WO 03/ 022276 PCT/ US02/ 28298 ARYL- SUBSTI TUTED PYRI DI NECARBOXAM DES AND

THEI R USE AS SODI UM CHANNEL BLOCKERS Field of the Invention This invention
is in thewbDioaloek2od nedi ci nal chemistry. In particular, thecTESomyension
relates to novel aryl substituted pyridines and the discovery that these
conpounds act as bl ockers of sodium (Na) channels. Related Art Several

cl asses of therapeutically useful drugs, including |local anesthetics such
as |idocai ne and bupi vacai ne, antiarrhythm cs such as 10 propafenone and

anm ocl apPAe cuARNGTeb SRV IR AMoXARHER A% hATRt FIrIh SopRINe Bh@EN pRBEkERS
car bamazepi ne, have been shown to share a common nechani sm of action by

bl ocki ng or nodul ati ng Na+ channel activity (Catterall, WA., 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 bl ockefisldsfitie IasenBW619C39 and lifarizine have been shown to be
neuroprotective in ani mal nodels of global and focal ischema and are
presently in clinical trials (Gahamet al., J. Pharnmacol. Exp. Ther.
269: 854- 859 (1994) ;ThBriowmtiet isaih the Mrld tf mbdidinal REALTFAC O parfddar l#he5- 1432

1995)). 2Q The _neuroprotective actiyi/! f Na-' channe| blockers ' is due
'Eo their gf f ggﬁn\?}grrl]é@%te? ﬁo 8%‘(’:6&15?&5 BSt‘%'}é?(fQXré'\%?ﬁl %{‘9 tBF GEssAere Rebncent rati on
during i schenhasebympamidbid anblotiees sfeb@iaseNal chitinsisexci t ot oxi ¢ amino acid
neurotransmtter. Studies have shown that unlike glutamate receptor
ant agoni sts, Na+ channel bl ockers prevent hypoxic damage to manmal i an 25
white matter (RBtatsgdastt al., J. Neurosci. 12:430-439 (1992)). Thus, they may
of fer advantages for treating certain types of strokes or neuronal trauna
where damage to white matter tracts is prom nent., Another exanple of
clinical use of a Nawrdhahessst of dokaruiicllyi bsefidl drugs, Thicdudigudodss been

ISD rC]Z'(IJ'mSE)(Z)/ gggg%ﬂgst&'ﬁ@/ val ais nli&cgiﬂg Sgls 8&p19§‘:%{ng,nta§tia\{r\4h%/ Ai‘(':'ss suc gs3 /022276

10 propafenone and amioclarone, and anticonvulsants such as lamotrigine,
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 et al, J
Pharmacol. Exp. Ther. 269:854-859 (1994); Brown et 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" channel blockers prevent hypoxic damage to mammalian

25  white matter (Stys et 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



-2 (Bensimmet at., New Engi. J. Med. 330:585-591 (1994)) and has
subsequent|ly been approved by the FDA for the treatnent of ALS. In addition
to the abwoasne2ré oned clinical uses, carbanazepine, |i do®arrSoaeEtIs
phenytoin are occasionally used to treat neuropathic pain, such as from
trigem nal 5 neurologia, diabetic neuropathy and other forms of nerve
damage (Taylor and Meldrum Trends Pharmacol. Sci. 16:309-316 (1995)), and
carbanmazepi ne and | anotrigi ne have been used for the treatnment of nanic
depression (Denicott et at., J. din “Psychiatry 55: 70-76 (1994)).

Furt hernore, based on a nunber of simliarities between chronic pain and
tinnitus, (Mdler, A R Am 10 J. Qol. 18: 577-585 (1997); Tonndorf, J.
Hear. Res. 28:[Bswsimsy gl qlogdpy iEngl nhs Msde’39i58p38d (A4 eidhrias us shoul d

be viewed as aubgien@l bedH SptvePB he FRRNSRAH Mathh addiriofNd Davi es,
E. W Tip. 20: u12?18n ?1999@?. an%eg, Iignce)caiane gﬁs car%aa‘%‘él%%%i ne have

been shown t o & PYCaIErésd ichuieal asasi ergbamazeming lidoqaivisj adwhenytddn et al .
Ain. ol aryngoloccaBiondihP uddOid Hrgﬁsﬂeuﬁogééx%fg@ﬁ{ %fc(ﬂnas o™ IE%IQI%’(I) PR T

947-951 (1981)). It has "been establis ere are at q9east five to
six sites o&n tigerologi, digeticengipathy endather hanofesverineige (Taytbraedir ot oxi ns

e oo e gt Sy Wi P8 RO Pt e
| ocal anest hetand slawhtigine? 0ac beennssedr for nheli tedagakndyofNarimi€ hadprakisn exer t
el 2L on, ek AAEL T LS o BOBEShLY BledL e oL LT e cham
(Catterall, Wahumbnef sithighritiddhtatwers Ghronic paia6@tinnide; Mooids A R9GR) ) . JP
OTOTSe2 AR o v A b SOSLTs RS | o
has been proposed that tinnitus should be viewed as a form of chronic pain
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)).
JP 07076542 A2 describes liquid crystals and liquid crystal

25  compositions comprising the following compounds:
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WO 03/ 022276 PCT/US02/28298 -3- F H3G CHZ)s O Et U. S. Patent No. 5,403,934
describes the following internediates for preparing antimalarials: Me N Me
F3CO O BrwoOse2deee N Me F3CO O Cl 5 OAc Liao et al. (J Hecerusoyzd298 Chem
13:1283-1288 (1976)) describe the following formula: Me N 101 CNH2 M
OCHz / \ | MeO Owe 10 Sal man (Pharmazie 54:178-183 (1999)) describes an

anti bacterial/antifungal conpound of fornula: WO 03/022276 PCT/ US02/ 28298
-4\ NCN ]

F

)\/ ° N
o) N Et

U.S. Patent No. 5,403,934 describes the following intermediates for

preparing antimalarials:

Me N Me
=
F,CO 0 \
Br
OMe
Me N Me
=~
F300—<: :>—O
\ Cl
OAc

5
Liao et al. (J. Heterocycl. Chem. 13:1283-1288 (1976)) describe the
following formula:

Me N
CNH

Me N ’

MeO OMe
10 ,

Salman  (Pharmazie  54:178-183 (1999))  describes an

antibacterial/antifungal compound of formula:



COOH wherein Y is NHVe or Owve. WD 9938829 descri bes a conpound of formula:
AcHN N M M 5 Me This conpound is described to be useful as an

i mmunosupwoes®22r6 or an anti al |l egy agent. Karanysheva et par/usfnved29s Cryst .
Lig. Cryst. 67:241-251 (1981)) 10 describe conmpounds of fornmula: 0 N CNHZ
wherein Y is a straight chain C4-C8 al kyl or al koxy. DE 3245950 describes a
conpound of the following fornula that is 15 described to be useful as an
anti hypertensi ve: WD 03/022276 PCT/US02/28298 -5 0 11 N CNH2 MO Ow
U.S. Patent No. 4,920,119 describes sévéral 2-phenyl - 3-

am nopyri di ne- 4-car boxam de derivatives as reactants. 5 Troschuetz et al.
(Chem -Ztg. 114:.321-322 (1990)) descrlbe a conpound of formula: Me N Owve
H2N I / Goerlitzer et al. birthhe Ger.) 325:357-359
(1992))

wherein Y is NHMe or OMe.
WO 9938829 describes a compound of formula:
AcHN N Me
Me / ‘
O O )
5 Me

This compound is described to be useful as an immunosuppressant or an
antiallegy agent.
Karamysheva er al. (Mol. Cryst. Lig. Cryst. 67:241-251 (1981))

10 describe compounds of formula:

wherein Y is a straight chain C4-Cg alkyl or alkoxy.
DE 3245950 describes a compound of the following formula that is

15  described to be useful as an antihypertensive:



10 describe a conmpound of formula: G CI 0-CH2000H Me /N H2ZNC Et 11 O
U. S. Patent No. 5,389,632 describes the follow ng conpounds as reactants:
WO 03/ 0222063822R14JS02/ 28298 -6- N\ |1 NHZ CH2-Ove N || PREHASQH2ZBPS O
Goerlitzer et al. (Pharmazie 52:97-100 (1997)) describe the follow ng
conpounds: CI Y ),NC HZN Il Et OCH2COOH 5 O where Y is Ow or OCEt.
Chanbers et al. (Bioorg. Med. Chem Lett. 7:739-744 (1997)) describe the
foll owi ng conpounds as useful in the treatnment of rheumatoid arthritis: O
11 HZNC IN 0-(CH 2)2-3 \ 223 =k

o—0

\

MeO

OMe

US. Patent No. 4,920,119 describes several 2-phenyl-3-
aminopyridine-4-carboxamide derivatives as reactants.
5 Troschuetz et al (Chem.-Ztg. 114:321-322 (1990)) describe a

compound of formula:

Me N
]
|-|2Nc|:I AN Olle
(o]

Goerlitzer et al. (Arch. Pharm. (Weinheim, Ger.) 325:357-359 (1992))

10 describe a compound of formula:

Cl
cl O—CH,COOH
Me N
=
|
H,NG AN Et
I

U.S. Patent No. 5,389,632 describes the following compounds as

reactants:



Ove 10 Reddy et al. (Synth. Conmmun. 27:2217-2222 (1997)) describe the
followng formula: HZN N HZNC Me Y where Y is Hor CF3. WD 03/022276

PCT/ US02/\282982227¢ Rottl ander et at. (Synlett (9):1084- 10@6T(UR99732Y8
descri be 3-(4- nethoxyphenyl)pyri di ne-4-carboxam de. Singh et at. (Indian
J. Chem, Sect. B: Og. Chem Incl. Med. Chem 37B(5):517-520 (1998))
descri be 2-am no-4-n-butoxy-5-(4- 5 net hoxyphenyl) pyri di ne- 3-car boxam de.
SUMVARY OF THE | NVENTI ON The present invention is related to the discovery
that aryl substituted pyridines repréSénted by Formula | act as bl ockers
of sodium (Na-) channels. The invention is also related with treating a

di sorder responsive to the 10 bl ockade of sodium channels in a manma
suffering from excess activity” of j hannel s by adm ni stering an
effective anount of a conpound ofl | as described herein. The
present invention is also diregtethtotbeé~use of a conpound of Formula |
for the treatnent of neuronal danagﬁ ?ollomnﬁg 8Tobal and focal 15

i schernia, and for the treatnent oroprevention of neurodegenerative
conditions such as amyotrophic lateral sclerosis (ALS), for the treatnent
of tinnitus, as antimanic depr§ssants, as |l ocal anesthetics, as
antiarrhythmcs, as anticonvufsan 3 for the treatnent or prevention of
di abetic neuropathy and for jth e of pain including both acute and
chronic pain and mgrai ne 20 e apger of conpounds useful in the
present invention have not been et’of or réported. Thus, one aspect of
the present invention is directed to the

Goerlitzer et al. (Pharmazie 52:97-100 (1997)) describe the following

compounds:
cl
Y. /N cl
|
H,NC ~ Et OCH,COOH
5 u
where Y is OMe or OEt.

Chambers et al. (Bioorg. Med. Chem. Lett. 7:739-744 (1997)) describe

the following compounds as useful in the treatment of rheumatoid arthritis:

i
H,NC N
]
N 0_(CH2)2-3©
ONe
10 Reddy er al. (Synth. Commun. 27:2217-2222 (1997)) describe the
following formula:
H,N N
=
2 |l
H,NC A Me
Y

where Y is H or CFs.



novel aryl substituted pyridines of Fornmula |I. Another aspect of the
present invention is directed to the novel 25 conpounds of Formula | as

bl ocker s wb ogozhi2aén channel s. A further aspect of the present/tisSavess on is
to provide a nethod for treating, preventing or aneliorating neuronal |oss
foll owi ng gl obal and focal ischema; treating, preventing or aneliorating
pain including acute and chronic pain, and neuropathic pain; treating,
preventing or ameliorating convul sion 03/ 022276 PCT/ US02/28298 -8 and
neur odegenerative conditions; treating, "preventing or aneliorating manic
depression; using as |ocal anesthesics and anti-arrhythnics and treating

tinnitus by adm ni npound of Faormul to a mammal in need of
such treatnent or B?gﬁn%gAF éﬁmgﬁbégkugﬂlpﬁ@ @P%@én@ﬂﬁwMeﬁ%Men isto

provi de a phammmu%mhaﬁmpwﬁ@ﬁppém&wwm&pefuI for treating disorders
responsive to the H gkagg of sodium ion channels, containing an effective
anount of a conpoufitie wdion 4 qhﬁ”aSeCﬁh Rt Ore Glieth heheMed Glome

phar maceut i cals7gsgscepi@bl e apghers gg uent Fur_h_ pr esent
invention Ls dlre?ted to 3H a @ E4C rad éabele%an1 i E%%ﬁ%g(4of Formul a

and their asen§§mFHﬁWBﬂm§ﬁﬁu§f%%ﬂxKWQwﬁ blndlng site on t he sodi um
channel . Additional enbodi nents and advantages of the invention wll be set

forth in part in the description that follows, and in part will be obvious
from the description, or ﬁﬁﬁw ]1%5¥HE@EE§VENEBQNce of the invention. The

15 enbodi nents and advantages of the invention will be realized and

attai ned by neansTMﬁpmhmnﬁh@mﬂﬂhgraﬂgh@pﬂﬁkﬂﬁ%hﬁﬁﬁmﬁﬁhﬁs@%ﬁﬁﬁ%ﬁ poi nt ed
out in the P ended cl ai # t o be understood tha e foregoing
general descr %fl%ﬁrgﬁﬁmn? By Formudad 3r addpeiersed sekiws(NpD ichannels e exenplary

and expl anat ory onThe ianehtiah & al&plel?,i%d \K/@fﬁrédtfﬁ%\lvcﬁso%er tmgsoﬂswe aLion.

cl ai nmed. RIJETA!) El fSCR PTI ON OF THE | NVENT
lockade of sodium channels in a mammal suffering from excess activity of

said channels by administering an effective amount of a compound of
Formula I as described herein.

The present invention is also directed to the use of a compound of

FormulaI for the treatment of neuronal damage following global and focal
15 ischemie, and for the treatment or prevention of neurodegenerative conditions

such as amyotrophic lateral sclerosis (ALS), for the treatment of tinnitus, as

antimanic  depressants, as local anesthetics, as 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
20 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

25 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



The present

I nvention arises out of the discovery that aryl

substi t ut ed

pyridines of Fornula | act as blockers of Na+ channels. In view of this
di scover ywomapzngls of Forrmula | are useful for treating @cTarsdzes9s

responsi ve

25 to the bl ockade of sodiumion channels.

The conpounds usef ul

in this aspect of the present invention are aryl substituted pyridines
represented by Fornula |I: WO 03/022276 PCT/ US02/28298 -9 N\/ R1
R2 /\/\J R4 R3 or a pharmaceutically acceptable salt, prodrug or solvate
thereof, wherein: A is selected from%he group conS|st|ng of Arl, Are,

Ara and Ar4, V\,herein R?RsX Arl |sR8R6 R7 RS5 Are is RB R R7 RS

and Ara is R8

consi sting of a£fji HSBEOF‘E%‘?B‘FIF@VGS?PSQ{UIOP%tt’@ﬂltmgaP’F@’Fﬂnn&rﬁr Feligieing manig| |
S02R10, OC( O Nidresslot; nmsii@z @b 11604 , anésthebs 'dﬁﬁdﬁﬁpalr a/ﬂm:ficé)yé:rﬁzﬂjs

5-i soxazol yl,

and 3-(1 )-triazolyl; R3, an

sel ected fr Om {I}I}gu%t)% a@n%ﬁgyngta, Cﬁ)glp@fmd of Formula I to a mammal in need of

10

15

20

25

such treatment or use.

Also, an aspect of the present invention is to provide a pharmaceutical
composition useful for treating disorders responsive to the blockade of sodium
ion channels, containing an effective amount of a compound of Formula I in a
mixture with one or more pharmaceutically acceptable carriers or diluents.

Further, the present invention is directed to *H and *C radiolabeled
compounds of Formula I and their use as radioligands for their binding site on
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
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.
DETAILED DESCRIPTION OF THE INVENTION

The present invention arises out of the discovery that aryl substituted
pyridines of Formula I 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.

The compounds useful in this aspect of the present invention are aryl

substituted pyridines represented by Formula I:

RL is selected fromthe group

I Ar |1

C(ORO

in
R4 are inde %ndently



hydr ogen, optionally substituted al kyl, al kenyl, or al kynyl, hal ogen,
hydroxy, cycloal kyl, cyano, am no, alkylam no, dialkylam no, alkoxy,

am nocar bwoyB/0222a4 kyI am nocar bonyl, aryl am nocar bonyl , PCT/US02/28298

ar al kyl am nocar bonyl, 15 alkylcarbonylanino, aryl car bonyl am no, and
aralkylcarbonylanino; WO 03/ 022276 PCT/ US02/ 28298 - 10 provided that 1)
the pyridyl ring is other than 2,6-disubstituted wwth regard to Ar and Rl
or any of R2-R4 that is other than hydrogen; and 2) when Ar is Are or Ara,
then RLis CCORO; 5 3) when Ar is Af4d” then Rl is am nocarbonyl or an
optionally substituted heterocycl oal kyl am nocar bonyl; R5, R6, R7, and R8
are independently selected fromthe group consisting of hydrogen, alkyl,
al kenyl , al kynyl, hal ogen, hal oal kyl, y toxyal kyl , hydroxy, nitro, am no,
cyano, am de, carboxyal kyl, al koxyal reido, 10 acylam no, thiol,

acyl oxy, azido, al koxy, carboxy ApaLbonyl do and alkylghiol; RO is an
optional ly substituted alkyl; R o idsse ted fromthe group consisting of
al kyl , al kenyl, al kynyl, CR11 amnz{S kyl am no, dial kyl am no,

al kenyl am no, di al kyl am noal kenyl, Re5 dﬂ%lkylanlnoalkylanlno

di al kyl al ni nogk K@Héﬂrﬁé@uﬂ@allyae{ckéﬂta%m ARArEARY br RWalQhereof, wherein:

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

cycl oal kyl al kﬁlawaﬁstedﬁm%@w&awwlaﬁf AB; Al 013, a0d Ajd ARYID  aryl al kenyl |
aryl al kynyl, and aryl al kyl amrjo, all of ghich can be optionally
substituted, provided that wherr RL is SO2R10; wherein 20
R11 is selected fromthe grofp co ydrogen, -optionally
substituted al kyl, and an al kal i X is-one of 0, S, NH, or CH2
when Ar is Arl; or X is one oy ~absent (a coval ent bond) when
Ar is Ar4. Suﬁcg t he conpouRrgs of Fornula | Rare bl ockers of sodi um (Na+)

R7
5 Anis
‘ R; Rs
Y AT
ﬂ IYM
A X
Ars is Re Re
Rs
‘ ;
Ry\.//l;;riI//
Ary is X \RG

R; is selected from the group consisting of an optionally substituted

alkyl, amino, alkylthiol, C(O)Rjy, SO;Rj9, OC(O)NH,, 2-imidazolinyl, 2-
10 imidazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl;

Ry, Rs, 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,

15 alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;



25 channel s, a nunber of diseases and conditions nedi ated by sodi umion
influx can be treated enpl oyi ng these conpounds. Therefore, the invention
i s rel at ea0 oBo22276ret hod of treating, preventing or aneli oPamiusg2/zees onal

| oss associated wth stroke, global and focal ischem a, CNS trauns,
hypogl ycem a and surgery, spinal cord trauma; as well as treating or

anel i orating 30 neurodegenerative di seases including Al zheiner's disease,
anyotrophic |lateral sclerosis, Parkinson's disease, treating or

anel i orating anxi ety, convul sions, WO 03/ 022276 PCT/US02/ 28298 -11

gl aucoma, m graine headache and nuscl e spasm The conpounds of Formula |
are al so useful as ant nnltus agents, antinmani c depressants, as | ocal
anest hetics, and a¥ % atthythm cs; as well as for treating, preventing or

anel i orating pain ipcl udielpgn&}uﬁrﬁlg@sﬁdther@ﬁhh% &s@d@.ﬁm‘ﬂéﬁ%ﬂﬁég ifo RRiN. I n each
5 instance, the nethods { the present invention require admnistering to
an animal in need of s r¥ @Y et Rethatds fﬂé%ltth&)bhyalmamtanéf a sodi um

channel bl ocker ob)thewRsEaeRArl &v&@tﬂlé}ml 19 rg@)thar maceutically acceptabl e
salt or prodrug thereof Accor di ngly, ds Useful in the pr esent

invention are ar yl 3 ) 10 @h%’sﬂlﬁeﬁﬁeﬂl@@ ischnnwarbepyleselmbmbnb&y Formula Il: R7
RS R /1 XR4~I,\Z R8 &sﬁﬁte@het@row a‘i!(rjﬁl# %; acceptabl e salt, prodrug
sel e Fom L h

or solvate thereof wherein: R e group consi sti ng of an
optionally substi t B, RalakgRs aramd@pqndamuyydelehue@tfrpnﬁh@ﬁﬂxﬁbozﬁ@i@ o)

O NH2, 2-i I I yl,, 5-i azolyl, and
:?CE 1) 2, 4) tri ggﬁéﬁlg‘e > all?é aﬂ{gm I’Rﬁﬁi ?32 %ﬁlﬁ%ﬁ%nﬁ FX} F@&’égﬁf romthe
group consi st lhm@omf niftmdraogmn cyaml analk) yabobsiliyl, uhlﬁdxyahdyyl urefokenyl , or

o ym LR DN el LI e ot e, AL
aryl am nocar bekylthiogr al kyl anm nocar bonyl ,
Ry is an optionally substituted alkyl;
Ry is selected from the group consisting of alkyl, alkenyl, alkynyl,
ORy1, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
15 dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyi-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Ry¢ is not OR;; when R; is SO,Ro; wherein
20 Rii 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 Arg; or
X is one of O, S, NH, or absent (a covalent bond) when Ar is Ar,.
Since the compounds of Formula T are blockers of sodium Na")
25 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

30 neurodegenerative diseases including Alzheimer's disease, amyotrophic lateral

sclerosis, Parkinson’s disease, treating or ameliorating anxiety, convulsions,



20 al kyl car bonyl am no, aryl carbonyl am no, and aral kyl car bonyl am no;
provided that the pyridyl ring is other than 2,6-disubstituted with regard
to the arybosmeb2eal and RI or any of R2-R4 that is other wPearushyzkogen;
R5, R6, R7, and R8 are independently selected fromthe group consisting of
hydr ogen, al kyl, al kenyl, al kynyl, hal ogen, hal oal kyl, hydroxyal kyl, 25
hydr oxy, nitro, am no, cyan, am de, carboxyal kyl, al koxyal kyl, ureido,
acyl am no, thiol, acyloxy, azido, alkoxy, carboxy, carbonylam do and

al kyl thiol; and WO 03/022276 PCT/ US027 Y8298 -12"Rio is selected fromthe
group consisting of alkyl, alkenyl, alkynyl, ORI, am no, alkylam no,

di al kyl am no, alkenylanlno dlalkylanlnoalkenyl dlalkylanlnoalkylanlno
di al kyl am noalSR¥RYPANTHGIng| k«;ﬂriathnc@ad kensale sapsmo The compounds of

hydr oxyam noalgsgnyih 303N so ¥l &azlnh%{gl u?%é?ﬁsogl%ﬁﬁiqﬁ"é &%l‘e’ssa? S Ts local

cycl oal kyl al kyl am no, heterocycl oal ary yl'a aryl al kenyl ,
aryl al kynyl , @Fﬂmﬂyﬁl aﬁnﬂyﬂsamtlﬁﬁhythmwsgﬁs el &)&rtrdaang)mrﬁmahg pr

subst it ut ed, ameﬁefﬂaﬁ@%@lnqm@l@ s@eﬁt B &ng&i Esh' SOy whevel n Rl

is selected fromthe cons ogen y “substituted
al kyl , and 5an isgitdoaé.i theremedhqds amfcthé_(DIEXeIS 10vm1t101ﬁ rQun‘S ath‘hlswnng}dQ an Anot her

group. of compoyngs WSELihe Ly (NS PRECk- Gl LS BT SeenL  Lnyentyon are ary

substituted pyridines represente erein R1-R8
and Ri o-R11 arbeoca& oeger prbet aﬁ@mﬁ)n Wi tah plidi@adeiis4lls OackBiaiblaign or X is 0, RS,
R6 and R7 are e ttgldr gen, and R1 is an al kyl group, then R8 is 15 other
than an opti orli’éﬁ Ve gfﬁg ituted al koxy group. Preferably, Rl is selected

fromthe group cons\!csdrumglypfcoal owdk YiksefuPh | BB ahrb¥nd UhRhiidibRAaRY hal ogen or
hydr oxy, thiometh ) RLO, SO02RI O __ 2- jmdazolinyl, 2-imdazolyl,

3-pyrazol y, &h “é”?dsl?i’%‘%’ﬁﬁwreswii@r@@?rw]@ Fs sel ected from the group
consisting of alkyl, alkegyl, OR,, Ram no, L&/‘ﬂ;m no, 20 di al kyl am no,

al kenyl am no, di al kyI amn enyl , dl\ cyI | kyl am no,
[ i
/\l \

ora pharmaceutlcally acceptable salt, prodrug or solvate thereof, wherein:

Ry is selected from the group conmsisting of an optionally substituted

alkyl, amino, alkylthiol, C(O)R;y, SO;Rjq, OC(O)NH,, 2-imidazolinyl, 2-
15 imidazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3~(1,2,4)-triazolyl;

Ra, R3, 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,

20  alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;

provided that the pyridyl ring is other than 2,6-disubstituted with
regard to the aryl radical and R; or any of R,-Ry that is other than hydrogen;

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

25  hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and

alkylthiol; and



and heterocycl oal kyl am no, all of which can be optionally substituted,
provided that Rois not OR, when R is SO02R10. Preferably, R2, R3 and R4
are i ndepwpdeasnti2gé sel ected fromthe group consisting of Rgdrusgreg29al kyl ,
al kenyl, al kynyl, am noal kyl, am no, 25 hydroxyal kyl, al koxy,

am nocar bonyl , al kyl am nocar bonyl, aryl am nocarbonyl, aral kyl am nocar bonyl ,
al kyl car bonyl am no, aryl carbonyl am no, and aral kyl carbonyl am no, nore

pref erably hydrogen, alkyl, al koxy, aﬂi noal kyl and ami nocar bonyl .
Preferably both R3 and R4 are hydrogen? 30 Preferably, R5, R6, R7, and R8
are independently selected fromthe group consisting of hydrogen, alkyl,
al kenyl , al kynyl, %| ogen E\a% oal ﬁ%l , WD 03/022276 PCT/ US02/ 28298 -13

hydr oxyal kyl, hydr 6%y S WitFE, TR tho StouRforsisng. ofvidkd. plkemvbrallinyl. R5, R6, R7

and R8 are indeRegnaeind] yksiemawt abifylemms NSkah RER.E Wk ilh ydrogen,
al kyl , and ni tryg). Pref er?ed vélcaﬂazlgﬁ%?ﬂg%?%élni ncl ude

hal ogen,, 1@' oal ﬁél : , ; _
hydr ogen, hal S E1aegopkylamiey| | didkylemingpikgnylangpoCs alitykeariydalkefghC6 al kynyl
5 C1-C6 hydr oxandhky! , hjtdrb$RmiXiKaRylaigl dO, o , Cl acyl anj do,
hydroxy, thiol, Cl- %Wacy}?gl;g, agilr %Io,n d ch lé?lgglky, %e%%%‘(rc%)%%@’ The groups
R5- R8 each > t &Re&otlkyalkylapiencyt heterpspglogtierlamine muyhatrylatiol,d anidiemyi, se be
present in anyarylRRed | SR SPalkhBntY L’ . ich the R gr j s attached.
Especial ly prefyer'lr‘%zﬂ are S(;:ll(a)lrrgoun s’a\l/%hdet?ghlégc% “RB"¢ gyﬁglfsﬁgﬁ?ﬁdrogen, R7
i s hydrogen amiovigeditkat R1o is@of ORorvdien R, %0 Rag; avhpredi ti on. Preferably, RO is
a branched al kyl ggRou _ 40 carbon at ons,. nor referably C3_6 carbon
atoms, optionally sﬁlb{sgt ?{leﬁt@d&%‘nr ﬁleo%gu%rco%%hélg o‘?fehﬁg?%@eﬁl,’m}ww oXy, nitro,
am no, cyano, sapstitugdedisy., anBrefhbnibler); aR10 i s sel ected fromthe group
consi sti ngpof al kyk,. al k I 5 OR11, am no, al kylam no, dial kyl am no,
al kenyl am'qgo, di al kyT g?ﬁ %I%B@Pf &i al kyl aai ni noal kyl ani no, and
het er ocycl oal kyl annatheppaiupr @biompoh@e Lictilnl BiNYIREN BO hedlksf Whi ch can

be optionally insvlégt%[ni e;[ré'l grej‘/? éub\é\gt%treg ipgrig%g's represented by the general Formula II,
wherein R;-Rg and R;¢-R; are as described above, with the proviso that when
X is O, Rs, Rg and R, are each hydrogen, and R; is an alkyl group, then Ry is
15 other than an optionally substituted alkoxy group.
Preferably, R; is selected from the group consisting of an alkyl
optionally substituted by halo gen or hydroxy, thiomethyl, C(O)R1g, SO,Rp, 2-
imidazolinyl, 2-imidazolyl, 3-pyrazolyl, and 5-isoxazolyl, wherein Ryig is
selected from the group consisting of alkyl, alkenyl, OR1;, amino, alkylamino,
20 dialkylamino, alkenylamino, dialkylaminoalkenyl, dialkylaminoalkylamino,
and heterocycloalkylamino, all of which can be optionally substituted,
provided that Ry is not ORy; when R; is SO.R .
Preferably, R,, R; and Ry are independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, aminoalkyl, amino,
25 hydroxyalkyl, alkoxy, aminocarbonyl, alkylaminocarbonyl,
arylaminocarbonyl, aralkylaminocarbonyl, alkylcarbonylamino,
arylcarbonylamino, and aralkylcarbonylamino, more preferably hydrogen,
alkyl, alkoxy, aminoalkyl and aminocarbonyl. Preferably both R and Ry are
hydrogen.
30 Preferably, Rs, Rs, Ry, and Rg are independently selected from the
group consisting of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl,



is as defined above, provided that R10 is not OR11 when Rl is SO02R10.
Preferably X is 0 or S, nore preferably Xis 0. 20 In one aspect of the

i nvent i orwwomsetere ed conpounds falling within the scope @®CTRSNRA208 | |

i ncl ude conpounds wherein Xis 0 or S. In this aspect of the invention Rl
is preferably am nocarbonyl or heterocycl oal kyl am nocar bonyl, especially
2- (N-pi peridinyl)ethylam no- carbonyl, and R2, R3, and R4 each are

preferably hydrogen. Preferred R5-R8 groups are as described above. The
invention also relates to aryl-substifuted pyridines represented by
Formula HEO R R/ NRya lll | /XR42 WD 03/022276 PCT/ US02/ 28298 -14 or

h ceutical.l ept abl e salt, prodrug or_solvate thereof, wherein:
gszgr ngl O angyﬁr‘é@ﬁ@eﬁ‘ﬁ > B9y pBtre) apdyavene.  Mepaneter gl Ss R Re |- 11 :

rovi ded that dnBerP¥eiiB¥dpendeftly sSle @ BHmt BRNGuPeMisSHRS bl hylGHeq t h fegafd
Itoo the aryl radical anld Joe (S)gr anymof % szpctrslat}?%?s 0%11 "t han
hydr ogen. ~ Pr ef@fi >e8a]€8ﬁ¥pd%fﬁik3’f apnqg riilgfr% Fiaferred h‘eﬁl@@oqfeRefRsFmpWMa | I

i ncl ude COW%@Q}%eM[Oe -R2hal B 18@1 6 ék:f/‘ir %2-*@%%\%9 % Cgllalnggm no, and X

is 0 and S rough have p géferre aloe ove for
Formula |12 Iibr@m@fdrmiyﬁ]é(ﬂemﬁm pmRlcQuiesdos ey @t Ed-Ch raoyiamhie gydrobp/ con5| sting

f al kyl | kg : ialk
gl a?ky?/am ﬁoal q Jé% ag?ﬂ) f fg!r)ﬁkéhlégﬁn%gp&gm rn%arb&ﬁaﬁhee%%?l’&c@? Hf yI am no,
preferably 2- (TM’-E fybﬁp@crﬂdxfmylhs)dmgeylamym mlmt vaduld ofhemtisecbe grserben @pf i onal |y

ntion are aryl
:33:% : E 3% gg F%EITCIQE on th% ”}??Pn@ qo WP 1cE the R Igr%ulta E]sea ach%aeé]spec1&¥yepre erred y

are compounds where Rs and R are both hydrogen, Ry is hydrogen and Ry is a

10 fluoro in the para-position.

Preferably, Ry is a branched alkyl group of Cs.ip carbon atoms, more
preferably Csz¢ 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,

15 ORyj, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino, and heterocycloalkylamino, preferably
piperidinylethylamino, all of which can be optionally substituted, wherein R;;
is as defined above, provided that R;g is not OR;; when R; is SOsR 1.

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

20 In one aspect of the invention, preferred compounds falling within the
scope of Formula IT include compounds wherein X is O or S. In this aspect of
the invention R, is preferably aminocarbony!l or
heterocycloalkylaminocarbonyl,  especially 2-(N-piperidinyl)ethylamino-
carbonyl, and Ry, R3, and R4 each are preferably hydrogen. Preferred Rs-Rg

25  groups are as described above.

The invention also relates to aryl-substituted pyridines represented by
Formula HI:

Ry

[j\ /[/ | [/i I/\EJ)LR"’ r



pyridines represented by Formula IV: 0 R R NRolV R4l R215 R8 R6 R3
or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:
R2- R8 ar ewoOaBioze2de previ ously with respect to Fornul ae |-1 PCT/ysow€2ded t hat
the pyridyl ring is other than 2,6-disubstituted with regard to the

napht hyl radical and -C(ORI O or any of R2-R4 that is other than 20

hydr ogen. R2 through R8 have preferred val ues as descri bed above for
Formula 1l. Preferably R2-R4 each are drogen Further, conpounds usef ul
in the present invention are aryl subs tuted pyridines represented by
Formula V: 0 R7\ RS N~~J Rao V R4 R2 R6 R6 R3 WD 03/022276

PCT/ US02/ 28298 15 or . har maceutjcal |y acceptable salt, prodrug or
sol vate t hered¥ apbsﬂé’raé‘?uﬂcalf;ﬁcqn@b&‘rséltc@?@ﬁéﬂr I90eals 1BErePly WIRTE: r espect t o

Formulae I-111; pr R\,{J}Qe@wtaﬂ@K aw&eﬁﬁayd[ bféyllouﬂy {wth're%p&tt H?Forhﬂ?ael

2, 6- dlsubstltuted wth regard to the biphenyl radical and - O)Rlo or any
of R2-R4 that is oPF&idedHag ths W@ng@& is pgher Hhau G-debisitutsd pwish er r ed

val ues as desggdhed, aloye ifagfc r@r(lt Ry or ge(;‘feﬁzaﬁ % Bé.eagh are

hydr ogen. Al so,  conpounds usef pres i'nvention are ary
substitut ed ri})thioér‘«lhes represent ed by For mula VI: 0

Preferred compounds falling within the scope of Formula III include

compounds wherein R,, R3, and R4 are hydrogen, Ryg is amino, and X is O and

S. Rs through Rg have preferred values as described above for Formula II.

Further, preferably Ry is selected from the group consisting of alkyl, alkenyl,

10 amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,

dialkylaminoalkylamino, and heterocycloalkylamino, preferably 2-(N-
piperidinyl)ethylamino, all of which can be optionally substituted.

Further, compounds useful in the present invention are aryl substituted

pyridines represented by Formula IV:

[3[ E |/\ "

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

15

Ro-Rg are defined previously with respect to Formulae I-I11,
provided that the pyridyl ring is other than 2,6-disubstituted with
regard to the naphthyl radical and —C(O)Ry or any of Ry-Ry that is other than
20 hydrogen. R, through Rg have preferred values as described above for
Formula II. Preferably R,-R4 each are hydrogen.
Further, compounds useful in the present invention are aryl substituted

pyridines represented by Formula V:

Ry Rs N

X AN X = \/”\R
[ 1 l U 10 V
/ = N R(\’/ o



R/ NI RaVl Rye~\ /~1\ XRRA | RZ R3 10 or a pharnmaceutically
acceptabl e salt, prodrug or solvate thereof, wherein: R5, R6, and RO are
defi ned pwewdoexliy with respect to Fornulae I-11, X is omeTafSon?82% NH, or
absent, and Rio is am no or heterocycloal kyl am no; provided that the
pyridyl ring is other than 2,6-disubstituted with 15 regard to the phenyl
radi cal and -C(O R o. Another group of conpounds useful in this aspect of
the present invention are sryl substituted pyridines represented by the
general Formula VI, wherein R5, R6, ‘R9” and X are as described above, and
R2-R4 each are hydrogen, with the proviso that when X is 0 or absent and
Riois amno, then 20 R9 is not a strai ght chain al kyl group optionally
mono- subst i t uPeRPhAFmAceuticalls geseptablerselbpyodrag qeelyatcberenst Whsaill v substi t ut ed
phenyl, or an optigpal Lr)édeﬁﬁ%ﬁﬁé&%%ﬁﬁe%@%%ﬂ%&laeﬁﬂf erred conpounds
falllngwthlnthescoeo mul a”VI 1 ncl ude onpounds wherein X is O,
S, or absent. Prefepsided tharghe svyadﬁram:hﬁe@ﬂ@haham 2,p5ligghstgutad kyith nor e
preferably C3 b hal ogen,
especially fl ﬁggﬁgﬁélﬁheclﬁﬁ%épgl%holfmta?l?hgkd(% ﬁlda[n‘{)‘/' g%e[g I1S %%reth uor omet hyl .
R5 and R6 ﬁavhyd:o@ner Re dthvoal &g h&/edm&rnede@ha:bcnseddsmbed%owIfa1 1. WO

03/ 022276 PCT. USO a referred conpounds that nay be
enployed in t f[8 efer lflyjf{ﬁvlgxetaagaﬁelg drﬁ%&e without limtation: 2-

[4 (4-fluor OphenOX&}sph&myﬂo]up(j{sf wwdiulén Bhe mrasdno kavnttt®; are aryl substituted

2-[4-(4-T1 uor opREnX Y BRERY L) B Of - 4- car boxam de;
o]

] | \/\ \[J VI
N -
B / RA\/‘
6 R3
10 or a pharmaceutically acceptable salt, prodrug or solvate thereof,

wherein:
Rs, Rg, and Rg are defined previously with respect to Formulae I-II, X
is one of O, S, NH, or absent, and R is amino or heterocycloalkylamino;
provided that the pyridyl ring is other than 2,6-disubstituted with
15  regard to the phenyl radical and —C(O)R .
Another group of compounds useful in this aspect of the present
invention are sryl substituted pyridines represented by the general Formula VI,
wherein Rs, R¢, Ro, and X are as described above, and Ry-R4 each are
hydrogen, with the proviso that when X is O or absent and Ry¢ is amino, then
20 Ry is not a straight chain alkyl group optionally mono-substituted with
halogen, carboxy, alkoxy, an optionally substituted phenyl, or an optionally
substituted aminocarbonyl.
Preferred compounds falling within the scope of Formula VI include
compounds wherein X is O, S, or absent. Preferably, Ry is a branched chain
25  Csy alkyl, more preferably Cs.4 alkyl, optionally substituted with one or more
of halogen, especially fluoro or chloro, or trihalomethyl, especially
trifluoromethyl. Rs and Rg have preferred values as described above for

Formula I1.



5 2-(4- phenoxyphenyl ) pyri di ne-5- car boxam de;

2- (4- phenoxyphenyl ) pyri di ne- 4- car boxam de; 5-(4-phenoxyphenyl) pyri di ne-3

- car boxamvo3/o22fél- (4-f | uor ophenoxy) phenyl ] pyri di ne 5- car lporgusor2s2e8 d 2- (N
pi peridinyl)ethyl am de; and 10 5-[4-(4-fl uorophenoxy)phenyl] pyridine
3-carboxylic acid 2-(N piperidinyl)ethylamde; or a pharmaceutically
acceptabl e salt, prodrug or solvate thereof. Additional useful conpounds
of the present invention include: 5-(2-naphthyl)pyridine-3 -carboxam de;
15 2-(2-naphthy|)pyridine-5-carboxanrd -

2- (4- phenyl phenyl ) pyri di ne- 4- car boxam de; and

2- (4- phenyl phenyl ) pyri di ne-5-carboxam de; or a pharnaceutically acceptable
salt, prodrug or SEKQEﬂ@YmﬁéﬁﬁﬁﬂPHPQW#hé@ﬂ@yﬁﬁﬁﬁH@bWEéuﬂb§I@ﬁhq e invention
i nclude: 20 5 = \ .. di ne- 3- car boxam de;
2-(4-tert-butgf%ﬁgﬁgpygggﬁﬁ%ﬁgﬁﬁyﬁgg%%&anide;

2- (4-tert-butyl phirytiyeyepheiaxgirherydlpodiaerd derboxamide;

4-i-propyl phenyl (MeTRAISES -
4t onet hy) ph et B BRI Soporaide;
j—% hi ?In‘ét hyl ﬂq@mﬂeﬁqﬁwhffiiynBYﬁlw-bgkmrgm; .
-trifluoro 0 en ridine-3:carboxam de
A1 11 wor omer RORYBROAYTY BYPIBr e o ERM R am e
5 (j-{r!;:uoronﬁ? phen M?wn?ﬁmﬂﬁﬁBgﬁbar ogxﬁ?]ge; d 30
-(4-trifluoronethy | ne- 3-.¢ &,
2-(4-trifluor onﬁ"ﬁ%ﬁﬂ’@ﬁ%ﬁ%gpgfew BU@&? ‘Girg?Wﬂ’Gé‘?ﬁgr'o\g phar maceutical |y
accept abl e sal t,pipf@giehohmsRl ¥at € thereof . WO 03/022276 PCT/ US02/ 28298

-17 Further conpounds that nmay be enployed in this nmethod of invention
10 5-[4-(4-fluorophenoxy)phenyl]pyridine 3-carboxylic acid 2-(N-

2- (
5-(
2- (
5-(
2- (
2- (

piperidinyl)ethylamide;

or a pharmaceutically acceptable salt, prodrug or solvate thereof.
Additional useful compounds of the present invention include:

5-(2-naphthyl)pyridine-3-carboxamide;

15 2-(2-naphthyl)pyridine-5-carboxamide;
2-(4-phenylphenyl)pyridine-4-carboxamide; and
2-(4-phenylphenyl)pyridine-5-carboxamide;
or a pharmaceutically acceptable salt, prodrug or solvate thereof.

Further useful compounds of the invention include:

20 5-(4-tert-butylphenyl)pyridine-3-carboxamide;
2-(4-tert-butylphenyl)pyridine-4-carboxamide;
2-(4-tert-butylphenyl)pyridine-5-carboxamide
2-(4-i-propylphenyl)pyridine-4-carboxamide;
5-(4-thiomethylphenyl)pyridine-3-carboxamide;

25 2-(4-thiomethylphenyl)pyridine-5-carboxamide;
5-(4-trifluoromethoxyphenyl)pyridine-3-carboxamide;
2-(4-trifluoromethoxyphenyl)pyridine-5-carboxamide;
2—(4-triﬂuoromethoxyphenyl)pyridine-4—0arb0xafnide;
5-(4-trifluoromethylphenyl)pyridine-3-carboxamide; and

30 2-(4-trifluoromethylphenyl)pyridine-5-carboxamide;

or a pharmaceutically acceptable salt, prodrug or solvate thereof.



i ncl ude: 2-(4-n-butyl phenyl) pyri di ne-4-car boxam de;

2- (4- et hoxyphenyl ) pyri di ne- 4-carboxam de; 5

2- (4- et howppheeR2lg pyri di ne- 4- car boxam de; PCT/US02/28298

5- (4- et hoxyphenyl ) pyri di ne- 3- car boxan de; o

5- (4- met hoxyphenyl ) pyri di ne- 3- car boxam de; 5 -(4-n-butyl phenyl)pyridine-3
-car boxam de; 2-(4-ethoxyphenyl)pyridi ne-5-carboxam de; 10

2- (4- met hoxyphenyl ) pyri di ne- 5- car boxanj de;
2- (4-n- butyl phenyl ) pyri di ne-5-car boxa'rrﬁ de; or a pharmaceutically
acceptabl e salt, prodrug or solvate thereof. Useful aryl gr~|ougs aLe C|6_14

i . Typical C6-14 aryl groups include enyl ,
apht hyl - phenant hEJIter GRS het PR ploy b bl erigtd oy,
bi phenyl enyl apgudet uorenyl groups. Useful cycloal kyl groups are C3_8
cycloal kyl . Typical cycloal kyl groups include cyclopropyl, cyclobutyl,
cycl opentyl, cyc?'%é@?ylﬁﬁwlypdyém%éﬁtwl’iam@S;efuI hal o o][ IhaI Faeln gr oups
i ncl ude fluorine;, £ i hNe 4& Lodi ne. Useful alkyl groups
i ncl ude strai ghte% ((;ﬁ%'eﬁ%!é; 1aﬁ‘%ihﬁ’?§% ggﬂ%ﬁ%%dla,l kyl groups, nore preferably
Cl_6 al kyl 5gr oups(4-IheiyphenyDpyridinafkgboxgmodps i ncl ude rrFt hﬁl’ :at hyIE:I o
ropyl, isopro - , at-.butyl, 3-pentyl, hexy and octy
I(\[;)rom;s. Al sg C%gn%pg)&ggerﬁ@%%&y@%%?‘@ aénﬁee’group substituted on 25 two
adj oi ni ng posi t i bfemethokypheind)prediec-Bicatpordmitire conmpounds of the invention.

Typi cal G2 4 al keng oySbeS rR et “RSORE pr openyl - i opropenyl -
butenyl, and seb¢betherypheny )\ BAO222AB6xaEdd; USO2/ 28298 - 18
10 2-(4-methoxyphenyl)pyridine-5-carboxamide;
2-(4-n-butylphenyl)pyridine-5-carboxamide;
or a pharmaceutically acceptable salt, prodrug or solvate thereof.

Useful aryl groups are Cq.14 aryl, especially Cg.19 aryl. Typical Cg.14

aryl groups include phenyl, naphthyl, phenanthryl, anthracyl, indenyl,
15 azulenyl, biphenyl, biphenylenyl and fluorenyl groups.

Useful cycloalkyl groups are Cs.g cycloalkyl. Typical cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl.

Useful halo or halogen groups include fluorine, chlorine, bromine and

20  1iodine.

Useful alkyl groups include straight-chained and branched Cj.;o alkyl
groups, more preferably Ci. alkyl groups. Typical C.1o 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

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

Useful alkenyl groups are C,.¢ alkenyl groups, preferably C,., alkenyl.
Typical Cy.4 alkenyl groups include ethenyl, propenyl, isopropenyl, butenyl,

and sec-butenyl.



Useful al kynyl groups are C2_6 al kynyl groups, preferably C2_4 al kynyl .
Typi cal C24 al kynyl groups include ethynyl, propynyl, butynyl, and

2- but ynylwogsoeqse Useful aryl al kyl groups include any of PCAIS02/28298
above-nmentioned Cl1_1o0 al kyl 5 groups substituted by any of the
above-nmentioned C6_14 aryl groups. Useful values include benzyl, phenethyl
and napht hyl net hyl . Useful aryl al kenyl groups include any of the
above-nentioned C2.4 al kenyl groups sybstituted by any of the
above-nentioned C6_14 aryl groups. fful aryl al kynyl groups include any
of the above-nentioned C2_4 10 al kynyl groups substituted by any of the
above-nentioned C6_14 aryl r oups Usef ul val ues i ncl ude phenyl et hynyl and
phenyl.propynyl . UsEsgipl & g%rpkmaw g4 allgynyl grouph prafered aﬁ?w@kkyxlﬁe

above- ment i onggp;c chla%l@hngmwsqmesaﬂ% i ;;H);p? 1% aﬁa pI AT

above- nentloned cycloa Ky groups 1oa grou s |nclude
Cl 10 al kyl gesups substituted by one nor e quorlne chl orine, brom ne

et ot | ier acome: ekl SBOIK nciu &H BPS RS Mhenrhhid CUSRRTP 1V

pentafluoroethyl, richlorone Usef ul
hydr oxyal k§| gnmppsﬂmﬁmkﬂdafﬁWWﬂdhawkybngmomgd(Qubanﬂgut@d b&dhzo hydr oxy,

e. g. hydroxy ( eth 0 and hydroxybutyl groups.
Usef ul alkoxg$%p%un% &QJ d% Mahéﬁxgu sgpg %%H by one of the Cl.10 al kyl

groups nenti oned aUsnfel al’gdstﬁ{euirl g’okgsl inhliude gnpwpPshd atedvedeensivhdduC, substi t ut ed

D one O e B AL B HPE RE DL SRS Sy, BBl 20 am e

aryl (C2_6)al kanoyl U@dﬂﬂasrbzamyhﬂ AOUANINBRAS iahy @GeRe alove-me€iehNTD,
pr opi ona anldo ent anoyl am do, hexanoiéanldo and benzoyl .

Usef ul ngxﬁ ‘é‘i‘yu‘?ﬁ PS SEbSNjedRy el the chpvesmerfioped Leacdid 2 e®Wsan oxy 30
(-0-) group, sl AR% BYude RhABIAINGY] MphclUBRAYL OXY, pent anoyl oxy,

Useful cycloalkylalkyl groups include any of the above-mentioned
Ci-10 alkyl groups substituted by any of the above-mentioned cycloalkyl
groups.

15 Useful haloalkyl groups include Cj.jp alkyl groups substituted by one
or more fluorine, chlorine, bromine or iodine atoms, e.g. fluoromethyl,
difluoromethyl, trifluoromethyl, pentafluoroethyl, 1,1-difluoroethyl and
trichloromethyl groups.

Useful hydroxyalkyl groups include Cj.;o alkyl groups substituted by

20 hydroxy, e.g. hydroxymethyl, hydroxyethyl, hydroxypropyl and hydroxybutyl
groups.

Useful alkoxy groups include oxygen substituted by one of the Ci.io
alkyl groups mentioned above.

Useful alkylthio groups include sulfur substituted by one of the Ci.ig

25  alkyl groups mentioned above.

Useful acylamino groups are any acyl group, particularly C,.¢ alkanoyl
or Ceyo aryl(Cs.g)alkanoyl attached to an amino nitrogen, e.g. acetamido,
propionamido, butanoylamido, pentanoylamido, hexanoylamido, and benzoyl.

Useful acyloxy groups are any Ci¢ acyl (alkanoyl) attached to an oxy

30 (-O-) group, eg. acetoxy, propionoyloxy, butanoyloxy, pentanoyloxy,
hexanoyloxy and the like.



hexanoyl oxy and the |ike. WO 03/022276 PCT/ US02/28298 -19 The term
heterocyclic is used herein to nean saturated or wholly or partially

unsat ur atwo 03022nenber ed nonocyclic, or 7-10 nmenbered bi cPCTius02/24208)
system which consists of carbon atons and from one to four heteroatons

i ndependently selected fromthe group consisting of O, N, and S, wherein
the 5 nitrogen and sul fur heteroatons can be optionally oxidized, the
nitrogen can be optionally quaternized, and including any bicyclic group
in which any of the above-defined héﬂ-ﬁocyclic rings is fused to a benzene
ring, and wherein the heterocyclic ring can be substituted on carbon or on
a nitrogen atomif _the resulting conpound is stable. Exanples include, but
are not limted to,Thelt‘PffW}eFe&PqYﬁllil%’é,usg) Bereingto iacanpiepegted phahollpphhol i ne,

i m dazol i ne, Eyﬁi%&)hﬁﬁhﬂﬁed 3 heREAB-a? BRbAGSlic, N Y- LD BrehibbRd b&%@ﬁ@'
het er ocycl oal kyl groups include any of thé above-nentioned 1.10 al kyl
groups subst i ring exbtany vrch apnsisth ef edsbnpeateranariddneg obgetodpeidietdroagomyr oups. 15
Useful hetero ] o] ' : - nti oned

het erocyel oal ELTParen e SEpRE RECHR S-SR R I P WRP s2RRKER IR

pi peri di nyFet hitogen mo] swd&p betembloys c2a bhtopligetly dixide) ethhyltengemoan Usef u

al kyl am no and_dial kyl ami.no. groups._are -NHR12 and NR12R13. wherein R12 and
73 are - toosr kot SseRiah tE dpding BRI et IR et ncl ude any
of the above- mentboosidefineChettmeptlicyinggriofipsd subbérizend gag, biyid amygreaf t he

el ude. any. of K EH S e GRS 2 S5 0AI Y PRSP G 40X ached Lo an
am no ni tr ogemssulsidg coapoub idistableh Hxambleo ahdlydeariunQre Avt N@gatbenyl group is
- (O N2 leS ef urlrolﬂhli(eyl %rgrirnli?n%ar ?%?gzL egr OUplfoli(%E:ehgi%gzbo ig)ell & Olfir()iisneSUbSt Ituted
by py > PiP > DID ne, 1morp > » Pyrazo >
benzodiazepines, and the like.
Useful heterocycloalkyl groups include any of the above-mentioned
Ci.10 alkyl groups substituted by any of the above-mentioned heterocyclic
groups.
15 Useful heterocycloalkylamino groups include any of the above-
mentioned heterocycloalkyl groups attached to an amino nitrogen, such as N-
piperidinylethylamino, especially, 2-(N-piperidinyl)ethylamino.
Useful alkylamino and dialkylamino groups are —NHR;; and
—NR;2R 3, wherein R, and Ry3 are Cj.jg alkyl groups.
20 Useful dialkylaminoalky! groups include any of the above-mentioned
Ci.10 alkyl groups substituted by any of the above-mentioned dialkylamino
groups.
Useful dialkylaminoalkylamino groups include any of the above-
mentioned dialkylaminoalkyl groups attached to an amino nitrogen, such as
25  dimethylaminoethylamino.
Aminocarbonyl group is —C(O)NH,.
Useful alkylaminocarbonyl groups are carbonyl groups substituted by
—NHR; and —NR ;R 3, wherein Ry; and R;3 are Cy.1¢ alkyl groups.
Useful alkylthiol groups include any of the above-mentioned Cj.ig
30  alkyl groups substituted by a —S.H group.
A carboxy group is -COOH.



-NHR12 and - NR12R13, wherein R12 and R13 are C1-10 al kyl groups. Useful

al kyl t hi ol groups include any of the above-nentioned Cl1-10 30 al kyl groups
substi t utwo obp22276 SH gr oup. A carboxy group is -COOH WO @8TARE2THRIS

PCT/ US02/ 28298 -20- An azido group is N3. An ureido group is NH C(O) - NH2.
An am no group is -NH2. An am de group is an organic radi cal having
-NHC(O) - as a 5 functional group. Optional substituents on RI-RI| include
any one of halo, halo(Cl_6) alkyl, ar |, heterocycle, cycloalkyl, Cl1 6

al kyl, C2_6 al kenyl, C2_6 al kynyl, I"(C1_6) al kyl , aryl (C2.6)al kenyl
aryl (C2_6) al kynyl , cycloalkyI(Cl 6)a|ky| heterocyclo(Ci 6) al kyl ,
hydroxy(CI.6)aIkyI am no(Cl. 6)al kyl, 10 carboxy(Cl. 6) al kyl

al koxy(C1_6) al kyl , AH@F@%gKQHFh3% ureldo cyano, acyl amino, hydroxy, thiol,

acyl oxy, azi do, a|Kﬁé%kaQBQpﬁyymﬁ@kDQQﬁgbOﬂy| and C1.6 al kylthiol groups
menti oned above. Preferred optional substltuents i ncl ude: hal o,

hal o( C1_6) al kyl , h%ﬁ@%w@umfal\lkky am no(Cl . 6)al kyl , hydroxy ni t Iro C
1.6 al kyl, al kox d T, n 4ds also
al Ky y AaQd, ugs Oé'ﬁs ﬂle o%%%ﬁ: rrdd(? 1 HaSB % ﬁﬁ@

meant to enconpass pro close conpou 0 rugs are
con5|deredﬁtoﬁbﬁﬁ@ntwgpalently bonded carriers which release the active

parent 91ug, L 148yl GDALTD OL6E 8580 DL SHPLRARLIBESIS Lo
products may a]eksl;larylf dneterozgacle,xam:da&yi r@na tlkel, dledakarqh Cy. @dllzgzpylpn
hydrolyei s, om A8 LoRy SSARELLUER OToARE LB Lt Kol et i ered
i nventi on |nchuﬂ@6ya@ﬁp@umg§ pr odugdekylig,.galkylr ocess aeoCs)dgylcont acting a
AR LR CRURN T AR R G T
hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, aminocarbonyl, and Ci.g
alkylthiol groups mentioned above. Preferred optional substituents include:
halo, halo(Cj¢)alkyl, hydroxy(Ci¢)alkyl, amino(C;.)alkyl, hydroxy, nitro,
Ci.6 alkyl, alkoxy and amino.
15 The invention disclosed herein is also meant to encompass prodrugs of
the disclosed compounds. Prodrugs are considered to be any covalently
bonded carriers which release the active parent drug in vivo.
The invention disclosed herein is also meant to encompass the in vivo
metabolic products of the disclosed compounds. Such products may result for
20  example from the oxidation, reduction, hydrolysis, amidation, esterification
and the like of the administered compound, primarily- due to enzymatic
processes. Accordingly, the invention includes compounds produced by a
process comprising contacting a compound of this invention with a mammal
for a period of time sufficient to yield a metabolic product thereof. Such
25  products typically are identified by preparing a radiolabelled compound of the
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.
30 The invention disclosed herein is also meant to encompass the

disclosed compounds being isotopically-labelled by having one or more atoms



25 products typically are identified by preparing a radiol abell ed conpound
of the invention, admnistering it parenterally in a detectable dose to an
ani mal suwbo3ag2rat, nouse, gui nea pig, nonkey, or to nanpcalusonesgs
sufficient time for netabolismto occur and isolating its conversion
products fromthe urine, blood or other biological sanples. 30 The

i nvention disclosed herein is also neant to enconpass the discl osed
conpounds bei ng isotopically-Iabelled by having one or nore atons WO

03/ 022276 PCT/ US02/ 28298 -21 repIaCéd”by an atom having a different atomc
mass or mass nunber. Exanples of isotopes that can be incorporated into

t he di scl osed conmpounds include isotopes of hydrogen, carbon, nitrogen,
oxygen, phospkiased by poyortemehavingd achifigient atomig dhasa sor2pass3pumhgC, 14C 15N,

180, 170, 31Ppy32Res 3PRotop@ thal beGheorporatt® HRE Gle! H&dked §51H§Qu%s the

conpounds di scl osed herein may contain one or nore asymetric centers and
may thus gi veinclusle isogopes anisidovasnscarbdnanitregenomeigen, rhpgphomuhdluoster eoi soneri ¢

forms. The pr i NV i i3, al-sn N ~t 0~ €16 G 18pal 1y 3guch possi bl e
forns, as wel ‘Iaﬁ(ggﬁkt) I{e%f rﬁﬁﬁggg{n‘i g a?‘g ?’renglgi ved ?brgfsﬁg;?l%\?l ’%ﬁdxfdaif es thereof.
The i ndi vi 8ualespertimelyoner s may be separated according to nethods that are

well known to thosgo og O?rﬂgi par Ou%(l_fsi |d1|s 1i sr%dt réee.ar ta. ééhﬁan t he con‘eoounds
described herein cOMrai’h o1 STH R ISHPEILSIAL m8Y SPRL} ORT At BI°%° of
geonetri ¢ asymawmimstric agndersi abdemay e give irgd toédastiohs s, didsterdodetsntiehded t o

i ncl ude both E‘ngtd Z geonetric Jsomers. All tautlorrers are intended to be

15 enconpassed PRESHPEESRITS nVEALTEH BEiiR] |5 2SRINGHEEY REFHES the term

"stereoi soner gll sush oG fadnst as WMellods @kir ratcsBERNG refoldeddioMhduad nol ecul es
that differ only in the orientation of their atons in _space. It includes
enant i oner® afaxPEs sretofl he Ayt SnatiomerioRy be fearrasASCeBIPElo cent er t hat

are not m rrOnekiFRY &t afe WEIBKARAL 3&hose 2 okdlhAs LRNSANES &) WiRg dherm "chiral
center" refers to a carbon atomto which four different
compounds described herein contain olefinic double bonds or other centers of
geometric asymmetry, and unless specified otherwise, it is intended to include
both E and Z geometric isomers. All tautomers are intended to be
15  encompassed by the present invention as well.

As used herein, the term "stereoisomers" is a general term for all
isomers of individual molecules that differ only in the orientation of their
atoms in space. It includes enantiomers and isomers of compounds with more
than one chiral center that are not mirror images of one another

20  (diastereomers).

The term "chiral center" refers to a carbon atom to which four different
groups are attached.

The term "enantiomer" or "enantiomeric" refers to a molecule that is
nonsuperimposeable on its mirror image and hence optically active wherein

25  the enantiomer rotates the plane of polarized light in one direction and its
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

30  depletion of one of the two enantiomeric forms of a molecule.



groups are attached. The term "enantioner” or "enantioneric" refers to a
nol ecul e that is nonsuperinposeable on its mrror imge and hence

opti cal | ywassioye7eherein 25 the enantionmer rotates the plpamasoi/2g208 ari zed
light in one direction and its mrror imge rotates the plane of polarized
light in the opposite direction. The term"racem c" refers to a m xture of
equal parts of enantionmers and which is optically inactive. The term
"resolution"” refers to the separation or concentration or 30 depletion of
one of the two enantioneric forns of “#2mol ecul e. WD 03/ 022276

PCT/ US02/ 28298 -22 The invention disclosed is also nmeant to enconpass all
pharmaceutically acceptable salts thereof of the disclosed corrpounds

Exanpl es of phar maEeut ingentiop sbssdgsedblie aldeli mheent skl t ercpmpsadealli nor gani c
and organic o] e ti le salts
el ude. put S EPaRIAAY P I RE sl Rl TR B (BBl ERRIRS T

pot assi um sal Exangdes efmbsahaceutmaldy a@epthblkeddimmaiﬂts irelwarindrgamit @lds such as
cal siumsalt, n I n 1§ such as
triethyl am ne %%gf gad%%l &ngealtgaﬁl{‘e mm utlcall % %aglgtsﬁasnl(r)l 5%1 11-ﬁe salt,
triethanol am ae nsa11m1tecﬂtocmetabl§£ébs38h@1msmdmai ialt pd)thmndsahemsylhetduyl enedi ani ne
salt and the ll(ﬁg "ﬁ n| C ﬁ glsal ch a th hydr ochl o(rilﬂde

hydr obr oni de, *}5 & ke UTAFA AR S f‘%@ﬁl‘i‘q@a - BPgRAT i Bea t s such as
citrate, |actgke prgaﬁfcta&rﬁﬁeESaltﬁr&lcﬁaaB eicthylamihatat, pyaditkesad picolagehnt e,

di chl or oacet at g, Oifgﬂfl uor oacet at oxal rmate and the |jke;

te, f
sul fonat es sufiAnolaminge  #ln cLigh apime @ﬁé@?ﬁ?‘&lﬁ%@ splt Nenesul f onat e

and the |ike; dﬁa&ymﬁ{m@@d@&nﬁ S tbid SHE hm@s idrgHnNAteid RIRAGGH NAL €,
gl ut amat e and the |like. 15 Exanpl es of prodr ugs include esters or am des of

For mul ae 101 hygregilorise, hyskotmomidg, Baospa: swiphaieynd die like peganieyacid and t hese

may be prepar egishyich 5@@%&”%0%‘%@ RarQRPRHRIS, Wity HeldeScsMeh as
succi ni ¢ anhydri de. The invention is also directed to a méthod for treatihg

di sorders r edisblamiacaate griflperotretsbk axateflomendt and tbh Hkeishldoriates auibnal s
suffering thepeqgf thanesulfonate, benzenesulfonate, p-toluenesulfonate and the like; and

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

15 Examples of prodrugs include esters or amides of Formulae I-VI with
any of Ro-Rs as hydroxyalkyl or aminoalkyl, and these may be prepared by
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.

20  Particular preferred embodiments of the aryl substituted pyridyl compounds
for use in method of this invention are represented by previously defined
Formulae I-VL

The compounds of this invention may be prepared using methods
known to those skilled in the art. For example, 2,5-disubstituted pyridine

25  amides can be prepared according to Scheme 1 as follows:



20 Particul ar preferred enbodi nents of the aryl substituted pyridyl
conpounds for use in nethod of this invention are represented by previously
defined Woroatt22es | -VI. The conpounds of this invention negThSopespar ed

usi ng nmethods known to those skilled in the art. For exanple,
2,5-disubstituted pyridine 25 am des can be prepared according to Schene 1
as follows: WO 03/022276 PCT/US02/28298 - 23 SCHEME | 0 0 OH HOBT, DI C,
DM Ni-'"-N G &~H HN/-No G N2 Pd(PPh3)4 0 n K2CO3 N '-~N H DVE,
HPOR7 RN iR7 RS~B(OH)2 R xxxR “/~."2-8 6 R8 R6 Further,

3, 5-disubstituted pyridine am des can be prepared according to Schene 2 as
follows: 5 SCHEME 2 HOST, DIC, DMF | N~ H Br 0 OH ~N~ Br O N,~N H2N ~/

SCHEME
o Ws
~N
[ oH HOBT, DIC, DMF \ Jl\/j/u\ﬁ
o N . o N
i C
Pd(PPhy), Q O
KoCOs4 X7 ONT
R Ry | | H

d7 E%B(OH)Z CL jx )

Further, 3,5-disubstituted pyridine amides can be prepared according to

Scheme 2 as follows:

5 SCHEME 2

‘ N
| ~ HOBT, DIC, DMF l = H
= OH
Br N Br” N\/\D
o HZN_/—— o)

Pd(PPhs)4

KoCO | " H

2 3 R7 R5

[ U— = N

DME HZO K\/l I\ﬁ/l)\“/ \/\N
s % N 0
Rg Re

Q JJ o

2,4-Disubstituted pyridine amides can be prepared, for example, as

follows in Scheme 3:



Pd(PPh3)4 N K2C03 R7 R \ H DME, H20 N R7 R5C' Xa ~}N B(O—|)|2 R8 R6 R8

R6 2, 4-Disubstituted pyridine am des can be prepared, for exanple, as

fol | ows iwoSsheares 3: WO 03/ 022276 PCT/ US02/ 28298 -24 SCHEMEWBR22PPh3) 4 O
NH2 O NH2 K2C03 DVE H2 RS N C1 | NR5 B(OH)2 RR6 R6 wherein Ris, e.g.,

OPh, test-butyl, Ph, n-butyl, i-Pr, OCF3, Owve or CEt. 2,3-Distributed
pyridine am des can be prepared, for exanple, as 5 shownll n Schene 4.
SCHEME 4 O Pd(PPh3)4 0 H N K2C38 R 2 -UME. HO5 )N' CN R7 RS ~~ JI

\ \~ R3 B(OH)2 X Ra R6 XRs The inventfon is also directed to 3H and 14C
radi ol abel ed conpounds of Formula | and their use as radioligands for
their binding site on the sodium SCHEME 3

Pd(PPha)s Oy _NH;,
TmaE O~ Y
DME, H,0 Re |

R5 B H) |\\ N
N f BOH), I
- P
R/Q R
Rs

\

wherein R is, ¢.g., OPh, tert-butyl, Ph, n-butyl, i-Pr, OCF3, OMe or OEt.
2,3-Distributed pyridine amides can be prepared, for example, as

5  shown in Scheme 4.
SCHEME 4

KoCOs HoN | =
H,N l A

D DME, H,0 (\l !\\ N
I N R; Rs \/J\ /&\,
@1 D/momz R X TR
Vo K TNN
Rg Rg

The invention is also directed to *H and *C radiolabeled compounds of

Formula I and their use as radioligands for their binding site on the sodium
10 chammel. For example, one use of the labeled compounds of the invention is

the characterization of specific receptor binding. Another use of the labeled

compounds of the invention is an alternative to animal testing for the

evaluation of structure-activity relationships. The receptor assay is performed

at a fixed concentration of a labeled compound of Formula I and at increasing
15 concentrations of a test compound in a competition assay.

Tritiated compounds of Formula I can be prepared by introducing
trittum into the compound of Formula I by, for example, catalytic
dehalogenation with tritium. This method includes reacting a suitably halogen-
substituted precursor of a compound of Formula I with tritium gas in the

20  presence of a suitable catalyst, for example Pd/C, in the presence or absence of
a base. Other suitable methods for preparing tritiated compounds can be found

in Filer, Isotopes in the Physical and Biomedical Sciences, Vol. I, Labeled



10 channel . For exanpl e, one use of the |abel ed conpounds of the invention
is the characterization of specific receptor binding. Another use of the
| abel ed worppoea2ds of the invention is an alternative to &oirresh2/2s29si ng for
the evaluation of structure-activity relationships. The receptor assay is
performed at a fixed concentration of a |abeled conpound of Fornmula | and
at increasing 15 concentrations of a test conpound in a conpetition assay.
Tritiated conpounds of Formula | can -bfs prepared by introducing tritium
into the conpound of Fornula I by, for®exanple, catalytic dehal ogenation
with tritium This method includes reacting a suitably hal ogen- substituted

precursor of conmpound of Farnmulag I, ,mth tritiumgas in the 20 presence of
a suitable caf%m rsgp’,&f%f"” Fatipan er%d/ C,&VI I%I’ﬁlefiﬁ@mﬁ?%éﬁ%‘éb%lareaﬁ@%hﬁe of a

base. O her suwintphdylig swetitiostefias hpngparCrabbai tiated conmpounds can be found
in Filer, Isotopes_in the Physical and Bi onedi cal Sciences, Vol. 1, Label ed
WD 03/ 022276 PCT/ US§2/ S8oran iz?fa CBRpBGHEE [paRttona)wereh agsessed 6by 14C- | abel ed

conpounds can epetrpstgRilogfal¥ssa®NRl @YdoPidted t}ﬁ‘ﬁﬁoicﬁﬂpﬂ%ﬁlrohg IS %)%\édnp g a 14C
y

carbon. The conpounds of the present invention were assesse
el ect r ophysi ol°8gireblogdssasiyity.n These sompamdelalie ppid berpsyeddoronding or  sodi um

5 channel bl ogkeihc agdubibaf yvolta_&-&gerﬁﬁﬂﬂj%bmgﬁ a%gelc?lgﬁlng 0e %rse?iya ed for
ependent so el T at

bi nding to the neuronal yoltage- I um chan usl
forebrain nemsmiEss ardd HBHPBBX- B. Sodi um channel s are | arge transnenbrane

proteins that are g i i tissues. They are voltage sensitive
channel s and are reé%gﬁ:c?i eelsf%er Ya?éeot%{%%lerrna%%p foﬁeé?setégtearSFXI?{ﬁs-?e‘ger meabi ity
in response t & dujuk tissuesat Thep aesedtegateadtivi dhantdieardctd asp@eibRYo al i n many

the prosent | AyeaRSRSRoNE Gene By B ions Rendfnéfion S0t on of t he
conpounds her evith thesaiontpetndsl is pea fkeitabR-cellf aRAlnohe@R ke h§ve add Based upon
t he di scoverycé)rﬁiayclélfé. mechani sm these conpounds are

One aspect of the present invention is the discovery of the mechanism

of action of the compounds herein described as specific Na" channel blockers.

15 Based upon the discovery of this mechanism, these compounds are
contemplated to be useful in treating or preventing neuronal loss due to focal
or global ischemia, and in treating or preventing neurodegenerative disorders
including ALS, anxiety, and epilepsy. They are also expected to be effective
in treating, preventing or ameliorating neuropathic pain, surgical pain, chronic

20 pain and tinnitus. The compounds are also expected to be useful as
antiarthythmices, anesthetics and antimanic depressants.

The present invention is directed to compounds of Formulae I-VI that
are blockers of voltage-sensitive sodium channels. According to the present
invention, those compounds having preferred sodium channel blocking

25 properties exhibit an ICsy of about 100 pM or less in the electrophysiological
assay described herein. Preferably, the compounds of the present invention
exhibit an ICso of 10 uM or less. Most preferably, the compounds of the
present invention exhibit an ICso of about 1.0 uM or less. Substituted
heteroaryl compounds of the present invention may be tested for their Na*

30  channel blocking activity by the following electrophysiological and binding

assays.



contenplated to be useful in treating or preventing neuronal |oss due to
focal or global ischema, and in treating or preventing neurodegenerative
di sor der swoiono222@6 ng ALS, anxiety, and epil epsy. They arePprardasozgested to
be effective in treating, preventing or aneliorating neuropathic pain,
surgical pain, chronic 20 pain and tinnitus. The conpounds are al so
expected to be useful as antiarrhythm cs, anesthetics and anti manic
depressants. The present invention is zgrected t o compounds of Fornul ae
I-VI that are blockers of voltage-sensSitive sodi umchannels. According to
the present invention, those conmpounds having preferred sodi um channel

bl ocki ng 25 properties exhibit an | C50 of about 100 Mor less in the

el ectrophysi ol ogi cal assay descri bed herein. Preferably, the conpounds of

the present i rslediopbysioléél Bistayan | C50 of 10 Mor |ess. Mst preferably,

t he conpounds of the present iInvention exhibit an I C50 of about 1.0 M or

| ess. Substituted Enggeroarxl.cpggounds of the present invention nay be
tested for their NEHOPDRQIESE TEKi o 6T viot yPBFITE hBOF#YSoWE ng

el ect r ophysi olcogipoaids afithe pia3chit g enBGSBYB/beMOA D31A2IRAGIPEPHRA24 28298 - 26-
Electrophy§iot@%ical Assay: El ectrophysi ol ogi cal Assay was used to neasure
pot enci es of B OREECST the present invention rBlila/beta 1 sodium

channel s expr essed py ar@ioxagnmm OREIHESlonk FERF G AL (AR spcodi ng
cloned rat brain tzg?)kb (rBl'1a) and %efg 1 )61):(%%NA élonegﬁgncoding t he

rat brain bet#@e# & EhPPPMb@@mﬁﬁéﬁéﬂgThﬂﬁﬁ@u@@bﬂsﬂngb@ﬁawdam&mméthodsz and
by Dr A Gol Qeno{ e SRas® m i AL RGN Bh6PulBT 6t “s0c
in 1L ali quptr@ethndsj mRNy} exoiling 1BIlPrepaoaidedby Di. AcgyldasUMatiuer fenmal e
ronapte, | 300 SRR PRI e S BRSSPl
M, et al., Ml. 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
Pharmacol. 41:89-103 (1992)).
15 Two to six ovarian lobes were surgically removed. Oocytes at
developmental stages V-VI were dissected from the ovary, oocytes were still
surrounded by enveloping ovarian tissues. Oocytes were defolliculated on the
day of surgery by treatment with collagenase (0.5 mg/mL Sigma Type I, or
Boehringer Mannheim Type A, for 0.5-1 hr). Treated oocytes were vortexed
20 to dislodge epithelia, washed repeatedly and stored in Barth's medium
containing 88 mM NaCl, ] mM KCl, 0.41 mM CaCly , 0.33 mM Ca(NO3)y,
0.82 mM MgSOy, 2.4 mM NaHCO3, 5 mM HEPES, pH 7.4 adjusted with 0.1
mg/mL gentamycin sulphate.
Micro-injection of oocytes:  Defolliculated oocytes were micro-
25  injected using a Nanoject injection system (Drummond Scientific Co.,
Broomall, PA). Injection pipettes were beveled to minimize clogging. Tip
diameter of injection pipettes was 15-35 pm. Oocytes were microinjected

with approximately 50 nL 1:10 ratio mixtures of cRNAs for tBIla and beta 1

respectively.



Pharnzacol . 41:89-103 (1992)). 15 Two to six ovarian | obes were surgically
renoved. Qocytes at devel opnental stages V-VI were dissected fromthe
ovary, oowgtoas22ees e still surrounded by envel opi ng ovari 0TIUSSY 28298
Qocytes were defolliculated on the day of surgery by treatnment with
col | agenase (0.5 ng/nL Sigma Type |, or Boehringer Mannheim Type A, for
0.5-1 'hr). Treated oocytes were vortexed 20 to dislodge epithelia, washed
repeatedly and stored in Barth's nedium containing 88 nM NaCd, 1 nM KCl,
0.41 mM CaCl2,, 0.33 mM Ca(NO3)2, 0.87 mv MySH, 2.4 mM NaHCO3, 5 niV
HEPES, pH 7.4 adjusted with 0.1 nyg/nL gentanycin sul phate. Mcro-injection
of oocytes: Defolliculated oocytes were mcro- 25 injected using a Nanoj ect
i nj ection system (Dedhiieabntioser:eMempiage eyrent regpapserardre rgpgded imfregt i on
pi pettes vvereRggg% : 3,11 N i I t fz LR} ection
pi pettes was 15- géﬁ&%&)&agﬁé@é@eﬁwﬁf %fné\gt%’ g\?\n%t%ﬁ %%:I ’c;sx]%nfr%atel y 50 nL
1: 10 rati o m MBPPESSPBAf7.4 RBIAStriEﬂ:’re(chiih@ atd nllikQ[balsﬂqg al’n%)‘ﬁpﬁﬁfbhamww WO
03/ 022276 PCT/ US02/ 28298 -27 ec i ol ogy: ,Menbrane current responses
were recor dede]ieﬁtr‘%redﬁﬁagﬁ Hegap ( ?ﬂ%ﬁ%gﬁrﬂvﬁﬁ E%‘XWSS PRgIngeNgEer 15 mv Kal |
1.8 M CaC32, qbysniMlioWiaRESectd. 7THe reEbi@fie! dhamber 9604 AinlldS oWRIte fémde using a
conventional two-_ electrode voltage cla Dagan TEV-200) over periods
rangi ng bet we8fvilrpugh ghgraber o(vplyien §00-#)le8tli dpendhe ¢readivemest €hanber was a
sinple gravit ygfi@y). f |CR)\9§/tE§"rv@:¥@ 1S BR D {XOlaFe HhARer Qipiieq deRENdi Ng ON
r.

adj ustment of “aspirato Qocytes were placed in the recordi ng chanber,
i npal ed with eetegks adésomitiondy pemused 531 5 pek fniseld) (GthlHogRingerts 1 ) Wi th
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standard 1bol di ng psl@sir-abcdlofor Wt PG Gushd W r¥as The @aMart andar d
S Ol R O ol Bor hole pocyte tlamp v T50m . Staahad e @ St €PS
starting fromidmng poten oocyte clamp m urren
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
15  maximum current response was noted and used for the next voltage protocol.
The purpose was to find compounds that are state dependent modifiers
of neuronal sodium channels. Preferably, the compounds have a low affinity
for the rested/closed state of the channel, but a high affinity for the inactivated
state. The following voltage protocol was used to measure a compounds
20  affinity for the inactivated state. Oocytes were held at a holding potential of
—120mV. At this membrane voltage, nearly all of the channels would be in the
closed state. Then a 4 second depolarization was made to the voltage where
the maximum current was elicited. At the end of this depolarization, nearly all
the channels would be in the inactivated state. A 10ms hyperpolarizing step
25  was then made in order to remove some channels from the inactivated state. A
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

30  clampfit software (Axon instruments).



60nV to +50nV in I OV increnents. Peak currents were neasured as the
maxi mum negative current after depolarizing voltage steps. The voltage from
15 maxi mmwoaaneene response was noted and used for the nePCTMush2/28308
protocol. The purpose was to find conpounds that are state dependent
nodi fiers of neuronal sodium channels. Preferably, the conpounds have a
low affinity for the rested/closed state of the channel, but a high
affinity for the inactivated state. The follow ng voltage protocol was
used to nmeasure a conpounds 20 affinity for the inactivated state. Qocytes
were held at a hol ding potenti al of -120nV At this nenbrane voltage,

cl osed state. Then a 4 second

nearly all of the annel ZV woul ' EH .
depol ari zati on was e the BPatr%ﬁje o copdarinximuiilee r 6t was
elicited Al the &ﬂgs%erghae%mgﬁ,%g'@&h%&egfl@gqom@%ﬁl%oﬁ' Jata SRR NS] s would

belnthelnactlvated state arizing step °t hen nade
in order to rdpdeeng @m@twh@]g@bsihfmd)fmnméther@l@g%?aﬁmff @qtlﬁicﬁ) (L,%ff final

depol ari zi ng teshy P‘d}l %ug\?gf%e& 48. ﬁﬁfg%ﬁﬁhe sodiumcurrent after this

prol onged depol arization eé ana ysi S Sodi um currents were
measured ats this test pulse before and after the application of the tested
conpound. Data was acqukged(Hsi-#8){dughp 8.0 sof twarg.and anal yzed with 30
clanpfit software (Axon instrunments). WO 03/022276 PCT/ US02/28298 -28 Data
anal ysis: Apparent inhibition constants (Ki values) for antagonists were

det er mi ned fr onhat Pglie tiRofrattiohdd hésBbisk @QRd ﬂﬁieﬁn&tﬁéﬁﬂ)dfﬁ?cmf&{ lali:bwe@g equati on
(a generali ze form f the Cheng-Prusoff equatjion) (Leff P. and I. G

Dougal |, Ti PS ¢ fingh derolaggp test gulge prior tpRpplcafiny of thedrugyfivided | Where FR

is the fraoti atlhe rs@cﬁﬁlﬁ”&ﬁreﬁﬂ"ﬂleésﬁw‘aeﬁl' th€ 16%&10%%%1{% r(rg ﬂ%] gl¢ ggl ted from
the final depolarizing test pulse prior to applicatio rug divided

10 by the sodicOpseBtdtioa ot theekiagivsed i n the presence of the drug. [drug] is
the concentrationpfed bgydrige Hﬁt%ily 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 pM to 10 mM - depending upon the potency of the compound.
15 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

membrane current responses. DMSO stocks of drugs were stored in the dark

at 4 9C. Ringer solutions of drugs were made up fresh each day of use.
20  Invitro Binding Assay:

The ability of compounds of the present invention to modulate either
site 1 or site 2 of the Na* channel was determined following the procedures
fully described in Yasushi, J Biol Chem. 261:6149-6152 (1986) and

25 Creveling, Mol. Pharmacol. 23:350-358 (1983), respectively. Rat forebrain
membranes were used as sources of Na* channel proteins. The binding assays
were conducted in 130 uM choline chloride at 37°C for 60-minute incubation
with [3H] saxitoxin and [3H] batrachotoxin as radioligands for site 1 and site 2,
respectively.

30



Drugs: Drugs were initially made up at concentrations of 2-10 nMin DMO.
Dilutions were then nade to generate a series of DMSO stocks over the
range 0. 3wbloB02220 mM - dependi ng upon the potency of the ®ocmpsonzk2€5

Wor ki ng sol utions were nmade by 1000-3000 fold dilution of stocks into
Ringer. At these dilutions DVSO alone had little or no neasurable effects
on nenbrane current responses. DMSO stocks of drugs were stored in the
dark at 4 C. Ringer solutions of drugs were nade up fresh each day of use.
20 In vitro Binding Assay: The abilit" Yof conmpounds of the present
invention to nodul ate either site 1 or site 2 of the Na+ channel was
determ ned fol | ow ng the procedures fully described in Yasushi, J Biol.
Chem 261: 6149 gv%Phamegd9eyand 25 Crevel i ng, Mol . Pharmacol . 23: 350- 358
(1983), respectively. Rat forebrain nmenbranes were used as sources of Na+
channel proteins. The binding assays were conducted in 130 M choline
chloride at 37C foifh§Gombennde of e bisdnpinvepiiorhnfag e tseird faximnvizhd [ 3H)

bat r achot oxi n r. si d. r ly. 30 WO
03/ 022276 Pdﬁ%%ﬁ??@?%é‘g%%a@ 5; é'%' é’hg? r@é‘ft%nzusm?hg%g‘gl%ﬂoéﬁds of the

pr esent [ n\ientanMnmyanb&sﬂsestr&@ fm:lrudmug the mxmmm ¢1ccmmvh,d0kamzura¢¢st vity after
i.Vv., i ect|o Si.n Jant] S tests in
mce, i ncI udi r@gﬂﬁpﬁe Iﬂ%%nﬁﬁrﬁ’ &t é)él?o%ssﬁ%urﬁs gveefezllflrdgc eléltmclﬁ/g\éu‘ %(I mum

el ectroshock seiighiiebetiednel 3-20g asd malt SphacNBAvier e weighighiboigvelxet ween 15- 20
g and mal e Spr ey.rats i ghi ng be n . 200- b plication
of current (5@08&‘35%8]3 Eﬁlpél roggd cuey (%QJEA%‘FBBISC ﬁ'tz(ﬁg “%e%)éﬁl%‘gurati on,
D.C., mce; 99%imh, 1126 cﬂatalnsﬁ%&eeml& 89 MBRC1 PPUpsseshee, i.8lindkec pusec duration,

D. C., rats) using a Ugo Basi I'e ECT device (Nbdel 7801) re
rest rai ned by V@‘ﬁ%pﬁl 15§ durEonoBle: Y 1sE & Hep rBagids sS4l gfif’ﬁ‘fea@é ‘}Ngnd

sal i ne- coat ed RANMce FleRGLLRHRE bWRFLiEpIAEHE 16ds8 Bkih Yon AR dbBdal §iiacé WO COr neae.
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
15  to 30 seconds for the occurrence of a tonic hindlimb extensor response. A
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 compounds may be tested for their antinociceptive activity in the
formalin model as described in Hunskaar, S., O. B. Fasmer, and K. Hole, J.
20  Neurosci. Methods 14: 69-76 (1985). Male Swiss Webster NIH mice (20-30
g; Harlan, San Diego, CA) were used in all experiments. Food was withdrawn
on the day of experiment. Mice were placed in Plexiglass jars for at least 1
hour to accommodate to the environment. Following the accommodation
period mice were weighed and given either the compound of interest
25  administered i.p. or p.o., or the appropriate volume of vehicle (10 % Tween-
80). Fifteen minutes after the i.p. dosing, and 30 minutes after the p.o. dosing
mice were injected with formalin (20 pL. of 5% formaldehyde solution in
saline) into the dorsal surface of the right hind paw. Mice were transferred to
the Plexiglass jars and monitored for the amount of time spent licking or biting
30 the injected paw. Periods of licking and biting were recorded in 5 minute

intervals for 1 hour after the formalin injection. All experiments were done in



Rats were allowed free movement on the bench top and ear-clip el ectrodes
were used. Current was applied and animals were observed for a period of up
15 to 30 wowmamnekz76 or t he occurrence of a tonic hindlinb epCcansor2aesponse.
A tonic seizure was defined as a hindlinb extension in excess of 90
degrees from the plane of the body. Results were treated in a quantal
manner. The conpounds may be tested for their antinociceptive activity in
the formalin nodel as described in Hupskaar, S., O B. Fasner, and K
Hole, J. 20 Neurosci. Methods 14: 69- (1985). Male Swiss Webster N H
mce (20-30 g; Harlan, San Diego, CA) were used in all experinents. Food
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phase of the forma&chom %uﬁlo%glgy\}@ﬁgesﬁgd‘éﬁagﬁ genfl'fﬂcg treapanf 8 pet ween

0-5 minutes, @&hobnichpaih afastiallohpse anasaniibgetilgdict E@Mtﬂe@- 50 18 WHLES -
oups were anal yzed by
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significant. Iﬂamzrzg gagdré Whdsthetized vathokkdtREhe (N8 BGHLEnRARE SEAPHIPhase of
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then made at the L and L6 level and the para-vertibral muscle groups

15 retracted bilaterally. L5 and L6 spinal nerves were then be exposed, isolated,
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.

Tactile Allodynia: Rats were transferred to an elevated testing cage
with a wire mesh floor and allowed to acclimate for five to ten minutes. A

20 series of Semmes-Weinstein monofilaments were applied to the plantar
surface of the hindpaw to determine the animal’s withdrawal threshold. The
first filament used possessed a buckling weight of 9.1 gms (.96 log value) and
was applied up to five times to see if it elicited a withdrawal response. If the
animal had a withdrawal response then the next lightest filament in the series

25 would be applied up to five times to determine if it could elicit a response.
This procedure was repeated with subsequent lesser filaments until there was
no response and the lightest filament that elicited a response was recorded. If
the animal did not have a withdrawal response from the initial 9.1 gms
filament then subsequent filaments of increased weight were applied until a

30 filament elicited a response and this filament was then recorded. For each

animal, three measurements were made at every time point to produce an



10 nodel of peripheral neuropathy. Ml e Sprague-Daw ey rats wei ghi ng

bet ween 200-225 g were anesthetized with hal othane (1-3 %in a m xture of
70 % ai r wand/o302766 oxygen) and their body tenperature contcalusez2sios i ng
anesthesia through use of a homeotherm c bl anket. A 2-cm dorsal mdline
incision was then made at the L5 and L6 |evel and the para-vertibral
muscl e groups 15 retracted bilaterally. L5 and L6 spinal nerves were then
be exposed, isolated, and tightly Iigglt_ed with 6-0 silk suture. A sham
operation was performed exposing the Tontralateral L5 and L6 spinal nerves
as a negative control. Tactile Allodynia: Rats were transferred to an

el evat ed t est i RG,62%6Hmu ine nmesh floar and allowed to acclimate for
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t hree measure @ breipedisidea stopweteh gnd arhitraplyi gitert owith@awsRimOo MO 03/ 022276
PCT/ US02/ 28298.5 sed3dndVElA 1 | t-hreshol d determ nation. Tests were
perforned prior to nand_ atgﬁefgyb(%@g% fegnd O%Afleﬁrc?tﬁ?tbmp@é‘{na r BG4 st rati on.
Tactil e al | od§Fisgetaind witkdiwali cabonhy per tik geishad teslls, Wel ensamduct ed
concurrently. Neghani al gesi a: ts were transferred to an el evated
testing 5 cage WIQ'?E? tgﬁéwo%g(rgréecg A ‘fv%solf*se‘iﬁ%la é‘FtP%\X}é‘&F‘thth@réWFﬂriaﬂ@ for five to
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of the hind - : :
PaWith a five-minute recovery period between applications. The three measures

15 were used to generate an average withdrawal time for each time point. Tactile
allodynia and mechanical hyperalgesia tests were conducted concurrently.

The compounds may be tested for their neuroprotective activity after
focal and global ischemia produced in rats or gerbils according to the
procedures described in Buchan et af. (Stroke, Suppl. 148-152 (1993)) and

20 Sheardown et al. (Eur. J. Pharmacol. 236:347-353 (1993)) and Graham ef al.
(/. Pharmacol. Exp. Therap. 276:1-4 (1996)).

The compounds may be tested for their neuroprotective activity after
traumatic spinal cord injury according to the procedures described in Wrathall
et al. (Exp. Neurology 137:119-126 (1996)) and Iwasaki et al. (J. Neuro Sci.

25 134:21-25 (1995)).

Compositions within the scope of this invention include all
compositions wherein the compounds of the present invention are contained in
an amount that is effective to achieve its intended purpose. While indiw;idual
needs vary, determination of optimal ranges of effective amounts of each

30 component is within the skill of the art, Typically, the compounds may be

administered to mammals, e.g. humans, orally at a dose of 0.0025 to 50



causing a dinpling of the skin w thout penetrating the skin. Adm nistration
of the needle to control paws typically produced a quick flinching

reacti on,womg/2xzhert to be tined with a stopwatch and ar biPCTAarsn?/g8298 ven a
wi thdrawal tine of 10 0.5 second. The operated side paw of neuropathic
animal s exhi bited an exaggerated w thdrawal response to the blunted
needle. A maximum w thdrawal tinme of ten seconds was used as a cutoff
time. Wthdrawal tines for both paws of the aninmals were neasured three
times at each tinme point wth a fiveM hute recovery period between
applications. The three neasures 15 were used to generate an average
withdrawal tinme for each tine point. Tactile allodynia and nmechani cal

hyper al gesi a tB¥F& (Pl Balsat arroeynely theepharpacenhicdlly ormseniplde ssly be t est ed
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conponent 1i s wthipn the skil| of the art. Typically, the conpounds nay be
adni ni sterdd to marhaMgt Oé%fJ.OS%mr@,mpaﬁ%ﬁW ghoup 09 ste abputn3OR5 to 50 WO

03/ 022276 PCThté8624128B88 0.1- 32668 ng BF tHERSEMIAI TBRLLATR t he
pharmaceutical |y, acceptabl e salt thgéreof , 0pgr day ofunt he%g‘@&\z\ei ght of

the mammal beiaﬁ‘&infﬁt%_ g ‘Pro‘_i‘ml@ﬁim@p@w as peRploEeycAdpts tehshecaliasEns €S,
anesthetic, afiohyhbitag.1 NBNidourapr %&Neﬁi@nﬂ}a@gou‘[ 0.25 to 50 mg of the

compound or its solvates.

15 In addition to administering the compound as a raw chemical, the
compounds of the invention may be administered as part of a pharmaceutical
preparation containing suitable pharmaceutically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the
compounds into preparations which can be used pharmaceutically. Preferably,

20  the preparations, particularly those preparations which can be administered
orally and which can be used for the preferred type of administration, such as
tablets, dragees, and capsules, and also preparations which can be
administered rectally, such as suppositories, as well as suitable solutions for
administration by injection or orally, contain from about 0.01 to 99 percent,

25  preferably from about 0.25 to 75 percent of active compound(s), together with
the excipient.

Also included within the scope of the present invention are the non-
toxic pharmaceutically acceptable salts of the compounds of the present
invention.  Acid addition salts are formed by mixing a solution of the

30 particular heteroaryl compound of the present invention with a solution of a

pharmaceutically acceptable non-toxic acid such as hydrochloric acid, fumaric



pain. For intramuscular injection, the dose is generally about one-half of
the 5 oral dose. In the nethod of treatnent or prevention of neuronal | oss
i n gl obalwandin2R2ecal ischem a, brain and spinal cord traural/usypeseds,

hypogl ycem a, status epilepsy and surgery, the conpound can be

adm ni strated by intravenous injection at a dose of about 0.025 to about
10 ng/ kg. 10 The unit oral dose may conprise from about 0.01 to about 50
ng, preferably about 0.1 to about 10 ng of the conmpound. The unit dose nmay
be adm nistered one or nore tines da1'3l3y as one or nore tablets each
containing fromabout 0.1 to about 10, conveniently about 0.25 to 50 ng of
the conmpound or its solvates. 15 In addition to adm nistering the conpound
as a raw cheniagig} maleigeacids spgsBniherad. geeticrsid, gifenhedidriataie dsisl. aathome st ered as
part of a phaniResibhile o SRANALLANEANGAAL Nid® Uhd M Aphprgreeut fcal 1y
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capsul es, and aciiso Eﬁ)&g%rat&t%nﬁ whi ch can be admnistered rectally, such
as suppositoriS% UMSEORETT PHsE %(et'able solutions for admnistration by

i njection or orall fhe cphirgiateuitad M cdh@usitiéhsOloft ahO9 irpentt@nt ma2Sber ef er abl y

fromabout 0.25 to 75, percent. of active canmpound(s together with the
exci pi ent. Al SOTFPEHENAW FHRA Tthﬁtemg%ﬁ’ﬁjéng‘%ett eegif{f’gglé‘h%?‘?cﬁ/‘éf fon are the

non- toxic phabfpesuds iofahd Mlv&ﬁfbﬁptlaﬁérﬁos‘é@hlbﬁ% Qhcht HEmEIeHROHARS0{ t he
present inventign. Acid addition salts are forned by m xing a solution of

the 30 partfi cigarupersAbagugh thegnysstiorisapt ntsadytadese limsent ion with a

sol ution of a pharfagabhisalicy aGaSRERRE & MRNHER%] CndGidn SHENbaS
hydrochl oric acid, fumaric WO 03/022276 PCT/ USBZ/ 28298 -33
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

15  concurrently, administration may be by the oral route. The dosage
administered will be dependent upon the age, health, and weight of the
recipient, kind of concurrent treatment, if any, frequency of treatment, and the
nature of the effect desired.

The pharmaceutical preparations of the present invention are

20  manufactured in a manner which is itself known, for example, by means of
conventional mixing, granulating, dragee-making, dissolving, or lyophilizing
processes. Thus, pharmaceutical preparations for oral use can be obtained by
combining the active compounds with solid excipients, optionally grinding the
resulting mixture and processing the mixture of granules, after adding suitable

25  auxiliaries, if desired or necessary, to obtain tablets or dragee cores.

Suitable excipients are, in particular, fillers such as saccharides, for
example Jactose or sucrose, mannitol or sorbitol, cellulose preparations and/or
calcium phosphates, for example tricalcium phosphate or calcium hydrogen
phosphate, as well as binders such as starch paste, using, for example, maize

30  starch, wheat starch, rice starch, potato starch, gelatin, tragacanth, methyl

cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose,



acid, maleic acid, succinic acid, acetic acid, citric acid, tartaric acid,
carbonic acid, phosphoric acid, oxalic acid, dichloroacetic acid, and the
| i ke. Baswo 03p2d2t6¢ are' formed by m xing a solution of theChaiSer/zsey |
conmpound of the present invention with a solution of a pharnmaceutically
accept abl e non-toxic 5 base such as sodi um hydroxi de, potassi um hydroxi de,
chol i ne hydroxi de, sodium carbonate and the |ike. The pharmaceuti cal
conpositions of the invention may be mnistered to any ani mal that may
experience the beneficial effects of thhe® conmpounds of the invention.
Forenost anong such animals are mammal s, 10 e.g., humans, although the
invention is not intended to be so limted. The pharnaceutical conpositions

of the present® QL BNYVER Paipligene. Jddesiied drinigemsiing peenisansisbe #ided achi eve

their intendeduplEPRR bolmeIABPs@rchePHH NS Edfr%)!.yﬁﬂt}fﬁé(taﬁﬁ, Qysspar enteral ,
subcut aneous, intravenous, intramuscular, intrapéritoneal, transdermal, or

buccal rout es linke¢ ephiginyleyriplidete, rgarconeainicesnid g1 asdiiterety ach en may be by
the oral routeguylhe dasage ARGl Sa&gr%gvg\‘ A fﬁ%\/-gglglgﬁgﬁe %%enlgso Qngt he age,

heal th, and weight of the reciprent, kind of concarre reatnent, if any,
frequency of tlrlsenentor exathpleheilicaatals eteafic tahid ef faist theest, rsech aThe

phar maceuti cal ERa, igps of i t ent ., invention are .20 manufactured
in a nmanner V\kﬁl%ﬁ I'S %%ese Orkgr?(l)c\t}\lngg S%(%rr%%éﬁa(%dr/r%fl %O?yetﬁfi}’?erl?geﬁ%c%f Bra(;gS?‘lventi onal
m Xi ng, gr anulcates ag, providgeeitmakinblg coadingsthhty ifdggiredrs art yesitant foZesic processes.
Thus, pharnacgy%kga%op%ﬁgarations fo can be obtajned b

) étpéal Ese y
conbi ni ng t he "AcYT va 't SHpSIHIES WPRHIEEPT J2osRaidsi Siietons dbay Bhafidy” gri ndi ng
the resulti ngvhitixtmay epasndllprconeinsiungatbie, ficx polyeingll p@fotidbhepolyal t er addi ng

sui tabl e 5 ayxiliarie i, f .desired qr .necessary, to obtain tablets or

dr agee corlés. eg].){;letnﬁlg[yéoé%{ P HERTD E‘P’él,ge’il?FqB%rrsf’ﬁ%‘BPs_a"rnfi Pilereaitch as
sacchari des, fsolvent@¥asRvet hahRs e nPird&Us fasRice BEALY Rbiseht 5Qadit ol ,

cel lul ose preparations and/or, cal cium phosphates, for exanple trical cium

phosphate or d¥Fe dHGHr Bhertablsnerdiyioat ererastigey Fudisahperideadiulseh as starch
e
pigments may be added to the tablets or dragee coatings, for example, for
15  identification or in order to characterize combinations of active compound
doses.
Other pharmaceutical preparations which can be used orally include
push-fit capsules made of gelatin, as well as soft, sealed capsules made of
gelatin and a plasticizer such as glycerol or sorbitol. The push-fit capsules can
20  contain the active compounds in the form of granules which may be mixed
with fillers such as lactose, binders such as starches, and/or lubricants such as
talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the
active compounds are preferably dissolved or suspended in suitable liquids,
such as fatty oils, or liquid paraffin. In addition, stabilizers may be added.
25 Possible pharmaceutical preparations, which can be used rectally,
include, for example, suppositories, which consist of a combination of one or
more of the active compounds with a suppository base. Suitable suppository
bases are, for example, natural or synthetic triglycerides, or paraffin
hydrocarbons. 1In addition, it is also possible to use gelatin rectal capsules

30  which consist of a combination of the active compounds with a base. Possible



cel l ul ose, hydroxypropyl met hyl cel | ul ose, sodi um car boxynet hyl cel | ul ose, WO
03/ 022276 PCT/ US02/ 28298 -34 and/or polyvinyl pyrrolidone. |If desired,
di si nt egrwDiong®2220€nt s may be added such as the above- nentPConsd2/s298 ches

and al so carboxynet hyl -starch, cross- |inked polyvinyl pyrrolidone, agar,
or alginic acid or a salt thereof, such as sodiumalginate. Auxiliaries
are, above all, flowregulating agents and 5 lubricants, for exanple,

silica, talc, stearic acid or salts thereof, such as nmagnesium stearate or
cal cium stearate, and/or polyethylené*ﬁrycol. Dragee cores are provided
wWith suitable coatings that, if desired, are resistant to gastric juices.
For this purpose, concentrated saccharlde sol uti ons be used, which may
optional |y compsimatgik Belae dor example, Boiq yiahiperidpy P%}/qﬂééw@ glysslsy 10

et hyl ene glycgl ﬁg@ﬁg&d&k&@&hun1d|OX|de | acquer sol utions and suitable
organic solvenps or Solvent mixtures. In order to produce coatings
resistant to gastrStitabjayfeamglatigen {ori perentesdl %dmltllémt@ﬂc]élplludqﬂ @g¢cops epar at i ons
such as acetyl I gm%@; I ose
pht hal at e, arégﬁg&%(9§§3mgp&?@éa%ﬁdgflgﬁg%ts may Eﬁﬁﬁﬁgék#%e tabl ets or
dr agee coaﬁlngsmbkowh@nahpkemxﬁ@mﬂﬁﬁs|demﬂmmpmanﬁmmﬁgnsDﬁﬂwnﬁeweto
characterize Col’ri'rlbllp%ts as 4] ro I‘l%e 011 1 eCTEEEl US nsmns ay . be ac?mmppar maceut i cal
preparations WhieR Can bgp g glﬁ& ct EF rIhyflt capsufes made of

gel atin, as wsitalds 11§®;ihihc sobahte dr szamleﬁ 1ﬁsludiﬂaﬂﬁy (Dﬂs fogedxaiple, sRagna
plast|C|zer sug h as |to The push-fit c es can 20
Pontai n the adth GoSoBbTHaLe EsERe rRATBE: GPAHURES OWHEBRETHS e i xod
with fillers $dpbthgknt aBtels@O (tendenpsusddcie adulgé afpbesa,oomelq\mub ubricants

such as talc . or ymagnesi um stearate and optlquIIy, abi |l izer In soft
capsul es, ¥he MgHOP\ESREBHMSURY S CoRfadn EHbé BeepTChnsSaieVRY ViSFosky & ended in

sui tabl e |i quites suspsidfel, &&1hﬁhﬁ¥:%k%§mnﬁé ddeihh aak@hdihyl- cellmogddi ti on,
stabilizers nmay be added. 25 Possib arnaceutlcal preparations, which

can be used r &efEpPL yand/gr ndgxtiae p@m@ka PR SUSPERTYS iTRAYT A8e, CAiEh consi st
of a conbi natispp;9f,cone or nore of the active conpounds with a supposi tory
base. Suitable suppository

The following examples are illustrative, but not limiting, of the method

15  and compositions of the present invention. Other suitable modifications and
adaptations of the variety of conditions and parameters normally encountered
in clinical therapy and which are obvious to those skilled in the art are within

the spirit and scope of the invention.



bases are, for exanple, natural or synthetic triglycerides, or paraffin
hydr ocarbons. In addition, it is also possible to use gelatin rectal
capsul es 8O0 oadozx2h6 consi st of a conbination of the active ecwusonzRIsMv th a
base. Possible WD 03/022276 PCT/ US02/ 28298 -35 base materials include, for
exanple, liquid triglycerides, polyethylene glycols, or paraffin
hydr ocarbons. Suitable formnmulations for parenteral adm nistration include
aqueous solutions of the active conpounds in water-soluble form for
exanple, water- 5 soluble salts and arR&rine solutions. In addition,
suspensi ons of the active conpounds as appropriate oily injection
suspensi ons may be adm nistered. Suitable |ipophilic solvents or vehicles
include fatty oils, for exanple, s PLEill | or synthetic fatty acid
esters, for exanple, ethyl oleate or triglycerides or polyethylene
gl ycol -400 (the coRpdudbucasesdy)hleyljpy iRaGs 48@bxy AGRACUAN-10 i nj ection
suspensi ons may contain subst apgesdisp)&hylbieense the viscosity of the
suspensi on, and include, for exanple, sodium carboxynethyl cellul ose,
sorbitol, and/or dextran. Optionally, the suspension may al so contain
stabilizers. The foll oW ng exanples are illustrative, Gut nqg;ﬂiniting, of
the method 15 and| s tions it he present iﬁﬁfzxﬂgnr\cw sui tabl e
nodi fications an Aa pt ati ons of —the—variety of donditiions and paraneters
normal Iy encount&red in clinical EQgQ§E2>and whi clare obvious to those
skilled in the art gre within the—spir+¥ and scope of the invention. WO
03/ 022276 PCT/ US02/ 28298 -36 EXAMPLE | 2
2-[ 4- (4- Fl uor ophenoxy) phenyl ] pyri di ne 5-carboxylic acid 2-(N
piperidinyl)ethylagide (3) 00 OHHOBT, DC, DMV CA H-\i N
Pd(PPhg), 0

K2CO3 | XN
H

DME, H,0 F N
0

~N

3

5 a) 2-Chloropyridine-5-carboxylic acid 2-(N-piperidinyl)-
ethylamide (2): To a solution of 6-chloronicotinic acid (1) (3.9 g, 24.8 mmol)
and 1-(2-aminoethyl)-piperidine (3.3 g, 26.0 mmol) in DMF was added N-
hydroxybenzotriazole (HOBt) (3.4 g, 24.8 mmol) and 5-(3,4-dimethyl-1-
triazenyl)-1H-imidazole-4-carboxamide (DIC) (3.1 g, 24.8 mmol). The
10 reaction mixture was allowed to stir 24 hours at ambient temperature. The
reaction mixture was diluted with dichloromethane, and water was then added.
The phases were separated, and the aqueous phase was extracted twice with
dichloromethane. The combined organic phases were dried over sodium
sulfate. The solution was filtered and concentrated to give compound 2 as a
15 pale-yellow solid. Purification of compound 2 was then carried out by silica

gel chromatography.

b) 2-[4-(4-Fluorophenoxy)phenyl]pyridine 5-carboxylic acid 2-
(N-piperidinyl)ethylamide (3): To a solution of compound 2 (536 mg, 2.0
mmol) in 1,2-dimethoxyethane (6 mL) was added 4-(4-fluorophenoxy)phenyl

20  boronic acid (557 mg, 2.4 mmol), followed by water (2 mL) and potassium
carbonate (746 mg, 5.4 mmol). Pd(PPhs), (92 mg, 0.08 mmol) was added to



C NHN-N/ C T\ ) 2 Pd(PPh3)4 OK2COB F I j N'-'N DVE, H20/ N R\
(B(oHH)2 \' I O O3 5 a) 2-Chloropyridine-5-carboxylic acid

2- (N pi pewpdBngyd2ye et hylam de (2): To a solution of 6-chl @econisentd2es c aci d
(1) (3.9 g, 24.8 mol) and |-(2-am noethyl)-piperidine (3.3 g, 26.0 mvl)
in DMVF was added N- hydroxybenzotriazole (HOBt) (3.4 g, 24.8 mol) and
5-(3,4-dinethyl-I- triazenyl)-1H i m dazol e-4-carboxamde (DIC) (3.1 g, 24.8
nmol ). The 10 reaction m xture was allé)%/ved to stir 24 hours at anbient
tenperature. The reaction mxture was diluted with dichloromethane, and
wat er was then added The phases were separated, and the aqueous phase was
extracted tvm or gnet hane. The conbi ned organi ¢ phases were

|
dried over a%”‘%‘{ﬂ afngtg ¢ regehlongRIxiG WAS Deadedfat 186 8¢ dar Enboucomuent r at ed t o

gi ve corrpoundaﬁ aﬂ@natrﬂ&pn@bem@ké OtbrSAlde wWabG . und 2 was
then carried gut 5| lica gel chr ot oeg?a yl'lcfdée)ﬁ% rQrAh 5OTRP

2-[4- (4- Fl uor é PHEssPrveas srpamtedalboryderes pobawas extracted

N- di nyk Ak d 2 36 , 2.0
Mot} in 13 %I.eie?lhi‘%“’é‘?ﬁ‘éﬁ??g@ P e ] o RS e k) pheny! 20

boronic ac % d PBEFOfYm Splfate hhe §Olutfqyll Wa;vﬁétstrddycomerﬂnate(dZamﬂ_theramdm&Dt assi um

bonate (74 dded to WO
03/ 022276 PCT) USg2) Sa0n ok S7eh PRE el 2o R Pu R B RoA ur e vas

heated at 85 ©2f dheniGuigsupy neidra ganchangangaphyds fHaNMR Toe Nre@ct i on
m xture was a d erature, and the phases were
et [Re gl e SRR bl RS 055 (5. 2%

separ ated. The aqueo
Hz), 3.58 (t, 2H, J = 5.8 Hz), 7.04-7.11 (m, 6H), 7.21 (bs, 1H), 7.78 (d, 1H, J
10 =8.3Hz), 8.03 (d, 2H, J= 8.8 Hz), 8.22 (d, 1H, J=8.3 Hz), 9.04 (s, 1H).
The following compound was prepared similarly except that 5-

bromonicotinic acid was used instead of 6-chloronicotinic acid in step a):

N\ N
l HOBT, DIC, DMF AN
Br = OH I = H
0 N ) Br TN
4 HzN—/_ @]
5

Pd(PPhg),

N
KoCO4 _ ) w
DME, H,0 \©\ \/\f‘O
o o

feWons.
6

5-[4-(4-fluorophenoxy)phenyl]pyridine 3-carboxylic acid 2-(N-

15 piperidinyl)ethylamide (6): 'H NMR (400 MHz, CDCL): & 1.48 (bs, 2H),

1.59-1.64 (m, 4H), 2.47 (bs, 4H), 2.60 (t, 2H, J = 6.1 Hz), 3.58 (t, 2H, J= 5.7

Hz), 7.03-7.11 (m, 6H), 7.32 (bs, 1H), 7.59 (d, 2H, J = 8.6 Hz), 8.35 (t, 1H, J
=2.2 Hz), 892 (d, 2H, J= 2.1 Hz).




three tines with ethyl acetate, and the conbi ned organi c phases were dried
5 over sodiumsulfate. The solution was filtered, concentrated, and then
filtered wowan227bed of florisil to give crude conmpound 3PCParsni/2g2e4 i on of
conpound 3 was then carried out by silica gel chromatography. 1H NVR (400
MHz, CDCI3): 6 1.27 (bs, 2H), 1.50-1.66 (m 4H), 2.48 (bs, 4H), 2.61 (t,
2H, J= 6.0 Hz), 3.58 (t, 2H, J=5.8 Hz), 7.04-7.11 (m 6H), 7.21 (bs, 1H)
7.78 (d, 1H J 10 = 8.3 Hz), 8.03 (d, 2H J= 8.8 Hz), 8.22 (d, 1H, J= 8.
Hz), 9.04 (s, 1H). The foll ow ng conpothd was prepared simlarly except
that 5- brononicotinic acid was used instead of 6-chloronicotinic acid in
step a): NHOBT, DICC DM NH Br OHN N Br-"Ng OH2N-/_ O5 Pd(PPh3)4 N

K2C03 H -~ F/ N DME, H20 ~ FERABIYH2 0o o6
5-[4- (4-fl uorophenoxy) phenyhdiByydneh édm&arca%ya{ﬂuee@%d 2-(N- 15
pi peri di nyl ) ethyl am de »( )rértéﬂtﬁ%nﬁ%ﬁdmwa% )1 48 (bs, 2H),

57 oy, 7037 11 (m ceny it Sboamia G 3 %70 L), %6 a5
(t, 1H 3 = 2.2 H), 853@,_83 g iyyrfg‘ih&em Omlgﬁféﬁzzm PCT/ US02/ 28298

-38 2-(4- Tr1ﬂuoromethoxyphenyl)pyndlne -4-carboxamide (8f)
2-(4-Methoxyphenyl)pyridine-4-carboxamide (8g)
2-(4-Ethoxyphenyl)pyridine-4-carboxamide (8h)

Pd(PPha)4 OsNH,
Oy -NH2 . KyCOj
R
I AN DME, HQO | N/
< B(OH)
Cli N 2
O '
7 8
a R=0Ph e R=iPr
b R = tert-butyl f R=0CF;
¢ R=Ph g R =0Me
10 d R =n-butyl h R=O0Et

Compounds 8a-8h: To a solution of compound 7 (536 mg, 2.0 mmol)
in 1,2-dimethoxyethane (6 mL) was added the appropriate phenyl boronic acid
(2.4 mmol), followed by water (2 mL) and potassium carbonate (746 mg, 5.4
mmol). Pd(PPhs)s (92 mg, 0.08 mmol) was added to this mixture, and the
15  reaction mixture was heated at 85 °C for 16 hours under an argon atmosphere.
The reaction mixture was allowed to return to ambient temperature, and the
phases were separated. The aqueous phase was extracted three times with
ethyl acetate, and the combined organic phases were dried over sodium
sulfate. The solution was filtered, concentrated, and then filtered over a bed of
20  florisil to give crude compounds 8a-8h. Purification of compounds 8a-8h was
then carried out by silica gel chromatography.
2-(4-Phenoxyphenyl)pyridine-4-carboxamide (8a): 'H NMR (400
MHz, CD3;0D): & 7.03-7.15 (m, SH), 7.33-7.41 (m, 2H), 7.62 (d, 1H, J= 5.1
Hz), 7.95 (d, 2H, J= 8.7 Hz), 8.14 (s, 1H), 8.69 (d, 1H, J= 5.1 Hz).



EXAMPLE 2 2- (4- Phenoxyphenyl ) pyri di ne- 4- car boxanm de (8a)

2-(4-tert-Butyl phenyl)pyri di ne-4-carboxam de (8b)

2- (4- Phenybphwezapig pyri di ne- 4- car boxam de (8c) 5 PCT/US02/28298

2- (4-n-Butyl phenyl ) pyri di ne- 4- car boxani de (8d)

2-(4-1-Propyl phenyl) pyridi ne-4-carboxam de (8e)

2-(4-Trifluoronet hoxyphenyl)pyridi ne-4-car ?gx;am de (8f)

2- (4- Met hoxyphenyl ) pyri di ne- 4- car boxanj de g

2-24- Et hoxyphenyl ) pyri di ne- 4- car boxam te (8h) Pd(PPh3)4 0 NH2 O NH2 K2CO8
DME, O~ N C NB(OHH2 RBR 7 8 a R=CPh e R=i-Pr b R8: tsﬁrt:rbutyl f R
= OCF3 ¢ R=Ph R= 0 R= n-butyl h R=CEt Conpounds 8a-8h: To a

sol ution of corrgou%%e"(‘%@?%?y@y@d‘ﬁﬁﬁr%arbo?‘?fmﬁ?Zﬁgﬁne%)?%f%tQl‘}lﬁele Ei 6bm—)
was added the MERIGIDOIE & IRNERYH)DREPM. eHagLa 6 1 ;6‘.3% u foklowed by
water (2 nmL) and pot asF?i um cg(%don)ate 56746 ny, 5.%1) : Pg}j(ﬁléﬁBM (92 nmg,
0.08 mml) was - ad8ed 8 & 2H: &=iodnr 82083d (mh&HL 8. 77e8t (o Hyi xt ur e was

Xt ure vas all owed (5 s orcie i HEHRE A AT T Sk AR LS L0t ver e
separ at ed. SThé-Ta@loés7 phagsé (mﬁHbmeﬁmign,g Sgg)?eggg?ﬁ%{,vi ﬁ Ff4altq2blehZC et at e,
22?u§ ihgncalangl ??%%t<§ﬁg§$-z%@2Zﬁffz?@f}?@aﬁh then filtered over a bed of 20
florisil to give ceyde-RopRRlsyfiandhcarbbifafidcaBdPn gf RRMPQUASlS 8a- 8h was
then carried qut B0 %98 l(t, §ir pmato 5??2‘7’-’1.42 (m, 210), 1.62-1.67 (m,
2H), 2.69 (t, 2H, J = 7.6 Hz), 7.33 (d, 2H, J = 8.3 Hz), 7.68 (dd, 1H, J = 1.6,
10 5.2 Hz), 7.91 (d, 1H, J=8.3 Hz), 8.20 (5, 1H), 8.72 (d, 1H, J= 5.1 Hz).
2-(4-i-Propylphenyl)pyridine-4-carboxamide (8e¢): 'H NMR (400
MHz, CD;OD): & 1.30 (d, 6H, J = 6.9 Hz), 2.93-3.06 (m, 1H), 7.38 (d, 2H, J
= 8.2 Hz), 7.67-7.69 (m, 1H), 7.93 (d, 2H, J = 8.3 Hz) 821 (s, 1H), 8.73 (d,
2H, J= 5.1 Hz).
15 2-(4-Trifluoromethoxyphenyl)pyridine-4-carboxamide (8f): 'H NMR
(400 MHz, CD;OD): & 7.30 (d, 2H, J= 8.1 Hz), 7.67 (d, 1H, J= 5.1 Hz), 8.02
(d, 2H, J=8.1 Hz), 8.17 (s, 1H), 8.70 (d, 1H, J= 5.1 Hz).
2-(4-Methoxyphenyl)pyridine-4-carboxamide (8g): 'H NMR (400
MHz, CD;0D): &3.82 (s, 3H), 6.98 (d, 2H, J = 8.9 Hz), 7.59 (dd, 1H, J = 1.6,
20 5.1 Hz), 7.89 (d, 2H, J=8.8 Hz), 8.11 (s, 1H), 8.63 (d, 1H, /= 5.1 Hz).
2-'(4-Ethoxyphenyl)pyridine-4-carboxamide (8h): 'H NMR (400
MHz, CD;0D): & 1.46 (t, 3H, J = 7.0 Hz), 4.13 (q, 2H, J = 7.0 Hz), 7.03 (d,
2H, J=8.9 Hz), 7.63 (dd, 1H, J = 1.6, 5.1 Hz), 7.94 (d, 2H, J= 8.9 Hz), 8.16
(s, 1H), 8.70 (d, 1H, J= 5.2 Hz).
25



2- (4- Phenoxyphenyl ) pyri di ne- 4- car boxam de (8a): 1H NWVR (400 MHz, CD3CD): 8
7.03-7.15 (m 5H), 7.33-7.41 (m 2H), 7.62 (d, 1H J=5.1 Hz), 7.95 (d,
2H, J= 8.woHap2228 14 (s, 1H), 8.69 (d, 1H, J= 5.1 Hz). WOPQI/BGRR25268

PCT/ US02/ 28298 -39 2-(4-tent-Butyl phenyl)pyridi ne-4-carboxam de (8b): |IH
NVR (400 MHz, CD30D): 8 1.41 (s, 9H), 7.57 (d, 2H, J= 8.6 Hz), 7.66 (dd,
1H, J= 1.6, 5.1 Hz), 7.98 (d, 2H, J= 8.6 Hz), 8.20-8.21 (m 1H), 8.77-8.78
(m 1H). 2-(4-Phenyl phenyl) pyridi ne-4-carboxam de (8c): '"H NVR (400 MHz, 5
CD30D): 8 7.35-7.48 (m 4H), 7.64-7.75%%m 5H), 8.08 (d, 2H J= 8.4 Hz),
8.25 (s, 1H), 8.75 (d, 1H, J= 5.2 Hz). :

2- (4-nz-Butyl phenyl ) pyri di ne-4-carboxam de (8d): |H NVR (400 MHz, CD30D):
8 0.95 (t, 3H, J= 7.3 Hz), 1.37-1.@%M|R,LE25H), 1.62-1.67 (m 2H), 2.69 (t,

2H, J = 7.6 Hz), 7.33 (d, 2H, J = 8.3 Hz), 7.68 (dd, | H J = 1.6, 10 5.2
Hz), 7.91 (d, | H, JF=l4s@Flpprpphegorpiplenyllnyridine-Bearboxpanjdel(163, J= 5.1 Hz).

2- (4-i-Propyl phenyl) pyridi ne-4-carboxam de (8e): |H NVR (400 MHz, CD30D):
8 1.30 (d, 6H, J= 6.9 Hz), 2.93-3.06 (m 1H), 7.38 (d, 2H, g = 8.2 Hz);
7.67-7.69 (m 1H¢ 7.93 (d, 2H J&":i3 Hz) 8.21 (s, 1H), 73 (d, 2H J=
5.1 Hz). 15 2- 4\1- uor onet hoxybﬁ@myl ) pyri di ne-4-car bd??—%{m 8f): IHNW
(400 MHz, CD3 |7 30 (d, 2HDMEH(§31HZ) 7.(57@,\ 5.1 Hz), 8.02
(d, 2H, J-81Hzf7) r817(5 }:II 8. 05(6 1H, J= s

2- (4- Met hoxyphenyl ) pyri di ne-4 b de (8g): ITHNW (400 MHz, CD30D): 6
3.82 (s, 3H), 6989(d 2H, J= 8 759(dd 1H, J=18.6, 20 5.1 Hz),
7.89 (d, 2H, J H{—}%)m (

2-(4-Et hox%/qphenyl pCS/Jrl di n%qgl%%srgegérﬁl eg%li—]lm%ﬂ{/go %180& (IJ\EiI[-lI{zd% CD30D) 8
1.46 (t Jdescribed Hpr) conapougdy $p-8ip i Ezlamﬁle@ Hing ccﬂnmnw and24H(4-J =

TZH;’ g gg Egd q_‘hf&%)gf;qu?%ﬁ%l_bo%lyg%d' H?\ﬂwﬁ%ooz MHZ, CD38D?: HL).O2-8 16 (S’

7.42 (m, SH), 7.65 (d, 2H, J = 8.8 Hz), 7.97-8.02 (m, 2H), 8.45 (d, 1H, J= 4.9
Hz), 8.68 (d, 1H, J=4.9 Hz).
2-[4-(4-Fluorophenoxy)phenyl]pyridine-4-carboxamide was prepared
10 similarly using compound 7 and 4-(4-fluorophenoxy)phenyl boronic acid. 'H
NMR (400 MHz, CDCls): 6 6.05 (bs, 1H), 6.31 (bs, 1H), 7.04-7.11 (m, 6H),
7.51 (d, 1H, J = 5.0 Hz), 8.03 (d, 2H, J = 8.8 Hz), 8.10 (s, 1H), 8.81 (d, 1H, J
= 5.0 Hz).



03/ 022276 PCT/ US02/28298 -40 EXAMPLE 3 2-
E/\fl)-(4- FI uor ophenoxy) phenyl ] pyri di ne-3 - carboxam de (10) 0 0 Pd(PPh3)4
K2C03 H2NwokzmeB7g DME, CI | N H2O\ | / NFR Ol j B(OHpRTWSH2/25298
Conmpound 10 was prepared in a manner simlar tg ghe grgc(egure 5 descri bed
for conpounds Sa-8h in Exanple 2 using conpoun an -
fl uorogﬁenoxy)phenyl boronic acid. 1H NMR (400 MHz, CD3QOD): 6 7.02- 7.4_12 o
(m 5H), 7.65 (d, 2H, J = 8.8 Hz), 7._911-_8.02 (m 2H), 8.45 (d, 1 H J = 4.
Hz) , 8.68 (d, 1H J= 4.9 Hz). _ 1o
2- [ 4- (4- Fl uor ophenoxy) phenyl ] pyri di ne- 4- car boxam de was prepared ( "
simlarly using conmpound 7 and 4E 4- fI uorophenoxy)phenyl boroni c aci d.
NVMR (400 MHz, CDC13): S 6.05 (bs; 31(bs 1H), 7.04-7.11 (m 6H), I
.51 (d 1H, J= 5.0 Hzy-(4- &n@ut{/l@hen?( n]cﬁneBB BarbBami& A8a)(s. 1H), 8.81 (d,
J 5.0 Hz). WO 035Q22R&fxFihbhi Zfd%gggt%rboxﬁldgw
(4-teet - But yl phenyl ) py(wm@pﬁer@%p@a@érg%bé
(4- Phenogyphenyl ) pyr 5.4i-Me:tRxGaleR ﬁyﬁmd %3(,
(4- Et hoxyphenyl ) pyri @@31—§u@ﬁﬂ191%?f)%9?1 e- jc ide (15¢)
- (4- Met hoxyphenyl )pyr| dis Q-NSd Htﬁ& i@lﬂ?e- s ide (156)
(
(

4-n-Butyl phenyl ) pysi @hm{% }?}%@ﬁf Samide (15g)
2- Napht hy| ) pyri dBQ@T‘%ﬂﬁ@f yridine-3-carboxamide (15h)
5-(4- Trlﬂuoromethylphenyl)pyndme 3-carboxamide (151)

NG 1 T N

(e}

piperidine DIC, HOBt N Br
NH-FMOC —_— Q/\NHZ —_— N
Q™ T e = OTHC

N
11 12 B 13
Br~ OH
0
0 R ° R
PA(PPhy), " N 1:1 TFA/DCM
Q/\H ' HoN =
KzCOg N/ I P
DME, H,0 N
OB(OH)Z 14 15
R
or .
Q™

tert-butyl f naphthyl
OPh g R=SMe
OEt h R=OCF,
i R=CF,

DQANTo
P s
WA

o}

=

0]

n-butyl ,

a) Compound 13: 20 % piperidine in DMF was added to
polystyrene-Rink-amide resin having 9-fluorenylmethoxycarbonyl (FMOC)
protective group (PS-rink-NH-FMOC resin) (11) (4.45 g, 4.14 mmol) in a

15 solid-phase reaction vessel, and the reaction was shaken for 1.5 hours at
ambient temperature. The resin was washed (DMF twice, dichloromethane
twice, DMF) and then treated again with 20 % piperidine in DMF. It was
shaken for an additional hour, and the washing sequence was repeated. DMF
was added to the resin, followed by N-hydroxybenzotriazole (HOBt) (3.4 g,

20 24.8 mmol), 5-bromonicotinic acid (5.0 g, 24.8 mmol), and a solution of 5-

(3,4-dimethyl-1-triazenyl)-1 H-imidazole-4-carboxamide (DIC) (3.1 g, 248



5- (4- Thi omet hyl phenyl ) pyri di ne- 3- car boxam de (15g)

5-(4-Trifl uoronet hoxyphenyl) pyri di ne- 3-carboxam de (15h) 10

5- (4- Tri fwomsomethyl phenyl ) pyri di ne- 3- car boxam de (15i) OPCir/usod/eioe  ( Br
HOBt NH-FMOC p DMFNH2 DIC DMF "~+~ H 11 12 NN Br | OH 13 0 R Pd(PPh3)g N
\ 1:1 TFADCMO I (CO~ H2N\ \ DVME, HHOONI ~ B(OH2 14 ~ 15 R or
B(OH)2 a R=tert-butyl f naphthyl b R=0OPh gR=SM ¢ R=C0Ct hR-=
OCF3 d R=OMe i R=CF3 e R = n-butyl a) Conpound 13: 20 % pi peridine in DV
was added to pol ystyrene-Ri nk-an de -*ési n havi ng

9-fl uor enyl met hoxycar bonyl (FMOC) protective group (PS-rink-NH FMOC resin)
(11) (4.45 g, 4.14 mol ) in a 15 solid-phase reaction vessel, and the
reaction was sikedn OMF. Thenirguresvagshakaniirrthowsmpenbicutrtemperhsrer esi n was

washed (DM: Uy dcﬁen %@h%ﬂ%&ﬁ%ﬁ agl)f@dc(%sze gﬂ:ﬁl&&g hane F8i ng again with

20 % piperidine 1n for an ad I ona our ‘and t he
washi ng sequeRdE)wad dn@béatrmﬁ)uncﬂ)m:wamt attdiadividmak hatioe sessels.f ol | owned by

N-hydroxybenzotriagol e & HOBL) (4818 1 2-Dimethoxyethane (2.5 mL) was

5 added to the individual reaction vessels containing compound 13 (0.25 mmol),
followed by the addition of the appropriate phenyl boronic acid (1.5 mmol).
To this mixture was added water (1.0 mL), potassium carbonate (3.8 mmol),
and Pd(PPhs)4 (0.043 mmol). The reactions were heated at 85 °C for 16 hours.
After returning to ambient temperature, the reactions were drained, and the

10 resin was washed (1:1 DME-water twice, water, 1:1 DME-water twice, DME
twice, wéter twice, THF twice, dichloromethane twice) to yield compounds
14a-14i.

c) Compounds 15a-15i: Compounds 14a-14i were shaken in the
presence of 1:1 TFA-dichloromethane for 1.5 hours. The reactions were

15  filtered, the resins were washed with dichloromethane, and the solvent was
then evaporated. Purification of compounds 15a-15i was carried out by first
filtering over a bed of florisil followed by subjection to silica gel
chromatography.

5-(4-tert-Butylphenyl)pyridine-3-carboxamide (15a): 'H NMR (400

20  MHz, CD;0D): 8 1.38 (s, 9H), 7.55 (d, 2H, J = 8.6 Hz), 7.61 (d, 2H, J = 8.5

Hz), 8.50 (s, 1H), 8.91 (bs, 1H), 8.89 (bs, 1H).

5-(4-Phenoxyphenyl)pyridine-3-carboxamide (15b): 'H NMR (400
MHz, CD3;0D): & 7.06-7.42 (m, 7H), 7.67 (d, 2H, J=8.7 Hz), 8.49 (t, I1H, J =
2.0 Hz), 8.91 (bs, 1H), 8.98 (bs, 1H).

25 5-(4-Ethoxyphenyl)pyridine-3-carboxamide (15¢): 'H NMR (400
MHz, CD;0D): & 1.46 (t, 3H, J = 7.0 Hz), 4.11 (q, 2H, J= 7.0 Hz), 7.04 (d,
2H, J=8.6 Hz), 7.62 (d, 2H, J = 8.6 Hz), 8.56 (s, 1H), 8.92 (bs, 1H), 8.98 (bs,
1H).

5-(4-Methoxyphenyl)pyridine-3-carboxamide (15d): 'H NMR (400

30 MHz, CDs;OD): 6 4.38 (s, 3H), 7.03 (d, 2H, J = 8.8 Hz), 7.60 (d, 2H, J = 8.8

Hz), 8.80 (s, 1H), 8.95 (bs, 2H).



20 24.8 mmol ), 5-brononicotinic acid (5.0 g, 24.8 muol ), and a sol ution of
5- (3,4-dinethyl-Il-triazenyl)-IHimdazol e-4-carboxamde (DIC) (3.1 g, 24.8
WO 03/ 02220683P22R1dJS02/ 28298 -42 mmol ) in DVF. The m xt ur @Crasozeeken f or
24 hours at anbient tenperature and then drained. The resin was washed
(DMF tw ce, dichloronethane twice, DM) and dried. Conpound 13 was split
into individual reaction vessels. b) Conmpounds 14a-14i: 1, 2-D nethoxyethane
(2.5 nL) was 5 added to the indivi du%, reacti on vessel s cont ai ni ng
conpound 13 (0.25 nmol), followed by Phe addition of the appropriate
phenyl boronic acid (1 5 mol). To this mxture was added water (1.0 ni),

pot assi um car bonat e 4 8 mmol ) and Pd(PPh3) 4 &0 043, m"m]\@rI The reactions
were heated at 85 CABPUEPeTHRyIdNEeabamifenilRg) t o HrbMEnt 4QC%nper at ure,

t he reactionsywgs erslodngd, o he- 20 1as wat er
twice, water, 1:1 I%E\?Vater %QVICE DVE 5 i?éw%ﬂg?h?\%é%l%wtwce

di chl or omet hadl), 1A 6c@) 2HL.o/ yi7&l HZ)@@#ﬁcﬁdmlié J 1488 H4)i 7.66)(d,Cikpbuidds 15a- 15i :
Conmpounds 14a Sha e 1: 1 TFA-di chl or onet hane
e R Ty e s 8. BOFPRPES: ®c s -

for 1.5 hours e resins were washed with
di chl or onef hane, airdZ-Nlaphtlsyi)pyadme«&aaruohanidev(awr aﬂéd\IMRuMiOf)iMHﬂzj on of

rorisii folt Gkaaohy Sait Ll P Doty 15 1) guld Goffib e S8 apfy >

5- (4-t est - But Wsptignyl ) pyri di ne- 3- car boxam de (15a): H NI\/R (400 20 MHz,
CDh3CD): 6 1.38 (s, d, 2H, .J=8.6 Hz 2H, J= 8.5 Hz),
8 50 %S 1H), 8( 915 ?Hi‘hlomhylpge@@)pé%@ne- ﬁ)arboxan)nde (15g): (H NMR (400 )

5- (4- Ph d b 0 CD3CD) :
° (7 o gnzgypm@&s?ﬂ)esgrz%ﬁsg%{) @é@lga @@1 (115@ HZéH é\fl'\@léHﬁ %’: 8'\§2'|Z 5 Vo).

8.91 (bs, 1@_H) Hzg 898 ($,0&1), 81% (bs,251)58. ?mébEIHb)xyphenyl )pyr| di ne- 3- car boxan de
(15c): 1H NWR (4005 (Wﬂu&%%&ypﬁe&d)ﬁgéme 3. cafboxarmde (elé_'%) 411—111 (q. 2H J

= 7.0 Hz), 7.04 (d,
NMR (400 MHz, CD;0D): & 7.34 (d, 2H, J = 8.8 Hz), 7.69 (d, 2H, J = 8.8

Hz), 8.46 (t, 1H, J=2.1Hz), 8.87 (bs, 1H), 8.99 (bs, 1H).
5-(4-Trifluoromethylphenyl)pyridine-3-carboxamide (15i): 'H NMR
15 (400 MHz, CD30D): 3 7.78-7.83 (m, 4H), 8.54 (t, 1H, J = 2.1 Hz), 8.95 (bs,
1H), 9.07 (bs, 1H).



2H, J= 8.6 Hz), 7.62 (d, 2H, J= 8.6 Hz), 8.56 (s, 1H), 8.92 (bs, 1H), 8.98
(bs, 1H). 5-(4-Met hoxyphenyl) pyri di ne-3-carboxam de (15d): 1H NVR (400 30
MHz, CD30®p:03622788 (s, 3H), 7.03 (d, 2H, J= 8.8 Hz), 7.6@CdjSo2r4298= 8.8
Hz), 8.80 (s, 1H), 8.95 (bs, 2H). WD 03/022276 PCT/ US02/28298 -43

5- (4-n-Butyl phenyl ) pyri di ne- 3-car boxam de (15e): '"H NWR (400 M1z, CD30D):
S1.03 (t, 3H J=7.3 Hz), 1.44-1.49 (m 2H) 1.70-1.76 (m 2H), 2.76 (t,
2H, J = 7.6 Hz), 7.40 (d, 2H, J = 8.8 .66 (d, 2H, J = 8.8 Hz), 8.59
(t. 1H J= 2.0 Hz). 8.98 (bs, 1H), 96ﬂ(bs 1H. 5

5- (2- Napht hyl ) pyri di ne- 3-car boxam de (15f): "H NWVR (400 MHz, CD30D): 6
7.56-8.04 (m 6H), 8.19 (s, 1H), 8.73 is, 1H), 9.06 (bs, 1H), 9.12 (bs, 1
H) . 5-(4-Thi onet hyl phenyl ) pyri di nek3¢ am de (15g): iH NWR (400 MHz,
CD3OD): 6 2.49 (s, 3H), 7.33 (d, 2H, J= 8.5 Hz), 7.55 (d, 2H, J=8.5 10
Hz), 8.43 (s, 1H), B@Boriflb@omitidxypBed?)pilidine-3idarboxamide (18a)

5- (4-Tri f1 uor omet hoxy, hﬁﬁwo}q@ymﬂmﬁylwﬁmW@m&am(dbiteb) IH NWMR (400 MHz,
CD3OD): 6 7.34 (d, 2H, J2e2-Raphthf)pyridin6S-cathox@hide d18c) 8. 8 Hz), 8.46 (t, 1
H J =2 15Hz), 8.87 (b#- PHen yphgﬁ}@ﬁ)yﬁﬁlﬁe—SJeaﬂﬁ))xamlde 18d
5-(4-Trifluoronethylp y,le,),m(l ASHP RN i d ) P8 "H NMR 15 (400
MHz, CD3OD): 6 7.78-7. ég%gq\hl d&5-cdbbxahid lgf)Hz) 8.95 (bs, 1H),
9.07 (bs, 1H). WO 03/£¢2 K@mP &8@5 carbbxdmiA/Hlg

2- (4-Trifl uoronet hoxyph nmle BYSF h ﬁ@.l‘s_ m.d8e

g gg Trifhgoronet hyl ph@ lrmy@ %%Mﬁaé 3b
2-(4-

Napht hyl ) pyri di ne 25 'B'§
Phenoxyphenyl)pyrld ne 5 lgérﬁg Am e gcgsamlde(lsj)

o}
piperidine \ DIC, HOBt
(Q TNHFMOC > Q Nk ——— N [y
‘ DMF DMF Z
o Gl
1 12 16
N oH
L
CI”N
0 0
Pd(PP :
(PPhy)4 ” | N 1:1 TFA/DCM - ~
KaCOs 2 : |
DME, H,0 Z
YO 1724 R ‘R
R or 18a-j
j
Q™
a R=0CF; g R=38Me
b R=CF; h R=0OMe
¢ naphthyl i R=n-butyl
d R=0OPh j R=Ph
e R =tert-butyl
f R=OFEt
a) Compound 16: Compound 16 was prepared in a manner

similar to the precedure described for compound 13 in Example 4 using 6-
15 chloronicotinic acid and compound 12.
b) Compounds 17a-17j: Compounds 17a-17j were prepared in a
manner similar to the procedure described for compound 14 in Example 4
using compound 16 and the appropriate phenyl boronic acid.
c) Compounds 18a-18j: Compounds 18a-18j were prepared in a

20 manner similar to the procedure described for compound 15 in Example 4.



2- (
2-(
2- (
2- (
2- (

4-tert-Butyl phenyl ) pyridi ne-5-carboxam de (18e)

4- Et hoxyphenyl ) pyri di ne-5- car boxam de (18f)

4- Thi owetohptzhenyl ) pyri di ne- 5- car boxam de (18Q) PCT/US02/28298
4- Met hoxyphenyl ) pyri di ne- 5- car boxam de (18h) 10

4-n- But yl phenyl ) pyri di ne- 5- car boxam de (18i)

2- (4- Phenyl phenyl ) pyri di ne-5-carboxam de (18j) O piperidine DC HOBt
~NH-FMOC DVF NHZ DVF HI N vvwr~ Cl 11 12 OOH 16 | G N | NO
Pd(PPh3) a - N 1:1 TFA/DCM K CO H HZN N *DVE, H20 ~ ~B(OH)2 17aj R/ ,R 1,

or 18a-j B(OH)2 I,

aR—OCFBQR—SIVE bR=CF3 hR= O c naphthyl

dR-CPhJ Ph e R=tent-butyl f R=OEt 1
2-(4- Tr1ﬂuoromethoxyphenyl)pyndme— S5-carboxamide (18a): H

NMR (400 MHz, CD;OD): 6 7.37 (d, 2H, J = 8.0 Hz), 7.87 (d, 1H, J= 8.3
Hz), 8.06 (d, 2H, J = 8.9 Hz), 8.32 (dd, 1H, J = 2.3, 8.3 Hz), 9.10-9.11 (m,

2-(4-Trifluoromethylphenyl)pyridine-5-carboxamide (18b): 'H NMR
(400 MHz, CD;0D): & 7.78 (d, 2H, /= 8.0 Hz), 7.91 (d, 1H, /= 8.2 Hz), 8.14
(d, 2H, J=8.0 Hz), 8.35 (d, 1H, J=8.3 Hz), 9.14 (s, 1H).
2-(2-Naphthyl)pyridine-5-carboxamide (18¢): 'H NMR (400 MHz,
CDs0D): 8§ 7.54-7.57 (m, 2H), 7.98-8.09 (m, 5H), 8.35 (dd, 1H, J=12.3, 8.3
Hz), 8.48 (bs, 1H), 9.13 (d, 1H, J=2.2 Hz).
2-(4-Phenoxyphenyl)pyridine-5-carboxamide (18d): 'H NMR (400
MHz, CD;OD): 8 7.08-7.20 (m, 5H), 7.38-7.44 (m, 2H), 7.82 (d, 1H, J= 8.3
Hz), 7.97 (d, 2H, J= 8.9 Hz), 8.29 (dd, 1H, J=2.3, 8.3 Hz), 9.07 (m, 1H).
2-(4-tert-Butylphenyl)pyridine-5-carboxamide (18e): 'H NMR (400
MHz, CD;0D): 6 1.32 (s, 9H), 7.52 (d, 2H, J=8.9 Hz), 7.81 (d, 1H, /= 8.3
Hz), 7.89 (d, 2H, J = 8.9 Hz), 8.25 (dd, 1H, J=2.3, 8.3 Hz), 9.04 (d, 1H, J =

2-(4-Ethoxyphenyl)pyridine-5-carboxamide (18f): 'H NMR (400
MHz, CD;0D): & 1.46 (t, 3H, J= 7.0 Hz), 4.13 (q, 2H, J = 7.0 Hz), 7.03 (d,
2H, J=28.9 Hz), 7.79 (d, 1H, J= 8.4 Hz), 7.93 (d, 2H, J = 8.9 Hz), 8.26 (dd,
1H, J=2.3, 8.4 Hz), 9.02 (d, 1H, J=2.2 Hz).

2-(4-Thiomethylphenyl)pyridine-5-carboxamide (18g): 'H NMR (400
MHz, CDs;0D): & 2.55 (s, 3H), 7.39 (d, 2H, J= 8.9 Hz), 7.87 (d, 1H, J=8.3
Hz), 7.93 (d, 2H, J= 8.9 Hz), 8.31 (dd, 1H, J=2.3, 8.3 Hz), 9.09 (d, 1H, J =

R = n-butyl
1H).
5
10
15
2.3 Hz).
20
25 2.3 Hz).

2-(4-Methoxyphenyl)pyridine-5-carboxamide (18h): 'H NMR (400
MHz, CD3;0D): & 3.90 (s, 3H), 7.05 (d, 2H, J = 8.9 Hz), 7.81 (d, 1H, J= 8.3
Hz), 7.95 (d, 2H, J= 8.9 Hz), 8.27 (dd, 1H, J= 2.3, 8.3 Hz), 9.05 (d, 1H, J =
2.3 Hz).

R
[



a) Conpound 16: Conmpound 16 was prepared in a manner simlar to the
precedure described for conmpound 13 in Exanple 4 using 6- 15

chl or oni cwoimiz22aci d and conpound 12. b) Conpounds 17a- 17 PCTTSNp2a2oRIS
17a-17] were prepared in a manner simlar to the procedure described for
conmpound 14 in Exanple 4 using conpound 16 and the appropriate phenyl
boronic acid. c) Conpounds 18a-18j: Conpounds 18a-18] were prepared in a
20 manner simlar to the procedure desgél bed for conpound 15 in Exanple 4.
WD 03/ 022276 PCT/ US02/ 28298 - 45

2-(4-Trifluoronet hoxyphenyl) pyri di ne-5-carboxam de (18a) H NVR (400 MHz,
CD30D): 8 7.37 (d, (2)@1,%:?0 Hz), 7,87 (d, 1H J = 8.3 : 806(d 2H
J = 8.9 H), 8 32 Cdd-itwylPienyDpyndings gathpyamide 1@8iy. 1 {11 FﬁMR 1645)

2- (4 Trifluorainetdy nYbhpYyt Bl he- (-}Bb (400 MHz,
CD30D): 8 7.78 (d, ZJI-(F%— 3( f.tpl ﬁsﬁ%}ﬁ%@rﬂﬂ&n ﬁ% L ]IHQ (d, 2H,
J= 8.0 Hz), 8. %69(t1PH,J B7BIZ 7)33 @LZH -(s=8ﬂ-l)z) 7.83 (d lH J= 83

2- (2- Napht hyl )ypyr ar OD): 6
7.54-7.57 (m %78’9@18%%89098[}%}1%%% (%%%%J ﬁ%Hggg%fwl%leo He) |
8.48 (bs, PH),2dHa3 (d, 1H J= 2.2

8 708720 (m B W%@H&eazﬁqyr&nf- -ca%f gpipyusiy o M @) or cn
2H, J= 8.9 Hz)MHB. czgjc(m}d 8 L¥4-7.8% (R, 8H),8.78 (HDH, Jgf-@ZI'(ZZWg- d, 14, J

2-(4-tent-Butyl ri di ne-5-car boxam de 400 15 MHz,
CD:(3CD) 6 1. 3>2/‘ gﬁng it ?gizf o4 i), 8p4Ldg 14, %23‘/338112)(8,13&4311% = 8.3

Hz), 7.89 (d, ﬁl—mj{ﬁ 8. 9 Hz), 8.25 (dd, 1 H J =2.3, 83 Hz), 9.04 (d, 1
H J = 2.3 Hz). 2-(4-Ethoxyphenyl)pyridine-5-carboxam de (18f): 'H NWR
(400 MHz, CD30D): 6 1.46 (t, 3H, J = 7.0 Hz), 4.13 (q, 2H, J = 7.0 Hz),
7.03 (d, 120 2H, J = 8.9 Hz), 7.79p&kMpLEw J = 8.4 Hz), 7.93 (d, 2H, J =
8.9 Hz), 8.26 (dd,

Activity of 2-[4-(4-fluorophenoxy)phenyl]pyridine 5-carboxylic acid 2-(N-
piperidinyl)ethylamide as Sodium Channel Blocker

2-[4-(4-Fluorophenoxy)phenyl]pyridine ~ 5-carboxylic acid 2-(N-
piperidinylethylamide was tested in the electrophysiological assay as

15  described above. The result of 2-[4-(4-fluorophenoxy)phenyl]pyridine 5-
carboxylic acid 2-(N-piperidinyl)ethylamide and other compounds are

represented in Table 1.



1H J=23, 84H), 9.02 (d, 1 H J =22 Hz).

2- (4- Thi omet hyl phenyl ) pyri di ne-5-car boxam de (18g): 'H NVMR (400 MHz,
CD30D): 8wP.038222%3¢ 3H), 7.39 (d, 2H, J = 8.9 Hz), 7.87 (dPCIHS0J28298. 3

Hz), 7.93 (d, 2H, J =8.9 Hz), 8.31 (dd, 1 H J =2.3, 8.3 Hz), 9.09 (d, 1
H J = 25 2.3 Hz). 2-(4-Methoxyphenyl)pyridine-5-carboxam de (18h): 'H NWR
(400 MHz, CD30D): 8 3.90 (s 3H), 7.05 (d, 2H, J=8.9 Hz), 7.81 (d, 1H, J=
8.3 Hz), 7.95 (d, 2H, J 8.9 Hz), 827(dd 1H J=223 83Hz), 9.05
(d, 1 H J = 2.3 Hz). V\DOB/ 022276 PCH/US02/ 28298 - 46

2- (4-n-Butyl phenyl ) pyri di ne-5-carboxam de (18i): 1H NVR (400 MHz, CD30D):
S0.95 (t, 3H J =7.3 Hz), 1.36-1.42 (m 2H), 1.61-1.70 (m 2H), 2.69 (t,
2H, J = 7.7 Hz), 7.33 (d, 2H, J = 8.3 Hz), 7.83 (d, 1H, J =8.3 Hz), 7.89
(d, 2H, J =8.3 Hz), 8.29 (dd, 1 Hpgple 2.3, 8.3 Hz), 9.06 (d, 1 H J = 5
2.3 Hz). 2-(4- @@ﬁmxh&hemlemweadjmpoﬁnwm@aﬁmﬁlockﬂeﬁMé?« (400 Mz,
CD3OD): S 7.37-7.69 (M 5Hiy EibefPpiydioldibal hrviBoAs) - d 1H J =8.3
Hz), 8.09 (d, 2H, J= 8.4 Hz), 8.34(dd 1H J= 2.3, 83Hz) 9.13 (d, 1H

J= 2.1 Hz). JO EXAVPLE 6 Activity of 2-[4-(Z-ftTuorophenoxXygifig/pyt|l pyri di ne
5-car boxylic |acid 2- (N- p| perC@mBWI)del!m am de as Sodi um CR?PH Bl ocker
2- [ 4- (4- Fl uorrephenpxypheny F
pi E)er |( di nyl) et Hy?éfﬁl%wb b ygﬁh}e%piﬁdnes C%fbﬁf/ht%ra%ap’%;ggl oI og|\ ca?l5 agsay as 15
descri bed abagve: 1 ey (6 ne 5-
car boxyl i c agid 52M %“?E" I?efllgfky h] 163 o }é}r’gﬁél&’%@wco”ﬁoﬁ)!ﬁ s dre
represented imTabizg {4—ﬂﬂ%ﬁ&m&lﬁ)ﬁﬁeﬁﬂ]ﬁ“ﬁdi’hé@-‘dﬁbﬁ?ﬁfﬂ? AT 1357
2-[4-(4-fluorophenoxy)phenyl]pyridine-4-carboxamide 6.91
2-(4-phenoxyphenyl)pyridine-5-carboxamide 14.62
2-(4-phenoxyphenyl)pyridine-4-carboxamide 22.28
5-(4-phenoxyphenyl)pyridine-3-carboxamide 5.43
5-(2-naphthyl)pyridine-3-carboxamide 35.12
2-(2-naphthyl)pyridine-5-carboxamide 28.06
2-(2-phenylphenyl)pyridine-4-carboxamide 24.85
2-(2-phenylphenyl)pyridine-5-carboxamide 40.68
5-(4-tert-butylphenyl)pyridine-3-carboxamide 18.55
2-(4-tert-butylphenyl)pyridine-4-carboxamide 53.12
2-(4-tert-butylphenyl)pyridine-5-carboxamide 32.32
2-(4-i-propylphenyl)pyridine-4-carboxamide 39.17
5-(4-thiomethylphenyl)pyridine-3-carboxamide 28.97
2-(4-thiomethylphenyl)pyridine-5-carboxamide 35.65
5-(4-trifluoromethoxyphenyl)pyridine-3-carboxamide 24.98
2-(4-trifluoromethoxyphenyl)pyridine-5-carboxamide 34.16
2-(4-trifluoromethoxyphenyl)pyridine-4-carboxamide 24.67
5-(4-trifluoromethylphenyl)pyridine-3-carboxamide 23.03
2~(4-trifluoromethylphenyl)pyridine-5-carboxamide 24.67
2-(4-n-butylphenyl)pyridine-4-carboxamide 32.92
2-(4-methoxyphenyl)pyridine-4-carboxamide 6.17
2-(4-ethoxyphenyl)pyridine-4-carboxamide 14.72
5-(4-ethoxyphenyl)pyridine-3-carboxamide 36.22
5-(4-methoxyphenyl)pyridine-3-carboxamide 54.41
5-(4-n-butylphenyl)pyridine-3-carboxamide 11.05
2-(4-ethoxyphenyl)pyridine-5-carboxamide 29.69
2-(4-methoxyphenyl)pyridine-5-carboxamide 44,56
2-(4-n-butylphenyl)pyridine-5-carboxamide 24.54




Tabl e 1 Eval uation of the Tested Conpounds as Sodi um Channel Bl ockers after
an El ectrophysiological in vitro Assay Conpound nane RBIIA/P1 K; /M
2- [ 4- (4- fWomspophenoxy) phenyl ] pyri di ne 5-carboxylic acid 2PCHUSO2/SH298
pi peridinyl)ethylamide 5-[4-(4-fluorophenoxy)phenyl]pyridine 3-carboxylic
acid 2-(N- 0.78 piperidinyl)ethylamde
2-[4-(4-fluorophenoxy) phenyl ] pyri di ne- 3-car boxam de 13.57
2-[4- (4-fl uorophenoxy) phenyl ] pyri di ne-4-car boxam de 6. 91
2- (4- phenoxyphenyl ) pyri di ne- 5-car boxanfte 14.62
2- (4- phenoxyphenyl ) pyri di ne- 4- car boxam de 22. 28
- (4- phenoxyphenyl ) pyri di ne- 3- car boxam de 5. 43
2- napht hyl ) pyri di ne- 3- car boxanm de 35. 12
2- napht hyl ) pyri di ne- 5- car boxam de 28. 06
g- pEeny: pEeny: g Wffi!ng!rfcber ﬂﬂl?&l’e%@%@ﬁﬁlﬁ@ i%nt%gl, it will be understood by
- phenyl phen ridi ne-5-carboxam de : . .

4-tort-but ﬁ%ﬁ 8ﬂ§‘ld)nﬁ§/yr &&fﬁéﬁ%@% g?bﬁ’)‘?éﬁ’flﬁ gan g ppsformed within a wide
4-t or t - but whpB@IR Yk bhemdioas, BaxAMEdEs M3 okifer parameters without
4-tert-hutyl phenyl ) pyridi ne-5-carboxam de 32. 32
4-i - pr opy! pHestne)hsScPRR Hfdbyinyentiop Rumydantydimept thereof.
4-t hi onet hyl phe b GBS e 4 Tad
4t i omet hyl phongl] ey Gness o SEHREKEN &R tEdpifent © tose sl i
4-trifl uor deethdeypemnsideipion ofltheespecifieation xadiptetigtoDe invention
4-trifluor Ny ):pY:t 1. dk he-5= 1 34..16
4111 11 tor Sner Ry SnayT ) Sy e e B (B Gn JiogSamoles be
4-trifl uor eoesidepddpdseerenppyy ooy neitB -actawebsmoperiuate s@3t 68the invention
4-triflyor . I i di ne- 5- car boxam de 24. 67
4 n-buts) pﬁgﬁ% r“?‘iﬁf%ﬁg’& R o SR A

All patents and publications cited herein are fully incorporated by
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reference herein in their entirety.



- (4- et hoxyphenyl ) pyri di ne- 4- car boxam de 6. 17

- (4- et hoxyphenyl ) pyri di ne- 4- car boxam de 14.72

- (4- et howppheeazlg pyri di ne- 3- car boxam de 36. 22 PCT/US02/28298

- (4- et hoxyphenyl ) pyri di ne- 3- car boxam de 54. 41

- (4-n-butyl phenyl ) pyri di ne- 3-car boxam de 11.05

- (4- et hoxyphenyl ) pyri di ne- 5- car boxam ge 29. 69

- (4- et hoxyphenyl ) pyri di ne- 5- car boxam de 44. 56

- (4-n-butyl phenyl ) pyri di ne-5-car boxam de 24.54 WD 03/ 022276 PCT/ US02/ 28298
48 Having n I d ihed this invention, it will be understood by

t hose of ord%‘éyéﬁﬁmﬁ e art that the sane can be perfornmed within a

wi de and equival ent range of conditions, formulations and other paraneters

W thout 5 affect'ﬁng t he scogle gf .tgﬁ}ianen i;on or any enbodi nent thereof.

Ot her embodi ment s of t AePTRIEAT PRYINGHS arent to those skilled in

the art from consideration of the specifipation and practice of the

invention disclosed herein. It is int®aded that the specification and

exanpl es be considered as exenpl ary’//gnly with a true scope and spirit of

the invention 10 being indicatedr t he R.owi ng clains. Al patents and

publications cited herein are fully ® O\& orated by reference herein in
b
Ar

" NNDNOITOTOINDN

their entirety. WO 03/022276 PCT/ US 8 -49- WHAT IS CLAIMED IS: 1. A
compound having the Formula I: R R4 R3 or a pharmaceutically
accept abl e sait 4 phgpmackutigaldy acceptable galt,esdr0f or vdiedte tirreof, wherein:

5  Aris selected from the group consisting of Ar;, Ar,, Ars and Ary, wherein

Ry Rs
T
N ~ ’
/ NS X /\
Ar is Re Re
Ry Rs
C1 T
S NS /\/
Ar, is Rg Rg
R7 R5
N "X N
[ l ; and
/ / /\/
Arsis Rs Rs
Rs
Q/
R
9\X AN \
AI'4 is Rs
10 R; is selected from the group consisting of an optionally substituted

alkyl, amino, alkylthiol, C(O)R;gp, SO,R19, OC(O)NH,, 2-imidazolinyl, 2-
imidazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl;

Ry, R3, and Ry are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy,



5 Ar is selected fromthe group consisting of Arl, Are, Ara and Ar4,
wherein R7T Rs\ I I / X Al i sRBRERT RS AAeis RBR6 R/ RS/ ; and
Ara is RSORB/ORZ7T6 RO \ X Ar4 is R6 10 Rl is sel ected frompCinasgr/zazps
consisting of an optionally substituted alkyl, am no, alkylthiol, C(O R10,
S02R10, OC(O) NH2, 2-im dazolinyl, 2- imdazolyl, 3-pyrazolyl, 5-isoxazolyl,
and 3-(1,2,4)-triazolyl; R2, R3, and_Rg4_are independently selected fromthe
group consisting of hydrogen, optionally substituted al kyl, al kenyl, or

al kynyl , hal ogen, hydroxy, WD 03/022276 PCT/ US02/28298 -50 cycl oal kyl,

cyano, am no m no, di al kyl am. no am nocar bonyl ,

al kyl am noc adryﬁg)ﬁw' Czi’rag}?’a?ﬁu%t@/%% dé?alkhﬁﬁ% f?&‘é’a?"b"mgrlbonyl

al kyl car bonydiyThmRocabyhgar bonYéI%IE‘rrﬂﬁ@caﬁﬂﬂlyﬁr al ky|a§ﬁk§491&l}ﬂo%é‘i‘b6f?yl provi ded
that 5 1) the pyrldyl ring i s other than 2, 6-di substituted with regardto

Ar and Rl ckdegbetylmpinRqayleatbonslapripeand raishsrdbayéminend 2) when Ar s
Are or Ara, thenlﬁg.V )RlO 3) when Al is Ar4, then RL is am nocar bonyl
or an optionally ]‘gs(il ut ed het erocycl oal kyl ai ni nocar bonyl; 10 R5, RS,

R7, and B8 are i nljeﬂfel’pj&ialtyl ¥ng Bl otledr @bl 7, 64 B&rit g tathce pat 36 ARY
and R; or any of R,-Ry that is other than hydrogen; and
2) when Ar is Ar; or Ars, then Ry is C(O)Ro;
3) when Ar is Ary then R, is aminocarbonyl or an optionally
substituted heterocycloalkylaminocarbonyl;

10 Rs, Rg, R7, 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, cafbonylamido and
alkylthiol;

15 | Ry is an optionally substituted alkyl,;

Rio 1s selected from the group consisting of alkyl, alkenyl, alkynyl,
OR|1, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,

20 cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that R;g is not ORy; when R; is SO,R; wherein

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

25 X is one of O, S, NH, or CH; when Aris Ar;; or

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

with the provisos that:

4) when Ar is Ar, X is O, Rs, Rg and R are each hydrogen, and R is
an alkyl group, then Rg is other than an optionally substituted

30 alkoxy group; and



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 nowotobiozd276 acyl oxy, azi do, al koxy, carboxy, carbonyCanisdv2si
alkylthiol; 15 RO is an optionally substituted alkyl; R10 is selected from
t he group consisting of alkyl, alkenyl, alkynyl, OR11, am no, alkylam no,
di al kyl am no, al kenyl am no, dial kyl amsjoal kenyl, di al kyl am noal kyl am no,
di al kyl am noal kenyl am no, al kyl am noal kenyl - ami no,

hydr oxyam noal kenyl am no, cycl oal kyl, heterocycl oal kyl, 20

| oal kyl al kyl ani.no,. het erqcycl kylam.no, aryl, arylalkyl, arylal kenyl,
;?l;l g?ky%y?, and .r;VYhiP@Hé%F%&PSglFQ?f irirod Ry 1%@%}5‘9?@%% et .
substituted, provi ggdsthBah sBaQni §hd?9ta11$R%ﬂoWioBaly fonbhihditusfer ein R11

is selected fromthe group consisting of hydrogen, optionally substituted
al kyl , and an al kal iwifpehalogenapatbos, dlkoxpran aftiopallssuliNkitutest pl@Hgl, when Ar s

Arl; or X is one of Q, S ,.or..absent (a.caoval ent bond) when Ar is Ar4.
ag Opggf]}aq&%ﬁs%ﬁtelang}O%?rbRnYlg 0, R5, R6 and R7 are each

with the provisos that™
hydrogen,5 and RL is an alkyl group, then R8 is other than an optionally
substituted 30 al koxy group; and WD 03/022276 PCT/ US02/28298 -51 5) when
Ar is Ard, and X #s 0 Srcoapsurd haiiee the Fosmplgilkocar bonyl , then RO is not a
strai ght chain al kyl gr ogp opti onal I|¥ nono- substituted wi th hal ogen,

car boxy, al koxy, an opti on\ y substi ed pm or an optionally _
substituted am nocarbonyl.*52, A c oun inglithe Formula I1: R7 R-i N
I\ 1 ,~R ‘ Y Q k
N X |-
/ / X /\ R4 l R2
6 3

Rg R
or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:
R is selected from the group consisting of an optionally substituted
10 alkyl, amino, alkylthiol, C(O)Rjo, SO2Rj9, OC(O)NH,, 2-imidazolinyl, 2-
imidazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl;

Ry, R3, 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,

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

provided that the pyridyl ring is other than 2,6-disubstituted with
regard to the aryl radical and R; or any of R,-Ry that is other than hydrogen;

Rs, R¢, R7, and Rg are independently selected from the group consisting

20 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

Ry is selected from the group consisting of alkyl, alkenyl, alkynyl,

25  ORyj, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,

cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,



X/H z RB R6 R3 or a pharmaceutically acceptable salt, prodrug or solvate
thereof, wherein: Rl is selected fromthe group consisting of an optionally
substi t utwo o3a®2aé kyl , am no, al kylthiol, C(O RL0O, S02R10PCOTSO)/ 24228
2-imdazolinyl, 2- imdazolyl, 3-pyrazolyl, 5-isoxazolyl, and
3-(1,2,4)-triazolyl; R2, R3, and R4 are independently selected fromthe
group consisting of hydrogen, optionatdy substituted alkyl, alkenyl, or

al kynyl, hal ogen, hydroxy, cycloal kyl; cyano, am no, al kyl anm no,

di al kyl am no, al koxy, am nocarbonyl, 15 al kyl am nocar bonyl ,

aryl am nocar bo , aral kyl am nocar bony!l al kyl car bonyl am np, .
ar §| car bonyl &Wfqﬁké’nﬁnﬂné%’:ﬁﬁ%ﬂéﬁ%’oﬁgl ‘?afn’i’vh’(‘}ll ‘%Pol?ﬁ B%tﬂynﬁﬁétsugﬁ’éutﬁ%i dyl ring
is other tha@r&i@ﬁwﬁqg ﬁ&t(ﬁg“w;h%ﬁ eri@g@ﬁ%‘gmg%% aryl radical and Rl or

any of R2-R4"that is other than hydrogen; O, , R7, and R8 are
i ndependent | y sel &at édl stleotad t fremgthe ugrovp neinsistingy of Chyslogend optemllyal kyl ,

al kenyl , alk l.... .hal n, . hal oal. kyl . hydroxyal kyl, hydroxy, nitro, am no,
cyano, am de%&%sﬁ%g@@}g?ﬁ%d a%?@%%%’?ﬁly"}@é urei do, acylamno, thiol,
acyl oxy, &zido, alkpone oE@,I80XH, ocarhonyl am do and alkylthiol; and R10 is

selected fromthe group consisti gg]pof al kyl, al kenyl, al kynyl, 25 OR11,
ani no, al kyl ar i no,With BeKypwae Het vArrehif @riRndRs @Rk preasAchdiiiagsy |

e e 0 e ok o I e gL

cycl oal | cyl algkytlpam no, het erocycl oal kyl am no, aryl, arylal kyl, aryl al kenyl,
WO 03/ 022276 PCT/ US02/ 28298 -52 aryl al kynyl, and aryl al kyl am no, all of
whi ch can be optionally substituted, provided that RIOis not OR | when

Elydlr gggg?ﬁelop?i [ \gﬂglgl_elyn ?&Igs%%pu%ﬁgg%affﬁﬁﬂ Qw gerillgglellligl @%‘%i?ﬂc}ﬂgﬁ f5 Xis one
of O S, NH, gosupCetisisting of an alkyl optionally substituted by halogen or hydroxy,
C(O)Ryg, SO2R g, 2-imidazolinyl, 2-imidazolyl, 3-pyrazolyl, and 5-isoxazolyl,
wherein Ry is as defined in oiaim 2, provided that Rjg is not OR;; when R; is
SO2R 0.
15

4. The compound of claim 3, wherein Ry, is selected from the
group consisting of alkyl, alkenyl, OR;;, amino, alkylamino, dialkylamino,
alkenylamino, dialkylaminoalkenyl, dialkylaminoalkylamino, and
heterocycloalkylamino, all of which can be optionally substituted, and wherein

20 R}U is as defined in claim 2.

5. The compound of claim 2, wherein R;, R3; and Ry are
independently selected from the group consisting of hydrogen, alkyl, alkenyl,
alkynyl, aminoalkyl, amino, hydroxyalkyl, alkoxy, aminocarbonyl,

25  alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,

alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino.

6. The compound of claim 5, wherein R, is selected from the
group consisting of hydrogen, alkyl, alkoxy, aminoalkyl and aminocarbonyl,

30  and both R3 and R4 are hydrogen.



with the proviso that when Xis 0, R5, R6 and R7 are each hydrogen, and R
is an al kyl group, then R8 is other than an optionally substituted al koxy
group. 10w8.0327€onpound of claim 2, wherein R is sel ectred/uisomeszphe

group consisting of an alkyl optionally substituted by hal ogen or hydroxy,
C(OR O SO02RIo, 2-imdazolinyl, 2-imdazolyl, 3-pyrazolyl, and
5-isoxazolyl, wherein RIOis as defipeg_in claim2, provided that RIOis
not OR, | when RI is SO02Rlo. 15 4. The conpound of clain13 wherein RIO is
sel ected fromthe group conS|st|ng of aIkyI alkenyl OR,,, amno,

al kyl am no, di al kyl am al ken | k aI
di al kyl ami noal kyl am no%an%)ml?'n é g‘mﬁ}f%%ar 3? 5%??1@ qgﬁr I£<7e)fanfv\/rﬁ\f?cﬁlecan be
optional ly Smﬁlﬁbbﬁdﬁiﬁsﬂ seletrdd et Qiergro%cd:ﬂsmhn%%f ?@dl‘égé ngd 1 fghai m 2. S.

The conpound are dependent 'y sel ect ed
fromthe groﬁﬁqﬁ%hg?@ﬁ@hé“@@mﬁkéW@@%ﬁﬁkﬁﬁhy¢ﬂxhhk@mymnnoamﬁywyb

am noal kyl, am no, hydroxyal kyl, al koxy, am nocarbonyl, 25

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

al kyl car bdnyl arri nd, ar ﬁlhcacdmprydndrrbfl@lmmnd aniedréiyl Rar4EnRWafienBothb. The
conmpound of $|n15 ere selected fromthe group consisting of
hydr ogen, ﬁ%‘@ 859 193 rendentlynselastedribamyhe 2rosp camdstivgt h R3 and
R4 are hydrogg dr rpgﬂ -53 7. The conpound of claim
2, wherein R5, Hy ME% <92%§%§G§S%&H§§§§%§§§§%tIy sel ected fromthe group
conS|st|ng of hydrogen al kyl, al kenyl, —alkynyl, hal ogen, haloal kyl,

hydr oxyal kyl , hydgoxy, -hitro ano 5 8. The conmpound of claim
7, wherein R5 andbRG a;[geﬁ%lflﬂou CZ)adIél:? Iy X488 B ar e i ndependent | 'y
sel ect ed16rom t he group consisting of hydrogen, alkyl, hal ogen, hal oal kyl,

and nitro.
10.  The compound of claim 9, wherein X is O.

11. The compound of claim 2, wherein R,, R; and R4 are hydrogen,

Xis O or S and R; is aminocarbonyl.

15
12. The compound of claim 2, wherein Ry, R; and Ry are hydrogen,
Xis O or S and R; is 2-(N-piperidinyl)ethylamide.
13. The compound of claim 2, having the Formula III:
20

or a pharmaceut1cally acceptable salt, prodrug or solvate thereof,
wherein;
Ry, Rs-Rs, Rjp and X are as defined in claim 2, provided that the
pyridyl ring is other than 2,6-disubstituted with regard to the aryl radical and
25 -C(O)Ryp or any of Ry-Ry that is other than hydrogen.



. ound of claim2, wherein Xis 0 or S. 10 10. The conpound of

(?I ai-rp169?ovrrmperei n Xis 0. 11. The conpound of claim?2, wherein R2, R3 and R4
are hydroger3/022476¢ s 0 or S and R is anminocarbonyl. 15 12PCThsozeszpound of
claim2, wherein R2, R3 and R4 are hydrogen, X is 0 or Sand R is

2- (N-pi peridinyl)ethylam de. 13. The conpound of claim 2, having the
Formula Il1: O RZ N\ I | \ Il Rao.9 R4\ z 20 Rs R6 R3 or a o
pharmaceutical |y acceptable salt, prodrug or solvate thereof, wherein; R2,
R5-R8, RIO and X are as defined in claim?2, provided that the pyridyl ring

o Suter” han 2,614l subst LbHERI'EDLSOR dufortlie Bl Ladieal and 2S
(0]
PCT/ US02/ 28288up- msming Btﬁdlw:lmgeﬁy amygfalﬁér@u rrml@nylWaﬁﬁﬁéquRZ iﬁmﬁe' ect ed

fromthe r | sting hydr ogen, al kyl, al ken
ani noal kyl , X g’fﬁoﬂ My dr ox'i’/l%P%X»I al W9carb@ﬁmocar b@l}i/fy]ammocarbonyl

al kyl am nOCaﬁ@ﬁﬂMh@caﬂﬁfnﬁ an noGaj %inoc%g‘hryyl am ng ?( P%@ﬁ}k}?@fﬁono 15. The

al kyl carbonyl ami no, 5 aryl carbonyl am no ar al ky 0. ! f
conmpound of @V%ﬁommam%dmﬂkyk&bswlmmﬂ fromthe  group consisting o
hydrogen, alkyl, al koxy, aminoalkyl and am nocarbonyl. 10 16. The conpound
of claim13, V\/nerei n R5, R6, R7, and R8 are independently selected fromthe

group consisting . hytiogenpodldkot elah KN Wherein R, is selected from the

group consisting of hydrogen, alkyl, alkoxy, aminoalkyl and aminocarbonyl.

10 16. The compound of claim 13, wherein Rs, Rg, Ry, and Ry are
independently selected from the group consisting of hydrogen, alkyl, alkenyl,
alkynyl, halogen, haloalkyl, hydroxyalkyl, hydroxy, nitro, amino, and cyano.

17. The compound of claim 16, wherein Rs and Rg are both
15 hydrogen and R; and Ry are independently selected from the group consisting
of hydrogen, alkyl, halogen, haloalkyl, and nitro.

18. The compound of claim 13, wherein Ryo is selected from the

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

20 alkenylamino, dialkylaminoalkenyl, dialkylaminoalkylamino, and
heterocycloalkylamino, all of which can be optionally substituted, provided

that Ryg is not OR;; when R is SO2R ¢, and wherein R,; is as defined in claim

2.
25 19.  The compound of claim 13, wherein X is O or S.
20.  The compound of claim 19, wherein X is O.
21. The compound of claim 13, wherein

30 Xis O;



al kynyl, hal ogen, hal oal kyl, hydroxyal kyl, hydroxy, nitro, am no, and
cyano. 17. The conpound of claim 16, wherein R5 and R6 are both 15

hydr ogen wod3®R22and R8 are i ndependently sel ected from t hecgrusap2820hsi sti ng
of hydrogen, alkyl, halogen, haloallcyl, and nitro. 18. The conpound of
claim 13, wherein R10 is selected fromthe group consisting of alkyl,

al kenyl, OR,, am no, al kylam no, dialkylam no, 20 al kenyl am no,

di al kyl am noal kenyl, di al kyl am noal kyl am no, and het erocycl oal kyl am no, al
of which can be optionally substituted, provided that RLO is not ORL1 when

Rl is SO2Rl o, and wherejn R11l is as defined.in claim 2. 25 19. The
conpound of cl ai mie3s %ﬁ){?&‘?eéi éo’% the g0y C@SISUES).O%W@%S%@E% aﬁﬁ"xbfi aim 19,
wherein X i s ghindilieyl Tl £900QWRGy2f claim 13, wherein 30 Xis O WO

03/ 022276 PCT/ US02/°28298 -55 R2°i's selected fromthe group consisting of
hydrogen, al kyl, &sleod\R4 arabathdatllogen; and ami nocarbonyl; R3 and R4 are both
hydr ogen; R5 and £ bo hydrogen; 5 R7 and R8 are independently
selected fromthe r@lgﬁ&&@%@ﬁ%@&ﬁ ggl?’ hydr ogen, al kyl, hal ogen, hal oal kyl,

and nitros and RLIQR;i &ndaRk e Qfiddpeihdnds yselsamdkitbanha ool coddigingospound of
claim 2, wherein said conmpound is:

.10 2-
[ 4- (4- f | uor opBETERE:) bR RALQgepr halpakylzandenitrp st de; 2-
4- (4-f1 h i di.pa- hoxam de;
4 ohenoxy pheny Ty bor s of Kb iYeDaodicaagagyram ce

2- (4- phenoxyphenyl ) pyri di ne- 4- car boxam de; 5-(4-phenoxyphenyl)pyridi ne-3

- ' -[.4- (4- h I i di 5- b i id
25:?rN_b0xam de 15 2 254 (%Jelc%?rlrpglen(? (r)]fo éigl)rrP ,ev%eréig%gild clogl%oun %r oxylte acl
10 2-[4-(4-fluorophenoxy)phenyl]pyridine-3-carboxamide;

2-[4-(4-fluorophenoxy)phenylpyridine-4-carboxamide;
2-(4-phenoxyphenyl)pyridine-5-carboxamide;
2-(4-phenoxyphenyl)pyridine-4-carboxamide;
5-(4-phenoxyphenyl)pyridine-3-carboxamide

15 2-[4-(4-fluorophenoxy)phenyl]pyridine ~ 5-carboxylic acid  2-(N-
piperidinyl)ethylamide;
5-[4-(4-fluorophenoxy)phenyl]pyridine ~ 3-carboxylic ~ acid  2-(N-
piperidinyl)ethylamide;

or a pharmaceutically acceptable salt, prodrug or solvate thereof.

20
23. A compound of claim 1, having the Formula IV:

0
R, .
S te

| 10 w
Y = /\ /\
é{ ﬁ{ R lg Re

or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:
R2-Rg are as defined in claim 1, provided that the pyridyl ring is other
25  than 2,6-disubstituted with regard to the naphthyl radical and ~C(O)R g or any
of Ry-Ry that is other than hydrogen.



pi peridinyl)ethylaride; 5-[4-(4-fluorophenoxy)phenyl]pyridine 3-carboxylic
acid 2-(N piperidinyl)ethylam de; or a pharnaceutically acceptable salt,
prodrug owoldlyare thereof. 20 23. A conpound of clai m 1pChasonggohe
Formula I1V: 0 R7T RS NRolIV R4 RZR8 R6 R3 or a pharnmaceutically
acceptable salt, prodrug or solvate thereof, wherein: R2-R8 are as defined
inclaiml, provided that the pyridyl _sgng is other 25 than
2,6-disubstituted with regard to the naphthyl radi cal and -C(O R10 or any
of R2-R4 that is other than hydrogen WO 03/ 022276 PCT/ US02/ 28298 -56 24.

A conpound of cl aiyp 23, V\,herel n und is; 5-(2-naphthyl)pyridine-3
- car boxami de; 2%1 nap tﬂmp?lfﬂ}ir? @%%&F’f’f&(?fﬁ‘i Efgnpo("é‘ﬁ 1% pharmaceutically
accept abl e salt wr(mﬁapgﬂgzn)@ﬁhmagecarrm(raﬁgae 5 25. The conpound of claim1,
havi ng the For mul RY NéRIO I \" Rz RB Rs R3 or a

phar maceuti cal | y ;C@e‘ﬁﬁpﬁﬁjry@%’é me-Spq/adzn&agn@r sol vate thereof, wherein:
R2-R8 are defined 41 p‘fllitqﬁe{pe&ﬁcally acceptable salt, prodrug or solvate thereof.

5

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

QJT/\,/\

or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:
R;-Rg are defined in claim 1;
10 provided that the pyridyl ring is other than 2,6-disubstituted with

regard to the biphenyl radical and —C(O)R g or any of R,-Ry that is other than
hydrogen.

26. The compound of claim 25, wherein said compound is:
15 2-(4-phenylphenyl)pyridine-4-carboxamide;
2~(4-phenylphenyl)pyridine-5-carboxamide;

or a pharmaceutically acceptable salt, prodrug or solvate thereof,

27.  The compound of claim 1, having the Formula VI:

DD “l

or a pharmaceutically acceptable salt, prodrug or solvate thereof,

20

wherein:

Rs, Re, and Ry are defined in claim 1, X is one of O, S, NH, or absent

>

and Ryois amino or heterocycloalkylamino;



vided that the ridyl ring is other than 2, 6-disubstituted with
rlgggig to the bi phenyloyradi cal and -C(OR o or any of R2-R4 that I;s'Ot _herlS
t han hydwogen22226. The corrpoundbof cl SI m 25, wherein sai ¢CTArspUeRIN8 i S:
-(4- nyl phenyl ridi ne-4-carboxam de; _
ggj Bﬂgnzl Bhenzl ggzri di ne-5-car boxani de; or a pharmaceuticall yhac_cept ?Ege
salt, prodrug or solvate thereof. 27 .57The conpound of claim1, having
Formula VI: 0 R/ NRao 20 X Rg/ R4 R3 Rz or a pharmaceutically
acceptabl e salt, prodrug or solvate thereof, wherein: R5, R6, and RO are

i i i NH, absent an RIO.is_amno or
hot er ocycl oal kyl amobies B4R 9398 pbkieiet o990e7.6-Eropserastint hat ¢ ne
pyridyl ri ngrqgsldotbInlmafpltelngma&ca}ﬁids—tma)moumﬂ W th regard to the phenyl

then RO
radi cal and -C(O n when X is 0 or absent and R10 is am no,
is not a straight™ Rhﬁb?ﬁ PR3fserfrand Rio it dneined thyn anndwmmglmanwth

I , I bstitut he
ggt ?gﬁgl I Cagﬁgz]}t/l ﬁoﬁ#@%ﬁ]alﬁgc &bony tﬂﬂ% ‘%]'Ikh% Isg%o el?]mg'f ﬁ%é?’ﬂ??? wher ei n
RO is sel%ct ertiomalhyrsutisitutet mhepylk onai slﬁtlomgllya§uHsﬁw&edwﬁmbearbor%.0py

d of
hi omet hyl, trifluoronethyl, and trifluoronethoxy. 10 29 e conpoun
E:I :iiom 27y wherein R5 and R6 are independently sel ected fromthe group

consi sting of hydingenThakbihourd! KCOY%Im &76"\&}%&:{1{ ’Rgnglsggcted (%ﬁll kyl,
hydr oxyal kyl, hydroxy, nitro, am no
group consisting of ter -butyl, -propyl thlomethyl trifluoromethyl, and

trifluoromethoxy.
10
29. The compound of claim 27, wherein Rs and Rg¢ are
independently selected from the group consisting of hydrogen, alkyl, alkenyl,
alkynyl, halogen, haloalkyl, hydroxyalkyl, hydroxy, nitro, amino, and cyano.

15 30. The compound of claim 29, wherein Rs and Rg are both
hydrogen.

31. The compound of claim 27, wherein X is O, S or absent.

20 32, The compound of claim 27, wherein said compound is:
5-(4-tert-butylphenyl)pyridine-3-carboxamide ;
2-(4-z‘ert—butylphenyl)pyridine-4—carboxamide;
2-(4-tert-butylphenyl)pyridine-5-carboxamide
2-(4-z'-propylphenyl)pyridine-4-carboxamide;

25 5-(4-thiomethylphenyl)pyridine-3 -carboxamide;
2-(4-thiomethylphenyl)pyridine-5 -carboxamide;
5-(4-trifluoromethoxyphenyl)pyridine-3-carboxamide:

2

2-(4-trifluoromethoxyphenyl)pyridine-5 ~carboxamide;
2—(4-triﬂuoromethoxyphenyl)pyridine-4-carboxamide;
30 5-(4-trifluoromethylphenyl)pyridine-3 ~carboxamide;

2—(4-triﬂuoromethylphenyl)pyridine-5—carboxamide;



15 30. The conpound of claim29, wherein R5 and R6 are both hydrogen. 31.
The conpound of claim 27, wherein Xis 0, S or absent. 20 32. The conpound
of clai m&®,03merei n said conpound is: 5-(4-tent-butyl pheaylUspyed2e8 ne- 3

- carboxam de; 2-(4-tent-butyl phenyl)pyridi ne-4-carboxam de;

2- (4-tent-butyl phenyl) pyri di ne-5-carboxam de

2-(4-i-propyl phenyl) pyridi ne-4-car boxaggde; 25

5- (4-t hi omet hyl phenyl ) pyri di ne- 3- car boxani de;

2- (4-t hi onet hyl phenyl )pyri di ne- 5- car boxam de; 5

(4tr|fluororrethox hen ridine-3 arb xam de;

2-(4-trifl uor onBt hHOSYPRE %?‘i"&?“ﬁ'&lega %%&l‘?f ﬁ‘gyate thereof.
2-(4-trifluoronet hoxyphenyl) pyri di ne-4-carboxam de; 30

5-(4-trifluoronethyl phenyl )pyrl di ne- 3- car boxam de;

2-(4-trifluoronet h%gi phehy ym&qeuﬁl%é-@m@atlb@xmmpresmg/\@mwmcz@ﬂsof

PCT/ US02/ 28298.,;28 or a pharmaceutically acceptable salt, prodrug or

sol vat e thereo]%m 3. A pharnaceutical conposition, conpri si ng the conpound
of formula: N/ R ~\Il A ~ 11 R25 RRR3 or a pharmaceutically
acceptable salt, prodrug or solvate t 9/of wherein: Ar is selected from
the group consisting of Arl, Are, Ar ndﬂAr4 wherein R7 RS Arl is R8 R6

R7 R5 Rz
/v\
5
or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:
Ar is selected from the group consisting of Arj;, Ar, Ar; and Ary,
wherein
Ry Rj
[/\ B N
~ — ’
/\ X /\
Ary is Rs Rs
Ry
\/
o
N
10 Anis Rg
R7 R5
AN X
[ I ; and
/ / /\/
Ar; 18 Re Re
Rg
s
- Q
X
Al‘4 is Re

R; is selected from the group consisting of an optionally substituted
alkyl, amino, alkylthiol, C(O)Rip, SO,R;9, OC(O)NH,, 2-imidazolinyl, 2-
15 imidazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl;



10 A°re is RBR6 R7 RS and Arais RB R6 RS RO\ X Ard is R6 R is selected
fromthe group consisting of an optionally substituted alkyl, am no,

al kyl t hi owp 00022R o, SO02Ri o, OC(O NH2, 2-im dazolinyl, 2-pC¥/uUSK2R0IYI,
3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl; W 03/022276

PCT/ US02/ 28298 -59 R2, R3, and R4 are independently selected fromthe
group consisting of hydrogen, optionakdy substituted alkyl, alkenyl, or

al kynyl, hal ogen, hydroxy, cycloalkyl, cyano, am no, alkylam no,

di al kyl am no, al koxy, am nocarbonyl, al kyl am nocar bonyl ,

aryl am nocar bonyl , apal kyl,am nocar bo , 5.4 | car bonyl ai ni no, _

ar §| car bonyl am %o,Rzafﬁér agl%ﬁalﬁk%}? glznare %ﬁéﬁﬂ%@e%%% tﬁ%@“’t"%actonilfm%gﬁ%f pyri dyl

ring i s othemytiaen, ZpfiodhlsuRbstitutidedicy hﬂkeimgaf %lkﬁr@ylﬁgalogélf,j hgéh-osz&, any of
en Ar

R2-R4 that is other than hydrogen; and 2) _ is Are"or Ara, then Rl is
C(O R 0; 10 §y<>1%1§}ﬁh Ayancs appno, alkdammp, idipligiemineaalkony. ansinogarbapti onal |y

substituted yl am - R5, R6, _Rf. ;and R8 ar
i ndependent | 9ﬁiy§ngg%{§é9@?§m t he%gfl%%%%llr?gp ting O ﬁ?‘?@/%?%&%%?“&'ﬁ!’kyl .
al kenyl , al kyphylcartivalybgeno, andbadbikyhminoy siidacyiylegtbonylay@digxy, nitro, amino,

cyano, amide, carboxyalkyl, alkoxyal kyl, ureido, 15 acylam no, thiol,
a%:/yl oxy, azido, aﬂ’%‘%%[%d%étr boxy, carbonylam do and alkylthiol; RO is an

optionally substi tiytg lp?fi&&l'ring@@@tﬂe?th%ﬁ|29§2E1i‘§90sftiﬁ9@a HAE 104 £PNSi sting of
alkyl, alkenyl, al ya?n){i R, or any of Ry-Ry4 that is other than hydrogen; and

2) when Ar is Ar, or Ars, then Ry is C(O)R;

10 3) when Ar is Ary then R; is aminocarbonyl or an optionally
substituted heterocycloalkylaminocarbonyl;

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,

15 acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol,

Ry is an optionally substituted alkyl;

Ryo 1s selected from the group consisting of alkyl, alkenyl, alkynyl,
ORy1, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,

20  dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Ry is not OR;; when R; is SO2R o; wherein

25 Ry1 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 Ary; or

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

a pharmaceutically acceptable carrier or diluent.
30



OR11, am no, al kylam no, di al kyl am no, al kenyl am no, di al kyl am noal kenyl ,
20 di al kyl am noal kyl am no, di al kyl am noal kenyl am no, al kyl am noal kenyl

am no, hywpesyparanoal kenyl am no, cycl oal kyl, het erocycl oalPk{yiuso2/28298

cycl oal kyl al kyl ammi no, heterocycl oal kyl am no, aryl, arylal kyl, arylal kenyl,
aryl al kynyl, and aryl al kyl am no, all of which can be optionally
substituted, provided that R10 is notgz§@RL1 when Rl is SO2R10; wherein 25
R11 is selected fromthe group consisting of hydrogen, optionally
substituted al kyl, and an alkali metal; and X is one of 0, S, NH, or CH2

when Ar is Arl; 0%4X iﬁggne of q S o%%abﬁeni a covah&aﬁ.bond) when
Ar is Ar4; and a phar eﬁFW%ng?'gEgE%?a Vel B SRR Geit3S 30 WO

03/ 022276 PCHldiged 12889 8ne offlaids.1-3he conposition of claim 33, wherein the
conpound is as claimed in any one of clainms 1-32. 35. A nmethod of treating
a disorder responsive to the bl ockade of 5 sodium channels in a manmal
suffering therefr (of0) 1SN 1 nistering. to a i eed of such
treatment an eff e%'?} ve gﬁrgoelal?ﬂd (gf’f@gﬂg r?p%lg(%gelolf%p cfnglrvr?uqsgﬂg :Qllo/CEi@ﬁ?e oA

If R2 /-\3 R4dieB dranaelphanmaenbi adfeiie aeaepsabtans@lilg ahd@terthgor sol vate

t hereof, wherein: 10 Ar is selected fromthe group consisting of Arl, Are,
Ar3 and Ard4, © Ayl ipnegskof such tyeatment an effective amount of a compound of

formula:

Ry

g
et

A

R,

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

10 Ar is selected from the group consisting of Ary, Ar,, Ars and Ara,
wherein
R7 R5
- N
~ — ;
/ NS X /\
Ar is Rs Rs
Ry Rs
[/\ ] /f
S NS /\/
Ary is Rs Rs
R; Rs
N N
[ ’ ; and
/ / /\/
Ar; is Re Re
Rs
’
Q/ |
R
SN X AN \

15 AI4 is Rs



XAl i s RBRE RT R5 Areis RB R RT RS and Ar3is RBRE RS A~ RAM\X
15 Ar4 is R6 WO 03/022276 PCT/US02/28298 -61 Rl is selected fromthe
group corwpgsioen7©f an optionally substituted alkyl, am moT/usbkyd2ohi ol ,
C(O R10, SO02Rlo, OC(O) NH2, 2-imdazolinyl, 2- imdazolyl, 3-pyrazolyl,
5-isoxazolyl, and 3-(1,2,4)-triazolyl; R2, R3, and R4 are independently
sel ected fromthe group consisting of _¢gh. hydrogen optional Iy substituted
al kyl, al kenyl, or al kynyl, hal ogen, hydroxy, cycl oal kyl, cyano, am no,
al kyl am no, di al kyl am no, al koxy, am nocar bonyl, al kyl am nocar bonyl ,

S DOy o e PRSP Ao bESH SRV, Misinge e

ridyl ringaiks1,0abglo, tANanthiol6 Qsts@aqoecb GINHLE gzaﬁﬂldagolﬁl and RL or
g%y of R2- R4atkﬁ,at i s ot her tha.rgﬁﬂgr ogen; @g jN I's Arsle or Ara,

then RL is O(“@)WQJV 3yPsikprhyLAP- 130§W341; aftdﬁrﬁl ,M)-thal'nl,noc ar bonyl or an

0Pt ) ot Kok PRI L LASE RO b b

al kyl, al E(en;hbfdlogéﬂgwmbnalnabmmmtedhﬂkﬂahlkyﬁyl by kol ahKygon, hhHdkpxy, nitro,

am no, cyano, cyaoalﬂyl cﬁﬁ{ob%ﬁ% k){kylarglniéoé%la?llyignlnnougl(lact)g}?, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;
provided that
10 1) the pyridyl ring is other than 2,6-disubstituted with regard to Ar
and R; or any of Ry-Ry that is other than hydrogen; and
2) when Ar is Ar, or Ars, then Ry is C(O)R;q;
3) when Ar is Ary then R; is aminocarbonyl or an optionally
substituted heterocycloalkylaminocarbonyl;

15 Rs, Re, R7, 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;

20 Ry is an optionally substituted alkyl;

Rio is selected from the group consisting of alkyl, alkenyl, alkynyl,
ORj, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino,  alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,

25 cycloalkylalk}"flamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that R is not OR;; when R; is SO,Ro; wherein

Ri1 is selected from the group consisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and

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

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



acyl am no, thiol, acyloxy, azido, alkoxy, carboxy, carbonylam do and
alkylthiol; 20 RO is an optionally substituted alkyl; RLO is selected from
t he groupwomam2zré ng of al kyl, al kenyl, al kynyl, OR1l1, amCmasSoztdeys am 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 - am no,

hydr oxyam noal kenyl ai ni no, cycl oal kyl , ghet erocycl oal kyl, 25

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 R10 is not OR11 when Rl is SO2R10; wherein R11l
is selected fromthe group consisting of hydrogen, optionally substituted
al kyl, and an alkali netal; and 30 X is one of 0, S, NH, or CH2 when Ar is
Arl; or Xis one gf 0, .S, NH or_absent (a coval ent bond) when Ar is Ar4.
WO 03/022276 PCT/ 002/ Fsgisthockef clgm mihg compehed adiBBistahdisei n t he
conpound adnh@&lﬁin%deiﬁain?on@%fﬁlle%ild?i%gli-ﬂ. any one of the claims 1-32. 5 37. A
met hod for treating, preventing or aneliorating neuronal |oss follow ng
gl obal andl focal ischema; treating, preventing or .aneliorating

neur odegener ati ve,condi,tiops; [treating, preventing or aneliorating pain or
tinnitus; treati néﬁ pr é\f@ﬁ&oﬂ&)lotrreaé‘ﬁ%’l PIEYng 9 aslierating pegenddosspr ovi di ng
local 10 anesdlleshg;gl6hal tA@atdcAD iRhERK: N-AS Plevbht 'oPganfe?i%Y‘Hng' ons,
conprising admnistering to a manmal in nee%’ Suclr treat nent &n

ef fective anBtHodegenerativg wpedifians; drenting,: pRyentihgAor -aRRliof4inR3pain or

tinnitus; treating, preventing or ameliorating manic depression; providing local
10 anesthesia; or treating arrhythmias, or treating convulsions, comprising
administering to a mammal in need of such treatment an effective amount of a

compound formula:

Ry

)
gy

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

Ar

Rz

15 Ar is selected from the group consisting of Ary, Ary, Arz and Ary,
wherein
R7 R5
7\ XL&/
Ary is Rs Re
Ry R;
(] /f
S NS ~ &

Arp is Rg Rg



or a pharmaceutically acceptable salt, prodrug or sol vate thereof, wherein:
15 Ar is selected fromthe group consisting of Arl, Are, Ara and Ar4,
wher ei n RYOR5/022476 Art is RB R6 R7 R5 Are is R8 R6 WO 03/ @22A/862/28298

PCT/ US02/ 28298 -63- R7T RS and Arais RBRER5 f RA\\X\ Ar4dis RERLIisS
selected fromthe group consisting of an optionally substituted alkyl,

am no, al kylthiol, C(O Rlo, S02R10, OgfO NH2, 2-im dazolinyl, 2- 5

i mdazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl; R2, R3, and
R4 are independently selected fromthe group consisting of hydrogen,
optionally substituted al kyl, aIkenyIRg or al kynyl, hal ogen, hydroxy,
cycl oal kyl, cyano, am no, aFV am noy_4di_al kyl am no, al koxy, am nocarbonyl,
al kyl am nocar bonyl , aryl am cyl am nocar bonyl, 10

al kyl car bonyl am no, arylcarqg and aré@R@lcarbonylanino; provi ded
that 1) the pyridyl ring is -di substituted with regard to Ar
and Rl or any of R2-R4 thatrjs other thanghydrogen; and 2) when Ar is Are
or Ara, theREfis CCORo0; 15 3) when Ar s Ar4, then RL i s ami nocar bonyl

or an optionally Rs
J//\:/j/
R
9\X X \
Aryis Re

R, is selected from the group consisting of an optionally substituted

alkyl, amino, alkylthiol, C(O)Rj9, SO2R;9, OC(O)NH;, 2-imidazolinyl, 2-
5  imidazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazoly];

Ry, R3, 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,

10  alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino;

provided that

1) the pyridyl ring is other than 2,6-disubstituted with regard to Ar

and R or any of Ry-R4 that is other than hydrogen; and

2) when Ar is Ar; or Ars, then R is C(O)Ryp;

15 3) when Ar is Ary then R, is aminocarbonyl or an optionally
substituted heterocycloalkylaminocarbonyl;

Rs, Rs, 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,

20  acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol,

Ry is an optionally substituted alkyl;

Ryp is selected from the group consisting of alkyl, alkenyl, alkynyl,
OR;j, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,

25  dialkylaminoalkylamino, dialkylaminoalkenylamino, alkylaminoalkenyl-



substituted heterocycl oal kyl am nocarbonyl; R5, R6, R7, and R8 are

i ndependently selected fromthe group consisting of hydrogen, alkyl,

al kenyl , wblognga276 hal ogen, hal oal kyl , hydroxyal kyl, hydr @xy/usn2/282e8 am no,
cyano, am de, carboxyal kyl, al koxyal kyl, ureido, 20 acyl am no, thiol,

acyl oxy, azido, al koxy, carboxy, carbonylam do and alkylthiol; RO is an
optionally substituted alkyl; R10 is el ected fromthe group consisting of
al kyl, al kenyl, al kynyl, OR11, am no, alkylam no, dialkylam no,

al kenyl am no, di al kyl am noal kenyl, 25 di al kyl am noal kyl am no,

di al kyl am noal kenyl am no, al | cyl am noal keny| 3/ 022276 P 02/ 28298

-64 ani no, Pf}?ﬂ’iooxyaﬁ?( B%XWHV’%?W 10y ¢ &&F]I?W?’Ehet i’fig{:%%fﬂ%#k vl ,

cycl oal kyl al. ey '1919;/1;&%@ AE¥RIcOAbX BRI, adLy larylakyl, akdgydikenst,y| al kenyl ,
a

aryl al kynyl ,” and "ary kyl'am no, "al | of which can be optionally
subst i t ut edarylgkynyl,dedl aybadksfaroinos ah ot arch camds mtiopallsephigitediner ein 5

R, is selected,fr he qgr consLst] f. .0gen, optionally
substit ut edplavk%?fl,tgag] Ogﬁ%éﬁﬂgfW%ﬁlé?éﬁg;ﬁg%?o’ﬁeg&gne of 0, S, NH or CH2
when Ar §s Arl; @, % k8ec@B® fadm Othe SrotyH consistatps efithy(iengeny apgmtallpond) when

Ar is Ara. 10 38. The nethod of claim 37, wherein the conpound adm ni stered
is as clai seutivehdiyloped &7 alktlamgiali®nd2. 39, The net hod of clai m 37,
wherei n the methed i 3. 1,06 gr]ﬁﬂt bR, WhERUER ARgopr aneliorating pain and
said pain is one of neur opathi’ ¢ pai'h, 15 surgical pain or chronic pain.
40. A nmethod of & isewvkafOng, NH, pr ehsemt(k wgvaeitbond) wiedn Ad SyAn an  ani mal
subj ect, conprising admnistering to said aninmal in need of such treatnent
an effective anount of a conpound of formula: R, Ar | Il R2

10 38. The method of claim 37, wherein the compound administered is

as claimed in any one of claims 1-32.

39. The method of claim 37, wherein the method is for treating,
preventing or ameliorating pain and said pain is one of neuropathic pain,

15  surgical pain or chronic pain.

40. 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:

N /R1
P
Ar—f jl—Rz

LT
R4/\/\R3

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

20

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

wherein
R;

A1'1 is



IV 20 R4

and Ar4, wetwnozizne R7 RS X Al

R3 or a pharmaceutically acceptable salt, prodrug or solvate
thereof, wherein: Ar is selected fromthe group consisting of Arl, Are, Ara

is RB R6 WD 03/022276 PCTPUBARO2B298 - 65

-7 R Areis RBRE RT RBand Arais RBRE RS RO\X Ar4d is R Rl is

selected fromthe group consisting of an optionally substituted 5 alkyl,
am no, alkylthiol, C(OR o, SO02R10, X4 O NH2, 2-im dazolinyl, 2-
3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl; R2, R3, and

i m dazol yl ,

R4 are independently selected fromthe group consisting of

hydr ogen,

optional Iy substituted alkyl, alkenyl, orﬁalkynyl, hal ogen, hydroxy,
: 4

cycl oal kyl

10 al kyl am nocar bonyl , aryl am
al kyl car bonyl am no, aryl carbonyl am n
that 1) the pyridyl ring is ot
and R1L or any of R2-R4 that is_other t

Are or Ara,

cyan, am no, alkyl a

ral kyl am nocar bonyl ,
ar al kyl car bonyl am no;

-2}

Athen Rl is C(OR G®3) when Ar®is Ar4, then RL is am

or an optionally R Rs
7
N7 xX N
[ ‘ ;and
R/ / /\/
Ars is 8 Re
Rs
2
/Q/j/.
R
9\X AN \
AI4 is Re

10

15

20

R; is selected from the group consisting of an optionally substituted
alkyl, amino, alkylthiol, C(O)R1o, SO2R;9, OC(O)NH,, 2-imidazolinyl, 2-
imidazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl;

Ry, 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;

provided that

1) the pyridyl ring is other than 2,6-disubstituted with regard to Ar

and R; or any of Ry-R4 that is other than hydrogen; and

2) when Aris Ar, or Ars, then R is C(O)Ro;

3) when Ar is Arg then R; is aminocarbonyl or an optionally

substituted heterocycloalkylaminocarbonyl;

Rs, Rs, 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| am no, al koxy, am nocarbonyl,

provi ded

-di substituted with regard to Ar
hydr ogen; and 15 2) when Al is

nocar bonyl



substituted heterocycl oal kyl am nocarbonyl; R5, R6, R7, and R8 are

i ndependently selected fromthe group consisting of hydrogen, alkyl,

al kenyl , wblognga276 hal ogen, hal oal kyl, hydroxyal kyl , 20 hydmransy2/28208% r o,

am no, cyano, am de, carboxyal kyl, al koxyal kyl, ureido, acylam no, thiol,
acyl oxy, azido, al koxy, carboxy, carbonylam do and alkylthiol; WO

03/ 022276 PCT/ US02/ 28298 -66 R9 is a_n6q)pti onally substituted alkyl; RIOis
selected fromthe group consisting of alkyl, alkenyl, alkynyl, ORl1,

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

di al kyl am noal kyl gm.no i al kyl am.poal kenyl am no, al kyl am noal kenyl 5

ani no, hydr oxyani N84l %?R%%?F#%Bui’sm}’gq%ﬁi]fﬂgl ., heterocycl oal kyl ,

cycl oal kyl al kyl anRppis 8¢S epa] ﬂf’é: %&Mhﬁr&\%&]gﬂ%@ Yt alicdt, ya'll@eh?%'e‘l]fﬁ%}’,l al kenyl ,
0 i C al'Ty

aryl al kynyl, and aryl al kyl am no, a _ can be opti
subst i t ut ed, ORpr.cvniaedalibileming, QliplkylhoingQR]kdnyleneno,Rlialkyla8Ga&IkEnywher ei n R11

is selected h .consi, st of dr.ogen, optionall 1
substituted g{a%pfl%mlglﬁ%kgﬁa%é?%al fhaw@ﬁ%ﬁno lﬁ%‘wglooneﬁ%?’laﬁl,m‘é{k%ﬁg or CH2
when Ar i35 Aahinogr Xhjdroeneniaballeny®mibbl orcyalsast, (a lﬁ@y@ég%hu@gnd) when
Ar is Ar4. 41. The hod of claimA40, wherein the conpound adm nistered is

t hod
15 as cl ai neﬂyql?ﬁllé)ﬂgﬁ%ﬁéﬂ@ﬁ» betgraccloalvlamago, arvbompdelinl. hawialeenyhe For mul a
- R N A B Ak R4 i e sal t. odrug or
sol vat e ther %@ , }\]/{ﬁe’rgﬁn%ﬁ?&qﬂﬁ{rﬁ@(&gé eﬁ@gllcll)éla I?%(r% (%t%?lélf?%ﬁlgb%%uﬁg({’sti ng of
Arl, Are, ArproaittdAhat R wsarogiOR;; when R; is SO,R¢; wherein
Ri1 is selected from the group consisting of hydrogen, optionally

10 substituted alkyl, and an alkali metal; and
X is 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 Arg.

41.  The method of claim 40, wherein the compound administered is

15  asclaimed in any one of claims 1-32.

42. A compound having the Formula I:
Ry

iy
o

I
R

Ar R,

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

20 Aris selected from the group consisting of Ary, Ars, Ars; and Ars, wherein

Ar; is



R7 Rs X Arl is R8 R6 WO 03/022276 PCT/US02/28298 -67 -7 R5 Are is R8 R6
R7 RS and Arais RBRE RS RO\X Ar4d is R6 R is selected fromthe group
consi sti nyomB/oa7opti onal |y substituted 5 al kyl, am no, &ICIyusoh2sabsg

C(OR O SO02R o, OC(O)NH2, 2-imdazolinyl, 2- imdazolyl, 3-pyrazolyl,
5-isoxazolyl, and 3-(1,2,4)-triazolyl; R2, R3, and R4 are independently
sel ected fromthe group consisting of hydrogen optionally substituted

al kyl, al kenyl, or al kynyl, hal ogen, hydroxy, cycl oal kyl, cyano, am no,

al kyl am no, di al kyl am no, al koxy, am nocarbonyl, 10 alkylaninocarbonyl,
aryl am nocar bonyl, aral kyl am nqgar bonyl, al kyI car bonyl am no,

aryl carbonyl am no, and arall cyl ifs0:_ provi ded that 1) the pyridyl
ring is other than 2, 6-disubsti t\g? gard to Ar and R or any of
R2-R4 that is other than hydrogen; ) when Ar is Are or Ara, then R
is CCORG 3) when Ar is Ar4, i/EFm' nocar bonyl or an optionally

substituted heterocycl oal kyl am O®4r bo R5, R6, R7, and R8 are
i ndependent | &r,9el ected fromt hgsgroup consksting of hydrogen, alkyl,

al kenyl , al kynyl, hal ogen, oaIkyI hydroxyalkyl 20 hydroxy, nitro,
am no, cyano, anide, carbox , aI al k ureldo
P A~
AI’3 is
Rs
‘4
Q/.
R
‘ 9\X X \
Axyis Re

R; is selected from the group consisting of an optionally substituted
5 alkyl, amino, alkylthiol, C(O)R;9, SORj9, OC(O)NH,, 2-imidazolinyl, 2-
imidazolyl, 3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl;

Ry, R3, 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,

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

provided that

1) the pyridyl ring is other than 2,6-disubstituted with regard to Ar

and R; or any of Ry-R4 that is other than hydrogen; and
15 2) when Ar is Ar; or Ars, then R; is C(O)R1o;

3) when Ar is Ary then R; is aminocarbonyl or an optionally

substituted heterocycloalkylaminocarbonyl;

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

20 hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol;



acyl am no, thiol, acyloxy, azido, alkoxy, carboxy, carbonylam do and

al kyl thiol; WO 03/022276 PCT/US02/28298 -68 R9 is an optionally

substi t utwo oalokaelg R10 is sel ected fromthe group consi stiPag/ush2/zd2k8/1 ,

al kenyl, al kynyl, OR11, amno, allcylam no, dialkylamno, alkenylam no,

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

al kyl am noal kenyl 5 am no, hydroxyam ngg@l 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, arylal kynyl, and aryl al kyl am no, all of which can

be optionally subsfi.tute I QW t,, RLO is not OR11 when Rl is
SQ2R10; wherein i %ngétfogéﬁ%a‘\lﬁsgﬁ%iﬂ 1group consi sting of hydrogen,

optionally 10 sulrs} i sélededlfton theap@uprtonbikiadd ofranﬁl,;aua@m,xalkﬁm@,ne of O
S, NH, or CH2 when Ar is Arl; or. X1s one of O, S, NH or absent (a
coval ent bon®Ruwhanings alkylasino, dighkleaino.sakenyiaminoyielhydamgipodkenylc

r adi ol abel ed gighdy AfinolBG1Ming, CABRARMREIChAMIA? AquSibAfiakdgpnd for its

binding site o e sodi um channel”.
5  amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,

cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Rjp is not OR;; when R is SO,Ro; wherein
Ri1 is selected from the group consisting of hydrogen, optionally
10 substituted alkyl, and an alkali metal; and
Xis 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,

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

15 43. Use of a compound of claim 42 as a radioligand for its binding

site on the sodium channel.



