16 AUG 2004 WO 01/68612 PCT/ US01/ 07797 ARYL SUBSTI TUTED PYRIDINE@,
PYRI M DI NES, PYRAZI NES AND TRI AZI NES AND THE USE THEREOF BACK I\MBC;G—MTHE
| NVENTI O\WEi08468613f t he | nvention [0001] This invention is RGT/U$M/OTIE d of
medi cinal chem stry. In particular, the invention relates to novel aryl
substituted pyridines, rimdines, pyrazines and triazines, and the

di scovery t hatRifHe§ TEDPEREDBYES, PORIMIDANES, RBNR AZINESaSND ocker s of

sodi um (Na) channel s. Rel BREAZINES ABDOPHE MSETHEREG®BSes of therapeutical ly
useful drugs, including | ocal anesthetics such as |idocai ne and

bupi vacai ne, antiarrhythm cs such as propafenone and am ocl arone, and

anti convul sants such as lanotrigine, phenytoin and carbamazepi ne, have

been shown to share a conBACKGROIND oW THE At/ENTION bl ocki ng or nodul ati ng
Na} channel activity (Catterall, WA., Trends Pharnacol. Sci. 8:57-65

(1987)). Each of these agents is believed to act by interfering with the
rapid influx of Na ions. [0003] Recently, other Nay channel bl ockers such
as BW519C89 and lifarizine have been shown to be neuroprotective in animal
nodel s of gl bield of thadnventiah i schenmia and are presently in clinical trials
(Gahamet al., J. Pharmacol. Exp. Ther. 269:854-859 (1994); Brown et al.,
British J. Pharmacol. 115:1425-1432 (1995)). [0004] The neuroprotective

acti vi t[p061] Na chahisshvéitionkeistht Fiell6r theditigl dhenBéthe Chy ﬁﬁﬁi@%& ity
|

decreasing extracel lul ar glutamate concentration during schem a by
i nhi biting tHXeatiqregalatepto mavel axk pubstitnddc pymdings, pytithidines; mytazimsni t t er .

St udi es have . ' |l utappt e receptQr ant.agonists, channel
bl ockers preven Wﬁ‘ﬁ%%%&‘%aﬁ’éé%‘% o%ﬁﬁiﬁ ?Oiﬁlpdp“%ﬁ‘f g W?’é‘?ﬁs@gﬁsy@ et al., J.
Neur osci . 12ac439bldRers b9 8)hm Fabchafiegy may WO 01/68612 2

Related Art

[00062] Several classes of therapeutically useful drugs, including local
anesthetics such as lidocaine and bupivacaine, antiarrhythmics such as
propafenone and amioclarone, and anticonvulsants such as lamotrigine,
phenytoin and carbamazepine, have been shown to share a common
mechanism of action by blocking or modulating Na® 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* jons.

[0003] Recently, other Na’' chamnel 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 (Grabam et al, J
Pharmacol. Exp. Ther. 269:854-839 (1994); Brown et al, British J.
Pharmacol. 115:1425-1432 (1995)).

[06004) 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
neurofransiitter.  Studies have shown that unlike glutamate receptor
antagonists, Na' channel blockers prevent hypoxic damage to mammalian
white matter (Stys et al., J Neurosci. 12:430-439 (1992)). Thus, they may



1 6 AUG 2004 PCT/US01/107797 offer advantages for treating certg ;y?es
of strokes or neuronal trauma where damage to white matter tr $Uﬁ 0
prom nentWOMIGBHE Anot her exanpl e of clinical use of a Na} PERAISAEO77BT ocker
is riluzole. This drug has been shown to prolong survival in a subset of
patients with ALS (Bensimmet al., New Engl. J Med. 330:585-591 (1994))
and has subsequently been approved by the FDA for the treatnment of ALS. In
addition to the above-nentioned clini-@al uses, carbamazepi ne, |idocaine
and phenytoin are occasionally used to treat neuropathic pain, such as
fromtrigem nal neurologia, diabetic neuropathy and other forms of nerve

d Tayl ' 9-316 (1995 d
car banayep) norebadaplEe fof Beads AR WRECRE SioieSor pruohaldRinviGr nani o
depressi on  (E@BFecotWwhies matter tradts lﬂpfd?mna&ychl atry 55: 70-76 (1994)).

Furtherrmre based on a nunber of simliarities between chronic pain and
tinnit uld (51/b| | er Anather example of cliicsl usd 8f afm’* EBEn¢ 196GKer i oty f, J

He R b d, that t t houl d
e oy 2 s A ATV BB B BB e et VAL Eho
E. W Tip. 2(Bedb@nd8 o 1999)New | BAGEY) Mé@%@@h@?s@ﬁl%@@@%ﬁz jne have

been shown to be efficacious in tfeating tinnitus et al.

din. ol ai yehsequendy b];%amﬁﬁ)ve(d]}:aﬂiﬂ): FD Dfordhel goatmeht oﬂ.ALSnQ@hddlﬁbﬂ 95:
947-951 (198i%%11§ %0006 . been estaplished that there are at | east
five to six aogHe- 810 ! U35Ss FUTPIaZERINe, Sifpeanne 3 phenytair

neur ol 0xi NS speekikpakly dad ot Inempdthic 6406 2% A0 BAL1950))

St udi es have further reveal ed t
ant i convul sanewokgih, dizbetic acmrepehh!y antiotheoﬁﬁmsaxftneWbSdm@eftﬁfd Rt egdd by Na

the Na chann SO ot Efaaer) $$L3%$3b3 6 h@amc@né)%ih%%%%&éuf ot oxi
SESPLOT 1 st Wedy A TSR, manl A pd ) 15,
conpound of (Pemcdtbed tdw.fng‘hﬁol’.syuhzany 55:70-76 (1994)). Furthermore, based on
a number of similiarities between chronic pain and tinnitus, (Moller, A. R. Am.
J. Otol. 18: 577-585 (1997); Tonndorf, J. Hear. 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. Tip. 20: 12-18 (1999)). Indeed,
lignocaine and carbamazepine bave been shown to be efficacious in treating
tinnitus -(Majumdar, B. et al Clin. Otolaryngol. 8: 175-180 (1983)
Donaldson, L. Laryngol. Ofol. 95: 947-951 (1981)). |
i {0006] It has been established that there are at least five to six sites on the
voltage-sensitive Na* channels which bind neurotoxins specifically (Catterall,
W.A., Science 242:50-61 (1988)). Studies have further revealed that
therapeutic antiarrhythmics, anticonvulsants and local anesthetics whose
actions are mediated by Na' channels, exert their action by interacting with the
intraceilular side of the Na' channel and allosterically inhibiting interaction
with neurotoxin receptor site 2 (Catterall, W.A., Ann. Rev. Pharmacol
Toxicol. 10:15-43 (1980)).
[0007} Yukio et al. (Pestic. Sci., 47:103-113 (1996)) disclose a compound of
the following Formula:



WO 01/68612 3 Owve 16 AUG 2004 PCT/-US01/07797 The conpounds are ﬁiiﬁlmﬁed
to be useful as herbicides. [0008] FR 1477021 di scl oses a conpoL & 'ﬂ he
fol | ow nW®61/686122: OVe This conpound is included in photogtGRtiSQ/MENTeri al s.
[ 0009] FR 1536093 di scl oses a conmpound of the following fornula: N - , NH2
SMe This conpound is used as a dye internediate. [0010] U S. Patent No.
4,912,218 di scl oses a conmpound of the fornula: S-, N -1CC3 ir-11 CC3
This conpound is used for photopol ynmergd zabl e conpositions. [0011] WO
9931088 di scl oses conpounds of the fornula: 16 AUG 2004 WO 01/ 68612
PCT/ US01/ 07797 4 NH2 NH2 wherein Xis 0 or S. These conpounds are stated
to be useful as angiogenesis inhibitors. S RY OF THE | NVENTI ON 10012]
" The present invention is related to the dis %ry that aryl substituted
pyridi nes, pyrimdines, pyrazines and triazi represented by Fornul a |
are anticonvul sants and act as bl ockers Z%Eiun1(hb) channel s. [00131
iég%@%ﬁ responsive to the

"The invention is also relategdWw th treati
N™
F.C O

00
The compounds are disclosed to be useful as herbicides.

{00608} FR 1477021 discloses a compound of the following formula:
‘ OMe

! | MeU N

This compound is included in photographic materials.
[6009)] FR 1536093 discloses a compound of the following formula:

SMe

This compound is used as a dye intermediate.

[0010] U.S. Patent No. 4,912,218 discloses a compound of the formula:
s N cc
./ N\rN
- CCl,

“This compound is used for photopolymerizable compositions.
[0011] WO 9931088 discloses compounds of the formula:



bl ockade of sodi um channels in a nmammal suffering from excess ack 6 A Jllbf
said channels by adm nistering an effective anount of a conpound of

Formul a IwWad9148632ri bed herein. 100141 The present inventi opCT/EsSEIGD7
directed to the use of a conpound of Fornmula | for the treatnent of
neuronal damage foll owi ng gl obal and focal ischema, and for the treatnent
or prevention of neurodegenerative conditions such as anyotrophic |ateral
sclerosis (ALS), for the treatnent of tgnnitus, as. antimanic depressants,
as |ocal anesthetics, as antiarrhythmcs, as anticonvul sants and for the
treatment or prevention of diabetic neuropathy and for the treatment of
pain including both acute and ct}{onl C pal n and m grajne headache. [0015] A
nunber of conpounds usefu prESant i nyenthga hadve not been

her et of or reported. Thus t invention is directed
to the novel aryl subst g, p km nes, pyrazines and
triazines of Fornula I. 161 Anot h&T aspect the present invention is
directed to the novel conpounds of Forrmula | gs bl ockers of sodium
channels. 1 6 AUG 2004 WO 01168612 PCT/ US01/0WA97 5 [0017] A father aspect

or amel | or at R REaroa § o SPRELIR At hEbre R el " "

treating, prieldhitbrsng or aneliorating pain including acute and chroni ¢

pai n, and neuropathic pain; treating, preventing or aneliorating convul sion
and neur odegenerative conditions; treating, preventing or aneliorating

mani ¢ depression; using aSUME/ﬁAR@’@FQ‘PEﬂ‘WEﬁ‘F?) R]nti-arrhythmcs, and
treating tinnitus by adm nistering a conmpound of Forrmula | to a manmal in
need, of f ch treatnment or, use, [0018] Al so, an aspect of the present

i nvent i [8R1%]s to pFag pErsest lﬁﬁﬁfmm’c@u’@laé@l to fb@rﬁwgmﬂydhatml‘ subsﬁtutedt reating

ci foctive andunris) DrRide, IPESAN e aSRs Rhoseed B9 Fiimia £aR 1 M1 19 20

anticonvulsants and act as blockers of sodium (Na") channels.

[0013) The invention is also related with treating a disorder responsive to the
blockade of sodivm channels in a mammal suffering from excess activity of
said channels by administering an effective amount of a compound of
Formula I as described herein.

[0014] The present invention is also directed to the use of a2 compound of
Formula I for the treatment of neuronal damage following global and focal
ischemia, and for the treatment or prevention of neurodegenerative conditions
such as amyotrophic lateral sclerosis (ALS), for the treatment of tinnitus, as.
antimanic depressants, as local anesthetics, as antiarrhythmics, as
anticonvulsants and for the treatment or prevention of diabetic neuropathy and
for the treatment of pain including both acute and chronic pain and migraine
headache.

[0015] A number of compounds useful in the present invention have not been
heretofor reported. Thus, one aspect of the present invention is directed to the
novel aryl substituted pyridines, pyrimidines, pyrazines and triazines of
Formula I.

[06016] Another aspect of the present invention is directed to the novel

compounds of Formula I as blockers of sodium channels.



m xture with one or nore pharnmaceutically acceptable carriers q)rﬁl mdbmﬁnts.
[0019] Additional enbodi nents and advantages of the invention wll be set
forth i nWaPL63612t he description that fol lows, and in par tPGH/U$0183795bvi ous
from the description, or may be |l earned by practice of the invention. The
enbodi nents and advantages of the invention will be realized and attained
by neans of the elenents and conbi nations particularly pointed out in the
appended clains. [00201 It is to be urderstood that both the foregoing
general description and the follow ng detail ed description are exenplary
and expl anatory only and are not restrictive of the invention, as clained.

ot of Theai scovery Tt rees P BB (Riphliod IF f RERTEL g B KR °°°°

out of the’discovery that “ary pyr

pyrazines arikating aprenemstingf of-amelidrating 8€&ondbisCRNYWiIRAbBalofd RSk as
. bl ockers of s'}'vfh channels. In vigw of this discovery conpounds of Fornula I

are useful fHRCFRBIIGEHESRIERFHBEST aBICHOIENg paindnelirding btwe aadichrofiicsodi um i on

channel s. 16,.AUG, 20 : 1 / (07797 6 [.0022] The conpounds

useful in tﬁjias ’as pegﬁgﬁtﬁyj %?’eﬁ%% kégeg'rlqﬁl% Og,ﬂglﬁilpgﬂ%nks%g{l S108t ed

pyri di nes, rayldinthfbd&gSuerWeaZdndﬂﬁorﬁﬂﬁealﬁrﬂga?ieﬁ&%h{(%e&rz?rﬁﬁﬂ)trﬁl?n MhandzOr mul @ 1:
: ru

| R, or a pharmaceutically acceptable sa pro g or solvate thereof,
wherei n: Y SSPISSIOR; mping] eddgtal panssthgsies tandt anthamhythingesRand Rtedting

A 1OEE" D005 b R e GRS T Bl Y100

such treatment or use.

(0018} Also, an aspect of the present invention is to provide a pharmaceutical
composition useful for treating disorders responsive to the blockade of sodium
ion channels, containing an effective amount of a compound of Formula I in a
mixture with one or more pharmaceutically acceptable carriers or diluents.

[0019] Additional embodiments and advantages of the invention will be set
forth in part in the description that follows, and in part will be obvious from
the description, or may be learned by practice of the invention. The
embodiments and advantages of the invention will be realized and attained by
means of the elements and combinations particularly pointed out in the
appended claims. .

[0020] It is to be understood that both the foregoing general description and

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

not restrictive of the invention, as claimed.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention arises out of the discovery that aryl substituted
pyridines, pyrimidines, pyrazines and triazines of Formula 1 are
anticonvulsants and act as blockers of Na* channels. In view of this discovery
compounds of Formula I are useful for treating disorders responsive to the

blockade of sodium ion channels.



[0025] R is selected fromthe group consisting of an optionall g 6 AUG 2004
substituted alkyl, amno, allrylthiol, C(OR$, S02R8 , OC(O NHZ,

2-i m dazoWiORH63612. i nj dazol yl, 3-pyrazolyl, 5-isoxazolyl, ®ed/Use1/07797
3-(1,2,4)-triazolyl; [0026] each R2 is independently selected fromthe
group consisting of hydrogen, an optionally substituted al kyl, such as
am noal kyl , hal oal kyl and hydroxyal kyl, al kenyl or allcynyl, hal ogen,
hydr oxy, cycloal kyl, cyano, am no, al.kgyl am no, dial kyl am no, al koxy,
am nocar bonyl , al kyl am nocar bonyl, aryl am nocarbonyl,

aral kyl am nocar bonyl, - al kyl carbonyl am no, aryl carbonyl am no, and

ar al kyl nyl anQ;..¢ r.e taken_.together . with the carbon
atons t &%Fch tmeépgipé)@&%gﬁ%gﬁ?% SATRCLt REthe: Breyentitaventieg -ar¢ a2 71 RS,
R4, R5, and Rebsttuted npejdaieepitidnidifdse s f 10 u isting of
hydr ogen, al kyl, .al kenyl, al ?nyl , haﬁioyg%}éershé%%rﬁ%’%% E%ng%%@l b{/l ,

hydr oxy, nit Blfm‘&?riho, cyano, am de, carboxyal kyl, al koxyal kyl, ureido, WO
01/68612 7 1 6 AUG 2004 PCT/US01/07797 acylam no, thiol, acyloxy, azido,
al koxy, carboxy, carbonylami do and alkylthiol; and [00281 R7 is An
optionally substituted al kyl; [00231 R$ is selected fromthe group

consi sting of alkyl, alkenyl, alkyn OR9, agino, al kyl am no,

di al kyl am no, al kenyl am no, dial k ' yi A, di al kyl ani noal kyl ani no,
di al kyl am noal kenyl ani i no, al kyl a en |yl - a[‘n’ no,

hydr oxyani noal kenyl ami no, cy¥hoa cléal kyl ,
cycl oal kyl al kyl am no,, het erocy’&l oal Kylgam Wyl , arylal kyl, aryl al kenyl,
aryl al kynyl, and aryl al kyl am no, all of whichlcan be optionally
substituted, provided that Ry is not OR9 whefMR is SO2R8; wherein 10030]

RO is sel ect eca phizomatfiricglpbgeep@BRIsEl j26d0 o?XBﬁQQ&%@(echPWh%F@#:' y
0

substituted al kyl, and an al kali netal; and [0031) IS’ one 0, S, NH or
CH2 when Y is other tha R7; or [0032) X is one of 0, S, NH, CH2 or absent

when Y is RY. \\

| XN

Y is Re or Ry;
[0023]) " provided that when Y is Ry, R; is aminocarbonyl;
[0024] Ay, Az and A; are independently CR, or N, provided that A;, A, and
_ Azare not all N at the same time;
[0025] R; is selected from the group consisting of an optionally substituted

alkyl, amino, alkylthiol, C(O)Rs, SOsR; , OC(O)NH,, 2-imidazolinyl, 2-
imidazolyl, 3-pyrazolyl, 5-isoxazoly), and 3-(1,2,4)-triazolyl;

[0026} each R, is independently selected from the group consisting of
bydrogen, an optionally substituted alkyl, such as aminoalkyl, haloalkyl and
hydroxyalkyl, alkenyl or alkynyl, halogen, hydroxy, cycloatkyl, cyano, amino,
alkylamino, dialkylamino, alkoxy, aminocarbonyl, alkylaminocarbonyl,
arylaminocarbonyl, aralkylaminocarbonyl, - alkylcarbonylamino,
arylcarbonylamino, and aralkylcarbonylamino; or R; and R; are taken together
with the carbon atoms to which they are attached to form a heterocyclic ring;

[0027] R3, R4, Rs, and R¢ are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,



100331 Accordingly, conpounds useful in the present invention arﬁ @mé !
substituted pyridines, pyrimdines, pyrazines and triazines repr é W by
Fornmula IWOOLRS6RE R3 Rs x Ra Rl or a pharmaceutical ly aceepusilerealt,
prodrug or solvate thereof, wherein: 10034] A, A2 and A3 are

I ndependently. CR2 or N, provided that A, A2 and A3 are not all N at the
sane time; [0035] R is selected fromthe group consisting of an optionally
substituted alkyl, am no, alkylthiol,7C(OR8, S02R8 , OC(O NH2,
2-imdazolinyl, '2- imdazolyl, 3-pyrazolyl, 5-isoxazolyl, and
3-(1,2,4)-triazolyl; 1 6 AUG 2004 WD 01/68612 PCT/ US01/ 07797 _g 10036]

each R2 is | sel,ect ed e gro consi, sting hydrogen
" an optionall ygﬁjﬁ‘g@éjl %‘ng %ﬁlﬁ a%‘f}%’hr%l%oxé’m Fﬁfg X Cafil?a%'éw

hydr oxyal kylalkgathiglnyhd or al kynyl hal ogen, hydroxy, cycloal kyl, cyano,
.amno, alkylamno, dialkylamno, alkoxy, am nocarbonyl,
al ky! ani0f¥Har bonyR:r is aamptlanﬁlly@@hmhom;ualkyé,r aI kyI am nocar bony! ,

al kyl c yl anl i r bonyl am no, carbon | ani no; c.., R
and RZa@P@}t aken @%&e?‘ﬁ%‘ﬁc‘?% r']%/ §r°8§r“f%‘ﬁ15395 3 W&eﬁy lymile attached
to form a heahry omiimbl GIkyIAE [@ﬁﬂ(glan‘ﬁ? d ndently
sel ected from { he group conglostl n ’hgg(eggen 1?(pail l%ﬂrﬁ%%gﬂg ‘al kynyl ,
hal ogen, halcbdkklylm,lncwlcbrlmml kydiialky lynincadkenyiarhino, ammlﬁmyl-am de,
car boxyal kyl aI koxyal k ur ej.do, | am no, thiol, acylox azi do,
al koxy, car 0, carth gﬁ‘%}?yﬁm“b‘@h‘iﬂﬁlamé‘i‘ yl t (fygloal Ib038]heﬁg°%’§ apditybet ed from
the group cafeicalilylimlosYheterBbyohiky] SRERaaly! 2 o
di al kyl am ngi,}%al kénylam no, d? %I%ljﬁam nﬁ%nﬁy 5 nl aJkyl am no,
di al kyl am ncﬁyllaﬁtwy}'lamld@,rylalldym nedbhbKevhith can be optlonally substituted,

provided that R3 is not ORy when R; is SO,Rg; wherein

[0030] Ry 1s selected from the group conmsisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and

[0031) X is one of O, S, NH, or CH, when Y is other than R7; or

[0032] X is one of O, S, NH, CH; or absent when Y is R,.

[0033}] - Accordingly, compounds useful in the present invention are aryl
substituted pyridines, pyrimidines, pyrazines and triazines represented by
Formula II:

I
g Rg Ry
SO ™ = 3\A2
LA T
SN
R1
oT a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:

[(_)034j A1, Az and Aj are independently CR; or N, provided that A;, A; and
Ajare not all N at the same time;

[0035] R, is selected from the group consisting of an optionally substituted

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



am no, hydroxyam noal kenyl anii no, cycl oal kyl, heterocycl oal kyl, 6 AUG 2004
cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl, arylallcyl, 1y| aP yl
aryl al kynwo 01/e86d2 ar yl al kyl am no, all of which can be opti opaliugo1/07797
substituted, provided that R8 is not OR9 when Rl is SO2Rg; wherein [00391
RO is selected fromthe group consisting of hydrogen, optionally
substituted al kyl, and an alkali netal; and [0040] X is one of 0, S, NH, or
CH2. [0041] Another group of conpounds giseful in this aspect of the present
i nvention are aryl substituted pyridines, pyrimdines, pyradines and
triazines represented by the general Fornmula Il, wherein Al, A2, A3, Rl-R6

R D e S TR T ML S S SR
' R2 1 3 ;
© 1 S A S BRI ERr 9Bl e BB BaGRISTGE TR

i s SO2RS, whtgrdedxy afiigyli slkmtlrmylaﬂdyam lhalogan, ledgoxyd c?dﬁl@allmt aﬁﬁdos S and
tvvoofAl ndASae s not CC13 if R is 13, Xlséandtwo

of A, R?@P@Cﬁﬁ@%ﬂ%otﬂlkﬂﬁmndcanbonﬁ, 0 or S

and two of are es of forrred by R
and R2 takeﬁé"‘?ogetﬁé‘é&i ‘gﬁ' '\%ﬁﬁg%ﬁl’%‘%?WO %Hl I McH=" cH .
10043] Pr ef earplbshonpamiAa, mdch:ﬂsymfboaﬁmmﬁm (msahumla}s taRén fogeter N and A2

and A3 are yr| di nyl) A3 is Nand A, and A2 are (pyri mdyl)
or A2 is N %&P IABtOH%SéO @@k%yyaﬁmyed tgrform aéaetecpmhemg,N and A2 i

T R R B Ao S MRS an
A, and A2 aref hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol;
[0038] Rs is selected from the group comsisting of alkyl, alkenyl, alkynyl,
ORg, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,. dialkylaminoalkenylamino, alkylaminoalkenyl-

S

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

1 10039] Ry is selected from the group comsisting of hydrogen, optionally
- substifuied alkyl, and an alkali metal; and
[0040] X is one of O, S, NH, or CH,.
[0041] Another group of compounds useful in this aspect of the present

invention are aryl substituted pyridines, pyrimidines, pyrazines and triazines
represented by the general Formula II, wherein A, Aj, A3, Rj-R¢ and Rg-Ry;
are as described above, with the provisos that
1) Rz is not methoxy if Rs is trifluoromethyl, Rg is H, X is O and'R; is
SO,CH,Ph;
2} Ry isnotNH; if R, is methylthio, X is O and two of A;, A; and As

are N; ..



CR2 (pyrimdyl); or A2 is N and A and A3 are CR2 (pyrazinyl). I\/bié
preferably, Al, A2 and A3 are each CR2 (pyridyl); or A is N and | AQF%&“B{BB
are CR2 WOMW/eB6t nyl); or A3 is N and A and A2 are CR2 ( prriusofiyihy
[0044] Preferably, R is selected fromthe group consisting of an al kyl
optionally substituted by hal ogen or hydroxy, thionethyl, C(ORg, SO02R8, 2-
I mdazolinyl, 2-imdazolyl, 3-pyrazolyl, and 5-isoxazolyl, wherein R8 is
selected fromthe group consisting of abkyl, al kenyl, OR9, am no,

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

di al kyl am noal kyl am no, and heterocycl oal kyl am no, all of which can be

.optionally substitytgd,. ovi,ded.t,hat Is pot, OR 9 when, R, i s SO2RS.
[ 0045] Preferabl y,BljRgzilg ngtfn&]{ﬁdf#ﬂ dﬁ]sﬁgaig‘f’gﬂﬁmc]&hkﬁ methylpherylhRdr ogen,
al kyl', —al kenyl, al | aydR] arcafi2thoRY, I8¢} S KM dr pxyal 1l koxy,

.am nocar bonyl, al kyl am nocar boﬁﬁr, asry amﬁg%gg)rkﬂfo‘%y%;% K)’Areb?,

ar al kyl am nocar body| Rz im0 @aifiRorig ICOH 1S is Siayd oes bOAY, | AHnAR, RON;
ar al kyl carbonyl am no, nore preferably hydrogen, alkyl, al koxy, am noal kyl
and am nocar bonyl . 1%46] Preferably, R3, R4, R5, and Rb are independently

sel ected from the 5)gROURd ROBS it 3 lkyl , -al kenyl ., al kynyl,
hal ogen, hal oal kyl ) Eydrogyalﬁl:bggﬁgg?%F%%?Po@déﬁo%%’agamho. Mor e
preferably, R3, R4, ®8 N. 6 AUG 2004 WD 01/68612 PCT/US01/ 07797 -10 and R6
are ind ently.selected,fromfhe groyp consisting of hydrogen, alkyl,
hal ogenﬁﬁﬁy’oal kyIE,?‘aHW Srﬂc%lbm.gcﬁié"émﬁ‘%léﬁ\?a‘ll Redaksn tggetimeatencl ude  hydr ogen,
hal o, Cl-C6 healprichl. -StoSRcabky. %N@_ e Lé_g_z.-CG al kynyl, Cl1-C6
hydr oxyal kyl , ?t rtg? am %o?@ugg*(ﬁgfl C an&?q%#?@% g I'am do, hydroxy,

thiol, @9—4&, acy Posfprably;iAio A,CGhd08; alekexl, CRY (pgadPoxor ATRENHHAURS R3- R6

each take the,pl aceof .a hydrogen atom.that woul d otherw se be present in
any positi oﬁn%%“taf"%cgﬁﬁpyrr‘%ﬁ}i Gt N aed A1 gpd v ares CRe (poinaidyl)Especi al | y

Bnd RS 15 a o R ety B BT Al AR ol i 5 9"
strai ght or &Rar(dAchbinzinyikly Maoe quefeniblyCA 118, @ad Panre each CR, (pyridyl);

or A;isN and A, and A; are CR, (pyrimidinyl); or Az is N and A; and A, are

CR2 (pyrimidyl); or A; is N and A; and A; are CR; (pyrazinyl). Most

preferably, A;, Az and As are each CR; (pyndyl); or A; is N and A, and A; are

CR; (pyrimidinyl); or A3 is N and A, and A, are CR, (pyrimidyl).

[0044] Preferably, R, is selected from the group consisting of an alkyl
optionally substituted by halogen or hydroxy, thiomethyl, C(O)Rg, SO,Rg, 2-
imidazolinyl, 2-imidazolyl, 3-pyrazolyl, and 5-isoxazolyl, wherein Ry is
selected from the group consisting of alkyl, alkenyl, ORy, amino, alkylamino,
dialkylamino, alkenylamino, diatkylaminoalkenyl, dialkylaminoalkylamino,
and heterocycloalkylamino, all of which can be optionally substitﬁted, '
provided that Ry is not ORg when R; is SO,R;.

[0045] Preferably, R; is selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, aminoalkyl, amino, hydroxyalkyl, alkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino; arylcarbonylamino, and aralkylcarbonylamino, more
preferably hydrogen, alkyl, alkoxy, aminoalky! and aminocarbonyl.

[0046] Preferably, Ri, Ra, Rs, and R¢ are independently selected from the
group consisting of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl,
hydroxyalkyl, hydroxy, nitro, amino, and c¢yano. More preferably, Rj, Ry, Rs



atons, nore preferably C 1.6 carbon atons, optionally substitutid w th one

or nore of halogen, hydroxy, nitro, am no, cyano, and al koxy. Cﬁ)&lﬁ]mm

Pref er ablWQ 0RB8612 sel ected fromthe group consisting of al kghmwsalfewy! .

OR9, am no, al kyl am no, dial kyl am no, al kenyl am no, di al kyl am noal kenyl

di al kyl am noal kyl am no, and het erocycl oal kyl am no, all of which can be
optionally substituted, wherein RO is as defined above, provided that R5 is
not OR9 when Rl is SO2Rg. 10049] Prefegably Xis O or S, nore preferably
Xis O 10050] Wien X is CH2, Rl is preferably am nocarbonyl. 10051] When
Al, A2 and A3 are each CR2 and one R2 is other than H said R2 is :

preferably in e position,of, A2 en Al is N, A2 and A3 both are CR2 and

one R2 is ot?{@ﬁﬁﬁgﬁ "Pf,&epgﬁﬁhﬁlﬂmsq]%“\t/%r gPE’rglﬂ group omsispagiofi loregenA2. VWhen :

A3 is N Al grud Bﬁ%gn'e L. er t , .said R2 is )

preferably inmt’ h%g%%?it’ Hagé\ﬁo ’ ﬁ &h@ 5 ?ﬂse%l\l%p Sa?ﬁaﬁﬁ%d?‘ﬁ“ e CR2 and

one R2 is othytroganhdnaldiCisG Halbalkiyls (ir€f em?plgz-d:pag(eﬁyqugi(ggm?, AL '
e nds falTi'ng within

10052] In on¢ gs egt of tre,i nvention, preferred conpounc
the scope of!"Fé Foxypikyl. iirp.geming syarsrarGs xeylam@lophy&oxin thi s

aspect of t I pvent k e am hocar-honyl , d. R is
prgferabl y h%l’log}égg e rB}é ’err%od@%@%%gargp’g'ﬁe%g%aﬁﬁ&SB‘IE;’s/e. [ 0053]

Si nce the combouksplast dFar hydragén atogn MR CKANS @hersdi W]Rfé%?"t)in nnel s, a
nunber of di seases aad@%nditions nmedi ated by sodi umionh intlux 6 AUG

2004 WD 01/¥8#p Fmgregvhich thedh grayp is pitached Espptially preférneas e

conpounds. Ther t L, BY hon. ted 0 t hod freating,
preventi ng ogr}egsn@?lb%rugt‘?ﬁ%é %&S"B%%Fﬂﬁ bzoéiéﬁg%gg?ﬂ’ﬁééﬁﬁy%gﬂl %‘fd(r)%k’é,a gl obal
and focal i senimthe@dsa-posdtiom, hypogl ycemi a and surgery, - spinal cord
trauma; ? wel | ﬂg@}r e@ti ng.or aneliorating neurodegenerative diseases

i ncl udi[rqg A zhei erablysBadba shaight eopbranched elkal graipl off Gsjossartiear ki nson' s

it S R TR
more of halogen, hydroxy, nitro, amino, cyano, and alkoxy.
{0048] Preferably, Rs is selected from the group consisting of alkyl, alkenyl,
ORg, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino, and heterocycloalkylamino, all of which can be
optionally substituted, wherein Ry is as defined above, provided that Ry is xiot
ORg when R is SO;Rs.

[0049] . Preferably X is O.or S, more preferably X is O.
[0050] When X is CHy, R, is preferably aminocarbonyl.
i [0053] When A, A; and Aj are each CR; and one R; is other than H, said R,

is preferably in the position of A;. When A, is N, A, and A; both are CR, and
one Rj is other than H, said R; is preferably in the position of A;. When Aj; is
N, Aj and A; both are CR; and one R; is other than H, said R; is preferably in
the position of A;. When A; is N, A; and A; both are CR; and one R, is other
than H, said R; is preferably in the position of A;.

{0052] In one aspect of the invention, preferred compounds falling within the
scope of Formula Il include compounds wherein X is O or 8. In this aspect of
the invention R, is preferably aminocarbonyl, and R; is preferably hydrogen.
Preferred R3-Rg groups are as described above.

[0053] Since the compounds of Formula I are blockers of sodium (Na™)

channels, 2 number of diseases and conditions mediated by sodium ion influx



Formula | are also useful as antitinnitus agents, antimanic depreﬁ ahrﬂﬁﬂmas
| ocal anesthetics, and as antiarrhythmcs; as well as for treati E
prevent i NYOI/68&de| i orating pain including surgical, chroCI/ESM/07797
neuropathic pain. In each instance, the nmethods of the present invention
require admnistering to an aninmal in need of such treatnent an effective
anmount of a sodi um channel bl ocker of the present invention, or a
pharmaceutically acceptable salt or pipdrug thereof. [00541 The invention
also relates to aryl-substituted pyridines, pyrimdines, pyrazines and
triazines represented by Formula Ill: IlIl R Rg Rs ° a0 RS or a

Toossn Al - ag Yo CRAEPEABIRIA e RRRRES Thebfutchs wyeation st t o
For nul ae | - | fo a p@AB6d oPuehs ,qdeﬁegﬁﬁg)léfl%eiia%%g%moh%s% ggsg%caﬁ%e of

. Formula H include_ conpounds wherein R2 is ogen, and X is
0 and S. R3 WHBostke. rrdobadvandp fedabrischdmicg| GNS asumies aypdadeteatiovadf or

Formula H F r, ..preferably R8 is selected fromthe group consisting of
al kyl, al ken%#r,ég}g’rri ﬁ%l,B‘rﬂl %"‘i B4 a’é/\o“(@/ 6356 119eaH0E/ (950 Boastpoating 1 2
al kyl ami no, gthubdegeasraiite dj@édsemﬂcﬁmrrg]om L Faly &1%'
di al kyl am noal kyl ami no, and heterocyc ogﬂﬁ@eg%h%g%ﬂa%wo \;\'}ﬁ I@Wr%lan be
opt : onaL | y ts-‘i%egwm,ul’ggl_.nspm’eshqea@ _rtge!ating ot hmeﬂinkqﬁngimﬁieé}qlto’@heﬂ_sfoﬁs,
aryl - substi ridines, i i nes, razi nes_and triazi nes
represent ed %léﬁ%ﬁ%u%gﬁa{?e I%H‘%aﬂ inusdé spasm. The compounds of
Formula I are also useful as antitinnitus agents, antimanic depressants, as local

anesfhetics, and as antiarrhythmics; as well as for treating, preventing or
ameliorating pain including surgical, chronic and neuropathic pain. In each
instance, the methods of the present invention require administering to an
animal in need of such treatment an effective amount of a sodium channel
blocker of the present invention, or a pharmaceutically acceptable salt or
prodrug thereof.

[0054) The invention also relates to aryl-substituted pyridines, pyrimidines,

pyrazines and triazines represented by Formula III:

m
R5 R3 A
- I
/\/ X /\/ N\IA'I
. Rs R, .
o) Re
or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein:
0055} Ar-A3, R-Rg, Ry and X are defined previously with respect to
Formulae I-1I.
[0056] Preferred compounds falling within the scope of Formula XII include

compounds wherein R; is hydrogen, Rg is amino; and X is O and S. Rs through
R¢ have preferred values as described above for Formula IL Further,
preferably Ry is selected from the group consisting of alkyl, alkenyl, amino,



N, RE R4 O I -RB Oor a pharnmaceutically acceptable salt, prqoh"wﬁ i
sol vate thereof, wherein: [005%] Al -A3, R2-R 6, and X are defined

previ ous| YOAG862espect to Fornulae |- Mand R8 is sel ect e®CTrEso1/017 gr oup
consi sting of alkyl, alkenyl, alkynyl, am no, alkylam no, dialkylam no,

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

het erocycl oal kyl, cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl,

aryl al kyl, aryl al kenyl, arylal kynyl, ang- aryl al kyl am no, all of which can
be optionally substituted. Preferably, R8 is selected fromthe group
consi sting of alkyl, alkenyl, am no, alkylamno, dialkylam no,

al kenyl am no bal:kyl am , di alkyl am.noal kyl anj no, . and

het er ocycl oaﬂkgr%hér{fo, ap'ﬁﬁﬁ%ﬁ{l%h cgﬂk%g?%]b’f’f’onal I@ﬂ%ﬂﬂ&?qaﬁ}?@éﬂ: Nbr e
preferably, BRilkyarsRbalkyRehin6,08md MRtG6E oA ShI hopa |
substituted alkyl, c%é_lyoal kyl, aryl and am no.ﬁigérk?lh?gu‘g %E%Ja\%

preferred vaPbiepally subsitated.bed above for Fornula I1. [0059] Preferred

R s nitsdhen. "B, herffenih Pafty 10 S Betylen Bunciars ayhehGnghesent |
i nvention repafagitied ndRIARNLE praibnte@ by HoRmMia YO 01/ 68612 -13 1 6 AUG 2004
PCT/ US01/ 07797 V R3 A3~g2 RA' XY O--\NH2 or a pharmaceutically

acceptabl e salt, prodrug or solvate thereof, wherein:

v
R5 * R3 A
QST
= \/ X ’\/ N
Rs R,
0==8-—R;
I
or a pharmaceutically acceptabie salt, prodrug or solvate thereof, wherein:
[0058] Ai-As, R-Ry, and X are defined previously with respect to Formulae I-

I and Rg is selected from the group consisting of alkyl, alkenyl, alkynyi,
amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino, cycloalkyl, heterocycloalkyl, cycloalkylalkylamino,
heterocycloalkylamino, aryl, arylalkyl, arylalkenyl, arylalkynyl, and
arylalkylamino, all of which can be optionally substituted. Preferably, Rg is
selected from the group consisting of alkyl, alkenyl, amino, alkylamino,
dialkylamino, alkenylamino, dialkylaminoalkenyl, dialkylaminoalkylamino,
and heterocycloalkylamino, all of which can be optionally substituted. More
preferably, Ry is selected from the group consisting of optionally substituted
alkyl, cycloalkyl, aryl and amino. R; through R¢ have preferred values as
described above for Formula II.

[0059] Preferred compounds falling within the scope of Formula IV include
compounds wherein R; is hydrogen, Rg is amino, and X is O and S.

{0060] Also, the present invention relates to compounds of Formula V:



[0061] A -A3, R2-R4, and R7 are defined previously with respect to Fornul a
- IV, and X is one of 0, S, NH, CH2 or absent. 10062] Preferred 1&&%@%5
falling WOHIL§8¢1de scope of Fornulae V include conpounds PIEABIIOTR i S
hydrogen, and X is O and S. Preferably. R is a straight or branched chain
Cl-6, nore preferably C 4 alkyl, optionally substituted with one or nore
of hal ogen, especially fluoro or chloro. R3 and R4 have preferred val ues
as descri bed above for Forrmula I1. [0068] Exenplary preferred conpounds
that may be enployed in this nethod of invention include, wthout
limtation: 4-[4-(4-fluorophenoxy)phenyl]pyrim di ne-2-carboxam de;
~4-[4-(4-nitrophenoxy) phenyl ] pyri m di ne- 2- car boxar ni de;

4-[ 4- (4- met hoxyphenoxy) phenyl ] pyri m di ne- 2- car boxam de;

4-(4-trifluoromet hyl phenoxy) phenyl ] pyri m di ne-2- car boxam de; v

(3-chl or o- 2- cyanophenoxy) phenyl ] pyri m di ne- 2- car boxam de;

(4-chl oro-2-fl uor ophenoxy) pheryl | pyri m di ne- 2- car boxam de;

(2, 4-di fl uor ophenoxy) phenyl ] p di ne- Aé:a}&boxani de;

(2-chl oro-4-fl uorophenoxy) phepyl ] pyri nm di nel 2-car boxam de; 1-[4-

4-f1 uor ophenoxy) phenyl | pyri m ne\%- yl I £t hal]one;

4- (4-fl uorophenoxy) phenyl ] ﬁ]x' m difAg- 4- ca ahi de;

[ 4--(4-fl uorophenoxy) phenyl -4-net hyﬂﬂyri m di ne;

2-met hyl - 4-[ 4- (4-f 1 uor ophenoxy) phenyl ] pyri m _diqe;
4-[4-(4-fluorophenoxy)phenyl ] pyri m di ne-2- &ir boxN#i ¢ aci d, 16 AUG 2004 WO
01/ 68612 PCTPUiphermagaricaliyacceptable salt, prodrug or solvate thereof, wherein:

4-[ 4. -(4-fl uorophenoxy) phenyl ] pyri m di ne-2-carboxylic acid sodiumsalt;

4- [ 4- (410D6Lior opheApxrys) RAMBRyAndRY dreidefinet pre¢RLNIOXWVH fespédt th F&tnlzm%] g de;
4-14-(4-11 ugﬁ;}phgﬁgxy) phenyl rimdine-2-carboxylic acid dinethylam de;
4-T4-(4-flu Wnﬁﬁ’é\ﬁil b pYhiGHaerAbsentcar boxylic acid tert- butyl am de;

[0062] Preferred compounds falling within the scope of Formulae V include

4
4
4
4
(

[
[
[
[
[
4-
[

4
4
4
4
4
[

2
2

cpmpounds wherein R; is hydrogen, and X is O and S. Preferably, R, is a

straight or branched chain C,;, more preferably C,. alkyl, optionally

substituted with one or more of halogen, especially fluoro or chloro. R; and R,

have preferred values as described above for Formula I1.

[0063] Exemplary preferred compounds that may be employed in this method

of invention include, without limitation:
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-carboxamide;
4-[4~(4-nitrophenoxy)phenyl]pyrimidine-2-carboxamide;

.- 4—[4-(4-meﬂloxyphenoxy)phenyl]pyﬁmjdine-2—carbo:|<amide;
4-[4-(4-trifluoromethylphenoxy)phenyllpyrimidine-2-carboxamide;
4-[4~(3-chloro-2-cyanophenoxy )phenyl]pyrimidine-2-carboxamide;
4-{4-~(4-chloro-2-fluorophenoxy)phenyljpyrimidine-2-carboxamide:;
4-[4~(2,4-difluorophenoxy)phenyl]pyrimidine-2-carboxamide;
4-[4-(2-chloro-4-fluorophenoxy)phenyl]pyrimidine-2-carboxamide;
1-[4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-yl]-ethanone;
2-[4-(4-fluorophenoxy)phenyl]pyrimidine-4-carboxamide;
2-{4-(4-fluorophenoxy)phenyl]-4-methylpyrimidine;
2-methyl-4-[4-(4-fluorophenoxy)phenyl]pyrimidine;
4-[4-(4-fluorophenoxy)phenyllpyrimidine-2-carboxylic acid;



2-[4-(4-chloro-2-fluorophenoxy) phenyl ] pyri m di ne- 4- car boxam de; 16 AUG 2004
2-[4-(4-chloro-2-fl uorophenoxy) phenyl ] pyri m di ne-4-carboxylic acid;

2- (4- phenweypigsy! ) - 6- (di met hyl am no) pyri m di . ne- 4- car boxybcfmgﬁmm-;

di met hyl am de; 4-[4-(4-fl uorophenoxy) phenyl ] pyri m di ne-2-carboxylic acid 2-
hydr oxyet hyl am de; 4-[4-(4-fluorophenoxy)phenyl]pyri m di ne-2-carboxylic
acid hydroxynet hyl eneam de;

2- (2- hydroxyprop-2-yl)-4-[4-(4-fl uoropﬁgnoxy)phenyl ] pyri m di ne;

4-[4-(2, 4-difl uorophenoxy) phenyl ] pyri m di ne-2-carboxylic acid 2-

mor phol i n- 4- yI et hyl .am de; 2-(4, 5-di hydro-1

H it ni dazol - 2-y| 4-f 1 uor henoxy)phen |']- pyrimdine hydrochloride
Aelbefnyory

salt: 2-(3 - onl thrwxy nydpE Rk )cprrbgmyluqdqp;d sodiviinsals; .
2.(5-
2 (51 soxazol yidpded finfiboh &b%gﬁ;@%ﬁ?@@ﬁr{ﬁ'h‘flb%]c Ok hAC nettiduiae

2-14- (4-chl oroﬂﬂﬁqmﬂnmpbmy)mﬁy jmﬁfdnm@c%oﬁyls?@écmxw ic acid
met hyl am de; 3-d net hyI am no. - 1- 4- (4-fl uorophenoxy) phenyl }

pyri m di n-2- yld]'IBP'(ljlp)’

T SR R LN 01 e o

[ 4- (4-chl oro- thhdmmebenoxy)phenyl] 4- et hyl - pyri mi di ne;
4-[ 4- (4-fl uorophenoxy).-3-fl uor henyl ] pyri m di ne- 2- car boxam de; and
2- [ 4- (4- f | uor ophén@xshlore-2flyerapbrrers)piepyl Inytinidinel 4 cartipmmandefe. 16 AUG 2004

o A B ko RS

6- (4~ phenoxyphen@lplenok ghHeay B '@@iﬁ@ﬂﬁ[ﬂ:ﬂﬁo)pynmldme-4-carboxyhc acid
dimethylamide;
4-{4-(4-fluorophenoxy)phenyl]pyrimidine-2-carboxylic acid 2-
hydroxyethylamide;

4-[4-(4- ﬂuorophcnoxy)phcnyl]pynrmdme-2-carboxyhc acid
hydroxymethyleneamide;

2-(2-bydroxyprop-2-yl)-4-[4-(4-fluorophenoxy)phenylpyrimidine;
4-{4-(2,4-difluorophenoxy)phenyl]pyrimidine-2-carboxylic acid 2-
morpholin-4-yl-ethyl amide;
2-(4,5-dihydro-1H-imidazol-2-yl)-4-[4-(4-fluorophenoxy)phenyl]-
pyrimidine hydrochloride salt;

R 2-(3-pyrazolyl)-4-[4-(4-fluorophenoxy)phenyljpyrimidine;
2-(5-isoxazolyl)-4-[4-(4-fluorophenoxy)phenyl]pyrimidine;
2~(1-methyl-3-pyrazolyl)-4-[4-(4-flucrophenoxy)phenyl]pyrimidine;
2-[4«(4-chloro-2-fluorophenoxy)pheny!|pyrimidine-4-carboxylic acid
methylamide;
3-dimeﬂ1y1amino—1—{4-[4-(4-ﬂuorophenoxy)phenyl}pyrimidin~2-
yl]propenone;
2-thiomethyl-4-[4-(4-flnorophenoxy)phenyl)pyrimidine;
2-methanesulfonyl-4-[4-(4-fluorophenoxy)phenyl]pyrimidine;
2-[4-(4~chloro-2-fluorophenoxy)phenyl])-4-methyl-pyrimidine;
4-[4-(4—ﬂuorophenoxy)-3-ﬂuorophehyl]pyrimidine-2-carboxamide; and
2-[4-(4-fluorophenoxy)-3-fluorophenylpyrimidine-4-carboxamide.



met hyl - 6- [ 4-(4-fl uorophenoxy) phenyl ] pyri di ne; 16 AUG 2004
4- phenoxyphenyl ) pyri di ne- 2- car boxyl i ¢ aci d;

4- pheBPME89I¢| ) pyri di ne- 2- car boxyl i ¢ aci d net hyl an de; PCT/US01/07797

4- (4-fl uorophenoxy) phenyl ] pyri di ne- 2- car boxam de;
(4-trifluoronethoxy)phenyl ] pyridi ne-2-carboxam de;

4- (2, 4-di fl uor ophenoxy) phenyl ] pyri di ne- 2- car boxam de;

4- (4-chl oro-2-fl uorophenoxy) phenyl | gyri di ne-2- car boxami de;

4-

(

2
6- (
6- (
6- [
6-
6-[
6- [
6- [ 4- (4-fl uorophenoxy) - 3-fl uor ophenyl ] pyri di ne- 2- car boxam de: 6-
[4-(4-trifluoronmethyl phenoxy) phenyl ] pyri di ne-2-car boxam de;
~ 6- (4- phenoxyphenyl ) pyrazi ne- 2- car boxani de;
3
2
u
6
p
6
6
6

, 5- di am no- 6- (4- phenoxyphenyl ) pyr azi ne- 2- car boxam de; and

- [4- (4o064) Ophengpﬁtﬁﬁwgelﬁﬁbgﬁbmds'ctfélag pr%Le'ntt E'iv%ﬂignei'ncfu%g:GS] Further

seful ‘conpounds of the 1 nventi I 'ncl

- [ 4- (4- T 1 uor o2haethyi-HpAephenbpyphet RS ridagdooxyl ic acid N

i peridinylethylam de; 6-(4-tent-butyl phenyl)pyridine-2-carboxam de;

54- nn- but yI pReasPheapxyRhenslpyridine:dcarhozemide;
(
(

4-i - propyl phe riydiyne- 2- amde. ..
PR PRI T T T
6- (4- et hoxyphemﬂ)ﬁhﬁhb_ﬂlépl&n?g P A fRxyROSeid;

6- (4- met hoxyphenyl ) pyri di ne- 2- car boxam de. [0066] Furthernore, useful
conpounds of t Re4rPReaakyRheny hpyridine-2-carboxylic acid methylamide;

2- damet hyl am n@-4-14q(4- phenyl rim.dine;

4-[4- (4-F1 uoro(gh[én@xt}lé%ﬁéﬂﬁ%%}(gﬁl%qﬁ)ﬁ@mf%ﬁ% 8 acid ethyl ester; 4-
[4-(4-T1uor oph6404@&1ﬁb@mﬂe}m:?'?phicﬂymp}efdznec@rc%%&ﬁiﬂe;V\D 01/68612 -16 1 6 AUG
2004 PCT/USQ/ Q7797 4-4-(4-1luorophenoxy)phenyl]pyrim dine-2-carboxylic
acid 2- chlor oét[ﬁyﬂzadmjﬁgm, rophenoxy)phenyl]pyridine-2-carboxamide;

6—[4—(4~chloro-2-ﬂuorophenoxy)phenyl]pyridine-z-carboxamide;

6-[4-(4-ﬂuorophenoxy)—3-ﬂuorophenyl]pyridine-z-carboxamidf_:;
6-[4-(4-trifluoromethylphenoxy)phenyl]pyridine-2-carboxamide;
6—(4-phenoxyphenyl)j)yrazine—2-carboxamide;
3,5-diamino-6-(4-phenoxyphenyl)pyrazine-2-carboxamide; and
2-[4-(4-nitrophenoxy)phenyl}-4-methyl-[1,3,5]-triazine.

[0065] Further useful compounds of the invention include:

6-[4-(4-fluorophenoxy)phenyl]pyridine carboxylic acid N-

_ piperidinylethylamide;
6-(4-rert-butylphenyl)pyridine-2-carboxamide;
6-(4-n-butylphenyl)pyridine-2-carboxamide;
6-(4-i-propylphenyl)pyridine-2-carboxamide;
6-(4-thiomethylphenyl)pyridine-2-carboxamide;
6-(4-ethoxyphenyl)pyridine-2-carboxamide; and
6-(4-methoxyphenyl)pyridine-2-carboxamide.

[0066] Furthermore, useful compounds of the invention include:
2-dimethylamino-4-[4-(4-fluorophenoxy)phenyllpyrimidine;
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-carboxylic acid ethy] ester;
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-carbamate;



1-[4-[4- (4-fluorophenoxy)phenyl]pyri m di ne-2-y1] -2, 2- di br onoet hani)gemﬁmm
4-[4-(4-fl uorophenoxy) phenyl ] pyri m di ne-2-carboxylic acid

met hyl ami WOMd#B8ILeneam de hydrochloride; 2- [3 -(1,2,4-triReDiUshiir797
4-[4-(4-fluorophenoxy) phenyl ] pyri m di ne;

2-[4-(4-chloro-2-fl uorophenoxy) phenyl ] pyri m di ne-4-carboxylic acid

di met hyl am nonet hyl eneam de;

4-[4-(2,4-difluorophenoxy)phenyl ] pyringli ne-2-carboxylic acid methyl

ester; 2-[4-(4-fluorophenoxy)phenyl]pyrim di ne-4-carboxylic acid nethyl
ester; 2-[4-(4-fluorophenoxy)phenyl]-4-[3-(1,2,4-triazolyl)]pyrimdine;

4-T4-(4-fl uoroph n carbox lic acid
hy Ejr 0§<ymet hyl e%e@nrr{)%ﬁhg Hélnol(@i) cny]fpynn%dl%e-z carbogyhc acid 2-

2-(4- phenoxyph@mﬂra,etﬁ lagiig@t hyl am no) pyri m di ne- 4- car boxami de;
2-(4- phenoxyphengz 6 (di mét hyl ani no) pyri mi di ne- 4- car boxyl i ¢ aci d

di met hy! am de: 12ty larophamosy ohtlpdribiidine opfipnaibahgouhdyc] di ne;  6-

[4- (4-fluoroph hen pyri di ne- 2, 3-di car boxam de;  2- net hyl -
[ 4- (4-f 1 uor ophg’m‘lxej/%'ﬁﬂ%rﬁ ‘% )PgP 11’.3’““&6’1“51%%@@*110 acid

6- (4- phenoxyph%x@l_&ﬂ%ﬂgﬁ&&gﬁ fﬁz’drbcﬁﬂ d di et hyl am de;

5- cyano- 6- (4- pheno yri car Xam de;
5- hydr oxy- 6- (42p[6eﬁ03g4ﬂhazmw1)]p$l—[4 (H- ﬂ%erEﬁfoh?)pﬁBh

5- met hoxy- 6- (4-.p, ) pyri di ne- 2- car boxam de. 00671 Useful aryl
groups are C6_ lefl @y‘?ﬁg s%ﬁeP@Pb«;m@)pbemdagmnmmiwr‘baarﬁsosylmacmr yl groups
i ncl ude phenyl dird 4! ant hracyl, indenyl, azulenyl,

bi phenyl , bi phenyl eEIﬂF[y lggt%B?uoreny groups 100681 Usef ul “cycl oal kyI

groups are C3 8—[@y(&L4}diﬂtyokophEy@q(}ﬂien9ijxﬁﬂldin/d -2-c@ibsPe hag! jcycl opropyl,
cycl obutyl, cycl gpentyl cycl ohexyl and cycl oheptyl. WD 01/68612 17 1 6

AUG 2004
2-[4~(4-fluorophenoxy)phenyl]pyrimidine-4-carboxylic acid methyl ester;

2-[4~(4-fluorophenoxy)phenyl]-4-[3-(1,2,4-triazolyl)Jpyrimidine;
4-[4-(4- ﬂuorophenoxy)phenyl]pynmldme-z-carboxyhc acid
hydroxymethyleneamide;
-(4-phenoxyphenyl)-6-(dnnethylamino)pyrhrﬁdine-4-ca.rboxam1'de;
2-(4-phenoxyphenyl)-6-(dimethylarnino)pyrimidine-4-carboxylic acid
dimethylamide;
2-methyl-3-cyano-6-[4-(4-fluorophenoxy)phenyl]pyridine;
6-[4-(4-fluorophenoxy)phenyl]pyridine-2,3-dicarboxamide;

J 2-methyl-6-[4-(4-fluorophenoxy)phenyl]pyridine-3-carboxamide;
6-(4~phenoxyphenyl)pyridine-2-carboxylic acid dimethylamide;
S-cyano-6-(4-phenoxyphenyl)pyridine-2-carboxamide;
S-hydroxy-6-(4-phenoxyphenyl)pyridine—Z-carbokamide; and
5-methoxy-6-(4-phenoxyphenyl)pyridine-2-carboxamide.

[0067) Useful aryl groups are Cq.14 aryl, especially Ce.10 aryl. Typical Cg.14
aryl groups include phenyl, naphthyl, phenanthryl, anthracyl, indenyl,
azulenyl, biphenyl, biphenylenyl and fluorenyl groups.

[0068] Useful “cycloalkyl groups are Cs.s cycloalkyl. Typical cycloalky]
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl.



PCT/ US01/ 07797 [ 00691 Useful hal o or hal ogen groups include fluoquFAUGZWA
chlorine, bromne and iodine. 10070] Useful alkyl groups include

strai ght -WRAU2and branched C1.10 al kyl groups, nore prREECBUSHIRTTOL 6

al kyl groups. Typical Cl.10 al kyl groups include nethyl, ethyl, propyl,

| sopropyl, butyl, sec-butyl, tert-butyl, 3-pentyl, hexyl and octyl groups.
Al so contenplated is a trinethylene group substituted on two adjoining
positions on the benzene ring of the cpnpounds of the invention. [0071]
Useful al kenyl groups are C2.6 al kenyl groups, preferably C24 al kenyl .

Typi cal C24 al kenyl groups include ethenyl, propenyl, isopropenyl, butenyl,

~and sec enyl . Usefu]l al kynyl .gro are 6. al kynyl groups,
pr ef er al:gpﬁklglcm al %%FLMOW&"‘L"&F“ é’fﬁs é&&%ﬁuﬂ%ﬁ e l?fégmé? ﬁ?fﬁyl ,
propynyl, bufodi¢l , and 2-butynyl groups. 100731 Useful arylal kyl groups

. include a%] of the above-nentioned CE_10 al kyl groups substituted by any
of the [@88e- ment Usefabialkg! groups jrchylectpaightchaihed and dkanehed G5)idkkybenzyl

henet hyl d ht hyl hyl . .. 74] , .. Usef | al kenyl,
PreTELe Bl LTEA Y e THREHL. TSR ATHR S by o
of the_abovemmgt| anad byl 4safhyl0b@ybSsec kAT Rl Lol U patyl aldsyny! of oups

I ncl ude any of the above-nentioned C2: oups s tuted by any
of the aboveudeautybgmups Alsb eonj¢mpiatedds a trivesliylenes gioup substititedeon

phenyl et hynyl and. phenyl propynyl . 076] Useful _cycl oal kyl al kyl groups

i ncl ude any Gf° %gvﬁgsﬂé‘ﬁ%i g’hetﬁl‘o@['zé‘l? é%‘!gypfgtxﬁu‘ﬁ%nl%q}’é‘élﬁi‘?ﬁjﬁ% by any
of the abovemwesidmoned cycl oal kyl groups. [0077] Useful hal oal kyl groups
include C!' 10 al kyl groups substituted by one or nore fluorine, chlorine,
br omi nel0871]i odi neUsefuhalkemyl grovps aoy Gnetlkghy] groufs, pruferablyyy, alkenyl.

trifluoronethyl. ntafl uqroethyl, 1,1-dif]uoroethyl and richl or omet hyl
groups. 16 A 1%8@;4 glfkenyci groupsymclugle ethcny{, propeny ,ylsopropegys, butenyl, y

and sec-butenyl.

[0072) Useful alkynyl groups are Cy.¢ alkynyl groups, preferably C,.4 alkyny).
Typical Co4 alkynyl groups include ethynyl, propynyl, butynyl, and 2-butyny]
groups.

[0073] Useful arylalky! groups include any of the above-mentioned Cj.;q alkyl
groups substituted by any of the above-mentioned Ce.14 aryl groups. Useful
values include benzyl, phenethyl and naphthylmethyl.

[0074] .. Useful arylalkenyl groups include .any of the above-mentioned Cs4

- alkenyl groups substituted by any of the above-mentioned Cg.14aryl groups.

) {0075) Useful arylalkynyl groups include any of the above-mentioned Ci
alkynyl groups substituted by any of the above-mentioned Ce.i4 aryl groups..
Useful values include phenylethynyl and phenylpropynyl.

[0076] Useful cycloalkylalkyl groups include any of the above-mentioned
Ci.ip alkyl groups substituted by any of the above-mentioned cycloalkyl
groups.

[6077] Useful haloalky!l groups include C,.jo alky! groups substituted by one
or more fluorine, chlorine, bromine or iodine atoms, e.g. fluoromethyl,
difluoromethyl, trifluoromethyl, pentafluoroethyl, 1,1-difluoroethyl and
trichloromethy! groups.



WO 01168612 PCT/ US01/ 07797 -18 100781 Useful hydroxyal kyl groups 1’9%@9@
C,_" alkyl groups substituted by hydroxy, e.g. hydroxynethyl,

hydr oxyetW01/63618r oxypr opyl and hydroxybutyl groups. 10078CTUSefam9al koxy
groups include oxygen substituted by one of the Cl-10 al kyl . groups

menti oned above. [0080] Useful alkylthio groups include sulfur substituted
by one of the C1_10 al kyl groups nentioned above. [0081] Useful acylam no
groups are any acyl group, particularky8€2.6 al kanoyl or C6 io0

aryl (C2. 6) al kanoyl attached to an am no nitrogen, e.g. acetam do,

pr opi onam do, butanoyl am do, pentanoyl am do, hexanoyl am do, and benzoyl .

oy (- S0P oup, Vel RSBV eBls Betthio o BB LRSI AP hER Bhoy i ony.
hexanoyl oxy igtlothe.d.iHydrofydtddiBll, fydokpsthy By @EREMGLYICandShydsGgblgIein to

vl
mean saturated or wholly or partially unsaturated ?7 menber éd nocycli c,
or 7-10 nmenb#PEeF-bicyclic ring system which consists of carbon atons and

fromo f our .nd dently sel ected,fromt oup

consi st Rzﬂof 0, Q?é@lgﬂé%gs\/%%éﬁe}‘i %gﬁ]ﬁg O’W'fg%ll? B‘S%Sﬁ%%ﬁ‘g bé’uﬂnﬂﬁptﬁ%%érlbat ons can
be opti onal | slkgbdréugseiientidiRdabbvogen can be optional |y quaternized, and

i ncl udi ng _any bicyclic group in which any of the above-defined

het er ocﬂ’aW]c ri ngésﬁsﬂ ﬁﬂ%’liblot grouph inehuieesulfun gubsiitatedtoer aienof tha €, g

het erocycli c i n . SU [tuted on carbon or on a nitrogen atomif the
resulting co lﬁﬁﬁﬁsmgﬁ%iﬂeg%%&%npl es include, but are not limted to,

pyrrol i[6088, pi peUsefungeylfhiner gﬁ};gearc@jﬁ Rbal J , pafiiiegR! ¢ zol i di ne,
benzodi azglgi nes, and they | i ke.g’%l 0841 U{s,e?)ﬁl ﬂggt gr ocycl oal ﬁ’@?kgbrégﬁps
i ncl ude any ¥t Cehe aaGve)atkanoybragiached) 1ol gnatrhipe pitogps, spbstétamided by any

AR T N e—

het er odp082zjal kyl Ussfubacylbiypsivags e &1y €} Byl TaAkhRIE attRHEN P Dy
(-O-) group, e.g. acetoxy, propionoyloxy, butanoyloxy, pentanoyloxy,
hexanoyloxy and the like.

{0083] The term heterocyclic is used herein to mean saturated or wholly or
partially unsaturated 3-7 membered monocyclic, or 7-10 membered bicyclic
ring system, which consists of carbon atoms and from one to four heteroatoms
independently selected from the group consisting of O, N, and S, wherein the
nitrogen and sulfur heteroatoms can be optionally oxidized, the nitrogen can
be optionally quaternized, and including any bicyclic group in which any of

) the above-defined heterocyclic rings is fused to 2 benzene ring, and wherein
the heterocyclic ring can be substituted on carbon or on a nitrogen atom if the
resulting compound is stable. Examples include, but are not limited to,
pymrolidine, piperidine, piperazine, morpholine, imidazoline, pyrazolidine,
benzodiazepines, and the like.

[0084] Useful heterocycloalkyl groups include any of the above-mentioned
Ci.0 alkyl groups substituted by any of the above-mentioned heterocyclic
groups.

[0085] Useful heterocycloalkylamino groups include any of the above-
mentioned heterocycloalkyl groups attached to an amino nitrogen, such as N-
piperidinylethylamino. |

[0086] Useful alkylamino and dialkylamino groups are —NHR o and



pi peri di nyl et hyl am no. [0086] Useful allrylam no and dial kyl am no 19§M(§H9f[lﬂla
are -NHR10 and 16 AUG 2U04 WD 01/68612 PCT/US01/07797 19 NRL1OR11, erern
R10 and RMOWE6E) 10 al kyl groups. [0087] Useful dial kyl aRiCAdsoky179hr oups
i nclude any of the above-nentioned Cl-10 al kyl groups substituted by any
of the above-nentioned dial kylam no groups. [0088] Useful

di al kyl am noal kyl am no groups include any of the above- nentioned

di al kyl am noal kyl groups attached to anl%m no nitrogen, such as

di.net hyl am noet hyl am no. [0089] Am nocarbonyl group is --C(O NH2. [0090]
Useful al kyl am nocar bonyl groups are carbonyl groups substituted by NHR1O

.and NRIORi 1, _whgy et ' r .1 kyl groups. [0091] Useful
al kyl t hi ol groupsﬁikﬂé%greeﬁgﬁ I%(1)1{?1 }ﬁﬁgﬁe%‘é'\‘}gl}ﬁﬁéugﬁed Cl-1o alkyl groups
substit [@@8F]by a -lﬁéfglrdiﬂlkylahﬁﬁ%kylﬁgmap@%mcﬁraﬁy%(ﬂtﬁe ab%f%%%,gg%] An

.azido group i,s -N3. 100941 An .urejdo gro%p is NH C(O) - NH2. An am no
group i s -NH .l-lgg’lg‘%]grmpsaﬁﬁ‘h?@hﬁ?%br} any einther apmmé-mentidhesiaflialodnmigo NHC( O) - -
as a functi psdr oup. [ 0097] Optional substituents on Rl, R2, and R7-Rl1

i ncl ude any dne ‘of halo, halo(Cl-6) alkyl, aryl, heterocycle, cycloalkyl,
Cl-6 al {§088] C2- 6 asefualy diallGRarfinoalidyYmiho @oubd Grei®e@laky ! of oY $) al kenyl ,
aryl (C2-6)al kynyl , _cycl oal kyl Calid-yG) al ky%f) %eterocyql%(oc 1. 6|)ag Kyl , -
hydr oxy(C 1- Genteped dﬁkﬂ é(ﬂ@mgsyé@t«ms attachesk o( @1 aBimed fyrogen, such as
al koxy( C1-6) L Lno, ureido, cyano, acylam no, hydroxy, thiol,
acyl oxy, azi 3%‘%%{5‘?}3’;’;’35‘{’81& lrg%ﬁ;oy, am nocar bonyl, and Cl-6 al kylthiol groups
nment i on¢@b89Ppove. Rimiricaddnyl bﬁlgibal—@(di)mzt uents include: halo,
hal o( C1 653 %H kyl , fB(drox (C1-6)al kyl, :

009 seful alkylaminiocarbonyl groups are carbonyl groups substituted by

—NHRlo and —-—-NR]()R“, wherein Rm and Rn are Cl-lo alkyl groups.

[0091] Useful alkylthiol groups include any of the above-mentioned C,q
alkyl groups substituted by a —SH group.

[0092] A carboxy group is ~-COOH.

[0093] An azido group is —Nj.

[0094] Ax ureido group is -NH-C(O)-NH,.

[0095] An amino group is -NH,.

[0096] An amide group is an organic radical having ~-NHC(O)- as a
functional group. :

[0097] Optional substituents on R;, Ry, and R7-Ry; include any one of halo,

) halo(C,¢) alkyl, aryl, heterocycle, cycloalkyl, Cy alkyl, Cog alkenyl, Cy.

alkynyl, aryl(Cyg)alkyl, aryl(Cz.¢)alkenyl, aryl(C.¢)alkynyl,

cycloalkyl(C) g)alkyl, heterocyclo(Cy.¢)alkyl, hydroxy(C;.¢)alkyl,
amino(C,s)alkyl, carboxy(C,¢)alkyl, alkoxy(C,4)alkyl, nitro, amino, ureido,
cyano, acylamino, hydroxy, thiol, acyloxy, azido, alkoxy, -carboxy,
amipocarbonyl, and C,¢ alkylthiol groups mentioned above. Preferred
optional substituents include: halo, halo(Cjg)alkyl, hydroxy(Ci¢)alkyl,
amino(Cl.G)alkyl, hydroxy, nitro, C;.4 alkyl, alkoxy and amino.

[0098] Certain of the compounds of Formulae I-V may exist as optical
isomers and the invention includes both the racemic mixtures of such optical
isomers as well as the individual enantiomers that may be separated according

to methods that are well know to those of ordinary skill in the art,



amno(G -6)allcyl, hydroxy, nitro, -6 alkyl, alkoxy and am no. %gqgﬁﬁ
Certain of the conpounds of Fornmulae IN may exist as optical iso %@M
t he i nvenVPdH/68¢i@| udes both the racem ¢ mxtures of such oPCTA®DPI0178DNErS
as well as the individual enantionmers that nay be separated according to
met hods that are well know to those of ordinary skill in the art. 1 6 AUG
2004 WD 01/68612 PCT/US01/ 07797 -20 [0100] Exanpl es of pharmaceutically
acceptabl e addition salts include inepganic and organic acid addition
salts such as hydrochl ori de, hydrobrom de, phosphate, sul phate, citrate,
| actate, tartrate, nmaleate, fumarate, nmandel ate, acetate, dichloroacetate

For mul al2POl, v ¢ n DR oF colpBb AR SQERIRE TORRD: SRl ky . ana.

these may beinopgampar add byorgdet adig Sdﬂ@ihcﬁpnmté”dﬁlcw tdd aiwgém&?&e such as
succi nic anhydride. [01021 The invention is also directed to a méthod for
treating di SB}’ sbromide phosphiates sulphetrecibpisclegtats, tértratecinainatd) famatate, i n

ani mal s Su”ﬁ:[abﬁaa{ehge?a% dbcthl%ggce%il ar gﬁ erred enbodi nents of the aryl

substituted eraryl conp #erethod of this invention are

repr esefguod] by pr Ethyﬁels)bf(iﬁédrﬂgﬁmcmy@d{eﬁseoﬂ Bnides b9 FbrhlieqOURRigRds  of

this invention may be prepared using nethods known to those skilled in the
art. 4-Aryl By,r Rei BiinBs dodi Raes d@drwaﬂwhmmm{soalkﬂ Fodnthese Imdy ban be

prepared as ] r exe actjo in, Scheme 1. For.mation of
the pyri ni di e %i%ﬁg%ga%%lgo cﬂ)gﬁlgémﬂgded ?Iﬁg'&ﬂdgi, SBEL AfeFUCCHIC v (.
Het er ocycl i caffi@de30: 1517-1519 (1993)) and Donmamgala, J. M et al. (J.

Heteroc%cl ic. Chem 26: 1147-1158 § m&) Oxi dation of the ‘et hyl
pyrimd Enpl oy d&e tinsentionnhisd akse twa methnd forl freqtBinge misoRteas m  Bul | .

28: 571-577 1(6358&%)1)6 tovﬂeeojléc(i(%g% %f sgamm channels in animals suffering thereof.
Particular preferred embodiments of the aryl substituted heteraryl compounds
for use in method of this invention are represented by previously defined
Formulae I-V.

[t103] The compounds of this invention may be prepared using methods
known to those skilled in the art. 4-Aryl pyrimidine derivatives of compounds
of Formula III can be prepared as illustrated by exemplary. reactions in
Scheme 1. Formation of the pyrimidine ring was accomplished as described
by Fischer, G. W. (J Heterocyclic Chem. 30: 1517-1519 (1993)), and
Domagala, J. M. et al. (J. Heterocyclic. Chem. 26: 1147-1158 (1989)).

) Oxidation of the methyl pyrimidine employed the method of Sakamoto, T. et
al. (Chem. Pharm. Bull. 28: 571-577 (1980)).



Schene 1 OH K2CO3 DMF 1 6 AUG 2004 PCT/ US01/ 07797 Me2NCH( OMe) 2 NHj é%ﬁ)fﬂﬁt
Pyrazi ne g\gj'ly&kizves of conpounds of Fornmula IIl can be preeared a
illustrate y exenpl ary reactions in Scheme 2 using the nEERAEOHP 7Rt a, A
et al, (J. Heterocycl. Chem 20: 311-320,(1983)), Sato, N et al. (J Chem.
Soc. Perkin Trans. 1 21: 3167-3172 (1997)) and Gainer, (J Og. Chene. 24:
691 (1959)). WD 01/68612 -22 Scherme 2 1. Se®2 2. Al animanmide 1 6 AUG 2004
PCT/ USOL107797 1. POC13 2. H2, Pd/C NabAc N NH2 1. KMh04 N O 2. as Schene
| "N N [0105] 2-Aryl pyrimdine derivatives of conmpounds of Formula IIl can
be

Scheme 1

O 0
+
OH  F7 DMF 0
Me,NCH({OMe),

“ "N NH
O
F | —~
O 0O |

8802
Pyr.

SO -y
F\@\ \N/J\”,ONa Cl 0i-Bu F\©\ \NJY NH2
0
0 NH,OH o o

[0104] Pyrazine derivatives of compounds of Formula III can be prepared as
illustrated by exemplary reactions in Scheme 2 using the method of Ohta, A.
3 et al. (J. Heterocycl. Chem. 20: 311-320 (1983)), Sato, N. et al. (J. Chem. Soc.
Perkin Trans. 1 21: 3167-3172 (1997)) and Gainer, (J. Org. Chem. 24: 691

(1959)).




prepared as shown in Schene 3. The pyrimdine ring was prepared as ﬂUE 2004
descri be eska, K et al. (Helv. Chim Acta. 64: 11

01/ 68612%%@5’{%@ 3 OH CN K2C03 DMF 1 6 AUG 2004 PCTI US%E%@%?&%”&I 1.
HCI/EtOH 2. NHAHOO3 Se02 Pyr. 0 O N k N )Ovwe NH NH2 NH2 [0106] The
2-aryl pyrim di ne-4-carboxam des can al so be prepared by coupling

2-chl or opyri m di ne- 44- car boxam de and a boronic acid or boronate as shown
in Schene 4. i Schenme 4 N NaNO2 HO N wdZer/ HOAc yO~-N N OH Al dri ch

Scheme 2

DL e ey W

2. Alanlmamlde

1. POCl;

2. Hs, Pd/C
NaOAc

O ey o

2. as Scheme 1

[0105] 2-Aryl pyrimidine derivatives of compounds of Formula ITI can be
prepared as shown in Scheme 3. The pyrimidine ring was prepared as

described by Burdeska, K. et al. (Helv. Chim. Acta. 64: 113-152 (1981)).



Ag. Na2C(O3, NH2 Pd (PPh3)4 Tol uene/ Et OH PCC13 N, N-di net hyl ani | '1”?A§§12[]UL
B(OH)2 N_+ 1| ° N O NH2 1 6 AUG 2004 WD 01/68612 PCT/US01/ 07797

[0107] ZWIGUP%‘B%H m di ne- 4- carboxarn,ide is prepared fronPYT/HSQUAII72-

pyri m di nol hydrochl oride using the procedure of Daves et al. (J.

Het erocycl. Chem_ 1: 130-133 (1964)). The chloride is then coupled with a
boronic acid or boronate using the procedure described above. [0108]

Pyridi ne amides of Formula Il can be-8ynthesized as shown in Schene 5:
Schene 5 NH2 B(OH)2 0 Ag. Na2CO3, Pd(PPh3)4 NH2 [ 01091 6-Bronopicolinic
acid (comrercially avail able, marketed by, e.g., Aldrich) is converted to

. the correspondi ng am de and coupled with aryl boronic acids in the
presence of catalytic Pd(PPh3)4. See for exanple Daines, R A et al.
(Bioorg_ Med. Chem Lett. 7:2673-267&heh@37)). The boronic acids

1. HCIEtOH
2. NH HCO,
/j\ O OMe NH
F
o .
Se0,
Pyr.
./
NH,OAc
[0106] The 2-arylpyrimidine-4-carboxamides can also be prepared by

coupling 2-chloropyrimidine-4-carboxamide and a boronic acid or boronate as

shown in Scheme 4.

Scheme 4
/hi/\/l\ NaNO, Nl/j\/ POCI, N7
HO NZ N water/HOAG HO/kN/ & N‘OH N,N-dimethyl- CI/H\N/ “~
aniline SN

Aldrich
H,SO,

Aq. N32003,

N™ ™=
L. A __NH, Pd(PPh3), @\ J@,B(Ole
]:j/ N
@ o o Toluene/EtOH



are commercially available, or they can also be prepared fromthe
correspondi ng brom des or iodides via the Gignard reagent or orgdnﬁ)f-\UEWﬂhm
speci es ugfl%@""tsﬁbz procedures of Bettman, et al. (J Am CheRCTAIS01/0567 1865-
1866 (1934)), Baldwin, J. E. et al. (Tetrahedron Lett. 39:707-710 (1998)),
Li, J. J. et al. (J Med Chem 38:4570-4578 (1995)) and Piettre, S. R et
al. (J Med Chem 40:4208-4221 (1997)). Rather than using boronic acids,’
aryl boronates can be used and are pr.epared fromaryl brom des, iodides
and triflates using the nethod of Murata, M et al. (J. Og. Chem

65: 164-168 1 6 AUG 2004 WD 01/68612 -25 PCT/ US01/ 07797 (2000)) and coupl ed

using t t hod of ~3 " e al. (Tetrahedron  38:3841 (1997)). [0110]
Al ternati \(/)Z’E y, 2- %r%%’g%vrmlﬁ%eb@ﬁr}’ﬁ’f%gﬁaﬁ paeRaserh| femyi4-methyl-2-

br onobor oni ¢ paainddiasithydiecHé e ' to ! coupl i ng
with a phenoFmiin t he *es?ance o@é%&%%@%c%%g‘%sﬁgﬁdg?%ﬁm‘d, S. L.
et al., | AnChemed 1333 (1964))0TBe chlonide is the9Zdypledivizh BBbIMic SEQWP ON the

pyridine is nverted in.two step o the desired am de using the
net hod descri:,Eﬁlga{ég-ﬁg}ﬁe&leg&%gﬂlgegicg(r%q;gﬁwﬁ Na2CO3 B Tol ueneJEt OH

Pd( PPh3)p408] 4- FI ideESQACHR A-F4 D
pr((apar e?:lmbgl coupr?%ﬂgﬁggﬂin%daeglsy su%a%e%ngg&%%%%%:aﬁg%%ﬂ “éﬁ aryl

bor oni ¢ aci dsmit he met hod described in the

Scheme 5
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[0109] 6-Bromopicolinic acid (comamercially available, marketed by, eg.,

Aldrich) is converted to the corresponding amide and coupled with aryl
boronic acids in the presence of catalytic PA(PPhs)s. See for example Daines,
R. A. et al. (Bioorg. Med. Chem. Letr. 7:2673-2676 (1997)). The boronic acids
are commercially available, or they can also be prepared from the
corresponding bromides or iodides via the Grignard reé.gcnt or organolithium
species using the procedures of Bettman, ef al. (J. Am. Chem. Soc. 56:1865-
1866 (1934)), Baldwin, J. E. er al. (Tetrahedron Lett. 39:707-710 (1998)), Li,
I. ) et al. (J. Med. Chem. 38:4570-4578 (1995)) and Piettre, S. R. ef ol (/.
Med. Chem. 40:4208-4221 (1997)). Rather than using boronic acids, aryl
boronates can be used and are prepared from aryl bromides, iodides and

triflates using the method of Murata, M. et al. (J. Org. Chem. 65:164-168



synt hesis of the corresponding pyridine as shown in the Scherre 7 b?Bc;w{;zggl,G

AUG 2006 % 1],@3?%12 -26= Schene 7 PCT/ US01/ 07797 B(OH)2 A Na2CGC3
Tol uene/ Et Ph3)4 [01121 1,3,5-Triazines of the pres T/USN@F\H'?on can

be prepared, for exanple, using the nmethod of Chen et al. (J Og. Cheni.
60: 8428-8430 (1995)) as follows: Schene 8 OHf 02N v ' CN DWVF 02N CN KOCH,

H202 EtOH, reflux Me2N Ove 02N KG-BU2 D oxane 02N O NH HCI ' NH2 Nwe2
-25.

(2000)) and coupled using the method of Giroux, A. et al. (Tetrahedron
38:3841 (1997)).

[0110] Alternatively, 2-bromo-6-methylpyridine can be coupled with 4-
bromoboronic acid and the bromide formed subjected to Ullmann coupling
with a phenol in the presence of Cs,CO; and copper powder (Buchwald, S. L.
et al,J Am. Chem. Soc. 119:10539-10540 (1997)). The methyl group on the

pyridine is then converted in two steps to the desired amide using the method

described above.

Scheme 6
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[0111] Pyrazines can be prepared by coupling a suitably substituted 6-

halopyrazine with an aryl boronic acid using the method described in the

synthesis of the corresponding pyridine as shown in the Scheme 7 below.



K2COB reflex Ove O N NH2 O WD 01/68612 - 27 16 AUG 2004 PCT/ US01Y HA#G 2004
[0113] 5 ¥£ ?%12,44“ azines of the invention can be prepared using the
procedure of Benson, S. et al. (J. Org. Chem 55: 3257-3268CFY8YHY§97as
shown in Schene 9. Ethyl thiooxamate (Al drich) can be converted to the
correspondi ng hydrazone using the nethod of Raetz and Schroeder (J. Og.
Chem 23: 1931-1933 (1958)). Scheme 9 Se®2 CEt [0114] .
3-Axyl-1,2,4-triazines of the inventioifcan be prepared as shown in Schene
10. The sodium salt of hydrazine can be added to a benzonitrile using the
nmet hod of Kauffmann, T. et al. (Angew. Chem 75: 344 (1963)). Formation of
the triazine ring can be acconplishgghdge flescri bed by Shkurko, 0. P. et
(Chem Heterocycl.” Conpd. (Engl. Transl.) 23: 216-221 (1987)).
ConverS| on to t de |red am de can be carrl ed out as disclosed in Rykowski

and Makosza (Te izt t . 4 Bi%ﬂ»;}) AgndaRyiowski , A et
al. (J. Het erocycl ,\ﬁe 356 ( $)). 16-AUG—2004.\WD 01/ 68612
-28 Schene 10 KOH Toluene/EtOH
Pd(PPh;),
l NH
@L 2
[0112] 1,3,5-Triazines of the present invention can be prepared, for example,
using the method of Chen et al (J Org. Chem. 60:8428-8430 (1995)) as
follows:
Scheme 8
Noal
KOH, H,0,
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ni tronet hane ' OH Et 3N, PhNCO benzene N"N H SO 2 4 N N ~I [0115 2004
corrpoundspﬂ%g gl a V can be prepared by the nmethods described

usi ng sui PUB81% i ng conpounds. 10116] The conmpounds of Pﬁﬁé”ﬁ?l”@%’éﬁt

i nvention were assessed by el ectrophysiol ogical assays in dissociated

hi ppocanpal neurons for sodium channel bl ocker activity. These conpounds

al so coul d be assayed for binding to the neuronal voltage-dependent sodi um
channel using rat forebrain nenbranes2dnd [3H BTX-B. [0117] Sodi um

channel s are |large transnenbrane proteins that are expressed in various

ti ssues. They are voltage sensitive channels and are responsible for the

-rapi d i pprigse of sha. ARARIhdst ¥f Ithe i e to.depol ari.zat.i on_.associ at ed
W th thgﬂac?l on pot eir‘;}{l;olzjlZ in naéﬁ &?e)}@?tgﬁ%?ﬁﬁ +ns h%n@%@%eﬁguﬁﬂgc% nerve
and cardi ac predeflare of(Beb8dn, Sner ais@é&g@hdr:heimBESEBQ@ (M9904) Bhbdmt he

-di scovery of . thg Chfﬂn E gf action of the conmpounds herein described as
speci fic Na} ®h chege . %@&eu $BHrichy efins sy epyveastedt 10 stheechani sm

t hese conpouRdge&oadR 3*&?‘%& 1/ 68
PCT/ US01/ 07797 ? co%ﬁ{ g&%% tE{g usewagr%lgyg%c’ g\}egé%tl ng
neuronal | osﬁfdmez’ﬁol%dehﬂ% (b958)).0bal ischema, and in treating or

preventi ng neurodegenerative disorders including ALS, anxiety, and
epi | epsy. They are al so expected to be effective

Scheme 9
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} [0114] 3-Aryl-1,2,4-triazines of the invention can be prepared as shown in
Scheme 10. The sodium salt of hydrazine can be added to a benzonitrile using
the method of Kauffmann, T. et al. (dngew. Chem. 75: 344 (1963)).
Formation of the triazine ring can be accomplished as described by Shkurko,
O. P. et al. (Chem. Heterocycl. Compd. (Engl. Transl) 23: 216221 (1987)).
Conversion to the desired amide can be carried out as disclosed in Rykowski
and Makosza (ZTetrahedron Lett. 25: 4795-4796 (1984)) and Rykowski, A. et
al. {(J. Heterocycl. Chem. 33: 1567-1572 (1996)). |



in treating, preventing or aneliorating neuropathic pain, surgical @gy@'{gm
chronic ‘?ﬁl o gﬂ tinnitus. The conpounds are al so expected to be use
antiarrhy 812 Jnest hetics and anti mani ¢ depressants. [ ORPCOHUSIHEIPT esent
invention is directed to conpounds of Forrmulae |-V that are bl ockers of
vol t age-sensitive sodi um channel s. According to the present invention,

t hose conpounds havi ng preferred sodi um channel bl ocking properties
exhibit an I C50 of about 100 MM or |es38in the el ectrophysiol ogical assay
descri bed herein. Preferably, the conpounds of the present invention
exhibit an 1C50 of 10 Mor |less. Mist preferably, the conpounds of the
present invention exhibit an 1C50 o Eeglgui 1.0 pMor less. Substituted
het er oaryl conpounds of the present Tn h Qon may be tested for their Na}
channel bl ocking activity by the follow ng el ectrophysi ol ogi cal and bi ndi ng
assays. El ectrophysiological Assay 1: [01201 Cell preparati on;-NHgK- 293

(Nal I A-B2) cell linepstably exp essiNg the rB Alsoformof channels

was established in- houThe s werl® ~—

t echni ques, as descri blegd 6 /Y (Verdoom T ‘ Neuron
rophysi ol ogy, cells were pghat¥d onto

4:919-928 (1990)). For el ec
poly-D-lysine pre-coated Cellware 35 nm Petri di shes (B OATorBect on

Di ckinson) at a density of 104 cells/dish on the deynof{re-[seeding from
confluent cultures. Qur experience has been that ceFl 'gbabl e for
recordings for 2-3 days after Jlating. [0121] Patch-cla recordiggs of

vol t age- sensi t| ve Na+ current: g\tsol e- CRUH[DMQd)t age cI anp recorrnEs wer e
echngues (F N Pt Hueger s

made usi ng conV n >
Arch. 391:85-100 ) h an
I nstrunents, Fost y A). The 'tmgordi ng WO 01/ 68« 3€ 6 AUG 2004
PCT/ US01/ 07797 chanber was ¢ontinuously superfused with the ext er nal
solution (150 nM EtsN, PhANCO
benzene
N
Nu
:K HaS04 " | NH
[0115] The compounds of Formula V can be prepared by the methods

described above using suitable starting compounds.

[0116] The compounds of the present invention were assessed by
electrophysiological assays in dissociated hippocampal neurons for sodium
channel blocker activity. These compounds also could be assayed for binding
to the neuronal voltage-dependent sodium channel using rat forebrain
membranes and PH]BTX-B.

[0117] Sodium channels are Jarge transmembrane proteins that are expressed
in various tissues. They are voltage sensitive channels and are responsible for
the rapid increase of Na* permeability in response to depolarization associated
with the action potential in many excitable cells including muscle, nerve and
cardiac cells.

[0118} One aspect of the present invention is the discovery of the mechanism
of action of the compounds herein described as specific Na* channel blockers.

Based upon the discovery of this mechanism, these compounds are



NaCl, 5.4 MM KCl, 1.8 nM CaCl2, 1 mM MyC12, 10 mM HEPES, 10 mM glgjggﬁgﬂm pH
7.4 adJ ust ed vmth NaCH, osnol allty -320 mol / kg) at a speed of about

mL/ min. RECIEPHE pipettes were pulled fromthe thick-wal IEGT!USMTDSHarl es
(WPl , Sarasota, FI) and fire-polished. The pipette resistances ranged from
| to 3 MQ when the pipettes were filled with internal solution containing
(in mMy: 130 CsF, 20 Nad, 2 Myd 2, 10 EGTA, 10 HEPES, pH adjusted to 7.4
with CsOH, osnolality -3 10 mvol / kg. PR#igs and intervening wash-outs were
applied through a linear array of flow pipes (Drummond M crocaps, 2 L,
64-mm | engt h). Conpounds are dissolved in di rret hyl sul f oxi de (DMSO to nake

230 M st ocdonihitbico WALEH Y BB SEMUERIY, S o B2 f BE Xt Tl

solution to give |naI concentrati

concentrat i oer, nghﬂOsclrdrmb),l arellint thextitp 28 pRévent %Hﬁ:foﬁ en@fhln)(fe & §oﬁi€r§ y.
. Currents werge {ecor roomtenperature ( , ltered at 3 kHz
with an acti%“@%ﬁi Bé@@@ﬁy, and eitepsyr ahgsenwalmexpae@d torhawéfemwa MA) |

andl ool di g1 11 Pangr el d e R i ARl Rl S'“%ﬂm?@c%ta SBR[ urrent s).

Series resi S[bﬁmcmdl\ﬂmnﬁaﬁlCEHhedcdmﬁm@ﬂk|Atebéllso gée&@&nto BECERAAr ¥s 10122]
The follow ng voltage pul se protocols were used to assess the potency and

ki netics of 3yharBYHRES, gnestheticnand patimanis dbgfesSaatSconpounds (Fig. 1). 16
AUG 20 [ﬁlléﬁo 01/ %J%rcf o H%Ht{o% Z%nept.:ﬁ to compounds of Fonnulgealo A J v

are blockers of voltage-sensitive sodium channels. According to the present
invention, those compounds having preferred sodium channel blocking
properties exhibit an ICsp of about 100 uM or less in the electrophysiological
assay described herein. Preferably, the compounds of the present invention
exhibit an ICsp of 10 pM or less. Most preferably, the compounds of the
present invention exhibit an ICsy of about 1.0 pM or less. Substituted
heteroaryl compounds of the present invention may be tested for their Na'
channel blocking activity by the following electrophysiological and binding

assays.
Electrophysiological Assay 1:

) [0120] Cell preparation: HEK-293 (NallA-B2) cell line stably expressing the
tBIIA i§0form of Na' channels was established in-house. The cells were
cultured using standard techniques, as described previously (Verdoom, T.A, et
al., Neuron 4:919-928 (1990)). For electrophysiology, cells were plated onto
poly-D-lysine pre-coated Cellware 35 mm Petri dishes (BIOCOAT, Becton
Dickinson) at a density of ~10* cells/dish on the day of re-seeding from
confluent cultures. Our experience has been that cells are suitable for
recordings for 2-3 days after plating.

(0121] Patch-clamp recordings of voltage-sensitive Na® currents: Whole-cell
voltage-clamp recordings were made using conventional patch-clamp
techniques (Hamill et al, Pfluegers Arch. 391:85-100 (1981)) with an
Axopatch 260A amplifier (Axon Instruments, Foster City, CA). The recording



V, gap V, F Figure 1. Voltage pul se protocols. A IV-curves. C 1 6, AUG 2004
St eady- st ate i nactl vation. B. Reprimng kinetics, D. Time course of

bi ndi ng. AR 20l t age rel ati onshi p (1V-curve), protocol PAITUSRKOTI®Rd t o
report the voltage at which the maxi mal inward Na+ current is achieved.
This voltage was used throughout the experinent as testing voltage, Vt.
The steady-state inactivation (or, availability) curve, protocol C, was
used to get the voltage at which al no3d- conplete (?95% inactivation of
Na" channels 'occurs; it served as voltage for conditioning prepul se, V,
t hr oughout the experinent. Protocol B reports how fast the channel s

recover frorgﬂa_r&%}wgst E@ﬁlﬁhuﬂiggﬁ}%@&l ﬁhe\ég’l’&%a S@E@d‘r{w ed us to

set up the duration of ariza

measur enent N&C, o4 kiMeKCEs1.9mMi Oalilngi Q{qugaaumdsnwwﬁsctw‘iﬂwd Na+
channel s (prot ocol D) . Channel reprimng undér control conditions was fast
(?90% r ecove® Racergs PHY 4 adiusted with N@@H ognolalityr3g0 mmbkékg)rrthaespbgd oftards the

rensure the b CRERpin REERIRE RIS et PR Em bk SsCate Ll anne: <
as wel | as t&pildrRadywel,aerasdth] FiYt dnd Kire pafished) - THEO piselk "RbRidhdes/al ues

the reduction in peak currents in successive trials vmth varying pre pul se
duration vvasrapg@ﬂ from dgoad M@ owtieortho pipettes pukes flled vath imterasidsolitiont | e

Funct fon of  CONEAREEL mRy TR0 LD &M bt 8L | HEPRS, B ¢ ne
macr 0SCopi ¢ amtjasiwa) 18 WHECSOP 4 R 80 A BT ISBHATE Ryt o O

t he antagoni s To determ ne K; val u he part o€ ves
measur ed by wasiconts magrer thodnstbmugh @ lipeatyarsdyabf flosw ifest (Drdmnhdrdd t he

logistic érbgar}Js, L 10p. \ 6% > +13§1&&St ag%noln%o]u/ngs P ar)e dlgSO:{-VCd in
dimethylsulfoxide (DMSO) to make a 30 mM stock solution, which was
subsequently diluted into the external solution to give final concentrations of
0.1-100 uM. At the highest (1 %) concentration, DMSO inhibited the size of
Na' current only slightly. Currents were recorded at room temperature (22-25
°C), filtered at 3 kHz with an active 8-pole Bessel filter (Frequency Devices,
Haverhill, MA), digitized at 10-50 ps intervals, and stored using Digidata
1200 analog/digital interface with Pclamp6/Clampex software (Axon
Instruments).  Series resistance was cancelled typically by ~75% when
necessary.
[01_22] The following voltage pulse protocols were used to assess the potency
and kinetics of inhibition of the Na™ channels by the compounds (Fig. 1).



where Ic"trol is the maxi mal Na+ current in the absence of antagofigstls 2004

[ ant agoni %(%’ 1/?865{'9 drug concentration, K, is the concentration of

ant agoni st i produces half maximal inhibition, and p i SCAASYITHR
factor. Electrophysiological Assay 2: .[01231 El ectrophysi ol ogi cal Assay 2
was used to nmeasure potencies of conpounds of the present invention
rBlla/beta 1 sodium channels expressed in Xenopus oocytes. [01241
Preparation of cRNA encoding cloned raBlbrain type Ila (rBlla) and beta 1
(,81): cDNA clones encoding the rat brain beta 1 subunit were cloned in
house usi ng standard net hods, and nmRNA were prepared by standard nethods.
MRNA encoding rBlla was provided by Dr. A Golden (UC Irvine). The nRNAs
were diluted and stored at -80C in | pL aliquots until injection. [01251
Preparation of oocytes: Mature fenal e Xenopus |aevis were anaesthetized
-(20-40 mn) using 0.15 % 3-am nobenzoic acid ethyl ester (M5- 222)

foll ow ng established pré\cedurves (Wodward, R M, et al., Ml. Pharmacol.
41:89-103 (1992)). [01261 Twg=ho six ovarign | obes were surgically renoved.
Qocytes at devel opnental stagggs V-V V\j i ®seclted fromthe ovary,

oocytes were still surroundegdby envel op| nqg ovarji an tissues. Qocytes were
defolliculated on the day-—of—surgery b r t wth coll agenase (0.5
mg/ mL Sigma Type |, or Boehringer Manhheim Type A, for 0.5-1 hr). Treated
oocytes were vortexed tg@ dislodge epgthelia, washed repeatedly and stored
in Barth's medium containing 88 mM NaCl, 1 nMKC, 0.41 nM Cad 2, ,0.33 nM
Ca(NO03) 2, 16 -AUG 2004 WO 01/ 68612 [RCT/ US01/ 0%79%p33 0.82 mM MgSO4, 2.4 nM
NaHCO3, 5 mM HEPES, pH 7.4 fdfgpse=ed with 071 "ng/ gent anmyci n sul phate.
i cu
stem (

101271 Mcro-injection of geeyEesy |Def ol | at ed{ qocytes were m cro-
i nj ected using a Nanoj ect Tnjeéction Dr ur Scientific Co.,
Broomal |, PA). Injection pipettes were beveled to mnim ze clogging. Tip

Figure 1. Voltage pulse protocols. A. [V-curves. C. Steady-state inactivati iming kineti
y - A - L - ctivation. B. Rep
D. Time course of binding. Y mactivation. B. Repriming kinetics,

Current-voltage relationship (IV-curve), protocol A, was used to report the
voliage at which the maximal inward Na* current is achieved. This voltage
was used 'throughout the experiment as testing voltage, V.. The steady-state
inactivation (or, availability) curve, protocol C, was used to get the voltage at
which almost complete (>95%) inactivation of Na*© channels ‘ocecurs; it served
as voltage for conditioning prepulse, V., throughout the experiment. Protocol
) B reports how fast the channels recover from inactivation at hyperpolarized
voltages. This permitted us to set up the duration of the hyperpolarization gap
which is used in measurement of the kinetics of binding of compounds to
inactivated Na' channels (protocol D). Channel repriming under control -
conditions was fast (290% recovery during first 5-10 ms). If a drug
substantially retards the repriming process then it becomes possible (protocol
D) to accurately measure the kinetics of binding of the inhibitor to inactivated
channels as well as the steady-state affinity (k. and X;). To estimate k, values
the reduction in peak currents in successive trials with varying pre-pulse
duration was plotted as a function of pre-pulse duration and the time constant
() measured by mono-exponential fit. A plot of 1/t as a function of

antagonist concentration then allowed calculating of the macroscopic binding



di ameter of injection pipettes was 15-35 m Qocytes were m croi nj edtfegdig ZUP‘
with approximately 50 nL 1:10 ratio m xtures of cRNAs for rBlla and beta
respecti v‘@W.’W@iZS] El ect rophysi ol ogy: Menbrane current r@CHAISOES779Er €
recorded in frog Ringer solution containing 115 nMNaC, 2 nMKCl, 1.8 mM
CaCl2, 5 M HEPES, pH 7.4. Electrical recordings were nmade using a
conventional two- electrode voltage clanp (Dagan TEV-200) over periods
rangi ng between 1-7 days follow ng inggction. The recordi ng chanber was a
sinple gravity fed flowthrough chanber (volunme 100-500 nL dependi ng on
adj ustnment of aspirator). Oocytes were placed in the recordi ng chanber,

I npal ed Wit I and nti nuously perfused (5-15 nL mn-1 ) with
frog Ri nger nsategsogﬁ%% %g%%onl*ﬁt@' ﬁ&h@ﬂ%ﬁ}%tﬁ&s\k@? dagtish Inhibitipy cueves
perfusion. [MdaedV®y FRSEoHA 94 5 Qkij ' apnel currents:
The standard hol di\'l?g potentiaél?’ggioéré l&ﬁ%gﬁagyg{?éé;tgvﬁgﬁgé&gkﬁg%ﬁlﬁﬁw St andar d
current - volegugonel at i onshi ps were elicited by 40ns depol ari zi ng steps'

starting from-- 60nV to +5 in_i!amﬂargcrenpnts. Peak currents were
measured as the maxi mum nedzriry& Yl t &isptagppistl/Feehol ari zikglvol t age steps.
The voltage from maxi num current response was noted and used for the next
vol tage protocol. [0130] The purpose was to find conpounds that are state
dependent nouhdrE gl O theunmmithals DA usnrrhanaetle abs@terdbhiagddi@ compounds

have a low affinity..for the rested/clgsed state of the channél, but a high
affinity foﬁ@‘ﬁ%@%‘&&‘?’sﬁwnﬁ%‘f@onﬁelw Fendentatias efagtagonist thebl was

used to nMeasirb@uces BAIFROHRHSI iﬂﬁfbﬁﬁ%}#taﬂq%%%@?ogier}? tivated state. QOocytes

were held at a holding potentia P% menbrane vol t age,
nearly all of the channels would be in the closed state. Then a 4 second
depol ari zat ;@n Wazl rra%e.t t he vol tage where WD 01/68612 -34 16 AUG 2004
PCT/ US01/ 07 79 7°H9IpEYH ¥rEnt was elicited. At the end of this
depol ari zation, nearly all the channels would be in the inactivated state.
A 10ms hﬁ)er pol ari zing step

[0123] Electrophysiological Assay 2 was used to measure potencies of

compounds of the present invention rBIfa/beta 1 sodium channels expressed in
Xenopus oocytes.

[0124] Preparation of cRNA encoding cloned rat brain type Ila (rBlla) and
beta 1 (f1): cDNA clones encoding the rat brain beta 1 subunit were cloned
in house using standard methods, and mRNA were prépared by standard
methods. mRNA encoding rBlla was provided by Dr. A. Golden (UC Irvine).
The mRNAs were diluted and stored at -80°C in 1 pL aliquots until injection.

) [0125)] Preparation of oocytes: Mature female Xenopus laevis were
anaesthetized (20-40 min) using 0.15 % 3-aminobenzoic acid ethyl ester (MS-
222) following established procedures (Woodward, R. M., et al, Mol
Pharmacol. 41:89-103 (1992)).

[0126) Two to six ovarian lobes were surgically removed. Qocytes at
developmental stages V-VI were dissected from the ovary, oocytes were still
surrounded by enveloping ovarian tissues. Oocytes were defolliculated on the
day of surgery by treatment with collagenase (0.5 mg/mL Sigma Type 1, or
Boehringer Mannheim Type A, for 0.5-1 hr). Treated oocytes were vortexed
to djslodgé epithelia, washed repeatedly and stored in Barth's medium
containing 88 mM NaCl, 1 mM KCl, 0.41 mM CaClp, 0.33 mM Ca(NOs3)y,




was then nade in order to renpve sone channels fromthe incativated state.
A final depolarizing test pul se was used to assay the sodi um cur i éndUbaillier

this pr epol ari zation (see anal ysis bel ow). Sodi um current
measur ed%@%’ﬁg@g

conpound. Data was acquired using pCanp 8.0 software and anal yzed

clampfit software (Axon instrunents). (0131] Data anal ysis. Apparen
i nhibition constants (Ki values) for antagonists were determ ned f
single point inhibition data using the33follow ng equation (a gener

S Were

test pulse before and after the applicatiBnt/8P0YHE% est ed

wth
t

rom
alized

faorm of the Cheng-Prusoff equation) (Leff, P. and 1. G Dougall, TiPS
14:110-112 (1993)). K = (FR'I-FR)* [drug] Eg.2 Wiere FR is the fractional

opol ar 2, ng 2 PSS 2a SNNIRERST SV ERES ity 7 A T
sodi um curr%é@ggﬁ%{&ggch@ds@gmpresence of the drug. [drug] is the

.concentration ug u 10132] Drugs: Drugs were initially

at congenyy at i onsMidrodnkotionV éfh coBVEO. Defalibma@dw@@%nésh%rMm&-o
a series of DMSO stocks over  the range 0.3 p.Mto 10 nM - dependin

the potency gectede UeHEpauanoiedts AeperPns sy siemo (Brugmendadeiensific] 480- 3
dilution of bk O ' e Lyt ons. DVBQO al one had
or no neasur%ofagﬁgf ;ngt smgr?ﬂglﬁr@r%raﬁ%&%%?gﬁgg&%m%.c WBRLS s{lllé’ck

drugs vere sdighme@r iof ihjeeticiampipertad whsOS-B8 NART O8EMéd ARfe Rficriinidiede
up fresh each day of use. In vitro Binding Assay: 10133]- The  abili
conpounds of wWithepprosipatelyi {yehtli dhratio mixtivres o cRN@lsdor rBll4 endlbetn Isi
t he ‘Na channgl s .determ ned follow ng the procedures 1 6 AUG 2004
01/ 68612 Pdﬁ%\éﬁf?ﬁi?g? -35 fully described in Yasushi, J Biol. Che

261: 6149188152 ( 19BRLrrapW)siolsBY AMbRBrantRhrreltNatHRCA we@%é&?&d%ﬁ%r@l 9
respectively. Rat forebrain menbranes were used as sources of '
pr ot ei ns. Th%mgﬁmsﬁln@raggﬁgtgmg 115 mMNaCl, 2 mM KC], 1.8 mM CaCIz, 5 mM

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

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

electrodes and continuously perfused (5-15 mL min-1 ) with frog Ringer's
solution. The tested compounds were applied by bath perfusion.
[0129] Voltage protocols for evoking sodium channel currents: The standard
| holding potential for whole o‘ocyte clamp was -120mV. Standard current-
voltage relationships were elicited by 40ms depolarizing steps’starting from —
60mV 1o +50mV in 10mV increments. Peak currents were measured as the
maximum negative current after depolarizing voltage steps. The voltage from
maximum current response was noted and used for the next voltage protocol.
[0130] The purpose was to find compounds that are state dependent modifiers
of neuronal sodium channels. Preferably, the compounds have a low affinity
for the rested/closed state of the channel, but a high affinity for the inactivated
state. The following voltage protocol was used to measure a compounds
affinity for the inactivated state. Qocytes were held at a holding potential of
—120mV. At this membrane voltage, nearly all of the channels would be in the

closed state. Then a 4 second depolarization was made to the voltage where
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were conducted in 130 Mcholine chloride at 3 7C for 60-m nute incglgaid&gb]]‘
with [3H saxitoxin and [3H] batrachotoxin as radioligands for sit

site 2, WOBeI2Zvely. In vivo Pharmacol ogy: [0134] The coRQDUReE07A$7 t he
present invention nmay be tested for in vivo anticonvulsant activity after
i.V., p.0. or i.p. injection using a nunber of anticonvulsant tests in

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

el ectroshock seizures were induced in.gple NSA mice weighing between 15-20
g and mal e Sprague-Dawl ey rats wei ghi ng between 200-225 g by application
of current (50 mA, 60 pul ses/see, 0.8 nsec pulse wdth, 1 sec duration,

ul ses/ h d
D.C. rats) HermpinboeRinl iR e A BEe sdep“f@%%auqée%?" prattom
restrai ned bie GhhdilfSvdultEbé ROER BKédVarA %&F %QP{;ﬁg)gg&ﬁBl[aﬁ?ﬁg 0

sal i ne-coated corneal el ectrodes were hel t cor neae.
Rats were al Wawdan frasleripvedes te rammvesonieehaimel oiporantle estivatddatateat r odes

wer e used. t and anipals were observed for_ a riod of u
to 30 seconﬁn‘?‘o‘ﬁ ?M@Fﬁ%ﬂ&%“@? ug %F@aﬁlthde‘PWé&ltféﬁ%@ﬁe tgiSponse A P
tonic sei zurgoyaged CAeRRAiAfoR Qu@?ggl%me@e [ O”Sb&luﬁx%ﬁé "gf“’%%nﬁ:?r ees

from the plane of the body. Re ret ted’in a

101351 The corguddst thip toet pelse dafdrerandhafiter matapmem@.pbf\ﬂ@ ftddvity in
the formalin nodel ﬁé%tdescrl bed jn Huné aar B. Fasner, and K

Hol e, J. NeUhPuund. Biath Was apquir 8.0 wafféf arg qodanaisised BANTH i ce

(20-30 og; I—aﬁllnﬁﬁm%g gggﬂugé)nn\éﬁgs used in all experinents. Food was
wi t hdrawn on the day of experinent. ce were placed in Plexiglass jars

for at [P&3Ht 1 hBata tanadesiomuokispacent oinhilstien véorsrrent(K; Fodlhaw Bg t he
accommodation period mce were weighed and given ei thel the corrpound of
|nterest 1 cAuiagonistp verplaandsst fraaCTingde padm7 Shibifien atitd mismgetted i . p. or

i nut s af 1 GPIOR Y eh Bl e afle R e Chehe SR Sapstion) Gotfng cer

P.andI. G. Dougall, TiPS 14:110-112 (1993)).

= (FR/1-FR*[drug] Eq.2

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
concentration of the drug used.

[0132] Drugs: Drugs were initially made up at concentrations of 2-10 mM in
DMSO. Dilutions were then made to generate a series of DMSQ stocks over
the range 0.3 pM to 10 mM - depending upon the potency of the compound.
Working solutions were made by 1000-3000 fold dilution of stocks into
Ringer. At these dilutions DMSO alone had little or no measurable effects on

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

at 4 °C. Ringer solutions of drugs were made up fresh each day of use.
In vitro Binding Assay:

[0133] The ability of compounds of the present invention to modulate either

site 1 or site 2 of the Na’ channel was determined following the procedures



mce were injected with formalin (20 L of 5% fornmal dehyde sol uti on1ifnAUG 2004
surface of the right hind paw. Mcg we

sal i ne) iﬁgpﬂlt,&gl or sal re
transferred to tﬂe Pl exi gl ass jars and nonitored for the BRLUS0Y9% i ne

spent licking or biting the injected paw. Periods of l|icking and biting
were recorded in 5 mnute intervals for 1 hour after the formalin
injection. Al experinments were done in a blinded manner during the |ight
cycle. The early phase of the formalin35response was neasured as |icking /
biting between 0-5 mnutes, and the late phase was neasured from 15-50

m nutes. Differences between vehicle and drug treated groups were anal yzed

" by one-way afidlyysiescribed viar i abushi, UANSMA) ChbmP Yk 6129541595 (V&% C&ﬂfi der ed
significant. Havi_ng activity in blocking the acute ang sgcon& phase of
formal i n-i ndGEYElip&WMP]. hantraset 2§1360-358 t(A88 Vo nespentivelyar Rat dsrebdar ed to be
~efficacious hr.qni ¢ i.n.+ [,0136] The copnpounds may be tested
for their po{ngﬁjtb?%%?l (?r%]'%? aﬁﬁ@%ﬁg‘?ﬁﬁ%f&%‘gdﬁ‘i’telnﬁa%ﬁe %’H}ﬁiﬂﬁl%lﬂi’fs@mni ¢ and
anti hyper al g&gsieCcon@hét¥d id €50 ue (TN f i pheral .neuropathy.
Mal e Sprague- I_Da\g ey rats wei Sﬁyn%&%eet vvee%le aggg‘f%ﬁ 69(1)9%?12@%3 W™ i zed with
hal ot hane ( 1w8h o}ilfvsaaithintandéa‘l-ﬂfbaﬁﬁcl%mﬁnas £adtb1i3Ande X y@e D andRfle phei r body
temperature contr.olled during anesthesia through use of a homeothernic

bl anket. A ZECEPRC&BFlé'aI mdline incision was then nade at the L5 and L6

| evel and the para-vertibral nuscle groups retracted bilaterally. L5 and
L6 spinal nerves were then be exposed, isolated, and tightly ligated with
6-0 silk sujthﬂGVORhmngr ation was perforned exposing the contral ateral
L5 and L6 spinal nerves as a negative control. [0137) Tactile Al odynia:
Rats were transferred to an el evated testing cage wth a wire nmesh floor

and al ljoys4] t o acThd EBHBofuRls & ML ﬁr@sén‘?qn\gégﬂ?%qﬁwe’ﬁe tgs?%cla or g:{“yf'vgce of the

Senmmes- Wi nst ei n nonofilanments were appli plan
hi ndpaw t o centispaywennt raetivity et S.vyi p.odoavig. injectshebie FhamHerrst il anent

bocs, o>t e LI A i et o Eiembch oS, |1
EE: an ggl 1@%?%% %%J}ﬂvﬁ%wgﬁf?%%ﬁgéﬁzﬁﬂ%%é@%ﬁ%& ih 'L SREA Tl @ment i n
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
7801). Mice were restrained by gripping the loose skin on their dorsal surface
and saline-coated corneal electrodes were held lightly against the two corneae.
} Rats were allowed free movement on the bench top and ear-clip electrodes
were used. Current was applied and animals were observed for a period of up
to 30 seconds for the occurrence of a tonic hindlimb extensor response. A
tonic seizure was defined as a hindlimb extension in excess of 90 degrees from -
the plane of the body. Results were treated in a quantal manner.
[0135) . The compounds may be tested for their antinociceptive activity in the
formalin model as described in Hunskaar, S., O. B. Fasmer, and K. Hole, J
Neurosci. Methods 14: 69-76 (1985). Male Swiss Webster NIH mice (20-30
g; Harlan, San Diego, CA) were used in all experiments. Food was withdrawn
on the day of experiment. Mice were placed in Plexiglass jars for at least 1
hour to accommodate to the environment. Foliowing the accommodation

period mice were weighed and given either the compound of interest



-37 PCT/US01/ 07797 woul d be applied up to five tinmes to determ ne HfﬁhBEZML
could eligi.t gsponse. This procedure was repeated with subsequen

| esser fi 8#%&?@ until there was no response and the |i ghP&IUSMNHAENL
that elicited a response was recorded. If the aninmal did not have a

wi t hdrawal response fromthe initial 9.1 gnms filanent then subsequent
filaments of increased weight were applied until a filanent elicited a
response and this filament was then re8érded. For each animal, three
measurenents were made at every tinme point to produce an average

wi t hdrawal threshold determi nation. Tests were perfornmed prior to and at

ot S 5 B e AR Ry

mechani cal hyperal gesia tests were

Mechani cal I—W)erfiiﬁwsﬁnmm@atf&rﬁ&riq).tdoaﬁgf&Mﬂﬁnﬁﬁ’ut@@aﬁér%@kﬁﬁdbﬁﬁéi ng cage
with a wire nesh floor and allowed to acclimate for five tO ten nutes. A

slightly bl UFHEdVEEHI®teth¥ithofprmelint(@0t e ofl 596t formaldehpdee selfitibien hi ndpaw
causing a di ' of. .t kin w thout. netrating.the skin. Adm nistration
of the need eh%)gggoo{n}*er%%%3'\}523‘:?%!}6%f‘5§{31b‘?a@68’e cegusrekransienetitag
reaction, tofhe Pidx@dlhsstigrsbad idiBdrad ' ! I:.Ly given a
w t hdrawal ti ﬁe_ of 0.15 Sseco_nd. %heﬁ’gggbrﬁa{‘%@gg‘%@%@i%gﬁ%ﬁ%i C

ani g}m S 2xhi @Ftlauctaﬁ_;;aﬁ«aggmloﬁ gﬂ.liﬂd:cngtcmmlvh'tingagﬁertseorﬂai tciiﬁnes Bliniié teclff

needl e. ; ra [ en_seconds was used as a cuto

time. Wt hglrafé\{/\?a% |f°\#elsh°q4f5ﬁgﬁ)@€ﬁg%éa§ Biccting Al Reesmpstsewerealone &l t hr ee
tines at eacd blindsd pRLHér didgiR ﬁglytec)y@lé]ut erg&g,\égfé%gp&r{h%dfog%%\gen

applications. The three nmeasures Wer€ used to g e an aver
W t hdr awal tTeRRONSS Was qasasuredes disking / Fiingi hetweal D-ddmitiresaadd ke hagi cal

h | [ t Ly. [01391 The ¢ d b
LeStea for (e vs SESER IR B sC BRGHE, “Tittrentcos Beeanarpicbboamd | schom a

produced i n dragstreatedesionhs WO 6 d h&ne. cegl ' in
o o BRupe oA amalyied Oby aove-Rapcatilas SPSRARET (L. o

Buchan et al, SS
Phar macol . J8AY- 5T \alen 3P PS5 ames @nstderadesignifficant( JHavhgraoseioy in EXp.
Therap. 276:h-4.: 1 .The coppounds. e tested for .their
neur opr ot ec tl?’li?/% Uﬁa%@l%\?c%lt;,‘: aglﬁgsgc?ond p'ilase oPPonnaﬂn—mng%eH paw-licking activity,

the compounds are considered to be efficacious for acute and chronic pain.

[0136]) 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 wei ghing between
200-225 g were anesthetized with halothane (1-3 % in a mixture of 70 % air
and .30 % oxygen) and their body temperature controlled during anesthesia '
through use of a homeothermic blanket. A 2-cm dorsal midline incision was
then made at the L5 and L6 level and the para-vertibral muscle groups
retracted bilaterally. L5 and L6 spinal nerves were then be exposed, isolated,
and tightly ligated with 6-0 silk suture. A sham operation was performed
exposing the contralateral L5 and L6 spinal nerves as a negative control.

[0137] T acﬁle Allodynia: Rats were transferred to an elevated testing cage
with a wire mesh floor and allowed to acclimate for five to ten minutes. A
series of Semmes-Weinstein monofilaments were applied to the plantar
surface of the hindpaw to determine the animal’s withdrawal threshold. The
first filament used possessed a buckling weight of 9.1 gms (.96 log value) and
was applied up to five times to see if it elicited a withdrawal response. If the

animal had a withdrawal response then the next lightest filament in the series



traumatic spinal cord injury according to the procedures described & AUG 2004
W at hal | W@ Pilégepp1l2 -38 1 6 AUG 200 PCT/ US01/ 07797 et al._ (Exp. Neurol ogy
137:119-126 (1996)) and Iwasaki et al. (J Neuro Sci. 134: 2"16-%&("?@?5)).

[ 01411 Conpositions within the scope of this invention include all
conpositions wherein the conpounds of the present invention are contained
in an anmount that is effective to achigve its intended purpose. Wile

i ndi vidual needs vary, determ nation “of ‘opti mal ranges of effective
anmobunts of each conponent is within the skill of the art. Typically, the
conpounds may be adm nistered to mammals, e.g. humans, orally at a dose of
‘0. 0025 to 50 Wawd kg appliecanp dofivedimer tcadﬁtaﬂilinefifﬁﬂ'@)lﬂmeﬁ@i@%exﬁiﬁﬂ ly
acceptabl e sakt _thereof , per day of the body weight of the nral bei ng
treated for zf?}?ﬁ %rlggvf,ure WA TERFa W}&ts}lwqa@gé%efsglmﬁmﬂ itlgre avashyt hmi a,

General 1y abagt omse andpelighiat e TR el A PO frdomsd r
treatnment or tyy evierdidid wit leer aneithdrawsl iré‘spghsebﬁbnﬁm ifiggad. 1 sghem a,
brain and spiha ¢ d traunma, oxi a, hypoglycem a, status eprlepsy and
surgery, the ¢t ‘eﬂo?}f\?ﬂl E%e%néﬁgﬂ?@ﬁ Phtcreaspd wrightveereapplishjustit aon at a
dose of aboufi]in&r%licReROME 1kl 431 The,unit or ose Iy
conpri se from about 0.01 10 %@gﬁ{&ggﬂlﬁg,ﬁ%ﬁr’]&f‘gﬁa%w rﬁ‘ff’(%‘%l'dgoi gt about 10

ng- of the cémpeAknthreeT measimements seergaade at %(@fifyrtihﬁéeﬂoﬁﬂ @NBrofilicd @y € LiMmes
h cont ai ni ng rom about 0.1 to about 10,

daily as one_or nore, tabl et a ai Nj

conveni ent | y aB0%ft w(gt.h%a“fai @@%dcﬁﬂwﬂt@@nﬂbmdN@p petformed paibeso [ 0144]
I n addition. ah® afdm Nk $hem4 -as. a.raw.chem cal ., .the
conpounds of the i nvention %‘ﬁ%gog‘&%ﬂg%@&é&%@?'&?&%ﬁﬁﬁ g apdceut i cal
prepar ati on @ehaienl hypesaligesib kestsphare vasduttéCednciraaGept abl e carriers

conpri si XCi pi epts _an uxiljaries which facilitate processing of the
TP Sygy3sf=c! P ﬁ?ec?zamcc% ﬁypem gesia: Rats were transferred to an glevated testix?g

cage with a wire mesh floor and allowed to acclimate for five to ten minutes.

A slightly blunted needle was touched to the plantar surface of the hindpaw
causing a dimpling of the skin without penetrating the skin. Administration of
the needle to control paws typically produced a quick flinching reaction, too
short to be timed with a stopwatch and arbitratily given a withdrawal time of
0.5 second. The operated side paw of neuropathic animals exhibited an
exaggerated withdrawal response to the blunted needle. A maximum
withdrawal time of ten seconds was used as a cutoff time. Withdrawal times
) for both paws of the animals were measured three times at each time point
with a five-minute recovery period between applications. The three measures
were used to generate an average withdrawal time for each time point. Tactile
allodynia and mechanical hyperalgesia tests were conducted concurrently.
[0139] The compounds may be tested for their neuroprotective activity after
focal and global ischemia produced in rats or gerbils according to the
procedures described in Buchan et al. (Stroke, Suppl. 148-152 (1993)) and
Sheardown et al. (Eur. J. Pharmacol. 236:347-353 (1993)) and Graham ef ol
(/. Pharmacol. Exp. Therap. 276:1-4 (1996)).
[0140] The compounds may be tested for their neuroprotective activity after
traumatic spinal cord injury according to the procedures described in Wrathall



conpounds into preparations which can be used pharnmaceutical ly. Prefenabiogs
the prep t particul arly those preparations which cap_be adm nistered
orally aﬁgaﬂﬁgc ann be used for the preferred type of adﬁ??ﬁ@@?%ﬂm%h, such
as tablets, dragees, and. capsules, and al so preparati ons which can be
adm nistered rectally, such as suppositories, as well as suitable solutions
for 1 6 AUG 2004 WD 01/68612 PCT/ US01/ 07797 -39 adm nistration by injection
or orally, contain fromabout 0.01 to-3®-percent, preferably from about
0.25 to 75 percent of active compound(s), together with the excipient.

[ 01451 Also included wthin the scope of the present invention are the non-

toxi c phar neqeitima! NeuAsISSPT 2R £9-386 r(fgggg) mqu%gmoegr&gs%&eﬁll&es Jresent

i nvention. Acid addition salts are fornmed”by m xing a so on of the
particul ar hEi4etleadd (19%9hpound of the present invention with a solution of

a phar utical accept abl e. non-toxi c acid such as hydrochloric acid,
f umar i JH? id, mat® ogggas, withiny fhe seqns, ofc dis ¢ inkention cindlyde i d,

Lartari ¢ acl b aTdoRgderafish cBRSAROE} it SVAEE e dhesflLet of oacet i c

|
acid, and the I'ike. Basic salt orned by nixi nS a so of the

het eroaryl conguowd thét iseéfeciiveneathidvaisrihiendedrprirpose. SHhilk iigdividhal
phar maceuti cal I,y acceptabl.e non-{:oxi,c base such_as sodi um hydr oxi de,
pot assi um hyFekivge> %’%‘F‘PH@’%H Srtipel rangssiof Atfestivo amonntsnel each | i ke.

h P & f | .
[01461 The RbAHERERUI &AhiCHERARI bF ASafl TyRRaIIVERL ALY Bey be

adm ni stered to any ani nal at may experi he"benet|
the conpourmministeréd to mentrats) .e.g-olnenms) oigng 5 UuRiRe asfi OBOZS a6 somammal s,
e.g., humans, &Ithou h the invention is not intended to be so linted.

[01471 The ph&XEa®Eufh UL Al e phamgcasically i acoeptablonsaltay be

adni ni st er edbuo: BRABE tid Wy RULEYE d Bkl LRGSR ROSEIEQr exanpl e,

admnistration may b y parentera aneous, i ntraven ?
i nt ranuscul ameurddegengretive ciseases, anestissliey merhythatia, bitanr! degreéstsn, and

Alternatively, o concurrently, adm.nistration may be by the oral route.
The dosage ain. i’or intramuscular u}jectlon, the dsose ?s gencral]yyabout oge-half of the

oral dose.
[0142] In the method of treatment or prevention of neuronal loss in global and
. focal ischemia, brain and spinal cord trauma, hypoxia, hypoglycemia, status
epilepsy and surgery, the compound can be administrated by intravenous
injection at a dose of about 0.025 to about 10 mg/kg.

[0143] The unit oral dose may comprise from about 0.01 to about 50 mg,
preferably about 0.1 to about 10 mg of the compound. The unit dose may be
administered one or more times daily as one or more tablets each containing
from about 0.1 to about 10, conveniently about 0.25 to 50 mg of the
compound or its solvates.

[0144] . 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 pharmaceﬁtically acceptable carriers
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

administered rectally, such as suppositories, as well as suitable solutions for



adm nistered will be dependent upon the age, health, and weight of tBheygn
reci pient, kind of concurrent treatnent, if any, frequency of treatnent,
and the WwWaww6861df the effect desired. [01481 The phar nacRt1/¢s01/07797
preparations of the present invention are nmanufactured in a manner which
Is itself known, for exanple, by neans of conventional m xing,
granul ati ng, dragee-nmaking, dissolving, or lyophilizing processes. Thus,
pharmaceutical preparations for oral uge.can be obtained by conbining the
active conmpounds with solid excipients, optionally grinding the 1 6 AUG
2004 WO 01/68612 PCT/ US01/ 07797 -40 resulting m xture and processing the

m Xt ure of . after. i Ng _suitabl.e uxi ki arj . IL.f. desired or
' necessary, 19% 0 Sgr?lﬁoﬁggl 1‘%{3?&%4 OgP]éaElgec%W romp 9@] b'@iit?a?gl BT pi ent s
are, in partpreferadly fionh bbss 052500 ﬁsp&@ﬁﬁbﬁﬁét%%omﬁaeﬁnd(@f?dgahﬁ { ose or

. : T .
_sucrose, mannitol or sorbitol, cellulose preparatrons @nd/or calcium
phosphat es, theexegimbl e trical ci um phosphate or cal ci um hydrogen

hosph 'l as. bi nd h tarch paste, using, f e,
o ve WEasln "ol wplided Wi B et of i plksr Shuten el pen-
tragacant h, tﬁﬁich%rSharn%EﬁﬁHaﬂ‘?eacchiﬂBl@Xé@trsO&y'ﬂ{EB Ihwdguﬁ’ﬂ%eg?& him

car boxynet hyl cel [ ul ose, and/or ‘polyvinyl pyrro one. I red,
di si nt egr at | inyertpant sAeidyadsitienddelds asdormeesl bhematiny e welntivonefdtist ar ches

and al so carbo; thyl -starch, cross-. |inked.pol yvinyl pyrralidqgne, agar,
or alginic a%ﬂrﬁy"g% ggtggﬁafﬁtc}qg{pgglﬁ)ogggnprggengl AR 1t gé‘?]@?‘o‘b\ i¥ jaries
are, above ahfarmhécttichBPRbiaBR RAAEKE adfiuch 4OR&EBRISHc hah, fXpR! €
silica, talc, stearic acid or salts thereof, such as nagnesium stearate or
cal ci um st eaacid,analgivogcid, spetipistasid, epaicoioyd; alitric Beisl tartaric aicels carbenier ovi ded
with suitable.coatings.that, if.desir are resi.stant to.gastric juices.
For this pur%cb‘gep?loggﬁ%ré%??lgt 8laal’sca%°é¢‘ra‘$g}318m§8‘?tlﬁ ?%Srsmﬁj; ChEEGsefSIC whi ch may
optional |y Coltsaird fLAkdbFOmexing & SolutRS WY thY hetedahA! LRRRmdPOH Mie €t Yl ene
gl ycol and/or titanium dioxide, |acquer solutions and suitable organic

, sol vent s orpreeany dmyention twithes solugion of @r phaompeeytically aoeptablgsnonetokist ant t o

Syl ol B8 suR! B SORB &l b6l RS BE AL HRoRdE" 2°
sodium carbonate and the like. _

[0146] The pharmaceutical compositions of the invention may be
administered to any animal that may experience the beneficial effects of the
compounds of the invention. Foremost among such animals are mammals,
e.g., humans, although the invention is not intended to be so limited.

[0147] The pharmaceutical compositions of the present invention may be

) administered by any means that achieve their intended purpose. For example,
administration may be by parenteral, subcutaneous, intravenous,
intramuscular, intraperitoneal, transdermal, or buccal routes. Alternatively, or
concurrently, administration may be by the oral route. The dosage
administered will be dependent upon the age, health, and weight of the
recipient, kind of concurrent treatment, if any, frequency of treatment, and the
nature of the effect desired.

[0148] The pharmaceutical preparations of the present invention are
manufactured in a manner which is itself known, for example, by means of
conventional mixing, granulating, dragee-making, dissolving, or lyophilizing
processes. Thus, pharmaceutical preparations for oral use can be obtained by
combining the active compounds with solid excipients, optionally grinding the



pht hal ate or hydroxypropynet hyl -cel | ul ose phthal ate, are used. Dye $tbuklits2i0i
or pigments may be added to the tablets or dragee coatings, for exanple,
for ideﬁypfﬂil@&%%n or in order to characterize conbi nati oRETHBOHEY e
conpound doses. 10150] O her pharnaceutical preparations which can be used
orally include push-fit capsul es nade of gelatin, as well as soft, sealed
capsul es made of gelatin and a plasticizer such as glycerol or sorbitol.
The push-fit capsules can contain the4gctive conpounds in the form of
granul es which may be mxed wth fillers such as |actose, binders such as.
starches, and/or lubricants such as talc or nagnesium stearate and,

et Uso1/ &7 78y AERs s iR i piBanit vt afdiee siatltispende

in suitabl e hixiluirds, if d84i6dd 2 hebdbiry, ©idbRain Ribldtk GHH PG din. In addition,
stabilizers may be added. [0151] Possible pharnmaceutical preparations,
whi ch c@h4¥e usedSvitableleksipientsnareyite partiovnlas xfklers esucls ap paschagides sfor whi ch

consi st of a_conbipation of one or . nore qf. the active conpounds with a
supposi t ory. siegite ids8 dr Buertiis s Sotutel, GBTose srenaaiags andiett ur al or

synthetic tridin@ephdipBates) foP @kahple NricAlY . ddi 1 It is also
possible to usé ge a({;?n ?ec'?al ca]?)sulngs %Pgﬁ%gﬁs?ﬂsﬁlg@ﬂ{a%%%ation of
the active comsphateisasivelhas blyders. sublpasistateh pastes ersingy €ori edampile)ahaide, f or

Py dr ocar bonor ity BP SRty Fie Bl biionSarty i an (eBarPLu RS r at | on
For exampl'e. e B Py REUR, RO b R IR Con,
suspensi ons @fd/arladnylpyrrdisiepoudfidesired aipmtgpratidgeagentsymb jbe cidded
ol ude f at tehiarant ARV RETPEd SthHean s bR S one d
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suspensi ons yRjure orgimate. s ubuxitiadess awhi above rall, e flew-repeating capentsy and

lubricants, for example, silica, talc, stearic acid or salts thereof, such as

magnesium stearate or calcium stearate, and/or polyethylene glycol. Dragee

cores are provided with suitable coatings that, if desired, are resistant to gastric

juices. For this purpose, concentrated saccharide solutions may be used,

which may optionally contain gum arabic, talc, polyvinyl pyrrolidone, poly-

ethylene glycol and/or titanium dioxide, lacquer solutions and suitable organic

solvents or solvent mixtures. In order to produce coatings resistant to gastric

juices, solutions of suitable cellulose preparations such as acetylcellulose

phthalate or hydroxypropymethyl-cellulose phthalate, are used. Dye stuffs or

pigments may be added to the tablets or dragee coatings, for example, for

identification or in order to characterize combinations of active compound

doses.
[0150] Other pharmaceutical preparations which can be used orally include

push-fit capsules made of gelatin, as well as soft, sealed capsules made of

gelatin and a plasticizer such as glycerol or sorbitol. The push-fit capsules can

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



t he suspension, and include, for exanple, sodium carboxymnethyl cell hcﬁﬁ’?[}ﬂh
sorbitol, dextran. Optionally, the suspension may al sQ conta
stabili ze‘ygm/fg{f%?)] The followi ng exanples are illustrati %&’Hg‘f”"ﬂ&?
limting, of the method and conpositions of the present invention. O her
sui tabl e nodifications 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 withi#flthe spirit and scope of the
invention. 16 AUG 2004 WD 01/68612 PCT/ US01/ 07797 -42 EXAMPLE 1

4-[ 4- (4- Fl uor ophenoxy) phenyl | - pyri m di ne- 2- car boxam de [ 01541 a)

- 1- [ 4- (4- Fl uogctipb epmpnidieste! dreferbio ass: Ioxt i S{'Mﬂ ol (4.45
g, 39.3 mmol), 4-filﬁl§30r_oacet oﬂphenoneﬂ(gi?lﬁe&rrto?( S%%ﬁrlﬁ%%ﬁl an éggglgg’si um

car bonat e ( 1ich 2s Sutyraits) 9r liquidpeaffnd Imaddites, stebiliners dhaydwesddedht . The

- m Xtur allowed to cool to roomtenperature,. then artitioned between
et hyl i@@?@t e (200”1 A’ﬁ‘&"@ﬁ%‘?“ﬁﬁﬁpﬁ‘)‘@%%ﬁ%éﬁ&r he g‘ﬁeﬁqﬁ?@v}u&a | ayer was
extracted W ihBlugs et crampIat fippSsitoritd Onhikh cor-ﬂg?c oﬁ&%ﬁﬁ&@ Bbpaget ate
q d soluti on ?2

| ayers were washed with an aqueous sodi um hydroxi de , 200 nli),
washed twi cemietdf theeetive cogpovnde adth) 3 suhpostorgtese. Saitablnsappdsitds,

filtered, and eva org,ted under %%léfed pre&gure %é give a dark oil. The
oi | solidifi®dor st a¥di T RE: r eFpevatighe Bigaysrigas,. ornearaffingnt  of
crude 1-[ 4- (MydkdcdfBo2RNSROAMRIE B 1d B5H PR el fhirf BN -can bl VR
(CDC13): 7.96 (d, J = 9.0 Hz, 2H), 75?@%&@%@%‘%%@6&?&3&: 8.7 Hz,
2H), 2.59 (whicBepnsift@fsspmbjnation of the active compounds with a base. Possible
3-Di net hyl ami no-1-[4-(A-fl.uor ophenaxy) phenyl]-propenone; = A m xture of
crude 1-[4- (%% WBAI%%%%‘Q&){BEEW@&%H‘EHigll"‘ie[;".dggrﬁP&’?h?élﬁ%e glycols,

N, N- di et hylgr?,*afmﬁjl(ﬁgdﬁbmbﬂyl acetal (2.6 nL, 18.4 nunol) in DVF (20 nl)
was refluxed for 24 hours. The solution was then partitioned between ethyl
acet at d08PH wat erSuitphle frowdations £pe paveaterax admintigichtioni ineludk t dguedusy |

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

soluble salts and alkaline solutions. In addition, suspensions of the active
compounds as appropriate oily injection suspensions may be administered.
Suitable lipophilic solvents or vehicles include fatty oils, for example, sesame
oil, or synthetic fatty acid esters, for example, ethyl oleate or triglycerides or
polyethylene giycol-400 (the compounds are soluble in PEG-400). VAqueous
injection suspensions may contain substances which increase the viscosity of

the suspension, and include, for example, sodium carboxymethyl cellulose,

) sorbitol, and/or dextran. Optionally, the suspension may also contain
stabilizers.
[0153] 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

the spirit and scope of the invention.



acetate and the conmbi ned ethyl acetate |ayers were washed tw ce w UEME%UL
dried ove‘goéﬁﬁ'@f]ﬁ] sulfate, filtered, and evaporated under é % ‘ﬁ sure
to give 3-di yl am no- 1- 14- (4-f| uorophenoxy)phenyl] proﬁ Ry

yellow solid, nip 115-118C 101561 c)

2- Met hyl - 4-[ 4- (4-f 1 uorophenoxy) phenyl ] -pyri m dine: Acetam dine

hydrochl oride (2.00 g, 20.1 mmol) and potassiumtert-butoxide (2.37 g,
20.1 mmol) in anhydrous THE (20 i) wefté-refl uxed for 50 ninutes.

3-Di net hyl ami no- | -[4-(4-fluorophenoxy)phenyl]-propenone (3.96 g, 13.9
mmol ) in anhydrous THE (20 nL) was added to the reaction and refluxed for
an additional 4 hours. The reactEXAM®ISE &l |l owed to cool to roomtenperature
1 6 AUG 2004 WD 01/68612_-43 PCT/US01/ 07797 and concentrated in vacuo. The
resi due was parti t i‘lett-Bhomphenechphenytlepwinidinerdtcashoxamid®he aqueous | ayer
was extracted twice with ethyl acetate. The conbined organic |ayers were
dried over sodiumsulfate, filtered, and evaporated under reduced pressure

to gi vgossd]i d. Ths) CYU¢E{4F{ﬂqqu61fopﬂ@fﬁ)x¥}ﬁhéh§flgl &@HardYie:C OA URixGIE OBRt §gr aphy
(7:3 hexane/ ethyl acetate) to give 1 of the title corrpound as a

yeI | ow sol i dfluerppheir] (@E)‘é:ga)?% sng), (flcﬁluqroacet@hmnm (44nL, 8608meY, J = 8.4

10157] a) 441%‘2?( {’%‘a%ﬁ‘ h%fﬁ&ﬁ%%@é?%f?%ﬂﬂiﬁ @é ‘Eir? B‘?ﬁ?%ﬂé"%&'

4-[ 4- (4- Fl uosvepihig Hﬂxymeﬂiixhire 2o bl lve X6 | Bolith &rob ?&&rat@reo%éﬂm) and

sel eni um di oxi de (1 16 g, 10.4 mmol) in pyridine (40 nL)" were refl uxed
over ni ght . wmmmtwm ethyl eacelatet §200e mulv)e and swited (R0hitmbad Tl med. The

fiItrate was der reduce S esi added to a
2N dqueous so |um S}ﬁ_‘%g é/egg‘[aﬁt F%ﬁcqw?' éetéﬁﬁc gﬁé labl\f%lga elect ed by
filtration aﬂﬂnmﬁede F/Dﬂ%%t@ﬁi ﬁ%ﬂé@wﬁtﬁ%@ﬁﬁ%&&k&&%‘ﬂ}dﬁ&iﬂe and et hyl
acetate. The aqueous er was extracted two nore tinmes wth ethyl acetate.

The conbi nedobtian(EN| 23femd )wwaghedrvéer withrwaled (206 ml dagh)e dritd lover ed, and
sodium sulfate, filtered, and evaporated under reduced pressure to give a dark

oil. The oil solidified on standing at room temperature overnight. The weight
of crude 1-[4-(4-fluorophenoxy)phenyljethanone was 6.7 g (80%). 'H NMR
(CDCl3): 7.96 (d, T = 9.0 Hz, 2H), 7.11-7.06 (m, 4H), 6.98 (d, ] = 8.7 Hz, 2H),
2.59 (s, 3H).

10155] b) 3-Dimethylamino-1-[4-(4-fluorophenoxy)phenyl}-propenone:
A mixture of crude 1-[4-(4-fluorophenoxy)phenyllethanone (17.9 mmol) and
N,N-dimethylformamide dimethylacetal (2.6 mL, 18.4 mmol)} in DMF (20

) mL) was refluxed for 24 hours. The solution was then partitioned between
ethyl acetate and water. The aqueous layer was extracted twice with ethyl
acetate and the combined ethyl acetate layers were washed twice with water,
dried over sodium sulfate, filtered, and evaporated under reduce pressure to
give 3-dimethylamino-1-[4-(4-fluorophenoxy)phenyl]-propenone as a yellow
solid, mp 115-118°C.

[0156} c) 2-Methyl-4-[4-(4-fluorophenoxy)phenyl]-pyrimidine:
Acetamidine hydrochloride (2.00 g, 20.1 mmol) and potassium terr-butoxide
(2.37 g, 20.1 mmol) in anhydrous THF (20 mL) were refluxed for 50 minutes.
3-Dimethylamino-1-[4-(4-fluorophenoxy)phenyl}-propenone (3.96 g, 13.9
mmol}) in anhydrous THF (20 mL) was added to the reaction and refluxed for

an additional 4 hours. The reaction was allowed to cool to room temperature



evaporated under reduced pressure to give 1.5 g (80% of the acid qsg G 200k
soIPd. "H NVR (DVBO-d6): 8 8.95 (d, J = 5.4 Hz 1H), 8.25 (d, J = 8. 3%
2H), 8. ¥0(H¢8682- 5.4 Hz, 1H),7.30(t, 3=8. 7Hz,2H) 7.22-7. 1PQEASRPTATIL3 (d, J
=9. 3Hz, 2H). [0158] e) o _ _

4-[4-(4-Fl uor ophenoxy) phenyl ] - pyri m di ne- 2- car boxam de: A mi xture of
4-[4-(4-fl uorophenoxy) phenyl]-pyrimdi ne-2-carboxylic acid (1.00 g, 3.23
mmol ) and carbonyl diimnmdazole (1.10 g436.78 nmol) in DVF (10 nmL) were
stirred at roomtenperature for 2 hours. Solid amonium acetate (2.10 g,
27.2 mmol ) was then added to the reaction. After stirri ng overni ght- at room

- emerat ure. ahbeonceauiie0in vacl T Rtk ks SutHlorRE BL3HEy RS UEGsovr a

times with water, dried over sodi um sul fat ere Fat ed
under reduced™d Saigsufke aquesus dayte Vpasoﬂﬂmattmwmﬁn aﬁylba/cegaqg URe

0% t to 95:5 ethyl
~Gcet ar el et napiRA SElgE: KhAR N cSagd i rsdun) ruteier Glied, asdyel 1 ow
(Ve 08 1S Eag oo e @*@fﬁ?% H A" The oo phitgy G 50" 1
(1E|)NBO 8. )15 (Burify ‘(35 columpn clmamatt?gr&&)( 53 hﬁkﬁne/&hﬁOac(etaie)Jto ite 4. 7|“g, 2H),

h f |
Zorznz)oZnéZ (nl 4"’3‘%’6&?8@@!&}{@3}1@sayezlowsol HI‘EI\(/)&{S(Q Dgls)eﬁ 3%1 (‘(iw?—n °
b | ' I d
414 (4-F1 wor aphanany) Bhay! T8y HA B £a2 6 B8 HeC BE DT Rt am e
4-[4-(4-Fl uoﬁHgReWoésyj enyl] pyr| m di ne- 2- cargoxyl i2c acibd ter'sj but yl am de;
oxami de;
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4-|
4-

foI[Iovm ng corrpounds can be

4-[ 4- (4- met hmtwmmw)dpr(édﬁ zpyonmmhoiﬁﬁmﬁw | B) were refluxed
4-[
[ 4-

4 (471 or OGRS, THE Atgor %{aﬁ@%esﬁfr%%”aﬁ%gesgﬁ@%ﬁé&%ﬁff&”u&% fhe
filtrate was evaporated under reduced pressure. The residue was added to a
2N aqueous sodium hydroxide solution. The resulting solid was collected by
filtration and partitioned between aqueous hydrochloric acid (2N} and ethyl
acetate. The aqueous layer was extracted two more times with ethyl acetate.
The combined organic layers were dried over sodium sulfate, filtered, and
evaporated under reduced pressure to give 1.5 g (80%) of the acid as a solid.
'H NMR (DMSO-dg): & 8.95 (d, ] = 5.4 Hz, 1H), 8.25 (d, T = 8.7 Hz, 2H),

) 8.18(d, J = 5.4 Hz, 1H), 7.30 (t, ) = 8.7 Hz, 2H), 7.22-7.17 (m, 2H), 7.13 (d, J
= 9.3 Hz, 2H).

[0158) €) 4-[4-(4-Fluorophenoxy)phenyl]-pyrimidine-2-carboxamide: A
mixture of 4-[4-(4-fluorophenoxy)phenyl]-pyrimidine-2-carboxylic acid (1.00
g, 3.23 mmol} and carbonyl diimidazole (1.10 g, 6.78 mmol) in DMF (10 mL)
were stirred at Toom temperature for 2 hours. Solid ammonium acetate (2.10
g, 27.2 mmol) was then added to the reaction. After stirring overnight at room
temperature, the reaction was diluted with ethyl acetate, washed several times
with water, dried over sodium sulfate, filtered, and evaporated under reduced
pressure. The crude product was purified by column chromatography
(grédient from 100% ethyl acetate to 95:5 ethyl acetate/methanol) to give 669
mg (67%) of the desired product as yellow solid, mp 180-182 °C. 'H NMR



EXAMPLE 2 2- Met hanesul fonyl - 4-[ 4- (4-f 1 uor ophenoxy) phenyl ] pyri m di nel fOUG L)l
a) 2-Thionet hyl -4-[4-(4-fluorophenoxy) phenyl]pyrimdine: A mxture of

3-di met hyWaBLE86IR- [ 4- (4-f | uor ophenoxy) phenyl ] - pr openone ( SBET/USBL0719793
mol ) and thiourea (294 ng, 3.86 nmol) suspended in 5 nL of ethanol was
treated with 1.6 nL (1.93 muvol) of a stock solution prepared from 382 ny
of 85% KOH in 5 nL of ethanol added dropw se via syringe. The resulting
solution was heated at reflux for 4 hoygs. Once at room tenperature, the
yel l ow precipitate (348 ng) that fornmed was isolated by filtration and
washed with ethanol (2 nl) The solid (338 ng) was then suspended in 5 nL

f t d | f at dded. Aft 5
minutes, 1 crvSory: of %‘Z‘o’ 55 Re EE ol 6 vl Hacdd, s3acbmodh2004 o
giifiﬁiidpﬂ B er (s DI RS R, 00 LR P onl T AL G, ashed
with water a2id), Hr]%éd,h*Bé’di:@,hJ&BSOﬁl) and concentrated. Fl ash

chromat ography (silica gel; 3:1 hexane/ethyl acetate) afforded 226 ng of
the thiol as an off-white solid. "HNWR (CDCOI3) 8 8.51 (d, | H J=5.1 Hz),

g gg gg{l)l?’ ) ' Jl‘alglélgf(gﬁc)wmécgﬂap&lﬂ]dslwéf‘e pijepa?trcﬁ'sﬁnHazﬂ}i' 7.11-7.00  (m 6H),

2- Met hanesul 4M4$Mqr4phehoky)phen}ﬂ]4pmmyd1wewﬂoﬂym il hieiylarfidso! uti on of
205 mg (0. 656

f | uor ophenoxy %&E@/‘ﬂrﬁ%"q iy Eﬂﬂqﬁpmdlﬁﬁ'zmﬂlmd timeeshyamidet h a
sol uti on of mlﬁm&%k% 11’5%"%%?& 5 A%, Cac1$%§P| n CH az (2

m_),After stirrin oom t effper a ‘?1vvas
ext ract ed wﬂM-E@Tmiﬂwmnhcthﬂphatoeny)plﬁnﬁﬂ/ giedids-2s@ehdkiinidr ogen sul fite

sol ution, i ne Aft r. drying. Na2804) the sol vént was renoved
in vacuo an%i‘f{ @43%&{ Sﬁ!ﬂ‘iﬂﬁ’ m,@gdaphy (silica gel;

Soli 0, mp 14ET I 8 5@%"%%?%@%’“%‘%6%59 faldes g 510 8. 10 (o

. [0160] Further, the following compounds can be prepared similarly:
4-[4-(4-methoxyphenoxy)phenyl]pyrimidine-2-carboxamide;
4—[4-(3-chloro-2-cyanophenoxy)phenyl]pyﬁmidine-z—carboxamide; and
4-[4-(4-fluorophenoxy)-3-flucrophenyl]pyrimidine-2-carboxamide.

EXAMPLE 2

’ 2-Methanesulfonyl-4-[4-(4-fluorophenoxy)phenyl}pyrimidine

[0161] a) 2-Thiomethyl-4-[4-(4-fluorophenoxy)phenylJpyrimidine: A
mixture of 3-dimethylamino-1-[4-(4-fluorophenoxy)phenyl]-propenone (551
mg, 1.93 mmol) and thiourea (294 mg, 3.86 mmol) suspended in 5 mL of
ethanol was treated with 1.6 mL (1.93 mmol) of a stock solution prepared
from 382 mg of 85% KOH in 5 mL of ethanol added dropwise via syringe.
The resulting solution was heated at reflux for 4 hours. Once at room
temperature, the yellow precipitate (348 mg) that formed was isolated by
filtration and washed with ethanol (2 mL). The solid (338 mg) was then
suspended in 5 mL of water and 0.25 mL (2.6 mmol) of dimethyl sulfate was
added. After 5 minutes, 1.6 mL of a 2N aqueous NaOH solution was added.



2H, J = 8.8 Hz), 7.87 (d, 1H J = 5.5 Hz), 7.13-7.09 (m 6H), 3.451(BAUG 200
311). EXANPLE 3 1-[4-[4-(4- Fluorophenoxy)phenyl] pyri m di ne-2-yl ] -et hanone
101631 a)W@O0}/48612- F| uor ophenoxy) phenyl ] - pyri i ni di ne- 2- car lrayU$ot/0aroi7d

ethyl ester: A mixture of 4-[4-(4-fluorophenoxy)phenyl]-pyrim dine-2-
carboxylic acid (3.15 -g, 10.2 mol ), iodoethane (2.0 nL, 25 mml), and
cesium carbonate (7.00 g, 21.5 mol) in DVF (100 nL) was naintai ned at
70-80 C for 16 hours. The m xture was_jfien partiti.oned between water and

et hyl acetate. The aqueous | ayer was extracted twice with ethyl acetate.
The conbi ned organic Iayers were washed 3 tinmes with water, dried over

~sodium sul f filtered, evapor at ed under_reduced pressure to give an
oil. Purif i"gli‘r’f JHogg %Pﬂﬁ% g‘lﬁ%ﬁ?{?gwabﬁwtqedlwrthmfé/(gm b mbdt at e)

Standing at T B SOM OB Gt She Ol 1P P09 ke WSO, 1 e "

T Oy s M WS emgchthanyi, 31
' = " ] N = ! m )
J=7.5 H, r’ﬁ{;rdefﬁﬁ@rqg of he.ship] gs mofiswbne fanId64']HNjVIR(CDC13)5 8.51 ;

LU (o RusoRomen i e bl B4 0l e 2l PLIBRAgE, T3 sol vt or
(0,66 g, 1.9m,01)2.6410s,3H)ydrous THE (20 nL) at -78 C under nitrogen was
added a 1.4 Msol ution of ‘methyl magnesium bronmide in ether (1.4 niL, 1.96

nmmol ) i[A1&He porthhon. 21Meth@msulfwlwﬁa[§ (§tﬁuorrqaheaoxy)ﬁ}&r@l]ppmmﬁﬁne m nut es,

Aaucous | aych WRATBOTT ST oS, P cthPO adabale. Sha S ERLEr gan e

| ayers were ﬂimrephsmwy)pﬁa@l]ﬁthhﬁa@tﬁ, gfmlt f @d{ﬂ;ﬂ%@@&@é@ﬁﬁ& ynder

reduced pressure to give a solid. The crude product was then subjected to
col um  chr ool Hgl(r@g@fwwblﬁwp@tmbemm emé)(Saﬁﬁ%r)dnr@HﬂCBfizg (60% of

e 15 A oo
6H), 2.85 (Sexna&teﬂl)wuh 20 mL each of water, a 5% aqueous sodium hydrogen sulfite
solution, water and brine. After drying (Na;SO,), the solvent was removed in
vacuo and the residue was purified by flash chromatography (silica gel; 3:1
EtOAc/hexane) affording 183 mg (81%) of the title compound as a white
solid, mp 146-147 °C. 'H NMR (CDCl;) & 8.90 (d, 1H, J=5.5 Hz), 8.19 (4,
2H, J = 8.8 Hz), 7.87 (d, 1H, J = 5.5 Hz}, 7.13-7.09 (m, 6H), 3.45 (s, 3H).

EXAMPLE 3
1-[4-[4-(4-Fluorophenoxy)phenyl]-pyrimidine-2-yl]-ethanone

[0163] a) 4-{4-(4-Fluorophenoxy)phenyl}-pyrimidine-2-carboxylic  acid
ethyl ester: A mixture of 4-[4-(4-fluorophenoxy)phenyl]-pyrimidine-2-
carboxylic acid (3.15 g, 10.2 mmol), iodoethane (2.0 mL, 25 mmol), and
cesium carbonate (7.00 g, 21.5 mmol} in DMF (100 mL) was maintained at
70-80 °C for 16 hours. The mixture was then partitioned between water and
ethyl acetate. - The aqueous layer was extracted twice with ethyl acetate. The
combined organic layers were washed 3 times with water, dried over sodium
sulfate, filtered, and evaporated under reduced pressure to give an oil
Purification by column chromatography (1:1 hexane/ethyl acetate) afforded
the desired product (2.14 g, 62%) as an oil which solidified upon standing at



EXAMPLE 4 2-[4-(4-Chloro-2-fluorophenoxy)phenyl]pyrimd ine-4-car b dxAlih 198
[01651 a) 4-(4-Chloro-2-fluorophenoxy)benzonitrile: A m xture of 4-

f 1 uor oberOfili6B§1Le (5.0 g, 41.3 nmol), 4-chl oro-2-fl uor ophR@DIUSEKOTIITL, 44
mol ), and potassium carbonate (13.8 g, 99.8 mml) in DVF (100 nml) was

refl uxed overnight. After cooling to roomtenperature, the m xture was
diluted with ethyl acetate, washed twice with a 2N aqueous sodi um hydr oxi de
sol ution, washed with- water, dried avg.sodiumsulfate, filtered, and
evapor at ed under reduced pressure to give very light yellow solid. The

wei ght of crude product was 7.56 g (74%. "H NMR (CDC13): 8 7.61 (d, J =

E e N T i O LI
hiorid . j A (e 2.
T I T e L

1 6 AUG 20046H)\551(46B8 725 R IHISOMOQY, 3977.54T2,8H)0 C for 15 nminutes. The
solutio ed at room tenperature for 24 hours and

t d '
concent@é&%ﬁl f oog&)e/ Lgs%‘.[g‘?‘ﬁ'é‘f‘i:b&irf‘éfﬂ@ﬂ%Ph@l}’élswl‘i&éiﬂimm2e’ﬂ]ﬂahamr(e:L00 m),
[ . d._and.,th | t1 .m xt
s ot irreq by ARofuofl of £14 LoadBBbRerS ok BT By e 2R i oy o and

the filtrat ecthpsestr{po6ag, dDLndesl) ire usPTHPS206nl P a0L Y€ °@ Mkt e sol i d.
The crude int.ernedi ate s not. purifie and was cartried on to the next

step. ' H NVREPESOYAS pddad 271 4oMsplution-obmethyb pagnesiumobronitdetn ¢ter 3H), 7. 18

(d, I = 8.4, .m f cr.ude am.di ne oRQt um

t ert.- but oxi d(el' (0. 72@3%861%%%%&0% n@?%%ﬂlﬁ%lﬁnm@uﬁﬁslaﬁgzgr@%’r d for 30
m nutes. Aceinpteacqientbiehyifle waterahd phrtioakd betivbéPWAterQnd efflyl aBetdteMO! ) was
added and the reaction was heated at reflux overni ght. Additional

pot assi um t et 1S ayEPdRder Ve exgragtedgwith gyl geetate apAtimrcqabigediorgapict ol )
wer e added. 1408 Glerd a0 bverdbdiuil Ltﬂi‘ate,tfﬁ?erécf%ﬁ'e%gpgl\%sed%lnldglwree%ugé)d cool to

roomtenperature _
pressure to give a solid. The crude product was then subjected to column

chromatography (6:4 hexane/ethyl acetate) affording 0.36 g (60%) of the
desired product as a solid. 'H NMR (CDCl): 6 8.90 (d, T = 4.2 Hz, 1H), 8.16
(d, J=8.4 Hz, 2H), 7.76 (d, ] = 4.8 Hz, 1H), 7.09-7.06 (m, 6H), 2.85 (s, 3H).

EXAMPLE 4
2-[4-(4-Chloro-2-fluorophenoxy)phenyl]pyrimidine-4-carboxamide

[0165] a) 4-(4-Chloro-2-fluorophenoxy)benzonitrile: A mixture of 4-
fluorobenzonitrile (5.0 g, 41.3 mmol), 4-chloro-2-fluorophenol (4.7 mL, 44
mmol), and potassium carbonate (13.8 g, 99.8 mmol) in DMF (100 ml) was
refluxed overnight. After cooling to room temperature, the mixture was
diluted with ethyl acetate, washed twice with a 2N aqueous sodium hydroxide
solution, washed with- water, dried over sodium sulfate, filtered, and
evaporated under reduced pressure to give very light yellow solid. The weight
of crude product was 7.56 g (74%). 'H NMR (CDCls): & 7.61 (d, J = 8.1 Hz,
2H), 7.27-7.07 (m, 3H), 6.98 (d, T = 8.7 Hz, 2H).

[0166] b) 2-[4~(4-Chloro-2-fluorophenoxy)phenyl]-4-methyl-pyrimidine:
Hydrogen chloride gas was bubbled through a solution of 4-(4-chloro-2-
flucrophenoxy)benzonitrile (1.64 g, 6.64 mmol) in ethanol (100 mL) under N



and partitioned between water and ethyl acetate. The aqueous |ayer WaglUh 200
extract eq,vara% 6:ﬁth ethyl acetate. The conbined organic |layers were dried
wi th sodium su? ate, filtered, and evaporated under reduc BP%@@J?% to
give a dark brown solid. Colum chromatography (85/15 hexane/ethyl acetate
to 8/ 2 hexane/ethyl acetate) afforded 0.90 g (43%yield fromthe
benzonitrile) of the desired product as solid. "H NWVR (CDC13): 8 8.60 (d,
J =51Hz, 1H), 8.42 (d, J = 8.4 Hz42H), 7.24-7.02 (m 6H), 2.56 (s,
3H). [0168) c) 2-[4-(4-Chloro-2-fluorophenoxy)phenyl]pyri m dine-4-
carboxylic acid: A mxture of 2-[4-(4-chloro-2-fluorophenoxy)phenyl]-4-
- met hyl - pyri itd) P %9.130 8 ; L um,_dh QX 0,62 g, 5.6
mol ) in pyridine (50 nlﬁ%ﬂggss @%&%%0%%? ﬁs{?@%&e‘d,rﬁg&%ﬁgr% RAD | oned
to cool to rigopsrabwpdont2dr bourshand tohdestratdd tior diygbssa e gkidgelywise. The

~filtrate vvadz etlagoranegﬁd ggg@r rgduced pressure. The resi due was di ssol ved
in ethyl acdd8tqt'&" a0 i) c amppanium carbosaigebiis 2h§dimemhl)ovasc aci d

sol ution. ThRde® s HeCr S ' sodi sul fate,

filtered, and ee\_/aporeate}'elg under riﬁtﬁ%g‘%&%{rj@s@é{}@g{ﬁgg%wg%%g OYS(8299 of a

light yel | oWhaOmituesede filtdigd dnd thJGEIROR WRCTHVRISRAIQ7dSTersRduebd ' H NVR

DVBO-d6): 8 9.11 (d. J = 5,1 Hz, . 8.46 (d, J = 8.7 Hz, 2H), 7.87 (d,
S = 4.5 ?—Iz Pggpure A0 f4ve, a yhife ol H)T,]h%%ée elétprguediatg.\’@smt pzﬂﬁed,gbmg] d) (

gol[ﬁtl(gncgl‘ qg&[%nﬁ%%@gq%ﬁ%t _reg% eno@%@%}ﬂ?]—aﬁ%@f‘{’ﬁ'%g?;egﬁicgr boxylic
acid (0.6 g,7.4077.25rnl, BH)ANAS ¢dyTzogy| 2H).i m dazole (0.54 g, 3.3 mmol) in

DM:‘(ZSW was stirred at room tenperature under nitrogen for 30 m nutes.
Sol i'd i um acemaixgire of dheycrude amiding andposaidiv fernbutonier @t g,0n was

stirred overgy g Jhe, r ' t il ut Wi, t et hyl .acetate,
washed 3 tines ?\ﬁ%ngz% erﬁ%ﬁ{cfbﬁgd@erlgggd%@% g Wef}oﬂ II3 eugutes-ang
evapor at ed Uhmtylageealdetryde dirasthyl scet) (AABDA; V& hPW5 Si0hihth]) FAE addedde
product was a%Hrth i ed _bg col.um chr onat ogr apﬁy (4.1 dichloronet hane/ et hyl
€ reaction was heated at reflux overnight. Additional potassium zert-
butoxide (0.72 g, 6.1 mmol) and AADDA (0.8 mL, 5.4 mmol) were added.

After 6 hours at reflux, the reaction was allowed to cool to room temperature

and partitioned between water and ethyl acetate. The aqueous layer was
extracted once with ethyl acetate. The combined organic layers were dried
with sodium sulfate, filtered, and evaporated under reduced pressure to give a
dark brown solid. Column chromatography (85/15 hexane/ethyl acetate to 8/2
hexane/ethyl acetate) afforded 0.90 g (43% yield: from the benzonitrile) of the
desired product as solid. "H NMR (CDCI3): 8 8.60 (d, J = 5.1 Hz, 1H), 8.42 (d,
J=8.4 Hz, 2H), 7.24-7.02 (m, 6H), 2.56 (5, 3H).

[0168] c) 2-[4-(4-Chioro-2-fluorophenoxy)phenyllpyrimidine-4-
carboxylic acid: A mixture of 2-[4-(4-chloro-2-fluorophenoxy)phenyl]-4-
methyl-pyrimidine (0.90 g, 2.87 mmol), and selenium dioxide (0.62 g, 5.6
mmol) in pyridine (50 mL) was refluxed overnight. The mixture was allowed
to cool to room temperature, then filtered through a bed of Celite. The filtrate
was evaporated under reduced pressure. The residue was dissolved in ethyl
acetate, and washed twice with a 2N aqueous hydrochloric acid solution. The
organic layer was separated, dried over sodium sulfate, filtered, and
evaporated under reduced pressure to give 0.808 g (82%) of a light yellow



acetate) to give 331 ng (55% of the final product as a white soli d1 G 2004
198 200‘90@8@ (CDC13) 59.01 (d, J = 4.8 Hz, 1H), 844}@}%1]\]:

Hz, 0% .2 Hz, 1H), 7.88 (bs, 1H), 7.26-7. BSTUVORT 7 16
-- 7.10 (m 2H), 7 06 (d J =8.7 Hz, 2H), 5.75 (bs, 1H). 101701 The
foll ow ng conpound was prepared simlarly:
2-[4-(4-Cnhloro-2-fl uorophenoxy) phenyl ] pél’l m di ne-4-carboxylic acid nethyl -
am de. EXAMPLE 5 2-Chl oropyri m di ne- ar boxam de [0171] a)
2- Hydr oxy- 4- pyri'm di necar boxal dehyde, oxinme: A solution of -
4-met hyl - 2-pyri m di nol hydrochloride (14.7 g, 0.100 nol) in 100 nL of 50%

aqueous HOACsgHd. 12 1\MIRSDMSIEH & & D (80} E? I\'ﬁg}{g%ég 1.9 =G 49f) ml)

added in one portion. Brown gas evol ved’ an W precipitate fornmed as
t he reacti on2Hy"BF @, lired.f dEe 11D, ’ZLZS-@BSl(hi GH),SI 15 (d,0g R0 HQH) t enperat ure

f th I lated by filtrat d hed
wth coVohater 65 x SclineCHlbr bommheRg Rhepu bt al | zed {1 om
yol | o br own Soodrate” §' eAi‘\Béﬂ%%%l% g i g g
222-226 C (dpymmmh:)e#chtﬂ‘dhﬂ?h(: RvEBO(GI6 )g, 18741&114011 bandscarBéflyl diinifatold s, 1
H, 7.95 (d, iWHZ?Q(s 11%1331 68 (d, IIIJ-66Hz)
[0172] b) 2- @n?‘b&o §29 @l )wan sliredrssapem iempsraturesindery, 0. 429
L) Co0Le ol Koot ?SB%‘J#E%@%%%%?LOE% DU S e
col d bath waand ﬁremeachcandvath&mﬂ)ﬁueﬂBgMaSTHé esctiol @Ak abed @ilited lwith When
the reaction antoreflg its own, heating was stopped. Once the
reflux had eﬁbﬂw&e ﬁﬂm&ﬁ ethnVRten; dried oves sodium smi)fg » filted, 4 ol )
was added  vidh B¥igoRied Jllaer Fidbd REsERI F06 Y'Y Ab RS g Ll " OT ! UX

for 30 m nutes. ce at roomtenp ra he react| on Wwas Sl y added to
300 g of crupteddct waepurified bgsamﬂﬁnmghﬂﬁﬂid{ogmpﬁyufﬁl \Wishl@sinetaheethyl t h et her

(4 x 100 m')acetate% to give 331 mg (55%) of the final product as a white solid, mp 198-
200 °C. 'H NMR (CDCl3): § 9.01 (d, J = 4.8 Hz, 1H), 8.44 (d, ] = 8.4 Hz, 2H),
7.96 (d, J = 4.2 Hz, 1H), 7.88 (bs, 1H), 7.26-7.23 (m, 1H), 7.16 — 7.10 (m,
2H), 7.06 (4, ¥ = 8.7 Hz, 2H), 5.75 (bs, 1H).

[0170] The following compound was prepared similarly:
2-[4-(4-Chloro-2-fluorophenoxy)phenyl]pyrimidine-4-carboxylic acid methyl-
amide.

EXAMPLE 5
2-Chloropyrimidine-4-carboxamide

[0171} a) 2-Hydroxy-4-pyrimidinecarboxaldehyde, oxime: A solution of
4-methyl-2-pyrimidinol hydrochloride (14.7 g, 0.100 mol) in 100 mL of 50%
aqueous HOAc at 12 °C was treated with solid NaNO, (10.47 g, 0.150 mol)
added in one portion. Brown gas evolved and a yellow precipitate formed as
the reaction temperature rose to 42 °C. After stirring at room temperature for
3 hours, the solid precipitate was isolated by filtration and washed with cold
water (2 X 50 mL). The resulting solid was recrystallized from 550 mL of
boiling water, affording 11.9 g (85%) of the oxime as yellow-brown needles,



pool ed ether layers were then washed with water (2 x 50 nL), a sat. 'dgtéoill
NaHCO3 solution (2 x 50 nL) and water (2 x 50 nmL). After drying (Na2SO4)
the m xt VO O)4861R| | t ered and concentrated in vacuo. 1.5 g RET/AW$®/AOrB3UltiNng
red oil was dissolved in a mn. of CH2Cl2 and added to 15 cm of flash
silicaina4 cm dianmeter colum. Elution with 100% gave 1.4 g of a

yell ow solid. The remainder, of the red oil (3.6 g) was chromatographed on
silica gel, afforded a total of 4.72-49(47% of the nitrile as a yellow
solid, nmp 49.5-52 C "HNWR (CDCO3): 38.89 (d, 1 H J=4.8Hz), 7.62 (d,
1 H J=48Hz). [0173] c) 2-Chloropyrimdine-4-carboxam de: To 15 nL of
concentr at ednl

c ;
- 2-chl oro- 4- cyg?égﬁﬁcdé%ﬁo?ﬁglﬁwwmf %%%(qu@ﬁélﬂﬂ?f Sfornmed was
al | oned to WeppM7te3 (O9R 6 4 %mtwﬁsi@dggg@g%é%ﬁ@ur s. The res_tIJ_Ihtel ng

~light yell ow sol ution was en’’sl 0 fushed i ce.
m xtur {OW@] filtebed, ReSHem-4:eyartvpyrimidingtBs né# ROCE @L)mRNEs3 gat ur at ed

aqueous NaH olytio 25 nL), to give 490 ng of the am de as a yellow
solid, np 1%:?%%*20@ Cﬁ‘?r]'%é 11,34 Wé‘rwa}t?rql?fglﬂ Wits addedrnosderad safid R-Bedomey-(3” x 50
m.) . The poof-gdi | a?dé?, : e ] e nm) -and a
saturat ed agtggﬂgﬁ%ga%%ml o) [Ejlt&?’\(,)\%m?svgé'%gnﬂ'.&qﬁ@@r&dééﬁ%&(l@’fSOﬁl), t he
Et OAc was r esndd bdthi was verooreed afdf the dhixgire waa dtbviliy dieated 2o Pefiux0f WiHeg am de as

a yell ow soljd. Tatal éi eld 16 AUG 2004 WD, 01/68612 PCT/US01/07797 -50 of
the title coRpOTATHONDEES Borellux g4 own.hepftag wisstogpeds Qnegghq reflux H, J =

4.8 Hz), 8. g0 - 1 H).
EXAI\/PL)E 6 G%dg@%?lﬁf Fu%%})ﬁeﬁgg%%ﬁgnypﬁ%éﬂ?{ §rs g 23!?%48}1%1(9?;)2\#%)%1%8174{0 a)

6- Br onopyr i dviasydngear Bbs aesulieng delacolution ofas Geatbd anefiug dhi B0 enigetesl (Al drich)
wi th carbonyl diim dazole in f ol |.onwed b%) 1t he additi on of an excess of
i

ammoni um acet 9 oAt TQOm temperalirg, the Zeacign aas glogvly agdsddo 390 eopfrnghedhe ami de
2 2 whi t °, ?eéll CHfEhe Fosuli A%Zﬁ)&x%irg' M;{ﬁ%ﬁﬂfc&r%l YidPmiHmd = 75

pooled ether layers were then washed with water (2 x 50 mL), a sat. aqueous
NaHCO; solution (2 x 50 mL) and water (2 x 50 mL). After drying (NaxS0y)
the mixture was filtered and concentrated in vacuo. 1.5 g of the resulting red
oil was dissolved in a min. of CH,C}; and added to 15 ¢cm of flash silica in a 4
cm. diameter column. Elution with 100% gave 1.4 g of a yellow solid. The
remainder of the red oil (3.6 g ) was chromatographed on silica gel, afforded a
total of 4.72 g (47%) of the nitrile as a yellow solid, mp 49.5-52 °C. 'H NMR
(CDCI;): 38.89(d, 1H,J=4.8 Hz), 7.62 (4, 1H, ] = 4.8 Hz). ,

[6173] c) 2-Chloropyrimidine-4-carboxamide: To 15 mL of concentrated
H;S0; at 15 °C was added finely ground 2-chloro-4-cyanopyrimidine (4.0 g,
28.7 mmol). The mixture that formed was allowed to warm to room
temperature and stirred for 5 hours. The resulting light yellow solution was
then slowly added to 80 g of crushed ice. The mixture was filtered, washed
with cold water (2 x 25 mL) and a saturated aqueous NaHCO; solution (25
mL), to give 490 mg of the amide as a yellow solid, mp 151-152 °C. The
mother liquor was extracted with EtOAc (3 x 50 mL). The pooled organic
layers were washed with water (25 mL) and a saturated aqueous NaHCO;
solution (2 x 25 mL). After drying (Na,SO,), the EtOAc was removed in
vacuo, affording an additional 2.5 g of the amiide as a yellow solid. Total yield



7.5 Hz), 5.66 (br s, i H. [01751 b) : 16 AUG 7004
6-[(4-Trifl uoromet hoxy) phenyl ] pyri di ne-2-carboxam de: A m xture of

6- br onopyWOA1/#8612- car boxami de (110 ng, 0.547 mmol ), 4- PCT/US01/07797
(trifluoromethoxy)phenyl boronic acid (Al drich; 138 ng, 0.670 mmol ), sodium
carbonate (185 ng) and Pd(PPh3)4 (32 ng, 5 nol % in 10 nL of toluene and
2.5 nL each of water and EtOH was heated at reflux overnight. After cooling
to roomtenperature, the mxture was psgylitioned between water and Et OAc.
The aqueous | ayer was washed twice wth Et CAc and the pool ed organic

| ayers were washed with water (3x), dried (Na2SO4), filtered and

trated . to. I h hy (6:4 h / acet
ST orded 1520t 6 §ompRimd wES 2oF euSRT I AME(CD Gl Bed BB(4.d H e 133- 135
C 'HNWR (£PELSS.0P(&- <7 -t 0B 04 J =90 H, 2H),
7.96 (t, J B, ’)SHQJ,P(‘?Z 1&??%’5&”{’&'6,55%1,&589?8%?1f}?)': 7.8 Hz, 1 H),H)7.3
5 (d J =81H, 2H, 5.76 (bs, 1H). WO 01/68612 Z 16 AUG 2004

PCT/ US01/ 07797 - 51 EXAMPLE 7 3 aﬁgw mno- | - {4-
[ 4- (4-fl uorophenoxy) phenyl ] pyrim -2- propenone 10176] A sol ution of

1-{4-[4- (4-fluorophenoxy)phenyl Jpyrim din-2- yl)ethanone (0.36 g, 1. 17

nol ) and NN-di net hyd-{(4/Trifhiotiemethom)pbnyBp plidihe- A OABoxathid® nL, 1.77 nmol)
in DM (10 nL) was refluxed for several hours. The reaction was cooled to

room-t ature, .then_partitiopned_between ethyl acetate (50 nL) and water
(50 m_eIHP e aque"’aus | & PHIRBEHCSQEE-F-&@{@&&WC}% etisactior et ataef (2 & 50 nl).

Lo, e T LML ML) AL B Mt 0,22,
oi | . The oi |theaddipionidfiaadexoysscaf] ammoniahr avetdte gvaapayriddlOR%sedddytibacet ate t o
8:2 ethyl acglal ehBah W abdad'a white solid, mp 130-135 °C. 'H NMR

(CDCls): 8 8.17 (4, 1H, J=7.5 Hz), 7.73 (t, 1H, ] = 7.8 Hz), 7.64 (d, 1H, J =

7.5 Hz), 5.66 (br s, 1H).

[0175] b) 6-[(4-Trifluoromethoxy)phenyl]pyridine-2-carboxamide: A

mixture -of 6-bromopyridine-2-carboxamide (110 mg, 0.547 mmol), 4-

(trifluoromethoxy)phenylboronic acid (Aldrich; 138 mg, 0.670 mmol), sodium

carbonate (185 mg) and Pd(PPhs); (32 mg, 5 mol %) in 10 mL of toluene and

2.5 mL each of water and EtOH was heated at reflux ovemnight. After cooling

to room temperature, the mixture was partitioned between water and EtOAc.

The aqueous layer was washed twice with EtOAc and the pooled organic

layers were washed with water (3x), dried (Na;SQ,), filtered and concentrated

to dryness. Flash chromatography (6:4 hexane/acetone) afforded 122 mg

(79%) of the title compound as a white solid, mp 133-135 °C. 'H NMR

(CDCL): & 8.19 (d, J = 7.5 Hz, 1H), 8.04 (4, J = 9.0 Hz, 2H), 7.96 (t, J = 7.8

Hz, 1H), 7.94 (bs, 1H), 7.87 (d, J=7.8 Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H), 5.76

(bs, 1H).



182 43% vyi el d) of the final roduct as a brownish yellow solid -
g (43%y ) p y 652@5]7[?9]5

153 C. 13): 8 8.87 (d, J = 5.1 Hz, 1H), 8.16 (d, J = 9.
2H) , 7.9?%}@@12.9 Hz, | H), 7.67 (d, J = 5.4 Hz, |1i)PCPUSAOTIHE (m

6H), 6.43 (bd, I H, 3.19 (s, 3H), 3.00 (s, 314). EXAWPLE 8

4-[4- (4- Fl uorophenoxy) phenyl ] pyri rni dui e- 2-carboxylic acid, (2-

hydr oxyet hyl )am de [0177] To a m xture of

4-[ 4- (4-f| uor ophenoxy) phenyl ] pyri mi di nél2- carboxylic acid (1.03 g, 3.1
mol ), ethanolam ne (0.31 nL, 5.08 nmol), and 1-hydroxybenzotri azol
hydrate (0.53 g, 3.46 mmol) in DMF (20 nL) under nitrogen at 0 C was added
4-met hyl nor pholine (0.76 nL, 6.9 mE}AMPREdy 1- .

[ 3- (di met hyl ami no) propyl ]-3-ethyl carbodiimde hydrochloride (0.68 g, 3.48
mmol ). The m xturselﬁas tﬁl |l owed_to warm to room tenperature overnight. The
‘reaction was di | uted" R aminey]-{4ddd4itnorophenexy)shenvilpgrimiidin- wat er, dri ed
over sodiumsulfate, filtered, an@-wpppestred under reduced pressure to
give the.desired product as an oil. "H NWR (CDC13): 8 8.82 (d, J = 5.7 Hz,

1H), 16 2004 WD 0 2 PGT/ USQL/ 7 -52 8.50 (bs, 11), 8.10 (d, J =
8.H)7 Hz, m%lil)ﬁ 7. 71)&&, }é@ﬁé’é 1"&; qlg%{‘?z;%@gmp%@@x(y h(cngﬂwm%ﬁd%z?(t , (J =
4.2 Hz, 2H),yBethBndrme, (036,4. B hizaol Pack) N, MdRBethNPormbntile 8&3&%@%&

yl'am de

6- (4- Phenoxy yl) pyri dine-2-carboxylic acid et
6- Br onopi col @r]r% Oa%i Bl A meiel) indaMEo(9) ) wias nefibteld \fbr saviers huisNg

car bonyl dii1h&dazek | ling reagent to afford 6-bronopyridine-2-
car boxylic acid rretl‘ﬁrill(’\gr%cé?al.g&‘f‘ﬁg&% 6‘?’%%5‘}‘? ’df’%P@ESF%WWP@ aﬂflb’f\;
met hyl ami de ansthte (EhmlJundkivateo (50 inlg. THehadlebhe YW&S’E&EQ?{E@% acid, in
t he presence of tetra@s(trl phenyl phosphi ne) pal | adi um as catal'yst to give
£ B0 SRl rheld. el s wmrgai ),
VW f = . : . = . y y .
(t, 3= 7.8 O55) 75’8?3?&?” °g§°d/‘?l§‘ %%Qfazﬁﬁt,e%?%@e@,e}é@@r&ﬁé,mq 7.18-7.06
(m reduced pressure to give an oil. The oil was pwrified by column
chromatography (100% ethyl acetate to 8:2 ethyl acetate/methanol) to give
182 mg (43% yield) of the final product as a brownish vellow solid, mp 151-
153 °C. "H NMR (CDCly): 6 8.87 (d, J = 5.1 Hz, 1H), 8.16 (d, J = 9.0 Hy,
2H), 798 (d, J = 129 Hz, 1H), 7.67 (d, ] = 5.4 Hz, 1H), 7.11-7.05 (m, 6H),
6.43 (bd, 1H), 3.19 (s, 3H), 3.00 (s, 3H).

EXAMPLE 8

) .
: 4-[4-(4—Fluorophenoxy)phenyl]pynnudme—Z-carboxylic acid, (2-
hydroxyethyl)amide
[0177] ~ To a mixture of 4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-

carboxylic acid (1.03 g, 3.1 mmol), ethanolamine (0.31 mL, 5.08 mmol), and
1-hydroxybenzotriazol hydrate (0.53 g, 3.46 mmol) in DMF (20 mL) under
nitrogen at 0 °C was added 4-methylmorpholine (0.76 mL, 6.9 mmol), and 1-
[3~(dimethylamino)propyl]-3-ethyl carbodiimide hydrochloride (0.68 g, 3.48
mmol). The mixture was allowed to warm to room temperature overnight.
The reaction was diluted with ethy] acetate, washed 3 times with water, dried
over sodium sulfate, filtered, and evaporated under reduced pressure to give

the desired product as an oil. "H NMR (CDCL): 5 8.82 (d, J = 5.7 Hz, 1H),



5H), 3.08 (d, 3 = 5.4 Hz, 311). EXAMPLE 10 -6- 16 AUG 200
[4-(4-F xy) phenyl ] pyri di ne- 2- car boxam de [0179] a

2- Met hyl E{gb?@gﬁgﬂgrﬂ)phenyI )pyridine: To a m xture of 4- bro%ﬁyﬂém"y)%roni C
acid (3.14 g, 15.6 mol ), 2-brono-6-nethylpyridine (1.7 m, 14.9 mol),
solid sodium carbonate (5.1 g, 31.9 mmol) in toluene (60 nL), water (15
m.), and ethanol (15 nL) was added tetrakis(triphenyl phosphine)palladium
(0) (890 ng, 0.77 mml). The mixture -#&s refluxed (100-110 C) overni ght.
The ‘reaction was allowed to cool to roomtenperature, then partitioned

bet ween et hyl acetate and water. The aqueous |ayer was extracted one nore

time with etfigo (egatht &.10TAY =e@moﬂﬂ,ezh),qr7qa(aiJ:=|@1/H§z§1ﬁr7msd'fb§§nover

sodiumsul fate, filtered, and evaporated under reduced pressure to give
the crude pr@dudt88{ir] Fitr. b 701(gsh= 4chHe@H)pdr2aiby 168i i ca gel ; 4%
Et OAc/ hexane) afforded 2.5 g (87% of the 16 AUG 2004 WO 01/ 68612

PCT/ US01/ 07797 -53 product as a white solid. 1H NWR (CDCI 3): 8 7.88 (d,

J
9.0 Hz, 2H), 7.67- 7.56 (m 3H), 7EMANBLEN = 8.1 Hz, 1H), 7.11 (d, J = 8.
Hz, 1H), 2.61 (s, 3H). [0180) b)

2- Met hyl -6-[4-(4-f heno envl)pyridine. A mxture . of
2- et hyl - 6- (4- br orré)'g%@z’gm’g?ﬁ%/ | é(n%/ifge c?;f,go}i 1G @%F&Y{amlfl‘? uor ophenol
(2.5 g, 22 mmol ), cesiumcarbonate (11.2 g, 34 mmol ), and copper powder

(4.5 g)[0um8IDVF ( 56-BrbinopasslinRldcitk eidfivy Wadiupl i Rith GRfyl aMiNASi | owed to
cool to roomtenperature, filtered and ‘partitioned between ethyl "acetate
and wat er. cPionydiigidagols €GDas coxpling raagentito affond §-brprnbpygiding-2-acet at e.

The | nbi i . d ti it t y i ed
sodi um sl { S E0OR, Beld Sed G oIS ¢ HonsRealre et i) o ve a
solid that methykubidecindervient Suagh d@ﬂﬁ&ﬁ@b@&rﬁeﬁﬁ&%ﬂén\%ﬁo&ﬁﬁé a0

Et CAc/ hexane) to give 1.8 g (50% of the product asS a ite solid. 1H NWR
(CDC13): S 7indhe peesence of tptigkisfiripbenyiphpsphing)palladiuvmzs gatabyst fo giye 67. 46 (d, J

= 8.1 Hz, | @pheﬁogﬁﬁgen%])pyrﬁ&ﬂle-al@arbo%@ﬁ% &%d n%)’e'i?lylamide as a solid. 'H
NMR (CDCl3): 6 8.12 (d, J = 7.8 Hz, 1H), 7.98 (d, ] = 8.7 Hz, 2H), 7.90 (1, J -
7.8 Hz, 1H), 7.81 (d, J = 7.8 Hz, 1H), 7.38 (1, J = 8.4 Hz, 2H), 7.18-7.06 (m,
5H), 3.08 (d, J = 5.4 Hz, 3H).

=l

EXAMPLE 10
6-[4-(4-Fluorophenoxy)phenyl]pyridine-2-carboxamide

) [0179) .a) 2-Methyl-6-(4-bromophenyl)pyridine: To a mixture of 4-
bromophenylboronic acid (3.14 g, 15.6 mmol), 2-bromo-6-methylpyridine
(1.7 ml, 14.9 mmol), solid sodium carbonate (5.1 g, 31.9 mmol) in toluene (60
mL), water (15 mL), and ethanol (15 mL) was added
tetrakis(triphenylphosphine)paliadium (0) (890 mg, 0.77 mmol). The mixture
was refluxed (100-110 °C) overnight. The reaction was allowed to cool to
room temperature, then partitioned between ethyl acetate and water. The
aqueous layer was extracted one more time with ethyl acetate. The combined
organic layers were dried over sodium sulfate, filtered, and evaporated under
reduced pressure to give the crude product.  Purification by flash
chromatography (silica gel; 4% EtOAc/hexane) afforded 2.5 g (87%) of the



[0181] c) 6-[4-(4-Fl uorophenoxy)phenyl]pyridi ne-2-carboxam de: A njgumﬁqmg
of 2 methyl-6-[4-(4-fluorophenoxy)phenyl]pyridine (1.8 g, 6.45 mmol),

and sel elWQ/@86d%i de (3.6 g, 32.4 nmmol) in pyridine (30 nBCUESLIABIt ed at
reflux overnight. Once at roomtenperature, the reaction was filtered
through Celite. The filtrate was partitioned between ethyl acetate and an
aqueous hydrochloric acid solution (2N). The aqueous | ayer was extracted
two nore tinmes with ethyl acetate. Thesxonbi ned organic | ayers were washed
wi th an aqueous hydrochloric acid solution (2N), dried over sodium sulfate,
filtered, and evaporated under reduced pressure to give 1.8 g (901/8) of

i ssol ved  Hogse s doite SR KRR IFoB 3! e 35?%3«“8!3 was

added. The 76 t3p;g7s4:gl(§5tygr3y\ﬁ§ ﬁn%r—,;rlq\c,tgajaggogk ﬁ_?) r6:11t( q_nfor 1 hour.

~Solid ammonium acetate ( m xt'ure was
stirred018er ni ghit). ThbMﬁhka%(Mﬂothnmaymdywmm eAhmixtmet ate and

o ned - orGaF Lt‘ﬁggé@ LI mlfaﬁw;“m RO BRI ver
| f [
he Cr ude. praguEt ““ﬁB’?\u&eS%%%f%m%Q%l 66 ?ﬁ@ﬁ%ﬂ”@%ﬁé’?ﬁ%&gﬂ“’ o

Purificati or(%ﬁyg)hthMFcGSDonhlwgsEqﬂmed svdrnipht. gFhe mattiomwadallided to
hexane/ acetonei5 af f orded 509 %()ap&f t he t‘%LI e co ok{nd np 150 152 C.
'H NVR ( DVBGOGby0 ToPma t%‘EP?fat‘“ pasiiipnedbefpveep gthyl pgetatg apd (g, J 8.1

|(_|tz)s 1|i|) H) 8 QSatEPd;FPé aqugau% la i‘zrzwﬂz ei{t}agc@i:légtvgo %ghe% @uth%ﬂ}iyff}c?%%;g (;ﬂ'l"?] 7. 69

2H) . [0182]cominn¢cblotgmum@a}cmmmmdwshﬁ1 thyee pineesawitt watet, | driddy oves-

(4. chi or o3 SETREARSD o Blacrespd e aedied Pressireia give 2 solid
j 24 fl U%Q@Q@J‘ﬁﬁ%&a&i {d ﬂ&ih%?@rﬁ%]gﬁ)sﬁy i 10%@9@{@%&“@@%& "

4-trifl uoronet phenoxy) phenyl Tpyr1 di ne-2-carboxam
give 18 ¢ (50%) of the product as a white solid. '"H NMR (CDCls): & 7.94 (d,

J=9.0 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.46 (4, J = 8.1 Hz, 1H), 7.08-7.01

(m, 7H}, 2.61 (s, 3H).
[0181] c) 6-[4-(4-Fluorophenoxy)phenyl]pyridine-2-carboxamide: A
- mixture of 2 methyl-6-[4-(4-fluorophenoxy)phenyl]pyridine (1.8 g, 6.45

[ 4-
[ 4-
6-[
6-[

mmol), and selenium dioxide (3.6 g, 32.4 mmol} in pyridine (30 mL) was
heated at reflux overnight. Once at room temperature, the reaction was
filtered through Celite. The filtrate was partitioned between ethyl acetate and
an aqueous hydrochloric acid solution (2N). The aqueous layer was extracted
two more times with ethyl acetate. The combined organic layers were washed
with an aqueous hydrochloric acid solution (2N), dried over sodium sulfate,
filtered, and evaporated under reduced pressure to give 1.8 g (90%) of the
crude acid as a yellow solid. The crude acid (1.2 g, 3.88 mmol) was dissolved
in DMF (50 mL) and carbonyl diimidazole (1.3 g, 8.0 mmol} was added. The
resulting solution was stired at room temperature for 1 hour. Solid
ammonium acetate (3.1 g, 39 mmol) was added and the mixture was stirred
overnight. The reaction was partitioned between ethyl acetate and water. The
aqueous layer was extracted two times 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 the crude product.



6- (4- Phenoxyphenyl ) pyri di ne- 2- car boxani de [ 0183] 16 AUE(Z]UUl
6- (4- Phen(‘)")r%/phenyl ) pyri di ne- 2-car boxam de was prepared by the nethod use
for its 4AMQWMES612anal og i n Exanpl e 10, except 4- phenoxyphegyusorerwe acid
(Aldrich) was used in place of 4- bronophenyl boronic acid. 10184] a)

2- Met hyl - 6- (4- phenoxyphenyl )pyridine: "H NWVR (CDCI3): 8 7.95 (d, J =9.0
Hz, 2H), 7.60 (t, J =7.5 Hz, 1H), 7.46 (d, J = 7.5 Hz, 1H), 7.34 {t, J =

7.8 Hz, 2H), 7.13-7.02 (m 6H) 2.61 (s4-3H). [0185] b)

6- (4- Phenoxyphenyl )pyr| di ne- car boxylic acid: "HNWVR (DVSO-d6): 6 13.1
(bs,ll\/l821(dJ 84Hz 816(d J:78HzIH), 8.04 (t, J =
7.2 : , J = 7.6, Hz, 7.19 (t,
J = 7 4 Hz f‘ﬂ?@a 11%(ddﬁ35§ F%@OH‘E‘@BT%’L Sﬁﬂl‘bﬂ 26l s6plumn; “ss (
& ( 47PE§“0XYhhmﬂabwm)daf§&de 509 B@(W@%fth@% @%\@& g&%éSl?ng?B_(g 6
$ ; %C(JJW_(Z)WW;) 5@32@1 g% 9.0Hz, 1), 8_314(35(1[1'11} |i_&{)le—(d, 331;8 7130
c, 45% yield fﬁ)rﬁzstlyr)ﬁﬁal_&‘&t er | a]l 59(§38£Hbs7}94 fids JAEEJ@ QBI'MIHW 62/ 68612

[4-(4-F uoroﬁenggy)phenyl pj?apllgm [ ne- -13 %(%%er?gg(? {0?@7]2}%)

4- (4-Fl [!Hlsabhenoxﬂlbéwﬂmvmgcoﬂngounﬁsmbupl&pafedérﬂlw ophenol (5.1 g, 45.5
mol ), 4-flu tt nz ﬂltl‘l %%4 8 37 8 mmol ) and potassi um carbonate

(12 g, 86.8 ﬁ’ﬁ[gT? ??} % H‘\?’?‘l ridigrer drsahoxamaidai ght. The reaction was
al l oned to ceqy- (nQmﬁgmﬂwﬁgkﬁgh%gﬁ&%ﬁcwaﬁmgmen ethyl acetate

and water. The aqueous |ayer was ?hyl acetate. The

conbi ned or gﬁﬂf‘rﬂﬁhlpmenm(yé&ﬂﬁlﬁmphewr]pmdmér&&amdthwé @hd dried over
sodi um sul fa ered, .a vapor at ed under reduced pressure to give
7.5 g (93% SR uorSpipthy ?ﬁlﬂ‘@ﬁﬁ lippasineaiaarbaxemidesol 1 d. 1H NVR
EXAMPLE 11
6-(4-Phenoxyphenyl)pyridine-2-carboxamide

[0183] 6-(4-Phenoxyphenyl)pyridine-2-carboxamide was prepared by the
method used ‘for its 4-fluoro analog in Example 10, except 4-
phenoxyphenylboronic acid (Aldrich) was used in place of 4-
bromophenylboronic acid.

[0184] a) 2-Methy}-6-(4-phenoxyphenyl)pyridine: 'H NMR (CDCl3). &
7.95(d,7=9.0 Hz, 2H), 7.60 (t, ] = 7.5 Hz, 1H), 7.46 (d, ] = 7.5 Hz, 1H), 7.34
(t, 1=7.8 Hz, 2H), 7.13-7.02 (m, 6H), 2.61 (s, 3H).

[0185] b)  6-(4-Phenoxyphenyl)pyridine-2-carboxylic acid: 'H NMR
(DMSO-de): 6 13.1 (bs, 1H), 8.21 (d, ] = 8.4 Hz, 2H), 8.16 (d, ] = 7.8 Hz, 1H),
8.04 (1, J=7.2 Hz, 1H), 7.96 (d, ] = 7.2 Hz, 1H), 7.44 (1, ] = 7.6 Hz, 2H), 7.19
(t,J=7.4 Hz, 1H), 7.11 (dd, J = 8.4, 7.5 Hz, 4H).

[0186] ¢)  6-(4-Phenoxyphenyl)pyridine-2-carboxamide: @ 'H  NMR
(DMSO-dg): 6 8.33 (d, ] = 8.7 Hz, 2H), 8.31 (bs, 1H), 8.12 (d, = 7.8 Hz, 1H),
8.03 (1, J=7.6 Hz, 1H), '794(d I =178 Hz, 1H), 7.69 (bs, 1H), 743(dd J=
8.7,7.5 Hz, 2H), 7.19 (t, = 7.8 Hz, 1H), 7.09 (d, ] = 8.7 Hz, 4H), mp 178-
180 °C, 45% yield from starting materials (3 steps).



(ebc13): S 7.60 (dy, J = 9.0 Hz, 2H), 7.10-6.96 (m 6H). Ref. Tanaka,] BAAUE%I[][M
al. (J. Med. Chem 41: 4408 4420 (1998)) [0188] b)

4- (4- FI uoVOHSE82y) benzani di ne acetate: 4-(4- Fl uor ophenoxPEHABIEAT™IT i | e
(4.7 g, 22.4 mol) was dissolved in ethanol. The solution was cooled to 0C
and HCl gas was bubbl ed through the' solution for 20 mnutes. The reaction
was stoppered and stirred at roomtenperature overnight. The sol ution was
evapor at ed under reduced pressure and-ghe solid residue that forned was

di ssolved in ethanol and treated with solid amonium acetate (6.0 g, 75.5
mol ). After stirring overnight, pure am dine was isolated by filtration.

. Addi tional product was isolated fr%ﬂj{qm]gy trate. The solid obtained
after the filtrate was concentrate A ss was triturated with hexane
(4 tinmes) and recrystallized twice fromE OH The total weight of am dine

. obt ai ned was 2. 92 g2([4-3%Blu(&bpu)enoxﬁpbb@l]p@ﬁﬁﬁﬁﬁh@)&c@b&x&ﬁdéd 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,

2 [4 (4Zq?—llggf)r opheﬁb&g)lgfér@?l?mﬁhwmheﬁmﬁl% Aemixiurenf 4Hperophenchf

Colutron of S1d ool & iorbbhe it 06 1R gM58 e et o)

DMF. The resoarbomege fl X gu8@8 wanol) émDAF &1 50L6{).) Gvdsoreflaxétbové&might. The
, 13.6 mml ) was added via syringe.

A | | deh d di
1cgt X\Ugcgt)& Ao 1 g&“&éﬁg&%{?ip@?‘?@? tc@@erﬁﬁgeraé‘écff}fﬁhom gfiNesR ai ned
bet ween 100- &y 1 Q:éié(t@ra{ﬁﬂgmtef’m%e &‘ods ewé {\%c{e sﬁﬁ% ﬁﬁgl The

reaction was allowed to cool to ro m era ure an par bet ween
wat er and Et WateTﬁﬁlea@pmm brppaic ]ay\ezs veerbrwashaﬂtweé hinkels GAfth atdder, he

NSO, 111t SRBH XD Sl blftth ol Eyapaated g&%ﬁéiﬁ?ﬁ%@p&%&?ﬁ&ée&es. red
gr odgcg a;ma:gmlﬂpg(%%?)omuwa ﬁ%@'}w?&ﬁgg% n'@ﬂle 2 SOh erl a vva38cg(r)r |( gd
on without f(€PEk): HUCDHd,Jat DOrHz, 2H), 7.10-6.96 (m, 6H). Ref. Tanaka, A etal

(J. Med. Chem. 41:4408-4420 (1998))

[0188] b} 4-(4-Fluorophenoxy)benzamidine acetate: 4-(4-
Fluorophenoxy)benzonitrile (4.7 g, 22.4 mmol) was dissolved in ethanol. Thé
solution was cooled to 0°C and HCIl gas was bubbled through the solution for
20 minutes. The reaction was stoppered and stirred at room temperature
ovemnight. The solution was evaporated under reduced pressure and the solid
residue that formed 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 isolated from the filtrate. The solid
obtained after the filtrate was concentrated to dryness was triturated with
hexane (4 tirneé) and recrystallized twice from EtOH. The total weight of
amidine obtained was 2.92 g (45% yield). "H NMR (DMSO-dg): 5 7.85(d, ] =
8.0 Hz, 2H), 7.31 (t, ] = 8.7 Hz, 2H), 7.21-7.17 (m, 2H), 7.11 (d, ] = 8.0 Hz,
2H),1.77 (s, 3H).

[0189] c) 2-[4-(4-Fluorophenoxy)phenyl)-4-methylpyrimidine: A 1M
solution of potassium ferf-butoxide in THF (11 mL, 11 mmol) was added via
syringe to a solution of 4-(4-fluorophenoxy)benzamidine acetate (2.92 g, 10.2
mmol) in DMF. The resulting mixture was heated at 100 °C for 2 hours.
Acetylacetaldehyde dimethyl acetal (2 mL, 13.6 mmol) was added via syringe.



[0190] d) 2- [4 (4- Fl uor ophenoxy) phenyl ] pyri mi di ned- carboxyl i c acid: 14 AUG 2004
m xture 3{, L 4 f1 uorophenoxy) phenyl ] -. 4-net hyl pyrim dine (yellow oil
frompre Bl‘]y%ﬁtl sel eni um di oxi de (3. 0 g, 27 mrol) andPE¥USEL/ev897 30 nl)
was refluxed over n| ght. The reaction was allowed to cool to room
tenperature and filtered to renove seleniumnetal. The filtrate was

evapor at ed under reduced pressure and the residue was treated with an
aqueous 2N HC solution. The resultingsgolid was triturated with hexane (3
x) and dried in vacuo, affording 2.72 g (86% of the acid. 'H NI\/R
(DVSO-d6): S 13.8 (bs, 1H), 9.10 (d, J = 5.0 Hz, 1H), 8.45 (d, J = 9.0 Hz,
gt,)'): 7.2 nghej réacfidp Owak  m %xﬁgmxf%llﬁ%&etee}: To6t1%0 S Gvezitt whal TLC A7 (m
2-[4- (4-F uan@phﬁedoomﬁp]&myéa]cﬁyﬁi NTHE NBadich At NI to], i on of
2-[4-(4-fl uor(%ghenoxy)phen I]pyr| m di ne- 4- cawggxyl | cgatg gmlatg 184(5)% 6. 45
mol ) in DMVAC fede Bﬁt}q bethiepniavaserearRE6DAG, TR a;uebmsrrmy)er Af t er

t t h | d tat 5.00 g,
52 ol ) e BN 16 A e CORRRY et ler B e HpRdOUte,  t he
reaction- wasatpa(l m@me&aiebwemgg@,em@fsa %@%Qa%&P@da&‘dgroﬁuL er s

extracted with ethyl acetate and ool ed” or gani ayers were shed
with water (me&sm)gwamee@s(rmpwmasra yelmdﬂ & INMR DL ed sugser

reduced pr sy | t he.crude product as solid. Col umm chromat ography
(silica gel?’ go glgg) % P@ {555%1 73% 9?% dé90En 75D o362 (s, a)a Thisght t an
solid (99 8QfateaireasdariEL 63 w Bﬁ%ﬁg& ]51 NVMR (CDC13): 8 9.01 (d J =
4.8 Hz, , 16 AUG 2001 WD 01/ 68612 E? 7797 -57 8.43 (d, J = 8.7

H ,722I(—|)tE01 :{ 95 (d, d)‘:]L 9—] 2’[Q{ﬁthTrbphenﬁxmhéﬁaﬂ]pé’ﬁtﬁldms-ﬁﬂ&rboxﬂlc84ac1£lml 6:'|)

S oll o0 na can_ pbe prepared simiar
2-[4-(4-fI uo’%p‘ﬁg‘%oﬁ 2 @?"f bHBPBﬁnﬂéﬁvﬁﬁbﬁwﬁTﬁﬂmlwr@gmgwqﬂm OﬂEXANP{E 13
3, 5- Di ami no-fforh reAGOtYP)) SEIAAINRY diB£1dBS3 B € AT RTHGA pyridine (30 mL)

was refluxed ovemight. The reaction was allowed to cool to room

temperature and filtered to remove selenium metal. The fltrate was
evaporated under reduced pressure and the residue was treated with an
aqueous 2N HCI solution. The resulting solid was triturated with hexane (3 x)
and dried in vacuo, affording 2.72 g (86%) of the acid. 'H NMR (DMSO-dy):
6 13.8 (bs, 1H), 9.10 (4, J = 5.0 Hz, 1H), 8.45 (d, T = 9.0 Hz, 2H), 7.86 (d,] =
3.0 Hz, 1H), 7.30 (t, J = 9.0 Hz, 2H), 7.22 — 7.17 (m, 2H), 7.11 (4, ] = 9.0 Hz,
2H). : '
[0191] e) 2-{4-(4-Fluorophenoxy)phenyl]pyrimidine-4-carboxamide: To
a solution of 2-[4-(4-fluordphenoxy)phenyl]pyrimidine-4-carboxylic acid
(2.00 g, 6.45 mmol) in DMF was added carbonyl diimidazole (2.00 g, 123
mmol). After stirring at room temperature for 1 hour, solid ammonium acetate
(5.00 g, 62.9 mmol) was added. After stirring overnight at room temperature,
the reaction’ was partitioned between water and EtOAc. The aqueous layer
was extracted with ethyl acetate and the pooled organic layers were washed
with water (3 times), dried (Na,S0Q,), filtered, and evaporated under reduced
pressure to give the crude product as solid. Column chromatography (silica
gel) afforded 1.1 g (55%) of the desired product as a light tan solid (99.80%
pure by HPLC), mp 195-197 °C. '"H NMR (CDCl;): § 9.01 (d, ] = 4.8 Hz, 1H),



10193] To a m xture of 4-phenoxyphenyl boronic acid (0,22 g, 1.02 ”WD'DEAUE?D{JA
3, 5-di an‘i& - ?I-g]goropyrazi ne- 2- car boxam de (0.176 g, 0.919 m"ml‘#t sodi um

car bonat € @Gé , 2.06 mol) in toluene (14 ), ethanol RGVESHOY975nd
water (3.5 nmL) was added tetrakis(triphenyl phosphine)pall adium (60 ny).

The mxture was refluxed overnight. The reaction was allowed to cool to
room tenperature, then partitioned between water and ethyl acetate. The
aqueous |ayer was extracted one nore-§7sre with ethyl acetate. The conbi ned
organic |layers were washed with water, dried over sodiumsulfate,

filtered, and evaporated under reduced pressure to give the crude product

282,019, Fhosh s St om hby (L5 Ll . WD, 70m .

acet at e/ di chl or onet hane ace t'hane) "and
subsequent Xag6¥Bt 372 4bg,i1dP). f rom chl oroform afforded 81 ng (27% of the

.~ desi duct ite.solid. 'HNVR (CDCl3): S 7.58 (d, J = 9.0 Hz,
2ﬁ|)5|,r$ﬂ9%8t ?CJ %%IﬁgéﬁmPW%PgmﬁdS)imil_ageky:(t, S = 8.4 H, | H,

6 (4. Phemoy oHarPperbeddiy stakdoptedintni il okolibie ¢

2- Chl or 0- 6- (4- phenoxyphexi yl ) pyrazine: A m xture of 4- phenoxyphenyl boronic

acid (0.54 g, 2.52 mmol ), 2,6-di CMWfine (1.28 g, 7.73 mol), sodium
.carbonate (1.15 g, 7.18 mml), an (tri phenyl phosph.ine)pal | adi um
(0.15 g, 0.13 nmmol) in toluene (50 nm.), ethanol (12 nm), and water (12 ni)

was heated at refl 13>;5-Dianiﬂo@;ﬁ?(4—pHmeéﬁ§zl)Pﬁ6iﬁe=25&rﬂoM@ 2004

PCT/ US01/ 07797 reaction was allowed to cool to roomtenperature, then
partiti bet n_ water a t hyl acetate., The aqueous | ayer was

ext r'actlﬁgﬁ:‘ﬂne mor €2 ¢ TRECTRS: ﬂpg‘é’iﬁf}‘%’/"y&g@?ﬁg@)mh@l@&%i? fed & GuReld | ayers
wer e washed 3% idnNiRb-chl8fdp§FhzifRVEEaboLimide 01 bl hfalbBd ng
evapor at ed under reduced grpg%sure to gi ve%Zr'uggtgnggc}gcr{jﬁgg” Féoso id.

Puri fi cati orcafyonetsi (03 & RrMmbwd) iagblpenmild ALY @thgnol(8S 1#4.),ahd water
2- chi oro-6- (4P RN R NAIE ) RN e R os e salladum (60 mg). The
mixture was refluxed overnight. The reaction was allowed to cool to room
temperature, then partitioned between water and ethyl acetate. The aqueous
layer was extracted one more time with ethyl acetate. The combined organic
layers were washed with water, dried over sodium sulfate, filtered, and
evaporated under reduced pressure to give the crude product as a solid. Flash
chromatography (Silica gel; 6:4 ethyl acetate/dichloromethane to 7:3 ethyl
acetate/ dichloromethane) and subsequent recrystalization from chloroform
) afforded 81 mg (27%) of the desired product as white solid. 'H NMR
(CDCly): & 7.58 (d, J = 9.0 Hz, 2H), 7.37 (t, J = 7.8 Hz, 2H), 7.38 (bs, 1H),

7.15 (, J= 8.4 Hz, 1H), 7.10-7.05 (m, 4H), 5.26 (bs, 1H), 4.97 (s, 4H).

EXAMPLE 14
6-(4—Phenbiypheﬁy1)pyrazine-2-caﬂ$oxamide

[0194] a) = 2-Chioro-6-(4-phenoxyphenyl)pyrazine: A mixture of 4-
phenoxyphenylboronic acid (0.54 g, 2.52 mmol), 2,6-dichloropyrazine (1.28 g,
7.73 mmol), sodium carbonate (1.15 g, 7.18 mmol), and
tetrakis(triphenylphosphine)palladium {0.15 g, 0.13 mmol) in toluene (50 mL),
ethanol (12 mL), and water (12 mL) was heated at reflux overnight. The



(CDC13): 8 8.87 (s, 1H), 8.47 (s, 1H),H)7.99 (d, J = ?.io Hz,)2H), 7'?%%620&
= 8.1 7.15 (t, J = 7.2 Hz, | , 7.12-7.06 (m 411). 10195
Rttt

6- ( 4- Phe ) pyr azi ne- 2- car boxani de: A mi xture of 2-PCT/US01/07797

chl or o- 6- (4- phenoxyphenyl ) pyrazine (0.49 g, 1.73 mmol ), potassium cyani de
(98% 0.30 g, 4.51 mmol ), and tetrakis(triphenyl phosphine)palladi um (0. 10
g, 0.086 mmtl) in DVF was refluxed overnight. Wrkup as descri bed as above
and col um chromat ogr aphy gave 35 ny (3% of 6-(4- -
phenoxyphenyl ) pyrazi ne- 2- car boxam de as a solid. 1H NVR (CDCl13): 8 9.30 :
(s, 1H, 9.16 (s, 1H, 8.01 (d, J =8.7 Hz, 2H), 7.75 (bs, 11-1), 7.40 (t,

J =8.4 Hz, b 1H) . AWPLE 15

2[4 (4- N 11 5ehem s ka0 Poob id saoth Whnigiiuse Flen, rttbisBybween,

N-Di et hyl anwatsmend yiherheeetaté 4 The ayive 1%y 6 RZRAtEEonc mosOtite iy Of
benzopitrile (0.90 g, 3.75 mmol ), potassium hydroxide

4- (4-ni troph
(2.(0 SI ggpn??ﬁf’)*)x X‘?#P%at@?e gombined organBOlHy ey uEera svashed oginwagee) driedle

| uti 4 . I fl d f I
bours, The 1o sl Sk rE LR oloBOralle) wieF redied Sru tordire -
partitioned dredevwenluvebaes salidt) Pexﬁlﬁyhti@p? @@lﬁm“T‘“"?O‘ﬁﬁB%ffﬁhfgﬁ% g_a;@igc | ayer

r , |

was washed @,ﬁv?al tines with water, i ed over MS tered,” and
evapor at ed depr P direblorgprdnieroypheiylipyrarineans de solider NdHiNMR as a

solid. The a . i | f Qe i e tal_in DVE (20 ml)
wer e heat eda@oﬁbkbygﬁﬁ%qﬁ %-%*ﬂ%ﬁ]r 259é€r£ g:by ﬁ%mg ok aded, wat er
was added aridz, ZH03.18 (¢, 1999 2¢z tlpq, 'p_;@_e}g)@/%g g0l ated by filtration as a
yel low solid. 1H WO 01/68612 =59 G AUG 2004 “PCT/ US01/ 07797 NMR (CDC13):
8 8.66 [P49511H), 8bB4 ( 6;(4Phengxyphety)Brizine2-2&boxhmidles Onfixtdze of 2H), 7. 10
(d, J =9.0 2K, 7.0 = 9.0 2 3.23 (s, 3H), 3.22 (s, 3H).
[01971 b) 2-74°%(4 ‘?Pr%‘b“ﬁ‘éf}(%lgW}l)BWé‘ﬁ’;?‘F](b‘@rﬁem{ﬁ Wﬁb,@fﬂrﬂ?ﬁﬂgzzpwd%

(98%, 0.30 g, 4.51 mmol), and tetrakis(triphenylphosphine)palladium (0.10 g,

0.086 mmol) in DMF was refluxed overnight. Workup as described as above

and column chromatography gave 35 mg (7%) of 6-4-

phenoxyphenyl)pyrazine-2-carboxamide as a solid. 'H NMR (CDCl3): § 9.30

(s, 1H), 9.16 (s, 1H), 8.01 (d, T = 8.7 Hz, 2H), 7.75 (bs, 1H), 7.40 (t, ] = 8.4

Hz, 2H), 7.21-7.08 (m, SH), 5.84 (bs, 1H).

EXAMPLE 15
} 2-[4-(4-Nitrophenoxy)phenyl]-4-methyl-[1,3,5]triazine

[0196] a) N-Dimethylaminomethylene-4-(4-nitrophenoxy)benzamide: A
solution of 4-(4-nitrophenoxy)benzonitrile (0.90 g, 3.75 mmol), potassium
hydroxide (2.0 g, 30 mmol) in water (10 mL), a 30% aqueous hydrogen
peroxide solution (4 mL, 39 mmol) and ethanol (50 ml) was refluxed for
several hours. The reaction was allowed to cool to room temperature, then
partitioned between water and ethyl acetate. The separated organic layer was
washed several times with water, dried over MgSO,, filtered, and evaporated
under reduced pressure to give the amide intermediate as a solid. The amide
and N,N-dimethylformide- diméthyl acetal in DMF (20 mL) were heated to
100-120 0 °C for 2 hours. Once at room temperature, water was added and
0.93 g (79%) of the amide was isolated by filtration as a yellow solid. 'H



m xture of N-di methylanm nonet hyl ene-4-(4-nitrophenoxy)benzan . de (0. gm
2.97 nunol ), acetarnidine hydrochloride (0.32 g, 3.2 mmol ) and pot ask 200%
tert- but¥Qi%%€841850 0.33 g, 2.79 mml) in di oxane was refRUKEHIOTBni ght .
The reaction was allowed to cool to roomtenperature, then partitioned
between water and ethyl acetate. The aqueous |ayer was extracted one nore
time with ethyl acetate. The conbi ned organic | ayers were washed tw ce
with water, dried over sodiumsulfatesofiltered, and evaporated under
reduced pressure to give the crude product. Purlfication by col umm

chromat ography gave 24 ng (3% of the title conpound as a light yellow

3h . 8.25 %ﬁéwﬁf‘@%@% | THy B0 g% P33 G s 7 4 Ifm' V=8
: (I;I;r bgrill [ (2: aci d%llel-gpl per Weﬁﬁ (éé‘}(‘g%)lboﬁ%ﬁ%ﬂ%@%% A alzrl\llef -N
2 Pd(PPh3) 4 (sk3003 DVE, H20 B(OH) 2 3 10198] a)

col ut 1 JMEH 6. by dopt c ottt AVEPknps! phgny L il 5 ez 1- (8 1 6 AUG
2004 WO 01/ G3fchae %@W—Hﬂ%ﬁﬂgﬂomgcﬂylenc-4-(4-mtrophenoxy)benzannde (0.93 g,

2.97 mmol), acetamidine hydrochloride (0.32 g, 3.2 mmol) and potassium tert-

butoxide (95%, 0.33 g, 2.79 mmol) in dioxane was refluxed overnight. The

reaction was allowed to cool to room temperature, then partitioned between

water and ethyl acetate. The aqueous layer was extracted one more time with

ethyl acetate. The combined organic layers were washed twice with water,

dried over sodium sulfate, filtered, and evaporated under reduced pressure to

give the crude product. Purification by column chromatography gave 24 mg

(3%) of the title compound as a light yellow solid, mp 148-149 °C. '"H NMR

(CDCly): & 9.08 (s, 1H), 8.59 (d, J = 8.1 Hz, 2H), 8.25 (4, J = 8.1 Hz, 2H),

7.19(d, J=9.3 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 2.74 (s, 3H).

EXAMPLE 16

6-[4-(4-fluorophenoxy)phenyl]pyridine carboxylic acid
N-piperidinylethylamide (3)

S HOBT, DIC, DMF | )
e ol ND Br N7 Ny N
¢ HN— °
2

Pd(PPha),
KoCO4 - ] = H
DME, H,0 \Q N7 N\/\U
F B(OH), )
)
VO
3
[0198] a) 6-Bromopyridine-2-carboxylic acid N-piperidinylethylamide

(2): To a solution of 6-bromopicolinic acid (5.0 g, 24.8 mmol) (1) and 1-(2-



am noet hyl )-piperidine (3.3 g, 26.0 nmmol) in DVW was added N- 16 AUG 200
hydr oxybenzotri azole (HOBt) (3.4 g, 24.8 mol) and 5- (3, 4-di net hyl - 1- ‘
tri azenyl WOBYSBH2dazol e- 4- carboxanide (DIC) (3.1 g, 24.8 nROT)USéRI97
reaction was allowed to stir 24 hours at anbi.ent tenperature. The reaction
was diluted wth dichloronethane, and water was then added. The phases

wer e separated, and the gqueous phase was extracted twice with

di chl oronet hane. The conbi ned or gani c- gthases were dried over sodium

sul fate. The solution was filtered and then concentrated to give the

product as a pale-yellow solid. Purification of conpound 2 was then

-1 4 (11 or Gty Bipd e Krrh AP it} cin Pl yes added -
pi peri di nyl eiyhiybabenteotiglole 4HOBH | @or %pwﬁgngb(eg% %{;’,@-@hﬁet i d (557 ny,

2.4 mmol ) was, add ol ution of compou 0l) in

dto a s
1,2- di net hd%?%ﬁnﬁﬁn]eﬂ'(ll!)@d@&-m})quniﬂb oMM E) biB. Iag,e 24 82 nisapl)andriot assi um
carbonate (7 , . P h3)4 (92.mg, 0.08 mmol) was added to
this nixtur er,%é%n ¥ Seélrlée]‘g% iooﬁur\(/j\'ga‘gg%‘)étaégmg’éé}gée@?@wf%G uieactipnder an

argon  at noswdrediuted Rt drbidromeiNase, dndON&e: hwent Lenperature,
and the phases were separated. The aqueous Bﬁggtg&{mag&)%@ﬁggt%@sqshree tines

with ethyl W&eét geraratgdd ade thontiqnemisomphasti cwahasssact®lr etviieé eqdi@ver sodi um

sul fate. They; | s£iltered  concentrated, and then filtered over a
bed of 1o Mfdéﬁ%"'\gg Jﬁlﬁacéml:bdﬁ%l?f‘ﬂ?“%.l’ § fWeratdrisd evercerdivund 3 was

then carri edlfart Thy seidtiogay S . CDC13): 8
1.48 (bs, 21- 1),1.%13-1. 67 {‘Ef“?%‘f 2.4@%‘%@?&%@“@&@5#&”@%? = 6.%

Hz), 7.05- 7.20%le-yelovspplid. 7Pwification of nompdngd 2/wad thén SArr{ed o by sil&a80 ( bs,
1H. 1 6 AUG. 8612 PCT/ US01/ 07797 -61 EXAMPLE 17 Or NH | FMOC 4
poie) Pafmilerdin
but'y pbiny y

6-(4-tert- i di ne-2-car boxam de (8a)
[0199] 6-[4-(fluorophenoxy)phenyl]Jpyridine carboxylic  acid , N-

piperidinylethylamide (3): 4-(4-fluorophenoxy)pheny! boronic acid (557 mg,
2.4 mmol) was added to a solution of compound 2 (624 mg, 2.0 mmol) in 1,2-
dimethoxyethane (DME) (6 mL), followed by water (2 mL) and potassium
carbonate (746 mg, 5.4 mmol). Pd(PPhs), (92 mg, 0.08 mmol) was added to
this mixture, and the reaction was heated at 85 °C for 16 hours under an argon
atmosphere. The reaction was allowed to cool to ambient temlperatm'e, and the
phases were separated. The aqueous phase was extracted three times with
ethyl acetate, and the combined organic phases were dried over sodium
sulfate. The solution was filtered, concentrated, and then filtered over a bed of
florisil to give crude compound 3. Purification of compound 3 was then
carried out by silica gel chro'matography. "H NMR (400 MHz, CDCl;): 8 1.48
(bs, 2H), 1.61-1.67 (m, 4H), 2.48 (bs, 2H), 2.59 (, 2H, J = 6.3 Hz), 7.05-7.07
(m, 5H), 7.64-7.71 (m, 1H), 7.81-7.91 (m, 5H), 8.80 (bs, 1H).



6- (4- n- butyl phenyl ) pyri di ne- 2- car boxam de (8b) : 16 AUS 200;
6- (4-i-propyl phenyl) pyri di ne-2- car boxam de (8c)

6- ( 4-t hi OMePOH¢¥63henyl ) pyri di ne- 2- car boxani de ( Sd) PCT/US01/07797

6- (4- et hoxyphenyl ) pyri di ne- 2- car boxam de ( Se)

6- (4- met hoxyphenyl ) pyri di ne- 2-carboxam de (8f) piperidine In DVF (" 'NH

DC, HOBt 5 DW OHO /~ R R Pd(PPh3)g K2CG3 DME, 1-120 ,aB(OH2 | a
tart butyl b R=n-butyl ¢ R=1-Prgfd.R=SMe e R=CEt f R=OMe 7af 1:
PlUt. M H2N

EXAMPLE 17

6-(4-tert-butylphenyl)pyridine-2-carboxamide (8a)
6-(4-n-butylphenyl)pyridine-2-carboxamide (8b)
6-(4-i-propylphenyl)pyridine-2-carboxamide (8¢)

6-(4-thiomethylphenyl)pyridine-2-carboxamide (8d)
6-(4-ethoxyphenyl)pyridine-2-carboxamide (8e¢)
6-(4-methoxyphenyl)pyridine-2-carboxamide (8f)

0
piperidine DIC, HOBt N._ _Br
d\ NH-FMOC @ ——m———= @/\ NH; ——— Q/\ H l ~
j : DMF OMF &
4 5

I\
Br N~y OH
'»)
_Pd(PPha)e N _1:1 TFADCM N .
H,N B
K2CO;4 P |
DME, H,0 Z

@B(OHk ' Bt
R

a R ={ert-butyl
b R = n-butyl
¢ R= r—Pr
d
e
f

a) Compound 6: 20% piperidine in DMF was added to polystyrene-Rink-
amide resin having 9-fluorenylmethoxycarbonyl (FMOC) protective group
(PS-rink-NH-FMOC resin) (4) {4.45 g, 4.14 mmol) in a solid-phase reaction
vessel, and the reaction was shaken for 1.5 hours at ambient temperature. The
resin was washed (DMF twice, dichloromethane twice, DMF) and then treated
again with 20% piperidine in DMF. It was shaken for an additional 1 hour,
and the washing sequence was repeated. DMF was added to the resin,
followed by N-hydroxybenzotriazole (HOBt) (3.4 g, 24.8 mmol), 6-
bromopicolinic acid (1, 5.0 g, 24.8 mmol), and a solution of 5-(3,4-dimethyl-
1-triazenyl)- 1 H-imidazole-4-carboxamide (DIC) (3.1 g, 24.8 mmol) in DMF.
The mixture was shaken for 24 hours at ambient temperature and then drained.



0 6 Ba-f a) Conpound 6: 20% pi peridine in DVF was added to § AUG 2004
pol ystyrene- R nk- am de resin having 9-fl uorenyl met hoxycarbonyl FI\/[I‘,l)

prot ecti VEOQMEREA2 (PS-rink-NH FMOC resin) (4) (4.45 g, 4. 1%%?1§07?% a

sol i d- phase reaction vessel, and the reaction was shaken for 1.5 hours at
anbi ent tenperature. The resin was washed (DVF tw ce, dichl oronethane
twce, DMF) and then treated again with 20% pi peridine in DMF. It was
shaken for an additional 1 hour, and ®he washing sequence was repeat ed.
DMF was added to the resin, followed by N-hydroxybenzotriazole (HOBt) (3.4
g, 24.8 mmol), 6- brgonopicolinic acid (1, 5.0 g, 24.8 mmol ), and a sol ution
of 5-(3, 4- diTR!R¥inwis WabiRADNIF tWikel m&%@h@mﬁ@%ﬁ&@%@@%ﬁ%& (3.1 9,
24.8 mmol) in DMF. The m xture was shaken for 24 hours at anbi ent

t enper at ur e Gordpeunsrd wassplgdntolisdixidBaPeadtioyd3sd168612 PCT/ US01/ 07797 - 62

The- j d t Wi | onet h t Wi d dried.
CompounteWinas Sopit | fowmoRviahi LediginysesSME 5B aCompounds
7a-7f: 1,2-0) ¥eel VE); \é@.ﬁn i.ndimi dual
rgact i on ve?gglg%mgont a?ﬁ?ﬁ"b&g conpgﬁﬁlgégm(-%o.n nﬁ%ﬁ@ﬂ@%ﬁ@%é&&bﬁ{ hga

addi ti on of foHewpddryythebadditiorr ofidhel phén¥ borohik. acld (115 mmat). x fTior thissas added

water (1.0 nlL), potassi carbo e (3.8 mpl), and Pd(PPh3)4 (0, 043
mol ) . (The g ofgs \%Héﬁ H@é?r_eaﬁtmlt(})é I@tﬁ‘sé}'méﬁa%ﬁ?@. (%gsAPPEﬁ)’l_)’r é‘%‘br ning to
ambi ent te”H?cI(PPHj)Fgo.blﬂ? n&xﬁ@ﬁ.tl !?@ﬁ%&s%@r{e%tedaﬁuc\?é?fo{ €6 hjuas washed

(1:1 DVE-water tw'c water, "1: -water tw ce, W ce, water twi ce,
THE tw ce, dAftél mtamiightm embisnt &mpayatyie |the Teacibns WA djaine)dd, Gadyluinds

8a-8f: Co ds 7a-7f in th f 1.1 tri ti
cord (TrA) T dPoRNeomeed L TV Sguarduics; welre Y dIVE oE dadct PME or od. t he
resins vere mashehit thiced THH QhQTRIAEAEmeRRHe [ite) ©3/i¥§Mh-#as then

evaporated. Purification of conpdunds 8a-8f was carried out
[0201) c) Compounds 8a-8f: Compounds 7a-7f were shaken in the

presence of 1:1 trifluoroacetic acid (TFA)-dichloromethane for 1.5 hours. The

reactions were filtered, the resins were washed with dichloromethane, and the
solvent was then evaporated. Purification of compounds 8a-8f was carried out
by first filtering over a bed of florisil followed by subjection to silica gel
chromatography.

[0202] 6-(4-tert-butylpheny))pyridine-2-carboxamide (8a): ‘H NMR (400
MHZ, CDCls): & 1.38 (s, 9H), 5.65 (bs, 1H), 7.55 (d, 2H, J = 8.9 Hz), 7.85-
7.99 (m, 4H), 8.05 (bs, 1H), 8.15 (4, 1H, J = 8.6 Hz).

[{0203] 6-(4-n-butylphenyl)pyridine-2-carboxamide (8b): 'H NMR (400 MHz,
CDCl3): 8 0.95 (t, 3H, J=7.3 Hz), 1.36-1.42 (m, 2H), 1.61-1.69 (m, 2H), 2.69
(t, 2H, J = 7.6 Hz), 5.68 (bs, 1H), 7.32 (d, 2H, ] = 8.4 Hz), 7.86-7.94 (m, 4H),
8.03 (bs, 1H), 8.13 (d, 1H, ] =7.3 Hz).

[0204] 6—(4-i—propylphcnyl)pyridine;z—carboxamide (8¢): 'H NMR (400
MHz, CDCl): & 1.31 (d, 6H, J = 6.9 Hz), 2.95-3.02 (m, 1H), 5.65 (bs, 1H),
7.37 (d, 2H, J = 8.2 Hz), 7.86-7.95 (i, 4H), 8.05 (bs, 1H), 8.14 (d, 1H,J =73

Hz).
[0205] 6~(4-thiomethylphenyl)pyridine-2-carboxamide (8d): 'H NMR (400
MHz, CDCls): & 2.56 (s, 3H), 7.38 (d, 2, J = 8.7 Hz), 7.93-8.09 (m, 5H).
[0206] 6-(4-cthoxyphenyl)pyridine-2-carboxamide (8¢): "H NMR (400 MHz,

CDCL): & 1.46 (t, 3H, J = 7.0 Hz), 4.1 (q, 2H, T = 6.8 Hz), 7.01 (4, 2H, J =



by first filtering over a bed of florisil followed by subjection to ﬁ;‘é”ﬁ%m
gel chromat ography. [0202] 6-(4-tert butyl phenyl) pyri di ne-2-carboxa

(8a): 1H‘N9|Q1’%ﬁ MHz, CDC13): 8 1.38 (s, 9H), 5.65 (bs, REF/USR/E397d, 2H,
J =8.9 Hz), 7.85- 7.99 (m 4H), 8.05 (bs, 1 H, 8.15 (d, 1 H J =286 Hz).
[ 0203] 6-(4-n-butyl phenyl) pyri di ne-2-carboxam de (8b): 'H NVR (400 MHz,
CDC13): 8 0.95 (t, 3H, J =7.3 Hz), 1.36-1.42 (m 2H), 1.61-1.69 (m 2H)
2.69 (t, 2H, J =7.6 Hz), 5.68 (bs, 1K}, 7.32 (d, 2H, J = 8.4 Hz),
7.86-7.94 (m 4H), 8.03 (bs, 1H), 8.13 (d, 1H J=73Hz) [ 0204]

6- (4-1i - propyl phenyl)pyr| di ne- 2- car boxam de ( "H NVR (400 M-lz CDC13):

3 D8 by, TR A B0, o@zeﬁw‘v‘é%’ﬂzi 8?@1%%1%?5@50 7 (G,

102051 6- (4 IﬁiScﬁTHth/)l phenyl )pyr| di ne- 2- car boxam de (8d) 'H NMR (400 MHz,
. CDC13 56 (s (d, 2H J =87 Hr), 7.93-8.09 (m 5
[0206% @g?ﬁ et hc()x%%g%?fpﬁ“ﬁﬁ??wlmﬂﬂﬂ@a%@@a e( () ''H mﬂ({( 4mw|sz

et Aﬁelzléf?f%@%ﬁufééé%s%&5?2@51?%2}#&8%?@ BB G307 01 (m oh.

7.97 (d, 2H, J = 8.9 Hz), 8.01 (bs, | , 810(d 1, J 86HzH) [ 02071
6- (4- met hoxyphenyl ) pyri di ne- 2- car ggwg 1H NVR (400 WMHz, CDC13): 8
3.90 (s, 3H), 7.05 (d, 2H J = 8. ~8.05 (m 5H). EXAMPLE 18

2- Met hyl - 4- di met hyl am no- 6-[ 4- (4-f | uor ophenoxy) phenyl ] pyri di ne (14)

4- Met hoxy- 6- [ 424MethiyLiardipbenyRine Femyid b sieAsr Aphél: 18)
4- Met hoxy- 6- [44(141eﬂiobt9r63 b ¥ jpﬁé(ﬂ;lﬂiy%}l{é @ﬁ%

di net hyl am noet h%@ﬂﬁbgf A3h-fhor noxy)phenyl]pyridine-2-carboxylic amd
dimethylaminoethylamide (19)
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HNMe,
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15 16 MOH ]3 14 ow 17 (D- F MilN\~H'x ~ 0o 19 16 AUG 2004 WO 01/ 68618 AUS 200t
PCT/ US01/ Q7797 -64 [0208] Yields of the above reactions were not optimzed.
VB spect rAB8612|  conpounds were obtained with LCMB. ThePEBEEIWGAY wer e
followed by either TLC or/and LCVS or/and ' H NVR. [0209] a) Conpound 10:

A solution of 10 g (100 mml) of 2,4- pentadione (9) and 11.2 g (120 mmol)

of aniline in 100 nL toluene and catalytical anount of p-toluenesulfonic

aci d nonohydrate was refluxed in a rothd bottomflask equi pped with

azotropi c apparatus and condenser for 12 hours. The sol ution was

concentrat ed to dryness and the product was used i w thout purification.

" HNIVR 8 1 4, .Hz 7.10 (d,
o I-ORRL) 5, Yistts OF theidoye Torchths g ot bhifned s sty 1

2- “B/E'If_hw( 58 [wmlm‘ﬁ) lﬂmmmhﬁtﬂ?&& )whdr@MJSt W)tléadtﬁbﬂﬁ’ﬁ@?e(f%aﬁg\fﬁ%y (ei5ﬂixe10f Il) 6 ][VI
n- BulLi r OpW 0o a solution o mmol ) o

2,2,6,6- tetmwaﬁgﬂr{éﬁﬁ?ﬁ{ THE at -78 C under |gert

t Af t th t [ 1 xt ti f 30

ot o020 o e CRMitobh ho: AT SHIRRGH | S0 X oD MaR6) of P ormound

10 in 10 i péntaidmea(9) &1 C1Qag (AD0letmdl) dfharslisdkn!ti00mIr RMWLsemdAf ter the

addition, the reaction m xture was stirred for 30 mnutes. To the resulting
catalytical amount of p-toluenesulfonic acid monohydrate was refluxed in a

round bottom flask equipped with azotropic apparatus and condenser for 12
hours. The solution was concentrated to dryness and the product was used
without purification. 'H NMR (CDCl): § 7.35 (t, 2H, J=5.69 Hz), 7.19 (1, 14,
J=6.4 Hz), 7.10 (d, 2H, J=7.5 Hz), 5.19 (s, 1H), 2.10 (s, 3H), 1.99 (s,3H).

[0210] b) 2-Methyl-6-[4-(4-fluorophenoxy)phenyl]-4-pyridinone (12): 31
mL of 1.6 M n-BuLi (50 mmol) was added dropwise to a solution of 7.21 g
(51 mmol) of 2,2,6,6-tetrametylpiperidine in 80 mL THF at —78 °C under inert
atomosphere. After the addition, the reaction mixture was stirred for 30
minutes at the same temperature. A solution of 3 g (17 mmol) of compound
10 in 10 mL of THF at ~78 °C was added to this solution dropwise. After the
addition, the reaction mixture was stirred for 30 minutes. To the resulting
dark red solution was added dropwise a solution of 2.7 g (17 mmol) of
compound 1% in 13 mL of THF at-78 °C. After the addition, the mixture was
slowly warmed to —50 °C and stirred at that temperature for one hour. The.
reaction mixture was poured into cold, saturated aqueous solution of NH,Cl
and extracted twice with ethyl acetate. The organic phase was washed with
saturated brine, dried with magnesium sulfate, and filtrated. The filirate was
concentrated to dryness. 2-Methyl-6-[4-(4-fluorophenoxy)phenyl]-4-
pyridinone was used without purification. 'H NMR (CDClz): § 7.54 (d, 2H,
H=3.8 Hz), 7.31 (m, 2H), 6.50-7.10 (m, 4H), 5.23 (s, 1H), 5.08 (s,1H), 2.03 (s,
3H).

[0211] c) 4-Chloro-2-methyl-6-[4-(4-fluorophenoxy)phenyljpyridine
(13): To a flask containing 20 mL of POCI; at 120 °C oil bath was carefully
added a solution of 5 g (17 mmol) of crude compound 12 and 2.6 mL of 1,8-
diazabicyclo[5,4,0lundec-7-ene (DBU) (17 mmol) in 20 mL of methylene



dark red sol ution was added dropwi se a solution of 2.7 g (17 mmol) of 6 AUG 200
conpound 11 in 13 nL of THE at -78 T. After the addition, the m xture was
slowly wa¥O@H68642 50 C and stirred at that tenperature forPGHESHEFIT The.
reaction m xture was poured into cold, saturated aqueous sol ution of NH4CL
and extracted twice with ethyl acetate. The organic phase was washed with
saturated brine, dried with magnesiumsulfate, and filtrated. The filtrate
was concentrated to dryness. 2-Methyks6-[4-(4-fl uorophenoxy) phenyl] - 4-
pyri di none was used without purification. 1H NWR (CDCl3): S 7.54 (d, 2H,
H=3.8 Hz), 7.31 (m 2H), 6.90-7.10 (m 4H), 5.23 (s, | H), 5.08 (s,1 H,

. 2.03 (s, - . . _

4- Chl or o- 2- neoﬁl%l ﬁqﬁ%ﬁaﬁhag o%ﬁé%?y? BHERGE 1oy refiied for £35 howgy 5 £ ask
cont ai ni ng amenﬂesuﬂfmg’%ﬁcauatwéﬁaorﬁeﬂméte@% Fﬂrgﬁéssc.ﬁ:{deflﬂﬁt'ebl whRgldgglja sol ution
.of 5 g (17 mmol) of crude conpound 12 and 2

di azabi cycl éf8atg, HtOdedc- Fatunated BRIGPuy NaHER] Wwasncaefully afdedebhthkene 1 6

AUG 2004 WO 01/ 0 97 -65 chl ori de. t he addition, the
reaction mi xgéﬁlgngé%djﬁgglﬁge% Se Wﬁ%"ﬂa@&ffi"ii] eﬁﬂ%%’ﬁe was
concentrat e%}oahse \dﬁymﬁa%teanﬁﬁdtﬂetﬂa&ﬂ Wilirhe 6F EYd)Ac 20 Aot jcSaturated

aqueous NaHCO3 was carefully added to the solutionto a ust p to 5- 6.
The organi chP@S@V%ﬂlegé‘fﬂh%iwhbnue ahddrefiwith magiisism sndfateeﬁttemdt ed with

t he sanme vol conbi n phase re.t washed
with brine ﬁ'ﬁgeaé)ri‘ceg{r%ﬁht “Fum Tf?tg”zlnef |VYatSerPé‘H%e§e Pfiaéhtrat ed to
dryness. Thehfoagitétap ilidaUdel f998 i lica gel,
5% Et OAc/ hexane) to grgtagl SL% (EtWArgﬂlﬁgh&z% g%hl(y%%?gbﬁgﬁgnémi?(ture of

conpound 13 aaMSGrm@@étae@mm@nmpmnd 13-IandIN@n(m1®mpcﬂmﬂ o3 (H, 2H,

% 297(?2 )SH;\Iﬁﬁéﬁ)ﬁl ?*%%@i’%%evﬁzﬁ’%s @ J=1.3§}15z),'%9 d 1% (m 6H,

ﬁ/bl\/ﬁi hyl N4 (JEFEIHB)"?‘UD% @}Ijéi(gd(sfjgprmghgfpfy) phenyl | pyri di ne (14):

[0212] d) 2-Methyl-4-dimethylamino-6-[4-(4-fluorophenoxy)-
phenyl]pyridine (14):
M~ He
el /—\ NMe;
|
Lo raoles
13
14
'} HNMe,
[0213] Method 1: A mixture of 800 mg (2.5 mmol) of compound 13 and 101

mg of 60% NaH (2.5 mmol) in 5 m] N,N-dimethy] ethylendiamine was heated
in a sealed tube at 120 °C for six hours. To the cooled reaction mixture was
carefully added methanol to quench NaH. The resulting mixture was
concentrated to dryness, and the residue was purified by flash chromatography
(silica gel, 10% MeOH/CH>Cl; with 1% NH,OH) to get 100 mg of compound
14.

[0214) Method 2: To a 3-neck round bottom flask at —78 °C, dimethylamine
was condensed and then transferred to a sealed vessel containing compound
13 at —78 °C. The sealed vessel was slowly warmed to room temperature and

stirred for 48 hours to give a 10% clean conversion. 'H NMR (CDCls): & 7.89



Cl 13 14 HNMe2 [0213] Method 1: A mxture of 800 ng (2.5 mol ) of corrpound
13 and 101 of 60% NaH (2.5 mmol) in 5 m NN-di net hyl ethyl endi aml rieAlaiglt
heated M A1/&8 ed tube at 120 C for six hours. To the coRCEHUSHELYT on

m xture was carefully added nethanol to quench NaH. The resulting m xture
was concentrated to dryness, and the residue was purified by flash

chromat ography (silica gel, 10% McOH/ CH2CI 2 with | % NHAOH) to get 100 ny

of conmpound 14. 102141 Method 2: To ag@-=neck round bottomflask at -78 C,

di methyl am ne was condensed and then transferred to a seal ed vessel

contai ning conpound 13 at -78 T. The seal ed vessel was slowy warned to

PN (ot S, 0617 g T s B A S ey S B o ot s ey
7.00 (m 6|-|)Hz)6369(£d§H)|2*5,1 3 W) 329235 (d | H 923 He), 3.03 (s,
6H), 2.51 (‘s, 314). 323.2.7 [0215] " €)

2- Met 92Kl net hoxs)- 6- [%MethﬂkQrmedmmﬁ}wwmmﬂhpwxmmmpyﬁ,ﬁ@m A seal ed
t ube cont ai 3in 10 n of 25 w-% NaOw

i n met hanol %\@g ‘%ésg?lgﬁ(t\’%? %’%"801:?%0 g’gﬁ(‘j‘%l ofrgmpygrdd inrl9ni Df)n m xture
was concent ratwe% NaOMe s BRsbl ds U ctbdint C?S R f&f'foﬁﬁ%u?&r cﬁbg xture
t i ne &

was washed with saturated aqueous NHACI hen br I ¢ phase
was dried wr@wnmmmwmtmmated ltd drmt,ss andl d@lotbdemiﬂi attetl at@atedr yness to

1.5 I d15 N CDCl 3 6792d2H J=6.8 Hz
7.00 (m i sy ] s g wd gt e
310. 2. [021Ghgdulc gm;tme@ mh%g‘nm%%mmogy%féﬁem SOREREDL

carpoxyllc aC|d : To a solutionm of 1.5 Bund 15°in
36 m of pydmmsm gine 1dgleficlzad cgmpburfe IR NMP([(CDC&ﬂdB Thoe (ﬂ,@l’«]' ting

sol ution
J=6.8 Hz), 7.00 (m, 7H), 6.62 (4, 1H, J=2.1 Hz), 3.88 (s, 3H), 2.57 (s, 3H).
MS: 310.2.
[0216} ) 4-Methoxy-6-[4-(4-fluorophenoxy)phenyllpyridine-2-

carboxylic acid (16): To a solution of 1.5 g (4.8 mmol) of compound 15 in 36
ml of pyridine was added 2.1 g of SeO2 (19 mmol) and the resulting solution
was refluxed for 3 days. The cooled reaction mixture was concentrated to
dryness and diluted with methanol, filtered, and concentrated to give 100 %
conversion. 'H NMR (CDCl3): & 7.92 (d, 2H, J=8.§ Hz), 7.69 (s, 1H), 7.38
(m, 3H), 7.07 (m, 4H), 3.97 (s, 3H). MS: 320.9.

[0217] 2) 4-Methoxy-6-[4-(4-fluorophenoxy)phenyl]pyridine-2-
carboxylic acid methyl ester (17): To the niethanol solution of the crude
compound 16 was slowly added 0.701 ml (9.6 mmol) of thionyl chloride
carefully. After the addition, the resulting solution was refluxed for 12 hours.
The cooled reaction mixture was filtered, and concentrated to dryness. The
residue was then filtered through a plug of silica gel with 10 % Et;N in
EtOAc. The filtrate was concentrated to dryness to yield 1.6 g of clean
compound 17. "H NMR (CDCls): § 7.98 (d, 2H, J=8.7 Hz), 7.61 (d, 1H, J=2.2
Hz), 7.33 (d, 1H, J=2.2 Hz), 7.00 {(m, 6H), 4.05 (s, 3H), 4.00 (s, 3H). MS:
354.1. |

[0218] h) 4-Methoxy-6-{4-(4-fluorophenoxy)phenyl]pyridine-2-
carboxamide (18): 140 mg (0.39 mmol) of compound 17 was added to a
solution of 10 ml of 2M NHj in methanol and the resulting solution was stirred



was refluxed for 3 days.” The cool ed reaction m xture was concentrateg to
dryness and diluted with nmethanol, filtered, and concentrated to giv Eﬂﬁﬁzmﬂ
conver si dhO B R (CcDC13): 8 7.92 (d, 2H, J=8.8 Hz), 7.69PCHUSOIT977 38

(m 3H), 7.07 (m 4H), 3.97 (s, 3H). Ms: 320.9. [0217] 9)

4- Met hoxy- 6-[ 4- (4-f | uor ophenoxy) phenyl ] pyri di ne-2- carboxylic acid nethyl
ester (17): To the nmethanol solution of the crude conpound 16 was slowy
added 0.701 m (9.6 nmmol) of thionyl cl®foride carefully. After the
addition, the resulting solution was refluxed for 12 hours. The cool ed
reaction mxture was filtered, and concentrated to dryness. The residue

was then filfoerl@dotby. oThd nixtatd Fa®fhedl doncehtehedd wd&.g;n%g) atd ﬁ'fe%]sdlpn Et OAc.
I .6 go

The filtrate was concentrated to dryness to yie clean e conpound
17. "H NMR (¥HE1%3s resrystaliged dn methamotgo ive 57 ridg 6leag d:mdthoxy64434- Hz) , 7. 33

.(d, 1H J=2. 7.0 6H),. 4,05 (s, 3 4. 00 3H). M5 354.1.
E% )18] 122) 4-@5??3‘5291%? %&‘%EM%%%W@?@W%%@W] %glﬁéﬁkr@g?@?p@:b%?a%d?ﬂ
. HIIP;L C S S 1,0 (6]
of 2M NH3 ings'rret{h’and ari%l t%’egg’g%ﬁi}%ig\ﬂg@r 3?@8@9’\/\%@ Igt@r ?ég @, EHAUG 200d 1
6 AUG 2004 W25 Hepens7 RETHIS61AME7)97.266T, JHre. 1 Bz\ourSm, H1g), miostwr e vwas

Lg?ﬂaﬁgrcfgt%ﬁ:ﬂ%gé#ﬁﬁgr3§‘€éi3ﬁimgﬁéig?l[L,i- ?2 solid was recrystalized in
(. o gy oy DY NE0Sy SRS e ey MM B 7 61 (a0, 1 H
J=2.3 Hz), Tcasfoxylic acidi didserhyBarhinpethPladfidé t(192H, EBcefs ) N N-didethid 21-1),
4 Nt hoxy- o T AR RER GRISbHRHE BV 66200 s Bbs6 ImwoRost
added 1o The oot con an O3Bymelbaia> e MMl Bl sl yfef Aol '
met hanol , anl§mppratiresfor t4 deys et whidn times thet converbictt wa®@binplete. The

reaction mixture was concentrated to dryness. HCl in Et,0 was added to the

residue and the solid was recrystalized to yield clean compound 19. 'H NMR

(CDCl3): 6 8.97 (bs, 1H, N-H), 8.10 (d, 2H, J=8.8 Hz), 7.61 (d, 1H, J=2.2 Hz),

7.32(d,1H, J=2.2 Hz), 7.05 (m, 6H), 4.00 (m, 1H), 3.96 (s, 3H), 3.78 (m, 1H),

3.63 (m, 1H), 3.45 (s, 3H), 3.27 (bs, 1H), 2.85 (s, 3H). MS:4102.

EXAMPLE 19
} 4-[4-(4-Fluorophenoxy)phenyl]-pyrinﬁdine—Z-carboxamide as Anticonvulsant

[0220] The  ability of  4-[4-(4-fluorophenoxy)phenyl]-pyrimidine-2-
carboxamide to block maximal electroshock-induced seizures (MES) was
determined according to the method above.

[0221] 4-[4-(4-Fluorophenoxy)phenyl]-pyrimidine-2-carboxamide was
administered p.o. to mice 30 minutes before the test procedure. The
compound exhibited protection against MES with ai EDs, (the dose protecting
50% of animals) of 1.6 mg/kg.

[0222] The following compounds on Table 1 were tested accordingly after a
p-o. administration and also after an iv. injection. The compounds were

injected i.v. 15 minutes before the test procedure.



tenperature for 4 days at which time the conversion was conpl ete. ijﬁ A
reaction mxture was concentrated to dryness. HO in Et20 was added OAUIBE%@
resi due W@ 1686130l i d was recrystalized to yield clean conpOTNEON®791H NVR
(CDC13): S 8.97 (bs,-IH, NH, 8.10 (d, 2H, J=8.8 Hz), 7.61 (d, 1H, J=2.2
Hz), 7.32 (d, 1H, J=2.2 Hz), 7.05 (in, 6H), 4.00 (m 1H), 3.96 (s, 3H),
3.78 (m 1H), 3.63 (m 1H), 3.45 (s, 3H), 3.27 (bs, 1H, 2.85 (s, 3H. M=
410. 2. EXAVPLE 19 4-[4-(4-Fl uorophenox®8 phenyl ] - pyri m di ne-2- car boxam de as
Anti convul sant 10220) The ability of

4-[ 4- (4-f 1 uorophenoxy) phenyl ] - pyri m di ne-2- carboxam de to bl ock nmaxi mal

el ectroshock-i nduced sei zures (MES) was determ ned according to the nethod
above. [0221] 4-[4-(4-Fluoropheno Enyl ]-pyri m di ne-2- car boxam de was
adm nistered p.o. to mce 30 mnutes before the test procedure. The
conpound exhi bi AsticpmatlssoitiEvaluwagmnrefter BA1 WidrhinistraAionGo(Miwe ahdse pr ot ecti ng
50% of animals) of 1.6 ng/kg. [0222] The foll ow ng conpounds on Table |
were tested accordingly aft ¢itraveddu® Inpefibn it Miceon and al so after an i.v.
injection. The conmpounds were injected i.v. 15 mnutes before the test
procedure. WD 01/68612 -68 16 AUG 2004 PCT/US01/07797 Table 1

Anti convul s nd

I ntravenous| I njection into M ce MESVMES Conpoun P.Qi /

ngy/ kgEDS0 /| aBmipguddbmiét- f | uor ophenoxy) phenyl ] pyri m di ne- 2- 1. 60. 7

car boxani de p.o. Lv.

EDsy/ mg/kg EDsqy/ mg/kg
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2- 1.6 0.7
carboxamide
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2- 6.1 2.8
carboxylic acid methylamide '
4-[4-(4-trifluoromethylphenoxy)phenyl]- 2.5 0.5
pyrimidine-2-carboxamide
2-{4-(4-chioro-2-flucrophenoxy)phenyl]- 5.7 2.3
pyrimidine-4-carboxamide
4-[4-(2,4-difluorophenoxy)phenyl]- 1.4 0.9
pyrimidine-2-carboxamide
4-[4~(nitrophenoxy)phenyl]pyrimidine-2- 10.0 3.1
carboxamide
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2- 5.0 1.5
carboxylic acid hydroxymethyleneamide
2-[4-(4-fluorophenoxy)phenyl]pyrimidine-4- 7.5 2.5
carboxamide
6-{4-(4-fluorophenoxy)phenyl]pyridine-2- 3.3 1.2
carboxamide
E 6-(4-phenoxyphenyl)pyridine-2-carboxamide 10.5 : 3.2
2-(4-phenoxyphenyl)-6~(dimethylamino)- 2.10
pyrimidine-4-carboxylic acid dimethylamide
2-[4-(4-chloro-2-fluorophenoxy)phenyl]- 4.10 1.50
pyrimidine-4-carboxylic acid dimethylamino-
methyleneamide
EXAMPLE 20

Activity of 4-{4-(4-Fluorophenoxy)phenyl]-pyrimidine-2-carboxamide as
~ Sodium Channel Blocker

[0223] 4-[4~(4-Fluorophenoxy)phenyl]-pyrimidine-2-carboxamide was tested
in the electrophysiological assay 1 and binding assay as described above and
produced dose-dependent inhibition of voltage-gated sodium currents recorded
in HEK-293 cells stably expressing the rBIIA isoform of Na* channels. The



4-[4-(4-fluorophenoxy) phenyl ] pyruni di ne-2-6.12. 8 carboxylic acid 16 AUG)
nmet hyl am‘g](af- h4-(4-t rifl uoromethyl phenoxy) phenyl]-2.50.5 064
pyrini di nBE8 o5 ani de 2-[ 4- (4- chl or o- 2- | uor ophenoxy) phREYUSUYTY. 3
pyri m di ne- 4-carboxam de 4-[4-(2, 4-di fl uorophenoxy) phenyl]-1.40.9
pyri m di ne- 2- car boxam de 4-[4-(nitrophenoxy)phenyl ] pyrim di ne-2-10.03.1
car boxam de 4-[4-(4-fl uorophenoxy) phenyl ] pyri m dine-2-5.01.5 carboxylic
aci d hydroxynet hyl eneani de 2-[ 4- (4-f U -ophenoxy) phenyl ] pyrim dine-4-7.52.5
car boxam de 6-[4-(4-fluorophenoxy)pl | enyl]pyridine-2-3.31.2 carboxam de
6- (4- phenoxyphenyl ) pyri di ne- 2- car boxam del0. 53. 2
. 2- (4- phenoxypibeidys : TRt ' Nt s o TRTa =g 0 : |c acid

g kffect 68 R QLA Ok Na ]&xy”)@%ﬁeny%{@?’%&@i@g@%y ke

di met hyl am de 2[ 4- (4-chl oro- 2-fl uor opheno
pyri m di ne- dbajdnposoftiage, iadicdting that My a(#ifhorophiehdrsh plastisiaidndMéELE 20
- Activity of 4-14-(4-F ropheno henyl ],- pyri m di ne- 2- car boxam de as

o d: \ljlm >C/3h ann(éalrlgxﬁaé%%L#:gé%gg(fltagé-%gx%mveyNa]f dfinnels in their fnactivated states

4[4 (4- Fl uosrbenRuk)iaRey Ldwads Nt dlafieduf BEh Q1) ed in the
el ectr ophysi ol ogi cal ?Esasyld‘%eﬁ%ﬂg?qn%ﬁgelgénsaéﬁgs g%ﬁa}%&i@a&g and
produced dos@- dpk ifemrtnacehidfi 2566165061 99 b}, tlage agh tFedn S MbIUPhakhaRNT S

recorded in, HEK- | l.s . stably expressing the rBlIlA isoformof Na}
channel s. Th‘é{%'ﬁ%@%éb aﬁﬁgrmﬁagp@ﬁ sgperatippgpnstant (Kj) of this

compound for inactivated sodium channels is 0.49 uM.

[0224] The K; (the concentration of a compound that produces half maximal
) inhibition) ~ value  for  4-[4-(4-fluorophenoxy)phenyl]-pyrimidine-2-

carboxamide and other tested compounds are presented in Table 2.

Table 2
Evaiuation of the Tested Compounds as Sodium Channel Blockers after
an Electrophysiological in vitro Assay 1

RBIIA
Compound name K;/ uM
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-carboxamide 0.49
4-[4-(4-fluorophenoxy)pheny!]pyrimidine-2-carboxylic acid - 13.50
dimethylamide .
4-{4-(4-fluorophenoxy)phenyl]pyrimidine-2-carboxylic acid rert- 0.18
butylamide
4-[4-(4-trifluoromethylphenoxy)phenyl]-pyrimidine-2-carboxamide 0.21
) 2-[4-(4-chloro-2-fluorophenoxy)phenyl]-pyrimidine-4-carboxamide 0.22
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-carboxylic acid 51
4-{4-(2,4-diflucrophenoxy)phenyl]-pyrimidine-2-carboxamide 0.36
2-[4-(4-flucrophenoxy)phenyl]pyrimidine-4-carboxamide 0.10
6-[4-(4-fluorophenoxy)pheny!]pyridine-2-carboxamide 0.07
2-[4-(4-fluorophenoxy)phenyl]-4-[3-(1,2,4-triazolyl)]pyrimidine 20.00
3,5-diamino-6-(4-phenoxyphenyl)pyrazine-2-carboxamide 2.20
EXAMPLE 21

Activity of 6-[4-(4-fluorophenoxy)phenyl]pyridine carboxylic acid N-
piperidinylethylamide as Sodium Channel Blocker

[0225] 6-[4-(4-fluorophenoxy)phenyl]pyridine carboxylic acid N-
piperidinylethylamide was tested in the electrophysiological assay 2 as



C -69 bl ocking effect of this conpound on Na' currents was highly seqséhive

to the ' ol tage, indicating that UG 2004
4-[ 4- (4- Bﬂ}g?@%ﬂgnoxy) phenyl ] - pyri nidi ne-2- car boxani de bi RET/USHINT797

vol tage-sensitive Na+ channels in their inactivated states and has weak
potency towards Na channels in their resting states (Ragsdale et al., Ml.
Phar macol . 40: 756- 765 (1991); Kuo and Bean, Mol . Pharmacol. 46:716-725
(1994)). The apparent antagoni st di ssdi-ati on constant (K;) of this
conmpound for inactivated sodiumchannels is 0.49 M 102241. The Ki (the
concentration of a conpound that produces half maximal inhibition) value
for 4-[4-(4- p Y) PRgN Y4d Mg pemd- carboxani de.and.ot her

t est ed comgfghdggfeg(ggg%sent ed%%a%}u‘lif_a%f: re@gl ()Ll.gﬁ?rgpge ﬁg"ﬁ{lﬁ r’(c’ji]Fm’t he Tested
Conpounds  asaftedylicrnG i pigeriBinytdteylamide £ othée FnGSuneP X SERleagiGR! 1 N
vitro Assay.l Cﬁ]gﬁound nameRBIJA I ( /.tM

4-[ 4- (4-f1 ud® dpRERoxy) phenyl ] pyri ni di ne- 2- car boxani de0. 49

4-[ 4- (4-f 1 uor ophenoxy) phenyl ] pyri m di ne- 2-carboxylic acid 13.50

di net hyl am de 4-[4-(4-fl'uor ophenoxyg]{)henyl ] pyriridine-2-carboxylic acid
tert- 0.18 butyl anide Table 3 '

4- [ 4- (4- t ri f Eyshwtisnof the Sested \Qirepyln dspsrS odiginnCh Znise Bisolasr sgdr 21

2-[ 4- (4-chl or o- 2- f | uor ophe Electidphssioldgienl ih Witsh ARs4ly gar boxani de0. 22
4-[ 4- (4-f 1 uor ophenoxy) phenyl ] pyri m di ne-2-carboxyli'c aci d51
4-14- (2, 4-qi tTuor ophenoxy) phenyl T-pyri marne-2-car puxani o ;mﬁl
2-[4-(4-fl dor ophenoxy) phenyl?‘?ﬁ}lppﬁn mame4- car boxam de0. 10
6-[4- (4-fl gor pr{’e‘{:‘g@'\‘f’n%%ﬁ”! 1oy diunﬂ: "-emrqg“éam' deQ_07 _K‘_/“M
2-[ 4- (4-f1 dor ophenoxy) P g’i]p ridlﬁjlrgll ﬁc‘%‘; fg;”f KAEASA YT pyr{ mi @86e20] 00
6-(4-tert-butyiphenyl)pyridine-2-carboxamide (8a) 6.13
6-(4-n-butylphenyl)pyridine-2-carboxamide (8b) 10.53
6-(4-i-propylphenyl)pyridine-2-carboxamide (8¢) 41.61
6-(4-thiomethylphenyl)pyridine-2-carboxamide (8d) 52.73
6-(4-ethoxyphenyl)pyridine-2-carboxamide (8¢) 58.72
6-(4-methoxyphenyl)pyridine-2-carboxamide (3f) 23.87
2-methy]-4-dimethylamino—6-[4—(4-ﬂuorophenoxy)phenyl]pyridine (14) 0.33
4-methoxy-6-[4-(4-fluorophenoxy)phenyl]pyridine-2-carboxamide 18) 3.43
4-methoxy-6-[4-(4-flucrophenoxy)phenyl]pyridine-2-carboxylic acid 0.32
dimethylaminoethylamide (19)
2-dimethylamino-4-[4-(4-fluorophenoxy)phenyljpyrimidine 27.57
4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-carboxylic acid ethyl ester 9.86
4-{4-(4-fluorophenoxy)phenyl]pyrimidine-2-carbamate 8.70
_ 4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-carboxylic acid 2- 2.62
) chloroethylamide
1-{4-[4-(4-fluorophenoxy)phenyl]pyrimidine-2-y1]-2,2- 10.63
dibromoethanone
4-[4~(4-fluorophenoxy)phenyl]pyrimidine-2-carboxylic acid 11.36
methylaminomethyleneamide hydrochloride
2-[3~(1,2,4-triazolyl)]-4-[4-(4-fluorophenoxy)phenyl]pyrimidine 591
4-[4-(2,4-difluorophenoxy)phenyl]pyrimidine-2-carboxylic acid methyl 139
ester
2-[4-{4-fluorophenoxy)phenyl]pyrimidine-4-carboxylic acid methy] 71.53
ester
6-[4-(4-fluorophenoxy)phenyl]pyridine-2,3-dicarboxamide 4.54
2-methyl-6-[4-(4-fluorophenoxy)phenyl]pyridine-3-carboxamide 8.45
S-cyano-6-(4-phenoxyphenyl)pyridine-2-carboxamide 11.9
5-hydroxy-6-(4-phenoxyphenyl)pyridine-2-carboxamide 993
2-(5-isoxazolyl)-4-[4-(4-fluorophenoxy)phenyl]pyrimidine 2.63
4-[4-(4-fBuorophenoxy)phenyl]pyrimidine-2-carboxylic acid 3.53
hydroxymethyleneamide
4-{4-(4-nitrophenoxy)phenyl]pyrimidine-2-carboxamide 1.13




3, 5-di am no- 6- (4- phenoxypl i enyl ) pyrazi ne- 2- car boxam de2. 20 EXAMPLE 21
Activity L (4-f1l uoropbenoxy) phenyl ] pyri di ne carboxylic acid N 16 AUG 2004
piperidlﬁ§ g?ﬂ%ﬁén1de as Sodi um Channel Bl ocker 10225] PCT/US01/07797

6- [ 4- (4-fl uor ophenoxy) phenyl ] pyri di ne carboxylic acid N

pi peri di nyl ethyl am de was tested in the el ectrophysiol ogical assay 2 as WO
01/68612 -70 16 AUG 2004 PCT/US01/07797 descri bed above. The result of

6- [ 4- (4-fl uorophenoxy) phenyl ] pyri di ne-7¢garboxylic acid

N- pi peri di nyl et hyl ami de and ot her conmpounds are represented in Table 3.
Tabl e 3 Eval uation of the Tested Cbnpounds as Sodi um Channel Bl ockers after
-an El ectrophysiological in vitro SE X@ %ggpound nameRBI I A/[il K / M

6- [ 4- (4-f | uorophenoxy) phenyl ] pyri dime é& ylic acid N~ 0.06

pi peridinyl ethyl ami de (3) 6-(4-tert-butyl phenyl)pyridine-2-carboxani de

- (8a) 6. 13 6- (4- PABUNit gfite[dH(4- ﬁuono@hamx&amn? ﬁmlﬂ@cars&)ﬂfa 23 N-

6- (4-1i - propyl pheny[) pyipetidigyldhoRihexaSsE aﬁ%e 1%10cker
(4-t hi onet hyl phenyl )pyr| d| ne 2- car boxam de (8d)52.73

6-
6-(4- h I b d 8e)58. 72

6- E4 ﬁe@ggﬁspﬁgﬁ ﬁ% gg&&iﬁ"g‘@&( gmmmssr listed in Table 4 was

2- met hyl - 4- h I d 14) 0. 33
2" et hoxy- 6“3“’%&% E"“fh?lr%?% héex‘&i’f oA B S S SR et et hive ) 3. 43
4- egor{bedf IhxorlﬁmeMﬂmhgnxPhwrjodam% cavdoyy e Gk 0- 32

compounds showed activity in the Chung model. The results for each tested

! compound are shown as minimal effective dose (MED) in Table 4.

met hoxy- 6

Table 4
Evaluation of the Tested Compounds in Chung Model of Neuropathic
Pain in Rats
Compound name MED
Mg/kg p.o.
2-[4-(4~chloro-2-fluorophenoxy)phenyl}-pyrimidine-4-carboxamide 1.25
2-[4-(4-ﬂuorpphenoxy)pllenyl]pyrimidine—4—carboxamide 2.50
6-[4-(4-fluorophenoxy)phenylpyridine-2-carboxamide 2.50
[0227] Having now fully described this invention, it will be understood by

those of ordinary skill in the art that the same can be performed within a wide
) and equivalent range of conditions, formulations and other parameters without
affecting the scope of the invention or any embodiment thereof,

[0228] Other embodiments of the invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

[0229) All patents and publications clted herein are fully incorporated by

reference berein in their entirety.



di met hyl ani noet hyl ani de (19) 1 6 AUG 2004

2-di net hym]g 4-[4-(4-fluorophenoxy)phenyl]pynm di ne 27-57
4-14-(4-f %ﬁ oxy) phenyl ] pyri m di ne- 2- carboxylic aci d ®CHyUSI&eT®r9. 86

4-[ 4- (4-f1 uorophenoxy) phenyl ] pyri m di ne- 2- car bamat €8. 70
4-[4-(4-fluorophenoxy) phenyl ] pyri m di ne-2-carboxylic acid 2- 2.62
cl-1oroethylam de 1-[4-[4-(4-fluorophenoxy)phenyl]pyrimdine-2-yl]-2,2-

10. 63 di br onpet hanone 4-[ 4- (4-fl uor ophé&doexy) phenyl ] pyri nm di ne- 2- carboxyllc
acid 11. 36 net hyl am nonet hyl eneam de hydr ochl ori de :
2-[3-(1,2,4-triazolyl)]-4-[4-(4-fluorophhenoxy)phenyl]pyrim di nes. 91

4-14-(2, 4~di WHaToshenaiximbhesny! | pyri m di ne- 2-carboxylic acid methyl 139
ester 2-[4-(4-fluorophenoxy)phenyl]pyrim di ne-4-carboxylic acid mnethyl

71.53 ester 6-[4-(4-fluorophenoxy)phenyl]pyridine-2, 3-di carboxam de4. 54

2-met hyl - 6-[ 4- (4-fl uor r|d|n - 3- car boxani de8. 45
5- cyano- 6- ( 4- phenoxypheﬁ?ﬁ@g’égl%@%ﬁlgﬁpﬁ%ﬁ dell.9
5- hydr oxy- 6- ( 4- phenoxyphenyl ) pyri di ne- 2 car boxam de99. 3

2-(S-isoxazolyl)-4-[4-(4-fluor ophenox henyl ] pyri m di ne2. 63
4-[4-(4-fluorophenoxy)phenyl ] pyrim d| car boxxl ic acid 3.53

hydr oxynet hyl eneam de
4-[ 4- (4-ni trophenoxy) phenyl ] pyr| md 2 c rb xam dﬁ:’l 13 WO 01/ 68612
PCT/ USO1/ 07797 pY

R1
or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein:

RE
A
Lod
Y is Rs or Ry,
provided that when Y is Ry, R is aminocarbonyl;

A1, Az and Aj are independently CR, or N, provided that A;, A, and
Ajzare not all N at the same time;

R is selected from the group consisting an optionally substituted alkyl,
amino, alkylthiol, C(O)Rg, SO2Rz, OC(O)NH, 2-imidazolinyl, 2-imidazolyl,
3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl;

each R, is selected from the group consisting of hydrogen, optionally
substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy, cycloalkyl, cyano,
amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino; or R; and
R are taken together with the carbon atoms to which they are attached to form
a heterocyclic ring; _

Rs, R4, Rs, and R are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, ~halogén, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,



-71 EXAMPLE 22 Activity of 6-[4-(4-fluorophenoxy)phenyl]pyridine car1b€§m i C
acid N piperidinylethylam de as Sodi um Channel Bl ocker [0226] The t'a
antiall odynia effect of the conpounds listed in Table 4 was tested in the
Chung nodel of neuropathic pain in rats as described above and described
by Kimand Chung (Pain 50:355-363 (1992)). The tested conpounds showed
activity in the Chung nodel. The resu $s for each tested conpound are
shown as mninmal effective dose (MED)'1h Table 4. Table 4 Eval uation of the
Tested Conpounds in Chung Mdel of Neuropathic Pain in Rats Conpound
nameMED My/ kg p.o. 2-[4-(4-chloro-2-fluorophenoxy)phenyl]-pyrim

i i ne-4-car boxani dels %Omioqaﬂyswstltlmm:dbﬁenoxy) phenyl ]pyrimid

i ne-4-carboxam i 2 50,6-]4z(4-11 uoro henox) | yr| di ne 2- car boxam
i de2. 50 [ 0227] IS ‘g"i“ythae%‘e'ﬂ [5aPsIg 8O f:fﬂ@é lfﬁwuét Yihl  be

under st ood IpR,, tahﬁﬁ@ aicy@ﬁﬁua&adlmﬁﬁh{lﬁo | fikd}Bandhd, 3#&3&1&:%0&1 jcan be

performed wt hin a w de equi val ent range of condrtion rrul ations
and ot her paluwélmémemallayimuo, aiiﬁlbﬂamng)athweylsnmpe ofallthmmamlberm/l-on or any

enbodi ment t her eof . ﬁ‘&% PerbOdI ment s he i.nventi n vvi II be
apparent to fHo%e sKPFIe H‘oa ﬁ'éy 1n°fron?36: X rat}}eéﬁﬁo‘&ic

speci fi cat i @fclomilyRUSL4rhies, qfetérd;@cldaw%mﬁa aﬂlscjrﬂaﬁé}l %aé@élﬁenyllt s
er

i ntended that the specification and exanpl es be consi as ‘exenpl ary
only, with &Txlﬂlhémécéﬁfb agilaikylaming, adf off whichreaonhe optiorially sgbstiaiedat ed by t he

Ful 1y 1 noor Sor IR BORs b 2Pl DER ISR 47 SO PR ent roty. 1 6 AUG 2004 1 6
AUG 2004 WO 01/ 68@1& B¥Idd 850 Hd th8 Tgroup consisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and
X is one of O, S, NH, or CH; when Y is other than Ry; or
X 1s one of O, S, NH, CH; or absent when Y is Ro;
with the provisos that:
1) Rz 1s not methoxy if Rs is trifluoromethyl, Rg is H, X is O and R, is
SO,CH,Ph;
2) R;isnot NH; if R, is methylthio, X is O and two of A(, A; and A,
are N;
3) R; is not methyl if R, is SO;R;, wherein Ry is methylphenyl, Rs
and R4 are methoxy, X is S and two of A, A; and A; are N;
4) Ryisnot CCl3ifR; is CCls, X 1s S and two of A|, A; and A; are N;
5) R; and R; are not both NH; if X is O or S and two of A{, A; and A;
are N; or
6) R is not alkylcarbonylamino if R, is NH;; X is O; R3, Ry, Rs, and
Rs are each hydrogen; and A; and Aj; are N.



-72 WHAT IS CLAIMED I S: 1. A conpound having the Fornula 1: R3 Yv ~~1 g(A'UG 2004
R4 or a pharmaceutically acceptable salt, prodrug or solvate thereof,

wher ei n: WBMA8GIE pg o " R7, provi ded that when Y is R7, RRCT/S01/07797

am nocar bonyl; A, A2 and A3 are independently CR2 or N, provided that Al,

A2 and A3 are not all N at the same tine; Ra is selected fromthe group
consisting an optionally substituted al kyl, am no, alkylthiol, C(O RS,

SC2Rg, OC(O) NH2, 2-inmidazolinyl, 2-imHezolyl, 3-pyrazolyl, 5-isoxazolyl,

and 3-(1,2,4)-triazolyl; each R2 is selected fromthe group consisting of
hydrogen, optionally substituted al kyl, al kenyl, or al kynyl, hal ogen,

hydr oxy, cycl oal kyl, cyano, am no, al kylam no, dialkylam no, al koxy,

am nocar bonyl, al kyl am nocar bonyl, aryl am nocarbonyl,

ar al kyl ami nocar bohyi , Aappound hoting thei Fosmuber it car bonyl ani no, and

aTal kyl carbonyl am no; or R and R2 are taken together with the carbon

atons to which they are attached to form a heterocyclic ring; R3, R4, Rs,
and R6 are independently selected fromgthe group consisting of hydrogen,

al kyl, al kenyl, al kynyl, hal\a1 hal oa hydr al kyl, hydroxy, nitro,
am no, cyano, am de, carbo | k Greitlg, 1 6 AUG 2004 -73 R7
Is an optionally substitutegd al/k

- |
NGNS I A
g R, \’/

R,

or a pharmaceutically acceptable salt, prodrug or solvate thereof,

wherein:

Ay, Az and A; are independently CR; or N, provided that A;, A, and
Ajare pot all N at the same time;

R, is selected from the group consisting an optionally substituted alkyl,
amino, alkylthiol, C(O)Rs, SO.Rg, OC(O)NH,, 2-imidazolinyl, 2-imidazolyl,
3-pyrazolyl, S-isoxazolyl, and 3-(1,2,4)-triazolyl;

. each R, is selected from the group consisting of hydrogen, optionally
substituted atkyl, alkenyl, or alkynyl, halogen, hydroxy, cycloalkyl, cyano,
amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,
alkylaminocarbonyl, ‘ arylaminocarbonyl, aralkylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino; or R; and
R; are taken together with the carbon atoms to which they are attached to form
a heterocyclic ring;

R3, Ry, Rs, and R are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, - thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol; and

Rs is selected from ﬁw group consisting of alkyl, alkenyl, alkynyl,
ORs, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino, dialkylaminoalkenylamino, alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,



R8 is selected fromthe group consisting of al kyl, alkenyl, alkynyl, %Qg
am no, al kyl am no, di al kyl am no, al kenyl am no, di al kyl am noal kenyl 1 UG 2064
di al kyl am noal kyl am no, di al kyl am noal kenyl am no, al kyl am noal kenyl - am no,
hydr oxyam noal kenyl am no, cycl oal kyl, heterocycl oal kyl,

cycl oal kyl al kyl am no, heterocycl oal kyl ami no, aryl, arylal kyl, aryl al kenyl,
aryl al kynyl , and aryl al kyl am no, all ?f whi ch can be optionally

substituted, provided that R8 is not/S0R9 when R, is SO2R8i wherein RO is
selected fromthe group consisting of hydrogen, optionally substituted

al kyl, and an alkali metal; and X is one of 0, S, NH, or CH2 when Y is

ot her than Ryjallynyl,Xandsanytedkyddmino, il diHyhi€hizanbeadisionallyvbehstiditédy R7; with

t he provisosth R is is trifluoromethyl, R6 is H,
Xis 0 and B E‘%d‘%%')z‘%@%m%wb&“ slsﬁl&mﬁ?@mm is methylthio, Xis 0

and two of Al, a thed) [

wherein R8 is rreA'?\ﬁaigdseg%;ed %n{\lthe?c%nﬁﬁ) g?%mnfggho thtjg Rgp 5ﬁ9wo of A,

A2 and A3 asebshfut al%l argd amalkOmBtalifan®, is CC13, Xis S and two of At, A2

and A3 are N, & gRglg.hﬁnegbothNHZiins Oor S and two of A

A2 and A3 are N ‘SP“%? By 8t CHekyl carbonylamino if R is NH2; X is O;

R3, R4, R5, and /i tBé BroeaebtHay-drogen; and A, and A3 are N. 1 6 AUG 2004 WO

01/68612 PCT/US01/ 07797 -74 2. A conpound having the Fornula I1: R$ R3 r
/A3 \A2 R6 x R41R R:isnot methoxy if Rs is trifluoromethyl, Rg is H, X is O and R, is
SO;CHzph;

2) R;isnot NH; if R; is methyithio, X is O and two of A|, A; and A;
are N;

3) Ry is not methyl if R; is SO;Rs, wherein Ry is methylphenyl, R;
and R4 are methoxy, X is S and two of A}, Ay and A; are N;

4) Ryisnot CCl3if Ry is CCls, X is S and two of Ay, A, and Aj are N;

5) R;and R; are not both NH, if X is O or S and two of A, A; and A;
are N; or

6) R, is not alkylcarbonylamino if R, is NH,; X is O; R3, R4, Rs, and
R are each hydrogen; and A, and Aj are N.

3. The compound of claim 2, wherein A, A; and A; are each
CR;; or A is N and A; and A3 are CR»; or A; is N and A, and A, are CR;; or
Azis N and A, and A; are CRy; or Aj and A; are N and A, is CR;.

4, The compound of claim 2, wherein R; is selected from the
group consisting of an alkyl optionally substituted by halogen or hydroxy,
C(O)Rs, SO;R;, 2-imidazolinyl, 2-imidazolyl, 3-pyrazolyl, and S-isoxazolyl,
wherein Rg is as defined in claim 2, provided that Rg is not ORg when R is
SO;Rs.

5. The compound of claim 4, wherein Ry is selected from the
group consisting of alkyl, alkenyl, ORg, amino, alkylamino, dialkylamino,

alkenylamino, dialkylaminoalkenyl, dialkylaminoalkylamino, and



or a phar maceuti cally acceptable salt, prodrug or solvate thereof, 1 EAUuéﬂm
wherei n: Al and A3 are |ndependently CR2 or N, provided that Al A2

A3 are nowoaﬂl{ﬁsﬂzat the same time; RL is selected from thePgraspenysi sting
an optionally substituted al kyl, amno, alkylthiol, C(OR3, SO02RS8,

OC(O NH2, 2-imdazolinyl, 2-im dazol yl, 3-pyrazolyl, 5-isoxazolyl, and
3-(1,2,4)-triazolyl; each R is selected fromthe group consisting of
hydrogen, optionally substituted al ky¥6-al kenyl, or al kynyl, hal ogen,

hydr oxy, cycloal kyl, cyano, am no, alkylam no, dialkylam no, al koxy,

am nocarbonyl, al kyl am nocarbonyl, aryl am nocarbonyl,

ar al kyl ar ni ngtabbRNdIkylaRidey gggéﬂ 0,...ar h?(é nbonyl am no, and
ar al kyl car bonyl am no;, or Rl g%gf ar e aq?gﬁ’n%l %‘f%gﬁxﬂ?f’ﬂgf"ﬁér%r bon
atonms to \/\hlEhlStahdyﬁmchnaﬂMed to form a heterocyclic ring; R3, R4, R5,

and R6 are independently selected fromthe group consisting of hydrogen
al kyl, al kenyl, al kynyl, hal ogen, hal oal kyl, hydroxyalkyl hydroxy, nitro,

am no, cyano, amge, c I ko aI K reid yl am no,
thiol, acyl oxy, aﬁzjl do, ?ﬁ%)%%(@b&g&/a?go%ﬁ é ﬁi}’f‘a#ﬁ ej‘?ﬁedag‘lo@lﬂﬁw ol ; and
R8 i s sel ectgduyp n:omusﬂng gf dmdmg@m laityil, nglkerhy la|ah<?§1ny1 %ﬁ éla%g}%gyl

am no, al kyl al ky al kenyl am no i al’kyl am n
di al kyl am ndHi % QPWL g[nk sam no%mw@ﬁﬁtbamlno alaldngsamnDo&rbkl@rlyl - ami no,

hydr oxyam nogy, gﬁmﬁ cycloa ero ycI oaléms,
cycl oal kyl al kyI am no ter ocyc 5{‘1 ryI Ilcfi‘FlP&ﬂyla"alP% al kenyl ,

1 6 AUG Zoomlﬁﬁbanﬂhmwmyd mﬂhﬂcwhﬁhﬁyﬁ@m no, all of which can be
optijonal |y substituted, provided that R8 is not OR9 when R is SO2RS;

wher ein R9 is selected fromthe group consisting of hydrogen, optionally
substituted al kyly, a”dn?e“cé’&lﬁéﬁdd BRLAlim &ng,héeﬁs RNg s%Eec?e’d ?mmNHe or CHz,

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

8. The compound of claim 2, wherein R3, R4, Rs, and Ry are
independently selected from the group consisting of hydrogen, alkyl, alkenyl
alkynyl, halogen, haloalkyl, hydroxyalkyl, hydroxy, nitro, amino, and cyano.

]

5. The compound of claim 8, wherein R; and R, are both
hydrogen and R;s and Rg are independently selected from the group consisting
of hydrogen, alkyl, halogen, haloalkyl, and nitro.

10.  The compound of claim 2, wherein X is O or S.

11. The compound of ¢laim 10, wherein X is O.

12. The compound of claim 2, wherein R; is hydrogen, X is O or S
and R, is aminocarbonyl.

13. The compound of claim 2, wherein A, is CR3, wherein R, is
other than H and A, and A are each CH.



with the provisos that: 1) R2 is not nethoxy if R5 is trifluororrethyl'l,ﬁ%mi
is H X i\ﬁo%@#kq R is SRCH2Ph; 2) R2 is not NH2 if R is _nethylthio, )
is 0 and TROVSICA, . A2 and A3 are N, 3) R2 is not nethyl PETRSOFY7E0oRs,
wherein Rg is nethyl phenyl, R3 and R4 are nethoxy, X is S and two of A,
A2 and A3 are N, 4) R2is not CC3if RLis CC13, Xis S and two of A, A2
and A3 are N, 5) R and R2 are not both NH2 if Xis Oor S and two of A,
A2 and A3 are N, or 6) R2 is not alkyf¢arbonylanino if R is NH2; X is O;
R3, R4, R5, and R6 are each hydrogen; and Al and A3 are N. 3. The conpound
of claim2, wherein A, A2 and A3 are each CR2; or A is N and A2 and A3
-are CR2; or A3 isldN anthécorpsuntlofal 8nCRAvh&as ol ; A3 are
CR2; or A and A3 are N and A2 is CR2. 4, %ﬁémc%%rﬁlg%ﬁglh% , wherein
R is sel ecthedsptsrthand] apd dapis€dhsi sting of an al kyl optionally
-substituted by hal ogen or hydroxy, C(O R8, SO02R8, 2-im dazolinyl,
2-imdazolyl, 3-pyrazolyl, and 5-isoxazolyl, wherein R8 is as defined in
claim 2, provided#s hatTiRScdEndiid JPR%ai A ; " T, npound of
claim4, wherein R8 is selected from%%lg}rggg%c%%?%tlf %hb{}ﬁ%rfg%yl ,

al kenyl, ORR:2 inpthebthaaiHandidi napCHdi al kyl ami no,  al kenyl am no,

di al kyl am noal kenyl , di al kyl am noal kyl am no, and 1 6 AUG 2004 WD 01/ 68612
PCT/ US01/ 07797 -76 heterocycl oal kyl ami no, all of which can be optionally

substituted, and nher eThe cdphimdaT clifhl 7 Seherfin A 3L N 4, i?CRE 11%8 ound of
claim2, wherein R2 is selected fromthe group consisting of hydrogen,

al kyl , al kefpis otexihep H, andiAwdalOlyl , amino, hydroxyal kyl, al koxy,
am npocar bonyl , al kyl am nocar bonyl,

17.  The compound of claim 2, having the Formula III:

Rs Ry N
(L LT
/\/ X /\/ NI Ay
Rs Ry
@

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

Aj-Az, Ro-Rg, Ry and X are as defined in claim 2.

18. The compdund of claim 17, wherein A;, A; and A; are each
CRy; or A; is N and A; and Aj are CRy; or A3 is N and A, and A, are CRy; or
AzisNand A; and Aj are CRy; or A and As are N and A; is CR,.

19. The compound of claim 17, wherein R, is selected from the
group consisting of hydrogen, alkyl, alkenyl, alkynyl, aminoalkyl, amino,
hydroxyalkyl, alkoxy, aminocarbonyl, alkylaminocarbonyl,
arylaminocarbonyl, aralkylaminocarbonyl, alkylcarbonylamino,

arylcarbonylamino, and aralkylcarbonylamino.



aryl am nocar bonyl , aral kyl am nocar bonyl, al kyl car bony! am no, 1.6 AUG 2601
aryl carbonyl am no, and aral kyl carbonyl am no. 7. The conpound of cl aim®6,
wher ei n QU/S8l%cted fromthe group consisting of hydr oBERUSAIEDT

al koxy, . am noal kyl and am nocarbonyl. 8. The conpound of claim 2, wherein
R3, R4, R5, and R6 are independently selected fromthe group consisting of
hydr ogen, al kyl, al kenyl, al kynyl, hal ogen, hal oal kyl, hydroxyal kyl,
hydroxy, nitro, am no, and cyano. 9. ¥H&-conmpound of claim8, wherein R3
and R4 are both hydrogen and R5 and R6 are independently selected fromthe.
group consisting of hydrogen, alkyl, hal ogen, hal oal kyl, and nitro. 10.

The conpound of chgi m 2ppWaeh& 1£5a12-DF g S, Lol d of claim10,
wherein X is 0. 1}226 Thgrhgonpolgdr@d?)%ﬁé%g%%wh\?%g gfzngég%gf%}@&b‘én, Xis 0
or S and R gisipaonsisting b hylrogds alkiheallcoypauiidalkyl sadirindcarhb@pei n A2 is
CR2, wherein R2 is other than H and Al and A3 are each CH 16 "AUG 2004 WO
01/ 68612 PCT/ US01/ 07797 -77 14. The conpound of claim2, wherein Al is N,

A2 is CR2, wherei R2 R ' .51 Th ompound of
claim2, wherein ,%é i s TI;II!% %g "tl é.m%@?cl erlz’I ﬁﬁe@ gg’ 81"5%?’ ?“ﬁaﬁ“” Gnd A is
CH 16. The uukpendedtipfseletiat frody thehgroap BorAdsting dfhyfroges, 4R, albgyiein R2 is
other than H and1 ﬁ% i's %&qﬁﬁé The conmpound of claim 2, having t he Fornmul a
I11: R5 R, BrYWinhaleger 1 /hydeaxyalisyla By droxy, nitrosmige . apdsyase| vat e

t hereof, wherein; Al-A3, R2-R6, RE and X are as defined in claim?2. 18.

The conpound of claim 17, wherein Al, A2 and A3 are each
22, The compound of claim 21, wherein R; and Ry are both

hydrogen and Rs and R are independently selected from the group consisting
of hydrogen, alkyl, halogen, haloalkyl, and nitro.

23. The compound of claim 17, wherein Ry is selected from the
group consisting of alkyl, alkenyl, ORy, amino, alkylamino, dialkylamino,
alkenylamino, dialkylaminoalkenyl, dialkylaminoalkylamino, and
heterocycloalkylamino, all of which can be optionally substituted, provided
that Rg is not ORy when R, is SO;Rg, and wherein Ro is as defined in claim 2.

24, The compound of claim 17, wherein X is O or S.
) 25. The compound of claim 24, wherein X is O.

26. The compound of claim 17, wherein

X is O; |

Ay, Az and A; are each CRy; or A is N and A, and Az are CRy; or Az is
N and A, and A; are CRy; or Ay is N and A, and Aj; are CRy; or A and A, are
N and A; 1s CRy; wherein

R, is selected from the group consisting of hydrogen, alkyl, alkoxy,
aminoalkyl, and aminocarbonyl;

Rj3 and R4 are both hydl_'ogen;

Rs and R¢ are independently selected from the group comsisting of
hydrogen, alkyl, halogen, haloalkyl, and nitro; and



CR2; or Al is Nand A2 and A3 are CR2; or A3 is N and Al and A2 are %@E%ﬁ&
A2 is Nand Al and A3 are CR2; or A and A3 are N and A2 is CR2. 19.
conpound WO WEE6IA 17, wherein R2 is selected fromthe gr oRQT/Wee07397 ng of
hydr ogen, al kyl, al kenyl, al kynyl, am noal kyl, am no, hydroxyal kyl,

al koxy, am nocarbonyl, al kyl am nocarbonyl, aryl am nocarbonyl,

ar al kyl am nocar bonyl, al kyl car bonyl am no, aryl carbonyl am no, and

aral kyl car bonyl am no. 16 AUG 2004 WO B/ 68612 PCT/ US01/ 07797 -78 20. The
compound of claim 19, wherein R2 is selected fromthe group consisting of

hydr ogen, al kyl, al koxy, am noal kyl and am nocarbonyl, 21. . The conpound
-of claim17, wherqifk KJnoR4: RS, and R6 are independently selected from
the group consisting o ydrogen, al kyl, al kenyl, al kynyl, hal ogen,

hal oal kyl , hydroxyal kyl, hydroxy, nitro, am no, and cyano. 22. The conpound
-of claim 21, wherzjén Rﬁand R4 are both hydrogen and R5 and R6 are

i ndependent | y sel €tt ed 1P SAmpAwdgpioelpime dhswheremgA, isf CRy,dwlngyein, Ralsky|

hal ogen, hal L R . conmpound of claim 17, wherein RS is
sel ected fro%ﬁ%llﬁﬂeabngr oupﬂ’c%#;‘?‘%%?ﬁ%c 0 Hal kyl, al kenyl, OR9, am no,

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

di al kyl am noal kyl %ni n%h and heterocycl oal kyl am no, all of which can be
optional |y substittted:promraued of f4dinRd 7 svhertin RO iiNenAR! isi GRS02RS, and
wherein RO i indkef [ LM 2. . The conmpound of claim 17, wherein
Xis 0 or S.&g%?mﬁzeisc%g%ﬁg%ﬁgjl%?%F ésfrén 4, wherein Xis O 26. The conpound
of claim1l7, wherein x is 0; A, A2 and A3 are each CR2; or A is N and A2
and, A3 are CRz; g%QAS Jgﬁ N and Al and A2 are CR2; or A2 is Nand A and A3
are CR2; or A2 antP-A3 af® cORPawel &S dlaimcR3; whieminids B2 N,sAseseCRed from the

group consi skhdtginG, BYHLARBH RdX! 15 GHKOXY,

30. The compound of claim 17, wherein A, is N, A, is CRy,
wherein R; is other than H, and A; is CH.

31.  The compound of claim 2, having Formula IV:

Rg Rs

CGLTx
pY M N A,
\RG X | \R‘ \]/

) 0=S_Rs
| [
Dl
or a pharmaceutically acceptable salt, prodmg or solvate thereof;
wherein:

A-Az, Ro-Rg, and X are as defined in claim 2 and

Rg 1s selected from the group consisting of alkyl, alkenyl, alkynyl,
amino, alkylamino, dialkylamine, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino, cycloalkyl, heterocycloalkyl, cycloalkylalkylamino,
heterocycloalkylamino, aryl, arylalkyl, arylalkenyl, arylalkynyl, and
arylalkylamino, all of which can be optionally substituted.

32.  The compound of claim 31, wherein A, A, and Aj are each

CRy; or Ay is'N and A; and As are CRy; or Az is N and A; and A, are CRz; or



am noal kyl, and am nocarbonyl; R3 and R4 are both hydrogen; RS and R@ 600
I ndependently selected fromthe group consisting of hydrogen, alkyl,

hal ogen, Wé?é‘é‘fsﬁﬁ, and nitro; and 1 6 AUG 2004 WD 01/ 586 B TAGH1/dSR%/ 07797
-79 R8 is am no. 27. The conpound of claim 17, wherein A2 is CR2, wherein
R2 is other than H and Aj and A3 are each CH 28. The conpound of claim
17, wherein A2 is N, A2 is CR2, wherein R2 is other than H and A3 is CH
29. The conmpound of claim 17, wherein-83-is N, A2 is CR2, wherein R2 is
other than Hand A is CH 30. The conpound of claim 17, wherein A2 is N, A
1is CR2, wherein R2 is other than H and A3 is CH 31. The conpound of )

claim 2, haviaggs RodmiuA fahdv; el 0, r _a pharmaceutical |y acceptabl e
salt, prodrugjor sol vaiie tﬁ%%o?l;%z’ %Iﬁelr%rf%. 3/&{6-&33;‘“1 Zﬁéﬁhﬁ&d)&dﬁe as
defined in chdested feomnl B8 group adoasisBAl fdfORVArBSerdr copsist i f al kyl,

al kenyl , al kénmvll , m no, al kyl arniﬁgig, di a kry argﬁ %g?l’aﬁg%{r@ﬂ gir}n&ﬁgl,’

di al kyl am noZPREAYYL  di &NIa ar nibyeenarpliati no, alkysy,oal kytninocarbonyl,

het er ocycl oalk¥lamif yl al k 1.no, .heterocycl o yl am no, aryl,

aryl al kyl , ar y?’gﬁenﬁ@giﬁw al ky %ﬁa‘boaﬂw al ky|ﬂaﬁ%ﬁﬁmﬂwfsﬁrbeﬂﬂmi ch can
be opti onal | §lkylearbbnylatriwh, aB2carb; 1RO 2kt ‘.]IE%-?Werei n Al, A2 and
A3 are each CR2i or Al is N andd]%Z and A3 are CF\’ZIJH?IO#i is Nand Al and
A2 are CR2; or 16 AUG 2004

33. The compound of claim 32, wherein R; is selected from the

group consisting of hydrogen, alkyl, alkoxy, aminoalky! and aminocarbonyl.

34, The compound of claim 31, wherein R3, R4, Rs, and Rg are
independently selected from the group consisting of hydrogen, alkyl, alkenyl,
alkynyl, halogen, haloalkyl, hydroxyalkyl, hydroxy, nitro, amino, and cyano.

35. The compound of claim 34, wherein R; and R, are both
hydrogen and Rs and R¢ are independently selected from the group consisting
of hydrogen, alkyl, halogen, haloalkyl, and nitro.

36. The compound of claim 31, wherein Rg is selected from the
group consisting of alkyl, alkenyl, amino, alkylamino, dialkylaniino,
alkenylamino, dialkylaminoalkenyl, and heterocycloalkylamino, all of which
can be optionally substituted.

37. The compound of claim 31, wherein X is O or S.
38.  The compound of claim 37, wherein X is O.

39. A compound of claim 2, wherein said compound is:
4-[4~(4-fluorophenoxy)phenyl]pyrimidine-2-carboxamide;
4—[4-(4-nitrophenoxy)phcnyl]pyrimidine—2-carboxamide;
4—[4-(4-methoxyphenoxy)phenyl]pyﬁmjdine-2-carboxamide;
4—-[4~(4—t’iﬂuoromethylphenoxy)phcnyl]pyrimidine—Z-carboxanﬁde;



WO 01/68612 -80 PCT/US01/07797 A2'is N and A, and A3 are CR2; or Al and A3
are Nand_A2 is CR2, and R2 is selected fromthe group consisting of & AUG 200
hydr ogen, wa ‘k‘{ﬁsf‘lzal kenyl, al kynyl, am noal kyl, am no, hydregevesdibier

al koxy, am nocarbonyl, al kyl am nocarbonyl, aryl arni nocarbonyl,

ar al kyl am nocar bonyl, al kyl carbonyl am no, aryl carbonyl am no, and

ar al kyl car bonyl am no. 33. The conpound of claim 32, wherein R2 is sel ected
fromthe group consisting of hydrogenglal kyl, al koxy, am noal kyl and

am nocar bonyl . 34. The conpound of claim 31, wherein R3, P,4, R5, and R-6
are independently selected fromthe group consisting of hydrogen, allcyl,

.al kenyl , al kynyl g- QOdto-Nad ; r ai . kyl ,. hydroxy, nitro,

am no, and cyano. S[Igé(hThe coj1 Oa{i}% 0 }‘X%gﬂf%:mﬁaé‘é%‘ Z‘%@"WCJM are both

hydrogen and R5 afd4R8-chiaroinilemephiamidyphs l?ﬁrﬁﬁidﬁr%c‘éfnc%}r%gx%l up consisting
. e

-of hydrogen, alkyl, | ogen, hal oal kyl, and fi'tro. conpound of

clai m 31, wherei n4%%’54'&&"8{9&’3@%&%epﬁ’ép}’lgnbﬁpﬁ-@{mﬂ:ioxadnit@; of al kyl,

al kenyl, amino, ahlyl@aELNR,-49f L1 | kenyl ami no )

di al kyl am noal kenyf{},‘ (and hgt4gg§%1§§$%§#?ﬁ$'?%j‘w& e%f;ar\li(mmde;can be

optionally substi ﬂdﬂe{&@ﬁ]ﬁor@mnmjpmﬂmppﬁnﬁmgmﬁ}ah%eei n Xis 0 or S.
0

38. The conpound gf Ch | m37, wherein X'is 0. 39. "A"conpound of claim 2,
wherein said conpbifd*itorophenoxy)phenyl]pyrimidine-4-carboxamide;

4-[4-(4-f1uorophengx Amﬁ%m%h]nq haidiRes 2- carboxan. de;
4-[4-(4-nit rophen%gyé)(phenyl py%lﬁygﬁgdﬁ%hgﬁn%eﬁpﬂwgm e
4- [ 4- (4- met hoxy phemestylphihd-flpyrophérdixyphenghp ARk ©; _
4-[4-(4-trifluor ogﬁ'?%[%geqrﬁxwhenyl l pyri m di'ne-2-car boxam de; WO 01/ 68612
-81 16 AUG 2004 P JQPp9eesy)phenyllpyrimidine-2-carboxylic acid;
4-[4—(4-ﬂuorophenoxy)phenyl]pyrimjdine—2-carboxylic acid sodium
salt;

4-[4—(4-ﬂuorophcnoxy)phenyl]pyrimidine-2-ca:rboxy1ic acid
methylamide;

‘4-[4-(4-ﬂuorophenoxy)phenyl]pyrimjdine-Z-carboxylic acid
dimethylamide; '

4-[4-(4~ﬂuorophenoxy)pheny]]pyﬁnﬁdhle-z-carboxylic acid rert-
butylamide;

2-[4-(4-chloro—2-ﬂu0rophcnoxy)phenyl]pyri.midine—4-ca.rboxamide;

2—[4-(4-chloro-2-ﬂuorophenoxy)phenyl]pyrimidine-4~carboxylic acid;

2—(4-phenoxyphenyl)-6-(dimethy1amino)pyrimidine-4-carboxylic acid
dimethylamide;

4—[4-(4-ﬂuorophenoxy)phenyl]pyrimjdine—Z-carboxylic acid 2-
hydroxyethylamide;

4- [4-(4—ﬂuorophenoxy)phenyl]pyrimidine-z-carboxylic acid
hydroxymethyleneamide;

2-(2—hydroxyprop-2-y1)-4-[4-(4-ﬂuorophenoxy)phenyl]pyrimjdine;

4- [4»(2,4-diﬂuorophenoxy)phenyl]pyrimidine-Z—carboxylic acid 2-
morpholin-4-yi-ethyl amide;

2-(4,5-dihydro-1H—imidazol-2—yl)-4-[4-(4-ﬂuorophenoxy)pheny1]—
pyrimidine;

2-(3-pyrazolyl)-4- [4~(4-fluorophenoxy)phenyl]pyrimidine;



[ 4- (3 -chl oro-2-cyanophenoxy) phenyl ] pyri m di ne- 2- car boxam de; 16 AU

- (4-chl oro-2-fl uorophenoxy) phenyl ] pyri m di ne- 2- car boxam de; 6 2004
- (2, N@W{6852ophenoxy) phenyl | pyri mi di ne- 2- car boxani de; PCT/US01/07797
- (2-chl oro-4-fl uorophenoxy) phenyl ] pyri m di ne- 2- car boxani de;

- [ 4- (4-fl uorophenoxy) phenyl ] pyri m di ne-2-yl]-ethanone;

(4-f1 uorophenoxy) phenyl ] pyri m di ne_ 4-carboxam de; 2-

4-f1 uor ophenoxy) phenyl] -4-nethyl pgRi-m di ne;

-nmet hyl - 4-[ 4- (4-f 1 uor ophenoxy) phenyl ] pyri m di ne;

f I uor ophenoxy) phenyl ] pyfi m di ne- 2- car boxyl i ¢ aci d;

4-
4-f1 uor ophenasy oKL AYA-(AadbRBL2: Sining: sodi um sal t;

4-f | uor ophenf)(gy) phenlgly:l)%-pngi(m di %@héﬁi@gwpé C agilIl * met hyl am de;

4- f | uor opheRddyrethehyipyrazolyli-4H{4¢4-PAuomphenoxysheadipd ringiiimet hy! ani de;
4-f | uor ophegagxy),phenyl ri mdine-2-carboxylic acid tert- butylam de;
4- chl or o- 2- 2&%6%&3%%@%%9&@0]‘%}3% YRBlding4resehaxigacid

(4- chl opeadidrhider ophenoxy) phenyl ] pyrii ni di ne-4-carboxylic acid;

2- (4- phenoxyphenyl ) - 6- (di met hyl azm no) pyri m di ne4-carboxylic acid

di met hyl ami de; 4- B4liéthiylaminofih&h{(4-fiherophdnoyf jplie syl NgriZnidai-poxyl i ¢ acid 2-
hydr oxyet hyl am de; 4-[ 4-(4-fluorophenoxy) phenyl ] pyfi m di ne-2-carboxylic
acid hydr ox%?ﬁ?ff eani de;-

o e A oI 1)

mor phol i n- 4- y| - et Byhethaiegulforyl {44{45(4elilinyrdplendxy)phenyl]pyrimidine;

1) s RS B e
4-[4-(4-fluorophenoxy)-3 -flucrophenyl]pyrimidine-2-carboxarmide;
2-[4—(4-ﬂuorophenoxy)-3-ﬂuorophenyl]pyrimidine—4-carboxamidc;
2-methyl-6-(4-phenoxyphenyl)pyridine;

| —e—————

4
4
4
4
4
(

_b 1

(
(
(
(
(
(

NNEARARRMMIANTNNRADMDD

- [ 4-
- 4-
- 4-
- 4-
- [ 4-
- 4-
- 4-

6-(4-phenoxyphenyl)pyridine-2-carboxamide;
2-methyl-6-[4-(4-fluorophenoxy)phenyllpyridine;
6-(4-phenoxyphenyl)pyridine-2-carboxylic acid;
6~(4-phenoxyphenyl)pyridine-2-carboxylic acid methylamide;
6-[4-(4-fluorophenoxy)phenyl]pyridine-2-carboxamide;
6-[4-(2,4-difluorophenoxy)phenyljpyridine-2-carboxamide;
6-{4-(4-chloro-2-fluorophenoxy)phenyl]pyridine-2-carboxamide;
6-[4-(4-fluorophenoxy)-3-fluorophenyllpyridine-2-carboxamide;
6-{4-(4-trifluoromethylphenoxy)phenyl]pyridine-2-carboxamide;
6-(4-phenoxyphenyl)pyrazine-2-carboxamide;
3,5-diamino-6-(4-phenoxyphenyl)pyrazine-2-carboxamide; or
2-[4-(4-nitrophenoxy)pheny!]-4-methyl-[1,3,5}-triazine,

or a pharmaceutically acceptable salt, prodrug or solvate thereof,

40. A compound of claim 1, wherein said compound is:

6-[4-(4-fluorophenoxy)phenyljpyridine  carboxylic  acid  N-
piperidinylethylamide;

6-(4-tert-butylphenyl)pyridine-2-carboxamide;

6-(4-n-butylphenyl)pyridine-2-carboxamide;



1 6 AUG 2004 WD 01/68612 PCT/US01/ 07797 - 82 :
2-(5-isoxazolyl)-4-[4-(4-fluorophenoxy) phenyl ] pyri m di ne;
Rgholssi

-nmet hyl -3

met hyl am de;

pyrimdin-2- yl]propenone; 2

-t hi onet hyl - 4-[ 4- (4-f 1l uor ophenoxy) phenW]'pyri m di ne;

[ 4- (4-fl uorophenoxy) phenyl ] pyri m di ne;

2-[4-(4-chl oro-2-fl uorophenoxy) phenyl ] - 4- et hyl - pyri m di ne;
. [ 4- (4- f | uor opheno¥y(B-Bpropylpbesi

2- (
%1 )-4- [4-(4-fluorophenoxy) phenyl ] pyri m dPEEUSO1/07797
2-[4-(4-chl oro-2-fl uorophenoxy) phenyl ] pyri m di ne- 4-car boxylic acid

3 -dinethylamno-1- { 4-[4-(4-fluorophenoxy)phenyl

4-

Hink PV Edrbd dini@e; 2- car boxami de;

2-[4-(4-fl uorophenoxy)-3-fluorophenyl ] pyrim di ne-4-car boxam de;
2 .

2- met hyl - 6- (4- phe
-phenoxyphenyl ) pyr ikdi = w r.nide, 2 nmet hyl - 6-
'6%'4%%%{#?% ] S’Pﬁgl?-%-carboxaml €; or

yylyWWﬂ)gyzﬁ@pe-ZG:a(’hbxamidc;

[ 4-(4-fl uorophenoxy)

6- ( 4- phenoxypheny b(EymétibRephéngigskiine-2-Sadekanide, _
6- (4- phenoxyphenyl ) pyri di ne- 2-carboxylic acid nmet hyl am de;

6-
6-
6-
6-
6-
6-

2-[4- (4-ni trophenoxy) phenyl ] -4-me
pharmaceutically acceptable salt,
conpound of claim1, wherei,n sai
6- [ 4- (4-f 1 uor ophenoxy) phenyl
pi peri di nyl et hyl am de;

[
[
[
[
[

4- ( 4-f | uor opheRbR Phameacrtioally iaaceptable salty prodegi ateplvate thereof.

4-
4-
4-
4-

(2, 4--difluorophenoxy) phenyl ] pyri di ne-2-car boxani i de;

(4-chl oro- 2-fl uorophenoxy) phenyl ] pyri di ne- 2- car boxar ni de;

(4-f 1 uor opheAdxy) ThelcbupbarhenihihPy, HadinB8hZr&atppyam de;
(4-trifluoronethyl phenoxy) phenyl ] pyri di ne- 2- car boxam de;

}

(4- phenoxyphenyl ) pyr azi ne- 2- car boxam de;
3, 5-di am no- 6- (4- phenoxyphenyl )pyﬁaazi p. e- 2- car boxam de; or
t

-triazine, or a

¢

npjoun is:

car Pt acid N
R,
0 NH

2
or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein;
Aj-As, Ry-Ry,-and Ry are as defined in claim 1; and
X is one of O, S, NH, CH; or absent.

42, The compound of claim 41, wherein A, A, and A; are each
CRy; or Ay is N and A; and A3 are CRy; or Az is N and A; and A, are CR;y; or
Az isNand A; and Az are CRy; or A; and A; are N and A, is CR,.

43, The compound of claim 41, wherein R; is a Cig alkyl
optionally substituted with one or more of halogen, hydroxy, nitro, amino,
cyano and alkoxy.

44.  The compound of claim 41, wherein R, is selected from the

group consisting of hydrogen, alkyl, alkoxy, aminoalky! and aminocarbonyl.

1 6 AUG 2004

2- met hanesul f onyl - 4-

or ?ﬁivate t hereof. 40. A



6- (4-teat-butyl phenyl) pyri di ne-2-car boxam de; 1 6 AUG 2004
6- (4-n-bu Bljhéangzls) pyri di ne-2-carboxam de; 1 6 AUG 2004 WO 01/68612

PCT/ US01/ 86 6- (4-i-propyl phenyl) pyri di ne- 2- car boxamP{F/US01/07797

6- (4-t hi onet hyl phenyl ) pyri di ne- 2- car boxam de;

6- (4- et hoxyphenyi ) pyri di ne- 2- car boxam de; or

6- (4- met hoxyphenyl ) Pyri di ne- 2- carboxam_ de, or a pharmaceutically

acceptabl e salt, prodrug or solvate t h8fteof . 41. The conmpound of claim1,
having the Formula V: R3INA R~ H 112 0 N H2 .or a pharmaceutically .
acceptabl e salt, prodrug or solvate thereof, wherein; A3-A3, R2-R4,.and R7
are as defined ind46l ai Mhe; canghound i 6f oAGIn®T 49, -wherbld KH2Y RPSgAL. 42.

The conpound.of claim41l, wherein Al, A2. and A3 are each ., or A is N .
and A2 and APIEPECERDY sgiectrgd fiom fegraupicorgistingofaryer@Ra; allyl, abdenyl N and A3

and A3 are C%', r n IS CR2..43. The conpound of claim
41, wherein R/ P@ géb%%gﬂgﬁ%%ﬁf’%3%%{0%3%5?12’9}@{%&?1?&%‘H‘%W@f?@oor nmore of
hal ogen, hydroxy, nitro, am no, cyano and al koxy. 44. The conpound of
claim4l, wherein R2 is selected fromthe group consisting of hydrogen,

al kyl, al koxy, anffioal Hj¢ ¢amepcuni nok sldimngs, WherelUR20HE RO 458/ KEE12

PCT/ US01/ 077ﬂ;drb§eAn.45- The conpound of claim4l, -wherein R3 and R4 are

47.  The compound of claim 41, wherein X is O or .

48.  The compound of claim 47, wherein X is O,

49, A compound of claim 41, wherein said compound is 6-[(4-
trifluoromethoxy)phenyllpyridine-2-carboxamide or a pharmaceutically
acceptable salt, prodrug or solvate thereof.

50. A pharmaceutical composition, comprising the compound of

formula:
R, A
} I \/ﬁ_]/ 3\A2
|
X
. \‘/
Ry
or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein: ‘
Rs
l SN
L\/
Yis Re or Ry, provided that when Y is Ry, R, is

aminocarbonyl,



I ndependently selected fromthe group consisting of hydrogen, alkyl, 1

al kenyl , al kynyl, hal ogen, hal oal kyl, hydroxyal kyl, hydroxy, nitro, an%i AHG 2004
and cyano. 46. The conpound of claim45, wherein R3 and R4 are both

hydrogen. 47. The conpound of claim4l, wherein Xis 0 or S. 48. The
compound of claim47, wherein Xis 0. 49. A conpound of claim 41, wherein
said conpound is 6-[(4- trifl uoronet h%{;_y) phenyl ] pyri di ne- 2-car boxam de or a
pharmaceutically acceptable salt, rug or solvate thereof 50. A

phar maceutical conposition, conpri SI ng the conpound of forrmula: R4 R  or

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

R6 Y is R6 or R7A1pA®\an¢He.°d arb andephretentty iICR, R, N Rirovided almit vocanlaadyl ; 1 6 AUG

2004 -85 Al1,, A2 an llﬁ a}ée i nde endently CR2 or N, provided that Al, A2 and
A3 are not ArPrapoiallfyatthesamat R is selected fromthe group consisting
an optional I'y sulstd detdcRal bk ik ALARistif I bR Pl ﬁgs@t R3
OC(ONH2, 2-im dajol I nyl, 2-i me 0o e 1-"7pyrgzo yiy - |lsﬁgg<glgg%y and

3-(1,2,4)- tﬂmmhﬂﬂylthwh@{ms,isé)zﬁel@E(@Mf,dmmﬂwognyiub-immmlyu ng of

hydr ogen, tionally subs | tut enyl, or al kynyl, hal ogen,
hydr oxy, cy TRYERAR L 510 ?Qaﬁgfngﬂ# di al kyl am no, al koxy,

am nocar bonyl , @h&fb’k?i‘@ %@Jdbﬁ&ﬁ“he %Fdﬁb%ﬁ%?g’@@ drogen, optionall

ar al kyl am nocar bon al kyl car bonyl am no, arylcar bony% R H

aral kyl car b@nlganam:cﬁ@lkybr alkinyhner alkgnyls dalogkme ooyt weclomyh dyamo,car bon

atoms to whi Ch t hey arens iatme}ﬁcr)] ed t%llzy?ammo alkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,

alkylcarbonylamino, arylcarbonylamino, and aralkylcarbonylamino; or R, and
R; are taken together with the carbon atoms to which they are attached to form
a heterocyclic ring;

R3, R4, Rs, and Rg are independently selected from the group consisting
of hydrogen, alkyl, alkenyl, alkynyl, halogen, haloalkyl, hydroxyalkyl,
hydroxy, nitro, amino, cyano, amide, carboxyalkyl, alkoxyalkyl, ureido,
acylamino, thiol, acyloxy, azido, alkoxy, carboxy, carbonylamido and
alkylthiol,

R7 is an optionally substituted alkyl;

R3 is selected from the group consisting of alkyl, alkenyl, alkynyl,
ORy, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino, dialkylaminoalkenylamino, alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Rg is not ORg when R is SO;Rg; wherein

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

X is one of O, S, NH, or CH; when Y is other than R-; or

X is one of O, §, NH, CH; or absent when Y is R;; and a
pharmaceutically acceptable carrier or diluent;

with the provisos that:



a heterocyclic ring; R3, R4, R5, and R6 are independently sel ected ff@%@?@t
group consisting of hydrogen, alkyl, al kenyl, alkynyl, hal ogen, hal oal )
hydr oxyal kyl , hydroxy, nitro, am no, cyano, ani de, carboxyal kyl,

al koxyal kyl , ureido, acylam no, thiol, acyloxy, azido, alkoxy, carboxy,
carbonyl am do and alkylthiol; R7 is an optionally substituted alkyl; R8 is
sel ected fromthe group consisting of,.al kyl, al kenyl, alkynyl, OR9, am no,
al kyl am no, dial kyl am no, al kenyl am"ri3 ., di al kyl am noal kenyl ,

di al kyl am noal kyl am no, di al kyl am noal kenyl am no, al kyl am noal kenyl - am no,
hydr oxyam noal kenyl am no, cycl oal kyl, heterocycl oal kyl ,

cycl oal kyl al kyl ah no, Rm&érl%@’@n@fa ®h Nt HoX imPyor, S and Ihad lof 1A, dsyl al kenyl ,
aryl al kynyl , andaxﬁ{él glleiﬁﬁ;l a}m' no, all of which can be optionally
substituted, pro6vidédt at R8 is not OR9 when R, 1s SO2R8; wherein RO is
sel ected from the) gr orp i€ anSdlBHtHorlarhind i OBE s { Xqsa: | URstituted

al kyl, and an al kzali #gt al ; alrsl% X irgﬂone of 8 Ig,PHNH, ngr %H?vuﬁszn Yis
other than R7; oRndR;aresgeh bydrogengandyy amHhs ate Mbsent when Y is R7; and a
pharmaceutically acceptable carrier or diluent; with the provisos that: 16
AUG 2004 - 86 1) R and R2 are not both NH2 if Xis O or S and two of Al,
A2 and A3 are N5lor ZheRdmipdsitioh &ff Kitint 50D ameréifi the dolnpBind §sNMs2, X is O;
R3, R4, R5, and R4 are each _hydrogen; and A, and A3 are N. 51. The

conposi ti onc@imed iy anysene ofieddmsd-4%e conpound is as claimed in any one of
clainms 1-49. 52. Use of an effective anbunt of a conpound for the treatnent
of a disorder responsive to the bl ockade of sodiumchannels in a manmal in
need thereof, wh2rei UUssaif dnefsgzouerandumt of a compoumt for the treatment of

a disorder responsive to the blockade of sodium channels in a mammal in need

thereof, wherein said compound is of formuia:

or a pharmaceutically acceptable salt, prodrug or solvate thereof,

wherein:
Rs

‘\ x
Lo
R,

provided that when Y is R4, Ry is aminocarbonyl,

A), Az and A; are independently CR; or N, provided that A;, A; and

Y is or R,

Ajare not all N at the same time;

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

each R; is selected from the group consisting of hydrogen, optionally
substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy, cycloalkyl, cyano,

amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,



R3 R, or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein: R5 Y is Re or R7, provided that when Yis R7, R is 16 AUG 2004
am nocar bonyl; A, A2 and A3 are independently CR2 or N, provided that A,
A2 and A3 are not all N at the same tine; R is selected fromthe group
consisting an optionally substituted al kyl, amno, alkylthiol, C(O RS,
S2R5, OC(O) NH2, 2-im dazolinyl, 2-i rr'gflazol yl, 3-pyrazolyl, 5-isoxazolyl,
and 3-(1,2,4)-triazolyl; each R2 is s@léected fromthe group consisting of
hydrogen, optionally substituted al kyl, al kenyl, or al kynyl, hal ogen,

hydr oxy, cycl oal kyl, cyano, am no, alkylam no, dialkylam no, al koxy,

ani nocar bonylkylansinpeathorgd4 - 87 aplayliravarboogk bony| aralrydraimbembanbony|

aral kyl am n I al kyl carbonyl anmi no, aryl carbonyl am no, and

ar al kyl car bowgﬁ%g ;angf‘mﬁ%y %ﬁréon%m e a?%l?éﬂﬁﬂ‘éﬂé‘?wgéf%oi A Rrandcar bon
atoms to whiRyfuré hkyn asgethet waehRecdrBord K6Ms tAwRRhAREEHE hitscheld MiorR3: R4, RS,
and R6 are independently selected fromthe group consisting of hydrogen,

al kyl , al kerphicteregyeligying; hal ogen, hal oal kyl, hydroxyal kyl,  hydroxy, nitro,

am no, cyano, amigle r al kyl . al koxyal kyl , .urejdo acyl.am no, thiol,
acyl oxy, azi do, a{%kgi’y,s’ (Q:Igdr( x“ﬁ%“%??‘b‘gﬁwei?he‘ﬁsd e th%mtcﬂﬁﬂft}“gm is an
optional |y sifbiydrogésdalklyky bikelid, i8kyigl, eahiogerd,r QARSI IhRIExFBA] Sting of
al kyl, al kenyl, alkynyl, ~OR9, am no, alkylamno, dialkylamnno,

al kenyl ami ndiydenxal Kijireniapeg. keyapp, amife rarbexmatkyhl krikoxyalky, ureido,

g ! o nogl i MR oS SRR caBBLDC corponiamid an

alkylthiol;

Ry is an optionally substituted alkyl,

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

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

X isone of O, S, NH, or CH; when Y is other than R7; or

X isone of O, S, NH, CH; or absent when Y is Ry}

with the provisos that:

1) R; and R; are not both NH; if X is O or S and two of A;, A,

and A; are N; or

2) R; is not alkylcarbonylamino if R; is NH;; X is O; Ra, Ry, Rs,
and Ry are each hydrogen; and A; and A; are N.

53.  Use of claim 52, wherein said compound is as claimed in any

one of the claims 1-49.



cycl oal kyl al kyl am no, heterocycl oal kyl am no, aryl, arylalkyl, aryl al kenyl,
aryl al kynyl, and aryl al kyl am no, all of which can be optionally 16 AUG 2004
substituted, provided that R8 is not OR9 when Ri is SO2R8; wherein RO is
selected fromthe group consisting of hydrogen, optionally substituted

al kyl, and an alkali metal; and X is one of 0, S, NH, or CH2 when Y is
other than R7; or X is one of 0, S, lg!%—( CH2 or absent when Y is R7; with
the provisos that: 1) R3 and R2 are nBtf "both NH2 if Xis Oor S and two of
A, A2 and A3 are N, or 2) R2 is not alkylcarbonylamno if RL is NH2; Xis
0; R3, R4, R5, and R6 are each hydrogen; and A, and A3 are N. 53. Use of
cl ai m 52, wher ei P4sai dJssorfpouelfedtive asnaintivfre dompoand forothe tahitrhdne, cl ai ns

1-49. 16 AUG 2004 -88 54...Use of an effective.anount C ound for the
treat ment, _pﬁ?véa\l}gﬂl? i%na%’f:h%rrarﬁ?l? oquPF‘BH“"gf foﬁ%utpgﬂ‘g}ngl Sg’i’aﬁ@flg g&ﬂc_ﬂ]g gl obal
and focal iishBfiE; For (R réaBedt] BRVERIUN oPARMAIA Ao LheRORIgk i veOn Of

neur odegenerative conditions; Tor the treatnent, prevention or

anel i or at i orsonditigas; forthe tregfiment; previcotion orrameliosettomend painmreinaitns; dor or
anelioratio ni.c. depression: .t o provide.local . anesthesia; or for the
t r eat nent ophé;ﬁ'?%%[eﬁt Tyentgn ?rW?Wéat{g’Pé’iwm &8{358188%9&1’%1@?1@0% a nmamal
in need thersedthesihieseifér HR tres@EAP WTdarkiSytthias| @F et ahe Rreather® of
pharmaceutically acceptable salt, prodrug or solvate thereof, wherein: RS

Y is or R7, S9PvWFigBY ik Hamamadl in peedriherqf, wderpin saidacdropmind ilof A2 and A3
are indepenggptly. CR2 or N, provided that A, A2 and

or a pharmaceutically acceptable salt, prodrug or solvate thereof,

wherein;

Rs

QAN
L;/
Y is Re or R,

provided that when Y is R7, Ry is aminocarbonyl,;

A, A; and A; are independently CR; or N, provided that A, A; and
Ajare not all N at the same time;

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

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

alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,



A3 are not all Nat the sane tine; R is selected fromthe group co?sﬁiiﬁin&
an optionally substituted alkyl, amno, alkylthiol, C(ORg, SO02RS, i
OC(O NH2, 2-imdazolinyl, 2-imdazolyl, 3-pyrazolyl, 5-isoxazolyl, and
3-(1,2,4)-triazolyl; each R2 is selected fromthe group consisting of
hydrogen, optionally substituted al kyl, al kenyl, or al kynyl, hal ogen,

hydr oxy, cycl oal kyl, cyano, am no, a,#é;yl am no, dial kyl am no, al koxy,

am nocar bonyl, al kyl am nocar bonyl, ar¥T am nocar bonyl ,

aral kyl am nocar bonyl, 16 AUG 2004 -89 al kyl carbonyl am no,

aryl carbonyl am no, and aral kyl carbonyl am no; or R and R2 are taken

t oget her wi @fkylqaebasatastine, aarﬂwbomylam;r@handneyallaylwhmnmmd orR fadm  a

heterocycll r R6 are.in ndent | ed fromthe
group consis |a%€gke{%g'§t§? éRﬁ’th 4K nat%ﬁ?n?ﬁlcgzh%ﬁﬁﬁgaﬁﬁ‘% é’ﬁm hal oal kyl ,
hydr oxyal kyla, heteyt Qegying Ni tr 0o, am no, cyano, am de, car boxyal kyl,

al koxyal kyl, urei acyl am no, thiol, acyl oﬂ%, azi do, al koxy, carboxy,
car bonyl am do ancRs,Ek Rsh i Ry are krdependently peleaterhfrom theigoup cansidingl kyl ; R8 i s

Sl oo, O BB RSSO b S S T 7o
di al kyl am ncm@fﬂiokb@rﬂma@,, aﬁlmi kwaam raﬁﬁdié<e¢w$@ma 1, aiktss(}aqmln%énh@nyl am no,
hydr oxyam noal kenyl am no, cl oa%a/q{ phet erocycl oal kyl ",

y

cycl oal kyl aIaRylla@#ﬁ%othlﬂetW Kekyio cathoyy, carbphmlaijde andyl al kenyl |
aryl al kynyl , k%nl‘ﬂ Jyylalkylam no, all of which can be optionally

substi t ut ed fovi ded that R5 is not OR9 when R, is SO2Rg; wherein R9 is
sel ected from t h&R,gs an ppit@ndy stbsigited alkyigdr ogen, opti onally substituted
al kyl, and an alkalj mftal andX|s one of 0, S, NH or CH2 when Y is
other than R7; orRs %% fpmothecgronp, consigting of plkyhtalkgneh alkynylR7: wi t h

the provi SOS()RJ)%nlno, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,

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

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

X isone of O, 8, NH, or CH; when Y is other than R;; or

X isone of O, §, NH, CH; or absent when Y is R7;

with the provisos that:

1) R, and R, are not both NH; if X is O or S and two of Ay, A;

and A, are N; or

2) R is not alkylcarbonylamino if R is NH;; X is O; R, Ry, Rs,
and Rg are each hydrogen; and A and A; are N.

35, Use of claim 54, wherein said compound is as claimed in any

one of claims 1-49,



1) R and R2 are not both NH2 if X is 0 or S and two of A, A2 and 1AB A8h &4
N, or 2) R is not alkylcarbonylamino if R, is NH2; Xis 0; R3, R4, R5,

and R6 are each hydrogen; and A, and A3 are N. 55. Use of claimb54, wherein
said compound is as clainmed in any one of clains 1-49. 16 AUG 2004 -90 56.
Use of claimb54, wherein the use is for the treatnent, prevention or
anelioration pain and said painis o of neuropathic pain, surgical pain
or chronic pain. 57. Use of an effective anount of a conpound for the
alleviation or prevention of seizure activity in an ani mal subject,
wherein said conpound is of fornmula: or a pharmaceutically acceptable
salt, prodrug or 8ol vaise ehelamf 54, wieareinntheY uss iRefoor the? fregneni,ded t hat
when Y is R7,. Rl..is amnocarbonyl: A, and A3 are independently CR2 or
N, provi dedgfeﬁ’S't‘“"R, of Rnéfigation Paiy @%&F@P?‘nﬂs e, HonUIgRAEIE A, o

sel ect ed fr gipgidabpgh oFPhréRYafii i Ng an optionally substituted alkyl, am no,
al kyl t hi ol , O Rg, SO2Rg , OC(O NH2i 2-im dazolinyl, 2-imdazolyl,
3-pyrazolyl, 5-isoxazolyl, and 3-(1,2,4)-triazolyl; each R2 is sel ected
fromthe group c@mpsistin f rogen i onal | substituted al kyl,

al kenyl, or al ky(r‘;l’gl , trlljas g’ég%,e Hﬁ%’%%?"?“ﬁ@‘fﬂ Tar flf%riigﬁﬁi,lewaa‘}ﬂ“n%,

al kyl am no, pedvention efMidisure attkdiyin anrinitRganbRoY wherei Kyl aBnpeeRl Rony!

aryl am nocar bonyl , aral kyl am nocar bonyl, al kyl car bonyl am no,

aryl car bony A2 and ar al kyl carbonyl ami no; or R and 16 AUG 2004 -91 R2
are taken together with the carbon g{oms to which they are attached to form

fore
Y\x /\;‘ N\‘/ﬁq
R,

or a pharmaceutically acceptable salt, prodrug or solvate thereof,

wherein:

Rs

I\ x
L
Ry

provided that when Y is R, R, is aminocarbonyl;

Y is or Ry,

A, A; and A; are independently CR; or N, provided that A, A; and
Ajare not all N at the same time;

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

each R; is selected from the group consisting of hydrogen, optionally
substituted alkyl, alkenyl, or alkynyl, halogen, hydroxy, cycloalkyl, cyano,
amino, alkylamino, dialkylamino, alkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, aralkylaminocarbonyl,

alkylcarbonylamino, aryicarbonylamino, and aralkylcarbonylamino; or R, and



a heterocyclic ring; R3, R4, R5, and R6 are independently sel ected frqnﬁtpg
group consisting of hydrogen, alkyl, al kenyl, alkynyl, hal ogen, hal oal ﬁ ,mm
hydr oxyal kyl , hydroxy, nitro, am no, cyan, am de, carboxyal kyl,

al koxyal kyl , ureido, acylam no, thiol, acyloxy, azido, alkoxy, carboxy,
carbonyl am do and alkylthiol; R7 is an optionally substituted alkyl; R8 is
sel ected fromthe group consisting of alkyl, alkenyl, alkynyl, OR9, am no,

al kyl am no, di al kyl am no, aIkenylanin%l'dialkylaninoalkenyl,

di al kyl am noal kyl am no, di al kyl am noal kenyl am no, al kyl am noal kenyl - am no,
hydr oxyam noal kenyl am no, cycl oal kyl, heterocycl oal kyl,

cycl oal kyl alRsarevakerotoghthtewith yied asbdaydtems mowhigh they ¢ stathky to foamy| al kenyl ,
aryl al kynyl, -and aryl al kyl am no, all of which can be optionally
subst i t ut ed2 helTRRYEHRED®hat RS is not ORI when Rt is SO2R8; wherein RO is

selected fromth m! I (o tituted

al kyl, and an al Eiéig?gqrrgf al; a%hlypgidgﬁgggg&ggh Egﬁrﬁh?&%lr“béﬁ&ﬁ%}ﬁ%n Yis

ot her than RT; hydroges, i slkphealkényd, alicynil, halbigergr halbsikyll hydesxydikys, R7; with

t he provi SO% érhat: r&‘) Rl and R2 are n&)t both NH2 if X is Q or S and two of
AE, A2 and PBX8OXYe M{ro,opmio, reyang, Apiide;) sarbexyatiahy PR ymkyls weido.s NH2; X is
0; R3, R4, ar ﬁgﬁh o] v @ a 8. Use of
claim57, V\hlggjrdgrin %ﬂgaiﬁgméofncpouna %&%Sgﬁg’nggr@hy’a%% ngr\%lgﬁlg?d\lcﬁngi ms 1-49.
59. The conpdgibicdf claim 2, wherein said conpound is 2-[4-(4-

cnioro-2 {1 o oohenogy eReni LA L. ¢ carboxam de of & - po0a
-92 60. The conpaynid @flectdd@tiBinothe ¥RUP Rohsisthng 4f GrkyE MR, Zalkynyl,
ORy, amino, alkylamino, dialkylamino, alkenylamino, dialkylaminoalkenyl,
dialkylaminoalkylamino,  dialkylaminoalkenylamino, alkylaminoalkenyl-
amino, hydroxyaminoalkenylamino, cycloalkyl, heterocycloalkyl,
cycloalkylalkylamino, heterocycloalkylamino, aryl, arylalkyl, arylalkenyl,
arylalkynyl, and arylalkylamino, all of which can be optionally substituted,
provided that Rg is not ORy when R, is SO;Rg; wherein
Ry 1s selected from the group consisting of hydrogen, optionally
substituted alkyl, and an alkali metal; and
X 1sone of O, S, NH, or CH; when Y is other than Ry; or
X isone of O, S, NH, CH; or absent when Y is Ry;
with the provisos that:
1) R; and R; are not both NH; if X 1s O or S and two of A}, A;
and A; are N; or
2) R; is not alkylcarbonylamino if R; is NHj; X is O; Ra, R4, Rs,
and R¢ are each hydrogen; and A, and A; are N.

58.  Use of claim 57, wherein said compound is as claimed in any

one of claims 1-49.

59. The compound of claim 2, wherein said compound is 2-[4-(4-
chloro-2-fluorophenoxy)phenylipyrimidine-4-carboxamide or a

pharmaceutically acceptable salt, prodrug or solvate thereof.



fl uorophenox y)phenyl] pyrim dine-4-carboxam de. 61. The pharnmaceuti cal
conposi tion of claimb50, conprising 2-[4- 16 AUG 2004
(4-chl oro- 2-fl uorophenoxy) phenyl ] pyri m di ne- 4- car boxanm de or a
pharmaceutically acceptable salt, prodrug or solvate thereof. 62. The

phar maceuti cal conposition of claim6l, conprising 2-[4-

(4-chl oro-2-fl uor ophenoxy) phenyl ] pyri 53 di ne- 4- car boxam de.

60. The compound of claim 59, which is 2-[4-(4-chloro-2-
fluorophenoxy)phenyl]pyrimidine-4-carboxamide.

61.  The pharmaceutical composition of claim 50, comprising 2-[4-
(4-chloro-2-fluorophenoxy)phenyl|pyrimidine-4-carboxamide or a

pharmaceutically acceptable salt, prodrug or solvate thereof.

62.  The pharmaceutical composition of claim 61, comprising 2-[4-

{4-chloro-2-fluorophenoxy)phenyl]pyrimidine-4-carboxamide.



