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WD 2004/ 011439 PCT/ US2003/ 023828 ARYL SUBSTI TUTED
BENZI M DAZOLES AND THEI R USE AS SODI UM CHANNEL

WBLOTKERY 5 BACKGROUND OF THE | NVENTI ON Fi el BICD1S1008023828

Invention 10 This invention is in the field of
medi ci nal chem stry. In particular, the invention
relates to novel aryl substituted benzi m dazol es, and

t he NRYDLSUBSTITUTED RENZIMIDAZOIES AND DHBOKEISE A$
sodi um (Na) charyohsMRIANSEIABLOEREREyer al cl asses

of therapeutically useful drugs, including |oca
anest hetics such as |idocai ne and bupi vacai ne,
antiarrhythm cs such as propafenone and am ocl arone,
and anti convul sants such as | anotrigine, phenytoin
and car bamazepi ne, have been shown to share a comon

nmechani sm of ocki i ng Na
channel acti vﬁ%ébgg}%ﬂ[) @gﬁmﬁﬁ%@;
Pharmacol . Sci. 8:57-65 (1987)). Each of these agents

IS believed to act by interfering wth the rapid
influx of Na+ ions. Recently, other Na channel

blﬁ%%&{tﬁegﬁ%ﬁu&? BW619C89 and |ifarizine have been
shown 10

neur oprotective in ani mal nodel s of gl oba
and focal ischema and are presently in clinica
trials_(G.,aham et al 25 Pharmacol . Exp. Ther.
269: 854hisduveniign iy in the &ﬁ}:ﬁi oftmegicinalghemysiry. Jln particular, the

P r L Vg
PR Felgdo APt dfodshiop binaid 1R RLTRELRL SRSy
eﬂfaedtese/mqusmndmardémokmlolﬁgochmr(waél dhethgdls. gl ut armt e
concentration during ischema by inhibiting the

rel ease of this excitotoxic amno acid 30
nBelatddrAamsm tter. Studi es have shown that unlike

gl utamate receptor antagonists, Na channel bl ockers
prevent hypoxic damage to manmalian white matter

(Stys 8bvepdl. cladsesNefr @sgipeutibdll 3sehidd drd 9 2hkiudiHiUSocal

t hey can
anésthetics 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. |

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

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

white matter (Stys et al., J. Neurosci. 12:430-439 (1992)). Thus, they can
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WO 2004/ 011439 PCT/ US2003/ 023828 -2 offer advantages
for treating certain types of strokes or neuronal

prom nent. Another exanple of clinical use of a Na+
channel bl ocker is riluzole. This drug has been shown
to prolong survival in a subset of patients with ALS
5 (Bensinmet al., New Engk2-J. Med. 330:585-591
(1994)) and has subsequently been approved by the FDA
for the treatment of ALS. In addition to the

aeuesdRitasONRE tehtinY GRlainU§s ofGBoRAMBIZRRIONE] trauma where
| i docai ne and phenytoin are occasionally used to .

t demegaiouvisisanaites tisisns PEUEREDhs from tri geni nal

neur ol dlab I t he

e, s SRR RSB B R R REL lotB Ut
Saihis drfig ﬁﬂﬁb&ﬁ@hé\ﬂtﬂ %ﬁﬂolox%mdr\ﬁﬁdlbﬂ&@ﬁ&@t Sfpagisats with ALS
IanDtrlglne have been used for the treatnent of manic

dépensimimoret (MeniNayt tErgl. ) Medy 339:389-5%s y(dAP4N r gnd  has
S 4
%ulz %g&%tl@%%g% é}%prmge# btc)ht?xé %e%)g Ilaﬁestg £ 88%1’[ 2)%’ !A?ljgo & Aliition

( Mﬁilﬂe@[bovﬁmeﬁtlom clihicaDugds, carliBndvéginb,85docaid8 ahd phenytoin
Tonndorf, J, Hear Res. 28:271-275 (1987)) it has beeq
1516 osprsiowally mised o Hkgal RevEgRathiq Pal, \uehety Hema T %?FIH’ila

f
o IdET GBS0 pBE0RAR, AR TS RE nee BRI CERNG
c A drmz,cfremis Hhausadok Svi. J6AMA-116 (ﬂ)@ﬁe)‘ fand amba:mazdpfrne and
tarl%e}falt tpﬂg{&zﬁan 0 gf%i?%seé%[@ tgxngrgétjnentﬁﬁ%g gﬁprepsmn (Denicott et
Lag y naSlin. F@iatry?55: 96—7765(599@)19@11&%@81% bhselam H8&MAber of

establlshed that’ there are at least five to six sites
orsirpiflagitios dictvagsa- duorst tiave andh iingitizsn f¥lodentd.cR. Bimdl. Otol.

23%%5’%%5”@28@% pohf ol SRR Pk > aosl dheTeen

[RIREA tHat t1§ﬁit1hs-?1ﬂ{ohld Bériviesed 2Qtd ﬁﬁﬁvdﬂ @@&h@ p@ﬁﬂsén@eﬁi@h
anest heti cs whose actions are nedi ate

c H&imriesiog, J. éx@rd Devies, &. At Tios 2y13-h8 élr9£<9b)+ rlgdwds ligrereine
arpl SRR it BB SR are RIS, B Beaine, fngs
I gRRPIAdars B. eet2a1( @int aD@laryngdl. A8:1 7180 (Htem); Rh@ratden) 1.
T%j(alr;r:r?gol (%tgl 95: 947 9%1 (198)1))

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
intracellular side of the Na™ channel and allosterically inhibiting interaction
with neurotoxin receptor site 2 (Catterall, W.A., Ann. Rev. Pharmacol.
Toxicol. 10:15-43 (1980)).

A need exists in the art for novel compounds that are potent blockers

of sodium channels, and are therefore useful for treating a variety of central

nervous system conditions, including pain.

damage to white nmatter tracts iBCT/US2003/023828
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was@ioli4or treating a variety of central

A need exists in the art for novel conpounds that are
potent bl ockers of sodiumchannels, and are therefore

system condi tions, including pain. WO 2004/011439

PCT/ US2003/ 023828 -3 SUMVARY OF THE | NVENTI ON One
aspect of the present invention is directed to novel
aryl substituted benzimnidazoles of Fornula |. The
present invention is also related to the discovery
that aryl 5 substituted benzi m dazoles of Fornula I
act as bl ocker s SOIVBRRYVIOK NHE INMENTEIN. Anot her
aspect of the present invention is directed to the use
of novel conmpounds of Formula | as bl ockers of sodium
channepgie adft@t bKe Pidsen ihFerfibh & ditdcddad nobélrilr @Bétitagd
a di sorder responsive to the 10 bl ockade of sodi um
chenmiwldezolps af ammdd I suf f eri ng from excess activity of

said channel s by. adm ni sterin n, ef fecti.ve anpunt, of
2 conpalndristent Hpretion o Soamidfy foiepifatiR Bh Sh
f qudshitted@sBRSMiREoTH O FRERIM Tiddy QB tH16¢keksS of oMY (19€")
a method for treating, preventing or aneliorating
nebamgelsl | oss fol l owing global and focal 15 ischeni a;
treati ?\%8th%r GURDE b \8e %Ees%ﬁ'&eh‘v&{ﬁ%h'i@ GirBALdd AE e P ovel
acut e and chroni'c paln, and neuropathlc pal n;

t cempouir@s ofFermeni I agblotkesref sodivah tighnelBNvul si on  and

neur odegenerative conditions; treating, preventing or
arrel i orHe IRYFIRghIsalseiesied with ircatiag Allsender gesppusive to the

a ti ‘LT i i ..
DR A oA Al i ¢ MR SurBik BOEEOIR aqivity of
maaidathannelseleyl adfmini@risgicin teffecttvee amoont ufea cAlmpoyndarof
aspect. of the present invention is to provide a
pﬁgﬁﬂléléiﬁf Flﬁsﬁpge@.beﬁﬁ‘ﬂsi tion useful for treating

di sor dey g, fiRS RGREL ¥ tiCpolidit BhRAKESEs Pﬁ&fﬂeuﬂnméﬂﬂﬂl for

channel s, containing an effective anpun a conpound
oftreEngypreventing) omamefiocetimge nevroiel doss fotlowimgeglobal and focal

P r1]sac gnan%l;egteét?nagl, {n)éveanqtfnegpotr aaglleﬁor%?lﬁé Ipa%glsmcﬁlrldiglg lacl:'lu%er:] Fau%d chronic

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

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 FormulaI in a
mixture with one or more pharmaceutically acceptable carriers or diluents.

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 can 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.

30 PET/US993/023828
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waemanipsd on that follows, and in part will bePChUs®03023828

from the description, or can be | earned by practice
of the invention. The enbodi ments and advant ages of
the invention will be realized and attai ned by neans
of the el enents and conbi natirons particularly pointed
out in the 30 appended clainms. W 2004/011439

PCT/ US2003/ 023828 -4 It is to be understood that both

t he foreigas Be wgeaeiodl (HASKoth Ml PRt gdrRfal IdesdriptivAand
detai |l ed description are exenplary and " expl anatory

otheyfolewingrdstailed descaiptipn ete vém@iary ed \mlmqra pnlpand are
C OF THE | NVENTI ON 5 Novel
c%ﬁeprgﬁﬁgtl%%% Qg?ﬁ)s%g% glyﬁlvggntl on are aryl

substituted benzim dazoles of Fornmula I: (R10)n R2 N

;gléa{e tﬁgﬁg%&ﬂﬁ%ﬁﬁﬁ%ﬁ%ﬁﬁﬁgﬁ' %gﬁ%@g#gﬁ%ﬁ>on1the

group consisting of. (i) R3 15 R4 where Y is an

opt i onddvyl solmpbuidst eff (B2 PHreadrty irvestiorarue RayhrmbiRduted
are the sama I dlfferent and are selected from
henzagelezolegpfamula L ary| | or R3 and R4 together with
the nitrogen to which they are 20 attached forma ring
having 4 or 5 carbon ato ring optionally
contains 1 or 2. additi ofjal tons i ndependently
sel ected from oxygdRuok R,

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

R; is selected from the group consisting of:

(1)
——

where
Y is an optionally substituted Cy.¢ alkylene, and
R3 and Ry are the same or different and are selected from hydrogen,
alkyl, or aryl, or R3 and R4 together with the nitrogen to which they are
attached form a ring having 4 or 5 carbon atoms, which ring optionally
containé 1 or 2 additional heteroatoms independently selected from oxygen
and NRs, where Rs is hydrogen or alkyl, or said ring is optionally substituted
with an alkyl or aryl moiety;
@i1))  pyridylalkyl; and
(iii)  piperidin-4-ylalkyl, optionally substituted by alkyl, aryl
or aralkyl;
R; is selected from the group consisting of:

1) optionally substituted phenoxyphenyl;
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and NR5, where R5 is hydrogen or alkyl, or said ring
is optionally substituted wth an al kyl or aryl

woreioeny43gii ) pyridylalkyl; and 25 (iii) PCT/US2003/023828

pi peridin-4-ylal kyl, optionally substituted by al kyl,
aryl or aralkyl; R2 is selected fromthe group
consisting of (i) optionally substituted
phenoxyphenyl ; WD 2004/ 013439 PCT/ US2003/ 023828 -5
(ii) optionally substituted benzyl oxyphenyl; (iii)
optionally substituted phenylthiophenyl; (iv)
optionally @ybstéﬁtf&l gygﬁgﬁﬁi{gdme%}]@%henylgv)

optional l'y substituted phenyl am nophenyl ;" 5 (vi)

optional ly (&u}astmntmmaw wﬁtzlyat@mhﬂl@ﬁﬁmeﬂyl (vii) R6
R71, wherﬁk& dﬁ% 4 ? 1uﬁ%¥§¥5§ﬂﬁﬂ%§e Y. hal ogen,

al kyI, al ko qyare i ntegers

fromoO to PlO dptionblly Rﬁ)su@téd pheﬂ\fl@ﬂhﬁidphaﬁyli S
hydr ogen, ha ogen, alkyl or alk

wherein R9 @@)hy@ﬂbﬁ@ﬂY@ﬁﬁﬁmkﬂbe @nﬁiwﬁﬂaéhthy R10
is selected f50n1halogen hydr oxy, al kyl, al koxy and
alkoxyalkyl( wherei n any al kyl noiety of Rio can be
optionally substituted by one or nore

ek
< " e

wherein Rg and Ry are independently halogen, alkyl, alkoxy, or haloalkyl; and
p and q are integers from O to 4;

(vii)

o

\

wherein Rg is hydrogen, halogen, alkyl or alkoxy;

(ix)
Ry
Swt

wherein Ry is hydrogen or alkyl; and
(x)  naphthyl;
Ryo is selected from halogen, hydroxy, alkyl, alkoxy and alkoxyalkyl,
wherein any alkyl moiety of Ry can be optionally substituted by one or more

of halogen or hydroxy; and
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wobedeimben n is 0, RIO is absent and the

of hal ogen or hydroxy; and WO 2004/ 011439
PCT/ US2003/ 023828 -6 nis an integer fromO to 4,

of the benzi m dazol e conpound has four hydrogen atons
attached thereto, and when R10 is present, R10

repl aces one or nore of the available hydrogen atons
on the benzene ring of the tenzi m dazole 5 conpound.
Preferred conmpounds of Fornula | are those wherein R2
I's phenoxyphenyl or benzyl oxyphenyl, wherein the

phenyly, f:ﬁ#ﬂn%f r Hog ohe laomereqxrhéheﬁ 2 DORY, by ah8 the
opti ona I y substituted wth al kyl, al koxy, hal ogen or

hisdno@ek yihg & etiee bﬁwmsidngl @cu@mlmdl hed doe bydrogen atoms

e, B AN BT b MR b

qvaﬁalﬁé kMi'drogéﬁl_ﬁoﬁb K&K Ythe hBéIQ@ﬁé‘ rig GofClhet Hb@kﬁhﬁﬂkz}blle
Suitable values of R2 in this enbodi nent of the

i compoudn i ncl ude (3- phenoxy) phenyl ,

4- ph heny| 3-
DB Sl B Mg s i
SpRabifpieRd i beARgoxyphenyd) whdteiaahe pldys gmmge);ﬁamjmnbyy

sel ected fromthe group. 15 consistjng of flu

coil angylogy metymgtcmypnalbq mbputu‘fg:fio\ﬁylp a]lq goaélfcg(ryy %alogen or

SRR, P SRS AR IEAY b #0udd bR o
| Subsinkiets dhdependanilst Seteuteddfrqnh ehegyqipecnsisting @fﬁ tC 1o;ndkjr1y

substi tuted benzyl oxy ;. R3 and
t fes iikoxygdA OBSH%PI‘P ﬁ:p oafkyd- a%ﬂ"gﬁwgdv#l%eg ! s

p%lﬂ%dﬂl'eﬂty b théq Yrgﬂfl g{dh'ﬂiél 3?’heﬁ&f}2ﬁﬁén?1 "{lehgﬁd%%pheﬁﬁd

I'S an optiona titu Kyl éne chain.
P(%Bmybdy)mlmpyiu ruxd s(4dfenEyipm)placﬂyl aay aif swhichois eoptlonally

opEiEd B i SRR eSS

_a[:@nsisﬁﬁ BE ﬂg&%t EMOR)Y gfdi‘l‘i?@ 'ﬂneﬂ%}l kérthylg {(O%Frehsoprc%@l &ﬁ&h&ﬁy,

is an optional ysubstltuted _ ne chai n.
Pethbry, fedravethy anbtriduermétbgde of Fornula | wherein R2
s Preferred compounds of Formula I are those wherein R is optionally
substituted phenoxyphenyl or optionally substituted benzyloxyphenyl; Rs and
R, together with the nitrogen to which they are attached form a piperidinyl,
morpholinyl or pyrrolidinyl group; and Y is an optionally substituted Cz¢
alkylene chain.

Preferred compounds of Formula I are also those wherein R is
optionally ~ substituted  phenoxyphenyl or optionally  substituted
benzyloxyphenyl; and Rs and Ry are independently hydrogen, alkyl or aryl;
and Y is an optionally substituted C,.s alkylene chain.

Preferred compoﬁnds are those of Formula I wherein R; is

beneEnEs100310p3828



10

15

WO 2004/ 011439 PCT/ US2003/023828 -7 (R6)p (R7)q
where R6 and R7 are independently al kyl, al koxy,

whadoegen3o or hal oal kyl, and p and g are i ndepeCEs1003/023828

0-4, preferably 0, 1 or 2. When R6 and/or R7 is
present, these groups substitute for hydrogen atons at
any avail able position 5 on the phenyl to which they
are attached. Preferably, -R6- and R7 are independently
Cl-4 al kyl, Ci1-4 al koxy, hal ogen, or Cl_4 hal oal kyl .
Useful values of R6 and R7 include fluoro, chloro,
brono, nethyl, ethyl, propy i sopropyl, methoxy,

et hoxy, fluoronethyl, and B@methyl.

Additionally, preferred co nds are those of Fornula
| wherein R2 10 is R8 ere R8 is as defined above,
and is preferably hydregeq or Cl1 4 al kyl, such as

nmet hyl , ethyl, prop { sopropyl. R8 replaces a
hydr ogen atom at any ™avai e position on the phenyl
ring. 15 Additionally, prg 2d conmpounds are those
of Formula | wherein R2 i | where RO is as

defi ned above, and is prefeqﬂ |y hydrogen or Cl 4
al l kyl, such as nethyl, ethyl, propyl and isopropyl.

Woh 20 G/ d 130 RIAEH&ITRADBAIRTI 8RBxy - 1Bildyeaf @rtiabshikyl, and p
conpounds al so_are those_of Formnula_l ergli{nm% iﬁ .
q I yndepprdents (0-4.apraferdtdn &b (lyop et %ﬂé cAPIuRYLs
of F I e ' ' ; it
otk RS BT o REE R IFASNR, 0ER g sl ppiton

tén the phenyl to which they are attached. Preferably, Rs and R; are

indépendently Ci4 alkyl, C14 alkoxy, halogen, or C;.4 haloalkyl. Useful
values of R and Ry include fluoro, chloro, bromo, methyl, ethyl, propyl,
isopropyl, methoxy, ethoxy, fluoromethyl, and trifluormethyl.
Additionally, preferred compounds are those of Formula I wherein R,
is
Rs

0)

\/

where R is as defined above, and is preferably hydrogen or Ci.4 alkyl, such as
methyl, ethyl, propyl and isopropyl. Rg replaces a hydrogen atom at any
available position on the phenyl ring.

Additionally, preferred compounds are those of Formula I wherein R,

Rg
O i§

where Ry is as defined above, and is preferably hydrogen or C;.4 alkyl, such as

is

methyl, ethyl, propyl and isopropyl.
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5 the benzim dazole at the 3- or 4-position of the
phenyl conponent of the phenoxyphenyl or the

whemwzplazyphenyl . Preferred conpounds al so ar eP€TOS®03/623828

Formula | wherein RLis R3 R4 where R3 and R4 are
defi ned above. 10 Still, additionally preferred
conpounds of Fornula | are those wherein Rl is
-Y-NR3R4, where Y is an opt8enally substituted C2-6

al kylene and R3 and R4 together with the nitrogen to
whi ch they are attached forma piperidinyl,

nor phopjdiftedo E:oﬂﬁ}ﬂ&!iﬂ?llsl A e Ghé¥eP of BobaniaPl aleed&élﬁ dr, is
compounds of Forhula | are those wherein Y is an 15
opaphgdyll y substituted C2-6 al kyl ene; and R3 and R4

P o R APy bt BB S EEbRh oo e, thgpe
t RReRUEFAB Rb ﬁﬁlﬁﬁnbﬁiphehﬁﬁarttﬁé Bengldsybeas], 1S atthehed to

meaning -(CH2)m , where mis_ an integer of from 1-6,
pﬂ@f eenginidazolg at $he Balor ¢-pesitign ehdhe alaﬁrwé cPRPPRRIE afLthe
ot et hyl ene, propyl ene, 20
ﬁ“ﬁxﬁékmgl&ﬁﬂ éne angﬁk%gglene The al kyl ene chai n
can al pecfbeedqinipanaly slso seltisdst bili FerhmulAd dihetenR] 1sy
preferred conpounds of Formula | are those wherein Rl
is pyridylalkyl. Prefegred c ounds of Formula | are
al so those wherein Rl i Y5Ni peridi n-4-yl al kyl ,
optionally substituted by Cl-6Ral kyl, C6-10 aryl or
C6-10 ar(Cl-6) al kyl. The tern1"a|ky| " when not
f whetedRs ahefRowd defimsdrabore. | i near or branched Cl-1o
car bon Sui t.ab

i &?@uf@dﬂ@%@mﬁ ke ool BE PR L T anc RS
el —YRINGRR,; whERPY @9 ¥h opRbially, subStabteit,.q alﬁﬁene and R

sec-butyl, tert-butyl, 3-pentyl, hexyl and octyl
graodipis, tmtlze@owzlthlmwsmtn@@w Us20hh0 #B3g28re atiached form a

piperidinyl, morpholinyl or pyrrolidinyl group.

Other preferred compounds of Formula I are those wherein Y is an
optionally substituted Cs.s alkylene; and R3 and Ry4 are the same or different
and are selected from hydrogen, C;.¢ alkyl, and Cq.19 aryl.

For purposes of the present invention, the term “alkylene” has the
meaning -(CHy)y-, where m is an integer of from 1-6, preferably 2-4. Suitable
alkylene chains include but are not limited to methylene, ethylene, propylene,
butylene, pentylene and hexylene. The alkylene chain can also be optionally
substituted.

Additionally preferred compounds of Formula I are those wherein R; is
pyridylalkyl.

Preferred compounds of Formula I are also those wherein R; is
piperidin-4-ylalkyl, optionally substituted by Ci alkyl, Ce10 aryl or Ce-10
ar(Cy.¢) alkyl.

The term “alkyl,” when not further defined, means a linear or branched
Ci.10 carbon chain, preferably a C;¢ carbon chain. Suitable alkyl groups
include, but are not limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, 3-pentyl, hexyl and octyl groups.
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The term "optionally substituted,” when not further
defi ned, neans replacenent of one or nore

w@200bonx3d t ached hydrogens w th hal ogen, hal o(BIT/USHP3/023828

al kyl, aryl, heterocycle, cycloalkyl, C1 6 alkyl, C2_6
al kenyl, C2_6 al kynyl, aryl(Cl1_6) alkyl, aryl (C2.6)

al kenyl , aryl (C2_6) aIkynyI cycloalkyI(Cl 6) alkyl, 5
heterocyclo(Cﬂ 6 al kyl), hyﬂroxy(Cﬁ 6) al kyl,

am no(Cl. 6) al kyl, carboxy(Cl.6) alkyl,

al kyl oxy(C1_6) aIkyI nitro, am no, ureido cyano,

acyl anrRe terfly d6ponally khbﬂﬁu&@cyhﬂﬁvnoﬁﬁhd@rdéﬁ%&ﬂ@%%ns
car boxy, am nocar bonyl and C1 6 al kyl t hi ol

Prapiaéﬁmem ofcsm: iog ﬂmrc 9%59%&@9@ ébldragmsl with helpgate hale(F1-

e Hifhetris oy Ol C e Al B A o RIORDE
r Wﬁ@? STERYL OkyIR0, laicho eryIiCr oy, tdycm&chl gpilkyl,

roups, aryl groups_and_ hal ogen ato

ph@tf:r@p 3@(Olequlkﬂhémigpxg is?) .aili}ﬂ»eﬁnma(%ﬁb @H@l aehaxy(Ci-6)

iy SR C- S AT, o AR Py RpEpFRG oy,

defioln aclyloxg aziiod a@loktﬂr mnh0xy, aimind&Grimalyl, candl C s alkylthiol.

aromatic ring sys | e carboc ic aryl groups

i Reaterard OQUPnal]é’r ﬂ&?te1§|ahﬁ3’? g‘&dtuée a’ﬁ(ﬁé‘?f%a ng’é‘p ht hyl ,

PRENANTRE oo SRRHEARY ! subbHARAYAlIcy B LEAKD whé BB@ Aikher
an

bi phenyl eny renyl groups. Particu
p deffireeds ﬁnbans:mpmemeﬂm af ar slkylgnobpdogerewph @mylor amte alkyl
na ht h ar onpounds that. c “be e
R E S S PO FGH nLRUHE wprlsgaRy SUbstirufed
| glr?glfe?lnte :jégl?%)n”e’m@ﬁldg' Aey1i Sotyd 8hdHalogén (o) SRERYHIE RV
3glappi peri di nyI ethyl)-2-(3-(4-tert-butyl phenoxy) pheny
) ben mtdazg - " fi -
3 (2 piBErFEH nght AT 22! 3rtper defifiednspihAStias I Py

g@ Pl areRaed ﬁng system. Sultable carbocyclic aryl groups include, but
3 (2-piperidinylethyl)-2-(2,2-di phenyl et henyl)
bereznthmratedl te, plpmyl, naphthyl, phenanthryl anthracyl, indenyl, azulenyl,

bgﬁ)%e 1 {)18g ﬂen%;l mﬂl& ﬁu&%nﬁh eé}gf@/sphe%rtlcularly preferred
SCﬁrgopquleratydlgwd tamth)engl-g(naﬂaghﬂhyl f1 uor onet hyl phenoxy)
phenyl ) benzi m dazol e;

3- (2- p?ﬁééiﬂp WO@mwné& shat Neagt fbg| emplongth 4 ofhin ymethod of

b J
S%bgzlnger [ élg \ th?lﬁ hfrﬁltago? 3- benzyl oxyphenyl)
bén2ipip dﬁhlﬁ)}l’lethybﬁ’d(4—phenoxyphenyl) benzimidazole;

3R per Vel )2 (45 G 1| wor ophenoxy) pheny! )
3-(2-piperidinylethyl)-2-(3-(3,4-dichlorophenoxy)phenyl) benzimidazole;

3-(2-piperidinylethyl)-2-(2,2-diphenylethenyl) benzimidazole;
3-(2-piperidinylethyl)-2-(3-phenoxyphenyl) benzimidazole;
3-(2-piperidinylethyl)-2~(3-(3-trifluoromethylphenoxy)phenyl) benzimidazole;
3-(2-piperidinylethyl)-2-(N-ethyl-3-carbazolyl) benzimidazole;
3-(2-piperidinylethyl)-2-(3-benzyloxyphenyl) benzimidazole; and
3-(2-piperidinylethyl)-2-(4-(4-fluorophenoxy)phenyl) benzimidazole;

as well as pharmaceutically acceptable salts thereof.

Particularly preferred compounds are selected from:
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thereof. Particularly preferred conpounds are

wa@edoeotra f rom WO 2004/ 011439 PCT/ US2003/ 023828r/Us03/023828

3-(2-pi peridinyl ethyl)-2-(4-phenoxyphenyl)
benzi m dazol e;
3-(2-piperidinylethyl)-2-(3-(4-tert-butyl phenoxy) pheny
) benzi m dazol e; -10-

3-(2-pi peridinylethyl)-2-(3-(3,4-di chl orophenoxy) pheny
') benzi m dazol e;

%é%giﬁ%rg%%l%?v%ﬁmt%&o%nﬁ) gehamebgthenyl )
g&‘((22pip¢rgﬁnjrlldt|h1y94%&Wtﬁﬁ@@ﬁpmhmmé)m@imidamle;
enzi.m dazal e: . . _
3-QoRiBTTSLRY B R 4 distlosorbeng RSP SRRERIR S oxy )
%{’-‘ LY5) éricﬁﬁﬂ%flh'ﬁ)@a )2-@iphenylethenyl) benzimidazole;

-pi peridinyl et hyl)-2- (hB- benzyl oxyphenyl )
Be(@zpiperitinpletiyl)e&d(B-phenoxyphenyl) benzimidazole;

- (2-.pi peridj,nyl -2-(4- (A- )
et RSy SU HRe e bR AR el
Sﬁtzﬁip&ﬁkﬁhymﬁ}yl)121(3Tb@1z5/mgpmangn bdhsialideeld; het ei n i s
meant to enconpass all pharmaceutically, acceptabl e
sh(2-pipeidinglsthydf2-(hei-BnerepbaesypbapdLibragimidazole;

har maceut i cal | (cl ude, but are not
P EE bR et P BBICeeicRedrl™ (12, ¥
pot assjheM makbiitionC ediktlosedal liereind i¢ henebntk efo adricainpase  all

earth netals such as cal ciumsalt, .| nesi um sal,t .and
t pharmpqenticalygageeptablsi 58S é%?r?gf] &@t@u@ﬁnag%ﬁ ‘F‘?néﬁ?‘}’r‘;‘ﬁfl%lnﬁﬁe
< P . . _ . Lt

DRl UL AL GecBRbe SRS IR, B dre 1% HAORAAE) it Ahls
Nsulsh -adl i sbéiuny kait, ipptassiec salt, mesiumadatt andothe Hikel plkeline earth
i nor gani ¢ aci d. sala;ls such .as hydr

h§rd prughag salciugyf L PRSNFRYY SR 1388 @}r%ﬁ{e:,l gregaini(ce?mine salts

OL BANLLC & t S Yshiddse kaf, "BikSlineA6At aétRanolamine salt,
t%l PI %SoPg&a%g?%?{ee, §d&%l eate, tar ?i?at én and t heal}oi ke:

stiicffanalzesnes salh disyoloiExyintionesell Noadibenzylethylenediamine

benzenesul f.onat e -t ol.uenesul.f onat n | ike; .

At e B ap e g st & BV ipefiaflac e iice,
ObHEATBhE A Iltetilel Ky, ofbhié AviandaltoRue s lasete, heetaien
is al so meant to enconpass prodrugs_of the disclosed,

ctrifpowadstatePr oulaats éargatpo nrg}dd ethed liks; paulfgmptes suc.:h as
CBUBLSR) e BBSRIE PN ICE S ARSe R D AR e
| geidkfin JUERAS arghat) eanasse, tdheainte\ind the like.

The invention disclosed herein is also meant to encompass prodrugs of
the disclosed compounds. Prodrugs are considered to be any covalently
bonded carrier which releases the active parent drug in vivo.

The invention disclosed herein is also meant to encompass the in vivo
metabolic products of the disclosed compounds. Such products can result for
example from the oxidation, reduction, hydrolysis, amidation, esterification
and the like of the administered compound, primarily due to enzymatic
processes. Accordingly, the invention includes compounds produced by a
process comprising contacting a compound of this invention with a mammal

for a period of time sufficient to yield a metabolic product thereof. Such
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nmet abol i ¢ products of the disclosed conpounds. Such
products can result for exanple fromthe oxidation,

w0 edyo1i4em, hydrol ysis, am dation, esterificatPOnNUSEN023828

the |i ke of the adm nistered conpound, primarily due
to enzymatic processes. Accordingly, the invention

i ncl udes conpounds produced by a 30 process conprising
contacting a conmpound of this invention with a nmanmal
for a period of tinme sufficient to yield a nmetabolic
product thereof. Such WO 2004/ 011439 PCT/ US2003/ 023828

p}%due{s‘%g@?{ﬂg d&ﬂé RAGRlkY bipfe plaﬂﬁg birhdiSEbOEIRIBRRULDSF the

npound i nventi on,
agkrentios,t adniinigtering pnapaeattaaw luya dﬂteetabile rdest tbareanizabsuch

an ani mal such as rat, nouseg,

A A R g e S T BT
%&MO@&dtd aé&ﬂtdnaglsbltaﬁng QRV@nF ErdidnPFroduE Frdni a tukie,
urine, bl ood or other biological sanples. The

|hMmﬂnnaﬂmm@uﬂc@gdédmpbﬁe|n is also meant to enconpass

t he 'sclose co beln t Lly- e

by ha\(i]iLhr‘Fg “B’r‘?% %ﬁ(f gt B! r ep Sgcgr% Y téz)a\nedzg?%lﬁ%lés the

h‘ﬁéé'ld’égd Qo F&c)ﬁrﬁlrs ®eingdABpicalelabelld byaBsingLTisa more atoms
les o |sot0g®? that can be incorporated into the

mlewgis@a Forayeuneying 4 diffeent POBEGFBISSOPT MASE JYRper-

r bon Q
drvagi St SORRE Ok incRERRIERAY e G Dyl
Sl%ﬁudé% ?sl@topgﬁ&? I(lj}ﬂcﬁdr_genaﬁﬁb&ﬁ @itrogengsiygen,i phekphorGméuatne
e conpounds scl o
a@;imhhnﬂecsu@b e i o ho gy 0o Pi b oS . Hha 17
&iQ di astereoners, ‘and 15 ot her
reols nerlc forms. The present invention is also

meant Sementahp &empamhdssdnsﬂowdslsarbhecaho«mmalasmﬁew maee
their racem c ang resol ved f.or

IR DTSR b A5 AL Tt EC PR Her Fic Same: frd
Obifils s@ér%ms&ﬁéﬁ’c! forieNae Plestt idFenfion isedlso Mbard @6 BREcasS

asynmetry, and unless specified otherwise, it is
i 41t @nete gossible rfotmsj @s buelh af theitl rZcegiomatrjegolvedh demmas, and

AANCRETEL S TR e e
" 36 i Bbﬁd&r@r(ﬁfleﬂ Senferd 81 6cthetti€ aBYrh@ErR| dnd unless spemﬁed
otherwise, it is intended to include both E and Z geometric isomers. All
tautomers are intended to be encompassed by the present invention as well.

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

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

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

mirror image rotates the plane of polarized light in the opposite direction.
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one chiral center that are not mrror imges of one
another 25 (diastereoners). The term"chiral center”
refers to a carbon atomto which four different
groups are attached. The t&m "enanti oner" or
"enantioneric" refers to a nolecule that is
nonsuperinposeable on its mrror image and hence
opt i Ca{lﬂe%eﬁ?“‘fa\é 1ebRkdto Behikiifs Nédial AR of ehatiBmers
the plane of polarized Iight in one direction and its
mndrvﬂnchmgucalbftlaacawet he pl ane of polarized light in
the o irectiqn. WO 2004/011 .
ber Ul asitton el 6 e, Spaaio o soesntmtion of
rﬁeiﬁe'%ﬁ o?orRAfBdhe Aol ShaBfio BN FdraizEsSa nesleculd)i THY pigrase
Ically inactive. The term"resolution” refers to
t teaaw@mmtaxms drefers e e mixtrd Wherein ong SPREINR Lppregyg is
of the two nt i.one | ecul e. The
Fhegaer Coélcelﬁ'f?giﬂfl ﬂ?)ar?el?t‘s %lrré)%rgg a% B ]g?s to a mixture

wher eiTheOBenARaiAlbIe§RT ]Fdhrﬂﬂ£$aﬁ\h b@ pr@agﬂ‘deatlﬁg methods
concentration than its mrror | nmge rm{aecul e

Hewamicdthese skilisd inghemarta Spectically %IIZ&&@%@H@ of the
et et e ke aRa bRl £50 DR Shpricng
i nventiapn afegctligner alilnarobingine edith r 2fivararbnitosbenzene to
conprising: 1Q (a) reacti n a pr.i r:@e am ne with

2-fl uoro-| Wfl‘ﬂ(&?é‘r?é@ﬁ%s“fbé A PHERREZEP i ne
substifuyte Z&e &ﬁu&btﬁﬁwﬁl a) in
substi {0t e FhEREIEERt: splulatilnGeR o @
presence of thhytesegenofhgirageraerl ysatalyst pmﬁ@ee ah amine
am ne substitut ewl |ine; and 15 (c) reacting said
ami ne subst POSHRELARIIENE Dbt ai ned in step (b), with
an al d§I)1y Id Creh Qi QAHERING sSbiABted AfiRek SRARbAICAZObLS, with

For mul
an aldehyde to produce a substituted benzimidazole of Formula

L
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WO 2004/ 011439 PCT/ US2003/023828 - 13 For this
nmet hod, the primary amne in step (a) is selected from

W0 b@4/ogreups consi sting of : (1) H2ZN-Y-N' R3 R41/US2003/023828

wherein Y is an optionally substituted C2_6 al kyl ene;
and R3 and R4 are the sane or different and are
sel ected from hydrogen, alkyl, or aryl, or R3 and R4
together with the nitrogern3t-o which they are attached
forma ring having 4 or 5 carbon atons, which ring
optionally 10 contains 1 or 2 additional heteroatons
| ndepaROIant Licngl 964 BlarP Btiev@eRep WisNRRctthese 185
i s hydrogen or alkyl, or 'said ring is optionally

pt bdrisissilg ofi t h an al kyl or aryl moiety; (ii)
pyrldylalk_B amne; and (iii) an optionally
substi tut e pi peri di n-4-yl al kyl am ne, 15 wherein
optional substituents are seleged fromthe group
consi sting of alkyl, ngyw>en<§ralkyl. Preferred
values of Y, R3 and R4 are as ®ascribed above.
Additionally, for this nmethod, the al dehyde in (c) has
twiereid ormul a: 0 | HC R2 wherein RR is as

I
defi ned. above. The. [ ' or steps (a) and
(b) a v&¢‘&§°&éﬁ@%§§F§E§g%ﬁgg%ﬁééﬁﬁﬂﬁz 14 to about 17
hour s rangldRe S {he shifie i eifftsendfindyare atlected fimm @0 geThe

reaction tine for_step, (c),. i% about 45 L-? out 50
rfldsorand, eaandsR4 eegherauit the priEnega QISR B8 60
t b % . '  £1bdind [
BB bat A AR Ayl Ribind spamangal

contains 1 or 2 additional heteroatoms independently selected from oxygen
and NRs, where Rs is hydrogen or alkyl, or said ring is optionally substituted
with an alkyl or aryl moiety;

(i)  pyridylalkyl amine; and

(i) an opti(;nally substituted piperidin-4-ylalkyl amine,
wherein optional substituents are selected from the group consisting of alkyl,
aryl or aralkyl. Preferred values of Y, R3 and Ry are as described above.

Additionally, for this method, the aldehyde in (c) has the formula:

o
H—g— R,
wherein R, is as defined above.

The reaction time for steps (a) and (b) above, is generally between
about 14 to about 17 hours and results in yields of greater than 90%. The
reaction time for step (c) is about 45 to about 50 hours and results in product
yields of from about 60 to about 95%.

The reduction of step (b) is generally carried out at a pressure of about

2 to about 4 atms, preferably about 3 atms.
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w@boommkisey benzi m dazol es of the present invenP¢DOS200%023828

shown in the follow ng reaction schenme. 2 NO NO2 H2N1
C~-N_'") + NaHN FU N~NH2N-RR NcbHS3
UNU U 5 Reagents/Reaction Tines: (a) 5% DI EA/ DVF,
14-17 hrs; (b) Pd/C, H2, 314tm MOH, 16 hrs; (c)

al dehyde, PhNO2, 100C, 45-50 hrs. The invention is
also directed to a nethod for treating disorders

I €S ponNghe erleal inhthddl K AdR: BénzinidiardTeSEHRAE BleSerit Anvention
manmal s suffering 10 therefrom The benzi m dazol e
cisishown i theffolloweing reastion sheegn be used to treat humans
or conpani on ani mals, such as dogs and cats.

Particular preferred enbodi nents of the
benzi m dazol es of the invention fo& use in treating
such dlsorders ?ﬁﬁ epresent ed preV|oust def i ned
for Fo npounds o @”gresent i nvention

are as gd by 13;;Decrruphysiol al assays in
di ssoci at ed hi ppocangal neurons for%ggblbn1 channe
bl ocker activity. These conpounds al s6 can be assayed

for binding to N
C Sha
N

b mﬁN___.

b 4

o

Reagents/Reaction Times: (a) 5% DIEA/DMF, 14-17 hrs; (b) Pd/C, Hz, 3 atm, MeOH, 16 hrs;
(c) aldehyde, PhNO2, 100°C, 45-50 hrs.

The invention is also directed to a method for treating disorders
responsive to the blockade of sodium channels in mammals suffering
therefrom. The benzimidazole compounds of the invention can be used to
treat humans or companion animals, such as dogs and cats. Particular
preferred embodiments of the benzimidazoles of the invention for use in
treating such disorders are represented as previously defined for Formula I.

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

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

cardiac cells.
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web@nnel439 are | arge transi nenbrane proteins

t he neuronal vol tage-dependent sodi um channel using
rat forebrain nenbranes and [3H] BTX-B. Sodi um

expressed 20 in various tissues. They are voltage
sensitive channels and are responsible for the rapid
i ncrease of Na perneability in response to
depol ari zati on associ ated-1fth the action potentia
in many excitable cells including nuscle, nerve and
cardi ac cells. W 2004/011439 PCT/ US2003/023828 -15

One aspecisplét difiBe PreSse Mvehiidre it the @iscovdriof dieSeshani¥m
of the nechanism of action of the conmpounds herein

desctiotbefithe sompewidsihsraia desshberhes spspidiclddg chanmgh blogkers.
t he di f this: .
B30 LB RS e BRI, PSS SoppmmaN

RIoBMRTH14tBE 14184 hedTal inl tRging ue pieveritigateuboral 1@k dhato focal
ischem a, and in treating or preventin

nes gl gechemin, and i freygedrsPreYsHéng d]ieh@%pgpg’eraﬁve disorders

depr essi Ll €NSY . a l,.s0 P t

SPPBERR, %5, iR R enil 4Ry, DT A RIRARLANL 16 B8
NEfHcAPatini teeafing, Npresetftgigcal amplivrating mewopathigapainamdgical
tinnitus. The conmpounds_ are al so exgected to be useféﬂ

aRpimehTCie PR R 8NN terepiPeundardC ke PRRARHAd to beuse
d%pﬁlﬁﬁﬁggthﬁ?cs%&e-g %ti&ra‘fﬁ%ﬁlﬁmbﬂi\é%%fe%nts.s directed to
0 ornula | that

conpoun are | ockers of
vol t agEhe presértt iineension i udiradaintoetsnpotndoofiForgnula I thed are

D Biar o aBEe BRBIE At GOBT e e A TR rinf dsept
ahobti chOOM e Teohdandsn h&ﬁﬁfg ehRedFAPRYSEIR! QBintR] blosSRY

described herein. Preferabl'y, the conpounds of the |
pprepeties Exhibit an 36501 abrbti K0t nMror lesoinghe glgctkenbiysiplogical

Most pref.erabl the ¢ oynds of the re . .
v ErroRd R Bt RaEE R CBinehdS of RiGHERag avention
CommtRASICYf of e pMIr @SR,  MBse prdferabsathd Corhpingsl of ake
their Na channel bl ocki n% activity by the follown

bpresint gnventior ExXybit apAG i Blabgiichl 1A oajess. Sompauidstaidhe
Bi ndi ng_Assay: T il f
BLALL NG (SREY corl BE (8R! D ANSOHRRK Focking VRS B53HE

following binding and electrophysiological assays.

In vitro Binding Assay:

The ability of compounds of the present invention to modulate either
site 1 or site 2 of the Na* channel was determined following the procedures
fully described in Yasushi, J. Biol. Chem. 261:6149-6152 (1986) and
Creveling, Mol. Pharmacol. 23:350-358 (1983), respectively. Rat forebrain
membranes are used as sources of Na' channel proteins. The binding assays
are conducted in 130 pM choline chloride at 37°C for 60-minute incubation
with [*H] saxitoxin and [’H] batrachotoxin as radioligands for site 1 and site 2,

respectively.

t hBET/H82903/023828
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site 1 or site 2 of the Na channel was determ ned
follow ng the procedures fully described in Yasushi,

wQ 2008001439 Chem 261: 6149-6152 (1986) and Cr evECT/NH2003/023828

Mol . Pharmacol . 23:350-358 (1983), respectively. Rat
forebrain 25 nenbranes are used as sources of Na
channel proteins. The binding assays are conducted in
130 M choline chloride at-1¥+C for 60-m nute incubation
with [3H saxitoxin and [3H] batrachotoxin as
radioligands for site 1 and site 2, respectively. WO

%ﬁ l:fn? (@1 US2003/ 023828 -16- In vivo

ar maco ogy: “1he conmpounds of the present invention
can be tested for in vivo anticonvul sant activity

af t er Thewcompouods of the preser] iavention ¢y he tes Eiﬁ]ufﬁ?eﬁn Hio

e Bei iy ST b Pob Tyl HHHOP iR AR of

eh8&InvaBhRakstS & mibeehchidtg the nesdnimn eﬂm:ltnesINSA saizoe test
wei ghi ng between 15-20 g and mal e, Sprague- ﬁgkfats
WHESD nM%@ﬂW@eﬁeCtQ@bocé‘ZSelﬂer%/ A BIGUEST 1B AngF r'BHE

e RSB IS & Bfc gl gPREse DUt RS xald §liGnind [R0¢ecn
%‘@b%ﬁS %’b&itab plicat®aofduiahi (0, mia, (50 pulmsés)ec UE 8 mgsea m@e@
asil e

d Model 0 t

i e DSy o g Dl B
G ajt 's«{gl‘ﬁ HGALE dDQLO r ﬁ&’@l us‘fﬂ%e qtygd %sﬂ\@ 'E@'Ih ﬁb\fiicé oLy

gﬁal s € t WO ‘cOor neae. s are al free

M0 EMicomretrhstraesddty gxqgmg]theelaosedkupm@ rtleem dqr@pé§urefa<@

R e R T KR e A

topk %:fe"élib%eﬁ'@eeelﬁb%iﬁé?ﬂ oh SBHBASR: tof ah@REE clibelseiatlss are
is defined as a hindlinb extension in excess of 90

cesgd. ee(éurfant)m appdied phémgmyﬂs erpeobssripd fRegeried gf aip to 30

treat uant al nner Cc b

Liseos ot ekt pRB DT S SPRAH HEnbAR O tonic
f QimRd !ié“dé’fﬁféﬁ' 253ShiflesebiRedsion ieasdssar,90Segrdds fBm the
Fasmer, and K. Hole, J. Neurosci. Mthods 14: 69-76

(188501 thekbdy. Ressls wstiesaied Ing QUAtEENTPEL.30 20 g:
E‘gggar’gh%g f gﬁ”ﬂ%& canc'ﬁ‘)e t&h& 17 %ﬁjelf gntﬁldmc%ﬁt@@er ééi‘ﬁﬁ&%n the

formalin model as descnbed 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) are used in all experiments. Food is withdrawn on
the day of experiment. Mice are placed in Plexiglass jars for at least 1 hour to
accommodate to the environment. Following the accommodation period mice
are weighed and given either the compound of interest administered i.p. or
p.0., or the appropriate volume of vehicle (10 % Tween-80). Fifteen minutes
after the i.p. dosing, and 30 minutes after the p.o. dosing mice are injected
with formalin (20 pL of 5% formaldehyde solution in saline) into the dorsal
surface of the right hind paw. Mice are transferred to the Plexiglass jars and
monitored for the amount of time spent licking or biting the injected paw.
Periods of licking and biting are recorded in 5 minute intervals for 1 hour after
the formalin injection. All experiments are done in a blinded manner during

the light cycle. The early phase of the formalin response is measured as
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the day of experinent. Mce are placed in Plexiglass
jars for at least 1 hour to accommobdate to the

are wei ghed and given either the conpound of interest
adm nistered i.p. or p.o., or the appropriate vol une
of vehicle (10 % Tween-80). Fifteen mnutes 25 after
the i.p. dosing, and 30 mkutes after the p.o. dosing
mce are injected with formalin (20 L of 5%
for mal dehyde solution in saline) into the dorsal
fgﬁgf Bit ﬁe@\seé&f &B&nﬁhﬂag RidWhe Mi& BhaRE s tnbaisdEfb@Rd S0
ass jars and rmonitored for the anount of
50 AEnSPE mlﬂferaicemgemeemwmdg andh érugrtr@@d@iomwre analyzed

Periods of i cKki an rd e
o Mtoélﬁmysaqa&‘smlmﬂ\‘g)ad}anﬁ? E‘@&b@gﬁ <%g05!| B ceocl:l (E)le%h
A&lgm'f_ ARk iR éi&’ﬁgeth& @t@lah@%@bxﬁa;?‘rm@é o Uothglin-
£ire I ght cycf?1 Th% early ahase of th mal i n
nmhmempm-llmkmgasmladlsasdlm\@db%/cglllmg@is are considered to be
/ US2003/ 02382 - 17 I | cking / biting between 0-5
108s cgr?&“tteﬁ'@‘?f: $e is measured from 15- 50

m nut g é@rﬁﬁoﬁﬁ@wﬁﬁb@@ésmemrm pbtenti dorthegréatearttent
groups are anal yzed by one-way anal ysis. of .varia ce
(CANBApainA (Intiplbdmiegndsantthyperalgesie r &dvitigsly Ap fthe

bl ock
504l bl Heriphefil BEShPnY, MRS B EE RS BRAS C%P.V%eg
tavat226 e unekshotized wnsmmm (10 %én a eﬁmma@ﬁm airoand

acute and chronic pal n. The conpounds be test
f3(§)r % néygerbcﬁnénﬂlm qdo,rr teppeTayre 4p rf;@i*ﬂEm]gﬁ‘a‘fq E‘H%%EES fan

Y g}f'}' %]Hﬁétal Aeslf (ﬁﬁéa'lw\éﬁﬁh% Incidlod e

neur opat hy
Sﬁé@gme Dav\:t}&yLﬁ aetrﬁi YNé i lghelngpcb ﬁtewpm—\@ﬁﬂzﬂo npigele ggram@;s ,

th d h ha
et et MR R g R R R e A
COmt {lgjﬁdéf ?hggtlég: a%}( FEshiResinde. t AT G4ah op&atioh i@ performed

honeo A 2-cmdorsal mdline incision
| &pokihg themmh&a]ateralﬂé a8 Tabnspinab nerwoeds aprgativrecontrol.

b
Do antliegieg s dasde B B AT G iRl BlLbRe it
12 w2 dsh ok ¥nd bl%«%’to%&l'ﬂm@te QorSivdtoge hhiutesAASIbains of

operation Is performed exposing the contralateral L5
aSetninGs-Sainsiéin meonafaments apre apnlied doctbaplatar surface of the

hindpaw to determine the animal’s withdrawal threshold. The first filament

used possesses a buckling weight of 9.1 g (.96 log value) and is applied up to
five times to see if it elicited a withdrawal response. If the animal has a
withdrawal response then the next lightest filament in the series is applied up
to five times to determine if it can elicit a response. This procedure is repeated
with subsequent less filaments until there is no response and the lightest
filament that elicits a response is recorded. If the animal does not have a
withdrawal response from the initial 9.1 g filament then subsequent filaments
of increased weight are applied until a filament elicits a response and this
filament is then recorded. For each animal, three measurements are made at
every time point to produce an average withdrawal threshold determination.

Tests are performed prior to and at 1, 2, 4 and 24 hours post drug

Fol | owi ng t he accommodati on per i PCI/II510€3/023828
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waeohionase for five to ten m nutes.

Tactile Allodynia: Rats are transferred to an el evated
testing cage with a wire nmesh floor and allowed to

Senmes- Wi nstein nonofilanents are applied to the

pl antar surface of the 20 hindpaw to determ ne the
animal's withdrawal threshold. The first filanent used
possesses a buckling weight8ef 9.1 g (.96 |og val ue)
and is applied up to five tinmes to see if it elicited
a wthdrawal response. If the animal has a w thdrawal
raﬁﬁlﬂﬂgl?eﬁiogheﬂ“a%‘lg élﬁ%l&nia! S asdchirlitaR B plerdigesiah fesgewb@s
is applited up to fivée tines to determine if it can
ebhdictedconewpante. This procedure is repeated 25 with

b fil Ll th [
and ¢ eamgeLgvpern e Ko e e 88 T HORRRCBARe

I g@Wﬁda wit nid3g fRBE FRd allees tooicchaye far five tdtthanalites.
response fromthe initial 9.1 g filanment then

SAulstightlie biuntdd nerdie i togthadnter e splantose supkice idhg Jndray

unti.l a fil.ame el .cit. NS e Lt hi 8. f
@hsipg A B S s ithofl SBRRAMRE PR’ Ndoinlod S
ahE nBEHS R bordd] PURE Mypitaly poindestaoqucio diwhimgnreasttma e
W t hdrawal threshold deternmination.  Tests are .
péottdp edind with actenveteh and arbitraily giyes 2 Higravgdige of

WO 2004/ 0 P 003/ s 1
Uik RECPHLIRAER ST LY ORS8RI sy cxpivis o
@@Egah@@swﬁh&was regpofise ¢onthec bhuitedoneedie.entd ymaximum
Mechani cal Hyperal gesi a: ts ar eéi[[ans%?r}%%d tg. an o
oviaeal ee ol i seecnds e 25 2 g8t g Wifhggaal gcs for
:1%4‘[%&@%5 b tl?ecﬁlﬂéﬁﬁt e htasdrby irtO tihRY oMbl tBRe poft Avith a

y bl'unted needle 1s touched to the plantar
sfivd-mbmute fredolveryhperitdabetwaers apwlicatioisnplThe ghise mepsurgk jare
wi t hout penetrating the _skin. Adm.nistration of he.
negd| e $HEbhER GIVC &Wq@ﬁ%ﬁwe 6?rofﬁf_ Ly p_(?&?tt: kjrac‘%ﬂe
f Aﬂd&&ﬁ%ﬂ%&%ﬁhﬁeﬂ hyb&Qlgesih sts dr®chfubicdRondtinchtiR

c

st op and arbitrarllyglves a W thdrawal tine of
0.5 sethadompbnendsprndreetgstsd der fein msrpseiceipe #tiyity after

ani mal s_exhi bits an 10 aqger at.ed w

¢ Bethats o Redt ol G Fhats % EAnarochfE REREe
t%‘%c&ﬁﬁ@@@%cﬁﬁe@ﬁ?%u@ﬁa@@&m tholde] SepplWLHRdE2WEHIT)) BRG
for both paws of the animals are nea hree tines

sured t
aShesaddwn phal. Birnd. Rijarmagel. 236:347-353 (1993)) and Graham et al.
(J. Pharmacol. Exp. Therap. 276:1-4 (1996)).

The compounds can be tested for their neuroprotective activity after

traumatic spinal cord injury according to the procedures described in Wrathall
et al. (Exp. Neurology 137:119-126 (1996)) and Iwasaki et al. (J. Neuro Sci.
134:21-25 (1995)).

Electrophysiological Assay:

An electrophysiological assay was used to measure potencies of

compounds of the present invention rBlla/beta 1 sodium channels expressed in

Xenopus oocytes.
Preparation of cDNA encoding cloned rat brain type Ila (rBlla) and

beta 1 (B1): cDNA clones encoding the rat brain beta 1 subunit are cloned in

A seri es oPCT/US2003/023828



10

15

20

25

30

five-mnute recovery period between applications. The
three neasures are used to generate an average

wovdhdraeml time for each tinme point. Tactil e PABUS2003/023828

al | odyni a and nechani cal hyperal gesia tests are
conducted concurrently. The conpounds can be tested
for their neuroprotective activity after focal and

gl obal ischem a produced ¥ tats or gerbils according
to the procedures described in Buchan et al. (Stroke,
Suppl . 148-152 (1993)) and Sheardown et al. (Eur. J.

|
F ﬂe %fn ag%]lﬁﬁi téé&logér%gé iﬁ%@ﬁ)ﬁs)?aé@gﬁgﬁedmﬁidaﬂi methdbs.

o
Qﬂlﬂﬁﬁumtsdmgnﬂ?d@ htE@tcmldddoby tPei A e detingle The

act i Vi ta% ﬁﬁter ’tra @atr'k@e(?lﬁ][ n&w f'wﬁ{‘%cﬁ?&g?g:{)ng

tﬂ[ glzg%a/aréﬁzn 139- J2freb:1 99Maruranderhates adchogis dhovig Jare

Assathetized (@Dé%?mgé hém&lgg‘? %mﬁgb%z%;fsgéc?&%dl S O%\’Icsa !
Bk Peartarnned, oMRn Eadimitls L EECH . Mol
A Pty B LTa (rBhla) and beta 1 (-

CDNA clvones @ﬁc@ﬂﬂ% dphesy & étfr&ca ?be"tegloYe@ubLéﬂth gr%t
Lﬁse 58'13'{:% Al a?%gqﬁ/\ﬂ]a}ed' 31%333 g{i n%ﬁé 6%8\%@61‘611’1]1:&6 BouES

net hods are prepared
SeIr@ @@1@ EErdilRibOU$ envelbiNae emarmm trsguasBl@ca:ytes ane dvﬂOHQQIatgd
A. Gol.den (UC Irvine) NA? tedfl
sQDoﬂlé dagpf S\%@'Y by treqtmgyt ‘&%P%ﬂaéﬁ’f}ﬁsri ks J TE%/d izt Tibe
Mg u X
R N S e G gty are
%me@ he ndisiodga aipithelizh ywmsd erepgataaily 2aml) sfosgd dini Pagth's

est abl i shed proced od I
PR&JHECeAntaRNg ey YM%%?L@@V\@ Tm%gg’ %0415 PQVIO %@?’an
BEENON I G i SAENRd 2. 496Mt BRE@O;, 5 mM HEPES, pH 7.4
adjusted with 0.1 mg/mL gentamycin sulphate.

Micro-injection of oocytes: Defolliculated oocytes are micro-injected
using a Nanoject injection system (Drummond Scientific Co., Broomall, PA).
Injection pipettes are beveled to minimize clogging. Tip diameter of injection
pipettes is 15-35 um. Oocytes are microinjected with approximately 50 nL
1:10 ratio mixtures of cRNAs for rBIla and beta 1 respectively.

Electrophysiology: Membrane current responses are recorded in frog
Ringer solution containing 115 mM NaCl, 2 mM KCl, 1.8 mM CaCl,, 5 mM
HEPES, pH 7.4. Electrical recordings are made using a conventional two-
electrode voltage clamp (Dagan TEV-200) over periods ranging between 1-7
days following injection. The recording chamber is a simple gravity fed flow-
through chamber (volume 100-500 mL depending on adjustment of aspirator).
Oocytes are placed in the recording chamber, impaled with electrodes and
continuously perfused (5-15 mL min™) with frog Ringer's solution. The tested
compounds are applied by bath perfusion.
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we@pweloogsng ovari an tissues.

devel opnental stages V-VI are dissected fromthe
ovary, wherein the oocytes 10 are still surrounded by

on the day of surgery by treatnment with coll agenase
(0.5 ng/nL Sigma Type |, or Boehringer Mannhei m Type
A, for 0.5-1 hr). Treated oocytes are vortexed to
di sl odge epithelia, washed2Pepeatedly and stored in
Barth's nediumcontaining 88 nM NaC, 1 nM KC1, 0.41
nM CaCl2, 0.33 mM 15 Ca(N03)2, 0.82 mM MgSH, 2.4 mM
NamVolﬁzg@MrbﬁE% oP&hoking sodiglinucHanfleldul-fentd: ITHEDStaxdard

gentanycin sulp ate M cro-injection of oocytes:

Dedflding | maérdiab doo odiplee sogite drer és rPeBYed St@gimdg cgyrent-

ect ction
Bch@ IrFlaJ“?-‘lﬁlpS 5 % 3’@ %?ypl pe e‘gb o %gkeg% eg‘mtggﬁ from
NigdiAV 26 +60GAYI iAd.0 miAneheaient € Pealt cimgrRe hieaneadlired as the
pipettes is 15-35 m CQOocytes are nmicroinjected Wth
appxioxinemegatiye Sorrent after depolagizing YAlRee sieRs. ofhe valjese figm
rBll.a and
vErETaRLCw i pob@IE ATk K ecd R BEREQRME RO, o
sol ut i Phe p@pb@u i8 Itmﬁnd&.&nmﬂnﬂbtﬂat aid sl'd% Képlenddnt &mdlzﬁers of
Cad 2, 5 nM HEPES, H7 lectric reco din
rBRREOA SPgUR Qb@ﬁvéﬁt lt/ € Comp HEpYR 1B ‘ié( or
h%”ﬂ@ t{e@? Qa0 Jk¢ @m cﬁxﬁ{el ARk 'aqﬁgh fdty orift WeRAvaed
i oW ng I njection. The recdrdi ng chanber is a
S rstmtel &'hgfalloving fvetiadd potocohis osagltoghamirera qovglounds affinity

B PR e icl Sied PRy eh G HERLA g Ton 2seRA dfrpiaodaY
W'Art tﬁ'il? & 1?11%?@ SolRp, nERRLANHOHS! chap@ld beed the 'cﬂo'iedrhtate

nger”s solution. The tested 30
anblsecané dapxpiammionys ltmﬂh tpdhe veltaga whage the maximum

2004/ 011 [ US20 23 20 Vol t

7 Gy Bt iedeRont ecan ot A daniizAten SehDPR) BikahagRlcie
hol ghe nﬂacﬁ%t@&‘ ta, A 20 m9}perpeneiving s@ép&ﬁ'[ﬁhdn&nacﬂeﬁﬂr&/der to
Standard current- voltage relationships_ are elicited

byerd@resscuiep olhaamﬁlzl fragn dhe prackvaied ptalg: f Aokinal ‘Ggpolaaieips test
+50. MV i t

TSR L o B PP P g P
V @deb 28BlySik QJI@&)W)TfEdeLﬁh tcaﬂentﬁ afgMneasured at this test pulse before

and after the application of the tested compound. Data is acquired using

PCLAMP 8.0 software and analyzed with CLAMPFIT software (Axon
instruments).

Data analysis: Apparent inhibition constants (K; values) for
antagonists are determined from single point inhibition data using the
following equation (a generalized form of the Cheng-Prusoff equation) (Leff,
P. and I. G. Dougall, TiPS 14:110-112 (1993)).

K;= (FR/1-FR)*[drug] Eq.1

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.

Qocytes are def ol PCDUBADEER3828
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maxi mum current response is noted and used for the
next voltage protocol. The purpose is to find

weopourss that are state dependent nodifiers PET/US2003/023828

neuronal sodi um channels. Preferably, the conpounds
have a low affinity for the rested/closed state of
the channel, but a high affinity for the inactivated
10 state. The followi ng veRlage protocol is used to
measure a conpounds affinity for the inactivated
state. Oocytes are held at a holding potential of -120

M. Abloll BrilRME anganPiadeep Aedhtohtdtibn0bf 2N6 mM in
channelrs’lggrenir% t he clagyged st gte. Then a 4 second

deMSIar Difetionsrare themnude togankeats/dbarieg of WM Q@ stagls over the
[ t ] icited. At .th d t hi

e A T 0l bk ot i RerPRSY, P b e

it@gﬁ&%@élﬁﬂo&ta%%ﬁzadté*g}Qo%sbwﬁﬂ@ahaﬁ(brz&moaasmoimnger.

de I n order remove some channels fromthe
i Atdhdse adibidicams aDMSON dloneahagiditidé aori no nyeasurble gikde 915

used, to assay the sodi urrent .after this.prolo
JBFBPLRE SUTPIYTesPORYES- %@sﬁt%&ﬁg ifg S a?o%?lﬁ% Sl}er en gt
"Rﬂ%é ttiasuds@sd mRel SEEBaf QLB dappthsf ter the
g%g?icat g%gg?hFﬁgd?g%tedncoéggund. Datgﬁis acquired
usi ng COmPGLHMM 8vithis otlianascepandf athéd yineentigint Hinclude all
CLAMPF| T software (Axon jnstruments). ta anal ysis:
AEBRaHions Al 1 oL DRSS RN ggyor f Lonkfed in
ant 200MtSshat 8 fedRleabRbmedk ft§ Aittrided Pufhalei While individual
inhibition data'using the follow ng equation (a

geseds alaiy; edetérovimtion ethepthalngngesusb Fifedtyigatments of epeh

(PrionRhy i pibng ROt eyl ey e bRl plioe

I SERARSRANE thimaalsi Red Rga86dérdlly Giird doe ofl0.G26ad 50
fromthe final depolarizing test pulse prior to

amefkige a?gi o qsuiveleet cymsynt @t vihe ephasrasEcayaipatAPEbler S#lt
TR ks Ry BF PosfoRp Sl O ol ai O ngin O s 5 sy,

PadirbipeAdhHva 82Bases,2 indsthieis, albhyimiar @anini dépadskipn,manie
up at concentrations of 2-10 nMin i [.uti ons

DMSO.
aelgonispaitelRy inigrrgaserlan indeckiondhe descis seRHIS pRnvk S half
t thhe oral dose.

In the method of treatment or prevention of neuronal loss in global and

focal ischemia, brain and spinal cord trauma, hypoxia, hypoglycemia, status
epilepsy and surgery, the compound can be administrated by intravenous
injection at a dose of about 0.025 to about 10 mg/kg.

The unit oral dose can comprise from about 0.01 to about 50 mg,
preferably about 0.1 to about 10 mg of the compound. The unit dose can 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.

In addition to administering the compound as a raw chemical, the
compounds of the invention can be administered as part of a pharmaceutical
preparation containing suitable pharmaceutically acceptable carriers

comprising excipients and auxiliaries which facilitate processing of the
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wo edod/odi4But i on of stocks into Ringer.

range 0.3 pMto 10 mM - dependi ng upon the potency of
t he conpound. Wbrking solutions are made by 1000- 3000

di l uti ons DMSO al one has little or no measurable
effects on nenbrane current responses. DVMSO stocks of
drugs are stored in the dark at 4 C Ringer solutions
of drugs are made up fresh28ach day of use.
Conpositions within the scope of this invention
include all conpositions wherein the conpounds of the

PERERINAS MU PrépatatRhe @ RERbEeGed Pharkldc@nticallpuPieftdably,
is effective to achieve its intended purpose. \Wile

i ihai%r?maqiomenmicvlaﬂy {hefst eparABensonbish apthenedminisined
sl G W AR R PG BRR S Bl Shnin'e

afABicty, StRIgeek, t andracapalles, and. alBumprparations | whish @aglobe
of 0.0025 to 50 / kg, or .an,  equi vail ent anount of the
priministared rectallyy sudcasptuppPEtosigs.t aswell ge pwidable pRlptionsyfor

g%ﬁﬁfgﬁﬁgg bgﬁhﬁgﬁoﬂ)& SJ&ﬁ?/,\'jgdﬁgﬁh Rk Dot E6t gog g{» gsgrcent,

epsy, neurodegener at | seases, anest
aprreforitiyifom ot ©.2ep 76 yercent ofavtive chmpaminel(g) aiogethérowith
intranuscul ar injection, the dose is generally about
ofs-KeiPient-of the oral dose. In the method of treatnent

or preyent %lemdeé WG aféaéclob@%? e3P HhveAlifn arDifafAl

i schema, brain and spinal” cord traum, hypoxia,

htoxay iphemmicayticel izt acseptatge | sais yofathd sempmmgs dfhéee present
conpound can _.be. adm ni.strated by |ntravenous . ..

| HVERtoTon Atida AU SIS B {OG 2B (Mo gt tRiony o ghe
TE&‘rtiHﬁlhf RAA NI GOBs CHN 1HeO PR CirfvERMBraboIE 0 sOhktib® of a
about 50 ng, preferably about 0.1 to about 10 ng of

t pearpenpdicallly adteptablei nondesie asithsusd aspButatilinlited dpegpetic
one,or. nore tinmes daily as.one. nok e t t ach, .
cBAtai RYHGSr ¢ 35 ’abcgﬁ}on%;. 1a°t“g a %{rft afbds c(gﬁl\}(grﬁ |§Cee‘r§ I ;b oid,
aBedtcyRuldnit 0adi@, To:tSflsucbiRic @6 OolAErior adid,s ghBiomé esid,
In addition to adm nistering the conpound as a raw
c Bepriglacids hrdrobromie asidshistroeeris ssjdrthyhordspkboic acid,
adni,ni st er.ed t ; i cal . . )
L T
agsiaphadhdic crid, | @ehatenlfici siidgnedenpivifohte adid, nitric acid,
auxi|iaries which facilitate prqcessing of th% , )
oxalic acid, phosphoric acid, propionic acid, sulfuric acid, sulfamic acid,
saccharic acid, succinic acid, tartaric acid, and the like. Basic amine salts are
- formed by mixing a solution of the benzimidazole compounds of the present
invention with a solution of a pharmaceutically acceptable non-toxic acid such
as those listed above, and preferably, hydrochloric acid or carbonic acid.

The pharmaceutical compositions of the invention can be administered
to any animal that can experience the beneficial effects of the compounds of
the invention. Foremost among such animals are mammals, e.g., humans and
companion animals such as, dogs and cats, although the invention is not
intended to be so limited.

The pharmaceutical compositions of the present invention can be
administered by any means that achieve their intended purpose. For example,

administration can be by parenteral, subcutaneous, intravenous, intramuscular,

5 At t heR@I/US2003/023828
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WO 2004/ 011439 PCT/ US2003/ 023828 -22 conpounds into
preparations that can be used pharnmaceutically.

woe@hetabd y, the preparations, particularly tPOBES2003/023828

preparati ons which can be admnistered orally and

whi ch can be used for the preferred type of

adm ni stration, such as tablets, dragees, and

capsul es, and al so prepar at#dns whi ch can be 5
adm ni stered rectally, such as suppositories, as well
as suitable solutions for admnistration by injection
onntoaretitopealc anhslerimdly onbwoelitous0 1A tem&Brepe oe @Bhcurrently,

preferably fromabout 0.25 to 75 percent of active,
c&ﬁﬁ’é‘?}ﬁ%"(té’)“ 3 ol Ok dhe @A ouEne THG é{%%g@n%@mmsge&d will be
[ 0 : [

{ REbURRE: Widhihdage Beo RS Bbieh 7 (6 BGfint IKEBE blbuER
t esatnoenpofianis fiefludnoy of trestment, ahd thentature of the ieffcatditsitédon

salts e formed b 1 Xin solution of the, .
part i cﬁllrhgr A&z o PR, eOft) rtggeﬂ’fes?rﬁv &Rtengpn  are

WirhdhufachRbdl lih Wmind thRNR' RECKEdWR! fo¥ RERFRL @2' feans of

non-toxic acid such as, but not |limted to. acétic

aiogyeniens ontxing i gianudating o diageerviallingg disséleingc o lyophilizing

dichl oroagetic.acid, 15 dodg%xlsu foan aci d ed b

2 P51 O PSR I, RESPREEIQRY £ O5tLHsF S Be ghtafped by

glcaadiify Bl Rtivhyehistnasivithaslid exdyGhRCoP IRy ?ﬁ dng the

3- hydr oxynapht hoi ¢ ‘acid, isethionic acid, lacfic

adPerltingapdwiesnd prosessing thewuikiuge of grepeles, sireadiing suitable
| G:. .ack ' i.d . | £ i cid

e s PR e o BRARRAAN Y, dip@ifs,

phos ph@uiteblecéxdipigntO piep i PaBicutlr, SUdr WotlC adGhdtharides, for

sul fanjc acid, 20 saccharic acid, succinic acid,

t, SFERPiedacieseior sFrgse, aannitRleor sexkital. cellitlose preppRtigpssand/or

¢ i 0g Ui o da

coalbRin oSOt Aale Gtablu BotfE & B3R gy

a phbsphates es et ads Ibyndeeceph ab sarctopaste ismgafir éxsmple, nage

those |isted ahove, and preferably, hydrochloric acid
orStatf‘?ﬂvb af starely ricp,3farche PRI ST |ge§8ﬁpg§g%qaa% npgthyl

t ReIIHIBYE Nhi@dx §iBp B A TN L REE %gdimg:?f éa%cﬁ%}eﬁ%%ﬁhlose,

that can experience the beneficial ects’o
c engoupdlyvofyl pyhelidange nif idesireds disenfegrhtizgregentss cemhbe added

ani mal s .are manmal.s ..0. ., _humans an conpani.on
M ERS B VR B b et it ABp AR ROE R PGB eio8h
| 9inked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as

sodium alginate. Auxiliaries are, above all, flow-regulating agents and
lubricants, for example, silica, talc, stearic acid or salts thereof, such as
magnesium stearate or 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 can be used, which
can optionally contain gum arabic, talc, polyvinyl pyrrolidone, polyethylene
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 can
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intended to be so |limted. The pharnaceutica
conpositions of the present invention can be 30

wa@eowitnigser ed by any neans that achi eve their PCL/Eses023828

pur pose. For exanple, admnistration can be by
parenteral, subcutaneous, intravenous, intranuscul ar,
WD 2004/ 011439 PCT/ US2003/ 023828 - 23

i ntraperitoneal, transderni 4,' or buccal routes.

Al ternatively, or concurrently, admnistration can be
by the oral route. The dosage administered will be
dépeddhto thptbladher dggse doethdshforanample] fintidentifichdon or in

recjpient, kind of concurrent. treatnent, if any,
fPEd_(fEé(h Bierize SamhERfion ‘_?é‘:{l}ﬁ%cﬂ’éﬁ%‘qg_dﬁﬁest he e?‘/f ect
desi r edth& pHagmRRALEAGREIdrARns RVBPRLAT 1R qﬁe&’forﬁlﬁfﬁlg%ude

present invention are  nmanufactured in a manner
| push-§e capsikiepwnadef off gedxtimseyelbys wefinssated capsules made of

cQ ntiona i.Xi N ranul ati ng,, .d e- LN

GReEBR ohRE Pasftittroeh i SPtt gl R pRRa Spsules can
platERCREtAcER cHMPORIIBLIMARE fored 0P PnultEEwRiBR cBf be mixed
obtai ned by caonbining the active conpounds with solid

exathpfiliars sichystlaciessl bipdgisishel argsterehes] and/exslubticangs such as
' . ' t he. nj .Of I {
ey 8t SaBRPBh RS, Al Ol (i ter oSO BBl e

t actblet corpduabld atesSprefersilagigolked @8 suspehliab it sgubldiiQnts
are, | ﬁarxlcuLar, fillers such as sacchari des, for

n
esuhAsdaity el 9B lighid paraliin eln addrieon; abibzers earphe aslded.

cel | ul : ' . cal gl

R e e DR T
piredpiea ffc&,examp]me Flhppasitc_biasﬁwhish SbﬁﬁSt\;\aﬁ asdoaxﬂﬁﬁatibﬁsdf@ne or
usi ng, .for exanpl e, i ze starch, eat starch, rice
S PAFE R il CemRP UK G &FTRPOSKTY Pascan Shitatie spppsitory
Cehdell BRE. fop?/égfalﬂlﬁﬂ&r QQ%HTEBPﬂg?&ﬂe cerl@gt U paraffin

Ul
car boxynet hyl cel l'ul'ose,  and pSFyV|n I""pyfroli‘done.
| hydtesirben, Wi sdditiemriatis algo agesible toase elaiddedtal sashles

as .t he above-nenti.oned starches and al so . .
SR SPHon A dRsAae cPRRRMBO A b, Possible
PBEdeThAdANE incRER! forRkadpRi BinGd #G1FcPided p%ﬁleﬂlﬁéiﬁrg@ftfoas,
such as sodium al gi nate. Auxiliaries are,” above all,
f bopareEguydrecapoagent s and | ubricants, for exanpl e,
silica , ric acid or |ts.thereof., such as
gy Al ity
pedhigbkydhe aghwcimpovhddidewater-soluble form, for example, water-
soluble salts and alkaline solutions. In addition, suspensions of the active
compounds as appropriate oily injection suspensions can be administered.
Suitable lipophilic solvents or vehicles include fatty oils, for example, sesame
oil, or synthetic fatty acid esters, for example, ethyl oleate or triglycerides or
polyethylene glycol-400 (the compounds are soluble in PEG-400). Aqueous
injection suspensions can contain substances which increase the viscosity of
the suspension, and include, for example, sodium carboxymethyl cellulose,
sorbitol, and/or dextran. Optionally, the suspension can also contain
stabilizers.

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

and compositions of the present invention. Other suitable modifications and
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cores are provided with suitable coatings that, if
desired, are resistant to gastric 25 juices. For this

wEposKE39 concent rat ed sacchari de sol uti ons caPChES2003/023828

used, which can optionally contain gum arabic, talc,
pol yvi nyl pyrrolidone, polyethylene glycol and/or
titanium di oxi de, | acquer solutions and suitable
organi ¢ solvents or sol verd® i xtures. In order to
produce coatings resistant to gastric juices,
solutions of suitable cellul ose preparations such as
aaédpydtivak bl kiesearetyt bdatdéions aB@ parameters normally encountered

hydr oxypropymnet hyl - cel | ul ose pht hal a are used. e
Sty Fheﬁa@hmy which areg§aeiidp aS&:@isﬁIed m the art are within
P / %%@1? nednthg. added to the tablets or
dﬁggsgga%ggtsgﬁ%s, eolp exanple, for identification or in
order to characterize conbi nations of active conpound
doses. Ot her pharmaceutical preparations which can be
used orally include puSKANIPLEdpsul es made of

gelatin, as well as soft, sealed capsules made of 5
gelatin_and a plasticizer ,su&S as glycerol or

s dribitrephenyiammoethyl piperidine(1ds can contain the active
compou j f.apm -whi ' -
B e S S AR S el
stflaochemjtrabedzene 220 g.c 8716 nsuch iasDMEal(Z5lomIragmesdde
stearate_and, opti [ stabjlizers. In soft
c syt (53 g dbe SFEGeenar siipd ot room
dirGeriart RF 15SURRANTRE rbdiish lidRk & whi @S into EOmSHER of
as fatty oils, or liquid paraffin. In addition,
st@Tk i ol svatean The watbs dlaygoses béxdrapledr witbeGHi(daland the
prepar ati ons ich can be us rectally. i,nc e,
P G PRsraie 50y 8 Predled WP o SEoRq Yine, G tREsOY,
CoA®i Badpofifedl afNEther resiiiee wak Fbﬁﬁé&tﬂ)y/?siﬁwn&ﬁumn
W th a suppository base. Suitable supgosttory bases
archronagegrenturtplgave hdf/ r 219180 aspricHewisa spkid.gl yceri des,
or paraffin 15 hydrocarbons. In addition, it is also
possible to use gelatin rectal capsules which consist
0m-&-gmébidhﬁnlﬂmqul)-bmzeae-uLz-t&iamma(mnds with a base.
Possi bl e base materials include, for exanple

g

l'iquid
triglydera sdetionel 1 6d 3Pl &5 Igninod) is MeQH (Garmkx e added
h . ' : '
PR oL LSt BN, B
aat rowem canproatnctsaridna pedsarre 96 B wine fdralinhodrar Thexeatgdys was

\A%ltee;e_d off and washed with MeOH. The eluent was concentrated in vacuo to

give the crude product 2 (1.20 g) with > 95% purity as a slight yellowish oil.

The crude product 2 was used for the next step without further purification.

2-Substitued-1-(2-piperidin-1-yl-ethyl)-1H-benzoimidazole (3):

To a solution of the above crude 2 (0.150 g, 0.685 mmol) in
nitrobenzene (2.0 mL) was added an appropriate aldehyde (1.370 mmol) and
the mixture was agitated at 100 °C for 48 hours. After cooling to room
temperature, the mixture was directly poured onto a silica gel column and

purified with a gradient elution (100% hexane, 90% hexane/ethyl acetate to
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sol uble salts and al kaline solutions. In addition,
suspensi ons of the active conpounds as appropriate

w@Rdoy/01BeCt i On suspensi ons can be adm ni St er eRPCT/US2003/023828

Suitable lipophilic solvents or vehicles include fatty
oils, for exanple, sesane oil, or synthetic fatty
acid esters, for exanple, ethyl oleate or
triglycerides or 25 pol yetB§tene glycol -400 (the
conpounds are soluble in PEG 400). Aqueous injection
suspensi ons can contai n substances which increase the
‘ﬁ'o‘é%oét!hw aeétate} he g‘%&éSBeiﬂSdS@lES%aﬁéld BE laugtglowigl solid. The
exanpl e; sodi um car boxynet hyl cellul ose, sorbitol,
anchvered peaducawas Outifieshayt ¢ojumn HarompiggEddivon can al so
contain stabilizers. 30 The foll ow ng exanples are
illustrative, but not limting, of the nethod and
conpositions of the pmagit ii nvention. O her suitable
nodi fications and WD 2004/ 011439 PCT/USZQEHgg2ﬁ§28

- 25 adSPREGTBRES OF REPREPENTATEY BNy

par amet er s nor GRNMBOENEFUQF GEBHINYENGION cal t her apy
and which are obvious to those skilled in the art are
within the spirit and s e of the invention. 5
EXAMPLE 1 2-Ni trophen hyl piperidine (1): To
a solution of 1-(@&y th I)Ssberﬁdine (10.0 g, 78.0
mol ) and 2- fluoro-1-M™ ﬁene (22.0 g, 156.0
nmmol) in DVF (250 nlL) was adde¢

di i sopropyl ethylam ne (12.5 nLk1and the m xture was
stirred at roomtenperature for 15 hours. The reaction
m xture was poured into a mxture of CHC13 and water.
The wal®émipaxfid Waa extr®ted with CGREL3 and the

conbi ped organi C [Tayers_were washe th water and
brinej driggd (Nazsg4 4§:2pdr€vapor nd|t he
residue was puriflied|b ilicajgel coI 15

€

chr onatography tqQ gi

I (1760, % as a|yell ow sh
solid] N (2-piperfidin /ngzé e-1/2-di am ne
(2): To a 8blutian0Oof @;} 0|9, 2if§ﬁé¢ in MeOH
(75 m.) was added 10% Pd c (04130 g) M xture was
ag| t ated under _a hyrlv ogen atbnps phnrn

3c o | (" Q{}c.

3d o | (" —
3e o | (" —Q O

3f o [ (" ‘QCF;F
o | (" s @

39

3h o | (" Ob




20 at roomtenperature and a pressure of 3 atm for 16
hours. The catalyst was filtered off and washed with
wWOROKO1THB®E el uent was concentrated in vacuo toPCHUSM™03/023828

the crude product 2 (1.20 g) with > 95% purity as a
slight yellowsh oil. The crude product 2 was used
for the next step without further purification. 25

2- Subst i tued-1| - (2-pi peri dird71-yl -et hyl) - 1H benzoi m daz
ole (3): To a solution of the above crude 2 (0.150 g,
0.685 mml) in nitrobenzene (2.0 nl) was added an
appr opiggthpoandeNyiee (1. 80 mmpl) ang, the m xture was
agi tated at 100 ¢ fof 48 hours| Af coolipng to room

30 tepperature, the m urHe}_was [ Ry polired onto a
silicp gel3po|um1and@w'fied with a ad| ent

el utipn (100% hexane %o hexape/ et hyl \agetate to WO
2004/ Dp11439 PCT/ US2003/023828 | -26 100% eFhyl acet at e)

to give 3in 60-85%yield as a yellow sh solid. The

recoveyed. product s purifie col um.

chr omet BGIBhIE foF RaFE0RCCHR S0P RS NTRT Ve
BENZI M DAZOLE COVPOUNDS OF THE I NVENTION 2 (Rlo)n |

N CI10 R Conpound n R R2 3a 03b O0OCNo\/ 3c O

CN-f- o/ ci /\ 3d 0 CRABLE2

PROTON NMR DATA AND MASS SPECTROSCOPY DATA
FOR BENZIMIDAZOLE COMPOUNDS OF THE INVENTION

Compound *H NMR (400 MHz, CDCl3); MS (ESI) m/z
3 8.45 (br, 1H), 8.18 (d, 1H, J=8.3 Hz), 7.43 (d 1H, J=7.0, 8.3 Hz), 6.86 (d, 1H, J=8.3
1 Hz), 6.63 (dd, 1H, J=7.0, 8.3 Hz), 3.43 (m, 2H), 2.71 (m, 2H), 2.51 (m, 4H), 1.66 (m,

4H), 1.48 (m, 2H); MS (ESI) nv/z for C13H1eN3O; (MH": 250.2.

3 6.76 (m, 1H), 6.65 (m, 3H), 6.59 (d, 1H, J=7.5 Hz), 6.51 (m, 2H), 6.26 (d, 1H, J=7.5
2 Hz), 3.29 (m, 2H), 2.88 (m, 2H), 2.61 (m, 4H), 1.69 (m, 4H), 1.49 (m, 2H); MS (ESI)
m/z for CyaHatNa (MH™): 220.2.

§7.83 (m, 1H), 7.80 (d, 2H, J=8.7 Hz), 7.46 (m, 1H), 7.41 (m, 2H), 7.32 (m, 2H), 7.21
3a (m, 1H), 7.15 (m, 2H), 7.10 (m, 2H), 4.38 (t, 2H, J=7.2 Hz), 2.76 (t, 2H, J=7.2 Hz),
2.40 (br, 4H), 1.55 (m, 4H), 1.44 (m, 2H); MS (ES!) m/z for CasHa7NsO (MH"): 398.2.

5 7.83 (m, 1H), 7.52 (m, 2H), 7.46 (m, 2H), 7.38 (d, 2H, J=8.7 Hz), 7.32 (m, 2H), 7.18
(m, 1H), 7.01 (d, 2H, J=8.7 Hz), 4.35 (t, 2H, J=7.2 Hz), 2.69 (t, 2H, J=7.2 Hz), 2.35 (br,

3b 4H), 1.52 (m, 4H), 1.41 (m, 2H), 1.34 (s, 9H); MS (ESI) m/z for CaoHasNsO (MH"):
454.3.
3 7.82 (m, 1H), 7.63 (m, 1H), 7.53 (m, 1H), 7.50 (d, 1H, J=8.7 Hz), 7.45 (m, 1H), 7.40
3 (d, 1H, J=8.7 Hz), 7.32 (m, 2H), 7.17 (m, 1H), 7.14 (d, 1H, J=2.8 Hz), 6.90 (dd, 1H,

J=2.8, 8.7 Hz), 4.35 (t, 2H, J=7.2 Hz), 2.70 (t, 2H, J=7.2 Hz), 2.32 (br, 4H), 1.49 (m,
4H), 1.39 (m, 2H); MS (ESI) m/z for CeH25Cl2NsO (MH"): 466.1.

3 7.64 (m, 1H), 7.39 (m, 5H), 7.25 (m, 2H), 7.20 (m, 6H), 6.89 (s, 1H), 4.05 (t, 2H,
3d J=7.2 Hz), 2.52 (t, 2H, J=7.2 Hz). 2.37 (br, 4H), 1.53 (m, 4H), 1.41 (m, 2H); MS (ESI)
m/z for CogHaoN3 (MH"): 408.2.

3 7.80 (m, 1H), 7.53 (m, 1H), 7.47 (d, 1H, J=7.9 Hz), 7.42 (m, 2H), 7.36 (m, 2H), 7.28
3e (m, 2H), 7.14 (m, 2H), 7.05 (m, 2H), 4.33 (t, 2H, J=7.2 Hz), 2.67 (t, 2H, J=7.2 Hz),
2.32 (br, 4H), 1.49 (m, 4H), 1.39 (m, 2H); MS (ESI) m/z for CosHz7NsO (MH"): 398.2.

5 7.81 (m, 1H), 7.64 (m, 1H), 7.54 (m, 2H), 7.44 (m, 2H), 7.37 (d, 1H, J=7.6 Hz), 7.31
3f (m, 3H), 7.18 (m, 2H), 4.35 (¢, 2H, J=7.2 Hz), 2.70 (t, 2H, J=7.2 Hz), 2.31 (br, 4H),
1.48 (m, 4H), 1.38 (m, 2H); MS (ESI) m/z for C27H26F3N30 (MH+): 466.2

$ 8.54 (d, 1H, J=1.6 Hz), 8.14 (d, 1H, J=8.0 Hz), 7:91 (dd, 1H, J=1.6, 8.4 Hz), 7.85 (m,
1H), 7.53 (d, 1H, J=8.0 Hz), 7.50 (m, 3H), 7.31 (m, 3H), 4.45 (m, 4H), 2.82 (t, 2H,
J=7.2 Hz), 2.42 (br, 4H), 1.59 (m, 4H), 1.54 (m, 2H), 1.50 (t, 3H, J=7.2 Hz); MS (ESI)
m/z CogHaoNa4 (MH+)C 423.2.

5 7.83 (m, 1H), 7.4 (m, 8H), 7.31 (m, 3H), 7.12 (m, 1H), 5.16 (s, 2H), 4.34 (t, 2H, J=7.2
3h Hz), 2.69 (¢, 2H, J=7.2 Hz), 2.34 (br, 4H), 1.51 (m, 4H), 1.40 (m, 2H); MS (ESI) m/z for
CarHaoNsO (MH') 412.2.

§ 7.83 (m, 1H), 7.79 (d, 2H, J=8.7 Hz), 7.44 (m, 1H), 7.30 (m, 2H), 7.08 (m, 6H), 4.35
3i (t, 2H, J=7.2 Hz), 2.73 (t, 2H, J=7.2 Hz), 2.38 (br, 4H), 1.53 (m, 4H), 1.42 (m, 2H); MS
(ESI) m/z for CaeHasFNaO (MH"): 416.2.

39
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3e 0CFF 3f 0OCNj- F O-C3g 0CN/ 3h0CWO
2004/ 011439 PCT/ US2003/ 023828 -27 Conpound n RI R2

appear in Table 2 below. TABLE 2 5 PROTON NVR DATA
AND MASS SPECTROSCOPY DATA FOR BENZI M DAZOLE
COVPOUNDS OF THE | NVENTI ON Conpound 'H NVR (400 MHz,
CDCI3); M5 (ESI) mz 6 8.48¢br, 1 H), 8.18 (d, 1 H,
J=8.3 Hz), 7.43 (d 1 H J=7.0, 8.3 Hz), 6.86 (d, 1 H,
J=8.3 1 Hz), 6.63 (dd, 1 H, J=7.0, 8.3 Hz), 3.43 (m
2H) %jo du?ﬁis 2l9F, 1% Sprebdit 4Hrentidn 66veldn asshidd in 4the
(ESI) m zfor C13HLION302 M+ : 250.2. 6 6.76
(etqctrﬂzphﬂ)slolﬁglaﬂ assay disqusseg. abgve.d Thy Kifvalyes obfainsg frog Hip

TsisOpihsiclpgicalsSiayd chimogis - olfeba s s TPl The
%l) valﬁ@ F&Skhese dotpoandCledbdstrahe thatHthe 2&0pAmnds (Yf a8
1 H), 7.80 (d, 2H, J=8.7 Hz), 746(m 1H, 7.41
(lmenzxpm arepegent bigckensiof the sodiunpehanpel. 1 1) 715 (m
2H), 7.10 (m 2H), 4.38 (t, 2H, J=7.2 Hz), 2.76 (t,
2H, J=7.2 Hz), 2.40 (br, 4H), 1.55 m 4H), 1.44 m
.(2H);1I\/E|)(ESI) m(z for C26H27N30 I\/H+ : 398.2. 6 7.83
m ,752m2H) 7.38 (d, 2H,
J=8.7 Hz), 7.32 (m )Z'A}M%é“%b (m 1 H), (7.01(d,
2H, J=8.7 Hz), 4.35 Tablﬁztllfrelzﬁwﬁozl Hz), 2.69 (t, 2H,
J=7.2 Hz), 2.35 (br, 4H), 1.52 (m 4H), 1.41 (m 2H)),

1. 34 ’fablets con][\é?nn(lg %5)0 n’g& 0]c d %8'633%8 qegﬂ\é’a—# ‘)e'ly, -of the

454. 3.
compound of the invention ("active compound") are prepared as illustrated

below:

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

Amount-mg
Active compound 25.0 50.0 100.00
Microcrystalline cellulose 37.25 100.0 200.0
Modified food corn starch 37.25 4.25 8.5
Magnesium stearate | 0.50 0.75 1.5

All of the active compound, cellulose, and a portion of the corm starch
are mixed and granulated to 10% com starch paste. The resulting granulation
is sieved, dried and blended with the remainder of the corn starch and the
magnesium stearate. The resulting granulation is then compressed into tablets
containing 25.0, 50.0, and 100.0 mg, respectively, of active ingredient per
tablet.

EXAMPLE 3
Intravenous Solution Preparation

data for each of conmpoundBRCI/USW3/023828
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6 7.82 (m 1 H, 763 (m 1H), 7.53 (m 1 H, 7.50
(d, 1 H J=8.7 Hz), 7.45 (m 1 H, 7.40 3c (d, 1 H,
wQ@284/818H39, 7.32 (m 2H), 7.17 (m 1 H), 7.14 ¥dr/Us20p5/023828

J=2.8 Hz), 6.90 (dd, 1 H, J=2.8, 8.7 Hz), 4.35 (t,

2H, J=7.2 Hz), 2.70 (t, 2H, J=7.2 Hz), 2. 32 (br, 4H),
1.49 (m 4H), 1.39 (m 2H); MS ESI mz fo
C26H25C12N30 MH+ : 466.1.-897.64 (m 1H), 739(m

5H), 7.25 (m 2H), 7.20 (m 6H), 6.89 (s, 1H), 4.05

(t, 2H, 3d J=7.2 Hz), 2.52 (t, 2H, J72Hz). 2.37

(br, 4K intde £ i
C26 H29)li\llé% mwtf_alé?ou%ggs%@fonﬂoso ‘ad(crﬁﬁmp8 I—% , 7. glgg(n)r;]on T@$w

Totpopad”) is prepdred anfolleys: 7. 42 (m 2H), 7. 36 (m 2H),

7.28 3e (m 7.14 2 4.33 (t,
oH, J=7.2 m)g%"%"?ntﬂom(l% yE ?5@)({‘%2 32 (br, 4I(—I;,
Hg msggH)z sod;&gimtrazwl $ (ESIS)S(mhg for C26H27N30
: - (m 4 1 7.54
2H), 7.44 (m CBH§aci¢ 37 (g, 1Hq]éf?1]é Hz)H) 7.31 (3?]

(m 3H), 7.18gfdhmAorich- 35 (t, 2gmd=7.2 Hz), 2.70
(t, 2H, J=7.2 Hz), 2.31 (br, 4H), 1.48 m 4H), 1.38

m oH): M5 ( EBiajerdprinfeshoncfisD6FaNaty I M) : 466. 2 8
8.54 (d, 1 H J=1.6 Hz), 8.14 (d, 1 H J=8.0 Hz), 7°91

(dd, 1 H J=1.6, 8.4 Hz), 7.85 (m 3g 1H), 7.53 (d, 1

H, J=8Utlizing, thy above quaBites, thebtivencogmpund; isGissefyed at

41;230m %ngo&ra%#e i Igl)preroée);?‘ P{'E%)arfgl soﬁﬁ%x?l(l %f ﬁl%él w?x%%r gci%c

n?uﬁd %@'@B@M@h dfte in ‘Wé’cerzfor @nﬂctﬁiﬁ (UBP &ed‘ﬁage 1636 offUnited
8H), 7.31 (m 3H), 7.12 (S 28
Stateg mhaunﬂpogel tipgpyl, Fo;gmgigrx for IQP.{S pyb];aslg:d m@edaéates

cg%i%%t? Ry boy i RbyApEr gt A6 Ef‘{j j m 2T o

J=8. 7 Haying mo¥# filly ddschibed ﬂuB(ihx(emlorEH) will . H%M&ast@@ by
4.35 31 (t, 2H, J=7.2 Hz 2H,. J=7

2thege pherdinggy skﬂi 115§1e(qq§ thatfhe sgcmg Qar{ h? pgl‘fﬂrme@gvlﬂt%gmlde

] Bl SORIR o Bt PO B vt

| Bffediingalte sw@pe ofiths dyvedtiomot drey emiio&iuncmphmsofol og| cal
assay discus above, The KZ val obt a
eI ectr W@@Og@% Ofég%ﬁvgn%’& 5{1 tﬁ% gﬂ]ed n
&%ﬁ&%n %Eh@f thl§|-s ¥ﬁﬁ%§>nfaﬁfd Isﬂaaﬁ% &OﬂHBQHMﬁon
dem)nst rate e conp unds of
disclosed herein. It is 1ntended that the spemﬁcatlon and examples be
considered as exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.
All patents and publications cited herein are fully incorporated by

reference herein in their entirety.
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5 invention are potent bl ockers of the sodi um channel.
EXAMPLE 2 Tablet Preparation 10 Tabl ets containing

w@2000/01862 0, and 100.0 ny, respectively, of thRCT/US2003/023828

conpound of the invention ("active conpound”) are
prepared as illustrated below TABLET FOR DOSES
CONTAI NI NG FROM  25-100 MG OF THE ACTI VE COVPOUND
Anmount-nmg Active conmpound3@5.0 50.0 100. 00
M crocrystalline cellulose 37.25 100.0 200.0 Modified
f ood corn starch 37.25 4.25 8.5 Magnesium stearate
Al of the active conpound,

ggiﬁk ose Igﬁ‘bortlon of the corn starch are m xed
and granulated to 10% corn starch paste. The resulting
gra uIatlon d blended wth the

| nderA éﬂ%a@g?lﬁg&eﬁd‘ﬁﬁéﬁg the nmagnesi um
stearate The resulting granulation is then conpressed
into tablets 20 containj N 50.0, and 100.0 nyg,
respectively, of aﬂglvellngr di e Rl tablet. %5
EXAMPLE 3 Intrave d ol utilon reparatlon (
2004/ 011439 PCT/ US2003/0 29 An intravenous
dosage form of the conpound of f{lhe invention ("active
compound”) is prepared as follows: Active conmpound
0.5-10.0 ng Sodiumcitrate 5-50 ng

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

R, is selected from the group consisting of:

0
R
v
Ry

where
Y is an optionally substituted Cs.s alkylene, and
R; and R, are the same or different and are selected from hydrogen,
alkyl, or aryl, or R3 and R4 together with the nitrogen to which they are
attached form a ring having 4 or 5 carbon atoms, which ring optionally
contains 1 or 2 additional heteroatoms independently selected from oxygen
and NRs, where Rs is hydrogen or alkyl, or said ring is optionally substituted
with an alkyl or aryl moiety;
(i) pyridylalkyl; and
(i)  piperidin-4-ylalkyl, optionally substituted by alkyl, aryl
or aralkyl;
R, is selected from the group consisting of:
@ optionally substituted phenoxyphenyl,
(ii)  optionally substituted benzyloxyphenyl;
(iii)  optionally substituted phenylthiophenyl;
(iv)  optionally substituted benzylthiophenyl;
(v)  optionally substituted phenylaminophenyl;
(vi)  optionally substituted benzylaminophenyl;
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Ctric acid 1-15 ng Sodiumchloride 1-8 ng Wter for
injection (USP) gq.s. to 1 m UWilizing the above

roomtenperature in a previously prepared solution of
sodiumchloride, citric acid, and sodiumcitrate in
Water for Injection (USP, see page 1636 of United

St at es Phar nacopei a/ Nat i ordll -Formul ary for 1995,
publ i shed by United States Pharmacopei al Conventi on,
Inc., Rockville, Maryland (1994). Having now fully
described tRjg invention, it will be understood by 10
those of ordinary skill in the art that the sane can

be perfornmed within a w de End equi val ent range of
B ¢

condi tions, fornmulations en paraneters w t hout
affecting the scope of th Y/en or any enbodi nent
t hereof. Ot her enbodi mef's the invention will be
apparent to those skidXed in the art from

consi deration of .t e spegi fication and practice of the
invention 15 disétosed h ty is intended that
the specification and exanpl es & konsi dered as
exenplary only, with a truésscope and spirit of the

i nvention being indicated by the foll ow ng clains.
Avherpin Boasl Rndrepndéneodentiyrimlagenedkyle alkony ar balpalkyly and
i ncorporated by. reference herein in their entirety.
vﬁ)"‘ﬁégﬂf‘o‘ﬁe&%@ f%’rﬁ 82003/ 023828 -30- WHAT I'S CLAI MED
I'S: 1. A copgggpnd having the Formula I: N (Rlo)n
\W'-R2 (1) NR or a pharmaceutically acceptable
salt, or solvate_ tRereof, wherein:

O

(o)

\

wherein Rg is hydrogen, halogen, alkyl or alkoxy;
(ix)

Ry
O i

wherein Ry is hydrogen or alkyl; and
(x)  naphthalyl;

Ry is selected from halogen, hydroxy, alkyl, alkoxy and alkoxyalkyl,
wherein any alkyl moiety of Rjo can be optionally substituted by one or more
of halogen or hydroxy; and

n is an integer from O to 4, where when n is 0, Ry is absent and the
benzene ring of the benzimidazole compound has four hydrogen atoms
attached thereto, and when R is present, Rjo replaces one or more of the
available hydrogen atoms on the benzene ring of the benzimidazole

compound.

the active conpound is dissol ved BET/US2003/023828



10

15

20

25

30

R is selected fromthe group consisting of. 10 (i)
R3 R4 where Y is an optionally substituted C2.6

wa@bkdnlena) and R3 and R4 are the sanme or diff ePEnUSHNG023828

are selected from hydrogen, 15 alkyl, or aryl, or R3
and R4 together with the nitrogen to which they are
attached forma ring having 4 or 5 carbon atons, which
ring optionally contains-B2er 2 additional

het er oat ons i ndependently sel ected from oxygen and
NR5, where R5 is hydrogen or alkyl, or said ring is
opti on [ pvﬁ{éféﬁh ri INROR,

20 (i i?ﬁépg?lﬁ i %H%ﬁglagntgﬁ(ﬁ{iﬁ pi per |Iﬂ| ﬁa?dyl al k)%ilhbrY

Qimtdtlwhﬁieldfpmﬁ;&met uted by aI kyI aryl or aralkyl; R2
Is selected fromthe group consisting of (i)

optionally substituted phenoxyphenyl; 25 (ii)

0§“0n@+¥orﬁ il okbb8Rh e BRh OxwRAeRY ©  (111)
optiona tituted phenylthlophenyl (iv)

opt i oan; I1§/ ogu&nmilwt ufoemtuwénlzlgehompbpmrgn optlc(na)ly substituted

O SR SPSE L S BB i 8 i

2%‘4&10&1%%% t%gﬁédsl%%?%{ Bafng 4315 da¥bdn) atBR; PandR?)ls an

wherein R/ are independent|y hal ogen, alkyl,

abidonallp suthsitwied €y} alkgleoe clpimnd q are integers fromoO
to 4,

4, The compound according to claim 3, wherein R3 and R4 together with
the nitrogen to which they are attached form a ring having 5 carbon atoms; and

R; is—Y-NR3Ry; Y is an optionally substituted C,. alkylene chain.

5. The compound according to claim 3, wherein Rz and Ry together with
the nitrogen to which they are attached form a ring having 4 carbon atoms; and

R;is —-Y-NR3Ry; Y is an optionaily substituted C,.¢ alkylene chain.

6. The compound according to claim 5, wherein R; is 2-piperidin-1-
ylethyl.
7. The compound according to claim 1, wherein:

R, is optionally substituted phenoxyphenyl or optionally substituted
benzyloxyphenyl; Ry is —Y-NR3R4; R3 and Ry4 are independently hydrogen,
alkyl or aryl; and Y is an optionally substituted C,.¢ alkylene chain.

8. The compound according to claim 1, wherein R, is an optionally

substituted phenoxyphenyl.

9. The compound according to claim 1, wherein R, is an optionally

substituted benzyloxyphenyl.
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5 (viii) RB O wherein R8 is hydrogen, hal ogen, alkyl
or al koxy; (ix) N',R9 10 wherein R9 is hydrogen or

w@bkdoegplt43and (x) naphthalyl; R o is sel ected PCDDS2003/023828

hal ogen, hydroxy, al kyl, al koxy and al koxyal kyl ,
wherein any al kyl noiety of Rio can be optionally
substituted by one or nmore of hal ogen or hydroxy; and
15 nis an integer fromO-t33-4, where when n is 0, R o
is absent and the benzene ring of the benzim dazole
conmpound has four hydrogen atons attached thereto,

apel Whehe Re@mbéurdr eRe6dingRN 10 lc&iinaCEs vaitgeifr whdhe Rf is
the available hydrogen atonms on the benzene ring of

t pleengsyplicRyH ey ber@qumth And Ry wpttasbed o barggmidazole at

P RO 0332% 4 ey, TRAATA-0E ARESLELBRIA e

ph@yloaRphenyd. The conpound accor d| ng to claiml,
wherein: 5 R2 is optionally substituted phenoxyphenyl
or optionally substituted benzyloxyphenyl; Ri

NR3 netr Ov ;
e o i, AT oo s
a1 § shEitutad d, o alk§leadlandR] i RY fogethebwith thetrBtoden t6
aI yl ene chain. 10 4. The_ caonpound according to claim

3whwhéh@r treryachsd foun ﬂ@géﬂlw@ng ioF R caftes A ogen to

whi ch they are attached forma ring having 5 carbon
atons; and R is -Y-NR3R4; Y is an optionally

subst i THE edmpduw@ &ckidign® csiai N0, wherein R; is ~Y-NR3Rs; Y is

an optionally substituted C,. alkylene and R; and R, together with the

nitrogen to which they are attached form a ring having 4 or 5 carbon atoms.

13. The compound according to claim 9, wherein R; is —Y—-NR3Ry; Y is an
optionally substituted C,.¢ alkylene and R3 and R4 are the same or different
and are selected from hydrogen, alkyl, and aryl.

14.  The compound according to claim 10, wherein R; is —Y—NR3Ry; Y is
an optionally substituted Cy ¢ alkylene and R3 and R4 are the same or different

and are selected from hydrogen, alkyl, and aryl.

15.  The compound according to claim 1, wherein R; is
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5. The conpound according to claim3, wherein R3 and
R4 together with 15 the nitrogen to which they are

w@rdoaohkad form a ring having 4 carbon atons; apdI/UR003/623828

-Y-NR3R4; Y is an optionally substituted C2_6 al kyl ene
chain. 6. The conpound according to claim5, wherein
Rl is 2-piperidin-l- ylethyl. 20 7. The conpound
according to claim1, where$h: R2 is optionally
substituted phenoxyphenyl or optionally substituted
benzyl oxyphenyl; R is -Y-NR3R4; R3 and R4 are

i néepe e tbinpolmydicearing toaldml 159whafeyd R, &nd Y is an
optionally substituted C2_6 al kyl ene chain. 25 8. The
c ound &gcording to claim1l, wherein R2 is an
ogtrdnaNly substituted phenoxyphenyl. 9. The conpound
accordingRfo claiml, wherein R2 is an optionally 30
substi tut ed benzyl oxyphenyl . WO 2004/ 011439

PCT/ US2003/ 023828 - 33 10. The conpound according to
claim1l, wherein when R2 is phenoxyphenyl| or )
bdrzy| dhbyperaraund sasgonding ¥ slata cHe dvhaeiBe X zisntn apéenally

at -~.0r 18- it h

R Sad o ARSI R RSO M APRERERH g o
c geleod droackwirolgengalkyl, ahdaryl.9, wherein R is - Y- NR3R4i
Yis an optionally substituted C2.6 al kyl ene and R3
and R4 together with the nitrogen to which they are
atqtzach f [ [ = or O M-a ONs .

1 21 t8 Th gﬁg o%%cﬁjga a%’g%@ﬁgng)g tc %Hg I 1&16? rr‘19 %QIQV\K efrselgﬁrsl o&ﬁ&?aély
- YubiRiBiRdd Cysiatkylare, amd Ronaad R4 tegdiben with d¢ice hifroGen to which

al kyl ene_and and. R4 together with the nitrogen t
SR BB et Pl e PR RS Eihen aleren yhies Sgtonally
CauheRuted Yh-anbikyl bP&vERBRAHNd according to claim9,
wherein R is -Y-NR3R4; Y i's an

19.  The compound according to claim 18, wherein said ring optionally
contains 1 or 2 additional heteroatoms independently selected from oxygen

and NRs, where R; is hydrogen or alkyl.

20.  The compound according to claim 1, wherein R; is

Rs
\

21.  The compound according to claim 20, wherein R; is
Rs

R
R4 .

22.  The compound according to claim 21, wherein Y is an optionally
substituted C,¢ alkylene, and R3; and R4 are the same or different and are
selected from hydrogen, alkyl, and aryl.
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15 optionally substituted C2_6 al kyl ene and R3 and R4
are the sane or different and are selected from

whyanogesy al kyl, and aryl. 14. The conpound arCDD#100/023828

to claim10, wherein Rl is -Y-NR3R4; Y is an
optionally substituted C2_6 al kyl ene and R3 and R4 are
the sane or different 20 and are selected from
hydrogen, alkyl, and aryl - -335. The conpound accordi ng
to claiml, wherein R2 is |IR6) P R7)g WD 2004/011439
PCT/ US2003/ 023828 -34 16. The conpound according to

clzal M, MWpEEIdNadbrdify 632 laith 21, ~wideinl ¥. isTB€ optionally

- conpound according to claim 16, wherein Y is an

opbstiiniatl| G;.s Slgaisand Reead R @gaﬂhmyw@héhe AP SR teyHdicy

e the s r different 0
b e e i e 718 5 UibenaBrB SRl X ignatly
tﬁb@ﬁtﬁtemv%ﬁlaﬂmﬂ%a Ynho‘iet?ﬂ optionally substituted
.6 al kyl ene, and R?Iand R4 together with the

nltrogen to which 10 they are attached forma ring

naw! N9t kempod fgcng% O c1athll £ Jferd) apLd L hbYoptionally

or aryl

Campatd &Cr Qﬂ&i’uﬂﬂal théteﬁ‘b :ﬂbﬂm; lﬁdep\aﬂitEnﬂy n;e}eaﬂed framgxygen
optlonally contains 1 or_2 additional heteroatons

i andARncrdiere s isdivdrasen of ¢k oxygen 15 and NR5, where
R5 is hydrogen or al kyl. 20. The conpound according to
claiml1, wherein R2 is R8 O 20 21. The conpound

ags.or diThgcdmpdindiast2@ing whelaim f, Wierem RAS

Rg
O i

26.  The compound according to claim 25, wherein R; is

R;
/
%"Y__N\
Ry

27.  The compound according to claim 26, wherein Y is an optionally
substituted Cp¢ alkylene, and R; and R4 are the same or different and are
selected from hydrogen, alkyl, and aryl.

28.  The compound according to claim 26, wherein Y is an optionally
substituted Cy.¢ alkylene, and R; and R4 together with the nitrogen to which
they are attached form a ring having 4 to 5 carbon atoms, optionally

substituted with an alkyl or aryl moiety.
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R4 22. The conpound according to claim2l1l, wherein Y
is an optionally substituted C2 6 al kyl ene, and R3

w443 e the sane or different and are 25 set'BUSZHA3/023828

from hydrogen, alkyl, and aryl. WO 2004/011439

PCT/ US2003/ 023828 -35 23. The conpound according to
claim2l, wherein Yis an optionally substituted C2.6
al kyl ene, and R3 and R4 tedéther with the nitrogen to

‘Wwhich they are attached forma ring having 4 to 5
carbon atons, which is .optionally substituted with

al ' B QiR e rif§ Copiidhal
?c?'u E\]}yﬁr% g%?ﬁgv\%grdg?%ﬁg% Eéff%ﬁg 20|E)ti onal I};g go%fdghns 115/

atonimesdiori 2 additidred detacatonss imtgpprdendy selpcted | feap oFygen

fra xygen _an R5, wh R5 is hydrogen or al kyl.
1@d§%£5’¥%’6r%%?ﬂﬁgﬁ%g§‘?:%%ﬁng to claim1, wherein R2
is RO 26. The conpound according to claim25,
wherein Rl is R3 Y-N ~ R4 15 27. The conpound

adk or dTtregeanepouhd aenopding ithelpian h, whargindle ippanhsadyl v
substituted C2.6 al kylene, and R3 and R4 are the sane
or different and are selected from hydrogen, alkyl,

afd arvyhe cotfpod8d addiediag mpeldig 3aorisrein®y i¢ 0 cl ai m 26,
wherein Y is an optionally substituted C2_6 al kyl ene,
apnd R3 a R4 together with the nitrogen to which

t YatNe attached forma ring having 4 to 5 carbon
atons, OfR, onally substituted with an allcyl or aryl
noi ety. WD* 2004/ 011439 PCT/ US2003/ 023828

32.  The compound according to claim 31, wherein Y is an optionally
substituted Cs.¢ alkylene, and R3 and R4 are the same or different and are

selected from hydrogen, alkyl, and aryl.

33.  The compound according to claim 31, wherein Y is an optionally
- substituted Cy.6 alkylene, and R; and R4 together with the nitrogen to which
they are attached form a ring having 4 to 5 carbon atoms, which is optionally

substituted with an alkyl or aryl moiety.

34.  The compound according to claim 33, wherein said ring optionally
contains 1 or 2 additional heteroatoms independently selected from oxygen

and NRs, where Rs is hydrogen or alkyl.

35. The compound according to claim 1, wherein said compound is
selected from the group consisting of:
3-(2-piperidinylethyl)-2-(4-phenoxyphenyl) benzimidazole;
3-(2-piperidinylethyl)-2-(3-(4-tert-butylphenoxy)phenyl)
benzimidazole;
3-(2-piperidinylethyl)-2-(3-(3,4-dichlorophenoxy)phenyl)
benzimidazole;

3-(2-piperidinylethyl)-2-(2,2-diphenylethenyl) benzimidazole;
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-36 29. The conpound according to claim28, wherein
said ring optionally contains 1 or 2 additional

whedenosons i ndependent |y sel ected from oxygePCT/H82003/023828

NR5, where R5 is hydrogen or alkyl. 5 30. The conmpound
according to claim1, wherein R2 is naphthalyl. 31.
The conpound according to claim 30, wherein R is ~~R3
-Y-N\ R4 10 32. The conpoeddd according to claim 31,
wherein Y is an optionally substituted C2_6 al kyl ene,
and R3 and R4 are the sane or different and are

sel ect gbbj; HHH]X/MI%Q}E%G@hkﬂdxypl@dﬁ@l)&feﬁﬁmuda&%le The

conpou accordin | aim 31, wherein Y_is
opt i on&(iylpemslrylpgl@ﬂ) amﬁﬁé&t@memathmh@wymhﬁ@ms and

Fisl ﬁ?thcﬁr with the nitrogen to which they are
Brma ring having 4 to 5 carbon atons, which

i's opt BQﬁ-giﬂeﬁdlr@wﬂS}ﬂ)-m(N&iﬂhWJ JsarbdZoEﬂ)(bdnzﬁmdaiqlé

noi et The compound accordi ng to cl ai m%yﬁ

wher ei ﬁ(%mmnﬂ%eﬂ@ﬂ) PdAengylonphenyi bngunigazgle; snd

addi ti I _

oxygen> BRI HE F AP (R TRERAR o SRS bR

The conpound according to cI aim1, wherein said

conmpound is sel ect ed fromthe group_consi sti

542 phvalerapTRF R rpOsiics. SRS ie pmpound 3¢ Gny o

2 h. ticall tabl diluent.

@fE SR P s yacespitlecaler op et eny

benzi m dazol e;

| ?’g 2b :égrfelgtbgégg{n@fq compguncs adcordd gctrc])l a%ry%% ?ofél}/r?l? P—%g y

Swhérel] HEd hidtidv!cs Yilsésr2 (2, 2-di phenyl et henyl )
benzi m dazol e; WO 2004/ 011439 PCT/ US2003/ 023828 - 37
(2) reactmg a primary amine with 2-fluoro-1-nitrobenzene to produce

an amine substituted nitrobenzene;

(b) reducing said amine substituted nitrobenzene obtained in (a) in the
presence of hydrogen and a catalyst to produce an amine
substituted aniline; and

(c) reacting said amine substituted aniline obtained in step (b), with an

aldehyde to produce a substituted benzimidazole of Formula L.

38.  The method according to claim 37, wherein said catalyst is a metal

catalyst.

39.  The method according to claim 38, wherein said metal catalyst
comprises a metal selected from the group consisting of: Zn, Sn, Fe, Al, Ti and

Pd.

40.  The method according to claim 39, wherein said metal catalyst is Pd/C.

41.  The method according to claim 37, wherein the reactions of steps (a)

and (b) are carried out for about 14 to about 17 hours.
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3-(2-pi peridinyl ethyl)-2-(3-phenoxyphenyl)
benzi m dazol e;

w@2@020pi4per i di nyl et hyl ) -2-(3-(3-trifl uronet hyl ptIETS2093/23828

henyl ) benzi m dazol e; .

3-(2-pi peridinylethyl)-2-(N-ethyl-3-carbazol yl)

benzi m dazole; 5

3- (2-pi peridinyl ethyl)-2- (33%Enzyloxyphenyl)

benzi m dazol e; and

3-(2-piperidinylethyl)-2-(4-(4-fluorophenoxy) phenyl)

beldzi nldezoétbod a@®rdifg mallahnéﬁmhemin the mpawsioh iofRtep (c) is

conpri,si 0 any one of clains 1-35 and
g&ﬁ Egﬁﬁpwgﬁﬁggaﬂ 0P carrier or diluent. 10

37 A nmethod of meking a conpound according to any one

of clains 1-35 wherein said nethod conprises: (a)
r ddct i Adeamgthodracgording ne claimi3 72 whetsin steb-(a) isr cinded emein

roduce b ituted nitrobenzene; 15 (b)
r H%@Bﬁ@cggfg/gﬁﬁ%§a§§3§$$tuted ni t r obenzene obt ai ned

in (a) inthe presence of hydrogen and a catalyst to

produce an am ne substituted aniline; and (c)
r ddet i Agesnethodpteneding ite claimt3dd whnidin siep db) & Greded out in

st b h.an . al dehyde to produce a substituted
béﬁéz) r@ %lge %‘e%’fm?ilm mula |. 20 38. The net hod
according to claim 37, wherein said catalyst is a

netal cat al 39. The nethod according to claim 38,

wher ei T heanef Yiﬁ%ﬁ@ﬂor@ag 49 ylim 375 wherayn |s@95(ch1Sn@m¢d out in

S n )
ThE g PRt AR A Bqus 0y 12T 6

wherein said netal catalyst is Pd/C 30 41. The

nmet_hod C%Srﬁ%$g to,.claim37, wherein the reactlons of

st¥ps (& pringstociaipy iy whgrein s7id RHBWEY ammeef step
aRQUE schdctBPHOR thé/\Qo%Bo&ani%ﬁﬁgo’@f: PCT/ US2003/ 023828 - 38
(i) an amine of the formula:
Rs
H,N— Y——N<R4

wherein
Y is an optionally substituted C,.¢ alkylene; and
R; and Ry are the same or different and are selected from the group
consisting of hydrogen, alkyl, and aryl, or R3 and R4 together with the nitrogen
to which they are attached form a ring having 4 or 5 carbons, which ring
optionally contains 1 or 2 additional heteroatoms independently selected from
oxygen and NRs, where Rs is hydrogen or alkyl, or said ring is optionally
substituted with an alkyl or aryl moiety;
(ii)  pyridylalkyl amine; and
(iii) an optionally substituted piperidin-4-ylalkyl amine,
wherein optional substituents are selected from the group

consisting of alkyl, aryl and aralkyl.
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42. The nethod according to claim37, wherein the
reaction of step (c) is carried out for about 45 to

wherein step (a) is carried out in 5 the presence of
5% DI EA and DMF. 44. The nethod according to claim 37,
wherein step (b) is carried out in the presence of
met hanol . 10 45. The net hed%ccording to claim 37,
wherein step (c) is carried out in the presence of

ni trobenzene and a tenperature of about 100 T. 46. The
Mgy hod The emutkidgecbRlifg & ¢hidy 37 WRéreinnsas® hidelpyden@Tsyep (c)
am ne of step (a) is selected fromthe group

chessthe forgglasif - 15 (i) an amine of the formul a:

HZN-Y-N R3 R4 wherein Y is an optionally substituted
C2_6 alkylene; and R3 and Rft are the sane or different
and are selected fromthae—gg-e® 20 consisting of
hydrogen, al kyl, and aryl, or R3 and R4 together wth
t hereid:r ogen to which they are attached forma ring
having_4.or .5 carbons, which ri.ng .optionally contains
1 or 2%6%?#%6?@%“&5}%?8‘3{mlsflﬂggf)endem|y sel ect ed
from oxyge@)andoﬁ%al%%sﬁhﬁgdb&nby gem or al kyl,

or said ring'is optionally substituted wth an al kyl
or aryl noi éty; 2ptignally sphstitutgd bereyloxsphensl, and (iii)
an optional ly. substituted piperidin:d-y]alkyl amne,
wher ei n opt i(%ll)lal Ogﬁ%alﬁp'tsﬂ ltt"ﬁe(gpléené’g é)&%lghfrom t he
group consisd i NepRbnadllykibstinabd berzhthidpdnyy! . WO

2004/ 011439 PCT/ Ug2_003 023828 -39 47. The et hod
accor di ng t &vk| aicpiigrllyshkstisited phgnylamigenhpael of st ep
(¢) has th ?vis or %ﬁ&ially substituted benzylaminophenyl;

(vii)

wherein Rg and R; are independently halogen, alkyl, alkoxy or haloalkyl; and
p and q are integers from O to 4;
(viii)
Rs

o)

\_/

wherein Rg is hydrogen, halogen, alkyl or alkoxy;

43. The net hod accordi ng to cPEI/DSR?3/023828
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0 11 HGC R2 wherein: 5 R2 is selected fromthe
group consisting of (i) optionally substituted

w@b@aoxpphenyl ;  (ii) optionally substituted PCT/US2003/023828

benzyl oxyphenyl; (iii) optionally substituted
peenyl t hi ophenyl; (iv) optionally substituted
benzyl t hi ophenyl; 10 (v) optionally substituted
phenyl am nophenyl; (vi) eofttonally substituted
benzyl am nophenyl; (vii) ~> p R7) g wherein R6 and
R7 are independently hal ogen, al kyl, al koxy or halo
al kyl'; and(E§5 p and q are integers fromO to 4,
(viii) R8 wherein R8 is hydrogen, hal ogen, al kyl or
al koxy, WO 2004/R11439 PCT/ US2003/ 023828 -40- (i Xx)

: ' elNn RO is hydrogen or alkyl; and (x)

ng . 5]48. The nethod according to claim 46,
wher e Fprimary amne is 1- (2-am no
et hyl ) pi per E

wherein Ry is hydrogen or alkyl; and
(x)  naphthalyl.

48. The method according to claim 46, wherein said primary amine is 1-

(2-aminoethyl)piperidine.

49. The method according to claim 46, wherein said primary amine is 1,1-

dimethyl-1,2-ethyldiamine.

50. A method of treating, preventing or ameliorating a disorder responsive
to blockage of sodium channels in a mammal suffering therefrom, comprising
administering to a mammal in need of such treatment an effective amount of a
compound according to any one of claims 1-35, or pharmaceutically

acceptable salt thereof.

51.  The method according to claim 50, wherein said disorder is selected
from the group consisting of neuronal damage, a neurodegenerative condition,

acute or chronic pain, depression, and diabetic neuropathy.

52.  The method according to claim 51, wherein said neuronal damage is

caused by focal or global ischemia.

53.  The method according to claim 51, wherein said neurodegenerative

condition is amyotrophic lateral sclerosis (ALS).
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wG04A1¥ee hod of treating,

49. The nethod according to claim46, wherein said
primary amne is 1,1- 10 di nethyl-1, 2-ethyl di am ne.

di sorder responsive to blockage of sodium channels in
a mammal suffering therefrom conprising

admnistering to a mammal in need of such treatnent an
ef fective anbunt of a 15 edirpound according to any one
of clains 1-35, or pharmaceutically acceptable salt

t hereof. 51. The nethod according to claim50, wherein

sgy d dfl?eoEfiﬁﬁodIﬁ SRbREEEYD 2hy Vet SR clgiay p- 350 RElicBEih Nid
of neuronal damage, a neurodegenerative condition, 20
amuipeund foimtions es paiantitiveiprseagente antieanyulgantp aptiasrhythmic,

europat hy. 52. .The. net hod according to claim51,
wﬂ@léﬁ??t%%ﬁcdorﬁ&?%r%agﬁﬁ " is caused by focal or
gl obal ischema. 25 53. The method according to claim

51, wherein said neurodegenerative condition is i
a¥fyot r phetbod af Beatingse manyeal suffppy fropyd disguep Tespgosive

PCT/ US2003/£ 023828, - . o i :
A PaRadeRt TR Syl 2ol OMAURY BESSLRE S i
f 1RGPS apnpouddt bédoddingUso agent pnandf colitns s&ds, or
antiarrhythmc, |ocal anesthetic, or antimani :

deiprmsesuiicallisagsptaplengaltyBgresf. oy @h?@ﬁ@ntaﬁlﬁia igective for

sufferi 3 a di sorder responsive to blockage of
s%ﬁ?ﬁﬁf%ﬁéﬁ%@ §; sai d net hod conprising adm ni stering

to said mammual a conpound according to any one of

claims_1-35, aor pharnmaceutical accept abl e sal t

Cer coi vl ashBUME DIAET S BHFiSCt OB gRTal F SR

ag%$m45§order. 10 56. The nethod according to claim55
ein said manmal is a human, dog or cat. 57. The

nmet hod according to claimb56, wherein said disorder is

3 glﬁggte%gs m%%na%ﬂ& gqr g@gn ggg gv:h?}trelgﬂ %id fdis%%jerrolg Ahlected
from the group consisting of neuronal damage, a neurodegenerative condition,

acute or chronic pain, depression, and diabetic neuropathy.

58.  The method according to claim 57, wherein said neuronal damage is

caused by focal or global ischemia.

59.  The method according to claim 57, wherein said neurodegenerative

condition is amyotrophic lateral sclerosis (ALS).

60. A pharmaceutical composition for treatment of a mammal having a
disorder or condition responsive to blockage of sodium channels, which
comprises an amount of the compound according to claim 1, or a
pharmaceutically effective salt thereof, that is effective for treating said

disorder or condition, and a pharmaceutically acceptable carrier.

61.  The compound according to claim 1, wherein R; is (2,2-dimethyl)-2-

aminoethyl.

preventing or amel i BCHUS1093/623828



acute or chronic pain, depression, and diabetic
neur opat hy. 58. The nethod according to claimb57,
wobedmsin3sai d neuronal damage is caused by f or€l/US2003/023828
gl obal ischema. 20 59. The nethod according to claim
57, wherein said neurodegenerative condition is
anyotrophic lateral sclerosis (ALS). 60. A
phar maceuti cal conpositiond4Ror treatnment of a manmal
having a 25 disorder or condition responsive to
bl ockage of sodiun1channe|s whi ch conprises an
unt 5%@& [ ign 1, or a
rnac@%t %ﬁ %sgﬁggﬂ?g?ﬁg?ggg(ﬁlhat i's
effectlve for treatlng said disorder or condition,
and a pharmaceutically acceptable carrier. 30 61. The
conpound according to claiml, wherein R is
(2, 2-di net hyl)-2- am noethyl. WO 2004/011439
PCT/ US2003/ 023828 -42 62. The conpound according to
claim1, wherein n is O.



