WD 02/ 072088 PCT/ US02/ 04374 MODULATORS OF KCNQ POTASSI UM CHANNELS AND USE
THERECF | N TREATI NG M GRAI NE AND MECHANI STI CALLY RELATED DI SEASES FI ELD OF
THE INVEN&J ﬂﬁgﬁ present invention relates generally to theKehgydam |y of
pot assi um anne s and their involvenent in the treatnent o{ m gr ai ne and
associ at ed dlsorders. More specifically, the present invention provides
nodul ators of central nervous system (CNS)-rel ated potassi um channel

pol ypeptides, e.g., KCNQ@, KCNQ@B, KCNQXY4, KCNQB, or heteronultinmers

t hereof, particularly human CNS KCNQ pot assi um channel s, which are
effective in reducing, aneliorating and treating mgraine (also terned

m gr ai ne headache). Preferably, the KCNQ potassium channel nodul ators are
openers or activators of central nervous system | ocated KCNQ potassi um

channel pol ypeptMOBUBATORS OSKONQ POTASSIUMECHANNEL.S ARDRPgi cal and
neur ophysi ol ogi cal conditions, disorders and di seases, wth particular

regard to m gr AWEREGNCIQGIRINST ERGTHEGRABNT ADD P’H@@HﬁNﬁﬁT@Mnnel s are

menbr ane- spanni ng proteins that Eﬁqﬁtﬂ BIsPREELO hyper pol ari ze neurons.
Physi ol ogi cal studies indicate t at’ potassium currents are found in nost

cells and are associated with a wide range of functions, including the
regul ation of the electrical properties of excitable cells. Depending on
the type of potassiumchannel, its functional. activity can be controlled

by transnenbrane voltage, different |igands, protein phosphorylation, or
ot her second nessengers. Potassium channels are considered to be the nost
di verse class of ion channel BIELD ORYHEEVEENTION tical roles in cell
function. This has,  been denonstrated in neurons where KK channels are

responsi bl e, in paPRt PrFGH ENBoR trratengenpeEtly st YN ulfamily ddep@pHIHi ng cel |
exci tabi || Uy RinGRRh ifdlih vérﬁemﬂh{e%%uﬁsﬁ g{g@ﬁ{g;agglasgog o™ N9

depolar|zat|on resting nmenbrane potentia on o
neur ot r ansm tiserderse Maseapecifieallvt thempreseht ihestioa rpgoxbe@rmdhﬂﬁbrshﬂ’ denthy

nervous system (CNS)-related potassium channel polypeptides, e.g., KCNQ?2,
KCNQ3, KCNQ4, KCNQS5, or heteromultimers thereof, particularly human CNS
KCNQ potassium channels, which are effective in reducing, ameliorating and
treating migraine (also termed migraine headache). Preferably, the KCNQ
potassium channel modulators are openers or activators of central nervous system
located KCNQ potassium channel polypeptides and are useful in the treatment of
neurological and neurophysiological conditions, disorders and diseases, with

particular regard to migraine.

BACKGROUND OF THE INVENTION

Potassium (K+) channels are membrane-spanning proteins that generally
act to hyperpolarize neurons. Physiological studies indicate that potassium
currents are found in most cells and are associated with a wide range of functions,
including the regulation of the electrical properties of excitable cells. Depending
on the type of potassium channel, its functional.activity can be controlled by
transmembrane voltage, different ligands, protein phosphorylation, or other
second messengers.

Potassium channels are considered to be the most diverse class of ion
channels and have several critical roles in cell function. This has been

. -+ . .
demonstrated in neurons where K channels are responsible, in part, for



el ectrophysi ol ogy recordi ng net hods and by pharnacol ogy, as a dom nant 5
conductance in controlling neuronal excitability. The Mcurrent is

nmodul at edywyg,A3EEr ous neurotransnmitters (acetylcholine, glhstaresf LHRH
and somatostatin), which can |ead to either suppression or enhancenent of
current. Two maj or physiological roles,of the Mcurrent are to set resting
menbr ane potential and to control spiké frequency adaptati on.

Phar macol ogi cal 10 activation or suppression of Mcurrents by small

nol ecul es coul d have profound effects_in controlling neuronal excitability.
Recent |y, Wafgieeningg ceflryorabiliyityteatributigg to@embi@eypalapetiond t hat

co- assenbly . Ly channel s ;underd i es a native
M current in?(%lleoh{lg § . %@gﬁﬁﬁm%ﬁ%%&%ﬁ%g |1(1)t?1"{s]’ é?nrrzll1 F %uel and KCNQ@3

pot assi um chaanetransndifieeRabd. The t-Larrbehiag orbdeth Hakribeldat al convul si ons
(BFNC), an autosomal_ _dom nant epil epsy of newborns (Charlier et al., 1998,
Nat ure Genet Figstroptysoogygecorging meshqdsapd Jy pharpygglogBasarflamingto: 403- 406;
and Si nghs et , ' a8 25- 29) ese t channel s are
menbers o tﬁ@dsu gtr??slgergm Ec u%)g{n% nfea%ﬁﬂ?@éxggal?légff ﬁ@leﬁ%\?&z@&? 21}503@,‘}0% Fﬁ’d(r:tﬁgnnel

that is respamsihiuent@btrhosng:el (2 ty8stutine sabstandel e IHERM tandAl t hough their
exact physiol ogical functions_are not well understood, the KCNQR and/or
KCNQB, as wePmgfestatiy), iphyran fepdkoRridBer suppiessial] efnbprasmentol auiesh ar e

| ocalized within : r | arl eur onal
menbr anes t hat hagg% brgga)yg@%@éé?aggb eggf'ﬁgi\ﬁgkﬁe%?g% %E%et%g%% gated ion
channel s. | f nrutbadrieqrusentibf &al totcbatrlGNQRerfdgaendy ddepiatiad.i Phdrghatdiegied cel |

menbr ane, by repoving or partially reducing the outward potassiumcurrents,
it is possi bPEIYEHER OF sHPPREsIion 9 Mogurenty by smalhpoleculgs spedhekapioiapen | onger ,

thus creati eﬂeéwﬁ%ﬁgﬁgg%gtdgg&naﬂkcﬁaggg§2§&?@m%1§§am.giég%nségﬁg jcans --

about 18% of wonen an nen -- ai ne parn

m gr ai ne-r el 28Z2d8%0hA30 mepoiddd Fhat 36-aSteabdy bf tht KIONQ2 2RO RCNQ@Motadhiin 64- 69) .
Attacks are common, with nore than 50% of sufferers experiencing one or
more epi sodeS4FBFIS pAeHes RAURFMHTeRt iR NSNS Bresl au N., M grai ne:

Epi dem ol ogy. In: ﬂb%ﬁlﬁﬁﬁ?ﬁﬁ%ioﬁgﬁ;t@m@@ dnd K@hﬁp@fé gg@%@%ﬁw 04374

-3 Tfelt-Hansen P, KMA, New York, NY: Raven ptr.
22:169- 15  are linked to benign familial neonatal convulsions (BFNC), an autosomal

dominant epilepsy of newborns (Charlier et al., 1998, Nature Genetics, 18:53-55;
Biervert et al., 1998, Science, 279:403-406; and Singh et al., 1998, Nature
Genetics, 18:25-29). These two channels are members of the same molecular
family as is the KCNQ1 potassium channel that is responsible for long-QT

20  syndrome in the heart. Although their exact physiological functions are not well
understood, the KCNQ2 and/or KCNQ3, as well as the KCNQ4 and KCNQ5,
potassium channels, which are localized within the nervous system, may act to
repolarize neuronal membranes that have been depolarized by Na" and Ca™
voltage-gated ion channels. If mutations affect the KCNQ role in repolarizing the

25  cell membrane by removing or partially reducing the outward potassium currents,
it is possible that the Na" and Ca"™" ion channels would remain open longer, thus
creating hyperexcitation.

An estimated 23 to 25 million Americans -- about 18% of women and 6%

of men -- suffer from migraiﬁe pain and migraine-related symptoms (W.F.

30  Stewart et al., 1992, JAMA, 267:64-69). Attacks are common, with more than
50% of sufferers experiencing one or more episodes per month (Rasmussen, B.K.

and Breslau N., Migraine: Epidemiology. In: The Headaches, Eds. Olesen J,



173). M graine, a heterogeneous disorder, produces a w de spectrum of pain
and associated disabilities, both within and anong i ndivi dual sufferers.

The pain geRaEsdsym includes mld pain and no disability igg hixd-ately
5-15% of mgraline attacks, noderate to severe pain and disability in

approxi mately 60-70% of attacks, and jncapacitating pain and total
disability in the remaining approximtely 25-35% of attacks (WF. Stewart
et al., 1994, Neurol ogy, 44(suppl4):S24-S39; R B. Lipton and WF. Stewart,
1993, Neurol ogy, 10 43(suppl 3): S6-S10). Popul ati on-based epi dem ol ogi cal
studi es in tA&loHpRss Poiielels Ky, New oeikal ¥ : Ravsnd’ressuh20% Rbtr.@8stt9peopl e
wth mgrai n§7%| e not currently consulting a physician for their m graine
attacks, and only about one-third have ever been diagnosed by a doctor (J.

Edneads et al., 188graieaahetbrogiaeusldisoeder, pré@ucks d-whdd spetbuid dBpainifpion and
WF. Stewart, 1994, Neurology [abstract], 44(suppl2):199; B.l. Rasnussen
et al., 1992assogigicdehigapiliticsriotinpithingnd ampngndiyuvalingterandlis pai ¢ el | |

1993, Suffer| [0S ; . ragne:s-.a. bright.er yeg. K£d. Edmeads
J., Wort h$ ngg%%rlﬁggg%gfl %glln agl&%’lo?%%? {ho élpéﬂﬁ’g%ﬁ?ﬁewgrﬁé% %fl\fer whel m ng
maj ority (95%ighingantacsimddsimeftoweveapain andidpabilieinrapproxiBately20-70%li vi dual s
who suffer from m graines, used nedication to relieve pain, although. only

about 28% of Ot HEacke fnd MFARIUABRS PHE 2o Haial disabdity dbthespiaadiigot i on
di cat | ] b ; , - 1273- 1278 and
gr.s DI. ‘ aOIelogflt gﬁg eltnjmjgfg/ %]fg&b@% aﬁ@g%sg@ﬁg; %&ﬁgj 2@%’2@4 %%%%é‘%éh the s y?nr)]t om

pattern var i é$(sappdhgS2d-§8AiRB. Riptdredrel W.F.thewarR 3 998Vvesairblpgnf m grai ne pain

justifies a need for vigorous, yet safe and effective, treatnments and
t her api e fof"%%@’%)‘%%@?&)aj ority of cases. Needed in the art are agents

that can be used Qtﬁ%a it 2 20 aehi 8 ' ' i simlar to
and nechani sti cal gp@e at e%iq@t oplmgllélr a?{%%%psg{dgés,qgé eﬁtglgiééra %g%%ac e), and even
prevent theelsecharedrave fomdrthgmadshpeopd withmeigehiek @t @obniriently goraulimgagent s

which are 30 effective in the treatpent of acute mgraine, and provide the
Dot ent |l T of BEIOUNYT At BB AALE, K GG eher b GRS 26T by

ef ficacy in ai0R68kH b9% doeRk (1. Al &l 1h3denhes Neafy SERURH.1 A -pfear goal
inthe art is to discover new, WO 02/0/72088° PCI/ US02/ 04374
15  R.B.Lipton and W.F. Stewart, 1994, Neurology [abstract], 44(suppl2):199; B.K.
Rasmussen et al., 1992, J Epidemiol Community Health, 46:443-446; and G.
Micieli, 1993, Suffering in Silence. In: Migraine: a brighter future. Ed.
Edmeads J., Worfhing: Cambridge Medical Publications, pp.1-7). The
overwhelming majority (95% of men and 97% of women) of migraineurs, i.e.,
20  individuals who suffer from migraines, used medication to relieve pain, although
only about 28% of the men and 40% of the women have used prescription )
medications (R.B. Lipton et al., 1992, Arch Int Med., 152:1273-1278 and D.D.
Celentano et al., 1992, Headache, 32:223-228).
Although the symptom pattern varies among migraine sufferers, the
25  severity of migraine pain justifies a need for vigorous, yet safe and effective,
treatments and therapies for the great majority of cases. Needed in the art are
agents that can be used to combat and relieve migraine (and diseases similar to
and mechanistically related to migraine, e.g., cluster headache), and even prevent
the recurrence of migraine. Also needed are anti-migraine agents which are
30  effective in the treatment of acute migraine, and provide the potential for
prophylactic treatment of migraine as demonstrated by efficacy in a model of

cortical spreading depression. Thus, a clear goal in the art is to discover new,



-4 safe, nontoxic and effective anti-m grai ne conpounds for use as drugs,
and in anti-mgraine conpositions thereof, and treatnents using the

conpoundsy@y\@35egg CONPOsi tions. I n general, the m graine %wgmgmm th or
Wi thout aura, has a variety of 5 characteristic features. grai ne attacks

are episodic and self-limted. The dugation of untreated or
unsuccessful ly-treated nigraine attacks can be from several hours to
several days (e.g., about four hours to about three days). M graine
attacks are relatively infrequent, with about seventy-five percent of
m grai ne suf $ade.@ostoxipand direinganiesgagsompoetlsdpr vse as Wress, ndiiacks per

1004, Neur o B0 EHRE SofbeR)ous ol i Nepun Bl Bt oo L 0y  *

1993, Neur ot@fiyositsssuppl 3) : S6- S10) . Conmon pai n characteristics of
mgraines include pain_in a unilateral location, wwth a pulsating quality.
Pain is usually ol gowstbrihe BigrgingsoBeiEon,ividhey whcaﬁ@uiash@ﬁgeng&t@% by

ULl ne B SUERL AR fdes Mo AialRLE, O SiChEk B iR VIR O 1
recogni zed to frequently acconpany m grai nes, nanely, nausea and/ or

voni ting, phairephobi wntraatedrephakicessfidydreatadnaigranaittadksedbd fiym i . €.,
difficulty in performng routine work-related and non- work-rel ated tasks.

The pr odr onesqyRE Bows torpeyicedl days (§:2--taheutdorahqyraabowhireeidaydecurs), are 20

Synpt ons. whi E/Hg:%{n% A0 L LIRS S%ﬁﬁ@%ggéb‘iﬁhea p' 9£e%‘gﬂt‘§-f?4etpae9 nfhdl severe

m graine pain.“Treatnments are a o0 provide”not only relief froma
full- bl own mighiakBeffaktsaseriditingdesahasyngiuandtiivee atddkepebiyontdduci ng or
alleviatjng the developrment of full-blown m'egrai ne attack, As will be

appr eci atled Oy K SE&Yatetishel 99 dd44h LOREF-0% Wel priewadsealpd2e of a condition
of m graine ' I S f : \% or throbbing
m grai ne pai ﬁgﬁﬁg(%ghzﬁ@?@wﬁﬁsrﬁn%ﬁSgggr%;%ﬁo?l %Eeld W%?g}%r‘@ﬁé 3?%% er

experi ences New@!gradd(esppl3)eSdiat@y Gominoh paiedhaasteristicswif kdigaleo be

appreci ated fhat m grai noys aura, which is frequently experienced by about
20% of migr ainﬁgldgll?\a dp grigtlatsral lesglien.g ‘f‘@“lﬁi‘tﬁ%ﬁuﬁ{%typé)laﬁl 153’9“33 ®%t hr obbi ng.

Aura i nvol veg, g stel Sty erS il Ahy is3dral bt B r&ltﬁfe?éngi%%cﬁ%f(?%ﬁg ¢ hat

i nvol ve visual scotonas, or even hemanoplia and sp abnor
15 or more of a cluster of symptoms is recognized to frequently accompany

migraines, namely, nausea and/or vomiting, photophobia, phonophobia, and
functional disability, i.e., difficulty in performing routine work-related and non-
work-related tasks.
The prodrome phase of migraine, or the aura phase (when it occurs), are
20  symptoms which are known to precede an acute migraine attack and severe
migraine pain. Treatments are also needed to provide not only relief from a full-
blown migraine attack, but also, symptomatic relief by reducing or alleviating the
development of full-blown migraine attack. As will be appreciated by the routine
practitioner, the prodrome phase of a condition of migraine typically occurs
25  before aura and before severe or throbbing migraine pain. Frequently during
prodrome, the migraine sufferer experiences mood changes, lethargy and
tiredness.
It will also be appreciated that migrainous aura, which is frequently
experienced by about 20% of migraine sufferers, precedes severe migraine pain
30  and throbbing. Aura involves distinctive auditory and visual distortions, which
may involve visual scotomas, or even hemianopia and speech abnormalities, that

develop prior to severe migraine pain and throbbing.



develop prior to severe mgraine pain and throbbing. WO 02/072088
PCT/ US02/ 04374 -5 In view of the serious and debilitating effects that

m grai ne {RARashRs | mpose on the sufferer, novel drugs angidob/gkdyanous
agents that are capable of preventing a mgraine attack before the

m grai ne sufferer experiences intense, . severe mgraine pain and rel ated

di sconforts woul d be especially advantageous in 5 the art. In addition, new
drugs and conpounds that are capable of providing relief froman actual

m graine attack after the prodronme and/or aura phases, and once m graine
pai n has devel opel vVigypfdhesesigps gnddehalitating pigeqtathgemigipipe heasfachdsndi vi dual s

R S e S e R T by

or prevent op@yveringo midybiae atick Heliere chahbghiae bsffdrer €dpufibtes @ftersypt ons,
nanel y, nausea, photophobia, phongophobia and basic functiaonal disabilities,
that ~are fubsErmigaige painagdyplalgd disgpaiorts wowd ke gonscisdly gdyantagsays Wccur

ft th 2 ] i - h
benet 1 and’ UeqiEE aBREE R Auflt ELARQRACREN e cobartU] Srobfauft fliEe ™"
and/ or renovabmai atuss bepraife dieddatdrehelpdamiodtd/ @antrpstiases, bad ofeeanpl e i n

the formof novel agents and conpounds that to treat and/or prevent the
cl uster head®éHanspam kanderdergds o dytlearlybeastt the fasgenumbgeofper cent age of

the popul ati oRy;i&D8S &nbSu rf?cﬁﬁ%i%?%irfg. %F@%glrd b%%g}gér%pﬁl%%}rﬁl?éﬂage%gﬁﬁs that are

useful in therapeutics an treatffents, and as ¢ 0 armaceuti cal
conposi ti onsnew drugs edd comgowiid vedre el @iet vahictotoudd teeveq taetjotae pai n and
di sconf o@ of . m grai ne headache and Oétheﬁr@ %ynpto_ms of migraine. There is
al so a ntkd FHPUBleRraReE} 9 OF 8 BtmBAL & the chiiReigneia clusten ofi sHePisacks. The

present i nvepthag #kia bhespmitid) ekl albadt iliofimRoNNARs hal
function as openers o e P(CNQ fam y of potassium channel proteins to
serve as ant arerfugireaxianscadeiwgh origdmegpnd andrdime maomiat seu? bftedhposi ti ons for

(he et ot el 3L 26 5T IS0 Dby Ve R 0T, 7,05, 500,
oxadi az ol Opeadi%ﬁ!.agéw N&R ARfhellly Br thahRBlorNoon, r8ic?3thdbl ?’er’é@vzﬁ) of tig¥eyasam et
al. ("the 113 patent”), discloses derivatives of 1,3, 4-oxadi azol one, both
of whi chl&ar ehetidsdieclswntiortlbed paipf for ekampleen thedatmehnowd agents and
compounds that to treat and/or prevent the cluster headache problem.
Because migraine afflicts a large percentage of the population, there is a
need to discover compounds and agents that are useful in therapeutics and
treatments, and as components of pharmaceutical compositions, for reducing,
20  ameliorating, or alleviating the pain and discomfort of migraine headache and
other symptoms of migraine. There is also a need for preventative treatments to
ward off migraine attacks. The present invention satisfies such needs by
providing compounds that function as openers of the KCNQ family of potassium
channel proteins to serve as anti-migraine agents or drugs and to comprise
25  compositions for the treatment of migraine, as described herein.
U.S. Patent No. 5,869,509 to J.L. Romine et al. (“the ‘509 patent™)
discloses diphenyl heterocyclic oxadiazolone derivatives and U.S. Patent No.
6,034,113 to P. Hewawasam et al. (“the ‘113 patent™), discloses derivatives of
1,3,4-oxadiazolone, both of which are disclosed to be useful in the treatment of
30  disorders that are responsive to the opening of the large conductance calcium-
activated potassium channels, also called maxi-K channels. Because of their

voltage and calcium dependence, maxi-K channels are distinct from KCNQ



30 disorders that are responsive to the opening of the |arge conductance
cal cium activated potassium channels, also called maxi-K channels. Because
of their and cal ci um dependence, maxi-K channel s ct from
KCNQ WO 0\3)/(86721}203%%8 PCT/ US02/ 04374 -6 potassium channel s, P%r ﬂg@iﬁgn |y

vol t age dependent. In addition, the pharnmacol ogy and ki net| cs of maxi-K
channel s versus KCNQ channels are frequently quite different, and the

| ar ge conductance or maxi-K channels are responsi ve to the opener
conpounds specifically disclosed in the 509 and 113 5 patents . Thus, the
conpounds anBomsEH chamelswighi ase gnlyryoitagssdepgadaaht B addaiongihst i nct from

t hose of the Rundf el dt
et al. descrf a{r%sérg(r)e1lt%g{tjQ%l %télgtg& Oe{r%la%_lfa% %’B&S Ngrssggﬁaﬁ\?f%?%%&éﬁo% treating the
synptons of %aquedtly quitpdiffedént, zmﬂuhé)mg@wrﬁgct@nmrﬁnaﬂhecmhel@hredoes not

di scl ose the use of novel central 10 nervous system (CNS) KCNg ot assi um
channel pr ot Esporsperetheepengt camp@inds spasitraly diselosediaibe WP sad pblder i zat i on

aeltor at onb APy | TR B ARl BRI Oy 15 1171 <

an object of disﬁﬁctm‘cﬁﬁelfﬁsebf\ﬂﬁ@trés@ﬂtlhoerproﬁV| de nodul ators of KCNQ potassium
channel pol ypeptides, particul arl pot assi um channel

pol ypept i des whi EkS-Fagent Noo rldds 9%9 ¢ @d]&élil‘#él étrﬁl{ despraRes AgtigaBine AR pRvi at i ng

m gr ai ne, ance with the
present | nve ef%;i gdr{fh%e %; ltnK@%N&s 8@{%&5 ik eﬁgﬁﬁgﬁgggﬁﬁyﬁgg@%eg are preferably
specific to nélﬁomhhslogmlp@ﬁﬁlT}Eqﬂtenmdbéselocdmbroaé thaexrsyoﬂﬁo\&ysm (CNS), i.e.,

CNS- | ocat ed KCNQ pot assi um channel pol ypepti des. i s another object of
the prestht P?W%‘F‘ﬁ &iYéWmc DI PRIeRST AR eh%mglﬁéretem Qpen%ﬁ»r HKHAT KCNQ

pot assi um chg&ﬂf; %@@ rapy for
m gr ai ne, (lgusn[21 ?(lg%’%gﬁé(—% %rheﬁg% 21(1:%‘?@}38 1%?2%1@%&%ﬁ\3?1{d5?0f the 25
nodul at or s onudléies, KCNQcpbdddsstin foictha amelisratidiedr divvidtien of igeineof t he
present invention is to provide conpounds that function as openers, or

activators, of the KCNQ potassi um channel polypeptides so as to prevent
the asynchronous firing of geNMMAARY B TRGCHGSENYTON @ m grai ne

15 It is an object of the present invention to provide modulators of KCNQ

potassium channel polypeptides, particularly human KCNQ potassium channel
polypeptides, which are involved in reducing, ameliorating, or alleviating |
migraine, a migraine attack, or cluster headache. In accordance with the present
invention, the KCNQ potassium channel polypeptides are preferably specific to

20  and/or localized in the central nervous system (CNS), i.e., CNS-located KCNQ
potassium channel polypeptides.

It is another object of the present invention to provide modulators specific
for human KCNQ potassium channel polypeptides for use in the treatment or
therapy for migraine, which is responsive to the selective opener activity of the

25  modulators on the KCNQ potassium channels.

Yet another object of the present invention is to provide compounds that
function as openers, or activators, of the KCNQ potassium channel polypeptides
so as to prevent the asynchronous firing of neurons that occurs during a migraine
or migraine attack, or that may be involved in the symptoms that precede a full-

30  blown migraine attack or cluster headache.
It is another object of the present invention to provide fluorooxindole

compounds as novel openers of KCNQ potassium channel polypeptides to affect



or mgraine attack, or that may be involved in the synptons that precede a
full- 30 blown mgraine attack or cluster headache. It is another object of
t he prese ion to provide fluorooxindole conpound openers
of KCNQ pg{Oa(!sz@ygjr%n&channel pol ypeptides to affect WO 02/ 07?@%9)6%74

PCT/ US02/ 04374 -7 and treat mgraine.,In accordance with the present
invention, by their activity as openers of the KCNQ potassium channels as
described, fluorooxindole conpounds are useful alone, or in conjunction

W th other treatments, or anti- mgraine agents, in the treatnent of

m grai ne andPJéCF trea} TRSERRG- B apesdanse adthy the presen drventignahyi thel A&y 281 | evi at e
m gr ai ne. th}ﬁ? e to provide

2, 4-di substl th%ee}(;ée&ftﬂgl m Rgﬁ%ﬁ%r g%)’f}g%a Fgeg‘%%%@agll%ég&%%g&%und

preferably, Bomﬁb'urrds Iaradms&ﬁﬂa}dn): or in conjunction with other treatments, or anti-
4-(trifluoronmethyl)-N[[4- (tr|fI uoronet hyl ) phenyl ] methyl] pyrim di ne-5-
car boxamni de, Hﬁgraﬁﬁéﬁé?% 1Bt Ws@t%@waﬁwmw MRGRsEpERRIEsOt o af f ect
and 10 treat .§,0f 3 NG orkd la,cﬁ%%h%a‘gg%q w.th the present invention, by their
activity as " operers oF ¢ R assi um channel s as descri bed

2, 4-di substitutedlt 1pyet|ambmeﬂebﬁetmﬁlﬂmmasmdmvdﬁmmtprmd@D,vtpﬂsu’mdﬁtuaaﬁe usef ul
aI one, or in c¢onjunction wth other treatments qor anti-mgraine agents, in
the treat menPY@uding- aﬂameéaram/dﬁmthverﬁom% prasrably ex- (T lidgy kad)-

aneliorate o _ ?lgq?]tp& 5t he present
i nvention toﬁp?rg&/@g&éﬁétg g rretcﬁgrgéﬁlyg% y ngﬁsggﬁitﬂ‘rﬁg Igé;r vous system
(CNS) - associ edrbolxatiiNg ascaipaﬁesrs ofiKChEh pethsiurh oharthet wodypaptidel togisfeatruad

bi ol ogi c ents. that jnter ct wi.th and/ or nodul ate such  CNS KCNQ
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15 It is another object of the present invention to provide screening methods
employing central nervous system (CNS)-associated KCNQ potassium channels
for detecting drugs and biological agents that interact with and/or modulate such
CNS KCNQ potassium channels, so as to treat migraine. In accordance with the
invention, the discovered drugs and biologicals are tested to determine if they

20  modulate the KCNQ channels, for example, to prevent the asynchronous firing of
neurons. Preferably, the screening methods will detect and identify those drugs or
biological agents that are openers or activators of the KCNQ potassium channels.

Additional objects and advantages afforded by the present invention will

be apparent from the detailed description hereinbelow.

25
DESCRIPTION OF THE FIGURES
The appended drawings of the figures are presented to further describe the
invention and to assist in its understanding through clarification of its various
aspects. ‘
30 Figure 1 depicts the effects of the representative fluorooxindole

compound, (+)-3-[5-Chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1,3-dihydro-3-
fluoro-6-(trifluoromethyl)-2 H-indol-2-one, (Compound 1), a novel KCNQ
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15 Figure 3 depicts the effect of the potassium channel opener retigabine on
SSS-stimulated field responses recorded in the nucleus trigeminal caudalis. This
compound (3 mg/kg i.p.) produced a significant reduction in field response. (See
Example 3). Error bars signify standard error of the mean (SEM).

Figure 4 shows the effects of 2-(Pyrrolidin-1-yl)-4-(trifluoromethyl)-N-

20  [[4-(trifluoromethyl) phenyl]methyl] pyrimidine-5-carboxamide, (Compound 2),
on Xenopus oocyte expressed murine KCNQ2-mediated outward currents. (See
Example 4).

Figure 5 shows the effects of retigabine (10 M) on Xenopus oocyte
expressed murine KCNQ2-mediated outward currents. (See Example 4).

25 Figure 6 shows the effects of the compound (+)-3-[5-Chloro-2-[(2,2,2-
trifluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-(trifluoromethyl)-2 H-indol-2-one
on Xenopus oocyte-expressed murine KCNQ2-mediated outward currents. (See
Example 4).

Figure 7 demonstrates that the fluorooxindole derivative (+)-3-[5-Chloro-

30 2-[(2,2,2-trifluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-(trifluoromethyl)-2 -
indol-2-one, (Compound 1),produced a significant reduction in the number of

spreading depressions produced by a single 10 minute KCI application (overall
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sequence are edes%:?i bed i n WO 0?/31214786 Alr;l anmfﬂ% KC%\IQS pot assi um channel

protein and RQypeptidds,ragdfoncombmataisdhaeqienwell as betdmsuuliiimed dfifikat@nt
application U.S. Serial No. ., 60/207,389, fi.led 6, . 2000; .and.in WO
00/ 61606 Al . IR (P BSTRRSH: SUGF hetemUtEgHP RENQshutare A por at ed
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15 The KCNQ2 and KCNQ?3 potassium channel polynucleotide sequences

Bid

fa.

and encoded polypeptides/proteins are described in patent application U.S. Serial
No. 09/105,058, filed June 26, 1998; in WO 99/07832; and in WO 99/21875 Al;
the KCNQ4 potassium channel protein and encoding nucleic acid sequence are
described in WO 00/44786 A1; and the KCNQ5 potassium channel protein and

20  encoding nucleic acid sequence are described in patent application U.S. Serial No.
60/207,389, filed May 26, 2000; and in WO 00/61606 A1. The entire contents of
these applications are incorporated herein by reference.

Although the exact trigger that causes a migraine is unclear, two

approaches may be beneficial for treating a migrainous event. The first approach

25 1nvolves vasoconstriction of the vascular system and the second approach,
described more fully herein, involves limiting neuronal hyperexcitability. One
way to hyperpolarize neurons firing during a migraine attack is to employ
selective openers, or activators, of the KCNQ potassium channels. By way of
nonlimiting example, protein localization studies have demonstrated that the

30 KCNQ2 channel is located in the trigeminal nucleus, which is a key area in

migraine attacks.
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15 19p6). Further, st%/rhulation of t>}lxese sites, ig%umans, produces subjective reports
of pain (H.G. Wolff, 1963, Headache and Other Head Pain. Oxford University
Press, New York).
Moreover, there is little doubt from a clinical standpoint that the
trigeminal system is intimately involved in the expression of migraine (J.W.

20  Lance, 1982, Mechanisms and Management of Headache, 4" Edition). The
connections of the trigeminal system with cranial vessels have been termed the
trigeminovascular system (TVS). More specifically, this system comprises the
cranial vessels and their trigeminal innervation, implying a functional network
that may play a role both in normal physiology and disease. Based on these

25 findings, a néuro genic model of migraine has been provided, in which any
stimulus which depolarizes trigeminal sensory fibers is believed to activate the
TVS and induce change in the cephalic circulation and intra- and extra-cranial
tissues recetving trigeminal innervation (M.A. Moskowitz, 1984, Ann. Neurol.,
16:157).

30 The mechanism by which prejunctional receptor activation leads to
inhibition of neuropeptide release is unclear, and the presence of many

prejunctional receptors on sensory nerves suggests that there may be a common
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(P.J. Coadsb d AS. m, 1991, .Brain, 114:1001-1Q04), and .i ncreased
- tos | munolSauer e giodhSF ey apdin KaRe oLEoucel Pioga BRATI Req.
629: 95-102) , (ma@imfiés).M Strassman 20 et al., 1994, J. Neurosci:,

14: 3725-3735), and non-human primate (P.J. CGoadsby
15 Stimulation of the superior sagittal sinus (SSS) produces a well-described

physiological trigeminal response (G.A. Lambert et al., 1988, Brain Res.,
453:143-149), enhanced 2-deoxyglucose metabolism in cat (P.J. Goadsby and
A.S. Zagami, 1991, Brain, 114:1001-1004) and increased c-fos immunoreactivity
in the cat (H. Kaube et al., 1993b, Brain Res., 629:95-102), rat (A. M. Strassman

20 etal, 1994, J. Neurosci., 14:3725-3735), and non-human primate (P.J. Goadsby
and K.L. Hoskin, 1997, J. 4nat., 190:367-375).

Effective anti-migraine compounds with adequate brain penetration have
been demonstrated to suppress SSS-stimulated trigeminal activity recorded as
either single unit activity or field potentials. More specifically, compounds such

25  as dihydroergotamine (D.H.E. 45®) (K.L. Hoskin et al., 1996, Brain, 119:101-
108), zolmitriptan (Zomig™) (Goadsby and Hoskin, 1996 (1996, Pain, 67:355-
359); ML.J. Cumberbatch et al., 1998 (Eur. J. Pharmacol., 362:43-46.)), rizatriptan
(Maxalt®) (M.J. Cumberbatch et al., 1997, Eur. J. Pharmacol., 328:37-40),
naratriptan (Amerge™) (Y.E. Knight and P.J. Goadsby, 1997, Cephalalgia,

30  17:403 and P.J. Goadsby and Y E. Knight, 1997, Br. J. Pharmacol., 122:918-922)
and, following blood-brain-barrier disruption, sumatriptan (Imitrex®) (H. Kaube
et al,, 1993a, Brain Res., 629: 95-102) decrease physiological measures of SSS-
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flow that correlate well with the spreading depression phenomena (M. Lauritzen
et al., 1983, Ann. Neurol., 13:633-641). Recently, spreading depression was
visualized during migraine in human subjects using functional magnetic

20  resonance imaging based on a blood oxygenation level-dependent imaging
technique (Y. Cao et al., 1999, Arch. Neurol., 56:548-554).

The foregoing suggests that spreading depression may both underlie the
visual aura, and possibly other prodromes, that precede migraine and cause the
ensuing migraine attack and accompanying pain (J.E. Hardebo, 1991, Headache,

25  31:213-221; J.E. Hardebo, 1992, Cephalalgia, 12:75-80). Accordingly,
attenuation of cortical spreading depression is currently accepted for evaluating
and comparing novel drugs for their usefulness in the treatment, particularly
prophylactic treatment, of migraine headache (see T.P. Obrenovitch and E.

Zilkha, 1996, Br. J. Pharmacol., 117:931-937; W.N. Chan et al., 1999, Bioorg.

30  Med. Chem. Lett., 9:285-290).

In one of its aspects, the present invention provides modulators of KCNQ

potassium channel proteins or polypeptides, preferably CNS-located KCNQ
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or acti vat or sgtivitl of fres&KEGNapboywls &s geatnmighedn) elcopditbewhschds, ipolyipept i des,
whi ch ar1eO responsive to the, opener ivity of these conmpounds _ to treat

m grai nel¥ a EEPRASTYEIA thiheReAIEO! th%KFmpotwl%gbw sy &speriplhprglsEsiing of
t he KCNQ pot I I : r
POt B3RS ARG rs tllﬁgpﬁe 'séllaét}{/eﬁfalﬁ;:ftﬁé E’?k;%ﬂ%%: RERRE! Sy | . 4

activators that "are sel ective active o
pot assi um chEOMNE2/Ppotassins ohrnpd pygseips ddesypddtides: HGhig) KON potasaiummhannel s

are nost preferred. Al sq n;ﬁ#st referred are Iéw(g Ssium chﬁmnel
proteins, pathaig P &H ROF| RRERT O FRRsh RISTHFRIAG %P%tﬁ%i“ﬁg COFRE! present
15 i nvent i onpRadd, pathidfilayly BARA KRS ofshmahaRfl ¥RHSnS Y Phemeb Qe at ed KONQ
pot assi um channel "proteins, which are responsive to the opener or activator
15 invention particularly contemplates central nervous system located KCNQ
potassium channel proteins, which are responsive to the opener or activator
compounds described herein.
In an embodiment of the present invention, novel 3-fluoro-3-
phenyloxindole derivatives (a.k.a., fluorooxindole compounds or 3-fluoro
20  oxindole derivatives, herein) have been found to be effective in an in vivo model
of migraine involving vasculo-trigeminal systems which are integrally involved in
the transmission of migraine pain. (See Example 3). A general formula for the
novel 3-fluoro oxindole derivatives which are openers or activators of the CNS

KCNQ potassium channels as described herein and are suitable for use in the

25 present invention is shown in the following general Formula I:




conmpounds descri bed herein. In an enbodi nent of the present invention,
novel 3-fluoro-3- phenyl oxi ndol e derivatives (a.k.a., fluorooxindole
conmpoundsweyf pRrhdsgor o 20 oxi ndol e derivatives, herein) hag Bofpeynd to
be effective 1n an in vivo nodel  of mgraine involving vasculo-trigem nal
systenms which are integrally involved.,n the transm ssion of m graine
pain. (See Exanple 3). A general formila for the novel 3-fluoro oxindole
derivatives which are openers or activators of the CNS KCNQ potassium
channel s as described hegeipn_and; are suitable for use in the 25 present

i nvention i sYARGHARI-Rt Be B o ot g 28@ etraps feffned bglow, or gponiegicH 0 R3 R4 /
F YRS R6 0} -14 ein Rl, R2, R3, R4, R5,
R6, R7 and Yﬁgarl}e{@g%ﬁ%gﬁf%%% %e os\ila\J/l% ’ %’é&gg’%rghmd{)ai? tgl%% ar maceutical ly
acceptabl e salt, Myirvapezifivallyydttaiegartihe Fenfiula MR'eREFeCirdiR'adakly atsi t h r egar d
to Formula I, Rl, R2, R3 and R4 each are independently hydrogen, Cl to 4
al kyl, hal oggﬁiﬁpqqd&a%hﬂrﬁg% G ois Rk M8 lpgemyluoromethle fifluorometBylhy | phenyl or

4-trifluoronet hyl phenyl: R5.is CLto 6 alkyl, optionally substituted with
one to tﬁ#eepﬁ%{%ﬁw '%@8?%@54§Pgﬁﬁgom@@f%}&ep_¥g fromfluoro and chloro,
provi ded thaR’>RC].s, IRY, G3tidrl§ sabdivltcdIBR oXe tSthBse sathel of dXFRENtSrowRd R6 and
R7 each are independent fy hydr ogen, chloro, brono or trifluoronmethyl. 10

As used her ebdleated fromefypes tind chlbmy; prdvided, tht IRe it potrl"(J alkyl vehealkid O; means
straight or pranched chaisn al lkyl groups such as npethyl, ethyl, propyl,
i sopr opyl dﬁ@ or ﬁsaagﬁ?t ﬂnﬁ B el gt %peef%ﬁﬂyﬁ,ydr@g%@hk?rwm? %hexyl and

the like. Thedgrdthetd. 4 alkyl" as used herein and in the clains neans
strai ght or }ancﬁlej%ﬁ%lﬁai n al kyl
10 As used herein with respect to Formula I, the term “Ci 1 6 alkyl” means

straight or branched chain alkyl groups such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, terz-butyl, pentyl, 4-methylbutyl, hexyl and the like. The term “C;.
4 alkyl” as used herein and in the claims means straight or branched chain alkyl
groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and ferz-butyl.

15  The term “halogen” as used herein is intended to include bromine, chlorine,
1odine and fluorine.

As the 3-fluoro oxindole derivative compounds of the present invention
possess an asymmetric carbon atom at the 3-position of the oxindole ring, the
present invention contemplates the use of the racemate as well as the individual

20  enantiomeric forms of the compounds of Formula I as described herein. Preferred
embodiments of compounds of Formula I are the racemate and the single
enantiomer which includes mostly the one stereoisomer having a (+) optical
rotation, which is most preferred. Mixtures of isomers can be separated into
individual isomers according to methods which are known to the skilled

25  practitioner, e.g., fractional crystallization, adsorption chromatography or other
suitable separation processes. Resulting racemates can be separated into
antipodes in the usual manner after introduction of suitable salt-forming
groupings, e.g. by forming a mixture of diastereosiomeric salts with optically
active salt-forming agents, separating the mixture into diastereomeric salts and

30  converting the separated salts into the free compounds. The enantiomeric forms
may also be separated by fractionation through chiral high pressure liquid

chromatography columns, according to procedures described herein.



groups such as nethyl, ethyl, propyl, isopropyl, butyl, isobutyl, and
tert-butyl. 15 The term "hal ogen" as used herein is intended to include

brom ne, Gl @idsRs 10dine and fluorine. As the 3-fluoro gdeQhRss7s
derivative conpounds of the present invention possess an asymetric carbon

atomat the 3-position of the oxindolggsring, the present invention
contenpl ates the use of the racemate as well as the individual 20
enantioneric forns of the conpounds of Formula | as described herein.
Preferred enbodi nents of conpounds of Formula | are the racenate and the
single enanti omefeHpned theravshédlupipseiydalp derspéivet sriabledeise having a (+)
optical rotatl i i : : I s can be
separ at ed inf%ocloa}nrﬁj%llg\:dlhgggéls%tgg‘?r%lrugﬁg%ﬁ%?%ﬂ%&%%\t]#réfﬁg%g a\g/\h%%gﬁgare known to
t he skill ed &dvaedfiridsinsieding dydrated fforantsuoin as monyistdadte,i dilgdraie, adsor ption
chr omat ogr aph){)é(or ot her, suitabl e separ a}[bi on processes. Resulting racemates

can be separ BigrashgmiyiratpdeEahydints # the ke Fespredus may befieoduct i on of

sui t abl e ssal Sm'xrfﬁg] - ' f ] m .
di ast er eosi ognc%{@% "sa teég&mﬁ{éﬁb%gf’ﬁ%ﬁlﬁsu&grgt& \E/I{elé'r ggf%?l oa;&%é{ﬁglogggent S,
separ ati ng t fdventxdribea mixtaredif aslvete phnspine adaddtsioansoldéhtc dnuenldibeg t he

separated salts into the fre pnpounds. The antioneric forns may al so
be separ at edaweq@ta@w Qwé? Skifled H{T@agﬁ tdt p e Eaﬁlsmr%s@m%emitaui d

chromat ogra i i pn. WO
551 073095, pbCERlAT s BREAE SRR, BE BREM-ERIAfHEn KRS BEOAND.,

derivatives pmsdnablvenfian. use according to the present invention can exi st
in unsolyvated forns as well as . sqlvated forns |ncluding hydrated forns
such as Tonohydr af & ePEP Y ERd Pr%?‘?%ﬁ&?@,o I%%P%&ugld lgét)‘%a ydr at e and
the Iike. Th@nlWo@f@Ef;Z-@_@ﬂu&@etﬁMﬁ}gﬁén§H—llYﬁHﬁﬁfdro‘i‘@-'ﬂlu@rd-@- other cases, the
products may nerely retain adventitiolus "solvent, or be a m xture of

sol vat e pl us(tsfneronaitem)-2Hiindrd-2satey EGempdundsihediich faectiapps ed@VQd by t hose
unsol vated forns

skilled int hc§ art tﬁat Is1ol vat ed Bor s are.eqtui valent to
and are i nt R 1 “BEENRSHFASSE Vit #cadingelodRopES I “Pﬁ@“mbr &nt _
i nvention. lehmhdiRRNeReRERIH thE SSRGHRIEHET frREmdral WHAELHLP X BdR@scompound i s
(+)-3-[5- chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1,3 -dihydro-3
-fl uor o-¥  described in Example 3 herein. In addition, as seen in Figure 1, this 3-fluoro

oxindole derivative produced a dose-dependent decrease in trigeminal field

potentials with the highest dose (50 mg/kg i.v.) producing a nearly complete

blockade of this response (i.e., 86.7 & 1.67% decrease from control amplitude).

Examples of other 3-fluoro oxindole derivatives suitable for use according
20  to the present invention include the following, as described in co-pending

provisional patent application [USSN to be assigned] filed concurrently herewith

and having the same assignee:

()-3-[5-chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-

(trifluoromethyl)-2H-indol-2-one;



(trifluoronethyl)-2Hindol -2-one, (Conmpound 1), which functions as a KCNQ
pot assi um channel opener or activator according to the present invention.

Thi's COW@&E%7%§ used in the SSS-stimulated trigem nal mERdelsehRis7 9rai ne
as 15 described in Exanple 3 herein. In addition, as seen in Fslgure 1, this

3-fluoro oxindole derivative producedgsa dose- dependent decrease in
trigemnal field potentials with the hlghest dose (50 ng/kg i.V.)
produci ng a nearly conplete bl ockade of this response (i.e., 86.7 + 1.67%
decrease fromcontrol anpli s qf other 3-fluoro oxindole

. EX
derivatives é‘-@ﬂt %P@O}‘%? @r%@ ‘Q%@WF@@Y)P?BUXHJ1i3h‘@hb418§e§rﬂ1ﬂuﬁ¥ﬁe%ﬁr on incl ude

the follow ng, qllsscrl bed in co-pending provisional patent application
[USSN to be aSSI “gne filed concurrently herewith and having the sane
assi gnee: () 3-3-[3- clﬁorcGhl(Z),QQ=t21ﬂﬁ16ﬂ),eﬂ102y)phblﬁ§}1}ld)ﬁgd1ﬁydlﬁWﬂ@(ﬁ}emy| ] -1, 3

-di hydro-3 -f] uoro- % (2t rifluoronethyl)-2Hindol -2-one; W 02/ 072088

PCT/ US02/ 043fuoromgthyl)-2/-indol-2-one;

()+ 315~ chl of 5:214 e 5 bl AROREABELABTY hls-cherfofl 1Y kifliato 8 di 1 vor o- 2+

- i ndol

()-3-[5-chl oﬂaerz :(H;]i’dcﬂ-—zwﬂefl uor oet hoxy) phenyl ] - 1, 3- di hydr o- 3- f | uor o- 6-
(fluoronet hylg ndol -

() - 3- [ 5- chl of®- 3zL5( 9h12r0221(¥ ?af%W@@@ﬂ)@%y)pbﬁ@ﬂlrﬁﬁ diclgors- bRtdEra33- di hydr o- 3-
fluoro-2Hin 2 O)sa.-[ 5 -chloro-2-(2,2,2-trifluoro ethoxy)phenyl]
- 5, 6-dichl ggéc))mlﬂ?gﬁdoéz Vd?0-3 - fluoro-2H i ndol - 2- one;

() -3-[5-chl ot9-RF5- é’1112r022-(2 2 Plvidlnoeethoxy)phaien) Il B-dihydroizhy euofdbr&287t ri f | uoro
-2H 10 {ﬂdeI 2- one;

() - 6- chl Gt o- dpk2 ©RPor o- 2- (2,2,2-trifluoroethoxy)phenyl]-1, 3-di hydro-3-fl uo

(3 -6 ohl or ol d PRRC S oHors 4232 FP RS S M B 8 ™ Ry o- 311
or o- 2H- i ndoRHAndwle2- oﬂeﬁ

E % ; IB]: |[ 56?2|rrgr+§ﬁ yélélp{j% ! ﬁl%%)hgﬁé&phe%oroetho?cy%hgg}glﬁ ? 33d1]illyclijr(c))r3 f-h?ero-

()-3-[4, 5-di splipE&:- 2201(1@2, fl uor oet hoxy) phenyl ] -1, 3-di hydro- 3-f | uor o- 6-

15 (3)-3-[5-chloro-2-(2-fluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-
(trifltuoromethyl)-2 H-indol-2-one;
(4)-3-[4,5-dichloro-2-(2-fluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-
(trifluoromethyl)-2 H-indol-2-one;
3-[5-chloro-2-(2-fluoroethylthio)phenyl]-1,3-dihydro-3-fluoro-6-

20  (trifluoromethyl)-2H-indol-2-one;
3-[5-chloro-2-(ethylthio)phenyl]-1,3-dihydro-3-fluoro-6-(trifluoromethyl)-2 H-
indol-2-one;
3-[5-chloro-2-[(2-methylphenylmethyl)thioJphenyl]-1,3-dihydro-3-fluoro-6-
(trifluoromethyl)-2 H-indol-2-one;

25  3-[5-chloro-2-(2-methyl-1-propylthio)phenyl]-1,3-dihydro-3-fluoro-6-
(trifluoromethyl)-2 H-indol-2-one;
3-[5-chloro-2-(1-propylthio)phenyl]-1,3-dihydro-3-fluoro-6-(trifluoromethyl)-2 H-
indol-2-one;
3-[5-chloro-2-(2,5-difluorophenylmethylthio)phenyl]-1,3-dihydro-3-fluoro-6-

30 (trifluoromethyl)-2H-indol-2-one;
3-[5-chloro-2-(3-chloro-1-propylthio)phenyl]-1,3-dihydro-3-fluoro-6-
(trifluoromethyl)-2H-indol-2-one; and



(trifluoronethyl)-2Hindol-2-one; 3

-[5-chl oro-2-(2-fl uoroethylthio)phenyl]-1, 3-di hydro-3-fluoro-6 20

(trifluor 2H i ndol -2-one; 3 - [ 5 -chl oro-2-(ethylghi 1T -1,3
-di hydro-3 -fpﬁg%g-G-(trifluoronethyl)-2k+ i ndol - 2- one; 31%??&?E@§?¥-2-

[ (2- met hyl phenyl et hyl ) t hi o] phenyl ] - 1,,3- di hydr o- 3-f| uor o- 6-
(trifluoronethyl)-2H i ndol -2-one; 25

3-[5-chl oro-2-(2-nmethyl -1-propylthio)phenyl]-1, 3-di hydro- 3-fl uoro- 6-
(triquoronethyIE-ZFLindoI-2-qne; i

3- [ 5- chl or o- @9¢3tPpeldpsa-242.82pHdngTopthex Rohem} kit 3-EhydracrBu@oCtlér f | uor onmet hyl

)-2H indol -2z : NIT: A
3-[5-chloro-é??gggygﬁpﬂggggg%%ﬁ;?ﬁ%ﬁ%g?%hio)phenyl]-1,3-dihydro-3-f|uoro-6-
30 (trifluoronet hid dnolidrienbotinZenrdd-dBubsiitated pyim2diga s aatbokamide
-propylthio)ghen,I]-1,3-dih dr g- 3-f | uor o- 6- )

(trifluorome af/w%m‘/ﬁ@@m ugh de begfdeclipr a9 K& Y gatapritngbaarehanengrs - 17

()-3-[5-ahl of052~ =t rif P i 3-fluoro-6-[4-
(trifl uo%g et Wi V%ﬁé%{??fg% f?ﬁb?%%ﬁ’%gpﬁ%%ﬁy?%ﬁ%g fogthn%g‘ur’&r%ﬁ? ht

2, 4- di subst i petteed, thy RidrdidubseitiBed pyrbnidars-flearbdeamidaidenesiveavmpbeeis f ound to
be effective, as §CNQ ot assi um channel openers 5 or activators for use in
the treat menbd¥6r RIYPRiasshawe 8t i ng to this invention. In general, the

2, 4-di substituted pyrimdine-5-carboxam de derivative conpounds have a

formula as shown inll: R4 4 ONR RILXR3 11 NNR2 10 wherein, Rl is
sel ected from hydrogen, hal ogen, cPs |, phenyl, phenylal kyl,
C3- 6het erocyclic, C3-6heterocyclg ”E\DYHﬁ -CN, OR, -NRR, -NRNCOR or -CF3,;
l
N. =N
R2

10  wherein, R' is selected from hydrogen, halogen, Ci.salkyl, phenyl, phenylalkyl,
Cs-gheterocyclic, Cs.sheterocyclicmethyl, -CN, -OR, -NRR, -NRNCOR or -CF3;
R’ is selected from halogen, Ci-galkyl, Cs.scycloalkyl, phenyl, phenylalkyl, Cs.
gheterocyclic, Ci.sheterocyclicmethyl, -CN, -OR, -NRR, -NRNCOR or -S-R; R’ is
selected from hydrogen, halogen or Ci-salkyl;

15 R’ is selected from hydrogen, -CHj3 or -CH2C¢Hs; R’is selected from hydrogen,
Ci-salkyl, Cs.zcycloalkyl, phenyl, phenylalkyl, Cs¢heterocyclic or Cs
heterocyclicmethyl; and wherein each occurrence of R is independently selected
from the groups consisting of Ci.galkyl, Cs.7alkynyl, phenyl, phenylalkyl, Cs.
sheterocyclic and Cs.gheterocyclicmethyl.

20 The terms “Ci.4 alkyl” and “C;.g alkyl”, as used herein with respect to the
compounds of Formula II, means a straight or branched chain alkyl group
containing from 1 to 8 carbon atoms such as methyl, ethyl, propyl, isopropyl,
butyl, sec-butyl, isobutyl, tert-butyl, pentyl, isopentyl, amyl, hexyl, isohexyl and
the like. Preferably, these groups contain from 1 to 4 carbon atoms. The term

25  “Csgcycloalkyl” means a carbon cyclic ring system such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. The term “Cs.7 alkynyl”
means a straight or branched chain alkynyl group containing 3 to 7 carbon atoms

such as 2-propyn-1-yl, 4-pentyn-1-yl, 2-butyn-1-yl, 2-methyl-3-butyn-2-yl, 3-



R2 is selected from hal ogen, C1-8al kyl, C3-7cycl oal kyl, phenyl

phenyl al kyl, C3_ 6heterocyclic, C3-6heterocyclicnethyl, - - NRR,

- NRNCOR sel ected from hydrogen, hal ogen orp ??,?ﬂ 15 ~4
is sel ec?{év @?o?nqsﬁidr ogen, -CH3 or -CH2C6H5; R5 is selecte r%?n’lo%%dr ogen,
Cl-8al kyl, C3-7cycloal kyl, phenyl, phenylalkyl, C3-6heterocyclic or C3-6
het erocycl i cnet hyl ; and V\/nerel n each occurrence of R is independently

sel ected fromthe groups consi sting of Cl-sal kyl, C3-7al kynyl, phenyl,

phenyl al kyl , 6het erocyclic and C3-6het erocycl icnmethyl. 20 The terns
"Cl-4 al kyl" baWa 2*1111&@ the k%ff Thejterrpy shalogray ds Hiteide to wshide prap,chioro,

conmpounds of ; t I group
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ring system , l, exyl and
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ZI ky n%/I gr1 oubettemﬁgalm istgh & tyorolyl, C?F]dm?h éhﬁﬁﬁigmmma%%gﬁ%%gé'
pentyn- : -

PCT/ US02/ 043?21”20115 P%aﬂ‘}lﬁylzpw BYg Efl'H’éldei @unﬁw artdethﬁﬂlkﬁai%%ﬁ?erﬁl

i ntended to kyghuge,RHOTD. gi s p rbd e d &
anc aln al group

“phenyl al kyl "" neans a stral ght or
cont ai ni ng anompourslsiicfophe myto pmdazﬂxg/pmmstnna]qujér&rapp]mhbyI[USSNhebyI et hyl ,

h I b dt The t het erocyclic" neans a 5
Eete 2¥oc§£ ic%ﬁ‘%@@@é’ﬁ?%&?’ F‘i‘?&’“%?%‘ﬁm%“%%o BoW BH8RE- and one or
nore hetero atomy §ideificagaR ?ferd?la)ﬂ 4- dszBﬁﬂﬁ(ﬂed Sltki‘l'nﬁﬂﬂé 5-caffodaafeY! .

oxazol yl, thiazolyl, pyrazo , pyrrolidinyl, pyridinyl, pyrim d| nyl ,

puri nyl and ﬂblethlleesTﬁPee*rcg@meﬂa}ﬂ) 4a$ty1|ﬂuh38m@hyﬂ-Nt Mé—(mﬂuodt»mubﬁbl tgft ed
rlmdlne5 e deriv ounds is [ 0- pe ng

B)r/ow si onal ?né’ im éf M a.:f gg,é&ggipggg@ é}a HHC%‘EI OEWHE?:l}r rently

herew th and; secasﬁérg;reqci B2 atnBR BRIFBINASSPIABRAinA) -$IPAC(ifl G0 69&@ N-pf4-2
2, 4-di subst i %ut ed py r?m di Ee 5- caleoxam de mde?{?vg&t : 115]9) (PE

2- (Pyrr ol di Griflugtomethyl} Pheﬂlb'llmethﬁﬁtmylh)ldme{Sfmarqumrrﬁdiwwa@ﬂwl\MWb)be an

\?mh?{;]%l ] met hy| }fe(RX/r IKEIQQQ po ass(:’lgrrllb )ér?nrgl ponpépct:chp opener 1n)[He trea?mgr}{ o%heSI s of

migraine evaluated in the SSS-stimulated trigeminal model for migraine
according to the present invention. (see Example 3 and Figure 2).
To further investigate the effectiveness of other KCNQ potassium channel

20  opener compounds in the methods according to the present invention, retigabine
(described in DE 42 00 259) was also tested for its ability to function to treat
migraine headache in the SSS-trigeminal response model, as discovered by the
present inventors and as described herein. (Example 3 and Figure 3).

In another embodiment of the present invention, one or more of the:

25 KCNQ openers as anti-migraine compounds of the present invention is included
in a pharmaceutical composition, also comprising a pharmaceutically or
physiologically acceptable diluent, carrier, excipient, or adjuvant, preferably for
use according to the present invention. Pharmaceutical compositions suitable for
use in the present invention include compositions wherein the active ingredients

30  are contained in an effective and sufficient amount to achieve the intended
purpose, either therapeutic or preventative. The determination of an effective

dose is well within the capability of those skilled in the art. The therapeutically



is described in Exanple 2 herein.
2-(Pyrrolidin-1-yl)-4-(trifluoronmethyl)-N[[4 15 (trifluoronethyl)

phenyl ] megaydalo7ggi m di ne-5- carboxanm de was shown to be anpc@fdispidye KON
pot assi um channel pol ypepti de opener in the treatnent of mgraine

evaluated in the SSS-stinulated triger '9n_al nodel for mgraine according to
the present invention. (see Exanple 3 and Figure 2). To further investigate
the effectiveness of other KCNQ potassi um channel 20 opener conpounds in
the nethods according to the present invention, retigabine (described in
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well within the capability of ose SKi In the ar erapeutically
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or simultaneously. The exact dosage is chosen by the individual physician in
view of the patient to be treated, the route of administration, the severity of
disease, and the like.

20 KCNQ-modulatory opener compounds according to the present invention
may be used alone, or in combination, at appropriate dosages defined by routine
testing, in order to obtain optimal modulation of a potassium channel biological
activity and/or physiological condition, or its activity while minimizing any
potential toxicity. Co-administration or sequential administration of other

25 modulating agents, e.g., openers or activators, may be desirable or necessary.

The pharmaceutical compositions may be provided to an individual in
need of therapeutic treatment for migraine by a variety of routes, such as
subcutaneous, topical, oral, intraperitoneal, intradermal, intravenous, intranasal,
bronchial, buccal, sublingual, suppository and intramuscular. Administration of

30  pharmaceutical compositions is typically accomplished orally or parenterally.

More specifically, methods of parenteral delivery include topical, intra-arterial
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may, if desired or warranted, be film-coated by conventional techniques.
If a liquid carrier is employed, the preparation may be in the form of a
syrup, soft emulsion, soft gelatin capsule, sterile vehicle for injection, an aqueous

20  or non-aqueous suspension, or it may be a dry product for reconstitution with
water, or another suitable vehicle, prior to use. Liquid preparations may contain
conventional additives, such as suspending agents, emulsifying agents, wetting
agents, non-aqueous vehicle (including edible oils), preservatives, as well as
flavoring and/or coloring agents.

25 For parenteral administration, a vehicle will typically comprise sterile
water, at least in large part, although saline solutions, glucose solutions, and the
like, may be utilized. Injectable suspensions may also be used, in which case
conventional suspending agents may be employed. Conventional preservatives,
buffering agents, and the like, may also be added to the parenteral dosage forms.

30  Particularly useful is the administration of the opener compounds described
herein directly in parenteral formulations. The pharmaceutical compositions are

prepared by conventional techniques appropriate to the desired preparation and
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with the present inyent See, for ex 0 har maceuti ca
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al l activity that is desired and the potency of the particular compound being utilized

in the treatment of migraine as described herein. It is contemplated, in this
regard, that for the treatment of migraine, the dosage of the particular compound
may be administered in unit dosage form, and that the unit dosage form will be
20  adjusted accordingly by the skilled practitioner to reflect the relative level of
activity. The decision as to the particular dosage to be employed, and the number
of times a dosage will be administered per day, is within the discretion of the
physician and may be varied by titration of the dosage to the particular
circumstances of the present invention to produce the desired therapeutic effect.
25 A suitable dose of the opener compounds of the present invention, e.g.,
those of Formula I or I, or pharmaceutical composition thereof, for a mammal,
including humans, suffering from a condition or symptoms of migraine is an
amount of active ingredient from about, for example, 0.1 ng/kg to about 100
mg/kg body weight. For parenteral administration, the dose may be in the range
30  ofabout 1 pg/kg to about 100 mg/kg body weight for intravenous administration.
For oral administration, the compositions may be provided in the form of scored

or unscored tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0,
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administered will be determined by a physician in the light of the relevant
circumstances, including the condition to be treated, the choice of compound to
be administered, the selected route of administration, the mode of administration,

20  the age, weight and response of the individual patient and the severity of the
individual’s symptoms and/or condition.

Another embodiment of the present invention provides methods for
treating or preventing migraine or migraine headache, or diseases similar, or
mechanistically related to migraine, in a mammal, preferably humans, in need

25  thereof. Treatment includes reduction, amelioration, suppression, or alleviation
of migraine pain and/or its associated symptoms and characteristics. The method
and KCNQ opener compounds utilized therein may also be efficacious in the
treatment or prevention of symptoms associated with migraine prior to a full-
blown migraine attack, as well as in the treatment of active migraine or migraine

30  headache after onset.

The method according to this invention comprises administering to an

individual in need thereof an effective amount of a KCNQ opener compound
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m grai ne synptons, and/or other characteristics that are associated with a
which are able to result in a CNS KCNQ potassium channel protein’s ability to

prevent the asynchronous firing of neurons as described herein; the so-identified
drugs or agents can be used to effect the treatment of migraine, and other diseases
that are similar, or mechanistically related to, migraine. Such methods employ
CNS-associated KCNQ potassium channels for detecting those drugs and

20  Dbiological agents that interact with and/or open the CNS KCNQ channel proteins.
In accordance with this invention, the so-identified drugs and biologic agents are
tested, e.g., via trigeminal field potential analysis as described herein, to
determine if their opener or activator function protects against abnormal
synchronous neuronal firing associated with migraine. Other analyses for

25 migraine treatment effectiveness that can be performed, if desired, include the
attenuation of cortical spreading depression as described herein. Most preferably,
the screening methods will detect and identify those drugs or biological agents
that are openers or activators of the KCNQ potassium channel proteins, such as
the CNS KCNQ2, KCNQ3, KCNQ4, KCNQS5, and heteromultimers thereof, and

30  which function as therapeutics in the treatment of migraine.

The CNS KCNQ potassium channel polypeptides, or peptide portions or

fragments thereof, can be used for screening libraries of compounds in any of a
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evaluated for their ability to modulate CNS KCNQ potassium channel proteins,
preferably to open the channels, employing methods as described herein, e.g., an
oocyte expression assay, Example 4). In turn, the agents are further identified as

20  agents to treat migraine, as described herein, e.g., in the in vivo electrophysiology
studies described in Example 3.

Other screening and small molecule (e.g., drug) detection assays which
involve the detection or identification of small molecules that can bind to a CNS
KCNQ potassium channel protein, are encompassed by the present invention.

25  Particularly preferred are assays suitable for high throughput screening
methodologies. In such binding-based screening or detection assays, a functional
assay 1s not typically required. However, a functional assay can be performed in
conjunction with the binding assay, for example, after those molecules which
bind to the CNS KCNQ potassium channel have been detected. For the assay, a

30  target protein and a library or panel of compounds (e.g., ligands, drugs, small
molecules) to be screened or assayed for binding to the protein target are

employed. Preferably, most small molecules that bind to the target protein will
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Sereen g and st Rl At 3 MG o SRLLREdd FATIL O BT e

screeni ng an ecu ecti on assays
the detecti omalyzinglthetrhiliundédltiog cofves bblotd¢inldentibrelicaht admpRRedi Tk t 0 a CNS
KCNQ poL@iS|un1channeI protein, are encomgassed by the present invention.

25 Part il afTigs B ]é‘ﬁ’élfnlgéﬁdﬁ?‘éesa%%nwﬁ bgltécméquefﬁaa Rediithsn g%83¥sds scr eeni ng
met hodol ogi efdekife UG thePh i i SetPﬁ%ﬁﬁg ifthé ﬁﬁ)‘i‘écﬂﬁo %?fe&eér%%d#lu ncﬁﬁléﬁ‘é/ a

functional assay rs’not typica required wever tional assay
can be perf oommdivitp of dmrtpngacpmmm,\ﬁmtéxatﬂpdae ol thel nrdecatsays ofenersexanpl e, after
t hose nol ecul es whic

bi nd .t he K ot assj um chanpnel have been
det ect ed. Fo?Ct‘c‘ﬁ@r%\gg@ﬁ POE“%W“F&P%‘@;WB%%Q Wgéh? PBREYPSEibeHanel  of
conpounds (ep&ein | 1 gands, drugs, small nolecules) to be screened or
assayed for binding to the protein target are enployed. Preferably, nost
smal | nol%cul es t Aatoddingdo tle priaeent Bvgetiony thet GNE KEINQ pARsSRMchAn8S8
PCT/ US02/ 04374 25
proteins ¢an be used, for example, as targets in screening assays of candidate
bioactive agents that modulate CNS KCNQ potassium channel bioactivity,
particularly, to identify those agents that specifically open or activate these
channels and allow hyperpolerization of neurons, for treating migraine and its
20  associated symptoms, and/or cluster headaches.

Activators or openers of CNS KCNQ potassium channels may be
1dentified by screening compounds to ascertain their effects on opening these
channels and allowing hyperpolerization in the trigeminovascular system. In an
embodiment of the present invention, compounds are screened to identify

25  activators by contacting an expressed CNS KCNQ polypeptide with a test
compound, determining its activator or opener activity on the CNS KCNQ
potassium channel. Such activator or opener compounds can then be evaluated in
the superior sagittal sinus (SSS)-stimulated trigeminal field response assay
compared with vehicle control. Preferably, a useful anti-migraine test compound

30  according to this aspect of the invention causes significant reductions in SSS-

stimulated trigeminal field potential amplitudes compared with vehicle. In



nodul ate activity in some manner, due to preferential, higher affinity
bi nding to functional areas or sites on the protein. An exanple of such an

assay is mzfd7m§escence based thermal shift assay (3-Digggnsgdo9dd s
Pharmaceuticals, Inc., 3DP, Exton, PA) as described in U S. 5 Patent Nos.

6,020, 141 and 6,036,920 to Pantoliano,gt al.; see also, J. Zi mrerman,

2000, Gen. Eng. News, 20(8)). The assay allows the detection of small

nol ecul es (e.g., drugs, ligands) that bind to expressed CNS KCNQ pot assi um
channel pol ypeptides based on affinity of bjnding determ nations, for
exanpl e, by 2¢4iH0Rs A ysgid peti-nHerainsrtest aPmgowisd ales casesptspeatipndiggrtisel | i gand

conplexes. T i ngdi cul es determ ned by this technique
egtgnggggéss?c{nfég él@gdrﬂ)g% IHQ%B@‘L

can be further ass esire net hods to determine if the

mol ecul es af f ect ®estropduhdidse bioactivetgentd inckaded spetific @htitbdites! AsrgRitufal ot ei n,
for exanple, 1f the nolecul es are openers or _activators of the potassium
channel pol yp@ginggesnts jdsntiged Huscarana ok chesaigaliliveyiesnpspbids analegspgiSor di ng t o
the present LavenbiigBost AgvifRRISONAR! B3 RLMM EIRNAGI: o BEhS: (20 DE
used, for exanple, as targetsS in screening assays of candi date I oactive

agents that hadilgheralNSesctNE potmsietuln) chaproedin, wl@apdptidef ymall qraardiec cul arl y,
to identify those agents.that specifically open _or activate these channels
and al | ow hyPelgsBleetichsighcirPRids M8, PolacihaEde.inodymurispidsgtcand its 20

associ ated s : -Qf . Act i rs of CNS
KCNQ pot assi g%%%gﬁﬁgﬁé@%ﬁyoﬁgaﬁg%ﬁ?@?% ggggt;vast@gé’%\r‘??%gﬁ% gﬁpzsolgn ge to
ascert ai n t hpotasséfrh ehdmmebn openi ng these channels and al |l ow ng

hyper pol gri zation_in the trj.gem novascul ar,_.system In an enbodi nent of the
present {Gvent onBYctrRiaRa Mg SXaRe e SEns st FFOBBAF NGRS s by

contacting ap,&xpLg3sesd, iz IK?SJQ ) 'tﬁ’e?%l?é&%n'\é’irﬁél Qi1dLSeferANPRARMT,
det er m ni ng ia%s ac??vat(’)r o? er?e? acti Vél)ty 1on tﬁe él\glteKer pot assi um
channel . Sucbrgauiticoaiporndrhavperremoleonpownight afanotetban i) anddessdbad in  t he

compar ed w ¢ L DD it Bt gTisr i gbou H0hrarol i of B st
conpound 30 &G Hnflisk FuddlioBaldS MBS heBdssdrd Forl BREAIGRLRHSERIR! gni 1 cant
reductions in SSS- stinulated trigemnal field potential anplitudes
conpar ed! 9 t projes, pheiculany \WE2E0 FRoBEe, RAT HYBODlY 043 Tde at least an amine,
carbonyl, hydroxyl or carboxyl group, preferably at least two of the functional
chemical groups. The candidate agents often comprise cyclical carbon or
heterocyclic structures and/or aromatic or polyaromatic structures substituted with
one or more of the above functional groups. Candidate agents are also found
20 among biomolecules including peptides, saccharides, fatty acids, steroids, purines,
pyrimidines, derivatives, structural analogs or combinations thereof.
Candidate agents are obtained from a wide variety of sources including
libraries of synthetic or natural compounds. For example, numerous means are
available for random and directed synthesis of a wide variety of organic
25  compounds and biomolecules, including expression of randomized
oligonucleotides. Alternatively, libraries of natural compounds in the form of
bacterial, fungal, plant and animal extracts are available or readily produced. In
addition, natural or synthetically produced libraries and compounds are readily
modified through conventional chemical, physical and biochemical means.
30 Known pharmacological agents may be subjected to directed or random chemical
modifications, such as acylation, alkylation, esterification, amidification to

produce structural analogs.



-26 addition, a useful anti-mgraine test conpound al so causes attenuation
of cortical spreading depression as described herein. Test or candi date
bioactiveg@gﬁqhﬁmknclude speci fic antibodi es, non- naturallwﬁhﬁghmgwggents
identified in screens of chemcal libraries, peptide anal ogs, etc.
particularly those having a IOM/tOX|C|5y for human cells. The tern1"agent"
as used herein generally describes any nolecule, e.g., protein,

ol i gopeptide, small organic nolecule or chem cal conpound dr ug,

pol ysaccharide, pol ynucleotide, etc, having the capability of directly or

indi rectly acti vafPhgetermigpén ?ﬁhde@@thﬁ)Qﬁn&d@iWM’é’ﬁﬁ&m tag By way of
nonlimting rﬁm | ~cl asses,
t hough typi cgﬁﬁe{:ﬁ%ﬁ ?%il%?glgar??l gﬁﬁ%ﬁegﬁﬁgg}wﬁé %ﬁﬂéd M %e?ggm C
conpounds hawangpractiget ég tHeaitt. iriophaspatt, ter @ntidare bl&&uaéld dregdabdied) about
10, 000 daltons, preferably |ess than_about 2000 to 5000 daI tons. Candidate
agent s corrpr?%‘ie ipdingds eeigimipeipesthie MWacsaihp serenug aaw@y iy A PIHEEASSYE i on wi t h

15 proteigs, | g t ude at | east
an am ne, g Ipﬁ%ny@% O%ﬂll nggg/é?ﬁlggﬁ%g g@g b é)rag%g?l %?%’%er a%lFélQa | east two of
t he functi onéxlrectlgvhaemchalctlgpmmte ad’dn@:taiﬂmsigdat é/aﬁg&mtabel@ﬁﬁcexﬁﬂecorrpri se

cyclical carbaon . or et erocyclic truct ures and/ or aromatic_or polyaromatic
‘BReé

structures stRIsA YRressentawg ¢ Pm}lf’é?’éleé?enf HEMRYBMS, PEHEE DBWAIS gr oups.
Candi dat e ag up) bi oR I g peptides,
sacchari des, E?gﬁ%ltlggg)m dcg& E%e ?ﬁﬂqmq%ﬁ%?eﬁe% le?/i‘rR?m Fir?eagdl% gl vati ves,
structural almle(ogks archatemairsaicio asbibtie ned trepEandingdigexiagadbatidpexiabt ai ned

froma w de var of sources includin | i brari es of synthetic or natural
conpounds’ E ISB“lﬁ‘EJ{%’é‘ﬁB‘@sm%%eﬁ% tg? gemplementap wem, ?r VeHdom and

direct ed synﬁ&%ﬁu? bRlat14 Wt X B ke WhicRL G0 Beredi O TPRUB ANt

bi onol ecul es, 1 nclhudi ng expression of random ze ol I gonuc

Al t er nat i vel knovr ﬁmoachE® dh somt unﬁ;bdmmmpsounlj'@nb of tlteecoirmommﬁ is lhiaaiascbri aI

fungal , pl an nd anj racts are avail a :
hidrcion” narlFERRoBEh SR bar 85 Py sttty oF e R UE e bhBEas ar o
readily m)dé)Ia!nﬁﬂe tehe QNQ;VI{@N@/&!T&I&@H&& ) B LRl ed WY ShSAhoBpib Rhgchem cal
means. 30 Known pharmacol ogi cal agents maybe subjected to directed or

r andom cheni thelcandidait hgeiidbsted widuatotless acyl ation, al kyl ati on,

est er I fication, fH cgjnlefelmcbaot(ﬁnqgnt {e candidate bioactive agent is labeled. Labeled

candidate bioactive agents are incubated with the KCNQ potassium channel
polypeptide for a time sufficient to allow binding, if present. Incubations may be
performed at any temperature which facilitates optimal activity, typically between

20  4°C and 40°C. Incubation periods are selected for optimum activity, but may also
be optimized to facilitate rapid high throughput screening. Typically between 0.1
and 1 hour 1s sufficient. Excess reagent is generally removed or washed away.
The presence or absence of the labeled component is detected to determine and
indicate binding.

25 In a preferred embodiment, the screening method comprises combining a
CNS KCNQ protein, a candidate bioactive agent and determining whether the
candidate agent opens the CNS KCNQ potassium channel by methods described
herein (e.g., oocyte expression assay, Example 4), or by other suitable methods
practiced in the art, and evaluating the performance of the selected opener

30  compound(s) in the SSS-stimulated trigeminal field response assay.

Also encompassed by the present invention are the use of both native CNS

KCNQ and variant CNS KCNQ potassium channel proteins and bioactive agents



produce structural anal ogs. WO 02/072088 PCT/ US02/ 04374 -27 The

determ nation of the binding of the candi date bioactive agent to a CNS
KCNQ pot aggj pssdagnnel pol ypeptide may be acconplished in gpiggbRls7ef ways
practiced in the art. In one aspect, the candi date bioactive agent is

| 'abel ed, and binding is determ ned dijectly. Were the screening assay is
a binding assay, 5 one or nore of the nolecules may be joined to a |abel,
where the | abel can directly or indirectly provide a detectable signal.
Various | abel s include radioisotopes, fluorescent and chem | um nescent
conpounds, sprapic of medidating therbloaeliniysof ong of bethdupesef grotpiagndt i ¢ parti cl es,
and the |ikeg: i fi - ndi I I biotin and
strept avi di n,dl |ég%gfxa':cl %1&%%? ?nglg%éoﬁlg&%@ﬁteep E&idégﬁfyfcﬁgé §%ned(§:l ‘lgctH i ndi ng
menbers, thebidp)iateedat aith, oeoies forexitpleneativaldNS HEN@potaedumi t h a

nol ecul e which al ] ows detection, .in accordance with known procedures. In
some enmbodi nekngel pIRTejnsepRINpATed Withindins dnieractian proRsmeactivily faregeRvel v,

nore tharg on i i | s...for exanple,
The. ONS. RENQDOT S E Popa e Bt BE ot b Bl RS O il Che
candi dat e agelnnnkiafretetith. \li isho daapgreciated tionen soie dist@its, valientGNKSli dat e

bi oactive agent _is | ahel ed. Labeled candi date_bioactive agents are

i ncubat ed wi MrNQ@okenm SR PIRiviERsHNEYe msiieinns woichalloy thesee
sufficient tonahbQih BbttfiGe. b BIRS BPbrovLAIGURLLH3G; FRNe BPnaGhd B Td at
iC I ty, %yplga fly

any tenperature acl'l1t’ates opti activi et ween 20 4C
and 40C. | ncabamhanthpes sagtsioateths ebaohddntfod unmptliffedrfoae bi thetGNS but may al so

be optinjzed to facilitate rapid high throughput screening. Typically

bet ween 071 PIH®Gr is sufficient. Excess reagent is generally renpved
or washed avay. PRgRHEIR UG NEhAES GNCEnRE] dnfGest BRRHIEY éb'%HB in! S
detected to determjftﬁ% a I ndi cate’andjlang.a desl n a pr%‘f% rrelgﬁ%fnl‘godi ment ,

the screeni ngt lnet iglicatertp pbes steitstivally signidica@SukENQ prietyeofiutha candi dat e
o act e SO A0 SEL S g eLIcr L he RS R e, e O
B Se7t oSSk AL it B ey 51 (b, LR, o e
15  may be used to facilitate optimal protein-protein binding and/or reduce non-
specific or background interactions. In addition, reagents that otherwise improve
the efficiency of the assay, such as protease inhibitors, nuclease inhibitors, anti-
microbial agents, etc. may be used. Further, the mixture of components in the
method may be added in any order that provides for the requisite binding or
20  activity to be determined.
Kits are included as an aspect of the present invention which comprise
containers with reagents necessary to screen test compounds, using, for example,
expressed or purified CNS KCNQ potassium channel proteins and other
ingredients for carrying out the screening assay, as well as instructions for
25  performing the assay. Kits may optionally contain positive and/or negative
controls.
EXAMPLES
The following examples as set forth herein are meant to illustrate and
exemplify the various aspects of carrying out the present invention and are not
30 intended to limit the invention in any way, inasmuch as many variations of the

invention are possible within the spirit of the invention.



30 conpound(s) in the SSS-stinulated trigemnal field response assay. Al so
enconpassed by the present invention are the use of both native CNS KCNQ
and vari ajfo 2NS$ENQ pot assi um channel proteins and bi oact WO
02/072088ang/U802/04374 - 28 capabl e of nodul ating the bﬂg§@¥$€@?§§of one
or both types of proteins. A dlfferegblal screening nethod is contenpl ated
to identify drug candidates that binc interact with, or open, for
exanpl e, native CNS KCNQ pot assi um channel proteins, conpared with

bi ndi ng, interaction or opener activity for variant 5 CNS KCNQ pot assi um
channel proteins, or nodified CNS KENAMBLEski um channel proteins. It is
to be appreC|ate% that. i CNS,,, K oiBgtaSS|um
channel pr ot ei ns CaH—#2 a1

- ) ¢ rese atnel s to
perform e.g., to reduce or prevent asynchronous firing of neurons, in a

manner that is superior to the non-variant or unnodified form of the CNS 10
KONQ prot ei n. Pr eftethisixammie.qsdn Examnlsds all sympesaiies gre gitien inelegresanpl es are

f I
e

assays/ met hogsint @p@ﬁtm@ BgRpYrstuted efatdeorre&wd Brotor@bgidtivirésodatce (‘1al t's,
neutral proteins, e.g. al bumn, detergents etc whi ch 15 may be used to

facilitate oW%Wa%)ﬁeé@réﬁﬁ op adiraker Afi ABY néheﬁﬁﬁ‘?tf?fw?fédh@émﬁ)@ﬁ 1 8ecific or
background i chl%]n%c fnd?c@?ed ana ﬁglglcta s%n ts crir%?&?o Ia 61%1 ?%&nt? Elg\gﬁ 13 ?ro% ove the

efficiency o ease ors nuc ease inhibitors,

anti- mecr obhﬁém@gswmﬁsl;d ett@metﬁg&'m]laﬁe (Eds), aﬁu itegEotoh Beuphingtcufigarad are
conponents in the met hod naé be added in any order that provides for the
P

requi si t ¥ bi Frapred erHote d&d)i ilgrmng@aﬁemaéteenﬁigﬁefad akfallowsy 6 sipgetided as an
aspect of th&o&ﬁ&%ﬁ&g b{‘\ﬁ?@&dr@{’ Hy}h&ﬂg&?rﬁ?r%&d g&a%“&@'d&%l%tw&dﬁbfe age”t S
&y e nmpodnds,

necessary to screen I g, Xa EXpresse

purified CNSh&GNAddiudis) dyndotisiens quartet éhfisred (iR) apdvtra usinggpoedsiamt S for
carrying out_ the screening assay, as well as instructions for 25 perform ng

the assay. KP Wl%@étweﬁéﬂmmee%%a%’eﬁ% ﬁfm@fem&rﬁaﬁmophe@aﬁwor%ont rols.

EXAMPLES 4000 cm™ to 400 cm’™, calibrated to 1601 cm’ absorpt1on of a polystyrene film

15  and reported in reciprocal centimeters (cm’l). Low resolution mass spectra (MS)
and the apparent molecular (MH+) or (M-H) was determined on a Finnigen TSQ
7000. High resolution mass spectra were determined on a Kratos MS50 in FAB
mode using cesium iodide/glycerol as internal reference. The element analyses
are reported as percent by weight.

20 It will be evident to the skilled practitioner that appropriate substitution of
both the materials and the methods disclosed in this Example will produce the
products illustrated below, as well as those embraced by the scope of the present

nvention.

25  Preparation of the 3-phenyl fluorooxindole compound (+)-3-[5-chloro-2-
[(2,2,2-trifluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-(trifluoromethyl)-2 H-

indol-2-one

The following steps illustrate the procedure for the preparation of the 3-
30  fluoro oxindole derivative, (+)-3-[5-chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1,3-
dihydro-3-fluoro-6-(trifluoromethyl)-2 H-indol-2-one, as used in Example 3,

according to the present invention.



The follow ng exanples as set forth herein are neant to illustrate and
exenplify the various aspects of carrying out the present invention and are

not 30 inw%q ds@ limt the invention in any way, i nasmuGiFasseIBi
variations o tﬁe invention are possible within the spirit of the

i nvention. WO 02/072088 PCT/ US02/ 04374, -29 EXAMPLE 1 Fl uorooxi ndol e KCNQ
Opener Conmpound Synt hesis/Preparation™ In this Exanple, as in Exanple 2,
all tenperatures are given in degrees 5 Centigrade. Melting points were
recorded on a Gall enkanp capillary nmelting point apparatus; tenperatures
are uncorrected. Proton magnetic resonance (1H NWMR) was recorded on a

S uker 0,390, M beSRBASR LS ELRIMIE D i SRR

chem cal shi are repor e rom er nal

standard, tetranmel3ydiaydpss-hydbbxy-6-diflidroaiediylj-2H-iauPiong constants are
10 reported in Hertz (Hz). Splitting patterns are designated as follows: s,
singlet; d, doublet; t, triplet; g, quartet; m multiplet; br, broad peak;

d
dd, doublet dpoubl et 1 r , : t.
I nfrared %I R)%Qp‘fg'ct ra uDsl]?IﬁgiOB@jtaggg]l'ﬁfn&%rg}g?na%ged(‘%g?&l\%%%ta%t% Zi?rtrefgned on a
Per ki n El mer subBdnssqest magreinanmirghgd by THEQRO @ih)-ahd twas 400wednokeadtal i br at ed
to 1601 cm -1 absorption of a %ol ystyrene film. 15 and regorted in

reci procal cEntl0nerBimitiese Mept 3-brataertralaped-drivifiarectbponbeead; O @and t he
apparent ol £¢ }HH%I)SMWen%HdW (‘)_Qc'e Cﬂg?§nsqﬁfr$ge%mﬂéﬁqic%@ac%oﬁ'hﬁgglg)%ﬂieESQ 7000.

H gh resol ution maSs spectra were erm on a Kratos I'n FAB node
usi ng cesi umheaeiction hiytes ohs Asatédoaefhat for @ Eh@ns then The albwsednicoahal yses
are reported as percent by weight. 20 It will be evident to the skilled
practitiBher XIR9R SHPFGPEP-at e substitution of both the materials and the
met hods disclosed in this Exanple wll produce the products illustrated
bel ow, as well as those enbraced by the scope of the present invention. 25
Preparati on SteptBre 3- pheaydpafdteifisghoneat dalrefheoomethnllisbtiy (6349g53€ hinwwlp- 2-
[(2,2,2-trifluoropethoxy)phenyl]-1,3-di hydro-3-flu .

oro-6- (triflWes ﬁ9ﬁf9§1140°'m61>@f§l orfeeer N G A Aldp¥ $130ust rat e t he

procedure f Ofnnjichfinmﬁ ﬁ@ﬁa(t?)iOQHL)oﬁndtepﬁitl%}gen. The mixture was stirred until gas

15  evolution ceased. The sodium salt of the 6-(trifluoromethyl)isatin was cooled to -
20°C and then the Grignard reagent 2-(magnesium bromide)-4-chloro(2,2,2-
trifluoroethoxy)benzene (from Step A, above) was added via syringe. The
reaction mixture was allowed to warm to room temperature and was maintained
at room temperature for 30 minutes. The reaction mixture was diluted with

20  diethyl ether and then quenched with 1N HCI. The organic layer was separated
and washed consecutively with 0.5N NaOH (2 x 50 mL), 1N HC1, water, brine
and then was dried over Na;SOy4 and filtered. The filtrate was concentrated in
vacuo to provide a light brown solid (16.3 g) which was triturated with CH2Cl, to
afford the compound (+)-3-[5-Chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1,3-

25  dihydro-3-hydroxy-6-(trifluoromethyl)-2H-indol-2-one (8.92 g, 70%) as a white
solid: mp 226-228°C.

2. Preparation of (+)-3-[5-Chloro-2-[(2,2,2-trifluoroethoxy)phenyl}-
1,3-dihydro-3-fluoro-6-(trifluoromethyl)-2 H-indole-2-one
30
Step C: Neat diethylaminosulfur trifluoride (3.66 mL, 0.03 mol) was added
dropwise to a cold (-78°C) stirred partial solution of (+)-3-[5-chloro-2-[(2,2,2-



30 fluoro oxindole derivative,
(+)-3-[5-chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1, 3-

di hydro (trifluoronethyl)-2Hindol -2-one, as u
accordlng“?%ﬁﬁﬁgmgresent i nvention. WD 02/072088 PCT/USOZ?%%%7425¥§
Preparation of ()-3-[5-Chloro-2-[(2, 2, % -trifluoroethoxy)-phenyl]-

1, 3-di hydr o- 3- hydr oxy- 6- (trlfluoronethyl) 2Hin dol-2-on e 5 Step A
Di bronoet hane (0.77 nL) was added under nitrogen to a stirred suspension
of nagne5|un1turn|ngs in ﬁ%ﬁ THE (30 nlL) and was _ allowed to react for

10- 15 mi nut e&ifluqeeathoxyyp zlla?cﬁlhaén@(%h)zdrgxyﬁr(mﬂwe@@mwﬁbmzbae (13.0 g,
45 | t. bsi ded
£50ToL) rasohl.adenss SUSEALE €O 08 RPNSREfECRLRT R sl el

cool 10 to ﬁﬂ@ﬂhﬁlﬂf@h&lrﬂb@heﬁt ﬂmeBesuﬂtantanﬁ(ﬁﬁal\@% allbvas ko whreain an
6- (tl‘lf|u0I‘OITEth%/|)lsatln (6. 489(: 30 nmol) was added to a cold (0C

suspensi on ofcediath ndgpaingn nAdler 1 hgzumZLéf shewed ghesiape phstefipg THE (30
L d t t d.
LT e A e R

then the G i @ez¥mipaged. ?he(csfggnemyaﬂwbg wﬂsmdw& drastiddorie Ralr 30 mL),
trifluoroethoxy)benzene (from Step A, above) was added via syringe. The

reaction ni xbuRe(RarLbanddherdtel g M&@#@érﬁﬁ%eﬂb@t@ﬁé’fe&ﬁ@ was mai nt ai ned

at room te”p ﬂ%%ﬁ'&eﬁe / viado B ‘d ch 9% Mgl Hﬁﬁe gilyred with
20 di et hyl er an hen ue hé organ ayer was

separ at ed apmﬁ\ﬁsli}enécmuaﬂmubn ﬁ'@in&CMQ@lb’eﬂmBhb}Mﬁéﬁo(ﬁovﬁdé@herﬁtDed I N HCI,
water, brine and then was dried over Na2SO and filtered. Theflltrate was

concent rHt edqmRPOUR @S §n 8- whﬁwarétalémp ool (590330 imap 248220 Thi ch was

triturat ed EF%% d ih O;TP%

()I 3u[ 5- Chl oro-2- dﬁpt r 80?&%‘( zgzy)'p gﬂrf%q)-’ 138 2%5 (m, 2H), 7.56

di hydr o- 3- hy@dpxM; B5=(t3 ardd L6HHELTY(d 1B EdoHzR-100® 681192 g, 70% as a
white solid: np 226-228C. 2. Preparation of

()-3-[5-Chloro-2-[(2, 2, 2- trifluoroethoxy)phenyl]

1, 3-di hyd | [ | 30 St C. Neat
i et hy! art L G A R PR R e e

Found: C,47.63;H,2.18, N, 3.21.

gpl e 3,
1.

1

3. Isolation of (+)-3-[5-Chloro-2-[(2,2,2-trifluoroethoxy)phenyl}-1,3-
dihydro-3-fluoro-6-(trifluoromethyl)-2H-indol-2-one (Compound 1)

20 Step D: The racemic compound (+)-3-[5-chloro-2-[(2,2,2-
trifluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-(trifluoromethyl)-2 H-indol-2-one
obtained in Step C above was separated into its enantiomers using a Chiracel-OD
analytical HPLC column (250 x 4 mm) using 9:1 hexanes/isopropyl alcohol as the
eluting solvent at a flow rate of 0.7 mL/min. The detection method employed an

25  HP 1090 UV detector with diode array at a wavelength of 220 nm. The first
enantiomer which eluted from the column had a retention time of about 8.64
minutes and was determined to be the (+)-enantiomer of the title compound. On a
preparative scale, up to two grams of the racemate may be resolved with a single
injection on a 5 x 50 cm Chiracel-OD preparative HPLC column using 9:1

30  hexanes/isopropyl alcohol at a flow rate of 60 mL/min with baseline separation.

The (+)-enantiomer was identical to the racemate with respect to NMR, mass



dropwise to a cold (-78C) stirred partial solution of
()-3-[5-chloro-2-1(2,2,2 WD 02/072088 PCT/ US02/ 04374 -31

trifluor enyl ]

-1, 3-di hydro- éﬁﬁdégr oxy-6-(trifluoronethyl)-2Hindol - 2- onePCSTeIeSOZ/g‘tBe%s A and
B above; 6.4 g, 0.015 nol) in anhydro% CH202 (45 m_) under a nitrogen

at mosphere. The resultant nixture was allowed to warmin an ice-bath and
mai ntai ned at 0C. After 1 hour, TLC showed absence of starting 5 material.
The reaction m xture was quenched with sl ow addition of cold water (20-25

nL) at OC. THeECHRgHHr end Brefhevdde sepreundeares fpprdhiedaye e mmat8C-08tC nl )
brine (30 nL t r ver MPJSO4 and filtered. The filtrate was
concentr at edgﬁﬁﬂ‘ﬁacﬁzgéodéﬁg& the crude product (6.9 g). The crude product
was purified by recrystallization from CH2C12/ et her/ hexanes to provide the

titled 10 conmpound as an off-white crystalline solid (5.94 g, 93%: np
208-210C; 'H NI\/R(DIVISOdG) 6450 XAMPLE2 2H), 7.12 (m 2H), 7.30-7.35
(m 2H), 7.56 (dd, 1H, =5 3 and 1.6 Hz 772d1HJ-14Hz)
11.20 (s, 5 lH) Ana’-i-(PVd‘g}l}din lf-Yl) 4r(tﬂﬂggm&l! H:||4zi£: finor orgmethyBo> N 3. 27,
15 Found: C 4 ﬁ inidine 3l rﬁox Iﬁl?ile% Opener Compound
(+)-3-[5-Chlor Terryﬁg@i—é—L—

di hydro-3-f1l uoro- 6- (trlfl uoronet$mﬂthes2dv‘l>rdid®htuﬂl one (Conmpound 1) 20 Step
D: The racem ¢ conmpound ()-3-[5-chloro-2-[(2,2,2
trifluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-(trifluoronmethyl)-2Hindol -
-one obt a| n ), nantiomers using a
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hexanes/ 105 op(tmﬁmbrahethlyl)bhasylllhethyqIpylrimglusess-\carﬁommlde (Cmpmmi(ezpf 0.7
m./ mn. The detection nethod enployed an 25 HP 1090 UV detector w th di ode
array at a wavelength of 220 nm The first enantioner which eluted fromthe
col urm had a ret ey Iagemfnbﬁefgfch?otzeut(tﬁﬂ@&ommhggﬁganm YRgHga{er mned to be
the (+)-enantioner of the title conpound arative scale, up to
two grans of chlbede @CEN® 30 maylbm diddotonethane (hnd )swagddded isatpecdd on on a 5 x

50 Chi r acel arativ um usi 9:1 30 h nes/i sopropyl
al cgkr?ol at aS(}dF‘BvaPCé‘f (é@iﬂ@h%n&ﬂhvﬂowgeﬂgﬁw é(fégﬁ 35 TheIo
(+)-enantg Onﬁﬁndggsl“ H&%Q&tio%%lxtﬁe Whe sﬁﬁ@@ﬁ%%&n%&ﬁerﬁﬁ?@ﬁﬁ@ HodrN¥Re mMass WO

02/ 072088 PCT/ 2/ 04374
precipitated white solid of 2-chloro-4-(trifluoromethyl)-N-[[4-

(trifluoromethyl)phenyl]methylJpyrimidine-5-carboxamide was collected by
filtration and then dissolved in acetonitrile (10-15 mL). Potassium carbonate
(0.62 g, 4.5 mmol) and pyrrolidine (0.43 g, 6 mmol)) were added. The reaction

20  mixture was stirred at room temperature overnight. The inorganic salts were
filtered off and the filtrate was concentrated in vacuo to provide the pure titled
compound : MS m/e 419 (MH"). 'HNMR (DMSO-de): & 9.10 (t, ]=5.9 Hz,
1H), 8.68 (s, 1H), 7.71 (d, J=8.1 Hz, 2H), 7.55 (d, J=8.0 Hz, 2H), 4.51 (d, J=6.1
Hz, 2H), 3.5-3.55 (m, br, 4H), 1.93-1.98 (m, 4H).

25
EXAMPLE 3
In vivo electrophysiology
Materials and Methods
30 Male Long-Evans rats (Harlan, 250-400g) were used in the experiments

described in this example. Prior to testing, rats were allowed access to food and

water ad libitum and were maintained on a 12:12 hours light/dark cycle. Rats



-32 spectra, TLC and IR The title conpound was found to have a rap =
68C-69C and [a]p +120.5 (CHC13). EXAMWPLE 2 5

2- (Pyrrol {y@ dokzoek) -4- (trifluoromethyl ) -N-[[4-(trifl uorornsi,t(?yﬂ]go2/04374
phenyl | rre?ﬁqu}r pyri m di ne-5- car boxam de KCNQ Opener Conpoun

Synt hesi s/ Preparation Preparation of 33
2-(Pyrrolidin-1-yl)-4-(trifluoronethyl ?-N—[[4 10
(trifluoronethyl)phenyl]nmethyl] pyrim di ne-5-carboxam de (Conpound 2) To a
solution of 2-chloro-4-(trifluoronethyl)pyrimdine-5-carbonyl chloride
(0.74 g, 3. 0WsifoIPup Rousied il &t Hasocipbing fqggwﬁgsm%@%@@adlmnpét ed sodium

bi car bonat e . i 0 ; l - 15
mol ). The rﬁég%dtpfr%ﬁﬁ%&%%& %E%%Kéﬁg@%%%ﬁ%%ﬁ%@ ﬁggrrlél? %rrg(gf(gérrl g,fﬁl%hour S.
The preci pi tahsithnobintith lodppticatie Zgahtionn- 4- (trifluoromethyl)-N-[[ 4-
(trifluoronethyl)phenyl]nethyl]pyrimdine-5-carboxam de was col | ected by
filtration and then dissolved in acetonitrile (10-15 nL). Potassium

carbonat g (eﬂggﬁﬁq)’?f’ﬁ?%iﬁg?eéf&&%npyrr0| idine (0.43 g, 6 mol)) were added.

The reaction irred at roomtenperature overnight. The

i norgani ¢ salts wRag wdre higtiedzaf fithnethdne aheditigsii @.2@kg Cpndamplanddded in
vacuo to provide the pure titled _conpound : MS me 419 (MH). 1H NWR
(DVBO- d6) :  bWoh pgugilar veim caghgter for dpye injgciagns¢ and plpged i aptereqjaxig figme. Hz, 2H),

7.55 (d, J=8. = . 55-.3. , 4H),
05 1 og” (o iy kel §b pudiep alda prlal e (ifprofuctoainives hifh e O
Met hods 30 Midikedianhe Eualrlgsuraittcst}(el-ﬂamlbmcl si2tnle ddilga mierd érill asdlste¢] buhe . g
i t d i i n_thj . Pri to testing, rats were all owe
LR et e 4 i BE oS R
light/dark cyel @ell.%ﬁtam&gbpﬂpﬁ%ﬁ% ﬁéﬁg%ﬂ@é@ﬂf‘or 03RimiRs §o fiquP housed

in an Association for Assessnent an creditation of
spreading depression. Typically, this application produced a long-lasting series of

spreading depressions.
Two additional holes were placed in the skull unilaterally at 4 and 8 mm
15  rostral to the application hole. Silver wire electrodes were placed in these latter
holes and secured to the skull using acrylic cement. These electrodes were used
to record DC deflections following application of KCl. A similar silver wire
electrode, sutured to the nuchal muscle, served as a reference electrode. Electrical
DC recordings were made using a standard amplifier (Warner, DP-304) and
20  commercially available data acquisition equipment (Cambridge Electronic
Design, 1401 A-D converter and Spike2 software). The number of spreading
depressions produced by the 10 minute application of KCl was the primary
measure used to access the effectiveness of compounds.
Differences between control and drug conditions were assessed using
25  analyses of variance (ANOVA) and appropriate post-hoc analyses. The Mann-
Whitney U non-parametric test was utilized when unequal variances were

encountered. A difference was considered significant when p<0.05.

SSS Stimulation and Recording

30 SSS stimulation and recording were performed in a manner consistent
with previously published methods using cat (K.L. Hoskin et al., 1996, Brain,
119:101-108) and rat (M.J. Cumberbatch et al., 1998, Eur. J. Pharmacol., 362:43-



Laboratory Animal Care (A A A L.A C) accredited facility and cared for in
strict <conpliance with all applicable regulations. 5 Cortical Spreading

Depr essi oy Fplos2048" € anesthetized with urethane anesthesi gddush 84359 1P ).
inplanted wth a jugular vein catheter for drug injections, and placed in

a stereotaxic frame. The skull was ex osed and a small hole (approxi mately

2 Mmby 3 mm) was drilled in the skull rostral to the | anbdoid suture
using a microdrill and steel burr 10 creating a "well". The dura was
di srupted and a drop of mneral oil was placed in this well. Crystalline
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commercially avail abl e data acqui sition equi pnent (Canbridge El ectronic
Desi gn, 1401P%-Pledowifleveldfleand Spi ke2 software). The nunber of spreading

depressi ons produ i j i . rimry
nmeasure used to a%ggs})g&? hgggqlgleﬁt%étﬁggg% lc/)’{fcg @%nghﬁ \gﬁ(ﬁﬁp %%ﬁ%@% bet ween
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( ANOVA) %d appropri ate post-hac anal yses. The Mann- V\hitneﬁ U
non- par artet r faudaly to g devisl p1 ths &d/Ceh B iShrd ditngturg a Hsgeagaiadrdl (&% ount er ed.
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Recor di ng 30 stinul’ati’on and recor re perforned nner
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15 placed under the SSS to isolate the stimulation electrode. The SSS was
stimulated using insulated silver electrodes bent at their ends to form a hook. The
dorsal region of the vertebra corresponding to C2 was removed for access to the
trigeminal nucleus caudalis.
Stimulated field responses were recorded in the trigeminal nucleus
20  caudalis using Teflon coated stainless-steel microelectrodes (5 MQ) impedance,
Frederick Haer, Brunswick, ME) and amplified and filtered (0.1 Hz — 10 kHz)
using a differential amplifier (#IsoDAMS, World Precision Instruments, Sarasota,
FL). Stimulation voltage (250 psec, 40-130V) was delivered using a Grass S88
(Grass Medical Instruments, Quincy, MA) stimulator and stimulus isolation unit
25  (Grass #SIUS) at a rate of 0.3 Hz. Amplified potentials were captured with an
analog-to-digital converter (#1401 plus, Cambridge Electronic Design,
Cambridge, UK) and commercially available software (#Signal, Cambridge
Electronic Design). Low temperature wax was applied to both the recording and
stimulation sites to prevent dehydration.
30 Three baseline measures (i.e., 100% of control), each consisting of 100
evoked trigeminal field potentials, were sampled prior to drug injection. The

primary measure for efficacy were changes in trigeminal field potential amplitude



nodel s. Rats were anesthetized with 1.2 g/kg i.p. urethane (#U 2500, Signa
Chem cal Conpany, St. Louis, M) and given supplenmental urethane as needed.

I n the cagg @fg7hgakr avenous (| v.) drug admi nistration (€. $or/uso2/04374
(+)-3-[5-Chloro-2 5

[(2,2,2-trifluoroethoxy)phenyl]-1,3-di Igydro 3-fluoro-6-(trifluoronethyl)-2H
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(trifluvoromethyl)-2H-indol-2-one compound and the 2-(Pyrrolidin-1-y1)-4-
(trifluoromethyl)-N-[[4-(trifluoromethyl) phenyljmethyl] pyrimidine-5-
carboxamide compound were administered via the i.v. catheters described above

20  at a maximum volume of 0.3 cc. Retigabine was administered by intraperitoneal
(i.p.) injection at volume of 1 cc/kg.

As depicted in Figure 1, the fluorooxindole compound, (+)-3-[5-Chloro-2-
[(2,2,2-trifluoroethoxy)phenyl}-1,3-dihydro-3-fluoro-6-(trifluoromethyl)-2 H-
indol-2-one (Compound 1) produced a dose-dependent reduction in the SSS-

25  stimulated trigeminal field response (overall ANOVA, p<0.001). Significant
reductions compared with vehicle were observed following the use of doses 0.1,
1.0, 10.0, 30.0 and 50.0 mg/kg i.v. , (p<0.01 in all cases).

Figure 2 shows that the 2-(Pyrrolidin-1-yl)-4-(trifluoromethyl)-N-[[4-
(trifluoromethyl) phenyllmethyl] pyrimidine-5-carboxamide (Compound 2)

30  produced a statistically significant (p=0.005) decrease in the SSS-stimulation-
evoked trigeminal field potential amplitude, consistent with an anti-migraine

profile for this compound.



-35 following injection of test conpound. A decrease in trigemnal field
response anplitude was considered to evidence anti-mgraine activity.

Fol | owi ngwﬂz%gdsgn of test substances, data were sanpl eqdGsodoBYr
averaged into mnute bins (90 evoked potentials) and expr esseg as a

per cent change from aver age basel i ne 36 val ues for the purposes of
statistical analysis. Data were anal yzed usi ng repeated neasures anal yses
of variance conparing vehicle and drug effects. A difference was

consi dered significant whenp<0.05. Results 10 The three KCNQ channel
openers exam ned FHUhddemensiiesdhatjeiigabine B mez/ks 1-por@srblsderedeshpound

+) - 3-[ 5- Chl |
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2- (Pyrrolidi(p<:08))-4- (trifluoronethyl)-N-[[4-(trifluoronethyl)
phenyl ] met hyl'] pyrim di ne-5- carboxam de conﬁ und,. and reti gab| ne were

prepared as a sol Ht fdhiion a&éqm)@tfélrp&gy&wh %OTQPW6¢16@WMUG)( il

t t
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(trifluor Om(thﬂhbmﬁféthyiﬁ@H-lﬂdcﬂ@ommmnér‘191ptddﬁcéﬂ-2(nglillﬁcimtdeducﬂlegll ) - 4-

(trifluoronmethyl)-N-[[4-(trifluoronethyl) henl]methil] pyrim di ne- 5-
car boxami de HbWpaURGcIRlPrepdiisicptessians Rioduesddyia ynsle A FER &(d descri bed

above 20 at W?&H’Q%&ﬁ%ﬁo@& %8, 525—7 &t b 9@@01}%‘0%39&%5&%“6%‘3{ ed by

i ntraperiton i'njectidn -at ['umé picted in
Figure 1, theod J:ampsmnns@mh@thed)mammst (twp-s3dddp reGiohlod srgﬁrﬁcant

[(2, 2, 2- |quoroethoxy)p 3-di hyd qu or gnet hyl ) - 2H
- i ndol - ¥ onEedpeiipns caRte m}%aabd%%%fo jS YRR, 1«@3@ M}ﬁ B the sss
25 stinul ate [ e i ANGQY,

Si gni fi cant ELrlé)(rtlduc ?&tgtpc_?n@g? a%@?m@?fr@vg&)?%ﬁg@\}%r e obﬁg?t\%zgﬂ (?LI ow ng the

use of dosesm@/Kg dosi. Withlhe@xcPhon odiiet GO/ omyddsg (F(7WL8)50.{ i%@<0D1én al |
cases). Figur

> Pyt ol 1 ai AL 20T S5 pifs fad et s undepy ne SrppRtcigr SREORgIS of
pheny! ] met v\ driivs AR gnAntdi Doy dentipmRANd: Ba:AQaaratyced
statistically significant (p 05)" decreaSe in the gSS— stinulati on evoked
trigem nth fvelidepod @ritmg/ﬂ<gdﬁb81[51§ﬂ1éqroe%ﬁ§ﬂs& trftuowatioxyyphenyli-113-gr ai ne
profile for Elplliy§1‘og?—%81%0(§i—'(triﬂuoromethyl)—ZH—indol-Z-one confirmed the difference
found in the parametric analysis (Mann-Whitney U test statistic=10, p<0.001).
' The results described above for the in vivo SSS-field potential
experiments demonstrate that the novel fluorooxindole and 2,4-disubstituted
20 pyrimidine-5-carboxamide derivative compounds are useful for modulating
neuronal activity and can result in protection from abnormal synchronous firing
during a migraine attack. Accordingly, the KCNQ opener or activator compounds
described according to the present invention are capable of selectively limiting
neuronal activity within the trigeminovascular system, and are thus particularly
25  useful for the treatment of migraine headache and migraine attack in individuals

suffering from the pain and discomfort of migraine and mechanistically similar or

related diseases.

EXAMPLE 4
30 Evaluation of KCNQ Modulation in Oocytes




WO 02/ 072088 PCT/ US02/ 04374 -36 Figure 3 denonstrates that retigabine (3
ng/ kg i.p.) was able to produce a significant reduction in SSS-stinmul ated

tri gem nalyd éalshspot enti al anplitudes (p<0.05). |In additipyuasodep cted
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Qocytes WO 02/9%2088 Ridle'let2/ubdaddxr) KCNQ-mediated currents was assessed

15 under voltage-clamp conditions by determining their ability to increase cloned
human mouse KCNQ2 (mKCNQ2)-mediated, heteromultimeric murine
KCNQ2/3 (mKCNQ2/3)-mediated, and heterologous human KCNQ5 (hKCNQS5)-
mediated outward currents expressed in Xenopus oocytes. Oocytes were prepared
and injected using standard techniques; each oocyte was injected with

20  approximately 50 nl of mKCNQ?2, or tKCNQ5 cRNA. In the case of
mKCNQ2/3 heteromultimeric channel expression, equal amounts (25-50 nL) of
each cRNA were co-injected. Injection of equivalent amounts of water (50 nl)
did not result in expression of outward currents at the voltage steps used to detect
KCNQ expression. .

25 Following injection, oocytes were maintained at 17°C in ND96 medium
containing (in mM): NaCl, 90; KClI, 1.0; CaClp, 1.0; MgCly, 1.0; HEPES, 5.0; pH
7.5. Horse serum (5%) and penicillin/streptomycin (5%) were added to the
incubation medium. Recording commenced 2-6 days following mRNA injection.
Prior to the start of an experiment, oocytes were placed in a recording chamber

30  and incubated in Modified Barth's Solution (MBS) containing (in mM): NaCl, 88;
NaHCOs;, 2.4; KCl, 1.0; HEPES, 10; MgSOs, 0.82; Ca(NOs)z, 0.33; CaCly, 0.41;
pH 7.5.



-37 The KCNQ fam |y of potassium channel proteins exenplified by KCNQ,
KCNQ2/ 3 heteronmultimers, and KCNQb, is regul ated by transnenbrane voltage

and pl aysw @absyegi al ly inportant role in the regul ati on afctnedsbonalh
excitability (C. Biervert et al., 1998, Science, 279: 403-406; C. Lerche

et al., 2000, J. Biol. 5 Chem, 275:23395-22400, and H Wang et al., 1998,
Sci ence, 282:1890-1893). An opener of KCNQ channels, such as the KCN@ and
KCNQ@2/ 3 channel opener retigabine, exerts its ceI I uI ar effects by

i ncreasing the op obabi lity of these .ch Mai n, 00, Mol .
ot racol 0. ' Ba( ) FheBBoria i cbritoR e AR W BectieS Urhate)
58:591- 600) . additfndahE ) RAS G0l VIR CPEH ﬂ%@luﬁ@ué%fwéré‘gxir‘}ﬂo%‘@{o KR channel s

collectively results in the hyperpolarization of menbr anes,
particul arl yWﬂlnl%te:ﬂiahanbmedcmnts R@nouﬂng%\delbwchlegaﬂ ﬁmx@standarcbt\aas es in

whol |1 d ity of t nds
degc(ral (t:)gd he?gf eVO gﬁc%%a%g%ﬁ?ﬂ%g (&8 @ng Zﬁégle 1\21%1440@2 *%Jl’zout war d
(K+) KCNG m@h@%ﬁﬂoﬁﬂ&@ﬁ@l@ﬁ@ﬁ PS1B88 3 8khp ;I;xg;[qdéiBQQ VA ﬁm&k&i%&nd' tions

by determining 'their ability to i ncrease man nouse
( MKCNQR) - nedpbydtige bispeobhiiise¢ands iduration,i ine-1RGNQRYeBs {oCNGHIABE- medi at ed, and

QZLEL‘JL°8833%sntw%ef%%\é&gﬁ%%@aap@amwiﬁﬂﬁﬁm@ac%ﬁé%ﬁ%teideéﬁgﬁf aee I

techni ques; eaeh QQGHE& YRS cd)rﬂb@c&t (t:tam%%@damqafsu{&tﬁ%néﬁs@' of MKCNQZ,
or hKCNQ® cRNA. In the case of het eromul timeri ¢ channel

expressi on, @ft)’éﬂfe émmtr(lmgntsb (E\CLI)lPQdeS Mtﬂﬁ\{am@edv%la@ngdﬁl nj ect ed.

e o o SRSl BTN, B BB S e e Tbeb g

expression. P& E@NC?E\blﬁgeﬂt Wa@‘éi&bx‘é&edQQ%t&%eﬁﬁéﬁcoﬁ&bﬂéxﬁfeﬂﬁdFﬁithé7C in ND96
medi um cont ai ni ng MyCl 1.0;

HEPES, 5.0; pPermu} chom@mpei ERruth-Chlayo-3riee, b@ﬁnﬂu@ﬂoetﬂmy)pbm}éhyaf n (5% were

dded to th t |

mrNa i nj ect | hvSEr Rl TR g B AR BER A 5Bl PhBemdr o pl ace
in a recordi fgngdladbevative iddieased eidIat N 2|d&nl§/ﬁtdiﬂ5@1408@rﬂ161§: bution (MBS)
containing (in my: Nad, 88; NaHCO3, 2.4; KC1, 1.0; HEPES, 10; MySO4,

0.82; Ca(No3§@renpme@ntiglc12, 0. 41;

The effects of 2-(Pyrrolidin-1-yl)-4-(trifluoromethyl)-N-[[4-
(trifluoromethyl) phenylmethyl] pyrimidine-5-carboxamide on Xenopus oocyte
expressed murine KCNQ2 (mKCNQ2)-mediated outward currents are shown in
Figure 4. The effects of retigabine (10 pM) on Xenopus oocyte expressed

20 mKCNQ2-mediated outward currents are shown in Figure 5. The effects of (+)-
3-[5-Chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-
(trifluoromethyl)-2H-indol-2-one on Xenopus oocyte-expressed mKCNQ2-
mediated outward currents are shown in Figure 6. In addition, the effect of (+)-3-
[5-Chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1,3-dihydro-3-fluoro-6-

25  (trifluoromethyl)-2H-indol-2-one on Xenopus oocyte-expressed human KCNQ5-

mediated outward currents was 157.4+/-6.0 % of control (n=3).

The contents of all patents, patent applications, published articles, books,
reference manuals and abstracts cited herein are hereby incorporated by reference
30  in their entirety to more fully describe the state of the art to which the invention

pertains.



pH 7.5. WO 02/072088 PCT/ US02/ 04374 -38 Frog (Xenopus | aevis) oocytes were
inpaled with electrodes (1-2 M52) and standard 2-el ectrode vol tage cl anp

t echni quegg\Bl@.RFP! oyed to record whole-cell nenmbrane cWdeNoSn4374
Recor di ngs were achi eved using standard two- el ectrode vol tage cl anp
techniques (e.g., W Stuhnmer et al., 1392, Methods in 5 Enzynol ogy,
207:319-339). Vol tage-clanp protocol s typically conprised a series of

vol tage steps of 1-5 seconds duration, in +10 nV steps from a hol di ng
potential of -90 nV tq a naxi mal potential of +4Q0 mV. Records were
digitized at 5 ki vaHeus¢hopers on bg medsputherabaes-Agscpbedmbisatatiac qui siti on

and anal ysi s, t . . : \V at a
single 10 co‘ryé@ﬁ%trda%?%glﬁg%gygﬂre%%ﬁ iL\% , rég?{}(} Otf%gé@? %Hé&g@ V%?ﬁ(ﬁhgtlgie#ﬁdtggd
conpounds of thaoslirsutgect madter ESERedinthe abowakesaipioassedtfiasd iheper cent  of
control current. For the Formula | conpou

und, . :
(+) - 3- [ 5- Chl 8prsndeq ¢loims, be interprelest sclopainfivs RaA iiiysirative of the present
di hydro- 3 fl = 6= (k. - I : ] this 3-phenyl
oxindoleq%erygggygé]yﬁgi%%ggggﬁﬁgxt%ﬁéﬁb%ﬂg?gy%”%%%%%éﬁgég%ﬂ%ﬁe KCNQ 15
current in cpodsibdd B lightef eiefabotsteadhings.
2-(Pyrrolidin-1-yl)-4-(trifluoromethyl)-N[[4- (trifluoronethyl)
phenyl ] met hyl ] pyri m di ne-5-carboxam de on Xenopus oocyte expressed nurine
KCNQ@2 (nKCNQ2) - nedi at ed outward currents are shown in Figure 4. The
effects of retigabine (10 M on Xenopus oocyte expressed 20 nKCNQ@- nedi at ed
outward currents are shown in Figure 5. The effects of (+)-
3-[5-Chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1, 3-di hydro- 3-fl uor o- 6-
(trifluoromethyl)-2Hindol -2-one on Xenopus oocyte-expressed nmKCNQ2-
medi ated outward currents are shown in Figure 6. In addition, the effect of
(+)-3- [5-Chloro-2-[(2,2,2-trifl uoroethoxy)phenyl]-1, 3-di hydro-3-fluoro-6
25 (trifluoronethyl)-2Hindol -2-one on Xenopus oocyte-expressed human
KCNQB- nedi ated outward currents was 157.4+/-6.0 % of control (n=3). The
contents of all patents, patent applications, published articles, books,
reference manuals and abstracts cited herein are hereby incorporated by
reference 30 in their entirety to nore fully describe the state of the art
to which the invention



pertains. WO 02/ 072088 PCT/ US02/ 04374 -39 As various changes can be nade
in the above-described subject matter w thout departing fromthe scope and

spirit of wigwpsesent invention, it is intended that all muly®chsamtter
contained in the above description, or defined in the appended clains, be

interpreted as descriptive and illustygtive of the present 5 invention.
Many nodifications and variations of the present invention are possible in
i ght of the above teachings. WO 02/072088 PCT/ US02/ 04374 -40- WHAT IS

CLAI MED | S: p tivator conpound which nodul ates the
bi ol ogi cal %‘W@&t@ Eﬂgﬁ%@hﬁg nervous system associ ated KCNQ pot assi um
channel pol ypeptides by 5 hyperpolarizing neurons that fire before or

during a mgraine headache or mgraine-related disorder. 2. An opener or
activat or cohpoundnwipendr omndwamretsmphendovvbkhgnmhﬂatas:ﬂhbﬂviquglcadfact(n\étyt r al

o eventi g cBSH R U HERY SR AR DRGIG Po PG 3 CBNTRLP UM RIER I or i ne or

n grai ne-g el @&%dﬁé&ﬂﬁgﬁé\ﬁonﬁhaﬁﬁ}@ bERBNS! dlingdthitahOhef@BRAYNd accor di ng
toclaim1 or claim2, said conpound selected fromthe group consisting of

f I uor ooxi ndoinégraine-related tsoddeasubst i t ut ed pyri m di ne- 5- car boxani de derivative
conpounds. 4. The conpound according to claim3, wherein the opener or
activator compound is

(+)-3-[5-Cnlgro- ZAB(o%e@er%‘rtaEthJa'td%QbH@bﬁ%Whﬁh@ﬂéﬂlﬂlatés Be @id]&giééh@nw i,

fluoro-6-(trifluoronmethyl)-2Hindol-2-one or 2-(Pyrrolidin-I-y

(trifluoro ne«vfrqpnyrall\meWM(swtﬁmMmcmm KENQ p@emuql whartpg] polpmpitld@@me 5-

car boxanj ccordin claim2, wherein the
oG ol R e PRt Rhe Aot el aorita FiE b Bins Bonei ot i ng
of one or %@uﬁgh@¢g5wﬂqmg&kyKChﬁﬁ KCNQ4, KCNQ@, and heteronultinmers

thereof. 6. A nethod of nodul ati ng neuronal activity associated with
m grai ne or a

3. The opener or activator compound according to claim 1 or claim 2, said
compound selected from the group consisting of fluorooxindole and 2,4-

15  disubstituted pyrimidine-5-carboxamide derivative compounds.

4. The compound according to claim 3, wherein the opener or activator
compound is (+)-3-[5-Chloro-2-[(2,2,2-trifluoroethoxy)phenyl]-1,3-dihydro-3-
fluoro-6-(trifluoromethyl)-2 H-indol-2-one or 2-(Pyrrolidin-1-yl)-4-

20  (trifluvoromethyl)-N-[[4-(trifluoromethyl) phenylJmethyl] pyrimidine-5-

carboxamide.

5. The compound according to claim 1 or claim 2, wherein the KCNQ
potassium channel polypeptide is selected from the group consisting of one or

25  more of KCNQ2, KCNQ3, KCNQ4, KCNQS, and heteromultimers thereof.

6. A method of modulating neuronal activity associated with migraine or a

migraine-related disorder, comprising administering to an individual in need

thereof an amount of the compound according to claim 1 or claim 2 effective to
30  inhibit neuronal activity, thereby reducing, ameliorating or alleviating migraine or

a migraine-related disorder.



m grai ne-rel ated di sorder, conprising adm nistering to an individual in
need thereof an anount of the conpound according to claiml1l or claim?2
ef f ect i vewlgi2d@2dsghi bit neuronal activity, thereby reduci ng/esmbiniati ng
or alleviating mgraine or a mgraine-related disorder. WO 02/072088
PCT/ US02/ 04374 -41 7. The nmethod acgqrding to claim6, wherein said
neuronal activity is selectively inhibited within the trigem novascul ar
system of the central nervous system 5 8. A nethod of treating m graine

or a mgraine-related disorder, conprising: .adninistering to an individual
in need thergof a S&éegléqdoworéh@@?’raé@aé’@gw@@?%ﬁﬂrﬁ%liaﬁ BH4nnel protein,

or functi onakep@ivielyPihibiell $8fhin ae%@géﬁhﬁgvéseulaxféy@ﬂﬁm Jr RE céalt?am&oué n an

anount effective to selectively linmit neurona yperexcita ity during a

m grai ne attagitemar migraine-rel ated di sorder by opening 10 the CNS-Iocated
KCNQ pot assi um channel protein so as to protect against abnornal
synchronous firing of neurons. 9. The nethod according to claim@8, wherein

the neuromal ghypenexeinbalirbibithg REEAhS oM fldrBint helatehicaSPAN ARSRiRF System
of the central nervous system g15 10.  The %t hod accor di ng to cl e{fi%rm 6 or
clai m 8, wheradmnisteeingKGNG indotidiss inmeed hisgreef] anmpenei of 2iENSddamttded from t he

group consi st of , human., K . K K .. K nd heteronultiners
Ther oof .20 KNG R G B Bl e B g B DRI e iR oi 1 ¢ e
CNS-1 ocat ed cKEND RAUAAS, WiiE AAONE lerPBERIED ReIORBRE Lifnf rRufdnHOr 00Xi ndol e
conpound or a 2,4- disubstituted pyrimdi ne-5-carboxam de derivative

conpound. 12hyperessitabiditioduringeninidraine gitask oir ogzate-rshatgbdisetderf gropeniagt i ng

m gr ai ne, Or i graipesrel ated di.sorder . conprising: a) .providing a
central 1n(gr v%l?s&gsgfg{)%mada@@gge %ﬁﬁsﬁlmﬁnﬂg&pﬁtﬂ%ﬁ%&ﬂQﬁ‘ﬁ@?t 4 ?lgsftei n; b)
contacti ng tb&dﬁ@ﬁ]@ﬁ_@ﬁ@gg&yﬁﬁ@@ﬂﬁ@{oﬂr otein with a test biological
conpound; 30 c) identifying those test conpounds that are openers or

activators of the

9. The method according to claim 8, wherein the neuronal hyperexcitability
occurs within the trigeminovascular system of the central nervous system.

15
10.  The method according to claim 6 or claim 8, wherein the KCNQ
potassium channel protein is selected from the group consisting of human

© KCNQ2, KCNQ3, KCNQ4, KCNQS5 and heteromultimers thereof.

20 11.  The method according to claim 6 or claim 8, wherein the CNS-located
KCNQ potassium channel protein opener is a fluorooxindole compound or a 2,4-

disubstituted pyrimidine-5-carboxamide derivative compound.

12. A method of identifying biological compounds for treating migraine or a
25  migraine-related disorder, comprising:
a) providing a central nervous system-associated KCNQ potassium
channel protein;
b) contacting the KCNQ potassium channel protein with a test biological
compound; ’
30 c) identifying those test compounds that are openers or activators of the

KCNQ potassium channel protein; and



KCNQ pot assi um channel protein; and WO 02/ 072088 PCT/ US02/ 04374 -42 d)
determ ni ng whether the KCNQ potassium channel opener or activator test

conmpound Wwguwesgsa reduction in superior sagittal sinus (pF8§R)so2siinul at ed
field responses recorded in the nucleus trigem nal caudalis, wherein a
reduction in the field response indicabes effectiveness in 5 treating
mgraine or a mgraine-related disorder. 13. A nethod of screening for
candi dat e conpounds capabl e of nodulating activity of central nervous
system associ at ed K ot.assium cha | _proteins .  and capable of treating
m graine or a m gfthi I‘E‘&I% 8’35‘_3 %@FEQ&\IQ&? PUE} ﬂ}jl_lm%@P TOBATHE g a
test conpound with %eé%%bﬂnp@&n&ﬁx%éﬁh%s%%@d&%%hE&Qs@eﬁ@@gi‘c&%ﬁﬁﬂs}ﬁﬁﬁhanne'
protein; b) selecting as candidate nodul ati ng conpounds those test
conpounds that operstiorulaed fieldtrespohsesKE@NQIpbndbsiumeusageeinajrantigisy; and c)

identifying those opener. or act. vati.n ounds of (b)..that produce a 15
reduction in superiodf %ﬁﬂiatr{i&‘}ugflﬁ%the%’o%% -Sg?l?sﬁﬁl?‘ﬁ‘faéfgf %ffeg{}&er}e onses
recorded §n the nucltpédﬁnéﬁ{iggﬁﬁgr@,@lang@@@_}éated/\@@@ﬁg@ a reduction in the
field response indicates effectiveneSs in treating mgraine or a

m grai ne-rel ated di sorder. 20 14. The nethod according to claim12 or claim
13g ti | i.Si th t f t 1 ni whet h t I est
, optiona conpri si e .S of .. ern ni es
conpound. at t buat gneBrd PEmiiEheisi o PERSingn Bl o diitinga
accor di ng t Oadvatly B dentfHl nlvehdRykRm-aabéiafeatiod Eiufl dHnnd Pr&te@e
t hroughput screeni ng technol ogy. 16. The nethod according to claim12 or
clai m 13, whandgapablnef treafing wignpne nus magreinsrralatedrdddoadar] ensmprising: apeut i cs, or
drugs. SRJ a) contacting a test compound with a cell or tissue expressing a KCNQ
potassium channel protein;
b) selecting as candidate modulating compounds those test compounds
that open or activate the KCNQ potassium'channel protein; and
c) identifying those opener or activating compounds of (b) that produce a
15 reduction in superior sagittal sinus (SSS)-stimulated field responses
recorded in the nucleus trigeminal caudalis, wherein a reduction in the

field response indicates effectiveness in treating migraine or a

migraine-related disorder.

20 14.  The method according to claim 12 or claim 13, optionally comprising the
step of determining whether the test compound attenuates cortical spreading

depression.

15.  The method according to claim 12 or claim 13, said method comprising

25  high throughput screening technology.

16. The method according to claim 12 or claim 13, wherein the test

compounds are small molecules, therapeutics, or drugs.

30



