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ISOQUINOLINE DERIVATIVES AND
METHODS OF USE THEREOF

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 11/177,161, filed Jul. 8, 2005, issuing; which is
a continuation of U.S. application Ser. No. 10/376,746, filed
Feb. 28, 2003, now U.S. Pat. No. 6,956,035, issued Oct. 18,
2005; which is a continuation-in-part of U.S. application Ser.
No. 10/233,198, filed Aug. 30, 2002, now U.S. Pat. No. 6,828,
319, issued Dec. 7, 2004; which is a continuation-in-part of
U.S. application Ser. No. 09/944,524, filed Aug. 31, 2001,
abandoned. The contents of the aforementioned applications
and patents are hereby incorporated in their entirety.

[0002] This invention was made with government support
under grant no. R44 DKS54099-03 and grant no. 1R43
CA90016-01A1, which were awarded by the National Insti-
tutes of Health. The government has certain rights in the
invention.

1. FIELD OF THE INVENTION

[0003] The invention relates to Isoquinoline Derivatives;
compositions comprising an Isoquinoline Derivative; and
methods for treating or preventing an inflammatory disease or
a reperfusion disease comprising the administration of an
effective amount of an Isoquinoline Derivative.

2. BACKGROUND OF THE INVENTION

[0004] Inflammatory diseases, such as arthritis, colitis, and
autoimmune diabetes, typically manifest themselves as dis-
orders distinct from those associated with reperfusion dis-
eases, e.g., stroke and heart attack, and can clinically manifest
themselves as different entities. However, there can be com-
mon underlying mechanisms between these two types of
disorders. In particular, inflammatory disease and reperfusion
disease can induce proinflammatory cytokine and chemokine
synthesis which can, in turn, result in production of cytotoxic
free radicals such as nitric oxide and superoxide. NO and
superoxide can react to form peroxynitrite (ONOO™) (Szabo et
al., Shock 6:79-88, 1996).

[0005] The ONOO™-induced cell necrosis observed in
inflammatory disease and in reperfusion disease involves the
activation of the nuclear enzyme poly (ADP-ribose) 30 syn-
thetase (PARS). Activation of PARS is thought to be an
important step in the cell-mediated death observed in inflam-
mation and reperfusion disease (Szabo et al., Trends Pharma-
col. Sci. 19: 287-98, 1998).

[0006] A number of PARS inhibitors have been described
in the art. See, e.g., Banasik et al., J. Biol. Chem., 267:1569-
75, 1992, and Banasik et al., Mol. Cell. Biochem., 138:185-
97,1994; WO 00/39104; WO 00/39070; WO 99/59975; WO
99/59973; WO 99/11649; WO 99/11645; WO 99/11644; WO
99/11628; WO 99/11623; WO 99/11311; WO 00/42040;
Zhang et al., Biochem. Biophys. Res. Commun., 278:590-98,
2000; White et al., J. Med. Chem., 43:4084-4097, 2000, Grif-
fin et al., J. Med. Chem., 41:5247-5256, 1998; Shinkwin et
al., Bioorg. Med. Chem., 7:297-308, 1999; and Soriano et al.,
Nature Medicine, 7:108-113, 2001. Adverse effects associ-
ated with administration of PARS inhibitors have been dis-
cussed in Milan et al, Science, 223:589-591, 1984.

[0007] Isoquinoline compounds have been previously dis-
cussed in the art. For example, cytotoxic non-camptothecin
topoisomerase | inhibitors are reported in Cushman et al., J.
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Med. Chem., 43:3688-3698, 2300 and Cushman et al., J.
Med. Chem. 42:446-57, 1999; indeno[1,2-c]isoquinolines
are reported as antineoplastic agents in Cushman et al., WO
00/21537; and as neoplasm inhibitors in Hrbata et al., WO
93/05023.

[0008] Syntheses of isoquinoline compounds have been
reported. For example, see Wawzonek et al., Org. Prep. Proc.
Int. 14:163-8, 1982; Wawzonek et al., Can. J. Chem. 59:2833,
1981; Andoi et al., Bull. Chem. Soc. Japan, 47:1014-17,
1974; Dusemund et al., Arch. Pharm (Weinheim, Ger.), 317:
381-2,1984; and Lal et al., Indian J. Chem., Sect. B, 38B:33-
39, 1999.

[0009] There remains, however, a need in the art for com-
pounds useful for treating or preventing inflammatory dis-
eases or reperfusion diseases.

[0010] Citation of any reference in Section 2 of this appli-
cation is not an admission that the reference is prior art.

3. SUMMARY OF THE INVENTION

[0011] The invention is based in part on the discovery of
novel substituted tetracyclic benzamide derivatives and their
demonstrated effects in the treatment of inflammation, cell
death and in treating shock and reperfusion diseases.

[0012] Accordingly, in one aspect the invention includes a
compound of Formula I, Formula Ia, Formula Ib, Formula II,
Formula III, Formula 13, Formula 22, Formula 37 or Formula
40, or a pharmaceutically acceptable salt or hydrate thereof
(an “Isoquinoline Derivative™) as set forth below in the
Detailed Description of the Invention.

[0013] Also provided by the invention is a method for treat-
ing or preventing an inflammatory disease or a reperfusion
disease in a subject, comprising administering to a subject in
need of such treatment or prevention an effective amount of
an Isoquinoline Derivative.

[0014] Inafurtheraspect, the invention also includes meth-
ods for making an Isoquinoline Derivative of Formula Ia,
FormulaIb, Formula II, Formula III, Formula 13, Formula 22,
Formula 37 or Formula 40.

(1, Ta and Ib)

an
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[0015] The Isoquinoline Derivatives can be used to treat or
prevent a variety of conditions and diseases, including, but
not limited to, an inflammatory disease or a reperfusion dis-
ease.

[0016] The invention also includes pharmaceutical compo-
sitions that comprise an effective amount of an Isoquinoline
Derivative and a pharmaceutically acceptable carrier. The
compositions are useful for treating or preventing an inflam-
matory disease or a reperfusion disease. The invention
includes an Isoquinoline Derivative when provided as a phar-
maceutically acceptable prodrug, a hydrated salt, such as a
pharmaceutically acceptable salt, or mixtures thereof.
[0017] The details of the invention are set forth in the
accompanying description below. Although any methods and
materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention,
illustrative methods and materials are now described. Other
features, objects, and advantages of the invention will be
apparent from the description and from the claims. In the
specification and the appended claims, the singular forms also
include the plural unless the context clearly dictates other-
wise. Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. All patents and publications cited in this
specification are incorporated by reference.

4. DETAILED DESCRIPTION OF THE
INVENTION

[0018] The present invention provides Isoquinoline
Derivatives according to Formula I, Formula la, Formula Ib,
Formula II, Formula 111, Formula 13, Formula 37 and For-
mula 40 as set forth below:

@

40

and pharmaceutically acceptable salts and hydrates thereof,
wherein:

[0019] R isNHorS;

[0020] Rgis—H or C,-C, alkyl;

[0021] X is —C(O)—, —CH,—, —CH(halo)-, —CH
(OH)—(CH,),—, —CH(OH)-arylene-, —O—, —NH—,
—S—, —CH(NR, R, ,)— or —N(SO,Y)—, wherein Y is

—OH, —NH, or -alkylheterocycle and nis an integer ranging
from 0-5;

[0022] R, and R, are independently -hydrogen or —C -
C, alkyl, or N, R;; and R, are taken together to form a
heterocyclic amine;

[0023] R, is -hydrogen, -halo, —C,-C,, alkyl, -alkylhalo,
—C,-Cy, alkenyl, —C;-Cq carbocycle, -aryl, —NH,, -alky-
lamino, —C(O)OH, —C(0)O(C, -C; alkyl), NO, or -A-B;
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[0024] A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —CO—, —C(0)O—, —CONH—, —CON(C -
C, alkyl)-, —NH—, —CH,—, —S— or —C(S)—;

[0025] B is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-Cq carbocycle, -aryl, —NZ,7Z,, —(C,-C5 alky-
lene)-NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C; alkyl), —C(O)
O-phenyl or —C(NH)NH, any of which are unsubstituted or
substituted with one or more of —O—(C, -C; alkyl), -halo,
-alkylhalo, -alkanol, -alkylamino, -hydroxy, —NO,, —NH,,
—CN, -aminoalkyl, -aminodialkyl, -heterocyclic amine,
—C -Cy, alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl, -aryl,
-benzyl, -alkylamido, -alkylcarboxy, —C(O)OH, —C,-C;
alkylene-C(O)O—(C,-Cs alkyl) or —C,-C, alkylene-OC
(0)—(C,-Cs alkyl);

[0026] R,, R;, R,, R, Rg, Ry and R, are independently
-hydrogen, -halo, -hydroxy, —O—(C,-C5 alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-Cg carbocycle,
-aryl, —NH,, -alkylamino, —C(O)OH, —C(O)O(C,-C;
alkyl), —OC(O)(C,-C4 alkyl), NO, or -A-B; and at least one
ofR;, R,, R5, Ry, R, Rg, Ry or R is other than hydrogen;
[0027] A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —0OC(0)—, —C(0)0—,
—CONH—, —CON(C,-C, alkyl)-, —NH—, —CH,—,
—S—or—C(8)—;

[0028] B is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-Cg carbocycle, -aryl, —NZ,Z,, —(C,-C; alky-
lene)-NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)0O—(C,-C; alkyl), —C(O)
O-phenyl or —C(NH)NH, any of which are unsubstituted or
substituted with one or more of —O—(C,-C4 alkyl), -halo,
-alkylhalo, -alkanol, -alkylamino, -hydroxy, —NO,, —NH,,
—CN, -aminoalkyl, -aminodialkyl, -heterocyclic amine,
—C-C, alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl, -aryl,
-benzyl, -alkylamido, -alkylcarboxy, —C(O)OH, —C,-C;
alkylene-C(O)O—(C,-C5 alkyl) or —C,-C5 alkylene-OC
(0)—(C,-C4 alkyl); and

[0029] Z, and Z, are independently —H or—C,-C, , alkyl,
which is unsubstituted or substituted with one or more of
-halo, —OH or —N(Z;)(Z,), where Z, and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or sub-
stituted with one or more of -halo, -hydroxy or —NH,; or N,
Z5 and 7, are taken together to form an unsubstituted or
substituted heterocyclic amine; or N, Z, and Z, are taken
together to form a heterocyclic amine.

[0030] In one embodiment, X is —C(O)—, —CH,—,
—CH(halo)-, —CH(OH)—(CH,),,—, —CH(OH)-arylene-,
—O0O—, —N—H—,—S—or—CH(NR, R, ,)—, whereinn
is an integer ranging from 0-5.

[0031] In another embodiment B is —C,-C,, alkyl, —C -
C,, alkenyl, -heterocycle, —C,-C; carbocycle, -aryl,
—NZ,7,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)0O—(C, -C, alkyl) or —C(O)
O-phenyl, any of which are unsubstituted or substituted with
one or more of —O—(C,-C5 alkyl), -halo, -alkylhalo, -al-
kanol, -alkylamino, -hydroxy, —NO,, —NH,, -aminoalkyl,
-aminodialkyl, -heterocyclic amine, —C,-C,, alkyl, —C-
C,, alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C,-C; alkylene-C(O)O—C,-C; alkyl or
—C -C; alkylene-OC(0)—C, -C; alkyl.

[0032]

[0033] In a further embodiment at least one of R, R,, R,
R,, R, Rg, Ry and R, is other than hydrogen.

In another embodiment, R -R, are hydrogen.
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[0034] The invention also relates to a compounds of for-
mula (Ia):

(la)

and pharmaceutically acceptable salts and hydrates thereof,

wherein:

[0035] RsisNHorS;

[0036] Rgis—HorC,-C, alkyl;

[0037] X is —C(O)—, —CH,—, —CH(halo)-, —CH
(OH)—(CH,),—, —CH(OH)-arylene-, —O—, —NH—,
S—, —CH(NR,,R,,)— or —N(SO,Y)—, wherein Y is

—OH, —NH, or -alkylheterocycle and nis an integer ranging
from 0-5;

[0038] R, and R, are independently -hydrogen or —C -
C, alkyl, or N, R;; and R, are taken together to form a
heterocyclic amine;

[0039] R, is -hydrogen, -halo, —C,-C,, alkyl, -alkylhalo,
—C,-C,, alkenyl, —C;-Cg carbocycle, -aryl, —NH,, -alky-
lamino, —C(O)OH, —C(O)O(C, -C; alkyl), NO, or -A'-B';
[0040] A'is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —CO—, —C(0)0O—, —CONH—, —CON(C -
C, alkyl)-, —NH—, —CH,—, —S— or —C(S)—;

[0041] B'is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-Cq carbocycle, -aryl, —NZ,7Z,, —(C,-C5 alky-
lene)-NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C; alkyl), —C(O)
O-phenyl or —C(NH)NH, any of which are unsubstituted or
substituted with one or more of —O—(C,-C4 alkyl), -halo,
-alkylhalo, -alkanol, -alkylamino, -hydroxy, —NO,, —NH,,
—CN, -aminoalkyl, -aminodialkyl, -heterocyclic amine,
—C-C, alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl, -aryl,
-benzyl, -alkylamido , -alkylcarboxy, —C(O)OH, —C,-C;
alkylene-C(O)O—(C,-C5 alkyl) or —C,-C5 alkylene-OC
(0)—(C,-Cs alkyl);

[0042] R,, R;, R,, R, R, R, and R, are independently
-hydrogen, -halo, -hydroxy, —O—(C,-C5 alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C,-C, carbocycle,
-aryl, —NH,, -alkylamino, —C(O)OH, —C(O)O(C,-C;
alkyl), —OC(O)(C,-C4 alkyl), NO, or -A-B; and at least one
of R;, R,, R5, Ry, Ry, Rg, Ry or R is other than hydrogen;
[0043] A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —0OC(0)—, —C(0)0—,
—CONH—, —CON(C,-C, alkyl)-, —NH—, —CH,—,
—S—or—C(S)—;

[0044] B is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-Cq carbocycle, -aryl, —NZ,7Z,, —(C,-C5 alky-
lene)-NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
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-arylamido, —C(O)OH, —C(0)0O—(C,-C; alkyl), —C(O)
O-phenyl or —C(NH)NH, any of which are unsubstituted or
substituted with one or more of —O—(C,-C4 alkyl), -halo,
-alkylhalo, -alkanol, -alkylamino, -hydroxy, —NO,, —NH,,
—CN, -aminoalkyl, -aminodialkyl, -heterocyclic amine,
—C-Cy, alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl, -aryl,
-benzyl, -alkylamido, -alkylcarboxy, —C(O)OH, —C,-C;
alkylene-C(O)O—(C,-Cs alkyl) or —C,-C;s alkylene-OC
(0)—(C,-C4 alkyl); and

[0045] Z,and Z, are independently —H or—C,-C, , alkyl,
which is unsubstituted or substituted with one or more of
-halo, —OH or —N(Z;)(Z,), where Z; and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or sub-
stituted with one or more of halo, -hydroxy or —NH,; or N,
Z5 and 7, are taken together to form an unsubstituted or
substituted heterocyclic amine; or N, Z, and Z, are taken
together to form a heterocyclic amine.

[0046] In one embodiment, X is —C(O)—, —CH,—,
—CH(halo)-, —CH(OH)—(CH,),,—, —CH(OH)-arylene-,
—0O—, —NH—, —S—or—CH(NR, ;R ,)—, wherein n is
an integer ranging from 0-5.

[0047] In another embodiment B is —C,-C,, alkyl, —C -
C,, alkenyl, -heterocycle, —C;-C; carbocycle, -aryl,
—NZ,7,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C, -C; alkyl) or —C(O)
O-phenyl, any of which are unsubstituted or substituted with
one or more of —O—(C,-C; alkyl), -halo, -alkylhalo, -al-
kanol, -alkylamino, -hydroxy, —NO,, —NH,, -aminoalkyl,
-aminodialkyl, -heterocyclic amine, —C,-C,, alkyl, —C,-
C,, alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C,-C; alkylene-C(O)O—C,-C; alkyl or
—C, -C; alkylene-OC(0)—C, -C; alkyl.

[0048]
[0049] In a further embodiment at least one of R, R,, R,
R,, R, Rg, Ry and R, is other than hydrogen.

[0050]
In other illustrative embodiments R and X in a compound of
formula Ia are as set forth below:

In another embodiment, R,-R, are hydrogen.

In one embodiment, A is —SO,—.

R’ X
NH —C(0)—
NH —CH,—
NH —CH(halo)-
NH —CH(OH)(CH,),—
NH —CH(arylene)(OH)—
NH —0—
NH —NH—
NH —s—
NH —CH(NR!R!?)—
NH —N(SO,Y)—
S —C(0)—
S —CH,—
S —CH(halo)-
S —CH(OH)(CH,),—
S —CH(arylene)(OH)—
S —0—
S —NH—
S —s—
S —CH(NR!'R!?%)—
S —N(SO,Y)—
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[0051]
Ib:

The invention also relates to compounds of Formula

(Ib)

and pharmaceutically acceptable salts and hydrates thereof,
wherein:
[0052] R isNHorS;

[0053] Rgsis—H or C,-C, alkyl;

[0054] X is —C(O)—, —CH,—, —CH(halo)-, —CH
(OH)—(CH,),—, —CH(OH)-arylene-, —O—, —NH—,
—S—, —CH(NR, R, ,)— or —N(SO,Y)—, wherein Y is
—OH, —NH, or -alkylheterocycle and nis an integer ranging
from 0-5;

[0055] R,, and R,, are independently -hydrogen or —C -
C, alkyl, or N, R;, and R, are taken together to form a
heterocyclic amine;

[0056] R, is -hydrogen, -halo, —C,-C, , alkyl, -alkylhalo,
—C,-C,, alkenyl, —C;-Cg carbocycle, -aryl, —NH,, -alky-
lamino, —C(O)OH, —C(0O)O(C, -C; alkyl), NO, or -A'-B";
[0057] A'is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —CO—, —C(0)0O—, —CONH—, —CON(C -
C, alkyl)-, —NH—, —CH,—, —S— or —C(S)—;

[0058] B'is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-Cq carbocycle, -aryl, —NZ,Z,, —(C,-C; alky-
lene)-NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C; alkyl), —C(O)
O-phenyl or —C(NH)NH, any of which are unsubstituted or
substituted with one or more of —O—(C,-C4 alkyl), -halo,
-alkylhalo, -alkanol, -alkylamino, -hydroxy, —NO,, —NH,,
—CN, -aminoalkyl, -aminodialkyl, -heterocyclic amine,
—C-Cy, alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl, -aryl,
-benzyl, -alkylamido, -alkylcarboxy, —C(O)OH, —C,-C;
alkylene-C(O)O—(C,-C5 alkyl) or —C,-C5 alkylene-OC
(0)—(C,-Cs alkyl);

[0059] R,, R;, R,, R, Rg, Ry and R, are independently
-hydrogen, -halo, -hydroxy, —O—(C,-C5 alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-Cy carbocycle,
-aryl, —NH,, -alkylamino, —C(O)OH, —C(O)O(C,-C;
alkyl), —OC(O)(C,-C4 alkyl), NO, or -A-B; and at least one
of R;, R,, R5, Ry, Ry, Rg, Ry or R is other than hydrogen;
[0060] A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —0OC(0)—, —C(0)0—,
—CONH—, —CON(C,-C, alkyl)-, —NH—, —CH,—,
—S—or—C(S)—;

[0061] B is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle,—C;-Cq carbocycle, -aryl, —NZ,Z,,—(C,—C; alky-
lene)-NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C; alkyl), —C(O)
O-phenyl or —C(NH)NH, any of which are unsubstituted or
substituted with one or more of —O—(C,-C4 alkyl), -halo,
-alkylhalo, -alkanol, -alkylamino, -hydroxy, —NO,, —NH,,
—CN, -aminoalkyl, -aminodialkyl, -heterocyclic amine,
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—C,-C,, alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl, -aryl,
-benzyl, -alkylamido, -alkylcarboxy, —C(O)OH, —C,-C;
alkylene-C(O)O—(C,-Cs alkyl) or —C,-C; alkylene-OC
(0O)—(C,-Cs alkyl); and

[0062] Z,and Z, areindependently —H or—C,-C, , alkyl,
which is unsubstituted or substituted with one or more of
-halo, —OH or —N(Z;)(Z,), where Z; and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or sub-
stituted with one or more of -halo, -hydroxy or —NH,; or N,
Z, and Z, are taken together to form an unsubstituted or
substituted heterocyclic amine; or N, Z, and Z, are taken
together to form a heterocyclic amine.

[0063] In one embodiment, X is —C(O)—, —CH,—,
—CH(halo)-, —CH(OH)—(CH,),,—, —CH(OH)-arylene-,
—O0—, —NH—, —S—or—CH(NR, ,R,,)—, wherein n is
an integer ranging from 0-5.

[0064] In another embodiment B is —C,-C,, alkyl, —C -
C,, alkenyl, -heterocycle, —C;-C; carbocycle, -aryzl,
—NZ,7,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C, -C; alkyl) or —C(O)
O-phenyl, any of which are unsubstituted or substituted with
one or more of —O—(C,-C; alkyl), -halo, -alkylhalo, -al-
kanol, -alkylamino, -hydroxy, —NO,, —NH,, -aminoalkyl,
-aminodialkyl, -heterocyclic amine, —C,-C,, alkyl, —C-
C,, alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido ,
-alkylcarboxy, —C,-C; alkylene-C(O)O—C,-C5 alkyl or
—C -C4 alkylene-OC(O)—C, -C; alkyl.

[006‘5] In another embodiment, R,-R, are hydrogen.
[0066] In a further embodiment at least one of R, R, R,
R,, R,, Rg, 1% and R, is other than hydrogen.

[0067] Inoneembodiment, A is —SO,— or—SO,NH,—.
[0068] Inyetanother embodiment, R is O.
[0069] Inillustrative embodiments R> and X ina compound

of formula Ib are as set forth below:

R’ X
O —CH,—
0 — CH(halo)-
0 —CH(OH)(CH,),—
(@) —CH(arylene)(OH)—
0 —0—
0 —NH—
0 —Ss—
o) —CH(NR!R!?)—
0 —N(SO,Y)—
[0070] Illustrative Compounds of Formula Ib are set forth
below:
Com:
pound Ry Rg Ry Rio
222  —H —H —H —H
26  —H —OMe —H —H
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-continued

Com-

pound R; Rg Ro Rio
22¢ —H —H —OMe —H
22d —H —H —H —OMe
22e —H —Me —H —H
22f  —H —COOH —H —H
22g —H —H —COOH —H
23a —H —OH —H —H
23b —H —H —OH —H
23¢ —H —H —H —OH
25a —H —H —(CH,),OH —H
25b —H —H —(CH,)sOH —H
25¢ —H —H —(CH,);OH —H
25d —H —H —(CH,),COOH —H
25e —H —H —(CH,)sCOOH —H
26a —H —C(O)NH(CH,)3—N- —H —H

morpholine
26b —H —C(O)NH(CH,),—COOH —H —H
26¢ —H —C(O)NH(CH,);—N-(1,3- —H —H
imidazole)

26d —H —C(O)NH(CH,),—NMe, —H —H

and pharmaceutically acceptable salts and hydrates thereof.

[0071] Additional Illustrative Compounds of Formula Ib
are set forth below:

e}
NH
/
X Q
Ro
Compound X Ry
31 —NH— —H
34 —N(SO;H)— —SO;H
335a —N(SO,NH,)— —SO,NH,
35b —N[SO,NH(CH,)3(N- —SO,NH(CH,);(N-
morpholine)]- morpholine)

40a —S— —H

[0072]
thereof.

and pharmaceutically acceptable salts and hydrates
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[0073]
1I:

The invention also relates to compounds of Formula

an

and pharmaceutically acceptable salts and hydrates thereof,
wherein:

[0074] Rgis—H or C,-C, alkyl;

[0075] R, is -hydrogen, -halo, —C,-C, , alkyl, -alkylhalo,
—C,-Cy, alkenyl, —C;-C4 carbocycle, -aryl, —NH,, -alky-
lamino, —C(O)OH, —C(O)O(C, -C; alkyl), NO, or -A'-B';
[0076] A'is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —CO—, —C(0)0O—, —CONH—, —CON(C -
C, alkyl)-, —NH—, —CH,—, —S— or —C(S)—;

[0077] B'is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-Cq carbocycle, -aryl,—NH,, -alkylamino, -ami-
nodialkyl, -alkylheterocycle, -arylamido, —C(O)OH,
—C(0)0O—(C -C; alkyl), —C(O)O-phenyl or —NZ,Z,;
[0078] R,, R;, R,, R, Rg, Ry and R, are independently
-hydrogen, -halo, -hydroxy, —O—(C,-C5 alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-Cg carbocycle,
-aryl, —NH,, -alkylamino, —C(O)OH, —C(O)O(C,-C;
alkyl), —OC(O)(C, -C; alkyl), NO, or -A-B; wherein at least
one of R', R* and R'® is other than hydrogen;

[0079] A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —0OC(0)—, —C(0)0—,
—CONH—, —CON(C,-C, alkyl)-, —NH—, —CH,—,
—S—or—C(8)—;

[0080] B is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-Cq carbocycle, -aryl,—NH,, -alkylamino, -ami-
nodialkyl, -alkylheterocycle, -arylamido, —C(O)OH,
—C(O)YO—(C,-Cs alkyl), —C(O)O-phenyl or —NZ,Z,; and
[0081] Z, and Z, areindependently —H or—C,-C, , alkyl,
which is unsubstituted or substituted with one or more of
-halo, —OH or —N(Z;)(Z,), where Z; and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or sub-
stituted with one or more of -halo, -hydroxy or —NH,; or N,
Z, and 7, are taken together to form an unsubstituted or
substituted heterocyclic amine; or N, Z, and Z, are taken
together to form a heterocyclic amine.

[0082] In one embodiment, B is a heterocyclic amine.
[0083] In another embodiment, B is arylalkyl.

[0084] Instill another embodiment, R, is -hydrogen, -halo,
—C,-C,, alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-
bocycle, -aryl, —NH,, -alkylamino, —C(O)OH, —C(O)O
(C,-Cs alkyl), NO, or -A-B;

[0085] A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —CO—, —C(0)O—, —CONH—, —CON(C -
C, alkyl)-, —NH—, —CH,—, —S— or —C(S)—;
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[0086] B is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-C, carbocycle, -aryl, —NH,, -alkylamino, -ami-
nodialkyl, -alkylheterocycle, -arylamido, —C(O)OH,
—C(O)O—(C-Cs alkyl), —C(O)O-phenyl or —NZ,Z,.
[0087] In a further embodiment at least one of R, R,, R,
R,, R, Ry, Ry and R is not hydrogen.

[0088]
r:

The invention also relates to compounds of Formula

(I

and pharmaceutically acceptable salts and hydrates thereof,
wherein:

[0089] Xis —CH,—or—0O—;

[0090] R, and R; are independently -hydrogen, -halo,
-alkylhalo, -hydroxy, —O—(C,-C5 alkyl), —C,-C; alkyl,
—NO,, —NH,, —CONH,, —C(O)OH, —OC(0)—C,-C;
alkyl or —C(0)O—C,-C; alkyl;

[0091] Rgand R, are independently -hydrogen or -A-B;
[0092] A is—SO,—, —SO,NH— or —NHCO—; and
[0093] Bis—C,-C;alkyl,—NZ,Z,, -heterocycle or -alky-
lamino, each unsubstituted or substituted with one or more of
-alkanol, -alkylamino, -aminoalkyl, -aminodialkyl or -hetero-
cycle, each unsubstituted or substituted with —C,-C, , alkyl
or -alkanol; and

[0094] Z, and Z, are independently -hydrogen or —C,-Cyq
alkyl, which is unsubstituted or substituted with one or more
of -hydroxy or —NZ,Z,, where Z, and Z,, are independently
—H or —C,-C; alkyl, which is unsubstituted or substituted
with one or more of -hydroxy or —NH,, or N, Z, and Z,, are
taken together to a heterocyclic amine, or N, Z, and Z, are
taken together to form a heterocyclic amine.

[0095]
[0096]
[0097]

[0098]
gen.
[0099] Inone embodiment, either R® is hydrogen and R® is
-A-B, or R®is -A-B and R® is hydrogen.

[0100] Inoneembodiment, R?, R® and R® are hydrogen and
R?is -A-B, wherein A is —NHC(O)—.

[0101] Inanother embodiment, R? R®and R are hydrogen
and R? is -A-B, wherein A is —NHC(O)—.

[0102] In still another embodiment R? R? and R® are
hydrogen and R® is -A-B, wherein A is —SO,— or
—SO,NH—.

[0103] In a further embodiment at least one of R, R;, Ry
and R, is not hydrogen.

In one embodiment, —X— is —CH,—.

In another embodiment, —X— is —O—.

In one embodiment, R® is hydrogen and R® is -A-B.
In another embodiment, R® is -A-B and R® is hydro-
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[0104]
mula 13:

The invention further relates to compounds of For-

13

[0105]
thereof
wherein
[0106] R,,R,,R;,R,, R, R, R;andR |, areindependently
-hydrogen, -halo, -hydroxy, —O—(C,-C5 alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-Cg carbocycle,
-aryl, —NH,, -alkylamino, —C(O)OH, —C(O)O(C,-C;
alkyl), —OC(O)(C,-C; alkyl), NO, or -A-B;

[0107] A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —0OC(0)—, —C(0)0—,
—CONH—, —CON(C,-C, alkyl)-, —NH—, —CH,—,
—S—or—C(8)—;

[0108] B is —C,-C,, alkyl, —C,-C,, alkenyl, -hetero-
cycle, —C;-Cg carbocycle, -aryl, —NZ,Z,, —(C,-C; alky-
lene)-NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)0O—(C,-C; alkyl), —C(O)
O-phenyl or —C(NH)NH, any of which are unsubstituted or
substituted with one or more of —O—(C, -C; alkyl), -halo,
-alkylhalo, -alkanol, -alkylamino, -hydroxy, —NO,, —NH,,
—CN, -aminoalkyl, -aminodialkyl, -heterocyclic amine,
—C-C,, alkyl, —C,-C,, alkenyl, —C,-C,, alkynyl, -aryl,
-benzyl, -alkylamido, -alkylcarboxy, —C(O)OH, —C,-C;
alkylene-C(O)O—(C,-C5 alkyl) or —C,-C5 alkylene-OC
(0O)—(C,-Cs alkyl); and

[0109] Z, and Z, are independently —H or—C,-C, , alkyl,
which is unsubstituted or substituted with one or more of
-halo, —OH or —N(Z;)(Z,), where Z, and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or sub-
stituted with one or more of -halo, -hydroxy or —NH,; or N,
Z, and 7, are taken together to form an unsubstituted or
substituted heterocyclic amine; or N, Z, and Z, are taken
together to form a heterocyclic amine.

[0110] In one embodiment, R, is -A-B, wherein -A- is
—S0,— or —SO,NH—.

and pharmaceutically acceptable salts and hydrates

[0111] Inanother embodiment R,-R, are each hydrogen.
[0112] Inanother embodiment, R,-R, are each hydrogen.
[0113] In a further embodiment at least one of R, R,, R,

R,, R, Rg, Ry and R, is other than hydrogen.
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[0114] The invention further still relates to compounds of
Formula 22:
22

Ro

R4
[0115] and pharmaceutically acceptable salts and hydrates
thereof
wherein
[0116] R,-R,and R,-R,, are as defined above for Formula
13.
[0117] In one embodiment, R, is -A-B, wherein -A- is

—S0,— or —SO,NH—.

[0118] Inanother embodiment R,-R, are each hydrogen.
[0119] In a further embodiment at least one of R, R, R5,
R,, R, Ry, Rg and R is other than hydrogen.

[0120] The invention further still relates to compounds of
Formula 37:
37

R,

Ry
[0121] and pharmaceutically acceptable salts and hydrates
thereof
wherein
[0122] R,-R,and R,-R,, are as defined above for Formula
13.
[0123] Inone embodiment R,-R, are each hydrogen.
[0124] In a further embodiment at least one of R, R, R5,

R4, R, Ry, Ry and R is other than hydrogen.
[0125] The invention also relates to compounds of Formula
40:

40
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[0126] and pharmaceutically acceptable salts and hydrates
thereof

wherein

[0127] R,-R,and R,-R,, are as defined above for Formula
13.

[0128] Inone embodiment R,-R, are each hydrogen.
[0129] In a further embodiment at least one of R, R, R,

R,, R, Rg, Ry and R, is other than hydrogen.

4.1 DEFINITIONS

[0130] The following definitions are used in connection
with the Isoquinoline Derivatives:

[0131] “C,-C; alkyl” refers to a straight or branched chain
saturated hydrocarbon containing 1-3 carbon atoms.
Examples of a C,-C, alkyl group include, but are not limited
to, methyl, ethyl, propyl and isopropyl

[0132] “C,-C, alkyl” refers to a straight or branched chain
saturated hydrocarbon containing 1-4 carbon atoms.
Examples of a C,-C, alkyl group include, but are not limited
to, methyl, ethyl, propyl, butyl, isopropyl, isobutyl, sec-butyl
and tert-butyl.

[0133] “C,-Cs alkyl” refers to a straight or branched chain
saturated hydrocarbon containing 1-4 carbon atoms.
Examples of a C,-C; alkyl group include, but are not limited
to, methyl, ethyl, propyl, butyl, pentyl, isopropyl, isobutyl,
sec-butyl and tei-t-butyl, isopentyl and neopentyl.

[0134] “C,-Cq alkyl” refers to a straight or branched chain
saturated hydrocarbon containing 1-8 carbon atoms.
Examples of a C,-Cy alkyl group include, but are not limited
to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
isopropyl, isobutyl, sec-butyl and tert-butyl, isopentyl, neo-
pentyl, isohexyl, isoheptyl and isooctyl.

[0135] “C,-C, alkyl” refers to a straight or branched chain
saturated hydrocarbon containing 1-9 carbon atoms.
Examples of a C,-C, alkyl group include, but are not limited
to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, isopropyl, isobutyl, sec-butyl and tert-butyl, isopentyl,
neopentyl, isohexyl, isoheptyl, isooctyl and isononyl.

[0136] “C,-C,, alkyl” refers to a straight or branched chain
saturated hydrocarbon containing 1-10 carbon atoms.
Examples of'a C,-C, , alkyl group include, but are not limited
to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, isopropyl, isobutyl, sec-butyl and tert-butyl,
isopentyl, neopentyl, isohexyl, isoheptyl, isooctyl, isononyl
and isodecyl.

[0137] “C,-C,, alkenyl” refers to a straight or branched
chain unsaturated hydrocarbon containing 2-10 carbon atoms
and at least one double bond. Examples of a C,-C,, alkenyl
group include, but are not limited to, ethylene, propylene,
1-butylene, 2-butylene, isobutylene, sec-butylene, 1-pentene,
2-pentene, isopentene, 1-hexene, 2-hexene, 3-hexene, iso-
hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 2-octene,
3-octene, 4-octene, 1-nonene, 2-nonene, 3-nonene, 4-non-
ene, 1-decene, 2-decene, 3-decene, 4-decene and 5-decene.
[0138] “C,-C,, alkynyl” refers to a straight or branched
chain unsaturated hydrocarbon containing 2-10 carbon atoms
and at least one triple bond. Examples of a C,-C,, alkynyl
group include, but are not limited to, acetylene, propyne,
1-butyne, 2-butyne, isobutyne, sec-butyne, 1-pentyne, 2-pen-
tyne, isopentyne, 1-hexyne, 2-hexyne, 3-hexyne, isohexyne,
1-heptyne, 2-heptyne, 3-heptyne, 1-octyne, 2-octyne, 3-oc-
tyne, 4-octyne, 1-nonyne, 2-nonyne, 3-nonyne, 4-nonyne,
1-decyne, 2-decyne, 3-decyne, 4-decyne and S-decyne.
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[0139] “C,-C, alkylene” refers to a C,-C, alkyl group in
which one of the C,-C, alkyl group’s hydrogen atoms has
been replaced with a bond. Examples of a C,-C, alkylene

include —CH,—, —CH, CH,—, —CH,CH,CH,— and
—CH,CH,CH,CH,—.
[0140] “C,-C; alkylene” refers to a C,-C5 alkyl group in

which one of the C,-C5 alkyl group’s hydrogen atoms has
been replaced with a bond. Examples of a C,-C, alkylene
include —CH,—, —CH, CH,—, —CH,CH,CH,— and—
Examples of a C,-C, alkylene include —CH,—, —CH,

CH,—, —CH,CH,CH,—, —CH,CH,CH,CH,— and
—CH,CH,CH,CH,CH,—.
[0141] “Alkylhalo” referstoa C,-Csalkyl group, as defined

above, wherein one or more ofthe C, -C, alkyl group’s hydro-
gen atoms has been replaced with —F, —Cl, —Br or —I.
Representative examples of an alkylhalo group include, but
are not limited to —CH,F, —CCl;, —CF;, —CH,Cl,

—CH,CH,Br, —CH,CH,I, — CH,CH,CHLF,
—CH,CH,CH,CI, —CH,CH,CH,CH,Br,
—CH,CH,CH,CH,], —CH,CH,CH,CH,CH,Br,
— CH,CH,CH,CH,CH,I, —CH,CH(Br)CH,CH,CH

(CYCH,CH,, —CH(F)CH,CH; and —C(CH;),(CH,Cl).
[0142] “Alkylamino” refers to a C,-C, alkyl group, as
defined above, wherein one or more of the C,-C, alkyl
group’s hydrogen atoms has been replaced with—NH,. Rep-
resentative examples of an alkylamino group include, but are
not limited to —CH,NH,, —CH,CH,NH,,
—CH,CH,CH,NH,, —CH,CH,CH,CH,NH,, —CH,CH
(NH,)CH,, —CH,CH(NH,)CH,CH,, —CH(NH,)CH,CH,
and —C(CH,),(CH,NH,).

[0143] “Aminoalkyl” refers to an —NH group, the nitrogen
atom of said group being attached to a C,-C, alkyl group, as
defined above. Representative examples of an aminoalkyl
group include, but are not limited to —NHCHS;,
—NHCH,CHj, —NHCH,CH,CHj,
—NHCH,CH,CH,CH;, —NHCH(CH,),, —NHCH,CH
(CH,),, —NHCH(CH,)CH,CH; and —NH—C(CH;);.
[0144] “Aminodialky]” refers to a nitrogen atom which has
attached to it two C,-C, alkyl groups, as defined above. Rep-
resentative examples of a aminodialkyl group include, but are
not limited to, —N(CH;),, —N(CH,CH,)(CH,),
—N(CH,CHs;),, —N(CH,CH,CH,),,
—N(CH,CH,CH,CHj,),, —N(CH(CH,),),, —N(CH(CH,)
2)(CH;), —N(CH,CH(CHj),),, —NH(CH(CH;)CH,CHs),,
—N(C(CH;)5), and —N(C(CHs,),;)(CH;).

[0145] “Aryl” refers to a phenyl or pyridyl group. Examples
of'an aryl group include, but are not limited to, phenyl, N-py-
ridyl, 2-pyridyl, 3-pyridyl and 4-pyridyl. An aryl group can be
unsubstituted or substituted with one or more of the following
groups: —C,-Cs alkyl, halo, -alkylhalo, hydroxy, —O—C -
Cs alkyl, —NH,, -aminoalkyl, -aminodialkyl, —COOH,

—C(0)0—C-C5 alkyl), —OC(O)—C,-Cs5 alkyl),
—N-amidoalkyl, —C(O)NH,, -carboxamidoalkyl, or
—NO,.

[0146] “Arylalkyl” refers to an aryl group, as defined

above, wherein one of the aryl group’s hydrogen atoms has
been replaced with a C,-C; alkyl group, as defined above.
Representative examples of an arylalkyl group include, but
are not limited to, 2-methylphenyl, 3-methylphenyl, 4-meth-
ylphenyl, 2-ethylphenyl, 3-ethylphenyl, 4-ethylphenyl,
2-propylphenyl, 3-propylphenyl, 4-propylphenyl, 2-bu-
tylphenyl, 3-butylphenyl, 4-butylphenyl, 2-pentylphenyl,
3-pentylphenyl, 4-pentylphenyl, 2-isopropylphenyl, 3-iso-
propylphenyl, 4-isopropylphenyl, 2-isobutylphenyl, 3-isobu-
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tylphenyl, 4-isobutylphenyl, 2-sec-butylphenyl, 3-sec-bu-
tylphenyl,  4-sec-butylphenyl,  2-t-butylphenyl,  3-t-
butylphenyl and 4-t-butylphenyl,

[0147] “Arylamido” refers to an aryl group, as defined
above, wherein one of the aryl group’s hydrogen atoms has
been replaced with one or more —C(O)NH, groups. Repre-
sentative examples of an arylamido group include 2-C(O)
NH,-phenyl, 3-C(O)NH,-phenyl, 4-C(O)NH,-phenyl, 2-C
(O)NH,-pyridyl, 3-C(O)NH,-pyridyl and 4-C(O)NH,-
pyridyl,

[0148] “Alkylheterocycle” refers to a C,-C; alkyl group, as
defined above, wherein one of the C, -C5 alkyl group’s hydro-
gen atoms has been replaced with a heterocycle. Representa-
tive examples of an alkylheterocycle group include, but are
not limited to, —CH,CH,-morpholine, —CH,CH,-piperi-
dine, —CH,CH,CH,-morpholine and —CH,CH,CH,-imi-
dazole.

[0149] “Alkylamido” refers to a C,-Cs alkyl group, as
defined above, wherein one of the C, -C5 alkyl group’s hydro-
gen atoms has been replaced with a —C(O)NH, group. Rep-
resentative examples of an alkylamido group include, but are
not limited to, —CH,C(O)NH,, —CH,CH,C(O)NH,,
—CH,CH,CH,C(O)NH,, —CH,CH,CH,CH,C(O)NH,,
—CH,CH,CH,CH,CH,C(O)NH,, —CH,CH(C(O)NH,)
CH,;, —CH,CH(C(O)NH,)CH,CH;, —CH(C(O)NH,)
CH,CH, and —C(CH,),CH,C(O)NH,.

[0150] “Alkanol” refers to a C,-C5 alkyl group, as defined
above, wherein one of the C,-C; alkyl group’s hydrogen
atoms has been replaced with a hydroxyl group. Representa-
tive examples of an alkanol group include, but are not limited

to, —CH,OH, - CH,CH,OH, - CH,CH,CH,OH,
—CH,CH,CH,CH,OH, ~CH,CH,CH,CH,CH,OH,
— CH,CH(OH)CH,, - CHCH(OH)CH,CH,—CH(OH)

CH,CH, and —C(CH,),CH,OH.

[0151] “Alkylcarboxy” refers to a C,-C5 alkyl group, as
defined above, wherein one of the C, -C5 alkyl group’s hydro-
gen atoms has been replaced with a —COOH group. Repre-
sentative examples of an alkylcarboxy group include, but are
not limited to, —CH,COOH, —CH,CH,COOH,
—CH,CH,CH,COOH, —CH,CH,CH,CH,COOQCH,
—CH,CH(COOH)CH;—CH,CH,CH,CH,CH,COOH,
—CH,CH(COOH)CH,CH;, —CH(COOH)CH,CH, and
—C(CH,;),CH,COQH.

[0152] “N-amidoalkyl” refers to a —NHC(O)— group in
which the carbonyl carbon atom of said group is attached to a
C,-Cs alkyl group, as defined above. Representative
examples of a N-amidoalkyl group include, but are not lim-

ited to, —NHC(O)CH,, —NHC(O)CH,CH,, —NHC(0)
CH,CH,CH,, —NHC(O)CH,CH,CH,CH,, —NHC(0)
CH,CH,CH,CH,CH,, —NHC(O)CH(CH,),, —NHC(0)
CH,CH(CH,),, —NHC(0)CH(CH,)CH,CH,, —NHC

(0)—C(CH,); and —NHC(O)CH,C(CHy);.

[0153] “Carboxamidoalkyl” refers to a —C(O)NH—
group in which the nitrogen atom of said group is attached to
a C,-Cy alkyl group, as defined above. Representative
examples of a carboxamidoalkyl group include, but are not
limited to, —C(O)NHCH,, —C(O)NHCH,CH;, —C(O)
NHCH,CH,CH;, —C(O)NHCH,CH,CH,CH;, —C(O)
NHCH,CH,CH,CH,CH;, —C(O)NHCH(CH,),, —C(O)
NHCH,CH(CH,),, —C(O)NHCH(CH,)CH,CH,, —C(O)
NH—C(CH,); and —C(O)NHCH,C(CHy);.

[0154] An “Arylene” group is a phenyl group in which one
of'the phenyl group’s hydrogen atoms has been replaced with
a bond. An arylene group can be in an ortho, meta, or para
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configuration and can be unsubstituted or independently sub-
stituted with one or more of the following groups: —C,-C;
alkyl, halo, -alkylhalo, hydroxy, —O—C,-C; alkyl, —NH,,
-aminoalkyl, -aminodialkyl, —COOH, —C(O)O—(C,-C;
alkyl), —OC(0O)—(C,-C; alkyl), —N-amidoalkyl, —C(O)
NH,, -carboxamidoalkyl or —NO,.

[0155] A “C,;-Cq Carbocycle” is a non-aromatic, saturated
hydrocarbon ring containing 3-8 carbon atoms. Representa-
tive examples of a C;-C; carbocycle include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and cyclooctyl. A C,-Cg carbocycle can be
unsubstituted or independently substituted with one or more
of the following groups: —C,-C; alkyl, halo, -alkylhalo,
hydroxy, —O—C,-C; alkyl, —NH,, -aminoalkyl, -aminodi-
alkyl, —COOH, —C(0)O—(C,-C; alkyl), —OC(0)—(C -

Cs alkyl), —N-amidoalkyl, —C(O)NH,, -carboxyami-
doalkyl or —NO,.
[0156] “Heterocycle” refers to a 5- to 10-membered aro-

matic or non-aromatic carbocycle in which 1-4 of the ring
carbon atoms have been independently replaced with a N, O
or S atom. Representative examples of a heterocycle group
include, but are not limited to, piperidinyl, piperazinyl, mor-
pholinyl, pyrrolyl, oxazinyl, thiazinyl, diazinyl, triazinyl, tet-
razinyl, imidazolyl, benzimidazolyl, tetrazolyl, indolyl, iso-
quinolinyl, quinolinyl, quinazolinyl, pyrrolidinyl, purinyl,
isoxazolyl, benzisoxazolyl, furanyl, furazanyl, pyridinyl,
oxazolyl, benzoxazolyl, thiazolyl, benzthiazolyl, thiophenyl,
pyrazolyl, triazolyl, benzodiazolyl, benzotriazolyl, pyrimidi-
nyl, isoindolyl and indazolyl. A heterocycle group can be
unsubstituted or substituted with one or more of the following
groups: —C,-C; alkyl, halo, -alkylhalo, hydroxy, —O—C -
Cs alkyl, —NH,, -aminoalkyl, -aminodialkyl, —COOH
%(O)O (C-C5 alkyl), —OCO)y—C,;-C5 alkyl),
—N-amidoalkyl, —C(O)NHz, -carboxamidoalkyl or—NO,.
[0157] A “Heterocyclic amine” is a heterocycle, defined
above, having 1-4 ring nitrogen atoms. Representative
examples of heterocyclic amines include, but are not limited
to, piperidinyl, piperazinyl, pyrrolyl, oxazinyl, thiazinyl,
diazinyl, triazinyl, tetrazinyl, imidazolyl, benzimidazolyl,
tetrazolyl, indolyl, isoquinolinyl, quinolinyl, quinazolinyl,
pyrrolidinyl, purinyl, isoxazolyl, benzisoxazolyl, pyridinyl,
oxazolyl, benzoxazolyl, thiazolyl, benzthiazolyl, pyrazolyl,
triazolyl, benzodiazolyl, benzotriazolyl, pyrimidinyl, isoin-
dolyl, indazolyl and morpholinyl; each of which can be
unsubstituted or substituted with one or more of —N-—(C -
C; alkyl), —C(0)—(C,-Cs alkyl), —N—C(O)(C,-C, alkyl)
—O0—(C,-Csalkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NOz, —NH,, -aminoalkyl, -aminodialkyl, -het-
erocyclic amine, —C,-C,, alkyl, —C,-C,, alkenyl, —C -
C,, alkynyl, -aryl, -benzyl, -alkylamido, -alkylcarboxy,
—COOH, —C,-C; alkylene-OC(0)—C,-C; alkyl, —C,-Cs
alkylene-C(O)O—C,-C alkyl, or a heterocycle or C,-Cq car-
bocycle which can be unsubstituted or substituted with one or
more of —C,-C,, alkyl, —O—(C,-C; alkyl), -halo, -alkyl-
halo, -alkanol, -alkylamino, -hydroxy, —NO, or —NH,.
[0158] “Halo”is —F, —Cl, —Bror —I.

[0159] A “subject” is a mammal, e.g., a human, mouse, rat,
guinea pig, dog, cat, horse, cow, pig, or non-human primate,
such as a monkey, chimpanzee, baboon or rhesus.

[0160] The invention also includes pharmaceutical compo-
sitions comprising an effective amount of an Isoquinoline
Derivative and a pharmaceutically acceptable carrier. The
invention includes an Isoquinoline Derivative when provided
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as a pharmaceutically acceptable prodrug, hydrated salt, such
as a pharmaceutically acceptable salt, or mixtures thereof.

[0161] Representative “pharmaceutically acceptable salts”
include, e.g., water-soluble and water-insoluble salts, such as
the acetate, amsonate (4,4-diaminostilbene-2,2-disulfonate),
benzenesulfonate, benzonate, bicarbonate, bisulfate, bitar-
trate, borate, bromide, butyrate, calcium edetate, camsylate,
carbonate, chloride, citrate, clavulariate, dihydrochloride,
edetate, edisylate, estolate, esylate, fiunarate, gluceptate, glu-
conate, glutamate, glycollylarsanilate, hexafluorophosphate,
hexylresorcinate, hydrabamine, hydrobromide, hydrochlo-
ride, hydroxynaphthoate, iodide, isothionate, lactate, lacto-
bionate, laurate, malate, maleate, mandelate, mesylate, meth-
ylbromide, methylnitrate, methylsulfate, mucate, napsylate,
nitrate, N-methylglucamine ammonium salt, 3-hydroxy-2-
naphthoate, oleate, oxalate, palmitate, pamoate (1,1-meth-
ene-bis-2-hydroxy-3-naphthoate, einbonate), pantothenate,
phosphate/diphosphate, picrate, polygalacturonate, propi-
onate, p-toluenesulfonate, salicylate, stearate, subacetate,
succinate, sulfate, sulfosaliculate, suramate, tannate, tartrate,
teoclate, tosylate, triethiodide, and valerate salts.

[0162] An “effective amount” when used in connection an
Isoquinoline Derivative is an amount effective for: (a) treating
or preventing an inflammatory disease or a reperfusion dis-
ease or (b) inhibiting PARS in an in vivo or an in vitro cell.

[0163] The following abbreviations are used herein and
have the indicated definitions: AcOH is acetic acid, CEP is
Cecal Ligation and Puncture, DMEM is Dulbecco’s Modified
Eagle Medium, DMF is N,N-dimethylformamide, DMSO is
dimethylsulfoxide, EtOAc is ethyl acetate, EtOH is ethanol,
HEPES is 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid, HPLC is high pressure liquid chromatography, LPS is
lipopolysaccharide, MeCN is acetonitrile, MeOH is metha-
nol, MS is mass spectrometry, Ms is mesyl (methanesulfo-
nyl), NEt; is triethylamine, NMR is nuclear magnetic reso-
nance, PBS is phosphate-buffered saline (pH 7.4), PARS is
poly(ADP-ribose)synthetase, Py is pyridine, SDS is dodecyl
sulfate (sodium salt), STZ is streptozotocin, TCA is tri-
choloroacetic acid, TTf is triflyl (trifluoromethanesulfonyl),
TFA is trifluoroacetic acid, THF is tetrahydrofuran; TLC is
thin-layer chromatography, TNF is tumor necrosis factor,
TRIS is Tris(thydroxymethyl)aminomethane and Ts is tosyl
(p-toluenesulfonyl).

Methods for Using Isoquinoline Derivatives

[0164] The invention also includes methods for inhibiting
PARS in a cell. PARS, which is also known as poly(ADP-
ribose)synthetase, PARP ((poly(ADP-ribose) polymerase,
EC 2.4.99) and ADP-ribosyltransferase (ADPRT, EC 2.4.2.
30), is a nuclear enzyme that catalyzes a transfer of the ADP
nrbose moiety of NAD+ to an acceptor protein.

[0165] In one embodiment the method comprises contact-
ing a cell with an Isoquinoline Derivative in an amount suf-
ficient to inhibit PARS in the cell. In general, any cell having,
or capable of having, PARS activity or capable of expressing
PARS can be used. The cell can be provided in any form. For
example, the cell can be provided in vitro, ex vivo, or in vivo.
PARS activity can be measured using any method known in
the art, e.g., methods as described in Banasik et al., J. Biol.
Chem. 267:1569-75 (1991). Illustrative examples of cells
capable of expressing PARS include, but are not limited to
muscle, bone, gum, nerve, brain, liver, kidney, pancreas, lung,
heart, bladder, stomach, colon, rectal, small intestine, skin,
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esophageal, eye, larynx, uterine, ovarian, prostate, tendon,
bone marrow, blood, lymph, testicular, vaginal and neoplastic
cells.

[0166] Also provided in the invention is a method for inhib-
iting, preventing, or treating inflammation or an inflamma-
tory disease in a subject. The inflammation can be associated
with an inflammatory disease. Inflammatory diseases can
arise where there is an inflammation of the body tissue. These
include local inflammatory responses and systemic inflam-
mation. Examples of such diseases include: organ transplant
rejection; reoxygenation injury resulting from organ trans-
plantation (see Grupp et al. J. Mol. Cell Cardiol. 31:297-303
(1999)) including, but not limited to, transplantation of the
following organs: heart, lung, liver and kidney; chronic
inflammatory diseases of the joints, including arthritis, rheu-
matoid arthritis, osteoarthritis and bone diseases associated
with increased bone resorption; inflammatory bowel diseases
such as ileitis, ulcerative colitis, Barrett’s syndrome, and
Crohn’s disease; inflammatory lung diseases such as asthma,
adult respiratory distress syndrome, and chronic obstructive
airway disease; inflammatory diseases of the eye including
corneal dystrophy, trachoma, onchocerciasis, uveitis, sympa-
thetic ophthalmitis and endophthalmitis; chronic inflamma-
tory diseases of the gum, including gingivitis and periodon-
titis; tuberculosis; leprosy; inflammatory diseases of the
kidney including uremic complications, glomerulonephritis
and nephrosis; inflammatory diseases of the skin including
sclerodermatitis, psoriasis and eczema; inflammatory dis-
eases of the central nervous system, including chronic demy-
elinating diseases of the nervous system, multiple sclerosis,
AIDS-related neurodegeneration and Alzheimer s disease,
infectious meningitis, encephalomyelitis, Parkinson’s dis-
ease, Huntington’s disease, amyotrophic lateral sclerosis and
viral or autoimmune encephalitis; autoimmune diseases
including Type I and Type 11 diabetes mellitus; diabetic com-
plications, including, but not limited to, diabetic cataract,
glaucoma, retinopathy, nephropathy, such as microalu-
minuria and progressive diabetic nephropathy, polyneuropa-
thy, gangrene of the feet, atherosclerotic coronary arterial
disease, peripheral arterial disease, nonketotic hyperglyce-
mic-hyperosmolar coma, mononeuropathies, autonomic neu-
ropathy, foot ulcers, joint problems, and a skin or mucous
membrane complication, such as an infection, a shin spot, a
candidal infection or necrobiosis lipoidica diabeticorum;
immune-complex vasculitis, systemic lupus erythematosus
(SLE); inflammatory diseases of the heart such as cardiomy-
opathy, ischemic heart disease hypercholesterolemia, and
atherosclerosis; as well as various other diseases that can have
significant inflammatory components, including preeclamp-
sia; chronic liver failure, brain and spinal cord trauma, and
cancer. The inflammatory disease can also be a systemic
inflammation of the body, exemplified by gram-positive or
gram negative shock, hemorrhagic or anaphylactic shock, or
shock induced by cancer chemotherapy in response to pro-
inflammatory cytokines, e.g., shock associated with pro-in-
flammatory cytokines. Such shock can be induced, e.g., by a
chemotherapeutic agent that is adminstered as a treatment for
cancet.

[0167] In one embodiment, a reoxygenation injury result-
ing from organ transplantation occurs during the organ trans-
plantation.

[0168] The invention also includes methods for treating,
preventing, or otherwise inhibiting reperfusion disease in a
subjectin need of treatment, prevention, or inhibition thereof.
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The method comprises administering an Isoquinoline Deriva-
tive in an amount sufficient to treat, prevent or inhibit reper-
fusion disease in the subject. Reperfusion refers to the process
whereby blood flow in the blood vessels is resumed following
ischemia, such as occurs following constriction or obstruc-
tion of the vessel. Reperfusion disease can result following a
naturally occurring episode, such as a myocardial infarction,
stroke, or during a surgical procedure where blood flow in
vessels is intentionally or unintentionally blocked.

[0169] In some embodiments, the subject is administered
an effective amount of an Isoquinoline Derivative.

[0170] The invention also includes pharmaceutical compo-
sitions useful for treating or preventing an inflammatory dis-
ease or a reperfusion disease, or for inhibiting PARS activity,
or more than one of these activities. The compositions can be
suitable for internal use and comprise an effective amount of
an Isoquinoline Derivative and a pharmaceutically acceptable
carrier. The Isoquinoline Derivatives are especially useful in
that they demonstrate very low peripheral toxicity or, no
peripheral toxicity.

[0171] The Isoquinoline Derivatives can be administered in
amounts that are sufficient to treat or prevent an inflammatory
disease or a reperfusion disease and/or prevent the develop-
ment thereof in subjects.

[0172] Administration of the Isoquinoline Derivatives can
be accomplished via any mode of administration for thera-
peutic agents. These modes include systemic or local admin-
istration such as oral, nasal, parenteral, transdermal, subcu-
taneous, vaginal, buccal, rectal or topical administration
modes.

[0173] Depending on the intended mode of administration,
the compositions can be in solid, semi-solid or liquid dosage
form, such as, for example, injectables, tablets, suppositories,
pills, time-release capsules, elixirs, tinctures, emulsions, syr-
ups, powders, liquids, suspensions, or the like, preferably in
unit dosages and consistent with conventional pharmaceuti-
cal practices. Likewise, they can also be administered in
intravenous (both bolus and infusion), intraperitoneal, subcu-
taneous or intramuscular form, all using forms well known to
those skilled in the pharmaceutical arts.

[0174] Illustrative pharmaceutical compositions are tablets
and gelatin capsules comprising an Isoquinoline Derivative
and a pharmaceutically acceptable carrier, such as a) a dilu-
ent, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellu-
lose, sodium, saccharin, glucose and/or glycine; b) a lubri-
cant, e.g., silica, talcum, stearic acid, its magnesium or
calcium salt, sodium oleate, sodium stearate, magnesium
stearate, sodium benzoate, sodium acetate, sodium chloride
and/or polyethylene glycol; for tablets also ¢) a binder, e.g.,
magnesium aluminum silicate, starch paste, gelatin, traga-
canth, methylcellulose, sodium carboxymethylcellulose,
magnesium carbonate, natural sugars such as glucose or beta-
lactose, corn sweeteners, natural and synthetic gums such as
acacia, tragacanth or sodium alginate, waxes and/or polyvi-
nylpyrrolidone; if desired d) a disintegrant, e.g., starches,
agar, methyl cellulose, bentonite, xanthan gum, alguic acid or
its sodium salt, or effervescent mixtures; and/or e) absorbent,
colorant, flavorant and sweetener.
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[0175] Liquid, particularly injectable, compositions can,
for example, be prepared by dissolution, dispersion, etc. For
example, the Isoquinoline Derivative is dissolved in or mixed
with a pharmaceutically acceptable solvent such as, for
example, water, saline, aqueous dextrose, glycerol, ethanol,
and the like, to thereby form an injectable isotonic solution or
suspension.

[0176] The Isoquinoline Derivatives can be also formulated
as a suppository that can be prepared from fatty emulsions or
suspensions; using polyalkylene glycols such as propylene
glycol, as the carrier.

[0177] The Isoquinoline Derivatives can also be adminis-
tered in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles and multila-
mellar vesicles. Liposomes can be formed from a variety of
phospholipids, containing cholesterol, stearylarmine or phos-
phatidylcholines. In some embodiments, a film of lipid com-
ponents is hydrated with an aqueous solution of drug to a form
lipid layer encapsulating the drug, as described in U.S. Pat.
No. 5,262,564.

[0178] Isoquinoline Derivatives can also be delivered by
the use of monoclonal antibodies as individual carriers to
which the Isoquinoline Derivative molecules are coupled.
The Isoquinoline Derivatives can also be coupled with
soluble polymers as targetable drug carriers. Such polymers
can include polyvinylpyrrolidone, pyran copolymer, polyhy-
droxypropylmethacrylamide-phenol, polyhydroxyethy-
laspanamidephenol, or polyethyleneoxidepolylysine substi-
tuted with palmitoyl residues. Furthermore, the Isoquinoline
Derivatives can be coupled to a class of biodegradable poly-
mers useful in achieving controlled release of a drug, for
example, polylactic acid, polyepsilon caprolactone, polyhy-
droxy butyric acid, polyorthoesters, polyacetals, polydihy-
dropyrans, polycyanoacrylates and cross-linked or amphip-
athic block copolymers of hydrogels.

[0179] Parental injectable administration is generally used
for subcutaneous, intramuscular or intravenous injections and
infusions. Injectables can be prepared in conventional forms,
either as liquid solutions or suspensions or solid forms suit-
able for dissolving in liquid prior to injection.

[0180] One embodiment for parenteral administration
employs the implantation of a slow-release or sustained-re-
leased system, according to U.S. Pat. No. 3,710,795, incor-
porated herein by reference.

[0181] The compositions can be sterilized or contain non-
toxic amounts of adjuvants, such as preserving, stabilizing,
wetting or emulsifying agents, solution promoters, salts for
regulating the osmotic pressure pH buffering agents, and
other substances, including, but not limited to, sodium acetate
or triethanolamine oleate. In addition, they can also contain
other therapeutically valuable substances.

[0182] Compositions can be prepared according to conven-
tional mixing, granulating or coating methods, respectively,
and the present pharmaceutical compositions can contain
from about 0.1% to about 99%, preferably from about 1% to
about 70% of the Isoquinoline Derivative by weight or vol-
ume.

[0183] The dosage regimen utilizing the Isoquinoline
Derivative is selected in accordance with a variety of factors
including type, species, age, weight, sex and medical condi-
tion of the patient; the severity of the condition to be treated;
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the route of administration; the renal or hepatic function of the
patient; and the particular Isoquinoline Derivative employed.
An physician or veterinarian of ordinary skill in the art can
readily determine and prescribe the effective amount of the
drug required to prevent, counter or arrest the progress of the
condition.

[0184] Effective dosage amounts of the present invention,
when used for the indicated eftects, range from about 0.05 to
about 1000 mg of Isoquinoline Derivative per day. Composi-
tions for in vivo or in vitro use can contain about 0.5, 1.0, 2.5,
5.0, 10.0, 15.0, 25.0, 50.0, 100.0, 250.0, 500.0 or 1000.0 mg
of Isoquinoline Derivative. In one embodiment, the compo-
sitions are in the form of a tablet that can be scored. Effective
plasma levels of the Isoquinoline Derivatives can range from
about 0.002 mg to about 50 mg per kg of body weight per day.
[0185] Isoquinoline Derivatives can be administered in a
single daily dose, or the total daily dosage can be adminis-
tered in divided doses of two, three or four times daily. Fur-
thermore, Isoquinoline Derivatives can be administered in
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intranasal form via topical use of suitable intranasal vehicles,
or via transdermal routes, using those forms of transdermal
skin patches well known to those of ordinary skill in that art.
To be administered in the form of a transdermal delivery
system, the dosage administration can be continuous rather
than intermittent throughout the dosage regimen. Other illus-
trative topical preparations include creams, ointments,
lotions, aerosol sprays and gels, wherein the concentration of
Isoquinoline Derivative ranges from about 0.1% to about
15%, w/w or w/v.

Methods for Making the Isoquinoline Derivatives

[0186] Examples of synthetic pathways useful for making
Isoquinoline Derivatives are set forth in the Examples below
and generalized in Schemes 1-9.

[0187] Methods useful for making Isoquinoline Deriva-
tives of formula (I) wherein X is —CH,— and R is O are
illustrated below in Scheme 1.

Scheme 1
G 0
0 1. NH;—MeOH, NH 2. NaBHy, EtOH NH
/| Reflux, 24 hr = or RMgX, THF, 1t /
(¢] o HO R
1 3a-c
a:R=H;
b: R =Me;
¢: R=m-MeOC¢H,
3. TFA, EtzSiH 3. TFA, EtzSiH 4. PBr3, TFA or
CICOCH2CL, Py
O O [e)
NH 6. CISO3H, NH NH
0°C.
¢] X H
< 6
Yy S 4a-b:
O/ \Cl a: X = OCOCH2CJ;
b: X=Br
7
7. HNR Ry, NEt;, CHCl, 9. Fumning HNO3AcOH, 0° C.; 5 ?Afggﬁ,
or NaHCO3/EtOAc, HNR R, or nitrofluoroborate, MeCN, -40° C.
8. MeSO;H, 0° C., 1-2 hr
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-continued
e} e} e}
O,N
NH NH NH
O A H
S/ 9 Sa-e
O/ \R a: A=NMe,
b: A =NEt
8a-af 10. Ammonium formate, c: A = 4-Me-piperazine-1-yl
Pd—C. DMF d: A = piperidine-1-yl
11. CICOCH,CI, EtOAG, e: A = morpholine-4-yl
sat. NaHCO;3
12. NHR R,, DMSO, 1t
e}
e}
RH,C NH
NH
10a-b
a. R = morpholine-4-yl
b. R =NMe,
wherein compounds 8a-8af are as follows:
-continued
e}
e}
NH
NH
/
7
O
F oZ\
Z R
0\ N
R a-af
8a-af
q- R = — N(CH,CH,NMe,),
a. R = 4-Methyl-piperazine-1-yl . R =—N(CH,CH,0H),
b. R = 4-CH,CO,Me-piperazine-1-yl s. R = —NHCH,CH,CN
c. R = 4-CH,CH,OH-piperazine-1-yl t. R = —NHC(NH)NH,
d. R = imidazole-1-yl u. R = —NH[4-(1,2,4-triazole)]
e. R = L-prolinol v. R = —NH[4-(N-morpholine)phenyl]
f. R = morpholine-4-yl w. R = —NHCH,CH,(4-N-benzylpiperidine)
g. R = NHCH,CH,NHMe, x. R = — NHCH,CH,(2-thienyl)
h. R = NHCH,CH,-piperidine-1-yl y. R = —NH[1-(4-azabenzimidazole)]
i. R = NHCH,CH,N-(pyridine-2-yl) z. R = —NH[1-(4-(2"-pyridyl)piperazine)]
j. R = NHCH,CH,-morpholine-4-yl aa. R = — NHCH,CH,N[CH,CH,OH],
k. R = NHCH,CH,-(2-N-Me-tetrahydropyrrolidine-1-yl ab. R = —NH[1-(4-benzylpiperazine)]
. R = NHCH,CH,CH,-morpholine-4-y! ac. R=—NH,
m. R = NHCH,CH,CH,-(tetrahydropyrrolidine-1-yl) ad. R = —NHCH,CH,Ph
n. R = NHCH,CH,CH,-imidazole-1-yl ae. R = —NHCH,CH,[4-OMe(phenyl)]
0. R = NHCH,CH,CH,-(4-methylpiperazine-1-yl) af. R = —NHC(O)(N-morpholine)

p. R = N(CH,CH,NEL),
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[0188] 5,6-dihydro-5,11-diketo-11H-isoquinoline (2) was
prepared by reacting compound 1 (Aldrich Chemical, Mil-
waukee, Wis.) with ammonia in methanol.

[0189] (%) 11-hydroxy-5,6-dihydro-5-0x0-11H-indeno[1,
2-clisoquinoline (3a) was prepared by reacting 2 with NaBH,,
in ethanol.

[0190] (%) 11-hydroxy-11-methyl-5,6-dihydro-5-oxo-1H-
isoquinoline (3b) was prepared by reacting 2 with MeMgl.
[0191] (%) 11-hydroxy-11-(m-methoxyphenyl)-5,6-dihy-
dro-5-0x0-11H-indeno[1,2-c]isoquinoline (3¢) was prepared
from 2 using m-MeO—C H,Mgl.

[0192] (%) 11-N,N-dimethylamino-5,6-dihydro-5-o0xo-
11H-indeno[1,2-c]isoquinoline (5a) was prepared from 3a
using chloroacetylchloride followed by reacting with dim-
ethylamine. Similarly prepared are: (+) 11-N,N-diethy-
lamino-5,6-dihydro-5-oxo-11H-indeno[1,2-c]isoquinoline
(5b), (x) 11-N-(piperidino-1-y1)-5,6-dihydro-5-oxo-11H-in-
deno[1,2-clisoquinoline (5d), (x) 11-N-(4-methylpiper-
azino-1-yl)-5,6-dihydro-5-oxo-1H-indeno[1,2-c]isoquino-
line (5¢), () 11-N-(morpholino-4-yl)-5,6-dihydro-5-oxo-
11H-isoquinoline (5e). (x) 11-N-(morpholino-4-y1)-5,6-
dihydro-5-ox0-11H-indeno[ 1,2-c]isoquinoline (5e) was also
prepared from (z) 11-bromo-5,6-dihydro-5-oxo-1H-indeno
[1,2-c]isoquinoline (4b).

[0193] 5,6-Dihydro-5-oxo0-11H-indeno-[1,2-c]isoquino-
line (6) is prepared by reduction of 5,6-dihydro-5,1-diketo-
11H-isoquinoline (2) or (x) 11-hydroxy-5,6-dihydro-5-oxo-
11H-isoquinoline (3a) wusing CF,;COOH/triethylsilane.
9-Chlorosulphonyl-5,6-dihydro-5-0xo-11H-indeno-[1,2-¢c]
isoquinoline (7) was prepared by chlorosulfonation of 5,6-
dihydro-5-oxo-1H-indeno-[1,2-c]isoquinoline (6). 9-[N-(4-
methylpiperazine-1-yl)sulphonyl]-5,6-dihydro-5-0xo-11H-
indeno-[1,2-clisoquinoline (8a) was prepared from
9-chlorosulphonyl-5,6-dihydro-5-oxo0-11H-indeno-[1,2-c]
isoquinoline (7), and N-methylpiperazine. Similarly pre-
pared are: 9-[N-(4-carbomethoxymethylenepiperazino-1-yl)
sulphonyl]-5,6-dihydro-5-0x0-11H-indeno-[1,2-c]
isoquinoline (8b), 9-[N-4-(2-hydroxyethylpiperazino-1-yl)-
sulphonyl]-5,6-dihydro-5-0x0-11H-indeno-[1,2-c]
isoquinoline (8c), 9-[N-(imidazolo-1-yl)sulphonyl]-5,6-
dihydro-5-oxo-1H-isoquinoline (8d), 9-[N-(2-
hydroxyprolinyl)sulphonyl]-5,6-dihydro-5-oxo-1H-indeno
[1,2-c]isoquinoline (8e), 9-[N-morpholinesulphonyl]-5,6-
dihydro-5-ox0-11H-indeno-[1,2-c]isoquinoline (8f), 9-[N-
(2-[N,N-dimethylamino]ethyl)-aminosulphonyl]-5,6-
dihydro-5-ox0-11H-indeno[ 1,2-c]isoquinoline (8g), 9-[N-
(2-[piperidino-1-yl]ethyl)-aminosulphonyl]-5,6-dihydro-5-
oxo-11H-indeno[1,2-c]isoquinoline (8h), 9-[N-(2-(pyridino-
2-yl)-ethyl)-aminosulphonyl]-5,6-dihydro-5-ox0-11H-
indeno[1,2-clisoquinoline (81), 9-[N-(2-[morpholino-4-yl]
ethyl)-aminosulphonyl]-5,6-dihydro-5-oxo-11H-indenol[ 1,
2-clisoquinoline (8, 9-[N-(2-[N-
methyltetrahydropyrrolidino-1-yl]ethyl)aminosulphonyl]-5,
6-dihydro-5-0x0-11H-indeno-[1,2-c]isoquinoline (8k),
9-[N-(3-[morpholino-4-yl|propyl)-aminosulphonyl]-5,6-di-
hydro-5-ox0-11H-indeno-[1,2-c]isoquinoline (81), 9-[N-(3-
[tetrahydropyrrolodino-1-yl]propyl)aminosulphonyl]-5,6-
dihydro-5-ox0-11H-indeno-[1,2-c]isoquinoline (8m), 9-[N-
(3-[imidazolo-1-yl]propyl)-aminosulphonyl]-5,6-dihydro-5-
oxo-11H-indeno-[1,2-c]isoquinoline ~ (8n),  9-[N-[3-(4-
methylpiperazino-1-yl|propyl)-aminosulphonyl]-5,6-
dihydro-5-ox0-11H-indeno-[1,2-c]isoquinoline (80), 9-[N,
N-di-(2-[N,N-diethylamino]ethyl)-aminosulphonyl]-5,6-
dihydro-5-ox0-11H-indeno-[1,2-c]isoquinoline (8p), 9-[N,
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N-di-(2-[N,N-dimethylamino]ethyl)-aminosulphonyl]-5,6-
dihydro-5-oxo-11H-indeno-[1,2-c]isoquinoline (8q), and
9-[N,N-di-(2-[N,N-dihydroxyethylamino]ethyl)-aminosul-
phonyl]-5,6-dihydro-5-oxo-11H-indeno-[1,2-c]isoquinoline
(8r).

[0194] Compounds 8s-8af can be prepared using the meth-
ods described above for making compounds of 8a-8r, using
appropriate amine intermediates.

[0195] Scheme 2 illustrates a method useful for making
terminal carboxylic acid compounds of formulas 8ag-8ao.
This method comprises reacting sulfonyl chloride 7 with the
alkyl ester of an amino acid in the presence of a base, prefer-
ably triethyamine, to provide an intermediate terminal car-
boxylic acid alkyl ester, which is then hydrolyzed using a base
such as sodium hydroxide to provide the corresponding ter-
minal carboxylic acid.

Scheme 2
O
1. NHCH(R')COOR” (41),
O NH NEt; or
NH(CH,),COOR" (42),
Va NEt;
O 2. NaOH
O
4
O// \Cl
7
O
O NH
Q 0
4
O// \R
8ag-ao
ag. R= ——NHCH,COOH
ah. R = ——NH(CH,),COOH
ai. R= ——NH(CH,);COOH
aj. R= ——NH(CH,);COOH
ak. R = ——NH(CH,)sCOOH
al. R= ——NHCH(CH,COOH)COOH
am. R = —NHCH((CH,),COOH)COOH
an. R = ——NHCH((CH,),NH,)COOH
ao. R = ——NHCH(CH,OH)COOH
[0196] wherein
[0197] R'is -alkylcarboxy, -alkylamino or -alkanol;
[0198] R"is —C,-Cqalkyl; and
[0199] nis an integer ranging from 1 to 6.
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General Procedure for Making 9-sulfonamido Carboxylic
Acid Derivatives

Preparation of 9-sulfonamido Carboxylic Acid Ester

[0200] Toa0.5M solution of an ester of formula 41 or 42 in
CH,Cl, is added compound 7 (1.0 eq) and the resulting mix-
ture s stirred for S minutes. Triethylamine (about 5 eq) is then
added and the resulting reaction is stirred at room temperature
and monitored using TLC or HPLC until complete. The reac-
tion mixture is filtered, the solid is washed using MeOH to
provide the intermediate 9-sulfonamido carboxylic acid ester
which can be used without further purification.

Ester Hydrolysis

[0201] To an approximately 0.5M solution of a 9-sulfona-
mide carboxylic acid ester in ethanol is added about 3.0 N
aqueous sodium hydroxide (about 5.0 eq) and the resulting
reaction is refluxed if necessary and monitored using TL.C or
HPLC until completion. The reaction mixture is neutralized
to about pH 7.0 using about 1.0 N HCI and the neutralized
reaction mixture is extracted twice using EtOAc. The com-
bined EtOAc layers are washed sequentially with water and
saturated aqueous sodium chloride, then dried over sodium
sulfate and concentrated in vacuo to afford a crude residue
which is purified using flash column chromatography to pro-
vide the desired 9-sulfonamide carboxylic acid compound.
[0202] Acid hydrolysis with neat TFA can be useful where
the sulfonamide has a t-butyl ester group.

[0203] In another embodiment, illustrated below in
Scheme 3, Isoquinoline Derivatives of general formula 13 can
be made by a method comprising contacting a compound of
formula 11 and a compound of formula 12 in the presence of
a base for a time and at a temperature sufficient to make a
compound of formula 13.

Scheme 3
R, 0 Ry
Ry Rg CN
O base
+ —_—
Rj 6] Ry CH,Ry,
Ry Rio
1la 12
R, 0
Ry
NH
R7
)
Rio R
13
[0204] wherein
[0205] R,-R, and R,-R,, are as defined above for for-

mula (I); and
[0206] R, is—Cl,—Br,—I,—OMs, —OTs or —OTT.
[0207] Inone embodiment, R, is —Br.
[0208] In another embodiment, R, and R ; are both —Br.
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[0209] In one embodiment about 0.1 to about 10 equiva-
lents of a compound of Formula 12 are used per about 1
equivalent of a compound of Formula II.

[0210] Inanother embodiment about 0.5 to about 5 equiva-
lents of a compound of Formula 12 are used per about 1
equivalent of a compound of Formula 11.

[0211] In still another embodiment, about 1 to about 2
equivalents of a compound of Formula 12 are used per about
1 equivalent of a compound of Formula 11.

[0212] Inone embodiment about 1 to about 10 equivalents
of base are used per about 1 equivalent of a compound of
Formula 11.

[0213] In another embodiment about 3 to about 7 equiva-
lents ot base are used per about 1 equivalent of a compound of
Formula 11.

[0214] In a yet another embodiment about 5 to about 6
equivalents of base are used per about 1 equivalent of a
compound of Formula 11.

[0215] Suitable bases for use in the method of Scheme 3 are
organic bases such as triethylamine, diusopropylamine,
diisopropylethylamine, pyrdine, lutidine and imidazole; and
inorganic bases such as alkali metal carbonates, including
sodium carbonate, potassium carbonate and cesium carbon-
ate.

[0216] In one embodiment, the base is triethylamine.
[0217] In another embodiment, the base is potassium car-
bonate.

[0218] The method of Scheme 3 can be carried out in the

presence of a solvent, such as acetonitrile, methylene chlo-
ride, chloroform, THF, DMF, DMSO, ethyl acetate, acetone,
benzene, diethyl ether, water or mixtures thereof.

[0219] In one embodiment, the solvent is acetonitrile.
[0220] In another embodiment, the solvent is DMF.
[0221] Instill another embodiment, where the solvent is not

water, the solvent is substantially anhydrous, i.e., comprises
less than about 1% water.

[0222] In one embodiment, the method of Scheme 3 is
carried out for a time of about 0.5 hours to about 48 hours.
[0223] In another embodiment the method of Scheme 3 is
carried out for a time of about 3 hours to about 36 hours.
[0224] Instill another embodiment the method of Scheme 3
is carried out for a time of about 8 hours to about 24 hours.
[0225] Inyet another embodiment the method of Scheme 3
is carried out for a time of about 15 hours to about 20 hours.
[0226] Ina further embodiment, the method of Scheme 3 is
carried out at a temperature of about 0° C. to about 200° C.
[0227] In another embodiment, the method of Scheme 3 is
carried out at a temperature of about 25° C. to about 150° C.
[0228] Inyetanother embodiment, the method of Scheme3
is carried out at a temperature of about 50° C. to about 100° C.

General Procedure for the Preparation of Compounds of For-
mula 13

[0229] To a solution of a homophthalic anhydride of for-
mula 11 (about 1 equivalent) in a suitable solvent, such as
acetonitrile, is added a compound of Formula 12 (about 1 to
about 2 eq) followed by a suitable base, such as triethylamine
(about 1 to about 5 eq). The resulting reaction is reaction is
allowed to stir for about 1 hour, at which time a colored
precipitate appears. The reaction is then heated at reflux for
about 20 hours, cooled to room temperature and filtered. The
collected solid is washed using acetonitrile and dried under
vacuum to provide a compound of Formula 13.
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Scheme 4
0 cl 0
NH xy NH
2. KNO3, H,SO,4
1. POCI, 145° C. 3.HCI(50%), heat o
Q | Q
0 Q 0 0
2 14 15

AcOH-water, then dil HCI,

7. pyridine HBr perbromide,
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s
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[0230] The amide derivative 2-dimethylamino-N-(5-oxo-
5,11-dihydro-6H-indeno[1,2-c]isoquinolin-2-yl)-acetamide

(17) was prepared from 5-chloro-11H-indeno[1,2-c]iso-
quinoline (14). Compound 14 was subjected to nitration to
provide nitro compound 15, which was reduced using ammo-

MeOH, PdA—C,

4. Ammonium formate,
100° C.

(¢]
NH
o
16
5. CICOCH,Cl, EtOAc,
sat. NaHCO3

6. Me,NH, DMSO, rt

(¢]

e}

NH
MeZN\)}\ N P
LD

17

nium formate to provide amine 16, which was derivatized to
acetamide 17. and followed by amination of the chloroaceta-
mide intermediate. 2-bromo-5,6-dihydro-5-0x0-11H-indeno
[1,2-c]isoquinoline (18) was prepared by bromination of
Compound 14.
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[0231] Scheme 5 illustrates methods useful for making
oxygen-substituted Isoquinoline Derivatives of formula (I).

Scheme 5

R, OH

Ry CO2R, Rio CN
base
COR, * >

R4 Ry Ry

R4 Re Rg

20 21

22
O
NH
/ BBI‘3
/ Y} OMe T,
o A\
22b-d
(@]
NH
P~
/ \/OH
o A\
23 ac
O
NH
.
R'X
—
(@]
OH
23b
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-continued
R
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wherein
R,-R; are as defined above for formula (I);
each occurrence of R, is independently C,-C,

[0232]
[0233]
[0234]

alkyl;
[0235] R, is —Cl,—Br,—I, —OMs, —OTs or —OTT;
[0236] R'is—C,-C,,alkyl, alkanol or alkylcarboxy; and

[0237] R"is —C,-C,, alkyl, aryl, heterocycle, alkanol or

alkylcarboxy.

[0238] Inone embodiment, R, is methyl.

[0239] Inanother embodiment, R, is —Br

[0240] Inanotherembodiment, illustrated above in Scheme

5, Isoquinoline Derivatives of formula 22 can be made by a

method comprising contacting a compound of formula 20 and

acompound of formula 21 in the presence of a base for a time
and at a temperature sufficient to make a compound of for-

mula 22.

[0241] In one embodiment about 0.1 to about 10 equiva-

lents of a compound of Formula 20 are used per about 1

equivalent of a compound of Formula 21.
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[0242] Inanother embodiment about 0.5 to about 5 equiva-
lents of a compound of Formula 20 are used per about 1
equivalent of a compound of Formula 21.

[0243] In still another embodiment, about 1 to about 2
equivalents of a compound of Formula 20 are used per about
1 equivalent of a compound of Formula 21.

[0244] In one embodiment about 1 to about 10 equivalents
of base are used per about 1 equivalent of a compound of
Formula 21.

[0245] In another embodiment about 3 to about 7 equiva-
lents of'base are used per about 1 equivalent of a compound of
Formula 21.

[0246] In a yet another embodiment about 5 to about 6
equivalents of base are used per about 1 equivalent of a
compound of Formula 21.

[0247] Suitable bases for use in the method are organic
bases such as triethylamine, diisopropylamine, diisopropyl-
ethylamine, pyridine, lutidine and imidazole; and inorganic
bases such as alkali metal carbonates such as sodium carbon-
ate, potassium carbonate and cesium carbonate.

[0248] In one embodiment, the base is potassium carbon-
ate.
[0249] In another embodiment, the base is triethylamine.

=z

27

29
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[0250] The method can be carried out in the presence of a
solvent, such as acetonitrile, methylene chloride, chloroform,
THEF, DMF, DMSO, ethyl acetate, acetone, benzene, diethyl
ether, water or mixtures thereof.

[0251] In one embodiment, the solvent is DMF.
[0252] In another embodiment, the solvent is acetonitrile.
[0253] In still another embodiment, the solvent is substan-

tially anhydrous, i.e., comprises less than about 1% water.
[0254] In one embodiment, the method is carried out for a
time of about 1 hour to about 96 hours.

[0255] Inanother embodiment the method is carried out for
a time of about 18 hours to about 72 hours.

[0256] Inyetanother embodiment the method is carried out
for a time of about 24 hours to about 48 hours.

[0257] In one embodiment, the method is carried out at a
temperature of about 25° C. to about 200° C.

[0258] Inanother embodiment, the method is carried out at
a temperature of about 50° C. to about 150° C.

[0259] In still another embodiment, the method is carried
out at a temperature of about 75° C. to about 125° C.

[0260] Scheme 6 illustrates methods useful for making
nitrogen-substituted Isoquinoline Derivatives of the inven-
tion.

Scheme 6
NO
NaNO, \ Na,S,04
Ph —_— —_—
AcOH
N
H
28
NH, NHCO,Et
N\ CICO,Et AN o A
Ph Py Ph,O
N N
H H
30
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-continued

35aR-H
b R =—(CH,)3N-(1,4-Morpholine)

[0261]
Scheme 7, nitrogen-substituted Isoquinoline Derivatives of
general formula 37 can be made by a method comprising
contacting a compound of formula 36 and a compound of
formula Ia or formula 20 in the presence of a base for a time
and at a temperature sufficient to make a compound of for-
mula 37.

In an alternate embodiment, illustrated below in

R,

R, CO,R,
Ry
Ry
base
R4 Ry
OR,
Rg CN
Rg NHC(O)R,
R, 0
Rig
R, 36
O
base
Ry 0

Ry
1la

(6]
20
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-continued

[0262] wherein
[0263] R,-R, and R.-R,, are as defined above for for-
mula (I);
[0264] each occurrence of R, is independently C,-C,
alkyl;
[0265]
and
[0266]
[0267]
[0268]
[0269]
—Br.
[0270] In still another embodiment, R . is methyl.
[0271] In one embodiment about 0.1 to about 10 equiva-
lents of a compound of Formula 11a are used per about 1
equivalent of a compound of Formula 36.
[0272] Inanother embodiment about 0.5 to about 5 equiva-
lents of a compound of Formula 11a are used per about 1
equivalent of a compound of Formula 36.

R, is —Cl, —Br, —I, —OMs, —OTs or —OTT;

R, is C,-C; alkyl.
In one embodiment, R, is methyl.
In another embodiment, R, is —Br.
In a further embodiment, R, is methyl and R, is
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[0273] In still another embodiment, about 1 to about 2
equivalents of a compound of Formula 11a are used per about
1 equivalent of a compound of Formula 36.

[0274] In one embodiment about 0.1 to about 10 equiva-
lents of a compound of Formula 20 are used per about 1
equivalent of a compound of Formula 36.

[0275] Inanother embodiment about 0.5 to about 5 equiva-
lents of a compound of Formula 20 are used per about 1
equivalent of a compound of Formula 36.

[0276] In still another embodiment, about 1 to about 2
equivalents of a compound of Formula 20 are used per about
1 equivalent of a compound of Formula 36.

[0277] Inone embodiment about 1 to about 10 equivalents
of base are used per about 1 equivalent of a compound of
Formula 36.

[0278] In another embodiment about 3 to about 7 equiva-
lents of'base are used per about 1 equivalent of a compound of
Formula 11.

[0279] In a yet another embodiment about 5 to about 6
equivalents of base are used per about 1 equivalent of a
compound of Formula 11.

[0280] Suitable bases for use in the method of Scheme 7 are
organic bases such as triethylamine, diisopropylamine, diiso-
propylethylamine, pyridine, lutidine and imidazole; and inor-
ganic bases such as alkali metal carbonates such as sodium
carbonate, potassium carbonate and cesium carbonate.

[0281] In one embodiment, the base is potassium carbon-
ate.

[0282] In another embodiment, the base is triethylamine.
[0283] The method of Scheme 7 can be carried out in the

presence of a solvent, such as acetonitrile, methylene chlo-
ride, chloroform, THF, DMF, DMSO, ethyl acetate, acetone,
benzene, diethyl ether, water or mixtures thereof.

[0284] In one embodiment, the solvent is DMF.
[0285] In another embodiment, the solvent is acetonitrile.
[0286] In still another embodiment, the solvent is substan-

tially anhydrous, i.e., comprises less than about 1% water.
[0287] In one embodiment, the method of Scheme 7 is
carried out for a time of about 1 hour to about 96 hours.
[0288] In another embodiment the method of Scheme 7 is
carried out for a time of about 18 hours to about 72 hours.
[0289] In yet another embodiment the method of Scheme 7
is carried out for a time of about 24 hours to about 48 hours.
[0290] In one embodiment, the method of Scheme 7 is
carried out at a temperature of about 25° C. to about 200° C.
[0291] In another embodiment, the method of Scheme 7 is
carried out at a temperature of about 50° C. to about 150° C.
[0292] In still another embodiment, the method of Scheme
7 is carried out at a temperature of about 75° C. to about 125°
C.

General Procedure for the Preparation of Compounds of For-
mula 37

From a Homophthalate:

[0293] To a solution of a homophthalate of Formula 20
(about 1 eq) and an N-acylanthranilonitrile of Formula 36
(about 1 to about 2 eq) in a solvent such as DMF, under inert
atmosphere, is added a base (about 5 eq), such as potassium
carbonate and the reaction is allowed to stir for about 48 hours
at about 100° C., then cooled to room temperature. The reac-
tion mixture is then poured into about 1 N sodium hydroxide
and the resulting solution is extracted with EtOAc. The
EtOAc layer is washed sequentially with about 1 N HCI,
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saturated aqueous sodium chloride, dried over sodium sul-
fate, filtered and concentrated in vacuo. The resulting residue
is dissolved using warming in toluene and the resulting solu-
tion is cooled to room temperature and precipitated using
hexanes. The solid precipitate is filtered, washed using hex-
anes and dried in a vacuum oven at 50° C. for 72 h to provide
a Compound of Formula 36.

[0294] The synthesis of phenyl amide 36, which is a useful
intermediate in Scheme 7, is described below in Scheme 8. In
this procedure, the amine group of a cyanoaniline compound
of formula 38 is acylated using an acyl chloride or an anhy-
dride in the presence of a base.

Scheme 8
R
7 0 0
e A
R o Re
acid
Ry NH,
Ryg
38
Ry
Rg CN
Ry NHC(O)R,
Ryg
36
[0295] wherein
[0296] R,-R,, are as defined above for formula (I); and
[0297] R_isC,-C; alkyl.
[0298] Suitable acids for use in the method of Scheme 8

include, but are not limited to, sulfuric acid and phosphoric
acid.

[0299] In one embodiment, the acid is sulfuric acid.
[0300] Inanother embodiment, R is methyl.
[0301] The method of Scheme 8 can be carried out in the

presence of a solvent, including, but not limited to, acetoni-
trile, methylene chloride, chloroform, THF, DMF, DMSO,
ethyl acetate, acetone, benzene, diethyl ether or mixtures
thereof.

General Procedure for Making a Compound of Formula 36

[0302] To asolution of a compound of Formula 38 (about 1
eq) in acetic anhydride (about 6 eq) at 90° C. is added 1 drop
of sulfuric acid (catalytic) and the resulting reaction is stirred
atabout 90° C. for about 2 h, and is then allowed to sit at room
temperature for about 12 h. The reaction mixture is poured
onto ice and the resulting solution is stirred for about 2 h, after
which time the solution is neutralized to about pH 7.0 using 1
N sodium hydroxide. The resulting precipitate is filtered,
washed using water (about 4x) and dried under vacuum for
about 72 h to provide a compound of Formula 36.

[0303] In another embodiment, illustrated below in
Scheme 9, sulfur substituted Isoquinoline Derivatives of for-
mula 40 can be made by a method comprising contacting a
compound of formula 39 and a compound of formula 11 or
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formula 20 in the presence of a base for a time and at a
temperature sufficient to make a compound of formula 40.

R, COsR,

Rj

Rio CN

Ry Ry

Rg
R, 39

base

11

[0304] wherein
[0305] R,-R, and R,-R,, are as defined above for for-
mula (I);
[0306] each occurrence of R, is independently C,-C;
alkyl;
[0307]
and

[0308]
[0309]
[0310]

[0311]
—Br.

[0312]

R, is —Cl, —Br, —I, —OMs, —OTs or —OTT;

R, is —H or—Br.
In one embodiment, R, is methyl.
In another embodiment, R, is —Br.
In still another embodiment, R, is methyl and R, is

In yet another embodiment, R ;is —H.

[0313] Ina further embodiment, R, is —Br.

[0314] In one embodiment about 0.1 to about 10 equiva-
lents of a compound of Formula 11a are used per about 1
equivalent of a compound of Formula 39.

[0315] Inanother embodiment about 0.5 to about 5 equiva-
lents of a compound of Formula 11a are used per about 1
equivalent of a compound of Formula 39.

[0316] In still another embodiment, about 1 to about 2
equivalents of a compound of Formula 11a are used per about
1 equivalent of a compound of Formula 39.
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[0317] In one embodiment about 0.1 to about 10 equiva-
lents of a compound of Formula lib are used per about 1
equivalent of a compound of Formula 39.

[0318] Inanother embodiment about 0.5 to about 5 equiva-
lents of a compound of Formula IIb are used per about 1
equivalent of a compound of Formula 39.

[0319] In yet another embodiment, about 1 to about 2
equivalents of a compound of Formula 11b are used per about
1 equivalent of a compound of Formula 39.

[0320] In one embodiment about 0.1 to about 10 equiva-
lents of a compound of Formula 20 are used per about 1
equivalent of a compound of Formula 39.

[0321] Inanother embodiment about 0.5 to about 5 equiva-
lents of a compound of Formula 20 are used per about 1
equivalent of a compound of Formula 39.

[0322] In yet another embodiment, about 1 to about 2
equivalents of a compound of Formula 20 are used per about
1 equivalent of a compound of Formula 39.

[0323] Inone embodiment about 1 to about 10 equivalents
of base are used per about 1 equivalent of a compound of
Formula 39.

[0324] In another embodiment about 3 to about 7 equiva-
lents ot base are used per about 1 equivalent of a compound of
Formula 39.

[0325] In a yet another embodiment about 5 to about 6
equivalents of base are used per about 1 equivalent of a
compound of Formula 39.

[0326] Suitable bases for use in the method of Scheme 9 are
organic bases such as triethylamine, diisopropylamine, diiso-
propylethylamine, pyridine, lutidine and imidazole; and inor-
ganic bases such as alkali metal carbonates, including sodium
carbonate, potassium carbonate and cesium carbonate.

[0327] In one embodiment, the base is potassium carbon-
ate.

[0328] In another embodiment, the base is triethylamine.
[0329] The method of Scheme 9 can be carried out in the

presence of a solvent, such as acetonitrile, methylene chlo-
ride, chloroform, THF, DMF, DMSO, ethyl acetate, acetone,
benzene, diethyl ether, water or mixtures thereof.

[0330] In one embodiment, the solvent is DMF.
[0331] In another embodiment, the solvent is acetonitrile.
[0332] In one embodiment, the method of Scheme 9 is

carried out for a time of about 1 hour to about 120 hours.
[0333] In another embodiment the method of Scheme 9 is
carried out for a time of about 24 hours to about 96 hours.
[0334] Inyet another embodiment the method of Scheme 9
is carried out for a time of about 60 hours to about 80 hours.
[0335] In one embodiment, the method of Scheme 9 is
carried out at a temperature of about 0° C. to about 200° C.
[0336] In another embodiment, the method of Scheme 9 is
carried out at a temperature of about 25° C. to about 150° C.
[0337] Instill another embodiment, the method of Scheme
9 is carried out at a temperature of about 50° C. to about 100°
C.

General Procedure for the Preparation Compounds of For-
mula 40

From a Homophthalic Anhydride:

[0338] A solution of a mercaptobenzonitrile of Formula 39
(about 1.0 eq) and a homophthalic anhydride of Formula 11
(about 2.0 eq) in a suitable solvent such as acetonitrile under
inert atmosphere is warmed with stirring until all reactants are
in solution. A suitable base such as triethylamine (about 1 to
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about 5 eq) is added and the reaction is allowed to stir at about
90° C. for about 72 hours, then cooled to room temperature.
The reaction mixture is filtered, and the collected solid is
washed using methanol, then dried in a vacuum oven at about
50° C. to provide a compound of Formula 40.

From a Homophthalate:

[0339] A solution of a mercaptobenzonitrile of Formula 39
(about 1.0 eq) and a homophthalate of Formula 20 (about 2.0
eq) in a suitable solvent such as acetonitrile under inert atmo-
sphere is warmed with stirring until all reactants are in solu-
tion. A suitable base such as triethylamine (about 1 to about 5
eq) is added and the reaction is allowed to stir at about 90° C.
for about 72 hours, then cooled to room temperature. The
reaction mixture is filtered, and the collected solid is washed
using methanol, then dried in a vacuum oven at about 50° C.
to provide a compound of Formula 40.

[0340] The invention is further described in the following
examples, which do not limit the scope of the invention
described in the claims. The following examples illustrate the
synthesis of illustrative Isoquinoline Derivatives and demon-
strates their usefulness for treating or preventing an inflam-
matory disease or reperfusion disease.

5. EXAMPLES
Example 1
Preparation of Illustrative Isoquinoline Derivatives
a) General Methods

[0341] Proton NMR spectra were obtained using a Varian
300 MHz spectrophotometer and chemical shift values (3) are
reported in parts per million (ppm). TLC was performed
using TLC plates precoated with silica gel 60 F-254, and
preparative TLC was performed using precoated Whatman
60A TLC plates. All intermediates and final compounds were
characterized on the basis of 'H NMR and MS data.

b) Preparation of 5,6-dihydro-5,11-diketo-11H-in-
deno[1,2-clisoquinoline (2)

[0342]
2
(€]
NH
O
[0343] A stirred suspension of 1 (55 g, 0.22 mol) in NH,/

MeOH (7.0 N, 700 mL.) was refluxed for 24 h. The reaction
mixture was then allowed to cool to room temperature and
was filtered and washed with MeOH to provide 46 g of the
orange colored above-titled product in 84% yield. 'H NMR
(DMSO-dy): §7.48-7.61 (m, 4H), 7.80-7.88 (m, 1H), 7.86 (d,
J=8.7Hz, 1H),8.22 (d, J=8.4 Hz, 1H), 8.44 (d, J=7.5 Hz, 1H),
13.05 (s, 1H); *C NMR (DMSO-Dy): 8 106.33, 121.63,
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122.94,123.27,124.80,128.45,132.17, 133.60, 134.03, 134.
68, 134.68, 134.81, 137.09, 156.41, 163.76, 190.57, MS
(ES7): m/z 246.2 (M-1); Anal. Calcd for C,;H,NO,: C,
77.72; H, 3.67; N, 5.67. Found: C, 77.54; H, 3.69; N, 5.69.

¢) Preparation of (+) 1-hydroxy-5,6-dihydro-5-oxo-
11H-indeno[1,2-c]isoquinoline (3a)

[0344]
3a
(6]
NH
H
[0345] To a stirred suspension of 2 (2.5 g, 0.01 mol) in

EtOH (25 mL) was added NaBH,, (3.75 g, 0.1 mol) at room
temperature in small portions over 30 min. The reaction mix-
ture was stirred for an additional 2 h and then cooled to 0° C.
It was then triturated with 10% HCI (10% soln.). The result-
ing solid precipitated was filtered and washed with water and
MeOH to provide 3a (2.326 g, 92%). "H NMR (DMSO-d,): &
5.58 (d, J=8.1 Hz, 1H), 5.78 (d, J=8.7 Hz, 1H), 7.33-7.89 (m,
6H), 7.95 (d, J=7.8 Hz, 1H, 8.22 (d, J=7.8 Hz, 1H), 12.29 (s,
1H); *CNMR (DMSO-d,): 6 77.44,118.81,120.15, 124.28,
125.04,125.67,126.34,128.46, 128.64, 128.95, 133.27, 135.
62, 136.12, 139.93, 148.55, 163.69.; MS (ES™): m/z 250.1
(M+1); Anal. Calcd for C,H,,NO,: C, 77.10; H, 4.45; N,
5.62. Found: C, 77.01; H, 4.57; N, 5.59.

[0346] Similarly, by reacting 2 with MeMgl and m-MeO—
CH,MgBr, respectively, compounds (z) 11-hydroxy-11-
methyl-5,6-dihydro-5-ox0-11H-indeno[1,2-c]isoquinoline
(3b) and (%) 1-hydroxy-11-(m-methoxyphenyl)-5,6-dihydro-
5-0x0-11H-indeno[ 1,2-c]isoquinoline (3¢) were prepared.

d) Preparation of 11-substituted 5,6-dihydro-5-oxo-
11H-indeno[1,2-c]isoquinolines (5a-e)

[0347]

4a

O g
A~
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-continued

Sa-e

R

e}
5a: R =NMe,

NH
O
u
5b: R = NEt,

Se¢: R =piperidine-1-yl
5d: R = -N-methyl-piperazin-4-yl
Se: R =-morpholin-1-yl

[0348] To a stirred suspension of 3a (0.5 g, 2 mmol) in
pyridine (10 mL) was added chloroacetyl chloride (0.81 g,
0.006 mol) at 0° C. The reaction mixture was allowed to warm
to room temperature and allowed to stir for 24 h. The reaction
mixture was then poured on ice and extracted with EtOAc.
The organic layer was separated, dried and concentrated to
provide crude compound 4a, which was treated further with
dimethylamine and stirred at room temperature for 24 h. The
reaction mixture was poured on ice, and treated with 10%
HCIL. The resulting mixture was then basified using saturated
aqueous NaHCO; and the resulting solid was filtered to pro-
vide the desired product 5a. 'H NMR (DMSO-Dy): 8 2.31 (s,
6H), 5.00 (s, 1H), 7.28-7.45 (m, 3H), 7.68-7.73 (m, 2H), 7.95
(d, J=6.9 Hz, 1H), 8.10 (d, J=7.8 Hz, 1H), 8.21 (d, J=8.1 Hz,
1H), 12.26 (s, 1H); '*C NMR (DMSO-Dy): 8 68.09, 116.28,
120.52,124.58,125.74,126.27,126.34,127.68, 128.64, 133.
02, 136.27, 144.45, 163.80; MS (ES*): m/z 277.2 (M+1).

[0349] The following compounds were also prepared by
reacting 4a as above with diethylamine, piperidine, N-meth-
ylpiperidine and morpholine, respectively: () 11-diethy-
lamino-5,6-dihydro-5-oxo-11H-indeno[1,2-c]isoquinoline
(5b) (2) 11-piperizin-5,6-dihydro-5-oxo-11H-indeno[1,2-c]
isoquinoline (5¢) () 1-(N-methylpiperazin)-5,6-dihydro-5-
oxo-11H-indeno[1,2-c]isoquinoline (5d) (+) 11-morpholino-
5,6-dihydro-5-0x0-11H-indeno[1,2-c]isoquinoline (5e).

e) Preparation of (+) 11-morpholino-5,6-dihydro-5-
oxo-1H-indeno[1,2-c]isoquinolines (5¢)

[0350]

4b

Br

g

23
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-continued
Se
(€]
O NH
NSV
[0351] To a stirred suspension of 3a (0.6 g, 2.4 mmol) in

trifluoroacetic acid (5 mL.) was added phosphorus tribromide
(1.0 M soln. in CH,Cl,, 3 mL) at room temperature, and the
reaction mixture was stirred for 8 h. The reaction mixture was
poured on ice and the resulting solid was filtered to provide
bromo compound 4b (0.61 g, 76%). "H NMR (DMSO-d,): &
7.35-7.50 (m, 3H), 7.61 (d, J=6.6 Hz, 1H), 7.73-7.82 (m, 2H),
7.94 (d, J=6.6 Hz, 1H), 8.23 (d, J=7.8 Hz, 1H, 12.41 (s, 1H);,
13C NMR (DMSO-dg): 8 52.06, 79.35, 114.43, 120.56, 123.
58, 125.27, 125.50, 126.68, 128.55, 128.86, 129.66, 133.73,
135.91, 136.61, 141.39, 143.95, 163.74.

[0352] Compound 4b (0.5 g) was suspended in MeOH (10
ml) and treated with excess morpholine (~10 eq.) at room
temperature and stirred at 60° C. for 3 h. The reaction mixture
was poured on ice, and diluted with ethyl acetate (40 mL). The
organic layer was separated and extracted in dil. HC1 (10%
soln.), the aqueous layer was then basified with sat. aq.
NaHCO, and the resulting solid precipitated was filtered and
dried to provide 5e (0.46 g, 90%). 'H NMR (DMSO-d,): §
2.56 (m, 4H), 3.49 (m, 4H), 5.04 (s, 1H), 7.31-7.45 (m, 3H),
7.65-7.76 (m, 2H),7.96 (d, J=7.2 Hz, 1H), 8.20-8.24 (m, 2H),
12.29 (s, 1H); *C NMR (DMSO-Dy): 8 49.36, 67.62, 68.11,
115.20,120.60, 124.47,125.84,126.34,126.41,127.76, 128.
30, 128.72, 133.09, 136.30, 136.96, 140.35, 144.44, 163.67.

f) Preparation of
5,6-dihydro-5-0x0-11H-indeno[1,2-c] isoquinoline

(6)
[0353]
6
O
O NH
[0354] Method I: To a stirred solution of the alcohol 3a

(0.35 g, 1.4 mmol) in trifluoroacetic acid (10 mL) was added
at room temperature triethylsilane (0.812 g, 7 mmol) and the
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reaction mixture was stirred for 24 h. Trifluoroacetic acid was
evaporated in vacuo and EtOAc was added to the resulting
crude product. The resulting solid was filtered and washed
with H,O and EtOAc to provide the above-titled compound 6
(0.285 g, 87%). 'H NMR (DMSO-Dy): 8 3.89 (s, 2H), 7.30-
7.47 (m, 3H), 7.59 (d, J=6.9 Hz, 1H), 7.72-7.74 (m, 2H), 7.98
(d, I=7.8 Hz, 1H), 8.23 (d, JI=8.4 Hz, 1H), 12.31 (s, 1H); '°C
NMR (DMSO-dg): 8 33.51, 116.50, 120.19, 124.01, 125.51,
125.55,126.42,127.50,127.68, 128.56, 133.45, 136.39, 137.
53, 140.18, 143.80, 163.46; MS (ES™): m/z 232.1 (M-1);
Anal. Caled for C,;H, NO: C, 82.38; H, 4.75; N, 6.00.
Found: C, 81.79; H, 4.45; N, 5.99.

[0355] Method II: To a stirred suspension of 2 (40 g, 0.16
mol) in trifluoroacetic acid (2.5 L) was added triethylsilane
(94 g, 0.8 mol) in small portions at room temperature and the
reaction mixture was stirred for 96 h, during which time the
reaction progress was monitored using TLC (eluent -5%
MeOH/CH,Cl,). The reaction mixture was slowly poured on
ice, filtered, washed with copious amounts of H,O and MeOH
and dried in vacuo to provide the above-titled compound 6
(33.1 g, 88%), whose spectral data were identical to those of
a sample of compound 6 that was obtained using Method 1.

g) Preparation of 9-chlorosulfonyl-5,6-dihydro-5-
oxo-11H-indeno[1,2-c]isoquinoline (7)

[0356]
7
(€]
NH
S0,Cl
[0357] Compound 6 (40 g, 0.17 mol) was added in small

portions to chlorosulfonic acid (112 mL, 1.71 mol) at 0° C.
and the reaction mixture was allowed to wainm to room
temperature and allowed to stir for 2 h. The reaction mixture
was slowly poured on ice and the resulting yellow solid was
filtered, washed thoroughly with water and EtOAc and dried
in vacuo to provide the above-titled product 7 (52 g, 92%). 'H
NMR (DMSO-dy): 83.91 (s, 2H), 7.43-7.48 (m, 1H), 7.60 (d,
J=7.2Hz, 1H), 7.74-7.76 (m, 2H), 7.79 (s, 1H), 7.90 (d, J=7.5
Hz, 1H), 8.23 (d, J=7.8 Hz, 1H), Anal. Calcd for
C,¢H,,CINO,S: C, 54.94; H, 3.46; N, 4.00. Found: C, 55.28;
H, 3.43; N, 3.68, Karl-Fisher, 2.95.
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h) Preparation of 9-sulphonamido derivatives of 5,6-
dihydro-5-oxo-11H-indeno[1,2-c]isoquinolines (8a-
af)

[0358]

8a-af

a. R = 4-Methyl-piperazine-1-yl

b. R = 4-CH,CO,Me-piperazine-1-yl

¢. R = 4-CH,CH,OH-piperazine-1-yl

d. R = imidazole-1-yl

e. R = L-prolinol

f. R = morpholine-4-yl

g. R = NHCH,CH,NHMe,

h. R = NHCH,CH,-piperidine-1-yl

i. R = NHCH,CH,N-(pyridine-2-yl)

j- R =NHCH,CH,-morpholine-4-yl

k. R = NHCH,CH,-(2-N-Me-tetrahydropyrrolidine-1-yl

. R = NHCH,CH,CH,-morpholine-4-yl

m. R = NHCH,CH,CH,-(tetrahydropyrrolidine-1-yl)

n. R = NHCH,CH,CH,-imidazole-1-yl

0. R = NHCH,CH,CH,-(4-methylpiperazine-1-yl)

p. R = N(CH,CH,NEt,),

—N(CH,CH,NMe),
—N(CH,CH,OH),

—NHCH,CH,CN

—NHC(NH)NH,
—NH[4-(1,2,4-triazole)]
—NH[4-(N-morpholine)phenyl]

—NHCH,CH,(4-N-benzylpiperidine)

—NHCH,CH,(2-thienyl)
—NH][1-(4-azabenzimidazole)]
—NH[1-(4-(2"-pyridyl)piperazine)]

—NHCH,CH,N[CH,CH,0H],

—NH[1-(4-benzylpiperazine)]

—NH,

—NHCH,CH,Ph

—NHCH,CH,[4-OMe(phenyl)]

—NHC(O)(N-morpholine)
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[0359] Method I: To a stirred suspension of 3-(4-mor-
pholino)-1-propylamine (17.28 g, 0.12 mol) in EtOAc was
added sat. ag. NaHCO; (300 mL), and the mixture was
allowed to stir for 15 min. Compound 7 (4.0 g, 0.012 mol) was
then introduced in small portions at room temperature. The
reaction mixture was stirred for 24 h; filtered and washed with
H,0, EtOAc and MeOH; refluxed in MeOH for 30 min;
filtered while still warm; and washed with MeOH to provide
compound 81 as a free base (2.33 g, 44%). 'H NMR (DMSO-
dg): 8 1.47-1.52 (m, 2H), 2.16-2.21 (m, 4H), 2.47-2.48 (m,
2H), 3.44-3.48 (m, 2H), 3.23 (m, 4H), 4.02 (s, 2H), 7.49-7.58
(m, 1H), 7.78-7.82 (m, 3H), 7.97 (s, 1H), 8.14 (d, J=7.8 Hz,
1H), 8.26 (d, J=7.8 Hz, 1H), 9.59 (s, 1H), 12.42 (s, 1H).

[0360] The free bases of 8d, 8g, 8h, 8§j, 81, 8m-8r were also
prepared by Method 1, but substituting 3-(4-morpholino)-1-
propylamine with imidazole, 2-dimethylamino-ethylamine,
2-(N-piperidinyl)-ethylamine, 2-(N-morpholinyl)-ethy-
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lamine, 3-(N-morpholinyl)-propylamine, 3-(N-tetrahydro-
pyrrolidinyl)-propylamine, 3-(N-imidazolyl)-propylamine,
3-(N-(4-methylpiperazinyl)-propylamine, di-(2-(diethy-
lamino)-ethyl)amine,  di-(2-(dimethylamino)-ethyl)amine
and di-(2-hydroxyethyl)amine, respectively.

[0361] Method II: To a stirred suspension of 3-(4-mor-
pholino)-1-propylamine (4.250 g) in CH,Cl, (100 mL) was
added 7 (1.950 g, 5.89 mmol) and the resulting mixture was
stirred for 5 minutes. Subsequently, triethylamine (3 mL) was
added and the reaction mixture was stirred for 24 hr at room
temperature. After this time the precipitate was collected and
washed with MeOH (2x100 mL) and the crude solid product
transferred to a round bottom flask. This material was diluted
with MeOH (200 mL), heated to reflux for 30 min. and filtered
while still warn. The resulting filtercake was washed with
MeOH (200 mL) to provide the desired product as the free
base of 81 (1.460 g, 56%).

[0362] The free bases of compounds 8a-r were prepared
using Method I1, but substituting 3-(4-morpholino)-1-propy-
lamine with about an equivalent amount of imidazole, 2-dim-
ethylamino-ethylamine, 2-(N-piperidinyl)-ethylamine, 2-(N-
morpholinyl)-ethylamine, 3-(N-morpholinyl)-propylamine,
3-(N-tetrahydropyrrolidinyl)-propylamine, 3-(N-imida-
zolyl)-propylamine, 3-(N-(4-methylpiperazinyl)-propy-
lamine, di-(2-(diethylamino)-ethyl)amine, di-(2-(dimethy-
lamino)-ethyl)amine and di-(2-hydroxyethyl)amine,
respectively.

k) Preparation of the Mesylate Salt of 81

[0363] Free base 81 (1.0 g) was added to methanesulfonic
acid (10 mL)at 0° C. and the resulting mixture was allowed to
warm to room temperature and then stirred for 2 h. The
reaction mixture was then poured into cold MeOH (100 mL.,,
between -10° C. and 0° C.) and the precipitated solid was
filtered, washed with MeOH (100 mL) and dried in vacuo.
The dried solid was then dissolved in water (100 mL), filtered
and lyophilized to provide the methanesulfonate monohy-
drate salt 81. (1.020 g, 84%). 'H NMR (DMSO-dy): & 1.75-
1.85 (m, 2H), 2.35 (s, 3H), 2.78-2.84 (m, 2H), 2.96-3.12 (m,
4H),3.36 (d,J=12.3 Hz, 2H), 3.61 (t,J=11.4 Hz, 2H), 3.94 (d,
J=12.9 Hz, 2H), 4.03 (s, 2H), 7.49-7.55 (m, 1H), 7.76-7.84
(m, 3H), 7.99 (d, I=0.9 Hz, 1H), 8.15 (d, J=8.4 Hz, 1H), 8.25
(d, J=8.4 Hz, 1H), 9.59 (s, 1H), 12.42 (s, 1H); °C NMR
(DMSO-dy): & 24.27, 33.86, 51.89, 54.51, 64.02, 119.70,
120.39, 123.53,126.09, 126.45, 128.63, 133.66, 135.80, 138.
71,141.21, 144.57, 163.29; Anal. Caled for C,,H;N;O,S,:
C,52.06;H,5.46;N,7.59, Karl-Fisher, 3.36. Found: C, 51.85;
H, 5.35; N, 7.30, Karl-Fisher, 4.32.

[0364] Similarly, HCIl, H,SO,, CH;COOH, and succinic
acid salts of 81 were prepared by substituting methane-
sulfonic acid with about an equivalent amount of HC1, H,SO,,
and CH,COOH, respectively

1) Preparation of
5,6-dihydro-5-0x0-11H-indeno[1,2-c]isoquinoline
(13a)

[0365] To a solution of homophthalic anhydride (324 mg,
2.0 mmol) in acetonitrile (15 mL.) was added 2-cyanobenzyl
bromide (431 mg, 2.0 mmol, 1.0 eq) and triethylamine (5
mL). The reaction was stirred under inert atmosphere at room
temperature for 30 minutes, after which time a yellow pre-
cipitate appeared. The reaction mixture was then heated at
reflux for 18 h and the resulting white precipitate was filtered,
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washed using acetonitrile (3x8 mL.) and dried under vacuum
to provide Compound 13a as a white crystalline solid.
Yield=150 mg (32%).

m) Preparation of a-Bromodimethylhomophthalate
(20a)

[0366] Dimethylhomophthalate (19a) (83.1 g) was dis-
solved in dichloromethane (2 L) and N-bromosuccinimide
(121 g, 1.7 eq) was added. The resulting suspension was
irradiated for 18 h with a 500 wt quartz-halogen lamp, which
brought the reaction mixture to reflux. The reaction mixture
was then washed sequentially with saturated aqueous sodium
bicarbonate (4 L), saturated aqueous sodium bisulfite (2 L),
and saturated aqueous sodium chloride (2 L). The organic
phase was dried using sodium sulfate with a small amount of
silica added to remove polar impurities. The organic phase
was filtered and concentrated in vacuo to provide Compound
20a as a dark orange oil. Yield=120.3 g (100%).

n) Preparation of 8-Methoxy-6H-11-oxa-6-aza-
benzo[afluoren-5-one (22a)

[0367] o-Bromodimethylhomophthalate (20a)(1.16 g)and
2-hydroxy-5-methoxy-benzonitrile (0.6 g, 4 mmol, 1 eq)
were dissolved by warming in acetonitrile (6 mL.). Triethy-
lamine (5.6 mL, 10 eq) was then added and the reaction was
heated at reflux for 48 h under inert atmosphere, then cooled
to room temperature. The reaction mixture was diluted with
saturated sodium bicarbonate (40 mL) and the resulting sus-
pension was allowed to stir for 2 h, and was then filtered. The
filtercake was washed sequentially with 1 N HC1 (2x50 mL),
acetonitrile (2x50 mL) and dichloromethane (50 mL), then
dried in a vacuum oven at 50° C. for three days to provide
Compound 22a as an white solid. Yield=0.81 g (76%).

0) Preparation of 8-Hydroxy-6H-11-oxa-6-aza-benzo
[ct]fluoren-5-one (23a)

[0368] 8-Methoxy-6H-11-0xa-6-aza-benzo[ c]fluoren-5-
one (22a) (5.0 g) was cooled using an ice bath, and boron
tribromide (1 M in methylene chloride, 95 mL, 95 mmol, 5
eq.) added in a steady stream under nitrogen. The reaction
was heated at reflux under inert atmosphere for two hours,
then cooled to room temperature and poured into water (150
mL). The resulting suspension was allowed to stir for 1 h,
filtered, and the solids were washed with water (2x200 mL).
The solids were then diluted with 5 N sodium hydroxide (600
ml) using heating. The resulting solution was cooled to 0° C.
using an ice bath and the solution was acidified to pH 1 using
conc, HCI. The resulting precipitate was vacuum filtered, and
the solids washed sequentially with water (3x300 mL) and
diethyl ether (300 mL) then dried overnight using a vacuum
oven at 50° C. to provide Compound 23a as a gray solid.
Yield=4.74 g (100%).

p) Preparation of 3-Nitroso-2-Phenyindole (28)

[0369] A solution of 2-phenylindole (27) (25 gm, 0.129
mol) in acetic acid (250 mL) was cooled to 18° C. and a
solution of sodium nitrite (8 g, 0.115 mol) in water (10 mL)
was added dropwise while keeping the temperature of the
reaction at ca. 20° C. The resulting reaction was stirred for 30
min at room temperature then diluted with ice water (250
mL). The reaction mixture was filtered and the solid was
washed with water then recrystallized using methanol to pro-
vide Compound 28. Yield=27.5 gm (96.4%). ES-MS: 223.22
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(M*+1); NMR (DMSO-dg): 7.0 (m, 1H), 7.1 (m, 1H), 7.22
(m, 1H), 7.32 (m, 2H), 7.40 (m, 1H), 7.48 (m, 2H), 7.60 (m,
1H).

q) Preparation of 3-Amino-2-Phenylindole (29)

[0370] To a solution of 3-nitroso-2-phenyl indole (28) (25
gm, 0.129 mol) in ethanol (450 ml) was added 2N sodium
hydroxide (300 mL, 5.0 eq) followed by sodium dithionite
(38 g). The reaction was heated at reflux for 5 h, then filtered.
The solid was washed with water and dried under vacuum to
provide Compound 29 as a yellow solid. Yield=15 g (72.1%).
ES-MS: 209.25 (M*+1); NMR (DMSO-dy): 7.0 (m, 1H), 7.1
(m, 1H), 7.22 (m, 1H), 7.32 (m, 2H), 7.40 (m, 1H), 7.48 (m,
2H), 7.60 (m, 1H).

r) Preparation of 2-Phenylindole-3-ethylcarbamate
(30)

[0371] To a 0° C. solution of 3-amino-2-phenylindole (29)
(1.7 g, 8.17 mmol) in dichloromethane (150 ml) was added
triethylamine (5 mL, 4.5 eq) followed by ethyl chloroformate
(1 mL). The reaction was allowed to stir for 15 hours, after
which time the reaction mixture was diluted with water and
transferred to a separatory funnel. The dichloromethane (50
ml), washed with water (2x50 mL), brine (50 mL.) and dried
over sodium sulfate. The solvent was removed and dried
under vacuum to provide Compound 30 as a black solid (1.6
gm, 72.7%). ES-MS: 281.25 (M*+1); NMR (DMSO-dy):
1.30 (t, 3H), 4.12 (t, 2H), 7.0 (m, 1H), 7.1 (m, 1H), 7.22 (m,
2H), 7.32 (m, 2H), 7.40 (m, 1H), 7.48 (m, 2H), 7.60 (m, 1H).

s) Preparation of
6H,11H-Indole-[3,2-C]-Isoquinoline-5-one (31)

[0372] A solution of 2-Phenylindole-3-aminoethylcarbam-
ate (30) (1.4 g, 5 mmol) in diphenyl ether (10 ml) was heated
at reflux for 4 h, then cooled to room temperature. The reac-
tion mixture was filtered and the solid was washed sequen-
tially using warm hexane and warm dichloromethane and
dried under vacuum to provide Compound 31 as a gray solid.
Yield=1.6 g (72.7%). ES-MS: 23525 (M*'+1); NMR
(DMSO-dy): 7.1 (t, 1H), 7.25 (t, 1H), 7.50 (m, 2H), 7.82 (t,
1H),8.0(d, 1H), 8.14 (d, 1H), 8.32 (t, 1H), 11.7 (s, 1H), 12.2
(s, 1H).

t) Preparation of 6H,11H-Indole-[3,2-C]-Isoquino-
line-5-one-5,11-diacetate (32)

[0373] To a 0° C. solution of 6H,11H-Indole-[3,2-C]-Iso-
quinoline-5-one (31) (117 mg, 0.5 mmol) in dichloromethane
(10 mL) was added triethylamine (2 mL, 30 eq) followed by
acetic anhydride (1.8 mL, 35 eq). The reaction was stirred at
room temperature for 48 hrs, then poured over ice and
extracted with dichloromethane (100 mL.). The dichlo-
romethane layer was washed sequentially using water (2x20
mL) and brine (25 mL), then dried using sodium sulfate and
concentrated in vacuo. The resulting solid residue was dried
under vacuum to provide Compound 32 as a brown solid.
Yield=180 mg, 83.7%. ES-MS: 430.57 (M*+1).

u) Preparation of 6H,11H-Indole-[3,2-C]-Isoquino-
line-5-one-9,11-disulfonylchloride (33)

[0374] Compound 31 (117 mg, 0.5 mmol) was added to
chlorosulfonic acid (2 mL, 60 eq) and the resulting reaction
mixture was allowed to stir at room temperature for 4 hours,
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after which time the reaction mixture was poured over ice.
The resulting precipitate was filtered, washed sequentially
with water and ethyl acetate and dried under vacuum to pro-
vide Compound 33 as a light-yellow solid. Yield=180 mg
(83.7%). ES-MS: 430.57 (M*+1); NMR (DMSO-dy): 7.1 (t,
1H), 7.25 (t, 1H), 7.50 (m, 2H), 7.82 (t, 1H), 8.0 (d, 1H), 8.14
(d, 1H), 8.32 (t, 1H), 11.7 (s, 1H), 12.2 (s, 1H).

v) Preparation of 6H,11H-Indole-[3,2-C]-Isoquino-
line-5-one-9,11-disulfonamide (35a)

[0375] To a solution of 33 (215 mg, 0.5 mmol) in methanol
(10 mL) at 0° C. was added a 20% solution of ammonia in
methanol (10 mL). The reaction mixture was allowed to stir at
room temperature for 15 hours and was then filtered. The
resulting solid was washed with methanol and the dried under
vacuum to provide Compound 35a as a yellow solid.
Yield=140 mg *71.4%). ES-MS: 392.81 (M*+1).

w) Preparation of N-acetylanthranilonitrile (36a)

[0376] To asolution of anthranilonitrile (4.0 g, 32 mmol) in
acetic anhydride (18 mL, 5.5 eq) at 90° C. was added 1 drop
of sulfuric acid and the resulting reaction was stirred at 90° C.
for 2 h, then allowed to sit at room temperature for 12 h. The
reaction mixture was poured onto ice (ca. 200 mL) and the
resulting solution was stirred for 2 h, after which time the
solution was neutralized to pH 7.0 using 5 N sodium hydrox-
ide. The resulting precipitate was filtered, washed using water
(4x50 mL) and dried under vacuum for 72 h to provide Com-
pound 36a as a white crystalline solid. Yield=1.07 g (16%).

x) Preparation of
6H,11H-indolo[3,2-c]isoquinolin-5-one (37a)

From a-Bromodimethylhomophthalate:

[0377] o-Bromodimethylhomophthalate (20a) (603 mg,
2.1 mmol) and N-acetylanthranilonitrile (36a) (370 mg, 1.1
eq) were dissolved in DMF (5 mL) under inert atmosphere.
Potassium carbonate (1.45 g, 5.0 eq) was added and the
reaction was stirred for 48 h at 100° C., then cooled to room
temperature. The reaction mixture was poured into 1 N
sodium hydroxide and the resulting mixture was extracted
with EtOAc (50 mL). The EtOAc layer was washed sequen-
tially with 1N HCI (50 mL), saturated aqueous sodium chlo-
ride (50 mL), dried over sodium sulfate, filtered and concen-
trated in vacuo. The resulting residue was dissolved by
warming in toluene (70 mL) and the solution was cooled to
room temperature and upon addition of hexanes (200 mL), a
solid precipitate appeared. The solid precipitate was filtered,
washed using hexanes (50 mL) and dried in a vacuum oven at
50° C. for 72 hto provide Compound 37a as a yellow powder.
Yield=33 mg (6.7%).

y) Preparation of 6H,
11H-thia-6-aza-benzo[a]fluorene-5-one (40a)

From Homophthalic Anhydride:

[0378] A solution of 2-mercaptobenzonitrile (39a) (1.35 g,
10 mmol) and homophthalic anhydride (11a) (1.6 g, 10.0
mmol, 1.0 eq) in acetonitrile (150 mL) under inert atmo-
sphere was warmed with stirring until all reactants were in
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solution. Triethylamine (6.9 mL., 50 mmol, 5.0 eq) was added
and the reaction was heated at reflux for 72 hours, then cooled TABLE 1

to room temperature. After cooling, the reaction mixture was
filtered, and the collected solid was washed using methanol
(3x50 mL), then dried in a vacuum oven at 50° C. to provide

Inhibitory effect of various novel substituted isoquinolines
on PARS activation in cultured murine macrophages.

Compound 40a as a white solid. Yield=225 mg (9%). %PARS % PARS %PARS
From a-bromodimethylhomophthalate. Compound No. u:lltnf E&n ;ltﬂ;ggt;o& ;ﬁlgét;o&
[0379] A solution of 2-mercaptobenzonitrile (39a) (1.35 g, B o T P
10 mmol) and a-bromodimethylhomophthalate (20a) (2.87 3 67 NT 3
g, 10.0 mmol, 1.0 eq) in acetonitrile (150 mL) under inert 3b 25 0 NT
atmosphere was warmed with stirring until all reactants were 3c 21 9 NT
in solution. Triethylamine (6.9 mL, 50 mmol, 5.0 eq) was gz §§ §¥ fé
added and the reaction was heated at reflux for 72 hours, then 5b 33 NT 0
cooled to room temperature. After cooling, the reaction mix- 5¢ 24 NT 0
ture was filtered, and the collected solid was washed using 2 : ‘21515 §¥ 8
methanol (3x50 mL), then dried in a vacuum oven at 50° C. to 6 65 NT 30
provide Compound 40a as a white solid. Yield=250 mg 7 50 NT 0
(10%). . T ” T
C
8d NT 82 77
Example 2 8e NT 68 NT
8g NT 55 34
Effect of Illustrative Isoquinoline Derivatives on 2}1 §¥ ;2 ;61
PARS Activity in Cultured Macrophages, Using a 8k NT 38 24
Whole-Cell Based Assay and a Purified Enzyme 8l NT 84 34
8m NT 50 NT
Assay 8n NT 82 74
80 NT 55 48
[0380] Demonstration of illustrative Isoquinoline Deriva- 8p NT 45 27
tives’ ability to inhibit PARS and prevent peroxynitrite 8q NT 28 20
. . . S 8r NT 28 20
induced cytotoxicity was shown using methods described in 8s 54 NT 30
Virag et al., Br J Pharmacol. 1999, 126(3):769-77; and 8t 29 NT 17
Immunology 1998, 94(3):345-55. RAW mouse macrophages 8u NT NT 59
were cultured in DMEM medium with high glucose and gz Ei Ei 2491
supplemented with 10% fetal bovine serum. Cells were used 8y NT NT 59
at 80% confluence in 12-well plates. Cells were pretreated 8z NT NT 67
with various concentrations (100 nM -1 pM) of an Isoquino- gzi §¥ §¥ 4613
line Derivative for 10 min. Peroxynitrite, a prototypical oxi- 8ag 59 NT 35
dant which induces DNA single strand breakage, was used to 8ah 63 NT 67
induce PARS activation. Peroxynitrite was diluted in phos- Bai 90 NT 6
phate buffered saline (PBS) (pH 11.0) and added to the cells gi}{ I;IZ IizT 43
in a bolus of 50 pl. Cells were then incubated for 20 min. 8am NT NT 65%
Peroxynitrite was decomposed by incubation for 30 min at pH 8an 40* NT 40*
7.0, used as a control, and failed to influence the parameter 1530 13% I;IQT 4512
studied. After the 20 min incubation, the cells were spun, the 10b NT 17 17
medium was aspirated and the cells were resuspended in 0.5 22a 81 NT 51
ml assay buffer (56 mM HEPES pH 7.5, 28 mM KCl, 28 mM gb I;;T 22 2
NaCl, 2 mM MgCl,, 0.01% w/v digitonin and 0.125 pM 22; 13% NT NT
NAD™" and 0.5 uCi/ml *H-NAD™). Following an incubation in 2% 53 56 38
assay buffer, (10 min at 37° C.), PARS activity was measured 22f 27 23 NT
as follows: 200 pul ice cold 50% w/v TCA was added and the 22g 21 23 NT
samples were incubated for 4 hours at 4° C. Samples were ;;g ig Z? z;
then spun (10 min @ 10,000 g) and pellets washed twice with 23¢ 63 66 63
ice cold 5% w/v TCA and solubilized overnight in 250 pl 2% 25a 51 57 53
w/v SDS/0.1 N NaOH at 37° C. The contents of the tubes 25b 40 29 25
were added to 6.5 ml ScintiSafe Plus scintillation liquid 23¢ 38 34 23
(Fisher Scientific) and radioactivity was determined using a ji: g; gg 4513
liquid scintillation counter (Wallac, Gaithersburg, Md.). The 268 %0 74 51
results shown in Table I demonstrate that the illustrative Iso- 26b 5% 29% 1%
quinoline Derivatives significantly and dose-dependently 31 67 57 18

inhibit the activation of PARS in the macrophage assay.
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TABLE 1-continued

Inhibitory effect of various novel substituted isoquinolines
on PARS activation in cultured murine macrophages.

% PARS % PARS % PARS

inhibition inhibition inhibition
Compound No. at 1l pM at 300 nM at 100 nM
34 NT 33% 14%*
35a 75 55 14
35b 42 51 25

NT—Not Tested
*tested in purified enzyme assay

[0381] The potency of inhibition on purified PARS enzyme
was subsequently determined for selected Isoquinoline
Derivatives, and the potency was compared with that of
3-aminobenzamide, a prototypical benchmark PARS inhibi-
tor. The assay was performed in 96 well ELISA plates accord-
ing to instructions provided with a commercially available
PARS inhibition assay kit (Trevigen, Gaithersburg, Md.).
Briefly, wells were coated with 1 mg/mL histone (50 pl/well)
at 4° C. overnight. Plates were then washed four times with
PBS and then blocked by adding 50 pl Strep-Diluent (sup-
plied with the kit). After incubation (1 h, room temperature),
the plates were washed four times with PBS. Appropriate
dilutions of PARS inhibitors were combined with 2xPARS
cocktail (1.95 mM NAD*, 50 uM biotinylated NAD™ in 50
mM TRIS pH 8.0, 25 mM MgCl,) and high specific activity
PARS enzyme (both were supplied with the kit) in a volume
of 50 ul. The reaction was allowed to proceed for 30 min at
room temperature. After 4 washes in PBS, incorporated biotin
was detected by peroxidase-conjugated streptavidin (1:500
dilution) and TACS Sapphire substrate. The assay confirmed
the results of the macrophage-based PARS assay. For
example, the PARS inhibitor 81 exerted 50% inhibition of
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345-55, 1998), the compounds tested prevented the oxidant-
induced suppression of the viability of the cells and did so at
the low nanomolar concentration range. An example of this
response (Compound 81) is shown in Table 2. This assay
represents an in vitro model of cells dying because of expo-
sure to pro-oxidant species, as it occurs in during the reper-
fusion of ischemic organs.

TABLE 2

Reduction of peroxynitrite induced cytotoxicity by
30 nM-3 uM of the Isoquinoline Derivative 81.

+8l1
30 nM

+81
100 nM

+81
300 nM

+8l +81
1uM 3 uM

0%

Control

Cytotoxicity 98% 74% 39% 2% 0%

b: Effect of Illustrative Isoquinoline Derivatives on In Vivo
Models of Inflammatory Diseases

[0383] In order to substantiate the efficacy of the com-
pounds in inflammatory diseases, the effect of illustrative
Isoquinoline Derivatives was demonstrated in a systemic
inflammatory model induced by bacterial lipopolysaccharide
(LPS), which is reported to be responsible for causing reper-
fusion diseases and inflammatory diseases such as septic
shock and systemic inflammatory response syndrome in ani-
mals (see Parrillo, N. Engl. J. Med., 328:1471-1478 (1993)
and Lamping, J. Clin. Invest. 101:2065-2071 (1998). In a
series of experiments, mice were pretreated with intraperito-
neal injection of 0.1 and 1 mg/kg of compounds 81, 8p and §;j,
and LPS at 10 mg/kg was injected i.p., and TNF-alpha was
measured in the plasma at 90 minutes. As shown in Table 3, all
compounds substantially reduced TNF production, indicative
of'the compounds’ anti-inflammatory activity.

TABLE 3

Reduction of LPS induced TNF production by 0.1-1 mg/kg intraperitoneal
injection of the PARS inhibitor compounds 8L, 8P and 8] in mice in vivo

8j (0.1 mg/kg)  8j (1.0 mg/kg)

8p (0.1 mg/kg)

8p (1.0 mg/kg) 8l (0.1 mg/kg) 8l(1.0 mg/kg) Vehicle

TNF (ng/ml) 3831.6 £385.2 5038.8 £377.1 4470.0 £184.4 5090.8 +203.7 3714.6 +300.9 3509.8 +311.5 6994.0 +904.4

PARS activity in this assay at 3 nM, and thus was approxi-
mately 50,000 times more potent than the reference com-
pound 3-aminobenzamide.

Example 3

Effects of Illustrative Isoquinoline Derivatives in
Various Models of Inflammatory Disease and Reper-
fusion Disease

a: Effects of [llustrative Isoquinoline Derivatives on In Vitro
Cell Disease Models

[0382] In additional in vitro studies in isolated thymocytes,
cells were exposed to peroxynitrite or hydrogen peroxide
(toxic oxidant species) to induce cytotoxicity. In this system
the toxicity is, at least in part, related to activation of the
nuclear enzyme PARS. In this oxidant-stimulated thymocyte
assay (described, in detail, in Virag et al., Immunology 94(3):

[0384] All compounds markedly suppressed LPS induced
TNF production when compared to control.

[0385] Athigh doses, LPS causes multiple organ dysfunc-
tion resembling of septic shock, and ultimately death (in part
because of the early release of TNF-alpha). Similarly, in a
model induced by cecal ligation and puncture (CLP), the live
bacteria that derive from the intestinal flora induce systemic
inflammation and shock. Agents that inhibit inflammatory
mediator production, PARS activation, and cell death in this
model prevent mortality induced by LPS or CLP. In experi-
ments with Balb/c mice, injection of 100 mg/kg LPS intrap-
eritoneally caused death in 50% of the animals over 24 h,
whereas treatment of the animals with 3 mg/kg/day of com-
pound 81 reduced the endotoxin-induced mortality to 10%
under the same experimental conditions. In response to CLP
induced shock, compound 81 (3 mg/kg/day) caused a reduc-
tion in the mortality from 100% death to 60% death over 24
hours.
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[0386] The data demonstrating the reduction of TNF pro-
duction by illustrative Isoquinoline Derivatives in animals
subjected to an inflammation model, coupled with the fact
that TNF production is an important trigger of inflammation
in various inflammatory diseases (such as, for example, coli-
tis, arthritis and neuroinflammation and shock) indicate that
the Isoquinoline Derivatives have therapeutic effects in vari-
ous systemic and local inflammatory diseases, including the
rejection of transplanted organs, which entails both an
inflammatory disease component and a reperfusion disease
component and, accordingly, are useful for treating or pre-
venting an inflammatory disease or a reperfusion disease.

c: Effect of illustrative Isoquinoline Derivatives on In Vivo
Models of Reperfusion Disease

[0387] Inorder to substantiate the efficacy of the Isoquino-
line Derivatives in ischemia-reperfusion conditions, the
effect of an illustrative Isoquinoline Derivative in a mouse
model of ischemic and reperfused gut was tested. The supe-
rior mesenteric artery was occluded for 45 min, followed by
areperfusion for 1 h. Following the end of the reperfusion, gut
permeability was measured with the FD4 method in evened
gut sacks (Liaudet et al; Shock 2000, 14(2):134-41).
Ischemia-reperfusion increased the permeability of the gut
from 114 to 216+27 ml/min/cm?, indicative of severe dam-
age of the reperfused gut. Treatment with Compound 81 (3
mg/kg i.v., injected 10 min. prior to initiation of reperfusion)
reduced the increase in the permeability ofthe gut by approxi-
mately 73%, indicating a marked maintenance of the gut
function. The ischemia-reperfusion studies in the gut were
associated with a 80% mortality over 12 hours, whereas only
15% mortality was noted in the animals treated with 8 1.
[0388] In another set of experiments, the effect of Com-
pound 81 in a rat model of middle cerebral artery occlusion/
reperfusion was assayed as described in Abdelkarim et al., /n?
J Mol Med. 2001, 7(3):255-60. Occlusion lasted for 2 hours,
followed by reperfusion for 24 hours. Infarct size was quan-
tified with tetrazolium staining. Compound 81 was adminis-
tered at 3 mg/kg/day in 3 divided intraperitoneally injected
doses, the first dose being administered 10 min. prior to the
initiation of reperfusion. There was an approximately 80%
reduction in the degree of cortical necrosis and neuronal death
in the animals administered with 81, when compared to
vehicle-treated controls. This protection also translated into
functional benefit, such as neurological improvements in the
PARS inhibitor treated group.

[0389] These data indicate that the Isoquinoline Deriva-
tives have therapeutic effects in various systemic and local
conditions of reperfusion diseases, including the rejection of
transplanted organs, which entails both an inflammatory dis-
ease component and a reperfusion disease component and,
accordingly, are useful for treating or preventing an inflam-
matory disease or a reperfusion disease.

d: Effect of illustrative Isoquinoline Derivatives in a Diabetes
Model

[0390] PARS inhibitors and PARS deficiency are known to
reduce the development of diabetes and the incidence of
diabetic complications (Mabley et al., Br J Pharmacol. 2001,
133(6):909-9; and Soriano et al., Nat Med. 2001, 7(1):108-
13). In order to substantiate the efficacy of the Isoquinoline
Derivatives in a diabetes model, a single high-dose strepto-
zotocin model of diabetes was conducted as previously
described. Briefly, 160 mg/kg streptozotocin was injected to
mice treated with vehicle or with illustrative Isoquinoline
Derivatives intraperitoneally (3 mg/kg) and 3 days later blood
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sugar levels were determined using a blood glucose meter.
The data shown in Table 4 demonstrate that the illustrative
Isoquinoline Derivatives attenuate the streptozotocin-in-
duced onset of diabetes as they reduce the hyperglycemia.

TABLE 4

Reduction of streptozotocin (STZ) induced hyperglycemia
by 3 mg/kg intraperitoneal injection of the PARS inhibitor
compounds 81, 8 and 8] in mice in vivo

Basal STZ + Vehicle STZ+8] STZ+38p 8l
Glucose 153 =21 320 13 25324 26424 24421
(mg/ml)
[0391] Accordingly, the Isoquinoline Derivatives are use-

ful for treating or preventing diabetes or a diabetic complica-
tion.

[0392] Thepresent invention is not to be limited in scope by
the specific embodiments disclosed in the examples which
are intended as illustrations of a few aspects of the invention
and any embodiments that are functionally equivalent are
within the scope of this invention. Indeed, various modifica-
tions of the invention in addition to those shown and
described herein will become apparent to those skilled in the
art and are intended to fall within the scope of the appended
claims.

[0393] A number of references have been cited, the entire
disclosures of which have been incorporated herein in their
entirety.

What is claimed is:
1. A compound of the formula

(la)

or a pharmaceutically acceptable hydrate or salt thereof,
wherein:

RsisNHorS;

Rgis —H or C,-C, alkyl;

X is —C(0O)—, —CH,—, —CHothalo)-, —CH(OH)—
(CH,),—, —CH(OH)-arylene-, —O—, —NH—,
—S—,—CH(NR,,;R,)—or—N(SO,Y)—, whereinY
is —OH, —NH, or -alkylheterocycle and n is an integer
ranging from 0-5;

R,, and R, areindependently -hydrogen or—C, -C, alkyl,
or N, R, and R, are taken together to form a heterocy-
clic amine;

R, is -hydrogen, -halo, —C,-C,, alkyl, -alkylhalo, —C,-
C,, alkenyl, —C;-Cg carbocycle, -aryl, —NH,, -alky-
lamino, —C(O)OH, —C(0)O(C, -C; alkyl), NO, or-A'-
B"
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A' is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —CO—, —C(0)O—, —CONH—, —CON
(C-C,alkyl)-, —NH—, —CH,—, —S—or —C(S)—;

B'is —C,-C,yalkyl,—C,-C,, alkenyl, -heterocycle, —C -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C, , alkyl, —C,-C,,
alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-Cs alkylene-OC(O)—(C,-Cs
alkyl);

R, R5, Ry, R, Rg, Ry and R, are independently -hydro-
gen, -halo, -hydroxy, —O—(C,-C; alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-
bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(0O)O(C -Cs alkyl), —OC(O)(C,-C; alkyl), NO, or
-A-B;andatleast one of R, R,,R5,R,, R, Rg, R%0orR

is other than hydrogen;

A is —SO,—, —SO,N—H—, —NHCO—, —NH-
CONH—, —O—, —CO—, —0OC(0)—, —C(0)0—,
—CONH—, —CON(C,-C, alkyl), —NH—,

—CH,—, —S—or —C(8)—;

Bis—C,-C,yalkyl,—C,-C,, alkenyl, -heterocycle, —C -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH,, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C, , alkyl, —C,-C,,
alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-Cs alkylene-OC(O)—(C,-Cs
alkyl); and

7, and Z, are independently —H or —C, -C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z;)(Z,), where Z; and 7, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z; and Z, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine.

2. A compound of the formula

(Ib)

or a pharmaceutically acceptable hydrate or salt thereof,

30
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wherein:

Rs;is O,NHorS;

Rgis —H or C,-C, alkyl;

X is —C(O)—, —CH,—, —CH(halo)-, —CH(OH)—
(CH,),—, —CH(OH)-arylene-, —O—, —NH—,
—S—,—CH(NR,,;R,)—or—N(SO,Y)—, whereinY
is —OH, —NH, or -alkylheterocycle and n is an integer
ranging from 0-5;

R,, and R, areindependently -hydrogen or—C, -C, alkyl,
or N, R, and R, are taken together to form a heterocy-
clic amine.

R, is -hydrogen, -halo, —C,-C,, alkyl, -alkylhalo, —C,-
C,, alkenyl, —C;-Cg carbocycle, -aryl, —NH,, -alky-
lamino, —C(O)OH, —C(0)O(C, -C; alkyl), NO, or-A'-
B"

is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —CO—, —C(0)0O—, —CONH—, —CON
(C-C,alkyl)-, —NH—, —CH,—, —S—or —C(S)—;
B'is—C,-Cqalkyl,—C,-C,, alkenyl, -heterocycle, —C,-

Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-

NZ,7Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,

-arylamido, —C(O)OH, —C(0)0O—(C,-C5 alkyl),

—C(0)O-phenyl or —C(NH)NH, any of which are

unsubstituted or substituted with one or more of —O—

(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,

-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-

dialkyl, -heterocyclic amine, —C,-C,, alkyl, —C,-C,,

alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,

-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—

(C,-Cs alkyl) or —C,-C5 alkylene-OC(O)—(C,-Cs

alkyl);

R,, R;, R,, R, Rg, Ry and R, are independently -hydro-
gen, -halo, -hydroxy, —O—(C,-C; alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C, car-
bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(0)O(C -C5 alkyl), —OC(0)(C,-C; alkyl), NO, or
-A-B;and atleastoneof R, R,,R5,R,, R, R, Rg0rR
is other than hydrogen;

Al

A is —SO,—, —SO,NH—, —NHCO -, —NH-
CONH—, ~ O, —CO—, —0OC(0)—, —C(0)0O—,
~CONH—, —CON(C,-C, alkyl)-, —NH

—CH,—, —S—or—C(S)—;

Bis —C,-C 4 alkyl,—C,-C,, alkenyl, -heterocycle, —C -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,7Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C,, alkyl, —C,-C,,
alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-C; alkylene-OC(O)—(C,-C;
alkyl); and

7., and Z, are independently —H or —C,-C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z5)(Z,), where Z; and 7, are indepen-
dently, —H or —C,-C alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z; and Z, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine.
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3. A compound of the formula

an

or a pharmaceutically acceptable hydrate or salt thereof,
wherein:

Ry is —H or C,-C, alkyl;

R, is -hydrogen, -halo, —C,-C,, alkyl, -alkylhalo, —C,-
C,, alkenyl, —C;-Cg carbocycle, -aryl, —NH,, -alky-
lamino, —C(O)OH, —C(0)O(C,-C5 alkyl), NO, or -A'-
B';

A' is —SO,—, —SO,NH—, —NBCO—, —NH-
CONH—, —CO—, —C(0)0O—, —CONH—, —CON
(C-C,alkyl)-, —NH—, —CH,—, —S—or —C(S)—;

B'is—C,-C,qalkyl,—C,-C,, alkenyl, -heterocycle, —C.-
Cg carbocycle, -aryl, —NH,, -alkylamino, -aminodi-

alkyl, -alkylheterocycle, -arylamido, —C(O)OH,
—C(0)0—(C-C5; alkyl), —C(O)O-phenyl or
—NZ,Z;;

R,, R;. Ry, R, R, Ry and R, are independently -hydro-
gen, -halo, -hydroxy, —O—(C,-C; alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-
bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(0)O(C -Cs alkyl), —OC(0)(C,-C; alkyl), NO, or
-A-B; wherein at least one of R!, R* and R is other than

hydrogen;

A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —0OC(0)—, —C(0)0—,
—CONH—, —CON(C,-C, alkyl), —NH—,
—CH,—, —S—or—C(S)—;

Bis —C,-C,,alkyl, —C,-C,, alkenyl, -heterocycle, —C., -
C, carbocycle, -aryl, —NH,, -alkylamino, -aminodi-

alkyl, -alkylheterocycle, -arylamido, —C(O)OH,
—C(O)0O—C-Cs  alkyl), —C(O)O-phenyl or
—NZ,7,; and

7, and Z, are independently —H or —C, -C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z;)(Z,), where Z; and 7, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z; and Z, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine.

4. The compound of claim 1 wherein R, is O, and Ry is

hydrogen.

5. The compound of claim 2 wherein R, is O, and R is

hydrogen.

6. The compound of claim 3 wherein Ry is O, and Ry is

hydrogen.

7. The compound of claim 1, wherein either Rg or R, but

not both, is -A-B.

8. The compound of claim 7 wherein R, R,, R;, R,, R,

and R, are hydrogen.
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9. The compound of claim 1, wherein R, is -A-B.

10. The compound of claim 1, wherein R, is -A-B and Rq
is hydrogen.

11. The compound of claim 1, wherein A is —SO,—,
—SO,NH— or —NHCO—.

12. The compound of claim 1, wherein R, is -A-B and B is
—C,-Cy alkyl, -heterocycle, —C;-Cg carbocycle, -aryl,
-alkylamino, -alkanol or -alkylheterocycle.

13. The compound of claim 1, wherein A is —SO,—and B
is —NZ,7Z,, and Z, and Z, are independently hydrogen, or
—C,-C;5 alkyl, unsubstituted or substituted with -halo, -hy-
droxy or —NZ,7,: wherein Z; and Z, are independently
-hydrogen, —C, -C, alkyl, unsubstituted or substituted with
one or more of -halo; -hydroxy or —NH,, or wherein N, Z,
and Z,, taken together, form a heterocyclic amine.

14. The compound of claim 13, wherein Z, and Z, are
—(CH,),,D; wherein n is an integer ranging from 1-5, and D
is hydrogen, hydroxy, heterocyclic amine or —NZ,Z,;
wherein Z; and Z, are independently hydrogen, methyl or
ethyl.

15. The compound of claim 13, wherein B is a heterocycle,
unsubstituted or substituted with methyl, ethyl or -alkanol.

16. The compound of claim 13, wherein Z, is hydrogen and
Z,1s—(CH,),, NZ;Z,, whereinnis 2 or 3, and Z; and Z,, are
independently methyl or ethyl, or, taken together, NZ,Z,
form a heterocyclic amine.

17. The compound of claim 1 wherein X is —C(O)—,
—CH(OH)—, —CH(Br)-, —CH,— or —CH(NR,, R ,)—
wherein R;; and R,, are hydrogen, —C,-C, alkyl, or
NR,;R,,, taken together, form a heterocycle.

18. A compound of the formula

(I

or a pharmaceutically acceptable hydrate or salt thereof,
wherein:

X is —CH,—or —O—;

R, and R; are independently -hydrogen, -halo, -alkylhalo,
-hydroxy, —O—(C,-C; alkyl), —C,-C; alkyl, —NO,,
—NH,, —CONH,, —C(O)OH, —OC(0)—C,-C;
alkyl or —C(O)O—C,-C; alkyl;

R, and R are independently -hydrogen or -A-B;

A is —SO,—, —SO,NH— or —NHCO—; and

Bis—C,-C; alkyl,—NZ,Z,, -heterocycle or -alkylamino,
each unsubstituted or substituted with one or more of
-alkanol, -alkylamino, -aminoalkyl, -aminodialkyl or
-heterocycle, each unsubstituted or substituted with
—C,-C,, alkyl or -alkanol; and

7, and Z, are independently -hydrogen or —C, -C, alkyl,
which is unsubstituted or substituted with one or more of
-hydroxy or —NZ,7,, where Z; and Z, are indepen-
dently —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -hydroxy or —NH,, or
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N, Z, and 7, are taken together to a heterocyclic amine,
orN, Z, and Z, are taken together to form a heterocyclic
amine.

19. The compound of claim 18, wherein A is —SO,— and
Bis —NZ,Z,.

20. The compound of claim 19, wherein Z, and Z, are
independently hydrogen, or —C,-C; alkyl, unsubstituted or
substituted with hydroxy or —NZ,Z,, or, taken together,
—NZ 7, form a heterocyclic amine.

21. The compound of claim 20, wherein Z, and Z, are
independently hydrogen, or —C,-C; alkyl, unsubstituted or
substituted with hydroxy or —NH,,, or, taken together, NZ.,Z ,
form a heterocyclic amine.

22. The compound of claim 21, wherein the heterocyclic
amine is selected from the group consisting of an unsubsti-
tuted piperidine, piperazine or morpholine group, or a pipera-
zine, pyrrolidine or imidazole group which can be unsubsti-
tuted or substituted with —N—(C,-C alkyl) or —N—C(O)
(C-Cs alkyl).

23. The compound of claim 20, wherein either NZ,Z, or
NZ.7, is a heterocycle, unsubstituted or substituted with
—C -C; alkyl, -alkanol or -alkylamino.

24. A method for inhibiting poly(ADP)-ribose synthase
activity in a cell, the method comprising contacting said cell
with the compound or pharmaceutically acceptable hydrate
or salt of a compound of claim 1 in an amount sufficient to
inhibit poly (ADP)-ribose-synthase in said cell.

25. A method for inhibiting poly(ADP)-ribose synthase
activity in a cell, the method comprising contacting said cell
with the compound or pharmaceutically acceptable hydrate
or salt of a compound of claim 2 in an amount sufficient to
inhibit poly (ADP)-ribose-synthase in said cell.

26. A method for inhibiting poly(ADP)-ribose synthase
activity in a cell, the method comprising contacting said cell
with the compound or pharmaceutically acceptable hydrate
or salt of a compound of claim 3 in an amount sufficient to
inhibit poly (ADP)-ribose-synthase in said cell.

27. A method for inhibiting poly(ADP)-ribose synthase
activity in a cell, the method comprising contacting said cell
with the compound or pharmaceutically acceptable hydrate
or salt of a compound of claim 18 in an amount sufficient to
inhibit poly (ADP)-ribose-synthase in said cell.

28. The method of claim 24 wherein the cell is an in vivo
cell.

29. The method of claim 25 wherein the cell is an in vivo
cell.

30. The method of claim 26 wherein the cell is an in vivo
cell.

31. The method of claim 27 wherein the cell is an in vivo
cell.

32. A method for treating or preventing an inflammatory
disease in a subject, the method comprising administering to
a subject in need thereof the compound or a pharmaceutically
acceptable hydrate or salt of a compound of claim 1 in an
amount sufficient to treat or prevent the inflammatory disease.

33. A method for treating or preventing an inflammatory
disease in a subject, the method comprising administering to
a subject in need thereof the compound or a pharmaceutically
acceptable hydrate or salt of a compound of claim 2 in an
amount sufficient to treat or prevent the inflammatory disease.

34. A method for treating or preventing an inflammatory
disease in a subject, the method comprising administering to
a subject in need thereof the compound or a pharmaceutically
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acceptable hydrate or salt of a compound of claim 3 in an
amount sufficient to treat or prevent the inflammatory disease.

35. A method for treating or preventing an inflammatory
disease in a subject, the method comprising administering to
a subject in need thereof the compound or a pharmaceutically
acceptable hydrate or salt of a compound of claim 18 in an
amount sufficient to treat or prevent the inflammatory disease.

36. The method of claim 32, wherein said inflammatory
disease is an inflammatory disease of a joint, a chronic
inflammatory disease of the gum, an inflammatory bowel
disease, an inflammatory lung disease, an inflammatory dis-
ease of the central nervous system, an inflammatory disease
of the eye, gram-positive shock, gram negative shock, hem-
orrhagic shock, anaphylactic shock, traumatic shock or che-
motherapeutic shock.

37. The method of claim 33, wherein said inflammatory
disease is an inflammatory disease of a joint, a chronic
inflammatory disease of the gum, an inflammatory bowel
disease, an inflammatory lung disease, an inflammatory dis-
ease of the central nervous system, an inflammatory disease
of the eye, gram-positive shock, gram negative shock, hem-
orrhagic shock, anaphylactic shock, traumatic shock or che-
motherapeutic shock.

38. The method of claim 34, wherein said inflammatory
disease is an inflammatory disease of a joint, a chronic
inflammatory disease of the gum, an inflammatory bowel
disease, an inflammatory lung disease, an inflammatory dis-
ease of the central nervous system, an inflammatory disease
of the eye, gram-positive shock, gram negative shock, hem-
orrhagic shock, anaphylactic shock, traumatic shock or che-
motherapeutic shock.

39. The method of claim 35, wherein said inflammatory
disease is an inflammatory disease of a joint, a chronic
inflammatory disease of the gum, an inflammatory bowel
disease, an inflammatory lung disease, an inflammatory dis-
ease of the central nervous system, an inflammatory disease
of the eye, gram-positive shock, gram negative shock, hem-
orrhagic shock, anaphylactic shock, traumatic shock or che-
motherapeutic shock.

40. A method for treating or preventing a reperfusion dis-
ease in a subject, the method comprising administering to a
subject in need thereof the compound or pharmaceutically
acceptable hydrate or salt of a compound of claim 1 in an
amount sufficient to treat or prevent the reperfusion disease.

41. A method for treating or preventing a reperfusion dis-
ease in a subject, the method comprising administering to a
subject in need thereof the compound or pharmaceutically
acceptable hydrate or salt of a compound of claim 2 in an
amount sufficient to treat or prevent the reperfusion disease.

42. A method for treating or preventing a reperfusion dis-
ease in a subject, the method comprising administering to a
subject in need thereof the compound or pharmaceutically
acceptable hydrate or salt of a compound of claim 3 in an
amount sufficient to treat or prevent the reperfusion disease.

43. A method for treating or preventing a reperfusion dis-
ease in a subject, the method comprising administering to a
subject in need thereof the compound or pharmaceutically
acceptable hydrate or salt of a compound of claim 18 in an
amount sufficient to treat or prevent the reperfusion disease.

44. The method of claim 40, wherein the reperfusion dis-
ease is stroke or myocardial infarction.

45. The method of claim 41, wherein the reperfusion dis-
ease is stroke or myocardial infarction.
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46. The method of claim 42, wherein the reperfusion dis-
ease is stroke or myocardial infarction.

47. The method of claim 43, wherein the reperfusion dis-
ease is stroke or myocardial infarction.

48. A method for treating or preventing diabetes or a dia-
betic complication in a subject, the method comprising
administering to a subject in need thereof the compound or
pharmaceutically acceptable hydrate or salt of a compound of
claim 1 in an amount sufficient to treat or prevent diabetes or
the diabetic complication.

49. A method for treating or preventing diabetes or a dia-
betic complication in a subject, the method comprising
administering to a subject in need thereof the compound or
pharmaceutically acceptable hydrate or salt of a compound of
claim 2 in an amount sufficient to treat or prevent diabetes or
the diabetic complication.

50. A method for treating or preventing diabetes or a dia-
betic complication in a subject, the method comprising
administering to a subject in need thereof the compound or
pharmaceutically acceptable hydrate or salt of a compound of
claim 3 in an amount sufficient to treat or prevent diabetes or
the diabetic complication.

51. A method for treating or preventing diabetes or a dia-
betic complication in a subject, the method comprising
administering to a subject in need thereof the compound or
pharmaceutically acceptable hydrate or salt of a compound of
claim 18 in an amount sufficient to treat or prevent diabetes or
the diabetic complication.

52. A method for treating or preventing reoxygenation
injury resulting from organ transplantation, the method com-
prising administering to a subject in need thereof the com-
pound or pharmaceutically acceptable hydrate or salt of a
compound of claim 1 in an amount sufficient to treat or
prevent the reoxygenation injury.

53. A method for treating or preventing reoxygenation
injury resulting from organ transplantation, the method com-
prising administering to a subject in need thereof the com-
pound or pharmaceutically acceptable hydrate or salt of a
compound of claim 2 in an amount sufficient to treat or
prevent the reoxygenation injury.

54. A method for treating or preventing reoxygenation
injury resulting from organ transplantation, the method com-
prising administering to a subject in need thereof the com-
pound or pharmaceutically acceptable hydrate or salt of a
compound of claim 3 in an amount sufficient to treat or
prevent the reoxygenation injury.

55. A method for treating or preventing reoxygenation
injury resulting from organ transplantation, the method com-
prising administering to a subject in need thereof the com-
pound or pharmaceutically acceptable hydrate or salt of a
compound of claim 18 in an amount sufficient to treat or
prevent the reoxygenation injury.

56. A composition comprising a compound or pharmaceu-
tically acceptable salt or hydrate of the compound of claim 1
and a pharmaceutically acceptable carrer.

57. A composition comprising a compound or pharmaceu-
tically acceptable salt or hydrate of the compound of claim 2
and a pharmaceutically acceptable carrier.

58. A composition comprising a compound or pharmaceu-
tically acceptable salt or hydrate of the compound of claim 3
and a pharmaceutically acceptable carrier.

59. A composition comprising a compound or pharmaceu-
tically acceptable salt or hydrate of the compound of claim 18
and a pharmaceutically acceptable carrier.
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60. The compound or pharmaceutically acceptable salt or
hydrate of claim 18, wherein either R® is hydrogen and R® is
-A-B, or R®is -A-B and R® is hydrogen.

61. A method for making a compound of formula 13

13
R 0
Ry
NH
F o
R,
Rio Ro
wherein

R, R, R;, R, R, Ry, Ry and R are independently -hy-
drogen, -halo, -hydroxy, —O—(C,-C; alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-

bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(O)O(C -C; alkyl), —OC(O)(C,-C; alkyl), NO, or
-A-B;

A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —OC(0)—, —C(0)O—,
—CONH—, —CON(C,-C, alkyl), —NH—,

—CH,—, —S—or—C(S)—;

Bis—C,-C,qalkyl, —C,-C,, alkenyl, -heterocycle, —C,-
C, carbocycle, -aryl, —NZ,Z,, —(C,-C; alkylene)-
NZ,7Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)0O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, C,-C,, alkyl, —C,-C,,
alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-C5 alkylene-OC(O)—(C,-Cs
alkyl); and

7, and Z, are independently —H or —C,-C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z5)(Z,), where Z; and 7, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z, and Z,, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine,

comprising contacting a compound of formula 11a

1la

Ro
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34

with a compound of formula 12

12
Ry

Rg CN

Ry CH,R,,

wherein
R, is —Cl, —Br, —I, —OMs, —OTs or —OTHT,
in the presence of a base, for a time and at a temperature
sufficient to make the compound of formula 13.
62. A method for making a compound of formula 22

22

wherein
Ry, R, R5, Ry, Ry, R, R and R are independently -hy-
drogen, -halo, -hydroxy, —O—(C,-C4 alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-

bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(0)O(C -C5 alkyl), —OC(0)(C,-C; alkyl), NO, or
-A-B;

A is —S0,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —OC(0)—, —C(0)0O—,
—CONH—, —CON(C,-C, alkyl), —NH—,

—CH,—, —S—or—C(S)—;

Bis—C,-C,alkyl,—C,-C,, alkenyl, -heterocycle, —C -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH,, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C, , alkyl, —C,-C,,
alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-C; alkylene-OC(O)—(C,-C;
alkyl); and

7, and Z, are independently —H or —C, -C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z;)(Z,), where Z; and 7, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z; and Z, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine,
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comprising contacting a compound of formula 21

21
OH
Ry CN
Rg Ry
Rg
wherein
R.is C,-C; alkyl,
with a compound of formula 20
20
Ry
R, COR,
R,
Ry
R4
o OR,

wherein
each occurrence of R, is independently C,-C; alkyl; and
R, is —Cl, —Br, —I, —OMs, —OTs or —OTT,
in the presence of a base, for a time and at a temperature
sufficient to make the compound of formula 22.
63. A method for making a compound of formula 37

37

wherein

R, R, R;, R, R, Ry, Ry and R are independently -hy-
drogen, -halo, -hydroxy, —O—(C,-C; alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-

bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(O)O(C -C; alkyl), —OC(O)(C,-C; alkyl), NO, or
-A-B;

A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —OC(0)—, —C(0)O—,
—CONH—, —CON(C,-C, alkyl), —NH—,

—CH,—, —S—or—C(S)—;

Bis—C,-C,, alkyl, —C,-C, , alkenyl, -heterocycle, —C -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,7Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH, any of which are
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unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C,, alkyl, —C,-C,
alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C, alkylene-C(O)O—
(C,-Cs alkyl) or —C,-Cs alkylene-OC(O)—(C,-Cs
alkyl); and

7, and Z, are independently —H or —C, -C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z;)(Z,), where Z; and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z; and Z,, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine,

comprising contacting a compound of formula 36

36

Rg NHC(O)R,

wherein
R.is C;-C; alkyl,
with a compound of formula 11a or a compound of formula
20

1la

R, 0
Ro
(0]
Ry 0
R4
20
Ry
R, CO,R,
Re
Rj
Ry
o OR,

wherein
each occurrence of R , is independently C,-C; alkyl; and
R, is —Cl, —Br, —I, —OMs, —OTs or —OTT,
in the presence of a base, for a time and at a temperature
sufficient to make the compound of formula 37.
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64. A method for making a compound of formula 40

40

wherein

R;,R,.R;, Ry, R, R, Ry and R are independently -hy-
drogen, -halo, -hydroxy, —O—(C,-C; alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-

bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(0)O(C -C5 alkyl), —OC(0)(C,-C; alkyl), NO, or
-A-B;

A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —OC(0)—, —C(0)O—,
—CONH—, —CON(C,-C, alkyl), —NH—,

—CH,—, —S—or—C(S)—;

Bis—C,-C,alkyl,—C,-C,, alkenyl, -heterocycle, —C -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,7Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH, any of which are
unsubstituted or substituted with one or more of —O—
(C,-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C,, alkyl, —C,-C,,
alkenyl, —C,-C, , alkynyl, -aryl, -benzyl, -alkylamido ,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-C5 alkylene-OC(O)—(C,-Cs
alkyl); and

7., and Z, are independently —H or —C,-C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z5)(Z,), where Z; and 7, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z; and Z, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine,

comprising contacting a compound of formula 39

39
SH

Ry CN

Rg
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with a compound of formula 11 or formula 20

11

R, o}
Ry
O
Ry o}
Ry Ry
20
Ry
R, COR,
Re
R4
R4
o OR,

wherein
each occurrence of R, is independently C,-C; alkyl;
R, is —Cl, —Br, —I, —OMs, —OTs or —OTT; and
R,is —H or —Br,
in the presence of a base, for a time and at a temperature
sufficient to make the compound of formula 40.
65. A compound of the formula

13

or a pharmaceutically acceptable hydrate or salt thereof,
wherein
Ry, Ry, R;, R, R, Rg, W and R, are independently -hy-
drogen, -halo, -hydroxy, —O—(C,-C4 alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C4 car-

bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(0)O(C -C5 alkyl), —OC(0)(C,-C; alkyl), NO, or
-A-B;

A is —S0,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —OC(0)—, —C(0)0O—,
—CONH—, —CON(C,-C, alkyl), —NH—,

—CH,—, —S—or—C(S)—;
Bis—C,-C,alkyl,—C,-C,, alkenyl, -heterocycle, —C -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH,, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C, , alkyl, —C,-C,,
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alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-C5 alkylene-OC(O)—(C,-Cs
alkyl); and

7, and Z, are independently —H or —C,-C, ; alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z;)(Z,), where Z; and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z, and Z,, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine.

66. A compound of the formula

22

or a pharmaceutically acceptable hydrate or salt thereof,
wherein:
R;,R,.R;, Ry, R, R, Ry and R are independently -hy-
drogen, -halo, -hydroxy, —O—(C,-C; alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-

bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(O)O(C -C; alkyl), —OC(O)(C,-C; alkyl), NO, or
-A-B;

A is —SO,—, —SO,NH—, —NHCO—, —NH-
CONH—, —O—, —CO—, —OC(0)—, —C(0)O—,
—CONH—, —CON(C,-C, alkyl), —NH—,

—CH,—, —S—or—C(S)—;

Bis —C,-C,,alkyl,—C,-C,, alkenyl, -heterocycle, —C -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,7Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)0O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C,, alkyl, —C,-C,,
alkenyl, —C,-C, , alkynyl, -aryl, -benzyl, -alkylamido ,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-C5 alkylene-OC(O)—(C,-Cs
alkyl); and

7., and Z, are independently —H or —C,-C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z;)(Z,), where Z; and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z, and Z,, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine.
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67. A compound of the formula

37

37
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68. A compound of the formula

or a pharmaceutically acceptable hydrate or salt thereof,

or a pharmaceutically acceptable hydrate or salt thereof, wherein

R;,R,.R;, Ry, R, R, Ry and R are independently -hy-
drogen, -halo, -hydroxy, —O—(C,-C; alkyl), —C,-C,,

wherein
Ry, R, R5, Ry, Ry, R, R and R are independently -hy-

drogen, -halo, -hydroxy, —O—(C,-C4 alkyl), —C,-C,,
alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-
bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(0)O(C -C; alkyl), —OC(0)(C,-Cs alkyl), NO, or
-A-B;

is —SO,, —SO,NH -, —NHCO , —NH-
CONH—, O, —CO—, —0OC(0)—, —C(0)0O—,
—CONH—, —CON(C,-C, alkyl), —NH,

—CH,—, —S—or—C(S)—;
Bis—C,-C,alkyl,—C,-C,, alkenyl, -heterocycle, —C. -
Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)0O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C, , alkyl, —C,-C,,
alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C, alkylene-C(O)O—
(C,-Cs alkyl) or —C,-Cs alkylene-OC(O)—(C,-Cs
alkyl); and

7, and Z, are independently —H or —C, -C, , alkyl, which
is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z;)(Z,), where Z; and Z, are indepen-
dently, —H or —C,-C; alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z; and Z,, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine.

alkyl, -alkylhalo, —C,-C,, alkenyl, —C;-C; car-
bocycle, -aryl, —NH,, -alkylamino, —C(O)OH,
—C(0)O(C -C5 alkyl), —OC(0)(C,-C; alkyl), NO, or
-A-B;

is —SO,, —SO,NH , —NHCO , —NH-
CONH—, O, —CO—, —0OC(0)—, —C(0)0O—,
—CONH—, —CON(C,-C, alkyl), —NH,

—CH,—, —S—or—C(S)—;

Bis—C,-C,alkyl,—C,-C,, alkenyl, -heterocycle, —C -

Cg carbocycle, -aryl, —NZ,7,, —(C,-C5 alkylene)-
NZ,7Z,, -alkylamino, -aminodialkyl, -alkylheterocycle,
-arylamido, —C(O)OH, —C(0)0O—(C,-C5 alkyl),
—C(0)O-phenyl or —C(NH)NH, any of which are
unsubstituted or substituted with one or more of —O—
(C-Cs alkyl), -halo, -alkylhalo, -alkanol, -alkylamino,
-hydroxy, —NO,, —NH,, —CN, -aminoalkyl, -amino-
dialkyl, -heterocyclic amine, —C,-C,, alkyl, —C,-C,,
alkenyl, —C,-C,, alkynyl, -aryl, -benzyl, -alkylamido,
-alkylcarboxy, —C(O)OH, —C, -C; alkylene-C(O)O—
(C,-Cs alkyl) or —C,-C5 alkylene-OC(O)—(C,-Cs
alkyl); and

7, and Z, are independently —H or —C,-C, , alkyl, which

is unsubstituted or substituted with one or more of -halo,
—OH or —N(Z5)(Z,), where Z; and 7, are indepen-
dently, —H or —C,-C alkyl, which is unsubstituted or
substituted with one or more of -halo, -hydroxy or
—NH,; or N, Z; and Z, are taken together to form an
unsubstituted or substituted heterocyclic amine; or N, Z,
and Z, are taken together to form a heterocyclic amine.
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