

et al., Anal. Biochem 175: 44 WD 2004/078752
WS04/ 006530 212-218 (1988). On the dayrPof/usive4/006530

experinment, growmh nedia was gently renoved fromthe

wel |l and growth nmedi a contai ni ng 86Rubi di um chl ori de

(106 (check)C/m) was added to each well. Cells were

i ncubated at 37C for a minimumof 3 hours. After the
| oadi ng PE#BeRch assak sachgmins hadd eplienesy WHichwere #eraged. The

o odTRT e g i P la Pt apsglif ponker 0108 ybmiggne)
KH2 ng SQ%ﬁM%ON@%%neﬁto]de%n %%!% Zf)entqel%ﬁézaﬂy«l:latlve to

MyCl I'nvitrogen/ G bco ng care
not tha ofll Siidetike.t he cells. Next, cells were exposed to
100 pM of test conmpound, or 100 M of nicotine, or
buf f er aMBre apmoprékteyidnsstresponfeaiulvespitgstichmpexplosae e
period, the 10 supernatant containing the rel eased

86 RiSeiRERIne THparRXaY aﬁﬁﬂﬁlﬁ@lf for inglividugl Corppayndy Eanaxpias
V|aI intillation f a
B 14 AR ottt DatRG! Rgtion iR Edfoupe. e
cou
;opr el ol Ry R B b ARl RlasR teely) o sprgific on
r el gmsevavaso aerear ed to both a positive control (100 M
nicotine) 15 and a negative control (buffer alone) to
l8eterm ne the percent release relative to that of
L-ni cotine. Wen aﬁproprl ate, dose-response curves of
t est conﬁﬁeﬁ’&tl%? rangdio i mal activation

o e o b P SRS SR LR 8
han LRI of 1o OATPNGK GBACRAEA WP B Atk

t1vation (EC50) of speci |c 10
was adm@n gaiphBaihcuRdsRsant H-SYGYQ@H@@@M§ a Y&ieBon-like
eval uated using the assays described herein. The
16 es mAICHR (bulkas at &., MI&ICEtltheluomduhdé, BO3).he present
i nvention selectively bind at a402 nAChRs and

consequ eHPWH SHSYPY Cal.\l)sp\ﬁqw ﬁ)@m,taéqlegég grolifsyaive grawth phase 25
vl s %t§| T g’ePgOtOCOISa(ﬁgnC%erl eef‘ r}\/l hE‘el . ?Vnegroscz. %:%-&M

and?
(1991) and Bencherif et al., J. Pharmacol. Exp. Ther. 257: 946-953 (1991)).

Cells were cultured in Dulbecco’s modified Eagle’s medium (Gibco/BRL) with
20  10% horse serum (Gibco BRL), 5% fetal bovine serum (HyClone, Logan UT),
1mM sodium pyruvate, 4 mM L-Glutamine, 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.
25 Nicotinic acetylcholine receptor (nAChR) function was assayed using

8Rb* efflux according to a method described by Lukas et al., Anal. Biochem. 175:
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dopam ne rel ease approach 100% of that produced by

nicotine. In contrast, the 45 WO 2004/078752
weERanAE804/ 006530 conmpounds of the present | PUENS10041006530

do not bind well at those subtypes of the nAChR which

are characteristic of the peripheral nervous and

muscul ar systens. Thus, the conpounds of the present

i nvention possess ther?peutic,potential in treating

centt 4P ThSHEu O tisl HEsoPeitas Wb A= ansenigpemoved
[ f ' 5 wi.t.h gnt tion W t
o R AL oFEBREL S Rty ARLGREE ST P

peripneral nervous System

subj@eti Bkt 8has Aliladahe e&]gl %ﬁnteﬂswe%@ﬁ%ﬁmxedi ot 3ol g be

apparent that many nodifications, substitutions and

var infiib@nsofGfhoulse Afteethe MbadingDeasd, ieRtesa’Rb POSSERbR aAd the
light thereof. It is to be understood that the present
P nv eellsiveeme washed twipy wiith labelefrastihdbect ¢i apharphasgladteiedsalihey
descri bed. Such 10 nodifications, substitutions and

var (BGlohi8 mMe KCh 2 M KRR it it NeekPQy o mdf; Ca

TR L T
f or gilsa: NexRlcelldws Bhosdd @108 WG e %mp&uh&, d@’?g% uic\jff die

represents vari abl e 'geonetry (E or about oubl e
bondicoting, tisbuffet #16@Efor  mikutds?2 Fofdwing tHeyesth&@fI period, the

Cl. 6-al kyl, hal ogen, -OR4, -NRAR5, or -SR4 when X is
1¢- Reupenrgiaaidnringie releagtl “BRiawkyiemov@Rd tansferlNURS
wh e?ciéilia?ior? {ritalrs.o ggrrllt;illation fluid was added and released radioactivity was
measured by liquid scintillation counting.

Within each assay, each point had 2 replicates, which were averaged. The
amount of *°Rb release was compared to both a positive control (100 pM nicotine)

15  and a negative control (buffer alone) to determine the percent release relative to
that of L-nicotine.

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 (ECs) 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 042 nAChRs and consequently elicit dopamine release. Typically, Ki

25  values for binding at a4f32 are in the range 1-100 nM, and Epax values for

dopamine release approach 100% of that produced by nicotine. In contrast, the
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R2 is hydrogen, Cl_6-al kyl, aryl, aryl-Cl_6-al kyl,

ClL 6-al kyl -aryl, heteroaryl, heteroaryl Cl_6-alkyl,
whedoenoyrl yl , heterocycl yl al kyl, cycl oal kyl , PCT/US2004/006530

pol ycycl oal kyl , - OR6, -NR6R7, -SR6, -SOR6, or -SO02R6,

each of which can optionally be substituted wth 1 or

nore substituents selected from hal ogen, -CN, -NQ2,

-NH2, -OH, -OR6, 15 COOH, -C(OQOR6, -O C(O Rs,

- NREfpoungiof ttyy psent imyentiqrdrpot bisReell atheyp Rebtypesobike,

TR TR GPetog iy 1 B BBl b R mi P & eims.

tri I ' r 1

. LR R AEHk S OB ot
Cl_6Greatdgtentrd 8606@a%3tbm GlofiteRtl wiHout préfhchts@leREmMas ¥dsociated
het erocycl yl al kyl, cycl oal kyl or polycycloal kyl; mis

bet wathrintéraatih with the périphbet meeerus tyseml 3; R4 and R5 are,
i ndependent |y, hydrogen or Cl_6-al kyl; R6 and R7 are,
i ndependHating dis¢lgsd sigesnbiectmagienplidhe presentingientien, it should be

| | kyl 47 WO 04/ 078752 PCT/ US2004/ 006530
Y - et that ot o HAGORS, SRS ity At ony Sths yasep)

het - l.
e ﬁ{vggtg%ﬁl %ﬁrﬁghﬁ 1116(:%/{%1}t g};l g.leftgs‘r:%cole%kderst?oda?ﬁt )}llme? presen

het ero pol'ycycl o eac
of WiesdbnCRaR be PlatHRM athkythRLassspbsititydedived. lsuene or
nore substituents sel ected from hal ogen, C1 6 al kyl,
1C1_ Gnadifications, subititutioniORnd vahiki?ons -afeHntende@@blpe widhio-kd scbpe of
alkyl, -CONH2, 5 fornyl, trifluoronethyl and

t ri thepsesepteppléseiion.wher ei n t he C1_6- al kyl ,

het erocyclic, heteroaryl and aryl groups can be
substituted with from1-6 substituents selected from
the group consisting of F, d, Br, I, R8, -NR8R9,
-CF3, -CN, -N®2, -C2R8, -N3, -SM2CH3, -OR8, -SR8, -
C(=O NR8R9, -NR8C(=O R8, -C(=O R8, -C(=0) OR8,

-(CH2) QOR8, -0OC(=O R8, - 10 OC(=0) NR8R9 and
-NR8C(=0) OR8, where R8 and R9 are individually

hydr ogen, C1-C6 al kyl, pyridyl, substituted pyridyl,
qui nol i nyl, substituted quinolinyl, pyrimdinyl,
substituted
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pyri mdinyl, phenyl, substituted phenyl, benzyl, or
substituted benzyl (substituted w th one or nore of

W0 b@4asyse substituents), and where either R6 BOTURD00006530
R8 and 15 RO can forma Ci _1o cycl oal kyl
functionality, and isoners, mxtures, enantioners,
di astereoners, tautoners, and pharmaceutically
acceptabl e salts thereof. 2. The compound of claim 1,
wher ei n R qldmaydr ogen. 3. The conpound of claim 1,
wher ei n is -OR6 0 4. The conmpound of claiml,
wher ei n E%Aﬁ?HW9ﬁF%§§§F%“Eﬁ?The conpound of claim 1,
wherein n = 1. 6. The conpound of claim1, wherein m=
2. 7. The conpound of im1l, wherein R6 is alkyl,
i ncl udi ng cycloalkybf cont ai ning al kyl. 25 8. The
compound of cl ar wher @i is a peterocycle. 9.
The conmpound of clal\m 8, rocycle is
selected fromthe 4% 2004/ 07875 US2004/ 006530
group consisting of piperidinyl, norp i nyl,
pyrrolidinyl, imdazolidinyl, pyrazolidinyl,
Bsot hi azol i di nyl, thiazolidinyl, isoxazolidinyl,
oxazolidinyl, piperazinyl, tetrahydropyranyl and
t et r ahyd™®eiganyl . 10. A conpound sel ected fromthe
group consi st of 5 (R).-. and )
05y~ 5. CCBF v Bpreger g RE Rrgms B er 2 sy e gyt bond
4-yl oxy) By L. k2. and :
(S)-5-(( 1-E%{-Hpc)))g%rc())lfol*q():i{i’n-3-y|vin‘yl)pyrim'dine (R - and
E Sg - 2- CglRé) Oy ArdgbrE)Cy 2-alkyt, halopehi, FORS, YWRARAYdr ) St whisn ¥ is C-R

R) - an

10S) -a8d hgdrpganpCxyalisd,(-ORY -2 -8R 1R ottied Xnis Bitspigen ny | ) pyr i di n
e (R - and.
(S)-3-i s8%i&iﬁés@,%@%-C’(I@*Ebk-Véﬁ’(Yﬂ,-aFaét%wﬂB% Cowielivhasyl veteinan

yl ) pyridi 1 - an ) i
() PGB ol Bkt iaih eyt miypieal

) PY T REROR( F‘%R6 a8@RS, or -SO,R’, each of which can optionally be substituted
(S) -cg-gi( (B RS PR Ry PhiQeR sl of which can optignally be substity

( R) -wiHor more substituents selected from halogen, -CN, -NO,, -NH,, -OH, -OR6, -

S)-2-chloro-5-((E)-2-(1-nethyl pyrrol.idin-3-yl)vinyl
1§5r |) diG@H, -C(O)OR6(, go-)C(O)R(“, -NR6R7,¥N£I>(/3(O)R6, -C(O)NR%U,) -SRQ,y-SRCP)Rf‘,

-SO,R®, -NHSO,RS, -SO,NR®RS, -C(S)NR°R®, -NHC(S)R®, -O-SO;R?, aryl,
heteroaryl, formyl, trifluoromethyl, trifluoromethylsulfanyl, trifluoromethoxy and
Crealkyl;

R%is hydrogen, Cy.¢-alkyl, aryl C;.¢-alkyl, heteroaryl Cy.¢-alkyl,

20  heterocyclyl, heterocyclylalkyl, cycloalkyl or polycycloalkyl;

m is between 1 and 4;

n is between 1 and 3;

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

R® and R” are, independently, hydrogen, C;.¢-alkyl (including cycloalkyl
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(R - and

(S)-3-cycl opropyl nmet hoxy-5-((E)-2-(1-nmet hyl pyrrolidin-
w@2004pv%76%/1 ) pyri dine 15 (R)- and PCT/US2004/006530
(S)-5-((E)-2-piperidin-3-ylvinyl)pyrimdine (R - and
(S)-5-((E)-2-(1-nethyl pi peridin-3-yl)vinyl)pyrimdine
(R - and

gg) cglggglm%ra?kyl) zg.r(yF)ary%(f Is—glir gétgrogry}/ lhgtlerrg)salulry Elaldlgylr,]e

5 |82:l h%tg?olg%%}rlo h%ﬁréé cloaﬁw cyﬂgalﬁ)f lop p(ﬁ%}}cgaﬂ(yl‘?’ eé’clh)o\f Ier]ﬁ/clh)cQX

é ?r Iogln%ﬁ_k/ 80 El?)@bﬂ_uféﬁtwh@@ﬁe ar inbfe)substileRRsbidddks Rom MMioB¥, Lo

(S) -aBey Y s 0P YENE NG XINHD; {QHE)-CROH, -0 0Ny LRIk -CONEE,
3-yl)vinyl)pyridine

5- ( (@my2-tpflpeemethyl-aad yrflornpetxyi mi di ne

5-((E)-2- 1 msth Ip| eridin-4-yl)vinyl)pyrimdine

2- chl or o} ¢ Srplpdy oyl |h9qem>§ g ghaupsesan be
2-

n

eC R bstlguted v(ughEl)rom 1(6 su'get}tll;éﬁkég Sefgzce:t{ecll Toim tﬁ'e grl glly (i:on fsglﬁ)él cr)fl Pd iCl,

3- ezl ORE QR BrEL er 4o%BVERY L) pyri
di ngﬁ 12‘3 v%kz%%4 ’787521(19%/%%20 4/90 ngI JORYSR

3- CYI-ONRRY) MR 0EO)RE -C(=0)R®, -C(=0)OR?, (CHz)qORS -OC(=O)R?, -
-((B)-2-(1- rreth I p B{perl di n- 4-yl)vinyl)pyridine
(GE;(—Q)P&QER |ad<i1rN GEHIAR/) ) pyri m di ne

9-

5-((E)-2- mgt hyl azet i di n yl pyrimdin

5- ((E) - 2V sr@tﬁ dn¢Raarg |14A1w9waﬁY§Y@ﬂg%lr épg?r» Ay aymgdyl,

2 (gl@stlgltédl pyrrrl'c“:l%flhéf 1nozhny substlf’%lteﬁlqlunom{yl) yrlmclcrillln}(/)lr olﬁ%trltlu%d

3- (& e NsuBstithdd peh)1; BerGY(C

i ne&)gj)sl’t-n(?d(i%)q’-G‘I;Zhli3 4 rlrlweithyt agﬁeét %dl n- 9%1 b&%&?%b&"ﬁ‘é&ﬁ’%ﬁ%ﬁﬂu?&d
- CY GHdne byinﬂﬁidf aheydyvd dibstizuen(si)and &iherre either RSand R” or R®and
(S)- ?5 phenoxy-5- ((E)-2-pi peridin-3-ylvinyl)pyridine

1§ R) R gandform a Cy.1 cycloalkyl functionality,

(S) - 3-phenoxy-5-((E)-2-(1-nethyl pi peridin-3-yl)vinyl)p
yrl dl ne allcblsomers mixtures, enantlomers dlastereomers tautoiners, and

3- phgnoxgeugtcglfy@ccepta% epsgfts t%ereo -ylvinyl)pyridine

((E) 2- QlTﬂ@Ed?ﬁ{ﬂoBhngfr dln; Gzhé’ﬂeﬁn\ﬁlrié’hgci%(gehd' ne
3- phenoxy-5-((E)-2-azetidi n-3-yl vi nyl pbyrl di ne

3. The compound of claim 1, wherein R? is -OR®.
20 4. The compound of claim 1, wherein R® is hydrogen.
5. The compound of claim 1, wherein n = 1.
6. The compound of claim 1, wherein m = 2.
7. The compound of claim 1, wherein R is alkyl, including cycloalkyl-
containing alkyl.
25 8. The compound of claim 1, wherein Rbisa heterocycle.

9. The compound of claim 8, wherein the heterocycle is selected from the
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3- phenoxy-5-((E)-2-(1-nethyl azeti din-3-yl)vinyl)pyridi
ne isoners thereof, m xtures thereof, including
WO amen7ssm xt ures, enantioners, and 15 taut onePGI/US2004/006530
t hereof, and pharnaceutically acceptable salts
thereof. 11. A nethod of treating neurodegenerative
di sorders conprising admnistering to a pati ent in
need thereof an effective amunt of a conpound of the
f or BEAUR:conxistiRg ohpipeydyRInorRholigyk Pétifﬂldﬂsfé) pigazolidinyl,

RO B g PRy s Bl el o
b 0 n 1pef2k§m§'§ t%f:.:llafl n?/f arfd tgi?ah&dr fdrﬁlyh ydr ogen,

or -SR4 vvhen Xis

C— R2 anqlo hb(%ﬁgfzﬂhd s@éct&ﬁfr&ﬁ‘yﬂthe gr@monmtmgl\&m RS when X
IS nitrogen,; i s hydrogen, Cl1_6-al kyl, aryl,
ar yl(REknd GSQJrSk&E), -2-0yrr @idal- B(-ylv-nml)ﬁ (telmiwélropmay% yloxy)pyrldlne
het er oar Cl 6-al kyl, heteroc
het éRb@g% (D15a00RY3- Pyré%l@lﬂbé'lyl%’%yl Pp&%myfé‘gﬁcl oal kyl, - OR®,
NROR7, - whi ch can
opt (B (SRl @ Rgond i RGP
sub - NH2,
- S B o R PR R e
By JafR® (S)-3G6 5, |,-meth din-3G/1 d
SO TLGYBES T S S S,
1Qr yI(R)- ahé(Séfﬁ%ylc;obrop&]memdxy-St((E)ﬂ-Bm@m Brylvinyl)pyridine

trifluororre | sul fan trifluoromethoxy and
Cl1 &R} I@}Mi (S) Ek2-ﬁgyglﬁ@@ﬁnol@n-§-yé)vwl Ypyrimidine

ar yI(R) am g (S% 2k c}iﬂdro @e&ﬁrf ?lr1¥1 pyrroh 1n¥ yDvinyl)pyridine

(R)- and (S)-3-cyclopropylmethoxy-5-((E)-2-(1-methylpyrrolidin-
3-yl)vinyl)pyridine
15  (R)- and (S)-5-((E)-2-piperidin-3-ylvinyl)pyrimidine
(R)- and (S)-5-((E)-2-(1-methylpiperidin-3-yl)vinyl)pyrimidine
(R)- and (S)-2-chloro-5-((E)-2-piperidin-3-ylvinyl)pyridine
(R)- and (S)-2-chloro-5-((E)-2-(1-methylpiperidin-3-yl)vinyl)pyridine
(R)- and (S)-3-cyclopropylmethoxy-5-((E)-2-piperidin-3-ylvinyl)pyridine
20  (R)- and (S)-3-cyclopropylmethoxy-5-((E)-2-(1-methylpiperidin-
3-yl)vinyl)pyridine
5-((E)-2-piperidin-4-ylvinyl)pyrimidine
5-((E)-2-(1-methylpiperidin-4-yl)vinyl)pyrimidine
2-chloro-5-((E)-2-piperidin-4-ylvinyl)pyridine
25  2-chloro-3-((E)-2-(1-methylpiperidin-4-yl)vinyl)pyridine
3-cyclopropylmethoxy-5-((E)-2-piperidin-4-ylvinyl)pyridine
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het er ocycl yl, heterocyclylal kyl, cycloal kyl or

pol ycycl oal kyl; 15 mis between 1 and 4; n is between
wa @752 R4 and RS are, independently, hydrogk@I/u82004/006530

Cl 6-alkyl; R6 and R7 are, independently, hydrogen,

Cl_6-al kyl (including cycloal kyl containing al kyl),

aryl, aryl Cl_6-al kyl, heteroaryl,

het eroaryl - Cl_6-al kyl , 20 heterocyclyl, o
het Srayelppiopylaielbpry-Sd (ForodregthylgipeignycXityhPRydine each

of ' can,. tionally .he substituted with one or
nor \gj@g)sﬂeflﬂf& "%W’%ﬁ@g%@ ""From hal ogen, Cl1_6 al kyl,
Cl_&G_ akkpxy = NCR 1\ e - COOH, - COO-Cl -6
al k?l @)%\‘ﬂ%t}l%eggny ,yl_)‘tnrl ylrJlor on%t hyl and

t ri fslaornamtinasyylvihenedhlorbfigidak_6- al kyl
heterocyclyl, heteroaryl and aryl groups can be 25
Sub StEE)2-Edmethylazetidon3-§b) EngiBshlorapyritine sel ect ed from

t he grogpco_n_sisti_ng of F, d, Br, I, R8, -NR8R9,
- CF3:(B)chpzetifjod-ylvieyiRg-cyelqpropylgghopgoyridimrg, - SR8, 51

WO 2004/078752 PCT/ US2004/ 53 =O) NRSR9. . ..

N e Y05 50 D G
- =20 -2 =0) NRER9 . I\jﬁﬁq :9%@" where R8
a%ﬁgaﬁg)ﬁn@%?’gﬁﬁ?g{gﬁ%?g&n, or- alekyl,

pyr |(ﬂ%‘!and (@Lﬂoﬁieh&gyt@@tEFw(uiihéthy_llgpermai-wmbinylsmnet ut ed
qui nolinyl, pyrimdinyl, substituted 5 pyrimdinyl,
1phe Byphensy s ((E)-2Hpadrigihehylvinybpmizlide, or substi t ut ed
benzyl (substituted w th one or nore of the above

s ubsStrhenaxat S§(E)-2ntmetwinioesidinbyD veyliyddng or R8 and

RO can for Cl-10.cyel pal kyl .functionality, and

i SOME f‘oxﬁﬁ%’&ﬁ}’ '§,Ze%é1H%/§%ty R’HH’@%&“IH&‘? ast er eomer s,

t aut ) i: Cal i ble salts

t her%%’f%ﬁéqbﬁqg).-z% g{eﬁtﬁzgicﬁng? y@%@?@r@?@,ﬁ&v\her ein RL is
hy d Q@R therdst, mi@edmBEROM irfudBlgahddinldlmixediey, endntiBReds sand

-OR6. 14. The nmethod of claim 11, wherein R3 is
16y d togeners thifeof, Thkphmenivedtially etcaptable saltsulraeafi n n = 1.

11. A method of treating neurodegenerative disorders comprising
administering to a patient in need thereof an effective amount of a compound of
the formula:

20

wherein:
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16. The nmethod of claim 11, wherein m= 2. 15 17. The
met hod of claim 11, wherein R6 is al kyl, including
w@e koM7Y | - containing al kyl. 18. The net hod PET/TEB04006530
11, wherein R6 is a heterocycle. 19. The nethod of
claim 18, wherein the heterocycle is selected fromthe
group consi sting of piperidinyl, norpholinyl,
pyrrolidinyl, imdazolidinyl, 20 pyrazol i di ny
i sot hi az#89 venvwlrle rqprﬁsea%rqr@bwromrtgvo@&z & ?'?fr“ﬁ We double bond;

oxazol i di zi nyl , tetrahydropyranyl and
tetrahyd?§¥ﬂwgﬁ§ig%%g The nmethod of claim 11, wherein
the neur %dﬁqgfﬁﬁve'dﬁ aﬁdy?%ﬁlg dn, (51@‘8%&@1”6@@4 when X is C-R*

i nappropri at neurotfanshitter rel ease,

| NapRA BRIrb@nEC, AN eoRi @8 - ‘R SMER KriahisBEdrt er

receptors, and/or inappropriate interaction between 25
Beur ot r aRé is lytimesn, he-atkol aol.raariSristatiot, Greelpt-aty he@toaryl,
The met hod of claim 20, wherein the disorder results

fr orhe@rqgefliccp-éika&f hetgrocyatyl Jistrapyigiato] p@ir)%iséomime@@s@l

f h
o355 YRS AR OO g5 S BT )Y i
di sQriger oo ?l!lb%ﬁﬁl@ﬁj[? Eeﬁ&i@dtfib‘?n hfRHP.CRO 0SS LAY, -8k, -ORS, -

pre-seni enentia (early-onset Al zhelmer®s di sease),
senidEOHAETBJOR - - GROTR] INR R, -NHE(@RFLE(ORRR'L BRE)-S(O)R",

premat ure ammesi ¢ and cognitive 5 disorders mhi%h are
1ige -BOiR{T HNFHIORE, -SONBRIcAESNR R -SBREIREO- SOzR , aryl,
m cro-infarct denentia and. vascul ar denenti

Al Dbeieegaeil Saredrigfieprameye Ertfkupeinarﬂw%bnyldrl%%reeﬂhoxy and

Pio 1gisease Par ki nson' s di sease, Lewy body
tf progressive supranuclear pal sy,

Hunt' ngt @A} sshgg};) 5@@165 i{%ikwﬁae@aryhv:pgaikwew a,

mani a, epil atten icit disorder, anhxiety,
dyslmeiaycl$ic Hété’l@@ﬁ[ﬁﬂkﬁ, C}dh‘aﬁ]k?lsc& ipelycycléhlkyl;
obsessi ve- conpul si ve di sorders, Tourette's syndrone,
lanyot r oplm is betateer Aknd 4cl erosis, nultiple sclerosis,
peri pheral neurotrophies, cerebral or spinal traunas,
and drugnéﬁﬁﬂ%ﬁﬁdﬁmdﬁs A nmet hod of providing

anal gesi gsangor s e%gﬁdggtly, i clirogen or & Y-alkyl;

R® and R are, independently, hydrogen, Cj.¢-alkyl (including cycloalkyl.
containing alkyl), aryl, aryl C;.¢-alkyl, heteroaryl, heteroaryl-C;¢-alkyl,

20  heterocyclyl, heterocyclylalkyl, cycloalkyl or polycycloalkyl, each of which can
optionally be substituted with one or more substituents selected from halogen, Cy.¢
alkyl, Cy.¢ alkoxy, ~-CN, -NO,, -NH;, -OH, -COOH, -COO-Cj.¢ alkyl, -CONHp,
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’, -CF3, -CN, -NOy, -C;R%, -N3, -SO,CHs, -OR®, -SR®, -

51



gastroi ntestinal disorders conprising admnistering to

a patient in need thereof an 15 effective anount of a
w@eopoweis2 of the formula: RO~ \ n N_ R3 N MPQDUS2004/006530

wherein: the wavy line represents variable geonmetry (E

or Z) about the double bond; Xis nitrogen or CGR2;

R1 i s hydrogen, Cl_6-al kyl, hal ogen, - - NR4R5, or

:2322—‘&5“8?%?%& RSl 88&@%@%@%&@ R
00?@]’@5@ ar y41 W?é)ﬁ@gsgl k)F/\>I2 ! sélh%dglogsln, aryl ,

het er oar yhere RELAY RBEX lindHiaBiigh het-ey aYe bytidyl
het er ocycl f/rleal kyl, cycrl1 oa{I ky?, g‘;p tnf/ncy%: gg&z Fyﬂl v

- NRGRAtitutddRyridyl SR @inyh subsSQRRBGnine oy, pyhnmﬂmylh smuituted
optionally be substituted wth 1 or nore substituents
Sel eutimitlifyl.airehid) ssbsituted pixnyl, bhepzyl, ongubstitutey-benzyiftgubstigted

%lmﬁg(ﬁ?r mo§% the ag%(% qggstltueggggéé Wheq%%&ég and R” or R® and
-0 S02Re6, [,
het é{r”l&%ﬁ dﬁwgﬁ’gﬁ?ﬂ fbchinl thyl | i

trifluor Qﬂﬂeits&lﬂéré? hik @R8] enabidrhdrd) @fa@t@ﬁbﬁ%}’ta@tﬂﬂlers and
Cl_6al kyl; R3 is hydrogen, Cl_6-al kyl,

ar ylphﬁmaﬁelﬁbéslw accdpedbrsahs thbre6l_6- al kyl , 10

heterocyclyl , heterocyclylal kyl , ¢y cIoaIkyI or
180l ycycl bl l}dmeth@d@qlﬁemvléewhexelaﬁdlwydrqgems bet ween 1

and 3; R4_and R5 a Ly dr ogen or
Cl. 6- al k{#- Tlﬁén%fh%f{ﬁflaé‘i“ ,"iV ‘AéBgn&Fe' Y, %ydrogen,

Cl_6-al k)ﬂl ’fﬂenrﬁétﬂgﬁ %la(ﬁ%clll ,O\Qfléféﬂl R? is hydrogen.

15. The method of claim 11, whereinn = 1.

16. The method of claim 11, wherein m = 2.

15 17. The method of claim 11, wherein R® is alkyl, including cycloalkyl-
containing alkyl.

18. The method of claim 11, wherein R® is a heterocycle.

19. The method of claim 18, wherein the heterocycle is selected from the
group consisting of piperidinyl, morpholinyl, pyrrolidinyl, imidazolidinyl,

20  pyrazolidinyl, isothiazolidinyl, thiazolidinyl, isoxazolidinyl, oxazolidinyl,
piperazinyl, tetrahydropyranyl and tetrahydrofuranyl.

20. The method of claim 11, wherein the neurodegenerative disorder
results from inappropriate levels of neurotransmitter release, inappropriate
properties of neurotransmitter receptors, and/or inappropriate interaction between

25  neurotransmitters and neurotransmitter receptors.

21. The method of claim 20, wherein the disorder results from a deficiency
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15 contai ning alkyl), aryl, aryl Cl_6-alkyl,
heteroaryl, heteroaryl-Cl _6-al kyl, heterocyclyl,
whedoenoyrl yl al kyl , cycl oal kyl or pol ycycl oal kpdT/Usm04006530
of which can optionally be substituted with one or
nore substituents selected from hal ogen, Cl1_6 al kyl,
Cl.6 al koxy, -CN, -NO2, -NH2, -OH, -COCH, -COO-Cl_6
al kyl 2, . fornyl, trifluoropethyl and
triff wrymgypa@?mp@?mﬂﬁ én‘g 86%/"5‘?
het er ocygl v C
substitu ed+% ﬁfl?c{r%%ﬁ%llné% éll}{%hl?g{ﬁ%y&%l S%Ef Qg frf) Irmoﬂrlﬁ3

t EE u lé@nsﬁ‘sﬁﬁ&ﬁﬁlb%@mléfdeﬁentg (eargdiéll_séﬂ Alzﬁﬁmer’ J\Bgﬁge) senile

( G&,rhlﬁlﬁmdemelﬂE’Bﬁf the ARBeime(s WB@reme(ﬁ(r@@)m and cogmtwe
-(CH2) gORB, -OC(=0)RB, - OC(=0) NRBR9 and - NRBC(=0) ORB,
25 \dh‘elrdérs stume mg-1glatedion d iconsganenee,ofaleahelisan miqo-igarct

cundeiefiant ettt PR ool toion
subs%% 4 I e T L

( suRSrhdudte®ithal il Hﬁnt\i\ﬂhg%nﬁk,rchﬂﬁﬁ Etar@fvetdg’ﬁq&@iavl%rperkmesm maRng1a,

substi tuents) ere either R6 and R7 or R8 and
can epitepsy, att@hoﬁ Aefyicdisoadide yanx fetyn dyslexiva bahi apph@nid, depression,

i somers, mxtures, enantioners, diastereoners,
1Dautobspesive- coafrpalsn@ ditordenn & ewreiia asyngromes apydtopbicdatprak

t her herrethod f Iaim2,vvheeinR1's
hydﬁﬁgfsﬁs Taiple TGOS PRUOICEN MaH AT HDIsS, e B b bpgnas,

t hod of claim 23, V\,hereln R3 is
h drodéﬁga&ggl lip‘?’he met hod of claim23, wherein n = 1.

10 28. The Al o ro@icﬁigrﬁnglg(ssw\/\ﬁﬁly&'u@at[ﬁ FnflamdforyThe
met hod of claim 23, wherein is alkyl (i ncI udi ng

Yy C lgasadoltydstinat disbalersicompesiky dgmini3dring tvea pasitditdal nedd thdredfram -
23, wherein R6 is a heterocycle. 31. The nethod of

181 aieffectige ampent of mcerhroundpbihpégramle: i s sel ected from t he

20 wherein:
the wavy line represents variable geometry (E or Z) about the double bond,
X is nitrogen or C-R%
R' is hydrogen, Ci.¢-alkyl, halogen, -OR*, -NR*R?, or -SR* when X is C-R?
and hydrogen, C;.galkyl, -OR?, or -NR*R® when X is nitrogen;
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15 group consisting of piperidinyl, norpholinyl,
pyrrolidinyl, imdazolidinyl, pyrazolidinyl,

w0 s@hisrznl i di nyl, thiazolidinyl, isoxazolidi nRCT/US2004/006530
oxazolidinyl, piperazinyl, tetrahydropyranyl and
tetrahydrofuranyl. 32. The nmethod of claim 23, wherein
t he inflannatory di sorder is selected fromthe group

bovel sy RaiOgREBb Ciralkyf eBdpd Eerion Lol o hotea.
8:: S%%%ﬁédﬁ@lggﬁ% élg%éfoa %e?{ro%l?ﬁaﬁ%%g&loglh% glc%/%%alkyl -

nee ORNNER!, 8RS e6ORE o \eo,RARA f'ﬂﬁéh%iﬁ%bt%ﬂéll?ﬁ@%tsntuted
of a conpound sel ected from'the group consisting of

( R) -Wlﬂnnldor more substituents selected from halogen, -CN, -NO,, -NH,, -OH, -OR®, -
I PR OO NRER -NHCIOR, tce(&ﬁ%v dropuran
§ 2% RS TRt SRR OV S S

/ .

( S) eI glgrgrfg xéﬁgﬁ%é&ﬁ%pgé{rugo ) lsu&@yl tﬂﬁg?rf%?/trhox and
e

(S§E% |sogropoxy-S-((E)-2-(1-nethyIpyrrolidin-s-yl)vin
yl ) pyri dRh& hyficpen, &agalkyl, aryl C1 5 alkyl heteroaryl-C;_¢-alkyl,

S 3-cycl opropyl met hoxy- 5- yrrolidin-3-yl vinyl
19 py hetgrogeclyl( iterogyslylalkyl, cycloal y1 or po ycycloalkyl
éS%Rf ((H%-EM§IQPF£Q%prrroI|d|n 3-yl)vinyl)pyrimdine

§§?dlnch£?%%u%wgggha§ (1-nmet hyl pyrrolidin-3-yl)vinyl)p

(S)-3- cyRi‘@rnfmérﬁﬁie?waMntgrﬁ&@geﬁnéél gefichy| pyrrolidin-
3- yI)V|nyI)pyr|d|ne R)

(S) - 5- (( B ari- B qoe rinddpendBatiyl, bydnydenp@id-atkydi(imeludiny cydoudkyl
S)-5-((B-2-(1- nethylplperldln 3-yl)vinyl)pyrimdine
1 0 eqq)tam@g@,lkyl aryl, aryl Cy.¢-alkyl, heteroaryl, heteroaryl-C;. 6-alky1

hetgr::?g}llc?yl hetert() (ylea%k}R cl?fel a]_E}Ill%r 13)01 cyc oa¥k}/l eac (% anch can
( S) _ éﬁl(ﬁlg %Eyé)su%st dt‘lt@i with ohe SRS sRisBfEhd Eé}éc%édyijrglx hﬂXée)npém
( S) a% yEVeh %%@p;dmemxmé O céon, oot Rakyl LEORKL,)
pyridi ne -
(S)ﬁ&mgy0Mbpr@nghﬁﬂmmUﬁMﬁﬁm@ﬂE)xz (1- met hyl pi peri di n-
yI)V|nyI)pyr|d|ne
wherein the Cy¢-alkyl, heterocyclyl, heteroaryl and aryl groups can be
substituted with from 1-6 substituents selected from the group consisting of F, Cl,
Br, I, R, -NR®R’, -CF3, -CN, -NO,, -C;R®, -N3, -SO,CHj, -OR?, -SR?, -
C(=0)NR®R’, -NR®C(=0)R?, -C(=O)R?, -C(=0)OR?, -(CH2),OR®, -OC(=O)R’, -
OC(=0)NR®R’ and -NR*C(=0)OR®,
25 where R® and R’ are individually hydrogen, C;-Cs alkyl, pyridyl,

substituted pyridyl, quinolinyl, substituted quinolinyl, pyrimidinyl, substituted
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15 5-((E)-2-piperidin-4-ylvinyl)pyrimdine
5-((E)-2-(1-nethyl pi peridin-4-yl)vinyl)pyrimdine

WQ 2008762 5- ( (E) - 2- pi peri di n-4-yl vinyl) pyri di nBCT/US2004/006530
2-chloro-5-((E)-2-(1-net hyl pi peridin-4-yl)vinyl)pyridi
ne
3- cycl opropyl nmet hoxy-5- ((E) - 2- pi peri di n-4-ylvinyl) pyri
di ne

3- cywaﬁ%;nhﬁ@tlﬁawlt%ed(R‘Eyzlzbeeiﬂn%ftSil}wtwtﬁ%wnaylr{swswsed

2 YA O o ) GGl o B A2

5 (@E);a@foﬁﬁ%th éyc}%a %rl\/ﬂuﬂédo)lal .chl oropyri dine
2-(1- et ylaze idin-3-y )V|nyl) 2-chloropyridin

e 25 and isomers, mixtures, enantiomers, diastereomers, tautomers, and

3-((E)-2-azetidin-3-ylvinyl)-5-cycl opropyl net hoxypyri d
B ne pharmaceutically acceptable salts thereof.

Cnoxy pyr P HE TgHe cﬁ@e%e‘%??ovﬂ%@%ﬁpéﬂef%&? 00653

(R - and 2.
(S)-3- ph%%o;‘(lyl/e]get??désfckumde‘?’her lrr11R3 yI VI nyI ) pyri di ne

(R) - andag. The method of claim 23, wherein R? is hydrogen.

(S) - 3- phenoxy- 5- ((E) - 2- (1- net hyl pi peri di n-3-yl)vinyl)p
yridi ne 27. The method of claim 23, whereinn = 1.

3- phenoxy-5-((E) - eridi n-4-ylvinyl)pyridine

18- phenox¥8. 5Tl(e(1E9th(21<(fP ap 2RyWiSTgR Al €2n- 4- yI ) vi nyl ) pyrid

é”Shinixﬁgé”f% o i e B o TR seslepe
ne orrerx k&pereof m xtures thereof, including

COIl alni .
racem c enanti oners, and tautomars t her eof

and the pharyBeandd Galdiv 28CHRRliARP & SkdrscytRer eof , to
a patient in need of treatnent thereof. 0 34. A

nmet hod o81.pTlenpasthatpfechimn d0ndserah thethetefayclu lissseleRedifromrthe
llgl- ngrou?)/l cor}s?sting of piperidinyl, morpholinyl, pyrrolidinyl, imidazolidinyl,
pyrazolidinyl, isothiazolidinyl, thiazolidinyl, isoxazolidinyl, oxazolidinyl,
piperazinyl, tetrahydropyranyl and tetrahydrofuranyl.

32. The method of claim 23, wherein the inflammatory disorder is selected

from the group consisting of diarrhea, Crohn’s disease, irritable bowel syndrome
20  and ulcerous colitis.

33. A method of providing analgesia and/or treating inflammatory
disorders comprising administering to a patient in need thereof an effective, anti-
inflammatory amount of a compound selected from the group consisting of
(R)- and (S)-3-((E)-2-pyrrolidin-3-ylvinyl)-5-(tetrahydropyran-4-yloxy)pyridine

25  (R)- and (S)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine
(R)- and (8S)-2-chloro-5-((E)-2-pyrrolidin-3-ylvinyl)pyridine
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wherein: the wavy |ine represents variable geonetry

(E or Z) about the double bond; X is nitrogen or
wW@2m2/078232 i s hydrogen, Cl_6-al kyl, hal ogen, - QRET/US2004/006530

-NR4R5, or -SR4 when X is CGR2 20 and hydrogen,

Cl _6al kyl, -OR4, or -NRARS5 when X is nitrogen; R2 is

hydr ogen, Cl1 _6-al kyl, aryl, aryl Cl 6- aIkyI

g
S P T P
S“b*m S %‘év%&‘fg‘%‘f}%% RS 60a7 000535 CooH

O( @Hﬁﬁd (S)G~ Qe REmethiyRGRTLidin RHOYE)yBByrimid(e) NRE6R?,
-SR6, -S(O R6, -SM2R6, -NHSO2R6, - SO2NR6R6,
50 SRNRBIES)-2-Pikemo-S) (38); 2—(long©zmoledwﬁ;yl)r~rwapmm

I?{R%Lﬁiﬁéﬁ%@%ﬁ%&ﬁe@}oﬁgk@fﬁ%ﬁr%%?l ARl
C1 % ?Wﬂiﬁ Cl_6-al ky eteroary al ky

heter et erocycl yl al kyl cycloalkyl or

pol R%@ kb)) -Dopiperiatavaenydpydinddde N is between 1
dxsy R4§2nd(§%ﬂgg§n epe% ently, hydrogen or

Cl_QR)aIah& (S)- ﬂ@ERB—(Hﬁ(éthR]Z)l}&rlém I-pldheapd)pyentidiyg  hydr ogen,
Cl_6-al kyl (including cycloal kyl containing al kyl),
18r yI(R)-ang (S)e2tchdorat kifk)-2-piperédingr yyinyDpyridine

ﬂii hanllod el dbrd R R g e cach
Sy ST S g e
Cl QRﬁlah%\lé C}@Ngrof‘p%thdx By -me&phperidaO0- Cl_

al kyl ormyl, “trifluoronethyl and

tri BL)HMIQHI@&MHQ/, wherein the Cl_6-al kyl,
heterocyclyl, heteroaryl and aryl groups can be

1§ubSt(EXxi-pwendinit-vlviooyrigidadst i t uent s sel ected from

the 59{(1—9)%) (1C-1(1)1gt y. plperlgm- -yl&zvmy%pynmldme
2—chloro-5-((E)-2-piperidin—4—y1vinyl)pyridine
2-chloro-5-((E)-2-(1-methylpiperidin-4-yl)vinyl)pyridine
3-cyclopropylmethoxy-5-((E)-2-piperidin-4-ylvinyl)pyridine

20  3-cyclopropylmethoxy-5-((E)-2-(1-methylpiperidin-4-yl)vinyl)pyridine
5-((E)-2-azetidin-3-ylvinyl)pyrimidine
5-((E)-2-(1-methylazetidin-3-yl)vinyl)pyrimidine
5-((E)-2-azetidin-3-ylvinyl)-2-chloropyridine
5-((B)-2-(1-methylazetidin-3-yl)vinyl)-2-chloropyridine

25  3-((E)-2-azetidin-3-ylvinyl)-5-cyclopropylmethoxypyridine
3-((E)-2-(1-methylazetidin-3-yl)vinyl)-5-cyclopropylmethoxypyridine

56



Br, I, R3, -NR$R9, -CF,, -CN, -NO2, -C2R8, -N3,
-SO2CH3, -ORB, -SRB, - C(=0 NRBR9, -NRBC(=0)RB,
WO 8{0x0JR® - C(=0) OR8, - (CH2)gORB, -0OC(=0)RB, -PQDUS2004/006530
OC(=0O) NRBR9 and -NRBC(=0) ORB, where R8 and R9 are
i ndi vidual ly hydrogen, Cl-C6 al kyl, pyridyl,
substituted pyridyl, quinolinyl, substituted

qui ngl i nyl yrimdin substituted pyrimdinyl,
pher{gb éé@sf waw%ﬁéﬁwm@r@g&y me@m%%t i t ut ed

g 5 Bg#b t°de t@%lpﬁ %toedmg) t2I~ke q{‘%@gpl Uil hy}ngﬁp)%gﬁan d 25

RO e by 13- AES-ph e CA- 9Bty rﬁdilﬁh(:tl onal ity, and and

i soners, m Xt ures, enantioners, diastereoners,

t aut%ﬁlﬁh&{y-ﬁ{‘(@) 258- My&ﬁﬁa@idﬂﬂ&?@ﬂmﬁ%ﬂdﬁ%OOM 006530
phar maceutically acceptable salts thereof, conprising:
a) rieplonongs é(ﬁ)&adetwldé-}’biﬁnyﬂmm@ih@ O0 nN-~( HmMO
5 where mI% bet ween and n_is between 1 and 3;

wi t P RICPAYEpHEY Arid- n}qﬂryaaé%#m?ryé)vm Ryfidine o PPhS CH2 to
yl el n?ersv éh %Ola%]tla)‘ét}e{ g&%}eﬁfmclu%ngtnrgcfeemlc me%PI’eS

15 B) react resu azacyc e
a hefR6A&% l’HereIEbﬁlah&i %e%ﬁaﬁﬂ&@euhf:ﬁfy@&éﬁtable salts thereof,

to a patient in need of treatment thereof.

antlomers ehn@

10

34. A method of preparing compounds of the formula:

15
wherein:
the wavy line represents variable geometry (E or Z) about the double bond;
X is nifrogen or C-RZ;
R!is hydrogen, C;.¢-alkyl, halogen, —OR4, NR‘R? , Or -SR* when X is C-R?
20  and hydrogen, C;.galkyl, -OR4, or -NR*R’ when X is nitrogen;
R?is hydrogen, C;.¢-alkyl, aryl, aryl C,.¢-alkyl, Ci.¢-alkyl-aryl, heteroaryl,
heteroaryl C;.¢-alkyl, heterocyclyl, heterocyclylalkyl, cycloalkyl, polycycloalkyl,
OR6, NR6R7, SR6, SOR6, or SOZR6, each of which can optionally be substituted
with 1 or more substituents selected from halogen, -CN, -NO,, -NH,, -OH, -ORG, -
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Y X RN 20 where X and Rl are as defined above and Y
is a halogen, and c) renobving any renmaining
wWEe@HeTd7sng groups. 59 PCT/US2004/006530

10

15

20

25

COOH, -C(0)ORS, -0-C(O)R’, -NR°R”, -NHC(O)R®, -C(O)NR’R’, -SR®, -S(O)R®,
-SO,R®, -NHSO,R®, -SO,NR°R®, -C(S)NR°R®, -NHC(S)R®, -O-SO,R?, aryl,
heteroaryl, formyl, trifluoromethyl, trifluoromethylsulfanyl, trifluoromethoxy and
Ci.ealkyl;

R? is hydrogen, Cy.¢-alkyl, aryl-Cy.¢-alkyl, heteroaryl-Cy_¢-alkyl,
heterocyclyl, heterocyclylalkyl, cycloalkyl or polycycloalkyl;

m is between 1 and 4;

n is between 1 and 3;

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

R® and R’ are, independently, hydrogen, C;¢-alkyl (including cycloalkyl
containing alkyl), aryl, aryl C;.¢-alkyl, heteroaryl, heteroaryl-C,.¢-alkyl,
heterocyclyl, heterocycloalkyl, cycloalkyl or polycycloalkyl, each of which can
optionally be substituted with one or more substituents selected from halogen, Ci.¢
alkyl, Cy.¢ alkoxy, -CN, -NO,, -NHj;, -OH, -COOH, -COO-Cj alkyl, -CONH;,
formyl, trifluoromethyl and trifluoromethoxy,

wherein the Cy.¢-alkyl, heterocyclyl, heteroaryl and aryl groups can be
substituted with from 1-6 substituents selected from the group consisting of F, Cl,
Br, I, R®, -NR®R’, -CF;, -CN, -NO,, -C;R?, -Nj, -SO,CH;, -OR®, -SR?, -
C(=0)NR®R’, -NR®C(=O)R?, -C(=0)R?, -C(=0)OR?, -(CH,),0R?, -OC(=O)R?, -
OC(=O)NR®R’ and -NR®*C(=0)OR®,

where R® and R? are individually hydrogen, C;-Cs alkyl, pyridyl,
substituted pyridyl, quinolinyl, substituted quinolinyl, pyrimidinyl, substituted
pyrimidinyl, phenyl, substituted phenyl, benzyl, or substituted benzyl (substituted
with one or more of the above substituents), and where either R and R or R®and
R® can form a Cy.19 cycloalkyl functionality, and

and isomers, mixtures, enantiomers, diastereomers, tautomers, and
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pharmaceutically acceptable salts thereof,
comprising:

a) reacting an aldehyde of formula:

where m is between 1 and 4 and n is between 1 and 3;

with a phosphorane ylide of the formula

to yield a vinylazacycloalkane of the formula
\ 0
\—<;"\N—< {
O
m

b) reacting the resulting vinylazacycloalkane with a heteroaryl halide of the

15

formula:

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

and
¢) removing any remaining protecting groups.
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