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ALPHA, BETA-UNSATURATED SULFONES, SULFOXIDES, SULFONIMIDES,
SULFINIMIDES, ACYLSULFONAMIDES AND ACYLSULFINAMIDES AND
THERAPEUTIC USES THEREOF

Cross-Reference to Related Application
This application claims the benefit of copending U.S. Provisional Application

Serial No. 60/583,009, filed June 24, 2004, the entire disclosure of which is incorporated

herein by reference.

Field of the Invention
The invention relates to o,B-unsaturated sulfones, sulfoxides, sultonimides,
sulfinimides, acylsulfonamides and acylsulfinamides, and to pharmaceutical compositions

containing such compounds. The invention further relates to methods of treatment

comprising administration of such compounds.

Background of the Invention

A. Proliferative Disorders

Extracellular signals received at transmembrane receptors are relayed into the cells
by signal transduction pathways (Pelech et al., Science 257:1335 (1992)) which have been
implicated in induction of cell proliferation, differentiation or apoptosis (Davis et al., J
Biol. Chem. 268:14553 (1993)). One such signal transduction pathway is the mitogen
activated protein kinase (MAPK) cascade. See, Nishida et al, Trends Biochem. Sci.
18:128 (1993) and Blumer et al., Trends Biochem. Sci. 19:236 (1994). Much of the
MAPK pathway is conserved over different species. The most thoroughly studied of the
MAPKs are extra cellular signal regulated kinases (ERKs) (Posada et al., Science 255:212
(1992); Biggs III et al., PNAS. USA 89:6295 (1992); and Garner ef al., Genes Dev. 6:1280
(1992)) and c-Jun NH, terminal kinases (JNKs) (Hibi et al., Genes Dev. 7:2135 (1993)).
JNKs are members of a class of stress activated protein kinases (SAPK) and are shown to
be activated by treatment of cells with UV radiation, pro-inflammatory cytokines and
environmental stress (Derijard et al., Cell 1025 (1994)). Activation of ERK has been
shown to involve kinase mediated phosphorylation of threonine and tyrosine residues,
which signals cell proliferation. In contrast, activation of JNKs leads to cell growth

inhibition and apoptosis.
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Protein tyrosine kinases are enzymes which catalyze a well defined chemical
reaction; the phosphorylation of a tyrosine residue (Hunter ef al., Ann. Rev. Biochem.
54:897 (1985)). Receptor tyrosine kinases in particular are attractive targets for drug
design since blockers for the substrate domain of these kinases is likely to yield an
effective and selective antiproliferative agent. The potential use of protein tyrosine kinase
blockers as antiproliferative agents was recognized as early as 1981, when quercetin was
suggested as a PTK blocker (Graziani et al., Eur. J. Biochem. 135:583-589 (1983)).

The best understood MAPK pathway involves extracellular signal-regulated
kinases which constitute the Ras/Raf/MEK/ERK kinase cascade (Boudewijn ef al., Trends
Biochem. Sci. 20, 18 (1995)). Once this pathway is activated by different stimuli, MAPK
phosphorylates a variety of proteins including several transcription factors which
translocate into the nucleus and activate gene transcription. Negative regulation of this

pathway could arrest the cascade of these events.

B. Angiogenesis Inhibition

Angiogenesis, or development of new blood vessels, is implicated in a host of
diseases including tumorigenesis, metastasis and tumor growth, retinopathies, neovascular

ocular disorders, and postangioplasty or postatherectomy restenosis. See, Bicknell ez al.
(1996) Curr. Opin. Oncol. 8: 60-65; Gariano et al. (1996) Survey Ophthalmol. 40: 481-

490: and Wilcox, J. N. (1993) Am. J. Cardiol. 72: 88E-95E).

Recent research has indicated that differences in the production of vascular
endothelial growth factor (VEGF) and sFlt-1 by smooth muscle cells and human umbilical
endothelial cells (HUVECS) are consistent with the role of these cells in angiogenesis.
See, Belgore et al., Eur. J. Clin. Invest. 2003, 33(10), page 833-39. Studies have
indicated a therapeutic potential of placental growth factor (P1GF) and its receptor FLT1
in angiogenesis. An antibody against FLT1 has been shown to suppress

neovascularization in tumors and ischemic retina, and angiogenesis and inflammatory

joint destruction in autoimmune arthritis. See, Luttun et al., Nat Med., 2002, 8(8) page

831-40.

Expression and secretion of angiogenic factors by tumors has been investigated. It
has been suggested that because tumors express multiple angiogenic factors, broad
spectrum antagonists of angiogenesis can provide effective means of tumor stabilization.

Anti-angiogenic approaches to tumor therapy have been defined to involve interference
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with growth, migration and differentiation of blood vessels associated with tumor growth.
Anti-angiogenic agents have been categorized to include protease inhibitors, modulators
of cytokines, heparin-like molecules, and antagonists of vascular growth factors. Growth
factor antagonists have been categorized to include heparin-like molecules, angiogenin

antagonists, antisense fibroblast growth factor, DS 4152, suramin analogs, and protein-

bound saccharide-K (Bicknell et al., Id.).

C. Biological Activity of Curcumin

Curcumin is a compound that is isolated from the commonly used spice turmeric.

The structure of curcumin is shown in Scheme 1.

O O
MeO\/\/\)K/“\/\:\IOMe
HO/\/ Scheme 1 - OH

Curcumin has been shown to inhibit the progression of chemically induced colon
and skin cancers in animal models. In HT29 cells curcumin-induced modulation ot genes
involved in transition through the G2/M phase has been observed to correspond to a cell
cycle arrest in the G2/M phase. See, van Erk et al., J. of Carcinogenesis 2004, 3:8.
Curcumin has also been observed to downregulate expression of some cytochrome P450
genes and to affect expression of metallothionein genes, tubulin genes, p53 and other
genes involved in colon carcinogenesis. Id.

The antiproliferative effects of curcumin are believed to be related to inhibition of
aminopeptidase N (APN), an enzyme that is linked to invasiveness and angiogenesis in
tumors. See, Kwon et al., Chem. Biol., 10, 695 (2003). Curcumin has also been shown to
have direct antiangiogenic activity in vitro and in vivo. See, Arbiser et al., Mol Med.,
1998, 4(6): page 376-83.

Curcumin has also been shown to be effective in the dinitrobenzene sulfuric acid
(DNB) induced murine colitis model, which is an experimental model of IBD. See, Salh
et al., Am. J. Phys. Gastrointestinal and Liver Physiology, 2003 285(1), page 235-43. In
the DNB-induced murine colitis model, curcumin was observed to attenuate macroscopic
damage, to improve intestinal cell function, and to inhibit the nuclear transcription factor

NF-B activation in the colon.
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Curcumin is also effective in biological assays that are predictive of activity in
age-related neurodegenerative diseases such as Alzheimer's Disease (AD) and presenile
dementia. Curcumin has been shown to reduce the oxidative damage (isoprostane levels)
and synaptophysin loss induced by intracerebroventricular infusion of beta amyloid
(Abeta) peptides. See, Chu et al., Neurobiol. Aging, 2001, 22(6): page 993-10053.

Cancer and other proliferative disorders remain a major unmet medical need.
Cancer treatments often comprise surgery, chemotherapeutic treatments, radiation
treatment or combinations thereof. Chemotherapeutic treatments for most cancers only
delay disease progression rather than providing a cure. Cancers often become refractory
to chemotherapy via development of multidrug resistance. Particular cancers are
inherently resistant to some classes of chemotherapeutic agents. See DeVita er al,
Principles of Cancer Management: Chemotherapy. In: Cancer. Principles and Practice of
Oncology, 5th edition, Lippincott-Raven, Philadelphia, New York (1977), pp. 333-347.

Progress continues in treatment of proliferative disorders such as cancer, and 1n the
treatment of angiogenesis-mediated disorders. However, there remains a need to develop

new therapeutic agents.

Definitions

(General

The term “individual” includes human beings and non-human animals.

The expression “effective amount” when used to describe therapy to an individual
suffering from a cancer or other disorder which manifests abnormal cellular proliferation,
refers to the amount of a compound according to Formula I that inhibits the growth or
proliferation of tumor cells, or alternatively induces apoptosis of cancer cells, preferably
tumor cells, resulting in a therapeutically useful and selective cytotoxic eifect on
proliferative cells.

The expression “effective amount” when used to describe therapy to an individual
suffering from an angiogenesis-mediated disorder, refers to the amount of a compound
according to Formula I that inhibits or reduces the abnormal growth or proliferation of
vascular tissue.

The expression “effective amount” when used to describe therapy to an individual
suffering from an age related senile dementia, refers to the amount of a compound

according to Formula I that serves to slow, halt or reverse the progress of the disorder.
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The term “proliferative disorder” means a disorder wherein cells are made by the
body at an atypically accelerated rate.

The term “angiogenesis” means the generation of new blood vessels into a tissue
or organ.

The term “angiogenesis-mediated disorder” means an adverse biological or
biochemical condition that is exacerbated by angiogenesis, i.e., the abnormal formation of
new blood vessels. Examples of such disorders include, but are not limited to,
tumorigenesis, neovascularization, and hyper-proliferation of vascular smooth muscle

cells.

Chemical

The term “alkyl”, by itself, or as part of another substituent, e.g., haloalkyl or
aminoalkyl, means, unless otherwise stated, a saturated hydrocarbon radical having the
number of carbon atoms designated (i.e. C;-C¢ means the group contains one, two, three,
four, five or six carbons) and includes straight, branched chain, cyclic and polycyclic
groups. Examples include: methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
pentyl, neopentyl, hexyl, cyclohexyl, norbornyl and cyclopropylmethyl. Preferred alkyl
groups are -(C1-Cg)alkyl. Most preferred is -(Cy-Cs)alkyl, particularly ethyl, methyl and
isopropyl.

The expression “substituted alkyl” means alkyl, as defined above, substituted by
one, two or three substituents preferably independently selected from the group consisting
of halogen, -OH, -O(C;-Cy)alkyl, -NH;, -N(CH3)2, -COxH, -COy(C;-Cylalkyl, -Cks,
-CONH,, -SO,NH,, -C(=NH)NH,, -CN and —-NO,. More preferably, the substituted alkyl
contains one or two substituents independently selected from the group consisting of
halogen, -OH, NHy, -N(CHa;),, -CF3 and —CO,H; most preferably, independently the group
consisting of halogen and -OH. Examples of substituted alkyls include, but are not limited
to, 2,2-difluoropropyl, 2-carboxycyclopentyl and 3-chloropropyl.

The term “alkylene”, by itself or as part of another substituent means, unless
otherwise stated, a divalent straight, branched or cyclic chain hydrocarbon radical having
the designated number of carbons. The expression —C(=0)(C;-Cs)alkylene-R includes
one, two, three and four carbon alkylene groups. A substitution of a group such as R on
alkylene may be at any substitutable carbon, i.e., the group, —C(=0)(C4 alkylene)R,

includes, for example (a), (b) and (¢), in Scheme 2, below:



10

15

20

25

CA 02577309 2006-12-20

WO 2006/025924 PCT/US2005/022394
-6 -
O O O
HoC  CHjs
(a) (b) (c)
Scheme 2

The term “amine” or “amino” refers to radicals of the general formula NRR,
wherein R and R' are independently hydrogen or a hydrocarbyl radical, or wherein R and
R' combined form a heterocycle. Examples of amino groups include: —-NH,, methyl
amino, diethyl amino, anilino, benzyl amino, piperidinyl, piperazinyl and indolinyl.

The term “aromatic” refers to a carbocycle or heterocycle having one or more
polyunsaturated rings having aromatic character (4n + 2) delocalized & (p1) electrons).

The term “aryl” employed alone or in combination with other terms, means, unless
otherwise stated, a carbocyclic aromatic group containing one or more rings (typically
one, two or three rings) wherein such rings may be attached together in a pendent manner,
such as a biphenyl, or may be fused, such as naphthalene. Examples include phenyl,
anthracyl and naphthyl. Preferred are phenyl and naphthyl, most preferred 1s phenyl.

The term “aryl-(C;-Cs)alkyl” means a radical wherein a one to three carbon
alkylene chain is attached to an aryl group, e.g., -CH,CH;,-phenyl. Preferred is aryl(CH,)-
and aryl(CH(CHj3))-. The term “substituted aryl-(C;-Cs)alkyl” means an aryl-(C;-Cj)alkyl
radical in which the aryl group is substituted. Preferred is substituted aryl(CH;)-.
Similarly, the term “heteroaryl(C;-C;)alkyl” means a radical wherein a one to three carbon
alkylene chain is attached to a heteroaryl group, e.g., -CHy,CH,-pyridyl. Preferred 1s
heteroaryl(CH,)-. The term “substituted heteroaryl-(C;-Cs)alkyl” means a heteroaryl-(C;-
Cs)alkyl radical in which the heteroaryl group is substituted. Preferred is substituted
heteroaryl(CH,)-.

The term “arylene,” by itself or as part of another substituent means, unless
otherwise stated, a divalent aryl radical. Preferred are divalent phenyl radicals,
particularly 1,4-divalent phenyl radicals.

The term “cycloalkyl” refers to ring-containing alkyl radicals. Examples include

cyclohexyl, cyclopentyl, cyclopropyl methyl and norbornyl.



10

15

20

25

CA 02577309 2006-12-20
WO 2006/025924 PCT/US2005/022394

-7 -

The term “hydrocarbyl” refers to any moiety comprising only hydrogen and carbon
atoms. Preferred hydrocarbyl groups are (C;-Cjz)hydrocarbyl, more preferred are (Ci-
Cs)hydrocarbyl, most preferred are benzyl and -(C;-Cg)alkyl.

The term “hydrocarbylene” by itself or as part of another substituent means, unless
otherwise stated, a divalent moiety comprising only hydrogen and carbon atoms. A
substitution of another group —R on hydrocarbylene may be at any substitutable carbon,
i.e., the expression —«(C;-Cg hydrocarbylene)-R includes, for example, the structures shown

in Scheme 3:

21
R YN,

Scheme 3

The term “heteroalkyl” by itself or in combination with another term means, unless
otherwise stated, a stable straight or branched chain radical consisting of the stated number
of carbon atoms and one or two heteroatoms selected from the group consisting of O, N,
and S, wherein the sulfur heteroatoms may be optionally oxidized and the nitrogen
heteroatoms may be optionally quaternized or oxidized. The oxygens bonded to oxidized
sulfur or nitrogen may be present in addition to the one or two heteroatoms in the
heteroalkyl group. The heteroatom(s) may occupy any position in the heteroalkyl group,
including the attachment position of the heteroalkyl group and a terminal atom of the
heteroalkyl group. Examples of heteroalkyl groups include: -S-CH,-CH,-CHjs, -CHos-
CH,CH,-OH, -CH,-CH,-NH-CHj, -CH,-SO,-NH-CHj, ~-CH,-S-CH,-CH; and -CHyCH,-
S(=0)-CH;. Two heteroatoms may be bonded to each other, such as, for example, -CHo-
NH-OCHj3;, or -CH,-CH;,-S-S-CH.

The term “heterocycle” or “heterocyclyl” or “heterocyclic” by itself or as part of
another substituent means, unless otherwise stated, an unsubstituted or substituted, stable,
mono- or multicyclic heterocyclic ring system which consists of carbon atoms and at least
one heteroatom selected from the group consisting of N, O, and S, and wherein the

nitrogen and sulfur heteroatoms may be optionally oxidized, and the nitrogen atom may be
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optionally quaternized. The heterocyclic system may be attached, unless otherwise stated,
at any heteroatom or carbon atom which affords a stable structure.

The term “heteroaryl” or “heteroaromatic” refers to a heterocycle having aromatic
character. A monocyclic heteroaryl group is preferably a 5-, 6-, or 7-membered ring,
examples of which are pyrrolyl, furyl, thienyl, pyridyl, pyrimidinyl and pyrazinyl. A
polycyclic heteroaryl may comprise multiple aromatic rings or may include one or more
rings which are partially saturated.

Examples of polycyclic heteroaryl groups containing a partially saturated ring
include tetrahydroquinolyl and 2,3-dihydrobenzofuryl. For compounds according to
Formula I, below, the attachment point on the aromatic group R* is understood to be on an
atom which is part of an aromatic monocyclic ring or a ring component of a polycyclic
aromatic which is itself an aromatic ring. For example, on the partially saturated
heteroaryl ring, 1,2,3,4-tetrahydroisoquinoline, attachment points are ring atoms at the 5-,
6-, 7- and 8- positions. The attachment point on aromatic group R* may be a ring carbon
or a ring nitrogen and includes attachment to form aromatic quaternary ammonium salts
such as pyridinium.

Examples of non-aromatic heterocycles include monocyclic groups such as:
aziridinyl, oxiranyl, thiiranyl, azetidinyl, oxetanyl, thietanyl, pyrrolidinyl, pyrrolinyl,
imidazolinyl, pyrazolidinyl, dioxolanyl, sulfolanyl, 2,3-dihydrofuranyl, 2,5-
dihydrofuranyl, tetrahydrofuranyl, thiophanyl, piperidinyl, 1,2,3,6-tetrahydropyridinyl,
1,4-dihydropyridinyl, piperazinyl, morpholinyl, thiomorpholinyl, pyranyl, 2,3-
dihydropyranyl, tetrahydropyranyl, 1,4-dioxanyl, 1,3-dioxanyl, homopiperazinyl,
homopiperidinyl, 1,3-dioxepinyl, 4,7-dihydro-1,3-dioxepinyl and hexamethyleneoxide.

Examples of monocyclic heteroaryl groups include, for example, six-membered
monocyclic aromatic rings such as, for example, pyridyl, pyrazinyl, pyrimidinyl and
pyridazinyl; and five-membered monocyclic aromatic rings such as, for example, thienyl,
furyl, pyrrolyl, imidazolyl, thiazolyl, oxazolyl, pyrazolyl, isothiazolyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,3,4-triazolyl, tetrazolyl, 1,2,3-thiadiazolyl, 1,2,3-oxadiazolyl, 1,3,4-
thiadiazolyl and 1,3,4-oxadiazolyl.

Examples of polycyclic heterocycles include: indolyl, indolinyl, quinolyl,
tetrahydroquinolyl, isoquinolyl, 1,2,3,4-tetrahydroisoquinolyl, cinnolinyl, quinoxalinyl,

quinazolinyl, phthalazinyl, 1,8-naphthyridinyl, 1,4-benzodioxanyl, chromene-2-one-yl
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(coumarinyl), dihydrocoumarin, chromene-4-one-yl, benzofuryl, 1,5-naphthyridinyl, 2,3-
dihydrobenzofuryl, 1,2-benzisoxazolyl, benzothienyl, benzoxazolyl, benzthiazolyl,
purinyl, benzimidazolyl, benztriazolyl, thioxanthinyl, benzazepinyl, benzodiazepinyl,
carbazolyl, carbolinyl, acridinyl, pyrrolizidiny! and quinolizidinyl.

The term “heteroarylene,” by itself or as part of another substituent means, unless
otherwise stated, a divalent heteroaryl radical. Preferred are five- or six-membered
monocyclic heteroarylene. More preferred are heteroarylene moieties comprising divalent
heteroaryl rings selected from the group consisting of pyridine, piperazine, pyrimidine,
pyrazine, furan, thiophene, pyrrole, thiazole, imidazole and oxazole.

The aforementioned listing of heterocyclyl and heteroaryl moieties 1s intended to
be representative, not limiting.

The terms “halo” or “halogen” by themselves or as part of another substituent, e.g.,
haloalkyl, mean, unless otherwise stated, a fluorine, chlorine, bromine, or 1odine atom.
Fluorine, chlorine and bromine are preferred. Fluorine and chlorine are most preferred.

The term “haloalkyl” means, unless otherwise stated, an alkyl group as defined
herein containing at least one halogen substituent and no substituent that is other than
halogen. Multiple halogen substituents, up to substitution of all substitutable hydrogens
on the alkyl group may be the same or different. Preferred haloalkyl groups include, for
example, perfluoro(C;-Ce)alkyl, trifluoro(C;-Ce)alkyl, gem-difluoro(C,-C4)alkyl and
chloro(C;-Cys)alkyl. More preferred haloalkyl groups include, for example, -Cks, -CyFs,
-CH,CF;, -CHF,, CF,CHj3 and -CH,Cl.

The term “(Cy-Cy)perfluoroalkyl,” wherein x <y, means an alkyl group with a
minimum of x carbon atoms and a maximum of y carbon atoms, wherein all hydrogen
atoms are replaced by fluorine atoms. Preferred is -(C;-Ce)perfluoroalkyl, more preterred
is -(C;-Cs)perfluoroalkyl, most preterred 1s —CFs.

The term “trifluoro(Cy-Cy)alkyl” means an alkyl group with a minimum of x
carbon atoms and a maximum of y carbon atoms, wherein the three hydrogen atoms on a
terminal carbon (-CH3) are replaced by fluorine atoms. Examples include —CH>Ck3,
-(CH,),-CF3 and —CH(CH3)-CFs.

The term “gem-difluoro(Cx-Cy)alkyl” means an alkyl group with a minimum of x
carbon atoms and a maximum of y carbon atoms, wherein one carbon atom is geminally

substituted with two fluorine atoms. The fluorine-substituted carbon may be any carbon in
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the chain having at least two substitutable hydrogens, including the a terminal
-CH; group and the proximal carbon through which the difluoro(Cy-Cy)alkyl is bonded to
the rest of the molecule. Examples include —CH,CF,H, -(CH;),-CF,H and
—CF,-CHj; and 3,3-difluorocyclohexyl.

The term “substituted” means that an atom or group of atoms has replaced
hydrogen as the substituent attached to another group. For aryl and heteroaryl groups, the
term “substituted” refers to any level of substitution, namely mono-, di , tri-, tetra-, or
penta-substitution, where such substitution is permitted. = The substituents are
independently selected, and substitution may be at any chemically accessible position.

The naming of compounds disclosed herein was done by employing the structure
naming programs included in ChemDraw software packages. The compounds, were

named using the “Structure to Name” program within ChemDraw Ultra Version 8.0 (©
1985-2003, CambridgeSoft Corporation, 100 Cambridgepark Drive, Cambridge, MA
02140 USA).

Summary of the Invention
It is an object of the invention to provide compounds, compositions and methods

for the treatment of cancer and other proliferative disorders. It is further an object of the

invention to provide methods of treatment of angiogenesis-mediated disorders. The
biologically active compounds are in the form of a,B-unsaturated sulfones, sulfoxides,

sulfonimides, sulfinimides, acyl sulfonamides, and acyl sulfinamides.

I. Compounds According to the Invention

According to one embodiment of the invention, novel compounds are provided

according to Formula I:

R, L ®RY,
51___M/ N\ g e 1

wherein:
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Q' and Q° are independently selected from the group consisting of aryl and
heteroaryl;

each R' is independently selected from the group consisting of halogen, -(C;-
Cg)hydrocarbyl, -C(=0)RY, -NR",, -N(R")C(=0)R’, -NR™CR*C(=O)R’, -NR™SO,R’,
NR™)(C;-Cyalkylene-CO,RY, -NO,, -CN, -OR", -OC(=O)R’, -OC(RHC(=0O)R’,
-OSO,RY  -O(C;-Cypalkylene-CO,RY, -OP(=0)(OR"),, -O(C;-Ce)alkylene-N(CHj3),
-O(C;-Ce)haloalkyl, -P(=0)(OR"),, -SO,N(RM)R*, -NHC(=NH)NHR", -(C;-C¢)haloalkyl
and heteroalkyl;

each R" is independently —H or -(C;-Cg)hydrocarbyl;

each R* is independently —H, -(C;-Cg)hydrocarbyl or —C(=0)(C;-Cg)hydrocarbyl;

each RY is independently selected from the group consisting of —H, —(C;-
Cg)hydrocarbyl, —O(C;-Cg)hydrocarbyl, substituted phenyl, substituted heterocyclyl(C;-
Cs)alkyl, heteroaryl(C;-Cj)alkyl, —(C,-Cio)heteroalkyl, —(C;-Ce)haloalkyl, —C(RHNHR",
NRMR*, —(C;-Cy)alkyleneNH;,  —(C;-Cj)alkyleneN(CH3),,  —(Cy-Cs)pertluoro-
alkyleneN(CHj),, —(C1-Cs)alkyleneN*(C1-Cs)s, —(C1-Cs)alkylene-N"(CH,CH,0H)s, —(Ci-
C;)alkylene-OR*, —(C;-Cs)alkylene-CO,R", —(C-Cyalkylene-CON(R™R”, —(C;-Cy)-
alkylene-C(=0)halogen, halo(Ci-Cs)alkyl and —(C1-Cy)perfluoroalkylene-CO,R";

each R” is independently selected from the group consisting of —H, —(C;-Cg)alkyl,
-(CH,)3-NH-C(NH,)(=NH), —CH,C(=0)NH,, -CH,COOH, —CH,SH, -(CH),C(=0)-NH,,
—(CH,;),CO,H, —CH,-(2-imidazolyl), <(CH;)4-NH;, «(CH3)2-5-CHs, phenyl, —CH;-phenyl,
—CH,-OH, -CH(OH)-CHj3;, ~CH,-(3-indolyl) and —~CH;-(4-hydroxyphenyl);

each n is independently 0, 1, 2, 3, 4 or §; preferably 1, 2, 3, 4 or 5; more preferably
1,2, 3 or 4; most preferably 1, 2 or 3;

M' and M? are independently —SO,—, =S(=0)— or —C(=0)—;

LLisCHorN;

R” is selected from the group consisting of ~H and -(C;-Ce)alkyl, preferably —H
and -(C;-Cg)alkyl, more preferably —H and —CHj, most preferably -H; and

E' and E* are independently selected from the group consisting of a carbon-carbon
double bond in the (E)-conformation and a carbon-carbon double bond in the (Z)-
conformation;

provided that:
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(1) when one of M! and M? is —SO,—, then the other of M' and M? is other
than —S(=0)—;

(ii) when one of M' and M? is —C(=0)-, then the other of M' and M” is
other than —C(=0)—;

(iii) when one of E! and E* is a carbon-carbon double bond in the (Z)-
conformation; then the other of E! and E* is a carbon-carbon double bond in the
(E)-conformation; and

(iv) when L 1s CH, R? is -H, M! and M? are -SO,—, and Q' and Q* are
phenyl; then at least one n is greater than zero, and at least one substituent R' is
other than —OH, -OC(=0)CHj;, -C(=0)CHj;, -OCHj, -Br, -I, -NO,, -COx(C-
Cg)hydrocarbyl, -SO3(C;-Cg)hydrocarbyl, -P(=0)(OR"),, and -OP(=0)(OR"),; or
a salt, preferably a pharmaceutically-acceptable salt, of such a compound.
According to some embodiments, M' and M* are both —~SO,—. According to other

embodiments, M' and M* are both —SO-. According to still other embodiments, one of
M! or M? is =SO,— and the other of M!' or M” is —C(=0)~. According to still other
embodiments, one of M' or M* is —SO- and the other of M or M? is —-C(=0)-.

According to some embodiments, both E! and E* are carbon-carbon double bonds
in the (E)-conformation. According to other embodiments, one of E! and E* is a carbon-
carbon double bond in the (F)-conformation and the other of E! and E* is a carbon-carbon
double bond in the (Z)-conformation.

According to some embodiments of the invention, Q' is heteroaryl, preferably
monocyclic heteroaryl.

According to some embodiments of the invention, Q* is heteroaryl, preferably
monocyclic heteroaryl.

According to some embodiments of the invention, Q1 and Q2 are heteroaryl,
preferably monocyclic heteroaryl.

According to some embodiments of the invention, Q' is aryl, preferably phenyl.

According to other embodiments of the invention, Q* is aryl, preferably phenyl.

According to still other embodiments of the invention, Q' and Q° are aryl,

preferably phenyl.
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According to some embodiments of the invention, R" is —-H or —(Cs-
Cg)hydrocarbyl. According to other embodiments, R" is —(C,-Cg)hydrocarbyl. According
to still other embodiments of the invention, R" is —~H.

According to some embodiments, -R! substituents on di-substituted phenyl or six-
membered heteroaryl Q' and Q? groups are independently placed at the 2- and 4-positions
of the ring. According to other embodiments, -R! substituents on di-substituted phenyl or
six-membered heteroaryl Q' and Q” groups are at the 3- and 4-positions of the ring.
According to still other embodiments, -R! substituents on di-substituted phenyl or six-
membered heteroaryl Q' and Q? groups are at the 2- and 6-positions of the ring.

According to some embodiments, a single -R! substituent on a phenyl or six-
membered heteroaryl Q' or Q? group is at the 2- or 4-position of the ring.

According to some embodiments, -R! substituents on tri-substituted phenyl or six-
membered heteroaryl Q' and Q® groups are independently placed at the 2-, 4- and 6-
positions of the ring. According to other embodiments, -R! substituents on tri-substituted
phenyl or six-membered heteroaryl Q! and Q groups are at the 3-, 4- and 5-positions of
the ring.

Substituted phenyl R” groups are preferably mono- di- or tri-substituted, more
preferably mono- or di-substituted, most preferably mono-substituted.

Substituents on substituted phenyl RY groups are preferably selected from the
group consisting of halogen, -NH,, -NO,, N-methylpiperazinyl and —OR".

Substituted heterocyclyl(C;-Cs)alkyl R’ groups are preferably mono- or di-
substituted, more preferably mono-substituted.

Substituents on substituted heterocyclyl(Ci-Cs)alkyl R” groups are preferably —(Ci-
C-)hydrocarbyl or —C(=0) (C;-Cr)hydrocarbyl, more preferably —(C;-Ce)alkyl or —C(=0)
(C1-Ce)alkyl.

According to some embodiments of the compounds of the invention, one n 1s
oreater than zero. According to other embodiments each n is greater than zero.

According to some embodiments of the compounds of the invention, one n is
greater than 1. According to other embodiments each n 1s greater than 1.

According to some embodiments of the compounds of the invention, one n 1s

greater than 2. According to other embodiments each n 1s greater than 2.
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According to some embodiments of the invention, one or more R' groups are
independently selected from the group consisting of halogen other than bromine and
iodine, -(C,;-Cg)hydrocarbyl, -C(=O)R’ other than -C(=O)CH; and -CO(Ci-
Cg)hydrocarbyl, -NR%, -NRMCEO)R’, -NR"CRHCFO)R’, -NR™SO,R’,
NRY)(C;-Cy)alkylene-CO,R", -CN, -OR" other than -OH and OCH;,, -OC(=O)R’,
-OC(RHC(=0)RY, -OSO,RY -O(C;-Cgalkylene-CO,R", -O(Cs-Ce)alkylene-N(CHs)z,
-O(C;-Ce)haloalkyl, -NHC(=NH)NHR", -(C{-Cs)haloalkyl and heteroalkyl;

According to other embodiments of the invention, one or more R' groups are
independently selected from the group consisting of, -(C;-Cg)hydrocarbyl other than —(C;-
Cealkyl, -NR"™,, -NHC(=O)RY, -N(R™)C(R*C(=O0)R’, -NHSO,R’, -NH(C;-Cy)alkylene-
CO,RY, -CN, -OCRHC(=O)RY, -O(C;i-Cghaloalkyl, -O(C,-Ce)alkylene-N(CHs),,
-NHC(=NH)NHR?*, -(C-C¢)haloalkyl and heteroalkyl.

According to still other embodiments of the invention, one or more R' groups are
independently selected from the group consisting of fluoro, chloro, -(C;-Cg)hydrocarbyl,
NRY, -NHCEO)RY, -NHCRHC(=O)RY, -NH(C;-Cy)alkylene-CO,R", -CN,
-OC(RHC(=O)R’, -O(Ci-Ce)haloalkyl, -O(Cy-Ce)alkylene-N(CHs;),, and -(Ci-
Ce)haloalkyl.

According to still other embodiments of the invention, one or more R' groups are
independently selected from the group consisting of fluoro, chloro, -(C;-Ce)alkyl, -NHR?,
-NHC(=0O)R?, -NHSO,R’, -CN, and -(C;-C¢)haloalky]l.

According to some embodiments, R” is selected from the group consisting of
—(C1-Chydrocarbyl, = —O(C;-Cg)hydrocarbyl,  substituted  phenyl,  substituted
heterocyclyl(Cq-Cs)alkyl, heteroaryl(C;-Cs)alkyl, -(Ca-Cio)heteroalkyl, —(C;-Ce)haloalkyl,
~C(RHNHR*, -NRMR*, —(C;-Cj)alkyleneNH,, —(C;-Cz)alkyleneN(CHs), —(Ci-
C;)perfluoroalkyleneN(CHs),, —(C;-Cs)alkylene-OR”, —(C1-Cyalkylene-CO,R", —(C;-
Cs)alkylene-CO,N(R™R”, halo(C;-Cs)alkyl and ~(C-Cy)perfluoroalkylene-CO,R".

According to other embodiments, RY is selected from the group consisting of
—~(C,-Cphydrocarbyl, = —O(C;-Cg)hydrocarbyl,  substituted  phenyl,  substituted
heterocyclyl(C1-Cs)alkyl, heteroaryl(C;-Cj)alkyl, —(C,-Cig)heteroalkyl, —(C;-Ce)haloalkyl,
—C(RYNHR*, -NR™R*, —(C;-Cs)alkyleneNH;, —(C;-Cs)alkyleneN(CHj), —(Ci-
C;)perfluoroalkyleneN(CHs),, —~(C;-Cs)alkylene-OR*, —(C;-Cy)alkylene-CO,R", —(Ci-
Cy)alkylene-CO,N(R™R?, halo(C;-Cs)alkyl and —(C1-Cy)perfluoroalkylene-CO,R "™,
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According to other embodiments, R” is selected from the group consisting of
—(C5-Cg)alkyl, —O(C;-Ce)alkyl, substituted phenyl, substituted heterocyclyl(C;-Cs)alkyl,
heteroaryl(C;-Cs)alkyl, —(C,-Ce)heteroalkyl, —(C;-Cg)haloalkyl, ~C(RHNHR", —NHR",
—~(C1-C3)alkyleneNH,;, —(C;-Cj)alkyleneN(CHs),, —(C;-Cs)perfluoroalkyleneN(CHs)s,
—(C,-C3)alkylene-OR*, —(C;-C4)alkylene-CO2R", —(C1-Cy)alkylene-CO,NHR", halo(C;-
C;)alkyl and —(C;-Cq)perfluoroalkylene-CO,R"™.

According to still other embodiments, R’ is selected from the group consisting of
—(Cy-Cg)alkyl, —O(C1-Cg)alkyl, substituted phenyl, substituted heterocyclyl(C;-Cs)alkyl,
heteroaryl(C;-Cs)alkyl, —(C;-Cs)haloalkyl, —C(RNHR", -NHR", —(C;-C3)alkyleneNHo,,
—(C;-Cs)alkyleneN(CH3);, —(C;-Cs)alkylene-OR”, —(C-Cyalkylene-CO,R", —(Cy-
Cs)alkylene-CO,NHR™ and halo(C;-Cj)alkyl.

A. Compounds According to Formula [A

According to one embodiment of the compounds according to Formula I, novel

compounds are provided according to Formula IA:

RZ

l

CH

RNy RY,
E1___Ml/ \MZ__EZ 1A

wherein R', R*, R*, R, R?, M!, M?, E! Ez, Ql, Q2 and n are as defined above for
Formula I.

According to a first embodiment of the compounds according to Formula IA, M’ is
-S0,— and M? is —SO,— or —C(=0)-.

Preferred compounds according to the first embodiment of the compounds
according to Formula IA include:

4-((1E)-2-(((E)-2-fluoro-4-cyanostyrylsulfonyl)methylsulfonyl)vinyl)-3-fluoro-
benzonitrile; 4-((12)-2-(((E)-2-fluoro-4-cyanostyrylsulfonyl)methylsulfonyl)vinyl)-3-
fluoro--benzonitrile;  (3E)-1-(2-fluoro-4-cyano-(E)-styrylsulfonyl)-4-(2-fluoro-4-cyano-
phenyl)but-3-en-2-one; (3Z)-1-(2-fluoro-4-cyano-(E)-styrylsulfonyl)-4-(2-tfluoro-4-cyano-
phenyl)but-3-en-2-one; (3E)-1-(2-fluoro-4-cyano-(Z)-styrylsulfonyl)-4-(2-fluoro-4-cyano-
phenyl)but-3-en-2-one; bis((E)-2,4-difluorostyrylsulfonyl)methane; 1-((12)-2-(((£)-2,4-
difluorostyrylsulfonyl)methylsulfonyl)vinyl)-2,4-difluorobenzene;  (3E)-1-(2,4-difluoro-
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(E)-styrylsulfonyl)-4-(2,4-difluorophenyl)but-3-en-2-one; (32)-1-(2,4-difluoro-(E)-styryl-
sulfonyl)-4-(2,4-difluorophenyl)but-3-en-2-one; (3E)-1-(2,4-difluoro-(Z)-styryl-sulfonyl)-
4-(2,4-difluorophenyl)but-3-en-2-one; bis((£)-4-chlorostyrylsulfonyl)methane; 1-((1£)-2-
(((E)-4-chlorostyrylsulfonyl)methylsulfonyl)vinyl)-4-chlorobenzene; (3E)-1-(4-chloro-
(E)-styrylsulfonyl)-4-(4-chlorophenyl)but-3-en-2-one; (3Z)-1-(4-chloro-(E)-styryl-sulfon-
y1)-4-(4-chlorophenyl)but-3-en-2-one;  (3E)-1-(4-chloro-(Z)-styrylsulfonyl)-4-(4-chloro-
phenyl)but-3-en-2-one; <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>