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(57) ABSTRACT 

This invention discloses compounds that alter PPAR activ 
ity. The invention also discloses pharmaceutically accept 
able salts of the compounds, pharmaceutically acceptable 
compositions comprising the compounds of their salts, and 
methods of using them as therapeutic agents for treating or 
preventing disipidemia, hypercholesteremia, obesity, eating 
disorders, hyperglycemia, atherosclerosis, 
hypertriglyceridemia, hyperinsulinemia and diabetes in a 
mammal as Well as methods of suppressing appetite and 
modulating leptin levels in a mammal. The present invention 
also discloses methods for making the disclosed compounds. 

3 Claims, No Drawings 
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COMPOUNDS THAT MODULATE PPAR 
ACTIVITY AND METHODS FOR THEIR 

PREPARATION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a divisional application of US. Ser. 
No. 10/347,749, ?led Jan. 22, 2003, which claims priority to 
US. Provisional Applications Ser. Nos. 60/370,508, ?led 
Apr. 5, 2002 and 60/386,026, ?led Jun. 5, 2002. 

FIELD OF THE INVENTION 

The present invention relates to compounds and pharma 
ceutical formulations that can be used to treat conditions 
mediated by nuclear hormone receptors, more speci?cally, 
to compounds and pharmaceutical formulations that modu 
late Peroxisome Proliferator Activation Receptor (PPAR) 
activity. 

BACKGROUND OF THE INVENTION 

Hypercholesterolemia, dyslipidemia, diabetes, and obe 
sity are well-recognized risk factors in the onset of athero 
sclerosis and coronary heart disease. The diseases are char 
acterized by high levels of cholesterol and lipids in the 
blood. The blood cholesterol pool is generally dependent on 
dietary uptake of cholesterol from the intestine, and from the 
biosynthesis of cholesterol throughout the body, especially 
the liver. The majority of cholesterol in plasma is carried on 
apolipoprotein B-containing lipoproteins, such as low 
density lipoproteins (LDL) and very-low-density lipopro 
teins (V LDL). The risk of coronary artery disease in man 
increases when LDL and VLDL levels increase. Conversely, 
high levels of cholesterol carried in high-density lipopro 
teins (HDL) is protective against coronary artery disease 
(Am. J. Med., 1977;62:707-714). 
The statins represent perhaps the most important class of 

lipid-lowering drugs. These compounds inhibit HMG-CoA 
reductase which is implicated in the rate-limiting step in 
cellular cholesterol biosynthesis. Representative statins 
include atorvastatin, lovastatin, pravastatin, and simvastatin. 
The effectiveness of these compounds depends on LDL 
receptor regulation. Other important antilipidemia drugs 
include ?brates such as gem?bril and clo?brate, bile acid 
sequestrants such as cholestyramine and colestipol, 
probucol, and nicotinic acid analogs. 

To date, a number of oral antidiabetic agents have been 
developed. The most commonly used hypoglygernic drugs 
are the sulfonylureas. Sulfonylureas are generally used to 
stimulate insulin. The biguanide metforrnin is generally used 
to improve insulin sensitivity and to decrease hepatic glu 
cose output. Acarbose is used to limit postprandial hyperg 
lycemia. ThiaZolidine 2,4 diones are used to enhance insulin 
action without increasing insulin secretion. 

Obesity is a chronic disease that is highly prevalent in 
modern society and is associated not only with a social 
stigma, but also with decreased life span and numerous 
medical problems, including diabetes mellitus, insulin 
resistance, hypertension, hypercholesterolemia, throm 
boembolic disease, and coronary heart disease. Rissanen et 
al, British Medical Journal, 301:835-837 (1990). Treatment 
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2 
of obesity remains a problem and it is unclear whether 
dieting results in decreased long-term risk of early death. A 
further important obesity intervention is physical activity. 
Exercise, however, in general, has been found to be only 
moderately successful in promoting weight loss. A program 
combining both dieting and exercise as well as behaviour 
modi?cation is widely viewed as the optimal approach to 
weight loss. Studies have demonstrated that the combination 
of both food restriction and exercise promote a substantial 
loss of fat while maintaining lean tissue. 

Peroxisome Proliferator Activation Receptors (PPAR) are 
implicated in a number of biological processes and disease 
states including hypercholesterolemia, dyslipidemia, and 
diabetes. PPARs are members of the nuclear receptor super 
family of transcription factors that includes steroid, thyroid, 
and vitamin D receptors. They play a role in controlling 
expression of proteins that regulate lipid metabolism. 
Furthermore, the PPARs are activated by fatty acids and 
fatty acid metabolites. There are three PPAR subtypes PPAR 
0t, PPAR [3 (also referred to as PPAR 6), and PPAR y. Each 
receptor shows a different pattern of tissue expression, and 
diiferences in activation by structurally diverse compounds. 
PPAR y, for instance, is expressed most abundantly in 
adipose tissue and at lower levels in skeletal muscle, heart, 
liver, intestine, kidney, vascular endothelial and smooth 
muscle cells as well as macrophages. PPAR receptors are 
associated with regulation of insulin sensitivity and blood 
glucose levels, macrophage diiferentiation, in?ammatory 
response, and cell diiferentiation. Accordingly, PPARs have 
been associated with obesity, diabetes, carcinogenesis, 
hyperplasia, atherosclerosis, dyslipidemia, and hypercholes 
terolemia. 

In addition, PPARO. agonists lower plasma triglycerides 
and LDL cholesterol and are therefore useful in treating 
hypertriglyceridemia, dyslipidemia and obesity. PPAR y is 
associated with the development of non-insulin-dependent 
diabetes mellitus (NIDDM), hypertension, coronary artery 
disease, dyslipidemia and certain malignancies. Finally, 
activation of PPAR [3 has been demonstrated to increase 
HDL levels. (LeibowitZ, WO97/28149, August 1997.) More 
recently, a PPAR [3 selective agonist was reported to have 
shown a dose-related increase in serum HDL-C and decrease 
in LDL-C and VLDL-TG in insulin-resistant middle aged 
rhesus monkeys. (W. R. Oliver et al., PNAS, v. 98, pp. 
5306-5311, 2001) 

Antilipidemic, antidiabetic and anti-obesity agents are 
still considered to have non-uniform effectiveness. The 
effectiveness of antidiabetic and antilipidemic therapies is 
limited, in part because of poor patient compliance due to 
unacceptable side effects. These side effects include diarrhea 
and gastrointestinal discomfort, and in the case of 
antidiabetics, edema, hypoglycemia and hepatoxicity. 
Furthermore, each type of drug does not work equally well 
in all patients. 

For the reasons set forth above, there is a need for novel 
antilipidemic, antidiabetic, and anti-obesity agents that can 
be used alone or in combination. Furthermore, activation of 
multiple PPARs, for instance, PPAR[3 alone or in combina 
tion with the simultaneous activation of PPAR 0t and/or 
PPAR y, may be desirable in formulating a treatment for 
dyslipidemia in which HDL is increased and LDL lowered. 

SUMMARY OF THE INVENTION 

The present invention provides compounds capable of 
modulating PPAR activity. Compounds of the present inven 
tion are described by Formula I: 
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and pharmaceutically acceptable salts thereof, where: 
X0 and X1 are independently absent, 0, S, iCHzi, 

iCHziCHzi, iCH=CHi, iCHECHi, is 
(0)24, or ism»; 

Ar1 and Ar2 are each independently unsubstituted or 
substituted aryl or heteroaryl, provided that Arl is not 
thiaZolyl or oXaZolyl; 

is a saturated or unsaturated hydrocarbon chain Which is 
substituted or unsubstituted, Wherein said chain has from 1 
to 4 atoms so that 

Arl, X1, (CH2),, and Ar2, together form a ?ve to eight 
membered ring; 

R1 and R2 are selected from hydrogen, loWer alkyl, loWer 
alkoxy, haloalkyl, 4Oi(CH2)mCF3, halogen, nitro, cyano, 
iOH, iSH, iCF3, iS(O)Palkyl, S(O)Paryl, i(CH2)m 
0R5, i(CH2)mNR6R7, %OR5, CO2R5, or iNR6R7, or 
together With the atoms to Which they are attached form a 
?ve to eight member ring; 

R3 and R4 are selected from hydrogen, loWer alkyl, loWer 
alkoxy, haloalkyl, 4Oi(CH2)mCF3, halogen, nitro, cyano, 
iOH, iSH, iCF3, iS(O)Palkyl, S(O)Paryl, i(CH2)m 
0R5, i(CH2)mNR6R7, %OR5, iCOzH, iCOzRs, or 
iNR6R7; 

provided that at least one of Rl-R4 is H, loWer alkyl, loWer 
alkoxy, haloalkyl, 4Oi(CH2)mCF3, halogen, nitro, cyano, 
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R5 is hydrogen, alkyl, alkenyl, alkynyl, or aryl; 
R6 and R7 are each independently hydrogen, alkyl, 

alkenyl, alkynyl, iCOalkyl, iCOaryl, cycloalkyl, 
4CO2alkyl, 4CO2aryl, or R6 and R7 together With the 
atoms to Which they are attached form a 4 to 7 membered 
ring having 1 to 3 heteroatoms; 
m is 0 to 5; 
p is 0, l, or 2; 
q is 0 to 6; and 
r is 0 to 6. 
The invention also provides a compound of formula (II): 

and pharmaceutically acceptable salts thereof, where: 
X0 and X1 are independently absent, 0, S, iCH2i, 

iCH2iCH2i, iCH=CHi, iCHECHi, is 
(Obi, Or *$(O)*; 

Ar1 and Ar2 are each independently unsubstituted or 
substituted aryl or heteroaryl, provided that Arl is not 
thiaZolyl or oXaZolyl; 

is a saturated or unsaturated, hydrocarbon chain Which is 
substituted or unsubstituted, Wherein said chain has from 1 
to 4 atoms so that 

Arl, X1, (CH2),, and Ar2, together form a ?ve to eight 
member ring; 
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R3 and R4 are selected from hydrogen, lower alkyl, lower 
alkoxy, haloalkyl, 4Oi(CH2)mCF3, halogen, nitro, cyano, 
iOH, iSH, iCF3, iS(O)Palkyl, S(O)Paryl, i(CH2)m 
0R5, i(CH2)mNR6R7, %OR5, iCOzH, iCO2R5, or 
iNR6R7; 

R5 is hydrogen, alkyl, alkenyl, alkynyl, or aryl; 
R6 and R7 are each independently hydrogen, alkyl, 

alkenyl, alkynyl, iCOalkyl, iCOaryl, cycloalkyl, 
iCOzalkyl, 4CO2aryl, iSO2alkyl, iSO2aryl, or R6 and 
R7 together With the atoms to Which they are attached form 
a 4 to 7 membered ring having 1 to 3 heteroatoms; 

/ 
Tl 

is a saturated or unsaturated, substituted or unsubstituted 

hydrocarbon chain or hydrocarbon-heteroatom chain having 
from 3 to 6 atoms Wherein the carbon atom of position 2 is 
connected to the carbon atom of position 3 to form a ?ve to 

eight member ring; 

mis0to5; 
pis0to2; 
qis0to6;and 
ris0to6. 

In still another embodiment of the present invention, a 
method of treating, preventing or controlling hypercholes 
teremia and dyslipidemia in a mammal is provided. The 
method comprises administering to the mammal in need 
thereof a therapeutically effective amount of the compounds 
of the present invention. Additionally, the compounds of the 
present invention are also useful in the method of the present 
invention for treating, preventing, or controlling obesity, 
eating disorders, hyperglycemia, atherosclerosis, 
hypertriglyceridemia, hyperinsulinemia and diabetes. 
Furthermore, the compounds of the present invention are 
also useful in the methods of suppressing appetite in a 
mammal, modulating leptin levels in a mammal, and treating 
a patient exhibiting glucose disorders associated With cir 
culating glucocorticoids, groWth hormone, catecholamines, 
glucagon, or parathyroid hormone. For each disease state 
treatable, preventable, or controllable by the method of the 
present invention, a therapeutically effective amount of the 
compounds of the present invention are administered to the 
mammal in need thereof. 

In yet another embodiment of the present invention, a 
method for preparing compounds With Formulae I-II, or a 
pharmaceutically acceptable salt thereof, is provided. The 
method of this embodiment comprises reacting 
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6 
in a solvent in the presence of a base such as cesium 
carbonate: With 

where 
X0 is OH or SH; 

n’ q’ r’ R15 R25 R35 R45 X15 

Ar1 and Ar2 are as de?ned above for Formula I; 
R11 is a loWer alkyl; and 
X is a halogen. 

In yet another embodiment of the present invention, an 
alternative method for preparing compounds With Formulae 
I-II, or a pharmaceutically acceptable salt thereof, is pro 
vided. The method of this embodiment comprises reacting 

Where X is a halide, Rl-R4 have any of the meanings 
de?ned above, and R11 is a loWer alkyl With: 

Ar1 and Ar2 are as de?ned above for Formula I; 
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in the presence of a catalyst such as a palladium catalyst 
to form 

Where - - - is a bond or is absent. 

The double bond may optionally be removed, for 
instance, by hydrogenation and the resulting ester is pref 
erably hydrolyZed to form the compounds of Formulas I or 

In still another embodiment, the invention provides a 
process for preparing the compound of formula 1-4 which is: 

nofo 
o 

R3 R1 

R4 R2 

s 

X1 

(CH2), 

F F 
F 
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8 
or a pharmaceutically acceptable salt thereof, comprising: 

(a) conversion of phenol 1A to the thiocyante 1B; 

R3 

OH 

Thiocyanation 

R1 

R2 

1A R3 

R4 OH 

NCS R1 

R2 

1B 

(b) alkylation of phenol moiety of thiocyanate IE to 
acetoxyester 1C; 

R3 

R4 OH 
Alkylation 
—> 

NCS R1 

R2 

1B R3 0 

R4 0% on 
NCS R1 

R2 

10 

(c) reduction of the thiocyanate moiety in 1C to form thiol 
1D; 

R4 0% on Reduction 
—> 

NCS R1 

R4 0% on 
HS R1 
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(d) alkylation of thiol 1D with chloride 3C to form 4a; 

R3 o 

OQL on 
R1 HS 

R2 

—> 

/O/V( 
O 

R3 

R4 

S 

X1 
| 

(CH2)r 

F F 
F 

45. 

0 

R1 

R2 

(e) saponi?cation of the ester moiety in 4a to form I-4; 
where 

R1 is hydrogen or together With R2 forms a 5 membered 
carbocyclic ring; 

R2 is methoxy or together with R1 forms a 5 membered 
carbocyclic ring; 

R3 is hydrogen or methyl; 
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10 
R4 is hydrogen; 
X1 is absent or O; and 
r is 0 or 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The following de?nitions are used, unless otherWise 
described: halo is ?uoro, chloro, bromo, or iodo. Alkyl, 
alkoxy, alkenyl, alkynyl, etc. denote both straight and 
branched groups; but reference to an individual radical such 
as “propyl” embraces only the straight chain radical, a 
branched chain isomer such as “isopropyl” being speci? 
cally referred to. 
The term “alkyl” as used herein refers to a straight or 

branched, hydrocarbon of from 1 to 11 carbon atoms and 
includes, for example, methyl, ethyl, n-propyl, isopropyl, 
n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, 
and the like. The alkyl group can also be substituted With one 
or more of the substituents selected from loWer alkoxy, 
loWer thioalkoxy, iO(CH2)1_5CF3, halogen, nitro, cyano, 
:0, =8, ‘OH, iSH, ‘C133, 4OCF3, iCO2H, COZCI 
C6alkyl, iNHZ, iNHCl-C6alkyl, iCONR'R", or 
iN(Cl-C6alkyl)2 Where R' and R" are independently alkyl, 
akenyl, alkynyl, aryl, or joined together to form a 4 to 7 
membering ring. Preferred alkyl groups have from 1 to 6 
carbon atoms (Cl-C6alkyl). 
The term “loWer alkyl” as used herein refers to a subset 

of alkyl Which means a straight or branched hydrocarbon 
radical having from 1 to 6 carbon atoms and includes, for 
example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec 
butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, and the like. 
Optionally, herein loWer alkyl is referred to as “C l-C6alkyl.” 
The term “haloalkyl” as used herein refers to a loWer alkyl 

radical, as de?ned above, bearing at least one halogen 
substituent, for example, chloromethyl, ?uoroethyl, 
tri?uoromethyl, or l,l,l-tri?uoroethyl and the like. 
Haloalkyl can also include per?uoroalkyl Wherein all hydro 
gens of a loWeralkyl group are replaced With ?uorine atoms. 
The term “alkenyl” means a straight or branched unsat 

urated hydrocarbon radical having from 2 to 12 carbon 
atoms and includes, for example, ethenyl, l-propenyl, 
2-propenyl, l-butenyl, 2-butenyl, l-pentenyl, 2-pentenyl, 
3-methyl-3-butenyl, l-hexenyl, 2-hexenyl, 3-hexenyl, 
3-heptenyl, l-octenyl, l-nonenyl, l-decenyl, l-undecenyl, 
l-dodecenyl, and the like. 
The term “alkynyl” means a straight or branched hydro 

carbon radical having from 2 to 12 carbon atoms having at 
least one triple bond and includes, for example, l-propynyl, 
l-butynyl, 3-butynyl, l-pentynyl, 3-pentynyl, 3-methyl-3 
butynyl, l-hexynyl, 3-hexynyl, 3-heptynyl, l-octynyl, 
l-nonynyl, l-decynyl, l-undecynyl, l-dodecynyl, and the 
like. 
The term “alkylene” as used herein refers to a divalent 

group derived from a straight or branched chain saturated 
hydrocarbon having from 1 to 10 carbon atoms by the 
removal of tWo hydrogen atoms, for example, methylene, 
l,2-ethylene, l,l-ethylene, 1,3-propylene, 2,2 
dimethylpropylene, and the like. The alkylene groups of this 
invention can be optionally substituted. The alkylene group 
can also be substituted With one or more of the substituents 
selected from loWer alkyl, loWer alkoxy, loWer thioalkoxy, 
4O(CH2)1_5CF3, halogen, nitro, cyano, =O, =S, iOH, 
iSH, iCF3, iCO2H, iCO2Cl-C6alkyl, iNHz, 
iNHCl-C6alkyl, iCONR'R", or iN(Cl-C6alkyl)2 Where 
R' and R" are independently alkyl, akenyl, alkynyl, aryl, or 
joined together to form a 4 to 7 member ring. Preferred 
alkylene groups have from 1 to 6 carbon atoms (Cl-C6 
alkyl). 



US RE39,916 E 
11 

The term “cycloalkyl” means a hydrocarbon ring contain 
ing from 3 to 12 carbon atoms, for example, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cycloctyl, 
decalinyl, norpinanyl, and adamantyl. Where possible, the 
cycloalkyl group may contain double bonds, for example, 
3-cyclohexen-1-yl. The cycloalkyl ring may be unsubsti 
tuted or substituted by 1 to 3 substituents selected from 
alkyl, alkoxy, thioalkoxy, hydroxy, thiol, nitro, halogen, 
amino, alkyl and dialkylamino, formyl, carboxyl, CN, 
iNH4COiR', 4COiNHR'i, 4CO2R', 4COR', aryl, 
or heteroaryl, Wherein alkyl, aryl, and heteroaryl are as 
de?ned herein. Examples of substituted cycloalkyl groups 
include ?uorocyclopropyl, 2-iodocyclobutyl, 2,3 
dimethylcyclopentyl, 2,2-dimethoxycyclohexyl, and 
3-phenylcyclopentyl. 

The term “heteroatom” as used herein represents oxygen, 
nitrogen, or sulfur (O, N, or S) as Well as sulfoxyl or sulfonyl 
(S0 or S02) unless otherWise indicated. 
The term “heterocycloalkyl” means a monocyclic, fused, 

bridged, or spiro bicyclic heterocyclic ring systems. Mono 
cyclic heterocyclic rings contain from about 3 to 12 ring 
atoms, With from 1 to 5 heteroatoms selected from N, O, and 
S, and preferably from 3 to 7 member atoms, in the ring. 
Bicyclic heterocyclics contain from 7 to 17 member atoms, 
preferably 7 to 12 member atoms, in the ring. Bicyclic 
heterocyclics contain from about 7 to about 17 ring atoms, 
preferably from 7 to 12 ring atoms. Bicyclic heterocyclics 
rings may be fused, spiro, or bridged ring systems. Examples 
of heterocyclic groups include cyclic ethers (oxiranes) such 
as ethyleneoxide, tetrahydrofuran, dioxane, and substituted 
cyclic ethers, Wherein the substituents are those described 
above for the alkyl and cycloalkyl groups. Typical substi 
tuted cyclic ethers include propyleneoxide, phenyloxirane 
(styrene oxide), cis-2-butene-oxide (2,3-dimethyloxirane), 
3-Chlorotetrahydrofuran, 2,6-dimethyl-1,4-dioxane, and the 
like. Heterocycles containing nitrogen are groups such as 
pyrrolidine, piperidine, piperaZine, tetrahydrotriaZine, 
tetrahydropyraZole, and substituted groups such as 
3-aminopyrrolidine, 4-methylpiperaZin-1-yl, and the like. 
Typical sulfur containing heterocycles include 
tetrahydrothiophene, dihydro-1,3-dithiol-2-yl, and 
hexahydrothiepin-4-yl. Other commonly employed hetero 
cycles include dihydro-oxathiol-4-yl, tetrahydro-oxaZolyl, 
tetrahydro-oxadiaZolyl, tetrahydrodioxaZolyl, 
tetrahydrooxathiaZolyl, hexahydrotriaZinyl, tetrahydro 
oxaZinyl, morpholinyl, thiomorpholinyl, 
tetrahydropyrimidinyl, dioxolinyl, octahydrobenZofuranyl, 
octahydrobenZimidaZolyl, and octahydrobenZothiaZolyl. For 
heterocycles containing sulfur, the oxidiZed sulfur hetero 
cycles containing S0 or SO2 groups are also included. 
Examples include the sulfoxide and sulfone forms of tet 
rahydrothiophene. 

The term “hydrocarbon chain” as used herein refers to a 
straight hydrocarbon of from 2 to 6 carbon atoms. The 
hydrocarbon chain is optionally substituted With one or more 
substituents selected from loWer alkyl, loWer alkoxy, loWer 
thioalkoxy, iO(CH2)O_2CF3, halogen, nitro, cyano, =0, 
=S, iOH, iSH, ‘C133, 4CO2H, 4CO2(Cl-C6alkyl), 
iNH2, iNHCl-C6alkyl, iCONR'R", or iN(Cl 
C6alkyl)2 Where R' and R" are independently alkyl, akenyl, 
alkynyl, aryl, or joined together to form a 4 to 7 member 
ring. 

The term “aryl” means a cyclic or polycyclic aromatic 
ring having from 5 to 12 carbon atoms, and being unsub 
stituted or substituted With up to 4 groups selected from 
Cl-C6alkyl, cycloalkyl, heteroaryl, dialkylaminoalkoxy, or 
those recited above as substituents for alkyl. The term aryl 
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12 
includes both monovalent species, for example When Ar2 is 
aryl, and divalent species, for example Where Arl is aryl. 
Examples of aryl groups include, but are not limited to, 
phenyl, biphenyl, naphthyl, 2-chlorophenyl, 3-chlorophenyl, 
4-chlorophenyl, 2-methylphenyl, 3-methylphenyl, 
4-methylphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 
4-methoxyphenyl, 2-chloro-3-methylphenyl, 2-chloro-4 
methylphenyl, 2-chloro-5-methylphenyl, 3-chloro-2 
methylphenyl, 3-chloro-4-methylphenyl, 4-chloro-2 
methylphenyl, 4-chloro-3-methylphenyl, 5-chloro-2 
methylphenyl, 2,3-dichlorophenyl, 2,5-dichlorophenyl, 3,4 
dichlorophenyl, 2,3-dimethylphenyl, 3,4-dimethylphenyl, 
4-tri?uoromethyl and the like. 
The term “heteroaryl” means an aromatic mono-, bi-, or 

or polycyclic ring incorporating one or more (i.e. 1-4) 
heteroatoms selected from N, O, and S. The term heteroaryl 
includes both monovalent species, for example Where Ar2 is 
heteroaryl, and divalent species, for example Where Arl is 
heteroaryl. It is understood that a heterocycle is optionally 
substituted With up to 4 groups selected from Cl-C6 alkyl, 
cycloalkyl, heteroaryl, dialkylaminoalkoxy, or those recited 
above as substituents for alkyl. Examples of suitable mono 
cyclic heteroaryl include, but are not limited to substituted 
or unsubstituted thienyl, furanyl, pyrrolyl, imidaZolyl, 
pyraZolyl, isothiaZolyl, isoxaZolyl, triaZolyl, tetraZolyl, 
pyridinyl, pyraZinyl, pyrimidinyl, piperidinyl, pyrrolidinyl, 
piperaZinyl, aZetidinyl, aZiridinyl, morpholinyl, thietanyl, 
oxetaryl. Preferred monocyclic diheterocycles include, but 
are not limited to 1-, 2-, 4-, or 5-imidaZolyl, 1-, 3-, 4-, or 
5-pyraZolyl, 3-, 4-, or 5-isothiaZolyl, 3-, 4-, or 5-isoxaZolyl, 
1,3-, or 5-triaZolyl, 1-, 2-, or 3-tetraZolyl, 2-pyraZinyl, 2-, 4-, 
or S-pyrimidinyl, 1- or 2-piperazinyl, 2-, 3-, or 
4-morpholinyl. Examples of suitable bicyclic and polyclic 
heteroaryl groups include but are not limited to include but 
are not limited to 1-, 2-, 3-, 5-, 6-, 7-, or 8-indoliZinyl, 1-, 3-, 
4-, 5-, 6-, or 7-isoindolyl, 2-, 3-, 4-, 5-,6-, or 7-indolyl, 2-, 
3-, 4-, 5-, 6-, or 7-indaZolyl, 2-, 4-, 5-, 6-, 7-, or 8-purinyl, 
1-, 2-, 3-, 4-, 6-, 7-, 8-, or 9-quinolinZinyl, 2-, 3-, 4-, 5-, 6-, 
7-, or 8-quinoliyl, 1-, 3-, 4-, 5-, 6-, 7-, or 8-isoquinoliyl, 1-, 
4-, 5-, 6-, 7-, or 8-phthalaZinyl, 2-, 3-, 4-, 5-, or 
6-naphthyridinyl, 2-, 3-, 5-, 6-, 7-, or 8-quinaZolinyl, 3-, 4-, 
5-, 6-, 7-, or 8-cinnolinyl, 2-, 4-, 6-, or 7-pteridinyl, 1-, 2-, 
3-, 4-, 5-, 6-, 7-, or 8-4aH carbaZolyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 
or 8-carbaZolyl, 1-, 3-, 4-, 5-, 6-, 7-, 8-, or 9-carbolinyl, 1-, 
2-, 3-, 4-, 6-, 7-, 8-, 9-, or 10-phenanthridinyl, 1-, 2-, 3-, 4-, 
5-, 6-, 7-, 8-, or 9-acridinyl, 1-, 2-, 4-, 5-, 6-, 7-, 8-, or 
9-perimidinyl, 2-, 3-, 4-, 5-, 6-, 8-, 9-, or 10-phenanthrolinyl, 
1-, 2-, 3-, 4-, 6-, 7-, 8-, or 9-phenaZinyl, 1-, 2-, 3-, 4-, 6-, 7-, 
8-, 9-, or 10-phenothiaZinyl, 1-, 2-, 3-, 4-, 6-, 7-, 8-, or 9-, 
or 10phenoxaZinyl, 2-, 3-, 4-, 5-, 6-, or 1-, 3-, 4-, 5-, 6-, 7-, 
8-, 9-, or 10-benZisoqinolinyl, 2-, 3-, 4-, or thieno[2,3-b] 
furanyl, 2-, 3-, 5-, 6-, 7-, 8-, 9-, 10-, or 11-7H-pyraZino[2, 
3-c]carbaZolyl, 2-, 3-, 5-, 6-, or 7-2H-furo[3,2-b]-pyranyl, 
2-, 3-, 4-, 5-, 7-, or 8-5H-pyrido[2,3-d]-o-oxaZinyl, 1-, 3-, or 
5-1H-pyraZolo[4,3-d]-oxaZolyl, 2-, 4-, or 5-4H-imidaZol[4, 
5-d]thiaZolyl, 3-, 5-, or 8-pyraZino[2,3-d]pyridaZinyl, 2-, 3-, 
5-, or 6-imidaZo[2,1-b]thiaZolyl, 1-, 3-, 6-, 7-, 8-, or 9-furo 
[3, 4-c]cinnolinyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10, or 
11-4H-pyrido[2,3-c]carbaZolyl, 2-, 3-, 6-, or 7-imidaZo[1,2 
b][1,2,4]triaZinyl, 7-benZo[b]thienyl, 2-, 4-, 5-, 6-, or 
7-benZoxaZolyl, 2-, 4-, 5-, 6-, or 7-benZimidaZolyl, 2-, 4-, 5-, 
6-, or 7-benZothiaZolyl, 1-, 2-, 4-, 5-, 6-, 7-, 8-, or 
9-benZoxapinyl, 2-, 4-, 5-, 6-, 7-, or 8-benZoxaZinyl, 1-, 2-, 
3-, 5-, 6-, 7-, 8-, 9-, 10-, or 11-1H-pyrrolo[1,2-b][2] 
benZaZapinyl. Typical fused heteroaryl groups include, but 
are not limited to 2-, 3-, 4-, 5-, 6-, 7-, or 8-quinolinyl, 1-, 3-, 
4-, 5-, 6-, 7-, or 8-isoquinolinyl, 2-, 3-, 4-, 5-, 6-, or 
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7-indolyl, 2-, 3-, 4-, 5-, 6-, or 7-benZo[b]thienyl, 2-, 4-, 5-, 
6-, or 7-benZoxaZolyl, 2-, 4-, 5-, 6-, or 7-benZimidaZolyl, 2-, 
4-, 5-, 6-, or 7-benZothiaZolyl. 

The term “hydrocarbon-heteroatom chain” as used herein 
refers to a hydrocarbon chain Wherein one or more carbon 
atoms are replaced With a heteroatom. The hydrocarbon 
heteroatom chain is optionally substituted With one or more 
substituents selected from loWer alkyl, loWer :alkoxy, loWer 
thioalkoxy, iO(CH2)O_2CF3, halogen, nitro, cyano, =0, 
=S, iOH, iSH, ‘C133, 4CO2H, 4CO2Cl-C6alkyl, 
iNH2, iNHCl-C6alkyl, iCONR'R", or iN(Cl 
C6alkyl)2 Where R' and R" are independently alkyl, akenyl, 
alkynyl, aryl, or joined together to form a 4 to 7 member 
ring. 

The term “heteroalkylene” as used herein, refers to an 
alkylene radical as de?ned above, that includes one or more 
heteroatoms such as oxygen, sulfur, or nitrogen (With 
valence completed by hydrogen or oxygen) in the carbon 
chain or terminating the carbon chain. 

The terms “loWer alkoxy” and “loWer thioalkoxy” as used 
herein refers to O-alkyl or S-alkyl of from 1 to 6 carbon 
atoms as de?ned above for “loWer alkyl.” 

The term “cycloalkenyl” means a cycloalkyl group having 
one or more carbon-carbon double. Example includes 
cyclobutene, cyclopentene, cyclohexene, cycloheptene, 
cyclobutadiene, cyclopentadiene, and the like. 

The symbol “A” means a bond to a group Wherein a 
4 to 8 membered ring is formed. Typically this symbol Will 
appear in pairs. 
When a bond is represented by a line such as “- - - ” this 

is meant to represent that the bond may be absent or present 
provided that the resultant compound is stable and of 
satisfactory valency. 
The term “patient” means all mammals including humans. 

Examples of patients include, humans, coWs, dogs, cats, 
goats, sheep, pigs, and rabbits. 
A “therapeutically effective amount” is an amount of a 

compound of the present invention that When administered 
to a patient ameliorates a symptom of dyslipidemia, non 
insulin dependent diabetes mellitus, obesity, hyperglycemia, 
hypercholesteremia, hyperlipidemia, atherosclerosis, 
hypertriglyceridemia, hyperinsulinemia, glucose disorders 
associated With circulating glucocorticoids, groWth 
hormone, catecholamines, glucagon, or parathyroid hor 
mone. Additionally, a “therapeutically effective amount” is 
an amount of a compound of the present invention that When 
administered to a patient ameliorates a symptom of an eating 
disorder suppresses appetite, or modulates leptin levels. 

The term “a pharmaceutically acceptable salt” refers to 
the relatively non-toxic, inorganic and organic base or acid 
addition salts of compounds of the present invention. These 
salts can be prepared in situ during the ?nal isolation and 
puri?cation of the compounds or by separately reacting the 
puri?ed compound in its free form With a suitable organic or 
inorganic base or acid and isolating the salt thus formed. 
Representative salts include the hydrobromide, 
hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, 
valerate, oleate, palmitate, stearate, laurate, borate, 
benZoate, lactate, phosphate, tosylate, citrate, maleate, 
fumarate, succinate, tartrate, naphthylate mesylate, 
glucoheptonate, lactobionate, and laurylsulphonate salts, 
and the like. These also include cations based on the alkali 
and alkaline earth metals, such as sodium, lithium, 
potassium, calcium, magnesium, and the like, as Well as 
non-toxic ammonium, quaternary ammonium, and amine 
cations including, but not limited to ammonium, 

20 

30 

35 

40 

45 

50 

55 

60 

65 

14 
tetramethylammonium, tetraethylammonium, methylamine, 
dimethylamine, trimethylamine, triethylamine, ethylamine, 
and the like. (See, for example, Berge S. M., et al., “Phar 
maceutical Salts,” J. Pharm. Sci., 1977;66:1-19, Which is 
incorporated herein by reference.) The free base form may 
be regenerated by contacting the salt form With a base. While 
the free base may differ from the salt form in terms of 
physical properties, such as solubility, the salts are equiva 
lent to their respective free bases for the purposes of the 
present invention. 
Compounds of the present invention are described by 

Formula I: 

and pharmaceutically acceptable salts thereof, wherein: 
X0 and X1 are independently absent, 0, S, iCH2i, 

iCH2iCH2i, iCH=CHi, iCHECHi, -S 
@2- or -S(O)-; 

Ar1 and Ar2 are each independently unsubstituted or 
substituted aryl or heteroaryl, provided that Arl is not 
thiaZolyl or oxaZolyl; 

is a saturated or unsaturated hydrocarbon chain Which is 
substituted or unsubstituted, Wherein said chain has from 1 
to 4 atoms so that 

Arl, X1, (CH2),, and Ar2, together form a ?ve to eight 
membered ring; 
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R1 and R2 are selected from hydrogen, lower alkyl, lower 
alkoxy, haloalkyl, 4Oi(CH2)mCF3, halogen, nitro, cyano, 
iOH, iSH, iCF3, iS(O)palkyl, S(O)Paryl, i(CH2)m 
0R5, i(CH2)mNR6R7, %OR5, CO2R5, or iNR6R7, or 
together With the atoms to Which they are attached form a 
?ve to eight member ring; 

R3 and R4 are selected from hydrogen, loWer alkyl, loWer 
alkoxy, haloalkyl, 4Oi(CH2)mCF3, halogen, nitro, cyano, 
iOH, iSH, %F3, iS(O)Palkyl, S(O)Paryl, i(CH2) m 
0R5, i(CH2)mNR6R7, %OR5, iCOzH, iCO2R5, or 
iNR6R7; 

provided that at least one of Rl-R4 is H, loWer alkyl, loWer 
alkoxy, haloalkyl, 4Oi(CH2)mCF3, halogen, nitro, cyano, 
iCgH, iSH, iC§3,7 iS(O)%all<yl, S(O)Paryl, i(CH2)m 
OR , i(CH2)mNR R , or NR R ; 

R5 is hydrogen, alkyl, alkenyl, alkynyl, or aryl; 
R6 and R are each independently hydrogen, alkyl, alkenyl, 

alkynyl, 4COalkyl, iCOaryl, cycloalkyl, iCOzalkyl, 
iCO2aryl, or R6 and R7 together With the atoms to Which 
they are attached form a 4 to 7 membered ring having 1 to 
3 heteroatoms; 
m is 0 to 5; 

p is 0, l, or 2; 
q is 0 to 6; and 
r is 0 to 6. 

In compounds of Formula I, R1, R2, R3, and R4 are 
preferably selected from hydrogen, alkyl, or alkoxy. More 
preferably, R2 and R3 are hydrogen; and R1 and R4 are alkyl 
or alkoxy. In a particularly preferred embodiment of For 
mula I, R2 and R3 are hydrogen; R1 is alkyl; and R4 is 
alkoxy. Preferred alkoxy include methoxy, ethoXy, 
isopropoxy, n-propoxy, t-butoxy, n-butoxy, or isobutoxy. 
Similarly, preferred alkyl include methyl, ethyl, isopropyl, 
n-propyl, t-butyl, n-butyl, or isobutyl. In a most preferred 
embodiment of Formula I, q is 1, Ar1 is phenyl, X1 is absent, 
r is 0, V1 is absent, and Ar2 is 4-tri?uoromethylphenyl. 

In compounds of Formula I, 

is optionally substituted With at least one substituent, 
Wherein the substituent include but are not limited to loWer 
alkyl, loWer alkoxy, loWer thioalkoxy, 4O(CH2)O_2CF3, 
halogen, nitro, cyano, =0, =S, iOH, iSH, 4CF3, 
OCF3, iCOzH, iCO2Cl-C6alkyl, iNH2, iNHCl 
C6alkyl, iCONR'R", or iN(Cl-C6alkyl)2 Where R' and R" 
are independently alkyl, akenyl, alkynyl, aryl, or joined 
together to form a 4 to 7 member ring. 

In a preferred embodiment of Formula I, R1 and R2 are 
joined together to form a ?ve to eight member ring having 
Formula II. Such a ring includes, for example, cycloalkyl, 
aryl, heterocycloalkyl, or a heteroaryl rings Where each such 
ring is optionally substituted as described above. 
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R3 

and pharmaceutically acceptable salts thereof, wherein: 
X0 and X1 are independently absent, 0, S, iCHzi, 

iCHziCHzi, iCH=CHi, iCHECHi, iS 
(Obi, 0r *S(O)*; 

Ar1 and Ar2 are each independently unsubstituted or 
substituted aryl or heteroaryl, provided that Arl is not 
thiaZolyl or oXaZolyl; 

a saturated or unsaturated hydrocarbon chain Which is 
substituted or unsubstituted, Wherein said chain has from 1 
to 4 atoms so that 

Arl, X1, (CH2),, and Ar2, together form a ?ve to eight 
membered ring; 

R3 and R4 are selected from hydrogen, loWer alkyl, loWer 
alkoxy, haloalkyl, iOi(CH2)mCF3, halogen, nitro, cyano, 
ADH, iSH, iCF3, iS(O)palkyl, S(O)Paryl, i(CH2)m 
0R5, i(CH2)mNR6R7, %OR5, %O2H, iCOzRs, or 
iNR6R7; 

R5 is hydrogen, alkyl, alkenyl, alkynyl, or aryl; 
R6 and R7 are each independently hydrogen, alkyl, 

alkenyl, alkynyl, iCOalkyl, iCOaryl, cycloalkyl, 
4CO2alkyl, iCOzaryl, iSO2alkyl, iSOZaryI, or R6 and 
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R7 together With the atoms to Which they are attached form 
a 4 to 7 membered ring having 1 to 3 heteroatoms; 

/ 
Tl 

is a saturated or unsaturated, substituted or unsubstituted 

hydrocarbon chain or hydrocarbon-heteroatom chain having 
from 3 to 6 atoms Wherein the carbon atom of position 2 is 
connected to the carbon atom of position 3 to form a ?ve to 

eight member ring; 
In is 0 to 5; 

p is 0 to 2; 

q is 0 to 6; and 

r is 0 to 6. 

Preferably, 

TC 
is iCHzCHzCOiOi, iCH2iCH2iOiCOi, 
iCHziCHziCHziCHzi, iHC=CHiHC=CHi, 
iN=CHiHC=CHi, iHC=NiHC=CHi, 
iHC=CHiN=CHi, iHC=CHiHC=Ni, 
iCHZiCHZiCHZi, iCHZiCHZiOiCHZi, 
iCH2iOiCH2CH2i, iCH2iHC=CHiCH2i, 
iCH2iHC=CHi, iCHZCHZiN R4iCH2i, 
iCOCH=CHiOi, iOiCH=CHiCOi, 
iCH=CHiNR4i, iNR44CH=CHi, 4CH=CHi 
c1424, iCHziCHziNR‘li, iNR‘liCHziCHzi, 
ioicnzicnzi, icnzicnzioi, icnzi 
cnzcoi, %H2%O%H2i, icoicHrcHr, 
icnzicnzicnzicoi, icoicnzicnzi 
c1424, icnzicoicnzicnzi, icnzicnzi 
CO%H2, %H2%H2%H2iNR4i, iNR4%H2i 
CHZiCHZi, iOiCHZiCHZiCHZi, icnzi 
cnzicnzioi, iCOiNR‘liCHziCHzi, 
NR4COiCH2iCH2i, iCHziCHzNR‘liCOi, or 
iCH24CH24COiNR4i. It Will be understood that the 
left-most atom of these groups in attached to the atom 
labeled “3” in Formula I and the right-most atom of these 
groups is attached to the atom label “2” in Formula I. 

In the present embodiment, 

Tl 

optionally substituted With 1 or more substituents selected 
from the group consisting of loWer alkyl, loWer alkoxy, 
loWer thioalkoxy, iO(CH2)1_5CF3, halogen, nitro, cyano, 
=0, =S, iOH, iSH, iCF3, iCOzH, iCOzCl 
C6alkyl, iNZ, iNHCl-C6alkyl, iOCHZOi, and 
iN(Cl-C6alkyl)2. 

In compounds of Formula II, R3, and R4 are preferably 
selected from hydrogen, alkyl, or alkoxy. More preferably, 
R3 and R4 are hydrogen; and 
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is a saturated or unsaturated, unsubstituted hydrocarbon 
chain having from 3 to 6 atoms Wherein the carbon atom of 
position 2 is connected to the carbon atom of position 3 to 
form a ?ve to eight member ring such as a cyclopentyl or 
cyclohexyl ring. In a most preferred embodiment of Formula 
II, q is l,Arl is phenyl, X1 is O, r is l, V1 is absent, andAr2 
is 4-tri?uoromethylphenyl. 

Also in this embodiment, 

is preferably (CH2)t Wherein t is l to 4. Additionally, 

I 
’ 

I 
1 

is optionally substituted With at least one sub stituent, 
Wherein the sub stituent include but are not limited to loWer 
alkyl, loWer alkoxy, loWer thioalkoxy, 4O(CH2)O_2CF3, 
halogen, nitro, cyano, =0, =S, iOH, iSH, 4CF3, 
4OCF3, iCOzH, 4CO2Cl-C6alkyl, iNHz, iNHCl - 
C6alkyl, 4CONR'R", or iN(Cl-C6alkyl)2 Where R' and R" 
are independently alkyl, akenyl, alkynyl, aryl, or joined 
together to form a 4 to 7 member ring. 

Examples of compounds of Formula I and Formula II 
include 

[4-(Biphenyl-4-ylmethylsulfanyl)-5 -methoXy-2-methyl 
phenoXy]-acetic acid; 

[4- (Biphenyl-4 -ylmethylsulfanyl)-2-methyl -phenoxy] 
acetic acid; 
[2-Methyl-4- (4'-tri?uoromethyl-biphenyl -4 - 

ylmethylsulfanyl)-phenoxy]-acetic acid; 
[5 -Methoxy-2 -methyl-4-(4'-tri?uoromethyl-biphenyl-4 

ylmethylsulfanyl)-phenoxy]-acetic acid; 
[5-MethoXy-2-methyl-4-(2',4',6'-trimethyl-biphenyl-4 

ylmethylsulfanyl)-phenoxy]-acetic acid; 
[4-(4'-Chloro -3'-tri?uoromethyl-biphenyl-4 

ylmethylsulfanyl)-2-methyl-phenoxy]-acetic acid; 
[4 -(2',4'-Dichloro -biphenyl -4 -ylmethylsulfanyl) - 5 - 

methoxy-2-methyl-phenoxy]-acetic acid; 
[4 -(3',4'-Dichloro -biphenyl -4 -ylmethylsulfanyl) - 5 - 

methoxy-2-methyl-phenoxy]-acetic acid; 
[5 -Methoxy-2 -methyl-4-(3'-tri?uoromethyl-biphenyl-4 

ylmethylsulfanyl)-phenoxy]-acetic acid; 
[4 -(4'-Fluoro -biphenyl-4-ylmethylsulfanyl)-5 -methoXy 

2-methyl-phenoxy] -acetic acid; 
[5 -MethoXy-2 -methyl-4 -(3' -tri?uoromethoXy-biphenyl 

4-ylmethylsulfanyl)-phenoXy]-acetic acid; 
[7-(4'-Tri?uoromethyl-biphenyl-4-ylmethylsulfanyl) 

indan-4-yloxy]-acetic acid; 
[4-(4BenZyloXy-benZylsulfanyl)-2-methyl-phenoxy] 

acetic acid; 
{ 5 -MethoXy-2-methyl-4 -[4 -(4 -tri?uoromethyl 

benZyloXy)-benZylsulfanyl]-phenoxy} -acetic acid; 
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{5-Methoxy-2-methyl-4-[2-(4'-tri?uoromethyl-biphenyl 
4-yl)-ethylsulfanyl]-phenoxy}-acetic acid; 

(4-{4-[2-(3-Fluoro-phenyl)-vinyl]-benZylsulfanyl}-5 
methoxy-2-methyl-phenoxy)-acetic acid; 

[5-Methoxy-2-methyl-4-(3-methyl-4'-tri?uoromethyl 
biphenyl-4-ylmethylsulfanyl)-phenoxy]-acetic acid; 

{4-[5-(4-Chloro-phenyl)-isoxaZol-3-ylmethylsulfanyl]-5 
methoxy-2-methyl-phenoxy}-acetic acid; 

{5-Methoxy-2-methyl 4-[5-(4-tri?uoromethyl-phenyl) 
isoxaZol-3-ylmethylsulfanyl]-phenoxy}-acetic acid; 

{5-Methoxy-2-methyl-4-[3-(4-tri?uoromethyl-phenyl) 
isoxaZol-5-ylmethylsulfanyl]-phenoxy}-acetic acid; 

[5 -Methoxy-2 -methyl-4-(4'-tri?uoromethyl-biphenyl-3 - 
ylmethylsulfanyl)-phenoxy]-acetic acid; 

{7-[4-(4-Tri?uoromethyl-benZyloxy)-benZylsulfanyl] 
indan-4-yloxy}-acetic acid; 

{5-Methyl-7-[4-(5-tri?uoromethyl-pyridin-2-yl) 
benZylsulfanyl]-2,3-dihydro-benZofuran-4-yloxy}-acetic 
acid; 
and pharmaceutically acceptable salts thereof. 

Certain of the compounds of the present invention possess 
one or more chiral centers and each center may exist in the 
R or S con?guration. The present invention includes all 
diastereomeric, enantiomeric, and epimeric forms as Well as 
the appropriate mixtures thereof. Stereoisomers may be 
obtained, if desired, by methods knoWn in the art as, for 
example, the separation of stereoisomers by chiral chro 
matographic columns. Additionally, the compounds of the 
present invention may exist as geometric isomers. The 
present invention includes all cis, trans, syn, anti, entgegen 
(E), and Zusammen (Z) isomers as Well as the appropriate 
mixtures thereof 

In some situations, compounds may exist as tautomers. 
All tautomers are included Within Formulas I and II and are 
provided by this invention. 

In addition, the compounds of the present invention can 
exist in unsolvated as Well as solvated forms With pharma 
ceutically acceptable solvents such as Water, ethanol, and the 
like. In general, the solvated forms are considered equivalent 
to the unsolvated forms for the purposes of the present 
invention. 

The present invention includes all pharmaceutically 
acceptable, non-toxic esters of the compounds of Formulae 
I and II. Such esters include Cl-C6 alkyl esters Where the 
alkyl group is a straight or branched chain. Acceptable esters 
also include C5-C7 cycloalkyl esters as Well as arylalkyl 
esters such as, but not limited to benZyl. Cl-C4 esters are 
preferred. Esters of the compounds of the present invention 
may be prepared according to conventional methods. 

The compounds of the present invention are suitable to be 
administered to a patient for the treatment, control, or 
prevention of hypercholesteremia, dyslipidemia, obesity, 
hyperglycemia, hypercholesteremia, atherosclerosis, 
hypertriglyceridemia, and hyperinsulinemia. The com 
pounds of the present invention are also suitable to be 
administered to a patient for the suppression of appetite and 
modulation of leptin. Accordingly, the compounds may be 
administered to a patient alone or as part of a composition 
that contains other components such as excipients, diluents, 
and carriers, all of Which are Well-knoWn in the art. The 
compositions can be administered to humans and/or animals 
either orally, rectally, parenterally (intravenously, 
intramuscularly, or subcutaneously), intracisternally, 
intravaginally, intraperitoneally, intravesically, locally 
(poWders, ointments, or drops), or as a buccal or nasal spray. 

Compositions suitable for parenteral injection may com 
prise physiologically acceptable sterile aqueous or nonaque 
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24 
ous solutions, dispersions, suspensions or emulsions, and 
sterile poWders for reconstitution into sterile inj ectable solu 
tions or dispersions. Examples of suitable aqueous and 
nonaqueous carriers, diluents, solvents or vehicles include 
Water, ethanol, polyols (propyleneglycol, 
polyethyleneglycol, glycerol, and the like), suitable mixtures 
thereof, vegetable oils (such as olive oil), and injectable 
organic esters such as ethyl oleate. Proper ?uidity can be 
maintained, for example, by the use of a coating such as 
lecithin, by the maintenance of the required particle siZe in 
the case of dispersions and by the use of surfactants. 

These compositions may also contain adjuvants such as 
preserving, Wetting, emulsifying, and dispensing agents. 
Prevention of the action of microorganisms can be ensured 
by various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, sorbic acid, and the like. It 
may also be desirable to include isotonic agents, for example 
sugars, sodium chloride, and the like. Prolonged absorption 
of the injectable pharmaceutical form can be brought about 
by the use of agents delaying absorption, for example, 
aluminum monostearate and gelatin. 

Solid dosage forms for oral administration include 
capsules, tablets, pills, poWders, and granules. In such solid 
dosage forms, the active compound is admixed With at least 
one inert customary excipient (or carrier) such as sodium 
citrate or dicalcium phosphate or (a) ?llers or extenders, as 
for example, starches, lactose, sucrose, glucose, mannitol, 
and silicic acid; (b) binders, as for example, 
carboxymethylcellulose, alginates, gelatin, 
polyvinylpyrrolidone, sucrose, and acacia; (c) humectants, 
as for example, glycerol; (d) disintegrating agents, as for 
example, agar, calcium carbonate, potato or tapioca starch, 
alginic acid, certain complex silicates, and sodium carbon 
ate; (e) solution retarders, as for example paraf?n; (f) 
absorption accelerators, as for example, quaternary ammo 
nium compounds; (g) Wetting agents, as for example, cetyl 
alcohol and glycerol monostearate; (h) adsorbents, as for 
example, kaolin and bentonite; and (i) lubricants, as for 
example, talc, calcium stearate, magnesium stearate, solid 
polyethylene glycols, sodium lauryl sulfate, or mixtures 
thereof. In the case of capsules, tablets, and pills, the dosage 
forms may also comprise buffering agents. 

Solid compositions of a similar type may also be 
employed as ?llers in soft and hard-?lled gelatin capsules 
using such excipients as lactose or milk sugar, as Well as 
high molecular Weight polyethyleneglycols, and the like. 

Solid dosage forms such as tablets, dragees, capsules, 
pills, and granules can be prepared With coatings and shells, 
such as enteric coatings and others Well-knoWn in the art. 
They may contain opacifying agents, and can also be of such 
composition that they release the active compound or com 
pounds in a certain part of the intestinal tract in a delayed 
manner. Examples of embedding compositions Which can be 
used are polymeric substances and Waxes. The active com 
pounds can also be in micro-encapsulated form, if 
appropriate, With one or more of the above-mentioned 
excipients. 

Liquid dosage forms for oral administration include phar 
maceutically acceptable emulsions, solutions, suspensions, 
syrups, and elixirs. In addition to the active compounds, the 
liquid dosage forms may contain inert diluents commonly 
used in the art, such as Water or other solvents, solubiliZing 
agents and emulsi?ers, as for example, ethyl alcohol, iso 
propyl alcohol, ethyl carbonate, ethyl acetate, benZyl 
alcohol, benZyl benZoate, propyleneglycol, 1,3 
butyleneglycol, dimethylformamide, oils, in particular, cot 
tonseed oil, groundnut oil, corn germ oil, olive oil, castor oil 
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and sesame oil, glycerol, tetrahydrofurfuryl alcohol, poly 
ethyleneglycols and fatty acid esters of sorbitan or mixtures 
of these substances, and the like. 

Besides such inert diluents, the composition can also 
include adjuvants, such as Wetting agents, emulsifying and 
suspending agents, sWeetening, ?avoring, and perfuming 
agents. 

Suspensions, in addition to the active compounds, may 
contain suspending agents, as for example, ethoxylated 
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, or mixtures of these 
substances, and the like. 

Compositions for rectal administrations are preferably 
suppositories Which can be prepared by mixing the com 
pounds of the present invention With suitable non-irritating 
excipients or carriers such as cocoa butter, 
polyethyleneglycol, or a suppository Wax, Which are solid at 
ordinary temperatures, but liquid at body temperature and 
therefore, melt in the rectum, or vaginal cavity and release 
the active component. 

Dosage forms for topical administration of a compound of 
this invention include ointments, poWders, sprays, and inhal 
ants. The active component is admixed under sterile condi 
tions With a physiologically acceptable carrier and any 
preservatives, buffers, or propellants as may be required. 
Ophthalmic formulations, eye ointments, poWders, and solu 
tions are also contemplated as being Within the scope of this 
invention. 

The compounds of the present invention can be admin 
istered to a patient at dosage levels in the range of about 0.1 
to about 2,000 mg per day. For a normal human adult having 
a body Weight of about 70 kilograms, a dosage in the range 
of about 0.01 to about 10 mg per kilogram of body Weight 
per day is preferable. HoWever, the speci?c dosage used can 
vary. For example, the dosage can depend on a numbers of 
factors including the requirements of the patient, the severity 
of the condition being treated, and the pharmacological 
activity of the compound being used. The determination of 
optimum dosages for a particular patient is Well-knoWn to 
those skilled in the art. 

PREPARATION OF COMPOUNDS OF THE 
INVENTION 

The present invention contains compounds that can be 
synthesiZed in a number of Ways familiar to one skilled in 
organic synthesis. The compounds outlined herein can be 
synthesiZed according to the methods described beloW, 
along With methods typically utiliZed by a synthetic chemist, 
and combinations or variations of those methods, Which are 
generally knoWn to one skilled in the art of synthetic 
chemistry. The synthetic route of compounds in the present 
invention is not limited to the methods outlined beloW. It is 
assumed one skilled in the art Will be able to use the schemes 
outlined beloW to synthesiZe compounds claimed in this 
invention. Individual compounds may require manipulation 
of the conditions in order to accommodate various func 
tional groups. A variety of protecting groups generally 
knoWn to one skilled in the art may be required. Puri?cation, 
if necessary, can be accomplished on a silica gel column 
eluted With the appropriate organic solvent system. Also, 
reverse phase HPLC or recrystallization may be employed. 
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26 
Many of the compounds With Formulas I and II are 

preferably made by reacting: 

in a solvent in the presence of a base such as cesium 

carbonate, With the aryl halide: 

Wherein: 

n, R1, R2, R3, R4, X0, X1, V1, Arl, and Ar2 are the same 
as de?ned above for Formula I; 

R11 is a loWer alkyl; and 

X is a halogen. 

The resulting ester is then preferably hydrolyZed to form 
the compounds of Formulas I and II. Speci?cally, com 
pounds of Formulas I and II can be prepared using the 
synthetic route outlined in Scheme 1-6. 

Scheme 1 covers the preparation of compounds of For 
mulas I and II wherein X0 is S, q is 0-3, 

is absent, X1 is absent and r is 0. Compounds of the general 
formula A are thiocyanated With a mixture of bromine and 
sodium thiocyanate to give compounds of the general for 
mula B. Compounds of the general formula B are then 
alkylated With an alkyl haloacarboxylate to give compounds 
of the general formula C. The preferred alkyl haloacarboxy 
late is methyl bromoacetate. Alternate routes to compounds 
of formula C Will be readily apparent to a person skilled in 
the art of organic synthesis. Compounds of the general 
formula D are then prepared by reduction of C With dithio 
threitol in methanol. Compounds of the general formula D 
are then alkylated With compounds of the general formula Y 
in the same manner as for B to give E. Compounds of the 
general formula Y are prepared as described in Scheme 7 
(beloW) or are readily available from commercial sources. 
Compounds of the general formula E are then, saponi?ed 
With LiOH in the THF to give the ?nal compound F. 
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Scheme 1 
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Scheme 2 covers the preparation of compounds of For 
mula l-H wherein X0 is 0, q is 0-3, X1 is absent, 

",1 

is absent, and r is 0. Compounds of the general formula A are 
alkylated With an alkyl haloacarboxylate to give compounds 
of the general formula G. The preferred alkyl halocarboxy 
late is methyl bromoacetate. Alternate routes to compounds 
of formula G When Y is 0 Will be readily apparent to a 
person skilled in the art of organic synthesis. Compounds of 
the general formula G are then acylated using Friedel-Crafts 
conditions to give compounds of the general formula H 

28 
Which are then oxidized With m-chloroperoXybenZoic acid 
folloWed by hydrolysis to give phenolic compounds of the 
general formula 1. Compounds of the general formula I are 
then reacted in a similar manner as for D to give after 

saponi?cation With LiOH in THF, compounds of the general 
formula K. 

Scheme 2 
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(CH2)q (CH2)q 

55 | 
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(CH2), ($H2), 
60 

A12 A8 

I K 

65 Scheme 3 covers the preparation of compounds of for 

mula l-H wherein X0 is 4CH2iCH2i, 4C=Ci, q iS 
0-3, X1 is absent, 
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is absent, and r is 0. Compounds of the general formula A are 
brominated With bromine, using acetic acid as solvent to 
give L. Alternatively, N-bromosuccinimide may be used in 
place of bromine and dichloromethane in place of acetic acid 
as solvent. Compounds of the general formula L are then 
alkylated With an alkyl haloacarboxylate to give compounds 
of the general formula M. The preferred alkyl halocarboxy 
late is methyl bromoacetate. Alternate routes to compounds 
of formula M Will be readily apparent to a person skilled in 
the art of organic synthesis. Compounds of the general 
formula M are then reacted in the presence of tetrakis 
(triphenylphosphine)palladium(0) and biphenyl compounds 
of the general formula EE to give compounds of the general 
formula N. Compounds of the general formula EE are 
prepared as described in Scheme 9 or are readily available 
from commercial sources. Compounds of the general for 
mula N are then saponi?ed With LIOH in THF to give the 
?nal compound 0. 

Scheme 3 
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-continued 

/CH2CO2R11 /CH2CO2R“ 
o 0 

R3 R1 LiOPUHZO/THF R3 R1 
saponification 

R4 R2 R4 R2 

/ / 

(iH?q ((|:H2)q 
Arl Arl 

JG )'(1 
($H2), ($2); 
Ar2 Ar2 
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Scheme 4 covers the preparation of compounds of for 
mula l-ll wherein X0 is 4CH24CH2i, q is 0-3, X1 is 
absent, 

is absent, and r is 0. Accordingly, compounds of the general 
N can be reduced With hydrogen and palladium as catalyst 
to give compounds of the general formula P Which are then 
saponi?ed LiOH in THF to give the ?nal compound Q. 

Scheme 4 
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Scheme 5 covers the preparation of compounds of for 
mula l-ll wherein X0 is absent, q is 0, X1 is absent, 

is absent, and r is 0 are prepared. Compounds of the general 
formula M are allowed to react With tetrakis 
(triphenylphosphine) palladium(0) and biphenyl compounds 
of the general formula HH to give compounds of the general 
formula R. Compounds of the general formula HH are 
prepared as described in Scheme 10 or are readily available 
from commercial sources. Compounds of the general for 
mula R are then saponi?ed With LiOH in THF to give the 
?nal compound S. 

Scheme 5 
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With reference to Scheme 6, compounds of formula l-ll 
wherein X0 is S or 0, q is 1-3, X1 is O, and r is 1-3 are 
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prepared using the same conditions utiliZed for the prepa 
ration of K. 

Scheme 6 
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With reference to Scheme 7, compounds of the general 
formula X are prepared by reacting aryl boronic acid W With 
aryl bromide V in the presence of Pd(0) and cesium car 
bonate. Compounds of the general formula X are then 
reacted With methanesulfonyl chloride to give chlorides of 
the general formula Y. 

With reference to Scheme 8, compounds of the general 
formula CC are prepared Wherein an appropriate hydroxy 
benZyl alcohol AA is alkylated With an appropriate bromide 
Z. The resulting compound BB is then reacted With meth 
anesulfonyl chloride to give chlorides of the general formula 
CC. 
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Schemes 
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With reference to Scheme 9, compounds of the general 
formula EE are prepared by reacting aryl boronic acid V 
With aryl bromide DD in the presence of Pd(0) and cesium 
carbonate. 

SchemeQ 
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| 
V DD AIZ 
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With reference to Scheme 10, compounds of the general 
formula HH are prepared by reacting aryl bromide V With 
boronic acid FF to give GG. Compounds of the general 
formula GG are then reacted With an alkyl lithium reagent 
and then quenched With a borate Which is hydrolyzed to give 
compounds of the general formula HH. 

With reference to Scheme 11, compounds of formula l-ll 
wherein X0 is S or 0, q is 1-3, X1 is absent, r is O, and V1 
is a saturated or unsaturated hydrocarbon chain Which is 
substituted or unsubstituted are prepared using the same 
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conditions utiliZed for the preparation of K. Compounds of 
the general formula NN are prepared as described in Scheme 
12 or are readily available from commercial sources. 

Scheme ll 
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With reference to Scheme 12, compounds of the general 
formula NN can be prepared by reacting an appropriately 
substituted aryl amine LL under Sandmeyer conditions 
folloWed by heating to give intermediate MM. The resulting 
intermediate MM is then reacted With methanesulfonyl 
chloride to give chlorides of the general formula NN. 

Scheme 12 
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-continued 

/OH 

MM 

Not all compounds of Formulas l-ll falling into a given 
class may be compatible With some of the reaction condi 
tions described. Such restrictions are readily apparent to 
those skilled in the art of organic synthesis, and alternative 
methods must then be used. 

The following non-limiting descriptions also demonstrate 
methods for the synthesis of compounds of Formulae I and 
H. 

EXAMPLE 1 
Synthesis of [4-(Biphenyl-4 ylmethylsulfanyl)-5-methoxy 
2-methyl-phenoxy]-acetic acid (compound 1) 

O 

OH 

Me 

Step 1. Preparation of 5-Methoxy-2-methyl-phenol 
(compound 1A) 

OH 

Me 

2-Hydroxy-4-methoxy-benZaldehyde (3 g, 19.7 mmol), 
ammonium forrnate (6.2 g, 99 mmol) and palladium/carbon 
(900 mg @10%) Were added to 26 ml glacial acetic acid and 
heated at 110° C. for 1 h. The reaction Was cooled, ?ltered, 
and diluted With Water (100 ml). The crude product Was 
extracted With chloroform (3x50 ml), Washed With Water, 
brine, and dried over anhydrous sodium sulfate. The result 
ing solution Was concentrated and used for the next step 
Without further puri?cation. MS m/Z 139 (M+1). 
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Step 2. Preparation of 5-Methoxy-2-methyl-4-thiocyanato 
phenol (compound 1B) 

1B 
Me 

OH 

NCS 

Me 

The product from Example 1A (3.5 g, 25 mmol), sodium 
thiocyanate (6.48 g, 80 mmol), and sodium bromide (2.6 g, 
25 mmol) Were dissolved in 30 ml anhydrous methanol. 
Bromine (4.4 g, 28 mmol) Was added drop Wise over 15 
minutes and alloWed to stir at ambient temperature for 1 h. 
Brine Was added (50 ml) and the crude product Was 
extracted into ethyl acetate (3><100 ml). The combined 
organic extracts Were Washed With brine, dried over anhy 
drous sodium sulfate, decanted, and concentrated to afford 
the title product in good purity. 400 MHZ 1H NMR (DMSO 
d6) 6 10.13 (s, 1H), 7.25 (s, 1H), 6.54 (s, 1H), 3.77 (s, 3H), 
2.0 (s, 3H); MS m/Z 196 (M+1). 
Step 3. Preparation of (5-Methoxy-2-methyl-4-thiocyanato 
phenoxy)-acetic acid methyl ester (compound 1C) 

0% Me 0/ 

NCS 

Me 

The product from Example 1B (620 mg, 3.2 mmol), methyl 
bromoacetate (854 mg, 3.5 mmol), and cesium carbonate 
(3.1 g, 9.6 mmol) Were stirred in 10 ml anhydrous acetoni 
trile at ambient temperature for 1 h. The reaction Was ?ltered 
through Celite®, concentrated, and puri?ed using normal 
phase chromatography. 400 MHZ 1H NMR (DMSO-d6) 6 
7.33 (s, 1H), 6.72 (s, 1H), 4.93 (s, 2H), 3.84 (s, 3H), 3.66 (s, 
3H), 2.09 (s, 3H); MS m/Z 268 (M+1). 
Step 4. Preparation of (4Mercapto-5-methoxy-2-methyl 
phenoxy)-acetic acid methyl ester (compound 1D) 

1D 
Me O 

0% Me 0/ 

HS 

Me 

The product from Example 1C (1.1 g, 4.1 mmol) and 
dithiothreitol (824 mg, 5.4 mmol) Were dissolved in 20 ml 
methanol With 2.5 ml Water. The solution Was re?uxed for 4 
h, cooled, concentrated, and puri?ed by normal phase chro 
matography. 400 MHZ 1H NMR (DMSO-d6) 6 7.02 (s, 1H), 
6.54 (s, 1H), 4.79 (s, 2H), 4.41 (s, 1H), 3.72 (s, 3H), 3.64 (s, 
3H), 2.02 (s, 3H); MS m/Z 243 (M+1). 
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Step 5. Preparation of 4-Bromomethyl-biphenyl (compound 
1E) 

Br 

Biphenyl-4-yl methanol (500 mg, 2.72 mmol) phosphorus 
tribromide (809 mg, 2.99 mmol), and lithium bromide (260 
mg, 2.99 mmol) Were dissolved in 10 ml DMF and stirred at 
ambient temperature for 1 h. Water (10 ml) Was added and 
the crude product Was extracted into dichloromethane, dried 
over anhydrous sodium sulfate, ?ltered through silica gel, 
and concentrated. MS m/Z 167 (M+1-Br). 

Step 6. Preparation of [4-(Biphenyl-4-ylmethylsulfanyl)-5 
methoxy-2-methyl-phenoxy]-acetic acid methyl ester 
(compound 1E) 

The product from Example 1D (100 mg, 0.38 mmol), the 
product from Example 1E (92 mg, 0.38 mmol) and cesium 
carbonate (250 mg, 0.76 mmol) Were added to 5 ml aceto 
nitrile and stirred at ambient temperature for 4 hr. The 
reaction Was ?ltered through Celite®, concentrated and 
puri?ed through normal phase chromatography. MS m/ Z 409 
(M+1). 

Step 7. Preparation of [4-(Biphenyl-4-ylmethylsulfanyl)-5 
methoxy-2-methyl-phenoxy]-acetic acid (compound 1) 

The product from Example 1F (101 mg) Was dissolved in 10 
ml THE/Water solution (10:1). Lithium hydroxide monohy 
drate (300 mg) Was added and stirred for 30 minutes. 2 
Normal aqueous HCl Was added to pH<5 and then Washed 
With ethyl acetate. The organic extract Was dried over 
anhydrous sodium sulfate, decanted, and concentrated. The 
title product Was recrystalliZed from chloroform/hexanes. 
mp 60-620 C.; 400 MHZ 1H NMR (DMSO-d6) 6 12.94 
(br(s), 1H), 7.58 (d, 2H, J=8 HZ), 7.52 (d, 2H, J=8 HZ), 7.39 
(t, 2H, J=7.2 HZ), 7.30 (m, 3H), 7.02 (s, 1H), 6.52 (s, 1H), 
4.69 (s, 2H), 4.01 (s, 2H), 3.73 (s, 3H), 2.01 (s, 3H). MS m/Z 
393 (M-1). Anal. Calc’d for C32H22O4S.3H2O C, 69.05; H, 
5.07; found: C, 69.04; H, 5.35. 
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EXAMPLE 2 

Synthesis of [4-Biphenyl-4-ylmethylsulfanyl)-2-methyl 
phenoxy]-acetic acid (compound 2) 

Me O 

OH 

S 

Step 1. Preparation of 2-Methyl-4-thiocyanato-phenol 
(compound 2A) 

2A 

OH 

NCS 

The title compound Was prepared in a manner analogous to 
Example 1B from 2-methylphenol. 400 MHZ 1H NMR 
(DMSO-d6) 6 10.09 (s, 1H), 7.36 (s, 1H), 7.30 (d, 1H, J=8.1 
HZ), 6.83 (d, 1H, J=8.1 HZ), 2.08 (s, 3H); MS m/Z 166 
(M+1). 
Step 2. Preparation of (2-Methyl-4-thiocyanato-phenoxy) 
acetic acid methyl ester (compound 2B) 

Me O 

0% Me 
U O/ 

NCS 

The title compound Was prepared from 2 Example 2A in a 
manner analogous to Example 1C. 400 MHZ 1H NMR 
(DMSO-d6) 6 7.46 (s, 1H), 6.95 (d, 1H, J=8.5 HZ), 6.80 (d, 
1H, J=8.5 HZ), 4.86 (s, 2H), 3.65 (s, 3H), 2.17 (s, 3H); MS 
m/Z 238 (M+1). 
Step 3. Preparation of (4-Mercapto-2-methyl-phenoxy) 
acetic acid methyl ester (compound 2C) 

Me O 

0% Me 
U O/ 

HS 

The title compound Was prepared from (2-methyl-4 
thiocyanato-phenoxy)-acetic acid methyl ester in a manner 
analogous to Example 1C. 400 MHZ 1H NMR (DMSO-d6) 
6 7.05 (s, 1H), 7.00 (d, 1H, J=10.3 HZ), 6.70 (d, 1H, J=10.3 
HZ), 5.00 (s, 1H), 4.73 (s, 1H), 3.63 (s, 3H), 2.09 (s, 3H); MS 
m/Z 213 (M+1). 




























































































































