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WD 2009/ 018466 PCT/ US2008/ 071803 1 NAPHTHYRI DI NE
DERI VATI VES AS POTASSI UM CHANNEL MODULATORS Fiel d of

wo b@okmsent i on 5 This i nvention concerns novel PCT/US2008/071803
conmpounds that nodul ate potassi um channels. The
conpounds are useful for the treatnent and prevention
of di seases and di sorders mhich are affected by
activities of potassiumion channel s. One such

condition is seizure disorders. XT? gnd of the
I nvention 10 Ret NOERTAE LYRIDINE DERIV

1

(N-[ 2- ami no- 45§ ROAASSFOMH YNBSS TORS: bari ¢

acid, ethyl ester] (United States Patent No.

5,384, 330) has been found to be an effective treatnent
Fieldf of 3¢ Bivétiondi sorders in children. Bialer, M et al.,

Epi [ epsy Research 1999, 34, 1-41. Retigabine has also

been.f.ound to be usef int ti pai n, i.nclu

it S BRabiasPibu oodnBe pRhsut cBgpae tpe

conﬁhﬁﬁdﬁ&ﬁ@lsefu?ﬂﬁ dhe tAadhenl A plehBntiol of KB Edesund Alirdestwlath are

Ex ( he Patents 2004 14 15 A for
affe@ﬁg % 6@9’“&&% 8\11/;&0%%1‘1%8{’1 Flgjaﬁnef %lrﬁqels%ﬁ (.)Hg%lﬂa]f 1é|selzure rcﬂsorders

onvul si ons" has been associated with nutations in the
%@M&I‘%ﬂw Biervert, C. et al., Science
1998, 27, 403-06; Singh, N. A et al., Nat. Genet . 1998,
18,ReBiBatik; (NFRaanhine;(4-Guowberallamidigthen yBrabhmiclk@ RIS eth i@ ster]
53- 0 i SCI e
(U3 315 PRERIS s ad 55D RSt AR AR b SR R fi2Renfyeinure

disdrivat intchd i, IBizﬂéIyNS biad, Epﬁllepsfyﬁ{ds%d‘h 1999,8&41; 1-ah Resigitige has also been

%ﬁNSZ / g’eﬁlqg %%Slﬁg pggcgéli 1%Wur%thmaﬁl hbp%burlé%\/lu&ro and Jensen, Eur.
J. PMhacd0Boh, 102000; Waskend2b 34 62 et aReEx;gﬁt@pmeTmSpda@@ruomt 14(4).

shown to increase t he conduct ance of the channels at

t heA fols bf GpPepdp RiANE "HOkE Abiilal ndndal conviisioek" hikebeen assocnated with

o i Koy O bR e S0G  grienct G0, b4 Dy o N At Nat

GeeN IR AZEG 295 ORMkes (. 6.1 @A (%etr 1@@9&'8053 I5RA B &i, AT 8@ in
reti abl ne has al so been shown to increase neuronal M

Newgipe it 2000 R OpgOR REPERaL e e Hah e cgpRlished it thp primgry site of
reu%fam!%%ﬂl R @ﬁﬁw@h&mewlémmm% Daémz BI B WM rnide zob@tss 591-600;

Revs Neurosci., vol. 850-62; Tatuli an, )
Maiard.J Bt glwilol Bharmeoly 200@@525&62 Re(tlg@m@)hasbpgn shgyn eﬂancrew@e

conﬁtﬁﬁiﬁ%f e QRunAL1s £ Bleirk Iﬁgnlﬁ'ﬁ‘ne%m@ﬁﬁam't&'ﬂh&t!ﬂ@%%tlon ate of the
nodul at or has pronpted nunerous searches for oth e%

KCHQt24sdannad. Bhdknm é1V. poduMal Bragmaneb RGPS5 OhpEIn@47. Wiithhincreased

onf B U LS8y AR SOy g o
and @E@@E&Spthﬁ omnfl opengrobatvign vf KENQ 3/ 3ohamelsti Btthayelh and Biive, D.A. Nat.
Revs RYEDEL Q81 80004, 85052 S AR UAG B, & AUS Bnlsiol., (2003) 549, 57-63.

The recognition of retigabine as a potassium channel modulator has prompted numerous

=

searches for other potassium channel modulators among compounds with various structural

features in common with retigabine.
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R3HNy(Y)g-, R RR 521 ~~ NI ZRA O\NRI where W

and Z are, independently, CHor N, Yis CH2, O or NH
wWG2mbetsaeiRl and R2, are, independently, H, hal BgEHS2008/071803

CH2F, CHF2, CF3, CF2CF3, Cl-C6 al kyl, C(=0O Cl-C6

al kyl, CHzC(=0) Cl-C6 al kyl, NH Cl-C6 al kyl,

NHC(=0) C1-C6 allcyl, C(=ON(CH3)2, C(=ON(Et)2,

C(=O NH C1-C6 al kyl, C(=0 OC1-C6 al kyl, OC(=0) C1-C6
BﬁqJ C I . OC ’ aIk hi SC1-C6 al kyl, C3-C6 Cycl oal kyl,

, C3-0Cp, cycloalkenyl

gﬂ;l'z%])ne[ embc%lmen}/ gll_‘ganlvlé]ir&ﬂ p’rovﬁ%rs] )a/llcorial guenﬁﬁlf formlrl)lf}r??ol yl

(C}E) 10 n1n1dazo|y| (C}Q) yrazyl furyl, thlenyl

(CH2) noxazol yl, (CHQ) m Sox zolgl,(QpHQ) nthiazolyl,

(CH2) ni sot hi azol y| , (CHQ) yie” ( CA2Rs npyrrol yl |

(CH2) nmpyridyl, or% ria dyl, which cycloal kyl

and said cycl oal k ﬁy gr OipsZoptRonal |y contain one or

t wo heteroatons 's e e J i ndependently fromO, N, and

S, and whi ch al kyl, cyc | kyl, cycl oal kenyl , al kenyl,

al kynyl, imdazolyl, pyrazyl, oxazolyl, isoxazolyl,
whdrbinaz @l Are, m&e@tﬂmeatz}om@rwhemdm oy eyl , pyridyl, or

15 pyr|n1dyl groups are optionally substituted with

et B B bR SRR LRI Shel ™ Ccoaon

C(%her € mcﬁsczﬂeogrcmm,chlmtantmdex O%(?Wﬁm (}Q‘:QrN(CHﬁz,
bon Q 0 e re attacned, orm

TG R U B R U KGO i AU AR

SCS@t MEALE@IC, CREAIYL, QCﬁngQfC(,@S/c%@Eyl QG- @v,fuy@iaama{yu qoah).¥;-Co

contains one or two heteroatons sel ected

cycloatiepricdntalenyk G oalkxyLae (SHLadd wingh Pyedyl, pyrrolyl, (CH)
mlm@@a&ﬂ)l?ﬁ (':@Illzy mﬁ}HQL%/I 'ﬁ!irj[\}f ﬁgen\yl é@Hg Qoml)l?g gHZ) q:§;wmlel::y23 @Hzg\%thlazolyl
(CHQMmt@anl)ﬂdé?ébh@@mxl JCTR DYNPZL, (CiED 0BicH], l@yigmpmldﬂ which
cycﬁ@f_k Cg_i :s%g":gclzl(l)(%%% ggr % ogﬁorﬂ lif X(Lntalﬁ) Bneq;r t&;§ h@tlerlf))ﬁ!oms Abeted

7 sal ps and sai d gr oups
indegpgndepnfrpyp (& ibond Biand avhyghtatkyb r@ed@erlkxlmd@ﬂlds@rpé alkenyl, alkynyl,

. i e fr . . - .
GRS Set. CPARIPS b RGBS S S . o
pyrinsidyl @ﬂ_ou@@ a@lokydnally @I-Hmpmmuit@@nc ycivwogdréuphs ,selected independently, from
clo | Kk CHRG) V\CS 25
hal %1/ 0, n@g@&lﬁ ]\ég u(():lé{:niethg ?sre rrtﬁ:zeﬁe & 2 C%r R; and R»,
togtﬁljﬂr |\x®la|tlk’q,lthng cafBldR6)WESe €hick shel analakmhydl JfornCGHR or 6- member fused ring,

Whlgl’ll R%%\g%ﬁds%tur %:é_‘%%\% lirapeé_@‘(aagﬁgs V&}lﬁlihe n]% ;nalf:zcontalns one or two

hetdré&itiR0y ééﬁb@&\liriﬂ,epé&ﬂaft@ ﬂﬂEl@OSN #AdlS, bsd \@lﬂélﬂWOptl@)aﬂy @.}Hstltuted with

fury yrr.ol zoI |, . thiazq
nalgeit oot ColenRinB st TPV G oy kSRR, pnfgogndenty. .
NHS YOt died, \WN, haloyel, oxy, 000 (2@0@! AABARC-C; alkyl, all said C-C; alkyl
PCT/ US2008/ 071803 3
groups and said C;-Cs alkyl groups optionally substituted with one or two groups selected,
independently, from OH, halogen, C;-C; alkyl, OC;-C; alkyl, or trifluoromethyl; g=1 or 0; Rs is
Cl-C6 a]kyl, (C}IRG)WC3-C6 cycloalkyl, (CHRG)O,,CH2C3-C6 cycloalkyl, CH2 (CHRG)WC3-C6
cycloalkyl, CR¢=CH-C;-C¢ cycloalkyl, CH=CR¢-C3-C6 cycloalkyl, (CHRg)Cs-C6 cycloalkenyl,
CH, (CHR)C5-C¢ cycloalkenyl, C,-Cg alkenyl, C,-Cs alkynyl, Ar, (CHRA®, CHy(CHRg) AT,
or (CHRe)wCH2Ar;, where w=0-3, Ar; is phenyl, pyridyl, furyl, thienyl, pyrrolyl, oxazolyl,

thiazolyl, or imidazolyl where the C;-Cs alkyl group is optionally substituted with hydroxy,
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nmet hoxy, nethylthio, or hal ogen, and where the

cycl oal kyl and cycl oal kenyl groups are optionally
weawsnid4ed ed with one or two groups sel ected, PCT/US2008/071803

i ndependently, from OH, hal ogen, cyano, nethyl,

ethyl, or trifluoronmethyl; R6 is hydrogen, nethyl,

hal ogen, or nethoxy; and pgharmaceutically acceptable

salts thereof. Such conmpounds are potassi um channe
metHDx umgttholrtlbur) 02 8;:;11? %e%nogl?\)ié gereetﬂeg%o}%%)gg( {dngﬁc]:p(g(galkenylggr(t)lgas are optionally

submhaedmzﬁe ohid @rabvb groapceprkabj iadgpatideney, frodX OHphadsyen alyano, methyl,

|Iu t and one o foll owi n
ctnifsrtiiiostitvind RS Brdradh pehhBiiveeRor T A st afusgaccutcany
accép@abiaidafts hirebf. Buéh @ARPOHRB At fotRsily catmenhadlfors sal t
thereof iii) a pharnaceutically acceptable ester
armaceut i

C C
s Oﬁ{} gleoéhelr ﬁlg%)%(? ent th [ye %%km%yge&%g% &ﬁgﬁ%’tes ai(ﬁ)rrg)osmon comprising
a pliafv&wobiicany wceptalde garfér, e;@[]ﬁ@ﬂ'pi @tuest aad aEltdyocheaft the followmg i)a

pha%%zfecglgticg]gy %t{ff:cgﬁea%(g]glt gco%*pg) gmowlrac l}lf%{)]]?agrglagemutllc% y acceptable
salt GGV iB) dichaAfkEbMicall @adcifatOester BREdo€ ) ahdl a PREGadBEBPcceptable
one or nore of the followng: i) a pharnmaceutically
solvaferthgreqtye ampunt of a conpound of fornula I; ii) a
pharmaceutically acceptable salt thereof; |||2
phaP AR Fini?%‘ihinﬁnta@@éiﬁ‘fe&ii‘i’fepr@@F%%OTPH%?%BIP“GS f {pthgdh gf eating or
preRahIRESMEd 6alido¥dRGBRAT P Bled bP eMRhiatcBr $1HRHMPIL culBnts
yet anot her enbodi nent, this invention provides a
conppsising AR MIsriag &ht PAIGNGR neqdebrrPHgnaor mprseh the fefjowing: i) a
phafth&e6aly YWiicGhe dSoudl berdotholdd &Tbin¥AL 1 Na Plarmaceutically acceptable
vol t age-gat ed potassium channels, conprising
salt daprqoi 1) aphiapgaceeicall paecpristile ¢ser feeg it Neand o phasmacegticaliy peceptable
Sm¢%6$ggﬁ¢oIIOMAng a pharnmaceutically effective anount

a conmpound of fornmula I; ii) a pharmaceutically
acG&pLARbBercddnlent, 1 ﬁ@émmh bio)vld@s E’H@(hﬁ@%ﬁ%ie%ﬁh% Jr treating a
acceptabl e ester thereof; and iv) a pharmaceutically

discagroeplisatslee whisb isadfieeted hjeacemtlonlqﬁ vokagegpied hetpssium channels,
] a
coﬁf?ﬁg gﬁ?g@isterﬁlg kPa gaiil‘éﬁtrlh hoR tﬂér@é%'ogg Sr 5P e & %i[%ixxﬁ‘ﬁge%

tin preventing a seizure disorder
pharmacautivalipelfaconpamainhgl achmpoiist (érfomglla ]'o uha plmrm@cmltlcally acceptable

salt ?ﬁefrf!olf q}l)ﬁgqharm?cgl?ttﬁ:gf]}% Io(‘]%‘lf It%le ester Ith%%eﬁ)g and lV SHarmFl(feuaca'ily dcceptable

omnn armac
smwﬁdmmtmye 25 amount of a conpound of formula I; ii) a
phar maceutically acceptable salt thereof; iii) a

phdn wcafmhéreaibbghnantc elmlatdneomberlestdn eore@ﬁplatbs/a) methel &f treating or

pregeﬁl 6{14:%&:%% cglg)rgr% hl? :51: ﬁl% %HSC%P%riE}H% | orﬂlng e 1ng g)e%pagf:nt afflicted or
pot@mlll}ez[fﬁicaileﬁthasuﬂhdiﬁdfﬁﬁ@ué bﬂﬁbrefoﬁﬂlﬂ”tﬂd)lbwuﬁyi abba"rnmemhcally effective

adm ni stration. co ng a therapeutic fec e
an Gt SO O SIS ot PGty dosobane rbgRet if &
phadpREQRAI AR eptadd edtdritigeokd e ind @fphadi 3@ AP dcadp@abiysolite thereof,
for pediatric use. 30 In another enbodi nent, this

i NVR Afid tiun emb@dihldﬁsthermmn@remha&ﬁ& cantérapllaei a prmexeatical
ninistr tion conprisin era effective

forrg orbqr dgﬁ%w B CIRPE SH‘rgr?l} egape 3 ygﬁl » amount of a compound
of SRRM Dk 40ker Bﬂﬁﬂﬂ&%&%ﬂa&@t&ﬁ@ doent or an appropriate syrup for pediatric use.

In another embodiment, this invention provides or contemplates a tablet for oral

administration comprising a therapeutically effective amount of a compound of formula I and an
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4 appropriate tabletting agent. In another appropriate

enbodi nent, this invention provides or contenplates a
W@ 009018466 pedi atric use conprising a sol uti oPCDES2008/071803

di spersion or suspension of a conpound of fornula I

and an appropriate syrup. 5 In another enbodi nent,

this invention contenpl ates a pharnaceutica

formulation for admnistration to animals, including

n.an s (dogs and cats), and |ivestock

Zmp“@g%emb ttlngzl§m%%herapeut|cally effective anount of a

conpound of for vet nary. acce

canfRiptes Appradi oo A F R RPN B ERRRIfes a svrp for
ped(amdlﬂﬂptbrqtremgal sitibook didpepsioave ElIspaﬁglon of & c@gidundofformula I and an

| sease or di sorder which is affected by activation of
qmgwp?gdguﬁated pot assi um channel s 10 conpri si ng
teri
o T A EB Go TE Mo Bl R R R P TRof for

adnﬁﬁliﬁtwﬁfbn aof aném41Q mmmircg @hphtiomadi@alk {doig dndaats), and livestock comprising

arna cal | acc tabl e t her eof
a th eﬁﬁrﬁ% e%tﬁﬁ oyt o gf%{BlPOém% g? }@ lﬁg Veteirl\piu)yaaﬁcangble carrier.
rnaceutlgg%ly acce tabhle solvyate thE ) I n
a0 RGP o RGP @Y G BT A gmipe o reaing
dlsdmt drQhoffer whieR s afi@ctad BRhctinhit@ndif $6KLGe gated PotaddivaictARhdMAl
conprising adm nistering to an aninmal afflicted or

conypsisiag p{rginfNFrige 49 arcAnEpalg pggd dhrege! gne ofi eyt gkihe GHlewie: ) a

phafRdcBuihily Oeclid ARWnDEE a do}nfp@umfw hp@bﬂlaymsd‘eﬁ@@ny Y&eptable
anount _of a conpound of ormula I; ii)

salt fheggoiveit e rhaEBcPYicale s enilieesss heraof dy)asg 2 phqrm)aceatlcaﬂy acceptable
solahandmsaeuti cal |l y acceptabl e ester thereof iv) and a
pharmaceutical Iy acceptable solvate thereof Thi s

| NVE BRJuRR etnBSdiMER ShAlidvehdh BARPlatcs @lrrfeﬁrod @NEeating a seizure disorder
stereoi someric forns of conpounds of 0 fornula I

in aygpignal epyeising pdainieering ¢ griesmeall alfﬂlét@%bmm@@aléx affljsfagl with such a
disdr@éf_%ﬁé blor_ﬁoﬂé‘a_?{h@ QWi 1)"5[}5h§rn"f‘atc9tﬂ§all}aéffecfl%odn%ﬁgofbaycoﬁlpound of

r adi o__act lve | SO_t ope ther eof In a nore SpeCI
forgylp e emhomapdyticltyeneeptablyesalt theeeafiiior mxaﬁvaca@galéy acceptable ester

e EATRAURC bRt s iR P e la0s 2 ° 0 B N

This invention includes all tautomers, salts, and stereoisomeric forms of compounds of
formula L. This invention also includes all compounds of this invention where one or more atoms

are replaced by a radioactive isotope thereof.

In a more specific subgeneric embodiment, the invention provides a compound of formula

\UCJ*&/[ T

IA
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5 I n another nore specific subgeneric enbodinent, this

i nvention provides a conmpound of fornula IB. R3 H
WORDRIBIEH S5 1 NiZ R4 O i J R NR5 IB | n BCHUB1008/071803

nore specific subgeneric enbodi nent, this invention

provi des a conpound of fornula IA where Wand Z are

both N. In another still mbre specific subgeneric

enbodi nent , this invention provi des a conpound of

Lgrlfqlﬁl.lllor%r%err éﬂOé‘e S eCIEIC Sub§u%eélg rf})renr%f)g mel’rlrtbt%H 1nven 10n ]grﬁwges a COIIlpOllnd of
forthuly @t i on prOV|des a conmpound of fornula A, where W

is CHand Zis N In another nore specific subgeneric

enbodi nent, this invention provides a conmpound of

formula IA, where R is H, halogen, CF3, or nethyl. In

anot her nore specific subgenef%c nbodinent this

i nvention provides a conpoun dornula | A, where
Wand Z are both N and R |§VH F r Hﬁthyl In

anot her nore speC| nbodinent, t he

i nvention provides c ngﬁpnd Tornula I B, where W
and Z are both N. nore specific subgeneric

enbodi nent, this |%vent|on provides a conpound of
formula 1B, where Wis N ang Zis CH 20 In another
nor e specific subgeneric e gdinent this invention

prqvid a co of . fo where W CH and
D T N e o aie bt By Rt tovides T ofiBound o
ibnﬁmbnﬂiwmﬁﬁvvddnz&menyﬁmtion provi des a conpound of
formula IB, where R is H, halogen, CF3, or nethyl. In
anah besthdreiiems papedificsus phdgananibaeliendabis imeaitontptedes a compound
i nv n ion provides g.c ound of 25 formula IB, where
of f AZWQP%\&& aﬂiigi’ﬁlg is H F, or nethyl.

In another still more specific subgeneric embodiment, this invention provides a compound

of formula IA, where W is CH and Z is N.

In another more specific subgeneric embodiment, this invention provides a compound of

formula IA, where R’ is H, halogen, CFs, or methyl.

In another more specific subgeneric embodiment, this invention provides a compound of

formula IA, where W and Z are both N and R'is H, F, or methyl.

In another more specific subgeneric embodiment, the invention provides a compound of

formula IB, where W and Z are both N.

In another more specific subgeneric embodiment, this invention provides a compound of

formula IB, where W is N and Z is CH.

In another more specific subgeneric embodiment, this invention provides a compound of

formula IB, where W is CH and Z is N.

In another more specific subgeneric embodiment, this invention provides a compound of

formula IB, where R' is H, halogen, CF;, or methyl.

In another more specific subgeneric embodiment, this invention provides a compound of

formula IB, where W and Z are both N and R' is H, F, or methyl.
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WO 2009/ 018466 PCT/ US2008/ 071803 6 In a nore specific

subgeneri c enbodi nent, this invention provides or
wae@omwvemab@at es a conmpound of formula | A wher ePREUSR08/071803

Cl-C6 al kyl, (CHR6), NC3-C6 cycl oal kyl ,

(CHRG),,,CH2C3-C6 cycloal kyl, or CH2 (CHRG),,,C3-C6

cycloalkyl. 5 In a nore specific subgeneric

enbodi ment, this invention provides or contenplates a

conmpound of forrmula IB, where R5 is Cl1-C6 al kyl,

(CHR6)a,C3 C6 cycl oal kyl (CHRG),,,CHQC3 C6

| oal kyl q%g . oal kyl. ln a
CY S e B R S S S P R o

conipoushdfifamupyr ey ivtles Rets (Cldﬂk,taﬂi{y}hl(éﬂﬁ@ NC;-Couyplouligll, @FHR,), CH,C3-Cs
0 | a r 5 1S -C6 al kyl, (CHR6) C3-C6
qm%?%nggf@%Aﬂjﬁ%ﬁﬁgfﬁcyeﬁﬁ%% C6 10 cycloal kyl, or CH2
h aI ore ?p ci glﬁ%geger%péocgglg%t ]ihllscln\ée&B%%ran]ﬁ%s or contemplates a
con@ﬂbﬁtd(bﬂf&ﬂﬂﬁula IH) m$ierie IR 8NEH QI qUHReR, (RIC,eoelbakyl) @IHES) & H,C;3-Cs

la | A R5 is Cl-C5 al kyl .
qm@%%@fHgggg&jaﬁ#gyﬁgﬁﬁéyyﬁgﬁéfhyItk?o or ﬁalggen R
an&PﬁégggﬂHﬁﬁﬁ%??%géﬂﬁﬂﬂFmgatmmﬁﬂP§ﬁWﬁWé %¥8Hd%ftettﬁﬂphwsa

con@fouﬁ‘c%ﬁf&ﬂﬁiﬂaﬂlﬁ@&vh@req{gﬁp@%ﬁaﬂgﬁ (Cl:ﬁlJ(QmelyaozllkyIV\d@Hﬁ)thg Cs
cycl oal k - cycloalkyl

, . CHECR6
cyclc)éj]qpﬂ@))r’ ’CH&J%)WQ?)%WgQPﬂ%H'y?nd Hotrss ((Eljsm)

| oal ken al ken C6 al kyn
°1ﬂ9|stl%m0¥we§§0dg§§eqe§c Fiib geént g ﬁeﬂeatg%tprgvﬁesa)ﬁ Biapplaes o
conﬁ%’ﬁﬁﬂ SeGdlA A, SHESEUEE I CenRAdiubeRbied tith &d}f@xfz hdtRythio, or
ovi des or contenﬁlates a conmpound of formula IA

hal%%rPe igmethy ok gy Rigy HH{FRer adogep. cF3, or hal ogen; R3

and R4 are nethyl, 20 am nonethyl, aor chloro; and R5

i s Ipapoth GEEIIRSI}WWM%M( @%PIB‘)GMII Pro%ﬂeSPCﬂF%?W%&CPmpound of
forthMa &RAeREE; {TPRE=FRECIH, IcGe1SHBICMNLTTE, - @ﬂ@@@clﬁﬁﬁk&t (@I@Rév& Cs

i nventi on 2ﬁ(prowdes or contenplates a conpound

cychogikapl L HACHR brle- (R"cyvlgalh@tyhﬂz (oralkepylper stCsﬁlky(aﬂsR ig pethyl or

H: Q@hg%q@(quﬂqﬁgggﬁ are nmethyl; and RS is Cl1-C6 al kyl,
C6 cycl oal kyl , (CHR6)C+EC3 C6 cycl oal kyl, or

CH%n aﬁ%@o@sp@@lﬁg Y g@lﬁ:lrllé BétnboaéleﬁtnthﬁQ%JﬂEBn PBlifes or contemplates

speci fi ¢ subgeneric énbodi ment, this Invention
a copppeviddomulalon Wéﬁfp Rais @sethyéorclérib @GMZFO for bplpgeai Rpgnd Ry are methyl,
: I er
amlh&ftgﬂéggﬁér r(9 a gz 1s\g§fe (@Hﬁz) Fl ) %rl (Qj’_ (%%I@%T, H Ar1
( |
o ?T'%E%o rrg?e §b\é&hg %%J@élil/eg C %ﬁﬁ@fn V\Dggrd‘g)%g &y %rlg(?lﬁeské{r contemplates

a C@@'DPMOBWOW@S odereR' inmethdtonék Rmste (Spee hﬂpgﬁn R3 and R4 are
metﬁglb%{%ﬂ% ik e @”BJQQ (R, L1 Sy OB (ORI TRYE X%y @balkyl, or CH,

(CHRg)C3- C6 cycloalkyl

In another more specific subgeneric embodiment, this invention provides or contemplates
a compound of either of formulas IA or IB, where R, is H or F; R' is H or halogen; R3 and Ry are
methyl; and Rs is C-Cg alkyl, (CHRg)4C3-Cs cycloalkyl, (CHRg)CH,C5-Cq cycloalkyl, or CH,
(CHRg)w(C3-Cg cycloalkyl.
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a compound of forrmula IA or formula IB, where RS is

CHzZCHZcycl opentyl or one of the groups below OO O
W@2009 01866 ~O ~*N N N N CX= O N~O S> H H N CPCBUS2008/671803

In anot her nore specific subgeneric enbodi nent, this

i nvention provides or contenplates a conpound of

formula A or 1B where R 7s halogen or halonethyl; R2

is H or halogen; and RS is one of the groups above

In Irall Qoottltl]e? Iinorrreog %c %Q gu ene%csérlillggﬁ? nert t‘fnsequ\pe% 10n ro ides or c%ntemplates

i nveAt on "prothdes S or e d" conpotin &1 %
a cdngonnd &f thinuda TA &; fomhds B8, RJ’heteQ{Spiﬁ Q]‘BﬂCHZ]:y/lilbﬁ@dtyl or one of the groups
blg%}90|yl (CH2) m m dazolyl, 10 (CH2)nmpyrazyl,

) noxazol yl, (CH2) m soxazolyl, (CH2)nthiazolyl,
(CH2) m sot hi azol ylI , (C}Q)nphenyl (C}Q)npgrrolyl

(CH2) npyrii N0 rlmdw R5 |
al kyl or CH2-IC3/C6 cycl Ryl . anple IOM/are
provi ded to show - but not to |ifiit in any{way - the

variety of possible enbodi ments of this ifmventi on WO
2009/ 018466 PCT/ US2008/ 071803 8 HOw H (JNN 10O Ow
HY NON N_b N Ove N ONN Qw F‘N F ICD N Me H

N D

/\,D [N;: ] E/\[:>:o £:>
N LN 0
;‘:\):) r[ S>: /\Q:O E\C;

In another more specific subgeneric embodiment, this invention provides or contemplates
a compound of formula IA or IB where R; is halogen or halomethyl; R; is H, or halogen; and Rs is

one of the groups above.

In another more specific subgeneric embodiment, this invention provides or contemplates
a compound of formula IA or IB, where Ry is phenyl, pyridyl, pyrrolyl, (CHa)nimidazolyl,
(CHy)mpyrazyl, (CHy)noxazolyl, (CHy)pisoxazolyl, (CHy)ythiazolyl, (CHy)yisothiazolyl,
(CHy)mphenyl, (CHy)ypyrrolyl, (CHy)ppyridyl, or (CH,),pyrimidyl, and Rs is Cs-Cg alkyl or
CH,-C;5-Cg cycloalkyl.

The examples below are provided to show - but not to limit in any way - the variety of

possible embodiments of this invention
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JNO N MO, HNN"ill W 2009/018466
PCT/ US2008/ 071803 9 Detail ed Description of the

WO pooeMtd4en | n desi gni ng conpounds wi th ther apeR€T/6S2008/071803
properties superior to those of retigabine, H NuQ _/
\'\'1 O HNHZ F retigabine 5 the present inventors
have di scovered that paradN1, 2,3, 4-tetrahydro
i soqui nolyl anilides and carbanmates of the structure

\R R5R~ NI ZR O \N
Detﬁ'&?ﬁﬁ?ﬁ 'B&?%?ﬁg gllhvc?l\% lgégtl onal activity toward

pot assi um channel s, as evi denced by their potent 10
actlh designisg, coafpommtmebbrzitmuttimommsahpﬂme fofthese ofissigabine,
descri bed bel ow. As used herein the term "potassi um
channel nodul ator” refers to c nd capabl e of
causing an increase in pota c an currents. It

also refers to a pRUNO ﬁ@f |ncrea5| ng the
KCNQ/ 3 channel ow ility. “or prelimnary
testing of conpou s or potassium channel nodul ating
ability, the inventors have enpl oyed the rubidiumion
efflux test 15 descri bedrdtghtowe As cont enpl at ed by
this invention, conmpounds of formula | are designed

the prgpenpmapnteys haverttiscaveserbthat pdtssY i g, 3ot -tayphyder Eppvirptyl aaidid¢syand
car %% s@th@@&ucgﬁ)!offgﬂﬁﬁ (this invention contenplates

sol'utions and suspensions of conpounds of fornula I
formul ated for intravenous adm ni stration.

@O *k/[ T

I

have surprising and exceptional activity toward potassium channels, as evidenced by their potent

activities, as measured in the rubidium efflux assay described below.

As used herein the term "potassium channel modulator” refers to a compound capable of
causing an increase in potassium channel currents. It also refers to a compound capable of
increasing the KCNQ2/3 channel open probability. For preliminary testing of compounds for
potassium channel modulating ability, the inventors have employed the rubidium ion efflux test

described below.

As contemplated by this invention, compounds of formula I are designed for oral or
intravenous dosing of up to approximately 1200 mg per day. Thus, this invention contemplates
solutions and suspensions of compounds of formula I formulated for intravenous administration.
Similarly, solutions and suspensions comprising a syrup such as sorbitol or propylene glycol,
among many other examples, in addition to compounds of formula I, suitable for oral pediatric
administration, are also contemplated. Additionally, both chewable and non-chewable tablets
comprising' compounds of formula I, along with pharmaceutically acceptable tabletting agents and

other pharmaceutically acceptable carriers and excipients, are also contemplated. As used herein,



10

15

20

25

Simlarly, solutions and suspensions conprising a
syrup such as sorbitol or propylene glycol, 20 anong
woremwy/ottdber exanpl es, in addition to conmpoundsP@F/US2008/071803
formula I, suitable for oral pediatric
adm ni stration, are also contenplated. Additionally,
bot h chewabl e and non-chewabl e tablets conprising
compounds of fornmula I, along with pharnaceutically
the ?Cceggr%l%c utlczﬁ a%(t:et %a%%c eeng:osm arpses suc exc ents, binders, lubricants,
PhaPEC et a1y RéCept abl & ¢aryi &1 aﬂa exciprents,
tablagtieg ageds adod ﬂismraglraatseﬁ areAﬁmUﬂl@(ﬂlsétﬁh eternrt MMM AN0BIOH 28466
hPC.T/USZ 08/ 07 80g éo the te arnaceutlcall i
PhaguacaWtcalst exapiIcs Ob ucR kT 1adude suc LR P RO TP}H?I%%“& tne
cellhloky, lacasd, Stialrchl ﬁidkgialcmmgll?]lﬂgﬁlﬁhtés a?%o%ﬂ&?&h_ﬂ@tﬁ&ﬂa}ll& @Sintegrants
are typica ed in the art of for, ion Q »
such, Wﬁﬁgbﬁﬁr%é%ﬁm‘&%’i‘ﬁﬁ%wﬁg ASHEHC &&gu ﬁ{l‘g g’ior%c'ﬂ}nf] Jelubilijy; gnhancers
suclRhLcydRHeAulink, hifihglRamy olfied QGBI 6 dablﬂ%‘oulﬁ Qkd déh@ﬁl@lated Such
| actose, starch, and dical ci um phosphate,

and

matpsigly, fglg Aemethods f ugiRg et argivell Kiavgyia Htesphsrr%‘?ﬁ%lﬁw%ﬂsart Additional
examPRb Hﬂ@p%v@t[e@hn ’love qllaﬁ'lﬁ@@oﬂ o bﬁarﬁﬁwu%cai BGRp R SR, C

acid and SiQ2, and solubility enhancers such as
Phageaeirekkiessns000anong many ot her exanpl es for each

group, are contenplated. Such naterials and the

met kg d@’e@tﬂonwéﬁor?@ntﬁﬁlé}ﬁeé pharpaautigah fagpulaopshicluding vaccine
forrﬂm%ﬁ%yhnﬁﬁgtraﬁ%h to ﬁﬁitqélg '19&@clm &)’ﬁﬂJmIOﬁ" gnifth R (@(;g@\éh&i&qs) and

I n Ki bbe, Handbook of Pharnacegilca Exci pi ent
liveptoekd oweh as PHEe, pies sbedpeall h@psessompragana thi@pWaIIW@mwe@mount of a

| . .

conflip SRS AR R TS Bl L i
susenfilme t(.BSGIleW(ﬂIS@dj,e[EgS mghrpahwxﬂnn theisogleof (hdiag\genaom T@atyg)cal mode of
adn@%?rtrr)artiloh lﬁ)e &F%mus%cﬁﬁt%%(l: Sﬁaﬁ[u{’)&% nfagusqa\lﬂ;ctlolﬂ%?get g}alﬂgutﬁ% ml and
25 mbarfpxacnmtb fofmlﬂzrtromuHawévea ragl malcmtl eboveathy caopapdsabilifemula I are

desGRid b BE T o R el et i i Yog R ST Bp R foppiighed by a

sing'lmm_enﬂzit@n or Viage ey imvablatond erlmfcoﬂIEmpIdtm Nhideabinpositink ltilized in

the %Jgg\lﬂg ?r.'fa gus C%'f‘:ln%&lﬁgltol{)ﬂ? l:aélrc%c 3 %ﬁ.}o? %sp%uvz[?bgé{g %E:ceptabl% carriers. A
"vefe@hdilaadep@ble clifwe iRludeasnyl and bt a1 tsaligpesiord M&dia, co atlngs adjuvants,
conmpounds of fornula | are designed to be dosed

b&ﬁ}b‘}%&?%{@f@ﬁﬁ Qmplﬁlﬁs Fpéqserd%&yes \}s&é%l%gppté PilugAts gan 1nclude water,

salifk& QOLTRsé, %ﬁﬁﬁ’olb%[ @rol Shd'@k kd. NRESHi Adde R cAY inMude SBMET @loride,
i nocul ati ons %e contenpl at ed vacci ne conpositions

dexiypset MErIo}. Fero¥Handrise g 0T GRaRHE AHOEBiE CORPRRINET B he gFpsent
mvén‘&%h HERIAO r?;@pd?ﬁn Hﬂflc%te\‘&t ﬁﬁﬁliﬁﬁﬁlﬂlyéﬁ)%l@tgélbh%uﬁ@sr Johﬁ‘o‘ie%e arfd
"vet eri nary-acceptabl e carrier” includes any a
maamlets adiveantss Thayp fQ%ﬁétrIQY@ﬁomﬁéﬁ %pnt%@éatt@swggcmmﬁowdm@s comprising
frorﬁta@&,'t Il 'n?%/rﬁﬂto%{;&ﬂ%@o ﬁi% bpm&nt/(ﬁ?é@bﬁh@@atcéme comn osmlon.
preservatives, 1soton en S uents can i ncl ude
water, saline, dextrose, ethanol, glycerol and the
i ke. Isotonic agents can include sodium chlori de,
dextrose, mannitol, serbitol and |actose, for exanple.
Adj uvants contenpl ated by the present invention
i ncl ude, saponin, cholesterol, alum num hydroxide gel,
Freund's conpl ete and 25 i nconpl ete adjuvants. The
present invention also contenplates vaccine
fornmul ati ons conpri sing



fromabout 1 ng/m to about 2000 ng of adjuvant/dose
of the vaccine conposition. WO 2009/ 018466
WEQMPBRAO8/ 071803 11 Synthetic Chemistry CeP&r/HE2008/071803
Schenmes Section |I. The preparation of conpounds of
formula Vis outlined in Scheme 1. 5 Schene 1: R3 R3
H NH2 R50001 NYRS Br RAICH3CN Br | R40 11 11l PCy2
R3 / \ - Pd(dba)2 N~Rs t-BuOK R Me2N Phve 1Q\j] R R
S@?i‘ ; RZRNR- RRNR V 1V Section Il. The
YSrela fn%ﬁyof conpounds of fornula VI1 is outlined in
Gemgehldieherpes Scheme 2: R3 R5X, CS2 R3 H NH2 CsOH NYSR5
Br Ra TBAI, Br | R4 S 11 VI PCy2 R3 D-~i / Pd(dba)2 H
SRS t-BuOK R Me2N PhMe

Section 1. The preparation of compounds of formula V is outlined in Scheme 1.

Scheme 1:

R; Ry
NH; RsCOCI N Rs
— I
Br R4 CH5CN Br Rs
I I
PCy2 R3
O Pd(dba), -
tBuOK R g
Me,N  PhMe 1\ 3
[y TR
R4 P
X
D EU A
7NT X
RON , Vv
\Y

Section II. The preparation of compounds of formula VII is outlined in Scheme 2.

Scheme 2:

Rs RsX, CS Rs
NH 5, 2 H
2 CsOH /@[N\H/SRS
Br R4 S

TBAI, DMF  Br Ry
[ VI

PCy2 R3

Pd(dba) H
EBUOR” . /@NTSRS
S

Me,N PhMe 1
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PCT/ US2008/ 071803 12 Section Il1. The preparation of
w@oposace of fornmula I X is outlined in Scheme BCT/US2008/071803

Schenme 3: R3 (R5C0)20 R3 H NH2 base NyORS Br R4

CH2C12 Br R4A0O 11 VIII PCy2 R3 Pd(dba)2 N~ORS t-BulK

R M2NPhMe 1 N4 RI R4 1€\ NHR2Z\R/ RZNR [IX

|V Section IV The preparation of conpound of forrrul a

cheme
Secégn Elgoﬂle éol‘fﬁ),al‘atlﬁl (RENDO dé?frf%r%lgn ﬁouﬁ‘ @%Sﬂwwe C
J:  2FRN R RZN V X Section V. The preparation of

SCh%%l?r%ound of formula XI is outlined in Schene 5.

Rj R,

base 5
_ o hig
@]
Br R CH,Cl, Br Ry
[l VIII

Pd(dba), T
N. _ORs
t- BUOK R, jo(

MesN PhMe

N =X N R4
R ﬂ J
P
- N
Rf N IX

Section IV. The preparation of compound of formula X is outlined in Scheme 4.

Scheme 4:
Rs
/@: \n/ Lawesson's R /@[N TRS
reagent 1
\ N S
[ N ﬂ ~ N R4
R2 R R, N R

V X

Section V. The preparation of compound of formula XI is outlined in Scheme 5.

Scheme 5:
Rs
TORE’ Lawesson's R NTORS
\ reagent 1\ S
[ N H A N R4
R2 R R, N R’

X Xl



Schene 5: R3 HR3 HRL NyORS Lawesson's RL / NyORS N
RO reagent X4 4 RZN R RZN R I X XI WD 2009/ 018466
WEQMPBRAOE8/ 071803 13 Section VI. The prepar ae¢mOSH8/071803
conmpound of formula XIIl is outlined in Schene 6.
Schene 6: R3 R3 H NH2 R5S000I NuSR5 / Il Br R4
cH2Cl 2 Br"/ R4A0 Il XIl RP&2 R3 C/ Pd(dba)2 NuSR5
t-BuOK R/ 11II Me2N Phve 1 NRO 4 RLJHR2NR
Secgélh ihle é)r%)faratlono co%gﬂr%tolf?ormu a??ﬁllrls outlllln dr in%%ﬁg)moeu&ds 5
SchN'Lé’ 6-di nethyl -4-(2-trifluoronethyl-7,8-di hydro-5H
P11 8] napht hyri di n- 6-yl ) - phenyl ] - 3, 3- di et hyl - but yr ani d
e (11) Schene IRCNH CEt
3 R;

H
NH>  r.scocl N__-SRs
=, hig
Br R4 CH,Cl, Br R4O
I Xl
PCy,

Me,N PhMe

Pd(dba),
t+-BUOK /@: \[r
N
J
R

\
: ~C
XX NH R
[ A 2
RN - Xl
IV

Preparation of particular compounds

Synthesis of N-[2,6-dimethyl-4-(2-trifluoromethyl-7,8-dihydro-5H-
[1,6Inaphthyridin-6-yl)-phenyl]-3,3-dimethyl-butyramide (11)

Scheme I

OEt

CNH
BnN BnN | AN BnN |\
2 +
—_—
1 5

3 4

o o
CI/\)kCI HCIHN N HNM

7 Sk
5 u/ %

_ =



10

15

20

25

2 L",~BnNBnNBnN + ONo OCF3 NCF3 1345 ~ ~O

0C"'" v O HI HN+HNO M*~,, CF3 HN 7 )1: Br
W@20000I84@H3CN N 11 O NEt3, r.t. Br 10 9 CF3 V¥LT/US2008/071803

2009/ 018466 PCT/ US2008/071803 14

1- Benzyl - 4-pyrrolidin-1-yl-1,2, 3, 6-tetrahydropyridi ne

(3) A solution containingiN benzyl piperidone 1 (5g,

26.4 mmol) and pyrrolidine 2 (2.82g, 39.6 mml) in

1B AR P 2 BB Bt W0 S Then ”

cool ed and concentrated under reduced pressure. The
r esubdlitivg cohtlainiAQsN tergsiglipedonal &geldremmodirane dyrwelline 2(2.82¢g,
39.0 AR Sih t’lorfd hdz was%%at(e:g [05E dxr v%‘thegzeo'tp g%rrenrl({ev%l o(f wateli The reaction
pr ES de enam ne e nex
mixgiteyeas then cooled and concentrated under reduced pressure The resultlng oil was dissolved in

6- B |-2-trifl t hyl -5 8-1 et h 1,6
iR a1 e %G R iR il S R, B iS5
used (n30Onaxs stdp.1 nmol ) in di oxane (5 nL) was added

conpound 4(0.3 nL, 2.1 mmol), and the m xture was

6-Bshzyl-2aciflad roneohylSaEme-tatdhydroMas]na ghithyridifle G)moni um
acetate (20 ng) was then added, and the m xture was
t hZIT,o acs(())gttro {thg ;él‘(l)l&g e amrneh3 (g(?rdl]n}gé 2r1:n?r|%o :) fn dr%xane ﬁ:]mlrbgfs added
contgGlhind €RBrmalc t2eldmimbot) handdhe(:rhixﬂrr@m dianee at raoud temperature overnrght

concentrate Purificatjo ar ativye tCE %tjl
AR Tk el s B FRRE St EEpbima 5T 18 . The
reaction mixture was then cooled to room temperature, acidified with 10% HCI, extracted with
dichloromethane, and concentrated. Purification by preparative thin layer chromatography

(DCM/MeOH 5%) afforded compound 5.

2-Trifluoromethyl-5,6,7,8-tetrahydro-[1,6Jnaphthyridine (7)

To a solution of 5 (500mg, 1.7 mmol) in dichoromethane (8 ml.) was added compound 6,
3-chloro propionyl chloride (0.22 ml, 2.1 mmol) and the reaction mixture was stirred at 40 °C for 18h.
The reaction was then cooled to room temperature and concentrated. The resulting residue was dissolved
in methanol (16 ml.) and stirred at 40°C for 3h. The mixture was then cooled to room temperature and

concentrated.

N-(4-Bromo-2,6-dimethyl-phenyl)-3,3-dimethyl-butyramide (8)

3,3-dimethylbutanoyl chloride (3.37 g, 3.5 mL., 25 mmol) and triethylamine (2.53g, 3.5 mL,
25 mmol) were added to a solution of 4-bromo-2-chloro-6- (trifluoromethyl)aniline (5.0 g, 25 mmol)
in acetonitrile (30 mL). The reaction mixture was stirred at room temperature for 4 hours. Water
was added to the mixture, and the precipitate formed collected to give the title compound as a

powder (7.46 g, 100% yield).
N-[2,6-Dimethyl-4-(2-trifluoromethyl-7,8-dihydro-SH-[1,6Jnaphthyridin-6-yl)-
phenyl]-3,3-dimethyl-butyramide (11)

Bis(dibenzylidineacetone)palladium (15mg, 0.026 mmol) and (2'- dicyclohexyl
phosphanyl-biphenyl-2-yl)-dimethylamine (40 mg, 0.1 mmol) were added to dry toluene (5 mL
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2-Trifluoromethyl-5,6,7,8-tetrahydro-[1, 6] naphthyridin

e (7) 15 To a solution of 5 (500ng, 1.7 mmol) in
waelr@hotsaset hane (8 nL) was added conpound 6, BETHEWN$071803

propi onyl chloride (0.22 nL, 2.1 nmol) and the

reaction mxture was stirred at 40 C for 18h The

reaction was then cooled t1® roomtenperature and

concentrated. The resulting residue mas di ssolved in
Purgnf% ﬁlraégon(ﬁl)r %(ﬂ‘é Coolt%t | il Cl)l?érj %stns]tl Ig niboel‘ raré1 udgtéongp% minutes at room
tempan@eninlat £ghn. P&assium rert-butoxide (188 g, 71 mmol), compound 7 (191mg, 0.8

m Ni)%eg(} ?%{?}%F?JB% ﬁ&Oﬂ h?)i HH&I? %{n& %ﬂep acgdegstggl:ﬁaélongrﬂt t)(lfr;ﬁ?vl;gs%tlrred at

80025)v&ﬂrghd% Tg@ﬁa&tfolneﬁlfﬁdfeaMS Mg n(c8010B @, rodm &nm@raturé’ﬁﬂtﬁfmltﬁrough a pad

a e 0. a sol ut]on C

of sglicp gely g ryHEEhY Bre%ﬁ’i?t}VF e @%éﬂfa@r@‘s a»?frorq Gpmpound 11.
cetonitrile Th reactl n mxture tirred

N-Go ppmy T4t Hamatd %8 o fatanh e AaH0a phen-3.3

dm{en@m{itxﬁgjﬁlge and the precipi tate fornmed collected to
give the title conmpound as a 25 powder (7.46 g, 100%
yield). N
[ 2, 6- Di met hyl - 4- (2- toi fluodonet hyl - 7, 8 di hydr o- 5H
[1, 6]naphthyr|d|ﬁ§§/§m5
phenyl ] -3, 3-di net hyl - Bu
Bi s(di benzyl i di neacet one) pal | diuh]L 5ng, 0.026 mol)
and (2'- dicycl ohexyl
phosphanyl - bi phenyl - 2-yl ) -di net hyl am ne (40 ng, 0.1

: 2009/ 018466

ot B B o b AR Rk S0 mimy.

2 éwdclt)h%ylnh%phﬁ’ﬂefl Dipkenst- ny})ehimﬁbvlalame é@l dhigt 9.0 Hanmgp were added to

t t
o U g P A P9 8 A,
tertrmix)de (@5 mg dGHpount, 18- (4- z@)@qu@e dDneBtyIphenyl)-3 detigethjibmanamide (52
mo aPPELin, r‘?d %ﬁmﬁ%&%&te{“gﬁ £ 183n g b 1 1eed ﬁhglcfne (WQ/04069162)

‘overni g S the
(40 meoenl § mmpﬂ)r\aetra rthen addel taﬁxt ﬁel retabucmuglhtuae wadtibrediit 89i°Cioe@ night. The

reacgi?)}a Bri,l u1te d{% E)II[?% Iagﬁlicp % r om e%{p%}altu\fee cg&gntga%hgn%g&iesd(@y btlootage (75%

E&&h&&mﬁﬁﬁkﬂﬁ@h&hﬂdﬁ%ﬁb&%ﬁ%ﬂ%ﬂ?&ﬁﬂﬁ&hyﬂ%:%1ﬁh?i@¥ﬂ$©%&AﬁONﬁh)
- pap ridin-6(5H) - phen - - di et u L de

5 1 CRoUe 1 D1 R T Sy S Bt Bi16g par DA amL: 48 .

2H)( 67 8, 210y, 883k, sy s 1101), 8.90 (s, 1H). Synthesns of other substituted

dhgyclohexylphosphanyl bi phenyl - 2-yl) - di met hyl am n

tetrgh(d;r oplpf-nEPIh I ) were added to

Substitution at positions 2 and 3 of tetrahydro-1,6-naphthyridines can be accomplished by
the condensation of 1-benzyl-4-piperidinone with the corresponding 3-amino-enones followed by
debenzylation. (Scheme II)

Scheme I
NH,

NH4OAc
Bn’\(:\l\ . \ij 4 BnmRz
0 R N R

0] 1 1

R
H,, Pd/C Hm 2
NT R

HOAc 1
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dry toluene (1 nL purged with argon) and stirred for

15 m nutes under argon. Potassium tert-butoxide (36
Worg09018826 nmol ) , PCT/US2008/071803

N- (4- br ono- 2, 6- di net hyl phenyl ) - 3, 3- di net hyl but anam de

(52 ng, 0.17 nmol) and

3-(trifluoronethyl)-5,6,718-tetrahydro-1, 6- napht hyri di

ne (WO 04069162) (40 ng, 0.15 nmol) were then added

A S S e A S T L S
cheinizaipardiicution of pwide dérmvatives (seedclputeilfil ed by bi ot age (75%

Et hyl acetate: Hexanes) to afford the desired conmpound

as a solid. '"H NVR (DVMSO- $ihemdOi0 MHz) S 1.05 (s, 9H),

2.11 (s, 6H), 2.17 (s, 2H), 3.08 (t, J= 5.6 Hz, 2H),

3.64 (t, J=5.89 Hz, 2H), 4.48 s, 2H), 6.76Rr(s, 2H),

8.08 (s, SNBo 75 R¥9Br1H) O0iB{ @B H) . si s of
ot her su | t &d tetrahyd - naglathyrli di nes” 20
N

t et r ahy dipRi enapht hyri di nes can be aggenplTshed by
the condensati on of 1-benzyl-4-piperiditmee with the

correspondj ng_3- am no- engpes. f ol | owed by
debenzyl aﬁ i Sn. N%"Scﬂg%e,l ) TSchgme Hi PA/C NHj N1 OAC R2
BnN + Bn " N RR HOACNT WO 20Q97 D184
PCT/ US2008/ 071803 16 Al kyl & ion at the 5- orr 8-
posi tion of tetrahydro- 1,6-naphthyridines can be
: jshed by chem cal nodification of pyridine
Blog ?c?%%sliu\f}gs (See Schene I11) Schene Il R NO R Bn
RvogBr NBn ::: 4 NR Br NNH H4i MeOH H2O N ~ R = Bn

Na B ompounds of this invention formula were evaluated as potassium channel modulators by

Substituti OE %tOHposi tions 2 and 3 o#0
| k)

measuring thubidium ion release in the following assay.

Methods: PC-12 cells were grown at 37 °C and 5 % CO, in DMEM/FF12 Medium
supplemented with 10 % horse serum, 5% fetal bovine serum, 2 mM glutamine, 100 U/ml
penicillin, 100 U/mi streptomycin. They were plated in poly- D-lysine-coated 96-well cell culture
microplates at a density of 40,000 cells/well and differentiated with 100 ng/ml NGF-7s for 2-5
days. For the assay, the medium was aspirated, and the cells were washed once with (.2 ml in wash
buffer (25 mM HEPES, pH 7.4, 150 mM NaCl, 1 mM MgCl,, 0.8 mM NaH,PO., 2 mM CaCl,).
The cells were then loaded with 0.2 ml Rb" loading buffer (wash buffer plus 5.4 mM RbC1, 5 mM
glucose) and incubated at 37 °C for 2 h. Attached cells were quickly washed three times with
buffer (same as Rb* loading buffer, but containing 5.4 mM KC1 instead of RbC1) to remove
extracellular Rb*. Immediately following the wash, 0.2 ml of depolarization buffer (wash buffer
plus 15 mM KC1) with or without compounds was added to the cells to activate efflux of
potassium ion channels. After incubation for 10 min at room temperature, the supernatant was
carefully removed and collected. Cells were lysed by the addition of 0.2 ml of lysis buffer
(depolarization buffer plus 0.1 % Triton X- 100) and the cell lysates were also collected. If
collected samples were not immediately analyzed for Rb* contents by atomic absorption
spectroscopy (see below), they were stored at 4°C without any negative effects on subsequent Rb*

analysis.
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H20 H2, Pd/C - R=H HOAc NBn i) LDA NBn H2, Pd/C NH

ii) RE NQy HOAc R R 5 Biological Results Conpounds
w@Roowlised nventi on formul a were eval uated as pRPCEHES10081071803

channel nodul ators by neasuring rhubidiumion rel ease

in the foll ow ng assay. Methods: PC-12 cells were

grown at 37 Cand 5 % CO217n DVEM F12 Medi um

suppl enented with 10 %horse ser um 5% fetal bovine

SL’J/ein S ncent{act)lr%ril/ &I? %Eﬁl 1*%%6 Su rna%ga{lnqu(a egrl? lllysla{‘f':s (}%b Lys) Was
quabtifliedsising a6 OER &0 %mmtolmucﬂisbrpauﬁ ipﬂbtﬁ)mmrQAﬁmlrzaBﬁﬁlealnca

densi t f 40, 000. cel | and ffer
Varey el s orsiniegs durtied B 3Bt SRl B Pl were
prof@&tl ulowRficalls lofaihRebtite Prheds d§ da@idnSyiviedne:quasORehe@f RB* sample
anahzﬁhs Rﬁ%r anci 1%1%@%% agru%fe%n g@%lgggl%ﬁw oggéllzl;lthe s;lél%%ée was
me£8lell By WRbSHHNAT 8D SRS %I)ll'bv&ocaaloma laﬁﬁ"as ligadburee RURPRIT detector.

(wash buffer plus 5.4 nv RbCl12, gl ucgse) and
A cilifsgiipacarye spvenne thepyiee -Jme/kebria ﬁ@aple é‘llall‘émv%ﬁffér R gergryted with
eacM@ée BEMakd IBE pd RbMe 1Dk @u&a‘s QLfifcadye as Ro+ | oading

uf fer, but containing 5 KCl i nstead of RbCl) to

rermve extracel g ulg +1 [l owi ng the

wash, 0.2 m of [tjergo arh G JRgt ion buf ?ﬁk Y(zd\z/\gsh buf f er

plus 15 MM KC1) with or wit hout conmpounds was added to

th

Chgfrlll%%%ﬁllc% (]%&f f%‘é&&% g glvtglg {1)451 y s ﬁf p“'f«‘ejé%oo % where the . is
the Eféllm arth¢ preencd dfeompqad m&le@n]larlmen Elﬁffaralfbeéf thd: éfﬁux mﬂxawéduffer and

. Cells

F 1%[&16 gﬁpulx in 86 og'm]z%gg)rn bu%ﬁ\ér\g %I%egll )7 ?s aeffﬁ%)hmglgef ]?rgsencel 0(% 161p(1un6} n

depa'fatliamﬁn Kuffékﬁﬂ)e edifiect (Eb'lﬁld&ﬁhipoﬁryl&@h@&trummeelaﬂuﬁﬂhlp was plotted to

calc%ﬁl zge’-;lé df/?gpe g-r%lB%'H‘ﬁIé E?Iécgiga)tg%lgfl g%\gﬁg/ Zq;grga]txma} -(ij-ie?f}ug! "Yhe results

are SREGLHRSC Open( SEELOEEAWM - EhayT; BEEE;s,St0rmdd - a00 N, C: ECso = 100 -
Wi t hout any negative effects on subsequent Rb+

S004M1 ysi's. WO 2009/ 018466 PCT/ US2008/ 071803 17 The
concentration of Rb+ in the supernatants (Rb+sup) and
cel | lysates (Rb+Lys) vvasTg&ﬁH'ﬁ}ifi ed using an | CR8000
flame atom c absorption spectroneter (Aurora Bioned
Inc., VancouX€TIVBILOF BEXHEFPIARYICOMPOUND | ned by
t he manuf acturer One 0.05 m sarrpl es vvere processed

atr Aot i oaal l I

auLorrat o arsl y Ull lL‘;I [JI Cll CD Uf | B AN JRRS 05 B RER |

an equal vol UFEQWF' H@p sanple 5 anal ysis buffépTA%Tv
injection into an air-acetylene flane. | The appunt of

Rb+ in the sanple SH A

Becsaihl

5960

2

AT

retigabine
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nmeasured by absorption at 780 nm using a hol | ow
cathode lanp as |ight source and a PMI detector. A

W@ 200001866 on curve covering the range 0-5 ny/ LPGHUBI908/071803

sanpl e anal ysis buffer was generated with each set of
pl ates. The percent Rb+ efflux (F) was defined by F =
[ Ro+sup / (Rb+ sap + Rb+Ly8)] X 100 % 10 The effect
(E) of a conpound was defined by: E= [(F,-Fb)/(FS Fb)]
0. %.where the FF is the efflux in the presence of

Wh%.(t iél ((:]lalme

con‘poungiin depol ari zation buffer, Fb is the efflux in
basal buffer, and FS is the efflux in depolarization

. bufA esmpoandloHoimgule he ef fl ux in the presence of

conpound in depol arization buffer. The effect (E) and
conpound concentration rel atignship was plotted to 15
cal cul ate an EC50 val ue, a canpofjnd’ snhgconcentration
for 50% of maxi mal, Ro+ ef f x> fesulBs are shown
bel ow. Legend: A 0 = 1 M _505nM B: EC50 = 50 nM
- 100 nM C ECﬁOf 190 -N50&F nMRTABLE 1 ACTIVITY OF
EXEMPLARY COVPOUNDx ND ACTIVITY A ~ N~ N 6/
FSCNNr 0,,,,, C W N&RF / retigabine WO

2009/ 018466 PCT/ US2008/ 071803 18 What is clainmed: 1.
A conpound of formula I R3 H Ny(Y)g-, R R2 5 21 ~~
NI ZR4 O

where W and Z are, independently, CH or N; Y is CH,, O or NH;

where R; and R, are, independently, H, halogen, CH,F, CHF,, CF;, CF,CF;, C;-Cg alkyl,
C(=0)C;-Cs alkyl, CH,C(=0)Ci-Cs alkyl, NH-C;-Cg alkyl, NHC(=0)C;-Cs alkyl,
C(=0)N(CHzs),, C(=0)N(EL),, C(=0)NH-C;-Cs alkyl, C(=0)OC;-Cs alkyl, OC(=0)C;-Cs
alkyl, OC;-Cg alkyl, SC;-Cs alkyl, Cs-Cg cycloalkyl, (CHz)mCs-C cycloalkyl, Cs-Cs
cycloalkenyl, (CH2)mCs-Cs cycloalkenyl, Co-Cs alkenyl, C»-Cs alkynyl, Ari, (CH2)mAr,
phenyl, pyridyl, pyrrolyl, (CHs)mimidazolyl, (CHa)mpyrazyl, furyl, thienyl, (CH»)moxazolyl,
(CHy)pisoxazolyl, (CHy)ythiazolyl, (CHy)misothiazolyl, (CHy)yphenyl, (CH,)pyrrolyl,
(CHy)wpyridyl, or (CH,)mpyrimidyl, which cycloalkyl and said cycloalkenyl groups
optionally contain one or two heteroatoms selected independently from O, N, and S, and
which alkyl, cycloalkyl, cycloalkenyl, alkenyl, alkynyl, imidazolyl, pyrazyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, phenyl, pyrrolyl, pyridyl, or pyrimidyl groups are
optionally substituted with one or two groups selected, independently, from OH, halogen,

cyano, methyl, ethyl, or trifluoromethyl, where m is zero, 1, or 2;

or R; and R», together with the ring carbon atoms to which they are attached, form a 5- or 6-
member fused ring, which ring may be saturated, unsaturated, or aromatic, which optionally
contains one or two heteroatoms selected independently from O, N, and S, and which is

optionally substituted with halogen, CI3, or Ci-Cs alkyl;
R'is H, halogen, CF3, or C;-Cs alkyl;

R; and Ry are, independently, H, NH,, (C;-C; alkyl)NH, CN, halogen, CFs;, OCF;, OC;-Cs
alkyl, or C;-C;s alkyl, all said C;-C; alkyl groups and said C;-Cs alkyl groups optionally
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\NI 5 where Wand Z are, independently, CHor N Y
is CH2, 0 or NH where RL and R2, are, independently,

woRoobalsagen, CHZF, CHF2, CF3, CF2CF3, O -C6 al Rgl/pS2008/071803

3.

4,

C(=0 C1-C6 al kyl, CHzC(=0O) Cl1-C6 al kyl, NH Cl1-C6 al kyl,
NHC(=0) C1-C6 al kyl, C(=O N(CH3)2, C(=O N(Et) 2,

C(=O NH C1-C6 al kyl, C(=019C1l-C6 al kyl, OC(=0) Cl-C6

al kyl, OC1-C6 aIkyI SC1-C6 al kyl, C3-C6 cycl oal kyl,

(Cﬁﬂ% ?}@ dé.gl Cyné:lo(r) avil%%r )Hs’gé%f%dcél%ec gen%alfk Y)é‘ehalogen C;-Cs alkyl,

al logmyd; all&n | or uffd2gmediyl, phenyl , pyrl dyI , pyrrolyl,
(CH2) m m dazolyl, (CH2)nmpyrazyl, furyl, thienyl,
(CH2) m> @zol yl, (CH2) m soxazolyl, (CH2)nthiazolyl,
(CP) m’S6t hi azol yI, (CH2) mphenyl, (CH2) npyrrol yl,
(CH2) yridyl, or (CH2)nmpyrim dyI whi ch cycl oal kyI
an dissaCdCc%ﬂml d@HR@m&}:i quy@l@p]kyl @i&hﬂéﬂlszC@@ﬁbalﬂml one

anddlgblg%gﬁdf?%v\ﬁl ch a’I téﬁ yflﬁ%gggg@}t Cyc(F ! kency valkyl,

al K@H&)wCsaCkgzynyohl,keﬂymthQ(d{&DwCsﬂy naﬂgdﬂgenyix@zﬁd gllke,nyl Cz Cs alkynyl,

L T

sulpstid$lutneyd, th\ﬂeii)h pmel}mroxﬁml ghiaxdg, @&in&m@yl wherein said C;-Cs alkyl

et 1D Rl POl PO G sy S ofalgengand wher

\%II:] SB% c?d]@hll&Zandtdygei]ktﬁl&l ng)l]EﬂQ ateloptidrang subét[tﬁt@c[lwﬁlﬁ Gfor o groups
ich t ar ttac orma 5- 0

f uselgered: H‘é égn%ogﬁ% CERCUPATET; mEFﬁ‘éla‘i @Ba}r ed,

Or tAMQASHdIG; m;hs IQ}IEr ,n@RA, ihiflo g OSH Aty AME pRirmhdMtically

het er oat ons sel ecte |ndependently fromO, N, and S,

and<sthieblk sals thegioti onal |y substituted with hal ogen,

CF3, or d-C3 alkyl; R is H halogen, CF3, or d-C3

al kyl; R3 and R4 are, independently, H NH2, (Cl-C3

al ke Miopouallof Biain® g éRich GRiconfPendd of@dmBIA 25 al kyl, or

Cl-C3 alkyl, all said Cl1-C3 al kyl groups and said

Cl-C6 al kyl groups optionally ﬁo 2009/ 018466

PCT/ US2008/ 071803 19 substi t utjéd Hﬁth one or two

groups sel ect ed, |ndependentl , hal ogen,

C1-C3 al kyl, OC1- Cﬁ aIkyI |f| oronethyl

g=lor0; R5 is O - R, » C3- C6 cycloalkyl,

(CHRG),,,CHZCS C6 c 5 CH2(CHR6),,, C3-C6

cycl oal kyl , NCB yBIoaIkyI -C3-C6

cycloalkyl, (CHR6),,,C5 C6 cycloalkenyl

CH2(CHRG) , ,, C5-C6 cycloalkeqyl C2- C6 alkenyl, C2- C6

al kynyl, Arl, (CHR6),,,Arl, (CHRG)"ArI, or

(CHRG),,,CH2Arl, where w = O - 3, Arl is phenyl,

The compound of claim 1 which is a compound of formula IB.
&/E T
\UCJ it

IB

The compound of claim 2, where W and Z are CH and R' is halogen, C;-Cs alkyl, or H.
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pyridyl, furyl, thienyl, pyrrolyl, oxazolyl,

thiazolyl, or imdazolyl, wherein said Cl-C6 al kyl
WQr@ap18466 opt i onal | y substituted w th hydroxy, PeEUNING(071803

met hyl t hi o, or hal ogen, and where 10 said cycl oal kyl

and cycl oal kenyl groups are optionally substituted

W th one or two groups sebected, independently, from

OH, hal ogen, cyano nethoxy, nEthyI, et hyl, or

trifluoronethy t byl al og
5. e ABOIR DY R W9 TSP BLROETC, B or 1
t hereof. 15 2. The conpound of claim1l which is a
6. C orﬁ:houmdp@ﬁldﬁ)ﬁdmim A whare WRand K ardpeREN RAd Rl iRdal@@en~{- @2y, or H.
A 3. The compound of claim1l which is a

PO et G B £t o

and are CHand R is haLo% Cl-C3 aIk |, or
8. 20@%@9@&%@’@1@@5%0@3!@%}8 37 i snd R @@ﬁﬁb@mﬂ?z élkyl or H.
claim3, where Wand Z are CH and R is hal ogen, Ci1-C3

9. al kBﬂe,cofﬁﬁodﬂd oﬁelaﬂih§ WHRAPWUOS, 2fs CliadnMR2is h‘ﬁﬁ@érﬁ C\{X@ﬁﬁkylzor H.
are both N and R is hal ogen, CI- xR al kyl, or H.

co un f cI 3 where Wand Z are both N, and
0.7 eﬁhg Egpwgﬁ?défl rﬁk%q and Rq agq, indepengqndly. st Aringf
amifib1BédY1 2methb8), @ifldbiotndyl, ZriMofot, and R i's hal ogen,
Cl-C3 alkyl, or H 5 9 The conpound of claim 3, mhere

11 .W ITche Iélomgouln og_ialm 9 here ﬁgsang% afe, 1ndependec%y,arllé(tgyl ammo

aminomethyl, methoxy, trifluoromethyl, or chloro.

12. The compound of claim 10, where R; and Ry are, independently chloro, trifluoromethyl,
methoxy, or methyl, Rs is Cs-Cs alkyl, (CHRg)CH»C3-Cg cycloalkyl, or CHy(CHRg)C3-Ce
cycloalkyl, said Cs-Cs alkyl group optionally substituted methoxy or halogen, and said cycloalkyl
groups optionally substituted with one or two groups selected, independently, from OH, halogen,

cyano, methoxy, methyl, ethyl, or trifluoromethyl.

13. The compound of claim 11, where Rs and R4 are, independently chloro, trifluoromethyl,
methoxy, or methyl, and Rs is Cs-Cg alkyl, (CHR)CHC3-Cy cycloalkyl, or CHy(CHRg)C5-Cg
cycloalkyl, said Cs-Cs alkyl group optionally substituted methoxy or halogen, and said cycloalkyl
groups optionally substituted with one or two groups selected, independently, from OH, halogen,

cyano, methoxy, methyl, ethyl, or trifluoromethyl.

14, The compound of claim 12, where R3 and Ry are, independently chloro, trifluoromethyl, or
methyl, and Rs is Cs-Cs alkyl, (CHRg)wCH2Cs-Cs cycloalkyl, or CH2(CHRg)wC3-Cs cycloalkyl, said
Cs-Cs alkyl group optionally substituted methoxy or halogen, and said cycloalkyl groups optionally
substituted with one or two groups selected, independently, from OH, halogen, cyano, methoxy,

methyl, ethyl, or trifluoromethyl.

15. The compound of claim 13, where R; is H, halogen, CH,F, CHE,, CF;, CF2CF;, C;-Cs alkyl,
C(=0)C;-Cg alkyl.
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10. The compound of claim4, where R3 and R4 are,
i ndependently, nethyl, am no, am nonethyl, nethoxy,
wao eioblosasonmet hyl , or chloro. 11. The conmpound BPET/TE20081071803
5, where R3 and R4 are, independently, nethyl, am no,
am nonet hyl , methoxy, trifluoronmethyl, or chloro. 10
12. The conpound of clai m10, where R3 and R4 are,
i ndependently chloro, trifluoronethyl, nethoxy, or

16. 0y oMb s R{font 3 TRt P s RO AT OIS P A oo

C@ﬂb@y@aggmup optlonally substi tuted net hoxy or hal ogen,
and said cycl oal kyl groups optionally substituted

17. V(;_'Tﬂtﬁgpr?la(%rndt ngalgnggé'l Q’V elieeli ﬂ%%lkl)z/] or %%]?@ﬁg &F 6 cycﬁna]kyl
wmﬂww&iMMﬂdnmﬂmymmni5rﬁﬁmo%he conpound of cIa|n111
where R3 and R4 are, independently chloro,

18.tr 'Tfhle ‘é&ﬁ.@ﬁg 'Z'>¥ ’Ll?l&i_gf?&%?%yfi 1§’¢ i %}g?'l or C‘?P&}ﬁé)wbs &R5ctiky,

wmﬁwﬂécHRBFMBGJ@ﬁﬂnmymhmamkwl said Cb- C6 al kyl group
optionally substituted nethoxy or hal ogen, and said
cyc I t

19, C i E i nd OF QRS PRI B8 hy KRS bl (i 40 8t o

2-c ﬁyanmﬂeﬁﬁthoxy nethyl, ethyI or trifluoronethyl. 20
14. The conpound of claim 12, where R3 and R4 are,

in Lid | t

20. delﬁlg%%ﬁ%gth%rﬁlgl}n?{ 83R§ mﬂg&%gcyc F:lll nH‘R Ifkyltreopeglﬂqor

2-cycihecHiRgly]. | | C3- C6 cycloalkyl, said C5-C6 aIkyI group
optionally substi t ut ed nmet hoxy or hal ogen, and said

1Cy01*h9%1|ﬁ¥$un9 OPHIRS RRWHERA Y F oSUPSLid 0§ oMt h one or
two groups sel ected, |ndependently, from OH, hal ogen,
cyano, nethox neth ethyl, or trifluoronethyl. 25

22.15 Thyisempeiid @ fﬁlalnbif-o & 5terﬁl1% oy and: if 8 quF. hal ogen,
CH2F, CHF2, CF3, CF2CF3, d-C6 alkyl, C(=O0d-C6

23.al kykompen@ONRHUQLEABG: BOTH USROARE B71803 21 16. The
conpound of claim 14, where RlL is H, hal ogen, CHZF
CHF2, CF3, CF2CF3, Cl1-C6 alkyl, C(=0d-C6 alkyl. 17.
The conpound of claim 15, where R5 is C5-C6 al kyl or
CH2(CHRG),,, C3-C6 cycloal kyl, where w=1 and R6 is
H, nethyl,| orynmethoxy. 5 18. The donpound of claim 16,
where R54 kyl or C}Q( N

r_cycl oal kil relw =1 ,~a§?ﬂ§$, or
0X . “The conpoung Of cNai ™ 17, where R3 and R4
\EE%E;;Eh met hyl , and Ré\E;;L;;ﬁentyl or 2-cycl ohexyl
ethyl. 20. The conpound of claim 18, where R3 and R4

are both nethyl, and R5 is neopentyl or

N F3C
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10 2-cycl ohexyl ethyl. 21. The conpound of claim19,
where Rl is For CF3, and R is Hor F. 22. The
w@oposace of claim 20, where Rl is F or CF3, aPdI/B2008071803
Hor F. 23. A conpound selected fromthe group
consistingof: HH FI OF\ I I O NNNNI15 NN H
N F\ I NOOI N~ F3C2N W 2009/ 018466
PCT/ US2008/ 071803 22 HH NN NNOF3SCN O FCN
SsN HH~~ VI NOI NO"'" I%NI%NN FNFNHH
~ \ I NLQOK NONN 5FNFJN 2

conposi ti |n}orrp i SI a pharnmaceu Mpt abl e
(

c N |@ast onmcaqf ) a
mti cally effective|a unf) of a conpound of
F.dorvul™>1; ii) a N

H H
K TR
O] X O]
N

H H
K TR
O] X O]
N

| T NT N
—
F N F N
24, A composition comprising a pharmaceutically acceptable carrier and at least one of the

following: i) a pharmaceutically effective amount of a compound of formula I; ii) a
pharmaceutically acceptable salt of a compound of formula I; iii) a pharmaceutically acceptable

ester of a compound of formula [; iv) a pharmaceutically solvate of a compound of formula L.

25. The composition of claim 24, in which the pharmaceutically acceptable carrier is

microcrystalline cellulose.

26. A method of preventing or treating a disease or disorder which is affected by activation of
voltage-gated potassium channels, comprising administering to a patient in need thereof a
therapeutically effective amount of a compound of formula I according to claim 1 or a

pharmaceutically acceptable salt, solvate, or ester thereof.
217. The method of claim 26, wherein the disease or disorder is a seizure disorder.

28. The method of claim 27, wherein the compound of formula I is a compound of formula IA.



pharmaceutically acceptable salt of a conpound of

formula I; iii) a pharmaceutically acceptable ester
w@Roogotsampound of fornula I; iv) a pharnmaceut i BEl/U§2008/071803
sol vate of a conpound of fornmula I. 10 25. The

conposition of claim24, in which the pharmaceutically
acceptable carrier is megocrystalline cellul ose. 26.
A met hod of preventing or treati ng a di sease or

rde aff ect
29 V0| c éllef:thé)\g?e H 11 ?6 S%,I]ierlj:%ﬁ tc% npe un{i oiy f%rmt%a I s salected from the group

consistingnifst eri ng to a patient in need ther eof a
therapeuti cally effective amount of a conpound of

formula | jaccording to claim1 or ja 15
phar mcm acceptabl e salt, Jiwat r ester
thereof 27 T e hod of cl ai ny 26 Mgﬁafﬁ t he
& der isF ' NZLK; r&er. 28. The

od of cI aim 27, whem conpound of fornula I
|$I a Conpound of forml a NA 2009/ 018466
PCT/ US2008/ 071803 23 29. The nethod of clai m 26,
wherein the conmpound of formula | is selected fro

mthe
group consistingof: HH FI1 OFJ~1 O NNNNNN
HaNNF\IONNSFSCNHHN N XIJIX NF3C N\ |
FCNsN HKr~NHY N O I %)NfN FNFN
10 m
F SN N @)
P
5 N F30
H
7 N NN © FC N o
< P
FsC N N
N N
=
T T
AN
N N N
L0
F N
10
N N
=
T T
AN
N N N
P
F N
30. The method of any of claims 27-29, wherein the therapeutically effective amount is from

approximately 300 mg to approximately 2000 mg per day.
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HH\~ NY\ I NI o~ =N- o0=N 30. N F F The
nmet hod of any of clains 27-29, wherein the
W@ b@papsaed i cal |y effective anount is from apprPXi/nsi0e$/¢71803
300 ng to approximately 2000 ng per day. WO
2009/ 018466 PCT/ US2008/071803 24 31. A nethod of
i ncreasi ng the channel open probability of KCNQR/3
channels in a nannal conprising causi ng exposure of
amﬁu%n F&log hF 1gcrg%s He C an?e%en rﬁﬂ%a%ﬁlt%cft I&&LIQ?/?: cﬂ% 0 Glngmammal
con@iiis@g t&sink Iaemﬁmfe of KENQ'EVB&hmBIeh;GﬁJ a afam@ladionn 3dijvityeahacing amount

t he conp f formula | is ac und of formula IA
of keSS PSR 1or Sk e g FPERE "M cur ronts o
manmal conprising adm nistering to sald manmal an
32. ef flde tmed®darfiolaint 3 bfwhareang@ompodnddf fHomuial @ alcdmpeund of formula IA.
salt, solvate, or ester thereof 34. A tablet for ora
dosj C
33. c ar‘% ?lgtrh&g %ﬁ#ré&s{nﬁ% nglbtg?ag)%a %%{X%ﬂ% C%g@hgg ?drrtumlsterlng to said
mmﬂm@hm@ﬂbﬂhaam@nmaﬂadompmﬁnDﬁﬁkmuhAAmwaamsaMVmesmbwanmxaﬁ
ester thereof. 10 35. The tablet of claim 34,
fur
344 é& %ﬁ% E’Q%F Jti(ﬁs ;@%ER%HR%A ﬁl?a?ﬁlacg}lgc?}]l%/ I&% t&ﬁ? ﬁgl%roﬁcnﬁl_ from
qmﬁahh@ﬂy@OOEhapwmﬁmmﬂmﬁ@}mgnfahnmtabﬂ@ﬂbnmﬂmh%mab%bSONMeor
esterﬁlereofpharnaceutlcal syrup for pediatric use,
onpri'sing from approximately 100 to approxi mately
700 ng per dose of a compound of formula IA or a salt,
35. sol'Nhattablet of claigt B, further eoofprising a lubricant.

36. The tablet of claim 34, further comprising a disintegrant.
37. The tablet of claim 34, wherein the tablet is chewable.

38. A pharmaceutical syrup for pediatric use, comprising from approximately 100 to

approximately 700 mg per dose of a compound of formula IA or a salt, solvate, or ester thereof.



