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COMPOUNDS FOR TREATING PROLIFERATIVE DISORDERS

RELATED APPLICATIONS

This application calims the benefit of U.S. Provisional Application No.
61/200,526, filed December 1, 2008, the entire teachings of which are incorporated

herein by reference.

BACKGROUND OF THE INVENTION

There is a need to develop new compounds that are effective in treating

proliferative disorders, such as cancer and Hsp70 responsive disorders described herein.

SUMMARY OF THE INVENTION

One embodiment of the invention is a compound represented by Structural

Formula (I):
2 2

N T N5 Ny R,
A

9

or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex thereof or a transition metal chelate, coordinate or complex of a deprotonated
form of the compound, wherein:

each Z is independently S, O or Se, provided that Z cannot both be O;

R, and R; are each independently selected from the group consisting of an
optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted
alkynyl; an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
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optionally substituted heterocyclic group wherein the heterocyclic group is bonded to
the thiocarbonyl carbon via a carbon-carbon linkage, an optionally substituted phenyl,
an optionally substituted bicyclic aryl, an optionally substituted five to seven-membered
monocyclic heteroaryl, an optionally substituted nine to fourteen-membered bicyclic
heteroaryl wherein the heteroaryl group is bonded to the thiocarbonyl carbon via a
carbon-carbon linkage, -NR 2R3, -OR 4, -SR 4 and -S(O),Rs;

R3 and Ry are each independently selected from the group consisting of an
optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclic group, and an optionally substituted five to six-
membered ary! or heteroaryl group; or

R, and Rj3 and/or R, and Ry, taken together with the atoms to which they are
attached, form an optionally substituted heterocyclic group or an optionally substituted
heteroaryl group. Alternatively, in addition to the values for R3 and R4 recited in this
paragraph and the immediately preceding paragraph, R3 and R4 can also be hydrogen;

Rs is -CR¢R7-, -C(=CHRg)- or -C(=NRgy)-;

Rg and R7 are both -H or an optionally substituted lower alkyl;

Ry is selected from the group consisting of -OH, an alkyl, an alkenyl, an alkynyl,
an alkoxy, an alkenoxy, an alkynoxy, a hydroxyalkyl, a hydroxyalkenyl, a
hydroxyalkynyl, a haloalkyl, a haloalkenyl, a haloalkynyl, an optionally substituted
phenyl, an optionally substituted bicyclic aryl, an optionally substituted five to six-
membered monocyclic heteroaryl, an optionally substituted nine to fourteen-membered
bicyclic heteroaryl, an optionally substituted cycloalkyl or an optionally substituted
heterocyclic group; -NRoR 1, and -CORgy;

Ry is an optionally substituted phenyl, an optionally substituted bicyclic aryl, an
optionally substituted five or six-membered monocyclic heteroaryl, an optionally

substituted nine to fourteen-membered bicyclic heteroaryl, an optionally substituted
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alkyl, an optionally substituted cycloalkyl or an optionally substituted heterocyclic group;

Rjo and Ry, are each independently selected from the group consisting of -H, -OH,
amino (di)alkylamino, an alkyl, an alkenyl, an alkynyl, an alkoxy, an alkenoxy, an alkynoxy, a
hydroxyalkyl, a hydroxyalkenyl, a hydroxyalkynyl, a haloalkyl, a haloalkenyl, a haloalkynyl,
an optionally substituted phenyl, an optionally substituted bicyclic aryl, an optibnally
substituted five to six-membered monocyclic heteroaryl, an optionally substituted nine to
fourteen-membered bicyclic heteroaryl, an optionally substituted cycloalkyl orian optionally‘
substituted heterocyclic group and -CORy, or R)o and Ry, taken together with ﬂ1e nitrogen
atom to which they are attached, form a five to six-membered heteroaryl groupﬁ and

Ry2, Ri3 and R4 are each independently -H, an optionally substituted alﬂ<yl, an
optionally substituted phenyl or an optionally substituted benzyl, or R)2 and R,3, taken together
with the nitrogen atom to which they are attached, form an optionally substituted heterocyclic
group or an optionally substituted heteroaryl group;

Rys is an optionally substituted alkyl, an optionally substituted aryl or an optionally
substituted heteroaryl, and

pislor2;

provided that when both Z arc S and R; and Ry are both methyl, then Ri and R, are not
both unsubstituted phenyl.

Alterﬁatively, for compounds of structural formula (I), Rjo and R, are not both -H.

In one aspect the present invention provides a compound represented by the following

structural formula:

S
¥ N
X R T ST R,
(TTT T
m(R) ;or
S
§ N
N/ \21/\22/ \N R,
X [
n(R) Rs o 4 :

RECEIVED TIME 1. AUG. 13:48
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or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex thereof or a transition metal chelate, coordinate or complex of a deprotonated
form of the compound, wherein:

one of Z; and Z; is S=0, the other one of Z) and Z; is C;

R for each occurrence is independently selected from the group consisting of
-H, -OH, -Br, -C}, -I, -F, -R?, -OR?, -0-COR", -COR?, -CN, -NO,, -COOH, -SO;H,
“NH,, -NHR?, -N(R’R®), -COOR?, -CHO, -CONH,, -CONHR?, -CON(R’R?),
-NHCOR?, -NRCOR?, -NHCONH,, -NHCONR*H, -NHCON(R’R"), -NR°CONH,,
-NR°CONR’H, -NR’CON(RR®), -C(=NH)-NH,, -C(=NH)-NHR®, -C(=NH)-N(R°R"),
-C(=NR®)-NHj, -C(=NR°)-NHR?, -C(=NR)-N(R°R"), -NH-C(=NH)-NH,,
-NH-C(=NH)-NHR?, -NH-C(=NH)-N(R’R®), -NH-C(=NR®)-NH,,
-NH-C(=NR®)-NHR?, -NH-C(=NR")-N(R’R"), -NR’-C(=NH)-NH,,
-NR%C(=NH)-NHR?, -NR?-C(=NH)-N(R*R"), -NR*-C(=NR°)-NH;,
-NRY%C(=NR®)-NHR?, -NR?-C(=NR%)-N(R*R?), -NHNH,, -NHNHR", -NHN(R"R"),
-SO;NH;, -SO,NHR?, -SO,NR*R®, -CH=CHR", -CH=CR*R", -CR*=CR’R",
-CR*=CHR?, -CR*=CR°R®, -CCR?, -SH, -SR?, -S(O)R?, -S(0),R?, heterocyclic group,
benzyl group and aryl group;

R’ is -H, -OH, -Br, -Cl, -1, -F, -R%, -OR? or -O-COR*

R%-R® are each independently a >Iowcr alkyl, a lower haloalkyl, a lower alkoxy,
a lower hydroxyalkyl, benzyl, aryl, or, -NR°RY, taken together, can also form an
optionally substituted heterocyclic group;

misl,2,3,4,or5;and

nisl1,2,3,4o0r5

R, and R; are different and are each independently selected from the group
consisting of an optionally substituted alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl; an optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted heterocyclic group wherein the
heterocyclic group is bonded to the thiocarbony! carbon via a carbon-carbon linkage,
an optionally substituted phenyl, an optionai'ly substituted bicyclic aryl, an optionally
substituted five to seven-membered monocyclic heteroaryl, an optionally substituted
nine to fourteen-membered bicyclic heteroaryl wherein the heteroaryl group is bonded

1o the thiocarbonyl carbon via a carbon-carbon linkage, -NR ;R 3, -ORy4, -SRy4 and

-S(O)pRus;

RECEIVED TIME 1. AUG. 13:48
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<3 Rj and Ry are each independently selected from the group consisting of
— hydrogen, an optionally substituted alkyl, an optionally substituted alkenyl, an
S optionally substituted alkynyl, an optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted heterocyclic group, and an
) optionally substituted five to six-membered aryl or heteroaryl group; or
8 R, and Ry and/or R; and Ry, taken together with the atoms to which they are
ﬁ attached, form an optionally substituted heterocyclic group or an optionally substituted
% - heteroaryl group.
8 In one aspect the present invention provides a compound represented by the following
structural formula:
S Re_ s
CH o
K PN
Ry N sl T R,

b

or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound, wherein

R, and R, are each independently selected from the group consisting of an
optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted
alkynyl; an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclic group wherein the heterocyclic group is bonded to
the thiocarbonyl carbon via a carbon-carbon linkage, an optionally substituted phenyl,
an optionally substituted bicyclic aryl, an optionally substituted five to seven-
membered monocyclic heteroaryl, an optionally substituted nine to fourteen-membered
bicyclic heteroaryl wherein the heteroaryl group is bonded to the thiocarbonyl carbon
via a carbon-carbon linkage, -NR 2R3, -ORy4, -SRi4 and -S(O)R;s;

R3 and R, are each independently selected from the group consisting of
hydrogen, an optionally substituted alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl, an optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted heterocyclic group, and an

optionally substituted five to six-membered aryl or heteroaryl group; or

RECEIVED TIME 1. AUG. 13:48
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R, and Ry and/or R; and Ry, taken together with the atoms to which they are
attached, form an optionally substituted heterocyclic group or an optionally substituted
heteroaryl group;

Ry is selected from the group consisting of -OH, an alkyl, an alkenyl, an
alkynyl, an alkoxy, an alkenoxy, an alkynoxy, a hydroxyalkyl, a hydroxyalkenyl, a
hydroxyalkynyl, a haloalkyl, a haloalkenyl, a haloalkynyl, an optionally substituted
phenyl, an optionally substituted bicyclic aryl, an optionally substituted five to six-
membered monocyclic heteroaryl, an optionally substituted nine to fourteen-membered
bicyclic heteroaryl, an optionally substituted cycloalkyl or an optionally substituted
heterocyclic group; -NRoR;, and -CORy;

Ry is an optionally substituted phenyl, an optionally substituted bicyclic aryl,
an optionally substituted five or six-membered monocyclic heteroaryl, an optionally
substituted nine to fourteen-membered bicyclic heteroaryl, an optionally substituted
alkyl, an optionally substituted cycloalkyl or an optionally substituted heterocyclic
group;

Rjoand Ry are each independently selected from the group consisting of -H,
-OH, amino, (di)alkylamino, an alkyl, an alkenyl, an alkynyl, an alkoxy, an alkenoxy,
an alkynoxy, a hydroxyalkyl, a hydroxyalkenyl, a hydroxyalkynyl, a haloalkyl, a
haloalkenyl, a haloalkynyl, an optionally substituted phenyl, an optionally substituted
bicyclic aryl, an optionally substituted five to six-membered monocyclic heteroaryl, an
optionally substituted nine to fourteen-membered bicyclic heteroaryl, an optionally
substituted cycloalky! or an optionally substituted heterocyclic group and -CORy, or
Ryo and Ry, taken together with the nitrogen atom to which they are attached, form a
five to six-membered heteroaryl group; and

Ry2, Ry3 and R4 are each independently -H, an optionally substituted alkyl, an
optionally substituted phenyl or an Optionélly substituted benzyl, or R)2 and R)3, taken
together with the nitrogen atom to which they are attached, form an optionally
substituted heterocyclic group or an optionally substituted heteroaryl group;

R,s is an optionally substituted alkyl, an optionally substituted aryl or an
optionally substituted heteroaryl, and

pislor2.

Another embodiment is a pharmaceutical composition comprising a compound of the

invention and a pharmaceutically acceptable carrier or diluent. The pharmaceutical

RECEIVED TIME 1. AUG. 13:48
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compositions can be used in therapy, for example, as an anti-proliferative agent (e.g. anti-

cancer agent). In addition, the pharmaceutical compositions can be used in therapy to treat

disorders responsive to Hsp70 induction.

RECEIVED TIME

1. AUG.

13:48
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The pharmaceutical compositions can also be used in therapy to treat, reduce or inhibit
angiogenesis in a subject in need thereof.

The present invention also provides for a method of treating a subject with
cancer, treating a subject with an Hsp70-responsive disorder or treating, reducing or
inhibiting angiogenesis in a subject in need thereof. The method comprises
administering to the subject an effective amount of a compound of the invention or a
pharmaceutical composition of the invention. In one embodiment, the compound of the
invention is administered with paclitaxel (Taxol®) or a paclitaxel analog.

The use of a compound of the invention for the manufacture of a medicament
for treating a subject with cancer, for treating a subject with an Hsp70-responsive
disorder or for treating, reducing or inhibiting angiogenesis in a subject in need thereof
is also provided in the present invention.

The present invention is also directed to the use of a compound of the invention
for treating a subject with cancer, for treating a subject with an Hsp70-responsive

disorder or for treating, reducing or inhibiting angiogenesis in a subject in need thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is the structure of paclitaxel (Taxol®).

Figure 2 is the structure of docetaxol (Taxotere®).

Figures 3-23 are each the structure of a paclitaxel analog.

Figure 24 is the structure of a polymer comprising a paclitaxel analog group
pendent from the polymer backbone. The polymer is a terpolymer of the three monomer

units shown.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a compound represented by Structural

Formula (I) or a pharmaceutically acceptable salt or a transition metal chelate,



WO 2010/065512 PCT/US2009/066211

10

15

20

coordinate or complex thereof or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound. Values and particular values for the variables in
Structural Formula (I) or a pharmaceutically acceptable salt or a transition metal
chelate, coordinate or complex thereof or a transition metal chelate, coordinate or
complex of a deprotonated form of the compound are provided in the following
paragraphs. It is understood that the invention encompasses all combinations of the

variables (i.e., Ry, Ry, Rj, etc.) defined herein. For Structural Formula (I):
Z

Z
SIS
Ry N \”/ N TNy R,
R

Each Z is independently S, O or Se, provided that Z cannot both be O. In one
embodiment, both Z are Se. In another embodiment, one of Z is O or Se and the other Z
is S.

R, and R; are each independently selected from the group consisting of an
optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted
alkynyl; an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclic group wherein the heterocyclic group is bonded to
the thiocarbonyl carbon via a carbon-carbon linkage, an optionally substituted phenyl,
an optionally substituted bicyclic aryl, an optionally substituted five to seven-membered
monocyclic heteroaryl, an optionally substituted nine to fourteen-membered bicyclic
heteroaryl wherein the heteroaryl group is bonded to the thiocarbonyl carbon via a
carbon-carbon linkage, -NR 2R3, -OR 4, -SR 4 and -S(O);Rs; or R; and R3 and/or R,
and Ry, taken together with the atoms to which they are attached, form an optionally

substituted heterocyclic group or an optionally substituted heteroaryl group.
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In one embodiment, R; and R, are each independently selected from the group
consisting of an optionally substituted alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl; an optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted heterocyclic group wherein the
heterocyclic group is bonded to the thiocarbonyl carbon via a carbon-carbon linkage, an
optionally substituted phenyl, an optionally substituted bicyclic aryl, an optionally
substituted five to seven-membered monocyclic heteroaryl and an optionally substituted
nine to fourteen-membered bicyclic heteroaryl.

In another embodiment, R, and R; are each independently selected from the
group consisting of pyrrolidinyl, pyrazinyl, pyridinyl, dioxolopyridinyl,
benzothiophenyl, benzodioxolyl, thiophenyl, furanyl, morpholinyl, piperidinyl,
oxazole, isoxazole, thiazole, isothiazole, imidazole, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and (methyl)cyclopropyl, each of which is optionally
substituted. In another embodiment, R, and R; are each independently optionally
substituted phenyl or optionally substituted cyclopropyl.

In another embodiment, one of R; and R; is selected from the group consisting
of -NR2R13, -OR4, -SR 4 and -S(O);Rs.

In one embodiment, R, and R, are the same.

In another embodiment, R, and R; and/or R; and Ry, taken together with the
atoms to which they are attached, form an optionally substituted heterocyclic group or
an optionally substituted heteroaryl group.

R; and Ry are each independently -H, an optionally substituted lower alkyl, an
optionally substituted alkenyl, an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted phenyl or an optionally substituted
benzyl. In one embodiment, R; and R4 are each independently -H, methyl, ethyl,
propyl, butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, phenyl or benzyl, wherein the
methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, phenyl and benzyl
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represented by R3 and Ry is optionally substituted with -OH, -Br, -Cl, -1, -F, -R? -OR?

-COOR?, -CN, -NO; , morpholinyl, piperidinyl, and pyrrolidinyl, wherein R?is a lower
alkyl or a lower haloalkyl. In another embodiment, R3 and Ry are both methyl, ethyl or
phenyl, or one of R3 and Ry is methyl and the other one of R3 and R, is ethyl.

Rs is -CRgR7-, -C(=CHRGg)- or -C(=NRg)-. In one embodiment, Rs is -CH,-. In
another embodiment, Rs is -C(=CH-NRoR1)-. In another embodiment, R; is
-C(+*CH-NHOH)-.

Ri2, Ri3 and Ry4 are each independently -H, an optionally substituted alkyl, an
optionally substituted phenyl or an optionally substituted benzyl, or R;; and R;3, taken
together with the nitrogen atom to which they are attached, form an optionally
substituted heterocyclic group or an optionally substituted heteroaryl group. In one
embodiment, R;3, Rj3 and Ry4 are each independently an optionally substituted lower
alkyl, an optionally substituted pheny! or an optionally substituted benzyl, or R}, and
R 3, taken together with the nitrogen atom to which they are attached, form an
optionally substituted five to six-membered heterocyclic group or an optionally
substituted five to six-membered heteroaryl group, wherein the alkyl represented by
Riz, Rj3 and R4 is optionally substituted with -OH, -Br, -Cl, -1, -F, -R?% -OR®or
-COOR?, and the phenyl and benzyl represented by R;,, R3 and R4 and the
heterocyclic and heteroaryl group represented by -NR;2R;3 are optionally substituted
with -OH, -Br, -Cl, -1, -F, -R?, -OR® -COOR?, -CN, -NO, , morpholinyl, piperidinyl, and
pyrrolidinyl, wherein R®is a lower alkyl or a lower haloalkyl. In another embodiment,
Rj2, Ryj3 and Ry, are each independently -H, (C,-Cq)alkyl, or phenyl optionally
substituted with -OH, -Br, -Cl, -1, -F, -R?, -OR? -COOR?, -CN, -NO,, morpholinyl,
piperidinyl or pyrrolidinyl; or R;; and R|3 taken together with the nitrogen to which
they are attached form a heterocyclic group or a heteroaryl group selected from the
group consisting of pyrrolidinyl, piperidinyl, morpholinyl, pyridinyl, pyrazinyl and
imidazolyl, each of which is optionally substituted with -OH, -Br, -Cl, -I, -F, -R?, -OR?
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-C(O)OR®, -CN and -NO,, wherein R*is a lower alkyl or a lower haloalkyl. In another
embodiment, wherein R}, and R;3 are each independently -H, methyl or ethyl; or R,
and R;3, taken together with the nitrogen atom to which they are attached, form an
unsubstituted pyrrolidinyl or piperidinyl; and R4 is methyl, ethyl or unsubstituted
phenyl.

In a first embodiment, the compound of the invention is represented by the

following structural formula:

Rs ° Re (In),
or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound. Values and specific values for the variables are as
described above for structural formula (I).

In a second embodiment, for structural formula (II), R, and R; are each
independently selected from the group consisting of an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally substituted alkynyl; an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally substituted
heterocyclic group wherein the heterocyclic group is bonded to the thiocarbonyl carbon
via a carbon-carbon linkage, an optionally substituted phenyl, an optionally substituted
bicyclic aryl, an optionally substituted five to seven-membered monocyclic heteroaryl
and an optionally substituted nine to fourteen-membered bicyclic heteroaryl.

In a more specific embodiment, R, and R; are each independently selected from
the group consisting of pyrrolidinyl, pyrazinyl, pyridinyl, dioxolopyridinyl,
benzothiophenyl, benzodioxolyl, thiophenyl, furanyl, morpholinyl, piperidinyl, oxazole,
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isoxazole, thiazole, isothiazole, imidazole, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and (methyl)cyclopropyl, each of which is optionally substituted. More
specifically, the pyrrolidinyl, pyrazinyl, pyridinyl, dioxolopyridinyl, benzothiophenyl,
benzodioxolyl, thiophenyl, furanyl, morpholinyl, piperidinyl, oxazole, isoxazole,
thiazole, isothiazole, imidazole, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
(methyl)cyclopropyl represented by R and R; are optionally substituted one or more
substituents independently selected from the group consisting of -OH, -Br, -Cl, -1, -F,
-R?, -OR?, -O-COR?, -COR?, -CN, -NO,, -COOH, -SO3H, -NH,, -NHR?, -N(R°R), -
COOR?, -CHO, -CONH,, -CONHR?, -CON(R°R®), -NHCOR?, -NRCOR?, -NHCONH,,
-NHCONR®H, -NHCON(R?R®), -NR°CONH,, -NR°CONR?H, -NR°CON(R’R"), -
C(=NH)-NH,, -C(=NH)-NHR?, -C(=NH)-N(R°R®), -C(=NR®)-NH,, -C(=NR°)-NHR?,
-C(=NR®)-N(R*R"), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR?, -NH-C(=NH)-N(R°R"), -
NH-C(=NR®)-NH,, -NH-C(=NR°)-NHR?, -NH-C(=NR)-N(R°R"), -NR*-C(=NH)-NH,, -
NRY-C(=NH)-NHR?, -NR%-C(=NH)-N(R°R"), -NR*-C(=NR)-NH;, -NR*-C(=NR®)-
NHR?, -NR-C(=NR®)-N(R°R?), -NHNH,, -NHNHR?, -NHN(R°R®), -SO;NH,, -
SO,NHR?, -SO,NR*R®, -CH=CHR?, -CH=CR"R", -CR*=CR"R",-CR*=CHR’, -
CR°=CR°R®, -CCR?, -SH, -SR?, -S(O)R?, -S(0),R? heterocyclic group, benzyl group
and aryl group wherein R2-RY are each independently a lower alkyl, a lower haloalkyl, a
lower alkoxy, a lower hydroxyalkyl, benzyl, aryl, or, -NR®R?, taken together, can also
form an optionally substituted heterocyclic group.

In another more specific embodiment, the pyrrolidinyl, pyrazinyl, pyridinyl,
dioxolopyridinyl, benzothiophenyl, benzodioxolyl, thiophenyl, furanyl, morpholinyl,
piperidinyl, oxazole, isoxazole, thiazole, isothiazole, imidazole, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and (methyl)cyclopropyl represented by R; and R,
are optionally substituted one or more substituents independently selected from the
group consisting of -OH, -Br, -Cl, -I, -F, -R?, -OR* -COOR?, -CN, -NO,, morpholinyl,

piperidinyl, and pyrrolidinyl, wherein R?is a lower alkyl or a lower haloalkyl. More
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specifically, the substituent is selected from the group consisting of -Br, -C], -1, -F, -CF3,
-C(0O)OC;H;s and morpholinyl.

In a third embodiment, for structural formula (II), R3 and R4 are each
independently -H, an optionally substituted lower alkyl, an optionally substituted
alkenyl, an optionally substituted alkynyl, an optionally substituted cycloalkyl, an
optionally substituted phenyl or an optionally substituted benzyl. In a more specific
embodiment, Rj and Ry are each independently -H, methyl, ethyl, propyl, butyl, pentyl,
hexyl, cyclopropyl, cyclobutyl, phenyl or benzyl, wherein the methyl, ethyl, propyl,
butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, phenyl and benzyl represented by R; and
R, is optionally substituted with -OH, -Br, -Cl, -I, -F, -R?, -OR? -COOR?, -CN, -NO,,
morpholinyl, piperidinyl, and pyrrolidinyl, wherein R*is a lower alkyl or a lower
haloalkyl. In a even more specific embodiment, R3 and R4 are both methyl, ethyl or
phenyl, or one of R3 and R4 is methyl and the other one of R3 and Ry is -H, ethyl or
propyl.

In a fourth embodiment, for structural formula (II), values and specific values
for R, and R; are as defined in the second or the third embodiment, and values and
specific values for R3 and Ry are as defined in the third embodiment. More specifically,
R, and R; are the same. Alternatively, R and R; are different.

In a fifth embodiment, the compound is represented by the following structural

formulas:

m(R) (1),
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S S
/H\ RN /H\ /“\
N Z Z; N R,
X | | |
n(R) Rs o] o] Ry av),

or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound, wherein:
5 one of Z; and Z, is S=0, the other one of Z; and Z, is C;

R for each occurrence is independently selected from the group consisting of -H,
-OH, -Br, -Cl, -1, -F, -R?, -OR?, -O-COR?, -COR?, -CN, -NO,, -COOH, -SO;H, -NH,,
-NHR?, -N(R°R®), -COOR?, -CHO, -CONH,, -CONHR?, -CON(R’R"), -NHCOR?,
-NRCOR?, -NHCONHS,, -NHCONR®H, -NHCON(R?R"), -NR°CONH,, -NR°CONR®H, -

10 NR°CON(R®R®), -C(=NH)-NH,, -C(=NH)-NHR?, -C(=NH)-N(R°R"), -C(=NR°)-NH,,
-C(=NR®-NHR?, -C(=NR°)-N(R°R"), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR?, -NH-
C(=NH)-N(R*R"), -NH-C(=NR°®)-NH,, -NH-C(=NR°)-NHR?, -NH-C(=NR°)-N(R'R"),
-NRY-C(=NH)-NH,, -NR%-C(=NH)-NHR?, -NR%-C(=NH)-N(R’R"), -NR?-C(=NR°®)-
NHa, -NRY-C(=NR®)-NHR?, -NR?-C(=NR®)-N(R’R"), -NHNH,, -NHNHR?,

15 -NHN(R'R®), -SO,NH,, -SO,NHR?, -SO,NR?R’, -CH=CHR?, -CH=CR’R”,
-CR°=CR°R’,-CR*=CHR?®, -CR°=CRR®, -CCR?®, -SH, -SR?, -S(O)R?, -S(0O)R?,
heterocyclic group, benzyl group and aryl group;

R’ is -H, -OH, -Br, -Cl, -], -F, -R?, -OR? or -O-COR?%
R2-R? are each independently a lower alkyl, a lower haloalkyl, a lower alkoxy, a

20  lower hydroxyalkyl, benzyl, aryl, or, -NR?R¢ , taken together, can also form an
optionally substituted heterocyclic group;

misl, 2,3,4,o0r5;
nis1, 2, 3,4 or5; and
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values and specific values for R; are as defined in the second embodiment and values

and specific values for R3 and R4 are as defined in the third embodiment. More

specifically, R is selected from the group consisting of -H, -OH, -Br, -Cl, -1, -F, -R’, -

OR® -COOR?, -CN, -NO,, morpholinyl, piperidinyl and pyrrolidinyl, wherein R*is a
5 lower alkyl or a lower haloalkyl; and mis 1 or 2.

In a sixth embodiment, the compound is represented by the following structural

formula:
S
) X N/ \z,/\zz/ \N R,
/ / is ﬂ ” ‘4
R (V)
)
/“\ PN /H\ /“\
N Z1 ZZ N R2
| | |
Rj o R4 (VD); or
S
/H\ P /H\ /”\
I
10 Rs o o Ra (VID,

or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound. Values and specific values for the variables are as

defined in the fifth embodiment.
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In a seventh embodiment, the compound is represented by the following

structural formula:

Re_ s
7 i
R1 / ﬁ/ \ R,
o (VIID); or
Re, s
L«
R1 / ISi/ \ R,
0 (IX), or

5  orapharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound, wherein Rg is as described above for structural
formula (I). Values and specific values for R} and R; are as defined in the second
embodiment and values and specific values for R3 and R4 are as defined in the third

10  embodiment.
In a more specific embodiment, R;-R4 are as defined in the previous paragraph;
Rg is -OH, -NR R}, a lower alkoxy, a lower alkyl, wherein the lower alkyl and the
lower alkoxy is optionally substituted with halogen or -OH; R,y and Ry, are each
independently -H, -OH or a lower alkyl or a (C3-C¢)cycloalkyl. Even more specifically,
15 Rgis-NRoR|;, wherein Rjg and R;; are each independent selected from the group -H,
-OH, methyl, ethyl, propyl and cyclopropyl.
In a eighth embodiment, R, are R; are the same and values and specific values

for the variables are as described in the seventh embodiment,
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In a ninth embodiment, the compound is represented by the following structural

formula:
R
s B\CH . S
N ' | N
l X N s|/ ~y I X
/ / l:; o o] l‘; /\/
(R P x0;
s Re_ s
N
P
(P Rs 0 o) R4 3¢
o(R) Rim x1),
s Re_ s
o A
" ﬁ/ \T
5 Ra 0 © R (XID);
s Re_ s
N o
H l H
e

Rj o o R4 (X110),
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Rs o o) Rs (XV),
or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound. Values and specific values are as described in the
seventh embodiment. In a more specific embodiment, R in structural formulas (X) and
(XI) are R is OH, -Br, -Cl, -1, -F, -R? -OR? -COOR?, -CN, -NO,, morpholinyl,
piperidinyl, or pyrrolidinyl; wherein R?is a lower alkyl or a lower haloalkyl; and m is 1
or2.

In a tenth embodiment, for structural formula (II), one of R; and R; is -NR 2R3,
-OR 4, -SR 4 and -S(O)pR;s; and the other one of R; and R; is selected from the group
consisting of an optionally substituted alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl; an optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted heterocyclic group wherein the
heterocyclic group is bonded to the thiocarbonyl carbon via a carbon-carbon linkage, an
optionally substituted phenyl, an optionally substituted bicyclic aryl, an optionally
substituted five to seven-membered monocyclic heteroaryl, an optionally substituted
nine to fourteen-membered bicyclic heteroaryl wherein the heteroaryl group is bonded

to the thiocarbonyl carbon via a carbon-carbon linkage, -NR 2R3, -OR 4, -SR 4 and
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-S(O)pR 5. Values and specific values for Ry and Ry are as described in the third
embodiment.

In a tenth embodiment, the compound is represented by the following structural

/U\/\/\Z/\)J\
|

formula:

ORy4

5 Rs 0 o R4 (XVI);

)k/\A/\)k

SR4

Rs 0 0 R4 (XVIL); or

)k/\Al/\)k

Rs o o Rq (XVIII);

or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or

NR12R13

complex of the compound or a transition metal chelate, coordinate or complex of a
10 deprotonated form of the compound, wherein:
one of Z, and Z; is S=0, and the other one of Z; and Z; is C; and
R, is selected from the group consisting of an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally substituted alkynyl; an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally substituted
15  heterocyclic group wherein the heterocyclic group is bonded to the thiocarbonyl carbon

via a carbon-carbon linkage, an optionally substituted phenyl, an optionally substituted
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bicyclic aryl, an optionally substituted five to seven-membered monocyclic heteroaryl,
an optionally substituted nine to fourteen-membered bicyclic heteroaryl wherein the
heteroaryl group is bonded to the thiocarbonyl carbon via a carbon-carbon linkage,

-NR 2R3, -OR 4, -SR)4 and -S(O),R;s. Values and specific values for the remainder of
the variables are as described above for structural formula (I).

R, is selected from the group consisting of pyrrolidinyl, pyrazinyl, pyridinyl,
dioxolopyridinyl, benzothiophenyl, benzodioxolyl, thiophenyl, furanyl, morpholinyl,
piperidinyl, oxazole, isoxazole, thiazole, isothiazole, imidazole, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and (methyl)cyclopropyl, each of which is
optionally substituted. More specifically, the pyrrolidinyl, pyrazinyl, pyridinyl,
dioxolopyridinyl, benzothiophenyl, benzodioxolyl, thiophenyl, furanyl, morpholinyl,
piperidinyl, oxazole, isoxazole, thiazole, isothiazole, imidazole, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and (methyl)cyclopropyl represented by R; and R,
are optionally substituted one or more substituents independently selected from the
group consisting of -OH, -Br, -Cl, -1, -F, -R?, -OR?, -O-COR? -COR? -CN, -NO, -
COOH, -SO;H, -NH,, -NHR?, -N(R*R®), -COOR?, -CHO, -CONH,, -CONHR?, -
CON(R?R®), -NHCOR?, -NRCOR?, -NHCONH,, -NHCONR®H, -NHCON(R®R), -
NRCONHj,, -NR°CONR®H, -NR°CON(R®R®), -C(=NH)-NH,, -C(=NH)-NHR?, -
C(=NH)-N(R®R"), -C(=NR®)-NH,, -C(=NR°)-NHR?, -C(=NR°)-N(R*R"), -NH-C(=NH)-
NH,, -NH-C(=NH)-NHR?, -NH-C(=NH)-N(R’R"), -NH-C(=NR°)-NH,, -NH-C(=NR°)-
NHR?, -NH-C(=NR®)-N(R°R®), -NR®-C(=NH)-NH,, -NR%-C(=NH)-NHR?,
-NR%-C(=NH)-N(R?R®), -NR%-C(=NR®)-NH,, -NR*-C(=NR)-NHR?,
-NR®-C(=NR®)-N(R’R), -NHNH,, -NHNHR?, -NHN(R’R"), -SO,NH,, -SO,NHR?,
-SO;NR®R®, -CH=CHR?, -CH=CR"R", -CR*=CR"R",-CR°=CHR?, -CR°*=CR°R", -CCR’,
-SH, -SR? -S(O)R?, -S(0),R? heterocyclic group, benzyl group and aryl group wherein

R®-R? are each independently a lower alkyl, a lower haloalkyl, a lower alkoxy, a lower
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hydroxyalkyl, benzyl, aryl, or, -NR?R?, taken together, can also form an optionally
substituted heterocyclic group.

In another more specific embodiment, the pyrrolidinyl, pyrazinyl, pyridinyl,
dioxolopyridinyl, benzothiophenyl, benzodioxolyl, thiophenyl, furanyl, morpholinyl,
piperidinyl, oxazole, isoxazole, thiazole, isothiazole, imidazole, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and (methyl)cyclopropyl represented by R, are
optionally substituted one or more substituents independently selected from the group
consisting of -OH, -Br, -Cl, -I, -F, -R? -OR? -COOR?, -CN, -NO,, morpholinyl,
piperidinyl, and pyrrolidinyl, wherein R? is a lower alkyl or a lower haloalkyl. More
specifically, the substituent is selected from the group consisting of -Br, -Cl, -1, -F,
-CF;, -C(0)OC,H;s and morpholinyl.

In a eleventh embodiment, for structural formulas (XVI), (XVII} and (XVIII),
values and specific values R; and R, are as described above in the third embodiment,
values and specific values for R; and R; are as described in the ten embodiment; and
values and specific values for the remainder of the variables are as describe for
structural formula (I).

In a twelfth embodiment, for structural formulas (XVI), (XVII) and (XVIII),
Ri2, Rj3 and Ry4 are each independently -H, an optionally substituted lower alkyl, an
optionally substituted phenyl or an optionally substituted benzyl, or Ri2 and Ry3, taken
together with the nitrogen atom to which they are attached, form an optionally
substituted five to six-membered heterocyclic group or an optionally substituted five to
six-membered heteroaryl group, wherein the alkyl represented by R;2, R;3 and R4 is
optionally substituted with -OH, -Br, -Cl, -1, -F, -R?, -OR"” or -COOR®, and the pheny!
and benzyl represented by Ri3, Ri3 and R;4 and the heterocyclic and heteroaryl group
represented by -NR ;R 3 are optionally substituted with -OH, -Br, -Cl, -1, -F, -R? -OR?
-COOR?, -CN, -NO,, morpholinyl, piperidinyl, and pyrrolidinyl, wherein Ris a lower

alkyl or a lower haloalkyl. Values and specific values for the remainder of the variables
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are as described in the eleventh embodiment. More specifically, R;2, Ry3 and R4 are
each independently -H, (C,-Cy)alkyl, or phenyl optionally substituted with -OH, -Br, -
Cl, -1, -F, -R?, -OR? -COOR?, -CN, -NO,, morpholinyl, piperidinyl or pyrrolidinyl; or
Rj; and R 3 taken together with the nitrogen to which they are attached form a

5 heterocyclic group or a heteroaryl group selected from the group consisting of
pyrrolidinyl, piperidinyl, morpholinyl, pyridinyl, pyrazinyl and imidazolyl, each of
which is optionally substituted with -OH, -Br, -Cl, -1, -F, -R?% -OR® -C(O)OR® -CN and
-NO,, wherein R?is a lower alkyl or a lower haloalkyl.

In a thirteen embodiment, the compound is represented by the following

10  structural formula:

PP
X N N\21/\22/ N\N ORy4
oheahbh
3 4
(RS (XIX);
S S
/H\ PN /“\
X N z; z; T SRy
J T T T

m(R} (XX);
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| \ T/ \ﬁ/\zz/ \T NRq2Rq3
/ = s o} Rq
m(R) (XXI);
S
N \21/\2/ Sy ORy4
X I
a(R" R, (0] o) R4 (XXII);
S S
N \21/\22/ Sy SRy4
/ I
n(R) Rs o o Ra (XXIII); or
S S
N \21/\22/ SN NR1sR13
/ [
n(R') R3 o) (o] R4 (XXIV),
S or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or

complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound, wherein:
R for each occurrence is independently selected from the group consisting of -H,
-OH, -Br, -C|, -I, -F, -R?% -OR?, -O-COR?, -COR", -CN, -NO,, -COOH, -SO;H, -NH,,
10 -NHR? -N(R°R®), -COOR?, -CHO, -CONH,, -CONHR?, -CON(R*R"), -NHCOR®,
-NRCOR?, -NHCONH,, -NHCONR®H, -NHCON(R?RP), -NR°CONH,, -NR°CONR®H, -
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NRCON(R®R®), -C(=NH)-NHs,, -C(=NH)-NHR?, -C(=NH)-N(R?R®), -C(=NR°)-NH,,
-C(=NR)-NHR?, -C(=NR®)-N(R°R"), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR?, -NH-
C(=NH)-N(R’R"), -NH-C(=NR®)-NH,, -NH-C(=NR®)-NHR?, -NH-C(=NR°®)-N(R°R),
-NRY-C(=NH)-NH,, -NR®-C(=NH)-NHR?, -NR?-C(=NH)-N(R?R"), -NR!-C(=NR°)-
NH,, -NR%-C(=NR°)-NHR?, -NR¢-C(=NR°)-N(R*RP), -NHNH,, -NHNHR?,
-NHN(R"R"), -SO,NH,, -SO,NHR?, -SO;NR’R’, -CH=CHR?, -CH=CR’R",
-CR*=CR"R",-CR*=CHR?, -CR°=CR’R", -CCR?, -SH, -SR?, -S(O)R?, -S(O):R?,
heterocyclic group, benzyl group and aryl group;

R’ is -H, -OH, -Br, -Cl, -1, -F, -R?, -OR" or -O-COR?

R®-R? are each independently a lower alkyl, a lower haloalkyl, a lower alkoxy, a
lower hydroxyalkyl, benzyl, aryl, or, -NR?R?, taken together, can also form an
optionally substituted heterocyclic group;

misl,2,3,4,or5;and

nisl,2,3,4o0rS.

Values and specific values for the remainder of the variables are as described above in
the twelfth embodiment.

In a fourteenth embodiment, the compound is represented by the following

structure formula:

R (XXV);
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s S

/ﬁ\ N /ﬁ\ /“\

N 2 Z; N SR14
T

\
Rs o) 0 R4

(XXVD);

s S
N/ \21/\22/ \?‘\l NR12R13

| Co0
A vooo0 0
R (XXVI);
S S
: NP
AN ORs
o0
R (o} 0 Ra (XXVIID;
S S
R N )‘\
N TN SRu
TR
Rs o] O Rs (XXIX);
s S
N/ \21/\22/ N NR12R13
TR
0 Ra XXX);
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T/ \ﬁ/\ﬁz/ \T Ry
3 0 R4 (XXXD);
S

N \21/\22/ Sy SRy

| | l |

3 o Rq (XXXII); or
T/ \ﬁ1/\i7-|2/ \T NR12Rq3
Rs 0 0 R4 (XXXIID),

or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound. Values and specific values for the variables are as
described in the thirteenth embodiment.

In a fifteenth embodiment, the compound is represented by the following

structural formula:

3 o O R4 (XXXIV);
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SR14

Q—wn—="0
p4

s
)J\ H
R4S T/ W(\
0

R3

R13R12N)]\ ~ Y\

or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or

Rs (XXXV); or

NR12R13

O—n—="0
z

(XXXVI),

complex of the compound or a transition metal chelate, coordinate or complex of a

5 deprotonated form of the compound. Values and specific values for Ry, Rj3 and Ry4
are as described in the twelfth embodiment and values and specific values for R3 and R4
are as described in the third specific embodiment.
' In a sixteenth embodiment, the compound is represented by the following
structural formula:

B\ S
/IL , H )J\
/ \ | / \T OR,4
]
10 R3 ° © Re (XXXVII);
S Re S
)J\ N \,CH N )k
N N
R T/ \|Z|1/|\ﬁ2/ \T SReq

Rs o 0 R4 (XXX VIID);
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s Re_ s
CH
H | H
/“\ PN /\ PN )J\
R4 T |Z|1 ﬁz T NR12R13
Rs © © Ra (XXXIX);
Re s
N
H | H
/Ik PN /‘\ N )J\
AR
Rj o o R4 (XL);
Rs\ s
N
R4 T/ \ﬁ1 ﬁz/ \N SR14
3 0 Ra (XLI); or
Rs
\
N
H ] H
AN /\ PN
R4 T ﬁ1 ﬁz T NR12R13
Ra 0 0 Rq (XLIN),

5 orapharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
deprotonated form of the compound, wherein:

one of Z, and Z, is S=0, and the other one of Z, and Z, is C; and
R, is selected from the group consisting of an optionally substituted alkyl, an
10  optionally substituted alkenyl, an optionally substituted alkynyl; an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally substituted

heterocyclic group wherein the heterocyclic group is bonded to the thiocarbonyl carbon
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via a carbon-carbon linkage, an optionally substituted phenyl, an optionally substituted
bicyclic aryl, an optionally substituted five to seven-membered monocyclic heteroaryl,
an optionally substituted nine to fourteen-membered bicyclic heteroaryl wherein the
heteroaryl group is bonded to the thiocarbonyl carbon via a carbon-carbon linkage,

-NR 2R3, -OR 4, -SR 4 and -S(O),R 5. Values and specific values for the remainder of
the variables are as described above for structural formula (I).

In a more specific embodiment, R is selected from the group consisting of
phenyl, pyrrolidinyl, pyrazinyl, pyridinyl, dioxolopyridinyl, benzothiophenyl,
benzodioxolyl, thiophenyl, furanyl, morpholinyl, piperidinyl, oxazole, isoxazole,
thiazole, isothiazole, imidazole, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
(methyl)cyclopropyl, wherein each of the phenyl, pyrrolidinyl, pyrazinyl, pyridinyl,
dioxolopyridinyl, benzothiophenyl, benzodioxolyl, thiophenyl, furanyl, morpholinyl,
piperidinyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and (methyl)cyclopropyl
represented by R, is optionally substituted.

In another more specific embodiment, each of the phenyl, pyrrolidinyl,
pyrazinyl, pyridinyl, dioxolopyridinyl, benzothiophenyl, benzodioxolyl, thiophenyl,
furanyl, morpholinyl, piperidinyl, oxazole, isoxazole, thiazole, isothiazole, imidazole,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and (methyl)cyclopropyl represented
by R, is optionally substituted with one or more substituents independently selected
from the group consisting of -OH, -Br, -Cl, -1, -F, -R?, -OR?, -O-COR?, -COR? -CN, -
NO,, -COOH, -SO;H, -NH,, -NHR? -N(R°R"), -COOR?, -CHO, -CONH,, -CONHR?, -
CON(R’R®), -NHCOR?, -NRCOR?, -NHCONH,, -NHCONR®H, -NHCON(R®R"), -
NR°CONH,, -NR°CONR®H, -NR°CON(R?RP), -C(=NH)-NH,, -C(=NH)-NHR?, -
C(=NH)-N(R°R®), -C(=NR°)-NH,, -C(=NR®)-NHR?, -C(=NR)-N(R’R"), -NH-C(=NH)-
NH,, -NH-C(=NH)-NHR?, -NH-C(=NH)-N(R°R"), -NH-C(=NR)-NH,, -NH-C(=NR")-
NHR?, -NH-C(=NR®)-N(R°R), -NR%-C(=NH)-NH,, -NR%-C(=NH)-NHR?,
-NR%C(=NH)-N(R°RP), -NR*-C(=NR®)-NH,, -NR*-C(=NR°)-NHR?,
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-NRY-C(=NR®)-N(R’R®), -NHNH,, -NHNHR?, -NHN(R*R"), -SO,NH,, -SO,NHR?,
-SO,NR"R®, -CH=CHR?, -CH=CRR", -CR°=CR°R",-CR*=CHR?, -CR*=CR"R", -CCR’,
-SH, -SR?, -S(O)R?, -S(0)2R? heterocyclic group, benzyl group and aryl group wherein
R2-R¢ are each independently a lower alkyl, a lower haloalkyl, a lower alkoxy, a lower
hydroxyalkyl, benzyl, aryl, or, -NR°R¢, taken together, can also form an optionally
substituted heterocyclic group.

In another specific embodiment, each of the phenyl, pyrrolidinyl, pyrazinyl,
pyridinyl, dioxolopyridinyl, benzothiophenyl, benzodioxolyl, thiophenyl, furanyl,
morpholinyl, piperidinyl, oxazole, isoxazole, thiazole, isothiazole, imidazole,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and (methyl)cyclopropyl represented
by R; is optionally substituted with one or more substituents independently selected
from the group consisting of -OH, -Br, -Cl, -1, -F, -R? -OR?® -COOR?, -CN, -NO,,
morpholinyl, piperidinyl, and pyrrolidinyl, wherein R” is a lower alkyl or a lower
haloalkyl.

In a seventeenth embodiment, for structural formulas (XXXVII)-(XLII), values
and specific values for R}, Rj3 and R4 are as described in the twelfth embodiment and
values and specific values for R3 and R4 are as described in the third embodiment.
Values and specific values for the remainder of the variables are as described above in
the sixteenth embodiment. More specifically, Rg is selected from the group consisting
of -OH, -NRgR |}, a lower alkoxy, a lower alkyl, wherein the lower alkyl and the lower
alkoxy is optionally substituted with halogen or -OH; R} and R}, are each
independently -H, -OH or a lower alkyl or a (C3-C¢)cycloalkyl. Even more specifically,
Rs is -NR R}, wherein Ry and R;; are each independent selected from the group -H,
-OH, methyl, ethyl, propyl and cyclopropyl.

In a eighteenth embodiment, the compound is represented by the following

structural formula:
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X2 (XLIII); or

S S
N Y
e

Ry o) 0 Xs

Xs (XLIV),
or a pharmaceutically acceptable salt or a transition metal chelate, coordinate or
complex of the compound or a transition metal chelate, coordinate or complex of a
5  deprotonated form of the compound, wherein:
one of Z, and Z, is S=0; the other one of Z, and Z, is C;
X1, X3, X3 and X4 are each independently selected from the group consisting of
=CRy¢-, -CR7R;5-, =N-, -NR¢-, -O- and -S-; or
X3 and X4, or X, and X3, or X; and X, taken together form a fused aromatic
10  ring optionally containing one or two heteroatoms and the fused aromatic ring is
optionally substituted
Xs, X6 and X7 are each independently selected from the group consisting of
=CR¢-, -CR;7R3-, =N-, -NR|¢-, -O- and -S-; or
X¢ and X5, or X5 and X, taken together to form a fused aromatic ring optionally
15  containing one or two heteroatoms and the fused aromatic ring is optionally substituted;
R, is selected from the group consisting of an optionally substituted alkyl, an
optionally substituted alk<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>