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NOVEL HETEROCYCLIC DIPHENYL ETHERS

Field of the Invention

[0001] The present invention relates to novel heterocyclic compounds of the
general formula (I), derivatives, analogs, tautomeric forms, stereoisomers,
polymorphs, hydrates, pharmaceutically acceptable salts and pharmaceutically
acceptable solvates thereof, and pharmaceutically acceptable compositions containing

any of these singly or in combination. The present invention more particularly
provides novel compounds of the general formula (I) wherein R, through Ry, W, X,
Y, Z and V are as defined herein:

R1 R2

AN

2\
R4 R5 yA
W x—X
—R7
R6 v
(D

R3

Background of the Invention

[0002] The causes of types I and II diabetes are not yet clear, although both
genetics and environment seem to be the factors. Type I is an autonomic immune
disease and patient must take insulin to survive. Type II diabetes is more common
form is a metabolic disorder resulting from the body’s inability to make a sufficient
amount of insulin or to properly use the insulin that is produced. Insulin secretion and

insulin resistance are considered the major defects, however, the precise genetic
factors involved in the mechanism remain unknown.

[0003} Patients with diabetes usually have one or more of the following defects:

Less production of insulin by the pancreas;

Over secretion of glucose by the liver;

Independent of the glucose uptake by the skeletal muscles;
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Defects in glucose transporters, desensitization of insulin receptors; and
Defects in the metabolic breakdown of polysaccharides.

[0004] Other than the parenteral or subcutaneous administration of insulin, there

are about four classes of oral hypoglycemic agents used i.e. sulfonylurea, biguanides,
alpha glucosidase inhibitors and thiazolidinediones.

[0005] Each of the current agents available for use in treatment of diabetes has
certain disadvantages. Accordingly, there is a continuing interest in the identification

and development of new agents, which can be orally administered, for use in the
treatment of diabetes.

[0006] The thiazolidinedione class listed above has gained more widespread use
in recent years for treatment of type II diabetes, exhibiting particular usefulness as
insulin sensitizers to combat "insulin resistance”, a condition in which the patient
becomes less responsive to the effects of insulin. There is a continuing need for

nontoxic, more widely effective insulin sensitizers.

[0007} Inducible nitric oxide synthase (INOS, also termed NOS2), whose
expression is regulated by IKKA-NF-xB, is assumed to be one of the candidates that
mediate inflammation-involved insulin resistance. Accumulating evidence indicates a
close link between iNOS and insulin resistance. Although iNOS was originally
identified in macrophages, it is now known that itis widely expressed in many tissues,
including insulin-sensitive organs such as skeletal muscle, adipose tissue, and liver, in
normal rodents and humans (Fujimoto et al Diabetes, 2005, 54, 1340). The
expression of iNOS is up regulated by most, if not all, inducers of insulin resistance,
including proinflammatory cytokines, obesity, free fatty acids, hyperglycemia,
endotoxins, and oxidative stress. In fact, elevated expression of iNOS was observed in
skeletal muscle of high-fat diet fed mice, in heart of Zucker diabetic fatty rats, and in
skeletal muscle and platelets of patients with type II diabetes. Nitrosative protein
modifications, such as tyrosine nitration often associated with iNOS expression, were
elevated in plasma, skeletal muscle, vasculature and retina of patients with and rodent
models of type II or obesity-related diabetes. Furthermore, iNOS induction resulted in
attenuated insulin-stimulated glucose uptake incultured skeletal muscle cells.

[0008] Recent advances in scientific understanding of the mediators involved in
acute and chronic inflammatory diseases and cancer have led to new strategies in the
search for effective therapeutics. Traditional approaches include direct target
intervention such as the use of specific antibodies, receptor antagonists, or enzyme
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inhibitors. Recent breakthroughs in the elucidation of regulatory mechanisms
involved in the transcription and translation of a variety of mediators have led to
increased interest in therapeutic approaches directed at the level of gene transcription.

[0009] As indicated above, the present invention is also concerned with treatment
of immunological diseases or inflammation, notably such diseases as are mediated by
cytokines or cyclooxygenase. The principal elements of the immune system are
macrophages or antigen-presenting cells, T cells and B cells. The role of other
immune cells such as NK cells, basophils, mast cells and dendritic cells are known,
but their role in primary immunologic disorders is uncertain. Macrophages are
important mediators of both inflammation and providing the necessary "help” for 'T
cell stimulation and proliferation. Most importantly macrophages make 1L 1, IL 12
and TNF-a all of which are potent pro-inflammatory molecules and also provide help
for T cells. In addition, activation of macrophages results in the induction of enzymes,
such as cyclooxygenase II (COX-2), inducible nitric oxide synthase (iNOS) and
production of free radicals capable of damaging normal cells. Many factors activate
macrophages, including bacterial products, superantigens and interferon gamma (IFN

v). It is believed that phosphotyrosine kinases (PTKs) and other undefined cellular
kinases are involved in the activation process.

[00010] Cytokines are molecules secreted by immune cells that are important in
mediating immune responses. Cytokine production may lead to the secretion of other
cytokines, altered cellular function, cell division or differentiation. Inflammation is
the body's normal response to injury or infection. However, in inflammatory diseases
such as rheumatoid arthritis, pathologic inflammatory processes can lead to morbidity
and mortality. The cytokine tumor necrosis factor-alpha (TNF-o) plays a central role
in the inflammatory response and has been targeted as a point of intervention in
inflammatory disease. TNF-o is a polypeptide hormone released by activated
macrophages and other cells. At low concentrations, TNF-a participates in the
protective inflammatory response by activating leukocytes and promoting their
migration to extravascular sites of inflammation (Moser et al., J Clin Invest, 83:444-
55,1989). At higher concentrations, TNF-a can act as a potent pyrogen and induce
the production of other pro-inflammatory cytokines (Haworth et al., Eur J Immunol,
21:2575-79, 1991; Brennan et al., Lancet, 2:244-7, 1989). TNF-a also stimulates the
synthesis of acute-phase proteins. In rheumatoid arthritis, a chronic and progressive
inflammatory disease affecting about 1% of the adult U.S. population, TNF-a
mediates the cytokine cascade that leads to joint damage and destruction (Arend et al.,
Arthritis Rheum, 38:151-60,1995). Inhibitors of TNF-a, including soluble TNF
receptors (etanercept) (Goldenberg, Clin Ther, 21:75-87, 1999) and anti-TNF-a
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antibody (infliximab) (Luong et al.,, Ann Pharmacother, 34:743-60, 2000), have

recently been approved by the U.S. Food and Drug Administration (FDA) as agents
for the treatment of rheumatoid arthritis.

[00011) Elevated levels of TNF-o. have also been implicated in many other
disorders and disease conditions, including cachexia, septic shock syndrome,

osteoarthritis, inflammatory bowel disease such as Crohn's disease and ulcerative
colitis etc.

[00012] Thus it can be seen that inhibitors of TNF-o are potentially useful in the
treatment of a wide variety of diseases. While there have been prior efforts to provide
compounds for inhibiting TNF-a, IL-1, IL-6, COX-2 or other agents considered
responsible for immune response, inflammation or inflammatory diseases, e.g.,
arthritis, there still remains a need for new and improved compounds for effectively
treating and inhibiting such diseases.

[00013] The TNF-o has significant role in improvement of insulin resistance. It
accelerates lipolysis and increases free fatty acid levels in the circulation. It down
regulates synthesis of insulin receptor, insulin receptor substrate—1(IRS-1) and
glucose transporter (GLUT-4). It increases phosphorylation of IRS-1 serine-threonine
and phosphortyrosine phosphatase (PTPase) activity. It inhibits insulin receptor
autophosphorylation, tyrosine phosphorylation of IRS-1, PPAR-y synthesis and
insulin-stimulated glucose transport.

[00014] With an objective to develop novel compounds for lowering blood
glucose, free fatty acids, cholesterol and triglyceride levels in type II diabetes and to
treat autoimmune diseases such as multiple sclerosis and rheumatoid arthritis, we
found that the compound >-[4-(4-(2-amino-2-methoxycarbonylethyl) phenoxy)
benzyl]-thiazolidin-2,4-dione hydrochloride salt, disclosed in commonly assigned US
Patent No. 6,794,401, metabolizes to {4-[4-(2,4-dioxothiazolidin-5-ylmethyl)-
phenoxy]-phenyl}-acetic acid, which is within the scope of formula (I).

[0001S] An object of the present invention is therefore to provide novel
heterocyclic compounds of the general formula (I), denivatives, analogs, tautomeric
forms, stereoisomers, polymorphs, hydrates, pharmaceutically acceptable salts and

pharmaceutically acceptable solvates thereof, as well as pharmaceutically acceptable
compositions containing any of these singly or in combination.

[00016]  Another object of the present invention is to provide methods using these
compounds and compositions for treatment of disorders associated with insulin
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resistance, such as polycystic ovary syndrome, as well as hyperlipidemma, coronary
artery disease and peripheral vascular disease, and for the treatment of inflammation
and immunological diseases, particularly those mediated by cytokines such as TNF-a,
IL-1, IL-6, IL-1PB and cyclooxygenase such as COX-2, Mediation of cytokines such

as TNFa may also provide methods of using such compounds for the treatment of
cancer.

[00017] Another object of the present invention is to provide such compounds and

compositions having enhanced activities, without toxic effect or with reduced toxic
effect.

Summary of the Invention

[00018] The present invention, relates to novel heterocyclic compounds of the
general formula (I)

R1 R2

their analogs, their tautomeric forms, their stereoisomers, their polymorphs, their
hydrates, their pharmaceutically acceptable salts, their pharmaceutically acceptable
solvates, wherein ---- represents an optional bond; V represents CH or N; Y represents
O or S; W represents O or NRg; Rg is selected from hydrogen or linear or branched,
substituted or unsubstituted (C;-Cs) alkyl groups; X represents CRg, O or S wherein
Rg 1s hydrogen or Ry together with Z forms a 5 or 6-membered aromatic or
heteroaromatic ring system containing 1 to 2 heteroatoms selected from O, S or N; Z
represents O, S or together with R9 forms a 5 to 6 membered aromatic or
heteroaromatic ring system containing 1 to 2 hetero atoms selected from O, S or N; R,
and R, may be same or different and are independently selected from hydrogen, a
halogen, hydroxy, nitro, cyano, formyl, amino, CORg, or linear, branched, substituted
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or unsubstituted (C,;-Cg) alkyl group; or substituted or unsubstituted (C;-Cg) alkoxy
group; R, represents -OR;; or NR 3R 3. where Ry; represents hydrogen, a substituted
or unsubstituted group selected from alkyl, alkenyl, aryl, aralkyl, heteroaryl, or a
counter ion; R;2 and R;3 may be same or different and independently represent H or
substituted or unsubstituted alkyl, alkenyl or aryl groups; or R)2 and R,3 together form
a heteroaliphatic or heteroaromatic ring; Rs, R4, Rs and Rg, are selected from
hydrogen, halogen; hydroxy, nitro, cyano, formyl, amino, linear or branched,
substituted or unsubstituted (C;-Cg) alkyl or alkoxy groups; haloalkyl groups,
carboxylic acid and its derivatives; substituted or unsubstituted (C,-Cg) alkoxy
groups; thiol, thioalkyl, substituted or unsubstituted sulfonamide, sulfonyl methyl
group; R, represents hydrogen, substituted or unsubstituted alkyl, alkenyl, -
CH,COOR, aryl groups, or a counter ion; where R represents H or (C,-Cs) alkyl

group.

[00019] A useful class of compounds includes those of the formula (I) wherein Y is
O; X is S or CRg; R; is COR o and R is hydrogen or alkyl. A particular subclass of
this class includes those compounds wherein R3 1s hydrogen or halo; R4 and Rg are
hydrogen; Rs is hydrogen, halo, haloalkyl or alkoxy; and R~ 1s hydrogen, -CH>COOR
Or a counterion.

00020] Another useful subclass of compounds of the formula (I) includes those
wherein Vis CH; X 1s S; Y, Z and W are O; Ry is —OR;; R;; 1s hydrogen or a
counterion; Ra, R3, R4, Rs and Rg are hydrogen; and Ry is hydrogen or a counterion.

[00021] A useful class of pharmaceutically acceptable salts of the compounds

according to formula (I) includes the hydrochloride, hydrobromide, sulfate, besylate,
sodium, potassium, calcium and magnesium salts.

[00022] Pharmaceutical compositions are provided by the invention comprising a
therapeutically effective amount of a compound or a mixture of compounds, analogs,
tautomeric forms, stereoisomers, polymorphs, pharmaceutically acceptable salts or
pharmaceutically acceptable solvates thereof according to formula (I) sufficient to
reduce in a subject the plasma level of glucose, fatty acids, cholesterol or triglycerides
and a pharmaceutically acceptable carrier, diluent, excipient or solvate.

[00023] Pharmaceutical compositions are further provided comprising a
therapeutically effective amount of a compound or a mixture of compounds, analogs,
tautomeric forms, stereoisomers, polymorphs, pharmaceutically acceptable salts or

pharmaceutically acceptable solvates thereof according to formula (I) sutficient to

L
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treat obesity, autoimmune diseases, inflammation, immunological diseases, diabetes
or disorders associated with insulin resistance in a subject.

[00024] The pharmaceutical compositions are preferable for oral use in the form of
a tablet, capsule, powder, syrup, aerosol or suspension.

[00025] Methods are provided for treating diabetes, obesity, autoimmune diseases,
inflammation and immunological disease, including the treatment of cancer,
comprising administering an effective amount of a compound or a mixture of
compounds, analogs, tautomeric forms, stereoisomers, polymorphs, hydrates,
pharmaceutically acceptable salts or pharmaceutically acceptable solvates thereof of

formula (I) to a patient in need thereof.

[00026] Methods are provided for reducing the glucose, free fatty acid, cholesterol
and triglyceride levels in the plasma comprising administering an effective amount of
a compound or a mixture of compounds, analogs, tautomeric forms, stereoisomers,
polymorphs, hydrates, pharmaceutically acceptable salts or pharmaceutically
acceptable solvates thereof of formula (I) to a patient in need thereof.

[00027] A method is provided for treating the disorders associated with insulin
resistance comprising administering an effective amount of a compound or a mixture
of compounds, analogs, tautomeric forms, stereoisomers, polymorphs, hydrates,
pharmaceutically acceptable salts or pharmaceutically acceptable solvates thereof of
formula (I) to a patient in need thereof.

Brief Description of the Drawings

[00028] Fig. 1 is a graph of the results of the basal glucose uptake in 313-Ll
adipocytes of Compounds 1 and 2 of the invention.

[00029] Fig. 2 shows the relative cytotoxicity of Compounds 1 and 2 compared to
troglitazone (TZD).

[00030] Fig. 3 shows microscopic images of stained fibroblasts comparing relative
adipogenesis induced by rosiglitazone and compounds 1 and 2.

[00031] Fig 4 shows the blood glucose lowering effect and effect on body weight
from oral treatment of diabetic mice with Compound 2.

[00032] Fig. 5 shows the glucose tolerance in diabetic mice from oral

administration of Compound 2.
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[00033] [Fig. 6 shows the serum cholesterol lowering effect of Compound 1 in
diabetic mice.

[00034] Fig. 7 shows the 'f'NFa inhibition effects in human peripheral blood cells
by Compounds 1 and 2.

[00035] Fig. 8 shows the inhibition of LPS-induced NO production (by
measurement of nitrite concentration) in mouse macrophages by Compounds 1 and 2.

Detailed Description of the Invention

[00036]) The term analog includes a compound that differs from the parent structure
by one or more C, N, O or S atoms. Hence, in a compound in which one of the N

atoms 1n the parent structure is replaced by an S atom, the latter compound is an
analog of the former.

[00037] The term stereoisomer includes isomers that differ from one another in the

way the atoms are arranged in space, but whose chemical formulas and structures are
otherwise identical. Stereoisomers include enantiomers and diastereoisomers.

[00038] The term tautomer includes readily interconvertible isomeric forms of a
compound 1n equilibrium. The enol-keto tautomerism is an example.

[00039] The term polymorph includes crystallographically distinct forms of
compounds with chemically identical structures.

[00040] The term pharmaceutically acceptable solvates includes combinations of

solvent molecules with molecules or ions of the solute compound.

[00041] The term substituted means that one or more hydrogen atoms are replaced
by a substituent including, but not limited to, alkyl, alkoxy, alkylenedioxy, amino,
amidino, aryl, aralkyl (e.g., benzyl), aryloxy (e.g., phenoxy), aralkoxy (e.g.,
benzyloxy), carboalkoxy (e.g., acyloxy), carboxyalkyl (e.g., esters), carboxamido,
aminocarbonyl, cyano, carbonyl, halo, hydroxyl, heteroaryl, heteroaralkyl,

heteroaryloxy, heteroaralkoxy, nitro, sulfanyl, sulfinyl, sulfonyl, and thio. In addition,
the substituent may be substituted.

[00042] The term derivative refers to a compound obtained from a compound
according to Formula (I), an analog, tautomeric form, stereoisomer, polymorph,
hydrate, pharmaceutically acceptable salt or pharmaceutically acceptable solvate
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thereof, by a simple chemical process converting one or more functional groups, such
as, by oxidation, hydrogenation, alkylation, esterification, halogenation, and the like.

[00043]  Suitable groups represented by Rg is selected from hydrogen, linear or
branched, substituted or unsubstituted (C;-Cg) alkyl groups such as methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, t-butyl, and the like; X represents CRy, O or S
wherein Ry is hydrogen or Ry together with Z forms a S or 6-membered aromatic or
heteroaromatic ring system containing 1 to 2 heteroatoms selected from O, S or N: Z
represents O, S or together with Ry forms a 5 or 6 membered aromatic or
heteroaromatic ring system, containing 1 or 2 hetero atoms selected from O, S or N:
R; and R; are selected from hydrogen, halogens such as fluorine, chlorine, bromine
or 1odine; hydroxy, nitro, cyano, formyl, amino, COR,,, linear or branched,
substituted or unsubstituted (C;-Cg) alkyl groups such as methyl, ethyl, propyl,
1sopropyl, n-butyl, isobutyl, t-butyl, and the like; substituted or unsubstituted (C1-Cs)
alkoxy groups such as methoxy, ethoxy, propoxy, butoxy and the like; Ryo represents -
ORj; or NR 3R 3; where Ry represents hydro gen, substituted or unsubstituted (Cy-Cg)
alkyl groups such as methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, t-butyl, and
the like; (C-Cy ) alkenyl groups such as ethenyl, propenyl, butenyl and the like
which may be substituted; aryl groups, including 5 to 14-membered mono-, bi- or
tricyclic ring systems, such as phenyl, naphthyl and the like which may be substituted,
aralkyl groups such as benzyl, phenyl ethyl, phenyl propyl and the like, heteroaryl]
groups, including 5 to 14-membered mono-, bi- or tricyclic ring systems, such as
pyridyl, thienyl, furyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, isooxazolyl,
oxadiazolyl, triazolyl, thiadiazolyl, tetrazolyl, ﬁyrimidinyl, pyrazinyl, pyridazinyl,
quinolinyl, dihydroquinolinyl, tetrahydroquinolinyl, 1soquinolinyl,
dihydroisoquinolinyl, tetrahydroisoquinolinyl and the like, which may be substituted;,
or a counter icn such as sodium, potassinm or magnesium; R, and R;3 may be same
or different and independently represent H, substituted or unsubstituted (C;1-Ce) alkyl
groups such as methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, t-butyl, and the
like; (C2-Cyp ) alkenyl groups such as ethenyl, propenyl, butenyl and the like which
may be substituted; aryl groups such as phenyl, naphthyl and the like which may be
substituted; or R;> and R;3 together form a heteroaliphatic or heteroaromatic ring,
such as a morpholinyl, piperidinyl, piperazinyl, pyrrolidinyl, azetidinyl ring, and the
like; Rj3, Rg, Rs and Rg, are selected from hydrogen, halogens such as fluorine,
chlorine, bromine or iodine; hydroxy, nitro, cyano, formyl, amino, linear or branched,
substituted or unsubstituted (C;-Cs) alkyl alkoxy groups such as methyl, methoxy,
ethyl, ethoxy, propyl, isopropyl, n-butyl, isobutyl, t-butyl, and the like; (C,;-Cq)
haloalkyl groups such as chloromethyl, chloroethyl, trifluoromethyl, trifluoroethyl,
dichloromethyl, dichloroethyl, trichloromethyl, difluoromethyl, and the like, which
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may be substituted; carboxylic acid and its derivatives which may be substituted,
substituted or unsubstituted (C,-Cs) alkoxy groups such as methoxy, ethoxy, propoxy,
butoxy and the like; thiol, thioalkyl groups which may be substituted, substituted or
unsubstituted sulfonamide and sulfonyl methyl group; R; represents hydrogen,
substituted or unsubstituted (C;-Cg) alkyl groups such as methyl, ethyl, propyl,
1sopropyl, n-butyl, isobutyl, t-butyl, and the like; (C,-Cy ) alkenyl groups such as
ethenyl, propenyl, butenyl and the like which may substituted; aryl groups, including
> to 14-membered mono-, bi- or tricyclic ring systems, such as phenyl, naphthy! and

the like which may substituted, -CH,COOR, or a counter ion; where R represents H or
(C1-Cs) alkyl groups which may substituted.

[00044] When the groups R3, R4, Rs, Rg, and R, are substituted, the substituents
may be selected from halogen, hydroxy, nitro, cyano, azido, amino, hydrazine, alkyl,
aryl, cycloalkyl, alkoxy, aryloxy, acyl, haloacyl, acyloxyacyl, heterocyclyl,
heteroaryl, monoalkylamino, dialkylamino, acylamino, alkoxycarbonyl,
aryloxycarbonyl, alkoxycarbonyloxyalkyl, aryloxycarbonyloxyalkyl,
cycloalkoxycarbonyloxyalkyl, alkanoyloxyalkyl, cycloalkanoyloxyalkyl

alkylsulfonyl, arylsulfonyl, alkylsulfinyl, arylsulfinyl, alkylthio, arylthio, sulfamoyl,
alkoxyalkyl groups or carboxylic acids and its derivatives.

[00045] A useful class of compounds includes those of the Formula (I) wherein Y

1s O; X 1s S or CRyg; Ry 1s COR|¢ and R; is hydrogen or alkyl. A particular subclass of
this class includes those compounds wherein Ry is hydrogen or halo; R4 and Rg are

hydrogen; Rs is hydrogen, halo, haloalkyl or alkoxy; and Ry is hydrogen, -CH,COOR
Or a counterion.

[00046] Another useful subclass of compounds of the Formula (I) includes those
wherein V is CH; X is S; Y, Z and W are O; Ry is —ORy1: Ry, is hydrogen or a
counterion; R;, R3, R4, Rs and Rg are hydrogen; and Ry is hydrogen or a counterion.

[00047] The compounds of the present invention are effective in lowering blood
glucose, serum insulin, free fatty acids, cholesterol and triglyceride levels and are
useful in the treatment and / or prophylaxis of type II diabetes. The compounds of the
present invention are effective in treatment of obesity, inflammation, autoimmune

diseases such as multiple sclerosis and rheumatoid arthritis. Surprisingly, these
compounds increase the leptin level and have no liver toxicity.

[00048] Furthermore, the compounds of the present invention are useful for the
treatment of disorders associated with insulin resistance, such as polycystic ovary
syndrome, as well as hyperlipidemia, coronary artery disease and peripheral vascular
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disease, and for the treatment of inflammation and immunological diseases,
particularly those mediated by cytokines such as TNF-a, IL-1, IL-6, IL-1p and
cyclooxygenase such as COX-2, to include the treatment of cancer. The compounds
of this class are also useful for he treatment of diabetes complications like
retinopathy, neuropathy, and nephropathy and like.

[00049] The term pharmaceutically acceptable salts forming part of this invention
includes base addition salts such as alkali metal salts like Li, Na, and K salts, alkaline
earth metal salts like Ca and Mg salts, salts of organic bases such as lysine, arginine,
guanidine, diethanolamine, choline and the like, ammonium or substituted ammonium
salts. Salts may include acid addition salts which are sulphates, nitrates, phosphates,
perchlorates, borates, hydrohalides, acetates, tartrates, maleates, citrates, succinates,
palmoates, methanesulphonates, benzoates, salicylates, hydroxynaphthoates,
benzenesulfonates, ascorbates, glycerophosphates, ketoglutarates and the like. A
preferred class of salts includes the hydrochloride, hydrobromide, sulfate, besylate,
sodium, potassium, calcium and magnesium salts. Pharmaceutically acceptable
solvates may be hydrates or comprising other solvents of crystallization such as
alcohols. The present invention provides a pharmaceutical composition, containing
the compounds of the general formula (I) as defined above, derivatives, analogs,
tautomeric forms, stereoisomers, polymorphs, hydrates, pharmaceutically acceptable

salts and pharmaceutically acceptable solvates singly or in combination, 1in
combination with the usual pharmaceutically employed carriers, diluents and the like,

useful for the treatment of obesity, autoimmune diseases, inflammation,

immunological diseases, diabetes or disorders associated with insulin resistance in a
subject.

[00050] The pharmaceutical compositions may be in the forms normally employed,
such as tablets, capsules, powders, syrups, solutions, aerosols, suspensions and the
like; may contain flavoring agents, sweeteners etc in suitable solid or liquid carriers or
diluents, or in suitable sterile media to form injectable solutions or suspensions. Such
compositions typically contain from 1 to 20 % preferably 1 to 10 % by weight of
active compound, the remainder of the composition being pharmaceutically
acceptable carriers, diluents or solvents. The preferred compositions for oral

administration are in the form of a tablet, capsule, powder, syrup, aerosol or
suspension.

[00051] The terms "pharmaceutically acceptable carrier (diluent, excipient or
solvent)" include any and all solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents and the like. The use of
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such media and agents for pharmaceutically active substances is well known in the
art. Except insofar as any conventional media or agent is incompatible with the active
ingredient, its use in the therapeutic compositions is contemplated. Supplementary
active ingredients can also be incorporated into the compositions.

[00052] The term "therapeutically effective amount" or “effective amount”
refers to that amount of a compound that is sufficient to effect treatment, as defined
below, when administered to a mammal including humans, in need of such treatment.
The therapeutically effective amount will vary depending upon the subject and

disease condition being treated, the weight and age of the subject, the severity of the
disease condition, the particular compound chosen, the dosing regimen to be
followed, timing of administration, the manner of administration and the like, all of
which can readily be determined by one of ordinary skill in the art.

[00053] The term "treatment" or "treating" means any treatment of a disease in a
mammal, including:

a) preventing the disease, that is, causing the clinical symptoms of the
disease not to develop;

b) inhibiting the disease, that is, slowing or arresting the development of
clinical symptoms; and/or

C) relieving the disease, that is, causing the regression of clinical
symptoms.

[00054] Useful compounds according to the present invention include:

1. {4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-acetic acid;

2. {4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenoxy]}-phenyl } -acetic acid
disodium salt;

3. {4-[4-(4-Oxo-2-thioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl } -acetic acid;
4. {4-[4-(3-Carboxymethyl-4-ox0-2-thioxo-thiazolidin-5-ylmethyl)-phenoxy]-
phenyl}-acetic acid;

S. {4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-2-fluoro-phenoxy]-phenyl}-acetic
acid;

6. {4-[2-Chloro-4-(2,4-dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-acetic
acid;
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7. {4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-2-trifluoromethyl-phenoxy]-
phenyl}-acetic acid;
8. {4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-2-methoxy-phenoxy]-phenyl }-acetic
acid;
9. {4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-3-fluoro-phenoxy}-phenyl } -acetic
acid;

10. {4-[4-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-phenoxy]-phenyl} -acetic acid;
11. {4-[4-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethyl-phenoxy]-
phenyl}-acetic acid;

12. {4.]4-(4-Oxo0-2-thioxo-thiazolidin-5-ylmethyl)-2-trifluoromethyl-phenoxy]-
phenyl}-acetic acid;

13. {4-[4-(4-Oxo0-2-thioxo-thiazolidin-5-ylidenemethyl)-phenoxy]-phenyl}-acetic
acid;

14. {4-[4-(3-Carboxymethyl-4-o0x0-2-thioxo-thiazolidin-5-ylidenemethyl)-
phenoxy]-phenyl}-acetic acid;

15. {4-[4-(3-Carboxymethyl-4-0x0-2-thioxo-thiazolidin-5-ylmethyl)-3-fluoro-
phenoxy]-phenyl}-acetic acid;

16. {6-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenoxy]-pyridin-3-yl}-acetic acid;
17. {6-[4-(4-Ox0-2-thioxo-thiazolidin-5-ylmethyl)-phenoxy]-pyridin-3-yl}-acetic
acid;

18. {6-[4-(3-Carboxymethyl-4-0x0-2-thioxo-thiazolidin-5-ylmethyl)-phenoxy]-
pyridin-3-yl}-acetic acid;

19. {6-[4-(2-Ox0-2,3-dihydro-1H-indol-3~-ylmethyl)-phenoxy]-pyridin-3-yl } -
acetic acid; ’

20. {6-[4-(2-0x0-2,3-dihydro-1H-indol-3-ylmethyl)-2-trifluoromethyl-phenoxy]|-
pyridin-3-yl}-acetic acid;

21. {4-[4-(2-0Ox0-2,3-dihydro-1H-indol-3-ylmethyl)-2-trifluoromethyl-phenoxy}-
phenyl}-acetic acid;

22. {4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenoxy]-2-fluoro-phenyl } -acetic
acid;

23. 2-{4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-N,N-dimethyl-
acetamide;

24. 2-{4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-acetamide;
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25. >-{4-|4-(2-Oxo-2-piperazin-1-yl-ethyl)-phenoxy]-benzyl } -thiazolidine-2,4-
dione:

26. 5-{4-[4-(2-Morpholin-4-yl-2-0x0-ethyl)-phenoxy]-benzyl } -thiazolidine-2,4-
dione;

27.  2-{4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl!}-butyric acid;
28. (4-{[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenyl]-methyl-amino } -phenyl)-
acetic acid; and

29. 5-{4-[4-(2-Oxo-2-piperazin-1-yl-ethyl)-phenoxy]-3-trifluoromethyl-benzyl} -

thiazolidine-2,4-dione.

[000SS]  According to another feature of the present invention, there is provided a
process for the preparation of the compounds of general formula (1).

[00056] General Scheme

R1 2
R1 2 = N
~a N © R3 ~\
+ —_— R4
- \/ R5
R4 W
W CHO \@\
(1a) (1)  R6 CHO
R1 5 74 R1. _R2
x4
A (1c) N-R7 N
R3 R3
AV Y A
R4 — R4 R5 Z
W RS W
x—~X
\@\ @WN— R
CHO
R6 R6 v
(1b) (D

[00057] The reactions described in the processes outlined above are preferably
performed by using the methods described herein:

[00058] Step-I:
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The reaction of compound of formula (Ia) with 4-fluorobenzaldehyde to
produce a compound of the formula (Ib) may be carmied out in the presence of
solvents such as tetrahydrofuran, dimethvlformamide, dimethyl sulfoxide, DME and
the like or a mixtures of solvents may be used. The reaction may be carried out in an
inert atmosphere. The reaction may be effected in the presence of a base such as
K,COs;, Na,COs, potassium tert-butoxide, NaH or mixtures thereof. The reaction
temperature may range from 60 °C to 100 °C, preferably at a temperature in the range
of 80 °C to 100 °C. The duration of the reaction may range from 1 to 24 hours,
preferably from 15 to 20 hours.

[00059] Step-1I:

The reaction of the compound of the formula (Ib) with a compound of

formula (Ic) is carried out in the presence of base and 1n the presence of a solvent

such as toluene, methoxyethanol or mixtures thereof to yield a compound of formula
(I). The reaction temperature may range from 60 °C to 180 ®C. Suitable catalyst such
as piperidinium acetate or benzoate, sodium acetate or mixtures of catalysts may also
be employed. The water produced in the reacbon may be removed by wusing Dean
Stark water separator or by using water-absorbing agents like molecular sieves.

[00060] Step-II:

In another embodiment of the present invention, there is provided a
process for the preparation of compounds of formula (I), by reducing the penultimate
step of formula (I) wherein —- represents bond .The reduction step 1s not required
when

— represent no bond and all other symbols are as defined earhier. The
reduction of the compound of formula (I), to produce the general compound of

formula (I) may be carried out in the presence of gaseous hydrogen and a catalyst
such as PA/C, Rb/C, Pt/C, RaneT)If‘INickel, and the hike. Mixtures of catalysts may also

be used. The reaction may be conducted in the presence of solvents such as methanol,
dichloromethane, dioxane, acetic acid, ethyl acetate and the Iike. Mixtures of solvents
may also be used. A pressure between atmospheric pressure to 100 psi may be
employed. The catalyst may be 5-10% Pd/C and the amount of catalyst used may
range from 50-300% w/w.

[00061] It is appreciated that in any of the above-mentioned reactions any reactive
functional group in the substrate molecule may be protected according to the
conventional chemical practice. Suitable protecting groups in any of these reactions
are those used conventionally in the art, and the methods of formation and removal of
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such protecting groups are those conventional methods appropriate to the molecule
being protected.

[00062] The invention is explained in detail in the example given below which i1s
provided by way of illustration only and therefore should not be construed to limit the
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scope of the invention.
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[00063] Example

Svnthesis of {4-14-(2.4-Dioxothiazolidin-S-ylmethyvDphenoxyl-phenyl}acetic

5 acid (Compound 1)

COOH

O

O

[00064] Step I: Svnthesis of [4-(4-Formylphenoxy)phenyl]acetic acid

10
COOH

L
CHO

To a suspension of 4-hydroxyphenylacetic acid (5.8 g, 38.2 mmoles) in dry
DMF (50 mL) under argon, was added K;COj3; (15.8 g, 114.5 mmoles), and 4-

15  fluorobenzaldeyde (23.7 g, 190.8 mmoles), and the reaction mixture was stirred at 78
+ 2 °C for 18 hours under argon (Note: the reaction mixture becomes very viscous
soon after the addition of 4-fluorobenzaldehyde, which slowly liquefies again).
Subsequently the reaction mixture was cooled to room temperature, then poured into
water (250 mL) and stirred for 15 minutes. The aqueous layer was extracted with

20 ethyl acetate (2 x 75 mL); the organic layer was discarded and the resulting aqueous
layer was acidified with HCI1 (~ 6M) to pH 2.0. The aqueous layer was extracted with
ethyl acetate (2 x 100 mL), the combined organic layers were washed with brine (50

mL), dried over anhydrous magnesium sulfate and evaporated under reduced pressure
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to atford a mixture which was purified by silica gel chromatography using hexane —
ethyl acetate (7:3) containing 1% acetic acid as eluent to yield a pale yellow solid (2.5
g, 25.6 %). 'H NMR (400 MHz, DMSO-de): 8 ppm: 12.34 (br, 1H), 9.92 (s, 1H), 7.92
(d,J = 8.8 Hz, 2H), 7.35 (d, J = 8.8 Hz, 2H), 7.11 (overlapped d, ] = 8.8 Hz, 2H), 7.10
(overlapped d, J = 8.8 Hz, 2H), 3.61 (s, 2H).

[00065] Step II: Synthesis of 4-]14-(2.4-Dioxothiazolidin-5-
hidenemethv])pheno henvRlacetic acid
COOH
O
0 .4
_ NH
O

The aldehyde from the Step I (2.22 g, 8.67 mmoles) was dissolved in toluene
(30 mL), and benzoic acid (0.16g, 1,30 mmoles), piperidine (0.096 g, 1.13mM) and
2,4-thiazohdinedione (1.22 g, 10.40 mmoles) were added sequentially to it. Water
was azeotropically removed from the above reaction mixture for about 2 hours.
Subsequently the reaction mixture was cooled to room temperature, and filtered. The
pale yellow solid, which separated out, was boiled in ethyl acetate (50 mL) for 5
minutes, cooled and filtered. This procedure was repeated once again to yield the
product 2.63 g, 85.4%. '"H NMR (MHz, DMSO-dg) 6 ppm: 12.42 (br, 1H), 7.64 (s,
1H), 7.59 (d, J = 8.4 Hz, 2H), 7.32 (d, ] = 8.8 Hz, 2H), 7.08 (d, J = 8.8 Hz, 2H), 7.05
(J = 8.8 Hz, 2H), 3.58 (s, 2H).

[00066] Ster 111: Synthesis  of 4-]4-(2.4-Dioxothiazolidin-5-
yimethyl)phenoxy] phenyl}acetic acid

COOH
O
O s
O

18



10

15

20

25

30

CA 02642650 2008-08-15

WO 2007/097992 PCT/US2007/004007

BEX1P017.WO

Palladium on carbon (10%, 0.5 g), ammonium formate (3.55 g, 56.34 mmol)
and the Step II material (1.0 g, 2.82 mmol) were sequentially added to acetic acid (10
mL) under an inert atmosphere and the reaction mixture was refluxed for 15 hours.
Since the reaction was still incomplete after 15 hours, palladium on carbon (10%, 0.5
g), and ammonium formate (3.55 g, 56.34 mmol) were re-added and the reaction was
refluxed for an additional 15 hours. Subsequently the reaction mixture was cooled to
room temperature, and filtered through a Celite® bed. The bed was washed
thoroughly with ethyl acetate (2 x 50 mL), and the solvent evaporated. Purification of
the residue by silica gel chromatography, using hexane-ethyl acetate (3:2) mixture
containing acetic acid (1%) afforded the desired compound. Yield: 0.52 g, 52%. m.p.
166°C. 'H NMR (MHz, DMSO-ds) & ppm: 12.28 (br, 1H), 12.05 (br, 1H), 7.26
(overlapped d, J = 8.8 Hz, 2H), 7.25 (overlapped d, J = 8.8 Hz, 2H), 6.94 (overlapped
d, J = 8.8 Hz, 2H), 6.93 (J = 8.8 Hz, 2H), 4.90 (dd, J = 9.6 and 4.4 Hz, 1H), 3.55 (s,
2H), 3.36 (dd, 14.4 and 4.8 Hz, 1H) and 3.11 (dd, 14.4 and 9.2 Hz, 1H); MS m/z 356
[M — 1]. The disodium salt, Compound 2, is prepared by mixing Compound 1 with
two equivalents of NaCl in solution and lyophilizing the mixture. |

100067] Biological Testing

Glucose Uptake

Referring to Fig. 1, 3T3-L1 fibroblasts were differentiated to adipocytes by a
cocktail containing insulin, dexamethasone and IBMX for four days. Fully
differentiated adipocytes were treated with the compounds (1.0 pM concentrations) or
0.1% DMSO for 72 hours and then glucose uptake was carried out for 10 minutes
without any addition of insulin. Basal uptake was initiated by addition of radioactive
MC- 2-deoxyglucose and after 10 minutes they were washed with cold PBS mixed
with cold glucose. At the end, the cells were solubilized with 0.1% SDS and counted

in a Beckman scintillation counter. Both the Compounds 1 and 2 induced glucose
uptake over basal levels.

{00068] Cytotoxicity

Referring to Fig. 2, human liver cells (HepG2) are capable of metabolizing the
drug substance as reported earlier. Troglitazone, the first marketed thiazolidinedione
was withdrawn from the market because of severe hepatotoxicity. To find the
cytotoxic effect of this class of new thiazolidinedione compounds (TZD), they were
incubated in HepG2 cells for 24 hours and then the viability was measured by
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colorimetric reactions with MTS. Both Compounds 1 and 2 did not show any toxicity
even at 100uM concentrations.

[00069] Adipogenesis

All known PPAR-y agonists (both TZD or non-TZDs) induce differentiation in
the fibroblast cells. The adipogenic potential of these compounds are correlated with
their affinity to this receptor. Referring to Fig. 3, to check whether the Compounds 1
and 2 have any affinity to these receptors, 3T3-L1 fibroblasts were treated with either
DMSO control or rosiglitazone (all at 10 pM concentrations) as positive control or
these two compounds for several days at different concentrations. On day 11", the
differentiated adipocytes were stained with Qil-red-O (Sigma) and washed thoroughly
to remove the unbound stain. The stained differentiated adipocytes were visualized
under high-resolution microscope. PPAR-y agonist rosiglitazone strongly induced

adipogenesis in this cell system whereas both compounds 1 and 2 remained
unchanged, that is they are non-adipogenic and probably they do not.

[00070] Blood Glucose Lowering and Body Weight

Referring to Fig. 4, ten week old male db/db (spontaneous model) diabetic
mice were orally treated with compound 1 at a dose of 50 mg/kg body weight and

blood glucose was monitored by one touch glucometer every day morning before the
next dose.

[00071] Glucose Tolerance

Referring to Fig. 5, db/db mice (6-8 weeks old) were treated with Compound 2
(50 mg/kg) once daily for 14 days. On day 14 the animals were fasted overnight and

gavaged with Compound 2, one hour prior to oral glucose challenge (2 g/kg BW).
Blood glucose levels were monitored pre-dose, at 30, 60, 90, 120, 180 and 210
minutes, and showed improvement in glucose tolerance.

[00072] Serum Cholesterol

Referring to Fig. 6, db/db mice (6-8 weeks old) were treated with Compound 2

(50 mg/kg) once daily for 14 days. At the end of the study serum cholesterol was
measured by a colorimetric method.
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[00073] TNFa Inhibition

Compound 1 and 2 inhibit major pro-inflammatory cytokines in human
peripheral blood mononuclear cells isolated from volunteers. Referring to Fig. 7,
human PBMC cells were cultured and incubated with Compound 1 and 2 at 10uM
concentration. Cells (1 x 10%/mL) were challenged with lipopolysaccharides (LPS) at
a concentration of (100 ng/mL) for 20 hours. TNF was measured by ELISA.

[00074] Imhibition of LPS-Induced NO Production

Mouse macrophages (RAW 264.7) were plated in 6-well plate (2 million
cells/well), and incubated at 37°C with LPS (200 ng/mL + IFN-y 10 U/mL) for 18
hours. Nitrite levels were measured by the Griess reagent. The results are shown 1n
Fig. 8. All of the compounds were tested at 30pM concentrations.
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Claims:
1. A compound of the formula (I)

R1 R2

I

PAY,
R4 R5 L

WM
.-l N—R7
R6

Y

R3

()

a tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically
acceptable salt or a pharmaceutically acceptable solvate thereof, wherein - - - -
represents an optional bond; V represents CH or N; Y represents O or S; W represents
O or NRg; Rgis hydrogen or linear or branched, substituted or unsubstituted (C;-Cs)
alkyl group; X represents CRog, O or S wherein Ry is hydrogen or Ry together with Z
forms a 5 6r 6-membered aromatic or heteroaromatic ring system containing 1 to 2
heteroatoms which are O, S or N; Z represents O, S or together with Rg formsa S to 6
membered aromatic or heteroaromatic ring system containing 1 to 2 hetero atoms
which are O, S or N; R; is a halogen, nitro, cyano, formyl, —COR ¢ or substituted or
unsubstituted (C,-C¢) alkoxy group; R; is hydrogen, halogen, hydroxy, nitro, cyano,
formyl, -COR;y, linear or branched unsubstituted alkyl group, or substituted or
unsubstituted (Ci-C¢) alkoxy group; Ry represents -OR;; or -NR;2R;3; where Ry
represents a counter ion, hydrogen or a substituted or unsubstituted group which is

alkyl, alkenyl, aryl, aralkyl, or heteroaryl; Ry, and Ry3 may be same or different and
independently represent H or substituted or unsubstituted alkyl, alkenyl

or aryl groups; or Rj, and R;3; together form a heteroaliphatic or
heteroaromatic ring; R3, R4y, Rs and Rg, are hydrogen, halogen, hydroxy, nitro,

cyano, formyl, amino, linear or branched, substituted or unsubstituted (C;-Ce)
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alkyl or alkoxy groups, haloalkyl groups, carboxylic acid, unsubstituted sulfonamide
or sulfonyl methyl group; R represents a counter ion, hydrogen, substituted or

unsubstituted alkyl, alkenyl, -CH,COOR, or aryl groups; wherein R represents H or
(C1-Cs) alkyl group.

2. The compound according to Claim 1, tautomeric form, stereoisomer,
crystalline form, hydrate, pharmaceutically acceptable salt and pharmaceutically
acceptable solvate thereof, wherein Y is O; X is S or CRy; R; is CORyp and R; s
hydrogen or alkyl.

3. The compound according to Claim 2, tautomeric form, stereoisomer,
crystalline form, hydrate, pharmaceutically acceptable salt and pharmaceutically
acceptable solvate thereof, wherein Rj is hydrogen or halo; R4 and Rg are hydrogen;
Rs 1s hydrogen, halo, haloalkyl or alkoxy; and R» is hydrogen, -CH,COOR or a

counter 10n.

4. The compound according to Claim 3, tautomeric form, stereoisomer,
crystalline form, hydrate, pharmaceutically acceptable salt and pharmaceutically
acceptable solvate thereof, wherein Vis CH; X is S; Y, Z and W are O; Ryg is —OR;1;
Ry 1s hydrogen or a counter ion; Ry, R;, R4, Rs and Rg are hydrogen; and Ry is

hydrogen or a counter ion.

5. The compound {4-[4-(2,4-dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-

acetic acid.

6. The compound {4-[4-(2,4-dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-

acetic acid disodium salt.

7. The compound
{4-[4-(2,4-Dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-acetic ~ acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.
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8. The compound of Claim 1, wherein the compound is {4-[4-(2,4-Dioxo-
thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-acetic acid disodium salt or its tautomeric

forms, stereoisomer, crystalline form, hydrate or pharmaceutically acceptable solvate.

9. The compound of Claim 1, wherein the compound 1s {4-[4-(4-Ox0-2-thi0x0-
thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-acetic acid or its tautomeric form,

stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

10.  The compound of Claim 1, wherein the compound is {4-[4-(3-Carboxymethyl-
4-0x0-2-thioxo-thiazolidin-5-ylmethyl)-phenoxyl- phenyl}-acetic acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.

11.  The compound of Claim 1, wherein the compound is {4-[4-(2,4-Dioxo-
thiazolidin-5S-ylmethyl)-2-fluoro-phenoxy]-phenyl}-acetic acid or its tautomeric form,
stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

12. The compound of Claim 1, wherein the compound i1s {4-[2-Chloro-4-(2,4-

dioxo-thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-acetic acid or its tautomeric form,
stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

13. The compound of Claim 1, wherein the compound 1s {4-[4-(2,4-Dioxo-
thiazolidin-5-ylmethyl)-2-trifluoromethyl-phenoxy]-phenyl}-acetic  acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.

14.  The compound of Claim 1, wherein the compound is {4-[4-(2,4-Dioxo-
thiazolidin-5-ylmethyl)-2-methoxy-phenoxy]-phenyl}-acetic acid or its tautomeric
form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

24



CA 02642650 2014-03-14

15.  The compound of Claim 1, wherein the compound i1s {4-[4-(2,4-Dioxo-
thiazolidin-5-ylmethyl)-3-fluoro-phenoxy]-phenyl}-acetic acid or its tautomeric form,
stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

16. The compound of Claim 1, wherein the compound is {4-[4-(2,4-Dioxo-
thiazolidin-5-ylidenemethyl)-phenoxy]-phenyl}-acetic acid or its tautomeric form,

stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

17.  The compound of Claim 1, wherein the compound 1s {4-[4-(2,4-Dioxo-
thiazolidin-5-ylidenemethyl)-2-trifluoromethyl-phenoxy]-phenyl}-acetic acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.

18.  The compound of Claim I, wherein the compound is {4-[4-(4-Oxo0-2-thioxo-
thiazolidin-5-ylmethyl)-2-trifluoromethyl-phenoxy]-phenyl}-acetic acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.

19.  The compound of Claim 1, wherein the compound is {4-[4-(4-Oxo0-2-thioxo-
thiazolidin-5-ylidenemethyl)-phenoxy]-phenyl}-acetic acid or its tautomeric form,

stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

20.  The compound of Claim 1, wherein the compound is {4-[4-(3-Carboxymethyl-
4-0x0-2-thioxo-thiazolidin-5-ylidenemethyl)-phenoxy]-phenyl}-acetic acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.

21.  The compound of Claim 1, wherein the compound is {4-[4-(3-Carboxymethyl-
4-0x0-2-thioxo-thiazolidin-5-ylmethyl)-3-fluoro-phenoxy]-phenyl}-acetic acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.
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22. The compound of Claim 1, wherein the compound is {6-[4-(2,4-Dioxo-
thiazolidin-5-ylmethyl)-phenoxy]-pyridin-3-yl}-acetic acid or its tautomeric form,
stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

23.  The compound of Claim 1, wherein the compound is {6-[4-(4-Ox0-2-thioxo-
thiazolidin-5-ylmethyl)-phenoxy]-pyridin-3-yl}-acetic acid or its tautomeric form,
stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

24.  The compound of Claim 1, wherein the compound is {6-[4-(3-Carboxymethyl-
4-0x0-2-thioxo-thiazolidin-5-ylmethyl)-phenoxy]-pyridin-3-yl}-acetic acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.

25. The compound of Claim 1, wherein the compound 1s {6-[4-(2-Ox0-2,3-
dihydro-1H-indol-3-ylmethyl)-phenoxy]-pyridin-3-yl}-acetic acid or its tautomeric
form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

26.  The compound of Claim 1, wherein the compound is {6-[4-(2-Ox0-2,3-
dihydro-1H-indol-3-ylmethyl)-2-trifluoromethyl-phenoxy]-pyridin-3-yl}-acetic  acid
or its tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically

acceptable salt or pharmaceutically acceptable solvate.

27.  The compound of Claim 1, wherein the compound i1s {4-[4-(2-Ox0-2,3-
dihydro-1H-indol-3-ylmethyl)-2-trifluoromethyl-phenoxy]-phenyl }-acetic acid or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate.

28.  The compound of Claim 1, wherein the compound is {4-[4-(2,4-Dioxo-

thiazolidin-5-ylmethyl)-phenoxy]-2-fluoro-phenyl} -acetic acid or its tautomeric form,
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stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

29.  The compound of Claim 1, wherein the compound is 2-{4-[4-(2,4-Dioxo-
thiazolidin-3-ylmethyl)-phenoxy]-phenyl}-N,N-dimethyl-acetamide or its tautomeric
form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

30.  The compound of Claim 1, wherein the compound is 2-{4-[4-(2,4-Dioxo-
thiazolidin-5-ylmethyl)-phenoxy]-phenyl}-acetamide or its tautomeric form,

stercoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

31. The compound of Claim 1, wherein the compound is 5-{4-[4-(2-Ox0-2-
piperazin-1-yl-ethyl)-phenoxy]-benzyl} -thiazolidine-2,4-dione or its tautomeric form,
stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

32.  The compound of Claim 1, wherein the compound is 5-{4-[4-(2-Morpholin-4-
yl-2-oxo0-ethyl)-phenoxy|-benzyl}-thiazolidine-2,4-dione or its tautomeric form,
stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

33. The compound of Claim 1, wherein the compound is 2-{4-[4-(2,4-Dioxo-
thiazolidin-5-ylmethyl)-phenoxy|-phenyl}-butyric acid or its tautomeric form,
stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.

34.  The compound of Claim 1, wherein the compound 1s (4-{[4-(2,4-Dioxo-
thiazolidin-5-ylmethyl)-phenyl]-methyl-amino}-phenyl)-acetic acid or its tautomeric
form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable salt or

pharmaceutically acceptable solvate.
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35.  The compound of Claim 1, wherein the compound is 5-{4-[4-(2-Oxo0-2-
piperazin-1-yl-ethyl)-phenoxy]-3-trifluoromethyl-benzyl} -thiazolidine-2,4-dione  or
its tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically

acceptable salt or pharmaceutically acceptable solvate.

36. The compound according to Claim 1, wherein the said pharmaceutically

acceptable salt is a hydrochloride, hydrobromide, sulfate, besylate, sodium,

potassium, calcium or magnesium salt.

37. A pharmaceutical composition comprising a therapeutically effective amount
of a compound or a mixture of compounds, tautomeric forms, stereoisomers,
crystalline form, hydrates, pharmaceutically acceptable salt or pharmaceutically
acceptable solvate thereof as defined in any one of Claims 1 to 36 sufficient to reduce
in a subject the plasma level of glucose, fatty acids, cholesterol or triglycerides and a

pharmaceutically acceptable carrier, diluent, excipient or solvate.

38. A pharmaceutical composition comprising a therapeutically effective amount
of a compound or a mixture of compounds, tautomeric form, stereoisomer, crystalline
form, hydrate, pharmaceutically acceptable salt or pharmaceutically acceptable
solvate thereof as defined in any one of Claims 1 to 36 sufficient to treat obesity,
autoimmune diseases, inflammation, immunological diseases, diabetes or disorders
associated with insulin resistance in a subject and a pharmaceutically acceptable

carrier, diluent, excipient or solvate.

39.  The pharmaceutical composition according to Claim 37 in the form of a tablet,

capsule, powder, syrup, aerosol or suspension.

40.  The pharmaceutical composition according to Claim 38 in the form of a tablet,

capsule, powder, syrup, aerosol or suspension.

41.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

reducing the glucose level in the plasma in a patient.
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42.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

reducing the free fatty acid level in the plasma in a patient.

43,  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

reducing the cholesterol level in the plasma in a patient.

44,  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereotsomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

reducing the triglyceride level in the plasma in a patient.

45.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

treating diabetes in a patient.

46.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its

tautomeric form, sterecoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

treating obesity in a patient.

47.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

treating autoimmune diseases 1n a patient.

48.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its

tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
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salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

treating cancer 1n a patient.

49.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

treating inflammation in a patient.

50.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

treating immunological diseases in a patient.

51.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate in the manufacture of a medicament for

treating the disorders associated with insulin resistance in a patient.

2. Use of a compound as defined in claim 5 or 6 in the manufacture of a
medicament for (i) reducing the plasma level of glucose, free fatty acid, cholesterol,

triglyceride level or (ii) treating diabetes, obesity, autoimmune diseases, cancer,
inflammation, immunological disease or the disorders associated with insulin

resistance in a patient.

53.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its

tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate for reducing the glucose level in the

plasma in a patient.

54.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its

tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
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salt or pharmaceutically acceptable solvate for reducing the free fatty acid level in the

plasma in a patient.

55.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate for reducing the cholesterol level in the

plasma in a patient.

56.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate for reducing the triglyceride level in the

plasma in a patient.

57.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate for treating diabetes in a patient.

58.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate for treating obesity in a patient.

59.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its

tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate for treating autoimmune diseases in a

patient.

60.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its

tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate for treating cancer in a patient.

61.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its

tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate for treating inflammation in a patient.
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62.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable

salt or pharmaceutically acceptable solvate for treating immunological diseases in a

patient.

63.  Use of a compound as defined in any one of Claims 1 to 4 and 7 to 36 or its
tautomeric form, stereoisomer, crystalline form, hydrate, pharmaceutically acceptable
salt or pharmaceutically acceptable solvate for treating the disorders associated with

insulin resistance in a patient.

64.  Use of a compound as defined in claim 5 or 6 for (i) reducing the plasma level
of glucose, free fatty acid, cholesterol, triglyceride level or (ii) treating diabetes,
obesity, autoimmune diseases, cancer, inflammation, immunological disease or the

disorders associated with insulin resistance in a patient.
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Fig 3. Compound 1 and 2 are not adipogenic
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Fig 5. Compound 2 improves oral glucose tolerance
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Fig 6. Compound 1 lowers total cholesterol
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Compound 1 and 2 induces basal glucose uptake
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