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SUBSTITUTED INDOLEALKANOIC ACIDS

Background of Invention:

The use of aldose reductase inhibitors (ARIs) for the
treatment of diabetic cbmplications is well known. The
complications arise from elevated levels of glucose in tissues
such as the nerve, kidney, retina and lens that enters the
polyol pathway and 1is converted to sorbitol wvia aldose
reductase. Because sorbitol does not easily cross cell
membranes, it accumulates inside certain cells resulting in
changes in osmotic pressure, alterations in the redox state of
pyridine nucleotides (i.e. 1increased NADH/NAD" ratio) and
depleted intracellular levels of myoinositol. These
biochemical changes, which have been 1linked to diabetic
complications, can be controlled by inhibitors of aldose
reductase.

The use of aldose reductase inhibitors for the treatment
of diabetic complications has been extensively reviewed, see:
(a) Textbook of Diabetes, 2nd ed.; Pickup, J. C. and Williams,
G. (Eds.); Blackwell Science, Boston, MA 1997.; (b) Larson, E.
R.; Lipinski, C. A. and Sarges, R., Medicinal Research Reviews,

1988, 8 (2), 159-198; (c) Dvornik, D. Aldose Reductase
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Inhibition. Porte, D. (ed), Biomedical Information Corp., New
York, NY. Mc Graw Hill 1987; (d) Petrash, J. M., Tarle, 1I.,
Wilson, D. K. Quiocho. F. A. Perspectives in Diabetes, Aldose
Reductase Catalysis and Crystalography: Insights From Recent
Advances in Enzyme Structure and Function, Diabetes, 1994, 43,
955; (e) Aotsuka, T.; Abe, N.; Fukushima, K.; Ashizawa, N.and
Yoshida, M., Bioorg. & Med. Chem. Letters, 1997, 7, 1677, (f)
, T., Nagaki, Y.; Ishii, A.; Konishi, Y.; Yago, H; Seishi, S.;
Okukado, N.; Okamoto, K., J. Med. Chem., 1997, 40, 684; (qg)
Ashizawa, N.; Yoshida, M.; Sugiyama, Y.; Akaike, N.; Ohbayashi,
S.; Aotsuka, T.; Abe, N.; Fukushima, K.; Matsuura, A, Jpn. J.
Pharmacol. 1997, 73, 133; (h) Kador, P. F.; Sharpless, N. E.,
Mblécular Pharmacology, 1983, 24, 521; (I) Kador, P. F.;
Kinoshita, J. H.; Sharpless, N. E., J. Med. Chem. 1985, 28 (7),
841; (j) Hotta, N., Biomed. & Pharmacother. 1995, 5, 232; (k)
Mylar, B.; Larson, E. R.; Beyer, T. A.; Zembrowski, W. J.;
Aldinger, C. E.; Dee, F. D.; Siegel, T. W.; Singleton, D. H.,
J. Med. Chem. 1991, 34, 108; (1) Dvornik, D. Croatica Chemica
Acta 1996, 69 (2), 613.

Previously described aldose reductase inhibitors most
closely related to the present invention include those sighted
in: (a) U.S Pat. No. 5,700,819: 2-Substituted benzothiazole
derivatives useful in the treatment of diabetic complications,
(b) U.S Pat. No. 4,868,301: Processes and intermediates for the

preparation of oxophthalazinyl acetic acids having
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benzothiazole or other heterocyclic side chains, (c) U.S
Pat. No. 5,330,997: 1H-indazole-3-acetic acids as aldose
reductase 1inhibitors, and (d) U.S Pat. No. 5,236,945: 1H-
indazole-3-acetic acids as aldose reductase 1inhibitors.
Although many aldose reductase 1inhibitors have been
extensively developed, none have demonstrated sufficient
efficacy in human clinical trials without significant
undesirable side effects. Thus no aldose reductase
inhibitors are currently available as approved therapeutic
agents in the United States; and consequently, there is
still a significant need for new, efficacious and safe

medications for the treatment of diabetic complications.

Reference to any prior art in the specification is not,
and should not be taken as, an acknowledgment or any form of

suggestion that this prior art forms part of the common

general knowledge in Australia or any other jurisdiction.




WO 99/50268 PCT/US99/07116

Summary of the Invention:

This invention provides compounds that interact with and
inhibit aldose reductase. Thus, in a broad aspect, the

invention provides compounds of Formula I:

. R, *N-2,
R, Ar
PRy
4 x. A\(p
5 Rs
1
or pharmaceutically acceptable salts thereof wherein
A is a C,-C, alkylene group optionally substituted with C,-C,
alkyl or mono- or disubstituted with halogen, preferably
10 fluoro or chloro;
Z is a bond, O, S, C(O)NH, or C(C,-C, alkylene optionally
substituted with C,-C, alkyl;
R, is hydrogen, alkyl having 1-6 carbon atoms, halogen, 2-, 3-,
or 4-pyridyl, or phenyl, where the phenyl or pyridyl is
15 optionally substituted with up to three groups selected
from halogen, hydroxy, C,-C, alkoxy, C,-C, alkyl, nitro,
amino, or mono- or di(C,-C,)alkylamino;
R,, Ry, R, and R, are each independently
. hydrogen, halogen, nitro, or an alkyl group of 1-6 carbon
20 atoms (which may be substituted with one or more

halogens) ;
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OR,, SR,, S(O)R,, S(O),(R,),, C(O)N(R,),, or N(R,), wherein
each R, is independently hydrogen, an alkyl group of 1-
6 carbon atoms (which may be substituted with one or
more halogens) or benzyl, where the phenyl portion is
5 optionally substituted with wup to three groups
independently selected from halogen, C,-C¢ alkyl, C,-C
alkoxy, amino, and mono- or di(C,-C,)alkylamino; phenyl
or heteroaryl such as 2-, 3- or 4-imidazolyl or 2-, 3-
, Oor 4-pyridyl, each of which phenyl or heteroaryl is
10 optionally substituted with wup to three groups
independently selected from halogen, C,-C, alkyl, C,-C,
alkoxy, amino, and mono- or di(C,-C¢)alkylamino;
phenoxy where the phenyl portion is optionally substituted
with up to three groups independently selected from
15 halogen, C,-C, alkyl, C,-C, alkoxy, amino, and mono- or
di (C,-C,)alkylamino; or

a group of the formula

/‘J

(Cl‘iiz)r

~;N=(CH,Y

where
20 J is a bond, CH,, oxygen, or nitrogen; and
each r is independently 2 or 3;

R¢ 1s hydroxy or a prodrug group;

R, 1s hydrogen, C,-C; alkyl, fluoro, or trifluoromethyl; and

-5-
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Ar represents aryl or heterocaryl, each of which is

optionally substituted with up to five groups.

In another aspect, the invention provides methods for

preparing such compounds.

The compounds of the invention inhibit aldose

reductase. Since aldose reductase 1is critical to the

production of high 1levels of sorbitol in individuals with

diabetes, inhibitors of aldose reductase are useful 1in

preventing and/or treating various complications associated
with diabetes. The compounds of the invention are therefore
effective for the treatment of diabetic complications as a

result of their ability to inhibit aldose reductase.

Thus, in another aspect, the invention provides methods
for treating and/or preventing chronic complications
associated with diabetes mellitus, including, for example,
diabetic cataracts, retinopathy, nephropathy, and
neuropathy.

In still another aspect, the invention provides

pharmaceutical compositions containing compounds of Formula

I.
Specifically, in a first aspect the invention provides
a compound of the formula:
R
Ry NZ.
Rs Ar
A\ R,
R4 N 0
R5 A\(

ORg
wherein
A is a C,-C4 alkylene group optionally substituted with C;-C;
alkyl or mono- or disubstituted with halogen;
Z is a bond, 0, S, C(O)NH, or C;-C; alkylene unsubstituted or
substituted with C;-C; alkyl;

R, is hydrogen, alkyl having 1-6 carbon atoms or halogen
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R., Ri3, Ry, and Rs are each independently
hydrogen, halogen, nitro, or an alkyl group of 1-6
carbon atoms (which may be substituted with one or more
halogens) ;

5 OR;, SR,;, S(O)R;, S(0O)2N(R;)2, C(O)N(R;)2, or N(R;)2, wherein
each R, is independently hydrogen, an alkyl group of 1-6
carbon atoms (which may be substituted with one or more
halogens) or benzyl, where the phenyl portion 1is
optionally substituted with up to three groups

10 independently selected from halogen, C;-C¢ alkyl, C;-Ce
alkoxy, amino, and mono- or di(C;-Cg¢)alkylamino;

phenyl or heteroaryl each of which phenyl or heterocaryl is
unsubstituted or substituted with up to three groups
independently selected from halogen, C;-C¢ alkyl, C;-Cg

15 alkoxy, amino, and mono- or di(C;-Cg)alkylamino;

phenoxy where the phenyl portion is optionally substituted

with up to three groups independently selected from

- halogen, C;-C¢ alkyl, C,-C¢ alkoxy, amino, and mono- or
oe o° di(C,-Cs)alkylamino; or
eees, 20 a group of the formula
HE J
(Cl‘liz)r
2 N-(CHay
e where
.L:f J is a bond, CH,, oxygen, or nitrogen; and

each r is independently 2 or 3;

?ZL 25 Rg is hydrogen or C,-Cg alkyl, benzyl, di (C,-
C¢) alkylaminoethyl, acetoxymethyl, pivaloyloxymethyl,
phthalidoyl, ethoxycarbonyloxyethyl, 5-methyl-2-oxo-
1,3-dioxol-4-yl methyl, C;-Cs alkyl unsubstituted or
substituted by N-morpholino, or di(C;-C¢) alkylamino;

30 R. 1is hydrogen, C;-C¢ alkyl, fluoro, or trifluoromethyl;
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and Ar represents

a heterocyclic 5-membered ring having one nitrogen, oxygen
or sulfur, one nitrogen and either one nitrogen Or one
sulfur, two nitrogens, two nitrogens and eilher one
oxygen or one sulfur, three nitrogens, said
heterocyclic S5-membered ring being condensed with benzo
where the benzo is unsubstituted or substituted by one
of iodo, cyano, nitro, perfluoroethyl, trifluoroacetyl,
or (C,-C¢)alkanoyl, one or two of fluoro, chloro, bromo,
hydroxy, (C1-Cg¢)alkyl, (C;-Cq)alkoxy, (C,-Cg¢)alkylthio,
trifluoromethoxy, trifluoromethylthio, (Cy-

C¢)alkylsulfinyl, (C;-Cg¢)alkylsulfonyl or
trifluoromethyl, or two fluorc or two trifluoromethyl
with one hydroxy or one (C;-C;)alkoxy, or ones or two
fluoro and one trifluoromethyl or three fluoro;

a heterocyclic 6-membered ring having one to three nitrogen
atoms, or one or two nitrogen atom3 and one oxygen or
sulfur, said heterocyclic 6 -membered ring being
condensed with benzo which is unsubstituted or
substituted by one of iodo or trifluoromethylthio, or
one or two of fluoro, chloro, bromo, (Cy-Ce¢)alkyl, (C;-
Cs) alkoxy, (C1-C¢)alkylthio, (C,-C¢)alkylsulfinyl, (C,-
C¢) alkylsulfonyl, or trifluoromethyl;

said benzo-condensed heterocyclic 5-membered or €-membered

rings being unsubstituted or substituted in the heterocyclic

S-membered or 6-membered ring by one of fluoro, chloro,

bromo, methoxy, or trifluoromethyl.

COMS ID No: SBMI-00773472 Received by IP Australia: Time (H:m) 09:32 Date (Y-M-d) 2004-06-01
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In a second aspect the invention provides a
pharmaceutical composition comprising an effective amount of
a compound according to the first aspect.
In a third aspect the invention provides a
5 pharmaceutical composition comprising an effective amount of
2-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-
N-acetic acid.
In a fourth aspect the invention provides a
pharmaceutical composition comprising an effective amount of
10 5S-chloro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-
N-acetic acid.
In a fifth aspect the invention provides a
pharmaceutical composition comprising an effective amount of

3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-acetic

15 acid.

. In a sixth aspect the invention provides a
agdz pharmaceutical composition comprising an effective amount of
E"Ef 3-(5-trifluoromethylbenzothiazol-2-yl)methyl-indole-N-acetic
E.E..’ acid.

:§§? 20 In a seventh aspect there is provided a compound
R selected from the group consisting of:

3-cyanomethyl-indole-N-acetic acid, ethyl ester

e 3-(4,5,7-trifluorobenzothiazol-2-yl) methyl-indole-N-

acetic acid, ethyl ester

ot 25 indole-N-acetic acid, ethyl ester
°&:5 3-(3-nitrophenyl)methyl-indole-N-acetic acid, ethyl
susee ester
st 3-cyanomethyl-5-phenyl-indole-N-acetic acid, ethyl
ester
30 2-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-

indole-N-acetic acid, ethyl ester
5-chloro-3-(4,5,7-Trifluorobenzothiazol-2-yl)methyl-

indole-N-acetic Acid, ethyl ester
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5-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
indole-N-acetic acid, ethyl ester
7-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
indole-N-acetic acid, ethyl ester
5 6-chloro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
indole-N-acetic acid, ethyl ester
S-benzyloxy-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
indole-N-acetic acid, ethyl ester
6-fluoro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
10 indole-N-acetic acid, ethyl ester
5-fluoro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
indole-N-acetic acid, ethyl ester
6-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-

indole-N-acetic acid, ethyl ester

15 3-(5-trifluoromethylbenzothiazol-2-yl)methyl-indole-N-
acetic Acid, ethyl ester
§j'§ 5-Methyl-3- (5-Trifluoromethylbenzothiazol-2-yl)methyl-
E:EH indole-N-acetic acid, ethyl ester
gi.k 2-phenyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
I;;T 20 indole-N-acetic acid, ethyl ester
5. . 6-phenyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-

indole-N-acetic acid, ethyl ester

len 5-morpholino-3-(4,5,7-trifluorobenzothiazol-2-

yl)methyl-indole-N-acetic acid, ethyl ester

oo o 25 6-morpholino-3-(4,5,7-trifluorobenzothiazol-2-yl)

. oo
XYY}

methyl-indole-N-acetic acid, ethyl ester

. (]
(XXX ]

elee 5-phenoxy-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-

®ecee’ indole-N-acetic acid
7-fluoro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
30 indole-N-acetic acid, ethyl ester
7-bromo-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
indole-N-acetic acid, ethyl ester
7-chloro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-

indole-N-acetic acid, ethyl ester

- 64 -
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3-[5-Fluorbenzothiazole-2-yl]lmethyl-indole-N-acetic
Acid, ethyl ester
3-[6-Fluorbenzothiazole-2-yl]lmethyl-indole-N-acetic
Acid, ethyl ester
5 3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-2-
propionic acid, ethyl ester
3-(4-5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-3-
propionic acid, ethyl ester
6-Bromo-3-(5-trifluoromethylbenzothiazol-2-yl)methyl-
10 indole-N-acetic acid, ethyl ester
6-Methoxy-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-
indole-N-acetic acid, ethyl ester
4-Chloro-3-(4,5,7-trifluorobenzothiazol-2yl) methyl -
indole-N-acetic acid, ethyl ester
15 5-Methoxy-3-(4,5,7-trifluorobenzothiazol-2-yl) methyl -

indole-N-acetic acid, ethyl ester

§j . 5-Bromo-3-(4,5,7-trifluorobenzothiazol-2-yl) methyl -
E:EH indole-N-acetic acid, ethyl ester

§j.? 3- (6-chlorobenzothiazol-2-y1) methyl-indole-N-acetic
.Jén 20 acid, ethyl ester.

?'t: In an eighth aspect the invention provides a method of

preventing or alleviating chronic complications arising from

. diabetes mellitus, which comprises administering to a mammal

ot0c in need of such treatment an effective amount of ‘a compound

L1 I

e o 25 according to the first aspect.

In a ninth aspect the invention provides use of a

oee compound according to the first aspect for the preparation

®ees® of a pharmaceutical composition for administering to a
mammal in need of prevention or alleviation of chronic
30 complications arising from diabetes mellitus.
As used herein, the term "comprise" and variations of
the term, such as "comprising", "comprises" and "comprised",
are not intended to exclude other additives, components,

integers or steps.
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Detailed Description of the Invention

The numbering system for the compounds of Formula I is as

follows:

As noted above, the invention provides novel substituted
indole alkanoic acids useful in treating and/or preventing
complications associated with or arising from elevated levels
of glucose in individuals suffering from diabetes mellitus.

10 These compounds are represented by Formula I above.

In compounds of Formula I, the aryl and heteroaryl groups
represented by Ar include:

a phenyl group optionally substituted with up to 5 groups

independently selected from halogen, an alkyl group of 1-6

15 carbon atoms (which may be substituted with one or more
halogens), nitro, OR,, SR,, S(O)R,, S(O),R, or N(R,), wherein

R, i1s hydrogen, an alkyl group of 1-6 carbon atoms (which

may be substituted with one or more halogens) or benzyl,

where the phenyl portion is optionally substituted with up
20 to three groups independently selected from halogen, C,-C,
alkyl, C,-Cs¢ alkoxy, amino, and mono- or di(C,-

C¢)alkylamino, or the phenyl group may be condensed with
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benzo where the benzo is optionally substituted with one

or two of halogen, cyano, nitro, trifluoromethyl,
perfluoroethyl, trifluoroacetyl, or (C,-C¢) alkanoyl,

: hydroxy, (C,-Cq) alkyl, (C,-Cq) alkoxy, (C,-Cq)alkylthio,
5 trifluoromethoxy, trifluoromethylthio, (C,-

C¢)alkylsulfinyl, (C,-C¢)alkylsulfonyl;
a heterocyclic S5-membered ring having one nitrogen, oxygen or
sulfur, two nitrogens one of which may be replaced by

oxygen or sulfur, or three nitrogens one of which may be

10 replaced by oxygen or sulfur, said heterocyclic S5-membered
ring substituted by one or two fluoro, chloro, (C,-
C¢)alkyl or phenyl, or condensed with Dbenzo, or

substituted by one of pyridyl, furyl or thienyl, said
phenyl or benzo optionally substituted by one of iodo,
15 cyano, nitro, perfluoroethyl, trifluorocacetyl, or (C,-
C¢) alkanoyl, one or t:'wo of fluoro, chloro, bromo, hydroxy,
(C,-C¢)alkyl, (C,-C¢) alkoxy, (C,-Cg)alkylthio,
trifluoromethoxy, trifluoromethylthio, (C,-
C¢)alkylsulfinyl, (C,-C,)alkylsulfonyl or trifluoromethyl,
20 or two fluoro or two trifluoromethyl with one hydroxy or
one (C,-C)alkoxy, or one or, preferably, two fluoro and
one trifluoromethyl, or three fluoro, said pyridyl, furyl
or thienyl optionally substituted in the 3-position by

fluoro, chloro, bromo, (C,-C,)alkyl or (C,-C,)alkoxy;
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a heterocyclic 6-membered ring having one to three nitrogen
atoms, or one or two nitrogen atoms and one oxygen or
sulfur, said heterocyclic 6-membered ring substituted by

- one or two (C,-C¢)alkyl or phenyl, or condensed with
5 benzo, or substituted by one of pyridy , furyl or thienyl,
said phenyl or benzo optionally substituted by one of iodo
or trifluoromethylthio, or one or two of fluoro, chloro,
bromo, (C,-C¢)alkyl, (C,-C¢)alkoxy, (C,-C¢)alkylthio, (C,-
C¢)alkylsulfinyl, (C,-C¢)alkylsulfonyl, or trifluoromethyl,
10 and said pyridyl, furyl or thienyl optionally substituted
in the 3-position by fluoro, chloro, (C,-C()alkyl or (C,-

C¢) alkoxy;

said benzo-condensed heterocyclic 5-membered or 6-membered
rings optionally substituted in the heterocyclic 5-

15 membered or 6-membered ring by one of fluoro, chloro,
bromo, methoxy, .- trifluoromethyl;

oxazole or thiazole condensed with a 6-membered aromatic group
containing one or two nitrogen atoms, with thiophene or
with furane, each optionally substituted by one of fluoro,

20 chloro, bromo, trifluoromethyl, methylthio or
methylsulfinyl;

imidazolopyridine or triazolopyridine optionally substituted by
one of trifluoromethyl, trifluoromethylthio, bromo, or

(C,-Cq)alkoxy, or two of fluoro or chloro;
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thienothiophene or thienofuran optionally substituted by one of

fluoro, chloro or trifluoromethyl; thienotriazole
optionally substituted by one of chloro or
- trifluoromethyl;

5 naphthothiazole; naphthoxazole; or thienoisothiazole.

More specific compounds of the invention are those of
Formula I wherein Ar is optionally substituted benzothiazolyl,
benzoxazolyl, isoquinolyl, benzothiophen-yl, benzofuran-yl or
10 benzimidazolyl, or substituted oxadiazolyl or indolyl. Other
more specific compounds are of Formula I those wherein R, is
trifluoromethyl, Z is a covalent bond or CH,, R, is hydroxy,
and each of R,-R; are independently hydrogen, halogen, more
preferably bromo or chloro, C,-C, alkyl, phenoxy, benzyloxy, or

15 (C,-C, alkoxy, and R, is hydrogen or methyl.
Preferred compounds of the invention are those wherein 2

is a covalent bond, Ry is hydroxy, Ar is optionally substituted

benzothiazol-2-yl, benzothiazol-5-yl, benzoisothiazol-3-yl,
benzoxazol-2-yl, 2-quinolyl, 2-quinoxalyl, oxazolo[4,5-
20 Dblpyridine-2-yl, benzothiophen-2-yl, benzofuran-2-yl, or
thazolo[4,5-pyridine-2-y, thieno(2,3-bljpyridine2-yl,

imidazo(1l,5-a)pyridine-2-yl, or indol-2-yl, or substituted
1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl, isothiazol-5-yl,
isothiazol-4-yl, 1,3,4-oxadiazol-5-yl, 1,2,5-thiadiazol-3-yl,

25 oxazol-2-yl, thiazol-2-yl, or thiazol-4-yl, R,-R, are

-10-
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independently hydrogen, halogen, more preferably bromo or

chloro, C,-C, alkyl, phenoxy, benzyloxy or phenyl where each

phenyl portion 1is optionally substituted with C(,-C, alkyl,

y halogen, C,;-C, alkoxy, hydroxy, amino or mono- or di (C,-Cq)

S alkylamino R, 1is hydrogen, fluro or C,-C, alkyl, and R, is
hydrogen or methyl.

Other preferred compounds are those wherein the methylene
bridge connecting the indolyl group with Ar is located alpha
with respect to a nitrogen atom in Ar, e.g. wherein Ar is

10 benzoxazol-2-yl or 1,2,4-oxadiazol-3-yl mentioned above.

Other more specific compounds of the invention are those
wherein Z is a covalent bond, R is hydroxy, R, is hydrogen, Ar
is optionally 4,5,6 or 7 benzo-substituted benzothiazolyl,
benzoxazolyl, benzimidazolyl, benzothiophenyl, benzofuranyl, or

15 indolyl, or Ar is 2-benzothiazolyl substituted on benzo by one
trifluorocacetyl or trifluoromethylthio, or one or two of fluoro
chloro, bromo, hydroxy, methyl, methoxy, trifluoromethyl,
trifluoromethoxy, trifluoromethylthio, or one or, preferably,
two fluoro and one trifluoromethyl, or two fluoro or two

20 trifluoromethyl with one methoxy, or three fluoro, or by 6,7-
benzo, and those wherein one of R, and R, is hydrogen, fluoro,
chloro, bromo or methyl, and one of R, and R; is hydrogen, or
chloro, bromo, methyl, isopropyl, methoxy, nitro or
trifluoromethyl; or R, and R, is 5, 6-difluoro, R, is hydrogen;

25 and those wherein Ar is optionally substituted benzothiazol-2-
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yl or quinoxalyl and R, and R, are each chloro, and R, is
hydrogen or methyl.

Further more specific compounds are those wherein Z is a

- covalent bond, R, is hydroxy, Ar is optionally substituted

S benzothiazol-2-yl, R, and R, are hydrogen, and R, is methyl;

those wherein Z is a covalent bond, R, is hydroxy, R,, R, and R,

are hydrogen, chloro, fluoro, bromo or (,-C, alkyl, R, is

hydrogen, and Ar is optionally 4,5,6 or 7 benzosubstituted

benzothiazolyl-2-trifluoromethyl, benzoxazolyl-2-

10 trifluoromethyl, benzimidazolyl-2-trifluoromethyl, benzofuran-

2-trifluoromethyl, benzofuran-3-trifluoromethyl, benzothiophen-

2-trifluoromethyl, benzothiophen-3-trifluoromethyl, indolyl-2-

trifluoromethyl, or 1indolyl-3-trifluoromethyl; and those

wherein Z is CH,, R is hydroxy, Ar is optionally substituted

15 benzothiazol-2-yl, benzothiazol-5-yl, benzoisothiazol-3-y1,
benzoxazol-2-yl, 2-quinolyl, 2-quinoxalyl, oxazolo([4,5-
blpyridine-2-y1, or thiazolo[4,5-blpyridine-2-yl, or
substituted 1,2,4- oxadiazol3-yl, 1,2,4-oxadiazol-5-yl1,

isothiazol-5-yl, isothiazol4-yl, 1,3,4-oxadiazol-5-yl, 1,2,5-

20 thiadiazol-3-yl, oxazol-2-yl, thiazol-2-yl, or thiazol-4-yl,

and R,, R, and R, are independently hydrogen, chloro, f£fluoro,
bromo, C,-C, alkyl, or trifluoromethyl, and R, is hydrogen.

Generally, R, in the specific compounds described above is

hydrogen, halogen, preferably chloro or fluoro, C,-C, alkyl, or

25 phenyl optionally substituted with with up to three groups
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independently selected from halogen, C,-C, alkyl, C,-C¢ alkoxy,
amino, and mono- or di(C,-C,)alkylamino. Preferred R, groups
are hydrogen and methyl.

Preferred compounds of the invention include those where

5 Ar 1in Formula I is substituted phenyl, i.e., compounds of

Formula II:

II

wherein
10 A 1is a C(C,-C, alkylene group optionally substituted with C,-C,
alkyl;

Z is a bond, or C,-C, alkylene optionally substituted with C,-C,

alkyl;
R, 1s hydrogen, (,-C, alkyl, <chloro, bromo, fluoro, or
15 trifluoromethyl;

R, 1is hydrogen, C,-C, alkyl, fluoro, or phenyl optionally
substituted with up to three groups independently selected
from halogen, C,-C¢ alkyl, C,-C, alkoxy, amino, and mono-
or di(C,-Cq)alkylamino;

20 R,, R, R, and R, are each independently
hydrogen, halogen, an alkyl group of 1-6 carbon atoms

(which may be substituted with one or more halogens),

-13-
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nitro, OR,, SR,, S(O)R,, S(O),N(R,),, C(O)N(R,),,or

N(R,),, wherein each R, is independently hydrogen, an
alkyl group of 1-6 <carbon atoms (which may be

substituted with one or more halogens) or benzyl,

5 where the phenyl portion is optionally substituted
with up to three groups independently selected from
halogen, C,-C, alkyl, C,-C, alkoxy, amino, and mono- or |
di (C,-C¢)alkylamino;

phenyl or heteroaryl such as 2-, 3- or 4-imidazolyl or 2-,

10 3-, or 4-pyridyl, each of which phenyl or heteroaryl

is optionally substituted with up to three groups
independently selected from halogen, C,-C¢ alkyl, C,-C,
alkoxy, amino, and mono- or di(C,-C¢)alkylamino;
phenoxy where the phenyl portion is optionally substituted
15 with up to three groups independently selected from

halogen, C,-C; alkyl, C,-C, alkoxy, amino, and mono- or

di (C,-C,) alkylamino; or

a group of the formula

//’—‘J

(CITZ)r

~;N=(CHY,
20 where

J is a bond, CH,, oxygen, or nitrogen; and

each r is independently 2, or 3;
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or C,-C, 21lkylen= optionally substitutsd with C,-C,
R, is nydrogen, C(C,-C, =zalkyl, «chloro, bromo, <Iluoro, or
trifluoromethyl;

R, 1is nydrogen, C,-C, alkyl, halogen, preferably chloro or

20 fluoro, or phenyl opticnally substitutsd with with up to
three croups independently selected from halogen, C,-C,
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alkyl, C,-C, alkoxy, amino, and mono- or di(C,-
C¢)alkylamino;
R,, R;, R, and R, are each independently hydrogen, halogen, an
- alkyl group of 1-6 carbon atoms (which may be substituted
5 with one or more halogens), nitro, OR,, SR,, S(O)R,,
S(O),N(R,), C(O)N(R,), or N(R,),, wherein each R, |is
independently hydrogen, an alkyl group of 1-6 carbon atoms
(which may be substituted with one or more halogens) or
benzyl, where the phenyl portion is optionally substituted
10 with up to three groups independently selected from
halogen, (,-C, alkyl, C(,-C, alkoxy, amino, and mono- or
di (C,-C¢) alkylamino;
phenyl or heteroaryl such as 2-, 3- or 4-imidazolyl or 2-,
3-, or 4-pyridyl, each of which phenyl or heteroaryl
15 is optionally substituted with up to three groups
independently selected from halogen, C,-C, alkyl, C,-C;
alkoxy, amino, and mono- or di(C,-C¢)alkylamino;
phenoxy where the phenyl portion is optionally substituted
with up to three groups independently selected from
20 halogen, C,-C, alkyl, C,-C, alkoxy, amino, and mono- or
di(C,-C¢)alkylamino; or

a group of the formula

//’—‘J

(CHz)
;N (CH )

where
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J is a bond, CH,, oxygen, or nitrogen; and
each r is independently 2 or 3;
R, 1is hydroxy, (,-C¢ alkoxy, or -OM where M 1is a cation
- forming a pharmaceutically acceptable salt; and

5 Ry,. Ry, R;; and R,, are independently hydrogen, halogen, nitro,
hydroxy, C,-C¢ alkyl, CC,-C, alkoxy, C,-C, alkylthio,
trifluoromethyl, trifluoromethoxy, C,-C¢ alkylsulfinyl, or
C,-C¢ alkylsulfonyl.
In preferred compounds of Formula III, the R,, R,, R, and

10 R, substituents, in combination, represent one of bromo, cyano
or nitro, one or two of fluoro, chloro, hydroxy, (C,-Cq)alkyl,
(C,-C¢) alkoxy, or trifluoromethyl, or two fluoro or two methyl
with one hydroxy or one (C,-C¢)alkoxy, or one or, preferably,
two fluoro and one methyl, or three fluoro groups.

15 Particularly preferred R,, R,, R, and R, substituents are,
independently, fluori..., chlorine, nitro, and trifluoromethyl.

In preferred compounds of Formulas II and III, A 1is
preferably methylene, methylene substituted with a methyl
group, or ethylene.

20 Preferred compounds according to Formula II above include
those wherein R; is fluorine, R, is hydrogen and R,, is bromine
or those wherein R, and R,, are hydrogens and R, is nitro.

Preferred compounds of Formula III above are thosewherein
the benzothiazole moiety is substituted with nitro, one, two,

25 or three of fluoro, one or two of chloro, or at least one

-17-
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trifluoromethyl group. More preferred compounds of Formula II
are those where A is methylene, R, is hydrogen or methyl, Z is
a bond, and R, is hydroxy or C,-C, alkoxy.

Still more preferred compounds of Formula II are those
wherein R,,, R,, and R,, are fluorines and R,,; is hydrogen. Other
more preferred compounds of Formula II are those where R, is
methyl or hydrogen, Z is methylene or, more preferably, a bond,
A is CHF or C, or C, alkylene, preferably methylene, R, is
methyl or hydrogen, and R,,, R,, and R,, are halogens or C,-C,
alkyl. Still other more preferred compounds of Formula III are
those where R, is methyl or hydrogen, Z is methylene or, more
preferably, a bond, A is CHF or C, or C, alkylene, R, 1s methyl
or hydrogen, and R,,, R,, and R,, are fluorines or chlorines.

Particularly preferred compounds of Formula I are those
where R, and R, are independently hydrogen, C,-C, alkyl, C,-C
alkoxy, or halogen, and R, is methyl or hydrogen, Z is a bond,
A is methylene, methyl substituted methylene, or ethylene, R,
is methyl or hydrogen, and R,,, R,, and R,, are fluorines or

chlorines.

The term ‘"prodrug group” denotes a moiety that 1is
converted in vivo into the active compound of formula I wherein
R, 1s hydroxy. Such groups are generally known in the art and
include ester forming groups, to form an ester prodrug, such as

benzyloxy, di (C,-C) alkylaminoethyloxy, acetoxymethyl,

-18-




WO 99/50268 PCT/US99/07116
pivaloyloxymethyl, phthalidoyl, ethoxycarbonyloxyethyl, 5-
methyl-2-oxo0-1,3-dioxol-4-yl methyl, and (C,-Cq) alkoxy
optionally substituted by N-morpholino and amide-forming groups

- such as di(C,-C¢)alkylamino. Preferred prodrug groups include

5 hydroxy, C,-C¢ alkoxy, and OM" where M represents a cation. |
Preferred cations include sodium, potassium, and ammonium.
Other cations include magnesium and calcium. Further preferred
prodrug grops include O™M*" where M is a divalent cation such
as magnesium or calcium.

10 In certain situations, compounds of Formula I may contain
one or more asymmetric carbon atoms, so that the compounds can
exist in different stereoisomeric forms. These compounds can
be, for example, racemates or optically active forms. 1In these
situations, the single enantiomers, i.e., optically active

15 forms, can be obtained by asymmetric synthesis or by resolution
of the racemates. Resolution of the racemates can be
accomplished, for example, by conventional methods such as
crystallization in the presence of a resolving agent, or
chromatography, using, for example a chiral HPLC column.

20 Representative compounds of the present invention include
the pharmaceutically acceptable acid addition salts of
compounds where R, includes basic nitrogen atom, i.e, an
alkylamino or morpholino group. In addition, if the compound
or prodrug of the invention is obtained as an acid addition

25 salt, the free base can be obtained by basifying a solution of
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the acid salt. Conversely, if the product is a free base, an

addition salt, particularly a pharmaceutically acceptable

addition salt, may be produced by dissolving the free base in a

- suitable organic solvent and treating the solution with an

5 acid, in accordance with conventional procedures for preparing
acid addition salts from base compounds.

Non-toxic pharmaceutical salts include salts of acids such
as hydrochloric, phosphoric, hydrobromic, sulfuric, sulfinic,
formic, toluenesulfonic, methanesulfonic, nitric, benzoic,

10 citric, tartaric, maleic, hydroiodic, alkanoic such as acetic,
HOOC- (CH,) n-ACOOH where n is 0-4, and the like. Non-toxic
pharmaceutical base addition salts include salts of bases such
as sodium, potassium, calcium, ammonium, and the like. Those
skilled in the art will recognize a wide variety of non-toxic

15 pharmaceutically acceptable addition salts.

As used herein, the terms 2-benzothiazolyl and
benzothiazol-2-yl are synonymous.

Representative groups of the formula

//’—‘J

(C"I*z)r
~;N=(CH.Y
20 include those where J is oxygen and each r is 2 (morpholinyl),
J is nitrogen and each r is 2 (piperazinyl) or one r is 2 and
. the other 3 (homopiperazinyl), or J is CH, and each r is 2

(piperidinyl) or one r is 2 and the other 3 (homopiperidinyl).
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Preferred groups of this formula are morpholinyl and
piperazinyl.

The heterocyclic 5-membered ring having one to three

- nitrogen atoms, one of which may be replaced by oxygen or
5 sulfur includes imidazolyl, oxazolyl, thiazolyl, pyrazolyl,
oxadiazolyl, thiadiazolyl, and triazolyl.

The heterocyclic 6-membered ring having one to three
nitrogen atoms, or one or two nitrogen atoms and one oxygen or
sulfur includes triazinyl, pyrimidyl, pyridazinyl, oxazinyl and

10 triazinyl.

The heterocyclic ring may be condensed with benzo so that
said ring is attached at two neighboring carbon atoms to form a
phenyl group. Such benzoheterocyclic ring may be attached to Z
either through the heterocyclic group or through the benzo

15 group of the benzoheterocyclic ring. Specific wherein said
heterocyclic ring is condensed with a benzo include
benzoxazolyl, quinazolin-2-yl, 2-benzimidazolyl, gquinazolin-4-
yl and benzothiazolyl. The oxazole or thiazole condensed with
a 6-membered aromatic group containing one oOr two nitrogen

20 atoms include positional isomers such as oxazolo(4,5-

blpyridine-2-y1l, thiazolo(4,5-b]pyridine-2-yl, oxazolo[4,5-
clpyridine-2-yl, thiazolo(4,5-c]pyridine-2-yl, oxazolo|[5,4-
b]pyridine-2-y1, thiazolo(5,4-b]lpyridine-2-yl, oxazolo(5,4-

c]lpyridine-2-yl, and thiazolo(5,4-c)lpyridine-2-yl.

25
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The following compounds of the invention are provided to

give the reader an understanding of the compounds encompassed

by the invention:

5 3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-acetic acid
S-chloro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-
acetic acid
2-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-
acetic acid

10 5-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-
acetic acid
7-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-
acetic acid
6-chloro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-

15 acetic acid
5-benzyloxy-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-
N-acetic acid
6-fluoro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-
acetic acid

20 5-fluoro-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-
acetic acid
6-methyl-3-(4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-
acetic acid
3-methyl (4,5, 7-trifluorobenzothiazol-2-yl)methyl-indole-N-2

25 propionic acid
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3-methyl (4,5,7-trifluorobenzothiazol-2-yl)methyl-indole-N-3
propionic acid
3-(5-trifluoromethylbenzothiazol-2-yl)methyl-indole-N-acetic |

- acid
S S5-methyl-3-(5-trifluoromethylbenzothiazol-2-yl)methyl-indole-N-
acetic acid

3-(3-nitrophenyl)methyl-indole-N-acetic Acid

10 The above compounds, further described in the Examples and
other description of the invention below, are illustrative but
are not meant to limit in any way the scope of the contemplated
compounds according to the present invention.

The compounds of general Formula I may be administered

15 orally, topically, parenterally, by inhalation or spray or
rectally in dosage unit formulations containing conventional

non-toxic pharmaceutically acceptable carriers, adjuvants and

vehicles. The term parenteral as used herein includes
subcutaneous injections, intravenous, intramuscular,
20 intrasternal injection or infusion techniques. In addition,

there is provided a pharmaceutical formulation comprising a
compound of general Formula I and a pharmaceutically acceptable
carrier. One or more compounds of general Formula I may be
present in association with one or more non-toxic

25 pharmaceutically acceptable carriers and/or diluents and/or
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adjuvants and if desired other active ingredients. The

pharmaceutical compositions containing compounds of general

Formula I may be in a form suitable for oral use, for example,

: as tablets, troches, lozenges, aqueous or oily suspensions,

5 dispersible powders or granules, emulsion, hard or soft
capsules, or syrups or elixirs.

Compositions intended for oral use may be prepared
according to any method known to the art for the manufacture of
pharmaceutical compositions and such compositions may contain

10 one or more agents selected from the group consisting of
sweetening agents, flavoring agents, coloring agents and
preserving agents 1in order to provide pharmaceutically elegant<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>