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1, 3,4- OXADI AZOLONE FI ELD OF THE I NVENTION 10 The present invention is
directed ‘&ﬁwﬁmg carbanate derivatives of a 1,3, 4-oxadi uSdordilgsOne
conpound ich i's a nodul ator of the |arge- conductance cal ciumactivated
pot assi um (BK) channels and, therefore, wuseful in the protection of
neuronal cells and diseases arising from15 dysfunction of cellular
menbrane pol ari zati on and conductance. The present invention also provides
a method of treatnment with the novel substituted oxadi azol one derivatives
and to pharmaceutical conpositions thereof. 20 BACKGROUND OF THE | NVENTI ON
Stroke is presently recognized as the third | eadi ng cause of adult
disability and death in the United States and Europe. In the past decade,
several therapeutic approaches for the mnimzation of stroke-related 25
brai n damage have been pursued including inhibitors of AVMPA/ kai nate, N

met hyl - D-aspartate (NVDA) QARBAMATEE DERIVATIVES ORhi bitors. It is the

obj ect of_ the present inventj t i npounds that wll

nodul at e 5pot assi um channel gmﬁq{lylparq%'mgﬁlﬁéﬁéﬁonduct ance cal cium
activated potassium (BK) channels which will be useful in reducing 30

neur onal damage during ischem c conditions of a stroke episode. WO 00/ 44745
PCTI USOQ' 01494 -2 Potassium channels play a key role in regulation of cell
menbrane potential and nodul ati on of cell excitability. Potassium channels

are thenselves regul ated by voltage, cell netabolism calciumion and
receptor nedi ated processes.FIECIOIOF YHE  INVENTON n Phar macol .

10

The present invention is directed to novel carbamate derivatives of
a 1,3,4-oxadiazol-2(3H)-one compound which is a modulator of the large-
conductance calcium-activated potassium (BK) channeis and, therefore,
useful in the protection of neuronal cells and diseases arising from
15  dysfunction of cellular membrane polarization and conductance. The
present invention also provides a method of treatment with the novel
substituted oxadiazolone derivatives and to pharmaceutical compositions

thereof.

20 BACKGROUND OF THE INVENTION

Stroke is presently recognized as the third leading cause of adult
disability and death in the United States and Europe. In the past decade,
several therapeutic approaches for the minimization of stroke-related

25  brain damage have been pursued including inhibitors of AMPA/kainate, N-
methyl-D-aspartate (NMDA) and adenosine reuptake inhibitors. It is the
object of the present invention to provide novel compounds that will
modulate potassium channels, in particular, large-conductance caicium-
activated potassium (BK) channels which will be useful in reducing

30 neuronal damage during ischemic conditions of a stroke episode.



5 Sciences, 9, pp. 21-28 (1988); and Quast, U and Cook, N.S., Trends in
Pharmacol . Sciences, 10, pp. 431-435 (1989)]. Calciumactivated potassium
(KCa) chagpghmeake a diverse group of ion channels that sheepysaoigRendence
on intracellular calciumions for activity. The activity of KCa channels
I's regul ated by intracellular [Ca2+], nenbrane potential and 10

phosphoryl ation. On the basis of thei r2si ngl e- channel conductances in
symmetri cal K+ solutions, KCa channels are divided into three subcl asses:

| arge conductance (BK) > 150 pS; internedi ate conductance 50-150 pS; small
conduct ance < 50 mftasditimThashelsdsay akepirolesn eeguiation ofcell rnémbedrect ri cal
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large conductance (BK) > 150 pS; intermediate conductance 50-150 pS;

small conductance < 50 pS. ("pS" stands for picosiemen, a unit of
electrical conductance.) Large-conductance calcium-activated potassium

15  (BK) channels are present in many excitable cells including neurons,
cardiac cells and various types of smooth muscle cells. [Singer, J. J. and
Walsh, J. V., Pfligers Archiv., 408, pp. 98-111 (1987); Barg, 1., and
Escande, D., Pfligers Archiv., 414 (Suppl. 1), pp. S168-S170 (1989); and
Ahmed, F. et al., Br. J. Pharmacol., 83, pp. 227-233 (1984)].

20

Potassium ions play a dominant role in controlling the resting
membrane potential in most excitable cells and in maintaining the

transmembrane voltage near the K+ equilibrium potential (Ey) of about -90

mV. It has been shown that opening of potassium channels shifts the cell
25 membrane potential towards the equilibrium potassium membrane |
potential (E,), resulting in hyperpolarization of the cell. [Cook, N.S.,
Trends in Pharmacol. Sciences, 9, pp. 21-28 (1988]. Hyperpolarized cells
show a reduced response to potentially damaging depolarizing stimuli.
BK channels which are regulated by both Voltage and intracellular Ca2+
30 act to limit depolarization and calcium entry and may be particularly
effective in blocking damaging stimuli. Therefore cell hyperpolarization



via opening of BK channels may result in protection of neuronal cells
under ischemc conditions. The role of potassium channels in the operation

of the snpefdysar4guscl e of the human urinary bl adder is di spesa8eh/diN94S.
Trivedi, et af. I'n Biochem cal and Bi ophysi cal Research Communi cati ons,

(1995), 213, No.2, pp. 404-409. A range of synthetic and naturally
occurring conpounds with BK 10 openi'zg' activity have been reported. The
avena pyrone extracted from avena sativa-comobn oats has been identified
as a BK channel opener wusing a |lipid bi-layer technique [I|nternational

Pat ent appl vigaepaning\of BS/ahgsDels rpawrassik dry pragction off@gg?r_\alm Sf| avanoi d,

Phl oretin has . been fou ffect the opening of Cat+-activated potassium
channel s i nunggr 'ﬁf]‘%?rm?a&g'gﬁt%enr%e fi bers of Xenopus |aevis using outside-out
patches [Koh, D-S., et al., Neuroscience Lett., 165, pp. 167-170 (1994)].

U S 3,971,803 issued tao S. Rosegﬁgrgﬁr.a{nd K. Sch enbac on July 27,
1976, relates t o Ip8rpleRiPOIRISiYM chandels in thegpegation\oiihesrpo Y-C-ZR3

R2 m whgrei ' I i Iy S.2Frivedi it dnvdr ogen or R1;
R3 is hy rog"@hnégge}b@féﬁ%ﬂﬁ%{%@?@%rggg‘i&lﬁd&ggebgdseﬁﬁ'\%é‘oTs; VO 00/ 44745

JEN! Y
PCTI USQQ' 014dcherdicataridsBiephysical(Rgseal cationsk(#1998h 213CXH2z Q CyHR2y-
(QTs Oor 53 op. 404-409.

A range of synthetic and naturally occurring compounds with BK

10  opening activity have been reported. The avena pyrone extracted from

avena sativa-common oats has been identified as a BK channel opener

using a lipid bi-layer technique [International Patent application

WO 93/08800, published May 13, 1993]. The flavanoid, Phloretin has

been found to affect the opening of Ca2+-activated potassium channels in
15 myelinated nerve fibers of Xenopus laevis using outside-out patches

[Koh, D-S., et al., Neuroscience Lett., 165, pp. 167-170 (1994)].

U.S. 3,971,803 issued to S. Rosenberger and K. Schwarzenbach
on July 27, 1976, relates to compounds of Formula (i):
20

N—nN— CH; OH
7

y—Cc=2 Ra R

(i)

wherein

Ry is alkyl, cycloalkyl or aralkyl;
25 Ry is hydrogen or Ry;

Ry is hydrogen or Cq.4 alkyl;

Y and Z are independently O or S;



and y are i
~N-N-CH2 O

napt hal ene.

0-533276- Al published on March 24, 1993, shows

ntegers whose sumis 2 to 4), phenyl ene, diphenylene or

R1

OH naphthalene or a -¢' | group; Y-CZ R3 R2 or (2) if me2,
al kyl ene, w@) dosliage et her, al kyl ene thioether, diphenylene, pefusiini494

The conmpounds are antioxidants for organi c pol yners.
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conmpounds of Fornula (ii):

ituted phenyl group and the other a substituted benzyl. The

) _conpounds are mticigdes an | NS | cides, 15 E.Wlder Smth

PR DE s Cr.a ol Ry Crtcts oty (G078, % ne

and study of . Fqr RPN /O 1 _O xn

?’]qu arezlﬁi/%%.? @%ﬁ@%%pgfﬁo%tro Hﬁén@lélﬁ%’sd} qheon%éz he compounds

ulostatic properties. Formul & (iii) conpounds do not enconpass

n para to the hydroxyl gr WO 00/ 44745 PCT/ US00/ 01494 -5
OH

_N—N—CH,

naphthaiene ora —c” group;

Y—C=Z Ry
or (2) if m=2, alkylene, alkylene ether, alkylene thioether, diphenylene, or
napthalene. The compounds are antioxidants for organic polymers.

EPO 0-533276-A1 published on March 24, 1993, shows
compounds of Formula (ii):

g
P\hlf C‘cIJ ..
N:C\ (“)
Q

wherein one of P or Q is an ortho-substituted phenyl group and the other
a substituted benzyl. The Formula (ii) compounds are miticides and
insecticides.

A.E.Wilder Smith disclosed in Arzneim. Forsch. (1967) 67, No.17,
pp. 768-772, the preparation and study of compounds of Formula (iii):

" OH

w@_ﬁ»\?m 2 _@3 (i)

N——N-CH

wherein X is H or Cl and nis 1 or 2. The compounds have tuberculostatic
properties. Formula (i) compounds do not encompass substitution para
to the hydroxyl group.



J. L. Romine, et al. in International Patent Application W 98/ 04135,
publ i shed February 5, 1998, describe a series of diphenyl heterocycles of
the For mip dolgis4s Ra OH R R (CH2) m Het-(CH2) \ (iv) Re OSpehgseiniaget is a
heterocyclic noiety selected frominter alia, oxadiazolone. The conpounds
are useful as nodulators of the |arge 5conductance cal cium activated

pot assi um channel s and the starting 10“material for the preparation of the
conpounds of the present invention is descrlbed therein wherein Het is
1,3,4-oxadiazol-a£3kb one, m= chloro, Rd is
trifluoronethyl ahd I%Dminﬁbﬁi:ﬁ_ﬂé |P'§"Pﬁlmnébeﬁtenklﬁﬁe|"@‘t'°f’hese ref er ences

teach or 0 ﬂ?a?" f i n. SUMVARY
CF THE | NVEW%@%T%@A'& Irnven 3 1?%%%@&%\%3%“%3%3@%2%%“ vatives
of 20 1, 3, 4nhetspstysieeloftise Fernulg (Mte general forrmula F3 ~=O 0 WD 00/ 44745
PCT/ USO0/ 01494 -6 wherein Rl and R2 are as defined below, or a nontoxic
phar maceutically acceptable salt or solvate thereof. The present invention
al so provides pharmacgeticgl conpositions conprising said derivatives and
to the nethod of treatngay of disorders sen t o potassi um channel
opening 5 activity SHe @hg I -Ret—SEchHY onvul si ongy) epi |l epsy, asthma,
irritable bowel syndrome~/m graine, traumat¥-e ininjury, spinal cord
injury, gexual dysfunefion, and urinary incontinence.

wherein Het is a heterocyclic moiety selected from inter alia,
oxadiazolone. The compounds are useful as modulators of the large
conductance calcium-activated potassium channels and the starting

10  material for the preparation of the compounds of the present invention is
described therein wherein Het is 1,3,4-oxadiazol-2(3H)-one, m = 1 and

n =0, RS is chloro, Rd is trifluoromethyl and Ra = RP = Re is hydrogen.

None of these references teach or suggest the novel compounds of

15 the present invention.

SUMMARY OF THE INVENTION

The present invention provides novel carbamate derivatives of

20 1,3,4-oxadiazolone having the general formula
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DETAI LED DESCRI PTI ON OF THE I NVENTI ON 10 The present invention provides
novel carbamate derivatives of

3-[ (5- chl Qipodatyedr oxyphenyl ) met hyl ] -5-[4-(trifl uoronet hyl pofesyddiasy 3, 4-
oxadi azol - 2(3h)-one which is a potent opener of the |arge conductance,
cal cium activated K+-channels (BK chaqgfj) and the novel derivatives 15
have the general Formulal. F3 CO 4 N(a\ OR wherein 20 Rl is a
hydrogen, Cl 4 al kyl, -CR3RACO2H, -(CH2)2-NR5R6; R2 is hydrogen, Cl.4
alkyl; or Rl and R2 taken together with the nitrogen atomto which they
are attachedwhesein Ricang Be prg ag definethbelewe of adontaxis pagraraceutieallyN- net hyi

pi per azi ne, I peridine, thi i r. | ne; S hydr ogen
or nethyl; mﬁ%@ﬁﬁaﬂ'?iéﬁﬁ%%g%iﬁ%4%e§&gi [ s'%@éiroggaelsrﬁ(;;ggdﬁ%séﬁbst ituted or
unsubst i t ut eghiAndceutitssl canpositivnsicamysrising saidt deriviatives arti¢ctred from t he
group consisting of hydroxy, am no, nethylthio, carbgxyl, carhoxam de,
guani di no, pMaed ahteaiyent o) giserdars sansitive IEPAIASSIHE ‘gﬁ%'ﬁeh?%eq"ﬂﬂiependent ly
hydr ogen, - C1 _4.. h S nd ; ; | hgrhid 0gen at om
to which ?he?é%%kédgp t‘%c'ﬁé%rﬂ'lgéSte;mheétcgﬁg@%ghg’g@é'iléﬁéy’\geﬁtt@gth’egm?P fgrm

pi perazi ne, beoweksyndromiepmigrainesfrapmatic baain énjuryhspimat gardlinjogy, and

sexual dysfunction, and urinary incontinence.

DETAILED DESCRIPTION OF THE INVENTION

10
The present invention provides novel carbamate derivatives of

3-[(5-chloro-2-hydroxyphenyl)methyl]-5-[4-(trifluoromethyl)phenyl]-1,3,4-
oxadiazol-2(3H)-one which is a potent opener of the large conductance,
calcium-activated K+-channels (BK channel) and the novel derivatives

15 have the general Formula .

Fa C\@\’/

v hL:>=°
=

a
R1
Rz
wherein
20 R1 is a hydrogen, C.4 alkyl, -CR3R4CO5H, -(CH2)2-NR5R5;

R2 is hydrogen, Cy.4 alkyl; or R and R2 taken together with the
nitrogen atom to which they are attached, is a heterocyclic
ring selected from piperazine, N-methyl piperazine,
piperidine, thiomorpholine and morpholine;

25 R3 is hydrogen or methyl;



nor phol i ne; 10 or a nontoxic pharnmaceutically acceptable salt or solvate
t hereof. The present
or prot eclidyfiFQm di sorders which are nedi ated by openi ngpetukipoihdr ge
conduct ance cal cium activated K+ channels (BK channels) in a mammal 15 in
need thereof, which conprises adm nistering to said manmal a

t herapeutically effective anmount of a'7cbrrpound of Fornmula | or a nontoxic
pharmaceutically acceptable salt thereof. Preferably, the conpounds of
Formula | are useful
convul sions, astH#m, s'Hyidrodere dpaubstitateddramsubstitgted Qa4 alkyhimatic brain 20
injury, spinal cord injury, sexual dysfunction, and urinary incontinence
and ot her disorders whithithewsabstitugnt isisalestad fiemitbegrowp eetsistindy. The term

"Cl-4 al kyl" as

used

I ndi cat es ot herw se)
as nmethyl, ethyl, prOQMénidin%%h@rW|andbiyﬁbdxyﬁfféw,{aﬂd‘n "a nontoxic

pharmaceutically acceptable salt"™ as used

I nvention al so provides a nethod for the treatnent of

in the treatnment of ischem a, stroke, epilepsy,

e Sl ipf, iy Rl BRRSARIE2S G oups such

erein and in the clains is

i nt endedst o RSaridi@® neacharecindependandly hwdeogesaCy s, alkylios BP ead 66,
zwitterionic species.

metallic salts such atakepdpgethepwithdRe Nitogen atem ie Xhic

Salts with a base is intended t%%%glr?g_él ude inorganic
lum the

anmoni um salt, and Sah&?‘f&%&é%\ Q%{é%;)ﬁ"ﬁﬁhg%'wf’aﬁ‘ M&@{@MS
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a nes, p pi col i ne, di benzyl am ne,

et hanol ami ne, N- net hyietoyl piperaziee apiperdinerthiomoerpboline and have been used to
formsalts of carbox
i nclude inorganic ac

hydr oi oque,oé rﬁﬂtcﬂﬁé

such as fTormate,

ace

HPiC alci(_js. Suitable salts with an acid is intended to
rRROINE such as hydr ochl ori de, hydrobrom de,

Phaﬁﬁ'&%ﬂlﬁééw actptdtie shit kesoldad theassti ¢ acid salts

ate, mmleat’e, citrate, succinate, ascorbate, |actate,

fumarate and tartrate which have been used to formsalts of basic am nes.
The present invention also provides a method for the treatment of

or protection from disorders which are mediated by opening of the large

conductance calcium-activated K+ channels (BK channels) in a mammal

15 in need thereof, which comprises administering to said mammal a

therapeutically effective amount of a compound of Formula | or a nontoxic

pharmaceutically acceptable salt thereof. Preferably, the compounds of

Formula | are useful in the treatment of ischemia, stroke, epilepsy,

convulsions, asthma, irritable bowel syndrome, migraine, traumatic brain

20 injury, spinal cord injury, sexual dysfunction, and urinary incontinence and

other disorders sensitive to BK channel activating activity.

The term “Cy.4 alkyl” as used herein and in the claims (unless the

context indicates otherwise) means straight or branched chain alkyl
25 groups such as methyl, ethyl, propyl, isopropyl, butyl.

The term “a nontoxic pharmaceutically acceptable salt" as used

herein and in the claims is intended to include nontoxic acid and base

salts, and salts of zwitterionic species. Salts with a base is intended to

30 include inorganic metallic salts such as sodium, potassium, calcium and

magnesium, the ammonium salt, and salts with nontoxic amines such as



Unl ess otherw se specified, the term"anm no acid" derivative as 10 used
herein neans a naturally occurring amno acid. Suitable amno acids are
those desgid ip@dier ein and ot her known amino acids such aspcghmosnRos

gl ycine, arginine, cysteine, isoleucine, leucine, lysine, valine,

met hi oni ne, phenyl al ani ne, threonine apd the like. It should be

appreci ated by those skilled in the art that the conpounds of Fornula | 15
wherein Rl is - CR3RACO2H represents a residue of a naturally occurring

am no acid and may be active in vivo as a the am no acid

resi due may lﬁié"Wiﬁﬂl‘r“BB%szidH}?sMipﬁ’a‘gﬁeW%g’r g‘ﬂ‘hf‘h'?%ﬂ%'t to produce a
e 11 i Bl A i o

appreciated b _ _ e ar at unnat ur am no acids such as
20 those in dfearboxyiofacils: Buitablersaltswitts ab acidtisirtended ta imsludet ur al

occurrin m ids ip the L- fi ati [
e F 2Bbre ch ol e AR SRS o 22
does not §°“%nﬂfg?§,ﬁo’%bﬁ§!eﬁ bAdMheé Wkd, antiitgam® atRdattsisuchrasfornhatrsol ogi cal

activity of n some instances, they have physical properties
whi ch nmake t hestatep maleats) citrbies socingteaasearbaie; legtate Jumarats , such as

For mat | on’ aniBAERRpHIRETRYS o Libd o cF A R bR, o The T

substance nmay be used for pharmaceutical 30 purposes. The salts are
routinely made by adm xture of a Formula | conpound with the selected

3gieg, i ﬁreef e;gbl/y Ypless ptharwisenspasified; the teempaminaAcidndenvatve as commonl y
di oxane,{dret H%ﬁiﬁ%'%e’ﬁﬁ??fﬁgé%Q%@YS%@#,@FQ%@@Q%W%% , et hgl ! ggrei ate

and aceLoni ta@ibgaré'hwgemﬁcﬂge@hbmimwwrkaownmsihe agids sucha#&srent with an
i on exchange resin under conditions in ich the . appropriate i f
of the subst aidpeyglycine, RIFRNECYSgIe, | %H@Bﬁ’ '890'"9P ysine; valine,' °" " salt

methionine, phenylalanine, threonine and the like. It should be
appreciated by those skilled in the art that the compounds of Formula I

15  wherein R is -CR3R4CO,H represents a residue of a naturally occurring

amino acid and may be active in vivo as a prodrug, i.e., the amino acid

residue may be hydrolyzed by peptidase enzymes in the host to produce

a more active form of the desired 1,3,4-oxadiazoline. Also, it should be

appreciated by those skilled in the art that unnatural amino acids such as
20 those in the D-configuration may be substituted for the natural occurring

amino acids in the L-configuration.

Generally, pharmaceutically acceptable salts of the invention are

those in which the counter anion does not contribute significantly to the

25 toxicity or pharmacological activity of the salt. In some instances, they
have physical properties which make them more desirable for
pharmaceutical formulations, such as solubility, lack of hygroscopicity,
compressibility with respect to tablet formation and compatibility with other
ingredients with which the substance may be used for pharmaceutical

30 purposes. The salts are routinely made by admixture of a Formula |
compound with the selected acid, preferably by contact in solution
employing an excess of commonly used inert solvents such as water,



5 anot her ion under conditions which allow for separation of the desired
speci es such as by precipitation fromsolution or extraction into a

sol vent, weyooRia¥dsi on fromor retention on an ion exchange pesiu’oo/diasd ai n
conmpounds of the present invention including the 10 pharmaceutically
acceptabl e salts thereof can exist as golvated fornms including hydrated
forms such as nonohydrate, dihydrate, "Rem hydrate, trihydrate,
tetrahydrate and the |ike. The products may be true solvates, while in

ot her cases, the (&oducts may nerely retain adventitious solvent or be a
m xture of setheatcioxangs madmengicliaride, iserropandlemethanol.aiganel: 8BYh s

appr eci at ed by Loge skiibhibfl] Thbl i disé BEmadl b7 hedahas@hrar e equi val ent

to unsol vate are inten e enconpassed wthin the scope of
the present freaterdnt with dmiohlexchanderbsif under qonditions in whialkthen, the term

"th ti [ 1 20 effecti " [ f h
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characterized by openers o arge conductance cal ci umactivated K+
channel s or $peniessuch as bypracipitation froneadiution of extrrationdnlgia selMent, \When

applied to an i,ndividual activ 5 1 r§% I ni stered alone, the term
refers to th@tel %’Fﬁ'ﬁme‘?{tregqrg'ﬁﬁ.c’% %@ﬁe bgﬁé%r gma conbi nation, the term
refers to conbined anpbunts of the active ingredients that result in the

t herapeutic effect, whether admnistered in conbinatjon, serially or
si mul t aneousl y. TRerteigroempaundgof the presentigventionipalAing the used herein and

andi or <{fipt GATRCELCAERCRPRLY sl iR BaRElERaR shRaMPIomne2 TL® Commo®
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u rodru
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while in other cases, the products may merely retain adventitious soivent

or be a mixture of solvate plus some adventitious solvent. It should be
15  appreciated by those skilled in the art that solvated forms are equivalent
to unsolvated forms and are intended to be encompassed within the

scope of the present invention.

in the method of the present invention, the term “therapeutically

20 effective amount* means the total amount of each active component of
the composition that is sufficient to show a meaningful patient benefit, i.e.,
healing of acute conditions characterized by openers of large
conductance calcium-activated K* channels or increase in the rate of
healing of such conditions. When applied to an individual active

25 ingredient, administered alone, the term refers to that ingredient alone.
When applied to a combination, the term refers to combined amounts of
the active ingredients that result in the therapeutic effect, whether
administered in combination, serially or simultaneously. The terms “treat,
treating, treatment* as used herein and in the claims means preventing or

30 ameliorating diseases, tissue damage and/or symptoms associated with
dysfunction of cellular membrane polarization and conductance.



oxadi azol - 2(3H)-one which is described in WO 98/04135. As used herein the
term prodrug denotes a derivative of an active drug which is converted 5
aft er admyoiosls§asi on back to the active drug. More parti cubcr/iigeo/01494r ef er s
to carbamate derivatives of 1,3, 4-oxadi azol-2(31-1)-one conpounds which
may be active drugs and/or which are cgpabl e of undergoi ng hydrol ysis of
the ester or cleavage of the ester so as to rel ease active free drug. The
physi ol ogi cal | y hydrol yzabl e groups serve as prodrugs by being 10

hydr ol din the body t feld.th t d dth th
wat er - sol bl & pr daraRghesasPRE: s KRRTPN DiAideSWEIRESRbIEP OIS

adm ni strati@FsC &. 4 trinaSioRfsthsoMemlyi]- L 8ligs i nvention
provi des a n%ﬂégééﬂérg?z p%ﬁ%ﬁﬂﬁp&%@%#&nﬂgmt eg?ﬁon f?gr%’%]?sorders
whi ch are neokaaliazbl-2(3 Mpene whichd$ deseritiesiig WORRIN41301cAs taed heraidict i vat ed

K+ channel s (BK channels). in _a | in_need thereof. which ri ses
adnmi ni st er i e RrPrug drpaies 2 @%Eﬁ&? PEQFH‘{E gﬁge‘&{]'lbt)és 85@(% of a
conpound g0f  ZirEdndinistration Badlot BsidetiPd ArERCIBkd padticMladgCiepsferi e sal t,
solvate or hydrate thereof. 20 Preferably, the conpounds of Fornula | are

useful in thearbamatedenvasives pk ¢ SedrpyadiazeludidH)-ena ¢ampognds whligh epsy,

asthma, irritabl I ¢ | t | ¢ LALLM Y, spional
ord 1 i ur y. AV PR F S e wnic o Baifole o BHEBe AR

(erectile dymbwatdr drtiedvage ot thiwester solas td celdasdattve fred drugusThespi nal cord
injury, radical praostatectony, 2(595\9?5 chogeni c eti ol %g or any ot her cause)
and wonen byPhygisiegically midseiyzahble Li%‘i geRfeHo3 ! ially the corpus

caver no [ K hA h | vati ng
et vi £ o8 he el Rl | S E S HREhAHPalig R o AR LT " (e
treat ment ofwaterabluble prosiciigsndfahe present id@ntidh @ty pretersedPor] USOO' 01494 - 11

administration of the parent drug.

In still another aspect, this invention provides a method for the

15 treatment of or protection from disorders which are mediated by opening
of the large conductance calcium-activated K+ channels (BK channels) in
a mammal in need thereof, which comprises administering to said
mammal a therapeutically effective amount of a compound of Formula | or
a nontoxic pharmaceutically acceptable salt, solvate or hydrate thereof.

20 Preferably, the compounds of Formula | are useful in the treatment of
ischemia, stroke, convulsions, epilepsy, asthma, irritable bowel syndrome,
migraine, traumatic brain injury, spinal cord injury, urinary incontinence
and sexual dysfunction in both men (erectile dysfunction, for exampie,
due to diabetes mellitus, spinal cord injury, radical prostatectomy,

25 psychogenic etiology or any other cause) and women by improving blood
flow to the genitalia, especially the corpus cavernosum, and other
disorders sensitive to BK channel activating activity. Most preferably, the
compounds of Formula | are useful in the treatment of cerebral
ischemia/stroke.

30



In still yet another aspect, this invention provides pharnmaceuti cal

conpositions conprising at |east one conpound of Formula | in conbination
with a pheowageusi cal adjuvant, carrier or diluent. 5 The rompsoond®4of
Formula | may be prepared by various procedures such as those illustrated

herein in the exanples, in the Reaction Schemes and variations thereof

whi ch woul d be evident to those skitlféd in the art. The various prodrug
conpounds of Formula | nay advantageously be prepared fromthe active drug
substance of Formula Il 10 which is itself prepared by the general
procedure descri hestill yetmoﬂ&ir%ﬂaé& HTisiirivanlExamniVMels phadmacedticed t he
starting material in the s illustrated ? eac}lon Schenes 1 and 2.
REACTI ON SCHEME%'“OF@CPmP"ﬁ@9|at\eaStP"§ CRH‘POH“Q° psRuladBei2 2 co2r p I~

daQoch ?@b@%oﬁ ith EpREmAtREC adiidbeidrieriGhiuent. |11 F3 F3 \ TFA |
5 The compounds of Formula | may be prepared by various
procedures such as those illustrated herein in the examples, in the
Reaction Schemes and variations thereof which would be evident to those
skilled in the art. The various prodrug compounds of Formula | may
advantageously be prepared from the active drug substance of Formula i
10  which is itself prepared by the general procedure described in
WO 98/04135 and in Example | and used as the starting material in the
methods illustrated in Reaction Schemes 1 and 2.

REACTION SCHEME 1

F3D\©Y F3
l %=o 3 gt
N

e

N
EtgN, CHClp
o ————
CIC(O)OCsH4-p-N02 O/i EtsN, CH.Cla
OH OCgHy-p-NO,

Fs Fs
TFA
| (§=o > | 0
N (R="'Bu) N
H COzR H CO2H
v ia

15



WO 00/ 44745 PCTI USOQO 01494 -12 The preparation of am noacid carbamate

derivatives of Formula la is illustrated in Reaction Schene 1. The
conpound %({fﬂg la Il is treated wth an aryl chl orof or rp&eussHdl4dS
p- ni trophenyl chloroformate in an anhydrous organic sol vent such as

met hyl ene chloride, chloroformor 5 tetrahydrofuran in the presence of a
base such as pyridine and triethylanil® to produce the carbonate of
Formula 111 which is then treated wth the desired am noacid tert-butyl
ester in the presence of a base such as triethylamne to afford the

carbamat e i nt er megieair8patatibhoMahindaéid Berranraite dérivativeseaf tFoomuld lapr ot ect i ng
group is effected by hydrolysis with apn 10 acid, gPd r'Bref gr ably, with
trifl uor oacds illostated in Gegction Schamedesihegomppund oEFarmdiadbiSat e of Formul a

la. REACTION S F - =~ e Nopi tiofmate ih Et 3N,

arizai 2 I oot K 28 Y hrefia@syitas Pt cliotdiomnate i 2

car bamat e dejyi AfHydves Ofgahiy salent isbch as imeetbylebe chlogidenckiorafatraoe of For nul a
1l is advantageously treated with the desired amipe as illustrated in

React i on5ScHetrahydroftiran ietherRrgsensa ofia t&as@rs"f?@t%sr% ne 8n_gm ne of Formul a
conpound of BT YBrAn ) Pl R o A R e e to
afford the ogitththerdesirddramiabaciddembutyl ester in the presence of a base such
as triethylamine to afford the carbamate intermediate of Formula V.
Removal of the tert-butyl protecting group is effected by hydrolysis with an
10  acid, and preferably, with trifluoroacetic acid to afford the desired

aminoacid carbamate of Formula la.

REACTION SCHEME 2

Fa FaC
o)
K©\,( ] | <
N NN .
R'R2NH
c > cl
EtsN, CHxCla
oj\ A~
OCgHy-p-NO2 0" N
b R

15
When it is desired to prepare carbamate derivatives of Formula Ib,

the carbonate intermediate of Formula Ill is advantageously treated with
the desired amine as illustrated in Reaction Scheme 2. The desired
acyclic or heterocyclic amine of Formula NR1R? is added to a methylene
20 chloride solution containing the carbonate compound of Formula il and a
base such as triethylamine is added to afford the carbamate derivatives of
Formula Ib. The product of Formula Ib is advantageously isolated as the
hydrochloride salt by treatment with an anhydrous HCI ethereal solution.



Formula I'b. The product of Formula | b is advantageously isolated as the
hydrochl oride salt by treatnent with an anhydrous HCl ethereal solution. WO
00/ 44745 REToMPA9/ 01494 -13 in a preferred enbodi ment of jpdguidaxwessi on the
conpounds of ormula | have the Formula la F3 C \ 3 | F3 ,R4 H Co2H 5

| a wherein R3 is hydrogen or nethyl, R4 is hydrogen; or substituted or
unsubstituted C1_4 al kyl in which the13ubstituent is selected fromthe
group consi sting of hydroxy, am no, nethylthio, carboxyl, carboxam de, 10
guani di no, phenyl and hydroxyphenyl; or a nontoxic pharmaceutically
acceptabl e salt or solvate thereof. Preferably, R3 is hydrogen and R4 is

Cl.4 alkyl optionally substituted w th hydrox ] yl, and

car boxam de or alh® %fffr@ar?ﬁ'ét?c?fﬁ@gm?@QP?{V‘;&'&'égﬁ%@pggﬁé@r sol vat e

t her eof . 15ﬁoﬂna@qtﬁwetﬁé¢ioﬁm@|aenbodi ment of the invention the conpounds
of Fornmula I have the Formula Ib F3 1 ~o CI \ RlL Ib WO 00/44745

PCT/ USO0/ 01494 -14
s
N
O/EY“
H
N

5 la

Fa

wherein R3 is hydrogen or methyl, R4 is hydrogen; or substituted or
unsubstituted C4.4 alkyl in which the substituent is selected from the
group consisting of hydroxy, amino, methyithio, carboxyl, carboxamide,

10  guanidino, phenyl and hydroxyphenyl; or a nontoxic pharmaceutically
acceptable salt or solvate thereof. Preferably, R3 is hydrogen and R4 is
C1.4 alkyl optionally substituted with hydroxy, amino, carboxyl, and
carboxamide or a nontoxic pharmaceutically acceptable salt or solvate
thereof.

15
In another preferred embodiment of the invention the compounds

of Formula | have the Formula Ib

Fa



wherein Rl is -(CH2)2-NRSR6; R2 is hydrogen, RS and R6 each are

i ndependently hydrogen, Cl_4 alkyl; or R5 and R6, taken together with the
nitrogen gfPdpdeysWhi ch they are attached, is a heterocycligcfipRycase£cted 5
from pi perazine, "N-nethyl piperazine, piperidine, thionorpholine and

nor phol i ne; or a nontoxic pharmaceutically acceptable salt or solvate
thereof. Preferably, Rl is -(CH2)2-NR5ﬁb‘and R5 and R6 each are

i ndependent|y hydrogen or Cl-4 alkyl; or a nontoxic pharmaceutically
acceptabl e salt or solvate thereof. 10 In another enbodinment, this

I nvention includes pharmaceutical conpositions conprising at |east one

carer o orfen s BTt oo roba A i neon o' oo
of po s ufcenah RSl S et B B M, ™
S e S e nc
_reI ates to a method for treating ischem a, convul sions, epilepsy, asthma,
irritable bomérpho;li9%’0‘?rcﬁvﬁ?“@?"&rpﬁlaﬁ@?cﬂ'tlﬁﬁﬁ'ﬁlapﬁeﬁfﬁgpr?ailtrﬂrtﬁoi;’,at%Bi %al cord
cooct al 1y BB ProBPRE HERReHQTHERs BT RO batiighn | Tence and

adm ni steri nggg%ﬁérﬁyg@ag@en G G NS RARE S bGRntoxie phashackutisamunt of a

conpound of nont oxi ¢ pharmaceutically acceptable salt,
sol vate or hysheptsbié Bek 6PEolval tAErebf 745 PCTI USOQ 01494 - 15- Bi ol ogi cal

Acti vi ty10Pot assium (K+) channels are structurally and functionally diverse
In another embodiment, this invention includes pharmaceutical
compositions comprising at least one compound of Formula | in
combination with a pharmaceutical adjuvant, carrier or diluent.

15 in still another embodiment, this invention relates to a method of
treatment or prevention of disorders responsive to opening of potassium
channels in a mammal in need thereof, which comprises administering to
said mammal a therapeutically effective amount of a compound of
Formula | or a nontoxic pharmaceutically acceptable salt, solvate or

20 hydrate thereof.

In yet another embodiment, this invention relates to a method for
treating ischemia, convulsions, epilepsy, asthma, irritable bowel
syndrome, migraine, traumatic brain injury, spinal cord injury, male and

25 female sexual dysfunction, urinary incontinence and especially stroke in a
mammal in need thereof, which comprises administering to said mammal
a therapeutically effective amount of a compound of Formula | or a
nontoxic pharmaceutically acceptable salt, solvate or hydrate thereof.



fam |ies of K+-selective channel proteins which are ubiquitous in cells, 5
indicating their central inportance in regulating a nunber of key cell

functi onsybiRydyys B-. Neuroscience, 25, pp. 729-749 (1988) ' gdel
distributed as a class, K+ channels are differentially di Lﬁ%ﬁitﬂgéwgs y

i ndi vi dual nenbers of this class or aﬁ famlies. [CGehlert, D.R, et al.
Neur osci ence, 52, pp. 191-205 (1993)I.5Fn general, activation of K+ 10 1
channels in cells, and particularly in excitable cells such as neurons and
nmuscl e cells, leads to hyperpol arization of the cell nenbrane, or in the

case of dep@ielogieal Aetivity to repolarization. In addition to acting as an
endogenous nenbrane vol tage clanp, K+ channels can respond to inportant
cel lular events such as changes in the intracellular 15 concentration of

ATP or the i”tra%‘taiéé'inﬁﬁt(R%%Hn'é%tér@%t@fmﬁ@ﬂycémdnGﬂaﬁéuy divéveecentral role

of K+ channels in regulating nunmerous cell functions makes them
parti cul ar | Yamiips ot Kntseleotigetchahoel groteinspebich arelgbiguipue it cells; Cook, N. S.

Pot assi h |s: S Lfi ' ' [
potent | ab. BRI GATrekipcreSce n EEaIAD = RBBR A0GEIL "l “Chcne s
the Iarge-cqmﬁhgm@ﬁgﬁﬁm@%s\c@r@e,ﬁ;sﬂJaagai@ (1888))r Whie wivatynel ), is

regul ated by trans rane~voltage, Intracellular Ca2+, and a variety of
ot her fact orgistfititbdas & tlasgHoschanngisarediffereatiallyodistripgtedaginnel prot ei n.

[Latorre, R, at al., Ann. y. ,Physiol,, .51 ) 2
Io?r ggems:c _ng!'@d'&‘ﬁHﬂ'ﬁ@ﬁ”@@@ﬂgﬁ%@@s%é'gﬁam%ﬁ' w&f%ﬁ%} éégﬁlg)g]h d-(la-ngee
ICI[ﬁ% %g * , l $adaydi @éﬁ% hagkti I nb
g)k(lgin{lgl)_sb_c;) ‘;d:tlj_]%e i%’ygg’f fgeﬁ??ﬁéﬁ)gragﬂlelﬁcon a%ig‘%ggﬁgﬁgf Kggl I ors of
110! U Yeh slim coks, pdrtcu i itall j
I ncreasing i ntar aceI":1 u‘lgar ayC;a + i nud?'dcifee:(e: . gI(u:\?&mmfzﬁ(zh‘)aame“mrBs a’W:telhs in the
modul ati on dMUESe ¢elife )RAASIAL Yﬁﬁ&%?ﬁog Sgﬁ‘ea%qu@gﬁ‘éf%%%%éﬁﬁ nmuscul ar

contraction. . _ : i
1277- 1285 ( 1@%@?'_&8%&(@@%&;@% to, &e%ob&sﬂg%}hg?ﬁgzad&ﬁ@n tdheting ag6d.  pp.

endogenous membrane voltage clamp, K+ channels can respond to
important cellular events such as changes in the intracellular

15 concentration of ATP or the intracellular concentration of calcium (Ca2+).
The central role of K+ channels in regulating numerous cell functions
makes them particularly important targets for therapeutic development.
[Cook, N.S., Potassium channels: Structure, classification, function and
therapeutic potential. Ellis Horwood, Chinchester (1990)]. One class of

20 K+ channels, the large-conductance Ca2+-activated K+ channels (BK or
BK channels), is regulated by transmembrane voltage, intracellular Ca2+,
and a variety of other factors such as the phosphorylation state of the
channel protein. [Latorre, R., et al., Ann. Rev. Physiol., 51, pp. 385-399
(1989)]. The large, single channel-conductance (generally > 150 pS) and

25  high degree of specificity for K+ of BK channels indicates that small
numbers of channels could profoundly affect membrane conductance and
cell excitability. Additionally, the increase in open probability with
increasing intracellular Ca2+ indicates involvement of BK channels in the
modulation of Ca2+-dependent phenomena such as secretion and

30 muscular contraction. [Asano, M., et al., J. Pharmacol. Exp. Ther., 267,
pp. 1277-1285 (1993)].



-16 Openers of BK channels exert their cellular effects by increasing the
(;Een pr(ibabi lity (()f th;ase channels (McKay, MC., et al., J. Neuroghysiol.,
. pp. - 1994); and A esen, S.-P., Exr). in. | s, 3,

pp. 1181%8%3%394)]. This increase in the ope)ni ngpof 5 i%?@ib%%dgﬁﬂgK
channel's collectively results in the hyperpolarization of cell nenbranes,
particularly in depolarized cells, prodECed by significant increases in
whol e-cel | BK-nedi at ed conductance. The ability of the conpound of Exanple
1 to open BK channels 10 and increase whol e-cell outward (K+) BK-nedi ated
currents was ass©peadraioiBK chahnelgexertdngir callutirtafiects by ingeeasing ni ng t hei r

ability to increase clonped mmal | a I K - di

(éu_r rent hgtéilﬂéﬁ BE)@!PJET%CpaBﬂ%f 8@%@33 Fhan %ﬁﬂg‘(&@aﬁeg—ﬁ@uf—‘r epﬁfa lAat egt O;f \.N:ar |
cience, NePopriail 224, pp 387318824198 8ihd Dfeseh, 5.-P. SEx®I OpinMdl . Br ai
15 Res., 27, ‘p‘p.—oI%@éIEB_('i F%4)]. Theqt?;\%qBK pgessfrucst_s e'r?)é?o?(em repregglntn
nearly st r uctnwest.| Brugdedtpm di18ictitB8d894)]. p bisdnereasea inthe-QReN®okn to be

phar macol ogi cal.l.y i tjical i . TQ . : romnative
Phar ool 89T Al bk Hhaghod Boplinb Thiuns A e RabipoREzalsn Bkel Lo net!
toxi n i beri otgerhBrankB,partitéaty @z depolarizdd ¢dils, prddubed by sigrificgan265, pp. 20
11083- 11090 (1990)] was enpl oyed at a supranaxi mal concentration (50 nM.
The rel ati ve inaseasdstnivhalesell BK-mediated sorductali®e-to total outward current
was determ ned by subtraction of the current remaining in the presence of

I BTX (non-BK current) fromthe current profiles obtained in all other
experi ment al condiThiecidlity obtitercompalmadpf Exatnpled1p.open Bidshasnelet er ni ned

that at the tested concentration the conpound. prqofiled did not effect
non- BK ndfi vandinerease whele-gell W@é’@%"&ﬁ'\%@gﬁwr&f‘tsﬁ%ﬁﬁpl e 1 was shown

1269 of - cont POPSRIE EHEr yBHEGE EBRE EondMbr by e il | shed
usi ng st andargcrbsse cloaet nuaramatian {mSlacorhilo) BKrmediated outward
current heterologously expressed in Xenopus oocytes [Butler, A., et al.,
Science, 261, pp. 221-224 (1993); and Dworetzky, S.1., et al., Mol. Brain
15 Res., 27, pp.189-193 (1994)]. The two BK constructs employed represent
nearly structurally identical homologous proteins, and have proven to be

pharmacologically identical in our tests. To isolate BK current from native
(background, non-BK) current, the specific and potent BK channel-
blocking toxin iberiotoxin (IBTX) [Galvez, A., et al., J. Biol. Chem, 265, pp.

20 11083-11090 (1990)] was employed at a supramaximal concentration (50
nM). The relative contribution of BK channels current to total outward
current was determined by subtraction of the current remaining in the
presence of IBTX (non-BK current) from the current profiles obtained in all
other experimental conditions (control, drug, and wash). It was

25 determined that at the tested concentration the compound profiled did not
effect non-BK native currents in the oocytes. The compound of Example
1 was shown in at least 5 oocytes at a concentration of 1uM to increase
BK current to 126% of control of IBTX-sensitive current. Recordings were
accomplished using standard two-electrode voltage clamp techniques

30 [Stuhmer, W., et al., Methods in Enzymology, 207, pp. 319-339 (1992)};
voltage-clamp protocols consisted of 500-750 ms duration step
depolarizations from a holding potential of -60 mV to +140 mV in 20 mV




30 [Stuhnmer, W, et al., Methods in Enzynol ogy, 207, pp. 319-339 (1992)];
vol t age-cl anp protocols consisted of 500-750 ns duration step

depol ari zagti ftroma holding potential of -60 nV to +140p&Vukéb/dfosvV VO
00/ 44745 %@%@7&)’ 01494 -17 steps. The experinental nedia ?ar';o {Iﬂ)]ll ed

Barth's solution) consisted of (in : NaC (88), NaHC® (2.4), KC
(1.0), HEPES (10), MyS™4 (0.82), Ca(-NOU3)2 (0.33), Cad 2 (0.41); pH7.5. 5
A rapid screen to deternmne the ability of prodrugs to hydrolyze and
rel ease the drug (conpound of Exanple 1) is conducted as follows. A1
my/ nL st ock gighdlt TRE eRberirhentar médiz(mcdiflsc:Barti'd sofution} condistédweh(ier or

acetonitrile or PEG 400. Plasma fromfreshl I t or.human bl ood
is used in tmMy: AaSiyesThlabiGls @-ﬁ»@rﬂro t"y|§§gé ﬁéﬁﬁ@@%@d @@2& 10 of
stock solution of pr u d m xed tly. Imediately after the mxing,
100 gL of p|%@@m§8géh&&2é¢é¥gﬁé’ﬁ? ed with 300 L of acetontrile (Zero
time sanple). Sanples were also obtained at 30 m nutes and quenched

i mmedi atel y. The quenched sanples were centrifuged to obtain a clear
super nat gnt for amedpis sereefilte detarmiine tewability of psodrugs tmaydrelyge &adpl es wer e

anal yzed by a HPLC assay .t hat t t d f . B d
ot he r el atiblaasedan daideoBPoFIOA Examaledt s GRNeteh A SRR A3y frer ent

prodrugs ar ﬁnﬁ'{ g theét Fodrugﬂad&é hREAUiGIewwRbedse agents. For
exanpl e, inerp I'S ?r@g:glst@iﬁg%?corr%oun of Egarrpl e 2 was dissolved in PEG 400

at a concentaettoritrii@br PEG40G/ Rasmaifromdrasileecliectetralgr FUMaR fresh rat
i cat od oooed s w3 thRassEh B Lol PRENBALSE Coaddit BERLE"
Fvent | 0f 28 FEE g SR A e B ol | sahor &, a
standard f ocmixing;eto8hilabf plasmamas tesnavedanskaugnched vie30 sk of usi on of the
reft mddle acetontrile (Zero time sample). Samples were also obtained at 30
minutes and quenched immediately. The quenched samples were
centrifuged to obtain a ciear supernatant for analysis. The stock solution,
15 T=0 and T=30 samples were analyzed by a HPLC assay that separates
the drug from the prodrug. Based on the relative peak areas of prodrug
and drug in these samples, different prodrugs are characterized as fast,
moderate and slow release agents. For example, in this model, the
compound of Example 2 was dissolved in PEG-400 at a concentration of
20 1 mg/mL and incubated at 10 ug/mL in fresh rat plasma at 37°C. Analysis
of the solution 5 minutes after incubation indicated conversion of the

compound of Example 2 to the compound of Example 1.

To determine the ability of the compounds of the present invention
o5  to reduce cell loss resulting from neuronal ischemia, a standard focal
cerebral ischemia is induced by permanent occlusion of the left middle
cerebral artery (MCA) and common carotid artery (CCA) with one hour
occlusion of the right CCA in the Wistar rat. The surgeries are performed
using the sub-temporal approach of A. Tamura, etal., J. Cereb. Blood
30 Flow Metab., 1, pp. 53-60, (1981) and its modifications [K. Osborne, et al.,



cerebral artery (MCA) and common carotid artery (CCA) with one hour

occl usr[ﬁn of the righ]t CCAin the Wstar rat. The surgeries are performnmed
usi ng eg%% oral approach of A Tamura, et al. 30

Fl ow Met /41;'1;&1)- 53-60, (1981) and its m)dlflcatlons [%éi&?g%@r}gﬂﬂ t

al ., WD 00/44745 PCTI Usod' 01494 -18 J,., Neurol Neurosura. Psychiatry, 50,

pp. 402-410 (1987) and S. Menzi es, et18dT Neur osurgery, 31, pp. 100-107,
(1992).] The conmpound of Exanple 1 was eval uat ed in the focal stroke 5

nodel invol ving permanent occlusion of the |eft and CCA (CCAO
and lterrporargé Ngm:gl mbl eunosurg. Psychiativ: SAGER. #8240 (W%?)aﬁndrﬁtMe‘I’ﬁ'i%, procedur e
results in a_reli A ct volunme that is neasured by
means of vi t%ﬁj &M& %i]%rjf?ggrolfa(ﬁs? through the brain 24 hours

after MCAO. In the present test, conpounds vvere 10 adm ni stered using an
i.v. or i.p. route of admnistration two hours after occlusion. For
exanple, in this Tttejwmpbmd:ohﬁmmnledf wEs anpluated indhe fodal stiake y r educed t he

cortical infarct v t 1 % whe
col koy a8 o BPre EvaRE S manA R AR e REMEA LRER) M GER) ool Ui on
as conpar ed @bﬁ(@?hﬁb%ﬁrﬁ&%@éc&uﬁbﬁb} thelfgt @A @ theTWistaesit! Thisof t he

above in vitro and in vivo tests denmonstrate that the novel
1, 3, 4- oxadi aprocedyrg! rejultmis a;tahpbwrlergemeqcnelcm Basat volupedbays  are usef ul

col 1 ular rengraneyteE: PLIBLEGE BAhtEn IR sei A s InDaon Bk ' o

i ndi cat ed f obrafii24 hbart aftMOAQ. srnhaerpaesesrt tesit,a:ormnundssmms epl | epsy,
asthma, irritable bowel syndrone, m traumatic brain injury, spinal
cord i nj1&y, adrainistereg\usinghan i-¥ror igh lﬁﬁ.OZaPV‘m'ﬁ%frﬂﬂ W%E%”rér%‘ejf)t her

di sorders s 8&#6.@# F?ré?arﬁﬁ‘l@”f?\% déllatt\% W@ghalotfgxa%ﬁmreferabl y, the

25 conpounds™ 0 ormu are use tment of cerebral
significantly reduced the cortrcal infarct volume by about 18% when

administered intravenously (10 ug/kg) as a single bolus two hours after
middle cerebral aﬁery occlusion as compared to vehicle-treated (water)

15 control.

The results of the above in vitro and in vivo tests demonstrate that
the novel 1,3,4-oxadiazol-2(3H)-one compounds of the present invention
are useful for the treatment of human disorders arising from dysfunction of

20 cellular membrane polarization and conductance and, preferably, are
indicated for the treatment of ischemia, stroke, convuisions, epilepsy,
asthma, irritable bowel syndrome, migraine, traumatic brain injury, spinal
cord injury, sexual dysfunction, and urinary incontinence and other
disorders sensitive to BK channel activating activity. Most preferably, the

25 compounds of Formula | are useful in the treatment of cerebral

ischemia/stroke.

The compounds of Formula | or pharmaceutical compositions
thereof are useful in the treatment, alleviation or elimination of disorders
30 or other disorders associated with the BK channels. Such disorders
include ischemia, stroke, convulsions, epilepsy, asthma, irritable bowel
syndrome, migraine, traumatic brain injury, spinal cord injury, sexual



I schem a/ stroke. The conpounds of Fornmula | or pharmaceutical conpositions
Ejheregf are useful ihn the treatnent, alleviation or elimnation of

I sorder ot her disorders associated with the BK chgrpg ch
di sor der iwf’nm ud i schemi a, stroke, convulsions, epilepsy, ast%@glm
irritable bowel syndrome, m graine, aumatic bra| n injury, spinal cord
injury, sexual WO 00/44745 PCT/ USOO/ 0 g -19 dysfunction and urinary
i nconti nence and ot her disorders sensitive to potassium channel openers.
For therapeutlc use, the pharnacol ogl caII act|ve conmpounds .of 5 Formula I

will normal |dys pactigmand HE'%@ré!dn%@‘“Qe FRARG gl?ﬂ'idtsé’lrd%ré 6‘§1t'f’?69| conpri si ng
as the (pr atsﬁﬁlﬁggﬁ+rﬂ{(?lgpgr¥@ ingredient at |east one such conpound in

associ ati on™W a So uid pharmaceutically acceptable carrier
and, optionally, with pharmaceutically acceptable adjuvants and excipients

enpl oyi ng st anda nd_convent 10 tech T
conpositions i ncFBH@‘ “E'BIL@ Id a@@rf'@f:ﬁ@g%:awggﬁwaq 9§?§$®£§ Utl(fﬁl:l udi ng
subcut an@OUFormaﬂarlwa@%a«y bé aaﬁﬁdgéfai as apHatmacanizabcsmpbsitoe hi al  or

nasal adm nistration. Thus,” if a solid carrier 15 is used, the preparation
][ray be tabl eoﬁmrnfnpgaa@dbeu(nr an)r@ﬁsengéllwvwnga@@ameat least;fmm%#cfbr pel | et

orm or in_the for arrier may contai

convent i onaf® '55?8}"5 iﬁ]%éso&ét{??m ‘l“ﬁépa enPﬁQﬁ?éﬁdteaI}f tabl eti né e

| ubri cants, adbéptébl@gfa@ﬂ”éﬁand/\@btmmwlya%hlpﬂaandcédileally aecepTaHet ablet may, if
desired, be film coat ed by conventional techniques. If a liquid 20 carrier

i s enpl oyed adiuyanisranskexainisnts AIYPIgWNg $tancard gp BFV%{“Wﬁhp enul si on, soft
gel ati n, %H ugatserl | e vehicle for injection, an agueous or non-aqueous
I|qU|ds Ch or may be a dry product for reconstitution wth water
or ot her SU|tabIe vehi cl e before use. Liquid preparations may

The pharmaceutical compositions include suitable dosage forms
for oral, parenteral (including subcutaneous, intramuscular, intradermal
and intravenous) bronchial or nasal administration. Thus, if a solid carrier

15 is used, the preparation may be tableted, placed in a hard gelatin capsule
in powder or peliet form, or in the form of a troche or lozenge. The solid
carrier may contain conventional excipients such as binding agents, fillers,
tableting lubricants, disintegrants, wetting agents and the like. The tablet
may, if desired, be film coated by conventional techniques. If a liquid

20 carrier is employed, the preparation may be in the form of a syrup,
emulsion, soft gelatin capsule, sterile vehicle for injection, an aqueous or
non-aqueous liquid suspension, or may be a dry product for reconstitution
with water or other suitable vehicle before use. Liquid preparations may
contain conventional additives such as suspending agents, emulsifying

25 agents, wetting agents, non-aqueous vehicle (including edible oils),
preservatives, as well as flavoring and/or coloring agents. For parenteral
administration, a vehicle normally will comprise sterile water, at least in
large part, although saline solutions, glucose solutions and like may be
utilized. Injectable suspensions also may be used, in which case

30 conventional suspending agents may be employed. Conventional
preservatives, buffering agents and the like also may be added to the
parenteral dosage forms. Particularly useful is the administration of a



contain conventional additives such as suspending agents, enulsifying 25
agents, wetting agents, non-aqueous vehicle (including edible oils),

preservatyy8g44738 Wel |l as flavoring and/or col oring agent spctrg$ooiadognt er al
adm nistration, a vehicle normally will conprise sterile water, at least in

| arge part, although saline solutions,,glucose solutions and |ike may be
utilized. Injectable suspensions al so9tay be used, in which case 30
conventi onal suspendi ng agents may be enpl oyed. Conventi onal

preservatives, buffering agents and the |like also may be added to the
parent eral demppundef formala t direatlyin patenigral formutatienddhgi stration of a WO

00/ 44745 PCY %géﬁcgfﬁ%@§§§@§§?g£%§gré:ﬂ AuentiBhafigbhifaligs par ent eral

formul ati on Sitions are prepare y conventi onal
techni ques agippoprate &6 the deditee preparatidn gorfaining appropoiateaamongtsagfpr opr i at e
amounts of the actjve ingredient, that is e c ound of Fornul a |

accor di ng t dhegetive !“HM?'%@&‘.atS%éhe F%‘F‘p%%ﬁf E?f"mggﬁ RGESRFIng &é?m&ceut i cal
Sci ences g NRGIBHPId Nk xarime @s_&&gphgﬁn dellititaPgbichess, 1985. The
dosage 015 t he céﬁgbusr%s’“f%% For rrg’l aem 0 acﬁW\Tég‘a_t‘%e_r a'pe"u'f'l’c effect will
depend not dviagk Bublishitg Campany, BastohPAgt/thwdlitipn; 1988. and sex of the

pati ent and node of adm nistration, but also on the degree of potassium
channel activating activity desired and the potency of the particular

conpound bei ng utyrd dedgedt thé eompblindsibEFortis@l Beactiiévelasease  concer ned.
It is also contenplated that the treatnent and dosage of the _particular

conpound maythew@peutic affecteril depand APt orly SARICH daGIPERES theaRga VaIGRE uni t
o oot 'Ehe 4k Janf BoliSheindinbas o BemipisalRlt bRt aiso Bh he deifee 211 o P,
dosage to befeupseied chandeltdutivatingactivity desinexsand tHeepatdntyiother ed per  day)
of the dosageriianronanucche uBlieel e e edicuRT depiar o ieadh 1o
concerned. It is also contemplated that the treatment and dosage of the
particular compound may be administered in unit dosage form and that
15 the unit dosage form would be adjusted accordingly by one skilled in the
art to reflect the relative level of activity. The decision as to the particular
dosage to be employed (and the number of times to 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 this invention to
20 produce the desired therapeutic effect.

A suitable dose of a compound of Formula | or pharmaceutical
composition thereof for a mammal, including man, suffering from, or likely
to suffer from any condition as described herein is an amount of active

25  ingredient from about 0.1 ng/kg to 10 mg/kg body weight. For parenteral
administration, the dose may be in the range of 0.1 ng/kg to 1.0 mg/kg
body weight for intravenous administration. The active ingredient will

_preferably be administered either continuously or in equal doses from one
to four times a day. However, usually a small dosage is administered,

30 and the dosage is gradually increased until the optimal dosage for the
host under treatment is determined.



20 produce the desired therapeutic effect. A suitable dose of a conmpound of
For nul af]Ic or ph.}ar maceutif:alk conposition thereof for a mammal, i ncl uding
man, suffep om or likely to suffer fromany conditi ri bed
herein is gr?ﬁg?ngént of active 25 ingredient from gbout 0. 1%/?%5%?10

ng/ kg body wei ght. For parenteral administration, the dose may be in the
range of 0.1 ng/kg to 1.0 ny/kg body2\kfi ght for intravenous

adm nistration. The active ingredient will preferably be adni nistered

ei ther continuously or in equal doses fromone to four tines a day.
However, usual | y Hovesver| it wilseegenderstaddithatshe agrpurg of theocampeowskage i s

dual ly | d untj| i mal_. _the. :
G ot er i ndgalp asBistered M SR RRBIREEYE phihipklvin HETnE e, . o2 N
under st ood trBRyasGrcRiffitancea! inbhnﬁjirfgambmmditiombmltkeatemtrtheienbieeem will be

determ ned by a physician, in the l1ght of the relevant circunstances
i ncl udi ng t lrempewadiaf de admipisteredathechosea rewtsiof adprnisEigb iRl of be

L8 B e SR ey e 2

synpt oms. Thyatibat'd §yhpwneanpl es are given by way of illustration and are
not to be construed as limting the invention in any way inasmuch as many
10 vari atlonsSof the invention are possible within the nmeaning of the

I nventi on. DESCR Bt H s(‘allgl\q%gp{ i I '

exanpl es, all ten@er%\&ﬁeg%grge pg‘% ven 1n d%%ﬁwézso*ﬁmoggta?g?ggg.akﬁe“???ng poi nts
;Ner e recor dad berconstiabd esKieniingthei inventipn inany iway ipasmuckyppamanyus
enperatures are uncorrected. Proton. net.i re n 1 HNWR) was
recor dedOon V&”BF%'R%P&RG IBRN 'oﬁla\regﬁégggg"@ﬁ? @19 H‘@%ﬁ‘}&ﬁgaél n the ?sol vents

i ndi cated ang &Higpi cal shifts are reported in 8

DESCRIPTION OF SPECIFIC EMBODIMENTS

15 In the following examples, all temperatures are given in degrees
Centigrade. Melting points were recorded on a Gallenkamp capillary
melting point apparatus temperatures are uncorrected. Proton magnetic
resonance ('H NMR) was recorded on a Bruker AC 300. All spectra were
determined in the solvents indicated and chemical shifts are reported in &

20 units downfield from the internal standard tetramethylsilane (TMS) and
interproton coupling constants are reported in Hertz (Hz). Splitting
patterns are designated as follows: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broad peak; dd, doublet of doublet; bd, broad
doublet; dt, doublet of triplet; bs, broad singlet; dq, doublet of quartet.

25 Infrared (IR) spectra using potassium bromide (KBr) were determined on
a Perkin Elmer 781 spectrometer from 4000 cm-* to 400 cm-1 , calibrated
to 1601 cm-1 absorption of a polystyrene film and reported in reciprocal
centimeters (cm™1). Low resolution mass spectra (MS) and the apparent
molecular (MH+) or (M-H)- was determined on a Finnigen TSQ 7000.

30 High resolution mass spectra was determined on a Kratos MS50 in FAB



20 units downfield fromthe internal standard tetranethylsilane (TM5) and

I nterproton coupling constants are reported in Hertz (Hz). Splitting
patterns Qpoodpasgnated as follows: s, singlet; d, doubletpcfysdoighact: d,
quartet; m nultrplet; br, broad peak; dd, doublet of doublet; bd, broad
doubl et; dt, doublet of triplet; bs, broad singlet; dg, doublet of quartet.
25 Infrared (IR) spectra using potassﬂ'@ﬁn brom de (KBr) were determ ned on
a Perkin Elmer 781 spectronmeter from4000 cm1l to 400 cm1 , calibrated to
1601 cm 1 absorption of a polystyrene filmand reported in reciprocal
centineters mede Lising desium écdide/giyoerairas éinteat tefarenibB) Thedelementippar ent

nol ecul ar (M+) or (MH)- s determ ned R a Finnigen TSQ 7000. 30 Hi gh
resol uti on ndRAlysipace @%ﬁg’aa&eqeéﬁﬁt dve'd Q Kratos MS50 in FAB WD 00/ 44745
PCTI USOCQO' 01494 -22 node using cesium i odide/glycerol as internal

reference. The elenent analysis are reported as percent by weight. The

fol | owi ng exanpl €Ehe fdlilawingaexamples dlustrate procedures jRrdpamagparation of 5 starti ng

mat eri al i nt er nedi at.es and_ net S e, ' products

accor di n? t S'Bfing mﬂéé'ﬁ[%’ dﬂt.ermfedgﬁ%ﬁ%d)@\ei%o%gogﬁe&gﬁp gt%'%bho(;se skilled in
the art that,aaRERRIdcBEdING LMY inVéntigh. ot shellb alsy ss beitlenttocthoset hods

di scl osed herein will produce the exanples illustrated bel ow and those

enconpassed $llachio the apthat appipariataseilstitykon bemmeéa§ and
T o OB ARSI WAL B bad the (el oAy boRiP Kk -

1, 3, 4- oxadi a2l

5-f4- (rifl uohoaelehgbinphssed by thedscbpexaidhiaimtentip8H - one

4- (Trifluoronet hyl)benzoic acid hydrazide (commercially available from
Maybri dg¥® Chemicals) (5 g, 24.5 mol) was taken up in THE (250

EXAMPLE 1

3-[15-ChIoro-2-hydro_xyghenvl)methvll-5-[4-(triﬂuoromethyl)phenyl]-

1.3.4-oxadiazol-2(3H)-one

15
STEP A.  5-[4-(Trifluoromethyl)phenyl]-1,3.4-oxadiazol-2(3H)-one

4-(Trifluoromethyl)benzoic acid hydrazide (commercially available
from Maybridge Chemicals) (5 g, 24.5 mmol) was taken up in THF (250
20 ml)/ triethylamine (2.7 ml, 26 mmol) under N, and 1,1 '-carbonyl-
diimidazole (4.2 g, 26 mmol) added. The solution was stirred for 18 h at
24°C, concentrated, and the residue was taken up in ethyl acetate,
washed with 1N HCI solution, saturated NaHCO3 solution, and brine prior

to drying (MgSQ,). Concentration gave 5 g (89%) of the title compound
25  from which a sample was recrystallized from diethyl ether/hexanes:
mp 214-216°C. MS m/z. 231 (MH*).

IR (KBr) 3280, 1778, 1608, 1420, 1318, 1170, 1114 cm-;

30 'HNMR (DMSO-dg) 5 7.87 (2H, d, J =8.3Hz),7.96 (2H, d, J = 8.3 Hz),
12.77 (1H, br.s);



20 M) / triethylamne (2.7 m, 26 mmol) under N2 and 1, 1'-carbonyl
diimdazole (4.2 g, 26 nmmol ) added. The solution was stirred for 18 h at
24C, concqdoalird. and the residue was taken up in ethyl apetabeuoisovashed
with 1 N HCl solution, saturated NaHCO3 sol ution, and brine prior to
drying (MySO4). Concentration gave 5.93(89% of the title conpound 25 from
whi ch a sanple was recrystallized fromdiethyl ether/hexanes: np 214-216C
M5 mz. 231 (M#). IR (KBr) 3280, 1778, 1608, 1420, 1318, 1170, 1114 cm1,
301 HNWR (DVWSO-d6) 5 7.87 (2H, d, J = 8.3 Hz), 7.96 (2H, d, J = 8.3 Hz),
12.77 (1 H, br.s); WO 00/44745 PCT/ USOO/01494 -23 Anal. Calcd. for
09H5F3N202 I@épﬁ 248.%4; HFewgwd N, G2 #i7. 07; H, 2.10;
N, 12.34. % d(fgr FgHgﬁﬁN%@%%gﬂn{é’?ﬁox%phgnyf)rreth I]-5-
f4-(trifluoronet hyI) phenyl ] -1, 3. 4-Foundi az0| 4203MHoR2e10; N, 12.34.
5-[4-(Trifluoronethyl)phenyl]- 1 3, 4-oxadi azol -2(1-)-one (11.75 g, 51 mol)
and 5-chl oro- 2- net hoxybenzyl brom de [N. Meanwell, et al., Bioorg. 10 Med.

Chem Le%t 14¢ Iar, g (81
mmol ) of “pot aggl um c3 under  nitrogen
and potassi um i odi deuﬁ_ﬂﬁl@d&@ﬁ_@ded The solution was

refluxed for 16 h, cooled, poured into water (1500 m) and stirred

vi gorously. The preci pitate was filtered to give a solid which was 15
recrystallized fr ﬁ'ﬁ@&#dn?eta 1A 4(dé&ﬂaz@f2 eoid {11678 gnpbund.  np
144 - 145C. MS( ESI 385 %@1&@& f: 3440 (11?82 1492, 1324, 1248,
1168 cm 1; ImidolNRA(Z00IokH2; mﬂb@@jb@w @n(ct%ﬁN Meanwell et aly Bigora. 7 07 (1 H,

&3 2 485 GubylCem! L8R 6 ob° 1671168 (19061130, 81 rmind Ent 2 g - 96 (2H

d, J
(81 mmol) of potassium carbonate were added to CH3CN (300ml) under

nitrogen and potassium iodide (0.2 g, 1.2 mmol) was added. The solution
was refluxed for 16 h, cooled, poured into water (1500 ml) and stirred
vigorously. The precipitate was filtered to give a solid which was

15 recrystallized from CH3CN to give 15.2 g (78%) of the title compound.

mp 144 - 145°C. MS(ESI)m/z. 385 (MH*).

IR (KBr) 3440, 1782, 1492, 1324, 1248, 1168 cm-1;

1H NMR (300 MHz, DMSO) 8 3.79 (3H, s), 4.91 (2H, s), 7.07 (1H, d, J =
20 8.8 Hz), 7.35-7.38 (2H, m), 7.88 (2H, d, J = 8.4 Hz), 7.96 (2H, d, J = 8.2

Hz);

Anal Calcd. for C17H120|F3N203'0.1 HQOZ C, 52.81; H, 3.19; N, 7.25.
Found: C, 53.03; H,3.20; N, 7.31.

25
Step C.  3-[(5-Chloro-2-hydroxyphenyl)methyl]-5- 4-(trifluoromethyl)-

phenyll-1.3.4-oxadiazol- 2(3H)-one

3-[(5-Chloro-2-methoxyphenyl)methyl]-5—[4—(trif|uoromethyl)-
30 phenyl]-1,3,4-oxadiazol-2(3H)-one (15.2 g, 39.6 mmol) was admixed with
pyridine hydrochloride (19.7 g, 0.17 mol) and heated at 225°C for 2 h.



Anal . Calcd. for C17H12CI F3N203.0.1 H2O C, 52.81; H, 3.19; N, 7.25.
Found: C, 53.03; H-3.20; N, 7.31. 25 Step C.

3-f (5- Chl wiongodaigdr oxvahenyl ) et hyl | -5-f4- (trifl uoromet hyl peT/Reunikds 1
3. 4- oxadi azol - 2( 3M one

3-[(5- Cnhl oro- 2- met hoxyphenyl ) et hyl ] ;34[4- (trifluoromethyl) 30
phenyl]-1, 3, 4- oxadi azol - 2(3h) -one (15. 3 g, 39.6 mmol ) was adm xed with
pyri di ne hydrochloride (19.7 g, 0.17 nol) and heated at 225C for 2 h. WO

00/ 44745 PCTI USQO 01494 -24 The. ho ol uti S red jnto 800 mM of 1 N
HCO and the THE4salulaR W%RW@@'&BM@@"'NH&Q@@ a‘fﬁ%?(ﬂ"?‘ rG@Scol | ec?ed,
washed V‘“hsfn:r%lj k&goa&ﬂnutésf.'ﬁfé S1idBP43 SUIRETedy MaHEY Withaf Nadi drd 1 g of an
of f-white solid. ecrystallization fromacetonitrile gave 10.8 g of the
title conpodriddas86°C undésyvaneun tsafforg 131179 21 swoffvehitg solid71 (M+). IR

Cpa (3on ebyRaInzaon o soaonttiediiA 108 G Y hR B pBLgd s, 0 (71, 51,
H d J5 ZﬂEgyﬂéga;edl %2?"_6%3{-53??- MBnhzte.(MHE7 (1 H d, J =8.6 H),

10.11 (1 H, or C16H1I0CI F3N2C3: C, 51.84; H 2.72; N
7.56. Found: C, 51.88; H 2.58; N, 7.57. 15 CGeneral Procedure for the

preparation of am noacid carba f Exanples 2 - 5 A solution of
B 05 ohi or R 4KBOG By HEay 1 S0 aRe 1s8mdpy — ™
(trifluoronethyl)phenyl]-1,3, 4-oxadi azol -2(3H)-one (740 ng, 2 mml), p-

ni trophenyl chl oroformate (407 , 2.02 mol ), and_pyridine (330 ng, 4.17
mmol ) in anAHNMES(DMSEHdy) e 08428, $)26.84. (1 HadsJ 51 8.7 @), 420 @6hddt enper at ure

for 3 hours. Th di i i -
08 S 28T e 2 S a0 LA D & o7 a8 B 0 2P Be 1), 7.97

(1H, d, J = 8.6 Hz), 10.11 (1H, br.s);

Anal. Calcd. for C4gH1oCIF3N2O3:  C, 51.84; H, 2.72; N, 7.56.
Found: C,51.88; H, 2.58; N, 7.57.
15
General Procedure for the preparation of aminoacid carbamates (la)

of Examples 2-5

A solution of 3-[(5-chloro-2-hydroxyphenyl)methyi]-5-[4-

20 (trifluoromethyl)phenyl]-1,3,4-oxadiazol-2(3H)-one (740 mg, 2 mmol), p-
nitrophenyl chloroformate (407 mg, 2.02 mmol), and pyridine (330 mg,
4.17 mmol) in anhydrous dichloromethane (20 mL) was stirred at room
temperature for 3 hours. The corresponding aminoacid tert-butyl ester (2
mmol) and anhydrous triethylamine (405 mg, 4 mmol) were added and

25  the resulting reaction mixture was stirred at room temperature overnight.
After evaporation, the residue was partitioned between diéthylether and
dilute NaOH. The organic layer was washed with water, dilute HCI, and
brine, and then dried over magnesium sulfate. The crude product was
purified by either trituration or recrystallization. The tert-butyl ester was

30 stirred in dichloromethane (5 mL) with trifluoroacetic acid (1 mL) at room
temperature overnight. After evaporation of CH,Clz and excess TFA, the



mol ) and anhydrous triethylamne (405 ng, 4 mmol) were added and 25 the

resulting reaction mxture was stirred at roomtenperature overnight.

After evaworgalsia8, the residue was partitioned between di epoylussdnaassand

dilute NaOH The organic |ayer was washed with water, dilute HClI, and

brine, and then dried over magnesium sy fate. The crude product was

purified by either trituration or recrystallization. The tert-butyl ester

was 30 stirred in dichloronethane (5 nL) with trifluoroacetic acid (1 nli)

at room tenperature overnight. After evaporation of 2Cl 2 and excess TFA,

the VID 00/ 44eaisUP@RSSOSGIIRRS frambepzenerageine to alipyLpud Jesigds  om

benzene- acet@@guﬁ[:to afford pure desired product. EXAMPLE 2 5 N-f

F4- Chl or o- 2- “F4-(trifluoronethyl)phenyll-2.3-di hvdro-2-oxo-1, 3, 4-

oxadi azol - 3-yl ] et hyl ] phenoxyl car bonyl Jaspartic acid (la, R3=H,

R4A=CH2CO2H) 10 np 185-187C (dec.); E5 O (M#). 1H NWR (DVSO-d6) 5 S

2.62-2.83 (m 2H), 4.38 (m 1H), # , , 7.22 (d, J=8.4 Hz, 1 H),

7.47 (ddg J=8.4, 2.7 Hz, 1 H), 7.55 (d, J=2.7 Hz, 1 H), 7.92 (d, J=8.7 Hz,

2H) , 8.05> (d, J=8.4 Hz, 8.28 (d, J=8.4 Hz 15 1H). Anal., calcd. for
& 72-§) ugromethyl)phenyils23dihydro-2 1.34

arhonyllaspartic a id (la, R3=H,

enoxyl ca’r bonyl | al ani ne (1 a: i?3=H, R4A=CH3) 25 np
). 1 HNW (DVSO-d6) 5 1.22 (d, J=7.2 Hz, 3H), 4.01

f5-[4-(trif|QACaet
oxadi azol - 3-yi |l mt Al
137- 139C; I\/Eﬁ\/% %gb?
(m 1 H, 4.91 (m 2H),

10 mp 185-187°C (dec.); MS m/e 530 (MH*).

1H NMR (DMSO-dg) § § 2.62-2.83 (m, 2H), 4.38 (m, 1H), 4.91 (s, 2H),

7.22 (d, J=8.4 Hz, 1H), 7.47 (dd, J=8.4, 2.7 Hz, 1H), 7.55 (d, J=2.7 Hz,
1H), 7.92 (d, J=8.7 Hz, 2H), 8.02 (d, J=8.4 Hz, 2H), 8.28 (d, J=8.4 Hz,
15 1H).

nal. calcd. for Co1H45CIF3N3Og:  C, 47.61; H, 2.85; N, 7.93.
Found: C, 47.04; H, 2.66; N, 7.75.

20 EXAMPLE 3
-2.3-dihydro-2-0x0-1.3.4-

4-(trifluoromethyl)phenyi

oxadiazol-3-yilmethyllphenoxy]carbonyllalanine (la, R3=H, R4=CHj)

25 mp 137-139°C; MS m/e 486 (MH*).

1H NMR (DMSO-dg) § 1.2 (d, J=7.2 Hz, 3H), 4.01 (m, 1H), 4.91 (m, 2H),
7.19 (d, J=8.4 Hz, 1H), 7.45 (dd, J=8.4, 2.7 Hz, 1H), 7.56 (d, J=2.7 Hz,
1H), 7.92 (d, J=8.7 Hz, 2H), 8.00 (d, J=8.4 Hz, 2H), 8.26 (d, J=7.5 Hz,

30 1H).



7.19 (d, J=8.4 Hz, 1 H), 7.45 (dd, J=8.4, 2.7 Hz, 1 H), 7.56 (d, J=2.7 Hz,
1 H, 7.92 (d, J=8.7 Hz, 2H), 8.00 (d, J=8.4 Hz, 2H), 8.26 (d, J=7.5 Hz,
30 1 H). WO daAas745 PCTI USOO' 01494 -26 Anal. calcd. for £eoidseodiksiN306:
C, 49.45; H 3.11; N, 8.65. Found: C, 49.35; H 3.18; N, 8.61. EXAWLE 4
5 N-ff4-Chloro-24f544-(trifl uoronet h\_/% phenyl | - 2. 3-di hvdr o- 2- oxo- 1. 3. 4-
oxadi azol - 3-yl | et hyl | phenoxyl car bonyFFal utam c acid (la, R3=H,

R4=( CH2) 2CO2H) 10 rrp 110 112C (dec. ) I\/IS me 566 (I\/HrNa)+ 1 H NVR (DVSO- d6)
8 1.84-2.04 (m 2@2“) S ém 2H), 7.20 (d,
J=8.4 Hz, 1Amal. calcdsfqr&toHa IFa 3@57 r@, _9_4ﬁ)H ?31516 @6 J=2.7 He, 1 H),

7.91(d,J87HZ 8.00 ( J=8.4 15J78HZ 1 H.
Anai . Caloa for CooHLIG FaNaod oypd: 480H393§H)"33 ‘§2?‘N(8d@1 Found: G,
47.78; H, 3.23; N, 7.60. 20 EXAMPLE 5 N-f f4-Chloro-2-f
f5-f4-(trifluoronethvl)phenyl]-2.3-di hvdro-2-oxo-1. 3. 4-
oxadi azol - 3-yl | met hyl | phenoxvl car BEXAMPLE #i ne (1 a, R3=H, R4=CH2CH(CH3)2)
25 np 15 104C(dec ): MBS W 528 (MH+). 1 H NVR (CDCI3) 5 0.99 (m 6H),
1.70 (m 440 (m 1 H, 490 (m 2H), 6.08 (m 1 H), 7.35-7.44 (m
3H, 7.71 (N-EEA-'O'h|3rddgrrrsiﬂ-ttrrﬂtﬁﬁo@thygﬁ_hdmm-a,w;hm-.z-mag,44745
PCT/ US00/ 01

oxadiazol-3-yllmethyi]phenoxylcarbonyliglutamic acid (la, R3=H,

R4=(CH),CO2H)

10 mp 110-112°C (dec.); MS m/e 566 (M+Na)*.

1H NMR (DMSO-dg) § 1.84-2.04 (m, 2H), 2.38 (m, 2H), 4.02 (m, 1H),

4.92 (m, 2H), 7.20 (d, J=8.4 Hz, 1H), 7.45 (dd, J=8.4, 2.7 Hz, 1H), 7.56 (d,
J=2.7 Hz, 1H), 7.91 (d, J=8.7 Hz, 2H), 8.00 (d, J=8.4 Hz, 2H), 8.26 (d,
15  J=7.8 Hz, 1H).

Anal. calcd. for CooH¢7CIF3N3Og:  C, 48.59; H, 3.15; N, 7.73.
Found: C, 47.78; H, 3.23; N, 7.60.

20 EXAMPLE 5
N-[[4-Chloro-2-[] -[4-(trifluoromethyl)phenyl]-2.3-dihydro-2-oxo-1.3.4-

oxadiazol-3-yllmethyllphenoxy]carbonyl]leucine (la, R3=H,
R4=CH,CH(CH3),)

25
mp 102-104°C (dec.); MS m/e 528 (MH*).

1H NMR (CDCl3) 8 0.99 (m, 6H), 1.70 (m, 2H), 4.40 (m, 1H), 4.90 (m,
2H), 6.08 (M, 1H), 7.35-7.44 (m, 3H), 7.71 (d, J=7.7 Hz, 2H), 7.92 (d,
30 J=7.8 Hz, 2H).



-27 Ceneral Procedure for the preparation of carbamate derivatives (Ib) of
Exanples 6 - 9. 5 A solution of 3-[(5-chloro-2-hydroxyphenyl)nethyl]-5-[4-
(trifl uorwoaibhyissphenyl]-1, 3, 4- oxadi azol - 2(31M one (371 ngpCcl/usend1¥94 p-

ni trophenyl chloroformate (202 ng, 1 mml) and pyridine (160 ng, 2.1 nmol)
I n anhydrous dichl oronmet hane (10 ni) stirred at room tenperature for 3
hours. Then correspondi ng am ne (1 mifi’)” in 10 anhydrous dichl oronet hane (3
m.) was added and the resulting reaction mxture was stirred at room
tenperature for 1 hour before anhydrous triethylamne (110 ng, 1.1 mol)
was added. The mixture was stirred at roomtenperature for 1 hour bef ore

bi car bonat o GeRetaLPLocSR REThaREheralBh W datbamalo UeHTRAICS IO LT,
evapor at i on,oftm,ﬁggschjegwas purified by either trituration or

recrystallization. The product was redissolved in diethylether/ethyl
acetate and then anhydrous HCl in diet hyI et her was added. The precipitated

HCI | t [ XW ]-5-[4-

3- rr;aChI g?g gor g&ﬁgo% %J{éaénm%g) no J(‘:-)?r lgnlvlsl gx | -

phe%lsl rlngg gv(kﬁwmeggphémrbﬁm-byadlmﬂj” NNRH)—Qnes(amomgdmwgl)zpmvg one32?7
?E 3H), 3. wtr@mewhlogo(f%metp (Egé) é wonléq% §F ’é%(‘?ﬁ"z@ (13 HZH) 1H)),
4.92 (d, J= %’ﬁg@l)?’ﬁgfﬂ?ﬂmuﬁ cﬁ?ﬂ&r@metﬁaﬁe 710|'||¥1L) WaS'dirred atfodred, J=8.7, 2.7

Hz, 0.5H), d, J=8.7, 2.7 Hz, 0.5H), 7.61 (d,
J=2.7 Hz, o tﬁh@peratu@tosaqurm Tmeanprresmrmiqa{mm EHpmRID® (br, 0. 5H),

10. 15 (S '}derous hidrorASthane yﬁﬂgl\apa]sd'aqcfhed and the resulting reaction

mixture was stirred at room temperature for 1 hour before anhydrous
triethylamine (110 mg, 1.1 mmol) was added. The mixture was stirred at
room temperature for 1 hour before it was diluted with dichloromethane,
washed with saturated sodium bicarbonate and water and then dried over

15 magnesium sulfate. After evaporation, the residue was purified by either
trituration or recrystallization. The product was redissolved in
diethylether/ethyl acetate and then anhydrous HClI in diethylether was
added. The precipitated HCI salt was collected by filtration.

20 EXAMPLE 6

3-[[5-Chloro-2-[[[2-(dimethylamino)ethylamino]carbonyl]oxy]-
phenyl ]methyl]-5-[4-(triﬂuoromethyl)phenyl]-1 .3.4-oxadiazol-2(3H)-

one

25
mp 158-159°C; MS m/e 485 (M+H+, ESI).
1H NMR (DMSO-dg) 5 2.80 (s, 3H), 3.17 (s, 3H), 3.39 (m, 2H), 3.60 (t,
J=6.9 Hz, 1H), 3.90 (t, J=6.3 Hz, 1H), 4.92 (d, J=15.3 Hz, 2H), 6.86 (d,
J=8.7 Hz, 0.5H), 7.20 (dd, J=8.7, 2.7 Hz, 0.5H), 7.26-7.31 (m, 1H), 7.48

30 (dd, J=8.7, 2.7 Hz, 0.5H), 7.61 (d, J=2.7 Hz, 0.5H), 7.89-8.00 (m, 4.5H),
8.13 (m, 0.5H) 9.93 (br, 0.5H), 10.15 (s, 0.5H).



-28 Anal. calcd. for C21 H20CI F3N404-HCl: C, 48.38; H, 4.06; N, 10.75.
Found: C, 47.31; H 4.05; N, 10.55. EXAMPLE 7 5 3 rr5 Chloro-2-rrrr2-(d

I met hyl anmwa(oetstdsl | met hyl am nol car bonyl | - PCT/US00/01494

oxyl phenyl | methyl | -5-r4-(trifluoronethyl)phenyll-1.3, 4-oxadi azol- 2 3 -one
10 mp 127-129C;, M5 nie 499 ( MtH+, ESI%e 1H NIVR (DVBO-d6) 8 2.78-2.83 (m
6H), 2.89-3.10 (2 s, 3H), 3.27-3.39 m 3.59-3.90 (m 2H), 4.99 (2 s,
2H)731741(m1|—|),747751 (m 1 762(m1H) 7.92 (d, J=8.7

H)
Hz, 2H), 7.98 (d, J=8.7 Hz 2 H) I alcd. for
C22H22C! F3Numa- aded. fQy ng'ia&'F&Nth‘; !;‘%3? I\E %83@7'1' 4@94r¢ga‘°€§47 64; H, 4.85;
N, 1016. 20 EXAMPLE 8 3 rr5 Chlor
rrr4-nethyl pi perazi n-1-yl | carbonyl 'F%W'pﬁéﬁ%%ﬁet‘ ﬁyqsl’ N’gor%fs
(trifluoromethyl)phenyll-1, 3. 4-oxadi azol -2(3Mone 25 np 170-172C (dec.); M
me 497 (MrH+, ESI). 1 H NMVR (DIVBOdN? 8 2.80 (s, 3H), 3.05-3.70 (br m
6H), 4.06 (br, 1 H, 4.33 (br, 1IEXAMPLBEJ (s, 2H), 7.26 (d, J=8.7 Hz, 1
H), 7.50 (dd, J=8.7, 2.7 Hz, 1 H), 7.65 (d, J=2.7 Hz, 1 H), 7.92 (d, J=8.7
Hz, 2H) 9 7.98 (d, J=8.7 Hz, 2H), 10.92 (br, 1 H. 30 \/\000/44745

PCTI USOY 01%«%-%%%@5[ @lﬁ’n@th lamin 55: H, 3.97:
N, 10.51
y]ghenyl]methvl1-5 |’4-(tr|ﬂuorometjhvl)g enyﬁ i:yp,d‘ Sxadiazol-
2(3H)-one

10  mp 127-129°C; MS m/e 499 (M+H*, ESI).

1H NMR (DMSO-dg) & 2.78-2.83 (m, 6H), 2.89-3.10 (2 s, 3H), 3.27-3.39
(m, 2H), 3.59-3.90 (m, 2H), 4.99 (2 5, 2H),7.31-7.41 (m, 1H), 7.47-7.51
(m, 1H), 7.62 (m, 1H), 7.92 (d, J=8.7 Hz, 2H), 7.98 (d, J=8.7 Hz, 2H),

15 10.25 (br, 1H).

Anal. calcd. for CopHpoClIF3N4O4*HCL:  C, 49.36; H, 4.33; N, 10.47.
Found: C, 47.64; H, 4.85; N, 10.16.

20 EXAMPLE 8

-[[5-Chloro-2-[[[4-methylpiperazin-1-yljcarbon lloxylphenylimethyl}-
5-[4-(trifluoromethyl)phenyl]-1 3.4-oxadiazol-2(3H)-one

25 mp 170-172°C (dec.); MS m/e 497 (M+H*, ESI).
1H NMR (DMSO-dg) 5 2.80 (s, 3H), 3.05-3.70 (br m, 6H), 4.06 (br, 1H),
4.33 (br, 1H), 4.98 (s, 2H), 7.26 (d, J=8.7 Hz, 1H), 7.50 (dd, J=8.7, 2.7 Hz,
1H), 7.65 (d, J=2.7 Hz, 1H), 7.92 (d, J=8.7 Hz, 2H), 7.98 (d, J=8.7 Hz,
2H), 10.92 (br, 1H).

30



5 3 rr5 Chloro-2-rrr2-(norpholino)ethyl am nol carbonyl | oxyl phenyil - nethyl|
5-r4-(trifluoronethyl)phenyll-1, 3. 4-oxadi azol -2(3Hl-one np 143-144C, N5 W
527 ( MtHhwoletlad74510 1H NVR (CDCI 3) S 2.54 (br, 6H), 3.38 (Beruido1d478 (br,
4H), 4.91 (s, 2H), 7.27-7.38 (m 2H), 7.44 (d, J=2.4 Hz, 1 H, 7.72 (d,
J=8.4 Hz, 2H), 7.94 (d, J=8.4 Hz, 2H). 15 Anal. calcd. for C23H22CI F3NA(5:
C, 52.43; H, 4.21; N, 10.63. Found:-€7-52.16; H, 4.25; N, 10.55. WO

00/ 44745 PCT/ US00/ 01494 -30- What is claimed: 1. A conpound of the fornula
F31~=O I NN q OR or Ik 5 wherein Rl is a hydrogen, Cl-4 alkyl,

- CR3RACOZH, AnfCiddicd: MREBHoFRIFN,Oyehiigen, CG19.8541k§.87; By 1&bland R2 taken
together with the 10 nitrogen atomto which they are a&t %%? is a
heterocyclic ring selected from gigudazi rfe, 4NO%eing18p p§§ ne,

pi peri di ne, thionorpholine and norpholine; R3 is hydrogen or nethyl; R4 is
hydr ogen; or substituted or unsubstituted Cl-4 al kyl in

EXAMPLE 9
5
3-[[5-Chloro-2-[[[2-(morpholino)ethylamino]carbon lloxylphenyi]-
methyl]-5-[4-(trifluoromethyl)phenyl}-1 3.4-oxadiazol-2(3H)-one
mp 143-144°C; MS m/e 527 (M+H+, ESI).
10

1H NMR (CDClg) 5 2.54 (br, 6H), 3.38 (br, 2H),3.78 (br, 4H), 4.91 (s,
oH), 7.27-7.38 (m, 2H), 7.44 (d, J=2.4 Hz, 1H), 7.72 (d, J=8.4 Hz, 2H),
7.94 (d, J=8.4 Hz, 2H).

15  Anal. calcd. for CogHooCIFaN4Os:  C, 52.43; H, 4.21; N, 10.63.
Found: C,52.16; H, 4.25; N, 10.55.



15 which the substituent is selected fromthe group consisting of hydroxy,
am no, nethylthio, carboxyl, carboxam de, guanidino, phenyl and

hydr oxyphgowbis4@gd R5 and R6 each are independent!|y hydrogemgusibrodaaal kyl ;
or R5 and R6, taken together with the nitrogen atomto which they are 20
attached, is a heterocyclic ring sel egbed from pi perazine, N nethyl

pi per azi ne, piperidine, thionorpholing”and norpholine; or a nontoxic
pharmaceutically acceptable salt or solvate thereof. 25 WD 00/44745

PCTI USOQ' 01494 -31 2. The conpound of claim 1l wherein Rl is-CH3RACO2H or a
nont oxi ¢ pM¢hataselaimedil | y acceptable salt or solvate thereof. 3. The
conpound of claim2 wherein R3 is hydrogen and R4 is 5 substituted or
unsubstituted Cl1_4 alkyl in which the substituent is selected fromthe
group consi gt ngAQfodiptsUn@@fth@lfommIacar boxyl and carboxam de or a nontoxic
pharmaceutically acceptable salt or solvate thereof. 4. The conpound of
claim1l wherein RL is -(CH2) 2NR5R6 or a 10 nontoxic pharmaceutically
acceptabl e salt or solvategidereQf. 5. The conpound of claim4 wherein RS
and R6 are independently hydrp or nethyl or a nontoxic pharmaceutically
acceptable salt or solvate th& 6. The conpound of claim 1l sel ected
fromthe group consisting of: o
N-[[4-chloro-2-[[5-[4-(trifl uorometm)d phenyl ] - 2, 3-di hydr o- 2- oxo- 1, 3, 4-
oxadi azol - 3-yl ] et hyl ] phenoxy] car bonyl|] aspartic acid; 20

N-[[4-chloro-2-[[5-[4-(triflu ) khenyl ] - 2, 3-di hydr o- 2- oxo- 1, 3, 4-
R’
O)L“an
5
wherein

R1 is a hydrogen, C.4 alkyl, -CR3R4CO,H, -(CHp)>-NRSRS;
R2 is hydrogen, Cy.4 alkyl; or R1 and R? taken together with the
10 nitrogen atom to which they are attached, is a heterocyclic
ring selected from piperazine, N-methyl piperazine,
piperidine, thiomorpholine and morpholine;
R3 is hydrogeh or methyl;
R4 is hydrogen; or substituted or unsubstituted C4.4 alkyl in
15 which the substituent is selected from the group consisting
of hydroxy, amino, methylthio, carboxyl, carboxamide,
guanidino, phenyl and hydroxyphenyl; and
R5and R each are independently hydrogen, Cy.4 alkyl; or RS and RS,
taken together with the nitrogen atom to which they are
20 attached, is a heterocyclic ring selected from piperazine, N-
methyl piperazine, piperidine, thiomorpholine and
morpholine;
or a nontoxic pharmaceutically acceptable salt or solvate thereof.

25



oxadi azol - 3-yl ] et hyl ] phenoxy] car bonyl ] al ani ne;
N-[[4-chloro-2-[[5-[4-(trifluoromethyl)phenyl]-2,3-di hydro-2-o0xo0-1, 3,4 25
oxadi azol woroplskryet hyl ] phenoxy] car bonyl ] gl ut am ¢ aci d; PCT/US00/01494
N-[[4-chloro-2-[[5-[4-(trifluoronethyl)phenyl]-2,3-di hydro-2-oxo-1, 3, 4-
oxadi azol - 3-yl ] et hyl ] phenoxy] car bonyl ]I euci ne; WO 00/ 44745 PCT/ US00/ 01494
-32 3-[[5-ch|oro-2-[[[2-(dinethylaniﬁ&%éthylanino]carbonyl]oxy]-

phenyl ] net hyl ]-5-[4-(trifluoronmethyl) phenyl-1, 3, 4-oxadi azol -2(31-/)-one;
3-[[5-ch loro-2-[[[[2-(di nmethylam no) ethyl] nethylamino]carbonyl] 5
oxy] pheny! ] reet hy ITheSedrpdund 6fl dainohraierein FHdsmGH3RYCO4H ox adianteric 2( 3H) -

one;

3- [ [ 5- chl or prarppgeutioally peeensablesalt-of spvataithesest | oxy] phenyl ] met hyl | - 5- [ 4-
(trifluoronethyl)phenyl]-1, 3, 4-oxadi azol -2(3H)-one; and 10
3-[[5-chloro-2-[[[2-(norphol i no) et hyl am no] car bonyl ] oxy] phenyl ] met hyl ] - 5-
[4- (trif1uorpmet e eiistind & claifly 2drein #3i8 (§tlogeneand R4 i8 phar maceut i cal

conposition for the treatnent of disorders 15 responsive to %pen rs of the

C ; p
| ar ge cobduciubstiateshorunsubstituteciCea allpdinawbichine SHRBELENTIS S g a
therapeutically effective anmount of a conpound as, defi Ln.glaiml in
assoc!oati on fW’%'/N‘%QW&P&@@?W@&WWOXXC%%&BW omrqchQQ@Sx%fﬁc@e t. 20 8. A
met hod for tégﬁ?ﬁtﬁﬁiﬁtﬂ‘ﬁ%ae&u 019 hessRtable AR IsvRatettepesh. ng of the |arge

conductance calcirumacti vated potassium channels in a mammal in need
t hereof, which conprises admnistering to said manmal a therapeutically

ef fective anmount of a conpound as defined i, _clai 588 ., The net hod of
cl ai m 8 wherdin STJIQjCQmB@mfgﬁ’qu’lé'm aherein, 1Sl§r'@gz,r?2&|§0ﬁ?ﬁf§ ons, epilepsy,
asthma, irritable bowel syndr ! i tLsbrain injury, spinal
oo Sl BRATha A R S o s kot

5. The compound of claim 4 wherein RS and R6 are independently

hydrogen or methyl or a nontoxic pharmaceutically acceptable salt or

solvate thereof.

15
6. The compound of claim 1 selected from the group consisting of:

N-[[4-chloro-2-[[5-[4-(triﬂuoromethyl)phenyl]-2,3-dihydro-2-oxo-1 ,3,4-
oxadiazol-3-ylJmethyl]phenoxylcarbonyljaspartic acid;

20
N-[[4-ch|oro-2-[[5-[4-(triﬂuoromethyl)phenyl]-2,3-dihydro-2-oxo-1 3,4~

oxadiazol-3-ylJmethyl]phenoxy]carbonyl]alanine;

N-[[4-ch|oro-2-[[5-[4-(triﬂuoromethyl)phenyl]-z,3-dihydro-2-oxo-1 ,3,4-
25  oxadiazol-3-yllmethyl]phenoxy]carbonyllglutamic acid;

N-[[4-chIoro-2-[[5-[4-(trif|uoromethyl)phenyl]-2,3-dihydro-2-oxo-1 ,3,4-

oxadiazol-3-yljmethyl]phenoxy]carbonyl]leucine;



i nconti nence. 30 10. The nethod of claim9 wherein the disorder is stroke.

WO 00/44745 PCT/US00/01494

-32-

3-[[5-chloro-2-[[[2-(dimethylamino)ethylamino]carbonyl]oxy}-
phenyl]methyl]-5-[4-(trifluoromethyl)phenyi]-1 ,3,4-oxadiazol-2(3H)-one;

3-[[5-chloro-2-[[[[2-(dimethylamino)ethyl]methylamino]carbonyl]-
5 oxy]phenyl]methyl]-5-[4-(trifluoromethyl)phenyl]-1,3,4-oxadiazol-2(3H)-

one,

3-[[5-chloro-2-[[[4-methylpiperazin-1-ylJcarbonylloxy]phenyl]methyl]-5-[4-
(trifluoromethyl)phenyl}-1,3,4-oxadiazol-2(3H)-one; and

10
3-[[5-chloro-2-[[[2-(morpholino)ethylamino]carbonyljoxy]phenyljmethyl]-5-
[4-(trifluoromethyl)phenyl]-1,3,4-oxadiazol-2(3H)-one.

7. A pharmaceutical composition for the treatment of disorders

15 responsive to openers of the large conductance caicium-activated
potassium channels comprising a therapeutically effective amount of a
compound as defined in claim 1 in association with a pharmaceutically

acceptable carrier or diluent.

20 8. A method for the treatment of disorders responsive to opening of
the large conductance calcium-activated potassium channels in a
mammal in need thereof, which comprises administering to said mammal
a therapeutically effective amount of a compound as defined in claim 1.

25 9. The method of claim 8 wherein said disorder is ischemia, stroke,
convulsions, epilepsy, asthma, irritable bowel syndrome, migraine,
traumatic brain injury, spinal cord injury, sexual dysfunction and urinary

incontinence.

30 10. The method of claim 9 wherein the disorder is stroke.



