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PYRI DI NE DERI VATI VES AND RELATED COVPOUNDS AS SODI UM CHANNEL BLOCKERS FOR
THE TREATWBNB/OCRSNEURONAL DAVAGE AND NEURODEGENERATI VE CoWDIUR0fRE39%i el d of
the Invention This invention is in the field of nmedicinal chemstry. In
particular, the 5 invention relates to novel aryl substituted pyridines
and the discovery that these conpounds act as bl ockers of sodi um (Na)
channel s. Relmateccydiic Seyaraiepe! @asaesoxah pYiisna peritvieatd ANruse kD diMpgsNDs

i ncl udanhgpinge aHANENES DOEERSEOR SUE IREASMENUQICISHURON SINCANIAGH ANICISHURSPEGENERATIVE
anti ar¢PNA'ARNEs such as 10 propafenone and am ocl arone, and

anti convul sants such as lanotrigi ne, phenytoin and carbanazepi ne, have been
shown to share a comon nechani sm of action by bl ocking or nodul ati ng Na+
channel acti pietdor thdBi LAl | . WA., Trends Pharmacol. Sci. 8:57-65 (1987)).
Each of  these agents iIs belleved to act by interfering with the rapid

i nflux of Na+ ions. 15 Recently, other Na+ channel bl ockers such as

BW619C89 and | i faiik ziveeidnay s theasd Shaws; fngla{%ﬂk%g in ani nal
nodel s of gl obal  and focal ischem a andcare 1es ﬁ? thlﬁﬁ%ﬂf Iﬁﬁl cal trials

(G aham et a1nVent15’n ehigs i th drowel. arpybstitied PYE@@GSBM Sﬁgdl(cmgﬁyl)thatBr own et al.
British J. ®ReardoRefhds adtlm bldds c]f‘ls%é ﬁnj(t?\% c%i]q f. The neuroprotective
eir

activity of Na+ channel blockers is >effectiveness in
decreasi ng extracellul ar glutamate concentration during ischem a by

i nhi biting tReakehease of this excitotoxic amno acid neurotransmtter.

St udi es have shown that unlike glutamate receptor antagonists, Na-'
channel bl ockers prevent hypoxic damage to manmmalian 25 white natter (Stys

et al., J NeurosdSeverhR:cdB6es430 tﬁér%ﬂﬁhbally-rﬁb@"ul tangdy, MBMtudifd fBEaiadvant ages
for treating ce ét ain t ypes . f stroke neuronal trauma where danmage to
white matt er *FFHES fué" pfomfrafe. anh ?CWar%FI@TWh%Pﬁ fiellasuse of a Na+

channel 1l OC}ktepafd:Iﬁ)né | 4rldZ @h@clarob) %n&l " alic AR RAE Nsudh OWN bR uiRgiRd, 0Ng survi val

in a subset % atlents with ALS
phenytoin and carbamazepine, have been shown to share a common

mechanism of action by blocking or modulating Na* channel activity
(Catterall, W.A., Trends Pharmacol. Sci. 8:57-65 (1987)). Each of these
agents is believed to act by interfering with the rapid influx of Na* ions.

15 Recently, other Na’ channel blockers such as BW619C89 and
lifarizine have been shown to be neuroprotective in animal models of global
and focal ischemia and are presently in clinical trials (Graham er al, J
Pharmacol.  Exp. Ther. 269:854-859 (1994); Brown ef al, British J
Pharmacol. 115:1425-1432 (1995)).

20 The neuroprotective activity of Na* channel blockers is due to their
effectiveness in decreasing extracellular glutamate concentration during
ischemia by inhibiting the release of this excitotoxic amino acid
neurotransmitter.  Studies have shown that unlike glutamate receptor
antagonists, Na' charmel blockers prevent hypoxic damage to mammalian

25  white matter (Stys ef al, J Neurosci. 12:430-439 (1992)). Thus, they may

* offer advantages for treating certain types of strokes or neuronal trauma where
damage to white matter tracts is prominent.
Another example of clinical use of a Na* channel blocker is riluzole.

This drug has been shown to prolong survival in a subset of patients with ALS



WO 03/ 022285 PCT/ US02/ 28299 -2 (Bensimmet al., New Engl. J. Med.
330:585-591 (1994)) and has subsequently been approved by the FDA for the
treat mentwofo3de38s I n addition to the above-nmentioned cli mcaalSoussasy

car banmazepi ne, |idocaine and phenytoin are occasionally used to treat
neur opat hic pain, such as fromtrigem nal 5 neurol ogia, diabetic neuropathy
and other forns of nerve damage (Taylor and Meldrum Trends Pharnacol .
Sci. 16:309-316 (1995)), and carbama2epine and |anotrigi ne have been used
for the treatnment of nmanic depression (Denicott et al., J. din.
Psychiatry 55: 70-76 (1994)). Furthernore, based on a nunber of
simliariti e(?e&%me%n g0T e FRgl mamdtimiseﬂsm (NObA®r andAhaR Am 10 J
Qol. 18: 577-585 %1997) Tonndor f 28: . 271-275 (1987)) it
has been pr opyBawED 1ﬁ§?entqpﬁ¥ﬁv‘€‘béy@ﬁgwob@e\fﬁie@w&8t f AL - 193igen chr oni ¢ pai n
sensati on (S,RSSBye- ﬂlentgone@@gmgﬁ\ﬁ'sé%sear@maygplﬂé Bdoc%gre ahd ph&yick®99) ) . | ndeed,
l'i gnocai ne and car bamazepi ne have been shown to be efficacious in treating
tinnitus (Mgremgeasiongly asedafo, trepti peurqedicapgingdich & fropsirigmigal 983) ;15
Donal dsory, | ;¢4 a{]gfalbetlcqe%opa&§ an® Bthe 2B dmd aigr%&‘)e)d tg?aérld?%ﬁ@ establ i shed

that there area east five'to six sites ont sensitive Na+
channel s whiMbldtim dreedsr Bhaowiced. Sgedp:BOLald (190€at @@r aﬁlrbamawlAe Sci ence

242:50-61 (1§n§8})a)notrzﬁﬁéd'h§\$e Bge\ﬁ? ugeldr% Ehe e\éﬁgén?ﬁq Rahic §deLgpguti c

antiarrhythmecs convul s and | ocal anes t1cs ose 20 actions are
medi at ed by (lmanlcmhatmielfscmefeycthzmeﬁr 7&e6 (10A4 Dy Fiuthemart basgd wit h t he

intracel | ul ar si.de of the chan and -] Ly, bltlng
i nteraction anbﬁ %pﬂfpgltaggé\ﬁge%eggﬁ 8?10 ét‘?&ff ﬁ{e A\%]g Ann. Rev.
Phar macolo  J@icos.. 57ﬂ%8$5(&9§7)(1&8ﬁ))1)f JS&bayMaZ&yZéMéﬂ@@@ﬁm)em s 10: 889-890

f égﬁé) ) dl s¢f O%gésn g'roggsng that tlnnltus s%ould%lar(flilelzv?éd aSV\% P orm 0%2 C%?(gllcpgll-lll US02/ 28299

sensation (Simpson, J. J. and Davies, E. W. Tip. 20: 12-18 (1999)). Indeed,

lignocaine and carbamazepine have been shown to be efficacious in treating

tinnitus (Majumdar, B. et al Clin. Otolaryngol. 8: 175-180 (1983);
15  Donaldson, I. Laryngol. Otol. 95: 947-951 (1981)).

It has been established that there are at least five to six sites on the
voltage-sensitive Na* channels which bind neurotoxins specifically (Catterall,
W.A., Science 242:50-61 (1988)). Studies have further revealed that
therapeutic antiarrhythmics, anticonvulsants and local anesthetics whose

20  actions are mediated by Na' channels, exert their action by interacting with the
intracellular side of the Na" channel and allosterically inhibiting interaction
with neurotoxin receptor site 2 (Catterall, W.A., Ann. Rev. Pharmacol.
Toxicol. 10:15-43 (1980)).

Satayanarayana (Synthesis 10:889-890 (1991)) discloses a compound

25  of formula:



N ID EP 200024 discl oses conmpounds of fornula: N Me NC OV where Xis H
or OMe. These conpounds are disclosed to be useful as 5 potenti al

car di ot orwo3/02228 Patent No. 4, 701, 208 di scl oses a her bi ecaaisozesrpbund of
the following formula: 0 M NH i-Pr N NH\ I I / MOCM Il O
Fuentes et al. (An. Quint., Ser. C 76:68-69 (1980)) disclose the 10

foll owi ng conpound: WD 03/022285 PCT/ US02/ 28299 -4 HZN NN NC CN Owe
Liao et al. (J Heterocycl. Chern. 13:..1283-1288 (1976) disclose the

formula: O NO NC\ M CH2-O

Me N
= }
NC \ OMe
N

EP 200024 discloses compounds of formula:

0/ \N /N Me
NC ~
OMe
X

where X is H or OMe. These compounds are disclosed to be useful as

5  potential cardiotonics.
U.S. Patent No. 4,701,208 discloses a herbicidal compound of the

following formula:

Fuentes er al. (dn. Quim., Ser. C. 76:68-69 (1980)) disclose the

10  following compound:



MO\ Ow U S Patent Nos. 3,940,404 and 3, 886, 167 di scl ose the foll ow ng
5 conpound as an antimalarial: F3C N CF3 H OH NH WO 03/022285

PCT/ US02/\2829022285 SUVMMARY COF THE | NVENTI ON The present i mCaniSoes20%
related to the discovery that aryl substituted pyridines represented by
Formula | act as bl ockers of sodium (Na) channels. The invention is also
related with treating a disorder responsive to the 5 bl ockade of sodi um
channel s in a manmmal suffering froméxcess activity of said channels by
adm nistering an effective amount of a conpound of Fornula | as described
herein. The present invention is also directed to the use of a conpound of
Formula | for the treatnent of neuronal ge follow ng gl obal and focal
10 ischem a, and for the treatnment or prevenbi on of neurodegenerative

condi tions such as anyotrophjg | atgral sglerosis (ALS), for the treatnent
of tinnitus, as antimanic depregganty; as local , anesthetics, as
antiarrhythmcs, as anticonvul sants and for the treatnent or prevention of
di abetic neuropathy and for the nt of pain including both acute and
chronic pain and mgraine 13%ead @A nunber of conpounds useful in the
present invention have not been heretofor reported. Thus, one aspect of
the present invention is directed L he novel aryl substituted pyridines
of Formula |I. Another aspect of esent invention is directed to the
novel 20 conpounds of Fornula | g§ ockers of sodium channels. A further
aspect of the present invention is o provide a nethod for

OMe

Liao et al. (J. Heterocycl. Chem. 13:1283-1288 (1976) disclose the

formula:

NC N Me

MeQ

OMe
U.S. Patent Nos. 3,940,404 and 3,886,167 disclose the following

5 compound as an antimalarial:
F,C N

/

N CF;

HC—OH

NH



treating, preventing or anmeliorating neuronal |oss follow ng gl obal and
focal ischema; treating, preventing or aneliorating pain including acute
and chromwo 0323285 and neuropat hic pain; treating, preventPCrdiS02/28299
anel i orati ng convul sion 25 and neurodegenerative conditions; treating,
preventing or aneliorating manic depression; using as |ocal anesthesics
and anti-arrhythmcs, and treating tinnitus by admnistering a conpound of
Formula | to a mammal in need of sudh treatment or use. Al so, an aspect of
the present invention is to provide a pharmaceutical 30 conposition useful
for treating disorders responsive to the bl ockade of sodi um WO 03/ 022285
PCT/ US02/ 28299 -6 ion ch8UMMARYCORTHEINVENTIONT f ecti ve anmount of a
conmpound of Forrmula | in a mxture with one or nore pharmaceutically

acceptabl e carri i . t ; i kon is
directed to 3H aﬁrggfg%elga%‘l%%lﬁg%éﬁ reei:ltle(rglc;;rrg%eu(rlll (20%8 @%tre%zll ééd%}(tﬁg%% their use as
radi ol i gandspyhidines tepiesertidrigi Frgmslatlacias bldskerk of sdinufehehamedls. Addi t i onal

enbodi ments and aIﬁlvant aﬁe t%Qti on W, |l be set . f 0r,[thQ in part in

. . ny nsi %Esot Ie1le’[eid r\!v\{ Teating fhs rd€r teSponsive
the description that {01 one,  and i N part W T FEe oA GusT 1Y 0m the

descri ptin, blodkadeyf sodiune alidnaéls iy a piadaiidl ceff@fngt fien iecruentetdity ofhe

enbodi ments and ﬁ%ﬁgnﬁﬁgeg of the invention wll q§ realizgg ﬁnd attained
by 10 nmeans B¢ £ F e ATLUATHH S b i SHEE VS nEOPHE t ic 1 DPIRYUFbi%ht ed out in
t he appendeghghRIIS dedctibddshebdin.be under st ood that both the foregoing

general description and the follow ng detailed description are exenplary
and expl anat ory JHE\PISTH Byentiopdt alsacfiiesied i theorse e FoRMe 08, as cl ai ned.

15 DETAI LED RESGRIIFH N &damhél JrMNVEYI Qmlbe tRlesenblobalvalatiogn ari ses out

of the discovery that aryl substituted  pyridines of Fornmula | are
ant i convil} saisehsmimandafor thestrastraent oF Brepmnting ¢f nemedeaRicRtive RORAIRARS of t hi s

di scovery Coéﬁgﬁ’%%%?r&fco af&rlﬁi&a@ sble@6iS (MBS Wr thOlreathleRSS Mthidl SO der s

responsive to the bl ockade of sodium’ion channels. 20 The conpounds useful
in this aspewtinpfict fepiss@sEnt ad nipedlt iapestipties, arag| antiarthythmics, as

anticonvulsants and for the treatment or prevention of diabetic neuropathy and
for the treatment of pain including both acute and chronic pain and migraine
15  headache.

A number of compounds useful in the present invention have not been
heretofor reported. Thus, one aspect of the present invention is directed to the
novel aryl substituted pyridines of Formula I.

Another aspect of the present invention is directed to the novel

20 compounds of Formula I as blockers of sodium channels.

A further aspect of the present invention is to provide a method for
treating, preventing or ameliorating neuronal loss following global and focal
ischemia; treating, preventing or ameliorating pain including acute and chronic
pain, and neuropathic pain; treating, preventing or ameliorating convulsion

25  and neurodegenerative conditions; treating, preventing or ameliorating manic
depression; using as local anesthesics and anti-arrhythmics, and treating
tinnitus by administering a compound of Formula I to a mammal in need of
such treatment or use.

Also, an aspect of the present invention is to provide a pharmaceutical

30 composition useful for treating disorders responsive to the blockade of sodium



substituted pyridines represented by Formula I: rN\/Il Ar Il R R4 R3 or
a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein: Ar
i s sel ectwo oBfozaz8i he group consisting of An, Are, Ara andPATAJS02/289nherein
WO 03/ 022285 PCT/US02/28299 -7 RT RS X Arl is RBR6 RT RS Areis R8 R6
R7 RS and ~ R6 Arais RRS RO\X Ar4 is R6 5 R is selected fromthe
group consisting of an optionally substituted alkyl, am no, alkylthiol,
C(O R10, SO02R10, and OC(ONH2; R2 is6+,,; (CH2)"Z, wherein Yis 0, S or
NR11, wherein R11 is hydrogen or alkyl, Z is a saturated heterocyclic ring
optionally substituted at one 10 or nore carbon atons, mis 0 or 1, and n
is 0-6; R3 and cRbmnalsecontathéypeancetfettive amdwt:chofrrrgonmd bfeF gmolafd ie@ansi sti ng of

hydrogen.  opkigRR LN SRS EL iy LK ctl SR, Pl sen
am nocar bonyl , 15fathly Hienpraeaatdvenidn, is atistadrintic and &ty kadiolabeled
aral kyl am no((::oangp%%lqgs of Formula I and their use as radioligands for their binding site on

5  the sodium channel.

Additional embodiments and advantages of the invention will be set
forth in part in the description that follows, and in part will be obvious from
the description, or may be learned by practice of the invention. The
embodiments and advantages of the invention will be realized and attained by

10 means of the elements and combinations particularly pointed out in the
appended claims.

It is to be understood that both the foregoing general description and

the following detailed description are exemplary and explanatory only and are

not restrictive of the invention, as claimed.
15 DETAILED DESCRIPTION OF THE INVENTION

The present invention arises out of the discovery that aryl substituted
pyridines of Formula I are anticonvulsants and act as blockers of Na’
channels. In view of this discovery compounds of Formula I are useful for
treating disorders responsive to the blockade of sodium ion channels.

20 The compounds useful in this aspect of the present invention are aryl
substituted pyridines represented by Formula I:
R

N._
~ /ﬂ_ :
S
R, R,

or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:

Ar is selected from the group consisting of Ar, Ary, Ar; and Ary,

25  wherein



al kyl car bonyl am no, aryl carbonyl am no, and aral kyl carbonyl am no; R5, RG6,
R7, and R8 are independently selected fromthe group consisting of

hydr ogen,walopb228al kenyl , al kynyl, hal ogen, hal oal kyl, hya@cCoRssat/bgzyd, WO
03/ 022285 PCT/ US02/28299 -8 hydroxy, nitro, am no, cyano, an de,

car boxyal kyl , al koxyal I cyl, ureido, acylamno, thiol, acyloxy, azido,

al koxy, carboxy, carbonylam do and alkylthiol; RO is an optionally
substituted alkyl; 5 R10 is selected7-romthe group consisting of alkyl,

al kenyl, al kynyl, OR12, am no, alkylam no, dialkylam no, alkenylam no,
di al kyl am noal kenyl, di al kyl am noal kyl am no, di al kyl am noal kenyl am no,
al kyl am noal kenyl - am no, MWdroxyam nagl kenyl am no, cycl oal kyl

het er ocycl oal kyl , cycloalk)ka | am n t erocycl oal kyl am no, aryl,

L\and aryl al kyl am no, all of which
can be optionally substitutled, d that R1O is not OR12 when Rl is
SO2R10; wherein R12 is sele t he<gX oup consi sting of hydrogen,
optionally gybstituted al Ryl, and an al kalfs netal; and X is one of 0, S,
NH, or CH2 when Ar is Arl; or 15 Xis one of 0, S, NH, or absent (a coval ent
bond) when Ar is Ard. Ar is pré&ferabl s . Preferably, Ar is at the
2-position of the pyridyl ring\ s ferably at the 6-position of the
pyridyl ring. Preferably, R2 ils at |[the 4-paosition of the pyridyl ring.

Si nce the conpounds of Fornul ;L\ bb\ kers of sodium (Na) 20 channels,
a nunber of diseases and condifi diated by sodiumion influx can be
treated enpl®ing these conpouhds. Therefore, the invention is related to
a nmethod of treating, prevegting orranmeliorating neuronal |oss associated
wi th stroke, global and foc hscher x trauma, hypogl ycem a and
surgery, spinal cord trauna1 reag&ﬁg or aneliorating 25

neur odegener ati ve di seases ei nfer’ s di sease, anyotrophic

| ateral sclerosis, Parkin%‘ treating or aneliorating anxiety,

aryl al kyl, aryl al kenyl, 10 arylﬁ

convul si ons,Ar; is 8 Re
Rs
ﬁ/
o
R9\X/K/\
Aryis Rs
5 R, is selected from the group consisting of an optionally substituted

alkyl, amino, alkylthiol, C(O)Rj0, SO2R ¢, and OC(O)NHz;
Ry is =Y m-(CHa2)y-Z, wherein _
Y is O, S or NR;;, wherein Ry; is hydrogen or alkyl,
Z is a saturated heterocyclic ring optionally substituted at one
10 or more carbon atoms,
misOorl,andnis 0-6;

R; and R4 are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy,
cycloalkyl, cyano, amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,

15 alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;

Rs, Rg, Ry, and R are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,



gl aucoma, m grai ne headache, and muscle spasm The conpounds of Formula I
are al so useful as antitinnitus agents, antimnic depressants, as | ocal
anest het iwe,03am28as anti arrhythinics; as well as for treatcagiSopegyent i ng
or 30 anmeliorating pain including surgical, chronic and neuropathic pain.
In each instance, the nmethods of the present invention require

adm ni stering to an WD 03/022285 PCT/ US02/ 28299 -9 animal in need of such
treatment an ef fective anmount of a spdium channel bl ocker of the present

i nvention, or a pharnmaceutically acceptable salt or prodrug thereof.
Accordi ngly, conpounds useful in the present invention are aryl 5

substituted h?é%k}ﬂ' ﬂ&é LRRIE SR DarkiMe, FOrBRMyAIKY], | alyBRyl, lwBdo) |/ X /| R4

RZ R8 R6 R3 or armaceufi cal I'y acceptable salt, prodrug or. solvate
t her eof , V\h@@}éanmno Rihipls acsloatt @didpr GHioKhe Caibetm e%h%%%mlﬁg ¥ an optionally

substituted ,ajkyl, amno, alkylthiol, O R10, SO02R1 d ;
' 1yt y C(O a, and OC(O NH2; 10 R2
is -Y (CHZ)a&l? V\/nereln Yis 0, Sor NR11l, wherein Rl1l is hydrogen or

alkyl, Zis a saRmsaneldtlmﬂje&dv@Wted@ﬂwl,ng optionally substi tut ed at one or

Pﬁggpgﬁ:ﬂ (r)ItnI §t ggﬁ@c@ I%Il%?t?%%ropﬁtheyguﬁc%ngﬁ%ggﬁ %19%15%11«%&9 rogen optionally
substi t ut ed GiK yminglakemanhino, Odlalkyllamngol alkbgilogian., dlhlymagmgoalkemslm oal kyl ,
cvano, oy Shi e LA LR, MORSRRR.
al kyl car bonyhgads, no, hyaf@dy@larnbﬁ)lnwy@amnm, anyzblcmllaﬂkyl matetwm«ylbamlno 20 R5, R6,
R7, and R8 %gfﬁoéllquzﬁf()ﬁgnq%g} lk%éte?c()aclyc oal?%axfn{ngmagrﬁe agyloﬁ’l% Cary k%ﬁ}'ll 9
10 arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that R;¢ is not OR; when R; is SO2R0; wherein
Ry is selected from the group consisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and
X is one of O, S, NH, or CH, when Ar is Ary; or
15 X is one of O, S, NH, or absent (a covalent bond) when Ar is Ary.
Ar is preferably Ary. Preferably, Ar is at the 2-position of the pyridy!
ring. R, is preferably at the 6-position of the pyridyl ring. Preferably, R, is at
the 4-position of the pyridyl ring.
Since the compounds of Formula I are blockers of sodium (Na")
20  channels, a number of diseases and conditions mediated by sodium ion influx
can be treated employing these compounds. Therefore, the invention is related
to a method of treating, preventing or ameliorating neuronal loss associated
with stroke, global and focal ischemia, CNS trauma, hypoglycemia and
surgery, spinal cord trauma; as well as treating or ameliorating
25  neurodegenerative diseases including Alzheimer's disease, amyotrophic lateral
sclerosis, Parkinson’s disease, treating or ameliorating anxiety, convulsions,
glaucoma, migraine headache, and muscle spasm. The compounds of
Formula I are also useful as antitinnitus agents, antimanic depressants, as local
anesthetics, and as antiarrhythmics; as well as for treating, preventing or
30  ameliorating pain including surgical, chronic and neuropathic pain. In each

instance, the methods of the present invention require administering to an



of hydrogen, alkyl, alkenyl, alkynyl, hal ogen, hal oal kyl, hydroxyal kyl,
hydr oxy, nitro, am no, cyano, am de, carboxyal kyl, al koxyal kyl, ureido,
acyl am nowotodioed2ss acyl oxy, azi do, al koxy, carboxy, carbonyCanisdv2epd
al kylthiol; and 25 R10 is selected fromthe group consisting of alkyl,
al kenyl, al kynyl, OR12, am no, al kylam no, dial kylam no, allcenyl am no,
di al I cyl am noal kenyl, diallcyl am noal kyl am no, di al kyl am noal kenyl am no,
al kyl am noal kenyl - am no, hydr oxyanionoal kenyl am no, cycl oal kyl
het er ocycl oal kyl , WD 03/ 022285 PCT/ US02/ 28299 -10 cycl oal |l cyl al | cyl am no,
het er ocycl oal kyl am no, aryl, arylalkyl, arylal kenyl, arylallcynyl, and
aryl al kyl anj I f i i Wt S RShitodt edunelpr ovi ded t hat
R10 i s not %%31 %nlléeﬁgRofwélctg%a%%%%%mﬁgﬁgﬁﬁggz is selected fromthe group
consi st i ng blbckey df chye presoptinemtiph.yor & phayraceutigelid aceeriphle sgidPran al kal i
netal ; and >§oich§1 one.gf 0, S NH, or Cl12 Preferably, Rl is selected from
the group cONsi St ng of an alkyl optionally substituted by hal ogen or
hydr oxy, t hi ol neAtipkdingl¥, QdRi@undmndsefS0RRIG, prekent diyenion 41 a8d| ect ed from
the group consjsti.ng.of al kyl kenyl OR12, am no, alkyl al nino,
di al kyl i n%“?’sgé*flfféﬁ? Tlé){ﬂ?sﬁ%?rgsﬁfltﬁ&i%%?‘égrﬁué%%l?keny| . di al kyl am noal kyl am no,
and heterocycl oal kyl ankno, all ofrmhich canybe optionally substituted,
provi ded that R1O is n@ i 0. Useful R2 groups include,
n

for exanple, N norphol Nﬂpﬁaer azi nyl, I
N- pi peri di nyl nmet hoxy, y,é 3-(N- 15
pi peridi nyl) propoxy, N i Ii R, 2-(N-piperidinyl)-
et hyl sul fide, and 3-( NRspi peri di nyTe) pr opyl su!Fﬁi de. Preferably, R3 and R4 are
| ndependent lzy a gt?alrlﬁ&éeﬁgcafl? ?@e}%tgﬁe 1L PR AnEAR bRkt ARk, xdiegen, al kyl,
al kenyl , al kynyl',” amnoallcyl, amno, hydroxyallyl, alkoxy, am nocarbonyl,
al kyl am nocar bonRl js @@c‘aﬂ;ﬂomrthfrograummlstmapémkyptsﬂﬁaﬂb@absséw ,
al I cyl carbonyl am _no, ny. I n @JWO L I cyl car bonyl am no, nore
oref er abl y ﬁ%{ﬁ?grénenn : alliﬁ{hYC!I,c@(rO?Rm, é@z'ﬁlo,%nd N,

10 Ry is =Y iu-(CHy)yp-Z, wherein

Y is O, S or NR;, wherein Rj; is hydrogen or alkyl,

Z is a saturated heterocyclic ring optionally substituted at one
or more carbon atoms,
mis 0 or 1, and nis 0-6;

15 R; and Ry are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy,
cycloalkyl, cyano, amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;

20 Rs, Re, Ry, and Rg are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, ami;no, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol; and

25 Ry, is selected from the group consisting of alkyl, alkenyl, alkynyl,
OR;,, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-

amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,



al kyl, al koxy, am noal kyl and am nocarbonyl. Preferably both R3 and R4 are
hydrogen. Preferably, R5, R6, R7, and R8 are independently selected from
the 25 gwouwp/oenssi sting of hydrogen, al kyl, al kenyl, al kyeylgsotrad2ogen,

hal oal kyl , hydroxyal kyl, hydroxy, nitro, am no, and cyano. Mbre
preferably, R5, R6, R7 and R8 are independently selected fromthe group
consi sting of hydrogen, alkyl, hal ogen, haloal kyl, and nitro. Preferred
val ues of R5-R8 include hydrogen, hale, Cl-C6 hal oal kyl, Cl-C6 al kyl,
C2-C6 al kenyl, C2-C6 al kynyl, 30 Cl1-C6 hydroxyal kyl, nitro, am no, ureido,
cyano, Cl1-C6 acyl am do, hydroxy, thiol, Cl1-C6 acyl oxy, azido, Cl-C6

al koxy, or carchekylallkfienige,ohpsroRmidkyéadcho, V\@y(l),3/a£31232]238,5 aR@kdd$N2/ 28299 - 11

take the place pf h n.at.om thervvl e b resent in any
position on atrﬁlgﬁ%ﬁ@r a’?{c?ﬁa% Iepine "h]{] %Wg)g 80 |(§’t1819 Eﬁgut pecial ly
preferred amevideipatiRgss whORg, Reendids RO, Fapevikadin hydrogen, R7 is hydrogen

and R8 is a fluaro.in the para osition. 5 Pre ly, R9 is a branched
al kyl group of Cg{llds SgeHEh oy gWBPeconfiFté’fgeng‘V%"@ ePEaBn at ons,

optional |y syubsitidbrel, %d&&l@nﬁ&alm{de of hal ogen, hydroxy, nitro, arri no,
cyano, and al koxy Pr ef eralélo%,rI Rio 1s selected fromthe group consisting of

al kyl, al kenyl, 2019 oA [ KyH2ani no, di al kyl ami no, al kenyl ani no,

di al ky| ani noal kerBf!:ferabﬂ}D i & kylan peal hféYQ%Ub n&ms@tﬂ% of an alkyl.
het erocycl oal kyl ami no, ‘preferably piperidinylethyl amno, especially

2- (N- pi per i d‘PHWP*}lb‘t ﬁwsﬁtﬁtqﬁb by aajloget QﬁhhxﬂﬁOXYeathlob@ﬂUbt CEMBIA yandubst i t ut ed,
wher ei n R % Mﬂéﬁéﬂl g lsaa@a%d AR LM 32 gb{@&,fgufg & éll?y{nﬁ erfR12 when R is

SO02Ri o Prefera S, nore prefer n-dne aspect of
the inveHti o@RIzpﬂ@lﬁ@z ra@fdlammp@hah@éamabl alh@yimtmn rdlalhsdammoaimybf Formula ||

e e ORI . a0y S, PSS g, o5y et o
hydr ogen. PraftienalbcsuRRiteind] pRBHcRﬂﬂganﬁprn@tmlasvhdchrslsmﬂm above

Useful R, groups include, for example, N-morpholinyl, N-piperidinyl,
N-piperazinyl,  N-piperidinylmethoxy, 2-(N-piperidinyl)ethoxy, 3-(N-

15  piperidinyl)propoxy, N-piperidinylmethylsulfide, 2-(N-piperidinyl)-
ethylsulfide, and 3-(N-piperidinyl)propylsulfide.

Preferably, R; and R4 are independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, aminoalkyl, amino,
hydroxyalkyl, alkoxy, aminocarbonyl, alkylaminocarbonyl,

20  arylaminocarbonyl, aralkylaminocarbonyl, alkylcarbonylamino,
arylcarbonylamino, and aralkylcarbonylamino, more preferably hydrogen,
alkyl, alkoxy, aminoalkyl and aminocarbonyl. Preferably both R and R4 are
hydrogen.

Preferably, Rs, Rs, Ry, and Ry are independently selected from the

25  group consisting of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl,
hydroxyalkyl, hydroxy, nitro, amino, and cyano. More preferably, Rs, Rs, Ry
and Ry are independently selected from the group consisting of hydrogen,
alkyl, halogen, haloalkyl, and nitro. Preferred values of Rs-Rg include
hydrogen, halo, C;-Cs haloalkyl, Ci-Cs alkyl, C,-Cs alkenyl, C-Cg alkynyl,

30 C4-Cs hydroxyalkyl, nitro, amino, ureido, cyano, C;-Cs acylamido, hydroxy,
thiol, C;-Cs acyloxy, azido, C;-Cg alkoxy, or carboxy. The groups Rs-Rg each



20 Further, conpounds useful in the present invention are aryl substituted

pyridines represented by Formula Ill: R RR N\/RL ~Ill R R~ R4 R R2 or
a phar macwotmo2d28y acceptabl e salt, prodrug or sol vate thecaafsp2/edreyein Ri-
R8 are defined previously with respect to Fornulae I-11. R through R8 have
25 preferred val ues as described above for Fornula Il. Preferably both R3

and R4 are hydrogen. Further, conpounds useful in the present invention
are aryl substituted pyridines repnesented by Fornula IV: WO 03/ 022285
PCT/ US02/ 28299 -12 RT RS N"")] R I IV 2 R R6 R3 or a pharmaceutically
acceptabl e salt, prodrug or solvate thereof, wherein R - R3 are defined

previously wyt tﬂher Elﬁ&e&t a%?dt%@ér[rb!ﬂoﬁrﬁthbt Whuld %’d@?ﬁfs@bﬂe)’prb&hﬂhn%y and R4 are
hydrogen. 5 Al so, conpounds useful in the present iny %‘g re ary

substi t ut ed pOt@W@ﬂh@@W@?ﬁ@s@Hﬂé@eB)ﬁ@&%lﬁﬂﬁt%h?ﬁ Egpgel /|~ ~\ X R6 |
R2 3 or a %%%ﬁg&ﬁfa& m@e'w aﬂ@@{%&fe%@{h%yar%kén,H?'"l@@dﬁ’@eﬁ%n&lik at e thereof,

wherein RI- are defined previously with respect to Formnul ae I-I I,
10 and X i s flupre imthe@aragosiiipp. or absent. Anot her group of compounds usef ul

in this §SpeCt Of’re%e%lﬁ rl?g%? Qlyranched alkyl group of Cs.jp carbon atoms, more
preferably Cs¢ carbon atoms, optionally substituted with one or more of
halogen, hydroxy, nitro, amino, cyano, and alkoxy.
Preferably, Ry is selected from the group consisting of alkyl, alkenyl,
OR|,, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,

10 dialkylaminoalkylamino, and heterocycloalkylamino, preferably
piperidinylethylamino, especially 2-(N-piperidinyl)ethylamino, all of Which
can be optionally substituted, wherein Ry; is as defined above, provided that
Rip is not ORy2 when R is SO2R 0.

Preferably X is O or S, more preferably X is O.

15 In one aspect of the invention, preferred compounds falling within the
scope of Formula I include compounds wherein X is O or S. In this aspect of
the invention R; is preferably aminocarbonyl or methyl, and Rz and R4 both
are preferably hydrogen. Preferred R, and Rs-Rg groups are as described
above.

20 Further, compounds useful in the present invention are aryl substituted

pyridines represented by Formula I1I:

Ry R N
/\/ S \VR1
RB/\ Rs/ Ra r|13 Rz

or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein R;-

Rs are defined previously with respect to Formulae I-II. R; through Rg have

25  preferred values as described above for Formula IL Preferably both Rs and R4
are hydrogen.

Further, compounds useful in the present invention are aryl substituted

pyridines represented by Formula IV:



invention are aryl substituted pyridines represented by the general Fornula
V, wherein RI-R6, R9, and X are as descri bed above, with the proviso that
when RI weooabkessthan C(0)Rl o, SO2Rl o, or OC(O NH2, thenPOTIES028290

(zero). 15 Preferred conpounds falling within the scope of Fornmula V

i nclude conpounds wherein Xis 0, S, or absent. Preferably, RO is a
branched chain C3_6 al kyl,. nore preferably C3_4 alkyl, optionally
substituted with one or nmore of hatégen, especially fluoro or chl oro, or
trihal oi nethyl, especially trifluoromethyl. R5 and R6 have preferred

val ues as descri bed above for 20 Fornula Il1. Exenplary preferred conpounds
that nmay be enployed in Rhis nmetkiod of iRvention include, wthout
limtation: 2-[4-(4-flu

- 4-N- nor phol i nyl pyridin q
2-[4-(4-fluorophenoxy)p | /é§L

pyridine; WO 03/022285 R USOZ/ 28299 Re 1

2-[4-(4- quorophenoxy)phenyI] 6- nethyl 4- N—nDrphollnyIpyrldlne or a
phar maceut i c®l14 Bhagpaceyically eccspihble sgit, @mdm@ @TSOQJ@te\IhQreof; wberenfR,- Usef ul  aryl
groups are p| aryl groups
i ncl ude phe%T%éﬁg%%%dﬁy?‘,ﬁ&%ﬁ)eﬁgﬂnhs%ﬁt ,Jfo an rlaaecly }%gtj raﬁ@l bo4h azul enyl ,

bi phenyl , blﬁﬁéhwhdnwk%amd quorenyI groups. UBefuI cycIoaIkyI groups are

C3.8 cyclwal kyl | | ud | »
cyclobuty - cyci dusheyEroRIE B s R el B b5 S BRI a o or

hal ogen gr oupsidimestepcsentddibgrionanladhl ori ne, bromi ne and 10 iodi ne. Useful
al kyl groups include straight-ghained and branched Cl-10 al kyl groups,
more preferably Cl1_6 alkyl gro TyBgH -10 al kyl groups include

U 14Y%
(N—plperldlnyl)ethoxy] 25

methyl, ethyl, propyl, isoprog$l, C- butyI tent-butyl, 3-pentyl,
hexyl and octyl groups., Al so cont nn/ |s a trlnethylene grou
substituted on 15 two a(i29 Si n t he benzene ring of the

conmpounds of the Re
or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein Rj-R¢, and Ry are defined previously with respect to Formulae I-II,
10 and Xis one of O, S, NH, or absent.
Another group of compounds useful in this aspect of the present
invention are aryl substituted pyridines represented by the general Formula V,
wherein R;-Rg, Ry, and X are as described above, with the proviso that when
Ry is other than C(O)R 1o, SO2R 10, or OC(O)NH,, then n is not 0 (zero).
15 Preferred compounds falling within the scope of Formula V include
compounds wherein X is O, S, or absent. Preferably, Ry is a branched chain
Cs.6 alkyl, more preferably Cs.4 alkyl, optionally substituted with one or more
of halogen, especially fluoro or chloro, or trihalomethyl, especially
trifluoromethyl. Rs and Rs have preferred values as described above for
20 Formula II.
Exemplary preferred compounds that may be employed in this method
of invention include, without limitation:
2-[4-(4-fluorophenoxy)phenyl]-4-N-morpholinylpyridine-6-carboxamide;
2-[4-(4-fluorophenoxy)phenyl]-6-methyl-4-[2-(N-piperidinyl)ethoxy]-
25 pyridine;



invention. Useful alkenyl groups are C2:6 al kenyl groups, preferably C2.4
al kenyl . Typical C2_4 al kenyl groups include ethenyl, propenyl,

i sopr operwybD,03loex28f1yl , and sec-butenyl. 20 Useful al kynyl pgraisp®2s2ee C2. 6
al kynyl groups, preferably C2.4 al kynyl. Typical C2-4 al kynyl groups

i ncl ude et hynyl, propynyl, butynyl, and 2-butynyl groups. Useful aryl al kyl
groups include any of the above-nentioned Cl-10 al kyl groups substituted
by any of the above-nentioned C6_14-a3yl groups. Useful 25 values include
benzyl, phenethyl and napht hyl met hyl. Useful arylal kenyl groups include any
of the above-nentioned C2.4 al kenyl groups substituted by any of the
above- nent i one@-[@&4-THomipli¢nogy phiyms!]-6-tisthfld-Namhyipabliyipsid@geoups i ncl ude any

of the above-nentioned .4 al k | groups substituted by any of the
above- menti oned" ?:Bl%fﬁ‘a‘é‘?%?}?ﬁlé’rafiifé@.gle 8%6 pfjgi‘f'%‘i’r K Vlai?éltéer?q'fcl ude” phenyl et hynyl
and phenyl pr opy nylsef@r3r022 285 CRCRHUSEREARR08, uit. Useferl cgycl oal kyl al kyl

groups include any of .the above-nentioned Cl1 10 al kyl groups substituted
by any of th%rylatﬁﬁ‘?\}’é’-snﬂ?&dSnB]%Fnéflyc’Pa@ ThP(BI phegapiipyd. awbkecylh iRdanghl kyl groups

i ncl ude CH-lﬂmﬁhﬂympﬁ&gmnﬁdﬁﬂp§@Agmﬂmgnéylgﬂ@x_5 or nore fluorine,
chlorine, bromne or iodine atons, e.%f | uoronet hyl, difluoronethyl,
trifluoromethyl, PEftlaticlrglasbempps ate La4igrigatakt hippiahgyclealisdhl or onet hyl

groups. Usef ghyfty drasdd! &6lop@iol PeydifisidecySlonkQy Rl Kydi Upgqsubsti tuted
by hydroxy,gjg.@ hydrox%tphy})?, h}{/drox}g’etch}glo,p PR Sl g
hydr oxybut yl ¢yeloberf¥loups. “ Usef ul al koxy groups incl ude oxygen substituted by

o o 10 R e SR g B, 00
above. 10 iodine.

Useful alkyl groups include straight-chained and branched Cj.jo alkyl
groups, more preferably Ci.¢ alkyl groups. Typical Cy.19 alkyl groups include
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, zert-butyl, 3-pentyl, hexyl
and octyl groups. Also contemplated is a trimethylene group substituted on

15 two adjoining positions on the benzene ring of the compounds of the
invention.

Useful alkenyl groups are Cy’s alkenyl groups, preferably C,.4 alkenyl.
Typical C2;4 alkenyl groups include ethenyl, propenyl, isopropenyl, butenyl,
and sec-butenyl.

20 Useful alkynyl groups are C,.¢ alkynyl groups, preferably Cy.4 alkynyl.
Typical C,.4 alkynyl groups include ethynyl, propynyl, butynyl, and 2-butynyl
groups.

Useful arylalkyl groups include any of the above-mentioned Cy.19 alkyl
groups substituted by any of the above-mentioned Cs.14 aryl groups. Useful

25 values include benzyl, phenethyl and naphthylmethyl.

Useful arylalkenyl groups include any of the above-mentioned Co.4
alkenyl groups substituted by any of the above-mentioned Cg.14 aryl groups.

Useful arylalkynyl groups include any of the above-mentioned C,.4
alkynyl groups substituted by any of the above-mentioned Cé.i4 aryl groups.

30  Useful values include phenylethynyl and phenylpropynyl.



15 Useful acylam no groups are any acyl group, particularly C2_6 al kanoyl
or C6_10 aryl (C2_6)al kanoyl attached to an ami no nitrogen, e.g. acetam do,
pr opi onamvo®3/omsanoyl am do, pent anoyl am do, hexanoyl am d@CTarsd2/enz oyl .
Useful acyl oxy groups are any Cl1 6 acyl (al kanoyl) attached to an oxy
(-0-) group, e.g. acetoxy, propionoyloxy, butanoyl oxy, pentanoyloxy, 20
hexanoyl oxy and the |ike. The term heterocyclic is used herein to nean
saturated or wholly or partially unsaturated 3-7 nenbered nonocyclic, or
7-10 nenbered bicyclic ring system which consists of carbon atonms and
fromone to four heteroatons independently selected fromthe group

consi sting of 0, WNefudnrgciSalky@ye gibubd@rchidle Nink ' G0BE Mdde-gidhfissed het er oat ons
can be optionally oxidized, the nitrogen can be optionally quaternized,
and i ncl udi nig-arfkobiggunsi WhEHBES 95n 2h ok ihea Ahovgrmentingeda spellgidt | ned

het erocycli cghigdgs is fused to a benzene ring, and wherein the
heterocyclic ring can be substituted on carbon or on a nitrogen atomif the
resul ting conpountteiulhalpallsylearomsingrdesCin elkyhgroupusubsiitateAdy doknited to, 30

pyrrolidiqe, pihper iqdi-ne, pi azgl r: i imd i pyrazol i di ne,
benzodia;gpi%ég@ﬁ%ﬁg&?ﬁ%<?¥€§@’3&&%@7ggﬁg§géﬁ%%Fbso'/?é%%gEEWL15 Usef ul
het er ocycl oadilydrometbylps triflwetarekthydnypeofaflirecthilov é-l refitdrosted a@d 10 al kyl

groups substj. of the above-nentioned heterocyclic groups.
Usef ul heter%%@@ﬁggﬁ%§ggﬁﬁho groups include any of the above- 5 nentioned

het er ocycl oal kyl Usefolppdratytatichedupe irmindafi noalkyt grogensubstitathd &g 2-
(N 22t SISV AR bl ot TR S0 b, oupe, or
di al kyl aifi nogblpgl groups include any of the above-nentioned 10 C1_10 alkyl
Ceeral i ar kyl amui6a] RGPRRPREPERSIE RHEMGUE g B Sener Jhoves * "0
alkyl groups mentioned above.
Useful alkylthio groups include sulfur substituted by one of the Ci.1p
alkyl groups mentioned above.
15 Useful acylamino groups are any acyl group, particularly C,.¢ alkanoyl
or Ce.1o aryl(Csg)alkanoyl attached to an amino nitrogen, e.g. acetamido,
propionamido, butanoylamido, peﬁtanoylamido, hexanoylamido, and benzoyl.
. Useful acyloxy groups are any Cj.¢ acyl (alkanoyl) attached to an oxy
(-O-) group, e.g. acetoxy, propionoyloxy, butanoyloxy, pentanoyloxy,
20 hexanoyloxy and the like.
The term heterocyclic is used herein to mean saturated or wholly or
partially unsaturated 3-7 membered monocyclic, or 7-10 membered bicyclic
ring system, which consists of carbon atoms and from one to four heteroatoms
independently selected from the group consisting of O, N, and S, wherein the
25  nitrogen and sulfur heteroatoms can be optionally oxidized, the nitrogen can
be optionally quaternized, and including any bicyclic group in which any of
the above-defined heterocyclic rings is fused to a benzene ring, and wherein
the heterocyclic ring can be substituted on carbon or on a nitrogen atom if the
resulting compound is stable. Examples include, but are not limited to,
30  pyrrolidine, piperidine, piperazine, morpholine, imidazoline, pyrazolidine,

benzodiazepines, and the like.
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Useful dialkylaminoalkylamino groups include any of the above-
mentioned dialkylaminoalkyl groups attached to an amino nitrogen, such as
dimethylaminoethylamino.

Aminocarbonyl group is —C(O)NHo,.

Useful alkylaminocarbonyl groups are carbonyl groups substituted by
—NHR ;3 and —NR3R14, wherein Ry3 and Ry4 are Cy.q0 alkyl groups.

Useful alkylthiol groups include any of the above-mentioned Ci.ip
alkyl groups substituted by a —SH group.

A carboxy group is ~COOH.

An azido group is —Ns.

An ureido group is -NH-C(O)-NHS,.

An amino group is —NHo.

An amide group is an organic radical having —-NHC(O)- as a
functional group.

Optional substituents on Rj-Ri; include any one of halo, halo(C.)
alkyl, aryl, heterocycle, cycloalkyl, Ci. alkyl, Cy alkenyl, Cy.s alkynyl,
aryl(Cr.g)alkyl, aryl(Cy.g)alkenyl, aryl(C,.¢)alkynyl, cycloalkyl(Cig)alkyl,
heterocyclo(C,)alkyl, hydroxy(Ci.¢)alkyl, amino(Ci.g)alkyl,
carboxy(Ci.g)alkyl, alkoxy(C;.g)alkyl, nitro, amino, ureido, cyano, acylamino,

hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, aminocarbonyl, and C;4

C



processes. Accordingly, the invention includes conpounds produced by a
process conprising contacting a conpound of this invention with a mammal
for a perwod3mt228i me sufficient to yield a netabolic prodecta/usazesod. Such
products typically are identified by preparing a radiol abel |l ed conpound of
the 15 invention, admnistering it parenterally in a detectable dose to an
ani mal such as rat, nouse, guinea pig, nonkey, or to man, allow ng
sufficient time for netabolismto-dscur and isolating its conversion
products fromthe urine, blood or other biological sanples. The invention
di scl osed herein is also neant to enconpass the 20 disclosed conpounds
bei nghi sot orail@ghi]pyglloapelﬂemdoﬂa& ab@el Merefened @ptiomil eutatitemts inchpleaced by an
atom having a different atom c S r. mass nu r. anpl es of isotopes
that can bebpie dPI6r =2 %ﬁ’@"@f@l-é?@@r @gé%o(gbgggﬂnd’é’%?‘ﬁcf“ﬁrﬂe i sot opes of
hydrogen, cafbanyl, RikbkPaRamigXygen, phosphorous, fluorine and chlorine,
such as 2H, 3H 1§é ~14C, 15N, 180, 170, 31P, 32P, 35S, 18F, and 36Cl, 25
respectively. Sorbe gveria %@%mnﬁ%&%%twwwsﬁﬁwl%wgi n one or
nore  asymmeld hkcI6&al EdSpRRgs. MBYodiidSardi MBsifidrs® 1§ BeCAFNEIVAIRRILS _ _

di astereoners, and other stereoisoneric forns. The present invention is
al so neant tbondsdoernisasshiclardeasaibhagivs srpntelriHingyo-as wel | as their racemc
and resol ved for The MH‘LE’O% cﬁkc)f(;sﬁ({ g&dﬁh?!&l@@;ﬂea&qﬁ eh{g)‘fl{ \cltésch‘l@;'n Ghant 1 omer S hay
be separated according to nethods that are well known to those of ordinary
skill in thenaabolic Yencts hEthe@isORANZ2APEURETI WEQRFGR Iy restit fobnpounds
descri bed herei ntain olefinj b S,.0r h centars of
geonetric aseiliar%%@fe (rﬁ;om %edoﬁ%ﬁletfeogs%egﬁgfélﬂf #gcg&g%k %ea}r%d%@}q, ?%tel S P%% ended to

i ncl ude 10botahd Bhanike Zofgéenatntinistetes ocrermundyl prithaily odver ® emzgmait ended t o be
enconpassed by the present . .invention as |l1. 5 As.used herein, the term
" st er eoi soné’frgs/aesﬁe% §°§8%érfg§iq ee}%el%bo 1§F1}{\l§esi %O&P@P%dso?mlg%c ?\})P’d%al nol ecul es
that differ pasdeys doprBRigaoh@ingtd @mpdind beihis inat0ios with smadeal |t i ncl udes
enanti omers and i soners. of ¢ ounds with re tha ne iral center that
are not mr A 2 n5HY of 6¥meoﬁléfg%ttﬁéflel\3‘a metrg%ollc proqupt tﬁereo . Such

products typically are identified by preparing a radiolabelled compound of the

15  invention, administering it parenterally in a detectable dose to an animal such
as rat, mouse, guinea pig, monkey, or to man, allowing sufficient time for
metabolism to occur and isolating its conversion products from the urine,
blood or other biological samples.

The invention disclosed herein is also meant to encompass the

20  disclosed compounds being isotopically-labelled by having one or more atoms
replaced by an atom having a different atomic mass or mass number.
Examples of isotopes that can be incorporated into the disclosed compounds
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine
and chlorine, such as 2H, *H, *C, 1C, °N, %0, 170, *'P, 2P, ¥, '*F, and *°Cl,

25  respectively.

Some of the compounds disclosed herein may contain one or more
asymmetric centers and may thus give rise to enantiomers, diastereomers, and
other stereoisomeric forms. The present invention is also meant to encompass
all such possible forms, as well as their racemic and resolved forms and

30  mixtures thereof. The individual enantiomers may be separated according to

methods that are well known to those of ordinary skill in the art. When the



(di astereoners). 10 The term"chiral center" refers to a carbon atomto
which four different groups are attached. The term "enantioner" or

"enant i onwpios/n2nefers to a nolecule that is nonsuperi npo®eahise2/e8299t s
mrror image and hence optically active wherein the enantioner rotates the
pl ane of polarized light in one direction and its 15 mrror inmage rotates
the plane of polarized |light in the opposite direction. The term"racem c"
refers to a mxture of equal parts-aff-enantioners and which is optically
inactive. The term"resolution” refers to the separation or concentration
or depletion of one of the two enantioneric fornms of a nolecule. 20 The

i nvention dk&ﬁ%&%@ﬁdés&i&h%@reﬁma@mam BleHi6 A0RAS Borddls lor opeAEamesst i cal |y
accept abl e sal (

s thereof of the disclosed conpounds. Bchanalgs of
phar maceut i GeITSiGRYBITICHE @ISt FRIAITSE PP Wite YRG! Bafti%%nd  or gani ¢
acid additigpgsal bst ZThRoRBaLResEs! calll Yarssapt abl miwabd 3o itc! ude, but
are not limted to, netal salts such as sodiumsalt, potassiumsalt, cesium

salt 25 and endsmppiskeby Bieppsaspméneatietasigllal s such as cal cium salt, nagnesium

sal t andsthe | Kke:, Of 9aiC @TihE SRkdoRoRlh 8% benbal huhamng sal t,
pyridine salt, picoline salt, ethanolamne salt, triethanolam ne salt,

di cycl ohexy lismierseofsimtividudl Molecdlich élrmt iféer toplye e thearrientatisn of thgid t he | i ke;
inorganic acjid salts such,a Lori i sphat e,

sul phat e an&{cinﬁén PioKe: Hér%cé%d%f glt%lg?rgg%@l? ({s%&ﬁ%rs Isaﬁgﬁglgéﬁg% ?ﬁ%glg?kol act at e,
tartrate, nahswabes dHimhraner thandet abe, nacet dneges dif chhoraadbet at e,
trifluoroacetate, oxalate, formate and the |ike; sul fonates such WO

03/ 022285 PEFAUBESIS8299 - 18 as met hanesul fonate, benzenesul f onat e,

p-t ol uenesul f onatree @&nd "thel tdnke" refidio aaaibion atmi @ wath fous dickreas ar gi nat e,
aspar gi nate, gl ut amat% gmd the like. Exanples of prodrugs include esters
or am des ofS'HHF AGREFIFEV with any of R3-R8 as hydroxyal kyl or ami noal kyl ,

and these nay beTp¢ eparesniymed dre@sdnkivgesd!abfee0mROMoitsulaithd ianhydr i des
such as succl ¢ anhydrbildgﬁ itlr;I%rrLP}/rr?an%iagg hier?ceacl %igalf“ zraceti%teew e%e?n a method for
treating di JORYEFIENPOSCAnIC g jY y
the enantiomer rotates the plane of polarized light in one direction and its
15  mirror image rotates the plane of polarized light in the opposite direction.
The term "racemic" refers to a mixture of equal parts of enantiomers
and which is optically inactive.
The term "resolution" refers to the separation or concentration or
depletion of one of the two enantiomeric forms of a molecule.
20 The invention disclosed is also meant to encompass all
pharmaceutically acceptable salts thereof of the disclosed compounds.
Examples of pharmaceutically acceptable addition salts include inorganic and
organic acid addition salts. The pharmaceutically acceptable salts include, but
are not limited to, metal salts such as sodium salt, potassium salt, cesium salt
25 and the like; alkaline earth metals such as calsium salt, magnesium salt and the
like; organic am'ine salts such as triethylamine salt, pyridine salt, picoline salt,
ethanolamine salt, triethanolamine salt, dicyclohexylamine salt, N,N’-
dibenzylethylenediamine salt and the like; inorganic acid salts such as
hydrochloride, hydrobromide, phosphate, sulphate and the like; organic acid
30  salts such as citrate, lactate, tartrate, maleate, fumarate, mandelate, acetate,

dichloroacetate, trifluoroacetate, oxalate, formate and the like; sulfonates such



responsive to the bl ockade of sodium channels in aninmals suffering thereof.
Particul ar preferred enbodi nents of the aryl substituted pyridyl conpounds
for use iwormkxdgs of this invention are represented by pre¢iraset/gs2def i ned
10 Formul ae IN. The compounds of this invention nmay be prepared using

met hods known to those skilled in the art. For exanple, conpounds of the

i nvention can be prepared according to Schenme 1. WD 03/022285

PCT/ US02/ 28299 -19 Scheme | NCR5 RB8/ 0/ \~~R7 X X'( 000N\ R6 R8
Il NI 1R/ \ RBR8 (O POCO3 (NO) I NHJINR R/ R5 R7 NaH, seal ed
tube C XN r135"C, 2 hours X // X R6 RB Rs R8 NaH,DMF "-i NO O Se02,
pyri di ne 80 ldkGnéfhhdeNXokSte, REnzenesulfonate, p-toluenesulfonate and the like; and

amino acid salts such as arginate, asparginate, glutamate and the like.

Examples of prodrugs include esters or amides of Formulae I-V with

any of R3-Rg as hydroxyalkyl or aminoalkyl, and these may be prepared by
5  reacting such compounds with anhydrides such as succinic anhydride.

The invention is also directed to a method for treating disorders
responsive to the blockade of sodium channels in animals suffering thereof.
Particular preferred embodiments of the aryl substituted pyridyl compounds
for use in method of this invention are represented by previously defined

10  Formulae I-V.

The compounds of this invention may be prepared using methods

known to those skilled in the art. For example, compounds of the invention

can be prepared according to Scheme 1.



HOOC NI ~~1 R RT 1J//\XQ RER81 // \~~ 0O SOCLl2, MeCH, R6 X R8
CND reflux Rg R7 MQR2C N X R6 R8 O Conc ammnia CNI MeOH, rt. /RS R7
H2NOC N R§ORS/0¥2893/ 022285 PCT/ US02/ 28299 -20 The i nvent iPOm/USe2/2829D
directed to 3H and 14C radi ol abel ed conpounds of Formula | and their use
as radioligands for their binding site on the sodium channel. For exanple,
one use of the | abel ed conpounds of the invention is the characterization
of specific receptor binding. Anothap-use of the | abeled 5 conpounds of the
invention is an alternative to animal testing for the evaluation of
structure-activity rel ationships. The receptor assay is perfornmed at a
fixed concentration of a |abel ed qapReyeq of Formula | and at increasing
concentrations of a test conpound in a conpetition assay. Tritiated
conpounds of Formula I can be prepare@k by Ratroducing 10 tritiuminto the

conpound of Forrmula I by, for el t| c dehal ogenation with
tritium This nethod include ac | abI y h gen- substituted
precursor of a conmpound of F t| um glas fin the plTésence of a
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a base. O her suitable nethods for preparing tritiated conpounds can be
found 15 in Filer, Isotopes in the Physical and Bi onedi cal Sciences, Vol.
1, Label eat0 0@oep28tinds (Part A), Chapter 6. 14C-| abel ed comparsdy282an be
prepared by enploying starting materials having a 14C carbon. The
conmpounds of the present invention were assessed by el ectrophysiol ogical
assays in dissociated hi ppocanpal neurons for sodium 20 channel bl ocker
activity. These conpounds al so couldpbe assayed for binding to the neuronal
vol t age- dependent sodi um channel using rat forebrain nenbranes and

[ 3H] BTX-B. Sodi um channel s are | arge transnenbrane proteins that are

expressed in vafj.QhsntibsRUES dirdi8YodHanY 910 Agiel.beBs bémpemeannel s and are
responsible for 25 the rapid increase of Na perneability in response to

depol ar i zat Fomusskawd teisdsaes rdichigane thiotiels Sinskng gie ImREAY Bxci tabl e cel I's
i ncl uding Miseh8,: HBPEYGANbne G O AE 1Bk SomfNRaASPALLInREbNB Present
invention is e di scovery of 't he mechani sm~ of action of the conpounds
her ei n desctelbatacterimpien pf brecils reteaton dindingo ohieatker usgof tigdagledpon t he

di scovery of L Ol SalTBF AN Sibl 65 G CAIRAYIAS, e ORLEHPIE! 8 1 0 be usef ul

in treating“BrPPreventng neuronal” | 0ss due to 03/ 022285
PCT/ US02/ 282@fuatie? &f siructireobaivity sddmnsliips, TBaededeptot pesay ismgriommedr event i ng

neur odegener at g ol SOLAerSer INEIAILAGo Al S rAMXNE T Ynd ANleRbgepsy.  They are

al so expecté‘b‘al Inmtreating, preventing or aneliorating

neur opat hi ¢ cpakifiatisay gladad capound dha emipetitigraassayand tinnitus. The conpounds
are al so expecte

.{o be usefal gi: 5 agti arrh tehmégsd ane 1}cpnti cs and
anti mani ¢ depr es SAHE CoRRORL L FermHe drntdior PEPHRE S8t BYOTE  Eonpounds of
For mul agol Ngthat infr €hdl Relpeisl off Yohtulgda wensiot i ssanmpidi eanalytieannel s.
According to the present i nveq{,i onh ihosg conmpounds. h?vi E(%Fgr eferred
sodi um chandehalaseersion math titupekhs methed wFRss TRctipga SUEPIRIH 100 M or | ess
in the el eciypnphval GLagict ) 2l GorRsnay odesarilpadwiteneiiin Jas ed eieabl y, the

conpounds of the present invention exhibit an IC50 of 10 .iMor |ess. Most
pr ef er abl y, prasence ehpeiiable cgplyptyfor example Pd/C, in the presence or absence o

a base. Other suitable methods for preparing tritiated compounds can be found
15  in Filer, Isofopes in the Physical and Biomedical Sciences, Vol. I, Labeled
Compounds (Part A), Chapter 6. 1C-labeled compounds can be prepared by
employing starting materials having a ¢ carbon.
The compounds of the present invention were assessed by
electrophysiological assays in dissociated hippocampal neurons for sodium
20  channel blocker activity. These compounds also could be assayed for binding
to the neuronal voltage-dependent sodium channel using rat forebrain
membranes and ["H]BTX-B.
Sodium channels are large transmembrane proteins that are expressed
in various tissues. They are voltage sensitive channels and are responsible for
25  the rapid increase of Na* permeability in response to depolarization associated
with the action potential in many excitable cells including muscle, nerve and
cardiac cells.
One aspect of the present invention is the discovery of the mechanism
of action of the compounds herein described as specific Na" channel blockers.
30 Based upon the discovery of this mechanism, these compounds are

contemplated to be useful in treating or preventing neuronal loss due to focal



present invention exhibit an I C50 of about 1.0 Mor |less. Substituted

het eroaryl conpounds of the present invention may be tested for their Na
channel bwoakiompsactivity by the foll ow ng el ectrophysi ol @giras2/28249 bi ndi ng
15 assays. El ectrophysiol ogical Assay: Electrophysiol ogical Assay was used
to measure potencies of 20 conpounds of the present invention rBlla/beta 1
sodi um channel s expressed in Xenopus oocytes. Preparation of cRNA encoding
cloned rat brain type Ra (rBlla) anm-beta 1 (/331): cDNA cl ones encoding
the rat brain beta 1 subunit were cloned in house using standard nethods,
and nmRNA were prepared by standard 25 net hods. nRNA encoding rBlla was
provi ded by drglobAt iséBRbfe And WCrbdinb %@breveﬂfh% ¥BAS e neheveddibdiliesd and stored
at -80Cin 1 L aliquots until ection reparati on of gocytes: Mature
femal e Xenoﬁﬁ@u¢1%3~|f-§ IETSE &H‘éé&ie@& i 2Ry ﬂ(r&zelsmexwml Q8% Aldecvas %

3- am nObenZCIh@reé’tﬁfg, 1%¢ré?ﬁﬂ1g glsjuﬁéhofelﬁ n&?rgﬁatlfuglpluﬁ"‘éug%ca@%ﬁlﬁbéﬂr&ﬁ@d procedures
(Wodward, R ? E har nacol 992)). WO

03/ 022285 Pwlusw/tmmg T@z cqmppqnés i appapipseied dbele \Né?fél gtirgically
removed. ;Cocyt.es 109%{«1%&1955%&1%’( ﬁ%ﬁ%&e’})réésa\ﬂ't were dissected fromthe
ovary, oocytes gre sti surroun y ‘envel opi ng ovari an tissues.

Qocytes were def d]hb|pmatraumnm tshigrecddyo gdmmmnmfylzdwutapéa\’ mhett Wit h

col | agenase r e im Type A, for
0.5-1 hr). OC@OQ%V 3 eﬁ%é@é%(s)é Lélge %m[@fg dﬁi P&%e% P’I% I'a, washed
repeatedly andansbmr ehzbsa moﬁ@omﬂds shaviethj pineferemintsadimn ngha@Belmdoblagg, 1 mM KCl ,

oH 7.4 ) udt AN £ g e AR e feoRSEE, o) ect 1 on of

oocyt es:10DefRbdyl dedrite te@DC yPRferably, @hdTt@hfoundnpeibt st ifigendioNanoj ect

1 <0t on SYSHET CLATEN, 1 i OO A of et on

present invention exhibit an ICsy; of about 1.0 pM or less. Substituted

heteroaryl compounds of the present invention may be tested for their Na*
channel blocking activity by the following electrophysiological and binding

15  assays.

Electrophysiological Assay:

Electrophysiological Assay was used to measure potencies of
20  compounds of the present invention rBIla/beta 1 sodium channels expressed in
Xenopus oocytes.

Preparation of cRNA encoding cloned rat brain type lla (rBlla) and
beta 1 (f1): cDNA clones encoding the rat brain beta 1 subunit were cloned
in house using standard methods, and mRNA were prepared by standard

25  methods. mRNA encoding rBIla was provided by Dr. A. Golden (UC Irvine).
The mRNAs were diluted and stored at -80°C in 1 pL aliquots until injection.

Preparation of oocytes:  Mature female Xenopus laevis were
anaesthetized (20-40 min) using 0.15 % 3-aminobenzoic acid ethyl ester (MS-
222) following established procedures (Woodward, R. M., et al, Mol

30  Pharmacol. 41:89-103 (1992)).



di aneter of injection pipettes was 15-35 m Qocytes were m croinjected
with approximately 50 nL 1:10 ratio m xtures of cRNAs for rBlla and beta 1
15 respecwdDwalog228£l ect r ophysi ol ogy: Menbrane current respe@aTASONLI209
recorded in frog Ringer solution containing 115 nM NaCl, 2 nMKCl, 1.8 mM
CaCl2, 5 nM HEPES, pH 7.4. Electrical recordings were nmade using a
conventional two- electrode voltage clanp (Dagan TEV-200) over periods
rangi ng between 1-7 20 days followiLng-injection. The recordi ng chanber was
a sinple gravity fed flowthrough chanber (volunme 100-500 nmi dependi ng on
adj ustnment of aspirator). Oocytes were placed in the recordi ng chanber,
inpaled with elpgtrodgs ndafastcs MaEShygifek T HeRled 5-G8cyids #in-1 ) with
frog Ringer's solution. The tested conpounds were applied by bath

per f usi on. @&elppnenigbstpgest\o¥dMstef Gpscelod KPrgthe QU UM CHEHNET® T rents: The
standard hgl ol fgkq &Q&lbgih?fo%ria%%u@s. QE%kE Vﬁér@ﬂﬁoﬂ‘féﬁa‘t‘eégﬁ’%- St andar d

current- voltage relation ps were elicited by 40ns depol ari zi ng steps

starting frdmm of SGgevy by treBONAUt ivith |cCHagenase (@ Aeng/mL Hemk Tope Letit s wer e
measur ed.ast he. i mym negat i v r t r o I ZhBgqvol tage steps.
The vol t age PFBHES ﬁla%%e%ﬁr? %@f%ﬁt%%rfegﬁbgéea&e\%a%oqg%te “and used for the
next voltage pisddidgeotpithvi, 034020 28Fatedy/ wsD 21028099 Barh3 Mhdiupur pose was to

find ds .th t at d i fd | sodi

channo o” _prorariBy et hpliRgd Al ol Gt ape fiv CRtGpa, oo v

rested/ cl 05?%3%@?1\@%%48@%%&@@@3, P ﬁEPEQ,HJ}ﬁ‘f’.ﬁiaHjqut}id fvan otihe i nactivat ed
(0]

state. The | om ng vol tage protocol was used to neasure a conpounds 5
affinity fomgihe gbmaaydinailpihtst ate. OCocytes were held at a hol di ng

potential of -120nV. At this nenbra | tage, nearly all.of the channels
woul d bd% n the f%g‘i’ 875@76“?{%?72."0%@& ;ﬁ%%@lgé%‘%g 8%%@ arrzation was nade to
the vol tage ipbgse usitnFea MRXiofaeM igectioantyw@as @lrimainbed . ScAntifineCend of this
depol ari zation, nearly all . the channe#s Wgul d.be.in 1t he i ni%itll vated state.
A 1 Ots hypeBseasali Pitg Teeiprpipeliss “efrebeVRia 0 NS ER P88 % efve sone

channel s 1 Quie Jnackioabipdics bakers.a5 uhi NebeflaPabarihricigedapt pul se was
used to assay the sodiumcurrent after tlhl S
with approximately 50 nL 1:10 ratio mixtures of cRNAs for 1Blla and beta 1

15  respectively.
Electrophysiology: Membrane current responses wete recorded in frog

Ringer solution containing 115 mM NaCl, 2 mM KCl, 1.8 mM CaClp, 5 mM

HEPES, pH 7.4. Electrical recordings were made using a conventional two-
electrode voltage clamp (Dagan TEV-200) over periods ranging between 1-7
20 days following injection. The recording chamber was a simple gravity fed
flow-through chamber (volume 100-500 mL depending on adjustment of

aspirator). Oocytes were placed in the recording chamber, impaled with

electrodes and continuously perfused (5-15 mL min-l ) with frog Ringer's
solution. The tested compounds were applied by bath perfusion.

25 Voltage protocols for evoking sodium channel currents: The standard
holding potential for whole oocyte clamp was —120mV. Standard current-
voltage relationships were elicited by 40ms depolarizing steps starting from —
60mV to +50mV in 10mV increments. Peak currents were measured as the
maximum negative current after depolarizing voltage steps. The voltage from

30 maximum current response was noted and used for the next voltage protocol.



prol onged depol ari zation (see anal ysis below). Sodium currents were
nmeasured at this test pulse before and after the application of the tested
conmpound.wDaBa22285 acqui red using pC anp 8.0 software andpremaispzestoni th 15
clanpfit software (Axon instrunments). Data anal ysis: Apparent inhibition
constants (Ki values) for antagonists were determ ned from single point
inhibition data using the follow ng equation (a generalized formof the
Cheng- Prusoff equation) (Leff, P._.amd |. G Dougall, TIPS 14:110-112
(1993)). 20 K, = (FR/I1-FR)* [drug] Eq.1 Were FRis the fractional response
and is defined as sodiumcurrent elicited fromthe final depolarizing test
pul se prior to aﬂgghgﬁ)tsé o8 &ff&drt%nﬁ%&igis%vm@%@hte &Hehknt RBdisiedi um current
measured in the pr h is the concentration of the
dr ug used mfmﬁgmalmoaglm vleneeb anfeafﬁvllw thﬁa@@lmﬁn‘&tha&%ﬁd@ﬁtaf HtYons of 2-10 mM
in O st ocks over
t he range (I:))f %Hﬁ ?SQédi%ng&&dd} enclll%rll%ge?l}%gﬂ %ﬁltélﬁg% Zﬁ{:ﬂﬁggﬁ‘a&gvﬁgwgonpound 30
Wor ki ng sol sthueoﬁEheV\ﬂaﬂlewmdeoltage POB00BOGS el & dickwrs gncosfrogedscks i nt o

Ri nger diJ uti r JABasusabl e effects
on WO 03?02?%@%%%‘ ?%% aégcy?essjzeq%iﬁ%&%tfg}lglg%ﬂéﬁpesponses DVSO st ocks
of drugs \ABLBZO‘ﬁI\Or&tcthisnndrkaarmarokageaneady611 oRihaghannsls mpulddegn dfe dr ugs wer e
made up fresh each ability of

N |tro Blndln
conpounds of Oﬁqqestaﬁerei’%%’ta‘lﬁ?/‘:é’ﬁgid%o FEBATATE eA%ﬁ ¥°1ta§§W-£Q or site 2 of
the Na Chan%'mé&ﬁﬁuﬂ@ﬁﬂnmedhdit@ﬂl AWhagnddsf&hlprdeprﬂnilmmm naulyl 1 descri bed in
Yasushi, J. Biol. Chein., 261:6149- 615(12 ét %GLQ{P E i:vel i n%p
Phar rracol i chayyelsswold bg 3y the ipachiuated §f GBI AL nenbranes wer e
used as 1§0u%§§16ﬁ’fna&@‘h &th@'%‘ﬂnoﬂé@&rﬁé é]ﬁnne]_sﬂ@orﬁ)th’@dhdfbgvﬁ%ﬁyts Awer e conduct ed

in 130 Mchaline chloride at 37C for, 60-m nute jncubatio on
final depolarizing test pulse was used to assay the sodium current after this

prolonged depolarization (see analysis below). ~ Sodium currents were

measured at this test pulse before and after the application of the tested

compound. Data was acquired using pClamp 8.0 software and analyzed with
15 clampfit software (Axon instruments).

Data analysis:  Apparent inhibition constants (Kj values) for

antagonists were determined from single point inhibition data using the
following equation (a generalized form of the Cheng-Prusoff equation) (Leff,
P.and I. G. Dougall, TiPS 14:110-112 (1993)).
20
K;= (FR/1-FR)*[drug] - Eql

Where FR is the fractional response and is defined as sodium current elicited

from the final depolarizing test pulse prior to application of the drug divided

25 by the sodium current measured in the presence of the drug. [drug] is the
concentration of the drug used.

Drugs: Drugs were initially made up at concentrations of 2-10 mM in

DMSO. Dilutions were then made to generate a series of DMSO stocks over

the range 0.3 uM to 10 mM - depending upon the potency of the compound.

30 Working solutions were made by 1000-3000 fold dilution of stocks into

Ringer. At these dilutions DMSO alone had little or no measurable effects on



with [3H saxitoxin and [3H] batrachotoxin as radioligands for site 1 and
site 2, respectively. 15 In vivo Pharmacol ogy: The conpounds of the
present iwWoea2nes nay be tested for in vivo anticonvul saRCTASNY/220Y after
i.V., p.0. or i.p. injection using a nunber of anticonvulsant tests in

m ce, including the maxi mum el ectroshock seizure test 20 (MES). Maxi mum

el ectroshock seizures were induced in male NSA m ce weighing between 15-20
g and mal e Sprague-Dawl ey rats wei ghing between 200-225 g by application
of current (50 mA, 60 pul ses/sec, 0.8 nsec pulse wdth, 1 sec duration,
D.C., mce; 99 mA, 125 pul ses/sec, 0.8 nsec pulse wdth, 2 sec duration,

D.C., rats) %%ﬁibﬁge @uﬁ&@réﬁ%tﬁ:sés.e S 0d8YdKE 81 (MR GlredRord BRilthe dMCe were

restrai ned by gripping t oose skin on thelr dorsal surface and

sal i ne- coat gh @Or R@gér sehBeisroddags wereandtelup fteslgbrch aypghisast the two cor neae.
Rats were allowed free novenent on the bench top and ear-clip el ectrodes
were used. Current was applied and animals were observed for a period of up
to 30 secongsyif-eBildig Aggurrence of a tonic hindlinb extensor response. A
30 tonic_seizure was defined as a hindlinb extension in excess of 90

degr ees from the pl ane of the body. Results were treated in a quantal

manner. WO 03/ 0228k bk E@Q%’du%ﬁg89the'p¥55eﬂ’ﬂﬁv&ﬂ6ﬁ)Qﬂﬂﬂ&ulﬁ@)éitﬁ@ tested for
I+

their antinociceptive activ in the formalin npde] as described in

Hunskaar, Ssite Dor gte FatthsNa | wagydeternyined $Qllovingdhe piasedisess 14: 69- 76
(1985) . Mal g 9SS iMEDS &Fashltil M 9801 48R0 2@&61@6%}?‘31%@ Higego, CA) were

used in all experinments. Food was withdrawn 5 on t ay of experinent.
M ce were pCaweling, /@ Bhkirgherds23:370s358¢1983), respestivaly. e forelraiiccommpdat e to

t h € env@l@ Ongl%ntbi'anle:? l)v!ar%\ﬂ'segi s%g'@rc Co%mga%%\iﬂ%oteiﬂgr 1 iHéliﬁE addhy <€ wei ghed and
gi ven eit her e conpound of 1 nterest adm'nistered i.p. or p.o., or the
appropri at ewesd eoneucndd ixdBO aMecholife ehldnideat-3780 far 6Pithinaennevbaiitnes after t he

i .p. dosing, . 30 .m nut ess.after .the.p.o..dosing 10. ni i nj ect ed
wi b £ or o PS5 petst ST el aehgite Qi iRt e AR 2 v o) Che

dorsal surf aggeddfelyhe right hind paw. Mce were transferred to

15 Invivo Pharmacology:

The compounds of the present invention may be tested for in vivo
anticonvulsant activity after i.v., p.o. or ip. injection using a number of
anticonvulsant tests in mice, including the maximum electroshock seizure test

20 (MES). Maximum electroshock seizures were induced in male NSA mice
weighing between 15-20 g and male Sprague-Dawley rats weighing between
200-225 g by application of current (50 mA, 60 pulses/sec, 0.8 msec pulse
width, 1 sec duration, D.C., mice; 99 mA, 125 pulses/sec, 0.8 msec pulse
width, 2 sec duration, D.C., rats) using a Ugo Basile ECT device (Model

25  7801). Mice were restrained by gripping the loose skin on their dorsal surface
and saline-coated corneal electrodes were held lightly against the two corneae.
Rats were allowed free movement on the bench top and ear-clip electrodes
were used. Current was applied and animals were observed for a period of up
to 30 seconds for the occurrence of a tonic hindlimb extensor response. A

30  tonic seizure was defined as a hindlimb extension in excess of 90 degrees from

the plane of the body. Results were treated in a quantal manner.



the Plexiglass jars and nonitored for the anount of tinme spent |icking or
biting the injected paw. Periods of |icking and biting were recorded in 5
m nute iwDaB®ad285for 1 hour after the formalin injecti onPCAUSIEX$209 i ment s
were done in 15 a blinded manner during the light cycle. The early phase of
the formalin response was neasured as licking / biting between 0-5

m nutes, and the |l ate phase was neasured from 15-50 m nutes. Differences
bet ween vehicle and drug treated gpspups were anal yzed by one-way anal ysi s
of variance (ANOVA). A P value <0.05 was considered significant. Having
activity in 20 bl ocking the acute and second phase of formalin-induced
paw- | i cki ng act ivid dmpohftf HANNOLALS fRRiCARRbEeEde haivhg iefllel caci ous for
acute and chronic pain. The conpounds may be tested for their potential for
the treat mefarmalin moHelosi dssqsibpdh i Hpasicaar] HelPnBe Faseeratid hyPeltal gesi ¢
activities),in the ch nage i thye (2lyaloe

Spr ague- Da 5{'}0%%5 V\g(i%g ?'ng be&l%@ﬁ@\%&é@%«%@%ﬁ%ﬁﬂéfﬁgﬁe an(est hetized with
hal ot hane ( &rBanj BareDivextGrkevasé used in/@léiexpenm@ats-sl%w%wy@@ﬁl)a“@nd t heir body
tenperature controlle ring e 81 31 PO meot herm ¢

bl anket.yA ﬂggkﬁ%grosfaegp% rﬁgngﬁ%n‘glé%ﬁ%dﬁgdmg}sﬁegﬁgﬁs }rer&a&gfgpgtt@ﬁg L5 and L6

| evel and t heurpiar acvembide ab thusoliengegupEollavdng dkg eeropidodttimnal |y, L5 and
L6 spinal neryv wer e then.he.exposed, . e nde t:] y ligated
with 6-0 si PR VK sha e%p%}%a VGh E\!}\g@ g}téer 1(‘1 8?%9918'@ g&ﬁfggﬁ%%}]g t he

cont r al at er aliminSsteaeti.p. Gor . Nl thengppuegsiagsyobunmeghtdhicde @696 rToteen WO 03/ 022285

PCT/ US02/ 28299 _.-26 Tacti | | .odyni a: were t.ransfer o0 an el evat ed
t esting cagég)'valftﬁndn%fl‘ieéa%éi% iy g%sﬁngaﬁ@a%qspb%ﬁ a%tglatgifg:gl%i ércgsggfor five to
ten mnyhesmids weRl infstedl wile MReHVEINEL edfmsnTRaahilddarenbslutier i appl i ed to
the plantar surface of the hindpaw to determ ne the anipal's wthdrawal

t hreshol d. Famebintq thgtdOtsahsaﬁé?ﬁofﬂw%agié@%d@em&tﬁ“ﬁ%%ﬁ%roght of 9.1 gns

(96 100 valiey-andss asn@RBhided Pt Ambh@r lihdBgerk 0cshLorititidd el i cited a
wi t hdrawal response. "I the aninal had a w thdrawal response then the next
lightest fi KzmmirctedpaphePeinds of lickioglaad bingppere aeroidsdtia X My i mes to
determ ne it .t coyl lldho%lr 'al?érttheaﬁofn?eﬁfﬂﬁgj%@tion. T SxpRERERIWeR MRS iH epeated wi th
subsequent [‘esser Filaments until there was )

15 a blinded manner during the light cycle. The early phase of the formalin

response was measured as licking / biting between 0-5 minutes, and the late
phase was measured from 15-50 minutes. Differences between vehicle and
drug treated groups were analyzed by one-way analysis of variance
(ANOVA). A P value <0.05 was considered significant. Having activity in

20  blocking the acute and second phase of formalin-induced paw-licking activity,
the compounds are considered to be efficacious for acute and chronic pain.

The compounds may be tested for their potential for the treatment of
chronic pain (antiallodynic and antihyperalgesic activities) in the Chung
model of peripheral neuropathy. Male Sprague-Dawley rats weighing between

25  200-225 g were anesthetized with halothane (1-3 % in a mixture of 70 % air
and 30 % oxygen) and their body temperature controlled during anesthesia
through use of a homeothermic blanket. A 2-cm dorsal midline incision was
then made at the L5 and L6 level and the para-vertibral muscle groups
retracted bilaterally. L5 and L6 spinal nerves were then be exposed, isolated,

30 and tightly ligated with 6-0 silk suture. A sham operation was performed

exposing the contralateral L5 and L6 spinal nerves as a negative control.



10 no response and the lightest filanment that elicited a response was
recorded. If the animal did not have a withdrawal response fromthe
initial 9woogiom=ssfil ament then subsequent filanents of i RCTamepe829®ei ght
were applied until a filanent elicited a response and this filanment was
then recorded. For each animal, three nmeasurements were made at every tine
point to produce an 15 average withdrawal threshold determ nation. Tests
were performed prior to and at 1,-.26-4 and 24 hours post drug

adm nistration. Tactile allodynia and nechanical hyperal gesia tests were
conducted concurrently. Mechani cal Hyperal gesia: Rats were transferred to

an el evated testing, SaRGW Rbisdwdk i@ndBedd {o QOEl-ame alstimnesket 0 accl i mate
for five to ten mnutes.” 20 A sllghtl bl unt ed needl e was touched to the

plantar surfite wie wiseh fperdpavaliosd it acchimatentsr g (e MEUER 4 wi t hout
penetrating the o?gé%éd\@ﬂe IanLthﬂaﬂfents tdhge NGy ?Héd? th Othgofﬂérftzﬁ' paws

typically pro uce aqwck I ng reaction, short to be tined with
a st opwat chsafade af thie thimiphivyto gieteemning thy @rmmlammth@rﬁw@ @fesh@dd.sTheecond. The

oper at ed SI E&S&g w oflfsg %Sggs%%yé u‘%ﬁ}ﬁ%&é ght%)f?l ﬁu PoiAExagger at ed

wi t hdr avd m "W t hdrawal time of
ten SeCOHdSv\M@.spplllSdEdp asfiee Gmtofof set ifie elidiied Iadmﬂndmwaﬂ respenseflbthebot h paws of

the animals were dthreet| i h a

five-ni nut e®1&@ ’E%(ﬁ?%%} r?)sé’?r\}\sleeenené%% ?Xga%qtg%ts. Dfﬁg ][t?ﬁlreesgﬁér?easur es were
Uisleddto genezgalﬁ%eﬁd‘lbpﬁételﬁlﬁgﬁﬁw titnels Mterhnlteelfﬁbcoukhcli\citam@pwﬁ nt. Tactile 30
al | odyni a and, nechani ca er al. te ncurrentl WO
03/ 022285 PEHESBYTfBEYEY e CE‘?‘E ‘beﬁﬁt?ése\é@?l 56 St“ensf Ehggef‘g%’ t heir Y

neur Op[)leeChb‘x‘@ %ﬁ& laﬂc% the l%h{e@trﬁlalfn&gaﬂlataﬁdte@a()b@om;eSWhEen&mﬁd@i‘ dluced in rats
or gerbils accordin o the pro ures descr n et al. (Stroke,
Suppl . 148- 1@2@@9193 DG RAVe Gh &Y g@\Wﬂ L fj{"éhrt € 3‘“%1 ??r%%m (

236: 347- 353 (a.]a%%t?%h)en %ﬂ@e&ﬂeﬁhﬁ%ﬁﬁsa&f incréaséd) welpar vBacpliedxil aTher ap.

276:1-4 (1996)). The conpounds nay be tested for their neuro rotective

activity af fidament eligitedts Esppish apd éllﬁ dilqmept, pgs éﬂafeoﬁca?rﬁgd 5T tA procedur es
descri bed in \.at X ﬁ%klemeagﬁr Abnts GEXP mabe Yl SV R ¥ind3foidd & pbude1896)) and
| wasaki et &t. (J. Uro ocr.
15 average withdrawal threshold determination. Tests were performed prior to
and at 1, 2, 4 and 24 hours post drug administration. Tactile allodynia and
mechanical hyperalgesia tests were conducted concurrently.
Mechanical Hyperalgesia: Rats were transferred to an elevated testing
cage with a wire mesh floor and allowed to acclimate for five to ten minutes.
20 A slightly blunted needle was touched to the plantar surface of the hindpaw
causing a dimpling of the skin without penetrating the skin. Administration of
the needle to control paws typically produced a quick flinching reaction, too
short to be timed with a stopwatch and arbitrarily given a withdrawal time of
0.5 second. The operated side paw of neuropathic animals exhibited an
25  exaggerated withdrawal response to the blunted needle. A maximum
withdrawal time of ten seconds was used as a cutoff time. Withdrawal times
for both paws of the animals were measured three times at each time point
with a five-minute recovery period between applications. The three measures

were used to generate an average withdrawal time for each time point. Tactile

30 allodynia and mechanical hyperalgesia tests were conducted concurrently.



134:21-25 (1995)). 10 Conpositions within the scope of this invention
include all conpositions wherein the conpounds of the present invention
are cont awped/oa285 an amount that is effective to achi eve iPCI/isaz/esrded

pur pose. Wil e individual needs vary, determ nation of optiml ranges of
effective anounts of each conponent is within the skill of the art.
Typically, the conpounds may be 15 adm nistered to manmals, e.g. humans,
orally at a dose of 0.0025 to 50 'ngfskg, or an equival ent anmount of the
pharmaceutically acceptable salt thereof, per day of the body wei ght of
the mammal being treated for epilepsy, = neurodegenerative diseases,

anest hetic, arrhyfhgoudRnNhsy GEeRERE $60Meir BGopBRLive dobikity af:gramuscul ar

i njection, the dose |s general |y about one-half of the 20 oraI dose. In
the method falt peshighnbplt isshompip credqed ninofats, 8L REHHF 1°6¥dingnyshal and focal

| schem a,_DERkDheSRHRaln Bk &AMy RASHE 14830l o, stat us

epi | epsy and surgery, the conpound can be adm nistrated by intravenous

i nj ecti on aShardbose!of (@bodtf’l@trmﬁéoltlﬁéeﬁl%ﬁtﬁ {1998 /arg GradBnTefeuni t oral dose
may conpgi s onla , preferably about 0.1 to about
10 ng ofgt hgj %% r’"c‘)’ﬁ% ml'gheo Qb?ég adni ni stered one or nore tines

daily as one or "ﬂm‘mrﬁp@bhcetmayeheltbsttdrfmaihmrrmguropnotmtl‘e@bmmtvﬂm after o about 10,
addi t1on t oaaREisoPEr R e Farp bl e et R e bRt O8 indls

addition to conmpounds of
the inventi @znalrr@c bEezelaEN i ST Er%tR6ad 99p@) tndofwasakp lkarhQt elepicddi. WO 03/ 022285

PCT/ US02/ 28299 E Bégpar ation containing suitable pharmaceutically

accept abl e daf¢l %? 1959 nprising excipients and auxiliaries which facilitate
processiipg of theompeaNNHsthinNtiBe pfcﬁp@raﬁ ithig s inMehtidn daciude allsed

pharmaceutically. Preferably thegsf aratians, art| cul aré‘?/P t hose
prepar at i onSOMPSEIPNE FhetBE t%\‘?j?ﬁ‘?ﬁoélfl f dhaspresent IpyEng HWEW "¢af' be used for

the preferregd tyRg ieh 2GRSl /0198 its SHéle@Burpbseb| Whike indiveyees, and
capsul es, a?xgedilvsa?y, pdre‘?egnanrng’glcl)no 2? o\Iln\QrInglhragggs (?feeffectlve amounts of each
component is within the skill of the art. Typically, the compounds may be

15 administered to mammals, e.g. humans, orally at a dose of 0.0025 to 50
mg/kg, or an equivalent amount of the pharmaceutically acceptable salt
thereof, per day of the body weight of the mammal being treated for epilepsy,
neurodegenerative diseases, anesthetic, arthythmia, manic depression, and
pain. For intramuscular injection, the dose is generally about one-half of the

20  oral dose.

In the method of treatment or prevention of neuronal loss in global and
focal ischemia, brain and spinal cord trauma, hypoxia, hypoglycemia, status
epilepsy and surgery, the compound can be administrated by intravenous
injection at a dose of about 0.025 to about 10 mg/kg.

25 The unit oral dose may comprise from about 0.01 to about 50 mg,
preferably about 0.1 to about 10 mg of the compound. The unit dose may be
administered one or more times daily as one or more tablets each containing
from about 0.1 to about 10, conveniently about 0.25 to 50 mg of the
compound or its solvates.

30 In addition to administering the compound as a raw chemical, the

compounds of the invention may be administered as part of a pharmaceutical



adm nistered rectally, such as suppositories, as well as suitable solutions
for admnistration by injection or orally, contain fromabout 0.01 to 99
per cent, wproafoexebly from about 0.25 to 75 percent of actipea/usorpszand(s),
together with 10 the excipient. Also included within the scope of the
present invention are the non- toxic pharmaceutically acceptable salts of

t he conpounds of the present invention. Acid addition salts are forned by
m xi ng a solution of the particul ar2g8heteroaryl conpound of the present
invention with a solution of a 15 pharnaceutically acceptabl e non-toxic
acid such as hydrochloric acid, fumaric acid, naleic acid, succinic acid,

acetic acidy sg)hltaﬁbﬁ @@A’cﬁmn@arguﬁﬁl&l@ %hﬁiac@lﬁﬂ'cﬁl@nl gccepbld, dahsphoric acid,
oxal i ¢ acid, chl oroacetic acid, and the like. Basic  salts are forned by

M xi ng a solComPBRAND fexeipients cansy awtljaries owiishnacilipter pEPcessings &htths nvention wit h
a sol ution %mgo&lameﬁel%atfo% leﬁmﬂ%ﬁﬁ@é a&hﬁhaﬁlacéu%l@ 20.base, such as

sodi um hydr oxi pot assi um hydr oxi de, i ne hydr oxi de, sodi um car bonat e
and the |i kéhe Misparpiicas.npaséendrtyathogonispayitiqns ids canhie AdBINTSh my be

admi ni St 81 edeh) AR¥HA dRbe LAY SABRI FHES dDiRRRBL! &Lk ef Tect s of

the conpounds e invention. Forenost ng such animal's are mamal s,
25 e.g., hunadss, diagm'sugetmdt lsepsiutes.e rmnd oals s preparations emdiesd tcon bee so | i nit ed.

The phar TGl S8l F ARG L8NS (Lol NFicRT SR ol AMANE (AR

adm ni stere any nean Ieve nt ended purpose. For exanple,
adm ni strat |admmmt5at1mebjoynjmbﬂ ot eradz]ly, cEudic tﬁrtotméaouso 01 nd PAersonis,

i ntramuscul ar tra erito h)t ransﬂ? el ut e.
Al ternati veIp§?éf 3 516’ 8“??53 Wst N t{ﬁng}/ poun yéoﬁeﬁ%%r "The oral route.
The dosadge taddRcipieit.er ed mnll be dependent upon the age heal t h, and wei ght
of the WD 03/022 §5 PgT t ﬁg rec Lent, &% concurrent
treatnment, if anytS¥¥P \‘f le et?cé’a‘f e pr Pjt iyt loﬂéfqu Bf the effect
desired. Theeoﬂbagham@wﬁcggl afdefiaBlcatdloNg ©F dohpoRideSeMihei préquat i on are
manuf actured in_a manner which s itself known, for exanpl by means of
invention. Acid addition salts are formed by mixing a solution of 'the
particular heteroaryl compound of the present invention with a solution of a
15  pharmaceutically acceptable non-toxic acid such as hydrochloric acid, fumaric
acid, maleic acid, succinic acid, acetic acid, citric acid, tartaric acid, carbonic
acid, phosphoric acid, oxalic acid, dichloroacetic acid, and the like. Basic
salts are formed by mixing a solution of the heteroaryl compound of the
present invention with a solution of a pharmaceutically acceptable non-toxic
20 base such as sodium hydroxide, potassium hydroxide, choline hydroxide,
sodium carbonate and the like.
The pharmaceutical compositions of the invention may be
administered to any animal that may experience the beneficial effects of the
compounds of the invention. Foremost among such animals are mammals,
25  e.g., humans, although the invention is not intended to be so limited.
The pharmaceutical compositions of the present invention may be
administered by any means that achieve their intended purpose. For example,
administration may be by parenteral, subcutaneous, intravenous,
intramuscular, intraperitoneal, transdermal, or buccal routes. Alternatively, or
30  concurrently, administration may be by the oral route. The dosage

administered will be dependent upon the age, health, and weight of the



5 conventional m xing, granul ating, dragee-naking, dissolving, or

| yophi | i zi ng processes. Thus, pharmaceutical preparations for oral use can
be obt ai o iBy2228Hnbi ni ng the active conmpounds with sol i dPeETAiSpL/e829%,
optionally grinding the resulting m xture and processing the m xture of
granul es, after adding suitable auxiliaries, if desired or necessary, to
obtain tablets or dragee cores. 10 Suitable excipients are, in particular,
fillers such as saccharides, for exanple |actose or sucrose, mannitol or
sorbitol, cellulose preparations and/or cal ci um phosphates, for exanple
trical ci um phosphate or cal ci um hydrogen phosphate, as well as binders

such as st arLhhiRRstifd 01U<§)'n@\91ren{ RLarRAANP LS, RBhchSy ofl@ifdht, @R starch, rice
starch, potato starch, gelatin, tragacanth, mat% 15 cel | ul ose,

hydr oxypr opyitesfheetfecidegissd.  sodi um car boxymet hyI cel lul ose, and/or
polyvinyl pyrrol 'rﬂé’” Aqgceﬂlﬁcﬁi rﬁg%aém@g NbEGMB! gfegenagﬁl%ﬁmﬁaxérebe added such

as the above-nenti on d'sta so car boxynet hyl -starch, cross-
| i nked pol ymamyfactp;ﬂdrlolal wamer waighris iteglf bbqyimifer exeingleoby anesad of t hereof , such

as sodi ym a al Igfegta ional m'?‘k%é Lér%uial?ﬁ%,g&rg% %@a%‘fr% 3 sLOlwfng dlg/%rgxﬂsz%fét ng agent s and

20 | ubri cant? earic S thereof,
such as nagnesisesn "E]meap}airraacxautmahﬂ)mpa;tmcms daradlelse amdlbeocvbtq:nﬂdylm hyl ene
gl ycol . Dragee rov

t, if desired,
are resista {)IﬂPlgln&atE? 35 é/e c?rago&lg S W%Fotl}a exc1p1enrgpo oot I%ﬁmgr 1% od sacchari de
sol uti ons meysubiag wsetre aﬂMjﬂr@hssmyh@mﬁmmﬂa)lf gganﬁlemta&erradgmmsanteaaﬂn c, talc,

pol yvi nyl pyrr.qlido 25 eth ne col ,and/or titanium d| oxi de
| acquer sol gt "f‘féesalgg 5§p$P CESBY r‘? @lntglbl¥1\§85flr§g??rcoée8l vent mixtures. In

order tqoproducesg@id BESpiE®sS hisf alnpartlamgasueﬂscsucn Wi ERBharisled, fbi ons of
suitabl e cel |l ul gse preparations such as acet% gﬁl | ul ose ph hal ate or
hydr oxypr opFHENG 1ackast PLFUSLsS: SHRRIPLLF dorbiplecliiiage PSREAGIARY %y  pi gment s

nmay be addedaffint Bﬁ'()sbﬁé?ésett’o? &Emﬁléaeﬂé‘ﬁmﬁﬁaﬁﬂogiﬂﬁte $r0dal R MR gerd OF 30
identification or in order to characterize conbinations of active conpound

doses. WO 03hophaigsasprst) wdumlepepo as stagh geserishiga i arle-cBliZHr epar at i ons
uhi ch_can beuusedralo Al uden BUSH-KitnCans @SR, alugel atin. as

wel | as soft, sea capsu es nm
15  cellulose, hydroxypropylmethylcellulose sodium carboxymethylcellulose,

and/or polyvinyl pyrrolidone. If desired, disintegrating agents may be added

such as the above-mentioned starches and also carboxymethyl-starch, cross-.
linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as
sodium alginate. Auxiliaries are, above all, flow-regulating agents and

20  lubricants, for example, silica, talc, stearic acid or salts thereof, such as
magnesium stearate or calcium stearate, and/or polyethylene glycol. Dragee
cores are provided with suitable coatings that, if desired, are resistant to gastric

" juices. For this purpose, concentrated saccharide solutions may be used,
which may optionally contain gum arabic, talc, polyvinyl pyrrolidone, poly-

25  ethylene glycol and/or titanium dioxide, lacquer solutions and suitable organic
solvents or solvent mixtures. In order to produce coatings resistant to gastric
juices, solutions of suitable cellulose preparations such as acetylcellulose
phthalate or hydroxypropymethyl-cellulose phthalate, are used. Dye stuffs or
pigments may be added to the tablets or dragee coatings, for example, for

30 identification or in order to characterize combinations of active compound

doses.



gelatin and a plasticizer such as glycerol or sorbitol. The push-fit
capsul es can contain the active conpounds in the formof granules which
may be mwed3s2asih fillers such as | actose, binders suchPa3/svae2bes,

and/ or lubricants such as talc or magnesium stearate and, optionally,
stabilizers. In soft capsules, the active conpounds are preferably

di ssol ved or suspended in suitable liquids, such as fatty oils, or liquid
paraffin. In addition, stabilizers.ggy be added. Possi bl e pharnaceuti cal
preparations, which can be used rectally, 10 include, for exanple,

supposi tories, which consist of a conbination of one or nore of the active

conmpounds wi th aogip BH&Ha@é’u‘ﬁcQafﬁﬁaarano@JWh@H | cﬁn S:iém%@& okl YincllkRses are, for
exanpl e, natural or synthetic triglycerides, paraffin hydrocarbons In

addi tion, i Pushsfitatapenlesomadaplesl@ing b vl st 5ok ﬁ@éﬁda?ap&léﬁsw@so whi ch consi st
of a combi n%&m{laﬁf ﬁlmcﬁ&tgu\éﬁa %qwefm'a%rm&hme bassit cBasst ble 15 base

material s include, foor exanple, Tiquid triglycerides, polyet%{lene gl ycol s,
or parafflnChydndbaﬁ%bﬁsmﬂ$gwﬂﬁb¢éwﬂbﬂﬁﬂfaﬁﬁwh§‘ﬂ%@lﬁ@wéﬁﬁé¥

adm ni st 5al o AR 4 gga@ﬁut%mmd&%&&ﬂ BREuls. LAGOALbIUALGAgPAUNGS TN

wat er - solubl e " form r-exanple, water- $0 | e salts and al kal i ne
sol utions. lalc addiapnesivm stompterred,onpsiondilyt Febibizdrs.vén 2@t cappeutls as

appr opri at e actlvleycoI Qﬂoun sI 89‘% 'piﬁlfergbq n%ﬁs?cﬂgee ?1.@6611%9{%[1 'sn?faglreqx 'Luds SU' table

| i pophilic 861Ven or "ve sesane
oil, or syn@hﬁumdmﬁahkynamndlmaﬁmr§naﬂmnomxahpha$na&hyh&bﬂeate or

trigl id | - 400 d | ubl e i
PEC 400) . Aquooule S LR ol PRI ) Rofar SUbSCaERs whi ch |

inCreaSQOth%kaﬁCﬂﬁhiamﬂés&ﬁxﬁhﬁwSHﬁﬁﬂﬂS@ﬁﬂtoﬁﬂdmhhﬁﬁuﬁeﬁoﬁ@brexanple,
sodiun1carboxynefhyl cel | ul ose or bi tol, d/orugaﬁtran.. tionally, the
I

suspensi on e & 45 ac®R comppouds ??5P8ﬂmﬁh Ao BN FPRYURD es are

illustratiVvegeseUlreNGhy |dx5]ﬂ1f>l'en91atuﬂﬂ &Ih%yﬂEﬁétﬁodrlg@MdﬁQW&O%ﬁaﬂﬁﬂS of the
present invention. Qher sujtable nodifications and 30 adaptations of the

variety of dsHarabens Brasidiionatids aleg PREHHAL YsceBrdtintererPMEFD3/ 022285

PCT/ US02/ 28289ch cordistl oF an)hlBinﬁ%n SRy RAYe 884boMICRIIRE BasBPPbRIbE O those
skilled in the art are wt
15 base materials include, for example liquid triglycerides, polyethylene glycols,

or paraffin hydrocarbons.

Suitable formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form, for example, water-
soluble salts and alkaline solutions. In addition, suspensions of the active

20 compounds as appropriate oily injection suspensions may be administered.
Suitable lipophilic solvents or vehicles include fatty oils, for example, sesame
oil, or synthetic fatty acid esters, for example, ethyl oleate or triglycerides or
polyethylene glycol-400 (the compounds are soluble in PEG-400). Aqueous
injection suspensions may contain substances which increase the viscosity of

25  the suspension, and include, for example, sodium carboxymethyl cellulose,
sorbitol, and/or dextran. Optionally, the suspension may also contain
stabilizers.

The followihg examples are illustrative, but not limiting, of the method
and compositions of the present invention. Other suitable modifications and

30 adaptations of the variety of conditions and parameters normally encountered



the spirit and scope of the invention. The yields of the foll ow ng exanpl es
were not optimzed, and M5 spectra for all of the conpounds were obtained
wi th LCvByvODhm2285ictions 5 were foll owed by either TLC orCanor/eiewy or / and
1H NVR. EXAMPLE 1

2-[ 4- (4- Fl uor ophenoxy) phenyl ] - 4- N- nor phol i nyl pyri di ne- 6- car boxam de (10)

10 a) 2-(Pent-2-enyl-4-one)aniline (2): 00 0O NO 1 2 Asolution of 10 g
(100 nmol) of 2,4-pentadione (1) andi11.2 g (120 Innol) of aniline in 100
m toluene and a catal ytical amount of p- toluenesul fonic acid nonohydrate
was refluxed in a round bottomflask 15 equi pped with azeotropi c apparatus

and condensgr o tﬂ% %Pé{{]%ug}h%e%%bl%é RNhosMABIEQBC@BLFtateditkia dryness and
t he product was use urification. 1H NWVR (CDC13): 8 7.35(t, 2H,

J=5.69 Hz), thESmg(andsa_qﬂeqfﬂslnvall 7.10(d, 2H, J=7.5 Hz), 5.19(s, 1H),
2.10(s, 3H) 1 t optimized, and MS

2 Met hyl - 6- [ 4- (?ﬁ% 3{}%1?%:)8 él%éﬁo;}owhnegnexm-pfsp@errf ot Spitmized SN E V1 1)
Q | 0 O Nspebird foE a112)f4h6/@1@13110Q2286 Mametdsmh 2eMH Thgzeagtionyi 1.6 M n- BuLi
(5

2,6, 6.1 bt FRRAYIEL pLrT IR e D LRl BN Dt nare)

atonnsphere After the addition, the reaction mxture was stirred for 30

m nutes at the same tenperatur iﬁPL his solution was added dropwi se 5 a

solution of 3 g (17 mmol) of oun 2 in 10 M THE at -78 C. After the
2-[4-(4-Fluorophenoxy)phenyl}-4-N-morpholinylpyridine-6- carboxamide (10)

10 a) 2-(Pent-2-enyl-4-one)aniline (2):

A solution of 10 g (100 mmol) of 2,4-pentadione (1) and 11.2 g (120
mmol) of aniline in 100 ml toluene and a catalytical amount of p-
toluenesulfonic acid monohydrate was refluxed in a round bottom flask
15  equipped with azeotropic apparatus and condenser for 12 hours. The solution
was concentrated to dryness and the product was used without purification.
'H NMR (CDCl3): & 7.35(t, 2H, J=5.69 Hz), 7.19(t, 1H, J=6.4 Hz), 7.10(d,
2H, J=7.5 Hz), 5.19(s, 1H), 2.10(s, 3H), 1.99(s, 3H).
b) 2-Methyl-6-[4-(4-flucrophenoxy)phenyl]-4-pyridinone (4):

JX :

Y

pa

O 2
.



addition the reaction mxture was stirred for 30 mnutes. To the resulting
dark red solution was added dropw se a solution of 2.7 g (17 mmol) of
conmpound 8O 0302228 1 THE at -78 C. After the addition thePairAiS0z/e829%ms
slowy warned to -50 C and stirred at that tenperature for one hour. The
reaction mxture was 10 then poured into cold saturated NH4CL aqueous
solution and extracted twwice wth ethyl acetate. The organi c phase was
washed with saturated brine, and dpped with magnesium sul fate. After
filtration the filtrate was concentrated to dryness. The material was used
wi thout purification. 1H NWR (CDC13): 6 7.54 (d, 2H, J=3.8 Hz), 7.31 (m

2H), 6.90-7.10 (3”11 fls MI-BAL( On%ﬁ&l? v@s@@ded]cﬁo;{vﬁselﬂd)a scﬁutﬂfﬁ dfs, 3H) C)
4- Chl oro- 2-[ 4- ]inuoro phenoxy) phe ]-6-net hylgyrl di n % oci F PCC13

ny
N F/ O 0721/ g @Bmmbm“ B2.piodskanesbyip@piding i 8 S 120 C oil

bat h d 4 and
26 of 1t ik s Bepd AR A ?hﬂﬁeé%ﬁs%u?*”}e Pl 1 20 i of

met hyl ene ﬁJInBOmmdaes actﬁhaasantertenla@dmet o'ﬁ) thistselutiomees etfedidsadis® was refl uxed
W Loeg Ot hsapforses ki B Ehithind 85 GARCERE LELRGC At uess and

di luted ura aqueous was carefully added
to the sol u‘acldi)ﬂibrithe r@d}dnsrmme: tvas Ginsd fdﬂﬁé) mmg@m"&othha@@ﬁmsla@(epar ated and

t he agueous racted wt voI The

conbi ned or @%B &'%‘%% é\&ﬁpgwfsﬁéﬁom 18 e@_@g[@ T e an%p r ed with

magni si um s faaxheTHF iat t78r°ed Aﬁ’fﬁitﬁé@d@fﬁbﬁ)%&ﬁﬁt@ﬁéiﬁﬁﬂ&mw to- 33
concentrated_tgo %neﬁaé The resi due. was fl ash chromat ography

(silica gel _505 Shpdg Pt ion 0% g H& %%lﬁﬂdmgmﬁ nd"850 ny of a
m xt ur e1@f q&muﬂd iBto@BRL édﬁﬁa&a&NeHCD@qﬁéeamiblﬁmn ahuwmo(tm&) 8 7.93 (d,
2H, J=6.7 Hz), 7.48 (d, 1H, J=1.36 Hz), gv d) 7.00 (m
with ethyl acetate. The organic phase Wwas was ed ith saturated brme an
dried with magnesium sulfate. After filtration the filtrate was concentrated to
dryness. The material was used without purification. 'H NMR (CDCl): &
7.54 (d, 2H, J=3.8 Hz), 7.31 (m, 2H), 6.90-7.10 (m, 4H), 5.23 (s, 1H), 5.08
15 (s,1H), 2.03 (s, 3H).
c) 4-Chloro-2-[4-(4-fluorophenoxy)phenyl]-6-methylpyridine (5):

(o]
\
|| P POCL D
O oL
(o]
4

5

20 To a flask containing 20 ml of POCI; at 120 °C oil bath was carefully
added a solution of 5 g (17 mmol) crude compound 4 and 2.6 ml of 1,8-
diazabicyclo[5,4,0Jundec-7-ene (DBU) (17 mmol) in 20 ml of methylene
chloride. After the addition, the reaction mixture was refluxed for one hour.
The resulting mixture was concentrated to dryness and diluted with ethyl

25  acetate. Saturated aqueous NaHCO; was carefully added to the solution to
adjust pH to 5-6. The organic phase was separated and the aqueous phase was
extracted with the same volume of EtOAc. The combined organic phases

were then washed with brine and dried with magnisium sulfate, filtered and



5 6H), 2.59 (s, 3H. Ms: 314.1 d)

2-[ 4- (4- Fl uor ophenoxy) phenyl ] - 6-net hyl -4-N-norpholiiryl- pyridine (7): NH
Co/ Co) WOlo3022283 F O NaH N | / | F o"a 5 7 A m xturePofl/uk052829¢ 8. 8
mol ) conmpound 5 and 704 ng of 60 % NaH 10 (17.6 mmol) in 8 m norpholine
was heated in a sealed tube at 135 C oil bath for 2 hours. Methanol was
carefully added to the cooled reaction m xture to quench NaH The
resulting m xture was concentrat ed_g@_dryness and the residue was purified
by flash chromatography (silica gel, 10% MOH CH2C12 wth 1% NH40—I) to get
3.2 g of compound 7. '"H NWMR (CDC13): 8 7.87 (d, 15 2H, J=8.7 Hz), 7.00 (m

ngg g gg E(?dnc%ﬂljrate tﬁ dérnllégs) ’Thg %gd %C\l&ras %%lﬁéﬁltg f154) ohron%at a;(hgr 4H, J =4.9

2-[ 4- (4-Fl u@ﬂmptge]nd%)?@m@ﬁbﬁx]mﬂimm%)Hcﬂflcnylppmdl %Iamrbfi-‘élmg@fl@oxyl ic acid
(8): (0) (N).SeC®, pyrid I\ [ 1 F 022285

PCT/ US02/ 2828ure °§&%P‘§mgfs ai%é&%r aofgst W)‘m{\%s A wﬂaﬁg%u on of 3.2 g
(8.7 mmol ) of >rcoemouns 7749 @, 99, JH1.36yHA)IT7.0@ (@nd, Uhesmsumo@g sol uti on was
refluxed for 2 days. he cool ed reaction m xture was concentrated to
dryness andohdi I2L§t9é€i 3H)i MS:mifhanol, filtered and concentrated. The crude

product 8 was us&d 2-[4-(4- Fluorophenoxy)phenyl]—6—methy1-4-N—morpholinyl—
pyridine (7):

. N
—_ P F
0 NaH N /@/
0
7

A mixture of 2.6 g (8.8 mmol) compound 5 and 704 mg of 60 % NaH
10 (17.6 mmol) in 8 ml morpholine was heated in a sealed tube at 135 °C oil bath
for 2 hours. Methanol was carefully added to the cooled reaction mixture to
quench NaH. The resulting mixture was concentrated to dryness and the
residue was purified by flash chromatography (silica gel, 10% MeOH/CH,Cl,
with 1% NH4OH) to get 3.2 g of compound 7. "H NMR (CDCL): & 7.87 (d,
15 2H, J=8.7 Hz), 7.00 (m, 6H), 6.86 (d, 1H, J=2.2 Hz), 6.52 (d, 1H, J=2.2 Hz),
3.85 (t, 4H, J=4.9 Hz), 3.33 (1, 4H, J=4.9 Hz), 2.52 (s, 3H). MS:365.2 (M+1).
e) 2-[4-(4-Fluorophenoxy)phenyl]-4-N-morpholinylpyridine ~ 6-
carboxylic acid (8):
0 o
() ®

SeO,, pyridine




5 without purification to convert to nethyl ester. Ms: 395.3(M+H ). f)
2-[ 4- (4- Fl uor ophenoxy) phenyl ] - 4- N- nor phol i nyl pyri di ne 6- carboxylic acid
met hyl eswero322s8s CO (O N N SOC12, MeOH HOOC | N\ / PCWYHGRIR24299N-- \ F
[ O\NIL I/ Ol 9 32 mM (43.5 mmol) of thionyl chloride was sl oWy added
carefully to 10 the nethanol solution of the crude conpound 8. After the
addition, the resulting solution was refluxed for 12 hours. The cool ed
reaction mxture was filtered and._ggocentrated to dryness. The residue was
used without purification. 1H NWR (CDC13): 8 7.95 (d, 2H, J=8.8 Hz), 7.55
(d, 1H, J=2.2 Hz) 7.15 (d, 1H, J=2.2 Hz), 7.04 (m 6H), 412(5 3H),

3.89 (t, 4H J= % p%(el%!}ﬁuﬁol‘?'%lag Eddeé‘% ? go'hf}tlcﬁl dflzl)fz g %@7 n‘ﬂi@(ﬁ} (M. 9)

2-[4-(4-Fl uorophe oxy N nor pho | pyridi ne-6- carboxani de (10):
00 CND Conmnmnmbﬁlla 9CNDl m@m&and\thwml@ngus@lumon WES r@q@@lfom F 9 10 WO

03/022285 ngscr U C%%%g eactlglg ng (H)&lllé}l@l‘ tﬁl t§%r}me sogndzMult\gdS i n net hanol

was added t eresutlng 5ol utlon was stirred for
12 hours at mtbamthdrmit;pﬁhmedjamd céﬁimentmtedt uilee waglet preduct dnvenhtusedt ed t o dryness

gg?mg{]ﬁ dr igmtﬁiﬂg%ﬂg\ﬁca‘uon t0 GonVerT gorxxaflﬁlestée%ézr@%t(ﬁa@fl to give 1.1 g of

2-[4-(4-Fluorophenoxy)phenyl]-4-N-morpholinylpyridine ~ 6~
carboxyhc acid methyl ester (9):

(]

S0Ch, MeOH _
N
» »
HOOC” N /©/ MeO,C~ N /©/
8

32 ml (43.5 mmol) of thionyl chloride was slowly added carefully to
10  the methanol solution of the crude compound 8. After the addition, the
resulting solution was refluxed for 12 hours. The cooled reaction mixture was
filtered and concentrated to dryness. The residue was used without
purification. "H NMR (CDCl3): & 7.95 (d, 2H, J=8.8 Hz), 7.55 (d, 1H, J=2.2
Hz), 7.15 (d, 1H, J=2.2 Hz), 7.04 (m, 6H), 4.12 (s, 3H), 3.89 (t, 4H, /=4.8 Hz),
15 3.44(t,4H, ~4.8 Hz). MS: 408.3 (M).
g) 2-[4-(4-Fluorophenoxy)phenyl]-4-N-morpholinylpyridine-6-

carboxamide (10):
O o)
[Nj Conc ammonia [Nj
MeOH

[ N

P F I / F
MeO,C”~ N /©/ H,NOC™ N /@
0 (o)

9 10



5 (DMSO-D6): 6 8.05 (b, 1H), 7.93 (d, 2H, J=8.8 Hz), 7.62 (d, 1H, J=2.5
Hz), 7.14 (d, 1H, J=2.5 Hz), 7.08 (m 6H), 5.56 (b, 1H), 4.15 (t, 4H,
J=5.1 Hz)wo 03/028%t, 411, J=5.1 Hz). MS: 394.2 (M+l). EXAWRIHSB2/15299

2- [ 4- (4- Fl uor ophenoxy) phenyl ] - 6- net hyl - 4-[ 2- (N- pi peri di nyl ) et hoxy] -
pyridine (11) € OND HO2"--" NNI\ / I F61 NF NaH DW 5 11 A
solution of 157 ng (0.5 mmol) of conpound 5, 97 ng of conpound 15 6 (0.75
mol ) and 40 ng of 60 % NaH (1 nmol.)3si-n 2.5 nl DMF was stirred at 80 C for
16 hours. After standard aqueous work-up with ethyl acetate and brine, the
organi ¢ phase was dried wth MgSH4, filtered and concetrated. The crude
product was puri fr gdoWiibA of kA GNeaLa8mamkNol Shd dRd 98 cra@d umm, 10: 1

Et OAc/ net hanol) to give 87.1 nmg of conpound 11. 1H NMR (CDCl3): 6 7.92 20
(d, 2H, J=8cemppynd ¥ apd ﬂ(wmreswﬂ;lg sglugign (veps stirpd fge32 thougs) at wpowy (¢ 2K,
J=6.0 Ft), , t 1.61 (m
AH) . 1. 42 t‘gmé %1—1%‘.%‘ Tabloy g ‘9?\71?%“ ohgsthiatedso dihlss o0 3%0%%8% 236
EXAMPLE 3 A(so]ud/wasyregt[ystahzed in methanol to give 1.1 g of compound 10. HN

2-[4-(4-1lu X [ ridi pyl
ethoxy]périgpﬁgﬁgggs§§iuﬁgchg%né 1d%kﬁ82?Hg 7%EQ§ HQ‘E%SMH@

2- [4d(4 fIu@nqnhemgx&%mhemyrﬂmﬁﬁmaﬂnysSéfQZQDNﬁnBHEﬂﬂﬁhhﬁgﬂémhpEyL 5b

pyridi ne was test [ e electr i ol ogi cal assay as descri bed above.
The result 3 6W(§4%E£?¥hb£}dgé éﬂﬁgéiphenyl]-G-nethyl-4-

[ 2- (N-pi peridinyl)- ethoxy]pyridine and ot her conpounds are represented in

Table 1. Table 1 Eval uation of tggAleEter Conpounds as Sodi um Channe
Bl ockers after

10 2-[4-(4-Fluorophenoxy)phenyl]-6-methyl-4-[2-(N-piperidinyl)ethoxy]-
pyridine (11)
A
z I
N 7 F
o :
NaH, DMF O/©/

11

A solution of 157 mg (0.5 mmol) of compound 5, 97 mg of compound
15 6 (0.75 mmol) and 40 mg of 60 % NaH (1 mmol) in 2.5 ml DMF was stirred at
80 °C for 16 hours. After standard aqueous workup with ethyl acetate and
brine, the organic phase was dried with MgSOs,, filtered and concetrated. The
crude product was purified with flash chromatography (silica gel column, 10:1
EtOAc/methanol) to give 87.1 mg of compound 11. "H NMR (CDCls): § 7.92
20 (d, 2H, J=8.8 Hz), 7.03 (m, 7H), 6.63 (d, 1H, /=2.1 Hz), 4.19 (t, 2H, J=6.0
Hz), 2.81 (t, 2H, J=6.0 Hz), 2.57 (3, 3H), 2.51 (b,l4H), 1.61 (m, 4H), 1.42 (m,

2H). MS: 407.1(M+1).



10 an El ectrophysiological in vitro Assay Conpound nanme RB11A/ (31 K;/M
2-[4-(4-fluorophenoxy) phenyl ]-6-nmethyl-4-12-(N- 0.18

pi peri di fyb)oaob2gy] pyri di ne PCT/US02/28299
2-[4-(4-fluorophenoxy) phenyl ] -4- N nor phol i nyl pyridine-6- 0.29 carboxam de
Havi ng now fully described this invention, it wll be understood by those
of ordinary skill in the art that the sane can be perfornmed within a w de
and equi val ent range of conditions,36ormul ati ons and ot her parameters

wi thout 15 affecting the scope of the invention or any enbodi ment thereof.
O her enbodi ments of the invention will be apparent to those skilled in
the art from consideration of thexgpeegjefj cation and practice of the
invention disclosed herein. It is intended that the specification and
exanpl es be onsid d as ex |l ary o M rue scope and spirit of
the inventi orf*¥#y B]géﬁ '%ﬁ"ﬂ%‘%‘%ﬁﬁ‘y ?Pﬂls@%ﬁ%@ '[% E:Hl%einr(rlgn.ygAl | pat gnt s and
publications cited her BRYAREdG s POtfR A Plog reference herein in
their entirety. WO 03/022285 PCT/US02/28299 -37 WHAT IS CLAIMED IS: 1. A
conpound havi ng 24ve(dFuaroghandxy)pheiyl]-6 detlizil-4AR-(RpipaRdlinRB)ethoxd-

pharmaceuti cal.l.y accept abl al t r.gdr.ug or_sol.vate .t here wherein: 5 Ar
i s sel ecfed pW%ﬁ‘i WFF&%‘F‘%&R&%%R%T@P?%@O% aq,&ﬁs,ay A (ei?sc%&t‘r?eg a&ﬁ&e'%l}ﬁ wherein R7
RS Arl is R8ulR6 of  2-[4-(4-fluorophenoxy)phenyl]-6-methyl-4-[2-(N-piperidinyl)-

ethoxy]pyridine and other compounds are represented in Table 1.

Table 1
Evaluation of the Tested Compounds as Sodium Channel Blockers after
10 an Electrophysiological in vitro Assay
RBIIA/B1
Compound name K,/ uM
2-[4-(4-fluorophenoxy)phenyl]-6-methyl-4-[2-(N- 0.18
piperidinyl)ethoxy]pyridine
2-[4-(4-fluorophenoxy)phenyl]-4-N-morpholinylpyridine-6- 0.29
carboxamide

Having now fully described this invention, it will be understood by
those of ordinary skill in the art that the same can be performed within a wide
and equivalent range of conditions, formulations and other parameters without

15  affecting the scope of the invention or any embodiment thereof.

Other embodiments of the invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention

20  being indicated by the following claims.
All patents and publications cited herein are fully incorporated by

reference herein in their entirety.



R7 RS Are is RB R R7T RS and Arais RB R R5 RO 10 10 Ar4 is R6 Rl is
sel ected fromthe group consisting of an optionally substituted alkyl,
am no, alwglsloenB; C(O) R10, S02R10, and OC(O) NH2; R2 is - PCT(USki2)819Y,
wherein Y is 0, S or NRll, wherein Rl11 is hydrogen or al kyl, WD 03/022285
PCT/ US02/ 28299 -38 Z is a saturated heterocyclic ring optionally
substituted at one or nore carbon atons, mis 0 or 1,andnis0-6; R3 and R4
are independently selected fromthe3group consisting of 5 hydrogen,
optionally substituted al kyl, al kenyl, or allcynyl, hal ogen, hydroxy,
cycl oal kyl, cyano, am no, al kylam no, dial kyl am no, al koxy, am nocarbonyl,
al kyl am nocgyipanyt cranviepisnocar bonyl , ar al kyl am nocar bonyl ,
al kyl car bonyl am no, aryl carbonyl am no, and aral kyl carbonyl am no; R5, R,
R7, and Rg are independently selected fromthe group consisting 10 of
hydrogen, al kyl, 1.al keaybmpdant uashg thedoagaa): hal oal kyl, hydroxyal kyl,
hydr oxy, nitro, am no, cyano, am de, carboxyal kyl, al koxyal kyl, ureido,
acyl ami no, thiol, acyloxy, azido, alfkoxy, carboxy, carbonylanido and
alkylthiol; RO is an optionally s tibvted al kyl; 15 R10 is selected from
t he group consisting of al kyl, a nyIJ_akyynyI, OR12, am no, al kyl am no,
di al kyl am no, al kenyl am no, dialkﬂb nidbalkenyl, di al kyl am noal kyl am no,
di al kyl am noal kenyl am no, alkylank Baﬁﬁgnyl-

4 3

_ or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:

5 Ar is selected from the group consisting of Ar, Ar,, Arz and Ary,
wherein
R, Rs
~ ~ ’
/ NS X /\R
Ar; is Re 6
R, Rs
S, NS /\/
Ary is Rs Rs
R7 R5
X N
[ l ;and
A X
Ars is Rs Re
Rs
/E//j/
R
Q\X X \
10 Argis Re

R is selected from the group consisting of an optionally substituted
alkyl, amino, alkylthiol, C(O)R 9, SOzR ¢, and OC(O)NHp;
R, is —Yu-(CH,)y-Z, wherein
Y is O, S or NR;j, wherein Ry is hydrogen or alkyl,



am no, hydroxyam noal kenyl am no, cycl oal kyl, heterocycl oal kyl,

cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl, arylal kyl, aryl al kenyl,
20 aryl alworeglo2228hd aryl al kyl ami no, all of which can be opCirarsat/bse99
substituted, provided that RL1O is not OR12 when R1L is SO2R1Di wherein R12
is selected fromthe group consisting of hydrogen, optionally substituted
al kyl, and an alkali netal; and X is one of O S, NH, or CH2 when Ar is
Arl; or 25 Xis one of 0, S, NH, or3gabsent (a coval ent bond) when Ar is
Ard, with the proviso that when Ar is Ar4 and RL is other than C(ORI O
SO02R1o, or OC(O NH2, then nis not O (zero). 2. A conmpound having the

Formula I1: WO 03/ 027285, & %étle@géérgg}?cﬂg ring IPtibHalRIubdtituted at Joé | R2 R$ R6

R3 or a pharmaceutically acceptable salt, prodrug or solvate thereof,

wher ei n:  Rilotimorg efrben ai@mfy om t he group consisting of an optionally
substituted alkyl, %s@orﬁhﬁcﬁ%’mb"ﬁ ol, C(OR o0, SO02Rlo, and OC(O NH2; 5 R2
is -Y,,,-(CH)"Z WnerelnYls 0, or NR, 1, wherein RI1 is hydrogen or
alkyl, Zis a saRyaminatfet@Fmsl@iﬂWcsel@W@ fmwﬂ@mamlup coppgEtqft ed at one or

nor & Ca(rfb §dtr%gg§ %%tﬁablﬁrr sqm&%t t%d al%gfj aﬂe (Qr a§ky ép h%égﬂ'{;ql %X re

i ndependent e group c n5|st|n drogen optionally
subst i t ut edeyaldajidy], cabiberayino, @tkymmgmwhalkﬁanmgeﬁkomdmmyarborxyycI oal kyl ,

cyano, S nSkuShiNLEIME. O LANGAR Mg Y. ARLBRFECHED.
al kyl car bongdkﬂbnbmgdamny,lamﬁcdrbnnylaanma;and aaﬁyka@b@ﬂmao jbonyl am no; 15 R5,
Ré, R7, and 5 Rs,nfg?gr? gea% in epse%clle%%ly se ecteI;cP %r}lrﬁ g%t%u&)nmg[ﬂ%' sting
10  of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol;
Ry is an optionally substituted alkyl;
15 Ryo is selected from the group consisting of alkyl, alkenyl, alkynyl,
ORj,, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
20  arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that R is not OR;; when R; is SO,R19; wherein
Riz is selected from the group consisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and
X is one of O, S, NH, or CH, when Ar is Arj; or
25 X is one of O, S, NH, or absent (a covalent bond) when Ar is Arg,
with the proviso that when Ar is Ars and R; is other than C(O)Rjo,
SO2R1¢, or OC(O)NHj, then n is not 0 (zero).

2. A compound having the Formula II:



of hydrogen, alkyl, alkenyl, alkynyl, hal ogen, hal oal kyl, hydroxyal kyl,
hydr oxy, nitro, am no, cyano, am de, carboxyal kyl, al koxyal kyl, ureido,
acyl am nowotobiozd2s acyl oxy, azi do, al koxy, carboxy, carbonyCalusozizs2end

allcylthiol; and 20 Rio is selected fromthe group consisting of alkyl,

al kenyl, al kynyl, OR12, am no, alkylam no, dialkylam no, al kenylam no,
di al kyl am noal kenyl , di al kyl am noal kyl am no, di al kyl am noal kenyl am no,
al kyl am noal kenyl - am no, hydroxyanigoal kenyl am no, cycl oal kyl

het er ocycl oal kyl, cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl,

aryl al kyl, aryl al kenyl, 25 arylal kynyl, and aryl al kyl am no, all of which
can be optionally substgtuted, pr,gsvi ded th R10 is not OR12 when Rl is
SO02R10; wherein R12 is s cted fr he ggeup..consi sting of hydrogen,
optionally substitute , and”an f i ,; and WO 03/022285

PCT/ US02/ 28299 -40 X ijs onejof O,] S, ,/QL\ 2. 3. The compound of claim
2, wherein Rl is sel ect 0 e u c\)fiéi I§ti ng of an al kyl optionally
substituted by hal ogen hydr oxy,Rs 5 C(%Rlae and SO2R10, wherein R10 is
as defined in claim2, ?rovideg tagt 10 is no@1CR$2 when Rl is SO2R10. 4.
The conpounf® dPhagmageRtioally Grrspaply sHh §r9El SAVEE PFPEIFES group consi sting
of al kyl, al kenyg, isQRfledtedainn@he @blgy barisify ofl@lotidmaly sabstituld al kenyl ami no,
di al kyl am noal kenyl , di al kyl am noal kyl am no’ﬂ}{ﬁ\ﬁg het er ocycl oal kyl am no, all
of whi ch cadkpeaspe; dkdingl cEhRs %ng%@,anm( %in R12 is as defined in
claim2. 55. The goppeuneof <hdlefirl, having theFormula I11: R7 R NRL R

R R4 13 R 15 or a‘%%ar maceutical ly acc,egt abl e salt, prodrug or solvate
thereof, wherein RL-R& QreoicdRiinekprenReliapydragen or alkyl,

7 is a saturated heterocyclic ring optionally substituted at one

or more carbon atoms,
mis 0 or 1, and nis 0-6;

10 R; and R4 are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy,
cycloalkyl, cyano, amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;

15 Rs, Re, Ry, and Ry are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol; and

20 Rio is selected from the group consisting of alkyl, alkenyl, alkynyl,
OR.,, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino,  alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,

25  arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Ryg is not OR;, when R; is SO,R;¢; wherein

Ry; is selected from the group consisting of hydrogen, optionally

substituted alkyl, and an alkali metal; and



6. The conpound of claim5, wherein both R3 and R4 are

20 hydrogen. 7. Th

conpound of claim1, having the Formula IV: R/ RS NRA | R R8 R6 R3 or

phar macewbD®altpsaccept abl e salt,

R1-R8 are defined in claim1. WO 03/022285 PCT/ US02/ 28299 -41

conmpound of claim7, wherein both R3 and R4 hydrogen.

claim1, having the Formula V: R R X/ RA |l RZ5 R6 R3 or a
pharmaceutical ly acceptable salt, prodrug or solvate thereof,
RI-R6, and RO are as defined in claiml and X is one of 0, S, NH or
with the proviso that when R is other than C(O R10, SO2R10, or

absent,

OC( O) NH2,

sai d conpound is: 2- [4- (4 quorophenoxy)phenyI]
- 4- N- nor phol i nyl pyri di ne- 6- car boxam de;  2-

[ 4- (4-f1 uorophengxy) pRgNY]nls o@n@%?%yahmﬁlz [\%ieéé}hmlp@réexébﬂaalf}&ﬁ hgxy] - pyridine;

15 2-[4-(4-fl uorophenoxy) phenyl

prodrug or sol vate ther @cfrjuso2z82oher ei n

8. The

9. The conpound of

wher ei n

then nxiigofedr O s(Xer ecHL0 10. The conpound of claim 2, wherein

nmor phol i nyl pyridine; or a

phar maceut i galupyconsisimgt efbanealissl @Ptlopﬂlb’d&égﬂté‘iedslﬁl hedeasntdpERy, 11. A
phar maceyt I %ﬁb)lﬁ&%&’ %'OtR pwh&glwl'() oy ilgieﬁnéﬂqm%ﬂcb %ovmfe@rtﬁ@@'R% R N/II

is not OR 3 when Ry is SO2R 0.

4, The compound of claim 3, wherein Ry is selected from the

group consisting of alkyl, alkenyl, OR;;, amino, alkylamino, dialkylamino,

10  alkenylamino, dialkylaminoalkenyl, dialkylaminoalkylamino, and
heterocycloalkylamino, all of which can be optionally substituted, and wherein

Ry, is as defined in claim 2.

5. The compound of claim 1, having theFormula III:

S
L TJA
Rs/ Rs/ R4 Ry Rz

15
or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein R;-Rg are defined in claim 1.
6. The compound of claim 5, wherein both R; and R4 are
20 hydrogen.
7. The compound of claim 1, having the Formula IV:

E\ N 3¢ l/”\ya1
AL

or a pharmaceutically acceptable salt, prodrug or solvate thereof,

25  wherein R;-Rg are defined in claim 1.

e
a



Ar ~

Rz 1 /1\ 20 R4 R3 or a pharmaceutically acceptable salt,

prodrug or

sol vate thereof, wherein: Ar is selected fromthe group consisting of Arl,

Are,

Ar a wod3sess wherein WO 03/022285 PCT/ US02/ 28299

- 22TRRORREZR29% | | /

AN i s RBRERT RS Areis RBRe RT R and R8 R6 Ara is R5 RO\X Ar4 is R6

5 Ri

Z, wherein Y is 0, S or NR11l, whereyn-R11 is hydrogen or al kyl,
saturated heterocyclic ring optionally substituted at one

is selected fromthe group consisting of an optionally substituted
al kyl ,

am no, alkylthiol, C(OR O SO02Ri o, and OC(ONH2; R2 is -Y,,; (CH)n

Zis a

10 or nore

carbon atons, inis O or 1, and nis 0-6; R3 and R4 are independently
sel ected fromthe group consisting of hydrogen, optionally substituted
al kenyl, or al kynyl, hal ogen, ydrox%qi cycl oal kyl , cyano, am no,

al kyl ,
al kyl ai ni no, di & ky| die sOMPUNR OX §laina f Hhseck

3 and R4 hydrogen.

9. The compound of claim 1, having the Formula V:

3¢ ‘ l/N\l/&
|
TR
Rg Rs

or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein R;-Rg, and Ry are as defined in claim 1 and X is one of O, S, NH, or
absent, with the proviso that when R; is other than C(O)Rjo, SO;Rjo, or
OC(O)NH,, then n is not 0 (zero).
10
10.  The compound of claim 2, wherein said compound is:
2-[4-(4-fluorophenoxy)phenyl]-4-N-morpholinylpyridine-6-carboxamide;
2-[4-(4-fluorophenoxy)phenyl]-6-methyl-4-[2-(N-piperidinyl)ethoxy]-
pyridine;
15 2-[4-(4-fluorophenoxy)phenyl]-6-methyl-4-N-morpholinylpyridine;

or a pharmaceutically acceptable salt, prodrug or solvate thereof.

11. A pharmaceutical composition, comprising a compound of

formula:

20
or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:

Ar is selected from the group consisting of Ari, Ary, Arz and Arg,

wherein



15 al kyl am nocar bonyl , aryl am nocar bonyl, aral kyl am nocar bonyl ,

al kyl car bonyl am no, aryl carbonyl am no, and aral kyl carbonyl am no; R5, R6,
R7, and R8Oas®2i28dlependent|y sel ected fromthe group consiPESTIUsg2/282H9
hydr ogen, al kyl, al kenyl, al kynyl, hal ogen, hal oal kyl, hydroxyal kyl, WO
03/ 022285 PCT/ US02/ 28299 -43 hydroxy, nitro, am no, cyano, am de,

car boxyal kyl , al koxyal kyl, ureido, acylam no, thiol, acyloxy, azido,

al koxy, carboxy, carbonyl am do and-4al-kylthiol; RO is an optionally
substituted alkyl; 5 Riois selected fromthe group consisting of alkyl,

al kenyl, al kynyl, OR12, am no, alkylam no, dialkylam no, al kenylam no,
di al kyl am noal kenyl , dlalkylanlnoalkyQanlno di al I cyl am noal kenyl am no,
al kyl am noal kenyl - am no, h m no, cycl oal kyl,

het er ocycl oal kyl, cycl oal Kyl al hét er ocycl oal kyl am no, aryl,
arylal kyl, arylal kenyl, 10| aryl nd aryl al kyl ami no, all of which

can be optionally substitut p ( at R10 is not OR12 when Rl is
SO2Ri 0; wheng ]g R12 is selmcted fromthe gRoup consisting of hydrogen,
optionally substituted al kyl, and an alkali netal; and X is one of 0, S,
NH, or CH2 when Ar is Ari; orR15 X is ofe of 0, S, NH, or absent (a

coval ent bond) when Ar is Ar4 .- /a ar utically acceptable carrier or
di luent. 12. The conposition cl g m1lf wherein the conpound is as
clainmed in any one of clains 10 0 43 A nethod of treating a disorder
responsive to the bl ockade of di um7hannel s in a mammal suffering

t herefrom danpri sing adnlnls%%rlng to & mammal in need of such treatnent
an effective anount of a cgnpound , formula: / R ~NI

[\\ j/and

-

AI‘3 18
Rs
4j/
R
™y AN \
Aryis Re
5 R, is selected from the group consisting of an optionally substituted

alkyl, amino, alkylthiol, C(O)R1o, SO2R 10, and OC(O)NHz;
R; is =Y 1,-(CHy)-Z, wherein
Y is O, S or NR;;, wherein Ry is hydrogen or alkyl,
7 is a saturated heterocyclic ring optionally substituted at one
10  or more carbon atoms,
mis 0 or 1, and nis 0-6;

R; and R4 are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy,
cycloalkyl, cyano, amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,

15  alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;
‘ Rs, Re, Ry, and Ry are independently selected from the group consisting

of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,



Ar R2 25 R4 R3 or a pharmaceutically acceptable salt, prodrug or solvate
thereof, wherein: Ar is selected fromthe group consisting of An, Are, Ara
and Ar4, weatwnz2gs WO 03/ 022285 PCT/ US02/ 28299 -44 R7 RS PCTIUSD2/2829Ar | 1S
R8B R R7T R5 Are is RBRERT RS/ and Arais RBRS RS RW\X Ar4d is R6 5 Rl
is selected fromthe group consisting of an optionally substituted alkyl,
am no, alkylthiol, C(OR O S02R10, and OC(ONH2; R2 is -Ym (CH2)"

wherein Y is 0, S or NR1l, wherein.R31 is hydrogen or alkyl, Zis a
saturated heterocyclic ring optionally substituted at one 10 or nore
carbon atonms, mis O or 1, and nis 0-6; R3 and R4 are independently

sel ected frﬂyrarbkse ﬂﬁQUQm%ndeéﬁd Ngmiak, cﬁwfy@m@n alracsaelyh Elal lnyidsubst i t ut ed

al kyl , al kenyl, kyny hal ogen, r ox cycl oal cyano, am no,
al kyl ami no, a@tﬂ@hlb@yl élrwlnoaCYBJIXKowldOarﬁuf%&ar%éﬁW» carbonylagida nitkbcar bony!
aryl am nocar, %ﬂ%hl’ ar al kyl am nocar bonyl, al kyl car bonyl am no,

aryl car bony and aral kyl carbonyl am no; R5, R6, R7, and R8 are

i ndependent | y seRetedpfiorely substigteditkybonsi sting of hydrogen, al kyl,
al kenyl , Sal kynyl Rmhf?lsglggtgd fJES%' 91%' éﬁ'&!tp c&%g{if@%flﬁfﬁt ralkenyl, alkynyl,
OR s, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino,  alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
10 arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that R;g is not OR;, when R; is SO;R0; wherein
Ry is selected from the group consisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and
X is one of O, S, NH, or CH; when Ar is Ary; or
15 X is one of O, S, NH, or absent (a covalent bond) when Ar is Ary,

a pharmaceutically acceptable carrier or diluent.

12. The composition of claim 11, wherein the compound is as
claimed in any one of claims 1-10.
20
13. A method of treating a disorder responsive to the blockade of
sodium channels in a mammal suffering therefrom, comprising administering
to a mammal in need of such treatment an effective amount of a compound of

formula:

25 1
or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:

Ar is selected from the group consisting of Arj, Ar, Ar; and Ary,

wherein



WO 03/ 022285 PCT/ US02/ 28299 - 45 hydroxy, nitro, am no, cyano, am de,
car boxyal kyl , al koxyal kyl, ureido, acylarnino, thiol, acyloxy, azido,
al koxy, caplweny228tarbonyl ami do and alkylthiol; RO is an @pmiusnzabd2yo
substituted alkyl; 5 Riois selected fromthe group consisting of alkyl,

al kenyl, al kynyl, OR12, am no, alkylam no, dialkylam no, al kenylam no,
di al kyl am noal kenyl , di al kyl am noal kyl am no, di al kyl ai ni noal kenyl am no,
al kyl am noal kenyl - am no, hydr oxyam4aoal kenyl am no, cycl oal kyl

het er ocycl oal kyl, cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl,

aryl al kyl, aryl al kenyl, 10 aryl al kynyl, and aryl al kyl am no, all of which
can be optionally substituked, proviggd that R10 is not ORL2 when RL is

SO02R10i wherein Rl12 is sele fromt 0 consi sting of hydrogen,
. . e

optionally substituted al , gnd an

NH, or CH2 when Ar is Arl;|or 15 X is

Elkal metal ; and X is one of 0, S
ne of 0, S, NH or absent (a

coval ent bond) when Ar is ~yHie od of claim 13, wherein the
conpound adrghistered is Rs claimed in anfsone of the clainms 1-10. 20 15.
A et hod for freating, preventing or ameliorating neuronal loss follow ng
gl obal and focal ischem a; tréating, preenting or aneliorating

neur odegener ati ve conditions; eatiNng,/~preventing or aneliorating pain or
tinnitus; treating, preventingfor | i orati.ng mani ¢ depression; providing
local anesthesia; or treatingarrhythgias, or treating convulsions, '
conprising 25 adm nistering t ma n need of such treatnent an
effective arouit of a conpoutd formula:® N R ~\/I1 Ar Il R /\/\J R4 R3

Ry Rs
(DL -
AT
8 E Rg

Arsis
Rg
/i/j/
R
N AN \
AI'4 is Rs

5 R; is selected from the group consisting of an optionally éubstituted
alkyl, amino, alkylthiol, C(O)R;0, SO2R 0, and OC(O)NHoy;

Ry is =Y u-(CHz)y-Z, wherein

Y is O, S or NR;;, wherein Ry; is hydrogen or alkyl,

Z is a saturated heterocyclic ring optionally substituted at one
10 or more carbon atoms,

mis 0 or 1, and n is 0-6;

R; and R4 are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy,
cycloalkyl, cyano, amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,

15  alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;,

Rs, Rg, Ry, and Ry are independently selected from the group consisting

of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,



or a pharmaceutically acceptable salt, prodrug or sol vate thereof, wherein:
WO 03/ 022285 PCT/ US02/ 28299 -46 Ar is selected fromthe group consisting
of Art, Awe,smemsand Ar4, wherein R7 RS \ | | / Arl isPREURGYRIRS Are
is RBR6E R7T Rband 5 Arais RO R RS ROX Ar4d is R6 Rl is selected from
the group consisting of an optionally substituted aIkyI am no,

al kylthiol, C(OR10, SO2Rlo, and OC(QNH2; R2 is -Y,,, (CH2)" Z, wherein 10
Yis 0, Sor NRL1l, wherein R11 is hysltogen or alkyl, Z is a saturated

het erocyclic ring optionally substituted at one or nore carbon atonms, mis
Oor 1, and nis 0-6; R3 and R4 are independently selected fromthe group

consi sting ﬁstdroé'ﬁ T 888, c9a9&ol Omhé ycaibtb@ﬁlkplut@ebxgbmyﬂ, ,urélikenyl , or
al kynyl , ydrox cl oa , cyano, am no, _al kyl am no,

di al kyl am nasy MIK@xﬁllolarﬁcﬁbéar lgétﬁ9=| akoay KRR ot PIyiARde  and
arylanlnocaﬁgﬂ@ ar al kyl am nocar bonyl, al kyl carbonyl am no,

aryl carbonyl'a , and aralkylcarbonylanino; WO 03/ 022285 PCT/ US02/ 28299
-47 R5, R6, R7, RyidaR8ptamelly sibefiuisdelyly sel ected fromthe group consisting

5 Ry is selected from the group consisting of alkyl, alkenyl, alkynyl,
ORj,, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino,  alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,

10 arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Ry is not OR» when R; is SO2Ro; wherein
Ry, is selected from the group consisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and
X is one of O, S, NH, or CH, when Ar is Arj; or
15 X is one of O, S, NH, or absent (a covalent bond) when Ar is Arg.

14.  The method of claim 13, wherein the compound administered is

as claimed in any one of the claims 1-10.

20 15. A method for treating, preventing or ameliorating neuronal loss
following global and focal ischemia; treating, preventing or ameliorating
neurodegenerative conditions; treating, preventing or ameliorating pain or
tinnitus; treating, preventing or ameliorating manic depression; providing local
anesthesia; or treating arrhythmias, or treating convulsions, comprising

25  administering to a mammal in need of such treatment an effective amount of a

compound formula:

)

=a
Ry Rz

Ar——

or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:



of hydrogen, alkyl, alkenyl, alkynyl, hal ogen, hal oal kyl, hydroxyal kyl,
hydr oxy, nitro, am no, cyano, am de, carboxyal kyl, al koxyal kyl, ureido,
acyl am nowotobiozd28s acyl oxy, azi do, al koxy, carboxy, carbonpCanmisdv2eaed 5
alkylthiol; RO is an optionally substituted alkyl; R10 is selected fromthe
group consisting of alkyl, alkenyl, alkynyl, OR12, am no, alkylam no,

di al kyl am no, al kenyl am no, di al kyl am noal kenyl, di al kyl am noal kyl am no,
di al kyl am noal kenyl am no, al kyl am nagl-kenyl 10 am no,

hydr oxyam noal kenyl ai ni no, cycl oal kyl, heterocycl oal kyl,

cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl, arylalkyl, aryl al kenyl,
arylal kynyl , andagryladded aohnge @bdp &nsidMChr aan Aa¢ ARtinanal,| y _
substituted, provided that R10 is not OR1Z when Rl is SO2Rlo; wherein R12
i s sel ect edvhewsi t he group consisting of hydrogen, optionally 15
substituted alkyl, and an @l kali netalg, and X is one of 0, S, NH or CH2
when Ar is Arl; or X is one S, N ( sent (a coval ent bond) when
Ar is Ard 16. The nethod of cl ailjm 15, eréj n the conpound adm nistered is
20 as clainmed in any one o\\clains 1-10. %Z- The met hod of cl ai m 15,
wherein the method is for t x~ P ting or aneliorating pain and
said pain i@uo e of neuro hic pain, sur8cal pain or chronic pain. 25
18. A nmethod bf alleviating or preventing seizure activity in an ani nal

subj ect, conprising adm nisteRing to saiRd animal in need of such treatnent
an effective anobunt of a conp f a: WD 03/022285 PCT/ US02/ 28299
-48 R, N/II Ar R \J \ : |
\/\ /\/
Rs

Ar; is Rs
R; Rs
Ry AT
BINE
AF 24
5 Aris Rs Rs
Rs
/j/;
Rs\x J/\/\
Arg is Re

R, is selected from the group consisting of an optionally substituted
alkyl, amino, alkylthiol, C(O)R 9, SO2R 0, and OC(O)NHoy;
Ry 18 —Yiu-(CH2)n~Z, wherein
10 Y is O, S or NRy;, wherein Ry; is hydrogen or alkyl,
Z is a saturated heterocyclic ring optionally substituted at one
or more carbon atoms,
mis 0 or 1, and n is 0-6;
R; and R4 are independently selected from the group consisting of
15  hydrogen, optionally substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy,
cycloalkyl, cyano, amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,

alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;



R4 R3 or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein: Ar is selected fromthe group consisting of Arl, Are, Ara and Ar4,
wherein RVOR3/022283 | T~- X 5 Arl is RB R6 RT R5 Are is RECRAUSORIS2P t)\ -
r-; and Arais RB R6E RS RyJ\X Ard is R6 Rl is selected fromthe group
consisting of an optionally substituted 10 al kyl, am no, al kylthiol,

C(O Rlo, SO2Rlo, and OC(ONH2; R2 is -Yn; (CH2)n-Z, wherein Yis 0, S or
NR11, wherein R11 is hydrogen or alkyl, Z is a saturated heterocyclic ring
optionally substituted at one or nore carbon atons, 15 mis O or 1, and n
is 0-6; WO 03/022285 PCT/US02/28299 -49 R3 and R4 are independently

sel ected fromthe gt %Parﬁ%%k&h&é}ﬁn&gnﬂybé{&ﬁ&ﬂe@nﬂﬁ@d nhdigtingubst i t ut ed
al kyl , al kenyl , of &l K hal ogen, ﬁ@rox cl oal kyl ano, am no,

al ky| ani no, ofdhatiegeral aﬁ/yio allegnklo xalkynyhi e&eﬁlbd}?}qa kyl, o hydrpaay Ssihear | bonyl
arylam noc ﬁ&ﬁﬁ’ é’mﬁ(g ah%woa%élﬁc%xh@@yéarboéalﬁ yelnaﬁwxéﬂyh@awo,

aryl car bonylam and ar al kylcarbon | am no; and R3 are
|ndependentwykweh@cﬂed,fm&hﬁb ezige.o@ 06bn§@@9¥hg““@¥WkVH¢bg%ﬁ al kyl,
alkenyl,Saléxﬁﬁudghalogen hal oal kyl , hydroxyal kyl ,

Ry is an optionally substituted alkyl;
Ry is selected from the group consisting of alkyl, alkenyl, alkynyl,
OR,,, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-
10 amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Ry is not OR12 when R; is SO2Ro; wherein
Ry is selected from the group consisting of hydrogen, optionally
15  substituted alkyl, and an alkali metal; and
X is one of O, S, NH, or CH, when Ar is Ar;; or
X is one of O, S, NH, or absent (a covalent bond) when Ar is Ary

16.  The method of claim 15, wherein the compound administered is

20  asclaimed in any one of claims 1-10.

17. The method of claim 15, wherein the method is for treating,
preventing or ameliorating pain and said pain is one of neuropathic pain,
surgical pain or chronic pain.

25

18. A method of alleviating or preventing seizure activity in an

animal subject, comprising administering to said animal in need of such

treatment an effective amount of a compound of formula:



hydroxy, nitro, am no, cyano, am de, carboxyal kyl, al koxyal kyl, ureido,

acyl am no, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamdo and 10

al kyl t hi oWwp 0R®22285 an optionally substituted al kyl; RIO isPs&lusotezstof romt he
group consisting of alkyl, alkenyl, alkynyl, OR12, am no, alkylam no,

di al kyl am no, al kenyl am no, di al kyl am noal kenyl, di al kyl am noal kyl am no,

di al kyl am noal kenyl am no, al kyl am noal kenyl 15 am no,

hydr oxyam noal kenyl am no, cycl oal kyl-48het er ocycl oal kyl ,

cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl, arylal kyl, aryl al kenyl,
aryl al kynyl, and aryl al kyl am no, all of which can be optionally
substituted, provided that RROis not @12 when Rl is SCO2R10; wherein R12
is selected fromthe group consisti gf hydr ogen, optionally 20
substituted al kyl, and an al kal i al ;]and Xis one of 0, S, NH, or CH2
when Ar is Arl; or X is one of &%, NH Ok absent (a coval ent bond) when
Ar is Ar4. 19. The nethod of claim &/%/nerei n the conpound adm ni stered is
25 as clained in any one of clainsrl-10R,;20. A conpound having the Fornul a
l: R MN/I A TR 5~ R4 R3 W 03/022285 PCT/g;OZ/28299 -50 or a

phar maceut i ¥4 RPapacepically ecceniphle s3lt BRTHg o5 soleass (hateal h&FEBf | wherein: Ar
i:g S{el ?CT ed fromahg @01 TNkl Rhsifnk of A2, AN A2Rdd A4, Wherein R7

wherein
Ry Rs
7\ X/R&\/ ’
5 Ar is Rs Ry
R, Rs
[/\/ I AN /j/
S NS /\\/ ’
Ar is ’ Rg Re
R7 R5
Ny A
[ ’ ;and
AT
AI‘3 is Rs Rs
Rs
o
Jag
R XX
A1‘4 is Re

R; is selected from the group consisting of an optionally substituted
10 alkyl, amino, alkylthiol, C(O)Rp, SO;R;4, and OC(O)NIIy;
Ry is ~Y~(CH2)s-Z, wherein
| Y is O, S or NR;;, wherein Ry; is hydrogen or alkyl,
Z is a saturated heterocyclic ring optionally substituted at one
or more carbon atoms,

15 mis 0 or 1, and n is 0-6;



I\ X~\ Art isRBRE RT RS 5 A2is RBRE RF RS and Arais Re/ R6 R5is
\' RO\X\ Ard4is R6 Rl is selected fromthe group consisting of an

opt i onal I'wORls1283 ut ed al kyl, am no, alkylthiol, C(O R OPC®UARY2829aNd
OC(ONH2; 10 R is -Y,,, (CHZ)"Z wherein Yis 0, S or NR11, wherein R11 is
hydr ogen or al kyl, Z is a saturated heterocyclic ring optionally
substituted at one or nore carbon atons, inis 0 or 1, and nis 0-6; 15 R3
and R4 are independently selected fretnthe group consisting of hydrogen,
optionally substituted al kyl, al kenyl, or al kynyl, hal ogen, hydroxy,

cycl oal kyl, cyano, am no, al kylam no, dial kyl am no, al koxy, am nocarbonyl,
WO 03/ 022285 PCT/RISH/ @2&9mdc&ﬁder@kyksﬂeaﬂarﬂ masarkogylp cafigdiagrifnocar bonyl

ar al kyl am nocar bonyl , | k n | am no, aryl carbonyl am no, and

ar al kyl car boRyFogennyitiopgly sm ]dnﬁ%nyé*‘éf %ﬁ&@pgﬂﬁ%‘ﬁ‘t bydre¥-ect ed from
the group cogslcaliyNG ar@f o @msaraml@ iy lahiK& ioxy 2hkmBddrboryal ogen,

hal oal kyl , hydroxyal ydroxy, nitro, am no, cyano, am de,

car boxyal kyl lk PW%‘?W] ur e iR aRTIno,  t Hradkylamigsaskeylazi do,
al koxy, car bQK}\ﬂcar&ﬁfyﬁﬁﬂﬂd, @M%oﬁ?ﬂmﬁﬂ, kd -Ric@barbonylamino;

Rs, Rs, Ry, and R are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and

10 alkylthiol;

Ry is an optionally substituted alkyl;

Rip is selected from the group comnsisting of alkyl, alkenyl, alkynyl,
ORj2, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-

15 amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Rjg is not ORj; when R; is SO;R;¢; wherein

Ri; is selected from the group consisting of hydrogen, optionally

20  substituted alkyl, and an alkali metal; and

Xisone of O, S, NH, or CH; when Ar is Ary; or

Xisone of O, S, NH, or absent (a covalent bond) when Ar is Ary.

19.  The method of claim 18, wherein the compound administered is

25  asclaimed in any one of claims 1-10.

20. A compound having the Formula I:

o
IS
4 Rs



RO is an optionally substituted alkyl; Riois selected fromthe group

consisting of alkyl, allcenyl, alkynyl, 10 ORl12, am no, alkylam no,

di al kyl aiwprma/022Bkenyl am no, di al kyl am noal kenyl, di al kylPariusozakdeyd ani no,

di al kyl am noal kenyl am no, al kyl am noal kenyl - am no,

hydr oxyam noal kenyl am no, cycl oal kyl, heterocycl oal kyl,

cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl, arylal kyl, aryl al kenyl,

aryl al kynyl, and aryl al kyl am no, al IF58f whi ch can be optionally

substituted, 15 provided that Rio is not OR12 when R is SO2Rlo; wherein

R12 is selected fromthe group consisting of hydrogen, optionally

substituted ed«kgtarmaenadtically adckpthble st atodriand sofvitstheref, @fhef®in:S, NH, or CH2
coval ent bond) when

when Ar is Arl; o i of .0, S, NH .or ahsent (a

ALs Ard 20 wheh %egi inef%%??f%%%%gwapiCgh%wngro1 'rAgZdiASF aBel4de. 21. Use of
a conpound oWwhakiai m 20 as a radioligand for its binding site on the sodium
channel . R,

Rs
Ar; is Rs/\ X /\Rs
R, Rs

5  Aryis Rg Re
R; Rs
N ™ N
E I ; and
R / / /\/
A1'3 is 8 Re
Rs
o’
/Q//j/ |
R
. Ny X \
Ary is Re

Ry is selected from the group consisting of an optionally substituted
alkyl, amino, alkylthiol, C(O)R o, SO;R0, and OC(O)NHy;
10 Rz i8 =Y m-(CH3)p-Z, wherein
Y is O, S or NR;,, wherein Ry; is hydrogen or alkyl,
Z is a saturated heterocyclic ring optionally substituted at one
or more carbon atoms,
mis 0 or 1, and n is 0-6;
15 Rs and R4 are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy,

cycloalkyl, cyano, amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,
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alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;

Rs, Rg, Ry, and Rg are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol;

Ry is an optionally substituted alkyl;

Ry is selected from the group consisting of alkyl, alkenyl, alkynyl,
ORj2, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Rg is not OR;; when R is SO,R 1o; wherein

Riz is selected from the group consisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and

Xis one of O, S, NH, or CH, when Ar is Ar;; or

Xis one of O, S, NH, or absent (a covalent bond) when Ar is Ary, .

wherein said compound is *H or '“C radiolabeled.

21.  Use of a compound of claim 20 as a radioligand for its binding

site on the sodium channel.

PCT/US02/28299



