WO 2009/ 018466PCT/ US2008/ 071803 NAPHTHYRI DI NE DERI VATI VES AS POTASSI UM
CHANNEL MODULATORS Field of the Invention 5This invention concerns novel
conmpounds that nodul ate potassi um channels. The conpounds are useful for

t he treatwemooemshepr eventi on of di seases and di sor der sowisedvsarsozaf f ect ed
by activities of potassiumion channels. One such condition is seizure

di sorders. Background of the Invention 10Reti gabi ne

(N-[ 2-am no-4- (4-fl uorobenzyl am no) phenyl ] carbam ¢ acid, ethyl ester]
(United States Patent No. 5,384,330) has been found to be an effective
treatnment of seizure diso s M et al., Epilepsy
Research 1999, 34, 1- 41, ggfﬁl%%%ﬁ%fib%kvﬁ%géﬁgnd to be useful in
treating pain, includi ng neur opa arn ac urn-Minro and Jensen, Eur.
J. Phannacol . 2003, 460, 109-116; chenden A.D. et al., Expert Opin.Ther.
Pat ent s 2004 14(4) 15A form of epil epsy known as "benign famlial neonatal
convul si didd ofthe ygrfipnassoci ated with nutations in the KCNQ/ 3 channel s.
Biervert, C et aL"SC| ence 1998, 27, 403-06; Singh, N A et al , Nat Cenet
1998, 518, 25-28; m@mamh uﬁ}tqrncﬁiovﬁkorab@u,ndd\iait modeine o888 chifhels5Br55, Rogawski ,

Trends in_Nenr sc e pI3-398. SQubsequent L nves tigations have
S5tabl i SHRUPTRIY PHGT B Frapyes el Gr it A5ne MCRPOHE ShEhge koD 3
channel , d’ﬁﬁéc{tdﬂﬁﬁi(ieﬂm&spr(ﬁimﬁﬂn,iod\dhhnnﬁ’hmaﬁmcxm(ﬂﬂtﬁﬂs sBBrbBLr&00; 10Main, M.
et aL, I\/bL Phanneol 2000, 58, 253-62. Retigabine has been shown to

i ncr ease Badleerow aimeaptioh t he channel s at the resting nenbrane potenti al
and to bind the actlvatl on gate of the KCNQ 2/3 channel. Wntke, T.V.

etal .30 Mot. Pizwgem&@d p AP (Muol&ﬂ%yﬂa%%,}phw;damma gasaehysaRrhi stication

of research in th reti s al so been shown to increase

neur onal W‘Eﬂrsﬁaé‘ﬁt%ma‘ﬁﬁ’ tgég"i ﬁ@?@éé’%ﬁl’tfﬁgﬁé heretediye ReyreBb abicizitey of KCNQ

2/ 3 channgbsiers Dﬁihﬁl’&%m Ij?alerarﬂdcta Mepsﬂi&ear&lﬁ@% 22 %Mﬁ R@@éﬁBfﬁ@Eﬂs also ¥Qh- 6,
(2003) 549, 57-63.

2005, 853 % TatL% L. and Bro ﬁ?y?

The recogdhifiuhy %t ”lr"éil?aé‘%i’%‘é1%?‘15‘5[9‘&‘%%’%?9}?%%%5 & MB%F&P%’(IS?SB%%” pr onpt ed
numer ous JsEAfGRes2d0or460t lner | poviasstsmahannel g dphatier. P.efongeoapounds
with various structural features in common with retigabine.

15 A form of epilepsy known as "benign familial neonatal convulsions” has been associated with
mutations in the KCNQ2/3 channels. Biervert, C. et al,, Science 1998, 27, 403-06; Singh, N.A. et al, Nat.
Genet, 1998, 18, 25.29; Charlier, C. et al., Naz. Gener. 1998, 18, 53-35, Rogawski, Trends in
Neurosciences 2000, 23, 393-398. Subsequent mvestigations have established that the primary site of
retigabine action is the KCNQ2/3 channel. Wickenden, A, ef al, Mol Pharmacol. 2000, 58,591-600;

20 Main, M. et al., Mol Pharmcel. 2000, 58, 253-62. Retigabine has been shown to increase the
conductance of the channels at the resting membrane potential and to bind the activation gate of the
KON} 2/3 channel. Wuattke, TV, ez al., Mol Pharmacol 2005, 67, 1008-1017. With increased
sophistication of research in this area, retigabine has also been shown to increase neuronal M currents
and to increase the channel open probability of KCNGQ 2/3 channels. Delmas, P, and Brown, DA, Nat.
Revs Neurosct., vol. 6, 2005, 850-02; Tawmlian, 1. and Brown, D.A., J. Physiol., (2003) 549, 57-63.
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The recognition of retigabine as a potassium channel modulator has prompted numerous
searches for other potassiom channel modulators among compounds with various structural

features in common with retigabine.



| a Sunmary In a first aspect;
H b5where Wand Z are,

C2- C6 aIkynyI Ari, phenyl, pyrldyl, pyrrolyl, (CH2) nPYrazYl, furyl,
(CH2)xazqhyhmt@@k@ﬁﬁ&ﬁg@xﬁmﬂhybmeKEﬁBﬁMﬂMMIazoIyI,

and R2, are,
C(=0) C1- Ceal kyl ,
C(=0)N(CH3)2,
oC(=0) G -
cycl oal kyl ,

t hi enyl

(CH2), "

pyrazyl,
pyridyl,

isothiazolyl, (CH2),,, phenyl, (CH2),,,pyrrolyl, (CH2)naPYridyl,
(CHALPyri m dyl ,
contain one or two- hateroatons sel ected
15whi ch al kyl, cycl oal kyl, cycl oal kenyj-
oxazol yl, isoxazonIRZthlazonazi
or pyrim dyl grougf a%e ptNon
groups sel ected, independen ‘
trifluoronethyl,

whi ch cycl oal kyl and said cycl oal kenyl groups optional

‘there is provided a conpound of formula | R3
i ndependently, CHor N, Yis CH2, 0 or NH, where R

i ndependently, H, hal ogen, CH2F, CHR2, CF2Cl-cs, Cl1-C6 al kyl,
CH2Q=0) C1- C6 al kyl, NHyC1l-C6 al kyl, NHC(=0)C1-C, al kyl,
C(=0)N(Et)2, C(.0)NE-CI-C6 al kyl, C(=0)0d - C6al kyl,

C6 al kyl, OCa-Q al kyl, SC-05 al kyl, C3-C6 cycloal kyl, (CH2)"

, C3- C6
C§ug§m;00ycloalkenyl (CH2). C3-C6 cycl oal kenyl, C2-Cs al kenyl,

or
Iy

3ndé%penggntly from0O, N, and S, and
yI“al kynyl , i m dazolyl,
/,iso hlazolyl phenyl, pyrrolyl,
Rsubstituted with one or two
0\ OH, hal ogen, cyano, nethyl, ethyl,
where mis zer% ,ROor 2; Or Rl and R2, together with the

or

ring carbon atons to which they are attached, hima 5- or 6- 20nenber fused
whi ch ring may be saturat ed, unsa&urated, or aromatic, which
optionally contains one or two heteroatons sel ected i ndependently from O,
N, and S. and which is optionally substituted with hal ogen, CF3, or Cl-C3

Ris H Wedrolend ZErR3indapendErd 08 FapRRY is CHa, O or NH;

ring,

al kyl ;

10

15

where R; and Ry, are, independently, H, halogen, CHyF, CHE,, CFs, CFCFs, C)-Cy alkyl,
C(=0)Cy-Cg alkyl, CHaC(=0)C,-Cs alkyl, NH-C,-Cy alkyl, NHC(=0)C;-Cq alkyl,
C(=0)N(CHs), C=O)N(EL):, C(=0)NH-Ci-Cs alkyl, C=0)0C;-Cealkyl, OC(=0)C-Ce
alkyl, 0C,-Ce aliyl, SCi-Cs alkyl, Cs-Cs cycloalicyl, (CHa)nCs-Cs cycloalkyl, Cs-Ce

cyclo alkenyl, (CHy)nCs-Ce cycloalkenyl, Co-Ce alkenyl, Co-Cs alkynyl, Ary, (CHo)mAT1,
phenyl, pyridyl, pyrrolyl, (CHa)pimidazolyl, (CHy)wpyrazyl, furyl, thienyl, (CHv)moxazolyL
(CHa)misoxazolyl, (CHa)mthiazolyl, (CH)pisothiazolyl, (CHa)nphenyl, (CHe)apyrrolyl,
(CH)upyrid v, or (CHy)ypyrimidyl, which cycloalkyl and said cycioatkenyl groups
optionally contain one or two heteroatoms selected independentty from O, N, and §, and
which afkcyl, cycloalkyl, cycloalkenyl, alkenyl, alkynyl, irnidazolyl, pyrazyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, phenyl, pyrrolyl pyridyl, or pyrimidyl groups are
optionally substitated with o€ or tWa groups selected, independently, from OH, balogen,

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

or R, and Ry, together with the ring carbon atoms fo which they are attached, form a 5- or 6-
member fused ring, which ring may be saturated, unsatorated, or aromatic, which optionally
comntains one or two heteroatoms selected independently from O, N, and S, and which is
optionally substituted with halogen, CFs, or C;-Cs alkyl;

R'is H, halogen, s, or C-Cs alkyl,

R, and R, are, independently, H, NHa, (C-Cs alkyl)NH, CN, bhalogen, CFa, OCF;, 0C;-Cy

alkyl, or C1-Cs alkyl, all said C;-C; alkyl groups and said C;-Cg alkyl groups optionally



| b substituted with one or two groups sel ected, independently, from OH,
hal ogen, Cl1-C3 al kyl, 0C1-C3 alkyl, or trifluoronethyl; g =1 or 0; R5 15
Cl-05 al kyl, (CHER 6),,C3-C6 cycloal kyl, (CHR6), CH2C3-C6 cycl oal kyl

S5CH2( CHRC3- C6 cycloal I cyl, CR=CH C3-Coy;cycl oal kyl, CH=CR6- C3-C6 cycl oal kyl,
(CHR6) vC5- C6 cycl oal kenyl , CH2( CHR6) wC5- C6 cycl oal kenyl, C2-C6 al kenyl
C2-C6 al kynyl , (CHRo) VAri, CH2(CHRG).Arl, or (CHRCH2A.rl, where w = 0 -
3, Ari is phenyl, pyridyl, furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
or im dazol ylghWhien i o8ddrdwloi sabdayd, i@ Euilentis, fRRt OBNaldoyn, sUbs bikiiut ed

wi th hydroxy, nethoxy, nethylthio, or hal ogen, and where 10said cycl oal kyl
- and cycl oal ké?{gztc@]ké}ﬁﬁ%mﬁll@m@ﬁ?ﬁbnal |y substituted with one or two groups
sel ected, independently, from OH hal ogen, cyano net hoxy, nethyl, ethyl, or
trifluoromethyod®6 i s hydrogen, nethyl, halogen, or nethoxy; and
pharmaceutical l'y acceptable salts thereof - In a second aspect, there is

provi ded a coupound 56! Reke L EOMIROIaHe; SISl S BgaRh: | ©
5 CHy(CHR ) C5-Ce cycloalkyl, CRg=CH-C5-Cs cycloalkyl, CH=CR,-Cs-Cs cyeloalkyl,

(CHR4)wCs-Cy cycloalienyl, CH2(CHRg}wCs-Cg cycloalikenyl, Co-Ce a}kcﬁyl, Co-Cs adkynyl,
Ay, (CHRg)wAry, CHa(CHRe)wAT:, of (CHRg)WCHp AT, where w = 0 — 3, Ar, is phenyl,
pyridyl, furyl, thienyl, pyrrolyl, exazolyl, thiazolyl, or imidazolyl, wherein said C,-Cg alky!
group is optionally substituted with hydroxy, methoxy, methylthio, or halogen, and where

10 said cycloalicyl and cycloalkeny! groups are optionally substimted with one or two groups
selected, independently, from O halogen, cyano, methoxy, methyl, ethvl, or
trifluoromethyl; Rg is hydrogen, methyl, halogen, or methoxy; and pharmaceutically

acceptable saits thereof.

In a second aspect, there is provided a compound selected from the group

consisting of:

N
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-In a third aspect, there is provided a conposition conprising a
pharmaceutical ly acceptable carrier and at |east one of the following: i) a

- pharmaceutically effective anmount of cconpound of formula I; ii) a
pharmaceutically acceptable salt of a'Conpound of formula I, iii) . a
pharmaceutically acceptable ester of a conpound of formula I; iv) a
phar maceutically sol vate of a conpound of formula I. In a fourth

aspect, there is provided the use of a therapeuti y effectlve anount of
a conpound of forrmula I above or a pharm |1y acceptabl e
salt, solvate, or esterlt itn the of @. edi cament for
preventing or tr€&a aNi Sease or di sgr i is affected by
activation of velt e gat ed pot assiumc ) ‘In a fifth aspect,
there is proﬁﬁbed*the use of a conpound of formula | or a salt, solvate, or
a ester thereof in the manufacture of a nedi canent for .increasing the
channel open probability of KCNQ@/3 channels in a mammal . Id In a
si xth aspect, there is provided the use of a conpound of fornula | A or a
salt, solvate, or ester thereof in the manufacture df a; medi canent for

i ncreasing neuronal Mc a manmal . aspect,

dr al dosing conpris ngla arimaceutical ly
accept abl e car rier and $from ébprOX|nater oNappy oxi mately 700 ng of a
conmpound of fo]nqla [IA or a salt, solvate, ok er thereof In an

is provided a pharmicedical syrup for pediatric use,
conpri si ng fronlapprOX|nater 100 to approximately 700 ng per dose of a
conpound of formula IA or a salt, solvate, or ester thereof Brief
Description In one enbodi nent, this di scl osure provi des a conmpound of
formula R3 H(Y)qg--,S5 ZFly mhere Wand Z are, indepepde tIy, CHor N Yis

CH2, O or NH, 5where R1 :ndlﬁ%ﬁ\%&e |ndependently ﬁ%@gﬁﬂ CH2F, CHF2,
94!

CF3, CF2CF3, Ci1-C6 al ky -

~
= | Nﬂ)‘\) _ F N/.

In a third aspect, there is provided 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; if} a pharmaceutically acceptable salt of a compound of
formula T; iii) a pharmaceutically acceptable ester of a compound of formula [; iv) a

pharmaceutically solvate of a compound of formula 1.

In a fourth aspect, there is provided the use of a therapeutically effective amount
of a compound of formula I as defined above or a pharmaceutically acceptable salt,
solvate, or ester thereof in the manufacture of a medicament for preventing or treating a

disease or disorder which is affected by activation of voltage-gated potassium channels.

In a fifth aspect, there is provided the use of 2 compound of formula | or a salt,
solvate, or a ester thereof in the manufacture of a medicament for increasing the channel

open probability of KCNQ2/3 channels in a mammal.



C(=0)Q C6 al kyl, CH2C(=0)Q C6 al kyl, NH C1-C6 al kyl, NHC(=0)Q C6 al kyl,
C(=0) N(CH3) 2, C(=0)N(B02, Q=0)NH C1-C6 al kyl, C(=0)0Q C6 al kyl, OC(=0)Q Cb6
aflcyl, 00-C6 al kyl, SQ C6 al kyl, C3-C6 Cycloal kyl, (CH2)nmC3-C6 cycl oal kyl,
C3-C6, cycl oal I cenyl, (CH2).C3-C6 cycl oggkenyl, C2-C6 al kenyl, C2-C6

al kynyl, An, (CH2)n, Ari, phenyl, pyridyl, pyrrolyl, (CH2) 10m m dazolyl,
(CH2) mpyrazyl, furyl, thienyl, (Cl-12).oxazolyl, (CH2) m soxazolyl,
(C1-12),,,thiazol ytha si@z@d&)ectﬂﬂi:rs atpRivalizothy bise C(f @Cﬁ)lpom@difémla L@M}aﬁt

zaPYrrolyl, (CH2) nPYri and said
cycl oal kenyl é'%r&%ip%r Sit g%rﬁ%fl ”Il)'?h g’baﬁ‘t%%cmﬁa S%ae mS‘ril oy }ﬁ@ crrc%sg%or?‘g sg?déct ed
i ndependent | ycubemmin@,madmagind S, and whi ch al kyl , cycLoaIIcyI, cycl oal kenyl

al kenyl , al kynyl, imdazolyl, pyrazyl, oxazolyl, isoxazolyl, thiazolyl,
|soth|azolyl phenyl pyrronI pyridyl, or 15 pyrlnldyl groups are
optional |y substi tineedewh sshechhsredsre dgﬁ@ﬁb@r@év@ﬁw%ﬁﬁmP%ﬂ%bendentIy, from

OH, hal ogen, &%ﬂﬁ%euﬁ@ﬁa’y@y&pm\ﬁéﬁﬂeﬁ an@ﬁro&ra@;fr&m&@gmohy hpprodefiddy T0ing zero, 1,
or 2; or Rl and R2, together with the rlnﬂacar bon atons to which they are

attached, forWﬁéoﬁpmﬁﬁ°%®”%%ﬂﬁéfa?ﬁ§8ﬁm?| Pt BFeeh ring. may be saturat ed,
unsaturated, or aromatic, which optionally contains one or two heteroatons

sel ected |ndepende tl y
substituted with glﬁ%téésﬁ“?&f? 18 %”0“‘23%@&?&0%“}%%}”? fogE% & ?r%ﬁ%%en CF3, or
Q C3 al kyI Reengpnigingffora piproxinmtbspidn ceapplboyimately 7NH2g p¢r@o€3f %1¢0I@PP9T1‘14Hf CN,

hal ogen, , al kyl, all said Cl1-C3 al kyl groups
and said Cl- OgggggUT8&%%%32&%%%ﬂ?#§ﬁé%§?2ubst|tuted with one or two groups
sel ected, independently, from OH, hal ogen, Cl1-C3 alkyl, 0Q C3 allcyl, or
trifluoronethyl; g=1 or 0; R5 15 C1-05 al kyl, (CHR6)C3-C6 cycloalkyl,
(CHR6) 0" CH2C3- C6 cycl oal kyl, CH2 (CHR, C3-C6 75cycl oalicyl, CR6=CH C3-C6
cycl oal kyl, CH=CR6- C3-C6 cycl oal kyl, (CHR6),."Q C6 cycl oal kenyl, CH2
(CHR 6) C5-Ct cycl oal kenyl, C2-C6 al kenyl, C2-Ce al kynyl, An, (CHRAri,

CH2( CHR6) Ar1, or (CHR6)"CH2An, where w=0-3, An is phenyl, pyridyl, furyl,
thienyl, pyrrolyl, oxazolyl, thiazolyl, or irnidazolyl where the QC 6

al kyl group is optionally substituted with hydroxy, 3 nethoxy, nethylthio,
or hal ogen, and where the cycl oal kyl and cycl oal kenyl groups are optionally
substituted with one or two groups selected, independently, from OH,

hal ogen, cyano, nethyl, ethyl, or trifluoromethyl; R6 is hydrogen, nethyl,
hal ogen, or nethoxy; and pharmaceutically acceptable salts thereof. Such
conpounds are potassi um channel nodul ators. I n another enbodi nent, this

di scl osure provides or contenplates a conposition conprising a
pharmaceutically acceptable carrier, excipient or diluent and at |east one
of the followng: i) a pharmaceutically effective anount of a conpound of
formula I'; a pharnaceutically acceptable salt thereof; iii) a
pharmaceutically acceptable ester thereof; iv) and a pharmaceutically
accept abl e



sol vate thereof.” I n anot her enbodi ments, this disclosure provides or
contenplates a nethod of treating or preventing a disease or disorder which
is affected by enhancenent of neural Mcurrents conprising adm nistering to
a patient in need thereof one or nore of the following: i) a

pharmaceutically effective anount of a conmpound of formula I; ii1) a

phar maceutically acceptable salt thereof; iii) a pharmaceutically
acceptabl e ester thereof; iv) and & pharnaceutically acceptable sol vate

t her eof . I'n yet another embodi ment, this disclosure provides a

et hod ofy pFgYen h&ﬂ or treating a dlsease or disorder which is affected by
activati gat ed potaSS|un1channeIs conpr|5|ng adm nistering to
a patient in need t ereof nore. of. the Wi Ng. har maceutical |y
“effective anﬁﬂﬁP'SF‘ di Hb%ﬂﬁé”é?“?%?ﬁﬁ‘%siCOEQ%Wéiﬁﬂg%ﬂ??§a||y accept abl e
salt thereof; iii) a pharmaceuticallygacceptable ester thereof; and iv) a

phar maceutical |y acceptable solvate t
enmbodi ment, this disclosuregp rOV|de

er f. (Yleer . I'n yet another
errpl | afes a nethod of treati ng

or preventing a seizure d| so er o conprising admnistering to a
patient afflicted or pot@& Iy%fllcte W th such di sorder one or nore

(640)

of the follow ng a pharnmace ef fecti ve anount of a conpound of
formula I; a pharnaceuticall y acceptabl e salt therdof;a pharmaceutically
accept abl e est er thereof; iv) and a pharnmaceutically accept abl e solvate

t her eof . Where W agdiZ a1, dndpesnd e el P{@?‘l’tY isti2s0 @f 8%&F osur e provi des or

contenpl ates a pharmaceutical formulation for oral admnistration
conpr ssi ng a wierapelR], el hdepefdent Hviei@sR @H,FAfHR, CRPEUTH, CQfo,faQ{erw a l

and eith p en n rla for
pedi at r1 L0 B RRIRSRO b rbo Bt O n b bl el Pee Bleob bttt .
C?Pt enpl ar-eS)NgE, D -OINH-O) -G Rk, ef@lﬂtr})ocst:g ekyzomce.@m{ -Cshirgl, act- Ugﬂeﬁegltl cally
effectiv 0 propriate tabletting
agent . scéﬁg‘{dﬁarea%g} '?rﬁ?-‘gt @%é&ﬁgﬁ?ﬁ% ﬁ?s‘:d ‘T‘Bb%éﬂ @:p}ﬁ%)f&h%es or
cont errpl aylkans YT, \R aﬂc@zliyl ﬂscttﬁfaazk][yhﬁ A GCHORPN, Shangl, 9yr&i@1 B, @i, sper si O|n
penS| 0 co n 0 pproprlate Syr.up, n
Aot HET - STHOHP e e T oSt B0 QU PAM [ AP Lo Ao
12 gr mul at g@%} fiesthiaive, mrﬂt)nn@ﬁdnplﬂ(mq) Ayrogl, SCHY) Qpﬂmh g, ag(a}pm@fml | Jmﬁ amicAal s
dogs an a co a therapeutica e ctive
amount of % ; %%SUEH C% Oa OgPq°F nﬁﬁ'&ﬁ ‘3’«5%?1?%05% o BETasey %e@% rrier.
| n anot herdepnidady fren0, Nt kndss elmdswﬂmﬂa]ﬁf;e cgﬂdstame;mm}raibﬂsen@d a&éﬂwdn@ﬁylpr eventing
or treatlnazlglsaeor0 |Ssoorc(i)§5 ﬂp {3’& edb ctlv on of
Vol t age- FALEAUDETARE LR R PR ST PSR Ohnt el i n
need 15hepedhidgreoups areroptengfy stzhmui’te@ldqthmagﬂ tm)cr@ppmfmmpﬁwpemhdyyfreﬁf ective
anount of P GO oun((j:J of floer crgﬂ nggla]; geutj cal I gl e salt
t her eof ; & PRATIHCAUTT REPYY R apf SPEEREY &5F; ’|°(/§
phar rracemgr:rhal wWin tgcme parad:xi aeorssab \watcb el ere @dched, form & 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
20  halogen, CFs, or G-C; alkyl; R' is H, halogen, CFs, or Ci-Cy alkyl; Rs and R, are, independently, H,
NHz, (C-C; alkyDhNH, CN, halogen, CFs, OCF;, OC-Cs alkyl, or C-Cs alkyl, all said C-Cs alkyl
groups and said C-Cs alkyl groups optionally substituted with one or two groups selected,
independently, from OH, halogen, (-Cs alkyl, OC;-C; alkyl, or trifluoromethyl; g=1 or 0; Rs is
Ci-Cs alkyl, (CHRg)wCs-Cs cycloalkyl, (CHR)0,,CHaCs-Cs cycioalkyl, CHz (CHRg)wCa-Ce
25  cycloalkyl, CRg=CH-Cs-Cs cycloalkyl, CH=CR¢-C3-C6 cycloalkyl, (CHR).Cs-C6 cycloalkenyl,
CH, (CHR.&)WCy“Cﬁ cycloalkenyl, Co-Ce alkenyl, C,-C; alkynyl, Arn, (CHRAT, CHx(CHRg)wAIL,
or (CHRe)wCH2AT;, where w=0-3, Ar; is pheny}, pyridyl, furyl, thienyl, pyrroiyl, oxazolyl,
thiazolyl, or imidazolyl where the (,-Ce alkyl group is optionally substituted with hydroxy,



" In another enbodinent, this disclosure contenplates a method of treating a
sei zure disorder in an aninmal conprising adninistering to an ani mal

afflicted or potentially afflicted with such a disorder one or nore of the

following: i) a.pharmaceutically effective amount of a conpound of formula

l; 1i) a pharmaceutically acceptable salt thereof;a pharmaceutically

accept abl e ester thereof; iv) and a pharmaceutically acceptable sol vate

t her eof . Thi s discl osure includes all tautomers, salts and

stereoi stoneric f dociodiBh oS! (&na@l SO
|ncIudeéﬂ%WFﬁéﬁﬁﬁ%%ﬂdgg%?g?h|s %%%c %?e wh%'gcgne n%%ggi%ons gre
rep'aCe%uﬁ%n&ﬂhﬁﬁbﬂa@hwvgmnﬁmﬁhpmdUMEp@Daﬂwmhanﬁﬁﬁéﬂsgﬁm%@mbH@ﬁ%bener|c
enbodi nent di scl gs ovi de Jean J RZ2NFt'
PR TR B e e e A
dlSC'Osukﬁgﬁbﬁwﬂda&mﬁf66&pﬂmgﬂbm¢am@omuWauBmmﬁmmoﬁﬂﬁﬂﬁ still nore specific
subgeneri c enbodi ment, this disclosure provides a conpound of

In another embodiment, this disclosure provides or contemplates a composition comprising

a pharmaceutically acceptable carrier, excipient or diluent and at least one of the following: i) 2
pharmaceutically effective amount of 2 compound of formula I; ii) a pharmaceutically acceptable
salt thereof; iii) a pharmaceutically acceptable ester thereof; iv) and a pharmaceutically acceptable

solvate thereof.:

In another embodiments, this disclosure provides or contemplates a method of treating or
preventing a disease or disorder which is affected by enhancement of neural M currents
comprising administering to a patient in need thereof one or more of the following: ija
pharmaceutically effective amount of a compound of formula I; i) a pharmaceutically acce;ptable
salt thereof; iif) a pharmaceutically acceptable ester thereof; 1v) and gpharmaceuticaﬁy acceptable

solvate thereof.

In yet another embodiment; this disclosure provides a method of prevénting or treating a
disease or disorder which is affected by activation of voltage-gated potassium channels,
compnsmg administering to a patient in need thersof one or more of the following: a
pharmaceutically. effective amount of a compound of formula I; i) a pharmaceutically acceptable
salt thereof, iii) 2 pharmaceuucaﬁy acceptable ester thereof; and iv) a pharmaceutically acceptable

solvate thereof.

In yet another embodiment, this disclosure provides or contemplates a method of treating or
preventing a seizure disorder in a buman comprising administering {0 & patient afflicted or
potentially afflicted with such disorder one or more of the following: a pharmaceutically effective
amount of 2 compound of formula I; ii) a pharmaceutically aécaptabie salt thereof; iii) a

pharmaceutically acceptable ester thereof; iv) and a pharmaceutically acceptable soivate thereof.

In another embodiment, this disclosure provides or contemplates a pharmaceutical
formulation for oral administration comprising a therapeutically effective amount of 2 compound

of formula [ and either an appropriate tabletting agent or an appropriate syrup for pediatric use.

Tn another embodiment, this disclosure provides or contemplates a tablet for oral

administration comprising & therepeutically effective amount of 2 compound of formula I and an



‘formula |A, where Wand Z are both N. In another still nore specific
subgenefi c enbodi nent, this disclosure provides a conpound of fornula IA,
where Wis Nand Zis CH In another still nore specific subgeneric

enbodi ment, this disclosure provides a conpound of fornula I A, where Wis
CHand Zis N In another nore specific subgeneric enbodi nent, this

di scl osure provides a conpound of formula IA, where R is H halogen, CF3,
.or methyl. - I n anot her nore specific subgeneric enbodinment, this

di scl osure provides a conpound of fornula |IA, where Wand Z are both N and
R is H. appropgte mpichipg 23°f- anot her nore specific subgeneric enbodi ment, this

disclosure pr vl des . & SomRaNd Al LUl Bl e et NeaRd Fa iy BOLD N 1

anot her nore eneric e ment,” this disclosure provides a
conmpound, Qfarf - MeddnPrididBa soMeh 6r d¥plesioh] R Rpehsiof of dtonlpBuiN@ il MRS peci fic
subgeneric enbodi ment, this disclosure provides a conpound of formula LB.
where W fEPTQRFRBAEAYYZ is N I.n anot her nore specific subgeneric

enbodi ment, this disclosure prqvides a conpoung of for a HB, ere R is
H, hal ogen, CleFnoger epgpdigppnt. this disclosupecontgmplaiss 2 pgrmaceyica) irulaligh ik ner j ¢
enbodi Mepdminkdien Gi88laRSHEIBdiR @¢ipdEsn antaEpvgnthdehsf aidmikdodk Bomphaige W and

Z are both Nand R-' is H F. or neth%I . .
" a therapeutically effective amount of a compound of formmia I and a veterinary acceptable carrier. -

Iﬁ another embodiment, this disclosure contemplates a method of preventing or treating a
disease or disorder which is affected by activation of voltage-gated potassium channels
comprising administering to an animal in need thereof one or more of the following: 1) a
pharmaceﬁtically effective amount of a compound of formula [; ii) a pharmaceutically acceptable
salt theréof; iif) a pharmaceutically acceptable ester thereof; iv) and a pharmaceutically acceptable’

solvate therzof,

In another -embodiment, this disclosure contemplates a method of treating a seizure disorder
in an animal comprising administering to an animal afflicted or potentially affiicted with such a |
disorder one or more of the following: i) a pharmaceutically effective amount of a compound of
formula I; if) a pharmaceutically acceptable salt thereof; iii) a pharmaceutically acceptable ester

thereof; iv) and a Iiharmaceuticany acceptable solvate thereof,

This disclosure includes all tautomers, salts and stereoistomeric forms of compounds of formula
1. This disclosure also includes ail compounds of this disclosure where one or more atoms are replaced

by a radioactive isotope thereof.

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

B
N _-Rs

W ol h
= /L§'| ?g
l\“\ N Z7 TR,
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6 In a nore specific subgeneric enbodi ment, this disclosure provides
or contenplates a conpound of forrmula A, where R5 is Cl-C6 al kyl,
(CHR6) , NC3- C6 cycl oal kyl, (CHR6) CH2C3-C6 cycl oal kyl, or CH2 ( CHRC3-C6
cycloolkyl. In a nore specific subgeneric enbodi nent, this disclosure
provides or contenplates a conmpound of formula IB, where R5 is Cl-C6 al kyl,
(d aTR6) a, C3- C6 cycl oal kyl, (CHR6) wCH2C3- C6 cycl oal kyl, or CH2 ( CHR6)wC3- C6
cycloalkyL In a still nore_specific subgeneric, enbodi , ' i,scl osure
provi des or cbranehsimredeaicHREIRHfFTRC ISP G RS ‘gﬁg&‘ﬁs&?@”@gf’ %5 al kyl ,
(CHR6) C3- C6 ,cycl oal kyl , (CHR6) w\CH2C3- C6 cycl oal kyl, or CH2 (CHR6) C3-C6
cycl oal KDWY R1 is H COF3, or hal ogen. In a nmore specific
subgeneri c enbodi ment, this disclosure provides or contenplates a conpound
of formula IA, where RS is Q C6 al kyl, substituted wth methoxy, '

met hyl thi o, or halogen; R is nmethyl om;H, .and RL is H, CF3, or halogen. In
anot her subgeneric enbodi nent, this di) I g repprovides or contenplates a
conmpound of forrmula L where R5 is CREﬁ: C6 feycl oal kyl , CH=CRG6- C3- C6
cycl oal kyl, (CHR6), C5-C6 cydl: ybos (THR6) , C5- C6 cycl oal kenyl ,

C2- C6 al kenyl, or C2-C6 al ky IS thyl or H and Ris H, CF3, or

hal ogen. I n anot her et fic subgeneric enbodi nent, this

di scl osure provides or conflenpl ates a conpound of formula IA where It is
methyl or H Rl is H, CF3, or hal ogen;,, R3 and R4 are nethyl, am nonethyl,
or clalom and R5 is Ari, (CHRG)Ar1, Bo (CHRG) WAri, or (CHCH2Ar 1.

I'n another nore specific subgeneri DR FRNMsciokit srodidacl Rsps@dpf ovi des or
contenpl ates #&% %ﬂm%$°$%%%%$%. ?B%ﬁ%@%m% is %ﬁthyl orpH; Rl is H
CF3, or haleaan; wie wned Rarstoth Ket hyl ; and R5 is C1-C6 al kyl, (CHR6)C3-05
cycl oal kyl', (CHR6) CH2C3- C6 cycl oal kyl , or . CH2 R6) C3- C6_.eycl .

| n anot her nDmem@ﬁeuﬁﬂm@ﬂ§m§§@ﬁ@P$@m§ﬁﬁ§H¢W§Wt&%ﬁh?%mﬁ?gg g%&fgg'éﬁéides or
contenpl ates a conPoqu.q% ﬁaihqﬁiof formulas 1A or IB, where R2 is Hor F;
R is H of arden RV dha “Re&re nethyl ; and R5 is Cl-C6 al kyl, ;

(CHR6) , A, C3- Co cyal.oal GRG0 bR CntoBintey thxadidelokyre provi@kdk compoun
(CHR6),,,C3-ggﬁgégfg%#ﬁ%+?ﬁk7l £ I n anot her nore specific-subgeneric
enbodi menjr forlbiagA dWwised WSuCH apt 6 Mes or contenpl ates a conpound of fornula

A or formula JIB, where RS is CHZCI T2cy.cl opent.yl f RQHPS
bel ow. In anoth@mmhﬁﬂ@“§ﬁﬁéﬁq$%g§ﬁH§@ﬁQ¥F%méﬁﬁé%%%§%?ggﬁﬁggjﬁﬁ‘%%bsure

providesd§§“§$§%§ﬁ &ﬁ%gﬁégégggﬁggpgjﬂghﬁprnula | A or IB where 12.1 is

hal ogen y hal ogen; and R5 is one of the groups
above. In another more specific subgeneric embodiment, this disclosure 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, this disclosure provides a compound of
formula IB, where W and Z are both N.
In another more specific subgeneric embodiment, this disclosure provides a compound of
formula IB, where W is N and Z is CH.
In another more specific subgeneric embodiment, this disclosure provides a compound of
formmala IB, where Wis CHand Z s N.
In another more specific subgeneric embodiment, this disclosure provides a compound of
formula IB, where R' is H, hajogen, CF3, or methyl.
In another more specific subgeneric embodiment, this disclosure provides a compound of

formula IB, where W and Z are both N and R'is H, P‘ or methyl.



"I'n anot her nore specific subgeneric enbodinent, this disclosure provides or
contenpl ates a conpound of forrmula I A or TB, where Rl is phenyl, pyridyl,
pyrrolyl, (Cl12).im dazolyl, (CHAnpyrazyl, (CH2)", oxazolyl,

(CF12i soxazol yl, (CHa)nthiazolyl, (CH2)Thisothiazolyl, (CH2), Bphenyl,
(CHAnpyrrolyl, (CHArPyridyl, or (CH2).pyrimdyl, and R5 is C5-C6 al kyl or
CE12- C3- C6 cycl oal kyl . The ex | es bel ow are provided to show - but
not tolimt in any way - the variety of possible enbodinments of this

di scl osure 8 Ove OOM NNAIN Ove N>1\1 OveF N1 F N NyOFBC NIHEt F N M H

e "N ---MeN,rt,"..- rYe H

Ina mor;a specific subgeneric embodiment, this disclosure provides or contemplates a
compound of formula [A, where Rs is C;-Cq 2lkyl, {CHRg) NC3-C; cyeloalkyl, (CHRg)WCH2Cs-Cs
cycloalkyl, or CHa (CHRe)wCs-Cs cycloalkyl.

Tn a more specific subgeneric embodiment, this disclosure provides or contemplates a
compound of formula IB, where Rs is C-Cs alicyl, (CHRg)a,C3-C cycloalkyl, (CHRg)wCH2Cs-Ce
cycloalkyl, or CHa (CHR6)Cs-Cs cycloalkyl.

In a still more specific subgeneric embodiment, this disclosure provides or contemplates a
compound of formula LA, where Rs is C-Cs alkyl, (CHR)C5-Ce cycloaliyl, (CHR;,)WCHQCst
cycioalkyl, or CHy (CHR(,)ch-Cg cycloalkyl; and R; is H, CF;, or halpgen

In a more specific subgeneric embodiment, this disclosure provides or contemplates a
compound of formula LA, where RS is C-C alkyl, substituted with methoxy, methylthio, or
Eaiogen; R'is methyl or a_nd R;is H, CF, or halogen. ‘

- In another subgeneric embodiment, this disclosure provides or contemplates a compound of
formule I where Rs is CRg=CH-C3-C; cycloalkyl, CH=CR¢-Ca-Cs cycioaliyl, (CHRg)wCs5-Cs
cycloalkenyl, CH; (CHRs) wCs-Ce cy.cloa}kenyl, Cy-Ce atkenyl, or Co-Cs alicynyl; R' is methyl or
. H; and R, is H, CF, or balogen. |
‘ In another more specific subgeneric embodiment, this disclosure provides or contemplates
a compound of formula IA, where R’ is methyl or H; Ryis H, CFs, or halogen; Rs and R are methyl,
aminomethyl, or chioro; and Rs is Ary, (CHRg)wATrl, CHz (CHRg)wAT, OF {CHR ) wCHoAT.
In another more specific subgeneric embodiment, this disclosure provides or con‘ie%nplates
a compound of formula LA, where R’ is methy} or B Ry is H, CFs, or halogen; Rs and Ry are
methyl; and Rs is C-Ce alkyl, (CHRs)wCa-Cs cycloalkyl, (CHRa)CHAC3-Cs cycloalkyl, or CHa
(CHR)C3-Cy cycloalkyl.
In another more specific subgeneric embodiment, this disclosure provides or contemplates
- a compound of either of formulas [A or IB, where R; is H or F; R is H or halogen; R and R are
methyl; and Rs is C-Cg alkyl, (CHRg)«Ca-Cs cycloalicyl, (CHRg)wCHCs-Cs cycioalkyl, or CHa
(CHR)wC3-Cy cycloalkyl. '



----c''-ry- ----- ‘me' nO0,,,, . KO HNN 9 Detailed Description of the
I nvention In designing conmpounds with therapeutic properties superior to
those of retigabine, H retigabine 5the present inventors have di scovered
that para N-1,2.3,4-tetrahydro isoqu.inolyl anilides and carbamates of the
structure of formula I H R2I\LyY)
7

In another more specific subgeneric embodiment, this disclosure provides or contemplates

a compound of formuia IA or formula IB, where RS is CHZCHZcyclopentyl or one of the groups
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In another more specific subgeneric embodiment, this disclosure provides or contemplates
a compound of formula IA or IB where R, is halogen or halomethyl; Rs is H, or halogen; and Rs is

one of the groups above.

In another more specific subgeneric embodiment, this disclosure provides or contemplates
a compound of formula IA or IB, where R; is phenyl, pyridyl, pyrrolyl, {(CHy}mimidazolyl,
(CHy)upyrazyl, (CHy)moxazolyl, (CHa)gisoxazolyl, (CHy)athiazolyl, (CHy)uisothiazolyl,
(CH,)wphenyl, (CHo)mpyrrotyl, (CHz)apyridyl, or (CHa)upyrimidyl, and Rs is Cs-Cg alkyl or
CH,-Cs-Cs Cycloalicyl | |

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

possible embodiments of this disclosure



R1R4 .0 have surprising and exceptional activity toward potassi um
channel s, as evidenced by their potent 10activities, as neasured in the
rubi di um ef fl ux assay described bel ow. As used herein the term "potassium
channel mMedub@i@tderefers to a conpound capabl e of caugithg@RutRES ease in
pot assi um channel currents. It also refers to a conmpound capabl e of

i ncreasing the | CCNQ2/ 3 channel open probability. For prelimnary testing
of conpounds for potassi um channel godulating ability, the inventors have
enpl oyed the rubidiumion efflux test 15described bel ow. As

contenpl ated by this invention, conpounds of fornula | are designed for
oral or intravenous p to approxi mately 1202i§iﬁ er day. Thus,

this invention \n ennl at es sol utionsvegnd suspensi ons [6f] cofpdunds of
formula | for f or |ntravenou§i?dhkﬂkg§ra [ Lt |y, solutions
and su. spension c fpri si ng ?,kaupksﬁ@hoas SQEbj, or propyl ene glycol,
20anong many ot her exanplesbA!g\ﬁﬁdlwlﬁﬁeto conpounds of fornula I,

suitable for oral pediatric~admmistration, are also con enpl at ed.
Addi tional ly, both che Qje and non- chemable tablets co q|§Wﬁ§FEonpounds

of thrmula I. along ﬁﬁaﬁﬁhceut al Ly accept ket ng agents and
ot her phar maceuty g%ptable c é@ﬁlzn nts, are also
contenpl ated., d her ei n, 4 GPCT/USZOOSM@Z;803 10 the term
pharnaceutically accept abl e br conprlses such exqg' ; i nders,

| ubricants, tabletting agents % d|$|ntegrants 1S ar ekt ) i'aldy used in
the art of fornulat|0@ of ph ceuticals. Exanpl €s 4f ¥udh agents include
- but are not Iinit @77\aﬁgggrystalNPn@ cePiuNos | act ose, starch, and

di cal ci um phosph hd JPr ovi done. d|S|ntegrants 5such as

sodi um st ar chf QTyc%IateMelubrlaaanx Q\ 1S S earlc aC|H apd _Si 02, and

sol ubi | i t y refAhancers such as cygLQngtrlns annng nanya \g/\ﬁénples for
HQQ of

each group, are contgppl at ed. FSuth materi al s aft e NTel usi ng them
are well Inmown in the pmar ceutical art. Additi aaL)exaanes are provided
i n Ki bbe. Handbook ir g eutical Exeipients, Lofdon, Pharmaceuti cal

Press, 2000 I@Thé\N £on al so cont eaqpl har maceut jcal formul ati ons,

|nclud|ng V@eehﬂGJfornulatlon§ for QQﬁﬂglétrailon to gfiﬁ#]s i.ncl udi ng
S ¢at

conpani on ani mal s (dogs and céqizl;gh Mi Vst ock, such as pi gs,
sheep and horses con9g|5|ng at eutically eff@EfTWe ndtent of a

conpound of formul a eterinary acceptabPéNéapfler However, any
animal that is susgééE:BW/Qfg sei zure Qrders is included within the
scope of thig Ventto mm The typi cal i Me H

N Me N w Sy < Ei 70(\/




15adm ni stration will be intramuscular, oral or subcutaneous injection of
bet ween about 0.05 m and 25 ml of vaccine fornul ati on. However, as
i ndi cat ed above, the conpounds of formula | are designed to be dosed up to

appr oxi medvel oslo12490 ng per day. Vaccination can be acoqipid:eRmekshy a single
i nocul ation or via several inoculations. The contenpl ated vacci ne

conpositions utilized in the nethods of the present invention can include
one or nore veterinary-acceptable carriers. A 20"veterinary-acceptable
carrier” includes any and all solvents, dispersion nedia, coatings

adj uvant e dilu.ents, excipients, preservatives,
|soton|c%mﬁﬁkﬁakmﬂ?*’gmﬁgeggﬁﬁfnclude wat er, saline, dextrose, ethanol

gl ycer ol and the like. isotonic agents can i ncl ude sodi um chl ori de,
dextrose, nanhideagninsepippendt wihthetapetiopepertiorsupstanol tense Al puprbing. s
contenpl ated by the present |nvent|on |nclude saponi n, chol esterol,

al um num hydr oxi de gel, Freund's conp eNanq>7 i nconpl ete adj uvants. The
present invention also contenplates v néﬁ?ornulatlons conprising from

about 1 ng/m to about 2000 ose of the vaccine conposition.
Synthetic Chem stry Gener al sHSectlon The preparation of conpounds
of formula Vis outlined inFSchene 1. Schene 1: Section IL The
preparation of conmpounds of fornula VIL is outlined in Schenme 2. Schene 2:
R3 , NH2 Br retigabine

5 the present inventors have discovered that para N-1,2,3,4-tetrahydro isoquinolyl anilides and

carbamates of the stracture of formulia |

| T
Z N z Fa
Fﬁi | J

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

10 activities, as measured in the rubidium effiux assay described below,

As used herein the term "potassium channel modulator” refers (o & compound capable of
causing an increase in potassium channel currents. It also refers to a compound capable of
increasing the KCNQZ2/3 channel open probability. For preliminary testing of compounds for
potassium channel modulating ability, the inventors have employed the rubidium ion efflux test

15  described below.

As contemplated by this invention, compounds of formula | 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 T formulated for intravenous administration,
Similarly, solutions and suspensions comprising a syrup such as sorbitol or propylene glycol,

20 among many other examples, in addition to compounds of formula I, suitable for oral pediatric
administration, are also conternplated. Additionally, both chewable and non-chewable tablets
comprising’ compounds of formula L. along with pharmaceutically acceptable tabletting agents and

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



R5X, :CS2R3 H CsOHa N SR5 TBAl DMF BrR4 VI 12 Section I1l. The
preparation of conpound of formula I X is outlined in Schene 3. Schene 3:

VI M Section |IV. The preparation of conmpound of formula X is outlined
i n Schenmewd.20808chene 4: PCT/US2008/071803

10

the term pharmaceutically acceptable carrier comprises such excipients, binders, Jubricants,
tabletiing agents and disintegrants as are typically used in the art of formulation of
pharmaceuticals, Examples of such agents include — but are not limited to — microcrystalline
cellulose, lactose, starch, and dicalcium phosphate, and Providone. Additionally, disintegrants

5 such as sodium starch glycolate, lubricants such as stearic acid and SiO;, and solubility enhancers
such as cyclodexirins, among many other examples for each group, are contemplated. Such
materials and the methods of using them are well known in the pharmaceutical art. Additional
examples are provided in Kibbe, Handbook of Pharmaceutical Excipients, London,

Pharmaceutical Press, 2000,

10 The invention also contemplates pharmaceuiical formulations, including vaccine
formulations, for administration te animals, including companion animals (dogs and cats} and
livestock, such as cattle, pigs, sheep and horses comprising a therapeutically effective amount of a
compound of formula I and a veterinary acceptable carrier. However, any animal that is
susceptible to seizure disorders is included within the scope of this invention. The typical mode of

15 administration will be intramuscular, oral or subcutaneous injection of between about 0,05 ml and
25 mi of vaccine formulation. However, as indicated above, the compounds of formula I are
designed 10 be dosed up to approximately 1200 mg per day. Vaccination can be accomplished by a
single tnoculation or via several inoculations. The contemplated vaccine compositions utilized in
the methods of the present invention car include one or more veterinary-acceptable carriers. A

20 "veterinary-acceptable carrier” includes any and all solvents, dispersion media, coatings adjuvants,
stabilizing agents; diluents, excipients, preservatives, isotonic agents. Diluents can include water,
saline, dextrose, ethanol, glycerol and the like. Isotonic agents can include sodium chioride,
dextrose, mannitol, serbitol and lactose, for example. Adjuvants contemplated by the present
invention include, saponin, cholesterol, aluminum hydroxide gel, Freund's complete and

25 incomplete adjuvants, The present invention also contemplates vaccine formulations comprising

from about i mg/ml to about 2000 mg of adjuvant/dose of the vaccine composition.



Sectiron V. The preparation of conpound of fornmula Xi

s outlined
5. Schene 5: RB H'N (\\-R4 k R2 5 Lawesson's reagent
WO 2009/018466 PCT/US2008/071863
11
Synthetic Chemistry
General Schemes

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

5 Scheme 1:
N2 RsCOCI N._Rs
& Reeool N
Br R o
4 CH4CN Br Ry
li T
PCy2 R3
Q Q Pd(dba), Q =
=BuQK = Y 5
Me,N  PhMe N I
TN R,
;/‘N//A\\/\ , v
2 R
v

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

Scheme 2:

R, =
RsX, CS, 3 H
o NP2 CsOH N. _SRs
| i
= S
Br R4 TBA!, DMF &y Ra
{ Vi
PCYQ Ra ’
’Q ’ Pdidba),
+-BuOK = e NYSRS
Me,N  PhMe N P
- T B\J R4
Lo
7 7
REN R

Ry
A NH
()
N TR
IV

in Schene



I XXI - 1.3 Section VI. The preparation of conpound of fornmula X1l is
outlined in Schenme 6. Schene 6: Preparation of particular conpounds
5Synthesis of N-[2,6-dinethyl-4-(2-trifluoromethyl-7,8-dihydro-5H

[ 1, 61naphtvieymiaiisusb- y1) - pheny) ] - 3, 3- di net hyl - but yr am det(tikstdoso¥V¥es

2009/ 018466PCT/ US2008/ 071803 14 :
1-Benzyl-4-pyrrolidin-1-y1-1, 2, 3,6-tetrahydropyridine (3) A sol ution
cont ai ni ng N-benzyl piperidone 1 (5@, 26,4 nmol) and pyrrolidine 2 (2.82g,
39.6 rnnmol) in toluene (60 nL) was heated to reflux with azeotropic renoval

of water.g. g ﬁﬁ%gﬂlaﬁw“ i yas om‘ﬁﬂul%@ gﬁa&%qnga{&&%ntrat ed under

reduced pressure resu was di'ss
Scheme 3;

N H2 (R5CO}2 !_:
N3 base N \H/O Rg
| e
Br ™ R O
4 CHLCl Br R,
I Vi
F’Cy2

Pdi{dba)s H
. BUOK N ~CRs

Me:N  PhMe Ry b
ﬂ = N R4
E<§W/A\NH RN R
..
YNGR
RN " IX

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

5 Scheme 4

Ra y Y
R i N\[-rRs Lawesson's R /\(NTRE’
1\ o & reagent 1\ )’\/\\ &
(T [y
VNN YN,
Ry R N R
V X

Seetion V. The preparation of compound of formula XI is outlined in Scheme 3.

Scheme 3:

H e
= N YORS Lawesson's N \(ORE
R1\ “ E 5 reagent Rﬂ\ ’S
N Ra N N




5et her, dried over magnesi um sul fate, and concentrated under reduced
pressure. The crude enam ne 3 was used in the next step.

6- Benzyl-2-trifluoronethyl-5,6,7,8-tetrabydroll, 61lnaphthyridine (5) To a
sol uti on o Adviesade enanmi ne 3(500ng, 2.1 mmol) in dirgraneeosmsol) was
added conpound 4(0.3 nL, 2 1 mmol), and the m xture was stirred at room
tenperature overnight. 10 Amonium acetate (20 ng) was then added, and the
m xture was heated at reflux for 183h. The reaction m xture was then cool ed
to roomtenperature, acidified with 10% EICI, extracted with

di chl oro : t. am i.on--hy :pE rative thin |ayer
chr omat oot iyt BT REBITFSsp s HHhiL S8 L QB PUARALR!

2-Tri fl uaropetdyl-5, 6, 7, 8-t etrahydro- 11, 61napht hyridine (7) 15To a sol ution
of 5 (50)nmy, 1.7 muol) in dichoronethane (8 n.) was added conpound 6,
3-chloro propionyl chloride (0.22 nf- 2.1 mmol) and the reaction m xture
was stirred at 40 "C for 1 hNHThe reaction was then cooled to room

t enperature and concentr g QI'he%@@@lting1 i Rpvas di ssol ved in

met hanol (16 nal) and gt at 20C " Tor 3h, _Jhecm xture was then cool ed
to momtenperature and concenfrateff?®2 B Ra

20N- ( 4- Bronp- 2, 6-di met hyl -bhenyl ) - 3, 3- di met hyf- but yr ami de (8)

3, 3-di met hyl but anoyl chloride (3.37 g, 3.5 nL, 25 nmmol) and triethylaraine
(2.53g, 3.5 nL, 25 mmol.) Were added to a sol utkon, of 4-brono-2-chl oro-6-
(trifiuoromethypanilire )4 » %5 mol) in acktonitsile (30 nl). The
reaction mxture was stidKed rake r oomYenperatjuré for 4 hours, Water was
added to the m xture, ipiﬁé fzr £d ol | ected to give the
title conpound as a 25 e 7,46 g, 0 el d) .

N12, 6- Di net hyl-4-(2-tri fﬂ;\u?g:ﬂo_ t hyl - 78%8- di hydr o- 5H R, Onapht hyri di n- 6- y1) -
phenyl]-3,3-dinethyl-bugj a *@e (11) WO 20094 018466PCDUS2008/ 071803

v

Preparation of particalar compounds

5  Synthesis of N-{2,6-dimethyl-4-2-trifluoromethyl-7.8-dihydro-5H-
1,6 inaphthyridin-6-yI)-phenyl}-3,3-dimethyi-butyramide (11)

Scheme I

CNH OEt




15 purged with argon for 30 mn), and the m xture was stirred for an
additional 30 m nutes at roomtenperature under argon. Potassium
tert-butoxide (188 g, 71 mmmol ), conpound 7 (191ng, 0.8 mmol), aid conpound
8 (200 ngwoln®hismw®l ) were then added; the reaction mpgtiursesosmsissiirred at
80C overnight. The reaction m xture was then cooled to roomtenperature,
filtered through a pad 5of silica gel, and purified by preparative TLC
(DCVII Me014 5% to afford conmpoundi4ll

N- (2, 6-di nethyl-4-(3-(trifluoronethyl)-7,8-di hydro-1, 6-napht hyridin-6(5H)-y

Opheny113_336%?35;gi#};;(}mhpﬂ&l@pﬁ%g&mqumogﬁ&iqgpﬁnzyl i di neacetone) pal | adi um (4

10(2' -cl i cycl ohexyl phosphanyl - bi phenyl - 2 di net hyl ai ni ne (7 nmy, 0 015
mol ) were ad@éﬁuWEHﬁWVnwép%%ﬁéﬂ Tm7Ompbféeé3ﬁWWWDdﬁ@@ﬁWh@ﬁﬁ &482%8red for 15

i nut es 139@l@x{mcﬁﬁg%m?@ioaﬁ@)lv&hghéa%tt@ Qﬂﬁ@%ltﬁjﬁzcéﬁgmﬁﬁwvﬁ o%tmé I)eacnon
N- (4- br ono- 2, 6- dj net hyl phenyl ) - - di et hyl but anam de 17 mmiol)

and 3-(t r“?“f”l”ﬁSPHPF@ﬁW)aﬁ‘SwB%’?‘M@d%‘FF laqwfaswiur% Tﬁf‘arﬁmuﬁwl wﬂéwé\v@moeglem
(40 nyg, Qmaa’édﬂw'@%} meERmt HERk, adideteRAdd 46 rERAQ DX bUlenase Sl red at
80c: OVEF(%IQ The 15reaction m xture was then cooled to room

t enper at 3F€ T PSATLAR-at ed and purified by biotage (75% Et hyl

acet at e: desj red SO|Id IH NVR .

( DVBO- d6 & Eﬁ%ﬁ‘fz’?'()%‘" e@?f? g}%g‘ﬁb“af“?"‘wc@ggﬁ%?‘&% (a’7 3.08 (t_1
5.6 Hz, 2H). 3.64 (t, J= 5.9 Hz, 211), 4.48 (s, 2H), 6 76 (s 21 1), 8.08
ts, 11-0, 8. 7btwlgiogo! r@@cmqelenar)linsf/ﬁﬂ@reg 26 roholotohsrxasuBstli) s etfied

tetrahydr Bkl @@%%bwﬂ &5@9%@9@%&%&%&&% H o0 dénhnt%aé cﬁﬂbg. 3 of

tetrahydro- 6- napht hyri di nes can be acconplis ensati on of
1- bent?y 1-/\4111@%@@ pgiardAemal ¥t tremadesdr &néﬁvwmuwgw@he@rﬁqdm@r@mﬁ@ééi holheowed by

debenzyl &l @R mikRF B Bheh kdol D &I hibipdNire Bl Misu-wicnl 164 12 NG cioa with

dichloromerthane, and concentrated. Purification by preparative thin layer chromatography

{DCM/MeOH 5%) altforded compound 5.

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

15 To a solution of 5 (500mg, 1.7 mmol} in dichoromethane (8 ml} was added compound 6,
3-chlore propionyi 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 temperatre 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

concenirated,

20 N-(4-Bromo-2,6-dimethyl-phenyk)-3,3-dimethyi-butyramide (8)

3.3-dimethylbutanoyl chloride (3.37 g, 3.5 ml., 25 mmol) and triethylamine (2.53g, 3.5 m[.,
25 mmol) were added to a solation of 4-bromo-2-chloro-6- (triflnoromethyianiline (5.0 g, 25 mmol)
in acetonitriie (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 titie compound as &
25 powder (7.46 g, 100% yieid).
N-[2,6-Dimethyl-4-(2-trifluoromethyl-7 8-dihydre-3H-[ I 6 Inaphthyridin-6-yl)-
phenyl}-3,3-dimethyl-butyramide (11)

Bis(dibenzylidineacetone)palladium (15mg, 0.026 mmoi) and {2'- dicyciohexyl

phosphanyl-biphenyl-2-yl)-dimethylamine (40 mg, 0.1 mmol) were added to dry toluene (5 mL



13nN.r."--R2 + N TR OR H2, Pd/C HOAc WD 2009/ 018466PCT/ US2008/ 071803

16 Al kyl ation at the 5- or 8- position of
tetrahydm 1, 6- napht hyri di nes can be acconplished by chem cal nodification
of pyridiwe 2enissat i ves. (See Schene Ell) Schene 111 »ca/iNRoReGhBn i) LDA

H2, Pd/ CNH HOAc

15

purgzed with argon for 30 min), and the mixture was stirred for an additional 30 minutes at room

temperature under argon. Potassium rerr-butoxide (188 g, 71 mmol, compound 7 (191mg, 0.8

mmol}, aid compound & {200 mg, 0.67 mmol) were then added; the reaction mixture was stirred at

80°C overnight, The reaction mixwre was then cooled to room temperature, filtered through a pad
5 ofsilica gel, and purified by preparative TLC (DCM/MeOH 5%;) to afford compound 11,

N-(2.6-dimethyl-4-(3-(trifluoromethyl)-7 8-dihydro-1,6-naphthyridin-6(5H)-yl)phenyl)-3,3-
dimethylbutanamide

Bl

Bis(dibenzylidineacetone)paliadiom (4 mg, 00.069mmol) and

10 (2 -dicyclohexylphosphanyl-biphenyl-2-yl-dimethylamine (7 mg, (0.015 mmol}; were added to
dry toluene {1 ml. purged with argon) and stirred for 15 minutes under argon. Potassium
teri-butoxide (36 mg, 6.32 mmol), N-{4-bromo-2,6-dimethylphenyl}-3,3-dimethylbutanamide (52
mg, 0.17 mmol) and 3-{trifluoromethyl}-5.,6,7,8-tetrahydro-1,6-naphthyridine (WO/04069162)
(40 mg, 0.15 mmol; were then added and the reaction mixture was stirred at 80 °C over night. The

15 reaction mixiure was then cocled o room temperature, concentrated and purified by biotage (75%
Hihyl acetate:Hexanes) to afford the desired compound as a solid. ‘HNMR (DMSO-ds, 400 MHz)
5 1.05(s,9H), 2.11 (s, 6H), 2.17 (5, 2H), 3.08 (t, /= 3.6 Hz, 2H). 3.64 (t, /= 5.9 Hz, 2H). 4.48 (s,
2H), 6.76 (s, 2H), 8.08 (s, 1H), 8.75 (s, 1), 8.90 (s, LH).Synthesis of other substituted
tetrahydro-1,6-naphthyridines

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

Scheme 1
NH2

R NHOAC R
SO QL o ¢
NN Por
Hy, PA/C Hs\is/\H/\‘;’Rz
D —— \/\N/)\RA,

HOAC



) R 5Bi ol ogi cal Results Conpounds of this invention fornmula were
eval uated as potassi um channel nodul ators by neasuring rhubidiumion

rel ease in the follow ng assay. Methods: PC-12 cells were grown at 37 C and
5 % CO iwoRvENEEL? Medi um suppl enmented with 10 % hor eeTaseasy7188 f et al
bovine serum 2 nMglutamne, 100 IIlm 10penicillin, 100 Um

streptonycin. They were plated in poly- D lysine-coated 96-well cell
culture mcroplates at a density ofi640, 000 cells/well and differentiated

wi th 100 nghul NOF-7s for 2-5 days. For the assay, the nedi.um was
aspirated, an J ffer (25

ni M HEPES. pHﬁ7§l%ﬁngﬂc§0¥@&§1&%§h&%ﬁQRpﬁ6 Mphlﬂ}qglmgs gjlﬁbt'l:_' %&%ﬁ&e&%\ﬂ CaCl?) .
The cel | §hqn@fraémf@dﬁé9ﬁﬁelﬂ@él%dm@\ﬁi@?hai@fﬁz("?ﬁSCNﬂ‘iGIIBJadl ngbuffer (wash buffer plus
5.4 MM RbCl12, 5 nM 15gl ucose) and incubated at 37 C for 2 h. Attached cells
were quickly washed three tines wi CReBgi er (sane ‘as Rh* | oading buffer,

but containing 5.4 ni M KCL |nstead of RRCl) to renove extracellular Rh.

| medi ately fol | ow gBr f de;\Qé)J ari zatfon buffer (wash
buffer plus 15 nM KC], t C¢ ged to the cells to
activate efflux of p)bt 55|um|on charmes tion for 10 mn at

roomtenperature, \the| sepernatant was 70care uI I y re \éecgﬂand col | ected.
Cell's were |ysed by tl‘léﬁ ddition of 0,2 m of I|ySES ﬁ‘fﬂfr (depol ari zati on

buffer plus 0.1 % Triton X- 100) and the cell Iysates were al so col |l ected.
I f collected sanple QBnnO@LquTEM@ﬂSny analyzed NRb+ contents by
atom c absorption s WSCQ Zsé% oé\,s»tored at 4C w t hout
any negative effects on subsequent RI §/E anaﬁ%l S R

2009/ 018466PCT/ US2008/ 071803
5  DBiological Resnlts

Compounds of this invention formula were evaluared as potassium channel modulators by

measuring rhubidium ion release in the following assay.

Methods: PC-12 cells were grown at 37 °C and 5 % CO, in DMEM/F12 Medium

supplemented with 10 % horse serum, 5% fetal bovine serum, 2 mM glutamine, 100 U/ml

10 penicillin, 100 U/mi streptomycin. They were plated in poly- D-lysine-coated 96-well cell culture
microplates at a density of 40,000 celis/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 0.2 mlin wash
buffer (25 mM HEPES, pH 7.4, 150 mM NaCl, 1 mM MgCly, 0.8 mM NaHaPO,, 2 mM CaCly).
The cells were then loaded with 0.2 mi Rb" loading buffer (wash buffer plus 5.4 mM RbC1, 5 mM

15 glacose) and incubated at 37 °C for 2 h. Attached cells were quickly washed three tmes with
buffer (same as Rb™ loading buffer, but containing 5.4 mM KC1 instead of RbC1) 10 remove
extracelluiar Rb*. Immediately following the wash, 0.2 mi 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 incabation for 10 min at room temperatare, the supernatant was

20 carefully removed and collected. Cells were lysed by the addition of 0.2 m] of lysis buffer
(depolarization buffer pius (.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,



17 - The concentration of "RV in the supernatants (Rh+sup) and cel

| ysates (12b*Lys) was quantified using an TCR8000 fl anme atom c absorption
spectronmeter (Aurora Biotnal Inc., Vancouver, B.C.) under conditions

defi ned byothe/mssaef acturer. One 0.05 m sanpl es wer e porraGeaset sa3
automatically frommcrotiter plates by dilution with an equal volune of Rh
+ sanpl e 5anal ysis buffer and injection into an air-acetylene flanme. The
anount of Rh + in the sanple was nmeasured by absorption at 780 nm using a
hol | ow cat hode | anp as |ight source and a PMI det.ector. A calibration curve

covering the fANGR.ALRo by Rl 0ARLe ANaY 3! & AUl ek ves, generat od ui th

each set of plates e percent f Ro+sup
/ (Rif' swaghfied Ringlag 8YRIOK0 1009419:0ic absorptioTbpeciefrfete { AfrEn Pofue Irmrrpound was

defi ned %nctfzvu[}ﬁ F uE@e)L tl(( ﬁloFbc)ehn@& k;]nge réﬁn ; @L%Fer}gﬂ'n% OI%)"S E}.l%anté[?cfevlv%frg lux in the

presence of conpoun In ari zation ux in basal
buf fer, &ftessed 4“§>ntah@ﬁéfff>mu&1¢ﬁ0hwﬁl§ﬁf®ﬂ byrdilptagn vk alﬁl@fi‘fﬂéﬁomfamf B sgnnlhe ef f | ux

i n the PresenoR Hef and AHRRAMNE I A «HSPQYIALI AL 01 U 6f me@m@;[rﬁﬁ@&/aq( F) and
conmpound concentration relationship was plotted to 15 cal culate an EC50

val ue, a BHIVINELSPERNEERT AL Hodpw Stbrde fampesk [igha rouRs anes Y T detecttie

results a\rmgmmupv@lc@wnn%@,g@%ge oAméFLCﬁLOmcu% 10 Mi1ys 28 iMwaBoenEenlwiR0 NM -
100 nM C ECso = 100 - 0 nM TABLE 1 ACTI \}j &: EXEMPLARY COMPQOUND
each set of plates. The percent Rb™ efflux (F) was defined by

= [Rb"sup/ (RE" g + Rb Ly} X 100 %
10
The effect (E) of a compound was defined by: E= [{(Fo-Fo)/(Fe-Fu)] x 100 % where the F. is

the eftlux in the presence of compound in depolarization buffer, Fy, is the efflux in basal buffer, and
F is the efflux in depolarization buffer, and F is the efflux in the presence of compound in
depolarization buffer. The effect (F) and compound concentration relationship was ploited to

15 calculate an £Csp value, a compound's concentration for 50% of maximal Rb+ efftux. The results
are shown below. Legend: A: ECgp =1 nM - 30 nM; B: ECsp = 50 nM - 100 nM; C: ECso = 106 -
500 oM

TABLE 1

ACTIVETY OF EXEMPLARY COMPOUND

retigabine




retigabine- 18 What is clained: 1.A conpound of fornula | 5where Wand Z
are independently, CHor N, Yis CH2, 0 or NHL where Rl and R2, are,
i ndependently, H, hal ogen, CH2F, CFIF2, CF3, CF2CF3, Cd-C6 al kyl,
C(z0) C1- Garoadebeydiga66H2C( =0) C1- C6 al kyl , NH C1- C6 al kyl ,pdNHGw@)0ids66al kyl |
C(=0) N(C113) 2, C(=0)N(EO2, Q=0) NEPC1l-C6 al kyl, C(=0)0dC -C6al kyl
OC(=0) C1-C6 al kyl, 0C1-C6 al kyl, SC-Q alkyl, C3-C6 cycloal kyl,
(CH2).C3-C6 cycl oal kyl, C3-C6 10cyclsoal kenyl, (CH2), C3-Q cycl oal kenyl ,
C2-C6 al kenyl, C2-C6 al kynyl, Art, (CHATAri, phenyl, pyridyl, pyrrolyl,
(C1-12), f&iﬁ;iisc@%r%dyl , (CH2) mpyrazyl, furyl, thienyl, (CH2)ifoxazolyl,
(CH2) , Hsoxazol yI', (CH2)",thiazolyl, (CH2).isothiazolyl, (CH2)phenyl,
(a-12),,pyrrolyl, (CH2),,pyridyl, or (CH2),npyrimdyl, which cycloal kyl
and sai d leycl dalrapl offesaps! optional |y contain one or two heteroatons
sel ected independently fromO, N, and S, and 15whi ch al kyl, cycl oal kyl ,
cycl oal kenyl, alkenyl, alkynyl, imdazs]yl, pyrazyl, oxazolyl, isoxazolyl,
t hi azolyl, isothiazolyl phenyl, pyrrolyl, Nyridyl, or pyrimdyl groups are
optional ly substituted withmne or t groups sel Set ed, independently, from
OH, hal ogen, cyano, nethyl, ; t#i] woromet hyl, where mis zero, 1,
or 2; or RL and R2, together—w|h H e ring‘carbon atons to which they are
attached, forma 5- or 6- 20 "used ring, which ring may be saturat ed,
unsaturated, or aromatic, which optionally contains one or two heteroatons
sel ected independently fromO, N, and S, and which is optionally
substituted with hal ogen, CF3, or Cl-d3 alkyl; Ris H halogen, CF3, or
Cl-C3 al kyl;

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

where R; and Ry, are, independently, H, haloger, CH,F, CHYY, CHs, CH,CHF;, Ci-C alkyl,
C(=C;-Ce alkyt, CH,C(=0)C,-Cys alkyl, NH-C,-Cyalkyl, NHC(=0)C;-C, alkyl,
C=0)N{CHaz)o, C(=N(Et);, C(=O)NH-C-Ce alkyl, C(=00C-Ce alkyl, OCEOC-C
alicvl, OC)-Cy alkeyl, SC;-Cy, alkyl, Cs-Cq cycloalkyl, (CHo) wCs-Cs cycloalicyl, Cs-Ce

10 cycloalkenyl, (CHo)wCa-Cs cycloalkenyl, Co-Ce alkenyl, Co-Ce alkynyl, Ary, (CHajnAr,
phenyl, pyridyl, pyerolvl, (CHp)pimidazolyl, ({CHo)gpyrazyl, Turyl, thienyl, (CHa)moxazolvl,
(CHa)gisoxazolyl, (CHy)gthiazolyl, (CHy)pisothiazolyl, (CHy)yphenyl, (CHz)mpyrrolyl,
(CHo) ppyridvl, or (CHyppyrimidyl, which cycloalkyl and said cvcloalkenyl groups
opticnally contain one or two hetercatorns selected independently from O, N, and S, and

15 which alkyl, cycioalkyl, cycloalkenyl, alkenyl, allkynyl, imidazolyl, pyrazyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazoiyl, phenyl, pyrrolyl, pyridyl, or pyrimidyl groups are
optionally substituied with one or two groups selected, independently, from OH, halogen,

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

or Ry and R,, together with the ring carhon atoms {0 which they are attached, form a 5- or 6-
20 member fused ring, which ring may be saturaied, unsaturated, or aromatic, which optionally
contains one or two heteroatoms selecied independently from O, N, and S, and which is

optionatly substituted with halogen, CFs, or C;-Cs alkyl;
R'is H, halogen, CFs, or C-Cs alkyl;

Ra and Ry are, independently, H, NH,, (C,-C; alkyl)NH, CN, hailogen, CF;, OCF;, OC;-C;
25 alkyl, or C;-Cs alkyl, all said C;-Cs alkyi groups and said C;-Cs alkyl groups optionally



WO 2009/ 018466PCT/ US2008/ 071803 19 substituted with one or two groups
sel ected, independently, from OH hal ogen, Cl1-C3 al kyl. OCI-C3 al kyl, or
trifluoronmethyl; g =1 or 0; R5 is Cl-Czal kyl, (CHR6)C2-C6 cycl oal kyl

( CHR6) CH2®®ty/myeh oal kyl , 5CH2( CHR6) , C3- C6 cycl oal kyl pcaRGwdsHd- (383 Co

cycl oal kyl . CH=CR6- C3- C6cycl oal kyl , (CH12.6) C5-05 cycl oal kenyl
Cl-12(CHR6), C5-c6 cycl oal kenyl, C2-C6 al kenyl, C2-C6 a/kynyl, Ari,

(CHR6) wAr1, CH2(CHI RywAr1, or (CHR6)9, CH2Ar1l, where w =0 - 3, Art is
phenyl, pyridyl, furyl, thienyl, p3Trr1 yl, oxazolyl, thiazolyl, or

i m dazol yl, n r. pt.i t edvvith
hydr oxy, net \r,:gu%gn i ?ﬁ{% 4 tW% §0 %1 Stegr%ﬁ)&é eggr\l/\ﬁbf%%rg%ﬁséé%f%%}éﬁ}d and
~cycl oal kenyl @Eo@p@kﬂrc&udpmmm&iyly substl tuted with one or two groups

sel ected, independently. from OH, hal ogen, cyano, nethoxy, nethyl, ethyl,
or trifluor ongthy)lro R6 i s hydrogen, nethyl, hal ogen, or nethoxy; and

phar maceutical |l y acceptabl e salts thereof 15 2. The conmpound of claim1l

Compound of 1 B hurae s, gy Sosrubabipiis dasbons ovRees: 20
5 CHy(CHRGg)«(C3-Cs cycloalkyl, CRe=CH-C5-Cy cycioalkyl, CH=CR-Cs-Cs cycloalloyl,

(CHR¢)w(5-Cy cycioalkenyl, CHao CHR g3 Cs-Cy cycloalkenyl, Co-Cy alkenyl, Co-Cy alloynyl,

Ary, (CHRg)wAY;, CH(CHRg)wATy, or (CHR3CHAr, where w = 0 — 3, Ary is phenyl,

pyridyl, furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, or imidazolyl, wherein said Ci-Cg alkyl

group is optionally sabstitzted with hydroxy, methoxy, methylthio, or halogen, and where
10 said cycloalkyl and cycloalkenyl groups are optionally substituted with one or two groups

selected, independently, from OH, halogen, cyano, methoxy, methyl, ethyl, or

triffiuoromethyl; Ry is hydrogen, methyl, halogen, or methoxy; and pharmaceutically

acceptable salts thereof,

15 2. The compound of ¢laim 1 which is a compound of formula [A
Fa ﬁ .
i Mg
o ST
!\\ ) VAR
F
Rg/.N % =
1A
3. The compound of claim I which is a compound of fornmla IB.
)I N
\T e
20 IB

4. The compound of claim 2, where W and Z are CH and R is halogen, C-Cs alkyl, or H,



3. The conpound of claim3, where Wand Z are CH and R is hal ogen, Cl1-C3
al kyl, or H 6. The conpound of claim?2, where Wand Z are both Nand R is
hal ogen, C-C3 alkyl, or H 7. The conpound of claim3, where Wand Z are
both N, awd Remisechal ogen, C1-C3 alkyl, or H 8. The carmpoungofsec! ai m 2,
where Wis N, Zis CH and R is halogen, Cl-C3 alkyl, or H 5 9.The
conpound of claim3, where Wis N, Zis CH and Ris halogen, Cl- C3 al kyl,
or H 10. The conpound of claim4,20mhere R3 and R4 arei ndependently,

met hyl , am no, am nonethyl, nmethoxy, trifluoronethyl, or chloro. 11. The

Corrpound Of C’h?e'cﬁ]ngoun%?&?fnudw%&g qdai Se C(%Iﬁdgor Ogg%&;_elﬂyci" %kgyﬁpoHam of

anlnonethyl tri rone uhd of

cl aim 10, where R3 and R, are, |ndependentI chloro, trifluoronethyl,

met hoxy, Sor nBtetpmpoyRE of daims. wheralkpl Z ¢ {f@%%‘ apdR1igkedeges (ayoledhal. RyAL,

CH2( CHRG) , C3-C6 cycl oal kyl, said C5-C6 al kyl group optionally substituted

met hoxy aor hahedeﬂlpo@adfa@md;,@y&mednkzlamgfo@umsan@ntlhmehwlmm@j bred with
one or two groups sel ect ed, independently, from OH, hal ogen, cyano,

ot oy, ot fl o S DMl LALYSE QREUY Ly, 4813, Thg, commeund, of 1 ai m 11

where R3 "and I ndependen y chl’ &0t T fT Uor ORe OoXy, or
methyl, and R5 is C5-C6 aIkyI (CHR6) uCH2C3- C- 6 cycl oal kyl , or

CH2( CﬁRG)‘? C3- 6 ceyppwrd|ok giun % aiihere B%is O Za$ 3 angro ippralopini en&l #lgvlsubst i t ut ed
met hoxy or hal ogen, and said cycl oal kyl groups optionally substituted with

one or two. grpmﬂﬁH@@h@Gﬁa@ﬂuiﬁﬂaﬁﬁm@%mUdk1ﬁ&$mm&h@JﬂﬂhQ9ﬁmm,Cyan0,
nmet hoxy, net hyl , or trifluoropethyl. 2014. The conpound of claim 12,

wher e R3a&ﬁd”ﬁﬁthﬁmoﬁnHgﬁeﬁﬂ@ﬁV¥V‘@Wﬁbro trifluoromethyl, or methyl, and
R5 is C5-C6 al kyl, (CHR6)"CH2C3-C6 cycl oal kyl, or CE12(ClR6) C3-C6
cycl oal kyik, S'a}izecboﬁiﬁe@ﬁ o blkiyd 5, guhara B; enpt R.cinaliddgpeatdsy,i thaifyé caret hoxy or

hal ogen, and s | u ionally substituted with one or two
gr oups s 4P nw OE%ﬁHK%FP%&Q%géﬁgﬁh hal ogen, cyano, nethoxy, nethyl,

ethyl, or tri f | UOI‘ OITE'[ hyl . WO 2009/ 018466PCT/ US2008/ 071803 21
}G 12. The compound of claim 10, where Rs and Ry are, independently chloro, trifluoromethyl,

methoxy, or methyl, Rs is Cs-Cy alkyl, (CHRg)oCH2Cs-Cy cycloalkyl, or CH{CHR6)wC3-Cq
-cycloalkyl, said Cs-Cs alkyl group optionaily substituted methoxy or halogen, and said cycloalky!
groups optionally substituted with one or two groups selected, independenﬂy, from O, halogen,

cyano, methoxy, methyl, ethyl, or trifinoromethyl.

15 13, The compound of claim 11, where R; and R; are, independentiy chiore, trifluoromethyi,
methoxy, or methiyl, and R is Cs-Cs alkyl, (CHR¢)CHaCs-Cy eveloalkyl, or CH( CHR ) wCs-Ce
cycloalkyl, said (s-Cy alkyl group optionally substituted methoxy or halogen, and said cycloalkyl
groups optionally substituted with one or two groups selected, independently, from OH, halogen,

cvano, methoxy, methyl, ethyl, or rifluoromethyl.

20 14, The compound of claim 12, where Rs and R4 are, independently chlore, triflnoromethyl, or
methyl, and Rs is Cs-Cs alkeyl, (CHRs)WCHCs-Ce cyvcloalkyl, or CHy{(CHRs)WCa-Cs cycloalleyl, said
Cs-Ci alkyl group optionalty substituted methoxy or balogen, and said cycioalkyl groups optionally
substituted with onte or two groups selected, independently, from OH, halogen, cyano, methoxy,

methyl, ethyl, or trifluoromethyl.

25 15, The compound of claim 13, where R, is H, halogen, CHoF, CHF,, CFs, CF:.CFs, C-Ce alkyl,
C(WO)C*;CG aikyl.



16. The compound of claim 14, where RI's H, hal ogen, CH2F, CHP2. CF3,
CF2CF3, Cl1-C6 alkyl, C(=0)C1-C6 alkyl. 17. The conmpound of claim15, where
R5 IS C5-C6 al kyl or Cl12(CHR6), C3-Q cycloal kyl, where w=1 and Re I S H,
met hyl , owomedshieseg¢ 18. The conpound of claim 16, wher@E/RBGs871883 C6 al kyl
or CH2(CHR4,, C3-Co6eycl oal kyl, where w =1 and R6 is H nethyl, or nethoxy.
19. The conpound of claim 17, where R3 and R4 are both nethyl, and R5 is
neopentyl or 2-cyclohexyl ethyl. 20. The conpound of claim 18, where R3
and R4 are both nethyl, and R5 is neopentyl or 102-cyclohexyl ethyl. 21.

The compgynd @i, 6y bR b clalx‘fﬂér@he@ﬁ ';§HFEQJO @Hgfa QFQRCI%I, BRIOFQE, By aned2. The
Hoor F."23

conpound of claim ere , A conpound
sel ect ed G- Ch@k@roup consi stl ng of. H 1 | 00 &e.) 15 22

17.  The compound of claim 13, where Rs is Cs-Cs alky! or CHy(CHRg)oCs-Ce cycloalkyl,

where w = 1 and R¢ is H, methyl, or methoxy.

5 18, The compound of claim 16, where Rs is Cs-Cg alkyl or CHx{(CHR6)Cs-Cs cycloalkyl,

where w = 1 and R¢ is H, methyl, or methoxy.

19.  The compound of claim 17, where Rs and R4 are both methyl, and Rs is neopenty] or
2-cyelohexyl ethyl.

20.  The compound of claim I8, where Rs and Rs are both methyl, and Rs is neopentyl or

10 Z-cyclohexyl ethyl.
21.  The compound of claim 19, where R, is For CFs, and Ry isHor F,

22, The compound of claim 20, where R; is F or CFs, and Ry 1s Hor F.

23, A compound selected from the group consisting of:
s H
= N W
F YT Q.
| NN N | TN N
~ i -~
15 N N
H
N N



ONF Il F.N1 NFNFNN-.-2 24. A conposition conprising a pharmaceutically
acceptable carrier and at |east one of2the following: i) a pharmaceutically

ef fective amount of a conpound of forrmula I; ii) a phaimaceutically
acceptabl e salt of a compound of fornmula I; iii) a pharmaceutically
acceptabl e ester of a conpound of forrmula I; iv) a pharmaceutically solvate
of a conpound of formul@éa |, 25. The conposithHon of claim24, in which the

pharmaceutically agc agl excarrier is m Pmﬁfh$1ine cellul ose. 26. Use
of a therap j (Felfective t_af A mpound of fornula | according
to clain1I/E?jgszarnaceutically qSCEptable salt, solvate, or ester thereof
in the naalfscture of a medi cament o preventing or treating a disease or

di sorder which is affected by activation of voltage-gated potassium
channel s. 27. The use of claim26. wherein the disease or disorder is a
sei zure disorder. 28. The use of claim27. wherein the conmpound of fornula
| i sa conmpound of f n-@ula I A

H
N ‘ N
F N/)\) N/

E

H H

F" N PN

24, A composition comprising a pharmaceutically acceptable carrier and at least one of the
following; i) a pharmacentically effective amount of a compound of formula I; i1) a
pharmaceutically acceptable salt of a compound of formula I; iii} a pharmaceutically acceptable

ester of a compound of formula I; iv) a pharmaceutically solvate of a compound of formula 1.

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

microcrystalline cellulose.

26. Use of a therapeutically effective amount of a compound of formula I according to claim 1 or a
pharmaceutically acceptable salt, solvate, or ester thereof in the manufacture of a medicament for
preventing or treating a disease or disorder which is affected by activation of

voltage-gated potassium channels,

27. The use of claim 26. wherein the disease or disorder is a seizure disorder.

28. The use of claim 27. wherein the compound of formula 1 is a compound of formula IA.



23 29.The use of claim 26, wherein the corrpound of formula | is selected
fromthe group consisting of: 23::?2,,.Nn< FN jer'' 30.The use of
any of clainms 27-29, wherein the therapeutlcally effective amount is from

29. The use of claim 26, wherein the compound of formula I is selected from the group

consisting of:

3
” m< N
K
o 2
Sl o aak
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O
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30. The use of any of claims 27-29, wherein the therapeutically effective amount is from

approximately 300 mg to approximately 2000 mg per day.



approximately 300 ng to approximately 2000 ng per day. 24 31. Use of a
conpound of fornmula | or a salt, sol vate, or a ester thereof in the
manuf acture of a medi canent for increasing the channel open probability of

KONGRT'3 SChaniel oD@ ul B Bhyta 1 32 sall N2 G LliefhbdPiihe G LR cOMPOUNG

of formila |i'sa conpou or mu e of a compoun formul a

| A or amsdictmensiot ipertaging te chagnebppen heebahdfty ¢IKEHE hemuplaétapangt. a nedi canent
for increasing neuronal Mcurrents in a mamual. 34. A tablet for oral

dosi ng conprising a pharmaceutically acceptable carrier and from

appr oxi et el Yh0oklimph ERF RECEIMPUID fGiglaf 33 ceBrfyelfdoBraidr nul a 1A or a
salt, solvate, or ester thereof. 35. The tablet of claim34, further
conprising a_Jubricant. 6. The tablet of claim34, further conprising a
di si nt egPant Uj se ‘%‘?.Cowgndtog%ir@iﬂa@? °d Sélaflt’rsnO 7 "W%%F %%rﬁodft%ﬁée tabre ureiogy c hewagl e.
38. A phatiraceubl atasey nappnklod cpedis atamanmde, conpri sing from approxi mately
100 to approximately 700 ng per dose of a conmpound of fornula IA or a salt,

solvate, or ester thereof. . _
34, A tablet for oral dosing comprising a pharmaceutically acceptable carrier and from

approximately 100 to approximately 700 mg of a compound of formula LA or a salt, solvate, or
ester thereof.

35. The tablet of claim 34, further comprising 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,



