3 0 AUG 200g WD 01/72714 PCTIUSOL/ 08972 Aryl Substituted Pyrazol e\s;, 0
Triazol es and Tetrazoles, and the Use Thereof Background of the In e[hPP%?n“ 5
Field oW@pe7Xhvention This invention is in the field of ReHUSYIHEPT2
chem stry. In particular, the invention relates to aryl substituted
pyrazol es, triazoles and tetrazoles, and the 10 discovery that these

conpounds ar eAaxyl iSadostitwted Pyaaciodes, Beiddodekand DeétrazolesyandNa) channel s.
Rel at ed Background Art 15 Several classes of therapeutically useful drugs,

i ncludi ng | ocal anesthetics suclthedséiTlperdogfe and bupi vacai ne,
antiarrhythm cs such as propafenone and am ocl arone, and anticonvul sants
such as | anotrigi ne, phenytoin and carbanazepi ne, have been shown to share
a common mechani sm of action by bl ocking or nodul ating Na' channel activity

(Catterall, WA , Trends ngdﬁ%q@umﬁgymgﬁkﬁﬁom%?)). Each of 20 these

agents is believed to act by interfering wth the rapid influx of Na+ ions.
Recgntly, other Na4 channel bl ockers such as BW19C89 and lifarizi ne have
" been shown to be neuroprotective in ani mal nodel s of global and focal

i scheni aFéaMiof dredmyeiomt |y in clinical trials (Gahamet al., J Pharnacol.
Exp. Ther. 269:854-859 (1994); Brown et al., British J Pharmacol.
115:1425-1432 (1995)). 25 The neuroprotective activity of Na+ channel

bl ockers is dyg:ta JhabE diaeﬂ efd iﬁ’e}‘f'&'eosfsnigﬂicﬂ?a? Lcﬁgﬁ%&%geﬁreﬁ%ﬁuaﬂl e

gl utamat e concentrati on rrng 1rschema by 1in el edse of this

exci t ot OxiveniéH eladssi € NEYN Qubaitaredt pefazolet,UdiL6lehomm tdfys, thdt thenl i ke
gl utamat e receptor antagoni sts, Na+ channel bl ockers prevent h%/kgoxi C
8

daniige t disnevemnithatrthess cempauedsy aeSuyticoavulainty agd ameeg blogkers 0P sadiom439 30

(1992)). s, they may offer advantages for treating certain types of
st rokes Qﬁ‘wﬁmﬁ‘al trauma where danage to white matter tracts is
prom nent. WO 01/ 72714

Related Background Art

15 Several classes of therapeutically useful drugs, including local anesthetics such
as lidocaine and bupivacaine, antiarrhythmics such as 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*
channe! activity (Catterall, W.A., Trends Pharmacol. Sci. 8:57-65 (1987)). Each of

20 these agents is believed to act by interfering with the rapid influx of Na" ions.

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 ef al., British J. Pharmacol. 115:1425-1432 (1995)).

25 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 neurofransmitter. ‘Studies have
shown that unlike glutamate receptor antagonists, Na“ channel blockers prevent
hypoxic damage to mammalian white matter (Stys er al,, J. Neurosci. 12:430-439

30 (1992)). Thus, they may offer advantages for treating certain types of strokes or

neuronal trauma where damage to white matter tracts is prominent.



AUG 2006 PCT/ USO 1/08972 Anot her exanple of clinical use of a hﬁ-@wﬂngﬁmc
bl ocker is riluzole. This drug has been shown to prolong survival in
subset oWQALTEAts with ALS (Benson et al., New Engl. J RE&/USS308535.591
(1994)) and has subsequently been approved by the FDA for the treatnent of
ALS. In addition to the above-nmentioneg clinical uses, 5 carbamazepine,

| i docai ne and phenytoin are occasionalTy used to treat neuropathic pain,
such as fromtrigem nal neurol ogia, diabetic neuropathy and other forns of

d T d I T Ph I i. 16:309-316
(1095)) - ana  CHPHErSamplie o al Hof R gi VL ST hles el Bl s
t t t i I i :pati gt L 55:
70°76. (10900 B pert MRS bR I b o et peids SUTALERRAE B een

chroni c pad,WewdErgi.nNiMed BWHBE S0, (£994R) arfinhas Jubse@intly BeBh approe@%hy( 1997) ;
Tonndorf, .1. Hear. Res. 28: 271-275 (1987)) it has been proposed that
tinni tus SedUP4 theths EepmenisofaAEDr b additidy torthe aweviermentioned icbnicaSiisgsson,  J.

. 0% ol o S S 1 T S i
j und B : [ : - 9881 N
Laryngor - Paror b8 S5 BeghpaGh POy Rlabet pakbpd ) st ier, RO {her e

are at | epateidamagé OIsilar ididsldam,t DendsQtiadgeeol SN Ji6t30063 I8t 995pnael S whi ch
bi nd neurotoxins specifically (Catterall, WA., Science 242:50-61 (1988)).
St udi es hearbamazapins andclamategine hake bege psgdelor the treatmicat phiynanid depression

anticonvul.gants. and,l o .angsthelics, e |0 re nediated by Na+
channel s,E &L atl'hejr:?&'[é{f:t isgfﬁ}ﬁélyi%ﬁt %ggtﬁlﬁgh\bm ﬁr‘@ﬁ‘é’n‘?r_ﬁt rbﬁieéil PBi%r side
of fhe NanGhaenst sigfifaridds L& EAbiY pdif BhPlbAiRG (MMIEE, 3E R Oyt pro: _
neurotoxin receptor site 2 (Catterall, WA , Ann. Rev. Pharnacol. Toxicol.
10: 15- 43 (3980Y)385C0LI%);, Wonddarf, MAcHeaniRes A28: BV LTS A|1D87)) At ; hdsabe@co

Ed. Sci .; 40: 1985; 272- 284 describe the two_ follow ng conpounds: 25 3 10
AUG 2BGL Piaposad thatytrnihgsmshorid)beosyyyes ag 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.
15 Otolaryngol. 8: 175-180 (1983), Dénaldson, L 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 actions are mediated by Na' channels,

20 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)).
Cocco, M. T.; Maccioni, A.; Plumitallo, A.; Farmaco Ed.Sci.; 40: 1985; 272-
284 describe the two following compounds:

o
O =
(j EJ\N-N\ R=H, Et

== OR
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25



O her aryl substituted heterocycles are described in Stefancich, gﬂ ?@E ﬁhh
Arch. Pharm (Wi nheinz Ger.) 323: 273-280 (1990) as antimycotic agents.
These caY@OUMTd4are descri bed in Appendi x A. Conpounds oPCFISHIIPE7E have
not been used heretofor for treating-a disorder 5 responsive to the

bl ockade of sodium channels in a rramna_;}l. Summary of the Invention The
present invention is related to the di"scovery that aryl substituted 10
pyrazol es, triazoles and tetrazoles represented by Forrmula | act as

bl ockers qf sodiym_ (Na+) . channels. The inventiaon is also related with
treating g)ﬂlﬁrsﬁfygersué%@b%%sF‘?)témfﬁquhé“e pesenbede 181 Sé‘éfg{“"dﬁhsc Hann®! s# n a
mamal suf i ce .V ' b m i, st.eri ng an
T T oot vo sk A JPERRRCER RS st (S0 as SHERTELT, BT IR o

"further aspaséurdk atddespitealan iAppend@pAl on is to provide a method for
treating, preventing or aneliorating neuronal |oss follow ng gl obal and
focal i scheni aCompownds eighormubakblrvie mgt beenarsed herettfonfpr piating mcdisdkidey acut e

“and chronic pain, d,, neuropathic pain; treating, preventing or
amel gor at F‘??Bg%‘fﬁ/tﬁlafg? B#?C‘galﬁa @@#@EFE@@@@%F&% condi tions; treating,
preventing or aneliorating manic depression; using as |ocal anesthesics,
antiarrhythmcs, and treating tinnitus by admnistering a conpound of

Formula Ito a mammal in nee(g,g;,,,m,;ﬁrbftﬂ,@qt,%ﬂ ropANOt her aspect of the
present invention is directed to the“use of the conpounds of Formula | as

bl ockers of sodi um channels. 25 The present invention is also directed to
the use of a conmpound of Formula I for the treatnent of neuronal damage
fol | owi ng gl obdbe aprgseng chventwmhisnielatednd tier diseeveryr dwat nenl abspneednt i on

of ngurodegenerati.ve conditions, such as. amyotrophic |ateral _sclerosis
(AL PR R R 2P o FpUrSoT EE bR AT GotRp RS 6Th 0 Sodnt oc.a
anest het | gg,") @RarfRisl arrhytlimcs, as anticonvul sants and for the treatment
or preventioh 3 0 AUG 20Gb WO 01/72714 PCTIUSOI/9 972 4

The invention is also related with treating a disorder responsive to the
blockade 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

15 described berein.

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 and

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

Another aspect of the present invention is directed to the usé of the compounds
of Formula I as blockers of sodium channels.

25 The present invention is also directed to the use of a compound of Formula I
for the treatment of neuronal damage following global and focal ischemia, 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 antiarrhythmics, as anticonvulsants and for the treatment or prevention




of diabetic neuropathy and for the treatnment of pain including boglrﬁ @@';jz[uﬁ
and chronic pain and m grai ne headache. A further aspect of the e

i nvent i SMODB7TATo provi de a pharnmaceutical conposition usefRdT/Ei/08%@at i ng
di sorders responsive to the bl ockade of sodiumion 5 channels, containing

an effective anount of a conpound of ﬁorrrula | ina mxture wth one or
nore pharnaceutically acceptable carri'érs or diluents. A nunber of

conmpounds useful in the present invention have not been heretofor

reported. .Thus, the present_invention is_also, directed to novel aryl
substit uPE@awwa%r@é,thn #d:6ps s trgafinent of B2 wsluging-pethackte and whrqmsg ¢ her

the pres | | [ Lrected to 3H and 14C radi ol abel ed conpounds of
5ith ah P YELRhehdacl

Formul a use as radioligands for their binding site on the

sodi um channek. fiid tdspad! ofe HROGEERA $randoRdian) §068d0Ta IAGARUANL On Wi I |
be set forth in the description which follows, and in part wll be obvious
from t he compesttiqnt usefyl for treifingralysdrders aaspoediveytopthachlvcleadef oft Svdiimvemt i on.
The enbodj nents and advantages of the invention will be realized and

att al nedC@JMﬁléa?@lt%mnsr?él vty of ghbpmpetwh of Foamnulacliimp Imixpes nt ed

out int ' ' understo t hat both the foregoing
gener al e@%@?%k"g‘g’gﬁ g%%ﬁ%utic%g*?g%%ﬁ ?%‘é‘fgﬁelrsg%r (ﬁg%eélpﬁ' ption are exenplary
and expl anat opy n@iib¥r fdcodifounds useful’ BStthe Girkddt Ghvihifon UGN b heeRS
clainmed. Detail ed Descriptiion of the Invention The present invention arises
out of t heretdiferc ospertedt Natusyt e grrgsens ulnsention ed a6 gdirectzd| ®s notali azdl es and
tetrazol es af Forrrul? act as Iocke[s f Na+ channels. In view of this

|
di scover yUPsERHRITRROIGH teagplen pgd tetrzales SEFQMUIA Lt r eat i ng di sorders
[ t bl.ack f. L ' : agr | ful i
resqnetve (orkle s kel Ml LN ERInSh u iy COPPOUBR LRS!

Invention are the ary pyFazol es,
tri azol esompsluridetof Foeinata I apd ehanues abyadiolighhd for IReid bidiRg 2006, W

01/ 72714 PCT/ USO / 08972
sodium channel.
Additional embodiments and advantages of the invention will be set forth in
the description which follows, and in part will be obvious from the description, or
15 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

20 restrictive of the invention, as claimed.
Detailed Description of the Invention

The present invention arises out of the discovery that the aryl substituted

25 pyrazoles, triazoles and tetrazoles 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 the aryl

substituted pyrazoles, triazoles and tetrazoles represented by Formula I

30



5 Het | or a pharmaceutically acceptable salt, prodrug or sol vatejtihereof,

wherein X is one of 0, S, NR9, CH2, NROC(0), or C(ONRO where Rq is

hydr ogerW8MVTEC o alkyl; 5 Het is a heteroaryl selected BCOWUAEYr oup
consisting of NRL N Ri “NR NR N-N - N(-N/ NR NN
R3 (iii) (iv) R is selected fromthe_ group consisting of hydrogen,
optionally substituted 10 alkyl, optionally substituted heteroaryl,
AOR,, CHCORO, S(ORO and SO P,,,; R and R3 are |ndependently

sel ected fromthe group consisging of hydrogen, alkyl, alkenyl, alkynyt,

nyl, al kyl sul fonyl, carbox

oy N(1) (1)

aryl, cyano, am noal kyl, %\7 Yal | cyIRs al koxyal kyl , aI kylthio, alkylsulf

al kyI am nocar bonyl , aryl am ar 6 aI kyl am nocar bonyl ,
al |l cyl carbonyl am no, aryl cegbonyl am A ar al kyl car bonyl am no,

, Fl@t di al kyI am no, am nogar bonyl ,

al I cyl earbonyl, am nosul fonyl, alkyl afRenosul fonyl, and al kyl sul fonyl; RS,

R6, R7, and R are independently sel ected fromthe group consisting of
hydrogen, hal o, haloal kyl, alkyl, alkenyl, alkynyl, hydroxyalkyl,

am noal k)draph@r@rﬁd@@dﬂ@ﬂl&)ﬁcce;ﬁhﬂﬁ@%ﬂﬁ' Hrungrtsbﬁlat@iHc%f Wiepdido, cyano,
acyl am no, am de, hydroxy, 20 thio acyl oxy, azido, alkoxy, carboxy,

car bonyl anm do Xm:dmaquﬂt NI, CERI,ONR; C€@), exrl(lé(ﬂ))NRQm}tefeeRgsmymog@ﬂw sting of

am no, r#é) @ l;enyl al kynyl, OR,,, allcylam no, dialkylam no,
al kenyl a ¥al kyl ami noal kenyl cycl oal kyl, aryl, heterocycle,

R ST et e S A e Tha Th

consi sting of hydrogen, optionally substituted

N Ry
\N’/JN

(ii) : (m) (iv)

R, is selected from the group consisting of hydrogen, optionally substituted
10 alkyl, optionally substituted heteroaryl, C(O)R,,, CH,C(O)R;, S(O)R,,, and SO,R ;;

R, and R, are independently selected from the group coﬁsisting of hydrogen,
alkyl, alkenyl, alkynyl, aryl, cyano, aminoalkyl, hydroxyalkyl, alkoxyalkyl, alkylthio,
alkylsulfinyl, alkylsulfonyl, carboxyalkyl, alkylamino, dialkylamino, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, alkylcarbonylamino,

.J arylcarbonylamino, aralkylcarbonylamino, alkylcarbonyl, aminosulfonyl,
alkylaminosulfonyl, and alkylsulfonyl;

R;, Ry, R;, and R; are independently selected from the group consisting of
hydrogen, halo, haloalkyl, alkyl, alkenyl, alkynyl, hydroxyalkyl, aminoalkyl,
carboxyalkyl, alkoxyalkyl, nitro, amino, ureido, cyano, acylamino, amide, hydroxy,

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

R, 1s selected from the group consisting of amino, alkyl, alkenyl, alkynyl,
OR;;, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl, cycloalkyl, aryl,
heterocycle, heteroaryl, aralkyl, arylalkenyl, arylalkynyl, and cycloalkylalkylamino;

)



al kyl, and an al kalimetal . Thus, the present invention is directed t0c 9y
provide a nethod for treating, preventing or aneliorating neuromnal ’&16;930
fol | ow nypédtealisa and focal ischernia; 5 treating, prevenPCElid/SO1/08972
aneliorating pain including acute and chronic pain, and neuropathic pain;
treating, preventing or anmeliorating ﬁgnvulsion and neurodegenerative
conditions; treating, preventing or afieliorating manic depression; using
as | ocal anesthesics, antiarrhythmcs, and treating tinnitus by

adm ni stering a .conpound of Fornmula Ito a mammal in need_of such
treatment. 1.ORmHE sglestsdntromnihe drowncqnsising of hydregane aptienaiysubstimiasounds

havi ng F I scli bed above; provided that: 1) when Het is (ii),
and X is%t%%%arh,g%aﬁéeﬁ%‘t al kyl, aral kyl, aryl, or OR,; 2) when Het is
(i) or (ii), teks XhbSpReintNAYentidh RhERecHA! tof Providel 3 mith6d £ | CH2;
and 15 4) when Thy Do piepsr Yorenton B IGHec e to Pigvise; 4 mnotgd]m,&: .tl%aoﬂ?%’onal
subst i t ugméentingopt | anelidrutisg iedurdnat ddssg fdlopsng Wil et fichkrivdkemiadef i ned,

i ncl ude one or m)reng:loups i ndependent |y sel ected fromthe group consisting
of Ral o, 'FENBECPreyendnRyPI agefioratingr paw dndleding pepigatudy chrogic: pai, kand,  C2. 6
al kenyl , C 20 al kynyl ryl (ClL 6)allcyl, ar .I%@alke |,

aryl ( C24)SH8RRHC c%‘%"c)aﬂﬁiﬂ%ﬁél_(ﬁr?&?’ﬁ%, br | AHDIOAEE. s5oidfod  and

am no( Cl4)eatdteoen&@fiPO¥dhditiof; aldiihe, pRbveRMe §r AdHoiating Pidit Q hRo.
urei do, cyano, %?-GIacyl am'ur)m, hydrgogi/‘é, t hi oﬁ Cl_06 agyEP%I&y,e%rfl o*,}’ C 6

al koxy, usargbex Yocahnmnasthesids mptiarricaihaspaidoxeating tidnmhkyy adifdsgtiagiaro, C _6
acyl, and C14 al kyl thi ol fc(;)‘relc'(‘)ups nment i oned above as long as the resulting
conpound Sogpouag|od Fopmups Efoct mammah i psd of sighfeatmeaht s i ncl ude: hal o,

Akl c 6 o) s R e SR Y crsfRARbR Rty wbigH ERuRA o o,
C.,6 acylasmgc@gdrgbove;@foa[@altﬁat Rl is selected fromthe group consisting
of an alkyl optionally " substituted by hal ogen, hydroxy, carbanoyloxy, Cl 4

acyl, Cl.15 aheplHetlis Gny aadinis,O, tBth By, yd not plkelf ealiyl,yardhar9R,,; or
am nocar nwWhen®&D)iR(iPor Gk e Rizhiot DIR,S02R, ,, wherein R p is selected from
the groups)conRnFyétns (@), ten &eiskivt CHGZnA al kenyl, OR,,, amino, C1.6 3 J
- ~H9 2[4y 4hen Het is (iii), and X is O, then R,, is not OR, .
Optional substituents on optionally substituted groups, when not otherwise
defined, include one or more groups independently selected from the group consisting
of halo, halo(C, ;) alkyl, aryl, pyrimidine, cycloalkyl, C, alkyl, C,4 alkenyl, C,
20 alkynyl, aryl(C,¢alkyl, aryl(C, alkenyl, aryl(C, )alkynyl, cycloalkyl(C, alky!,
hydroxy(C, galkyl, amino(C, galkyl, carboxy(C, alkyl, alkoxy(C, ,alkyl, nitro,
amino, ureido, cyano, C,; acylamino, hydroxy, thiol, C, ; acyloxy, azido, C, alkoxy,
carboxy, aminocarbonyl, carbamoyloxy, C,; alkylsulfonylamino, C,, acyl, and C,4
~ alkylthiol groups mentioned above as long as the resulting compound is stable.
25 Preferred optional substituents include: halo, halo(C, alkyl, hydroxy(C, ¢altkyl,
amino(C, oalkyl, hydroxy, nitro, C,; alkyl, C,; alkoxy, aminocarbonyl,
carbamoyloxy, C, ;alkylsulfonylamino, C, ;acyl and amino.
Preferably, R, is selected from the group consisting of an alkyl optionally
substituted by halogen, hydroxy, carbamoyloxy, C,, acyl, C, alkylsulfonylamino,
30 aryl, preferably phenyl, or aminocarbonyl; C(O)R,;; CH,C(O)R,,; or SO,R,,, wherein
R,, is selected from the group consisting of C,  alkyl, C,; alkenyl, OR,,, amino, C, 4



WO 01/72714 PCT/US01108972 7 al kyl am no, di (Cl.6)al kyl am no, C2_6§0 AUS 00t
al kenyl am no, heterocycle and nono- and di- (G -6)al kyl am noal kenyl, and
wher ei n W) 81/7¥14s defi ned above. Preferably, R10 is sel ecP&€HUS#Ig¥2he group
consisting of G _6 alkyl, C2, alkenyl, OR,, amno, Cl 6 alkylanno,
di (CL. 6) al kyl am no, C2-6 al kenyl am no,, 5 nono- and

i - (C, _6)al kyl am no( C2-6) al kenyl , ?phol i nyl, N-pyrrolidinyl, and
N pi perazinyl, all of which can be optl onal |y substi t ut ed, wherein R' is as

defi ned bove. Preferably, ,R2 nd R3 are independently sel ected fromthe
gr oup coﬂgy db@{!é}@@fl &@nﬁf 0, heterqgyclg|apd myano- apldos al kynyl
am no(ClL C ClCGaIkyIthlo Cl-Co6
al kyl suI : ?&M#g’r oxyﬂ%l aérg)vﬁ:?égﬂﬁR“ Pﬁ%f@bg% al kyl ,

©car boxy(Cl %P@f&xbl&artg I@Qeﬁ&iearfydm tﬁél% F@bﬂfm@@dmf{gﬁmﬂw%&&@r C10

aryl am nocar bonyl 10 aryl (C,-C6) a am nocar bonyl

al kyI car OBny hamn &, GhcyCEirey ﬂi(@ag)bﬂayjdmmrﬁ% adlenhy @610 aryl (C, -
' IkyI car bonyl ami_no, more preferably hydro Cl-C6 al kyl, Cl1-C6 al koxy,
m no@emormdé? 11 p)aklfﬂ%(w)ﬁﬁmlawdnam%ﬁb@érIﬂdwro1 mﬁba@ﬁ oups R5-R3

S?Si“t | onapegad) ot APYAPER, AL BibaRly Bl WS 8 oBIERC el v, R,

R6, R, amfeR are i ndependent|ly selected fromthe group consisting of
hydrogen, halo (preferably chloro or fluoro), halo(Cl-C6)al kyl, C1-C6 20

al kyl, hydr ox?(eﬁral‘iﬁr) &zlaylti Raare rin@tﬁbnd*ﬁ)tad se}dctedcfammabrwgtﬁup Csatiky lof

al koxy( C6) al kyl n m no, de, hydroxy, thiol,
Cl- C6~ aclhyBRrEen cgv al Ylkogyacﬁkﬁ‘b‘il frB W]arﬁné‘ﬁgeérr l@ﬁ(}’é;ea@rrr@yl t h| ol .
Ongggr ou er o] n S

[ n?l ude %a?rl%o%'gé vd1 nE‘j'ngJ gﬁ%ﬁﬂdmg(‘lgg %&]Eﬂlgg?l @%&ﬁ?@ Eg&gﬂl ned

above, asitloxZ€, Calket, ecdib@)fﬁ@lﬂﬁ)’am}ﬁﬂ, neninscathokyt @j-@ylarkymnhcmaﬂaogypur) of
conpounds, X is nore preferably O or S, nost ?re erably O Especially

pr ef er r efsCin t hheylagninegarbenyk onpoukias wWaaEC, k&, alkdamgogarborsch Chidr ogen;
R2 and R%ka{cmbonygmhoand d?cand Z;I'E%lcaarﬂ()aonsy EIm(ial(r:lged fr&)m t@e group I&S)nm sting
Ce)alkylcarbonylamino, more preferably hydrogen, C,-C, alkyl, C,-C, alkoxy,

15 amino(C,-Cgalkyl, C,-C; alkylthio and aminocarbonyl.

The groups R;-R; each take place of a hydrogen atom that would otherwise be
present in any position on the aryl ring to which the R group is attached.

Preferably, R;, R, R;, and Ry are independently selected from the group
consisting of hydrogen, halo (preferably chloro or fluoro), halo(C,-C/alkyi, C,-C;

20 alkyl, hydroxy(C,-Cy)alkyl, amino(C,-Cjalkyl, carboxy(C,-Coalkyl, alkoxy(C,-
Cyalkyl, nitro, amino, C,-C, acylamino, amide, hydroxy, thiol, C,-C, acyloxy, C,-C;
alkoxy, carboxy, carbonylamido and C,-C; alkylihiol.

One group of preferred compounds falling within the scope of Formula 7
include compounds wherein R, is C(O)R,, or SO,R |, where R, is defined above, and

25 is more preferably amino or C,, alkyl. In this group of compounds, X is more
preferably O or S, most preferably O.

Especially preferred in this group are compounds where R; and R, are each
hydrogen; R, and R; are both H; and R, and R; are selected from the group consisting
of hydrogen, halo, halo(C-Cjalkyl, C,-C, alkyl, hydroxy(C,-Cgalkyl,

30 amino(C,-Cyalkyl, carboxy(C,-Cyalkyl, alkoxy(C,-Cyalkyl, nitro, amino, C,-C,



of hydrogen, halo, halo(Cl-C6)al kyl, Cl-C6 al kyl, hydroxy(C, -C6)akkyk,s 36

am no( Cl-

Co6) al kyl , carboxy(Cl-C6)al kyl, al koxy(Cl-C6)al kyl, nitro, am no,

Cl-C6 D WwQoiZe0d4 WO 01/ 72714 PCT/ USO 1108972 8 acyl am no,PCaiUSIB/08M%2dr oxy,
thiol, Cl-C6 acyl oxy, Cl-C6 al koxy, carboxy, carbonylam do and Cl-C6

al kyithiol. Another group of preferred

Formul a |

conpounds i ncl udes conpounds of
: Het I 5 or a pharnaceuticarﬁy acceptabl e salt, prodrug or

solvate thereof, wherein X is 0 or S, preferably O0; Het is a heteroaiyl

sel ected

(iii); R

N- nmor phol
of which

fromthe gra consisting of 10 NR, NRL --~r | preferably (i) or
agsdaping R 4R peglepRica hoh So8R SCHIEH 0ith-G OalkeNser psboky|

| dj . [ i nyl, f bl i no, all
&%Ké%l‘h’%’g&&&?db gs]?%(ysu I\I—PI perazi ny nore preferably am no, a

opt | oh Stituted. R is preferably C(OR,,, where

R p is amno, QGlrdfRer gbigybf préferdd e&hﬁd&ayﬁicﬁldeﬂtﬁﬁp(ﬁ&ldbgwwhﬁn{?wy'1
d ently

N-pyrroli

di nyl and N-piperazinyl; R2 and R3 are indepen ydr ogen,

Cl-C6 al kyl, Ci1-C6 alkylthio or C -C6 alkylsulfinyl, wwth R2 and R3

pr ef er abl
pr ef er abl

group consi sting of hydroge
hydr oxy(C, - C6)al kyl, am no(

al koxy(C,

y being hydrogen; R, and R6 are as defined above and are
y hydrogen; and R IR, ar ®si ndependent |y sel ected fromthe 20
| o, = (qqétC6) al kyl, C,-C6 al kyl '
J// carboxy( CL- C6) al kyl,
] NO Cc1- acyl am no, am de, hydroxy, thiol,

-C6)al kyl, nitro,

Cl- C6 acyl oxy, Cl1-C6 al koxy, car boxy, Rzar bonyl am do and C, -C6 al kyl thiol;

pr ov% ded

10

L

20

t hat :

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

X is O or S, preferably O;

Het is a heteroaryl selected from the group consisting of

/N\ R1 /N\ R1 /N\ R1 /N R1
—N / -—-—N\ I N \]/ N
Ry N™" g, =N NN
Ri (i)

(if) Ry (iii) (iv)

/

preferably (1) or (iii);

R, is C(O)R,;, CH,C(O)R,,, or SO,R,, wherein R,, is amino, alkyl,
N-morpholinyl, N-pyrrolidinyl or N-piperazinyl, more preferably amino, all of which
can be optionally substituted. R, is preferably C(O)R,,, where R,, is amino, C,-C,
alkyl, or a heterocycle, such as N-morpholinyl, N-pyrrolidinyl and N-piperazinyl;

R, and R, are independently hydrogen, C,-C; alkyl, C,-C, alkylthio or CI-CG
alkylsulfinyl, with R, and R; preferably being hydrogen; R, and R, are as defined
above and are preferably hydrogen; and R, and R, are independently selected from the
group consisting of hydrogen, halo, halo(C,-C,alkyl, C,-C; alkyl, hydroxy(C,-
Cgalkyl, amino(C,-Cylalkyl, carboxy(C-Cy)alkyl, alkoxy(C,-C;)alkyl, nitro, amino,
C,-C; acylamino, amide, hydroxy, thiol, C,-C; acyloxy, C,-C, alkoxy, carboxy,
carbonylamido and C,-C, alkylthiol,

provided that:



SJ A 2 G W 01/72714 PCT/ USOL/ 08972 -9- 1) when Het is (ii)j,[] ﬂ)ﬂdr% is
0, then Riois not alkyl, aralkyl, aryl or OR 1; 2) when Het i$ (Til1), and
Xis 0, M@RAVRM4is not ORL1. Exenplary preferred conpoun8ET{USAR/OBE? be
enployed in this nmethod of 5 invention include, without limtation: 1-

[ 4- (4-nitrophenoxy)phenyl]-1 H [ 1, 2_94_1] triazo |e;

1-[4-(4-fl uorophenoxy) phenyl ] -3-nethylpyrazole; 3 -nethyl-1-

(4- phenoxyphenyl ) pyrazol e; 1-(4-phenoxyphenyl)-1 H pyrazol e- 3-carboxar ni de;

10 1-(4- D1 | e-5- ' ;

114 (4. Pff?yﬂﬁ%ggﬁ?x3¥§z§?ﬁw§qﬁ’%@%ﬁ% KR i ek g R

1-[ 4- (4-ndX s A AEhaRd K is Orthen Kipls apt @Razol e- 3- car boxari de; and 1- [4-
(4-chl oro- 2-fl uorophenoxy) phenyl]- | Hpyrazo | e- 3 -carboxam de. 15

" Anot her group Bkemplanpipeststredr enggonads eetmeands dofilby &R Yn RRisemetedsi n

this_invention include 1-[4-(4-fluorophenoxy)phenyl]-5-nethyl pyrazol e,

1- (43 pheWysatbeingiuye, withoy Haptation: 4- car boxam de, and

" 4-(4-fl uorophe phenyl - raz ef.ul yl groups are Cfi_14 aryl,
especial |y Cs. ng‘(‘i%ﬁh@%ﬁ%he@gtiﬁ-[giy‘{]tl‘&lgi?pS 20 include phenyl,

napht hyl , phenaiilpgy AT T AN I Lo (Y, enyl, biphenyl,

bi phenyl enyl an ?I uélpgﬂi@l é(?gﬁlp?.]%sef Lﬁlp){:yc L’al kyl groups are C3_a

cycl oal kyl . Typineathylel-¢4-pladnksyypheisd)gsazolencl ude cycl opropyl, cycl obutyl,

cycl opentyl, and cycl oheptyl. The term "heteroaryl"” as enpl oyed

cycl ohexyl _
herein refers ¥64QWQW§@®H§WD -Bymgola-4-carpgamd®:; at ons; 6, 10 or 14
el eggrons shar in a cyeli ray; .and _containing carbon atoms and 1, 2
or gboxygen, n?3?6§8W”%%ﬁ%Bf#@?Pﬂé?é?@é?@ﬁ% ere exanpl es of heteroaryl
groups are: thﬂqthJMEQﬂ%&&Q&hm@ﬁﬂyhH1ﬂﬁ9£kﬁﬁkéb§mghkﬁle”yl1 t hi ant hrenyl ,
furyl, benzofuryl, pyranyl, "i'sobenzofaranyl, benzoxazoéonyl, chronenyl,

xant henyl,  phé#éxémirophyhoxyAttemylt-1 HH)2,4]piazolel YbarborardRizohyd , pyrazol yl

ridyl, razinyl
Py y Py 1-TX—(&-chloro—2-ﬂuoropheuoxy)phenyl]-1H-pyrazole-3-carboxamide.

15 Another group of exemplary preferred compounds that may be employed in
this invention include 1-[4-(4-fluorophenoxy)phenyl}-5-methylpyrazole, 1-(4-
phenoxyphenyl)-1H-pyrazole-4-carboxamide, and  4-(4-fluorophenoxy)phenyl-
pyrazole.

Useful aryl groups are C; , aryl, especially C, ,aryl. Typical C,, aryl groups

20 include phenyl, naphthyl, i)henanthryl, anthracyl, indenyl, azulenyl, biphenyl,
biphenyleny! and fluorenyl groups.

Useful cycloalkyl groups are C,; cycloalkyl. Typical cycloalkyl groups
include cyclopropyl, cyclobutyl, éyclopentyl, cyclohexyl and cycloheptyl.
The term “heteroaryl” as employed herein refers to groups having 5 to 14 ring

25 atoms; 6, 10 or 14 = electrons shared in a cyclic array; and containing carbon atoms
and 1, 2 or 3 oxygen, nitrogen or sulfur heteroatoms (where examples of heteroa_ryll
groups are: thienyl, benzo[bjthienyl, naphtho[2,3-blthienyl, thianthrenyl, furyl,
benzofuryl, pyranyl, isobenzofuranyl, benzoxazonyl, chromenyl, xanthenyl,
phenoxathiinyl, 2H-pyrrolyl, pymrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyi,

30 pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl, indazolyl,
purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl,

quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl, B-carbolinyl,



30 pyrimdinyl, pyridazinyl, indolizinyl, isoindolyl, 3Hindolyli] kndohy!,
I ndazolyl, purinyl, 4H quinolizinyl, isoquinolyl, quinolyl, phthalazinyl,
napht hytwelbnyad714 qui nazolinyl, cinnolinyl, pteridinyl, 4alCZASBHIEINY|

car bazol yl, O-carbolinyl, WO 01/72714 PCT/USO1L108972 -10 phenant hri di nyl,
acridinyl, perimdinyl, phenanthrolinyl, phenazinyl, thiazolyl,

| sot hi azol yl, phenot hi azi nyl, isoxaZzZ qu , furazanyl, and phenoxazi nyl
groups). Useful halo or hal ogen groups include fluorine, chlorine, bromne

and iodine. Useful al k_%/_l gr oups .i ncl ude str%ht-chai ned and branched C1.0
al kyl gr pagpanthridinghr acpidiaybr asrignidinyl,aipbgnanthedipy]l, mhsnezrylc thisgoktl.ky |

' d hyl . . et hyl. l oo i |, butyl - butyl ,
Cert - but prrassspbapstonigl ilioBBl a8 herpetioh B8R et | s
tert - but! _ Blip™ RIS, od is
[ing of 1 ho cormat s OF AIPHIER GRS TR R ey SR o e 56 °"

al kenyl gr oupBsefpr giker glolys Gblddeasticapitlchaled aal brai;SheﬁZCéllg By Eromipoups
i ncl ude et henyl, propenyl, isopropenyl, butenyl, and sec- utenlyl. Usef ul

al kynyl gooupsteardy €« liail kgroyps. gl upissl Cppetllsylagnoppncludg meihyl, etif,pi cal
C2-4 al kynyl. groups,include ethynyl ropyn tynyl, and 2-b nyl
groups. é?éyh?SOQF%y&: l?fﬁcbl?}ﬁgkl't%ﬁbﬁg'é’ g%&?}%@ EWQ%%VBWEWP%ﬁ%‘%L 10
al kyl gr it - s 4 .
Gse ut O\ St Enp SRS o bl flind BlouR pURRLAIPUE ARNLIBIAS, lsihin fpedl CLPS
aryl al kebatlze@s st the cbmgeumdtyofahe ihenabove- mentioned C 4 al kenyl groups

substituted bi/J any of the above-nentioned C'_,4 aryl grou&s@. Usef ul
aryl al kynyl gPsefpbalkemyl gdeupsrare & ehenzberoapseprefantly (G24kenkly Rypicalgr oups

L e e . e
i ncl ude any OUS&ﬂ?alﬁgyeﬁg@}t&Q@ﬂ aﬁiynypgi%tlgé/lpreﬁfﬁl‘?@z 42?’5?’21* ggﬁg;alby any

of the above-nention oaryl™ gr oups. eful hetero | groups

i ncl ude ﬁ)wyalhhﬁltgmais@m&udmﬂ@mﬂeﬁro@ygﬂ, batykgheind @-bwtpsylpudgtki t ut ed by any
of the ab&Ve-nentioned heteroaryl groups. 25 Useful heteroarylal kynyl
groups i ncl ud&sefny aylalkyieraipoyviecheatang o€ dhéC2bdve-mentioned C, , alkyl groups
substituted by any of the above-mentioned C,, aryl groups. Useful values include
15 benzyl, phenethyl and naphthylmethyl.
Useful arylalkenyl groups include any of the above-mentioned C,, alkenyl
groups substituted by any of the above-mentioned C_,, aryl groups.
Useful arylalkynyl groﬁps include any of the above-mentioned C,, alkynyl
groups substituted by any of the above-_mentioned Cs.14 aryl groups. Useful values
20 include phenylethyny! and phenylpropynyl.
Useful heteroarylalkyl groups include any of the above-mentioned C, ), alkyl
groups substituted by any of the above-mentioned heteroaryl groups.
Useful heteroarylalkenyl groups include any of the above-mentioned C,,
alkenyl groups substituted by any of the above-mentioned heteroaryl groups.
25 Useful heteroarylalkynyl groups include any of the above-mentioned C,,
alkynyl groups substituted by any of the above-mentioned heteroaryl groups.
Useful cycloalkylalkyl groups include any of the above-mentioned C;-m alkyl
groups substituted by any of the above-mentioned cycloalkyl groups.




al kynyl groups substituted by any of the above-nmentioned heteroaryl sgyroups.
Useful cycloal kylallcyl groups include any of the above-nentioned C _,0
al kyl gveoap®7substituted by any of the above-nentioned cPETaalkiP7Zgr oups.
3 ALJ i'l 2~9 1 WO 01/72714 -11 PCT/ U5i 11 /09972 Useful hal oal kyl groups
include C,_, o0 al kyl groups substitut ﬁSQby one or nore fluorine, chlorine,

brom ne or iodine atons, e.g. fluoro hyl , difl uoronethyl,
trifluoronmethyl, pentafluoroethyl, 1, 1 -difluoroethyl and trichloronethyl

. Usef | kyl include C _, 0 al kyl bstituted
by hydr oxy,  SsBG R b et R aach ek BPHDS RSB ROpY ordngre
hyd b f Ll . i ncl ubstityted b

of 1 ne” clegtined] e, Bfftng S Mt BBG. L RBrSHHRTT. HBSHRIRE s no1 Cae

- sul fur sylfRbordritRel, P¥ntafgoRkttyel, F-difluoroditsY hnd chﬁﬂﬂ§m@ﬁ2{1%rg@$d above. 10

Useful acyl am no groups are any C 4 acyl (al kanoyl) atta 0 an am no

ni trogen, e.gUsefubhpdrodpalkpl gpoups amilade, Chytailnd wramsdabstent apaydagy,do,

' hex%noyl am do as we] | gs aryl -substituted C24, substituted acyl groups.
UsePul ~ atgl isdpo ¥l Bydroxyothyl, by dgegpronl kad bydioxabutksrewst o an oxy (- O )

and the 15 | DRy CHAR Yy ULPE edieal &l ot & ST it o o

parti al | yroupsakhficicdchbode./ Menbered monocyclic, or 7-10 nenbered bicyclic
ring system which consists of carbon atons and fromone to four

het er oat ons i bisefpkabiothiy gsalmcinethder aifur ebgtitatgd by @nsictttha@, gfalyl N, and
S, wherein the nitrogen and sul fur heteroatons can be 20 optionally

oxi di zed&OHRRMGNES O¥&n be optionally quaternized, and including any

P A1 TC 9 OUDLLA WAl B Bheve. G2 DAL SHARISL Ll LSS 1
substi t uhieged) Calghonaddtariiod PropiAAAIdE! OButdnolenides Ut yeaaound is
stabl e. Exanpl es include, but are not
hexanoylamido as well as aryl-substituted C, ; substituted acyl groups.
Useful acyloxy groups are any C,, acyl (alkanoyl) attached to an oxy (-O-)
group, e.g. acetoxy, propionoyloxy, butanoyloxy, pentanoyloxy, hexanoyloxy and the
15 like.
The term heterocycle is used herein to mean saturated or partially unsaturated
3-7 membered monocyclic, or 7-10 membered bicyclic ring system, which consists of
carbon atoms and from one to four heteroatoms independently selected from the group
consisting of O, N, and S, wherein the nitrogen and sulfur heteroatoms can be
20 optionally oxidized, the nitrogen can be optionally quaternized, and including any
bicyclic group in which any of the above-defined heterocyclic rings is fused to a
benzene ring, and wherein the heterocyclic ring can be substituted on carbon or on a
nitrogen atom if the resulting compound is stable. Examples include, but are not
Lmited to, pyrrolidine, piperazine, morpholie, imidazoline, pyrazolidine,
25 benzodiazepines and the like.

Useful heterocycloalkyl groups include any of the above-mentioned C, ,, alkyl
groups substituted by any of the above-mentioned heterocyclic groups.



25 benzodi azepines and the |Iike. Useful heterocycl oal kyl %rou S | e any
of the showespantioned C,_, 0 alkyl groups substituted bytdP0d08?
above-nenti oned heterocyclic groups. WO 01/72714 - 12 PCT/ USOL/ 08972 Usef ul
al kyl am no and di al kyl am no groups arg%NHRZO and NR20R21, wherein R20 and
R21 are C, _10 al kyl groups. Am nocarbOnyl group is -C(O NH2. Usef ul

al kyl am nocar bonyl groups are carbonyl groups substituted by -NHR20 S and
N R20R21, wherein R20 and R2, are Cl.1U al kyl grou s defi ove.
Useful al kyl t Rissfulgalkylsaning andgdiatenanypo tglﬁ‘@ypébag?/ef B c?ﬁ‘gd_%:\?glﬂggal kyl
groups substituted, hy a ~SH group. eful al kyl sul finyl groups include any
of the aPS§ERR #¥h aaﬁftwag?E§1p°“P jroups attached to a sulfinyl (-SO).
to Useful al kydsul ﬁftﬁmln D5QURSs Laehngle, any of the above-nentioned C _10

al kyl  groups atta?% e ?,oélgi) gul f%«;\jy)l (1 SOx ). A carbanoyl oxg@grou S

-0 C(O NH2. Usefalrdikyldminicuarbongl g:6@Nre Arbami!l grougs sulpstiued g — An urei do

group is NHC(O-NH2. An amino group is -NH2. An am roup is an organic
radcal ke R RHOYIDHeingR  and Bmcite Emarikyt SGBPS as%qgn‘?cﬂ%?ﬂei on di scl osed

h in i t | ] ' I : t th f

of the di sol oodirerRtRRBGEsRempRr AT S} aifte plentBiEFEL BAlG) R, "o o

i ncl ude, sﬁﬂﬁiﬂeﬁﬁspé-%ﬂ{r%ﬁﬁf to, netal salts such as sodiumsalt, potassium
m salt and the

salt, cesiu ike; alkaline earth netals such as cal ci um
salt, magnesi ubsefal alkydsutfinylegroipee inchidgany ofaht nbowamentiagdHCas alkyl
triethylamne salt, pyridine salt, picoline salt, ethanolam ne salt,
tri et hangrewpsattashed o yrafiaybbé@y)-am ne salt, N N -

10 Useful alkylsulfonyl groups include any of the above-mentioned C,,;, alkyl

limted to, pyrrolidine, piperazine, noipholine, imdazoline, pyy @z‘ﬂigiamne,
] nﬁeﬁé

groups attached to a sulfonyl (=SO,-).
A carbamoyloxy group is ~O-C(0O) ~NH,.
A carboxy group is -COOH.
An azido group is —N,.
15 An ureido group is -NH-C(O)-NH,.
An amino group is -NH,.
An amide group is an organic radical having -NHC(O)- as a functional group.
The invention disclosed herein is meant to encompass all pharmaceutically
acceptable salts thereof of the disclosed compounds. The pharmaceutically acceptable
20 salts include, but are not limited to, metal salts such as sodium salt, potassium salt,
cesium salt and the like; alkaline earth metals such as calcium salt, magnesium salt
and the like; organic amine salts such as triethylamine salt, pyridine salt, picoline salt,
ethanolamine  salt, trietbanolamine salt, dicyclohexylamine  salt, N,N'-
dibenzylethylenediamine salt and the like; inorganic acid salts such as hydrochloride,
25 hydrobromide, sulfate, phosphate and the like; organic acid salts such as formate,
acetate, trifluoroacetate, maleate, tartrate and the like; sulfonates such as
methanesulfonate, benzenesulfonate, p-toluenesulfonate, and the like; amino acid salts
such as arginate, asparginate, glutamate and the like.
The invention disclosed herein is also meant to encompass prodrugs of the
30 disclosed compounds. Prodrugs are considered to be any covalently bonded carriers

which release the active parent drug in vivo. Examples of prodrugs include esters or



di benzyl et hyl enedi ai nine salt and the like; inorganic acid salts $Uch!adl
hydr ochl ori de, 25 hydrobrom de, sul fate, phosphate and the |like; organic
aci d sal M08U#ITlas formate, acetate, trifluoroacetate, nBCEHSRLO9F¢trate
and the like; sulfonates such as nethanesulfonate, benzenesul f onat e,

p-tol uenesul fonate, and the like; acid salts such as arginate,
aspargi nate, glutamate and the |i ke e invention disclosed herein is also
meant to enconpass prodrugs of the 30 disclosed corrpounds. Prodrugs are

il U LR ECHER R ) S

nyar oxyal RS ﬁgféf}%zﬁ%%'ﬁ?%fh%%?@“?#ége RS SE%%%%‘%% Ping’ such

conpounds W t hTh# fmd&m@asamekedaﬁeramccsl Bls§ @B ol Efbomifa8s | thY et vy
di scl osed herein is also neant to enconpass the in vivo netabolic products

of the dimelabskd wodwwsimdsthe Sdistioged ochmpasindnySuobs pradubisr mdy essaltplfer from

t he oxi dation, reduction, hydro]ysis m dation, esterifjcation and t he
i keS of ¢ PRETIRIFEFATS a5 B RhG twrprhyamspsf agidatiog, gvig ﬁﬁatwa thesses.

Accor d
conpr 1 o nike oo ik ARk Eod R HRRHIE ok ."%ﬁ%ﬁ%@nﬁm Bor a
period of AbédPingswfthe Ghemtiok Qnafm@kc&o M@qﬂbd&e@pr&oéeh@rc@mp sikch

products typically are identified 10 by preparing a radiol abel 'ed conpound
of the i nemadting, aachmipriusd eofi tigs uxtvepmremxézr al hymmiah far depedvdbifetidese to an

Ut ?}a ci enfulfiiet Fotielibt TeppaPoguGdBuro NG onas spirally wryeHLIoh
Progyct s bt pALHAE aU5iEbe kO Rn@LPEE el 8 8Bl SARRE 5P purTiErdpvent  on

dISC osed so nmeant to enconpass t conpounds

bei ng i sotropiemtiaptel c&iaeltd &4l atiyhahachRg r&NMo0se, EBINEa gtgomisorﬂ&pl &cedmiy, an
atom having a different atomic mass or mass nunber. Exanpl es of |sotopes

t hat can dgéwng@@fﬁmwtt@@t fonmstabphismlteedcys anl isolaadiHelsonvessionerédistopes of
hydr ogen,

hyr 00en, R R 5 UGG R QRGBT o e and chier ne
respectively. The mventmn disclosed herein is also meant to encompass the disclosed

15 compounds being isotopically-labelled by having one or more atoms replaced by an
atom having a different atomic mass or mass number. Examples of isotopes that can
be incorporated into the disclosed compounds include isotopes of hydrogen, carbon,
nitrogen, oxygen, phosphorous, fluorine and chlorine, such as i, °H, "C, "“C, "N,
180, 170, *'p, 2P, ¥'S, '¥F, and *Cl, respectively.

20 Some of the compounds disclosed herein may contain one or more asymmetric
centers and may thus give rise to enantiomers, diastereomers, and other stereoisomeric
forms. The present invention is also meant to encompass racemic mixtures, resolved
forms mixtures thereof, as well as the individual enantiomers that may be separated
according to methods that are well know to those of ordinary skill in the art. When

25 the compounds described herein contain olefinic double bonds or other centers of
geometric asymmetry, and unless specified otherwise, it is intended fo include both E
and Z geometric isomers. All tautomers are intended to be encompassed by the
present invention as well.

As used herein, the term "stereoisomers" is a general term for all isomers of

30 individual molecules that differ only in the orientation of their atoms in space. It



20 Some of the conpounds disclosed herein may contain one or nore ; +:
asymmetric centers and may thus give rise to enantioners, diastereoners,
and ot hewOIm&riaoi soneric forns. The present invention is PATSUSOMEEHE t o
enconpass racem c mxtures, resolved fornms mxtures thereof, as well as

t he individual enantioners that may ae separated according to nmethods that
are well know to those of ordinary s %1 in the art. Wwen 25 the conpounds
descri bed herein contain ol efinic double bonds or other centers of
geonetri¢c asymmetry, and unless specified otherwise, it is intended to

i ncl ude B@ﬁl‘F&Een@HBmesng@r%&m‘?fé of semppundsawith imere dhatr enesliral serigbddt t o be

d . ' k. | . dh in, th
"ot or oo apriey it E R S BUER LGB AB R ror s of 30 1 ma vi cual

ol ecul es t hatThelidnnechRAl déndel felists & h BN AOab WHISH FordlRiBrehgPRpse. |t
WO 01172714 PCT/ USO1/ 08972 -14 includes enantioners and isomers of

conpoundsramdttabhador e t han one chiral center that are not mrror inages of
one anot her (diastereoners). erm"chiral center" refers to a carbon

The t
at om t o whi ch Thetern; {nspiaemeryy spSnantimeri¢ o daess 9 Fhanaleguls "tBatant i omer
or "enantiosrlrleri-c" J eflers1 tQ a. nol ecul e taht i% ° oc(rg}ﬁupegtivrépo?%g%blg onits
mrror | rPSaePS‘}H‘BP%eeﬁ & %btlﬁ cré'flmf HEEER & FnORHE Y efant o Ifu}o]{leat es the
pl ane of pgliRkde? 8statel @ plafe 8960&%&6‘&%?8&@8% WirSctiBd AR ith TR9®r ifatat es the
pl ane of polarized Iight in the opposite direction. The term"racemc"
refers t aotatenthetplane dfpobaqued liglatrih shodppsiatlireottors and 10 which is
optically inactive. The term"resolution"” refers to the separation or
concentrati on 18¢ ey "BEBIF ofefergia pmixhwe (afocqiah parts iy sranfigpiges aind 5
mol ggul e.tk eis%E{i@aﬁ nSh@ptioneric excess” refers to a mxture wherein one
enant i oner present 1S a greater concentration than its mrror inage

nol ecul e. 15 ShBG&nt NesA@GHO UBRSs & theQepatafioh ofEndnbalkish Br @kpieash v (Na)
channel s, a nunber of diseases and conditions nedi ated by sodi umion

i nfl ux camelof the vt ethntiempiofomy efhe swlemip dlhedphradh Serhtipmerit legcésaVent i on
's relat e1f(t=::if'eEsO’to6}1 rrqlextutlroedwlgrcin one enantiomer is present is a greater concentration than
its mirror image molecule.

15 Since the compounds of Formula I are blockers of sodium (Na") 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

20 as treating or ameliorating neurodegenerative diseases including Alzheimer's disease,
amyotrophic lateral sclerosis, Parkinson’s disease, treating or ameliorating anxiety,
convulsions, glaucoma, migraine headache, and muscle spasm. The compounds of
Formula I are also useful as antitinnitus agents, antimanic depressants, as local
anesthetics, and as antiarthythmics; as well as for treating, preventing or ameliorating

25 pain including surgical, chronic and neuropathic pain. In each instance, the methods
of the present invention require administering to an animal in need of such treatment
an effective amount of a sodium channel blocker of the present invention, or a
pharmaceutically acceptable salt or prodrug thereof.

The invention is also directed to a method for treating disorders responsive to

30 the blockade of sodium channels in animals suffering thereof. Particular preferred
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anesthetics,..and as antiarrhythm ¢s; as |l as for treating, preyenting or
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those skgldredl TeahbiBorTlert $0.TIDA1S)004h@908). of pyrazoles of Formula I can be
prepared as shown in Schenes 1 and 2. The boronic acid coupling was

acconpl i shed using the procedure of L3shem¢ 1 S et al. Tetrahedron Lett.
39: 2941-2944 (1998). Scheme 1 + H B(OH)2 Cu(0Ac)2 OEt THE/ pyridine

NH21 MeOH 70 CC;I.O N o Cu(OAC), 0
\ == OEt THF/pyridine w
= 0

70°C

Et

H,

10
Scheme 2

1. NaNO
/©/0\©\ conc. HCﬁ 0 -
/© \©\ o,
F NH2 2. SnClz"ZHzo £ tI:li,NH:;

O OMe

EtOH )J\)\OMe
0
AT Ow

Triazoles of Formula I can be prepared as shown in Scheme 3, employing

commerically available 4-(1,2,4-triazol-1-yl)phenol (Lancaster Synthesis).
15



Scheme 2 1. NaNO conc. Hal NH2 2. SnCl2-2H20 Et OH Triazol es of Fodnddi/0fi
can be prepared as shown in Schene 3, enploying comerically available

4- (1, 2, 4wo0 05z0h4 1- yl ) phenol (Lancaster Synthesis). 15 WOPQTL/URQVO72
PCT/USO /08972 -16 Schenme 3 ON HO K2CO3 N ,) DVF 2N N The invention is
al so directed to 3H and 14C radiolabel&? conpounds of Formula | and their
use as radioligands for their binding site on the sodiumchannel. 5 For
exanpl e, one use of the |abel ed conpounds of the invention is the
characterization of specific receptar. binding. Another use of the |abeled
conmpounds of the invention is an al*cB$mai ve to ani nal testing for the
eval uation of structure-activity relationships. The receptor assay is
perforned at a fixed concenfpation of a k | ed coppopynd of Fornmula | and

at increasing concegpit®ations 0 t est _cOnpBupd | Oycomnpetition assay.
Tritiated conpoundg For+ul a an _he mmepared b

ntradugingytritium
into the conpdegid of” Formul a | cy,Nfoy exanpl &N catal yti ¢ deNal®genati on
with tritium This nethod includes\Fmacting a suitably hal og ubstituted
precursor of a conmpound of Fornula | with tritiumgas in the presence of a
suitabl e catalyst, for exanple Pd/C, 15 in the presence or absence of a
base. O her suThabhwentiirhadsislsoodirprtebae i*Hgand (G etdedabebuinpaupamds anf be
found in Filer, Is tgpes in th Phyﬁi%al anﬂ_%jonedical Scj.ences,
ormula I and their use as radioligands for their ing stte on the sodium channel.
5 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 mvention is an altemative 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 concentrations of a test compound in a
10 competition assay.
Tritiated compounds of Formula I can be prepared by introducing tritium 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 presence of a suitable catalyst, for example Pd/C,
15 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. 1, Labeled Compounds (Part 4), Chapter 6. "C-labeled compounds can be
prepared by employing starting materials having a '“C carbon.
The compounds of the present invention can be assessed by
20 electrophysiological assays in dissociated hippocampal neurons for sodium channel
blocker activity. These compounds also can be assayed for binding to the neuronal
voltage-dependent sodium channel using rat forebrain membranes and "H]BTX-B.
Sodium channels are large transmembrane proteins that are expressed in
various tissues. They are voltage sensitive channels and are responsible for the rapid

25 increase of Na* permeability in response to depolarization associated with the action

potential in many excitable cells including muscle, nerve and cardiac cells.



Vol . 1, Label ed Conmpounds (Part A), Chapter 6. '4C-|abel ed conpounds sganibe
prepared by enploying starting materials having a 14C carbon. The conpounds
of the pwesarz7isnvention can be assessed by 20 el ectroph¥sST/&BeYM3E assays
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to be useful as antiarrhythnm cs, anesthetics and anti mani c depressants. The
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10 of | t t h A t
.nVSntYSn oL ProsYOBNLIid ARG ErarPais @ﬁ%m@ﬁiﬁﬂaﬁgﬁie”
ORP” ' & ‘%(IFH(%Q @ivk%id OJh ut &%HM £ . tHe }sﬁrﬁ] ﬁl tlon those

el ectrophysio |ca assay descri bed here| n. Pre e conpounds of

the presepin dmaﬂthaomgemmfénetd sdiunCohdhnell bldékihg cprOpIeﬂ&s exMiﬁttan ng,f@if ably,
t he conpounds of the present invention exhibit an IC ,) of about 0 Mor
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preferably, the compounds of the present mvention exhibit an IC,, of about 1.0 uM or
15 less. Substituted heteroaryl compounds of the present invention may be tested for
their Na* channel blocking activity by the following electrophysiological and binding

assays.

Electrophysiological Assay:
20
Cell preparation: HEK-293 (NallA-B2) cell line stably expressing the rBIIA
isoform of Na" channels is established in-house. The cells are cultured using standard
techniques, as described previously (Verdoom, T A, ef al., Neuron 4:919-928 (1990)).
For electrophysiology, cells are plated onto poly-D-lysine pre-coated Cellware 35 mm
25 Petri dishes (BIOCOAT, Becton Dickinson) af a density of ~10* cells/dish on the day
of re-seeding from confluent cultures. Our experience has been that cells are suitable
for recordings for 2-3 days after plating.
Patch-clamp recordings of voltage-sensitive Nat currents: Whole-cell
voltage-clamp recordings are made using conventional patch-clamp techniques
30 (Hamill et al., Pfluegers Arch. 391:85-100 (1981)) with an Axopatch 200A amplifier
(Axon Instruments, Foster City, CA). The recording chamber is continuously
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filter (RhesaentiaDawicotsnly shahtly hﬁluﬂmnwnye, re@tngiethaze@brattemeﬁmu[eL(@E—

o ) S ot DA B e R eSO T ey L v
Haverhill, MA), digitized at 10-50 ps intervals, and stored using Digidata 1200
15 analog/digital interface with Pclamp6/Clampex software (Axon Instruments). Series
resistance is cancelled typically by ~75% when necessary.
The following voltage pulse protocols are used to assess the potency and

kinetics of inhibition of the Na' channels by the compounds (Fig. 1).
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20 Figure 1. Voltage pulse protocols. A. IV-curves. C. Steady-state inactivation. B. Repriming kinetics. D. Time

course of binding.

Current-voltage relationship (IV-curve), protocol A, is used to report the voltage at

which the maximal inward Na" current is achieved. This voltage is used throughout



resistance is cancell ed typically by -75% when necessary. The fol | dWi Aif: 7%
vol tage pul se protocols are used to assess the potency and Kkinetics of

i nhi bi tiwAOf27the Na channels by the conpounds (Fig. 1). RCEUSWIASIRI Vh V
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course of binding. Current-voltage r'él ationship (IV-curve), protocol A is
used to report the voltage at which the maxi mal inward Na+ current is
achi eved. This voltage js used t{gro hout 3 WO 01/ 72714 PCT/ US01108972 -19
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Protocol B reports how fast the channels recover from5 inactivation at

hyper pol érdughdutvibk texgersmenthi BropesohiB sepestst lovg dhstuthe tdhenukls agcoper fibmt he
" hyper pol ari zat.i on gap i¢ch is used jn nmeasurenent of the kinetics of
bi nd{ ng pactivation at hyperpo arized voltages. Jl‘ﬂls permits us to set up the duration of the
hyperpolarization gap which is used in measurement of the kinetics of binding of
compounds to inactivated Na® channels (protocol D). Channel repriming under
control conditions is fast (>90% recovery during first 5-10 ms). If a drug substantially
retards the repriming process, then it becomes possible {(protocol D) to accurately
10 measure the kinetics of binding of the inhibitor to inactivated channels as well as the
steady-state affinity (k, and K,). To estimate k, values, the reduction in peak currents
in successive trials with varying pre-pulse duration is plotted as a function of pre-
pulse duration and the time constant (r)_mcasured by mono-exponential fit. A plot of
1/ as a function of antagonist concentration then allows calculating of the
15 macroscopic binding rates of the antagonists. To determine K, values the partial
inhibition curves measured by fractional responses in steady-state are fitted with the

logistic equation:

mcomrol = 1/(1 + ([antagoniSt]/Ki)P)s Eq 2

20 where [, 15 the maximal Na" current in the absence of antagonist, [antagonist] is the
drug concentration, K; is the concentration of antagonist that produces half maximal

inhibition, and p is the slope factor.

In vitro Binding Assay:
25
The ability of compounds of the present invention to modulate either site 1 or
site 2 of the Na* channel is determined following the procedures fully described in
Yasushi, J. Biol Chem. 261:6149-6152 (1986) and Creveling, Mol Pharmacol.
23:350-358 (1983), respectively. Rat forebrain membranes are used as sources of Na®

30 channel proteins. The binding assays are conducted in 130 uM choline chloride at 37



conpounds to inactivated Na' channels (protocol D). Channel reprim,ng,ungde
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inhibitor to inactivated channels as V\ﬁé| as the steady-state affinity
(lc+ and K;). To estimate |Ic values, the reduction in peak currents in
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| ogi stic equation: I/lcon"ro, = 11(1 + ([antagonist]/K f ), Eq. 2 20 where
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[antagonist] is the drug concentration, K; is the concentration of
ant agoni st that produces half maxinmal inhibition, and p is the slope

factor. In vit Bi ndi n say., 25 The ability of conpounds_of the present
i nvention to rrigﬁl %qrgp%'%fcﬁzr&siﬂfee pregsnt @yeniion maye Ne Néteghg’r‘iné’f yigo
determn | : uL es l: | ' shi Bi ol .
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channel proteins. The binding assays are conducted in 130 M choline
chl ori de &gctrpsheek peizunes @re igducagyiy male NSA mice, weighing heywgen 15204z and

PCT/1JS01/ 08972 -20-~C for 60-m nute, incubati i,th . Saxi t oxi nd [3
bat | Gonot B ol DAY 1S YR nogen 3000 by biidiaB 8E bt )36 1 Live
Phar macol @@y 60 pulses/sec, 0.8 msec pulse width, 1 sec duration, D.C., mice; 99 mA, 125

r

pulses/sec, 0.8 msec pulse width, 2 sec duration, D.C., rats) using a Ugo Basile ECT
device (Model 7801). Mice are restrained by gripping the loose skin on their dorsal
surface and saline-coated cormeal electrodes are held lightly against the two corneae.
15 Rats are allowed free movement on the bench top and ear-clip electrodes are used.
Current is applied and animals are observed for a period of up to 30 seconds for the
occurrence of a tonic hindlimb extensor response. A tonic seizure is defined as a
hindlimb extension in excess of 90 degrees from the plan;e of the body. Results are
treated in a quantal manner.
20 The compounds may be tested for their antinociceptive activity in the formalin
model as described in Hunskaar, S., O. B. Fasrﬁer, and K. Hole, J Neurosci. Methods
14: 69-76 (1985). Male Swiss Webster NIH mice (20-30 g; Harlan, San Diego, CA)
are used in all experiments. Food is withdrawn on the day of experiment. Mice are
placed in Plexiglass jars for at least 1 hour to accommodate to the environment.
25 Following the accommodation period mice are weighed and given either the
compound of interest administered i.p. or p.o., or the appropriate volume of vehicle
(10 % Tween-80). Fifteen minﬁtes after the 1.p. dosing, and 30 minutes after the p.o.
dosing mice are injected with formalin (20 pL of 5% formaldehyde solution in saline)
into the dorsal surface of the right hind paw. Mice are transferred to the Plexiglass
30 jars and monitored for the amount of time spent licking or biting the injected paw.

Periods of licking and biting are recorded in 5 minute intervals for 1 hour after the
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in a bli nﬁ@ﬁbﬂﬁ'ﬁﬂ&'&le‘jgﬂdﬁg A& Qethd et bilaterally. L5 and L6 spinal nerves are then

15 exposed, isolated, and tightly ligafed with 6-0 silk suture. A sham operation ié

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

Tactile Allodynia: Rats are transferred to an elevated testing cage with a wire

mesh floor and allowed to acclimate for five to ten minutes. A series of Semmes-

Weinstein monofilaments are applied to the plantar surface of the hindpaw to

20 determine the animal’s withdrawal threshold. The first filament used possesses a

buckling weight of 9.1 gms (.96 log value) and is applied up to five times to see if it

elicits a withdrawal response. If the animal has a withdrawal response then the next

lightest filament in the series would be applied up to five times to determine if it could

elicit a response. This procedure is repeated with subsequent lesser filaments until

25 there is no response and the lightest filament that elicited a response is recorded. If the

animal does not have a withdrawal response from the initial 9.1 gms filament then

subsequent filaments of increased weight are applied until a filament elicits a response

and this filament is then recorded. For each animal, three measurements are made at

every time point to produce an average withdrawal threshold determination. Tests are

30 performed prior to and at 1, 2, 4 and 24 hours post-drug administration. Tactile

allodynia and mechanical hyperalgesia tests are conducted concurrently.
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276:1-4 (1996)).
The compounds may b@ tcsted fo; their neuroprotective activity after traumatic
spinal cord injury according to the procedures described in Wrathall er. al. (Exp.
20 Neurology 137:119-126 (1996)) and Iwasaki et. al. (J. Neuro Sci. 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 individual needs vary, determination
of optimal ranges of effective amounts of each component is within the skill of the art.
25 Typically, the compounds may be administered to mammals, e.g. humans, orally at a
dose of 0.0025 to 50 mg/kg, or an equivalent amount of the pharmaceutically
acceptable salt thereof, per day of the body weight of the mammal being treated for
epilepsy, neurodegenerative diseases, anesthetic, arthythmia, manic depression, and
pain. For intramuscular injection, the dose is generally about one-half of the oral

30 dose.
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al . (J. Rharemmel daffxas ohbei apore t@blds dach cOARIMNY) fFrorkh®ocOIPAENBSuRY, be
tested for their neuroprotective activity after traumatic spinal cord

i njury aceosvemgytly abewid. Bt o e§ theesmppelcbriite stivatehal | et. al. (Exp. 20
Neur ol ogy 137:419:126 (1996)) .and lwasaki et. al. (J Neuro Sci. 134:21-25
(1508)) > Compolt #9680 I7 PRI oAb BRBurtiss « rit sbipicah the Eomae Aty

conppsi tigMehe WESRIoR 69 NRRY f PLESERM A 110 t ai ned
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i ndi vi duadontreeithy sutaple gbamractutatilpnccepfableptdari|t commpasiag ofxcifibget Ande
amounts of each cop eni, is within the skill of the art. 25 Typically, the
conpounds*WATIRE W PO YR Brocesshg it dhescomppaynd s infmprsparaiens yhigh ean dose of

accept abl % e fua By BALE oK BE  ARBMEORG R BT TR TR %R ng
treated fwhicheinl B admifielfeadagly Q@G GnSRASRE foR RRSpREHE ! Syt hi a,
mani ¢ depression, and
1 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, 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
20 pharmaceutically acceptable salts of the compounds of the present invention. Acid
addition salts are formed by mixing a solution of the particular heteroaryl compound
of the present invention with a solution of a pharmaceutically acceptable non-toxic
acid such as hydrochloric acid, fumaric acid, maleic acid, succinic acid, acetic acid,
citric acid, tartaric acid, carbonic acid, phosphoric acid, oxalic acid, dichloroacetic
.25 acid, and the like. Basic salts are formed by mixing a solution of the heteroaryl
compound of the present invention with a solution of a pharmaceutically acceptable
non-toxic base such as sodium hydroxide, potassium hydroxide, choline hydroxide,
sodium carbonate and the like.

The pharmaceutical compositions of the invention may be administered to any

30 animal that may experience the beneficial effects of the compounds of the invention.



pain. For intramuscular injection, the dose is generally about one-pglﬁﬁm?{h
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met hod ofvgaeatigent or prevention of neuronal |oss in gl olpalit/esudokeocal

i schernia, brain and spinal cord trauma, hypoxia, hypoglycem a, status
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I njection at a dose of about 0. 025 -24 -about 10 ng/ kg. 5 The unit oral dose
may conprise fromabout 0.01 to about 50 ng, preferably about 0.1 to about
10 ng of the conpound. The unit dose may be adm nistered one or nore timnes
dai | y as Foremast among suchbingnals ez magomlsi g n dufnaos, althoughhd invenabous 10,
conveniently ahopt 0.25 to 50 ng of the compound or its solvates. In
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conpri si ngmenqsbll et SnPNHeand Ukl iadhibes teir Clatdnded | purpbse. PrR&ESRhMPl0f the
conmpounds into preparations which can be used pharnaceutically.

Pr ef &r abladminibteation epay abé drys papatdrilc (fubripneduss einfreegenas iintrsmushilah can be
adm nistered arally and, which can be used for the preferred type of 15

adni ni st "BapgHtongdlc Hransdamal, o0 bugralgsewes.andAiepatydy, Angonfweently,
preparat i vl lni si.er Ly ppaositories, as
el | e caranfPioR gifie BPaRURONC TR, UEEHE dufiniSHiEd Bl RURRBEMAY |
contain fx{pemmgu,t heith) landowdghtRETt B RCipigstekpidalt donclrran teaubnQ 2yl 0 75
percent of active conpound(s), together wth the excipient. Al so included
wi t hi n t HEewewsyef teatmisat, pnethematirg obibeieffectidesitele non-toxic 20

PVERCT on. | Aci T PRRGREFOSLBRPL-0PE Tobraicp AEPHOn 41 BIGUTBRIBY % ho
B ohar maceBEg| oo e ARG, R SHFale 87 dheu SLEORDaMoe) Spindleci o
fumari c agrimblatiog) ed@gesidkingycdispileivgei dr dgephitizimgi dprocessesi ¢ aCing,
tartaric acid, carbonic acid, phosphoric acid, oxalic acid, dichloroacetic
25 aci d, RhgenacRwivqal peepaptisns foyaemak usg ean dientltalngdnx cambinisg|the jastivef t he
LR yclompounds with solid excipients, optionally grinding the resulting mixture and
15 processing the mixture of granules, after adding suitable auxiliaries, if desired or
necessary, to obtain tablets or dragee cores.

Suitable excipients are, in particular, fillers such as saccharides, for example
lactose or sucrose, mannitol or sorbitol, cellulose preparations and/or calcium
phosphates, for example tricalcium phosphate or calcium hydrogen phosphate, as well

20 as binders such as starch paste, using, for example, maize starch, wheat starch, rice
starch, potato starch, gelatin, tragacanth, methyl cellulose, hydroxy-
propylmethylcellulose, sodium carboxymethylcellulose, and/or polyvinyl pyrrolidone.
If desired, disintegrating agents may be added such as the above-mentioned starches
and also carboxymethyl-starch, cross-linked polyvinyl pyrrolidone, agar, or alginic

25 acid or a salt thereof, such as sodium alginate, Auxiliaries are, above all, flow-
regulating agents and lubricants, for example, silica, talc, stearic acid or salts thereof,
such as magnesium stearate or caicium stearate, and/or polyethylene giycol. Dragee
cores are provided with suitable coatings which, if desired, are resistant to gastric
juices. For this purpose, concentrated saccharide solutions may be used, which may

30 optionally contain gum arabic, talc, polyvinyl pyrrolidone, polyethylene glycol and/or

titanium dioxide, lacquer solutions and suitable organic solvents or solvent mixtures.
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are mammal s, e.g., humans, although the invention is not intended to be so
limted. The pharmaceutical conpositions of the present invention nay be
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5 adm nistration may be by parenteral, subcutaneous, intravenous,

i nt r anuspgpanticrisnsudpesi aciidatijuloseaphtiaslatel or ohydrosypiopymethgbcellulose

,Alternatively, or concyrrently, admnistration y be by the oral route.
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prepar at k@pe cBmpbltRl Qs@sent i nvention are manufactured in a manner which
is itself known, for exanple, by neans of conventional m xing,

granul ati ng, Othegebamukewtyal grepavitivnsgyhioh chy dyghised ziraly prcbotespesb:-fitThus,
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m xture ?Bgu&%r Qg&cgsgéﬁd/@&of g&es&bﬁﬁﬂr?hgﬁaugﬁ-g@% stle %atneéorﬁ’gggﬂg adiillel abl e
auxiliarres, It desired of hecessary, to obtainh tablets of dragee cores.

Sui t abl e cenpdupdent thedbfin of Braddlds Whilchrmay bé Ingiked suthfilsrssaclc haldcags, for
exanpl e |actose or sucrose, mannitol or sorbitol, cellulose preparations
andYlr chindprgrpucty Bs sigrieasandfasr lubriaaiss suek iag drlsi ammpaBespHAtsteasite @adlci um

R i L TONE
tragacaniyh g, d¥idad! inGRkthiik QRGidsDKAEIO%Y Tatty QRY] BRLAWICFALEIOS Eh a8@dbEM
car boxymnet hylcel I ul ose, and/or " pol yvi nyl” pyrrolidone.
stabilizers may be added.
Possible pharmaceutical preparations, which can be used rectally, include, for
15 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. In addition, it is also
possible to use gelatin rectal capsules which consist of a combination of the active
compounds with a base. Possible base materials inciude, for example, liquid
20 triglycerides, polyethylene glycols, or paraffin hydrocarbons.

Suitable formulations for parenteral administration include aqueous solutions
of the active compounds in water-soluble form, for example, water-soluble salts and
alkaline solutions. In addition, suspensions of the active compounds as appropriate
oily injection suspensions may be administered. Suitable lipophilic solvents or

25 vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid esters, for
example, ethyl oleate or triglycerides or polyethylene glycol-400 (the compounds are
soluble in PEG-400). Aqueous injection suspensions may contain substances which
increase the viscosity of the suspension, and include, for example, sodium
carboxymethyl cellulose, sorbitol, and/or dextran. Optionally, the suspension may

30 also contain stabilizers.
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15 between and -5 and 0 °C. A solution of SnCl,-2H,0 (6.66 g, 29.5 mmol) in 20 mL of
conc. HCl at —20 °C was treated with the reaction mixture added in portions,
maintaining the temperature below —10 °C. A grey ppt. formed immediately and the
resulting mixture was stirred at —20 °C for 90 min. The solid was isolated by filtration
and washed with cold EtOH (2 x 10 mL). The crude hydrazine, 2.36 g, was carrted on

20 without purification.

b). 1-[4-(4-Fluorophenoxy)phenyl}-3-methylpyrazole. A suspension of the
hydrazine (500 mg, 2.05 mmol) in 5.5 mL, of 1:1 BtOH/water was treated with 300 pL
(299 mg, 2.03 mmol) of 30% acetylacetaldehyde dimethylacetal and the resulting
25 mixture was warmed with a heét gun for 2 min. The reaction was allowed to cool and
extracted with hexane (4 x 10 mL). The pooled organic layers were washed with
brine, dried (Na,SO,) and concentrated. The residue was subjected to column
chromatography (silica gel, 10% EtOAc/heaxne) affording 134 mg (24%) of the title
compound as a white solid, mp 80-81 °C. 'H NMR (CDCl;): & 7.74 (s, 1H), 7.58 (4,
30 2H, ] = 8.4 Hz), 7.06-6.95 (m, 6H), 6.23 (s, 1H), 2.37 (s, 3H).
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was treated with the reaction m xture added in portions,” maintaining the
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15 b). 1-(4-Phenoxyphenyl)-1H-pyrazole-3-carboxamide. A solution of 3-
ethoxycarbonyl-1-(4-phenoxyphenyl)-1H-pyrazole (120 mg, 0.39 mmol) in 5 mL of a
2N solution of ammonia in MeOH was stirred at rt for 4 d. TLC showed incomplete
reaction and the solution was transferred to a sealed tube and heated at 70 °C
overnight. The reaction was concentrated and purified by preparative TLC, eluting

20 with 50% EtOAc/hexane, to yield 1-(4-phenoxyphenyl)-1H-pyrazole-3-carboxamide
(Rf=0.26, 56 mg, 52%), mp 165-167 °C. 'H NMR (300 MHz, DMSO-d,) § 8.50 (d, J
=2.7 Hz, 1H, pyrazole), 7.92 (d, J = 9.0 Hz, 2H, Phenyl), 7.71 (br, lH, NH,), 7.43 (m,
2H, Phenoxy), 7.39 (br, 1H, NH,), 7.18 (m, 1H, Phenoxy), 7.17 (d, ] = 9.0 Hz, 2H,
Phenyl), 7.07 (m, 2H, Phenoxy), 6.87 (d, ] = 2.7 Hz, 1H, pyrazole).

25 Starting with 5-ethoxycarbonyl-1-(4-phenoxyphenyl)-1H-pyrazole (50 mg,
0.16 mmot), the method described above gave [-(4-phenoxyphenyl)-1H-pyrazole-5-
carboxamide (25 mg, 55%), mp 142-144 °C. 'H NMR (300 MHz, DMSO-d,) & 8.03
(brs, 1H, NH,), 7.70 (d, ] = 1.8 Hz, 1H, pyrazole), 7.54 (br s, 1H, NH,), 7.42 (m, 2H,
Phenoxy), 7.39 (d, J = 9.0 Hz, 2H, Phenyl), 7.20 (m, 1H, Phenoxy), 7.08 {m, 2H,

30 Phenoxy), 7.06 (d, J = 9.0 Hz, 2H, Phenyl), 6.90 (d, ] = 1.8 Hz, 1H, pyrazole).
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aci & (1. 70MF, wis 8&111xmblo)/emghhyll‘h3 pyctanolver acdled ytb abem( nyfergurs. t8en Mol ) ,
copper(ll)acetate (1.1 mrol ) and_4A nol ecul ar sieves (powdered and
heat ed atPartitgmed be eezrwqaeru %ﬂd qtbylﬁésatq n T80 aqpeqys laﬁwymawgtWEdmh added
0.6 rnL Ofl@ﬁy“{j The re‘%ctlon ¥vas st i rredse %o air at oom

t enper at Ut & 107 dSE}% COmiER Qreapfy PR vy Waeretlndith {3y peRug agdilm
concent r aiyehi8e 96MASS $2NY NPat&rr gﬂdﬁn&"s R ¥as sﬂiél'iu.'l.rh' Sy, fik&eh, and
chromat ography, eluting wth 15% Et OAC/ hexane, aff or di ng

5- St hoxympmra;dg lhndenredptﬂhmemmny?veld-lydjmazsohd (Ririfrc0io@, b)55:0itg1m4 6%
-] - o> Ny,
T0. 4 %r%y?rozf’aqq bt B oty PP i) 564 Bemata Beation gmnut.”?m of

3- th I 5
M oof a IR W%ﬁ‘co?ﬂ?ﬁ%%ﬁ?ﬁﬁﬁﬂmwtﬂért@%?‘*&%%ﬂ]%@ a5y P ¢ "

showed i rmpn[gllﬂtﬁ o, SRE NIMR) (@13@139 e 8551 (5} LHY, 3135 (i) RASS 614, Ty 8. 2 &?a' ed
tube and heated at 70 C over nléJ The reacti on was concentrated and
t4 17

purified B, grieddr ke P\, THE, 7.24 (dt | n@ Hz, 2H), 7.08 (d, J =9 Hz, 2H).

15
Anticonvulsant Activity of Compounds of the Invention
The ability of compounds of the present invention to block maximal
electroshock-induced seizures (MES) is determined as described earlier.
20 A compound of the present invention is administered p.o. to mice 30 minutes

before the test procedure. The compound exhibits protection against MES with an
ED,, (the dose provided protection of 50% of animals) of preferably below 10 mg/kg.
Activity of 1-(4-phenoxyphenyl)-1H-pyrazole-3-carboxamide as
anticonvulsant, MES i.v. ED; in mouse 0.7 mg/kg. 1-{4-(4-Nitrophenoxy)phenyl]-
25 1H-(1,2,4ltriazole, MES p.o. EDy, 6.6 mg/kg. 1-(4-phenoxyphenyl)-1H-pyrazole-5-
carboxamide, MES i.v. ED,, 10.0 mg/kg.



20 with 50% Et OAc/ hexane, to yield 30 A5G 200

| - (4- phenoxyphenyl ) -1 H pyrazol e- 3-car boxam de (Rf 0.26, 56 ng, 52%, np
165- 167 w0 0l/R7NVR (300 MHz, DMSO-d6) b 8.50 (d, J 2.7 PEZT/USHINgg2 azol e)
7.92 (d, J = 9.0 Hz, 2H, Phenyl), 7.71 (br, IH NH2), 7.43 (m 2H,
Phenoxy), 7.39 (br, 1H, NH2), 7.18 (5% 1H, Phenoxy), 7.17 (d, J = 9.0 Hz,
2H, Phenyl), 7.07 (m 2H, Phenoxy),“6.87 (d, J = 2.7 Hz, 1H, pyrazole). 25
Starting with 5-ethoxycarbonyl -I-(4-phenoxyphenyl)-1H pyrazole (50 ny,

0.16 mol ), the method descri bed above gave

1- (4- phenoxyphenyl ) - 1H pyrazol e-5- carboxam de (25 ng, 55%, np 142-144 C.
"H NV\R (300 MHz, DMSO-d6) 8 8.03 (br s, 1H NH2), 7.70 (d, J = 1.8 Hz, 1H

le), 7.54 (b 1H, NH2), 7. 42 2H, .. Ph o 7-39 (d, J =9.0
b, oh e)phenw eﬂ(wf}.r*fﬁt'emwm 0)?2445{3%%{&0%%50‘(% éﬂé‘)ﬁ%’@éﬁgﬁbiy), 7.06 (d,
J =9.0 Hz, 2H, Phenyl), 6.90 (d, J = 1.8 Hz, JH, pyrazole). WO 01172714
PCT/US0110897 -28 1-(.4- (4N t.ropl eeno henyl]-LH[1,2 triazole A
i xcure of 1. FPEBPE of taBhtiot b ORI R Sorpsioeisatopd SEGpE  azol
| -yl') pheqabyd @safhed abdveihd PiBduce 035K dBRIRARS Mb?@érpaf"@&%g@%a@&i g, 12.2
mmol) inb5 was refluxed overnight. The reaction was coofed to room

t enper at ysdiumtcheents protdet iDHER -DEY vdBrtaiiy exprassingetheBIaE édofben oThe aqueous
| ayer was extracted with ethyl acetate. The conbined organic |ayers were
washed wiNehchaanelguthribloslsag affect 9y aradsirisd compeundnon D) cuiggrisds pEhiy nes) |
dried over sodiu ulfate. . fil.tered n evapor ated. under .reduced pressure
to give. SyErPanTeaplaf BmeriodERie B wsRi BRI suE hy (st ca
gel 1p 1: 1 (R LtiiineRGR IR ha iR kel Qe tySAmll Havé daR HotdRi towards Na*

chl or of ormf hexane afforded 165 ng (37% of the title conmpound as a yel |l ow

solid, mhanbslsinB@irGestingshiMR (RADOLR) el o, SIB5PHa mackl, 4085857¢T(1991% 9 Hz,

?(E? ’ Ji':l%q(q%@d Ben, el Rrmoon 15 THT 2 S9N ThisrPebirst aPEEOBEL { ha | vent 1 on
e s ik uch ATRGHATR, e oHIE R CRPbulANE a O cith JBARIRY, | ¢

A conpoungks €ifant408 np. e Phénay epliengl)- 1 13-pgeviolt- Searbestamide whotasteddn30 m nut es
15 1BIIA isoform of sodium channel and had Ki 0.35 pM.

Having now fully described this invention, it will be understood by those of

ordinary skill in the art that the same can be performed within a wide and equivalent

20 range of conditions, formulations and other parameters without affecting the scope of
the invention or any embodiment thereof. All patents and publications cited herein

are fully incorporated by reference herein in their entirety.



before the test procedure. The conmpound exhibits protection againaﬁ;wﬁ$mw
with an ED50 (the dose provided protection of 50% of aninals) of = ~-%&%
preferably bel ow 10 ng/kg. Activity of

1- (4- phenoxyphenyl ) - 1H pyrazol e- 3- car boxam de as anti convul sant, MES i.v.
ED50 in nmouse 0.7 ng/kg. 1-[4-(4-Nitrophﬁgpxy)phenyl]- 25
1H[1,2,4]triazole, MES p.o. ED50 6.6 nglkg.

1- (4- phenoxyphenyl ) - 1H pyrazol e-5- carboxam de, MES i.v. ED,, 10.0 ng/kg. 3
Ur; U6 20C4 WD 01/72714 PCT/ USOL/ 08972 -29 Activity of Conpound of the

| nvent i on asVWeah IsnClénaveibIs:Bl ocker 5 Conpounds of the invention are tested
in the el ectrophysiological and binding assays described above and produce
dose- dependent inhibition of voltage-gated sodiumcurrents recorded in
HEK- 293 cells staply e ' I ' .ormof Na' channels. The

bl ocki ng effect OP pre?g%ﬁﬁ%%m%g%gg%%@ghgﬁhﬁﬁi currents is highly

sensitive to the holding voltage, indicating that the conpounds bind to

vol tage 10 sensitive Na+ channel sgin their inactivated states and have weak
potency towards Na+ channels /&4 heir r&sting states (Ragsdale et al.,

Mol . Pharmacol . 40: 756- 765 (19 %éi\\Kuo n an, Ml . Pharnmacol.

46: 716-725 (1994)). The appare ant & { di ssoci ati on constant {Yd) of
preferred conmpounds for inacti&gated sodi um channels is |ess than 400 nM
1-(4-Phenoxypheny|)-1FprrazoIe-3-carboxaﬁ%de was tested in 15 rBITA

i sof orm of sodi um channel and had Ki 0.3 5 M Having now fully descri bed
this invention, it wll be understood by those of ordinary skill in the
art that $he same can be perfornmed within a wi de and equival ent 20 range of

conditions, formul ati ons and oth raneters w thout affecting the scope

o0 b o chih BB R sl st PR o Pplk Blrel eTSe) | ot | o

cited herein arexfulong of T, MEACED, mgcemr&r@@rgwgeweﬁemg {39ydr&énl §et Y-
al:

-30 What Is Clainmed Is: |I. A compound having the Fornul
Cl-Clo alkyl;
Het is a heteroaryl selected from the group consisting of
10
R, R
PRRS /N“"- 1 ’N.‘Ym /N‘\ a
—N —N, —N —N
—

Ry N/ R, >§N \NﬁN

R: (1 () Ry () (iv)

R; is selected from the group consisting of hydrogen, optionally substituted

alkyl, heteroaryl optionally substituted with one or more groups independently

15  selected from the group consisting of halo, halo(Cig)alkyl, hydroxy(C,¢)alkyl,

amino(Cj g)alkyl, hydroxy, nitro, C;s alkyl, C,s alkoxy, aminocarbonyl,

carbamoyloxy, Cy_¢ alkylsulfonylamino, Cy6 acyl and amino, C(O)R19, CH2C(O)R 14,
S(O)R10, and SO,Ry0;

Rz and R3 are independently selected from the group consisting of hydrogen,

20  alkyl, alkenyl, alkynyl, aryl, cyano, aminoalkyl, hydroxyalkyl, alkoxyalkyl, alkylthio,

alkylsulfinyl, alkylsulfonyl, carboxyalkyl, alkylamino, dialkylamino, aminocarbonyl,

alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, alkylcarbonylamino,



RB Rs 5 Het | or a pharmaceutically acceptable salt, prodrug or snpkvqpez )
thereof, wherein X is one of 0, S, NR9, CH2, NROC(O, or C(O NR9, ‘V\,her
is hydrogen or Cl1-CID alkyl; Het is a heteroaryl selected fromthe group
consisting of 10 -N-NN~, ~YR~- YRL --- NI --- NI N NNR , R2
Nr---" (1) (ii) R3 (lii) (Iv) Rl is sel ected fromthe group consisting of
hydr ogen, optionally substituted al kyl “heteroaryl optionally substituted
wi th one or nore groups independently 15 sel ected from the group consi sting
of hal o, hal ofc 62,al kyl hydr ox Cl_6)al kyl, am no(CL.6)al kyl, hydroxy,
nitro, Cl.6%¥ E&}’Pﬂ Teung, 5 | dralkyl Oﬁﬂé@ﬂw@nw alkyleagbpaytoy | ospinogif@iyl,
al kyl sul fon (ORO CHR2C(OR1I0, S(ORo, and
Mkﬂ%g%sulﬁ}ny@ 8351 @?@“S

SO02Rj o; are pen el ected from the group consisting of

hydrogen, 20 alRylRs, ahkeﬁtle,g a2¢ Kydepénderdt kele&éﬁiﬂﬁm i ¥ hsisti
hydr oxyal kyl , al koxyal kyl , al kylthi o, aI)ykyI sul finyl, ?E@é ! sul T omg, of

car boxyal kyhydregegy | ,ndlak@ilﬁﬂl kyslkahi mikenydini allsgrilbdiydtoxyalkyl, aminoalkyl,

5 carboxyalkyl, alkoxyalkyl, nitro, amino, ureido, cyano, acylamino, amide, hydroxy,

thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and alkylthiol;

Ryo is selected from the group consisting of amino, alkyl, alkenyl, alkynyl,
ORy;, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl, cycloalkyl,
heterocycle,  heteroaryl, aryl, aralkyl, arylalkenyl, arylalkynyl, and

10 cycloalkylalkylamino, all of which are optionally substituted;

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

provided that:

1) when Het is (ii), and X is O, then Ry is not alkyl, aralkyl, aryl or OR,;
15 2) when Het is (i) or (ii), then X is not NRy;

3) when Het 1s (iii), then X is not CH;;

4) when Het is (iii), and X is O, then Ry is not OR;; and

5) when Het is (i), then X is not NRyC(O).

= 2. A compound of claim 1, wherein R, is selected from the group
consisting of an alkyl optionally substituted by halogen, hydroxy, carbamoyloxy, C).
acyl, Cy.¢ alkylsulfonylamino, aryl, or aminocarbonyl; C(O)R,s; CH,C(O)Ro; or
SO2R16, wherein Ry, is selected from the group consisting of C,¢ alkyl, Ca¢ alkenyl,

25 OR;1, amino, C. alkylamino, di(C.¢)alkylamino, C,.¢ alkenylamino, heterocycle and
mono- and di-(C,.¢)alkylaminoalkenyl, and Ry, is selected from the group consisting
of hydrogen, optionally substituted alkyl, and an alkalimetal.

3. A compound of claim 2, wherein Ryp is selected from the group

30 consisting of C,5 alkyl, Cys alkenyl, ORyp, amino, C;.s alkylamino, di(C,.

sJalkylamino, C; alkenylamino, di(C.¢)alkylamino(C;¢)alkenyl, N-morpholinyl, N-
pyrrolidinyl, and N-piperaziny).



al kyl am nocar bonyl , aryl am nocar bonyl, aral kyl am nocar bonyl , 30 RSO0
al kyl carbonylam no, 3rJ.rt 7 -31 aryl carbonyl am no, aral kyl carbonyl am no,
al kyl car bonyl , am nosul fonyl, al kyl am nosul fonyl, and al kyl sul fonyl; R5,
R6, R7s and R8 are independently selected fromthe group consisting of

hydr ogen, hal o, hal oal kyl, al kyl, al kenyl, al kynyl, hydroxyal kyl,

am noal kyl , 5 carboxyal kyl, al koxyal ky32- nitro, am no, ureido, cyano,
acyl am no, am de, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy,
carbonyl am do and alkylthiol; RIOis selected fromthe group consisting of
am no, al kyl, al Renyl A comppnpd of clamy 3, wheréiy Rarind R ; aé aldkpdndenthoselected

| kenyl ani di.al kyl ami noal kenyl | aal kyl | le, h ¥
Byt aral kot B gtk Ehekishng R aegaky A vt Ut ity Kty o, al |
of which ar em@e(C ROkl Sbas ) CPC?QIkyﬁillio, i:ﬁmé,et?-gﬁ%%JIJ@%%,Q@%{,&{%F stal

consi sting of hydrogen, optionally substituted

and provi de§elatiad,: @)yCohetkokgt aminptarponyhndCXCi s alkyldniascaddryl,s opt,al kyl ,
aral kyl_, aryl ,or. CRlbl; Eﬁé«) W?(% s (i) or (ii), then X is not NR9;
3) when Het “iamipegapbony}, Le-Go; shallprlaminoGaanyL&i -G ealitilearhonylameing s 0.
then Rois ' p‘aﬁm nd—leatr;: _E s not NROC(O . 20 2.
A conpound (g?_@cl? %&f? erug%’r%mg?ei S Ilk(g]ct&%%l frcgﬁapﬁ%m&}%up consi sting of

an al kyl optionally substituted by hal ogen, hydroxy, carbanoyloxy, Cl-6
acyl, Ci1-6 al kyl gul fonyl am no, aryl, or aminocarbonyl; C(OR10; CH2C(ORI O
or SO2RL0, wher éi n RArampoyad of elamm 8, wherenRapnd By de insiependantipsel@ted 6

al kyl, C2-6 : ] 6.,al kyl am no, di (.C1-6) |.am no,
C2-6 al kenyﬁgﬁﬁg%}%@@?%ﬁ %ﬂgﬂ}dﬁgrﬁfoén%g saliy gi'w&Péy’WQWEm%iﬂenyl ,
and RID i s skiGaligtthiorand antigo@ktampl. consi sting of hydrogen, optionally

substituted al kyl, and an al kalinetal. 3. A conpound of claim2, wherein
RIOis selected fromthe group

6. A compound of claim 1, wherein Rs, Rg, Rj, and Ry are independently
selected from the group consisting of hydrogen, halo, halo(C,-Ce)alkyl, C,-Cs alkyl,
hydroxy(C,-Cg)alkyl, amino(C,-Cg)alkyl, carboxy(C;-Ce)alkyl, alkoxy(C;-Ce)alkyl,

15 nitro, amino, C;-C¢ acylamino, amide, hydroxy, thiol, C;-Cs acyloxy, C;-Cs alkoxy,
carboxy, carbonylamido and C,-C; alkylthiol.

7. A compound of claim 1, wherein R; or R; is C(O)R}, or SO;R .
20 8. A compound of claim 7, wherein where Ryq is amino or Cy4 alkyl.
9. A compound of claim 8, wherein X is O or S.

10. A compound of claim 9, wherein:
25 R;s and R¢ are each hydrogen;
R; and R; are both H; and
R7 and Ry are selected from the group consisting of hydrogen, halo, halo(C,-
Ce)alkyl, Ci-Cs alkyl, hydroxy(C;-Ce)alkyl, amino(C,-Cg)alkyl, carboxy(C;-
Ce)alkyl, alkoxy(C,;-Ce)alkyl, nitro, amino, C,-Cs acylamino, amide, hydroxy,
30 thiol, C;-Cs acyloxy, C;-Cs alkoxy, carboxy, carbonylamido and C,-Cg
alkylthiol.



30 consisting of Cl-6 alkyl, C2-6 alkenyl, ORI0, am no, Cl-6 al kylaming,: s,
di (& 6)al kyl am no, C2-6 al kenyl am no, di (C1-6)al kyl am no(C2-6) al kenyl,
N-nor pholinyl, N pyrrolidinyl, and N-piperazinyl. -32 4. A conpound of
claim3, wherein R2 and R3 are independently selected fromthe group

consi sting of hydrogen, Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl,

am no( Cl- C6) al kyl , ami no, Cl1-C6 al kylth3d, cyano, Cl-C6 al kyl sul finyl,

hydr oxy(Cl- C6)al kyl, Cl1-C6 al koxy, am nocarbonyl, Cl-C6

al | cyl am nocar bonyl, C6-Cf0 5 aryl am nocarbonyl, C6-Cl10

aryl (C1- C6) al kyl am nocar bonyl, Cl1-C6 al kyl carbonyl am no, C6-C10

aryl carbonyl am n nd C6- ryl.(Cl - C6)al kyl car bonyl am no. 5. A conpound
of claim 3, V\hergflh‘gﬁﬁmﬁﬁw ng“\éll n§BYE 134)-sel ected fromthe group
consi sting of hydrogen, Cl-C6 al kyl, Cl1-C6 al koxy, am no(Cl-C6)al kyl, 10 C
1-C6 al kylthio and am nocarbonyl. 6. A conpound of claim1, wherein R5, R6,
R7, and R8 are i hdepeompourdpof cledineld etlerbindiiattih)@i)gr oup consi sting of

hydr ogen, hal o, hal o( Cl-C6)al kyl, Cl-C6 al kyl, hydroxy(Cl-C6)al kyl,

am no( Cl- C6) al kyl, carboxy(Cl-C6)al kyl, al koxy(Cl-C6)al kyl, 15 nitro,

am no, Cl1-C6 acylam 1 de . Aydro kol .Cl-C6 acyl oxy, Cl-C6 al koxy,
car boxy, car bonyllg'nn%ggmgﬁ'g]d%?- @%gllokélyufrﬁlltng_:[&l%(}% conpound of claim1,
wherein RL or R2 is C(O R1O or SO2R14. 20 8. A conpound of claim7,
wherein where R1Q is amno or Cl-6 alkyl. 9. A conpound of claim S8,
wherein X is 0 of4s\ cempoyndafipirimnd, whegindiehio(ivisherein: 25 R5 and R6 are
each hydrogen; R3 and R2 are both H and R7 and Its are selected fromthe
group consi sting of hydrogen, halo, halo(Cl- C6)al kyl, Cl-C6 al kyl,

hydr oxp( C1- C6) al H$] A canipe@iddf-dimal Kierengar boxy(Cl- C6) al kyl ,

al koxy( Cl- C6) al kﬁﬁ,’(_ nitro, amno, Cl-C6 acylam no, am de, hydroxy, 30
thiol, Cl-C6 acyHskis DBiariinty, carboxy, carbonyl ani do and Cl-C6
alkylthiol. -33 g is C(O)R10, CH,C(O)R o, or SOsR1s;
XisOorS;
Ro is amino, optionally substituted Ci-Cs alkyl, or a heterocycle selected from
15 the group consisting of N-morpholinyl, N-pyrrolidinyl and N-piperazinyl;
R;, and R; are independently hydrogen, C,-Cs alkyl, C,-C; alkylthio or Ci-Cq
alkylsulfinyl,
R;s and R are as defined in claim 1, and
R7 and Ry are independently selected from the group consisting of hydrogen,
20 halo, halo(Ci-Cg)alkyl, C;-Cs atkyl, hydroxy(Ci-Cs)alkyl, amino(C,-Cg)alkyl,
carboxy(Ci-Ce)alkyl, alkoxy(C;-Ce)alkyl, nitro, amino, C;-Cs acylamino, amide,
hydroxy, thiol, Ci-C¢ acyloxy, C;-Cs alkoxy, carboxy, carbonylamido and C,-Cg
alkylthiol.

25 16. A compound of Formula I

7 Rs
§‘9\ x __Q;% Het I
® Re



11. A conpound of claim 10, wherein Het is (i). 12. A conpound of cl i mi50,
wherein Het is (ii). 5 13. A conpound of claim 10, wherein Het is (iii).
14. A compound of claim 10, wherein Het is (iv). 10 15. A conpound of claim
1, wherein: Het is (i), (ii), (iii) or (iv); R is C(OR o, CHZC(OR o, or
SO2RI0; XisOorS; Riois amno, optionally substituted C1-C6 al kyl, or a

het erocycl e selected from 15 the grouddconsi sting of N-norpholinyl,
N-pyrrolidinyi and N-piperazinyl; R2, and R3 are independently hydrogen,
Cl-C6 alkyl, CLl-C6 alkylthio or Cl-C6 al kyl sulfinyl, RS and R6 are as
defined in %Pmaceaﬁ@ﬂlmcm@bmsa&rpwdmgeqmen}d@mtﬁllqre@ewmﬁeed fromthe group
consi sting of hy o en 20 hal o, hal o(Cl-C6)al kyl, Cl1-C6 al kyl,

hydr oxy( C1- C6) al rﬁ *no( C1l- C6) al kyl, car boxy(Cl C6) al kyl ,

al koxy( Cl- C6) al kHEtls@theﬁ)arﬁ@bl@&ed §$mqge h%ﬁﬁ me@P de,  hydroxy, thiol,
Cl- C6 acyl oxy, Cl1-C6 al koxy, car boxy, cafbo gg and Cl-C6 al kylthiol.

25 16. A conpound of Formula |: Het -34 or a pharnmaceutically acceptable
salt, prodrug or sol vate t her eof , vvherel n Xis 0 or S; Het is a heteroaryl

fse:ec}\ledfromthe onS|st|( 1—NNR'N\N MRy RL N Rjy NYRR ~~r --N
5 R2 N ﬁll)&&’:ﬁﬁ“’) N _N\/\,l‘/
N=
s Ry (i) (i) (ul) (iv)

R; is C(O)Ryy, CH,C(O)Ry0, or SO;R;y wherein Ryp is amino, alkyl,
N-morpholinyl, N-pyrrolidinyl or N-piperazinyl, all of which can be optionally
substituted;

R; and R; are independently hydrogen, C,-Cs alkyl, C,-Cs alkylthio or C-Cg

10 alkylsulfinyl,

Rs, Rg, Ry and Ry are independently selected from the group consisting of
hydrogen, halo, halo(C;-Cg)alkyl, C,-C¢ alkyl, hydroxy(C,-C¢)alkyl, amino(C;-
Ce)alkyl, carboxy(C,-Cs)alkyl, alkoxy(C,-Cg)alkyl, nitro, amino, C;-C¢ acylamino,
amide, hydroxy, thiol, C,-Cs acyloxy, C;-Cs alkoxy, carboxy, carbonylamido and C;-

15 C¢ alkylthiol;

provided that:

1) when Het is (ii), and X is O, then R, is not alkyl.

20 17. A compound of Formula I
../_R7 Rs
(:/)\ _@}Het I
ASRRNY/
Rg Rs

or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein
XisOorS;
25 Het is a heteroaryl selected from the group consisting of



Rl is C(ORLO, CH2C(O Rto, or S2Rj o wherein Rio is am no, alkyl, TP
N-norpholinyl, N-pyrrolidinyl or N-piperazinyl, all of which can bel# A"/
optionally substituted; R2 and R3 are independently hydrogen, C I -C6
alkyl, Ci -C6 alkylthio or Ci -C6 10 alkylsulfinyl; R5, R6, R7 and RS
are mdependently selected fromthe gr ?ép consi sting of hydrogen, halo,
hal o( G - C6) al kyl, C-C6 al kyl, hydroxy{ C6) al kyl, am no(Ct- C6)al kyl,

car boxy(Ct - C6) al kyI , al koxy(O’ -C6)al kyl, nitro, am no, Cl-C6 acyl anm no,

am de, hydroxy, thiol, Cl1-C6 acyl oxy, Cl-CG al koxy, carboxy, carbonyl am do
and G- 15 C6 alkylthiol; provided that: 1) when Het is (ii), and X is O,

then Rio is not alkyl. 20 17. Acorrp nd of Fornula I: Het or a
pharmaceutically a abl e sal rug or Iv Re theregf, rein

Xi sQorS; 25 Het—® a et eroax_yh sel ected fr group c sﬁ* ti ng of I -
N _ - N i .. N -N Y N (i) | (iii) C( O R10,

wherein Rio is ani 0, NRaor phol i nyI 'Mpyrrol d| nyl or
s (i) (iii) (iv)

R, is C(O)Ryp, wherein Rjp is amino, N-morpholinyl, N-pyrrolidiny! or
5 N-piperazinyl, all of which can be optionally substituted;
R; and Rj are independently hydrogen, C,-C¢ alkyl, C,-Cq alkylthio or C;-Cs
alkylsulfinyl;
Rs, R, R7 and Ry are independently sclected from the group consisting of
hydrogen, hale, halo(Ci-Celalkyl, C;-Cs alkyl, hydroxy(C\-Cs)alkyl, amino(C,-
10 Cealkyl, carboxy(C,-Ce)alkyl, alkoxy(C;-Ce)alkyl, nitro, amino, C;-Cg acylamino,
amide, hydroxy, thiol, C,-Cs acyloxy, C,-Cs alkoxy, carboxy, carbonylamido and C;-

Cs alkyithiol.
18. A compound of claim 17, wherein X is O.
15
19. A compound of claim 2, wherein R, is phenyl.
20. A compound of claim 15, wherein Rs and R¢ are both hydrogen.
20 21. A pharmaceutical composition, comprising the compound of any one

of claims 1-20 and a pharmaceutically acceptable carrier or diluent.

22.  Use of an effective amount of a compound for the treatment of a
disorder responsive to the blockade of sodium channels in a mammal in need of such

25 treatment, wherein said compound of Formula I



5 N-piperazinyl, all of which can be optionally substituted; R2 and73§,grg‘
I ndependently hydrogen, Cl1-C6 alkyl, Cl1-C6 al kylthio or Cl-C6 SRR Tt
al kyl sulfinyl; R5, R6: R7 and Rg are independently selected fromthe group
consi sting of hydrogen, halo, halo(G -C6)al kyl, Cl1-C6 al kyl,

hydr oxy(Ci - C6) al kyl , am no(Cl- 10 C6)al kyl, carboxy(Cl-C6)al kyl,

al koxy(C1-C6)al kyl, nitro, am no, Cl- C63%1:yl am no, am de, hydroxy, thiol,
Cl- C6 acyl oxy, Cl-C6 al koxy, carboxy, carbonylam do and Cl- C6 al kylthiol.
18. A conpound of claim 17, wherein X is O 15 19. A conpound of claim 2,

wherein Rl is phenyl. 20.A conpgtind of R aim 15, wherein R5 and R6 are both
hydr ogen. 2021. A pharnaceuti cgl/ gonposy 'onHe{:orrpri sing the conpound of any
one of clainms 1-20 and a phar X l.y/acCeptable carrier or di fuent .

22. Use of an effective amoung,of a co und for the treatnment of a

di sorder responsive to the bl ockade of skRglium channels in a manmal in need
of such 25treatnent, wherein said conpound of Formula P -36 Net | or a
pharmaceutically acceptable salt, prodrug or solvate thereof, wherein X is
one of 0, Sor MRRamfabluticMRPECEtabi0bal CpRINRor R | Syl ogen or  Cl-Clo
al kyl; 5 Het igﬁa het elrcogﬁrgyl %%‘? ecatlgg fdrmg?rtshe (E;ere%ltgj%ofigvr%'g?eérfi ng of R1 N_ Rl

-N N RL -N |\ NXis one oRORS, NRy, SZH,eNRe0(A); oNC{HRNRY WHere RYIShyddrbfd dif
hydr ogen, o%t [ nalkly}{ substituted
1- >

10a
5 Het is a heteroaryl selected from the group consisting of
N Ry Ry
;T /N\"'" /N“‘YR‘I /N"‘--._ R1
—N —N —N —N
— P —N N N
R, N R, N=
Rs () (ii) Ry (i) (iv)

R1 is selected from the group consisting of hydrogen, optionally substituted
10 alkyl, optionally substituted heteroaryl, C(O)R,0, CH,C(O)Ryo, S(O)R,9, and SO;R¢;

R: and R; are independently selected from the group consisting of hydrogen,
alkyl, alkenyl, alkynyl, aryl, cyano, aminoalkyl, hydroxyalkyl, alkoxyalkyl, alkylthio,
alkylsulfinyl, alkylsuifonyl, carboxyalkyl, alkylamino, dialkylamino, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl, alkylcarbonylamino,

15 arylcarbonylamino, aralkylcarbonylamino, alkylcarbonyl, aminosulfonyl,
alkylaminosulfonyl, and alkylsulfonyl;

Rs, Re, Ry, and Rg are independently selected from the group consisting of
hydrogen, halo, haloalkyl, alkyl, alkenyl, alkynyl, hydroxyalkyl, aminoalkyl,
carboxyalkyl, alkoxyalkyl, nitro, amino, ureido, cyano, acylamino, amide, hydroxy,

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

Ryo is selected from the group consisting of amino, alkyl, alkenyl, alkynyl,
ORi;, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl, cycloalkyl,
heterocycle,  heteroaryl, aryl, aralkyl, arylalkenyl, arylalkkynyl, and
cycloalkylalkylamino, all of which are optionally substituted;



10 al kyl, optionally substituted heteroaryl, C(O Rlo, CH2C(O R10 Ss(.Q)AIﬁ‘I,‘QP.
and S02RIO R2 and R3 are independently selected fromthe group consi St Ag!
of hydrogen, alkyl, alkenyl, alkynyl, aryl, cyano, am noal kyl,

hydr oxyal kyl , al koxyal kyl, al kylthio, alkylsulfinyl, alkylsulfonyl,

car boxyal kyl , al kyl am no, di al kyl am no, am nocarbonyl, al kyl am nocar bonyl ,
aryl am nocar bonyl , aral kyl ani nocar bony{37-al kyl car bonyl ami no, 15

aryl carbonyl am no, aral kyl carbonyl am no, al kyl carbonyl, am nosul fonyl,

al kyl am nosul fonyl, and al kyl sul fonyl; Rs, R6, R7, and Rs are independently
sel ected fromt hﬁlgﬁd@bc@é 15 thengrowp consisting g€ hydiogem, optiahaily kupktitusdky| |,

al kenyl , al I xyal kyl, am noal kyl, carboxyal kyl, al koxyal kyl,
nitro, am ngw%rﬂé‘? g%iﬂk@ﬁ%ﬁl: acyl am no, am de, hydroxy, 20 thiol, acyloxy,
azi do, al koxy, cafdwaed thagar bonyl am do and al kylthiol; RIOis selected from
t he group consisting of am no, alkyl, alkenyl, alkynyl, OR,, alkylamno,
di al kyl ami nd) al kéeyHatis {0 or di)athky KasnotddRkenyl , cycl oal kyl, heterocycl e,
het er oaryl , 2ar yl whan Hekigl(iii),ahstl XlikestydH,; ar yl al kynyl, and

cycl oal kyl aBky!| amihe® Hetids!(iif)f andX &1D,ahh RREI RATR,Y: sdbstituted; -37 REt is

sel ected framthgngh APisEBNRLS D ogen, optionally substituted
al kyl, and a)r’ln al kal i rretlzg(ﬂ?’ provildgom(‘:'labt(: 5'1) when Het is (i) or (ii), then

Xis not NR9; 5 2) when Het is (iii), then Xis not CHZ, 3) when Het is
(tii), and X is th p,is.not OR ,; and 4) when Het is (i), then Xis
not NRYc(O. 10 g% ugfé]cg} claim;24, yhereihiidromeeyngd is gsstaimed i arsond eff med i n
any one of .glfé®ol-20. 24. Use of an effective anount of a conpound for
the treatnment, prevention or anelioration of neuronal |oss follow ng

gl obal and focal ischema; for 15 the treatnent, prevention or anelioration
of neurodegenerative conditions; for the treatnent, prevention or
anelioration of P&in bsetehant gkfective r amepnt  ofo 4 gempounst doerthe oneatroent,

??g;f[ (r)nrsﬁt i OBr&Enﬁ@p&cmg&Rfrﬁﬁ)ﬂi FheuthaP oy .fo(ill%inr?gC g]lobglnae.'\nsdt E')%gli i?éher%ria; fﬁ(:o)rr the
15 the treatment, prevention or amelioration of neurodegenerative conditions; for the
treatment, prevention or amelioration of pain or tinnitus; for the treatment, prevention
or amelioration of manic depression; to provide local anesthesia; or for the treatment

of arrhythmias, or for the treatment of convulsions in a mammal in need of such

treatment, wherein said compound is of Formula I:
20

R
N E
g/\s/)\x__Q@/Het I
® Rg

ot a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein
X is one of O, S, NRy, CHj, NRyC(0), or C(O)NRg, where Ry is hydrogen or
C1-Cp alkyl;
25 Het is a heteroaryl selected from the group consisting of



of arrhythmas, or for the treatnent of convulsions in a mammal in need of
such- treatnent, wherein said compound is of Forrmula I: 20 Het | of tau: i
pharmaceutically acceptable salt, prodrug or solvate thereof, wherein X is
one of 0, S, NR9, CH2, NROC(O), or C(ONR9, where RO is hydrogen or Ci-C
10 alkyl; 25 Het is a heteroaryl selected fromthe group consisting of -38
~NRL~N RL~N~YRLNRL -N -N-~N1t3q2N N~ R NN N(I) (ii) R3
{iti) rvrr R is selected fromthe group consisting of hydrogen,
optionally substituted alkyl, opti onal | y substituted heteroaryl, C(O R10,
CH2C( O R10, S(O)thN a 1SOZRI 0; N3_ Rand R3 ﬁre |Rplependerul y sl ected
fromthe group _c.0|;|3| st ng of le\ﬂr ogen, alky kenyl, alk , aryl
cyano, am noal kyl oxyal kyl » oxyal k_1 ) yl thi G—N@I Kyl sul fi nyI

al kyl sul fonyl, carpoxya qul al k!‘,l am Rp, d| aI am no, am rgcar bonyl ,

al kyl am nocar bon>R3, @yl am nocar bmyl ar al am)nocar bonyl , ?I kyl car bonyl
am no, aryl carbonyl am no, aralkyl car bonyl am no, "al kyl car bo

am nosul fonyl, 10 al kyl am nosul fonyl, and al kyI sul fonyl; R5, Re,, R7, and
Rg are independently sel ected fromthe group consi sting of hydr ogen, hal o,

nal oal kyl', al ky! li?qais kadenyid ﬁcahtmwgrbup mdrsmyaﬁngﬁfogeﬂmm@ﬂmmubsmuted |
car boxyal kyl ax ro, amno ei do no | ami no, am de,
hydroxy, tRIKP OPHE@E' LSt‘é‘i‘P‘élB""“"&PWb)@(O)er @Hx‘;(o)éax Sﬁﬁmlamnd(SQiRd)

Al Ogl o 1 dit BEE SRRy LG RR ROBRS'LASisBle SPhiBoed <Y

alkyl, alkenyl, alkynyl, aryl, cyano, aminoalkyl, hydroxyalkyl, alkoxyalkyl, alkyithio,
alkylsulfinyl, alkylsulfonyl, carboxyalkyl, alkylamino, dialkylamino, aminocarbonyl,

alkylaminocarbenyl, arylaminocarbonyl, aralkylaminocarbonyl, alkylcarbonylamino,
arylcarbonylamino, aralkylcarbonylamino, alkylcarbonyl, aminosulfonyl,

10 alkylaminosulfonyl, and alkylsulfony!;

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

15 Ry 1s selected from the group consisting of amino, alkyl, alkenyl, alkynyl,
OR;;, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl, cycloalkyl,
heterocycle,  heteroaryl, aryl, aralkyl, arylalkenyl, arylalkynyl, and
cycloalkylalkylamino, all of which are optionally substituted;

Ry1 is selected from the group consisting of hydrogen, optionally substituted

20 alkyl, and an alkalimetal;

provided that:

1) when Het is (i) or (ii), then X is not NRy;

2) when Het is (iii), then X is not CH;;

3) when Het is (iii), and X is O, then Ry is not OR;y; and
25 4) when Het is (i), then X is not NR¢C(O).

25. Use of claim 24, wherein the use is for the treatment, prevention or
amelioration of pain and said pain is one of neuropathic pain, surgical pain or chronic

pain.



OR11, al kyl am no, di al kyl am no, al kenyl am no, di al kyl am noal kenyl , 33 #5700
cycl oal kyl, heterocycle, heteroaryl, aryl, aralkyl, arylal kenyl,
aryl al kynyl, and cycl oal kyl al kyl am no, all of which are optionally
substituted; Rl1 is selected fromthe group consisting of hydrogen,
optionally substituted 20 alkyl, and ap, al kalinetal; provided that: 1)
when Het is (i) or (ii), then Xis not NR9; 2) when Het is (iii), then X
is not CH2; 3) when Het is (iii), and Xis O, then RI0O is not OR 1; and
25 4) when Het is (i), then Xis not NROC(O . 25. Use of claim 24, wherein
the use is for the treatnent, prevention or anelioration of pain and said
pain i s one of n@6ropaisbiof cPith 24, HEGICAld Bl i€ BE PRirfed Hﬁ&@ one3ar 26_
Use of claim24, wherein said conpound is as clained in any on oF Vel ai ms
1-20. 5 27.gh§ésbﬂ0an effective amount of a conpound for the alleviation or
prevention of seizure activity in an animal subject, wherein said conpound
is as clainmed in any of clainms 1-20.

5 27.  Use of an effective amount of a compound for the alleviation or

prevention of seizure activity in an animal subject, wherein said compound is as

claimed in any of claims 1-20.



