WO 03/076414 PCT/1B03/01837 Aryl Substituted Pyrimdines And The Use
Thereof Background OF The Invention Field of the Invention This invention
i s in thewbimslt4of medi ci nal chem stry. In particular, thecriBoanaestnion
rel'ates to novel aryl substituted pryimdines, and the discovery that

t hese conpounds are bl ockers of sodium (Na') channels. Related Art Several
cl asses of therap use drugs, incl est hetics such
as |idocaine and '§Hk’§¥lﬁﬂte({i§yf S guﬂ]%ﬂ-] %ﬁfﬁe‘gfopafenone and
am ocl arone, and antlconvulsants such as |l anotrigi ne, phenytoin and

car bamazepi ne, have been shown to share a common nechani sm of action by
bl ocki ng or nodul ati ng Na+ channel activity (Catterall, WA., Trends
Pharmacol . Sci. 8:57-65 ( ents is believed to act
by interfering with the raggék#ﬁpﬁﬁfngf«ézﬁ§gﬁg9315 Recently, other Na
channel bl ockers such as BW519C89 and |Iifarizine have been showmn to be
neur oprotectiyv n_ani mal, nodel s of global and focal ischema and are
presently wF’Eﬁ%t@%J"‘teFPa’Fs (G ahamet al., J. Pharmacol. Exp. Ther.
269: 854-859 (1994); Brown et al., British J Pharmacol . 115: 1425- 1432
(1995)). 20 The neuroprotective activity of Na' channel blockers is due to

their = effectivenddsinvAnERiisdadheanideld of fnaé@malh Fhgmigiryt nBdEcelahéient r at i on
durin i sc Wylall no acid
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ant agoni sts,thedafonipanmﬂslarbbmckc&s of sgdawne (Waghaniels. damage to manmal i an 25
white matter (Stys et al., J. Neurosci. 12:430-439 (1992)). Thus, they may
of fer advantages for treating certain types of strokes or neuronal trauna
where damagRelitedWirtte matter tracts is promnent. WO 03/076414
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Several classes of therapeutically useful drugs, including local
anesthetics such as lidocaine and bupivacaine, antiarrthythmics such as

10 propafenone and amioclarone, and anticonvulsants such as lamotrigine,
phenytoin and carbamazepine, have been shown to share a common
mechanism of action by blocking or modulating Na® channel activity
(Catterall, W.A., Trends Pharmacol. Sci. 8:57-65 (1987)). Each of these
agents is believed to act by interfering with the rapid influx of Na* ions.

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

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

25 white matter (Stys ez al., J. Neurosci. 12:430-439 (1992)). Thus, they may
offer advantages for treating certain types of strokes or neuronal trauma where

damage to white matter tracts is prominent.



-2 Anot her exanple of clinical use of a Na' channel blocker is riluzole.
This drug has been shown to prolong survival in a subset of patients with
ALS (Berwommmoai414al ., New Engl. J. Med. 330: 585-591 (1994prTanas/ sz
subsequent |y been approved by the FDA for the treatnent of ALS. In addition
5 to the above-nentioned clinical uses, carbamazepine, |idocaine and
phenytoin are occasionally used to treat neuropathic pain, such as from
trigem nal neurologia, diabetic neurébathy and ot her forms of nerve danmge
(Tayl or and Meldrum Trends Pharmacol. Sci. 16:309-316 (1995)), and
carbamazepine and |anotrigine have been used for the treatment of manic
depr essi on 10 (DeAthhftrtexempbl of, clmlcaousenof Pé\ia:mhamrre} b@a&km-swugqlgw))

Furt her nore,based,on siml.ari.ties ni paln and
int tus. (VR 0 bR bdén SRR 50 priory Slrighiih pSBpd pREEBRR AT SPE "

Hear. Res. Z8ersidm?’& G198V Ehglhag MeREN3RO: 9@335911 (1@94))t iafdi hass shoul d be
viewed as a form of chronic pain sensation (Sinpson, J. J. and Davies, E.

W Tips. 20:stbseqgentlydson ppprovriadthe FDA f@ﬁhﬁ:ﬁ?%@e% /’ela?‘r blnadditiinne have

been shown t i t t et at.

cin. SSCI ol art§ rtm'geo‘i‘b%%?"@ﬁ- %gr(s)dw‘éagﬁ & t‘%na %is glr}lll,e’ qucgﬁ%lr yn nyt%

95: 947- 951 (at®&t}gsionhally hasd heemez&Sﬁ@bd)ﬂaﬂheGbailhasIuchmr éroar eng&mlhelast five to
SiX sites on the _vo|tage-sensi hannel s whjch bi nd neur ot oxi ns
speci fical | yﬂee@éq%dafrhegc noEropeY %g%ﬁgfmé nswe@lfnzaggé@ax or ajd,dj es have
further revegliafd mﬁen R 9%5%3@9&1&% LaBIpAR s and

| ocal anesthetics ose actions are rre | at ed channel s, exert their

action by |mtndrhmdtmgnwltahetlbwn nsedr ﬁaretHeutraatrr&nde)fomamhedb{abssmnneI and
allo

terical |nh|b|t|n _i ct| th inre tor site 2
( Cat oy al |, (Remicott ghgf. JR%(}” itz gp 70" 19%‘§>jc H‘I%‘%O%%ﬁgd(ofg*‘son A
need exi st ld&dﬂaﬁoﬁglﬁulmes%v@éen%imﬁ@Pﬂﬁ ah@ahnifse(VBI&GNA. Rl AsKers of
sodi um channel s, and are therefore use for treating a variety of central

nervous syst@mi. clc8nii7i7t58t5n@997)'ldlomdd¢r@, Jdlawr. Res. 28:271-275 (1987)) it has

been proposed that tinnitus should be viewed as a form of chronic pain
sensation (Simpson, J. J. and Davies, E. W. Tips. 20:12-18 (1999)). Indeed,
15 lignocaine and carbamazepine have been shown to be efficacious in treating
tinnitus (Majumdar, B. et al. Clin. Otolaryngol. 8:175-180 (1983); Donaldson,
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,
20 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, 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.
25 Toxicol. 10:15-43 (1980)).
A need exist in the art for novel compounds that are potent blockers of
sodium channels, and are therefore useful for treating a variety of central

nervous system conditions, including pain.



WO 03/ 076414 PCT/1B03/01837 -3 Summary O The Invention The present
invention is directed to novel aryl substituted pyrimdines of Fornula I.
Al so, thewproeseqt4 i nvention provides for pharmaceutical cecpaBoyiiesrs 5
useful for treating disorders responsive to the bl ockade of sodiumion
channel s, containing an effective amobunt of a conpound of Formula | in a
m xture with one or nore pharnaceutlc%IIy acceptable carriers or diluents.
Addi ti onal enbodi nents and advant ages -of the invention will be set forth
in part in the description that follows, and in part will be obvious from
10 the description, or nmay be | earned by practice of the invention. The
enbodi nents and advant ages Swniriery OfFhe dnvemtionbe real i zed and attai ned
by nmeans of the elenents and conbinations particularly pointed out in the
appended cl ai ns. The present invention is also related to the discovery

that aryl 15 sulq%te'ﬂres%ﬁdlnwrmaﬁhsiune&ed ePh&we RFB dubkitied pimidin@ct as
bl ockers of sodium (Na+) channels. One aspect of the present invention is

directed toOfFemlllllhé di sorders responsive to the bl ockade of sodium

channels in a ma uf f erln from % | nnel s,
adm ni stering anr‘TATéra? e@ Ry r?tuo prgwg tsor rrp ungx ‘?’ ﬁgx% ﬁlﬁ&fg whi ch act

as blopcker s ueéfub aot lthaﬁhQFtﬁgﬁr&ers Areﬁpb’ri:shel’ toasamailodkfadé he godianioni nvention
is to provide a nethod for treating, prevent| ng or aneliorating neuronal

| oss fol | owichmglsolsantaising poHFctivestnamt of & ?%waé of gFcairanda I gy 2or
amel i orati ”Qm%lr{whﬂ%%k Hﬁf@@ﬁat a@eﬂﬂceﬁfr}f ab19 ersgd}%lﬂ% opat hi ¢ pain;

treating, preventing or Ing co neurodegenerat|ve
condi tions; treatAdditionat embnﬂnrrmgtsoandammanmgai ohg‘nemamrmond\eﬂr Bsseton; usi ng

as | ocal anesthetlcs and tl-arrP H%ﬂl d trea tlnn tus by
adni ni st eri AeFtAIEBHHHY mﬁﬁWﬁJ é 983d1 ﬁfﬁ%@ 18?8
10 the description, or may be learned by practice of the invention. The
embodiments and advantages of the invention will be realized and attained by
means of the elements and combinations particularly pointed out in the
appended claims.

The present invention is also related to the discovery that aryl

15 substituted pyrimidines represented by Formula I act as blockers of sodium
(Na") channels.

One aspect of the present invention is directed to treating disorders
responsive to the blockade of sodium channels in a mammal suffering from
excess activity of said channels, by administering an effective amount of a

20 compound of Formula I which act as blockers of sodium channels.

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

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

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

30 the following detailed description are exemplary and explanatory only and are



such treatnent or use. It is to be understood that both the foregoing
general description and 30 the follow ng detail ed description are

exenpl ar ywand/ospd anatory only and are WO 03/ 076414 PCT/ | B03/1Bd33%37 - 4 not
restrictive of the invention, as clained. Detailed Description O The

I nvention Novel conpounds of the present invention are aryl-substituted
pyrimdines represented by Formula I: 5 R3,,NN.AR2 RI NH 12 or a
pharmaceutically acceptable salt, or "6l vat e t hereof, wherein: Ais
selected from C=0 or C-R4; where: 10 when A is C=0O the bond between N and
Ais a single bond and R3 is present; when Ais CGR4, the bond between N
and A is a doutekeichendf thamveR3on, s plaimgt.esent; and R4 is hydrogen, Cl1 6

al kyl, C1_6 al koxy, Cl1 6 haloalkyl, C1 6 15 hydroxyal kyl or Cl_6

al kyl oxyal kyl; Rl is selected fromthe group consisting of: (i)
phenoxyphenyl ; (ii) beDeathilsdiDeéseyiption Of The'Tavehtibnophenyl ;20 (iv)
benzyl t hi ophenyl; (v) phenyl; (vi) naphthal enyl; wherein the termnal aryl
ring of each of (i) to (iv), and any part of the

Novel compounds of the present invention are aryl-substituted

pyrimidines represented by Formula I:

5
NP | R, .
R1/k\ NINHz
or a pharmaceutically acceptable salt, or solvate thereof, wherein:
A is selected from C=0 or C-R4; where:
10 when A is C=0, the bond between N and A is a single bond
and R; is present;
when A is C-Ry, the bond between N and A is a double bond
and R3 is not present; and
R4 is hydrogen, C,¢ alkyl, C;¢ alkoxy, C;.¢ haloalkyl, C;
15 hydroxyalkyl or C,.¢ alkyloxyalkyl;
R is selected from the group consisting of:
@) phenoxyphenyl;
(i) benzyloxyphenyl;
(iii))  phenylthiophenyl;
20 (iv)  benzylthiophenyl;
(v)  phenyl;
(vi)  naphthalenyl;
wherein the terminal aryl ring of each of (i) to (iv), and any part of the
ring of (v) and (vi) are optionally substituted by one or more of: halogen, Ci.¢
25 alkyl, C.¢ alkoxy, Ci.¢ haloalkyl, C;¢ hydroxyalkyl or C,.¢ alkyloxyalkyl;

with the proviso that when:



ring of (v) and (vi) are optionally substituted by one or nore of: hal ogen,
Cl.6 25 alkyl, C1_6 al koxy, Cl1_6 hal oal kyl, Cl1 6 hydroxyal kyl or ClL_6

al kyl oxyavbyB/p764nd t h t he proviso that when: WO 03/ 076414 PCT/NBBOASLHL837 -5
(a) RL is phenyl and Ais CR4i where R4 is hydrogen or C1_6 alkyl; R2 is
not: (i) hydrogen; (ii) Cl1_3 alkyl; 5 (iii) al koxy substituted benzyl;

(iv) C1_2 alkyloxyal kyl; (v) Cl_2 hydroxyal kyl; (vi) Cl1_2 hal oal kyl; (vii)
Cl_3 al koxy; or when: 10 (b) Rl is phéﬁyl and Ais CO R2 is not hydrogen;
or when: (c) Rl is naphthalenyl and Ais CR4, where R4 is hydrogen or Cl_6
alkyl; R2 is not: (i) hydrogen or (ii) ClL.6 alkyl; 15 (vii) )(R5) P '6)4
wherein R5 and RG)&ds phehypemtidrs CyRq4, mdetsdReris hgdrogempik§i-q alkdl; B2 al koxy,

Cl_6 hal oal kyl, C1_6 hydroxyal kyl or Cl1_6 al kyl oxyal kyl; and p and q are

20 i ndependent |y iﬁ‘?@@érs fromO to 4; with the proviso that when: (a) Ais
C- R4, where R4 is hydrogen or G 6 ahkytoged??2 is not:

(>i1) C, alkyl;
5 (ii1) alkoxy substituted benzyl;

@iv) C,.; alkyloxyalkyl;
v) Ci.; hydroxyalkyl;
(vi) C,.2 haloalkyl;
(vii) C,.3 alkoxy; or when:

10 (b) R; is phenyl and A is C=0; R; is not hydrogen; or when:

(c) R, is naphthalenyl and A is C-R4, where Ry is hydrogen or Cy.¢
alkyl; R; is not:

@) hydrogen or
(>i1) Ci.6 alkyl;

15

(vii)

wherein Rs and R are independently, halogen, C,.¢ alkyl, C,.¢ alkoxy,
C1.6 haloalkyl, C,.¢ hydroxyalkyl or C,. alkyloxyalkyl; and p and q are
20 independently integers from O to 4;
with the proviso that when:
(a) A is C-Ry4, where Ry is hydrogen or C¢ alkyl; R is not:
1) hydrogen or
>i1) Ci.6 alkyl;
25

(viii)



(1) hydrogen or (ii) C1_6 al kyl;
wherein R7 is halogen Cl1_6 al kyl,
Cl_6 hydwoxyatdyd or Cl1.6 al kyl oxyal kyl :

Cl_6 al kyl,

R7 0\

Cl 6 al koxy, Cl1_6 haloalkyl, C1_6 hydroxyalkyl or C1 6

al kyl oxyal kyl; R2 is selected fromthe group consisting of: 10 (
hydr ogen;

or Cl1_6 al kyl oxyal kyl ; and (iii) benz

hal ogen,

al koxy,

phenoxyphenyl , phenylt hi ophenyf,
noieties may be attached to ¢
4-position (i.e., ortho, neta or

Cl_6 alkyl, Cl.6 alkoxy, Cl1_6 hal oal kyl, Cl1_6 hydroxyal
Cl_6 al kyl oxyal kyl; 15 R3 is sel ected fron1hydrogen, Cl1_6 al kyl,
Cl.6 haI oal kyl, Cl1_6 hydroxyal kyl Rer Cl1_6 al kyl oxyal kyl ;
present only when Ais C=0. For Ri, 2yl conponent of the

or

eore at the 2-, 3- or
par a,

)

kyl
Cl_6

Anyl and benzyl t hi ophenyl

25 (viii) WO 03/076414 PCT/1B03/01837 -6
Cl 6 al koxy, Cl1_6 hal oal kyl,
and 5 (ix) R8 IPCEhBO3I1B37TR i S

(||) Cl.6 alkyl, C1 6 al kox Cl 6 hal oal kyl, Cl1_6 hydroxyal kyl
iél optional ly substituted with:

or

and is

respectively) of the phenyl

noi ety. Preferably, the phenyl noiety is attached to the pyrimdine core
t hrough the 3- orwhkrgio®Ristis balogen. @6, alkybt Gi-goalkgxay, ;.6 haleslgk Civel y) .

10

15

20

25

hydroxyalkyl or C;_ alkyloxyalkyl; and

(ix)
N

wherein Rg is C;¢ alkyl, C;¢ alkoxy, C;¢ haloalkyl, C;¢
hydroxyalkyl or C;. alkyloxyalkyl;
R, is selected from the group consisting of:
1) hydrogen;
(i) Ci.6 alkyl, Cy.¢ alkoxy, Cy.¢ haloalkyl, C,.¢ hydroxyalkyl
or C;_6 alkyloxyalkyl; and
(iii)  benzyl, optionally substituted with: halogen, C;_¢ alkyl,
Ci.6 alkoxy, Cy¢ haloalkyl, C,.¢ hydroxyalkyl or C,¢ alkyloxyalkyl;
R3 is selected from hydrogen, C; alkyl, C;_6 alkoxy, or C;_¢ haloalkyl,
Ci.6 hydroxyalkyl or C,¢ alkyloxyalkyl; and is present only when A is C=0.
For R;, the phenyl component of the phenoxyphenyl,
phenylthiophenyl, benzyloxyphenyl and benzylthiophenyl moieties may be
attached to the pyrimidine core at the 2-, 3- or 4-position (i.e., ortho, meta or
para, respectively) of the phenyl moiety. Preferably, the phenyl moiety is
attached to the pyrimidine core through the 3- or 4-position (i.e., meta or para,
respectively).
Where R; is phenyl, optional substituents thereon may also be
positioned ortho, meta or para, relative to the point of attachment of the

phenyl to the pyridine core. Where R; is naphthalenyl, optional substituents



Wiere R1 is phenyl, optional substituents thereon may al so be positioned
ortho, nmeta or para, relative to the point of attachnent of the 25 phenyl
to the pywodsne4core. Where RL i s naphthal enyl, optional ealbaBexuests WO
03/ 076414 PCT/1B03/01837 -7 thereon may occupy any avail abl e position on

t he naphthal enyl, relative to its point of attachnent on the pyrimdine
core. Preferred conpounds of Fornula I, are those wherein Ais CCO Rl is
sel ected from phenoxyphenyl, benzyl o>2>7p'henyl or phenyl, which may be 5
optionally substituted at the termnal aryl ring with one or nore of:

hal ogen, Cl1_6 al kyl, Cl1_6 al koxy, Cl1_6 hal oal kyl, Cl1_6 hydroxyal kyl or Cl1_6
al kyl oxyal kyhereorRhay scamplyemly e aflabderposjtiorooe theoraphdnlepyl, sglatierialitsy
substituted with_.one, or mor e of.: .£Ia| ogen, Cl 6 alkyl, Cl1 6 alkoxy, ClL 6
hal oal kyl , ®PT°hgUASERGRY @ihe BYTEYAIAC CHFy | oxyal kyl, wherein the above

described provi s@gefaRbd ¥ompo\hdRdf Forfielh 4Gk thot whein AYRrQgeR, s1_6 al kyl ,
Cl 6 al koxy, Cl1 6 haloal kyl, Cl1 6 hydroxyal kyl or Cl- 6 al kyl oxyal kyl .

Parti cul ar | yelseled drora dphenppynhiand, benFdoxyphenyl ofr pheaybowhishs®aywd®rein A is
ooyt o RN neg SRRk BDRRL WPl oL HaREE, ©O

Cl_6 15 al kyd;s afiad, (R dlkox3eCeg haldalkylo @, hygdogeakylGt (B sallkyidxyalkyl;6 al koxy,

Cl 6 hal oal kyl, 'Cl.6 hydroxyal ky] or Cl_6 al kyl oxyal kyl. Particularly
preferred cdtidtfieredfromdwdinggn pf hsngybortpnalhpeds With ope orgmerey Ry s

phenyl , optign spbstjtuted I 6 : | Cl_6 al kyl
or benzyl, 5%"( ?A(%!r)]%/ﬁnl %‘%E‘B@’t‘jﬁ‘u ggoﬁf’/l (ﬁgﬁ%éd%kﬁzli%hé %&%‘Jéyaggﬁgét%ééf from 20
hydr ogen, Chli§/ladykiky], viiréin ahekaboye described ptavidok ppplyCandRpyssetectedl kyl or
Cl1_6,  al kyl al kyl . Preferr conmpoungs of Formyla | are also_those
wherfln A |3¥‘{§‘ Eﬁog%% a@‘é{ﬁg‘dﬁ %Vo&-%%&ﬂgﬁé%ﬂm%@Pﬁ%rphenyl or
phenyl , whi %mwylgﬁ(yl'opt lonally substituted at the termnal aryl ring with

one or nore of: hal ogen,
Particularly preferred compounds of Formula I are also those wherein

A is C=0; R, is phenoxyphenyl, optionally substituted with halogen or C
alkyl; R; is hydrogen or benzyl, optionally substituted with halogen or Ci.¢
15 alkyl; and Rj is selected from hydrogen, C,.¢ alkyl, C;.¢ alkoxy, C;.¢ haloalkyl,
C,.¢ hydroxyalkyl or C,.¢ alkyloxyalkyl.
Particularly preferred compounds of Formula I are also those wherein
A is C=0; R; is phenyl, optionally substituted by halogen or C,.¢ alkyl; R; is
Ci.6 alkyl or benzyl, optionally substituted by halogen; and R3 is selected from
20 hydrogen, Cy.¢ alkyl, C,¢ alkoxy, C;.¢ haloalkyl, C,.¢ hydroxyalkyl or C
alkyloxyalkyl.
Preferred compounds of Formula I are also those wherein A is C-Ry.
R, is selected from phenoxyphenyl, benzyloxyphenyl or phenyl, which may be
optionally substituted at the terminal aryl ring with one or more of: halogen,
25 Ci.6 alkyl, Cy.6 alkoxy, C,.¢ haloalkyl, C,.¢ hydroxyalkyl or C,.¢ alkyloxyalkyl;
and R; is selected from hydrogen or benzyl, optionally substituted with one or
more of: halogen, C,.¢ alkyl, C;.¢ alkoxy, C;.¢ haloalkyl, C;.¢ hydroxyalkyl or
Ci.6 alkyloxyalkyl, wherein the above described provisos apply.
Particularly preferred compounds of Formula I, wherein A is C-Ry, are
30 those where; R; is phenoxyphenyl optionally substituted with halogen, C.¢
alkyl; R, is hydrogen; and Ry is selected from hydrogen, C;¢ alkyl, Ci



25 C1_6 alkyl, Cl1_6 al koxy, Cl_6 hal oal kyl, Cl1_6 hydroxyal kyl or Cl_6

al kyl oxyal kyl; and R2 is selected from hydrogen or benzyl, optionally
substi t utwd oswtdaione or nore of: hal ogen, CL.6 al kyl, ClgGTaB(berzmym Cl 6
hal oal kyl , Cl.6 hydroxyal kyl or C1_6 al kyl oxyal kyl, wherein the above
descri bed provisos apply. Particularly preferred conmpounds of Fornula I,
wherein Ais CGR4, are 30 those V\/nere8 R1 i s phenoxyphenyl optionally
substituted with halogen, C1L 6 alkyl';°’"R2 is hydrogen; and R4 is sel ected
from hydrogen, C1_6 alkyl, ClL 6 WD 03/ 076414 PCT/|1B03/01837 -8 al koxy,
Cl_6 hal oal kyl, C1_6 hydr oxyal kyl or Cl1_6 al kyl oxyal kyl. Especially
preferred c@ﬂmwn@sﬁlmioaﬂ@rlnﬁi @hydroxptabityeponCrs alﬁylngadkylare t hose where: Rl

opt Fonal 1y subst FOREbLpelaanani el ol R g i SRl sgen 5 or

CL_6 al kyl . tisde WHHQTELE phfen@mherﬁsfpﬂbnmryvemm@fm Wik haRigen; "laJ iyl " means a
i near or branched Cl-l1o carbon chain, preferably a Cl-6 carbon chain.

Sui tabl e al ibghzyl gpeomsilyi sbstitaied with halpgennged Risns s@leptedsfromehysiyogenet hy | |

propy§ |sor2)rr8:pyl1 Butyl i sobutyl, sec-butyl, tert-butyl, 3-pentyl, hexyl
and octyl groups ki’ The term"aryl"™ means a C6 14 nmono- or polycycl i C

aromatic ring s%t pmrpoﬁw dfaht presartinaycbh,ahaten rganloymsnams/a hi@aesel ect ed
from but are not |imted to, phenyl, napht hyI phenant hr r}t hracyl ,
i ndenyl, az®r&mached Gj-rfaeRan chainy mersiablyya Canearbem chain, m@% Ky

Particul arl Yor %ﬁfﬁ‘gﬁ&d buf &M Yirdited tér%%tggf %HB'; Iﬁéﬁgbﬁagl%ﬁglnocycl ic. or

napht hal ene. térm "heteroaryl ere
7- 14 nmenbensdbupdlsgcpoatyl,aerbotyht3- pemylnhpwymémmﬂ grogspendent | y cont ai ni ng

one nore nitrogen, oxygen or sul fur atons. |ta Ie heteroaryl groups
‘g)e sel ected otﬁfmbt?ﬁlar@e%t orit e T P‘ﬂ ¢ YO ARL car bazol e,

l m dazol e fsy&en. snﬁaﬁl@%aﬂbbléﬁhc%&ﬁf gﬂbrlssdnﬁw&r QA6ctdd BORLMSE @feendtyT i di ne,
carbazol, fufan 20 and azol e
limited to, phenyl, naphthyl, phenanthryl, anthracyl, indenyl, azulenyl,
biphenyl, biphenylenyl and fluorenyl groups. Particularly preferred
carbocyclic aryl groups are benzene and naphthalene.
15 The term “heteroaryl” means 3-7 membered monocyclic, or 7-14
membered polycyclic aromatic ring systems, independently containing one or
more nitrogen, oxygen or sulfur atoms. Suitable heteroaryl groups may be
selected from, but are not limited to, indole, pyridine, carbazole, imidazole
furan and the like. Preferred heteroaryl groups are pyridine, carbazol, furan
20 and imidazole.
Non-aromatic heterocycles that are suitable for use in the present
invention include, but are not limited to, pyrrolidine, piperidine and
morpholine.
Exemplary preferred compounds that may be employed in this method
25 of invention include, without limitation:
2-(4-(4-fluorophenoxy)phenyl)-6-amino-pyrimidin-4-one;
2-(4-(4-fluorophenoxy)phenyl)-6-amino-5-(2-chlorobenzyl)pyrimidin-4-
one;
2-phenyl-6-amino-5-(2-chlorobenzyl)pyrimidin-4-one; and

30 2-(4-(4-fluorophenoxy)phenyl)-4-tert-butyl-6-aminopyrimidin-4-one;

as well as pharmaceutically acceptable salts thereof.



Non-aromati c heterocycles that are suitable for use in the present

I nvention include, but are not limted to, pyrrolidine, piperidine and

nmor phol i w0 oBxedapd ary preferred conpounds that nay be enplpoyasod/oi8izhi s
method 25 of invention include, without limtation: 2-(4-(4-fluorophenox
y) phenyl ) - 6- am no- pyri m di n-4-one; 2-(4-(4-fluorophenox y)phen

yl ) - 6-am no-5-(2-chl orobenzyl ) pyri m di_n-4- one;
2-pheny|-6-anino-5-(2-ch|orobenzyl)pyPrnidin-4-one; and 30
2-(4-(4-fluorophenoxy) phenyl )-4-tert-butyl-6-am nopyrimdin-4-one; as well
as pharmaceutically acceptable salts thereof. WO 03/076414 PCT/|B03/01837
-9 The inventionT&bsdhﬁmﬁdnh@hekmedshmeantmtomemmon@asmaahwms all

pharmaceutical |l y accept abl e ere 1e di scl osed ounds The
phar maceut i QE?‘W"%}C Hiea Ye?ﬁf’eé’t éltsi ﬂ'@ é’f { ﬁt isgf %geicff’n}poﬁwf net al
salts such ﬁﬁ’n%&itlbﬁll?%’céept% S81 iHAuaE! But afRbUAMRSd to,ametal mtsl i ke;

al kal i ne eart h 5 metals such as calciumsalt, nmagnesium 'salt and the I|ike;

organi c ani sechsad sadiumisah, petassiunetshly, easiume salhnd they Hketi alealingl qarthpi col i ne
sal t,. et hanal thanol ani ne cvel ohex e salt,

NN St oo Steiih et Sidatsinrh saf ol RRRATR M AR he iEryEARHEMAS SaLt.
as hydrochl gudilQs tR¥@yRBiifReIsale, pySdihé alRr, pwwﬁ@matte eamdolhhﬁud skg; organic
acid salts such as formate, acetate, 10 trifluoroacetate, nmaleate, tartrate

and the | i kédetBanolaspiae esalts digyclobex ylenmg nwalty | ¥ .Dirsibenzethylenediynmgnat e,
p- tol uenesu lsél? Qﬁ{l E(g ﬁlgﬁt ﬁlc l%%lc}( @Jﬂs cha§ ' l'g' hﬁo% u ﬁ?dx%ﬁré)ﬂﬁgé nat e,
e | Ke. S

aspargi nate, gluta e ‘an € invention cf osed herein is also
meant to en@mllﬁala,sphdsbleatdz and itheo likeredrghat i acidosdduich asffotrhate daceddt@sed

conmpounds. h products may result for npl e fromthe oxidation,
redu& i on, H‘QSP%P:?F%C dRR e dﬁ“raé%té'i‘qu}@atﬁﬁf’n SR | SUEB ¥ the

adm ni st er e%e@l?iﬁ@&lﬁfb%atepbér{?@ﬁésh}foﬁéﬂé B 168% Y Bnlate, and the like; amino
acid salts such as arginate, asparginate, glutamate and the like.
The invention disclosed herein is also meant to encompass the in vivo
metabolic products of the disclosed compounds. Such products may result for

15 example from the oxidation, reduction, hydrolysis, amidation, esterification
and the like of the administered compound, primarily due to enzymatic -
processes. Accordingly, the invention includes compounds produced by a
process comprising contacting a compound of this invention with a mammal
for a period of time sufficient to yield a metabolic product thereof. Such

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

25 The invention disclosed herein is also meant to encompass the
disclosed compounds being isotopically-labelled by having one or more atoms
replaced by an atom having a different atomic mass or mass number.
Examples of isotopes that can be incorporated into the disclosed compounds
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine

30 and chlorine, such as ’H, *H, °C, 'C, N, '*0, "0, *'p, *?P, ¥*s, '*F, and **Cl,

respectively.



processes. Accordingly, the invention includes conpounds produced by a
process conprising contacting a conpound of this invention with a mammal

for a perwodsmofes4t4 me sufficient to yield a netabolic prodect/Bésesf. Such
20 products typically are identified by preparing a radiol abell ed conpound
of the invention, admnistering it parenterally in a detectable dose to an
ani mal such as rat, nouse, guinea pig nonkey, or to man, allow ng
sufficient time for metabolismto ockdr and isolating its conversion
products fromthe urine, blood or other biological samples. 25 The

i nvention disclosed herein is also nmeant to enconpass the disclosed
conpounds bei ng iSooteopf tel coppoabed disdlossd hereimgaynmntiin woe eoramores  r epl aced
by an at om havrieglgta different atom ¢ mass or anpl es of

] . EXx
i sot opes t ha@tYRERITELENERHTIIPAY By ighyegseHe e&?ﬁq%g%g%%ﬂ&sa i ncl ude

i sotopes of JaydRAIontAE T6ihs. MHe HERAL in¥NEHNis aRBIRRROtdhzomphdsor i ne 30
and chlorine, such as 2H, 3H, 13C, 14C,'5N, 180, 170, 31P, 32P, 35S, 18F,

and 36Cl, rallspebt paseible forn@s0dy 028 4ds4 theTTracenB/ ond 3ol vedofosmaeandf t he

conpaunds di scl osed her.ei ., may, contain one or. . a triec centers and
may thus gi Jlélxhrgseﬂlef)eoé‘na B Ry Lompoy %‘eﬁ%sgﬁgﬁﬁg%?hnd%&?f}ﬁe?kg? &r eoi someric
forms. The [RIoABRMont§GE biheP Beritérs Vf FRoARAIR! aslynfitE) Ghd@ S8lesfbpeciisdh possi bl e
forms as well as their racem c and resolved forns and 5 m xtures thereof.

Waen the codhauniss. Heiscpiepded Heinsiudechoth B and| 2 gepmetricqisemBes- bOHds or ot her
t f . e e it
coner of ERTRLS i SR PO TE SR g e, |

intended to tautoners are
intended to be entonmrishadinbyhd keempt @aresisomens®rig iaopgeresal veetrh . foAallused

herein, the term "stereojsoners”" is a ‘g%ner al] termfor all %&@l somer s of
i ndi M dual rdtneas ok dndixidualymofesples hat diFfer QLYo Bt SisTéHIoR: ok HEIT  atons in

space. It i%@dr{fﬂﬁlssp%@rﬁ i&m%e%ﬁphé&%ﬁ%?&ﬁer%ﬁe&ﬂﬁgﬁmwim fBfe than one

chiral center at "are not mrror inmages of one another
than one chiral center that are not mirror images of one another

(diastereomers).
The term "chiral center” refers to a carbon atom to which four different
15 groups are attached.

The term "enantiomer” or "enantiomeric" refers to a molecule that is
nonsuperimposeable on its mirror image and hence optically active wherein
the enantiomer rotates the plane of polarized light in one direction and its
mirror image rotates the plane of polarized light in the opposite direction.

20 The term "racemic” refers to a mixture of equal parts of enantiomers
and which is optically inactive.

The term "resolution" refers to the separation or concentration or
depletion of one of the two enantiomeric forms of a molecule. The phrase
“enantiomeric excess” refers to a mixture wherein one enantiomer is present is

25 a greater concentration than its mirror image molecule.

The present invention is also directed to a method for treating disorders
responsive to the blockade of sodium channels in mammals suffering
therefrom. Specifically, the method of the present invention utilizing the
pyrimidine compounds of Formula I, without the above described provisos,

30 may be applied to the treatment of humans or companion animals, such as

dogs and cats. Particular preferred pyrimidine compounds of Formula I, for



(di astereoners). The term"chiral center"” refers to a carbon atomto which
four different 15 groups are attached. The term "enantioner" or

"enant i orwpic/H7aef ers to a nolecule that is nonsuperi npoveahBes/ms37 t s
mrror image and hence optically active wherein the enantioner rotates the
pl ane of polarized Iight in one direction and its mrror inmage rotates the
pl ane of polarized light in the oppos'it‘e direction. 20 The term "racem c"
refers to a mxture of equal parts of‘ehantionmers and which is optically

i nactive. The term"resolution” refers to the separation or concentration
or depletion of one of the two enantioneric fornms of a nolecule. The
phrase "enast imnisr metlexdcefstie firsf espect of shenpresent dnvéngiosi are dheseeasant i oner i s
present is él%%‘a reat er an its mrror imge nol ecule. The

t ' t
present inv Oé’e’a‘f'lélbocugﬂfega(%f’r@%&‘!tsg&ée PS8 for treating disorders

responsive to thenkl Gedcadonedd of AR UmpH@MRE oS thd MGAdERIoS thelpleREntng
therefrom Specifically, the nethod of the present invention utilizing the

pyrim di ne daneptomdds ofssEesedulby |eleasiophysieloginel atssvys diescdibweidtedr ovi sos, 30
ey be appl b f o Lo ALSRLARRG Bl RS Mo SATANPAeAR s SUCh a3

dogs and ca Fred pyrimdine conpoun mula I, for

WO 03/ 0764140Mpdidd30a40 4@3dptiondlly ussaydd fdritendiag hodhohedrbgalf volage-aspect of
the present invention are those as defined above, w thout the above

described pidsRamsieat sottivan ehangelusingastorebrain meresmrsdrdd HIBTX-Re et hod of
the present -1 nvaRLIA chanBRIFE REL MnBIRAILRPRORIA] Al 62 cxBRsQYS | 1

di ssociated 5 hippocanpal neuron etermn odi um chan bl ocker
activity. ThesariasnzsuwssdThal are wimge pdnsivivalchynnetssaydedle tespoizibielforg to t he
neur gnal vol t age-, dependent ,sodi um channel usi nﬁeﬁg‘gt .forebrain nmbr anes

and 103H] BTxhE r2pig ariGAIEH ANh EEMEALHILY 4R rsPoRsg e prgpliop astogiaed t hat are

expressed  ith the action potential in many excitable cells including muscle, nerve and
cardiac cells.

Another aspect of the method of the present invention is the discovery

of the mechanism of action of the compounds herein described as specific Na*

15 channel blockers. Based upon the discovery of this mechanism, these

compounds are contemplated to be useful in treating or preventing neuronal

loss due to focal or global ischemia, and in treating or preventing

neurodegenerative disorders including ALS, anxiety, and epilepsy. They are -

also expected to be effective in treating, preventing or ameliorating

20 neuropathic pain, surgical pain, chronic pain and tinnitus. The compounds are

also expected to be useful as antiarrhythmics, anesthetics and antimanic
depressants.

The method of the present invention is directed to the use of

compounds of Formula I that are blockers of voltage-sensitive sodium

25 channels. According to the present invention, those compounds having

preferred sodium channel blocking properties exhibit an ICsg of about 100 uM

or less in the electrophysiological assay described herein. Preferably, the

compounds of the present invention exhibit an ICso of 10 uM or less. Most

preferably, the compounds of the present invention exhibit an ICso of about 1.0

30 UM or less. The following binding and electrophysiological assays may be

used to test compounds of the present invention for their Na+ channel



in various tissues. They are voltage sensitive channels and are responsible
for 10 the rapid increase of Na' perneability in response to

depol ari aavien7@ssoci ated w th the action potential in nmeoy/rBodiisEbl e
cells including nmuscle, nerve and cardiac cells. Another aspect of the

met hod of the present invention is the discovery of the mechani sm of
action of the conpounds herein descri Pfd as specific Na+ 15 channel

bl ockers. Based upon the discovery of *this nmechani sm these conpounds are
contenplated to be useful in treating or preventing neuronal |oss due to
focal or global ischema, and in treating or preventing neurodegenerative
di sorders i pbdokdtigegtiditys, anxi ety, and epilepsy. They are also expected to
be effective in treating, preventing or aneliorating 20 neuropathic pain,
surgical pain, chronic pain and tinnitus. The conpounds are al so expected
to be usef ullnaftr@Binding Aysdapm cs, anesthetics and anti manic depressants.
The nmethod of the present invention is directed to the use of conpounds of
Formula | that are bl ockers of voltage-sensitive sodium 25 channels.
Accordi ng to the Theesdity of cempbumis, oftthe peesennipoemida thanodujatpreghar red sodi um
channel bl ocking properties exhibit an | C50 of out. 100 M | ess in the
el ect r ophysist¢ dgorciite %Qééﬂ? Ne serenpel g Mefelpnings) gﬁ@r”"é‘ﬂﬂ el?rﬁ‘éed’uéﬁrrpounds of
the pyesent hl'f‘_s)’edgstr‘?&dem"?hstustﬂn 1. CBR1OTcrtR, '\@6)%1'4@5@52 6) PinRf er abl y,

t he conpounds of the present Invention exhibit an about 1.0 30 Mor
| ess. The f @lrbwalinggMpil. nﬂhargzaanld261356{3158@9&3)0Ir@gecltallelyasBag/ﬁormnbe used to

t est ds of th t | \\D 03/ 076414
PCT/ 1 B0/ 01@HIOrnes S R UREE oy Ny Chithel PRI T RS rhe. abi |1ty

of Corrpound%ré)éoﬁdaeteenﬁqgotumr&ssmei QI’Iloﬁ@e HPSHERR ®-tiiRfe irtubfioh O site 2
of the Na+ channe was det erm ned follow ng the procedures

with [ H] saxitoxin and [ H] batrachotoxm as radioligands for site 1 and site 2,

10 respectively.
In vivo Pharmacology:

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

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

20 7801). Mice are restrained by gripping the loose skin on their dorsal surface
and saline-coated corneal electrodes were held lightly against the two corneae.
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

25 seizure is defined as a hindlimb extension in excess of 90 degrees from the
plane of the body. Results are treated in a quantal manner.

The compounds may be tested for their antinociceptive activity in the



5 fully described in Yasushi, J. Biol. Chem 261:6149-6152 (1986) and
Creveling, Ml . Pharmacol. 23:350-358 (1983), respectively. Rat forebrain
menbr aneswarg/ouaged as sources of Na+ channel proteins. Thechisei/mngs7assays
are conducted in 130 Mcholine chloride at 37C for 60-m nute incubation
with [3H saxitoxin and [3H] batrachotoxin as radioligands for site 1 and
site 2, 10 respectively. In vivo Pharpmacol ogy: The conpounds of the
present invention nay be tested for i®vivo anticonvul sant acti vi ty after
i.V., p.0. or i.p. injection using a nunber of anticonvulsant tests in

m ce, including the maxi mum el ectroshock seizure test 15 (MES). Maxi num

el ect r oshocKoswilinumedel aas edeserihedeéd Humskalr,eS.NSA BriFssmensingHK nHoleel ween 15- 20

and mal e rague- S i.ghi n ef wee 200- b l'i cation
gf current ?@%‘r‘%ﬁ‘; l\g%wﬁ%/]s‘{éﬁéﬂlgg% ﬁjt?gcﬁ‘ﬁlﬂsg’gebs\tﬁrdﬁ? m?ces(ég-%ﬁﬁr ation,
D.C., mce; D9k, %ﬁ)ﬁgb,s_@ﬁé 8@Cuse® iPalBLSerhtnge Fobll & Withdra®ftndur at i on,
D.C., rats) using a Ugo Basile ECT device (Mdel 20 7801). Mce are

restrai ned Wbie day ofisxperimbet. IMiss @respdacedan Plexeglassdansdar atdeast ddour tond

sal i ne-coated corneal electrodes were held lightly against. .1 WO corneae.
Rats are al IaSW?&%% t%%\?eeﬁl‘éﬁ?n%?{“t ﬁgn%‘@lr?gﬁh‘f g%:og%?%gf”@ Bf’ril%be %Sctrodes are
used. Currenfe weighe@!dnadiddideidtivr TR 301@R@1r@1b6t€fn‘(éiéstfddﬁm&is&%d ppl @f up to 30

seconds for the occurrence of a tonic hindlinb extensor response. A tonic
25 sei zur e iPsO-d@ff the @ppregriateiolang ahvebicle () EnTveerefe d5ftesn miNURSgr ees from

the plane %ffte{)gl%t ig‘g?%oairég?&ﬁﬁ t36.rﬁ{nﬁte% TRt Bl h 1. aosq}gtrﬁ?j% taf}a{ﬁik%geﬁl The

conpounds nay heir antinoci ceptive e WO

03/ 076414 PGJitH BR@hRd 3RY ulL-df3s% Tormdldehya®delutias itlesltde) had the)dbiggiskaar, S.,
O B. Fasner, and K. Hole, J. Neurosci. Methods 14: 69-76 (1985). Ml e

Swi sE) Webst snrfpgenefrthe gighphind wawg; Miggrare frandgmedfoetie Ploxiglags jarsyadd in al |
ie>r<1 pg{ ie;r:an][ S'm(l:n?t%gecf or%é Rtk tof) %nhat %})%n{jﬂgklgé o?)%qffﬁé ﬁ?enfnjechCSa\ﬁr e pl aced
glass jars for at [eas our to
Periods of licking and biting are recorded in 5 minute intervals for 1 hour after
the formalin injection. All experiments are done in a blinded manner during
the light cycle. The early phase of the formalin response is measured as
15 licking / biting between 0-5 minutes, and the late phase is measured from 15-
50 minutes. Differences between vehicle and drug treated groups are analyzed
by one-way analysis of variance (ANOVA). A P value <0.05 is considered
significant. Activity in blocking the acute and second phase of formalin-
induced paw-licking activity is indicative that compounds are considered to be
20 efficacious for acute and chronic pain.

The compounds may be tested for their potential for the treatment of
chronic pain (antiallodynic and antihyperalgesic activities) in the Chung
model of peripheral neuropathy. Male Sprague-Dawley rats weighing between
200-225 g are anesthetized with halothane (1-3 % in a mixture of 70 % air and

25 30 % oxygen) and their body temperature is controlled during anesthesia
through use of a homeothermic blanket. A 2-cm dorsal midline incision is
then made at the L5 and L6 level and the para-vertibral muscle groups
retracted bilaterally. LS5 and L6 spinal nerves are then be exposed, isolated,
and tightly ligated with 6-0 silk suture. A sham operation is performed

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

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



5 accommodate to the environnment. Follow ng the accomodation period mce
are wei ghed and given either the conpound of interest admnistered i.p. or
p. 0., or woasapguppriate volune of vehicle (10 % Tween- 80PCTABIXEB3T M nut es
after the i.p. dosing, and 30 mnutes after the p.o. dosing mce are
infjected with formalin (20 pL of 5% formal dehyde solution in saline) into
the dorsal 10 surface of the right hi gf paw. Mce are transferred to the

Pl exiglass jars and nonitored for the'anount of tine spent |icking or
biting the injected paw Periods of licking and biting are recorded in 5
mnute intervals for 1 hour after the formalin injection. Al experinents
are done i n aavipd mndeﬂowmﬂallomdnmgcchm@ for dive t@y&nl rinuEseAesar¢syofphase of

i nut o5, and TS EEs BB L REaG rEqePbE Ot BBk Hir8E S5 o cnces

bet ween vehlhedc%wn@t hiétehihd @Rt Qﬁnﬁf’@&@ﬂmd@efvﬁal anRkhAed rDYirdTHamegt anal ysi s
of variance (ANOVA). A P value <0.05 is considered significant. Activity

in bl ocking W%P@@QQS@S aheckdisgovrighsiod 9l 196 dogrralpe). andrig appliedgmviol i cki ng
activity isdndigal iovgee ﬁaft éﬁ%g@&"ﬁngrﬁh&r @af?c@ﬁ%ﬁis%r $ 110 ar?fhal %& s §f T cacious

for dcute and Olthron ounds ey be tested Tor their potential

for the t rea&m‘ielfdwaofresp@hgeouhm theadext (1g1nbstefi1hmd)mnahami1eam§ applieénpl gesi c
activities) in the Chung nodel. of peripheral n ropat y.. Mal e
Spr ague- Dawi'@§ive aw%ﬂejﬁmge Het Gaielicit aggsponse. o Wdereaed wit h

hal ot hane (13 ?ﬁﬂs@ql?enmlégsuflggﬁhtszgnt%tﬁélre /ngh %ésp% % %ﬁﬁqﬂ%e'ﬂght@%ld their

body tenperature s control uring anesthesia roug
honmeot her m dilithankihat. eliciR- a:msqionseais mcn‘tlcche[f |the:|amm1ai dees nohdiavermde at t he

Lo 3,0 S e e oaB L Bh L T SRR PSR ana
tightly 1iggfefcisded v@elglqtsé&l%pﬁﬁédl'i]ﬁtll A ARARONRIRE RBpdre %aftﬁfsrmd 30
exposing the contralateral L5 and L6 spinal nerves as a negative control.
Tactil e Al | ddyménd:is Reensreaprded.rBonsfach arighal otheae wEousneants atstinadg atage with WO
03/076414 PCT/ | Bt?r%é %%18n 7to pr&cﬂlce an average withdrawal threshold determination.
Tests are performed prior to and at 1, 2, 4 and 24 hours post drug
15 administration. Tactile allodynia and mechanical hyperalgesia tests were
conducted concurrently.
Mechanical Hyperalgesia: Rats are transferred to an elevated testing
cage with a wire mesh floor and allowed to acclimate for five to ten minutes.
A slightly blunted needle is touched to the plantar surface of the hindpaw
20 causing a dimpling of the skin without penetrating the skin. Administration of
the needle to control paws typically produces a quick flinching reaction, too
short to be timed with a stopwatch and arbitrarily gives a withdrawal time of
0.5 second. The operated side paw of neuropathic animals exhibits an
exaggerated withdrawal response to the blunted needle. A maximum
25 withdrawal time of ten seconds is used as a cutoff time. Withdrawal times for
both paws of the animals are measured three times at each time point with a
five-minute recoVery period between applications. The three measures are
used to generate an average withdrawal time for each time point. Tactile
allodynia and mechanical hyperalgesia tests are conducted concurrently.

30 The compounds may be tested for their neuroprotective activity after

focal and global ischemia produced in rats or gerbils according to the



a wre nmesh floor and allowed to acclimate for five to ten mnutes. A
series of Semmes-Weinstein nonofilanments are applied to the pl antar
surface oWotobe764d ndpaw to determ ne the ani mal's w t hdr arair/iBésrasivol d. Th
first filament wused possesses a buckling weight of 9.1 g (.96 | og val ue)
and is applied up to 5 five tinmes to see if it elicited a w thdrawal
response. |If the animal has a wthdr | response then the next |ightest
filament in the series is applied up *to five tines to determne if it can
elicit a response. This procedure is repeated wth subsequent |ess
filaments until there is no response and the lightest filanent that
elicits a r gspedses idssaribedrinidBlichard et hé @nvkeal Suppbsl48et52hahP93 R and wi t hdr awal

response fr the initj 9.1 fila i quen ilanpents of

i ncreased \Agp@?fpo‘gpét ﬁlpg#’i‘red' ﬁ%‘f’?’f“cé{ﬁ??{;'é%}rﬂﬁ& Z@?ﬁ @%aéfal‘gﬁoe@é and this
filament is (yeammeenrded ThEep. 2achaqmeom)., three neasurenents are nmade at
every tinme pgoi nt to pr%%ce ag average 9v?jt hdrawal threshol d determ nation.

Tests are perfor ¢ qemriporndsomay dedestad for thejr appropeptecsiye achvist allerug 15

adm nd stration,. rfact.il.e | [ ' I ' sts were
condtr]gct ed cct)lgr)ilcl:lrﬁlra trlggéli‘%/].coﬁf}e{:rﬁ%%}ga raﬁgﬁ%h%ggﬁ%g:tes%?gb%fi gﬁtw%gfsa erred to an
el evat ed t est ahqExs agfurdok 137:M 9-226r€HI965) ol Inawski & lah WgdNemroaSedl | mat e f or
five to ten mnutes. A slightly blunted needle is touched to the plantar
surface of HH&2AiZdPA3)20 causing a dinpling of the skin without
penetrating the skin. Adm nistration of the needle to control paws
typically produces a quick flinching reaction, too short to be tined with
a st opwat ch Eeadrophpsielogical 4ssg¥ves a withdrawal time of 0.5 second. The
operat ed side paw of neuropathic aninmals exhibits an exaggerated

wi t hdrawal response to the blunted needle. A maxi mum 25 withdrawal tine of
ten seconds is udud elestraphysiadegicali alsay Washapednvdd measre porencigptdf paws of

e PR b B B R P ALOR Bl gl e, e
generate an xwepiadfocyes.ndrawal time for each tine point. Tactile allodynia
S Teehant Gl e e ek hcading Soved o o e i 1o
beta 1 (B1): cDNA clones encoding the rat brain beta 1 subunit are cloned in
house using standard methods, and mRNA are prepared by standard methods.
15 mRNA encoding rBlla is provided by Dr. A. Golden (UC Irvine). The
mRNAs are diluted and stored at -80°C in 1 uL aliquots until injection.
Preparation of oocytes:  Mature female Xenopus laevis are
anaesthetized (20-40 min) using 0.15 % 3-aminobenzoic acid ethyl ester (MS-
222) following established procedures (Woodward, R. M., et al, Mol
20 Pharmacol. 41:89-103 (1992)).
Two to six ovarian lobes are surgically removed. Oocytes at
developmental stages V-VI are dissected from the ovary, wherein the oocytes
are still surrounded by enveloping ovarian tissues. Oocytes are defolliculated
on the day of surgery by treatment with collagenase (0.5 mg/mL Sigma Type
25 I, or Boehringer Mannheim Type A, for 0.5-1 hr). Treated oocytes are
vortexed to dislodge epithelia, washed repeatedly and stored in Barth's

medium containing 88 mM NaCl, 1 mM KCl, 0.41 mM CaC12,, 0.33 mM
Ca(NO3)p, 0.82 mM MgSOy4, 2.4 mM NaHCO3, 5 mM HEPES, pH 7.4

adjusted with 0.1 mg/mL gentamycin sulphate.



30 The compounds may be tested for their neuroprotective activity after
focal and gl obal ischem a produced in rats or gerbils according to the WD
03/ 076414vBG3HTBDB/ 01837 - 15 procedures described i n Buclram/mBe3/ab37
(Stroke, Suppl. 148-152 (1993)) and Sheardown et al. (Eur. J. Pharnacol.
236:347-353 (1993)) and G ahamet al. (J. Pharmacol. Exp. Therap. 276:1-4
(1996)). The conpounds may be tested for their neuroprotective activity
after 5 traumatic spinal cord injury 16z cor di ng to the procedures descri bed
in Wathall et al. (Exp. Neurology 137:119-126 (1996)) and |lwasaki et al.
(J. Neuro Sci. 134:21-25 (1995)). El ectrophysiol ogical Assay: An

el ect rophysi ol ogiMiato-bgazipn\wiouged Defdﬂkmtanccbommsrmbesicminjem:dcorrpounds

of the present ention rBllal/beta SOdI chann 53 Xenopus
oocytes. Pr éﬁﬁ‘é‘lgé‘tr&%@f’l"ocf I ERIRNHYE G Cr‘eé‘flrfllﬁiﬂ nﬁ’fﬂg’ Hgg‘ drBila) and
beta 1 (/31)mjcekdWpiptiRRGse BEVCRL tagmhﬂﬁzé @lbggi'hg' Tip @latheler D8 yjBétlonar € cl oned
I n house usi ng standard net hods, and nRNA"are prepared by standard

met hods. 15 pifRites entHAb ngn.r El)dcaztassarqamuvmde@twwnh approx@ohgbn5Q bE | rvi ne) .

The re di.l uted an i quots until

inj e ﬂ%ﬁ?ﬁ?&??‘%‘ﬁesé’g %@E%%?‘Hﬁ?t? EﬁeéP%CtWa}'opus laevis are

anaest het | zed (201493 Miolg): ' MGk raATkABbRRS G rcdicdash g ester (M
222) follow ng established procedures (Wodward, R M Mol

Phar macol . Ringg-soh@ot tegaming TiAombNaCk 2omdf K&, 1.81reM @a@lzsﬁlm@vlcal ly
renoved. Qocytes at devel opnental stages V-VI are dissect ed fromthe
ovary, wher é’%EPESad)H)(?é‘yt Electrigap r%qordlng%@rprra@#ifdwnw conyentprhovar i an

ti ssues. Qo eat ment
with coll ag%%égﬁréd%&&ga%;? Ar#zf) ggé%tg Q%Q‘ferqj%}‘lo g{r%gl;ee)rfwgﬁlninﬁel m Type A,
for 1 5-1 hrdays folleaimglingsetyh. eﬁ’hat‘e&ordmg chamber is a 51mple gravity fed flow-

through chamber (volume 100-500 mL depending on adjustment of aspirator).

Oocytes are placed in the recording chamber, impaled with electrodes and

continuously perfused (5-15 mL min-1 ) with frog Ringer's solution. The
tested compounds are applied by bath perfusion.

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

20 maximum current response is noted and used for the next voltage protocol.

The purpose is to find compounds that are state dependent modifiers of
neuronal sodium channels. Preferably, the compounds have a low affinity for
the rested/closed state of the channel, but a high affinity for the inactivated
state. The following voltage protocol is used to measure a compounds affinity

25 for the inactivated state. Oocytes are held at a holding potential of —120mV.
At this membrane voltage, nearly all of the channels are in the closed state.
Then a 4 second depolarization is made to the voltage where the maximum
current is elicited. At the end of this depolarization, nearly all the channels are
in the inactivated state. A 10ms hyperpolarizing step is then made in order to

30 remove some channels from the inactivated state. A final depolarizing test

pulse is used to assay the sodium current after this prolonged depolarization



vortexed to di sl odge epithelia, washed repeatedly and stored in Barth's
medi um containing 88 nMNaCl, 1 mMKC, 0.41 nM CaCl2,, 0.33 mM Ca(N03) 2,
0.82 mv My8®4/07214 mV NaHCO3, 5 nM HEPES, pH 7.4 adj ust e@cwiBbs/@siy ng/ nmi
gentanyci n sul phate. WD 03/076414 PCT/1B03/01837 -16 Mcro-injection of
oocytes: Defolliculated oocytes are mcro-injected using a Nanoject

i njection system (Drummond Scientific f:o Broomal |, PA). Injection

pi pettes are beveled to mnimze cl ogb ng. Tip di ameter of | nj ection
pipettes is 15-35 m QOocytes are mcroinjected with approximately 50 nL 5
1:10 ratio mxtures of cRNAs for rBlla and beta 1 respectively.

El ect r ophysi(sdeoagmplysistireboven eSalimm ewtrents spo neesired et th?esctcstdxade befbreog Ri nger

sol ution cont i 115 M.NaCl CaCl12 m\/l HEPES, pH
7.4, Bl ect r g atiedhs apRtan of #hfe e ﬁ@hw@nmﬁﬁ Bn &8 oot r ode
vol tage cl apeLaMRIRD TEYtwipd) aRl ednaP@ed Odsth angivEg o ador@eare 1(Axok0 days
follow ng injection. The recording chanber is a sinple gravity fed flow

t hr ough chandpgrungepss).une 100- 500 nL dependi ng on adj ust ment of aspirator).

Oocytses are pl ac%lastlgga%ggilr ecgplgiarglg lgl]%gtg%h FOHB%gg tbal&l,sfc odes and

conti-nuously perf $H8S utPon.

tested comounds,aeaaPBLiAnbY Rghh sk §in9nmh&)?ldo Olda?ag%sﬂ ofacol s Tor

evoki ng sodi Urechannel currents: es ard I ng poten ial for whole
oocyte cl arr;foilmeZ:Quaiﬁ\én (Styndahzhdcﬁormmﬁtthe CotngBmisoff leguatoms (Lefs, ar e

/| ncr ermone snb gk oienbr £33 AR EDLC: he maxi mum negat i ve curr ent

after depol arizing voltage steps. The voltage from 20 maxi num current
response is noted and used for the next voltage protocol. The purpose is
to fithd conpounds t hatKiar ¢FB{1aFB)ddmehdent nodi fi er£ad neuronal sodi um
channels. Preferably, the conpounds have a low affinity for the

rested/cl osed state of the channel, but a high affinity for the inactivated

Where FR is the fractional response and is defined as sodium current elicited
from the final depolarizing test pulse prior to application of the drug divided
by the sodium current measured in the presence of the drug. [drug] is the
15 concentration of the drug used.
Drugs: Drugs are initially made up at concentrations of 2-10 mM in
DMSO. Dilutions are then made to generate a series of DMSO stocks over the
range 0.3 uM to 10 mM - depending upon the potency of the compound.
Working solutions are made by 1000-3000 fold dilution of stocks into Ringer.
20 At these dilutions DMSO alone has little or no measurable effects on

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

4 OC. Ringer solutions of drugs are made up fresh each day of use.
Compositions within the scope of this invention include all
compositions wherein the compounds of the present invention are contained in
25 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. 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
30 thereof, per day of the body weight of the mammal being treated for epilepsy,

neurodegenerative diseases, anesthetic, arrhythmia, manic depression, and



state. The follow ng voltage protocol is used to nmeasure a conpounds
affinity 25 for the inactivated state. Oocytes are held at a hol di ng

pot ent i alwofo301ddm/. At this nenbrane voltage, nearly al pcofiBédmasszmhannel s
are in the closed state. Then a 4 second depol arization is nade to the
vol tage where the maximum current is elicited. At the end of this
depol ari zation, nearly all the channe are in the inactivated state. A
10ns hyperpolarizing step is then matde®in order to 30 renove sonme channel s
fromthe inactivated state. A final depolarizing test pulse is used to
assay the sodiumcurrent after this prolonged depolarization WO 03/076414
PCT/ | B0O3/ 0188ibnic fain.( Ferintrambscsilas ihje¢tion) theStedé isngeneratlyabsutaone-halfasur ed at
this test pukﬁg b%;?re and after the application of the tested conpound.
Data i s acq® "6PBING PCLAVP 8.0 software and anal yzed with CLAMPFI T

software (Axon iR$id MEMOA 81 treftmeAt ¢ OIS S nARERIl @6¥s in BivbBI didon
constants (Ki values) for antagonists are determ ned from single point

i nhi bition degah isshemip, brrin and(spidal perdeleavand, GXPEHa.gepeglcERE stadism of t he
Cheng- Prusof f.. ation | eff . i P - 110-112
(1993)). uio eRflgév(%ig?i-rﬁ%)y* ﬂfedf: 8‘5})0@&%&{/\#& %@E&gﬁéﬂeflh@ fl rrﬁéa(]:vté?%lg\sal response

and is defi ngjdcteh 4 adiossTdtaboneM2etd abotiet) mskgm t he final depol ari zi ng test
pul se prior to application of the drug. divided bﬁ t he sodi um current
neasured in the ﬂﬁ@s‘éﬂb@f%i‘joﬁ%@f’driﬁnpqsﬂrfﬂﬁ? gbgut Q1 tospbogheRibat i on of

the drug uSeerelbiOtourb 198 JB6R 10Mnkich kho/cdMfifintlP ThE drRTERIAlHEONS of 2-10

nMMin DMSO tions are then ma to generate a series o O st ocks
over the radgéniftedtddeton mdre rtivhes dhdlyeasdinagrupomn tibiets patte nentaiofngt he

compound. Working saolutions are nmade by 1000-3000_fold dilutiqgn of stocks
i nt ol®Ri nger .from %&g“‘t ﬁe‘séo cbout i1§n§°m@/"élp'o?\t§’”ﬁa%% itPt g% B8 Hoeasurabl e
effects on OREBLADS: iGUWolvaRis. responses. DMSO stocks of drugs are stored in

t he dark at
In addition to administering the compound as a raw chemical, the

compounds of the invention may be administered as part of a pharmaceutical
preparation containing suitable pharmaceutically acceptable carriers
15 comprising excipients and auxiliaries which facilitate processing of the
compounds into preparations which can be used pharmaceutically. Preferably,
the preparations, particularly those preparations which can be administered
orally and which can be used for the preferred type of administration, such as
tablets, dragees, and capsules, and also preparations which can be
20 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-
25 toxic pharmaceutically acceptable salts of the compounds of the present
invention. Acid addition salts are formed by mixing a solution of the
particular pyrimidines 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
30 acid, phosphoric acid, oxalic acid, dichloroacetic acid, and the like. Basic

salts are formed by mixing a solution of the thiazolidinone compound of the



4 C. Ringer solutions of drugs are made up fresh each day of use.
Conpositions within the scope of this invention include all conpositions
wher ei n twe osomaounds of the present invention are contai rew/1BoB/012F an
amount that is effective to achieve its intended purpose. Wil e individual
needs vary, determ nation of optimal ranges of effective anmounts of each
conponent is within the skill of the t. Typically, the conpounds may be
adm ni stered to manmal s, e.g. hunmans;*0rally at a dose of 0.0025 to 50
ng/ kg, or an equival ent ampbunt of the pharnmaceutically acceptable salt 30
t hereof, per day of the body weight of the mammal being treated for

epi | epsy, mpeeseudieygenimnavitve solusionsdsy phammgcdwsicalty, acoeptablemdngoxigani ¢
depression, ,and 03/ 076414 PCT/J1B03/01837, : 18 chrqnic, pain., For

i nt ramuscul &9 ﬁygcf‘f‘ (?ﬂfz“‘frh@yﬁr(?éléiei é"’&éﬂ'é?‘ai’ﬁf"’é‘g%u?hog}{‘& lﬁ%‘f} X148t "t he or al
dose. |n thgodaih@ebdhteldn@akdgBrde or prevention of neuronal |oss in global
and focal ischema, brain and spinal cord trauma, hypoxia, hypoglycem a,

status 5 epi| epdhearmhasnrcsutical chmpesifipeunaf caie bvartianni B8y athéd by

I nt rayenous _ i Rnj. 1,Qn . dase 0 {. g. The unit
or al a§(gose 9/“%%%}%%69?8 a?&oa?hmg@c}ﬁ?t %?3?9&61 eg%egua}% l&e&eﬁ%?%fgércg gfrgg | y about
0.1 to aboutcomPoitsodf thbeneentipAU tbreribe amionly dlekeanivayls ee naghmals,st ered one

or nore tines daily as one or nore tablets each containing 10 from about
0.1 to about-gLowumssahpash the inyegtien 15 nebintendsd tore 3 limKed- " conpound or its

solvates. In addiﬁhieog}]a%@gﬁé{il%@i f%ﬁg;éﬂgmglﬁ &9”}?@%@' iﬂ§er@i}9f121‘ﬁ’%)ﬁhﬁm cal, the

conpounds of the inv mni stered as part o armaceut i cal
pr epar at i on admiiisteredriy ayirhexnk ¢hap hehvienectheir iintelhded prucpespt &bt exapaple.i ers 15
conprising e ci,‘gi ents and auxiliaries which ilitate processing of the

f
compblnds i AEBPHERRNat MiMs Wi QY cRATepEET sed AL Ut AT SPr ef er abl y,
the prepar atihRfsuscRRF, ih®ifeRfdnéall BARBeRRAPE BiictANSus)! Aemdfivdlg, dm ni stered

concurrently, administration may be by the oral route. The dosage

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

recipient, kind of concurrent treatment, if any, frequency of treatment, and the
15 nature of the effect desired.

The pharmaceutical preparations of the present invention are
manufactured in a manner that is itself known, for example, by means of
conventional mixing, granulating, dragee-making, dissolving, or lyophilizing
processes. Thus, pharmaceutical preparations for oral use can be obtained by

20 combining the active compounds with solid excipients, optionally grinding the
resulting mixture and 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

25 calcium phosphates, for example tricalcium phosphate or calcium hydrogen
phosphate, as well as binders such as starch paste, using, for example, maize
starch, wheat starch, rice starch, potato starch, gelatin, tragacanth, methyl
cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose,
and/or polyvinyl pyrrolidone. If desired, disintegrating agents may be added

30 such as the above-mentioned starches and also carboxymethyl-starch, cross-

linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as



orally and which can be used for the preferred type of adm nistration, such
as tablets, dragees, and capsul es, and al so preparations which can be 20
adm ni st ewedsnaaial | y, such as suppositories, as well as egrtuBd/@ESzEOl uti ons
for admnistration by injection or orally, contain fromabout 0.01 to 99
percent, preferably fromabout 0.25 to 75 percent of active conpound(s),
together with the excipient. Al so i%(iuded within the scope of the present
invention are the non- 25 toxic pharnficeutically acceptable salts of the
conpounds of the present invention. Acid addition salts are formed by

m xing a solution of the particular pyrimdines of the present invention,
Wi th a sol utsspdinmofalginatphaAunidieties cegd,| gbove calpt Hpweregdatingagentdicdnd such as

hydrochl ori ¢ .acid, fumaric . aci.d l eic acid, suceinic acid  acetic acid,
citric aci d?‘_ﬂf%ﬁa["ﬁr ifor 8’6%’?fle’c%f?lﬁ%n{£§;’ Ve gid p%ossa%tﬁgb‘frgogcslualf Bxal i ¢ aci d,
di chl or oacetmhdpnasinf, stétisle lof Ralciuke steBasd, @nd@ﬁ?b@e&@&né%iﬂbﬂ Dtagdexi ng a
solution of the thiazolidinone conpound of the WD 03/076414 PCT/1B03/01837

-19 present cpres et prowided withguisdile epasimes thah ibdesiradasaresistnt o gaediept abl e
non- t.oXi S i um roxide q% V]oe i hol i ne
hydr c?gi de, ?@ggsl u%%gég%oﬁug-&ésgaﬁgp{%ﬁgéqe?k%? ??&?Q&r‘?ﬁ%%@??gﬁmgg’mosi tions
of the i nvemthichmagyophienally eshniinigiinea@dici calamolpvinyiepyridhi@onergpolgxperi ence
the beneficial effects of the . conmpounds of the.i nveati,o .. Forenost anong

such ani mal §thalenerghyrohpad/or Wagium ¢oxdRslacHICE FIBEINSAME SHIRRIALIEAC s not
I nt ended tosgﬁggﬁ olrggﬂv&ﬁqnixm} .Bﬂa&ﬂaa%useo&@ée &aapgg%siggﬂftﬁgéas&iae present

i nvention may adm ni stere y any neans that achie r 1 ntended
pur pose. Forjuieesarsplwions X3 suitablei stliuddse oprepagtidis $uchpar echtplcelluylose
subcyt aneous '

U ancous i B RRSS DL SISEHL o hfLraver) Lopepl dingder i, or
the oral rOtﬁgﬁnenw%mgﬂ@eag@ded%%eitﬁmetrs%} dapde bSuideNRHRRAmPIRO ROt he age,
heal t h, and wei ght of the
identification or in order to characterize combinations of active compound
doses.
Other pharmaceutical preparations which can be used orally include
15 push-fit capsules made of gelatin, as well as soft, sealed capsules made of
gelatin and a plasticizer such as glycerol or sorbitol. The push-fit capsules can
contain the active compounds in the form of granules which may be mixed
with fillers such as lactose, binders such as starches, and/or lubricants such as
talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the
20 active compounds are preferably dissolved or suspended in suitable liquids,
such as fatty oils, or liquid paraffin. In addition, stabilizers may be added.
Possible pharmaceutical preparations, which can be used rectally,
include, for example, suppositories, which consist of a combination of one or
more of the active compounds with a suppository base. Suitable suppository
25 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 include, for example, liquid triglycerides, polyethylene glycols,
or paraffin hydrocarbons.

30 Suitable formulations for parenteral administration include aqueous

solutions of the active compounds in water-soluble form, for example, water-



reci pient, kind of concurrent treatnment, if any, frequency of treatnent,
and the 15 nature of the effect desired. The pharmaceutical preparations
of the prweasb7dsmventi on are manufactured in a manner thacTimBoidisel f
known, for exanple, by neans of conventional m xing, granulating,

dr agee- maki ng, dissolving, or lyophilizing processes. Thus, pharnmaceuti cal
preparations for oral use can be obt aéﬂed by 20 conbi ning the active
conpounds with solid excipients, optithally grinding the resulting mxture
and processing the m xture of granules, after adding suitable auxiliaries,
if desired or necessary, to obtain tablets or dragee cores. Suitable

exci pi ents a@pkible salpsaand dighline, sdlutidner sIrLsadxhti% suispenbions @é ghe figive exanpl e

| act ose or sucr ose, manni t ol. or bi E cel l.ul ose ep rat.ions and/or 25
cal ci um phoSBTRPERIS 3%, APRIGERAF &1, ESTEn SHFREAYERT Ry b i ey dr ogen

phosphat e, a&%itkle!lipdphilic RERESs D GBhidles HichideTapasile fot&latple, fseanrxanpl e,
mai ze starch, wheat starch, rice starch, potato starch, gelatin,

tragacant h, oMephyynthesis| fatiy gsid, eSF@yﬁ erRWTﬂWIQQ‘ﬁl Wa(tfépll wighweridesorti um
b h | / d,
g?él (I’)l ggwrs;t ?i’od% HQH it sgeiyrﬁ?l%% d&%&%’é Such pS%Hb?% g’v@@m%ﬁ%‘%@d starches

and al so canﬁyemwmidwéns&inarrﬁdy cant#if Substaneke ohiohl mweagel thpyiscodiiydse, agar,

or alginic acid or a salt thereof, such as WO 03/076414 PCT/ | B03/01837 -20
sodi um al gi it SUSPATSIPM.; and; ingluge ofor A¥amRlen spdium sHDPEYEAYS sRYulsENt s and

| ubricants, Jf.0f,EX3pbe. de§{rln1 Cao tiBhdily, St"h€a£ds ‘Pan' ye?éht Lol €0f , such

as nmagnesi um st€arate or ci um st ear at e, yl ene gl ycol
Dr agee cor embiizerspr ovi ded with suitable coatl ngs that if desired, are

resistant to gastrlc 5 juices.  For thls 0S on entrat d.s ccharide
Sot ulll ons. ray “be ARSERET ASRFRLCH HEBTSISH SHEMIGH SoMirEr RS gork BT tarc

pol yvi nyl  pyrsi@hd Wﬁove@cﬁyﬁmﬁhgydo%%uﬁdsyépboﬁﬁﬂéqr \A;Hel'éiﬁ"th@nagé\féx' de,
| acquer solutions and suitable organic solvents or solvent mxtures. In

order to prcdsmibeqoatisasgly noegpplyant to gastric juices, solutions of
suitable cellul Sthe pr ?‘Pard?ntelso?%o%%ﬁ a lagrealgrglt)z%el:&%gzlaum%ﬁlod comprising
reacting, in a first step, a nitrile substituted aryl compound with ammonium
15 carbonate, and in a second step, reacting the product of the first step with a

nitrile compound selected from:

o
Rao)j\r% 1
CN
or
o
Fl4)j\(Rz .
CN
20

and recovering the product obtained in step two.

Where R; is an optionally substituted phenoxyphenyl, the
corresponding nitrile-substituted aryl compound may be prepared by reacting
an optionally substituted phenol with a halophenylnitrile compound. Where

25 R; is an optionally substituted benzyloxyphenyl, the corresponding nitrile-

substituted aryl compound may be prepared by reacting an optionally



10 phthal ate or hydroxypropynet hyl -cel |l ul ose phthal ate, are used. Dye
stuffs or pignents may be added to the tablets or dragee coatings, for
exanpl e, wons/ordentification or in order to characterize eomhBesaiisINs of
active conmpound doses. O her pharnaceutical preparations which can be used
orally include 15 push-fit capsules nmade of gelatin, as well as soft,

seal ed capsul es nade of gelatin and g%pl asticizer such as glycerol or
sorbitol. The push-fit capsules can “tonhtain the active conpounds in the
formof granules which may be mxed wth fillers such as |actose, binders
such as starches, and/or |ubricants such as talc or nmagnesi um stearate
and, opti onalbsyituted bdrizlylatemhel with a helophegpstrllesompiumd20 acti ve conpounds are

referably dissol yved suspended.in . suitapble |jguids,, such as fatty oils,
or 1 qui dypar of 1 iiher ﬁ{Ia‘acﬁ“P‘?PcS‘ﬁ’,“a Lt é‘&sflfui%rb ghm{} 889%588 .OPQW@ ible
phar maceut i %@ﬁsﬁmt@dp;aéﬁmtah@hemi ﬂi@_c@ﬁ@sé&ﬁdﬂﬁ@%trﬂ@%tﬁh{ded torapoda, for

exanpl e, suppositories, ich’consist of a conbination of one or nore of
the active cmypesuprdpared by reacting gooptionajlysabstitutedimeseaptobsopgpesirtadry 25
bases are, fo exanmple,.natural o nt het | riglycerides, araffin
hydr ?c ar bong P{I?W)ﬂg’d cﬁlﬁ?tgﬁtf’ di fnqr%apéﬂbg%zygogé?jé?&endr orééﬁeecug\f elrat Wﬁﬁ r gct al

capsul es \/\Aﬁhmph@gmﬁ'trg& c@;fnpaunaonbi nation of the active conpounds with a
base. Possible base materials include, faor exanple, liquid triglycerides,
pol yet hyl ene gl yd¥hese Rigs apoptienally syheipaied mbemd or pptigpaltyagbetititstinul at i ons

for parenter el ' ' - - S t] active
conpounds | ﬁlab\%t %&}gbﬁh%?%dr%g}?dn@ ﬁ#ggﬁﬁg%ﬂn%?g@tev%?} e),rf W@%‘%&i?%ﬂ%ﬂ
PCT/ 1 BO3/ 018i#onal B lsubstitute ®esavnitalecorcbpaibhally substitatedtniapithalehoniadeli ti on,

suspensi ons of the active conmpounds as appropriate oily injection
suspkhsi ons 1MR§HEYadmi ni stered. Suitable |ipophilic solvents or vehicles

include fatty oil ditﬁ&{ahgf? \ RitriREBMRuted! dryl mPotRLNEL: Gsef & the aci d

esters, for exanple, et eate or triglycerides or 5 polyethylene
gl ycol - 400 (prdsentoovgiondse:ar e sol ubl e i n PEG 400). Aqueous

sl
NC
S

wherein Rs and R¢ are independently hydrogen, halogen, optionally
15 substituted C,.¢ alkyl, or optionally substituted C,.¢ alkoxy; and p and q
are independently integers from O to 4;

Ry

o

\_/

wherein R; is hydrogen, halogen or optionally substituted C,.¢ alkyl;

Sel
NC

NC

and

20



i njection suspensions may contain substances which increase the viscosity
of the suspension, and include, for exanple, sodium carboxynethyl

cel | ul osewo ospordai4 ol , and/or dextran. Optionally, the suspemaB@miszy al so
contain stabilizers. 10 Another aspect of the present invention is
directed to a nethod of naking the novel pyrimdine conmpounds of Fornula
|, wherein the above describe provis do not apply. The pyri m dines of
Formula | are prepared by a nethod cbﬁ%?ising reacting, in a first step, a
nitrile substituted aryl conpound wi th ammonium 15 carbonate, and in a
second step, reacting the product of the first step with a nitrile
conpound sel ect edviferanRs @ hydrogeh)or-optiRealigNubssitutell R2.6 klkyl.Ra CN 20 and

recovering the product obtained in step two.. Where RL.i.s an optionally
Gubst tut ad phenckyedyRenpliaes apdhebet ket e oiblsdprifledd aryl
conpound mMayn@fndfi RO /PolYds' TFast im@ntidn) Wi @ IrépteseiSdriet st i@orephenol  with
a hal ophenylnitrile conpound. Where 25 Rl is an optionally substituted

benzyl oxyphepjibnal t swbstitventassdaetich roni: thalegen, SubsalkyluCed akedy, Campound may
be prepar ed h%Yoa[k%/ﬁC(tlli_tgngycﬁgx?ﬂ§lo&%l_y am&%lg}zﬁﬁié lf;Cﬂs_/ Ae?e(%?c!dolgrggi -22
oxygen or sulfur. The nitrile-substituted intermediate compounds of the
present invention may also be made by other methods known to those of
ordinary skill in the art. R, for the selected nitrile-substituted intermediate
compounds exemplified in Scheme 1 may be substituted for other previously
10 defined R; moieties.
Scheme 2 shows the process for making the pyrimidine compound of
Formula I, according to steps 1 and 2 of the invention, wherein Ry, R3, R3 and
R4 have been previously defined above. Compounds S and 6 correspond to the

compound of Formula I.



substituted benzyl al cohol wth a hal ophenylnitrile conpound. Wiere Rl is an
optionally substituted phezylthiophenyl or optionally substituted
benzyl t hiwphenyl414 t he corresponding nitril e-substituted ceopaBesdhisitay be
prepared by reacting an optionally substituted nercaptobenzene or an 5
optionally substituted nercaptobenzyl conmpound, respectively, with a

hal ophenyl nitril e conpound. Were Rl ﬁf an optionally substituted phenyl or
optionally substituted naphthal enyl,“the corresponding nitrile-substituted
aryl conmpound is an optionally substltuted benzonitrile or optionally
substituted naphthal enonitrile, 10 respectlvely Addi ti onal suitable
nitrile-substituted aryl conpounds for us®'P®eihe present invention are:
J)(R5) P NC Rs)qg wherein R5 and R6 are |ndependently hydr ogen, halogen

optionally 15 substituted Cl1 6 alk @m oggégnally tltut--
al koxy; and p and andepvend y NC 0 I
wherein R7 is hydrogerm~falgggen tlonaIbMFsubstlt al kyl; and

~ ~Ra NC 20 WO 03/ 076414 P&T/IBOS/01837 -23 wherein R38 |s hydrogen or
optionally substituted Cl1.6 al kyl. 2

X = halogen; Rg=0, S

Scheme 2 R,
A NH
CN r )
X 1. HC/EtOH A NH,
G | P> CH3C02NH4 G_l =
RQ Rg
3 4
0} 0]
NH RaoJlj’Rz HN’ujH:RZ
CN >
Ry 'NH; R1)\ N~ “NH,
4 5
R4
0
NH R, N7 Ro
R’J\NH R4 PS |
1 2 CN R N NH,
4 6

The resulting compounds are purified by flash column chromatography

5 or silica gel chromatography.
The following examples are illustrative, but not limiting, of the method
and compositions of the present invention. Other suitable modifications and
adaptations of the variety of conditions and parameters normally encountered

in clinical therapy and which are obvious to those skilled in the art are within



Schene 1 exenplifies a nethod of making selected nitrile-substituted

I nt ermedi ate conpounds of the invention, wherein G represents one or nore
opti onal wohspiduents, selected from hal ogen, Cl1_6 al kyl pcCAB@/maBkoxy,
Cl_6 5 haloal kyl, Cl1_6 hydroxyal kyl or Cl_6 al kyl oxyal kyl, and R9 is
selected from oxygen or sulfur. The nitrile-substituted internediate
conpounds of the present invention g/ al so be nade by ot her nmethods known
to those of ordinary skill in the arts "Rl for the sel ected
nitrile-substituted internediate corrpounds exenplified in Scheme 1 may be
substituted for other previously 10 defined Rl noieties. Schenme 2 shows

t he process thospintdadrsgopenaf thy mvemttbme conpound of Fornula |, according to
steps 1 and 2 of the invention, wherein Rl, R2, R3 and R4 have been

previ ously defined above. Conpounds 5 and 6 correspond to the conpound of
Formula 1. WO 03/076414 PCT/ | BO3/ (Eg@mple 74 Schene 1 G + CN K2CO8 \ CN R9H
XDW RO 123 X = halogen; RO = 0, SScherreZRlNH CN 1. HO/EtOH G\ |
\ NH GCH3SCO2NH4 2 RRO 34 OO0 NHRORHVI R

Preparation of 2-(4-(4-fluorophenoxy)phenyl)-6-amino-
pyrimidin-4-one (5)

5 (a) Preparation of 4-(4-Fluorophenoxy)benzonitrile (3): A mixture
of 4-fluorophenol (1) (5.1 g, 45.5 mmol), 4-fluorobenzonitrile (2) (4.58 g, 37.8
mmol) and potassium carbonate (12 g, 86.8 mmol) in DMF (150 mL) was
refluxed overnight. The reaction was cooled to room temperature and
partitioned between ethyl acetate and water. The aqueous layer was extracted

10 twice with ethyl acetate. The combined organic layers were washed three
times with water, dried over sodium sulfate, filtered, and evaporated under
reduced pressure to give 7.5 g (93%) of crude 4-(4-fluorophenoxy)benzonitrile
as solid. '"H NMR (CDCl): 8 7.60 (d, J = 9.0 Hz, 2H), 7.10-6.96 (m, 6H).
Tanaka, A. et al., J. Med. Chem. 41:4408-4420 (1998).

15 (b) Synthesis of 4-(4-Fluorophenoxy)benzamidine acetate (4): 4-(4-
Fluorophenoxy)benzonitrile (4.7 g, 22.4 mmol) was dissolved in ethanol. The
solution was cooled to 0 °C and HCI gas was bubbled through the solution for
20 minutes. The reaction was stoppered and stirred at room temperature
overnight. The solution was evaporated under reduced pressure and the

20 resulting solid residue was dissolved in ethanol and treated with solid
ammonium acetate (6.0 g, 75.5 mol). After stirring overnight, pure amidine
was isolated by filtration. Additional product was subsequently isolated from
the filtrate. The filtrate was concentrated to dryness and the resulting solid
was triturated 4 times with hexane and recrystallized twice from ethanol. The

25 total weight of amidine obtained was 2.92 g (45% yield). '"H NMR (DMSO-
de): 6 7.85 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 8.7 Hz, 2H), 7.21-7.17 (m, 2H),
7.11 (d, J = 8.0 Hz, 2H), 1.77 (s, 3H).

(c) Synthesis of 2-(4-(4-fluorophenoxy)phenyl)-6-amino-pyrimidin-



CNR NH2 A1' NNR2 45 RANH/RRMTR N2 CNR'"%Q@ 4 6 The
resul ting conpounds are purified by flash colum chromatography 5 or
silica gevoobnoiaet ogr aphy. The foll owi ng exanples are il estrmBésoae37 but not
limting, of the method and conpositions of the present invention. O her
sui tabl e nodifications and adaptations of the variety of conditions and
paraneters normally encountered in clinical therapy and which are obvi ous
to those skilled in the art are withif® W 03/076414 PCT/1B03/01837 -25-
the spirit and scope of the invention. Exanple | Preparation of

2- (4- (4-fluorophenoxy) phenyl)-6-am no- pyrimdin-4-one (5) 5 (a)

Pr epar at i on dednedS§:4 Efanol @oTemdy phdersedinint ethbxad¢ Solntidn m mlham:} (0.6f

4-f | uor ophen 1 4-f | uor ohenzoni tr (4.58 g,
37 " ol Mnd b A3 s iogas ison et woigel SRITRRGRS amideED (450 10 s
refluxed ovesnby laﬁd 2@}%&@&6 hQd (MBSthE ﬂﬁhl%dofthrﬁﬂIhrmU P &irid1y rheand
partitioned between efhyl acetate and water. The aqueous |ayer was

extracted 1@eacﬂpmwawhtarteétah9$ *Gdet adays. m@mmmwt@neg\aaﬂ @OIeﬁyters wer e
wash t hree ed over_sodi S red, and
evapor at ed ﬁ‘H’(?éanT%?rgmfﬁtélﬁe pﬁ'“gs%rsé’ gt & a\/eev?P%‘ageT g%lﬁgqﬁfog tj Eh%

4- (4-f1 uor ophaIRX(S) KaBZaiicl bul 18y siBsa S chd (CDC13): S 7 60 (d, J =
9.0 Hz, 2H)@ 7. 1006%5 96 (m I—l)@SITan%dlfa Znaadegtr&\ﬂgﬁ J. Med. Chem .

41: 4408- 4420 (1998). 15 (b) Synthesis of 4-(4-Fl uor ophenoxy) benzam di ne
acetate (4): 4-(4- Example 2

Preparation of 2-(4-(4-fluorophenoxy)phenyl)-
4-tert-butyl-6-aminopyrimidin-4-one (6)

10 Ethanol (0.75 mL) and a sodium ethoxide solution in ethanol (0.6 mL,
21 wt.%) was added to a reaction vessel containing the amidine (4) from
Example I (0.5 mmol), and cyanomethyl-tert-butyl ketone (i.e., ketone of
Formula IIT) (1.5 mmol). The reaction was heated at 95 °C for 2 days. The
reaction mixture was cooled to ambient temperature, and the solvent was
15 evaporated. Purification of the product (6) was carried out by silica gel

chromatography.
Example 3
Biological Activity of Compounds of the Present Invention

The Ki values for sodium channel inhibition of selected compounds of
20 the present invention were determined by the assay described above and are

provided in Table 1 below.



Fl uor ophenoxy) benzonitrile (4.7 g, 22.4 mmol) was di ssolved in ethanol. The
solution was cooled to 0 C and HO gas was bubbl ed through the solution for
20 m nut es0 03lm41eacti on was stoppered and stirred at rooORCTAREBAISITUr €
overni ght. The sol ution was evaporated under reduced pressure and the 20
resulting solid residue was dissolved in ethanol and treated with solid
anmoni um acetate (6.0 g, 75.5 nol). A%ter stirring overnight, pure am dine
was isolated by filtration. Additionaf’product was subsequently isol ated
from the filtrate. The filtrate was concentrated to dryness and the
resulting solid was triturated 4 tinmes with hexane and recrystallized

tw ce fromethanol. The 25 total weight of anidine obtained was 2.92 g (45%
yield). 1H NWR (DVMSO- d6): S 7.85 (QAB% 8.0 Ft 7.31 (t, J = 8.7 Hz,
2H), 7.21-7.17 (m 2H), 7.11 (d, J = 5 1 77 (s, 3H). (c)

Synt hesis of 2-(4-(4-fluorophenoxy)phenyl) - 6 anlno pyrimdin WO 03/076414

ol uti on in el hgw*é?“?fsﬁ%‘%@%ﬁ%?% oo Al ° cosel

containing the amdine (4) (0.5 mol) and 2-cyanoacetic acid (i.e., the
nitrile of Formula Il) (1.5 nmmol). The reaction was heated at 95 C for 2
days. The reaction m xture was cooled to 5 anbient tenperature, and the

sol vent was evapor at ed. Purlflcatlon of the product (5) was carried out by
silica gel chromatography. Exanpie. 2ati on of 2-(4-(4-

Zuor ophenoxy) phenyl ) - 4-tent-butyl - i[nopyri m di n-4-one (6) 10 Ethanol
(0.75 nmL) and a sodi um et hoxi de so in ethanol (0.6 nL., 21 w.% was
addeds to a reaction vessel cont &ni ng the N dine (4) from Exanple | (0.5
mol ), and cyanonethyl -tert-butyl ketone (i.e., ketone of Formula IIl)
(1.5 mmol). |ﬁp Teactign Was [neaggd al] S fy TOI 2 §gyS. 'UR’ Wﬁactlon

3 H l [ ]
m xt ure wag—cooted ria brent—tenperatiure;—andthe—sotven Was

C=0 Q H H - 0.47
9@ H - 30.87
co| — ;j@ H i 49.21
C-Rq Q H - )< 15.57

Example 4

Tablet Preparation

10 Tablets containing 25.0, 50.0, and 100.0 mg, respectively, of the
compound of the invention (i.e., "active compound") are prepared as

illustrated in Table 2 below.



15 evaporated. Purification of the product (6) was carried out by silica
gel chromat ography. Exanple 3 Biological Activity of Conpounds of the
Present Iwoanwniam The Ki val ues for sodi um channel i nhibi tcenBadoisel ect ed
conpounds of 20 the present invention were determ ned by the assay

descri bed above and are provided in Table 1 below. WD 03/076414

PCT/ 1 BO3/ 01837 -27 TABLE 1 I NHI BI TI ON CONSTANTS (KI') FOR COVMPOUNDS OF THE
INVENTION R3.,, N ARSGRINRZ ARBRR RBRAKI(M \/ 0CO/ \ HH -
0.47 F\/ OCO/ \' I H- 30.87 ci CO\ /| H- 49.21 ci \'/ o CRAH
- 15.57 F Exanple 4 Tablet Preparation 10 Tablets containing 25.0, 50.0,
and 100.0 ng, respectively, of the Tapmp2und of the invention (i.e.,
"active conpound") are prepared as

TABLET FOR DOSES CONTAINING FROM
25-100 MG OF THE ACTIVE COMPOUND

Amount (Mg)
Active compound 25.0 50.0 100.00
Microcrystalline cellulose 3725 1000 200.0
Modified food corn starch 3725 425 85
Magnesium stearate 0.50 0.75 1.5

All of the active compound, cellulose, and a portion of the corn starch
are mixed and granulated to 10% corn starch paste. The resulting granulation
is sieved, dried and blended with the remainder of the corn starch and the

5 magnesium stearate. The resulting granulation is then compressed into tablets
containing 25.0, 50.0, and 100.0 mg, respectively, of active ingredient per
tablet. The specific amounts of each ingredient described in Table 2 are not
intended to be limiting, but are rather exemplary. The amount of active
ingredient maybe any amount in the range of 25-100 mg. The amounts of the

10 remaining ingredients may thus be adjusted accordingly, as deemed necessary

by those of ordinary skill in the art.

Example 5

Intravenous Solution Preparation

An intravenous dosage form of the compound of the invention (i.e.,

15 "active compound") is prepared as shown in Table 3 below.



illustrated in Table 2 below. WO 03/076414 PCT/1B03/01837 -28 TABLE 2
TABLET FOR DOSES CONTAI NI NG FROM 25-100 M5 OF THE ACTI VE COVPOUND Armpunt
(My) Actwoaspoapound 25.0 50.0 100.00 Mcrocrystalline eerlBépEe’’37. 25
100.0 200.0 Modified food corn starch 37.25 4.25 8.5 Magnesium stearate
0.50 0.75 1.5 All of the active conpound, cellul ose, and a portion of the
corn starch are mxed and granulated_to 10% corn starch paste. The
resulting granulation is sieved, dri#4 and bl ended with the remai nder of
the corn starch and the 5 magnesium stearate. The resulting granulation is
then conpressed into tablets containing 25.0, 50.0, and 100.0 ny,
respectively, of active ingredient per tablet. The specific anmounts of
each ingredient described in Table g, not intended to be limting, but
are rather exenplary. The anount of active ingredient maybe any anount in
the range of 25-100 ng. The anmounts of the 10 remaining ingredients may

t hus be adj usted accor dingRXvERSUSISONEEIONFRaAAlATIONY t hose of ordinary

skill in the art. Exanple 5 |Intravenous Solution Preparation An -
i ntravenous dosage formQf; LR HEMRPUNT Of pB{olpention (i.e., 15 "active
conpound”) is prepared a 4§ﬁ§% 5|n Table 3 %e|OMI %&)03/076414

PCT/ 1 B03/ 01837 -29 TABLIedBim NTHREVENOUS SOLESF0ON FORMULATI ON
Citric acid 1-15 mg
Sodium chloride 1-8 mg
Water for injection (USP) q.s.to 1 ml

Utilizing the above quantities, the active compound is dissolved at

room temperature in a previously prepared solution of sodium chloride, citric

5 acid, and sodium citrate in Water for Injection (USP, see page 1636 of United
States Pharmacopeia/National Formulary for 1995, published by United States
Pharmacopeial Convention, Inc., Rockville, Maryland (1994).

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

10 and equivalent range of conditions, formulations and other parameters without
affecting the scope of the invention or any embodiment thereof.

Other embodiments of the invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be

15 considered as exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

All patents and publications cited herein are fully incorporated by

reference herein in their entirety.



Active conmpound 0.5-10.0 ng Sodiumcitrate 5-50 ng Citric acid 1-15 ng
Sodium chloride 1-8 ng Wter for injection (USP) gq.s. to 1 m Wilizing

t he abovewqQuwantd4i4 es, the active conpound is dissol ved at pCcraBes/tigsvper at ure
in a previously prepared solution.of sodiumchloride, citric 5 acid, and
sodiumcitrate in Water for Injection (USP, see page 1636 of United States
Phar macopei a/ Nati onal Formul ary for ? 5, published by United States

Phar macopei al Convention, Inc., RockVv Maryl and (1994). Havi ng now
fully described this invention, it wll be understood by those of ordinary
skill in the art that the sane can be perfornmed within a wide 10 and

equi val ent r¥hee IoiClatmeédtlisons, fornul ati ons and ot her paraneters w thout
affecting the scope of the invention or any enbodi nent thereof. O her
enbodi ments of the invention will be apparent to those skilled in the art
fron1con5|dqrat|QQC&5 S8 otBehilagat i on and practice of the invention

di scl osed herein. Ps I ntended that the specification and exanples be 15
consi dered as exerrpl ary only, with a true scope and spirit of the invention

being indicated by the follown cI al | patents and publications cited
herein are fully incorporated b herein in their entirety. WO
03/ 076414 PCT/ 1 B03/ 01837 - 30- V\hat ainmed Is. 1.1A conpound of Formul a
l: R3.,, NAR2Il "jz~~ Y1 R NH or har maceutically acceptable salt,
or solvate thereof, wherein: Rq NH,

5 or pharmaceutically acceptable salt, or solvate thereof, wherein:

A is selected from C=0 or C-R4; where:
when A is C=0, the bond between N and A is a single bond,
and Rj is present;
when A is C-Ry, the bond between N and A is a double bond,
10 and R3 is not present; and
R4 is hydrogen, C; ¢ alkyl, C;.¢ alkoxy, C,.¢ haloalkyl, C;.
hydroxyalkyl or Cy.¢ alkyloxyalkyl;
R, is selected from the group consisting of:
1) phenoxyphenyl;
15 (ii)  benzyloxyphenyl;
(iii)  phenylthiophenyl;
(iv)  benzylthiophenyl;
) phenyl;
(vi)  naphthalenyl;

20 wherein the terminal aryl ring of each of (i) to (iv), and any part of the
ring of (v) and (vi) are optionally substituted by one or more of: halogen, C,¢
alkyl, C,.¢ alkoxy, Cy.¢ haloalkyl, C,¢ hydroxyalkyl or C,.¢ alkyloxyalkyl;
with the proviso that when:

(a) R, is phenyl and A is C-R4, where R, is hydrogen or C, ¢ alkyl; R,

25 is not:

0] hydrogen;
(i) C.3 alkyl;



Ais selected fromC=0O or CGR4; where: when Ais C=O the bond between N
and Ais a single bond, and R3 is present; when Ais CR4, the bond

bet ween Nvend/ofs4is a doubl e bond, 10 and R3 is not presemCI/TBOBDIBY i S
hydrogen, Cl1 6 al kyl, Cl1.6 al koxy, Cl1_6 haloal kyl, Cl1_6 hydroxyal kyl or
Cl_6 al kyl oxyal kyl; Rl is selected fromthe group consisting of: (i)
phenoxyphenyl; 15 (ii) benzyloxyphenyg' (ii1) phenylthiophenyl; (iv)
benzyl t hi ophenyl; (v) phenyl; (vi) n bhthalenyl; 20 wherein the term nal
aryl ring of each of (i) to (iv), and any part of the ring of (v) and (vi)
are optionally substituted by one or nore of: halogen, ClL.6 alkyl, ClL 6

al koxy, Cl_6 hal oal kyl, C1_6 hid) oxyalkoxly substiBitedbenzlhl oxyal kyl ;  with the

proviso that when: (a) Rl is pheny d R4, where R4 is hydrogen or
ClL 6 alkyl: R2 25 is not: (i)UR droggﬂaﬁ‘yé?’ﬁy)% 3 al kyl : WD 03/ 076414

PCT/1 B03/01837 -31 (iii) alkowy Subﬁllztﬂyaﬁﬂ mglz (i v) Cl.2
al kyl oxyal kyl; (v) Cl1 2 hydroxyal kyl ; Vi) (\él haI oal kyl; 5 (vii) C1_3
al koxy; or when: (vi) C1.2 haloalkyl; ™

5 (vii) C,.3 alkoxy; or when:

(b) R; is phenyl and A is C=0; R; is not hydrogen; or when:
(c) R, is naphthalenyl and A is C-Ry4, where Ry is hydrogen or Cy.¢
alkyl; R; is not:
) hydrogen or
10 (i) C.6 alkyl;

(vii)

wherein Rs and Rg are independently, halogen, Cy.¢ alkyl, C;.¢ alkoxy,
15 Cj.¢ haloalkyl, Cy.¢ hydroxyalkyl or C,.¢ alkyloxyalkyl; and p and q are
independently integers from O to 4;
with the proviso that when:
(a) A is C-Ry, where R, is hydrogen or C,¢ alkyl; R» is not:
(1) hydrogen or
20 (ii) Ci.¢ alkyl;

(viii)

W



(b) Rl is phenyl and Ais CO R2 is not hydrogen; or when: (c) RLis

napht hal enyl and Ais CR4, where R4 is hydrogen or C1 6 alkyl; R2 is not:
(1) hydrogem3eore4140 (ii) CL_6 alkyl; (vii) P \ Rs) / Repcuisisaresmm R5 and
R6 are independently, halogen, Cl1_6 alkyl, Cl1L 6 alkoxy, 15 Cl_6 hal oal kyl,
Cl_6 hydroxyal kyl or Cl1_6 al kyl oxyal kyl; and p and q are independently
integers fromO to 4; with the provi sgzthat when: (a) Ais CGR4, where R4

is hydrogen or Cl1.6 alkyl; R2 is not?

{i) hydrogen or 20 (ii) Cl1_6 alkyl;

(viii) R7 00, WD 03/076414 PCT/1B03/01837 -32 wherein R7 is hal ogen Cl1_6

al kyl

al kyl oxyal kyl ; arvwhegdixR7 Rghaleg

Cl.6 al koxy, C1_6 haloalkyl, Cl1_6 hydroxyalkyl or C1 6
Omfgrseﬂilkylf@l-daé @Y, €1-ahddoalkylcCi16 al koxy, C1.6

hal oal kyl, Cl1_6 h%%rx%ﬁ}é?ll A<1y(l,‘1_60aliky &xy%lkayll;ka%ldoxyal kyl ;

10

15

20

25

(ix)

wherein Rg is Cj;¢ alkyl, C;¢ alkoxy, Ci. haloalkyl, Ci.
hydroxyalkyl or C,.¢ alkyloxyalkyl;
R; is selected from the group consisting of:

) hydrogen;

(i1) Ci.6 alkyl, Cy¢ alkoxy, C;.¢ haloalkyl, C,.¢ hydroxyalkyl
or C.¢ alkyloxyalkyl; and

(ili)  benzyl, optionally substituted with: halogen, C,.¢ alkyl,
Ci. alkoxy, Cy.¢ haloalkyl, C;_¢ hydroxyalkyl or C;_6 alkyloxyalkyl;
Rj is selected from hydrogen, Cy.s alkyl, C;.¢ alkoxy, or C;_¢ haloalkyl,

Ci.¢ hydroxyalkyl or Cy¢ alkyloxyalkyl; and is present only when A is C=0.

2. The compound according to claim 1, wherein A is C=0.

3. The compound according to claim 2, wherein R; is selected from the

group consisting of:

@) phenoxyphenyl;

(i)  benzyloxyphenyl; and

(iii)  phenyl;
wherein, the terminal aryl ring of each of (i) and (ii), and any part of
the ring of (iii) are optionally substituted by one or more of: halogen,
Ci.6 alkyl, C;.6 alkoxy, C;.¢ haloalkyl, C,.¢ hydroxyalkyl or Cy.¢
alkyloxyalkyl.



R2 is selected fromthe group consisting of: (i) hydrogen; 10 (ii) C1_6

al kyl, C1 6 al koxy, Cl1_6 hal oal kyl, Cl1L_6 hydroxyal kyl or Cl1_6

al kyl oxyavbyBp7and (iii) benzyl, optionally substituted wpchiaBésaiegzen, Cl_6
al kyl, Cl.6 al koxy, Cl1_6 haloal kyl, Cl_6 hydroxyal kyl or C1_6

al kyl oxyal kyl; R3 is selected fromhydrogen, Cl1L 6 alkyl, Cl1_6 al koxy, or
Cl 6 hal oal kyl, 15 Cl1_6 hydroxyal kyl or Cl 6 al kyl oxyal kyI and is present
only when Ais C=0 2. The conpound Hteordi ng to claimi1, wherein Ais
C=0 3. The conpound according to claim2, wherein RL is selected fromthe
20 group consisting of: (i) phenoxyphenyl; (i1) benzyl oxyphenyl; and

(iii) phenyHM; V\hé}heicumpblhml dceomdingzto chaimi 3, Mihngpim)Rz saelecwd flam and (ii), and

any part of 25 h r|n i t.ion substituted, by one or nore
of : hal ogen, C1° 6 Bf(’ﬁ/ e@i lgo ‘%Wﬁ% sulpsityge %{f%é‘f‘]l?ﬁ?" (Icf ér oxyal kyl or
Cl1_6 al kyl oxyal iyl al%@/d%%ﬂ,m@gﬁmﬁ &cl ﬁkﬂ]oxgl'd]]aylcorrpound

according to claima3 erein is selected ydrogen or benzyl,
optionally substl tuted with hal ogen, ClL 6 al kyI Cl 6 al koxy, Cl_6

hal oal kyl , cI alb%'dr om&ﬁlnlg/l 38@% %la?l I“%xye% sﬁgagdfpgh«; conpound

according t 1% PMeet'ed rogen, Cl1_6 al kyl,

C1_6 al koxy, or Gid@gbalmalakyi, CIQJallﬁmdyydxF@M/l@dléfankyl Of lﬁidr@xﬁlI&WI oxyal kyI

6. The conpound according to claim2, ‘wherein RLis phenoxyphenyl, 10
optional |y substlotﬁtlealk\)(]goﬁibialkall ogen or Cl1_ 6 alkyl; R2 is hydrogen; and R3
is hydrogen, Cl 6 alkyl, Cl1_6 alkoxy, or Cl_6 hal oaI kyl, Cl1_6

6. The compound according to claim 2, wherein R, is phenoxyphenyl,
10 optionally substituted with halogen or C;_6 alkyl; R is hydrogen; and
Rj3 is hydrogen, C, ¢ alkyl, C;_¢ alkoxy, or C.¢ haloalkyl, C;.¢
hydroxyalkyl or C;.¢ alkyloxyalkyl.

7. The compound according to claim 2, wherein R, is phenoxyphenyl,

15 optionally substituted with halogen or C; alkyl; R; is benzyl,
optionally substituted with halogen or C, alkyl; and R3 hydrogen, Ci.6
alkyl, C, alkoxy, or Cy.¢ haloalkyl, Ci.¢ hydroxyalkyl or C;.¢
alkyloxyalkyl.

20 8. The compound according to claim 2, wherein R, is benzyloxyphenyl
optionally substituted with halogen or C, alkyl; R; is hydrogen; and  +
Rs is hydrogen, C; alkyl, Cy.¢ alkoxy, or C;.¢ haloalkyl, Ci.¢
hydroxyalkyl or C;_¢ alkyloxyalkyl.

25 9. The compound according to claim 2, wherein R; is benzyloxyphenyl,
optionally substituted with halogen or C; alkyl; R; is benzyl,
optionally substituted with halogen or C,.¢ alkyl; and R3 is hydrogen,
Ci.6 alkyl, C,¢ alkoxy, or C,.¢ haloalkyl, Cy.¢ hydroxyalkyl or C;¢
alkyloxyalkyl.

30

10.  The compound according to claim 2, wherein R; is phenyl, optionally



hydr oxyal kyl or Cl1_6 al kyl oxyal kyl. 7. The conpound according to claim 2,
wherein Rl is phenoxyphenyl, 15 optionally substituted with hal ogen or
Cl_6 al kywo oRB7d4s4 benzyl, optionally substituted wi th halPogaroamsZl 6

al kyl; and R3 hydrogen, C1_6 alkyl, Cl1_6 al koxy, or Cl1_6 haloal kyl, Cl1_6
hydr oxyal kyl or Cl.6 al kyl oxyal kyl. 20 8. The conpound according to claim
2, wherein Rl is benzyl oxyphenyl opt 'éz?nal |y substituted with hal ogen or
Cl 6 alkyl; R2 is hydrogen; and R3 is*hydrogen, Cl1 6 al kyl, Cl.6 al koxy,
or Cl1_6 hal oal kyl, Cl1_6 hydroxyal kyl or Cl.6 al kyl oxyal kyl. 25 9. The
compound according to claim2, wherein Rl is benzyl oxyphenyl, optionally
substituted with shidtibgred with h@logén at Ky.b alki2 R $s teamyly bptiomaflyi onal | y

substituted with hal ogen or Cl1 6 al kyl ; d i dr ogen, 1 6 al kyl,
8 al Koy, "or | ctbwE sRhgloese st b skt Res nBioRe o6 A Toxyal kyi
30 10. The conpom%(?g% I §H G Kafodttydl ) hydvdiSamkiyNoRt, 4 gkpﬂagwjgl_ optionally

WO 03/ 076414 PCT/ | 837 -34 substituted wi th hal ogen or C1_6 alkyl; R2
is benzyl, optionally substituted with halogen or C1 6 alkyl; and R3 is

hydr ogen, C1.,6 awlcbglp%pfpal%é#ér%%)c?z{ignqlw%epegrllgails@h’ Cl1_6 hydroxyal kyl or

Cl1_6 al kyl oxyal k ound dccordihg to ¢laiml, wherein Ais
C-R4. 12. The conpound according to claim1ll, wherein RL is selected from
the group consisting of: (i) phenoxyphenyl; 10 (ii)_ benzyloxyphenyl; and
(iii) phenyll2. whehgicamppped acsprdingio QA3 Lk whgregt Rewle@wd(f%am H§d (ii), and
any part of group consisting of:
(1) phenoxyphenyl;
10 (1)  benzyloxyphenyl; and
(iii)  phenyl;
wherein, the terminal aryl ring of each of (i) and (ii), and any part of
the ring of (iii) are optionally substituted by one or more of: halogen,
Ci.6 alkyl, Cy.6 alkoxy, Cj.¢ haloalkyl, C.¢ hydroxyalkyl or C.4

15 alkyloxyalkyl.

13.  The compound according to claim 12, wherein R is selected from
hydrogen or benzyl, optionally substituted with halogen or C,.¢ alkyl,
Ci.6 alkoxy, C;_¢ haloalkyl, C;¢ hydroxyalkyl or Cy.¢ alkyloxyalkyl.

20
14.  The compound according to claim 12, wherein R, is phenoxyphenyl,
optionally substituted with halogen or C;_6 alkyl; R; is hydrogen; and
R4 is hydrogen, Cy alkyl, C,_¢ alkoxy, Ci.¢ haloalkyl, C;¢
hydroxyalkyl or C;_6 alkyloxyalkyl.
25

15.  The compound according to claim 12, wherein R, is phenoxyphenyl,
optionally substituted with halogen or C,_ alkyl; R; is benzyl,
optionally substituted with halogen or C,.¢ alkyl; and R, is hydrogen,
Ci.6 alkyl, Cy.¢ alkoxy, Ci.¢ haloalkyl, C;_¢ hydroxyalkyl or C, ¢

30 alkyloxyalkyl.



the ring of (iii) are optionally substituted by one or nore of: hal ogen,
Cl 6 alkyl, C1 6 al koxy, Cl1_6 haloalkyl, Cl1_6 hydroxyal kyl or C1_6 15

al kyl oxyawkyB/o7¢434 The conpound according to claim 12, whecaiBoirAsss
selected from hydrogen or benzyl, optionally substituted with hal ogen or
Cl_6 alkyl, C1_6 alkoxy, C1_6 hal oal kyl, Cl1_6 hydroxyal kyl or Cl1_6

al kyl oxyal kyl . 20 14. The conpound aégordi ng to claim12, wherein RL is
phenoxyphenyl, optionally substituted”With hal ogen or C1 6 alkyl; R2 is
hydrogen; and R4 is hydrogen, Cl.6 alkyl, Cl_6 al koxy, Cl.6 hal oal kyl,
Cl_6 hydroxyal kyl or Cl1_6 al kyl oxyal kyl. 25 15. The conpound according to
claim 12, whér ei IThRTompopibaoridinetndlaim Bomiherean Ry isshebgyloxyphedyi t h hal ogen
or C1L 6 alkyl; R2 i.s nzyl ptianal |y supstjtuted with hal ogen or Cl1_6
alkyl; and R4 is 9998?%@&?%}58‘“&?&1%@?%461?26 1“&‘(@5@,‘3 @l‘}j%g‘H‘aPB lkyl, Cl_6
hydr oxyal kyl or C}‘;’Iﬂ@h;‘qgogédgyjl_gm(?l,Iq[G.almyp@(_mMﬁy]P@[gI803/01837 -35 16.
The conpound according to claim 12, wherern Rl is benzyl oxyphenyl,

optional |y subst ihydraxgabiyk or Guad ablgdexyatkytl 6 al kyl; R2 is hydrogen; and R4
is hysdr ogen, Cl_6 alkyl, Cl1_6 al koxy, Cl_6 haloal kyl, Cl1_6 hydroxyal kyl or
Cl1_6 al kyl oxyal kyl . 5 17. The conpound according to claim 12, wherein RL is

benzyl oxyphany!l , TheRbopoahd dccettdsd iot dldigd] 2ywtherdneRo geenayloSlphengl, Kyl ; R2 is
benzyl, optionally substituted with halogen or CL 6 alkyl; and R4 is
hydrogen, Cl_6 d&prgnallycubsgityted gxith hatages of 1o ikl IRz ighergYhy dr oxyal kyl or

Cl_6 10 alkyl OXyachlt%}lally substituted with halogen or C,.¢ alkyl; and R4 is hydrogen,
Ci1.6 alkyl, C, alkoxy, Cy.¢ haloalkyl, C;.¢ hydroxyalkyl or Ci.6
10 alkyloxyalkyl.

18.  The compound according to claim 1, wherein said compound is
selected from the group consisting of:
2-(4-(4-fluorophenoxy)phenyl)-6-amino-pyrimidin-4-one;
15 2-(4-(4-fluorophenoxy)phenyl)-6-amino-5-(2-
chlorobenzyl)pyrimidin-4-one;
2-phenyl-6-amino-5-(2-chlorobenzyl)pyrimidin-4-one;
2-(4-(4-fluorophenoxy)phenyl)-4-tert-butyl-6-
aminopyrimidin-4-one; and

20 pharmaceutically acceptable salts thereof.

19. A pharmaceutical composition, comprising the compound according to
any one of claims 1-18, and a pharmaceutically acceptable carrier or
diluent.

25

20. A method for treating, preventing or ameliorating a disorder responsive
to the blockage of sodium channels in a mammal suffering therefrom,
comprising administering to said mammal in need of such treatment,
an effective amount of a compound of Formula I:

30



18. The conpound according to claim1, wherein said conpound is selected
fromthe group consisting of:

2- (4- (4- fwooesopiaenoxy) phenyl ) - 6- am no- pyri m di n- 4- one; 15PCT/IB03/01837

2- (4- (4-fluorophenoxy) phenyl ) -6-am no-5-(2- chl orobenzyl) pyri m di n-4-one;

2- phenyl - 6- am no- 5- ( 2- chl or obenzyl ) pyri m di n- 4- one;
2-(4-(4-f|uorophenoxy)phenyl)-4-tert-? tyl -6 am nopyri m di n-4-one; and 20
pharmaceutically acceptable salts theredof. 19. A pharnaceuti cal

conposition, conprising the conpound according to any one of clains 1-18,
and a pharnmaceutically acceptable carrier or diluent. 25 20. A nmethod for
treating, preventing or aneliord&sing A di Farder responsive to the bl ockage
of sodium channels in a mammal suff¥ring therefrom onpri sing

adm nistering to said mammal in qgégbof such treatnent, an effective
amount of a conpound of Fornul a Ry ,076414 PCT/ 1 B03/01837 -36
R3.,, AR R NH2 or pharnmaceutically acceptable salt, or solvate

t hereof, wherein: Ais selected fromC=0 or CR4; where: when Ais C=0O the
bond between N and A is a single bond, 5 and R3 is present; when Ais

C- R4, the bou@hyaragericaly asrgpiablesali, gieghate thessal. WhaFd'R3 i s not present;

and R4 is hydrogep;, sgljeeéd?}dﬂb-:oqr—@R%J Kpxy., Cl_6 hal oal kyl, Cl_6
when A is C=0, the bond between N and A is a single bond,

5 and Rj is present;
when A is C-Ry, the bond between N and A is a double bond,
and Rj is not present; and
R4 is hydrogen, C alkyl, Ci.6 alkoxy, Cy.¢ haloalkyl, C;
hydroxyalkyl or C,.¢ alkyloxyalkyl;
10 R is selected from the group consisting of:
@) phenoxyphenyl;
(ii)  benzyloxyphenyl;
@iii)  phenylthiophenyl;
(iv)  benzylthiophenyl;
15 (v) phenyl;
(vi)  naphthalenyl;
wherein the terminal aryl ring of each of (i) to (iv), and any part
of the ring of (v) and (vi) are optionally substituted by one or
more of: halogen, C¢ alkyl, C;¢ alkoxy, C;.¢ haloalkyl, C;¢
20 hydroxyalkyl or C,. alkyloxyalkyl;

(vii)



hydr oxyal kyl or Cl.6 al kyl oxyal kyl; 10 Rl is selected fromthe group
consisting of: (i) phenoxyphenyl; (ii) benzyl oxyphenyl; (iii)

phenyl t hiwpheny414 (iv) benzylthiophenyl; 15 (v) phenyl ; PCYiTB03/01837
napht hal enyl ; wherein the termnal aryl ring of each of (i) to (iv), and
any part of the ring of (v) and (vi) are optionally substituted by one or
nore of: halogen, Cl1 6 alkyl, Cl1 6 al koxy, Cl1_6 hal oal kyl, ClL 6 20

hydr oxyal kyl or Cl_6 al kyl oxyal kyl; ~¢Uii) )(R5) P R6)q WD 03/ 076414
PCT/ 1 B03/ 01837 -37 wherein R5 and R6 are independently, hal ogen, Cl.6
al kyl, C1.6 al koxy, Cl1_6 haloalkyl, Cl1_6 hydroxyal kyl or Cl.6

al kyl oxyal kyl ; arwheeinRd agd Bg ere indepepdentlanbdlggannCegalksl, Chenlkdxyo 4; 5
(viii) R7 ~01 rei 7 i al.oge 6.al kyl. . Cl 6 alkoxy, Cl 6

hal oal kyl , 01_6%;;33?&?5% rﬂ@ rc%@é‘%@k‘}lté&%é‘i’%?@?’a%‘S %%‘(‘1 5 NRe

wherein R8 is Cliﬁd@gmgmly%r@frgmﬁo £1_6 hal oal kyl, ClI-6
5 (viii)

)

\ /

wherein R is halogen C;.¢ alkyl, C, alkoxy, Ci.¢ haloalkyl, Ci.6
hydroxyalkyl or Cy_ alkyloxyalkyl; and

10 (ix)

7 N

wherein Rg is Cj¢ alkyl, Cy¢ alkoxy, C;¢ haloalkyl, Ci
hydroxyalkyl or C,¢ alkyloxyalkyl;
R, is selected from the group consisting of:
15 1) hydrogen;
(ii) Ci.6 alkyl, Cy.¢ alkoxy, C;.¢ haloalkyl, C;.c hydroxyalkyl
or C,¢ alkyloxyalkyl; and
(ili)  benzyl, optionally substituted with: halogen, Cj.¢ alkyl,
C,.¢ alkoxy, C;.¢ haloalkyl, C;.¢ hydroxyalkyl or C,¢ alkyloxyalkyl;
20 R3 is selected from hydrogen, C,¢ alkyl, C;.¢ alkoxy, or C,.¢ haloalkyl,
Ci.6 hydroxyalkyl or C,.6 alkyloxyalkyl; and is present only when A is C=0.

21. A method for treating, preventing or ameliorating a disorder responsive
to the blockage of sodium channels in a mammal suffering therefrom,

25 comprising administering to said mammal in need of such treatment,



hydr oxyal kyl or Cl1_6 al kyl oxyal kyl; R2 is selected fromthe group
consisting of: 15 (i) hydrogen; (ii) Cl1_6 alkyl, Cl1_6 al koxy, Cl.6

hal oal kylwo@%/064nydr oxyal kyl or Cl1_6 al kyl oxyal kyl ; and (icirimBodaszyl ,
optionally substituted with: halogen, C1_6 alkyl, Cl1 6 alkoxy, ClL 6

hal oal kyl , Cl1_6 hydroxyal kyl or Cl_6 al kyl oxyal kyl; 20 R3 is selected from
hydrogen, Cl1_6 alkyl, Cl1_6 al koxy, or_Cl 6 hal oal kyl, Cl1_6 hydroxyal kyl or
Cl 6 al kyl oxyal kyl; and is present oh§§/'vvhen Ais CO 21. A nethod for
treating, preventing or anmeliorating a disorder responsive to the bl ockage
of sodium channels in a mammual suffering therefrom 25 conprising

adm ni st eri ng t o asaffdctmeramdunt nf meadp@indsealetted frwat the EroupPAONOISYNT 6414
PCT/1B03/ 01837 -38 an effective anmount of a conpound selected fromthe
group consi sting°of:

2-(14- (4-11 uorophenoxy) phenyl)-fRoRiph&RxRYpheAyIsle Nmdt rimidin-4-one;
2-(4-(4-fluorophenoxy) pheﬂyl() - 6?§ir§1hno- g)’phzﬁ@g chl.g??ggrr?éylln) pglnrei m di n- 4- one,
2- phenyl - 6- ami no- 5- ( 2- ch?-&4-bEesaphenoxiyitbdnyl)-f-asteo-SeAd

2- (4-{4-fluorophenoxy) phenyl ) -d-tert-butyl -6- am nopyrim din-4-one; and
pharmaceutical ly acceﬁﬁ&ﬁ%"&gﬁq@wlfq@r{ﬁ?’ 10 22. The nethod according to

any one of claims 20 or Z2jhenf1®-ghihoSA(Alchiclob&igBpyrimidieUasicpshd rom t he
group consi sting of: neuronal dama neur odegenerati ve condition, acute
gro

or chronic pain, depress?éfr(4-8y Pgis‘i%giﬂhénﬁédrt R0 15
aminopyrimidin-4-one; and
pharmaceutically acceptable salts thereof.
10
22.  The method according to any one of claims 20 or 21, wherein said
disorder is selected from the group consisting of: neuronal damage; a
neurodegenerative condition, acute or chronic pain, depression, and
diabetic neuropathy.
15
23.  The method according to claim 22, wherein said neuronal damage is

caused by focal or global ischemia.

24.  The method according to claim 22, wherein said neurodegenerative

20 condition is amyotrophic lateral sclerosis (ALS).

25.  The method according to any one of claims 20 or 21, wherein said
compound functions as antitinnitus agents, anticonvulsants,
antiarrhythmics, local anesthetics, or antimanic depressants.

25
26.  The method according to any one of claims 20 or 21, wherein said

mammal is a human, dog or cat.

27. A method of making the compound of Formula I:
30



23. The nethod according to claim 22, wherein said neuronal danmage is
caused by focal or global ischema. 24. The nethod according to claim 22,
wher ei n swod3nadipdegenerati ve 20 condition is anyotrophPcTiiBa3arsd7
sclerosis (ALS). 25. The nethod according to any one of clainms 20 or 21,
wherein said conpound functions as antitinnitus agents, anticonvul sants,
antiarrhythm cs, |ocal anesthetics, 05 anti mani ¢ depressants. 25 26. The
nmet hod according to any one of clains 20 or 21, wherein said nmanmal is a
human, dog or cat. 27. A nethod of naking the conpound of Formula I: 30 WO
03/076414 PCT/1B03/01837 -39 R3.,, NAR2/~1 | RL NH2 or
pharmaceutical |y acceptabl e sal Rs..0or AQl vd#e thereof, wherein: Ais
selected from C=0 or C R4; where: il is C0O theRgond between N and A
is a single bond, 5 and R3 is pre &N when Ais CR4, the bond between N
and A is a double bond, and R3Rg,; p nt; and R4 is hydrogen, Cl1_6
al kyl, C1 6 al koxy, Cl1_6 haloal kyl, Cl1L 6 hydroxyal kyl or Cl-6 »
al kyl oxyal kyl; 10 R1L is selected fromthe group consisting of: (i)
phenoxyphenyl; (ii) benzyl oxyphenyl; (iii) phenylthiophenyl;

or pharmaceutically acceptable salt, or solvate thereof, wherein:

A is selected from C=0 or C-Ry; where:
when A is C=0, the bond between N and A is a single bond,
5 and R; is present;
when A is C-Ry, the bond between N and A is a double bond,
and Rj is not present; and
R4 is hydrogen, Cy.¢ alkyl, C,.¢ alkoxy, Ci.¢ haloalkyl, Ci.¢
hydroxyalkyl or Cy.¢ alkyloxyalkyl;
10 R; is selected from the group consisting of:
1 phenoxyphenyl;
(i))  benzyloxyphenyl;
(i)  phenylthiophenyl;
(iv)  benzylthiophenyl;
15 v) phenyl;
(vi)  naphthalenyl;
wherein the terminal aryl ring of each of (i) to (iv), and any part
of the ring of (v) and (vi) are optionally substituted by one or
more of: halogen, C,.¢ alkyl, C,.¢ alkoxy, C;.¢ haloalkyl, C;.¢
20 hydroxyalkyl or C;.¢ alkyloxyalkyl;

(vii)



(iv) benzylthiophenyl; 15 (v) phenyl; (vi) naphthal enyl; wherein the
ng of each of (i) to (iv), and any part of the ring of (v)
and (vi) woesppi4ional |y substituted by one or nore of: hacogses/0i&l 6
al kyl, C1_6 al koxy, Cl1_6 haloal kyl, C1_6 20 hydroxyal kyl or Cl1_6
(vii) F RS/ R), WD 03/076414 PCT/1B03/01837 -40 wherein

termnal aryl ri

al kyl oxyal kyl ;
R5 and R6 are in

dependently, hal ogen, Cl1.6 alkyl, Cl-6 al koxy,

Cl_6

hal oal kyl , Cl1_6 hydroxyal kyl or Cl_6'401(?kyl oxyal kyl; and p and q are

i ndependently integers fromO to 4; 5 (viii) R7 4--CO 1 wherein R7 is

hal ogen Cl1_6 al k

yl, Cl1_6 al koxy, Cl1_6 haloal kyl, Cl1_6 hydroxyal

kyl

or

Cl_6

al kyl oxyal kyl ; amhetddn Risxpd Rt aRgndépengdntlychalog®, Css @kyb Cak lalkoxy,C1 6 al koxy,

isralor i s ity R (ansguivio et e e 76 *

Cl1_6 hal oal kyl ,
fromthe group c
al koxy, Cl-6 hal

10

15

20

Prdelp¥hdentlly ifte gt frormypiolsy |
(viii)

0.

\_/

wherein R; is halogen C,.¢ alkyl, Cy.¢ alkoxy, Cy.¢ haloalkyl, C;.6
hydroxyalkyl or C;_ alkyloxyalkyl; and

(ix)

wherein Rg is C;¢ alkyl, C;¢ alkoxy, C;s haloalkyl, C;¢
hydroxyalkyl or C.¢ alkyloxyalkyl;
R; is selected from the group consisting of:

() hydrogen;

(i) Ci.6 alkyl, C;.¢ alkoxy, Cy.¢ haloalkyl, Cy.¢ hydroxyalkyl
or Cy.¢ alkyloxyalkyl; and

(iii))  benzyl, optionally substituted with: halogen, C,.¢ alkyl,
Ci.6 alkoxy, C.¢ haloalkyl, C;¢ hydroxyalkyl or C,.¢ alkyloxyalkyl;
Rj; is selected from hydrogen, C,.¢ alkyl, C,_¢ alkoxy, or C,¢ haloalkyl,

C,.¢ hydroxyalkyl or C,.¢ alkyloxyalkyl; and is present only when A is C=0;

25

wherein said method comprises:
@) reacting a nitrile-substituted aryl compound with an
ammonium salt;

(i) reacting the product obtained in (i) with a nitrile



or C1_6 al kyl oxyal kyl; and (iii) benzyl, optionally substituted wth:

hal ogen, C1 6 alkyl, Cl1_6 alkoxy, Cl 6 hal oal kyl, Cl1_6 hydroxyal kyl or
Cl_6 al kywoxygatdeyd; 20 R3 is selected from hydrogen, Cl_@calikedais2l_6

al koxy, or Cl1_6 hal oal kyl, Cl1_6 hydroxyal kyl or Cl1_6 al kyl oxyal kyl; and is
present only when Ais C=O, wherein said nethod conprises: (i) reacting a
nitrile-substituted aryl conpound with an amoniumsalt; 25 (ii) reacting
the product obtained in (i) with a ni¢kile WO 03/076414 PCT/1B03/ 01837 -41
compound selected from OIl R3OR2ZCN or OR2Z --,YR4A CN 5 (iii)
recovering the product obtained from(ii). 28. The nethod according to
claim 27, wherein the nitricompsudibieldctddddorar yl conpound is selected from
the group consisting of: (i) phenoxybenzonitrile; 10 (ii)

benzyl oxybenzonitrile; (iii) phenyl tthi obenzonitrile; (iv)

benzyl t hi obenzonitrile; (v) benzonitlileg, I
R;0
CN
or
0
III
R,
Ry
CN
5 (ii1) recovering the product obtained from (ii).

28.  The method according to claim 27, wherein the nitrile-substituted aryl
compound is selected from the group consisting of:

)] phenoxybenzonitrile;

10 (i) benzyloxybenzonitrile;
(iii)  phenylthiobenzonitrile;
(iv)  benzylthiobenzonitrile;
) benzonitrile;
(vi)  naphthalenonitrile;

15 wherein, the terminal aryl ring of each of (i) to (iv), and any part of the
ring of (V) and (vi), are optionally substituted by one or more of:
halogen, C; alkyl, C,.¢ alkoxy, C;.¢ haloalkyl, C;¢ hydroxyalkyl or
Ci.6 alkyloxyalkyl;

20

(vii)



(vi) naphthal enonitrile; 15 wherein, the termnal aryl ring of each of (i)
to (iv), and any part of the ring of (v) and (vi), are optionally
substi t utwd oby7éaane or nore of: hal ogen, Cl.6 al kyl, Cl_6rairhBocynisZl 6
hal oal kyl , Cl_6 hydroxyal kyl or C1_6 al kyl oxyal kyl; 20 (vii) WO 03/076414
PCT/ 1 B03/ 01837 -42- | R5/ NC R6) q wherein R5 and R6 are independently,
hal ogen, C1_6 al kyl, Cl1_6 al koxy, C1¢£ hal oal kyl, Cl1_6 hydroxyal kyl or
Cl. 6 al kyl oxyal kyl; and p and q are ~“Thdependently integers fromO to 4; 5
(viii) R NC O I wherein R7 is halogen C1_6 alkyl, C1_6 al koxy, Cl1_6

hal oal kyl, Cl1_6 hydroxyal kyl or Cl1_6 al kyl oxyal kyl; and 10 (ix) N8 NC

wherein R8 is C1L 6 alkyl, Cl1 6 al koxy, & _6 hal oal kyl, Cl1_6 hydroxyal kyl
or C1_6 al kyl oxyal kyl. 15 29. The net od A ding to claim27, wherein for
step (ii): R2 is selected fromthe g oup,

angpsting of:

NC
Re),

wherein Rs and Rg are independently, halogen, C,.¢ alkyl, C;.¢ alkoxy,
Ci.6 haloalkyl, Cy_¢ hydroxyalkyl or C,.s alkyloxyalkyl; and p and q are

independently integers from O to 4;

5
(viii)
R;
NC—__°
wherein R is halogen C,.¢ alkyl, C;¢ alkoxy, C;.¢ haloalkyl, Ci_6
hydroxyalkyl or C;_6 alkyloxyalkyl; and
10 (ix)
wherein Rg is C¢ alkyl, C,¢ alkoxy, C,.¢ haloalkyl, C,.s hydroxyalkyl
or Cy alkyloxyalkyl.
15 29.  The method according to claim 27, wherein for step (ii):

R, is selected from the group consisting of:

@) hydrogen;

@11) Ci.¢ alkyl, C;¢ alkoxy, C,¢ haloalkyl, C;.¢ hydroxyalkyl
or Cy.¢ alkyloxyalkyl; and



(i) hydrogen; (ii) C1_6 alkyl, C1_6 al koxy, Cl1_6 hal oal kyl, Cl1_6

hydr oxyal kyl or Cl_6 al kyl oxyal kyl; and WO 03/ 076414 PCT/|1B03/01837 -43
(ii1) berxglo3ongai4 onal |y substituted with: hal ogen, Cl.6 a&chygBs301€l 6

al koxy, Cl1_6 hal oal kyl, Cl1_6 hydroxyal kyl or Cl_6 al kyl oxyal kyl; R3 is

sel ected from hydrogen, Cl1_6 alkyl, Cl1_6 al koxy, or Cl_6 hal oal kyl. 5 30.
The nmet hod according to claim 27, wherein the reaction solvent for step
(i) conprises hydrochloric acid and afdal cohol . 31. The nethod accor di ng to
claim 30, wherein said alcohol is selected from nethanol, ethanol, or
propanol. 10 32. The nethod according to claim 31, wherein said alcohol is
et hanol . (iti)  benzyl, optionally substituted with: halogen, C.¢ alkyl,

C,.¢ alkoxy, C;.¢ haloalkyl, C;.¢ hydroxyalkyl or C; alkyloxyalkyl;
R; is selected from hydrogen, C,.¢ alkyl, C,.¢ alkoxy, or Ci.¢ haloalkyl.

5 30. The method according to claim 27, wherein the reaction solvent for

step (i) comprises hydrochloric acid and an alcohol.

31.  The method according to claim 30, wherein said alcohol is selected
from methanol, ethanol, or propanol.

10

32.  The method according to claim 31, wherein said alcohol is ethanol.



