WO 01/ 40191 PCT/ US00/ 32382 -1 PREPARATION OF

3- SUBSTI TUTED- 4- ARYLQUI NCLI N-2- ONE 5 DERI VATI VES FI ELD_OF THE | NVENTI ON
10 The PY@8#M991 nventi on provi des a novel process for thé’caflésﬁg(i’?ﬁ on of
3-substituted-4-aryl qui nolin-2-one derivatives which are nodul ators of the
| ar ge- conduct ance cal ci um acti vat ed 'p10’t assi um (BK) channel s and,

therefore, useful in the protection of neuronal cells and di seases ari sing
15 from dysfunction of cellular menbrane pol ari zati on and conduct ance. The
present invention also provides novel internediates for the preparation

t hereof . BACKGROUND OF THE | NVENTI ON 20 Pot assi um channels play a key role
in regulation of cell nenbrane potential and nodul ati on of cell
excitability. Potassiumchannels are |argely regulated by voltage, cell

met abol i sm cal cium and receptor nedi ated processes. [IOook, N. S., Trends
i n Phar macol .PREPARAHON 0F83-SUBSTITUTEDeAARYIQUINOLINZ-ONE | Trends in
Phar macol . Sciences (1989), 10, al ci um acti vat ed potassi um ( KCa)
channebPs are a diverse group of Dééwlt\]&]ﬁél s that share a dependence on
intracellular calciumions for activity. The activity of Kca channels is
regul ated by intracellular [Ca2+], nenbrane potential and phosphoryl ation.
On the basis of their 30 single-channel conductances in symetrical K+

sol utions, KCa channels are divided into three subcl asses: |arge

conductance (BK) > 150 pS; internedi ate conductance 50-150 pS; small
conductance < 50 pS. WO 01/EglPHLORCTHEINVENASN -2
10

The present invention provides a novel process for the preparation
of 3-substituted-4-arylquinolin-2-one derivatives which are modulators of
the large-conductance calcium-activated potassium (BK) channels and,
therefore, useful in the protection of neuronal cells and diseases arising

15  from dysfunction of cellular membrane polarization and conductance. The
present invention also provides novel intermediates for the preparation

thereof.

BACKGROUND OF THE INVENTION

20
Potassium channels play a key role in regulation of cell membrane
potential and modulation of cell excitability. Potassium channels are

largely regulated by voltage, cell metabolism, calcium and receptor

mediated processes. [Cook, N. S., Trends in Pharmacol. Sciences (1988),
25 9,21;and Quast, U., etal., Trends in Pharmacol. Sciences (1989), 10,

431]. Calcium-activated potassium (Kg,) channels are a diverse group of

ion channels that share a dependence on intracellular calcium ions for
activity. The activity of K¢, channels is regulated by intracellular [Ca2+],
membrane potential and phosphorylation. On the basis of their

30 single-channel conductances in symmetrical K* solutions, Kca channels
are divided into three subclasses: large conductance (BK) > 150 pS;

intermediate conductance 50-150 pS; small conductance < 50 pS.



Lar ge- conduct ance cal ci um activated potassi um (Maxi -K or BK) channels are
present in many excitable cells including neurons, cardiac cells_ and

vari ous WOBE&018F snooth nuscle cells. [Singer, J. et al. PPVt archiv.
(1987) 408, 98; Baro, |., et al., Pflugers Archiv. (1989) 414 (Suppl. 1), 5
S168; and Ahned, F. et al., Br. J. PHarnmacol. (1984) 83, 227]. Potassium
lons play a domnant role in controlling the resting nenbrane potential in
nost excitable cells and maintain the transnmenbrane voltage near the K+
equi | i bri wargewenduetan¢&icplamsstivatedguotassinm (MaxiHaor BEa ¢hanbals t hat

openi ng of potassi.um channel.s h f

the equil i%glm%%t%%WH?%tﬁB %%S'bglﬁgﬁﬁ @?U@Ebé&ragagg l|§%dlaln tovards
hyper pol ar\.‘aﬁ@hb%égofé\ﬁoém' mustieeeis. [Sinder, J. dr @indlugerdPAechivcol . Sci ences
(1988), 9, 21 ]. r&?ﬁer ol ar| zed cells show a reduced rﬁgmgg eto

pot enti al | )‘IQGM riﬁn@ﬂt&gﬁfﬁlﬂ[@JBK 989LA L4 bch are

regul at.ed g It 1 t limt
depoIe%izé?ﬁggégﬁdx@b%glﬁ 8{5‘ B Do ﬂ ggl%% effective in

bl ocki ng damagi ng stinmuli. Therefore cell hyperpolarlzatlon vi a openi ng of
BK channels may_result in protectiaon of euron ceI range of

synthetic and rRet@saiLNyIoRSRIRY A HPMIBARTRIRIL 431 FP“@@ r@p’@ﬁ?ﬂ% activity have
been reporrhgg,&br%' giertial @{g‘heﬁﬁ )gdeft{ab%céég drPMaiRyresat i va- common oats

has been i as a opener using lipid bi-layer technique
[ I nternat ltmn'éméiabarne ol gecragardhe WO @R/IIBBO0 pofrriial §he of rbput 90 1993] In
U S. Patent No. 5,200,422, issued 25 April 6, 1993 to (O esen, et al., a
nunberiOof r¥nHihesdaeer shewn thalapesing Q\feff@a§$'§m grannelz shifidhecellor BK

" .
ortic smibeie PoRtEl EEHIE i BB R aAEy Sn o "
in EurOIOe%bténnéfm Bmégfltmg irPByperbdlafigalidveiihe Gl Cooked. 8I,., in U S,

Pat ent 5,892, i ssued April 6,1999,
Trends in Pharmacol. Sciences (1988) 9, 21] Hyperpolarized cells show

a reduced response to potentially damaging depolarizing stimuli. BK

15  channels which are regulated by both voltage and intracellular Ca2+ 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.

20 A range of synthetic and naturally occurring compounds with BK
opening activity have been reported. The avena pyrone extracted from
avena sativa-common oats has been identified as a BK channel opener
using lipid bi-layer technique [International Patent application WO
93/08800, published May 13, 1993]. In U.S. Patent No. 5,200,422, issued

25  April 6, 1993 to Olesen, et al., a number of benzimidazole derivatives
were disciosed as openers of BK channels by using single-channel and
whole-cell patch-clamp experiments in aortic smooth muscle cells.
Further work was reported by Olesen, et al., in European J. Pharmacol.,
251, 53-59 (1994).

30

Sit, et al., in U.S. Patent No. 5,892,045, issued April 6,1999,

disclosed a series of 4-aryl-3-hydroxyquinolin-2-one derivatives , while



di scl osed a series of 4-aryl-3-hydroxyquinolin-2-one derivatives , while WO
01/ 40191 PCT/ US0O0/ 32382 -3 Hewawasam et al., in US P

5,972, 96YO 01443k COctober 26, 1999, disclosed a series 3%&%5({8%2382

4-aryl - 3-am noqui nol i ni - 2-one derivatives which are openers of BK channels
and useful in the treatnment of disorders sensitive to potassium channel
opening activity. 5 E. S. Hamanaka in U S. Patent No. 5,565,472, issued

Cct ober 15, 1996, discloses a nunber of _

4- aryl - 3- (Hewemgsay, et &l.d§)U-B. Palentp 0527830 1y igswsdi etoher R8at i ves whi ch
are inhibi ' o r e and are 10
useful as ﬁ]@%%l‘ﬁ%ﬁ@%ﬁ@ %%gﬁgég)ﬂtﬁi'égyhé%@?grﬁggylgla%éb%t@ﬁ%ﬁoﬁ t he object of
t he preseniyhichvaretdpemetoobBr\Ghd@nalsused ubeful otmedreatmenaotidisopdersed process
for the preparation of certain ?-subst i t ut ed- 4-aryl qui nol i n-2-one

deri vat i veseniiventoptagsiemecianiiel oRentg aftyHYconduct ance cal ci um acti vat ed
pot assiéjm (BK) channels and the wutility thereof is nore fully described by
Hewawasam et al. in U S. provisional application nunber 60/111,079 filed
Decenber 4, 199H. S. BamaxRKadr UrBEPaMYENND.GN56D.4TReispred &atoberEnt i on

provi des a el. process fqr the preparation of
3-subst i tuﬂggg’zﬁ@&W%?ﬁ‘b’f&r‘?—rf{?one derivatives having the general formula
RHO 1 B%r@-‘h-(l%te%rylureidom,2-dihydro-2-oxo-quinoline derivatives which

are inhibitors of acyl coenzyme A; cholesterol acyltransferase and are

10 useful as hypolipidemic and antiatherosclerosis agents.

It is the object of the present invention to provide a useful,
convenient and improved process for the preparation of certain
3-substituted-4-arylquinolin-2-one derivatives which are openers of the

15  high-conductance calcium-activated potassium (BK) channels and the
utility thereof is more fully described by Hewawasam, et al. in U.S.
provisional application number 60/111,079 filed December 4, 1998.

SUMMARY OF THE INVENTION

20
The present invention provides a novel process for the preparation

of 3-substituted-4-arylquinolin-2-one derivatives having the general

formula

25 wherein R, R1, R2, R3 and R4 are as defined below and which are
openers of the large conductance calcium-activated K+ channels also
known as Maxi-K or BK channels useful for the treatment of disorders

sensitive to potassium channel opening activity such as ischemia, stroke,



1 R 25 wherein R Rl, R2, R3 and R4 are as defined bel ow and which are
openers of the large conductance cal ciumactivated K+ channels al so known
as Maxi - NQH/4BR1channel s useful for the treatnent of di soPEEUS0/R3$sitive
to potassi um channel opening activity such as ischem a, stroke, WO 01/40191
PCT/ US00/ 32382 -4 convul sions, epil éﬂs‘y, asthma, irritable bowel syndrone,
mgraine, traumatic brain injury, spinal cord injury, sexual dysfunction
and urinary incontinence. Mre specifically, the present invention

provi des acomvujsiens,p2pilepsy, astama, irgtahle owes apyxdromse, eigeainenri n and using a

phot ochem gal cli.zation.nmet hod. .DETAILE CRL.PTI CE THE | NVENTI ON
The. pr esentraHRAIREER (GRS AL S3Ho o ST STRURCRR BREdiIaR 1 on 10 of
3- subst i t uirR@ntinéricd. IMoPE shacicAING tiiepreseht Meanibn pRoddies Buhig@d ors of the
| ar ge- conduct ance cal ci umacti vated potassium (BK) channels and have the
general fopragessREMNNOIREN arsubrlituted ceamansrasidusing @ phyalpelgmical et hyl ; Ri1
is bronp, c¢hl,or ifro; and R2, R3 15 and R4 each are independently
hydrogg, %@8@%@@{;@ or trifluoronmethyl, provided R2, R3, and R4 are
not all hydrogen; or a nontoxic pharmaceutically acceptable salt thereof.

The present invention also provides useful internediates of 20 Fornmula VI
R1 DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a novel process for the preparation
10  of 3-substituted-4-arylquinolin-2-one derivatives which are modulators of
the large-conductance calcium-activated potassium (BK) channels and
have the general formula

wherein R is hydrogen or methyl; R is bromo, chloro or nitro; and R2, R3

15 and R4 each are independently hydrogen, halogen, nitro or
trifluoromethyl, provided R2, R3, and R4 are not all hydrogen; or a nontoxic
pharmaceutically acceptable salt thereof.

The present invention also provides useful intermediates of

20 Formula VI
R N_ _O
I;F v
R3 ~

R* o} OR

and to a process for the preparation thereof wherein R is hydrogen or
methyl; R1 is bromo, chloro or nitro; and R2, R3 and R4 each are



R3 1 VI R2 Ponp, R4 and to a process for the preparation thereof wherein R
I s hydrogen or nethyl; Rl is brono, chloro or nitro; and R2, R3 and R4 each
are WO OWQI@HMO191PCT/ US00/ 32382 -5 i ndependent|y hydr ogenPCRAISOYEAS2 nitro
or trifluoronethyl, provided R2, R3 and R4 are not all hydrogen. The term
"nont oxi ¢ pharnmaceutical ly accept abl e9salt" as used 5 herein and in the
clains is intended to include nontoxic base addition salts wth inorganic
bases. Suitable inorganic bases such as alkali and alkaline earth netal
bases i ncl uwiepeadahtly bydrageanbalegeh, aitroswrdritinoropuathgls pmidedﬁénléi um

cal ciumand t like. | ess ot herw se specified, the term "hal ogen" as
used herei ﬁngﬁ% I8 Q%@Hg”fyzg?%el s intended to include bromne, 10 chlorine,

i odine and fluorine while the term"halide" is intended to include
brom de, chloride and iodide anion. Certain of the conpounds of the present
i nvention can eXhetteim "nomtoxioharmaceutieallysacesiptakie sgBT aaueddf or ns

I ncl udi hg noh drat d| h hem hydr at e,
tri hydrgt e%?eéﬁraﬁﬁ)}@%ﬁlagﬁg o Wi qu%@)m(flf'f ed}o d%jgiotnrﬁ?g‘ Ssol vat es,
while in OernQ@‘aﬁﬁ: bddes. P GithbIé mdfgdnlﬁﬂfa%bx sfu@hfasrhlﬁﬂﬁléﬁé laldafiHg sol vent
or be a mxture of solvate | us sone adventitious solvent. It should be

appr eci at e@aph mﬁ@k@a%% inciigle matallicecatianstsueh as$Qdibey POERSSIIMAr e equi val ent

to-unsol valed QiR @ISR Sndthd Ml dRRsh Qb FOC BBARSE dnghbiyn t he scope

of the prese ain corrpoun can exist in two

t aut amer i c"liglogen" ag usedhhatein badarpltrm?clla&hs& iDIYertdet@ iakliudeddoming,he art
that the quhnollne rin an exi In an e I S |ntended t hat

bot h el i ENCHNEREINS Frd H‘ér_'n%ﬁ’ 6&%&3"87 ﬂ]qypﬁmsalnter}ge@ torde¢luded wi t hin
the scope gfohide, BRBF8BantiobiiseHibR -

Certain of the compounds of the present invention can exist in
unsolvated forms as well as solvated forms including hydrated forms such
15 as monohydrate, dihydrate, hemihydrate, trihydrate, tetrahydrate and the
like. The products may be true solvates, while in other cases, the
products may merely retain adventitious solvent or be a mixture of solvate
plus some adventitious solvent. It should be appreciated by those skilled
in the art that solvated forms are equivalent to unsolvated forms and are
20 intended to be encompassed within the scope of the present invention.
Certain compounds of Formula | can exist in two tautameric forms. |t
should be appreciated by those skilled in the art that the quinoline ring
can exist in an enol form. |t is intended that both enolic tautomers of the
compounds of Formula | are included within the scope of the present

25 invention.

The following Reaction Scheme illustrates representative general
procedures for the preparation of intermediates and methods for the
preparation of compounds of formula | according to this invention. It

30 should also be evident to those skilled in the art that appropriate
substitution of both the materials and methods disclosed herein will



The foll ow ng Reaction Schene illustrates representative general

procedures for the preparation of internedi ates and nethods for the

prepar at Weno1@d19onmpounds of fornula | according to this i RCEMSPIGI3Yt 30
shoul d al so be evident to those skilled in the art that appropriate
substitution of both the materials an@l-met hods disclosed herein will WO
01/ 40191 PCT/ US00/ 32382 -6 produce the exanples illustrated bel ow and

t hose enconpassed by the scope of this invention. REACTION SCHEME 1 0 OH
OH O O O Qrod(Ed/khe ekafpldslillasthated below andlthoséeht@mpBassed bi}lz’mé\l O OR2\ |
RAVARBRERA OOH RLIVVVI R NOONI e, f RBOH R4 Rl (a)

Li HVDS/ THFScapeget this iRyential) 12N Hol

REACTION SCHEME 1

(a) LIHMDS/THF, -78°C to RT
(b) 12N HCI

(c) pTSA, Toluene, reflux

(d) LIHMDS

(e) (CH30)2802, KgCO3

(f) hv, MeOH

The preparation of compounds of Formula | is advantageously
carried out by the reactions illustrated in Reaction Scheme 1. The
coumarin compound of Formula lll is preferably prepared by condensing

v-butyrolactone with the methyl ester of a substituted salicylic acid of



(c) pTSA, Toluene, reflux (d) LIHVDS (e) (CH3O 2SQ2, K2CO3 (f) hv, MeOH 5
The preparation of conmpounds of Fornula | is advantageously carried out by
t he reacW@#isoidll ustrated in Reaction Schenme 1. The coumBETAISOOBI38UNd of
Formula I'll is preferably prepared by condensing y-butyrolactone with the
methyl ester of a substituted salicylfc acid of WO 01/40191 PCTI USOQ 32382
-7 Formula Il which is then readily cyclized with a catal ytic anount of
acid to produce the benzopyran-4-one of Forrmula IV. Treatnent of conpound
IV W th gFaerphga iltwihied isithidn readity clfcﬂzenﬂ\mth/eamtalyﬂimatrmhedf aocidsbep (d)

produced the di hydrofuran of Fornula \rri/{}r th I S the optronqg”
net hyl at ePreAuGe H‘%bﬂ'ﬁc’rﬂﬂ"%ﬂ ﬂr@%@%ﬁ?"ﬁ'ﬁ@ as f&P%@'FM MR \2I/'he
di hydr of urgifh 'suB8fiiledanilthe of FORGRILY RTAAPREE Y SRl proghdert 2

phot ochem cal "cyc lon 1nan 1nert organic so
desired cdhpcoirtm,cdroﬁuﬁrmofrﬁbanma \Vlnwlarcprreﬂmrr eptienaiy dnetbytated wtiﬂhreai nventi on

t he conpound 10 F nul a V R where in
Ris h%rdﬁ@ﬁ‘ygﬁ“ Uﬁia? "E‘FMS“BN ?@"%P%Mé%rfﬂrarh%fdgs Ul?%S and R4
each are '\rqugrrﬁérsiaarférwaawugyeumé&eécpaﬁ@ phbtdohenfital dyblriétldfhrrﬂ@i hyl

provi ded R2, R3, and are not all hydrogen. 15 In_another preferred
enbodi nentrnenmgamroentweohtq)awddee desped esrpoyrst of frenpiapar ati on of a

gui nol i ne of conmpound of Formula I

In a preferred embodiment of the invention the compounds of

10 Formula VI have the formula

R1
H
R2 N_ _O
nsj©/ AN
R* o} OR

wherein R is hydrogen or methyl; R is bromo, chloro or nitro; and R2, R3
and R4 each are independently hydrogen, halogen, nitro or
trifluoromethyl, provided R2, R3, and R4 are not all hydrogen.
15
In another preferred embodiment, the invention provides a process

for the preparation of a quinoline of compound of Formula |

wherein R is hydrogen or methyl; R1is bromo, chloro or nitro; and R?, R3
20 and R4 each are independently hydrogen, halogen, nitro or
trifluoromethyl, provided R2, R3, and R#4 are not all hydrogen; or a nontoxic

pharmaceutically acceptable salt thereof, comprising the steps of:

(a) treating a compound of formula llI



R NO 1 RBROH R4 OR RL wherein Ris hydrogen or nmethyl; Rl is brorm
chloro or nitro; and R2, R3 20 and R4 each are independent I@Bx%g

hal ogen, W99, trifluoronethyl, provided R2, R3, and R&I4F80 al |
hydrogen; or a nontoxic pharmaceuti cglly acceptabl e salt thereof,
conprising the steps of: (a) treating a conmpound of formula Il WD 01/40191
PCT/US00/ 32382 -8- 0 OH O1 ~OHIIl RL with an acid to produce a cyclic
conmpound of formula IV 0O o llrO IV Rl wherein RL is brono, chloro or
nitro; 5 (b) reacting the conpouifd of fornmula IV with a substituted
aniline of the formula V NH2 | ¥ RCRELAB

OH i

R1

wherein Rt is bromo, chloro or nitro;

(b)  reacting the compound of formula IV with a substituted

aniline of the formula V

NH

wherein R2, R3, and R#4 are as defined above; to produce a compound of

10 formula VI
R2 N_ __O
j@/ Vi
R3 X

R* o} OR

wherein R1, R2, R3, and R4 are as defined above and R is hydrogen;

(c)  optionally methylating the compound of formula VI wherein
15 Ris hydrogen to produce a compound of formula VI wherein R is methyl;

and



wherein R2, R3, and R4 are as defined above; to produce a conpound of 10
formula VI RL RZ NOR3 1 \ T1X/ VI R4 O OR wherein R1, R2, R3, and R4
are as dWPI%dP%bove and R is hydrogen: (c) optional |y mePR¥USIYHI% he
conpound of forrmula VI wherein 15 R | s hydrogen to produce a conmpound of
formula VI wherein Ris nmethyl; and” 01/ 40191 PCT/ US00/ 32382 -9 (d)
cyclizing a conpound of fornmula VI wherein Ris hydrogen or nethyl and R1,
R2, R3 and R4 are as defined above by photochemical _irradiation to produce
t he qui nol i ne céhpoeyalizieg & eempoend of Brmulg Ml whegais: Rds hydoenad

Counar | OB AR {10 it 4 Y 5o B REEERd Boy Mo RREPRIGH 1" o' o oo,

chloro or piddigticromRsroguoe thd quipiotite ebmpeaetioidoanuladnpound of formula Il

OH0Ow RL 1011 wth y-butyrolactone and a strong base in an inert
organi ¢ sol vent and
5 In still another preferred embodiment, the invention provides a

process for the preparation of a coumarin compound of formula Il|

o)
OH

OH Hl

R1

wherein R is bromo, chloro or nitro comprising the step of reacting a
compound of formula 1l

OH O
OMe
R1
10 I
with y-butyrolactone and a strong base in an inert organic solvent and
then treating the reaction mixture with a strong acid to produce the
compound of formula Ili.
15 The compounds of Formula | are openers of the large-conductance

calcium-activated K+ channels (BK channels) which are useful in the
treatment of ischemia, stroke, convulsions, asthma, irritable bowel
syndrome, migraine, traumatic brain injury, urinary incontinence, and
sexual dysfunction in both men (erectile dysfunction, for example, due to

20 diabetes mellitus, spinal cord injury, radical prostatectomy, 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.



t hen trgat}n? the reaction mxture with a strong acid to produce the
conpound_o ormula I'll. 15 The conpounds of Fornula | ar of the
| ar ge- coW@PWe cal ci umactivated K+ channel s (BK chanﬁ%ﬂﬁg&ﬁﬁigh are
useful in the treatnent of ischem a,,sStroke, convulsions, asthma,
irritable bowel syndrone, nigrainef'l aumatic brain injury, urinary

I nconti nence, and sexual dysfunction in both nen (erectile dysfunction,
for exanple, due to 20 di abetes nellitus, spinal cord injury, radical
prost at ect Biglogieal AMIMK ¢ etiol ogy or any other cause) and wonen by

I nproving blood flowto the genitalia, especially the corpus cavernosum
and ot her disorders sensitive to BK channel activating activity. WO
01/40191 PCT/ USPgtatsiiia (K+)léharflietd ag stalictdedliy\drid/fuRotiarsaliywdivgrse) channel s
are structurally and functionally diverse famlies of K+-se|lective channel

prot ei ns wiaraied o& Kitselpative ehanpekrioteins whighyatatbigyitewin clisnt r al

| nportance; jf [ | f: | , B.,

Neur oscC en'cnléf,"b e@@%"(bggc%ggl( @rwgﬁn-c%%ﬂi‘f?%ul\%ﬁéélayﬁdiﬂ?éﬂ[pr%a{%pgs a class, K+
clhannel S afLﬂ}oﬁbﬁal‘:f{alﬂam,i%Wutbsrﬂeridwtzéd729-749‘(di9\88ﬁueWhi1emHMI§s of this
class or as famlies. rt, DD R, et al.., . [ , 52: 191-205
(1993)]. | Aisyéndpdes alarod] oradeRare ARty ST B EAES *ang

par t1 cul ar i iy SRLIBRIEoffid ElaSye adalfiesonBichiuh Digal @tabe! 1 S, | eads to
hyper pol ari zatron of the ce menbrane, or in the case of ~ depol ari zed
cells, to Nenobsuiéns,i5an191+1208ddPOBHN In geaetalnactivatian of tddgenelss nenbr ane

e chaffes T tplsnanArarkean PexTaBR el R e Ga g flugfg ™o = suer
i ntracel | ulgfis GOAMLR hdrpblafatich 6f e défiaReinbraddeordrtiié shsg of e of K+

channel's in regul ati n%] nunmerous cell functions mnakes them particularly
i nport ant dapglarizged cells, Herrapelatizatiarsy i agdiéen to acting as an

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 (Maxi-K
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. Pysiol., 51: 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:
1277-1285 (1993)].




[ Cook, N. S., Potassium channels: Structure, classification, function and

therapeutic potential. Ellis Horwood, Chinchester (1990 C s of 20
K+ chann%’loso,laf"r?é | ar ge- conduct ance Ca2+-acti vated (K+ ch?el]nﬁgﬁl%t)‘f(/&;?z-K or
BK channel s), is regulated by transmepprane voltage, intracellular Ca2+,
and a variety of other factors such as the phosphorylation state of the
channel protein. [Latorre, R, et al., Ann. Rev. Pysiol., 51: 385-399

(1989)]. The large, single channel -conductance (generally > 150 pS) and 25
hi gh degree of efs ef BiK ghanngls @sersmwwéarse%m By iRGIeaHRE snal |

nunber s of {@]Sﬁ%*}ﬁmﬂwyw s%%n%e?g[g\ﬁﬁkamf%?‘ré‘?a?oﬂd“m ance and cell

excitabili ona € 1 nNCcrease 1 n dpen provabriity with
i ncr easi ng Nenroptoeidly7dr 1843-1 882di1 084 g andOEsean8nP . cExBlOpinannel s in the

Cont ract | olNaskaaiss. B 1151 11P8 TPTpn TR iperbastip e RBPPGRSS. 1277 1085
gélglgﬁl) Lsr \e/ﬁcﬁ\;iéf}é’l@%.cﬁgﬁhé@%hé&?%@y reslﬂts%‘ﬂﬁ\@h?pé’rfpof’dﬂz‘éﬂﬁﬁ'@ﬁlcéllexert their

ects by increasing the open probability of these channels
[ McKay, M m@&mbranes| partigulariydodepblasizet cellg1protdgzed bg&grifiomd) ; and A esen,

S.-P., f xp. in.. lnovest. ugs,..3:. 1181-1188 (1994)]. This increase in
t he openi n&%%%e% 'Hd’l"b/?laiﬁﬁ" %”ﬁ%ﬂ%&%"r@%‘ﬁﬁa&ﬁ% vely results in the
hyper pol ari zation of cell nmenbranes, particularly in depolarized cells,

produced by significant increases in whole-cell BK-mediated conductance.
The ability of dboepmhiliyof geswoupds describrd it BedesentiaMentiin i 10 open BK

csceocdf o atieh K BRATAR RN Gt Wtk Sa) Oltya (3 B Abaubr o 5, UFC
i ncrease clofeftsRayakséssddinderaioitage@larBi condkidngtbgddeterrhindigl cur rent

het er ol ogously expressed in Xenopus oocytes [Butler, A et al., Science,
261: 221- 23l @b@got,o l&ﬁ@amﬁm?@anan (reploser NSIghBK - mediated

outward current heterologously expressed in Xenopus oocytes [Butler, A,
et al., Science, 261: 221-224 (1993); and Dworetzky, S. |., et al., Mol.

15  Brain Res., 27: 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.

20 Chem., 265: 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

25 wash). It was determined that at the tested concentration the compounds
profiled did not effect non-BK native currents in the oocytes. All
compounds were tested in at least 5 oocytes and are reported at the
single concentration of 20uM; the effect of the selected compounds of
Formula | on BK current was expressed as the percent of control

30 IBTX-sensitive current and is listed in Table I. Recordings were
accomplished using standard two-electrode voltage clamp techniques
[Stuhmer, W., et al., Methods in Enzymology, Vol. 207: 319-339 (1992)];




15 Brain Res.,|27: 189- 193 (1994)]. The two BK constructs enpl oyed
represent near structurally identical honol ogous protein ve
proven ﬂ%oﬂg“ﬂﬂgrnacologically identical in our tests. T&"%EB@Q&& K
current fromnative (background, nop-gg) current, the specific and potent
BK channel - bl ocki ng toxin iberiotoxi% (I1BTX) [Galvez, A, et al., J. Biol.
20 Chem, 265:11083-11090 (1990)] was enpl oyed at a supramaxi nal
concentration (50 nM. The relative contribution of BK channels current to
total out weltagewampprolesolsaansistedaf BYO-IHRmaduralirrustepne current

remai ni ng j : 6{0”151 t rent
profiles é@@g’%@gﬂﬁﬁéﬁﬁﬁ?gﬁglﬁéégg}ﬁ%én a céﬁ@ih%%ﬂhﬂ%?ﬁéf{ drug, and
25 }/ValShé dét?%’fhd??(péﬂmeﬁthl infredia dnotdifiedt Bartied sohnioah toasisted ofi@ conpounds
profile id not effect non-BK nati curr in.t C Al l
conpounds li)él‘fgt@@)’iN?"é@obég ’%&g@c@b@ﬁéﬁafsﬁﬁ @P)ﬁ%ﬁ H%(é&%é’t the single
concentratio t ef . Qf thhe sel ected conpounds of Fornula I on
BK cur%enté%@gﬁ%ﬁgégégaqu ({)%gs’p%]Ze%t of control 30 IBTX-sensitive
current and is listed in Table |I. Recordings were acconplished using
%aﬂdgrd t wo- el ectrode vol tage clanmp techniques [Stuhner, W, et al.,
thods in Enzynol ogy, Vol. 207: JNABBEA (1992)]; WO 01/40191
PCT/ US00/ 32382 -12 vol tage-clanp protocol s consisted of 500-750 ns
?T{J/I‘atl on step depolarizations froma holding potential of -60 mV to +140
in 20 MV steps. The expe ntal medga durrsHtf 1ed Barth's sol ution)
consisted of (in mM: [Nad ZJSW NaHCO3 (2.4), KA | (1.0), HEPES (10),

MSO4 (0.82), 5 Ca(NGB)|2 (0.33), Cad2 (0.4%¥;, pH 7, 5. TABLE 1 Ex. No. BK
Current* 4 ++ 5 ++

5 ++

10 * at 20 uM expressed as percent increase over BK current in controls
+ = 100-200%
++ = >200%

To determine the ability of these compounds to reduce cell loss
15  resulting from neuronal ischemia, a standard rodent model of permanent
focal ischemia, involving occlusion of the middle cerebral artery in the
spontaneously hypertensive rat (middle cerebral artery occlusion (MCAO)
model) was employed [Tamura, A., et al., Journal of Cerebral Blood Flow
and Metabolism, Volume 1, 53-60, (1981)].

20
Selected compounds have been evaluated in the focal stroke

model involving permanent MCAO in the spontaneously hypertensive rat.
This procedure results in a reliably large neocortical infarct volume that is
measured by means of vital dye exclusion in serial slices through the

25  brain 24 hours after MCAQ. In the present test, compounds were
administered using an intravenous route of administration at 2 hours after
occlusion. For example, in this model, the compound of Example 5
reduced the cortical infarct volume by about 25% when administered
(0.003 mg/kg) as a single bolus 2 hours after middle cerebral artery



igo*zggo/zo M expressed as percent increase over BK current in controls + =
0 ++ > 200% To determne the ability of these co reduce
cel | | oSXO W& | ¢ ng from neuronal ischema, a st andargpf/ﬁg@?hzsq%bdel of
permanent focal ischem a, involving.occlusion of the middle cerebral
artery in the spontaneously hypertensive rat (mddle cerebral artery
occlusion (MCAO) nodel) was enpl oyed [Tarrura A., et al., Journal of
Cerebral Blood Flow and Metabolism Vol 53. 60, (1981)]. 20 Sel ected
conpounds OrOlSIOR @S COTRPaEHda ViehloﬂQTHeﬁtﬁQa 2%@'&9@9 9856 BFORWE R vi ng

per manent &g@glk %&e spont aneously hypertensive rat. This procedure
results i y | arge neocortical infarct volune that is neasured by
nmeans of V|taI dye exclusion in serial slices through the 25 brain 24 hours

after In the, resent t est ounds were dm .n stered usi ng an
i nt ravenous rouf e rﬁ‘ﬂﬁ%‘t%@"%ﬂ@?“?"%iﬁ@e%ﬁ‘@@fd fu[% thei on. Fgr

a5 548 MMl LB GRTPLCHcRle PO mcr casay 812 cort o

i nfarc mnlstere my/ Kg)  as a single
bol us 2 howdicatf, tBarWEirddff P. d‘éeletaraIA aChgstly G/@@mrmﬂminmwgemwmsaz -13

occl usio t, hi.cl e-t 2% Q. 98% | I
Cont rol - TG BHATDARG odlcRl e B ansdh e 2° Fonare Y expattnaRaRB et , & 1 e
o scientifemdd ﬁa@rmrﬁ F(;gsmamz 4—419663%9?'11;1597& BRiigtly, rits Peterson, B.,

Wl cott, B., , Chri st m ni shed neur ogeni ¢ but
not phar rra(ﬂﬁOe@(D&g) were anesihetized ua@gﬁochmanemmafbéabme ﬁ’@fﬁ@@ﬁny di abet ic

o 8 olar ol Rl Bl e R RS gl > (250 000
placed in the right corpus cavernosum (crus) to measure intracavernous
pressure (ICP). A second catheter was introduced into the carotid artery
to measure blood pressure. Test compound (0.1, 0.3 and 1 mg/kg i.v.) or
vehicle (PEG 400) was given via a catheter placed into the jugular vein.

15

Control intracavernous pressure responses were elicited by

electrically stimulating the cavernous nerve via bipolar stimulating
electrodes (20 Hz, 0.22 ms pulse width). Stimulus amplitude (0.2 - 20
mA) was adjusted to produce a submaximal intracavernous pressure

20 response (typically 0.2 or 0.5 mA). A series of control intracavernous
pressure responses were then obtained using a constant stimulus
amplitude. Test compound or vehicle was then administered (200 ul i.v
bolus) and the cavernous nerve was restimulated to evoke a cavernous
pressure response at various times post-drug administration. Animals

25 were excluded from the study if the initial ICP responses to nerve
stimulation were unstable (“spiky” responses) or if there were
time-dependent variations in the magnitude of the control responses.
Animals were also excluded if the control ICP/BP response fell outside the
0.3-0.6 range. A repeated measures ANOVA was used for the evaluation

30 of statistical significance. For example, in this model, the compound of
Example 4 (0.1 — 1 mg/kg) produced an augmentation of the ICP/BP
responses elicited by sub-maximal stimulation of the cavernous nerve. A



10 opened and the cavernous nerve identified. A pressure catheter was

pl aced in the right corpus cavernosum (crus) to measure intracavernous
pressur e WO @A0191A second cat heter was introduced into the PEIYERDA2ERt ery
to measure bl ood pressure. Test conmpound (0.1, 0.3 and 1 ng/kg i.v.) or
vehi cl e (PEG 400) was given via a cat héter pl aced into the jugular vein.

15 Control intracavernous pressure responses were elicited by electrically
stinmulating the cavernous nerve via bipolar stinulating electrodes (20 Hz,
0. 22 ms pulsignificanithincre&se iruthes|CRYBP ratidavddolserv@l at absesviromadj usted to
produce a sugnaxi L I ntracavernouys .pressure 20 response (typically 0.2 or

0.5 my). AGLlQegka ohremprundiesiedyver nous pressure responses were then

obt ai ned using a constant stimulus anplitude. Test conpound or vehicle was
t hen adm ni stered (200,ul i.v bolus) and the cavernous nerve was

restimul at ed to Eheotesulis ohther abone biolagicaltesisalgnoonsirades thatitbes ti nmes
post-drgg adm ni strat itﬁn' Ani.mal s t25 wer e tex&lguded fromthe study if the
initial 2l CFY e%f o MRlgidnvential A& PRIN P%n?fﬁsotf e ("spi ky"
responses) |fgeléoridiRtghctdciuin-a8tiviese ReeiNannals (Ma@rSor BKt he magni t ude of
the control responses. Aninmals were also excluded if the control |CP/BP

response fdhanpelssi deushide cpnpaurslsrefiihe preserijeeniipnaradisedd fANOVA was

used for t | fe | S11G ORI, £e e anple, in
this model Mg eRBhLO e cistldons Sy roRPBSAAREFor S ETE
augnent at i ghe@bramepbleRz&idon and pondectanté antedreferablih-areiidiedtedtformul ati on
of the cavernous nerve. A WO 01/40191 PCT/ USQ0/ 32382 -14 sjgnificant

i ncread@ i he feafropnbpf ipeierBiangyokeseanMedsians, fPIBRSY.ASHME, TUEDe ny/ kg of
conpound 't 'sgﬁaf:?rﬁéistﬂﬁéing tr%@ﬁ\aﬁg%\‘ﬁn%ﬁlkﬁgglp‘ﬁ?él cbf Injuryenonstr at es
conpounds of e I'hs are p

that the ant 1rnventio ot ent “opéners of the
sexual dysfunction, urinary incontinence and male erectile dysfunction,

other disorders sensitive to BK channel activating activity.

15 For therapeutic use, the pharmacologically active compounds of
Formula | will normally be administered as a pharmaceutical composition
comprising as the (or an) essential active ingredient at least one such
compound in association with a solid or liquid pharmaceutically
acceptable carrier and, optionally, with pharmaceutically acceptable

20 adjutants and excipients employing standard and conventional
techniques.

The above therapeutic agents, when employed in combination with
the compounds of the present invention, may be used, for example, in
25 those amounts indicated in the Physician’s Desk Reference (PDR) or as
otherwise determined by one of ordinary skill in the art.

However, it will be understood that the amount of the compound
actually administered will be determined by a physician, in the light of the
30 relevant circumstances including the condition to be treated, the choice of
compound of be administered, the chosen route of administration, the



| ar ge- conduct ance cal ci um activated K+ channels (Maxi-K or BK channels).
Thus, the conpounds of the present invention are useful f @ eat nent
of hunanwel"é/g&(?érs arising fromdysfunction of cellular %W% %&52{2

pol ari zati on and conductance and, preferably, are indicated for 10 the
treatnment of ischem a, stroke, convul §] ons, epilepsy, asthma, irritable
bowel syndronme, migraine, traumatic brain i nj ury, spinal cord injury,
sexual dysfunction, urinary incontinence and nale rect dxifunctlon

ot her di sorgerweighhang eeppaserf tiedndvidug palieRt Ag é'&? ISW?'S}W gNgor

t her apeuti ; rmacol ogically active conmpounds of Forrmula I wll
normal | y béati%ﬁ‘isnél@t?%rgﬁ as a pharnmaceutical conposition conprising as the
(or an) essential active ingredi ent at | east one such conpound in

associ ati on vvlth a solid or UI d pharmaceuti c I acceptabl e carrier
and, optional | yIh@if QFPV}SHQPP@E‘QE?r %ﬁgveﬁi’é’éﬁ%ﬁ Q) ﬁ‘?élﬁf% 8 |

excl pi et sy il nGEMIGH N &HjAvay irkEicHigs marie above
therapgtl C&%Eﬁ%ﬂéﬂ?@eﬁéﬁ gﬁﬁprfb%g i n conbi nat i o¥1 with the c-gtr}gounds of the
present i nvanations, ofithy imentisadire possidleawithis, therscepetal die investiols i ndi cat ed
in the Physician's Desk Reference (PDR) or as otherw se determ ned by one

of ordinary skill in the art. However, it wll be understood that the
amount of the conpoupgscHPTIONORBPECHIE EMBODIMERTS:t er ni ned by a
physician, in the |i The 30 relevant circunstances including the

condition to be treated, the choice of conpound of be adm nistered, the
chosen g oute, o L RISMRL b Beal RrBdabies T BB, 15 noe
patient's @é‘ﬁﬂbﬁﬁﬁé NiBRinG P dimtei iereasaomletisorna Saienkanipycagijargf i 11 ustration
and are not to be construed as |imti ngrttgﬁ r{]gvr?&};é r%golngnggy ﬂay
i nasmuch ame{@ng/pomt apparatus are uncorrected. Pro g
NMR) spectra were recorded on a Bruker AC 300 spectrometer. All
spectra were determined in the solvents indicated and chemical shifts are
15  reported in 8 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; g, quartet; m, multiplet; br, broad peak; dd, doublet of doublet; bd,
broad doublet; dt, doublet of triplet; bs, broad singlet; dg, doublet of
20 quartet. 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-! absorption of a polystyrene film and
reported in reciprocal centimeters (cm-*). Low resolution mass spectra
(MS) and the apparent molecular weight (M+H)*+ was determined on a
25 Finnigan TSQ 7000. The element analyses are reported as percent by

weight.
EXAMPLE 1

30 3-(2-Hydroxyethy|)—4-hydroxy—6-chIorocoumarin



variations of the invention are possible within the scope of the invention.
DESCRI PTI ON OF SPECI FI C EMBODI MENTS 10 In the foll ow ng exanpl es, all

t enper at wioeg/4a19% gi ven in degrees Centigrade. Melting poPGTAISHEI288Y ecor ded
on a Gallenkanp capillary nelting point apparatus are uncorrected. Proton
magnetic resonance (1H NVR) spectralfiere recorded on a Bruker AC 300
spectroneter. Al spectra were determned in the solvents indicated and
chem cal shifts are 15 reported in 8 units downfield fromthe internal

standard t et r armps BoRitloanst y-tutyRlactode (16 & @ r1tg0 neaolhlin THFREOON ant s are
reported in Hertz (Hz). Splitting patterns are de5|§nated as follows: s,

si ngl et; dnLdabT&C was added@ €0, Mgl HE selution; of hiHMBS (&ML, 1366 br oad peak;
dd, doubl et of doyhlet: hd, broad doublet; douhl et of triplet; bs,
. oo o) Sl AR o B Sl b
pot assi Umé?rsl’gﬁlggos%ggjrl?c MR/ edflr#16161¢ De®A pliriBedy.6 nihBKin TRiF spectroneter

from 4000 cm cm1,” calibrated to 1601 cm 1l absorption of a
pol yst ¥r en®5mLmwasaddedpdxftesstirning fot iiphawaat QCenthenaidue was 1) . Low

resol uti on nmass ectr MB) and the rent nol | ar L ght (M+H) + was

det er ni ned”%rm%\d %grqgln?]?ﬁraé r 6%6'9@%23@?%&&@@%% &?gﬁgare reported as

percent byaftevedddiihg t&8APEENG. HOI ﬁ12 N, 150 mL) was slowly added to brin

3- (2- Hydroxyet hyl ) -4- hydr oxy- 6- chl orocounmarin WO 01/40191 PCT/ USOQ' 32382
éﬂo

-16 To a dbewH fTheyepoliqn splution was(stisrest yntil HRLQ amabisjs i n THE (100 nl)
at -78C t ] | ( : 6 ), and
the res umﬁﬂ@g%%gr%osgp I%;BZ‘? éa? éﬁ&?%%& @&e@%l] rﬁé%@ ('))ftg% Vgﬁgngf
5- chl aosadddad 400 mit ORLCesdret 300 MlEHgO; #Yoanid phasidwa@smol ) in THE 5 (95
m.) was added. After stirring for 1 hour at OC, the mixture was warned to
r oom t enpesepanatedanet theggqueotisdagrrwas extsaeied withaCH O, (100 mL).

The organic layers were combined and dried over anhydrous Na,SO,,

and the solvent was removed under reduced pressure to give a solid.

Heptane (165 mL) was added to a solution of the solid in THF (290 mL) to

15  crystallize the product. After cooling to 0-5°C for about 3 hours, the
product was isolated by filtration and washed with heptane. After drying
in vacuo, a total of 13.9 g (66% yield) of the title compound as off-white

crystals was obtained. m.p. 185-186°C; MS m/z 240;

20 H NMR (DMSO-dg, 300 MHz) § 7.84 (d, 1H, J = 2.4 Hz), 7.61 (dd, 1H, J
= 2.4, 8.8 Hz), 7.38 (d, 1H, J = 8.8 Hz), 3.56 (t, 2H, J = 6.6 Hz), 2.73 (t,
2H, J = 6.6 Hz); 13C NMR (DMSO-dg, 75 MHz) § 162.6, 159.9, 150.5,

131.4, 127.9, 122.4, 118.2, 117.8, 103.2, 59.4, 27.6; IR (cm-1) 3247.2,
2945.1, 2458.6, 1664.9, 1623.9, 1572.7, 1311.5, 1378.1, 1070.8, 825.0.

25
Anal. Calcd. for C41HgO4Cl: C, 54.90; H, 3.77; Cl, 14.73.
Found: C, 54.79; H, 3.70; Cl, 14.76.
30 EXAMPLE 2

2.3-Dihydro-8-chloro-4H-furobenzopyran-4-one



After cooling to OC, conc. HC (12 N, 150 nL) was slowy added to bring
the pHto 1. The reaction solution was stirred until HPLC anal ysis

i ndi cat ewanetogdisence of the keto-ester internedi ate. To PAEUSDGEI282 was 10
added 400 nL CH2Cl 2 and 300 nmL H2O, the organi c phase was separated and
the aqueous |ayer was extracted with1@&#2CI 2 (100 nl). The organic |ayers
were conbi ned and dried over anhydrous Na2SO4, and the solvent was renoved
under reduced pressure to give a solid. Heptane (165 nmL) was added to a

sol ution of th€l'c$a|sioﬂ1tidm dﬂf(z-ﬁ%kolxyéthtyl) 4L-hygroxytegthiorecdumeann oduct . Af ter
cooling to 0-5C for about 3 l]Jr,s, t he s roduct was isolated by filtration
and mshed@@fﬂ?'%éb(%ﬂe%ﬂfmm‘) Jdpyplagne;( 6925%@05“ rROLICAIPIAIUYS 9 g (66%

| d) of d.
Yoo 1hoe Wi abiséd proAROLED. o tholfadd tndfaiiblsdlafor Wi ned- M B
Hz), 7.61 retldxed with the remdvdl, of@va@teHn}ing7a BeaheStatk eond]ense@ ghez), 3.56 (t,
2H J = 6, 75 MHz) S
162. 6, 5159"*9""%’56“@“’9 @’éﬁ CE’OIAPZ‘? ’90”‘1*?2“%&’3&% ai‘[gmig"%wfgs 2. 59, 4) 27.6:
I R (Cm1)§)a3|%14a¥e@sod@?rf‘@cérbo?ﬁ?@s@luhéﬁ%rc% 'ﬂ(ﬁ@én@wa%ﬁéﬁwo@ed@ll 5, 1378 1,
1070.8, 82 . for Cl1
14. 73. Foatmuspﬁen@dnsmatm tcga fioal \@lymefaR mL3oAfwvmling o 70°C,

2, 3- Di hydrp- 8- hI b 4- USQ0/ 32382
217 To & dBp drdneiaraied L O RRBRGEY R 50 S B yes HEY Betiestivar n
(Exanpl e Igs. é§°®for3<§b ﬁnmb)fouawbélbvmnhé@@o%% aThe pPOYlcWEy at ure  was
added p-TSA ( and t he resul ting . solution was refluxed

with tiRe rléfhlﬁtaﬁ bb?“mb@r W§§h¢@Wz§hl§@éﬂﬂ e isyvactee Atotahetion
m xture wag £oof @dol i BPthE TRE EBHHo%na% H‘I@m MEfis was

obtained. m.p. 144-146°C; MS m/z 223 (M+H)+;

1H NMR (CDCls, 300 MHz) & 7.58 (d, 1H, J = 2.5 Hz), 7.49 (dd, 1H, J =
15 2.3,8.8 Hz), 7.30 (d, 1H, J = 8.9 Hz), 4.90 (t, 2H, J = 9.3 Hz), 3.21 (t, 2H,
J = 9.5 Hz); 13C NMR (CDCls, 75 MHz) & 166.4, 160.3, 153.4, 132.6,

129.6, 122.4, 118.6, 113.8, 103.6, 74.9, 27.1; IR (cm1) 3073.1, 2975.8,
1721.2, 1644.4, 1490.8, 1403.7, 1270.6, 1111.8, 1040.1.

20  Anal. Calcd. for C44H;O4Cl: C, 59.35; H, 3.17; ClI, 15.92.
Found: C,59.13; H, 3.16; Cl, 15.93.

EXAMPLE 3
25

4-(4’-Trifluoromethylghenylcarboxamide)-5-(2-hydroxy-5-chIoro)—
2.3-dihydrofuran

To a solution of 2,3-dihydro-8-chloro-4H-furobenzopyran-4-one

30 (Example 2) (1.02 g, 4.58 mmol) and 4-(trifluoromethyl)aniline (0.74 g,
4.58 mmol) in THF (50 mL) at -15°C was added LiHMDS (10.5 mL, 10.5
mmol, 1.0M solution in THF). The clear, red solution was stirred at -15°C



saturated sodi um bi carbonate solution tw ce. Tol uene was renoved by
atm)spherlc distillation to a final volume of 32 nL. After o 70C,

t he prod&:(? W% ed to crystallize. The crystal slurry m;Cﬁ'@&gb@&Bé\e
55-65C for 30 mnutes, followed by c_ogél ng to 0-5C. The product was 10

| sol ated by fiItration, washed with cord toluene, and dried in vacuo. A
total of 5.5 g (74%vyield) of the titIe conpound as off-white crystals was
obtained. mp. 144-146C, M5 nmlz 223 (MH) +; 1HN|\/R%] I3 300 MHz) 6 7.58
(d, 1 H, JustibHPLG gnalysiadndigrted <ide Oj starting matgrialge 7.30 (d, 1L H J

(ooar 3 s Rpgitxhatel S0 MilysP T8S rarich rpturdiyas é?e%@e.‘?@ M%°s 1138,
103. 6, 74. addaibnlof dn &esusisol 3080l NaPgPR, 850 MIZ210 H%lia44,Q), 1490. 8,

1403. 7, 1270.6, 1111.8, 1040.1. 20 Anal. Calcd. for Cl1 H7Q3Cl: C, 59.35:
H 3.17 CAftersheadditippafdert-butdmatbyl ethes (A%mLyy thelsyers. WefEXANPLE 3 25

e #ﬁﬁﬁ%&%‘?@%%ﬁiﬁgﬁ FRCE e B il RePlp

4-
Zz?f)r/{?ruor(g@ng?lhaﬁ ani |1 nee?)gér%géafl@aﬂa.d &1&886“19%1 #ﬁgr dg/ln%ic_)yerat - 15C was

added Li HMNg S0, thébolufibn wasnaorcentratdd wogive Itlwtltlel compoundles &l ear, red
sol uti on was stl rred at -15C WO 01/40191 PCT/ US00/ 32382 -18 until HPLC

anal ysi s i rmdharaoEailgem dt76 gat 00%qyietd) ahich crystadizeddipqrasdrigeraianel y 30

m nut es) . Leacti.on m xture enched of an aqueous
sol ution o di 616 %ﬁ@ex@@)fﬁﬁ hqétchéﬁﬁa?hgﬂgfﬁ]d\ﬁ% ®n of
tert-bypyl léﬂ?él'éﬁb)ﬁﬁlhﬁflorﬁ 2Radhod wttﬁ@jldkﬂdr%rn-’iethﬁﬁ@(ﬁo Atain @bchrd the rich
organi ¢ phase washed successively with

give 1.6 grams of the title compound (90% yleld) m.p. 180 —-180.5°C; MS

m/z 384 (M+H)*;

1H NMR (DMSO-dg, 300 MHz) § 9.76 (s, 1H), 9.34 (s, 1H), 7.76 (d, 2H, J
15 =8.5Hz), 7.60 (d, 2H, J= 8.7 Hz), 7.26 (s, 1H), 7.24 (dd, 1 H, J=2.2, 7.0

Hz), 6.83 (dd, 1H, J = 2.4, 7.1), 4.52 (t, 2H, J = 9.6 Hz), 3.16 (t, 2H, J =

9.6 Hz); 13C NMR (DMSO-dg, 75 MHz) § 165.5, 159.7, 155.9, 144.7,

132.0, 131.3, 127.3, 123.7, 121.7, 121.2, 119.5, 110.1, 71.5, 32.9; IR

(cm-1) 3303.6, 2950.2, 1654.6, 1608.5, 1531.7, 1408.8, 1326.9, 1116.9,
20 1065.7, 840.4.

EXAMPLE 4

25 4-(5-ChIoro-2-hydroxyghenyl)—3-(2—hydroxyethyl)—6-
(trifluoromethyl)-2(1H)-quinolinone

A solution of 4-(4 -trifluoromethylphenylcarboxamide)-5-
(2-hydroxy-5-chioro)-2,3-dihydrofuran prepared in Example 3 (1.76 g,
30 4.58 mmol) in MeOH (500 mL) was purged with nitrogen and irradiated
with a 450 W Hanovia lamp at 30-40°C until HPLC analysis indicated <



(50 nL, 10 vt %in H2O and saturated brine solution. After drying over
Na2SO4, the solution was concentrated to give the title conpound as a
clear, oM¥MBE4089] (1.76 g, 100% vyiel d) which crystallized R§JgS00/32382
refrigeration. Addition of dichl oromfégane (20 m-) gave white crystals,
whi ch were 10 isolated by filtration shed with dichl oronethane (10 ni)
and dried to give 1.6 grans of the title conpound (90%vyield). mp. 180
-180.5C; M5 mz 384 (MrH)+; 1 H NVR (DVSO-d6, 300 M—Izé8976(s 1H,
9.34 (s, 118 of aom@ogud (Exammle iilsremalnedHi)he Me6b! was then 8.7 Hz), 7.26
(s, 1 H, 7 Hz)., d 4, 7.1),
4.52 (t, 2|Q°”Se’SI Gegh 'W?CU% e ﬁ'ie ’efH"'”g |d|gsc§9?éﬂ1 d'f%k?’RWﬁ”? O d6, 75
MHz) 8 165.50 mi9?. dwsth’@fcﬂmeb%ﬂdnshrﬂﬁ?f& ;one3Hout at¥ddmtenipstature121. 7,
121.2, 119.5, 110.1; 71.5 : cm 1) 3303.6, 2950.2, 1654.6,

1608. 5, 153fter cookuBti®, slmw60@°Qﬁme ogystalgmqreesolatedahwflktratEmwM_E 4 25

£ (5. ool i R REENRLER A o LR ASRR AL et BRI )22

(2- hydr oxy éc&gﬂaﬂfn%)so%d%ﬁi By W Ot féﬁ@ﬁé%b L2, rﬁwmﬁzésf(d M& g, 30

4.58 mmol ) was purged with nitrogen ‘and irradiated with a
450 WHanO\m/a SMW-’dﬂ)“SO 40C until HPLC analysis indicated < WD 01/40191

PCT/ US00/ 32382 -19 1% of conpound (Exanple 3) remained. The MeOH was t hen
concentrated in vacuo, and the resulting oil dissolved in dichloronethane

(50 ). Crystpes EBMS@GSaéG@Mﬁi)'sm g (fsomprgeshwrm)t 7179 (@, teRer at ure.

After cooling the slurry’to C, "the crystals were isolated by filtration
and 5 gpi ed: 84 KDt alswﬁfd G|-54/.—98(539|% yi.& dad of H be- 24t B Elehpnae, was
obt ai ned as a crysta d with an HPLCss)urltI of 97 area % mp.
253-255C; Nil, J=2.4 Hz), 708 s 1H) 7.06 (d, 1H, J Hz), 4.60 (m, 1H), 3.44

(m, 2H), 2.50 (m, 2H); 13C NMR (DMSO-dg, 75 MHz) 6 163.7, 155.1,

145.9, 141.7, 132.6, 131.5, 131.3, 127.8, 127.4, 125.5, 124.5, 123.5,

121.0, 119.3, 117.9, 60.7, 33.9.

15
EXAMPLE 5

4-(5-Chloro-2-methoxyphenyl)-3-(2-hydroxyethyl)-6-
20 (trifluoromethyl)-2(1H)-guinolinone

A solution of 4-(4'-trifluoromethylphenylcarboxamide)-5-

(2-methoxy-5-chloro)-2,3-dihydrofuran (1.5 g, 3.77 mmol) in MeOH (400

mL) was purged with nitrogen and irradiated with a 450 W Hanovia lamp
25 at 5-26°C until HPLC analysis indicated <1% of starting material

remained. The reaction mixture was then concentrated in vacuo, and the

resulting solid was purified by chromatography on silica gel with 3:1

hexane/ethyl acetate. A total of 1.03 g (69% yield) of the title compound

was obtained as a white crystalline solid. m.p. 216-217°C; MS m/z 398
30 (M+H)*;



z 384 (MtH)+; 1 H NVR (DMSO d6, 300 MHz) 8 12.27 (s, 1 H, 9.91 (s, 1 H),
79 (d, 1 H J 10 =8.3 Hz), 7.53 (d, 1 H J =8.5Hz), 7.42 (dd, 1 H J
2.4, 8vOooHa)1917.26(d, 1 H J =2.4 Hz), 7.08 (s, 1 H) , PGr/Uso0(3a3s2l H J =
9 Hz), 4.60 (m 1 H, 3.44 (m 2H), 2.50 (m 2H); 13C NWR (DVMSO d6, 75
MHz) 8 163.7, 155.1, 145.9, 141.7, 1296, 131.5, 131.3, 127.8, 127.4,
125.5, 124.5, 123.5, 121.0, 119.3, 117.9, 60.7, 33.9. 15 EXAWPLE 5 4-(5-Ch
| or o- 2- net hoxyphenyl ) - 3- (2- hydr oxyet hyl )-6- 20 (trifluoronethyl)-2(1

H) - gui nol Iwwmww?a 300 MHE}S 1R12d (syarFynT gohyl nhie oy 8 Heyani de) - 5-
(2-met hoxy-5-chl oro)-2, 3-di hydrofuran (1.5 g, 3.77 nmmol) in MeOH (400 nl)
was pur ged7.60t(ddniy dge6a8@ Hey, FBIi{dd M Ve 86430, W3Rkt Jamp 25 at
5-26C unti| HPLC_anal ysis jndicated <1 % t in i,al,remained. The
reaction nd-8tltf e73§@sz¥ﬁﬁ Jcrogcgeﬁtz}&tgé ($, mv)agtﬁ b%ﬁ”ﬁﬁ%gé (B3Mking solid
was purifi o] 1 1= g WM i n hyl

acet at e. A§.983§],§£-p, ?%@@a%‘g%%@?i@%@?ggh%s’tﬁ@%gnﬁﬁu%%é obt ai ned
as a Wy tejt ¥s{p 7l 182 $0h 4.8 Ma3A.5, 4062 1@ 1 MParBz1208, 189.1( M-H) +; WO

01/ 40191 PCT/'UsOO'32382 '-20 1 H NVR (DVBO-d6, 300 MHz) 8 12.29 (s, 1 H),
7.79 (d, 1141.9)1%5.8, 604 B4.0.7.60 (dd, 1 H J = 2.6, 8.9 Hz), 7.53 (d, 1 H,
J =8.6 H), 7.37 (d, 1 H J= 2.6 H), 7.30 (d, 1 H J =8.9 Hz), 7.00
(s, 1 H, 459 (m 1H, 3.69 (s, 3H, 3.40 (m 2H), 2.50 (m 2H); 13C NWR
(DVMBO-d6, 75 MHz) 8 163.6, 156.8, 5 145.3, 141.7, 132.6, 131.8, 131.5,

127.5, 127.1, 126.3, 124.3, 121.1, 117.9, 115.3, 60.7, 34.0. WO 01/40191
PCT/ US00/ 32382

m
7.
8.



-21 What is clainmed: 1. A process for preparing a quinoline conpound of
the formula R NO1l R3 OH R4 OR R 5 wherein Ris hyd t hyl;
RL is brO48®oro or nitro; and R2, R3 and R4 each arewﬁfg@g@{ﬁgtly
hydr ogen, hal ogen, nitro or 10 trifl Q%o_mst hyl, provided R2, R3, and R4 are
not all hydrogen; or a nontoxic pharmaceutically acceptable salt thereof;
conprising the steps of: (a) treating a conpound of formula IIl 0 OHOTrO
1l RL with an acid to produce a cyclic conpound of formula IV 0 o OIlV
15 R1 wher eYMhakis ¢laimednp, chloro or nitro; (b) reacting the compound of
formula IV with a substituted aniline of formula V WO 01/40191

PCT/ USOO 32382

1. A process for preparing a quinoline compound of the formula

5 wherein
R is hydrogen or methyi;
R1 is bromo, chloro or nitro; and
R2, RS
and R4 each are independently hydrogen, halogen, nitro or
10 trifluoromethyl, provided R2, R3, and R4 are not all hydrogen; or a nontoxic
pharmaceutically acceptable salt thereof; comprising the steps of:
(a) treating a compound of formula Il

0
OH

OH i

R1

with an acid to produce a cyclic compound of formula IV

15 R!

wherein R is bromo, chloro or nitro;
(b)  reacting the compound of formula 1V with a substituted

aniline of formula V



-22V NH4- R 2 R4 Raherein R2, R3, and R4 are as defined above; to produce
a conpound of formula VI RL R2Z NOR3 | T11XIJ VI R4 O OR 5 wherein R1,
R2, R3, wobiR01"re as defined above and R i s hydrogen; (cPCofusb@seasl y

met hyl ati ng the conpound of formula VI wherein R is hydrogen to produce a
conpound of formula VI wherein Ris m@2hyl; and (d) cyclizing a conpound
of fornmula VI wherein Ris hydrogen or 10 nethyl and Rl, R2, R3, and R4
are as defined above by photochem cal irradiation to produce the quinoline
conpound of formula I. 2. The proceg#iof claim1l further conprising the
step of reacting a conmpound of forpula Il OHO0 Ow Il 15 Rl wherein RL is
bronmo, chloro or nitro with y-buty gctone gnd a strong base in an inert
organi ¢ solvent and then treating ke action mxture with a strong acid
to produce the conpound of forntl a IF!SI %O—I (5" COH 111

wherein R2, R3, and R4 are as defined above; to produce a compound of

R2 N_ _O
VI
R3j©/ AN

R* o} OR

formula VI

5 wherein R1, R2, R3, and R4 are as defined above and R is hydrogen;
(c) optionally methylating the compound of formula VI wherein
R is hydrogen to produce a compound of formula VI wherein R is methyl;
and
(d) cyclizing a compound of formula VI wherein R is hydrogen or
10 methyl and R1, R2, R3, and R4 are as defined above by photochemical

irradiation to produce the quinoline compound of formula |.

2. The process of claim 1 further comprising the step of reacting a
compound of formula Il

15 R!
wherein R is bromo, chloro or nitro with y-butyrolactone and a strong

base in an inert organic solvent and then treating the reaction mixture with

a strong acid to produce the compound of formuia 1l

O
OH

OH i



R1 WO 01/40191 PCT/ US00/ 32382 -23- wherein Rl is as defined above. 3. The
process of claiml1 wherein RL is chioro. 5 4. The process of claim?2
wher ei n Wb o180®hi oro. 5. The process of claim3 wherei n RPCRAJSamz3R are
hydrogen and R3 is trifluoronethyl. 10 6. The process of claim3 wherein R
is nethyl; R2 and R4 are hydrogen; a8 R3 is trifluoronethyl. 7. A
conpound of the formula RL R2Z NOR3 VI R4 OOR 15 wherein R is hydrogen
or nethyl; RL is brono, chloro or nitro; and R2, R3 and R4 each are

[ ndependent\we}yﬁip@g?gs deghegebovei tro or 20 trifluoronmethyl, provided R2,
R3, and R4 are not hydrogen. 8. The conpound of claim?7 V\,herel n R R2

and R4 are hydrogen; RL is chl oro and R3 is trifluoronethyl. 25 9. The
conmpound of _claim 7 wherei R4 are, hydrogen; Ris nethyl, Rl is
hi b o and3Ra"| EG PSS ARy wrcrei 11 IDEHGRS

5 4 The process of claim 2 wherein R is chloro.

5. The process of claim 3 wherein R, R2and R4 are hydrogen and R3

is trifluoromethyl.

10 6. The process of claim 3 wherein R is methyl; R2and R4 are
hydrogen; and R3 is trifluoromethyl.

7. A compound of the formula
R1
R? N_ o
LD
R3 N
R4 O OR
15 wherein

R is hydrogen or methyl;

R' is bromo, chloro or nitro; and

R2, R3

and R4 each are independently hydrogen, halogen, nitro or
20 trifluoromethyl, provided R2, R3, and R4 are not all hydrogen.

8. The compound of claim 7 wherein R, R2 and R4 are hydrogen; R!
is chloro; and R3 s trifluoromethyl.

25 9. The compound of claim 7 wherein R2 and R4 are hydrogen; R is
methyl, R1 is chloro; and R3 s trifluoromethyl.



