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Potassium ions play a dominant role in controlling the resting membrane

potential in most excitable cells and maintain the transmembrane voltage near the K*
equilibrium potential ("E") of about ~90 milliVolts ("mV"). It has been shown that

opening of potassium channels shift the cell membrane potential towards the Ej,
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SUMMARY OF THE INVENTION

In accordance with the present invention, atropisomers of 3-substituted-4-
arylquinolin-2-one derivatives are provided. The atropisomers are compounds

having the general formula
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atropisomers of 3-substituted-4-arylquinolin-2-one derivatives. Quite surprisingly, in

accordance with the present invention, it has been found that the atropisomers do not
readily interconvert, even after extended periods, e.g., 30 days or more. As a result,
pharmaceutical compositions can be tailored to be enriched in the atropisomer most

effective for treating the targeted condition.

The present invention also provides pharmaceutical compositions comprising-
the atropisomers of 3-substituted-4-arylquinolin-2-one derivatives and methods for
the treatment of conditions sensitive to potassium channel opening activity such as,
for example, ischemia, stroke, convulsions, epilepsy, asthma, irritable bowel

syndrome, migraine, traumatic brain injury, spinal cord injury, sexual dysfunction

and urinary incontinence.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a structural representation of two atropisomers in accordance

with the present invention.

Figure 2 is an HPLC chromatogram of a racemic mixture of the atropisomers

in accordance with the present invention.
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McGraw-Hill Dictionary of Chemlcal Terms, S. P. Parker, Ed., McGraw-Hill Book

20  Company, New York (1984) and Stereochemistry of Organic Compounds, Eliel, E.
and Wilen, S., John Wiley & Sons, Inc., New York (1994). Many organic
compounds exist in optically active forms, i.e., they have the ability to rotate the
plane of plane-polarized light. In describing an optically active compound, the
prefixes D and L or R and S are used to denote the absolute configuration of the

25  molecule about its chiral center(s). The prefixes d and 1 or (+) and (-) are employed
to designate the sign of rotation of plane-polarized light by the compound, with (-) or
1 meaning that the compound is levorotatory and (+) or d, meaning the compound, is
dextrorotatory. For a given chemical structure, these compounds, called
stereoisomers, are identical except that they are mirror images of one another. A .

30  specific stereoisomer of a mirror image pair may also be referred to as an enantiomer

k4

and a mixture of such isomers is often called an enantiomeric mixture.,
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The term "enantiomers" refers to two stereoisomers of a compound which are

non-superimposable mirror images of one another.

The term "atropisomer” refers to a stereoisomer resulting from restricted
25  rotation about single bonds where the rotation barrier is high enough to permit
isolation of the isomeric species. Typically, rotation about the single bond in the
molecule is prevented, or greatly slowed, as a result of steric interactions with other
parts of the molecule and the substituents at both ends of the single bond are
unsymmetrical.
30
The term "atropisomerically enriched" means that the compound, i.e., mixture

of atropisomers, comprises a greater proportion or percentage of one of the
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The term "pharmaceutically acceptable salt" is intended to include nontoxic
salts synthesized from the parent compound which contains a basic or acidic moiety
by conventional chemical methods. Generally, such salts can be prepared by reacting
the free acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a mixture of the two;
generally, nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or
acetonitrile are preferred. Lists of suitable salts are found in Remington's
Pharmaceutical Sciences, 18th ed., Mack Publishing Company, Easton, PA, 1990, p.

1445. Suitable inorganic bases such as alkali and alkaline earth metal bases include
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solvates, where the context so permits. References to the compound of Formula I

also include the compounds of Formula II and III.

The term "derivative" means a chemically modified compound wherein the
modification is considered routine by the ordinary skilled chemist, such as an ester or
an amide of an acid, protecting groups, such as a benzyl group for an alcohol or thiol,

and tert-butoxycarbonyl group for an amine.

The term "solvate" means a physical association of a compound of this
invention with one or more solvent molecules. This physical association includes

hydrogen bonding. In certain instances the solvate will be capable of isolation, for
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The term "pharmaceutically acceptable prodrugs” as used herein means those
25  prodrugs of the compounds useful according to the present invention which are,
within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic
response, and the like, commensurate with a reasonable risk/benefit ratio, and
effective for their intended use, as well as zwitterionic forms, where possible, of the

30  compounds of the invention.

The term "prodrugs”, as the term is used herein, are intended to include any

covalently bonded carriers which release an active parent drug of the present
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cleavable groups have the advantage that they may exhibit improved bioavailability
as a result of enhanced solubility and/or rate of absorption conferred upon the parent
compound by virtue of the presence of the metabolically cleavable group. A
thorough discussion of prodrugs is provided in the following: Design of Prodrugs, H.
Bundgaard, ed., Elsevier, 1985; Methods in Enzymology, K. Widder et al, Ed.,
Academic Press, 42, p.309-396, 1985; A Textbook of Drug Design and
Development, Krogsgaard-Larsen and H. Bundgaard, ed., Chapter 5; "Design and
Applications of Prodrugs” p.113-191, 1991; Advanced Drug Delivery Reviews, H.
Bundgard, 8, p.1-38, 1992; Journal of Pharmaceutical Sciences, 77, p. 285, 1988;
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wherein R and R each are independently hydrogen or methyl;

R%, R?and R* each are independently hydrogen, halogen, nitro or trifluoromethyl,
provided R%, R and R* are not all hydrogen; and a nontoxic pharmaceutically

acceptable salt, solvate or prodrug thereof.
In one preferred aspect of the invention, R is hydrogen. In another preferred
aspect of the invention, R' is methyl. In still yet another aspect of the invention, R,

R?and R* are hydrogen, R* is trifluoromethyl and R’ is chloro.

One atropisomer of the invention can be represented by the formula:
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trifluoronmethyl, provided R2, R3 and R4 are not al
hydrogen; and a nontoxi ¢ pharmbkeutically acceptable
salt, solvate or prodrug thereof. In one preferred
aspect of the invention, Rl is hydrogen. I n anot her
preferred 25 aspect ofgthednvemtiong, RL is nethyl.
In still yet another aspeg nvention, R R2
and R4 are hydrogen, R3 i $ | ugrjonet hyl and R5 is
chl oro. One atropi soner Rbf e ™ i

RR3r OR RS
Hent i nvention, the

PCT/ US2003/ 041548 11 Rl R2
For purposes of describing the §
above structure is arbitrarislsyeferred to herein as
the (-)atropi soner or atropisonmer (A). The bold 5
section of the phenyl ring on the 4 position of the

gui nol i gone. denot th rtial rotation_of the phenyl
ring o u? 8ro? UPRES B ? §?§8“$1}}_E %ﬁ pc{ﬁseflﬁlé’vﬁ‘ﬂﬂoﬁ‘omer@ﬂ%e ?tglcmrg‘s
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represented by the fornmula: | R2ZNO I H
section of the phenyl ring on the 4 position of the quinolinone denotes the partial

rotation of the phenyl ring out of the plane in which the quinolinone is situated.

Another atropisomer of the invention can be represented by the formula:

(1)

For purposes of describing the present invention, the above structure is

arbitrarily referred to herein as the (+) atropisomer or atropisomer (B).

Preferred compounds for use in the method of this invention include the

compounds of Formula I listed below:

1) 4-(5-chloro-2-hydroxyphenyl)-1-methyl-3-(2-hydroxyethyl)-6-
(trifluoromethyl)-2(1H)-quinolinone;

(2) 4-(5-chloro-2-hydroxyphenyl)-1-methyl-3-(2-hydroxyethyl)-7-

trifluoromethyl-2(1H)-quinolinone;
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15  will produce the examples illustrated below and those encompassed by the scope of

this invention.
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Li HVDS/ THF, -78C to RT (b) 12N HCO 5 (c) pTSA

Tol uene, reflux (d) Li HMDS (e)3 (CH3O 2SS, K2CB (f)

hv, MOH
REACTION SCHEME 1
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M, ) e
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v RS
v
o] R!
I\! R' R
I
o} R? N )
+ —
o] d
R R4 R
R3 R 0 OH
R®
Vi Vil Vit
——

(a) LiHMDS/THF, -78°C to RT

(b) 12N HCl
5 (o) pTSA, Toluene, reflux
(d) LiHMDS

(e)  (CH30):80;, K,COs5
() hv, MeOH

10 The preparation of racemic mixture of compounds of Formula I can be
carried out by the reactions illustrated in Reaction Scheme 1. The coumarin
compound of Formula V is preferably prepared by condensing y-butyrolactone with
the methyl ester of a substituted salicylic acid of Formula IV which is then readily
cyclized with a catalytic amount of acid to produce the benzopyran-4-one of Formula

15 VI Treatment of compound VI with a substituted aniline of Forumla VII as

illustrated in step (d) produced the dihydrofuran of Formula VIII which is then
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Formula | can be carried out by the reactions
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di hydrofuran of Forrmula VIII which is then
2004/ 058260 PCT/ US2003/041548 14 optionally

met hyl a l.ati ' I .
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adYatit g@eus| y subj ected to a phot ochem cal

cyclization in an inert organic solvent to afford the

desired conmpound of Formula I. 5 A preferred reaction

schepmciamscHgmepar i ng the conpounds of Forpula | is set
forth bel ow REACTHON SCHEME 2 H NH2 D YC dF3

of bm &3 F3 Chy X Xlgg HZ HH E wa MOM F3
H 3 @ XX a) V3000 B o FHE—
Fa

Fs cl

a) Me,COOMe, THF
b)NaHMDS, 0-rt, 2 h

OOMe

. o MOM
¢) n-Buli, -40-0°C,

C
d) -781040°C, 2 h

o) NaOH,EtOH,
f) 40°C,1.5h

9 & LiIHMDS

h) O-nt, 1 h, then
H,O,1t,2h

i) ~PrOH, HCI

j)45°C, 3 h

Another preferred reaction scheme for preparing the compounds of Formula I

10  is set forth below:



b) NaHVDS, O-rt, 2 h OOMe MOM c) n-BuLi, -40-00C, ~
Cl d) -78 to -40C, 2 h e) NaOH EtOH, f) 40C 1.5 h 0)

W@E2004i0b8eBE h) O-rt, 1 h, then HO rt, 2 h ipCHBRIOBB/041548
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HCl j) 45C, 3 h Another preferred reaction scheme for
preparing the conpounds of Forldula | 10 is set forth
bel ow. WO 2004/ 058260 PCT/ US2003/ 041548 15 REACTI ON
SCHERE'ONSHEMEDPh F Fi Ha, b F.1 F3'Ph 3 3 ph Ac

H A CH cl cl x1lv xv >w|

Ph
a) C,fé'gé , DMF, Imidazole, 1, 3h
h

b) Ac,0, Et3N, CHyCly, 4h

c) Mel, acetone, KoCOg, 1t
d) LIOH.H,0O, EtOH, 18h, rt

e) n-BuygNF, THF, 36h

In accordance with the present invention, the reaction product containing the
(-) atropisomer and (+) atropisomer can be resolved to provide a fraction enriched,
and preferably substantially pure, with respect to one of the atropisomers.
Preferably, the fraction containing the desired atropisomer, e.g., (-) atropisomer, is
substantially free of the corresponding atropisomer, e.g., (+) atropisomer. Preferably,
two fractions are provided: a first fraction enriched, and preferably substantially
pure, with respect to the (-) atropisomer, and a seéond fraction enriched, and

preferably substantially pure, with respect to the (+) atropisomer.

The particular method for resolving the mixture of atropisomers is not critical
to the present invention. Any suitable method known to those skilled in the art can
be employed, e.g., formation of ionic, diastereomeric salts (or coordination
complexes) with chiral compounds and separation by fractional crystallization or
other methods, formation of diastereomeric compounds with chiral derivatizing
reagents, separation of the diastereomers, and conversion to the pure atropisomers,
separation of the atropisomers directly under chiral conditions on a variety of
matrices including supercritical chromatography and enzymatic hydrolysis. See, e.g.,
Stereochemistry of Carbon Compounds, supra; Lochmuller, C. H., (1975) J.
Chromatogr., 113:(3) 283-302).
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oS 55 e B P St
method of determining optical purity involves making chiral esters, such as a
menthyl ester or Mosher ester, e.g., o-methoxy-o-(trifluoromethyl)phenyl acetate
[Jacob IIL (1982) J. Org. Chem. 47:4165], of the racemic mixture, and analyzing the
20 nuclear magnetic resonance ("NMR") spectrum for the presence of the two

atropisomeric diastereomers.

Alternatively, a racemic mixture of the two atropisomers can be separated by

chromatography using a chiral stationary phase see, e.g., Chiral Liquid

25  Chromatography; W. J. Lough, Ed. Chapman and Hall, New York, (1989); Okamoto,
"Optical resolution of dihydropyridine enantiomers by high-performance liquid
chromatography using phenylcarbamates of polysaccharides as a chiral stationary
phase", J. of Chromatogr. 513:375-378, (1990). Atropisomers of the compounds of
the invention can be separated and isolated by chromatography on chiral stationary

30  phase, for example, with a Chiralpak AD column e.g., usin g a mobile phase
containing: (a) 2-Propanol; and (b) hexane containing a small proportion (0.1 —

0.15%) of either trifluroacetic acid ("TFA") or diethyl amine ("DEA").
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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 intended to be encompassed within the scope of the present
invention. It is believed that certain compounds of Formula I can exist in two
tautameric forms. It should be appreciated by those skilled in the art that when R is

hydrogen on the nitrogen atom adjacent to the carbonyl carbon atom, the quinoline
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25 Fol.BiplaChemaR65x1 19834100901 990)] was employed at a supramaximal
concentration, e.g., 50-100 nanomolar ("nM"). The relative contribution of BK
channel-mediated 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)
30  [Gribkoff, V.K. et al., Mol. Pharmacol., 50:206-217 (1996)]. It was determined that
at the tested concentrations the compounds profiled did not significantly effect non-

BK native currents in the oocytes. All compounds were tested in 5-10 oocytes and

are reported at the indicated concentration of 10 micromolar ( "uM"); the effect of the
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(mV) (HA)
Control Compound Compound IBTX
of Example 1 | of Example 2
-40 0 0 0 0
-20 0 0 0 0
0 0 0.2 0 0
20 0 0.7 0 0
40 0 1.8 0.2 0
60 0 3.3 0.6 0
80 0.3 4.9 14 0.1
100 1.0 6.6 2.5 0.2
120 2.5 8.4 3.9 0.6
140 3.9 10.2 5.6 1.2
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15 BKaréglmtéaﬁ & cpmpewit efdiosmulad) ar agrbagpasgutically ageppiablersaliy solvate or
px%gru\éothéégfe Iggfega%w, the compounds of Formula I 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 diabetes mellitus, spinal cord injury, radical
20  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.

In another aspect, this invention provides pharmaceutical compositions

25  comprising at least one compound of Formula I and a carrier.

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 is used, the preparation may

30  be tableted, placed in a hard gelatin capsule in powder or pellet 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
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The dosage of the compounds of Formula I to achieve a therapeutic effect
will depend not only on such factors as the age, weight and sex of the patient and
mode of administration, but also on the degree of potassium channel activating

20 activity desired and the potency of the particular compound being utilized for the
particular disorder of disease concerned. It is also contemplated that the treatment
and dosage of the particular compound may be administered in unit dosage form and
that 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

25  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 produce the desired therapeutic effect.

A suitable dose of a compound of Formula I or pharmaceutical composition
30  thereof for a mammal, including man, suffering from, or likely to suffer from any
condition as described herein is an amount of active ingredient from about 0.01
micrograms per kilogram (ug/kg) to 50 milligrams per kilogram (mg/kg) body
weight and preferrably, from about 0.1 ug/kg to 5 mg/kg body weight for oral
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However, it will be understood that the amount of the compound actually
administered will be determined by a physician, in the light of the relevant
circumstances including the condition to be treated, the choice of compound of be
administered, the chosen route of administration, the age, weight, and response of the

30  individual patient, and the severity of the patient's symptoms.
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EXAMPLE 1

4-(5-Chloro-2-hydroxyphenyl)-3-(2-hydroxyethyl)-6

(trifluoromethyl)-2(1H)-quinolinone

The compound above was prepared as described below.
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10 c oarpxbysmindn:mna tlieyabsemtemﬁ tlﬁtl@toedstemilhdermahaiet €o thevacktlog was

i ?ff%ﬁé@éﬁﬁegiﬁﬁ@ a'3h§ f Q gP%%%?fVR Sqyway yeparaled and the
{ NEREBRN fifer s R RALI iR }g;tlég%m& e oty GOGREL

r out mnis sponse
of céﬁﬁn@aﬂd@ieﬂ'ﬁ@ﬁi \%@qu@ R, S %‘%@l t}% sORMRE WhYretovEdEnder
patient's synptons. 200 4/ 60 PCT/ US2003/ 041548

23reBXéWFﬂ:Es‘§ure'lfh givie@l dolids Bﬁpﬁxa dsasLawas gideé o Hyolwdoh of the
illustration and are not to be construed as

15 |o| $Alid iR d HIh@94 adpdo stystalizedhepioguciniAdier eenlingio 055°Crfor about 3
th |
B Db R SRR AR i STRES SAERS P RaPlale AP v

Gainl ek ol 13.9E Y64 lyididdpkd iide apmmiuad ds offrwhite crystals was
uncorrected. Proton gnet i C resonance (1H NWR)

s pektpingd wakie 18&d 86 e dom/a 240

20 !'HNMR (DMSO-dg, 300 MHz) 6 7.84 (d, 1H, J =2.4 Hz), 7.61 (dd, 1H, /=24, 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 C;;HgO,Cl: C, 54.90; H, 3.77; Cl, 14.73.

Found:C, 54.79; H, 3.70; Cl, 14.76.
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Bruker AC 300 or 500 nmegaHertz ("nHz") spectroneter.
All spectra were 10 determned in the solvents

wo paHoss2edd and chemical shifts are reported i NPGI/URLINI 041548

10

15

20

25

30

downfield fromthe internal standard tetranethylsilane
(TMB) and interproton coupli®§ constants are reported

in Hertz (Hz). Splitting patterns are designated as

f oStep\Bs- 2.3-Dihydiryl-8«chlodo-48bfibobenzopyran-donet ; q,

quartet; m nultiplet; br, broad peak; dd, doublet of
doubl et; bd, broad doublet; dt, doublet of triplet;

bs, br Oﬁga §6lﬁ£ﬂ)r§5f 3- @ﬂhy&éxﬁkﬂ%} @Ihy@fox?l@éﬂl%codrﬂz{ﬂrﬁdﬁgmple

(1 R) spectra using potassium’bromd Br) were
debdB a@.a ngnold iPeiuene (F0ek) Ageomeroperaineg was zfdd@drp -TSA (0.95

400 ] | 0

acear G 3rd B sl ool B gy of water sing
r e&DB&rﬂS@l‘k co1BhdeETIRY Radtion nhixturk Qs c6S1d tH fobfh t8RmPéErature and
spectra (M5) and the apparent nol ecul ar ght

or Washedipathgasiraied sqdiymp bisaghonatesplygipg a\ﬁlcvrs@lwe%wgmn%vsed by

SRSB4 B8 0 TR RS 1Py

8 produdtistaetad tergstukking. The ﬁ%thbsldl@f)%ls bd:ld éatweBn ISﬁ 658°C for 30

(sol vent % net hanagl .. 90% wat 0. 1%

s OTVRHS: @Aloyeégmﬂa}w% 516% ‘?“%Wf%so(i#ﬁ&)bw]frﬁ“%
def, 2Hk8 ikl Plolehl, Aldritl @Ac%HEWto?a'P 8 ¥3837895yield) of the title
reported as percent by weight. Unless otherw se

| netingained as offtwidteSpestal§ was Bbtaoed menp. S 44R26A0MBR4n/a2e3 H

25 in the descriptive title of the Exanples. EXAMPLE 1
4-@@-@1I or o- 2- hydr oxyphenyl ) - 3- (2- hydroxyethyl )-6 30
(trifluoromethyl)-2(1H)-guinolinone The conpound above
was prepared as described bel ow. WD 2004/ 058260

PCH NS2RQGDO4;] 368 MI22) 8. 89(dA1H, J = 2.5 Hz), 7.49 (dd, 1H, J=2.3, 8.8
3- (2- Hydroxyet hyl ) - 4- hydr oxy- 6- chl orocounmarin To a

soHal i/ 30 (df 1K, JGEIB)‘I)rI&)a‘b%(teZH:LVB 9. 3Hz1 3210t 20 V)= 9.5 Hz); 13C

of MM _3)3%€Mﬁz>%§§évﬁanﬁe$?dfs§n@ 28, M S a3t s,
5. 6 7 e B 7 1020 T R (2812 AR T4l b 08T, 12706

891Q1m,rqb),0,i1n THE (95 m_) was added. After stirring

for 1 hour at 0OC, the m xture was warnmed to room
tenperature overnight to ensure conplete reaction.

ATREL E2R4TR9¢t 91851 c0NC-¢ Y5l 1307, &5y ves

Found:C, 59.13; H, 3.16; Cl, 15.93.

Step C - 4-(4’-Trifluoromethylphenylcarboxamide)-5-(2-hydroxy-5-chloro)-
2,3-dihvdrofuran

To a solution of 2,3-dihydro-8-chloro-4H-furobenzopyran-4-one (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 until HPLC analysis indicated <1% of
starting material remained (approximately 30 minutes). The reaction mixture was

quenched by the addition of an aqueous solution of NaH,PO, (50 mL, 10 wt% in



slowy added to bring the pHto 1. The reaction
solution was stirred until HPLC 10 anal ysis indicated

wo b@4abence of the keto-ester intermediate. TBCT/N82003/041548
m xture was added 400 nL CH2Cl2 and 300 nL H2Q, the
organi ¢ phase was separated ar® the aqueous |ayer was
extracted with CH2C12 (100 nL). The organic |ayers
weHgO). cAfidyi the ddditich off teecbuon erctiayl lether (AfsmNp 2R yerandre
the sol vent was renoved under reduced pressure to
gi \epartesaind dhe rdperaamic phes washedsascessigely with MaHghQy (58mnL, 10
of the olidin THE (290 .nL) .to crystallize th .
or St I den SeuBNR I SoRUBE Ader Sk Svsr Nigtpe etion
pr t | 80l at e f] L hed, with
eprefine bR 8 R ils Rhe thinbb I 8% O SRR e 100%

5 ( 6a%dy whlkah) crodtallibal dpohlrefrigerarionnddaisioa fof dithior@methane (20 mL)
crystals was _obtained. mp. 185-186C, M nfz 240; 20
1 HEAPRY oSSt s, Whiglh WikqA§olated by Ailtrajion washgd with dichlgrpmethane

[ b Apcly 1 ghgh g Wyl g B9 00
Hz)80.98C MR (RMBDHHG:,, 75 MHz) 6 162.6, 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,

10 coHE MR BV Gt SPAMIR 5 33008 ey 930 5 159, £7lg 24y 7 = 8.5
FopiiaG0 S K7 37926 8 111769 102994 05835983 (.
PCT/US20 8 25 Step B -

03704154
2, BHO #dk 3-18-45 6y 2H A 9.0 D) eh 16ty 2HN 4 9dndz)T &3 GNMR

SO RDH g5 MHY 165 B0 )BT 830 1RERaIRR T 1217
tehperdiare ol e IS G o 48 2T 2 e Rodhoe s 4sar 7

15 t he4oges uBbb6.ng1 56l 067 v 4 ef | uxed with the renoval
of water using a Dean-Stark condenser. The reaction

m xture was cooled to roomtenperature and washed

W 0,98 4R RONMRGRERANA S S ALY C0
fi aaifluepdeshyDi2(BR)-quinofihbeé cooling to 70C, the
product started to crystallize. The crystal slurry was
hel d between 55-65C for 30 10 m nutes, followed by
20 19|0I0|t :r ggfxgsglu(?foﬁ G 4 X B R R th WBReryPAHXGHidY-5-
(2—hydroxy-’5-Chloro)-2,3-dihydr0furan prepared in Example 3 (1.76 g, 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 < 1% of compound (Example 3)
remained. The MeOH was then concentrated in vacuo, and the resulting oil

25  dissolved in dichloromethane (50 mL). Crystals formed after stirring for one hour at
room temperature. After cooling the slurry to 0 °C, the crystals were isolated by
filtration and dried. A total of 0.54 g (30% yield) of the title compound was obtained
as a crystalline solid with an HPLC purity of 97 area %. m.p. 253-255°C; MS m/z
384 (M+H)*.

30



washed with cold toluene, and dried in vacuo. A total
of 5.5 g (74%yvyield) of the title conpound as

w@bdo4bs26@@ crystal s was obtained. mp. 144- 1468 T/NRN3/a41548
223 (MtH)+; 15 1H NMR (CDC13, 300 MHz) S 7.58 (d, 1H,
J = 2.5 H), 7.49 (dd, 1H, J 272.3, 8.8 Hz), 7.30 (d,
1H, J = 8.9 Hz), 4.90 (t, 2H, J = 9.3 Hz), 3.21 (t,
2HH MR 9DMS@- Mg, I0BQIHXNMR12.2DGL 3H), A9 Mdz Y HE 71B6(d4 1H, J = 8.3
160. 3, 153.4, 132.6, 129.6, 122.4, 118.6, 113.8,
1082)67.534d91 Holr= 8:5 HA, 62n(<1 1307/ 2.4, 267H)8].26(A21H2] = 2.4 Hy),

164?*8?‘%4#‘3‘97"0?&4»’1%5’%%%? b ey 173 5 4 g0t 2

15N&/ﬁzgr DIFRE;, G5 MBAzIS 1638, B516:145D, 14457, 932 6513‘-‘1!35 G31.3, 127.8,
4-(4" -Trifl uof oret hyl phenyl car boxam de) -'5-( 22 hydroxy-5

5 - cld4,aP5.529245 3t )y dr .of 19d) 179.9966D)389.0n of
2, 3-di hydr o- 8- chl or o- 4H f ur obenzopyr an- 4- one ( Exanpl e
2) (1.02 g, 4.58 nmol) and 4-(trifluoronethyl)aniline

L7 s TS B gl B g T g G Rpster Gfpvisomer

Thandahe &¥), atroptsosmet, u;thldnammanestenrededuethrallsznCFigute 1. FRLC

anal ysi s i cat d <1% star mat eri al remai ned
iﬁs'?( il gwezms “glﬁft S el iR g s TR plgatogram
10 qu@fﬂﬁ@ N M}&uéqlg el 1rﬁ1v1§@al%%g&§'§mt§§ bt dh8WnGh Figures 1, 2,
NaH2PO4 (50 ni, 10 wt % 1 n WD 2004/ 058260
PCYandsp0ogeouvddns 26 H20). After the addition of
tert-butyl nethyl ether (25 nL), the |ayers were
separated and the rich organi c phase washed
successively with NaH2PO4 gRAMBLER0 W % in H20O and
saturated brine solution. /After drying over Na2SO4,
the sol utlon was concentrated to give the title
4t Gihdores2-hvdta ayl pibaneethyl-3-(2-hydroxyeth®D)%- friffuaiotiethyl) -
whj cr stalllzed upon refrlgeratlon Addi ti on of
di €H (20 m.) gave white crystals, which
were isolated by filtration, washed wth
di chl oronet hane (10 niL) and dried to give 1.6 grans
of the The¢anpawdehad VaOeRared af) desenihed bEBIW 180. 5C;
M5 mz 384 (MtH)+; 10 1H NVR (DMSO d6, 300 MHz) 8 9.76
(s, 1H), 9.34 (s, 1H), 7.76 (d, 2H, J = 8.5
Step A: - Acetic acid 2-{3-[2-(tert-butyl-diphenyl-silanyloxy)-ethyl]-2-0x0-6-

20

trifluoromethyl-1,2-dihydro-quinolin-4-yl1-4-chloro-phenyl ester

To a solution of the compound of Example 1 (5.00 g, 13.0 mmol) in dry DMF

(100 mL) was added ters-butyldiphenylsilyl chloride (10.74 g, 39.1 mmol) and

25 imidazole (2.66 g, 39.1 mmol) at ambient temperature under argon. The reaction
mixture was stirred for 3 hours and diluted with ethyl acetate (300 mL). The organic
layer was washed with water (2 x 100 mL), brine (100 mL) and dried. Solvent was
evaporated to obtain the silyl ether (6.61 g, 10.63 mmol, 81%). To the solution of the
silyl ether in dry dichloromethane (200 mL) was added Ac,0 (5.43 g, 53.2 mmol)

30 and EtzN (5.38 g, 53.2 mmol) at room temperature under argon. The reaction
mixture was stirred for 4 hours and the mixture was diluted with ethyl acetate (200
mL). The organic mixture was washed with water (2 x 100 mL), brine (100mL) and |

dried. The solvent was then evaporated. Purification was conducted by column



W@ 282/088260 2H, J = 9.6 Hz),
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), 7.26 (s, 1H), 7.24 (dd,
(dd, 1H, J = 2.4, 7.1),
16 (t 2H, J = 9.BCHE$2003/041548
13C NVR (DVSO- d6, 75 MHz) 8 165.5, 159.7, 155.9,
144.7, 132.0, 131.3, 127.3, 128.7, 121.7, 121.2,
119. 5, 110.1, 71.5, 32.9; IR (cm 1) 3303. 6, 2950. 2,
1684oBatogGipBy B5i0 bBing/hexine, hYBa@tatd EBGS & 8(t2M)Gs @juent to afford
10 5.7, 840 .

8 <OHPBIBL I SHRRGRS e A5T) lention iR Rt Pimyingtes on  Cig
2 t r(icgltfldi BIRbRARIgRphY: &€, 1HC Rujuns) Iam%neaand\ MOIMHE: 6. 'H

-trifluoronet hyl phenyl car boxam de) -
( ZNNW(@%OIB}&WMK@,)J-QWM& Hylr B6Q (ad 6. éylrﬁr éH),i 152 (m, 5H),

SRR, el el 2 P D e A TR A e, 110,

Ha@@@'trﬁ ul{)amzettn 3@[’)49% ttnBHb OHPLE, gempl ysi s i ndi cat ed

Hz), 7.60 (d, 2H J = 8.7 Hz
1H J=22 7.0 H), 6 83
3.

< 1% of conpound (Exanple 3) remalned. The MeOH was
t hen concentrated in vacuo and the resulting oil 25
di 8 ta S f

rJe
af &Y ﬂ 153 thyl-2-

Af b8y- 6-@ﬂﬂhbftﬁnéth€l B hlﬂinvanbcmﬁn@m-m@} crcnﬁiral;ﬂlewre@ter
isolated by TfilTtration and dried. Atotal of 0.54 g
(30%yield) of the title conpound was obtained as a

e 5y sH5efbh e Welphodf Mol bk (6 82 B O phaE iyt iodice
PCW.17S52G0% Iﬁtfhbﬁlb%d I%COH(B Nﬁ/lg Zﬁmdﬁ in aﬁﬁfbnM(IZ()O ﬁlﬁat?a?nblent
E dter@g)atu\}'egz .wga% stgrsrqzq%or 1%} hQQrS( (‘ftﬂ theleqq dllyted \Qttlyfethgl @e% (200 mL),
7 84ndd wite waler (1?004mtz|))brme (t d@%nﬁ)c‘a ed, Eh@@rz‘nstg gra wxlth

870 Hr 5 a4 B % B0
13grad1hh)R:l(nﬁmH&(dﬁ usifg HVHm)es&tliﬁ 3c6tate 15(931(110 1@50)91,ff0rded the

12U ST Slepoas G ey PIOAUES 582 el FimalgT%gh, Rl minutes
COPRAUYLs TRAR it BIATHAnL b7, SETNIARCD, OIS 3. & 6 JLher

(-) atropisoner d the (+) atropisoner, which are
r epp§emt@d/ stBrQJHtha] I7352|(ah, Je §arkez, ]lH)ThéS (np4hbp Gr3d (of, 3H),

ubj a ro hy. T
il aioSH bR 16 GECHE 2 8B B BT TE0 71 6. 310,
i n@ oy '(sd '9?1') Al thieP Pﬁﬁﬁ@trc‘-’naﬁf:f%n%tpm% @ IEEGWT &Sivhiivehad Be
and 4, reSpective
following characterlstlcs MS [M+H] = 678. '"H NMR (CD;0D) & 7.82 (d, J = 8.1
Hz, 1H), 7.95 (d, /= 5.1 Hz, 1H), 7.52 (d, J = 9.2 Hz, 1H), 7.48 (m, 4H), 7.34 (m,
3H), 7.21 (m, 6H), 3.91 (m, 1H), 3.76 (m, 4H), 2.88 (m, 1H), 2.70 (m, 1H), 1.71 (s,
3H), 0.94 (s, 9H). The ratio of the N-methyl derivative to the O-methyl derivative

was approximately 9 : 1.

Step C: - 4-(5-Chloro-2-hydroxyphenyl)-1-methyl-3-(2-hydroxyethyl)-6-

trifluoromethyl )-2(1H)-quinolinone

The acetyl silyl ether (760 mg, 1.12 mmol) was stirred with LiOH.H,0 (320
mg) in EtOH (10 mL) for 18 hours at ambient temperature. At the end volatiles were
removed in vacuo. The residue was dissolved in THF (5 mL) and treated with tera-n-

butylammonium fluoride (1M in THF, 3 equivalents). After stirring for 18 hours an



EXAMPLE 2 15
4- (5- Chl or o- 2- hydr oxyphenyl ) - 1- et hyl - 3- ( 2- hydr oxyet hy

WO 2008408682660 | uor onet hyl ) - 2(1H)-gui nol i none ThePCDUROSIOKH1548
above was prepared as described below. 20 Step A -
Acetic acid
2-f3-[2-(tert-butyl -di phenyl -sil anyl oxy) -et hyl | - 2- oxo-
6- additional 3 equivalents was added and stirred for another 18 hours. THF was

e ePRBHE Bty PO HateEo BBt d: et (S-S
( SeddPoshtedlin vAcUHTCFhe rbiidﬁ’é Ma%ﬁe@l)?gllma)gey\@oﬁuﬁﬂ @ﬁl‘d)ma)tography

tert-butyl di phenylsilyl chloride
and iR EtOACE 1@ (2. Dés gluago. Etacrtmub yoraalnmgt:ra@mted compound

Th
5 oo PREsat e SR mfle kAT o melhs TbBdiRL e requirea
( 3pfddndt) Rediystalizgasn from RO avdheX@rade 152 Mg iues N{dethyl

x 100 nL), brine (100 nL) and dried. Solvent was
ev@qmradetWButs 0 MEBOMSOyds):ed ho6 (316,181 360 @8, 83, 3.75 3H,

ol st B et 0 R 0l H G, M P T ok aa
2313 TN) 7 39 (Bilch, EL88), (7RG Y dd 3258, m|9)91a(t1H @RINIS m/e 398

mper at ure under argon. The reacti on mxture was
10 st (MH@H TFhercompesig ef Bxamplpd was shbiededviaschinal ehreppatgistaphy. The

et )

e en AR Reo o iy 1E o0 BR8P0 Ry are shown i

dr Figdres Bhé asdl vespgectiddyt hen evaporated. Purification

was conducted by col unmm WO 2004/ 058260

PCT/ US2003/ 041548 28 chronat ography (Si 02) using

hexane, ethyl acetate (95: 0) as eluent to

afford the conpound of SﬁéXB$AﬁEE g, 96% retention
I5time, "Ri", =2.3 mnutes onacC8 liquid
as a white solid. M5

e XA (d, J = 7.6 Hz,

1H@ ) 415&9116:% 2-i1yﬂr(§(y2pﬂ'&1y 312*'-'%2-h?d&%y@fﬁylgb'btnﬂﬁogorﬁgthyl -1H-

3 anphpz-yny 3 80 (m 1H) 2.89 (m 1H), 2.72 (m

2H%+§ ‘%(57%@’? - 2§aVPx%rPéﬁliaa§,ﬁ%§bhygﬁwp g{g"l)-eﬁt-ﬁgyfqorpnﬁé{yﬂ.lﬂ-

20 Y| qdinolin2-one _ _ _
0x0-6-trifluoromethyl -1, 2-di hydro-gui nolin-4-yl}-4-chl
or o- phenyl ester 10 A suspension of the product from

gg eg A ‘(,‘IEE)O g,oé%éo {(ﬁ%?h%,%@%g)égade ‘i“ld§ln}]L);&x65;§tagﬁhed in four

( 23§ediibhs & toﬁﬂbhi@zﬂ?ak AD, 21 x 250mm, 10 um particle size column in four

injections. Elution with i-PrOH: hexane (1:19) was carried out at a flow rate of

25  10mL/min. Detector UV pacat 234 nm was employed. The fraction containing the
faster moving isomer, isomer A, (tzg=46.1 min) upon evaporation gave 20 mg, while
the fraction containing later peak (tz=48.3 min) upon evaporation provided 21 mg of

isomer B. The chromatogram of the racemate is shown in Figure 2.

30 Characterization of Atropisomer A (-): The 'H NMR and *C NMR spectra were
indistinguishable from those shown for the racemate in Example 1. Optical rotation

for isomer A was determined in MeOH,. [0]*p (meOH) = -8.8°.



tenperature was stirred for 18 hours. At the end

diluted with ethyl acetate (200 nlL), washed with
woen328@0 L), brine (100 nlL) and dri ed. PCT/US2003/041548

Chr omat ography with 15 gradient elution (Si02) using

hexanes, ethyl acetate (90:10 3o 70:30) afforded the

corrpound of Step B as the mgjor product (5.52 g, 8.1

mweharmzaﬁnnmf Atnopisteer B (8 The)H 28VIRbintl € G NMRI spebBa were

'c_lqsgmglgsltaale 5oml\@) érwrteéﬁﬂsrﬂZe/rsaét?%%ta g;amgl:cla H}Z_(i%ptlcal
1"90tatxon4f§r i(sgﬂnet‘lk')was aeéflmx(n@i 113weOH Yec]zqzo (%ITQO}@":Q +9 %9 91
1 71 (s 3H) 20 O 94 (s 9H) A m nor product

characteri zed as the nmet h ative had t

5T ol T ot it en ERabolamdIE VepsupRred TLre S Phae ipLC as
&Qﬁ&%@b}_ﬁd&bévg%lt?%sp&ﬁo $he]racéfkati: | THY ch;@m%és fdns fIJ—)I)r gach- 1
7. @mmmrr’lermshown’zn}?(gnremndée 91 (m 1H), 3 76 (m
4H),'2.88 (m 1H), 2.70 (m 1H), 1.71 (s, 3H), 0.94
(s, 9H). The ratio of the N-nmethyl derivative to the
O-met hyl derivative 25 wagXAMPEER4ately 9 @ i. Step

C -

10 4- (5- Chl or 0- 2- hydr oxyphenyl ) - 1- met hyl - 3- ( 2- hydr oxyet hy
I )Sg—b-ﬁ!g ioklatipd' ﬁﬁéaélg g %&;Eq ggl nol i none 30 The
ac ' » nmol ) was stirred
with LiOH H20 (320 ng) in EtOH (10 nmL) for 18 hours

BB S WS S S LS o

nLExﬁﬂSletl NEAE 8@retd 4t hodiR E@n&ratﬁ’f&taﬁh W&aﬁ&ﬁhéd E‘}%Hlﬁ? HPLC as
(1 THF, 3 equivalents). After stirring f

15 hoddfssrlbfni AhOve O@4Vll®zﬂB@63DR©TdmlSﬁ@®81€>ﬁldzkﬁl¢ﬁ Th@ two compounds

addi ti ona e val en dded an stirred r ]

o SetedP 0L orhs bt e AR Mo B AR 1Sl i o AR pppreciable
betiseaafibNas ¥eefled. O gani c | ayer dried (Na2SO4),
evaporated in vacuo. The residue was purified by

silica gel colum chromatography wth Et OAC : CH2C12

(3 : 2) as eluant. Fractiolggégg%gi#gi ng required

conmpound 5 were conbi ned & ted in vacuo to
200ive 290 ng (65 %yield) of the required product.

Recryst aI li zatl on from Et OAC and hexane gave 152 rrg of
B § I§ 2! URPR 4 500 MHz, DMVSO d6 6

2 08kl g il gt

J ﬁuﬂl)orofileﬂiyl(ﬂ-ﬁqudﬁ,hnZJﬁﬁ 7, 2 7 77 (1H, d

8) . 2,89 (1H dd, J=8 0) 91 (1H, NG
rd [9+) &- Chloro- -hydroxy-phenyl) l-methyl 3- (2 -hydroxy- ethyl) 6-

25  trifluoromethyl-1H-quinolin2-one

The racemate was separated as described in Example 3 on Chiralpak AD column,
4.6x250mm, 10 pm with 2-propanol : hexane:trifluroacetic acid (1600:399:1). The
faster eluting isomer (#z=8.5 min) was designated as isomer A and the slower one

30  (tz=19.0 min) as isomer B. The chromatogram of the racemate is shown in Figure 5.



10 (M#). The conpound of Exanple 2 was subjected to
chiral chromatography. The chromatograns of the

WO a@e 0582601 Xt ure and the individual atropi SONEPCT/HRE03/041548
shown in Figures 5 6 and 7, respectively. EXAMPLE 3
15 Resol ution of Atropisoners ¥lrom Exanple 1 (-)
4- (5- Chl or o- 2- hydr oxy- phenyl ) - 3- (2- hydr oxy-et hyl )-6-tr
i f Charaeoaizayion loFIsomerr®(nTherid XMR spectrum is indistinguishable
4- (5- Chl or 0- 2- hydr oxy- phenyl ) - 3- (2-hydr oxy-ethyl)-6-tr
i ffra@rtbﬁ%ﬁmﬂ-ﬁp er 1B TaEmals ip ?ﬁfz@%\éé 2 @aﬂ%} jogiogfonisomer A
(- [: D = P 31, donmL) was applied in
fo‘ags Hﬁﬂ%}%@ﬁ ‘82{2%’ @ngn\%ﬁ@%l Pg% ‘AD, 21 x 250nm 10
pmparticle size colum in four injections. Elution

5 ¥ ek Batcteriationiol Homers A THE R Shecin o fee Rhable

enpbivBske rdptiiel tactht SltemARiAIERh AN €Optl @B LRIt IFTYE REmer A
i somer, 1sonmer A (tR=46.1 m n) upon evaporation gave

20wngydetovniihed intNieoH.r odtbtVeOHNEaiSHI°ng | at er peak
(tR=48.3 m n) upon evaporation provided 21 ng of
i somer B. The chronmatogram of the racemate is shown in

Fi gure 2y RQ1CRRLATE Snef@ivERNuBectBl EPRiSP B Chs(dedcribed above
The 1H NVR and 13C NWVR spectra ‘were indistinguishable

10 f r withtréspee tg Hewacehmte.t Hee chaiematagrmisraréstemml ie Flgures 6 and 7.
Optical rotation for isoner A was determned in
MeOH,. [a] 22D (nmeOH) = -8.8. WD 2004/ 058260
PCT/ US2003/ 041548 30 CharpxAMMPEBR on of Atropi soner
B (+): The 1H NVR and 13C NVR specfra were
i ndi stingui shable fromthose reported for the racemate

|n,EXﬁE§I[ 1 Eitil@l_! rgi iignl.f I i sonmer B was
de 1 Fss-ln C oni al r i?_ 49 6. 5 The

15 resol ved atr opi som’ers were subjected to reverse phase
HPLC as_ descri bed above with respect to the racemate.
The chr BRUfagrea siress ivbalisvedioridpi s tplein igitablg hewg! sypdrome

Fi S &ﬁerehl@fb(a b%we%m:l’{'y%tzf‘tes. ]Ig animal models, environmental stress has

been shown to cause an increased defecatory response, presumably, a result of
increased entero-motor activity. Based on this, we tested the hypothesis that maxi-K*
20  potassium channel openers of the present invention can be effective in reducing

stress-induced acceleration in colonic motility, as indexed by fecal pellet output.

Rats were randomly divided into 2 groups and treated with vehicle

(polyethylene glycol (400 grams per mole), 1 mlL/kg, ip) or the compound of

25  Example 1 in racemate form (20 mg/kg) at time zero. At 1.5 hr post-treatment, each
rat was partially restrained in plexiglas container and was subjected to air-jet stress.
This was brought about by exposing each of the partially-restrained animals to 3-4
episodes of 2 minute long air jets with an interval of 8-10 minutes between episodes.
The fecal output was collected and the wet weight was recorded. The data were

30  analyzed by combining individual output within each group to calculate a group
mean and the means were compared using a statistical test (unpaired, two-tailed t-

test; p<0.05).



Stability of Atropisoners from Exanple 3 Chiral HPLC
studi es: Ethanol solutions (- 3 ng/nL) of the two

wa@tooapss2zsoner s of Exanple 1 were stored at roPOT/US2003/041548

10

15

20

tenperature and were exam ned by chiral HPLC as 15
descri bed above on chiral pak A3 col um for

racem zation. The two conpounds were found to be

st abl e €hefecafdugput af thervehicht trearddi groip wan( a7 gtamseandthe fecal

SEBUFG Rab et APy PSP TSGR TR PR 2 e
4- (rOabdkRLp ogerﬁf}ﬁgfnﬂﬁ%l)};fé?/?%%ﬁov&d RicRthody £e§p<§ng9 EPXYj&! In

hyl)-6-"trifl uoromet ui nol i n2- one +

4- ¢atasi, only-3out pfit begmphdicpted anndly shogved 2 dejapatyry response.

hyl) -6 25.trifl uoropet hyl - 1H-qui.ngl i n2-.one . The. .

b5 e e iR PR e 3 ALY 245 RS Ehigtegpeated group
Chinead.pak AD col um, 4. 6x250mm 10 gm wi th 2- propanol

. hexane:trifluroacetic acid (1600:399:1). The faster
eluting isomer (tR=8.5 mn) was designated as isoner A
and t hegs| — ] | .

e ot oy Ao R P sCrhohds Ut e s B th RAEh o3 idfifggny
208udn0 a8 268ssRadudelb201081cG4dtdaAf in Bds. Char act eri zati on of
Isomer A (-): The 'H NVR spectrumis indistinguishable
fromthose reported for the racemate in Exanple 2.

Opti cal [ j : AeIekATL '

Voot - TRrBYTabefooke Bteic ifuctfngtall B uicbompounds of
| stwanveBtipr Fan Hepoternt opivRrspltbe tauge-conduntdinet ¢ahgunsietinted K
fraomt hosg r.epor for the r mat.e i n EX l.e 2.

oot oS Pk ER 3 BRGshaRaelho in ARTAS I atschert BTt the

Ve girbpisdnddr 2 RV MB@ Tk ntactiities. The resol ved atropi somer s
were subjected to chiral HPLC as descri bed above 10

Wth respect to the racemate. The chronatograns are

shown i Lgur.es. 6 and 7. LE ir Je .
S Ry s oA By i st apcs,

those skilled in the art will recognize that other aspects are intended to be included

within the scope of the claims which follow. For example, reaction schemes other
than the ones specifically described can be used to make the atropisomers. Also,
other substituents substantially equivalent to the specific substituents described
herein, e.g., R, Rl, R2, R? s R4, R’ , can be employed within the scope of the invention.
Furthermore, all documents cited in this application, e.g., patents and publications,

are incorporated by reference.



Environnental stress is believed to play a role in
irritable bowel syndrone and other altered bowel
WORaioss2¢0 st at es. I n ani mal nodel s, envi r onnmenP@t/UsS2003/041548
stress has been shown to cause an increased
def ecatory response, presuwaM%@, a result of
i ncreased entero-notor activity. Based on this, we
tested the hypothesis that SRAIMS 20 potassi um
channel openers of the present invention can be
effective in reducing stress-induced acceleration in
cowbat is ciiinked ist Yy, as i ndexed by fecal pellet output.
Rats were randonmly divided into 2 groups and treated
wi th vehicle (polyethylene glycol (400 grans per
5 nol-e), A cotpgund eftheformméa conpound of 25 Exanple 1 in
racemate form (20 ng/kg) at tinme zero. At 1.5 hr
post-treatnment, each rat was partially restrained in
pl exi gl as contai ner and was supjected to air jet
stress. This was br dig hyO exposi ng each of

t he partially-restrainer mal s{to 3-4 episodes of 2
mnute long air jets wi Al DEB of 8-10 m nutes
bet ween epi sodes. THE fefal wa8Hcol | ect ed and
the wet wei ght was recor ded. aka were 30 anal yzed

by conbi ni ng i ndi vi dual out p@ yThin each group to
cal cul ate a group nean and pans were conpared
using a statistical test Ephpafed, two-tailed t-
test; p<0.05). WO 2004/058260 PCT/ US2003/041548 32
The fecal output of the vehicle treated group was 0. 37
gr¥REe%8nd the fecal output of the compound treated

10 group was 0.03 grans. The animals in the vehicle-
treatedlgroup overwhel m ngly (9/12) showed a
deRavdRoreych are pulependentl yhydrpgan orimethgont rast, only 3
out of 11 conpound treated animals showed a defecatory
response. 5 The nean fecal output of this group was
meR K dland IRE sactt i@ MdePéndetily By @rokére 8B gerd nkior tiBasrontethyl,
was found,that the conpounds of the present invention
caproxidgdiR’i Raand R amtnoball Aydogen: @ad - i nduced col oni ¢

15 notility in rats. 10 The results of the above
bi ol ogi cal tests denonstrate that the conpounds of
t hR® isrrembj hiloro@n nfd®; pot ent openers of the
| ar ge- conduct ance cal ci um acti vated K+ channels
(Maxi -K or BK channels). In addition, it has been

f ognghndiddic E)Hfrmaceutically acceptable salt, solvate or prodrug thereof,
20  and characterized in that the compound is atropisomerically enriched.

2. The compound of claim 1 which is substantially pure with respect to one

atropisomer.

25 3. The compound of claim 1which is substantially free of its corresponding

atropisomer.

4. The compound of claim 1 wherein the compound is stable.



atropi soners have different activities. 15 Al though
the invention has been described with respect to

wap@aiosdzeo aspects, those skilled in the art wW€T/US2003/041548

recogni ze that other aspects are intended to be
included within the scope of ¥he clains which follow
For exanple, reaction schenes other than the ones
spBci f i Thé bomptemd of blatin ¢ avhean RS échydgogemke t he

atropi somers. Al so, 20 other substituents
substantially equivalent to the specific substituents
desCr i bere cAHfp&Ind of Blain | Wherd R' RometR®l, R4, RS, can be
enpl oyed within the scope of the invention.
Furthernore, all docunments cited in this application,

Fef er enin€ oS08 sF 8 bR eSS roTRHBROTE Risfipro. and
WhR{ Rf R’chhdiRtaek hyglrogenl. A conpound of the fornula Rl

1 R NORZIOH ROR R5 wherein 10 R and R each
are independently hydrogen or methyl; R2, R3 and R4

c21, 2l BUTAATSDL il A OR8 R LSRR

hydrogen; and 15 R5 is bronD chloro or nitro; or a

0 B?g&?’&blofﬁgﬁgga o R et e SR Aty bty it et Sy -

15

20

25

2(1H)-quinolinone;

4-(5-chloro-2-hydroxyphenyl)-1-methyl-3-(2-hydroxyethyl)-7-trifluoromethyl-
2(1H)-quinolinone;

4-(5-chloro-2-hydroxyphenyl)-3-(2-hydroxyethyl)-6-(trifluoromethyl)-2(1H)-

quinolinone; and

4-(5-chloro-2-hydroxyphenyl)-3-(2-hydroxyethyl)-7-(trifluoromethyl)-2(1H)-

quinolinone;

or a nontoxic pharmaceutically acceptable salt, solvate or prodrug thereof.

9. The compound of claim 1 which is 4-(5-chloro-2-hydroxyphenyl)-3-(2-
hydroxyethyl)-6-(trifluoromethyl)-2(1H)-quinolinone.

10. The compound of claim 1 which is 4-(5-chloro-2-hydroxyphenyl)-1-methyl-
3-(2-hydroxyethyl)-6-trifluoromethyl-2(1H)-quinolinone.



20 and characterized in that the conmpound is

atropi sonerically enriched. 2. The conpound of claim1l
wonwebsse@® substantially pure with respect to @Ua/US2003/041548

atropi soner. 25 3. The conpounggof claiml which is

substantially free of its corresponding atropisoner.

4. The conmpound of ¢laim 1 wherein the conpound is
st 6\11 e A\}%pmcf@mssé@e ‘F‘@HIQJSZOOS/ 041548 34 5. The

conpound of claim1l wherein R1L is hydrogen. 6. The
compound of claim1 wherein Rl is nmethyl. 5 7. The
conmpound of the claim?2 wherei® R3 is trifluoronethyl,
R5 is chloro, and R gR, and R4 are hydrogen. 8.
The conpound of claim ,
consi sting of: 10

4- (5-chl or 0- 2- hydr oxypheny ,
[)-6-(trifluoronmethyl)- 2£4 H) qU|noI|none

[)-7-trifluoronethyl - ; 15
4- (5-chl oro- 2- hydr oxyphenyls - hydr oxyet hyl )-6-(tri
fluoronethyl)-2(1 H)- quinolinone; and
4- (5-chl or o- 2- hydr oxyphenyl ) - 3- (2- hydr oxyet hyl ) - 7-(tri
5f|g8&%pethyl) 2(1 H)- 20 quinolinone; or a nontoxic
pharnaceutlcally acceptabl e salt, solvate or prodrug
thereof 9. The conpound of claim1 which is
éS chl,oro- 2- hydro(%phenyl -3-(2- 25
439 Reteagh 3re gadepen P@bhlﬂf@gﬂwf)m@bﬂ-b qui nol i none.
10 The conmpound of claim 1l which is 4-(5-chi
or o- 2- hydr oxyphenyl ) - 1- net hyl -
3 R2, R?)aﬂd@é)eatmm)m(ﬁ?ﬁéﬂdeflﬂ}d ﬁ?dﬁi@érh}‘lh}ogénl nitro or trifluoromethyl,
%UIn pe. WP 2004/ 058260 PCT/ US2003/ 041548 35
10 11Pr oﬁ §BﬁirBr agsrnot glb hydrogen; and

5 . . . .
R” is bromo, chloro or nitro; or a nontoxic pharmaceutically acceptable salt, solvate

or prodrug thereof.

15 12. The atropisomer of claim 11 substanitally free of its corresponding

atropisomer of the formula

wherein R, Rl, RZ, R3, R* and R® are defined in claim 11.
20

13. The atropisomer of claim 11 wherein R' is hydrogen.



RL R NO RRI OH ROR s R 5 wherein Rand R1
each are i ndependently hydrogen or nethyl; R2, R3 and

wkdoogasdr6@r e i ndependent |y hydrogen, hal ogen, PECT/U82008/041548

5

10

15

20

trifluoronmethyl, 10 provided R2, R3, and R4 are not
all hydrogen; and R5 is bronp,36chloro or nitro; or a
nont oxi ¢ pharmaceutically acceptable salt, solvate or
pr bér ugThdr@r@ifomet bf didim ThevhateiroR! somehylof ¢l ai m 11
substanitally free of its correspondi ng atropisomner
of the forrula R 1 R2ZNOI ROH R RORS wherein
R, e ar 1soﬁf’&r%ﬁgalﬁ519%1@ﬁ§ bﬁﬁﬂ fblnat%zét 530413—1 day0
13. The atropisoner of claim1l wherein

hydr ogen. WO 2004/ 058260 PCT/ US2003/ 041548 36

16.  An atropisomer of the formula

wherein
R and R' each are independently hydrogen or methyl;

R?, R’ and R* each are independently hydrogen, halogen, nitro or trifluoromethyl,

provided R’ R, and R* are not all hydrogen; and

R’ is bromo, chloro or nitro; or a nontoxic pharmaceutically acceptable salt, solvate

or prodrug thereof.

17.  The atropisomer of claim 16 substantially free of its corresponding

atropisomer of the formula




14. The atropisoner of claim1l wherein R is nethyl.
15. The atropi soner of claim1l which is stable for at

wo emghsgzbout 1 day. 5 16. An atropi soner of tPEr/US2003/041548

5

10

15

20

25

30

formrumla R R2NO I ROH RRORS wherein 10 R and
R each are independently hydridgen or nethyl; R2, R3
and R4 each are jndependently hydrogen, hal ogen, nitro
or whereinl R 'oR&tRY R’ angpROwiedletingDin dkBm End R4 are not
all hydrogen; and 15 R5 is brono, chloro or nitro; or
a nontoxi c pharmaceutically acceptable salt, solvate

or | T 0UTHatk PRV of difim THVheteiPR! KaYAFogeh. cl ai m 16
substantially free of its corresponding 20

atropisomer of the formula RL | R NOOH R4 R3r OR
/ 19.5 The atropisomer of claim 16 wherein R' is methyl.

20. The atropisomer of claim 16 which is stable for a period of at least about 1

day.

21. A composition comprising the compound of claim 1, or a pharmaceutically

acceptable salt, solvate or prodrug thereof, and a pharmaceutically acceptable carrier.

22.  The pharmaceutical composition of claim 21 comprising a therapeutically
effective amount of the compound for the treatment of conditions responsive to

openers of large conductance calcium-activated potassium channels.

23. A method of treating a condition selected from the group consisting of
ischemia, stroke, convulsions, epilepsy, asthma, irritable bowel syndrome, migraine,
traumatic brain injury, spinal cord injury, sexual dysfunction and urinary
incontinence in a mammal which comprises administering to said mammal a

therapeutically effective amount of the compound of claim 1.

24. A method for treating a condition responsive to opening of large conductance
calcium-activated potassium channels in a mammal, which comprises administering

to said mammal a therapeutically effective amount of the compound of claim 1.

25.  The method of claim 24 wherein the condition is selected from the group
consisting of ischemia, stroke, convulsions, epilepsy, asthma, irritable bowel
syndrome, migraine, traumatic brain injury, spinal cord injury, sexual dysfunction

and urinary incontinence.

26. The method of claim 25 wherein the condition is irritable bowel syndrome.



WD 2004/ 058260 PCT/ US2003/ 041548 37 wherein R, R1,
R2, R3, R4 and R5 are defined in claim16. 18. The
waeooapseener of claim 16 wherein R is hydrogePCT/US2009041548
The atropi somer of claim16 wherein R is nmethyl. 20.
The atropisoner of claim16 wi&h is stable for a
period of at |east about 1 day. 10 21. A conposition
co?pr i sThgmethed ob nlaon 28 whieresh tierpondition isssexual dysfunction.
pharmaceutically acceptable salt, solvate or prodrug
thereof, and a pharmaceutically acceptable carrier.
22. The pharmaceutical conposition of claim 21
conprising a therapeutically effective anmount of the
conmpound for the treatnment of conditions responsive to
15 openers of |arge conductance cal ci um acti vated
pot assi um channel s. 23. A nethod of treating a
condition selected fromthe group consisting of
i schem a, stroke, convul sions, epilepsy, asthm,
irritable bowel syndrone, mgraine, traumatic brain
injury, spinal cord injury, sexual dysfunction and
urinary 20 incontinence in a manmal which conprises
adm nistering to said mammal a therapeutically
effective anount of the conpound of claiml1l. 24. A
nmet hod for treating a condition responsive to opening
of | arge conductance calciumactivated potassium
channel s in a manmal , which conprises adm ni stering
25 to said mammal a therapeutically effective anount
of the conmpound of claiml. 25. The nethod of claim24
wherein the condition is selected fromthe group
consi sting of ischem a, stroke, convul sions, epilepsy,
asthma, irritable bowel syndronme, mgraine, traumatic
brain injury, spinal cord injury, sexual dysfunction
30 and urinary incontinence. 26. The method of claim
25 wherein the condition is irritable bowel syndrone.
WO 2004/ 058260 PCT/ US2003/ 041548 38 27. The nethod of
claim25 wherein the condition is sexual dysfunction.



