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FIGURE 2 

PPARy ALonists 
1. M‘ M TROGLITAZONE 

Me O c 

O O NH 

O 

HO m) 
Me 

/ . 2. (:L ROSIGLITAZONE (BRL4963) 
I O O 

\ N/\/ mm I >=o 
Me S 

3. N\ O O NH - PIOGLITAZONE 

U/ >20 E‘ . / S 

4. N O 0 N1] JTT 501 

WY \0 
0 Me 

5. 0 0 YM 440 (YAMANOUCHI) 

>\0 Ova/O 0% 
HN l I NH 

>r‘“ “\< 
0 0 

6. m 0 ‘ CIGLITAZONE 

E j 0 NH m >§o S 

7. ° 0 ‘ DARGLITAZONE 
N NH 

cw I- >§ O 
0 Me S 

s. 0 O NH ENGLITAZONE 

m >§o S 

9. “O O AD-5075 (MERCK) 
N 0 NH 

CW T OiOW 
10. /~l/\/Q\©\°J\im1 BM 131246 (BOEHRINGER M.) Q4 >0 



Patent Application Publication Dec. 23, 2004 Sheet 3 0f 7 

PP’N?" 

US 2004/0259918 A1 

FIGURE 3 
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FIGURE 3 (continued) 
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FIGURE 3 (continued) 

Rd 

Rc 

NH 

\S 
// \\ 

Ar 0 0 Ra 

\o 
OCH, 

Ra Rb Rc Rd 
23. 3,5-dichl0rophenyl Cl H Cl H 
24. 3,5-di?uoropheny1 H H CF; H 
25. 3,5-dich1orophenyl H H CF; H 
26. 3,5-di?uorophenyl Cl H Cl H 
27. 3,5-di?uor0phenyl H H OCH; H 
28. 3,5-dimethoxyphenyl Cl H Cl H 
29. 3,5-dimethoxyphenyl Cl _ H CF; H 
30. 3,5-dimethoxyphenyl H H OCH; H 

Rd 

Rc 

NH\ 
s . Rb 

O//\\O I Ra 
0 

c1 

Ra Rb Rc Rd 
3 1. Cl H ' Cl H 

32. C1 H I H 
33. H H OCH; H 



Patent Application Publication Dec. 23, 2004 Sheet 6 0f 7 US 2004/0259918 A1 

FIGURE 3 (continued) 
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FIGURE 3 (continued) 
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COMBINATION THERAPEUTIC COMPOSITIONS 
AND METHOD OF USE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/201,613, ?led May 3, 2000, the teaching 
of Which are hereby incorporated by reference for all pur 
poses. 

FIELD OF INVENTION 

[0002] In general, the present invention relates to phar 
maceutical compositions, and more particularly, to pharma 
ceutical compositions for the treatment of diabetes mellitus 
using combination therapy. 

BACKGROUND OF THE INVENTION 

[0003] Diabetes mellitus is a term generally used to refer 
to various pathological states characteriZed by hyperglyce 
mia and altered metabolism of lipids, carbohydrates and 
proteins. These conditions are also often associated With 
other co-morbidities, such as obesity and an increased risk 
of cardiovascular disease. By some estimates, as many as 
600,000 neW individuals become clinically diabetic every 
year in the United States. 

[0004] Diabetic conditions are generally classi?ed as 
either insulin-dependent diabetes mellitus (IDDM, Type I 
diabetes) or non-insulin-dependent diabetes mellitus 
(NIDDM, Type II diabetes). There are also less common 
clinical pathologies that are associated With diabetic condi 
tions, such as gestational maturity-onset diabetes of youth 
(MODY), tropical diabetes secondary to chronic pancreatis, 
diabetes secondary to pancreatic disease or surgery, and 
diabetes secondary to endocrinopathies. 

[0005] Virtually all forms of diabetes are due to a decrease 
in the circulating concentration of insulin (insulin de? 
ciency) and/or a decrease in the response of peripheral 
tissues to insulin (insulin resistance). These abnormalities 
lead to alterations in the metabolism of carbohydrates, 
lipids, ketones and amino acids, and a hyperglycemic con 
dition. IDDM appears to have an autoimmune etiology, 
Which results in destruction of [3 islet cells in the pancreas 
and the resulting inability to produce insulin. The etiology of 
NIDDM, the most prevalent form of diabetes, is more 
complex and possibly heterogeneous. Some loss of B-cell 
volume is generally noted in these patients, as Well as 
decreased circulating levels of insulin. NIDDM patients may 
also suffer commonly from insulin resistance. 

[0006] The best-established therapy for all IDDM and 
many NIDDM patients is subcutaneous insulin treatment. 
Additionally, insulin is used as the treatment of choice for 
patients With postpancreatectomy diabetes or gestational 
diabetes. While insulin is a key element in the control of 
these hyperglycemic conditions, there are a number of 
limitations associated With its use, including hypoglycemia, 
allergic reactions to insulin, lipoatrophy, lipohypertrophy, 
body Weight gain, edema, and insulin resistance. There are 
a number of neW forms of insulin on the market or in various 

stages of clinical evaluation, including neW delivery sys 
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tems, various recombinant forms, neW routes of administra 
tion, and gene therapy. These novel forms of insulin treat 
ments are believed to share some of the same limitations 

outlined above. A signi?cant improvement in the treatment 
of diabetes can be achieved if insulin treatment is combined 
With agents that increase the insulin sensitivity of the 
peripheral tissues. 

[0007] The concept of combination therapy is Well 
exploited in current medical practice. Treatment of a pathol 
ogy by combining tWo or more agents that target the same 
pathogen or biochemical pathWay sometimes results in 
greater ef?cacy and diminished side effects relative to the 
use of the therapeutically relevant dose of each agent alone. 
In some cases, the ef?cacy of the drug combination is 
additive (the efficacy of the combination is approximately 
equal to the sum of the effects of each drug alone), but in 
other cases the effect can be synergistic (the ef?cacy of the 
combination is greater than the sum of the effects of each 
drug given alone). In real medical practice, it is often quite 
dif?cult to determine if drug combinations are additive or 
synergistic. 

[0008] For most diabetic patients, treatment involves some 
form of insulin therapy. In addition, IDDM patients may 
receive a biguanide (e.g., metformin) to enhance the insulin 
utiliZation by peripheral tissues. NIDDM patients are often 
treated With a combination of insulin, a sulfonylurea (to 
enhance insulin production in the pancreas) and a biguanide 
or glitaZone (to enhance insulin sensitivity by peripheral 
tissues). For example, the improved utility of a glitaZone in 
combination With a sulfonylurea Was recently demonstrated 
in human clinical trials (see, WO 98/36755). Recently, tWo 
glitaZone compounds (rosiglitaZone and pioglitaZone) Were 
approved in the United States for the treatment of NIDDM 
patients in combination With metformin. 

[0009] A variety of antidiabetic compounds are knoWn. 
For example, sulfonylureas are a group of drugs that induce 
hypoglycemia by stimulating insulin release from the pan 
creas. Generally, sulfonylureas have found Wide utility in the 
treatment of NIDDM. Their ef?cacy is decreased in IDDM 
because of the inherent inability of the patient to produce 
insulin. Adverse reactions to sulfonylureas occur in a frac 
tion of patients, particularly the elderly. One of the most 
severe side effects is hypoglycemia and coma. Other side 
effects include nausea and vomiting, cholestatic jaundice, 
agranulocytosis, cardiovascular mortality, aplastic and 
hemolytic anemias, generaliZed hypersensitivity reactions 
and dermatological reactions. 

[0010] Biguanides are another group of drugs, ?rst intro 
duced in the mid 1950’s, that have shoWn ef?cacy in the 
treatment of hyperglycemia by mechanisms that are not Well 
understood. The best knoWn agents of this type include 
metformin, phenformin and buformin. Unlike the sulfony 
lureas, metformin does not induce release of insulin from the 
pancreas. It is thought that its effects are mediated by 
increasing insulin activity in peripheral tissues, reducing 
hepatic glucose output due to inhibition of gluconeogenesis 
and reducing the absorption of glucose from the intestine. 
Side effects associated With the use of biguanides include 
lactic acidosis, diarrhea, nausea, and anorexia. These agents 
are often given in combination With drugs that increase the 
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output of insulin from the pancreas, such as the sulfony 
lureas, Which sometimes results in greater ef?cacy and/or the 
ability to use loWer doses of the drugs, With an improved 
side effect pro?le. 

[0011] More recently, the glitaZones have been introduced 
and are Widely used in the treatment of NIDDM. These 
agents, also knoWn generically as thiaZolidinediones, such 
as troglitaZone, rosiglitaZone and pioglitaZone, are thought 
to Work by increasing the sensitivity of peripheral tissues, 
such as skeletal muscle, toWards insulin. They are often used 
in combination With insulin or other agents, such as the 
sulfonylureas, that enhance the release of insulin from the 
pancreas. A number of side effects have been described 
during the clinical evaluation of these agents, including 
hepatotoXicity, organomegaly, edema, anemia and body 
Weight gain. While hepatotoXicity may be the most acutely 
life-threatening of these conditions, it does not appear in a 
large percentage of the patient population. On the other 
hand, the increases in body Weight gain associated With 
chronic glitaZone treatment are generally perceived as Wors 
ening an already critical co-morbid condition in the majority 
of the diabetic patients, and may ultimately result in the loss 
of antidiabetic efficacy for this type of agent after chronic 
treatment. 

[0012] ot-Glucosidase inhibitors, such as acarbose, reduce 
intestinal absorption of starch, deXtrin, and disaccharides by 
inhibiting the action of intestinal brush border ot-glucosi 
dase. Inhibition of this enZyme sloWs the absorption of 
carbohydrates and the rise in plasma glucose that normally 
folloWs after a meal is blunted. Acarbose has shoWn some 
bene?t in IDDM and NIDDM patients, but is often associ 
ated With dose-related malabsorption, ?atulence and 
abdominal bloating. 

[0013] Other types of agents that have found limited utility 
in treating diabetes include potassium channel antagonists 
such as repaglinide, and aldose reductase inhibitors such as 
Zopolrestat and tolrestat. Still in the experimental stage, 
glucagon antagonists, activators of the retinoid-X receptor 
(RXR), activators of PPARot, activators of PPARo and 
anti-obesity agents are also being evaluated as potential 
antidiabetic agents. 

[0014] In vieW of the foregoing, there remains a need in 
the art to provide more efficacious treatment for diabetic 
conditions and diabetic complications. Combination therapy 
treatments are needed that Will reduce the amount of drugs 
taken, thereby decreasing side effects. The present invention 
ful?lls these and other needs. 

SUMMARY OF THE INVENTION 

[0015] The present invention provides pharmaceutical 
compositions for the treatment of a variety of diseases, 
including diabetes mellitus, such as IDDM, NIDDM, ges 
tational diabetes, juvenile diabetes, and the like, using 
combination therapy. In certain aspects, the pharmaceutical 
compositions comprise a pharmaceutically acceptable car 
rier With a compound of Formula I and an antidiabetic agent. 
Advantageously, the compositions of the present invention 
provide clinical advantage over the use of a single agent 
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alone. As such, the present invention provides a composition 
comprising: 

[0016] i) a compound of Formula I 

Raw/f 
Ar 1\ X 

Wherein 

1 

[0017] 
[0018] Ar1 is an aryl group; X is a divalent linkage 

selected from (C1-C6)alkylene, (C1-C6)alkylenoXy, 
(C1-C6)alkylenamino, (C1-C6)alkylene-S(O)k—, 
—O—> —C(O)—> —N(R11)—> —N(R11)C(O)—> 
—S(O)k— and a single bond, Wherein R11 is a 
member selected from hydrogen, (C1-C8)alkyl, (C1 
C8)heteroalkyl and aryl(C1-C4)alkyl; and the sub 
script k is an integer of from 0 to 2; Y is a divalent 
linkage selected from alkylene, —O—, —C(O)—, 
—N(R12)—S(O)m—, —N(R12)—S(O)m— 
N(R13)—, —N(R12)C(O)—, —S(O)n— and a single 
bond, Wherein R12 and R13 are members indepen 
dently selected from hydrogen, (C1-C8)alkyl, (C1 
C8)heteroalkyl and aryl(C1-C4)alkyl; and the sub 
scripts m and n are independently integers of from 0 
to 2; 

[0019] R1 is a member selected from the group 
hydrogen, heteroalkyl, aryl, arylalkyl, halogen, 
cyano, nitro, (C1-C8)alkyl, (C1-C8)alkoXy, 
—C(O)R14, —CO2R14—C(O)NR15R16, _s(o)p_ 
R14, —S(O)q—NR15R16, —O—C(O)—OR17, 
—O—C(O)—R17, —O—C(O)TNR15R16, 
—N(R14)—C(O)—NR15R16, —N(R )_c(o)_ 
R17 and —N(R14)—C(O)—OR17; Wherein 

[0020] R14 is a member selected from hydrogen, 
(C1-C8)alkyl, (C1-C8)heteroalkyl, aryl and aryl(C1 
C4)a1ky1; 

[0021] R15 and R16 are members independently 
selected from hydrogen, (C1-C8)alkyl, (C1 
C8)heteroalkyl, aryl, and aryl(C1-C4)alkyl, or taken 
together With the nitrogen to Which each is attached 
form a 5-, 6- or 7-membered ring; 

[0022] R17 is a member selected from alkyl, het 
eroalkyl, aryl and arylalkyl; 

[0023] 
[0024] the subscript q is an integer of from 1 to 2; 

[0025] R2 is a member selected from (C1-C8)alkyl, 
(C1-C8)heteroalkyl, aryl and aryl(C1-C4)alkyl; 

[0026] R3 is a member selected from hydrogen, halo 
gen, cyano, nitro, (C1-C8)alkyl and (C1-C8)alkoXy; 

[0027] including pharmaceutically acceptable salts of 
compounds of Formula I; and 

the subscript p is an integer of from 0 to 3; 

[0028] ii) one or more antidiabetic agents, including, 
but not limited to, sulfonylureas, biguanides, glita 
Zones and other PPARY agonists, PPARO. agonists, 
PPARo agonists, ot-glucosidase inhibitors, potassium 
channel antagonists, aldose reductase inhibitors, glu 
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cagon antagonists, activators of RXR, insulin 
therapy or other anti-obesity agent (5), prodrugs 
thereof, or pharmaceutically acceptable salts of the 
antidiabetic agents, and a pharmaceutically accept 
able carrier or diluent. 

[0029] In certain aspects, the compositions of the present 
invention comprise a compound of Formula I formulated 
together With one or more antidiabetic agents. Alternatively, 
the compositions of the present invention comprise a com 
pound of Formula I independently formulated With one or 
more antidiabetic agents i.e., separately formulated. 

[0030] Suitable antidiabetic agents include, but are not 
limited to, sulfonylureas, biguanides, glitaZones and other 
PPARY agonists, ot-glucosidase inhibitors, potassium chan 
nel antagonists, aldose reductase inhibitors, glucagon 
antagonists, activators of RXR, activators of PPARot, acti 
vators of PPARF), insulin therapy or other anti-obesity 
agents. The administration of a composition comprising i) a 
compound of Formula I, Which are PPARY modulators and 
knoWn to increase peripheral tissue sensitivity to insulin, 
With ii) an antidiabetic agent such as insulin therapy, or a 
stimulator of insulin secretion, and the like, increases the 
ef?cacy of either agent alone. In addition to increased 
ef?cacy, the combination therapy of the present invention 
alloWs for a concomitant reduction in the dose of the agents. 
The combination therapy of a compound of Formula I and 
one or more of another antidiabetic agents (e.g., biguanides, 
glitaZones, RXR ligands, PPARY agonists, etc.) results in a 
reduction in the side effects normally associated With certain 
antidiabetic agents. 

[0031] In certain aspects, compounds of Formula I are 
administered in combination With antidiabetic agents that 
are ineffective for stimulation of insulin secretion or insulin 
sensitivity, such as ot-glucosidase inhibitors, potassium 
channel antagonists, aldose reductase inhibitors, glucagon 
antagonists, RXR ligands, PPARO. agonists, PPARF) ago 
nists, and anti-obesity agents. Surprisingly, these types of 
combination therapy result in enhanced ef?cacy relative to 
the use of the single agents alone. 

[0032] In another embodiment, the present invention pro 
vides methods of treating metabolic or in?ammatory disor 
ders in a host by administering a composition of the present 
invention. In certain preferred aspects, the method includes 
the administration of a composition comprising a combina 
tion of a compound of Formula I With the antidiabetic agent 
delivered in a simultaneous manner, such as in a single 
formulation. In certain other aspects, the methods of the 
present invention include combination therapy Wherein the 
compound of Formula I is administered ?rst in one formu 
lation, folloWed by the antidiabetic agent in a separate 
formulation. The methods also include an antidiabetic agent 
being delivered ?rst in one formulation, folloWed by a 
compound of Formula I in a separate formulation. The 
present invention includes all such methods of administra 
tion. The combination therapy is especially efficacious on 
conditions associated With diabetes, such as obesity, cardio 
vascular disease, hypercholesterolemia and other lipid dis 
orders, peripheral neuropathies and other neurological dis 
orders, and the like. 

[0033] These and other feature and advantages Will 
become more apparent When read With the accompanying 
Figures and detailed description that folloW. 
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[0034] De?nitions 

[0035] The term “alkyl,” by itself or as part of another 
substituent, means, unless otherWise stated, a straight or 
branched chain, or cyclic hydrocarbon radical, or combina 
tion thereof, Which may be fully saturated, mono- or poly 
unsaturated and can include di- and multivalent radicals, 
having the number of carbon atoms designated (i.e. C1-C1O 
means one to ten carbons). Examples of saturated hydro 
carbon radicals include groups such as methyl, ethyl, n-pro 
pyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclo 
hexyl, (cyclohexyl)ethyl, cyclopropylmethyl, homologs and 
isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, 
and the like. An unsaturated alkyl group is one having one 
or more double bonds or triple bonds. Examples of unsat 
urated alkyl groups include vinyl, 2-propenyl, crotyl, 2-iso 
pentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadi 
enyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher 
homologs and isomers. The term “alkyl,” unless otherWise 
noted, is also meant to include those derivatives of alkyl 
de?ned in more detail beloW as “heteroalkyl,”“cycloalkyl” 
and “alkylene.” The term “alkylene” by itself or as part of 
another substituent means a divalent radical derived from an 

alkane, as exempli?ed by —CH2CH2CH2CH2—. Typically, 
an alkyl group Will have from 1 to 24 carbon atoms, With 
those groups having 10 or feWer carbon atoms being pre 
ferred in the present invention. A “loWer alkyl” or “loWer 
alkylene” is a shorter chain alkyl or alkylene group, gener 
ally having eight or feWer carbon atoms. An alkanoyl is a 
RCO— group. 

[0036] The term “heteroalkyl,” by itself or in combination 
With another term, means, unless otherWise stated, a stable 
straight or branched chain, or cyclic hydrocarbon radical, or 
combinations thereof, consisting of the stated number of 
carbon atoms and from one to three heteroatoms selected 
from the group consisting of O, N, Si and S, and Wherein the 
nitrogen and sulfur atoms can optionally be oxidiZed and the 
nitrogen heteroatom can optionally be quaterniZed. The 
heteroatom(s) O, N and S may be placed at any interior 
position of the heteroalkyl group. The heteroatom Si may be 
placed at any position of the heteroalkyl group, including the 
position at Which the alkyl group is attached to the remainder 
of the molecule. Examples include —CH2—CH2—O— 
CH3, —CH2—CH2—NH—CH3, —CH2—CH2— 
N(CH3)—CH3, —CH2—S—CH2—CH3, —CH2—CH2— 
S(O)—CH3, —CH2—CH2—S(O)2—CH3, —CH=CH— 
O—CH3, —Si(CH3)3, —CH2—CH=N—OCH3, and 
—CH=CH—N(CH3)—CH3. Up to tWo heteroatoms may 
be consecutive, such as, for example, —CH2—NH—OCH3 
and —CH2—O—Si(CH3)3. Also included in the term “het 
eroalkyl” are those radicals described in more detail beloW 
as “heteroalkylene” and “heterocycloalkyl.” The term “het 
eroalkylene” by itself or as part of another substituent means 
a divalent radical derived from heteroalkyl, as exempli?ed 

by —CH2—CH2—S—CH2CH2— and —CH2—S—H2— 
CH2—NH—CH2—. For heteroalkylene groups, heteroat 
oms can also occupy either or both of the chain termini. Still 
further, for alkylene and heteroalkylene linking groups, no 
orientation of the linking group is implied. 

[0037] The terms “cycloalkyl” and “heterocycloalkyl”, by 
themselves or in combination With other terms, represent, 
unless otherWise stated, cyclic versions of “alkyl” and 
“heteroalkyl”, respectively. Additionally, for heterocy 
cloalkyl, a heteroatom can occupy the position at Which the 
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heterocycle is attached to the remainder of the molecule. 
Examples of cycloalkyl include cyclopentyl, cyclohexyl, 
l-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. 
Examples of heterocycloalkyl include 1-(1,2,5,6-tetrahydro 
pyridyl), l-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-mor 
pholinyl, 3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofu 
ran-3-yl, tetrahydrothien-2-yl, tetrahydrothien-3-yl, 
1-piperaZinyl, 2-piperaZinyl, and the like. 

[0038] The terms “halo” or “halogen,” by themselves or as 
part of another substituent, mean, unless otherWise stated, a 
?uorine, chlorine, bromine, or iodine atom. Additionally, 
terms such as “?uoroalkyl,” are meant to include monof 
luoroalkyl and poly?uoroalkyl. 

[0039] The term “aryl,” employed alone or in combination 
With other terms (e.g., aryloxy, arylthioxy, arylalkyl, aroyl 
(ArCO), heteroaroyl) means, unless otherWise stated, an 
aromatic substituent Which can be a single ring or multiple 
rings (up to three rings) Which are fused together or linked 
covalently. The rings may each contain from Zero to four 
heteroatoms selected from N, O, and S, Wherein the nitrogen 
and sulfur atoms are optionally oxidiZed, and the nitrogen 
atom(s) are optionally quaterniZed. The aryl groups that 
contain heteroatoms may be referred to as “heteroaryl” and 
can be attached to the remainder of the molecule through a 
heteroatom. Non-limiting examples of aryl groups include 
aminobenZoheteroaZolyl, 2-aZanaphthalenyl, beZoxaZolyl, 
phenyl, l-naphthyl, 2-naphthyl, 4-biphenyl, l-pyrrolyl, 
2-pyrrolyl, 3-pyrrolyl, 3-pyraZolyl, 2-imidaZolyl, 4-imida 
Zolyl, pyraZinyl, 2-oxaZolyl, 4-oxaZolyl, 2-phenyl-4-ox 
aZolyl, 5-oxaZolyl, 3-isoxaZolyl, 4-isoxaZolyl, 5-isoxaZolyl, 
2-thiaZolyl, 4-thiaZolyl, 5-thiaZolyl, 2-furyl, 3-furyl, 2-thie 
nyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 
4-pyrimidyl, 5-benZothiaZolyl, purinyl, 2-benZimidaZolyl, 
S-indolyl, l-isoquinolyl, S-isoquinolyl, 2-quinoxalinyl, 
S-quinoxalinyl, 3-quinolyl, 6-quinolyl, thiobenZoxaZolyl, 
thiobenZothiaZolyl and thiobenZimidaZolyl. Substituents for 
each of the above noted aryl ring systems are selected from 
the group of acceptable substituents described beloW. The 
term “arylalkyl” is meant to include those radicals in Which 
an aryl group is attached to an alkyl group (e.g., benZyl, 
phenethyl, pyridylmethyl and the like) or a heteroalkyl 
group (e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1 
naphthyloxy)propyl, and the like). 

[0040] Each of the above terms (e.g., “alkyl,”“het 
eroalkyl” and “aryl”) are meant to include both substituted 
and unsubstituted forms of the indicated radical. Preferred 
substituents for each type of radical are provided beloW. 

[0041] Substituents for the alkyl and heteroalkyl radicals 
(including those groups often referred to as alkylene, alk 
enyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, 
heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) can 
be a variety of groups selected from: —OR‘, :0, =NR‘, 

—NR‘C(NH2)=NH, —NH—C(NH2)=NR‘, —S(O)R‘, 
S(O)2R‘, —S(O)2NR‘R“, —CN and —NO2 in a number 
ranging from Zero to (2N+1), Where N is the total number of 
carbon atoms in such radical. R‘, R“ and R‘“ each indepen 
dently refer to hydrogen, unsubstituted (C1-C8)alkyl and 
heteroalkyl, unsubstituted aryl, aryl substituted With 1-3 

Dec. 23, 2004 

halogens, unsubstituted alkyl, alkoxy or thioalkoxy groups, 
or aryl-(C1-C4)alkyl groups. When R‘ and R“ are attached to 
the same nitrogen atom, they can be combined With the 
nitrogen atom to form a 5-, 6-, or 7-membered ring. For 
example, —NR‘R“ is meant to include l-pyrrolidinyl and 
4-morpholinyl. From the above discussion of substituents, 
one of skill in the art Will understand that the term “alkyl” 
is meant to include groups such as haloalkyl (e.g., —CF3 and 
—CH2CF3) and acyl (e.g., —C(O)CH3, —C(O)CF3, 
—C(O)CH2OCH3, and the like). 
[0042] Similarly, substituents for the aryl groups are var 
ied and are selected from: -halogen, —OR‘, —OC(O)R‘, 
—NR‘R“, —SR‘, —R‘, —CN, —NO2—CO2R‘, 
—CONR‘R“, —C(O)R‘, —OC(O)NR‘R“, —NR“C(O)R‘, 
—NR“C(O)2R‘, —NR‘—C(O)NR“R“‘, —NH— 
C(NH2)=NH, —NR‘C(NH2)=NH, —NH— 
C(NH2)=NR‘, —S(O)R‘, —S(O)2R‘, —S(O)2NR‘R“, —N3, 
—CH(Ph)2, per?uoro(C1-C4)alkoxy, and per?uoro(C1 
C4)alkyl, in a number ranging from Zero to the total number 
of open valences on the aromatic ring system; and Where R‘, 
R“ and R‘“ are independently selected from hydrogen, 
(C1-C8)alkyl and heteroalkyl, unsubstituted aryl, (unsubsti 
tuted aryl)-(C1-C4)alkyl, and (unsubstituted aryl)oxy-(C1 
C4)alkyl. 
[0043] TWo of the substituents on adjacent atoms of the 
aryl ring may optionally be replaced With a substituent of the 
formula -T-C(O)—(CH2)q-U- Wherein T and U are indepen 
dently —NH—, —O—, —CH2— or a single bond, and q is 
an integer of from 0 to 2. Alternatively, tWo of the substitu 
ents on adjacent atoms of the aryl ring may optionally be 
replaced With a substituent of the formula -A-(CH2)r-B-, 
Wherein A and B are independently —CH2—, —O—, 
—NH—, —S—, —S(O)—, —S(O)2—, —S(O)2NR‘— or a 
single bond, and r is an integer of from 1 to 3. One of the 
single bonds of the neW ring so formed may optionally be 
replaced With a double bond. Alternatively, tWo of the 
substituents on adjacent atoms of the aryl ring may option 
ally be replaced With a substituent of the formula 
—(CH2)S—X—(CH2)t—, Where s and t are independently 
integers of from 0 to 3, and X is —O—, —NR‘—, —S—, 
—S(O)—, —S(O)2—, or —S(O)2NR‘—. The substituent R‘ 
in —NR‘— and —S(O)2NR‘— is selected from hydrogen or 
unsubstituted (C1-C6)alkyl. 

[0044] In certain instances, aryl means tWo aryl groups 
joined by a heteroatom. These groups include diphenyl 
ether, phenoxy substituted 2-aZanaphthalene, phenyl 
thiobenZothiaZole, phenyl-heterobenZoxaZoles, phenyl 
thiobenZoimidaZoles and phenyl-heterobenZoheteroaZoles 
(see structures IIa-IIf beloW). 

[0045] As used herein, the term “heteroatom” is meant to 
include oxygen (O), nitrogen (N), sulfur (S) and silicon (Si). 

[0046] The term “pharmaceutically acceptable salts” is 
meant to include salts of the active compounds Which are 
prepared With relatively nontoxic acids or bases, depending 
on the particular substituents found on the compounds 
described herein. When compounds of the present invention 
contain relatively acidic functionalities, base addition salts 
can be obtained by contacting the neutral form of such 
compounds With a suf?cient amount of the desired base, 
either neat or in a suitable inert solvent. Examples of 
pharmaceutically acceptable base addition salts include 
sodium, potassium, calcium, ammonium, organic amino, or 
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magnesium salt, or a similar salt. When compounds of the 
present invention contain relatively basic functionalities, 
acid addition salts can be obtained by contacting the neutral 
form of such compounds With a suf?cient amount of the 
desired acid, either neat or in a suitable inert solvent. 
Examples of pharmaceutically acceptable acid addition salts 
include, but are not limited to, those derived from inorganic 
acids like hydrochloric, hydrobromic, nitric, carbonic, 
monohydrogencarbonic, phosphoric, monohydrogenphos 
phoric, dihydrogenphosphoric, sulfuric, monohydrogensul 
furic, hydriodic, or phosphorous acids and the like, as Well 
as the salts derived from relatively nontoXic organic acids 
like acetic, propionic, isobutyric, oXalic, maleic, malonic, 
benZoic, succinic, suberic, fumaric, mandelic, phthalic, ben 
Zenesulfonic, p-tolylsulfonic, citric, tartaric, methane 
sulfonic, and the like. Also included are salts of amino acids 
such as arginate and the like, and salts of organic acids like 
glucuronic or galactunoric acids and the like (see, for 
eXample, Berge, S. M., et al., “Pharmaceutical Salts”, Jour 
nal of Pharmaceutical Science, 1977, 66, 1-19). Certain 
speci?c compounds of the present invention contain both 
basic and acidic functionalities that alloW the compounds to 
be converted into either base or acid addition salts. 

[0047] The neutral forms of the compounds can be regen 
erated by contacting the salt With a base or acid and isolating 
the parent compound in the conventional manner. The parent 
form of the compound differs from the various salt forms in 
certain physical properties, such as solubility in polar sol 
vents, but otherwise the salts are equivalent to the parent 
form of the compound for the purposes of the present 
invention. 

[0048] In addition to salt forms, the present invention 
provides compounds that are in a prodrug form. Prodrugs of 
the compounds described herein are those compounds that 
readily undergo chemical changes under physiological con 
ditions to provide the compounds of the present invention. 
Additionally, prodrugs can be converted to the compounds 
of the present invention by chemical or biochemical meth 
ods in an eX vivo environment. For eXample, prodrugs can 
be sloWly converted to the compounds of the present inven 
tion When placed in a transdermal patch reservoir With a 
suitable enZyme or chemical reagent. 

[0049] Certain compounds of the present invention can 
eXist in unsolvated forms as Well as solvated forms, includ 
ing hydrated forms. In general, the solvated forms are 
equivalent to unsolvated forms and are intended to be 
encompassed Within the scope of the present invention. 
Certain compounds of the present invention can eXist in 
multiple crystalline or amorphous forms. In general, all 
physical forms are equivalent for the uses contemplated by 
the present invention and are intended to be Within the scope 
of the present invention. 

[0050] Certain compounds of the present invention pos 
sess asymmetric carbon atoms (optical centers) or double 
bonds; the racemates, diastereomers, geometric isomers and 
individual isomers are all intended to be encompassed 
Within the scope of the present invention. 

[0051] The compounds of the present invention can also 
contain unnatural proportions of atomic isotopes, stable 
isotopes etc., at one or more of the atoms that constitute such 
compounds. For eXample, the compounds may be radiola 
beled With radioactive isotopes, such as for eXample tritium 
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(3H), iodine-125 (1251) or carbon-14 (14C). All isotopic 
variations of the compounds of the present invention, 
Whether radioactive or not, are intended to be encompassed 
Within the scope of the present invention. 

[0052] The term “prodrug” refers to compounds that are 
drug precursors, Which, folloWing administration, release 
the drug in vivo via a chemical or physiological process 
(e.g., a prodrug on being brought to the physiological pH is 
converted to the desired drug form). 

[0053] “A combination amount suf?cient, an effective 
combination amount”“therapeutically effective combination 
amount” or “an effective amount of the combination of” all 
refer to a combined amount of both a compound of Formula 
I and the antidiabetic agent that is effective to ameliorate 
symptoms associated With diabetic diseases. As used herein, 
the term “combination” of compound of Formula I With an 
antidiabetic agent means the tWo compounds can be deliv 
ered in a simultaneous manner, in combination therapy 
Wherein the compound of Formula I is administered ?rst, 
folloWed by the antidiabetic agent, as Well as Wherein the 
antidiabetic agent is delivered ?rst, folloWed by a compound 
of Formula I. The desired result can be either a subjective 
relief of a symptom(s) or an objectively identi?able 
improvement in the recipient of the dosage. 

[0054] The terms “synergistic effective amount” refers to 
a combined amount of both a compound of Formula I and an 
antidiabetic agent that is effective to cause a synergistic 
effect. Synergy is a biological phenomenon in Which the 
effectiveness of tWo active components in a miXture is more 
than additive, i.e., the effectiveness is greater than the 
equivalent concentration of either component alone. In cer 
tain aspects, the effectiveness of the combination therapy of 
a compound of Formula I and an antidiabetic agent is 
synergistic. Thus, synergism is a result, or function, that is 
more than the sum of the results, or functions of individual 
elements. 

[0055] The term “simultaneous manner” and “combina 
tion treatment” refer to an administration protocol Wherein 
the compound of the present invention and at least one 
antidiabetic agent are administered Within a single 24-hour 
period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] FIG. 1 shoWs an illustrative scheme for synthesiZ 
ing compounds of Formula I. 

[0057] FIG. 2 shoWs illustrative antidiabetic agents. 

[0058] FIG. 3 illustrates various compounds of Formula I. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 

[0059] Compositions 

[0060] In one embodiment, the present invention provides 
a pharmaceutical composition comprising a compound of 
Formula I and (ii) an antidiabetic agent. Advantageously, the 
compositions of the present invention provide clinical 
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advantage over the use of a single agent alone. As such, the 
present invention provides a composition comprising: 

[0061] i) a compound of Formula I 

[0062] In Formula I, Ar1 is a functional group including, 
but not limited to, an aryl group. X, in Formula I, is a 
divalent linkage including, but not limited to, (C1 
C6)alkylene, (C1-C6)alkylenoXy, (C1-C6)alkylenamino, (C1 
C6)alkylene-S(O)k—, —O—, —C(O)—, —N(R11)—, 
—N(R11)C(O)—, —S(O)k— and a single bond. R11, in 
Formula I, is a functional group including, but not limited to, 
hydrogen, (C1-C8)alkyl, (C1-C8)heteroalkyl and aryl(C1 
C4)alkyl. The indeX “k” is an integer of from 0 to 2 inclusive. 

1 

[0063] Y, in Formula I, is a divalent linkage including, but 
not limited to, alkylene, —O—, —C(O)—, —N(R12)— 
8(0),: —N(R12)—s(O>m—N(R13)—, —N(R12)c(o)—, 
—S(O)n— and a single bond. R12 and R13, in Formula I, are 
each independent functional groups including, but not lim 
ited to, hydrogen, (C1-C8)alkyl, (C1-C8)heteroalkyl and 
aryl(C1-C4)alkyl. The indices “m” and “n” are each inde 
pendent integers of from 0 to 2 inclusive. 

[0064] In Formula I, R1, is a functional group including, 
but not limited to, hydrogen, heteroalkyl, aryl, arylalkyl, 
halogen, cyano, nitro, (C1-C8)alkyl, (C1-C8)alkoXy, 
—C(O)R14, —CO2R14 and —C(O)NR15R16, —S(O)p— 
R14, —S(O)q—NR15R16, —O—C(O)—OR17, 
—O—C(O)—R17, —O—C(O)—NR15R16, —N(R14)— 
C(O)—NR15R16, —N(R14)—C(O)—R17 and _N(R14 _ 
C(O)—OR17. R14, in Formula I, is a functional group 
including, but not limited to, hydrogen, (C1 C8)alkyl, (C1 
C8)heteroalkyl, aryl and aryl(C1-C4)alkyl. R15 and R16, in 
Formula I, are each independent functional groups includ 
ing, but not limited to, hydrogen, (C1-C8)alkyl, (C1 
C8)heteroalkyl, aryl, and aryl(C1-C4)alkyl. In an alternative 
embodiment, R15 and R16 taken together With the nitrogen to 
Which each is bound form a 5-, 6- or 7-membered ring. In 
Formula I, R17, is a functional group including, but not 
limited to, alkyl, heteroalkyl, aryl and arylalkyl. The indeX 
“p” is an integer of from 0 to 3 inclusive. The indeX “q” is 
an integer of from 1 to 2. 

[0065] In Formula I, R2, is a functional group including, 
but not limited to, (C1-C8)alkyl, heteroalkyl, (C1 
C8)heteroalkyl, aryl and aryl(C1-C4)alkyl. R3, in Formula I, 
is a functional group including, but not limited to hydrogen, 
a halogen, cyano, nitro and (C1-C8)alkoXy. 

[0066] Based on the unique features of the compounds of 
Formula I, the combination of one of these compounds With 
one or more antidiabetic agents described herein provides a 
signi?cant clinical advantage over the use of a single agent 
alone. Thus, (1) the combination of a compound of Formula 
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I (Which as activator of PPARY, is thought to increase 
peripheral tissue sensitivity to insulin) With either insulin 
therapy, or a stimulator of insulin secretion (e.g., a sulfony 
lurea) increases the ef?cacy of either agent alone, and 
moreover, alloWs for the reduction in dosage of all agents 
used in the combination therapy. In addition, (2) the com 
bination therapy betWeen a compound of Formula I and one 
or more other agents that increase insulin sensitivity (e.g., 
biguanides, glitaZones, RXR ligands, PPARY agonists, and 
the like.), results in an enhanced effect betWeen the various 
agents, With reduction in the side effects normally associated 
With these other agents. Further, (3) compounds of Formula 
I can be administered in combination With antidiabetic 
agents Whose mode of action is other than stimulation of 
insulin secretion or insulin sensitivity (e.g., ot-glucosidase 
inhibitors, potassium channel antagonists, aldose reductase 
inhibitors, glucagon antagonists, RXR ligands and anti 
obesity agents). Importantly, these types of combinations 
result in enhanced ef?cacy relative to the use of a single 
agent alone. In addition, the present invention includes (4) a 
combination treatment comprising a compound of Formula 
I in combination With agents aimed at treating any one of the 
conditions often associated With diabetes, such as obesity, 
cardiovascular disease, hypercholesterolemia and other lipid 
disorders, peripheral neuropathies and other neurological 
disorders. 

[0067] The compounds of Formula I are knoWn to interact 
With the peroXisome proliferator-activated receptor gamma 
(PPARY) protein, a member of the nuclear receptor family. 
These compounds possess the ability to bind to PPARY With 
high af?nity While inducing only a partial functional acti 
vation of the receptor’s potential transcriptional activity. 
This property is sometimes described as “partial agonism”. 
The eXact potency and intrinsic agonist activity of each 
compound of Formula I is a function of the compound’s 
structure in a relatively predictable manner. 

[0068] Compounds of Formula I, as partial PPARY ago 
nists, have been shoWn, in diabetic animal models, to 
possess the anti-diabetic ef?cacy of the glitaZones, but With 
a decreased propensity to induce body Weight gain. One of 
the major side effects of glitaZones (e.g., troglitaZone, 
rosiglitaZone and pioglitaZone) is their obesity-inducing 
potential. This effect is thought to be related to their full 
activation of PPARY receptors in adipocytes and pre-adipo 
cytes, and it is not thought to be required for anti-diabetic 
ef?cacy. Advantageously, compounds of Formula I possess 
a diminished propensity toWards inducing body Weight gain 
and thus, one of the major side effects of knoWn glitaZones. 
Moreover, compounds of Formula I have also shoWn ben 
e?cial effects on plasma lipid pro?les. 

[0069] In one embodiment, compounds of Formula I are 
described in Us. Provisional Patent Application Ser. No. 
60/141,672, ?led Jun. 30, 1999; WO 01/00579, published 
Jan. 4, 2001; to Mcgee et al., and incorporated herein by 
reference in their entirety for all purposes. As described 
therein, compounds of Formula I can be synthesiZed by a 
variety of methods, some of Which are illustrated in FIG. 1. 
With reference to FIG. 1, using commercial available 
2-chloro-5-nitrobenZonitrile and treatment of With a 
phenol, thiophenol, or optionally protected aniline in the 
presence of base and heat generates adduct (ii). Reduction of 



US 2004/0259918 A1 

the nitro group in (ii) With, for example, hydrogen in the 
presence of Raney nickel catalyst provides an aniline deriva 
tive (iii). Sulfonylation of (iii) With an appropriate arylsul 
fonyl halide in the presence of base (typically a tertiary 
amine) provides target compound (iv). Compound (iii) can 
also be converted to a related compound of formula (vi) in 
Which the orientation of the sulfonamide linkage is reversed. 
Thus, conversion of the aniline (iii) to the benZenesulfonyl 
chloride (v) can be accomplished using methods described 
in Hoffman, Organic Syntheses Collective Volume VII, p. 
508-511. Subsequent treatment of (v) With an appropriate 
aniline provides the target compound (vi). Other compounds 
of the present invention can be prepared beginning With, for 
example, 3,4-di?uoronitrobenZene, 3-chloro-4-?uoroni 
trobenZene, 2-chloro-5-nitroanisole, 3-bromo-4-?uoroni 
trobenZene and the like. 

[0070] Moreover, in certain embodiments, compounds of 
Formula I are described in WO 99/38845, published Aug. 5, 
1999, to De La Brouse-ElWood et al., and incorporated 
herein by reference in its entirety for all purposes. Certain 
compounds as described therein, are potent, selective acti 
vators of PPARY and are useful for the treatment of NIDDM 
and other disorders related to lipid metabolism and energy 
homeostasis. In other aspects, and depending on the bio 
logical environment (e.g., cell type, pathological condition 
of the host, and the like.), the compounds can activate or 
block the actions of PPARy. By activating the PPARY 
receptor, the compounds Will ?nd use as therapeutic agents 
capable of modulating conditions mediated by the PPARY 
receptor. Additionally, the compounds are useful for the 
prevention and treatment of complications of diabetes (e.g., 
neuropathy, retinopathy, glomerulosclerosis, and cardiovas 
cular disorders), and treating hyperlipidemia. The com 
pounds are useful for the modulation of in?ammatory con 
ditions Which most recently have been found to be 
controlled by PPARY (see, Ricote, et al., Nature, 391:79-82 
(1998) and Jiang, et al.,Nature, 391:82-86 (1998). Examples 
of in?ammatory conditions include rheumatoid arthritis and 
atherosclerosis Compounds that act via antagonism of 
PPARY are useful for treating obesity, hypertension, hyper 
lipidemia, hypercholesterolemia, hyperlipoproteinemia, and 
metabolic disorders. 

[0071] Preferred compounds of Formula I are those in 
Which Ar1 is a pyridyl ring having a single substituent 
selected from the group consisting of halogen, —OCF3 and 
—CF3; X is a divalent linkage selected from the group of 
—O—, —SO2—, —S—, —C(O)—, —CH2— and combi 
nations thereof; Y is a divalent linkage selected from the 
group of —NH—S(O)2— and —NH—C(O)—; R1 is 
selected from the group consisting of hydrogen, halogen, 
cyano, (C1-C8)alkyl, (C1-C8)alkoXy, —C(O)(C1-C8 alkyl) 
and —C(O)NR15R16 in Which R15 and are selected from 
hydrogen, (C1-C8)alkyl, aryl and aryl(C1-C4)alkyl; R2 is a 
phenyl or pyridyl ring, optionally substituted by 0-3 groups 
selected from halogen, (C1-C8)alkyl, —O—(C1-C8)alkyl, 
CF3, and —CN; and R3 is hydrogen, halogen, cyano or 
(C1-C4)alkoXy. 
[0072] One of skill in the art Will understand that a number 
of structural isomers are represented by Formula I. Preferred 
isomers are those in Which the groups on the phenyl ring 
occupy positions that are not all contiguous. Particularly 
preferred compounds are those having the structural orien 
tations represented by the formulae: 
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(Ia) 

(1b) 

(10) 

(Id) 

(16) 

(If) 

(1%) 
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\ R2 
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[0073] Still further preferred are those compounds having 
the structural orientation represented by formula Ia or Ib. 
Still other preferred compounds, are those of formula Ia or 
Ib in Which the positions of R1 and R3 are sWitched (or 
reversed). Yet other preferred compounds are those in Which 
Ar1—X— and —Y—R2 occupy positions para to one 
another (exempli?ed by Ii). 

(Ii) 
3 

R Y\ R2 

[0074] Still another group of preferred compounds are 
represented by the formula: 

(11') 

[0075] Equally preferred Ar1 moieties are set forth beloW. 
Each of the rings beloW can be optionally substituted With 
one or more functional groups. In the structures beloW, “W” 
is a heteroatom such as N, O or S. 

IIa 
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[0076] The compositions of the present invention further 
comprises one or more (ii) antidiabetic compounds. AWide 
range of antidiabetic agents can be used in the compositions 
and methods of the present invention. Suitable agents 
include, but are not limited to, one or more antidiabetic agent 
such as sulfonylureas, biguanides, glitaZones and other 
PPARY agonists, ot-glucosidase inhibitors, potassium chan 
nel antagonists, aldose reductase inhibitors, glucagon 
antagonists, activators of RXR, insulin therapy or other 
anti-obesity agent, prodrugs thereof, or pharmaceutically 
acceptable salts of the antidiabetic agents. In certain 
instances, the antidiabetic agents include, but are not limited 
to, one or more agents such as insulin and insulin analogs 
(e.g. LysPro insulin); GLP-l (7-37) (insulinotropin) and 
GLP-1 (7-36)-NH2; sulfonylureas and analogs, including, 
but not limited to, chlorpropamide, glibenclamide, tolbuta 
mide, tolaZamide, acetoheXamide, glipiZide, glimepiride, 
repaglinide and meglitinide; biguanides, including, but not 
limited to, metformin, phenformin and buformin. 

[0077] In another embodiment, the antidiabetic agents 
include various forms of insulin, such as insulin in its 
various dosage forms, subcutaneous, oral, inhaled, and the 
like, molecular variations, and short-, medium- and long 
acting versions. Suitable insulin sources include, but are not 
limited to, recombinant human insulin, natural pig insulin, 
natural OX insulin, natural bovine insulin, natural human 
insulin, recombinant human argine-insulin, recombinant 
human aspartic-insulin, dalanated insulin, defalan insulin, 
glargine insulin, human insulin Zinc, human insulin 
isophane, lispro insulin, neutral insulin, human proinsulin, 
and the like. 

[0078] In one embodiment, the antidiabetic agents used in 
the compositions of the present invention are sulfonylureas. 
Preferred sulfonylureas suitable for use in the present inven 
tion include, but are not limited to, acetoheXamide, chlor 
propamide, glyburide, glipiZide, gliclaZide, glimepiride, 
gliquidone, glisoXepid, glibomuride, gliamilide, glibomu 
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ride, glicetanile, gli?umide, glymidine, glyparamide, tolpyr 
ramide, glyheXamide, phenbutamide, tolaZamide, tolbuta 
mide and tolcyclamide. Those of skill in the art Will know of 
other sulfonylureas suitable for use in the present invention. 

[0079] Sulfonylureas are a group of drugs that induce 
hypoglycemia by stimulating insulin release from the pan 
creas. Generally, sulfonylureas have found Wide utility in the 
treatment of NIDDM. Their efficacy is decreased in IDDM 
because of the inherent inability of the patient to produce 
insulin. Adverse reactions to sulfonylureas occur in a frac 
tion of patients, particularly the elderly. One of the most 
severe side effects is hypoglycemia and coma. Other side 
effects include nausea and vomiting, cholestatic jaundice, 
agranulocytosis, cardiovascular mortality, aplastic and 
hemolytic anemias, generaliZed hypersensitivity reactions 
and dermatological reactions. The compounds of Formula I 
increase insulin sensitivity, and When used in combination 
With sulfonylureas, increase the efficacy and side effect 
pro?le of either type of agent alone. In certain instances, the 
combination therapy alloWs the use of loWer doses of both 
agents. 

[0080] In certain embodiments, the sulfonylurea used in 
the compositions of the present invention have the folloWing 
formula: 

/ 

sulfonylurea structure 

[0081] Wherein R is H, halogen, alkyl, alkanoyl, aryl, 
arylalkyl, heteroaryl, aroylaminoalkyl, heteroaroylami 
noalkyl, or cycloalkyl; and R‘ is alkyl, cycloalkyl and 
heterocycloalkyl (including those that are listed to the rest of 
the molecule via a heteroatom that is part of R‘). Preferred 
sulfonylureas are those in Which R is 4-chloro, 4-methyl, 
4-acetyl, 4-[2-[(3-chloro-5-methoXybenZoyl)amino]ethyl] 
or 4-[2-[(5-methyl-2-pyraZinylcarbonyl)amino]ethyl]; and 
R‘ is propyl, butyl, l-piperidyl, cycloheXyl, cycloheptyl, 
4-dimethylaminophenyl, 1-heXahydroaZepine, or 3-aZabicy 
clo[3.3.0]oct-3-yl. 

[0082] In another embodiment, the antidiabetic agents 
used in the compositions of the present invention are bigu 
anides. Biguanides are a group of drugs that are efficacious 
in the treatment of hyperglycemia. Preferred biguanides 
suitable for use in the present invention include, but are not 
limited to, metformin, phenformin and buformin. Unlike the 
sulfonylureas, metformin does not induce release of insulin 
from the pancreas. Without being bound by any particular 
theory, it is thought that its effects are mediated by increas 
ing insulin activity in peripheral tissues, reducing hepatic 
glucose output due to inhibition of gluconeogenesis and 
reducing the absorption of glucose from the intestine. Side 
effects associated With the use of biguanides include lactic 
acidosis, diarrhea, nausea, and anorexia. 
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[0083] In certain aspects, the biguanides used in the com 
positions of the present invention have the folloWing for 
mula: 

biguanides 

[0084] Wherein R, R‘ and R“ are each selected indepen 
dently from H, alkyl, cycloalkyl, aryl, arylalkyl heteroalkyl, 
heteroaryl, heteroarylalkyl and aryl-heteroalkyl. Preferably, 
R, R‘ and R“ are each independently selected from hydrogen, 
(C1-C3)alkyl and aryl-(C1-C3)alkyl. Preferred biguanides 
include metformin, buformin, etoformin and phenformin. 

[0085] In another embodiment, the antidiabetic agent is a 
glitaZone. GlitaZones, also knoWn as thiaZolidinediones, 
produce antidiabetic effects by modulating the activity of the 
nuclear receptor PPARy. Particularly preferred members of 
this group of antidiabetic agents have the folloWing formula: 

IV 

glitazone structure 

[0086] Wherein R is a functional group containing from siX 
to tWenty carbon atoms and at least one aromatic or non 
aromatic ring system; and X and Y are each selected 
independently from O, S or NH. Suitable glitaZone com 
pounds are disclosed in Current Pharmaceutical Design, 
1996; 2185-101, incorporated herein by reference, and 
include compounds such as troglitaZone, rosiglitaZone, 
pioglitaZone, JTT-SOl, YM-440, ciglitaZone, darglitaZone, 
englitaZone, AD-5075, and BM-131246. Preferably, the gli 
taZone compounds used in the present invention include 
troglitaZone, rosiglitaZone, and pioglitaZone. Other PPARy 
activators that are not part of the glitaZone family, such as 
GW-409544 and GI-262570, can be used. FIG. 2 sets forth 
PPARy modulators suitable for use in the present invention. 

[0087] In certain aspects, PPARy modulators are disclosed 
in WO 99/58510, published Nov. 18, 1999, to Momose et al., 
and incorporated herein by reference in its entirety for all 
purposes. As disclosed therein, oXyiminoalkanoic acid 
derivatives are disclosed that are useful for treating and/or 
preventing diabetes mellitus, hyperlipemia, impaired glu 
cose tolerance, in?ammatory disease and arteriosclerosis. 
Moreover, the compounds are useful for controlling retin 
oid-related receptors, enhancing insulin sensitivity and 
improving insulin resistance, and for treating and preventing 
diabetic complications. Other PPARy modulators are dis 
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closed in WO 99/38850, published Aug. 5, 1999, to Lohray 
et al., and incorporated herein by reference in its entirety for 
all purposes. 

[0088] In another embodiment, the present invention pro 
vides compositions comprising compounds of Formula I and 
ot-glucosidase inhibitors. Preferred ot-glucosidase inhibitors 
include acarbose, celgosivir, camiglibase, voglibose and 
miglitol. Suitable ot-glucosidase inhibitors are disclosed in 
WO 99/29327, to Odaka et al., published Jun. 17, 1999, 
entitled “Use of an ot-glucosidase inhibitor to treat high-risk 
impaired glucose tolerance” and incorporated herein by 
reference in its entirety for all purposes. As described 
therein, the ot-glucosidase inhibitor is particularly useful in 
the treatment of non-insulin-dependent diabetes mellitus. In 
addition, WO 99/26606, published Jun. 3, 1999, to Goldman 
et al., and entitled “Sustained-release formulations of ot-glu 
cosidase inhibitors,” and incorporated herein by reference in 
its entirety for all purposes, discloses sustained released 
formulations of ot-glucosidase inhibitors, e.g. acarbose use 
ful in the present invention. 

[0089] Other types of agents that have found limited utility 
in treating diabetes include potassium channel antagonists 
such as repaglinide, and aldose reductase inhibitors such as 
Zopolrestat, minalrestat, ponalrestat and tolrestat. Still in the 
experimental stage, glucagon antagonists, activators of the 
retinoid-X receptor (RXR), and anti-obesity agents are also 
being evaluated as potential antidiabetic agents. Others 
agents suitable for use in the present invention include, but 
are not limited to, glucagon, and miscellaneous agents such 
as methyl palmoxirate, palmoxirate sodium, pirogliride, 
pramlintide, amlintide, segli?de. 

[0090] Methods, Uses, Dosages and Schedules 

[0091] In another embodiment, the present invention pro 
vides a method for modulating conditions associated With 
diabetes or diabetes-related disorders in a host, comprising 
administering to the host an ef?cacious amount of compo 
sitions comprising a compound of Formula I in combi 
nation With (ii) one or more antidiabetic agents. In certain 
aspects, the compositions of the present invention that are 
administered comprise a compound of Formula I formulated 
together With one or more antidiabetic agents. Alternatively, 
the composition that is administered comprises a compound 
of Formula I independently formulated from one or more 
antidiabetic agents i.e., separately formulated. 

[0092] The pharmaceutical compositions of the present 
invention are suitable for use in a variety of drug delivery 
systems. Examples of suitable formulations for use in the 
present invention are found in Remington ’s Pharmaceutical 
Sciences (Mack Publishing Company, Philadelphia, Pa., 
17th ed. (1985)), Which is incorporated herein by reference. 
In addition, for a brief revieW of methods for drug delivery, 
see, Langer, Science 249:1527-1533 (1990), Which is incor 
porated herein by reference. 

[0093] The pharmaceutical compositions of the present 
invention are intended for parenteral, topical, oral or local 
administration. In certain aspects, the pharmaceutical com 
positions are administered parenterally, e.g., intravenously, 
subcutaneously, intradermally, or intramuscularly. In one 
embodiment, the invention provides compositions for 
parenteral administration Which comprise a compound of 
Formula I, an antidiabetic agent as described above, dis 
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solved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used 
including, for example, Water, buffered Water, 0.4% saline, 
0.3% glycine, hyaluronic acid and the like. These compo 
sitions may be steriliZed by conventional, Well-knoWn ster 
iliZation techniques or, they may be sterile ?ltered. The 
resulting aqueous solutions may be packaged for use as is or 
lyophiliZed, the lyophiliZed preparation being combined 
With a sterile solution prior to administration. The compo 
sitions may contain pharmaceutically acceptable auxiliary 
substances as required to approximate physiological condi 
tions including pH adjusting and buffering agents, tonicity 
adjusting agents, Wetting agents and the like, such as, for 
example, sodium acetate, sodium lactate, sodium chloride, 
potassium chloride, calcium chloride, sorbitan monolaurate, 
triethanolamine oleate, etc. 

[0094] For solid formulations, compounds of Formula I 
can be admixed With conventional nontoxic solid carriers 
can be used Which include, for example, pharmaceutical 
grades of mannitol, lactose, starch, magnesium stearate, 
sodium saccharin, talcum, cellulose, glucose, sucrose, mag 
nesium carbonate, and the like. For oral administration, a 
pharmaceutically acceptable nontoxic composition is 
formed by incorporating any of the normally employed 
excipients, such as those carriers previously listed, and 
generally 10-95% of active ingredient and more preferably 
at a concentration of 25%-75%. 

[0095] For aerosol administration, the compounds of For 
mula I and antidiabetic agents are preferably supplied in 
?nely divided form along With a surfactant and propellant. 
The surfactant must, of course, be nontoxic, and preferably 
soluble in the propellant. Representative of such agents are 
the esters or partial esters of fatty acids containing from 6 to 
22 carbon atoms, such as caproic, octanoic, lauric, palmitic, 
stearic, linoleic, linolenic, olesteric and oleic acids With an 
aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides may be 
employed. Acarrier can also be included, as desired, as With, 
e.g., lecithin for intranasal delivery. 

[0096] The compounds of the present invention can be 
prepared and administered in a Wide variety of oral and 
parenteral dosage forms. Thus, the compounds of the present 
invention can be administered by injection, that is, intrave 
nously, intramuscularly, intracutaneously, subcutaneously, 
intraduodenally, or intraperitoneally. Also, the compounds 
described herein can be administered by inhalation, for 
example, intranasally. Additionally, the compounds of the 
present invention can be administered transdermally. 
Accordingly, the present invention also provides pharma 
ceutical compositions comprising a pharmaceutically 
acceptable carrier or excipient and either a compound of 
Formula I or a pharmaceutically acceptable salt of a com 
pound of Formula I. 

[0097] For preparing pharmaceutical compositions from 
the compounds of the present invention, pharmaceutically 
acceptable carriers can be either solid or liquid. Solid form 
preparations include poWders, tablets, pills, capsules, 
cachets, suppositories, and dispersible granules. A solid 
carrier can be one or more substances that may also act as 

diluents, ?avoring agents, binders, preservatives, tablet dis 
integrating agents, or an encapsulating material. 

[0098] In poWders, the carrier is a ?nely divided solid that 
is in a mixture With the ?nely divided active component. In 
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tablets, the active component is mixed With the carrier 
having the necessary binding properties in suitable propor 
tions and compacted in the shape and siZe desired. 

[0099] The poWders and tablets preferably contain from 
5% to 70% of the active compound. Suitable carriers are 
magnesium carbonate, magnesium stearate, talc, sugar, lac 
tose, pectin, dextrin, starch, gelatin, tragacanth, methylcel 
lulose, sodium carboxymethylcellulose, a loW melting Wax, 
cocoa butter, and the like. The term “preparation” is 
intended to include the formulation of the active compound 
With encapsulating material as a carrier providing a capsule 
in Which the active component With or Without other carri 
ers, is surrounded by a carrier, Which is thus in association 
With it. Similarly, cachets and loZenges are included. Tablets, 
poWders, capsules, pills, cachets, and loZenges can be used 
as solid dosage forms suitable for oral administration. 

[0100] For preparing suppositories, a loW melting Wax, 
such as a mixture of fatty acid glycerides or cocoa butter, is 
?rst melted and the active component is dispersed homoge 
neously therein, as by stirring. The molten homogeneous 
mixture is then poured into convenient siZed molds, alloWed 
to cool, and thereby to solidify. 

[0101] Liquid form preparations include solutions, sus 
pensions, and emulsions, for example, Water or Water/ 
propylene glycol solutions. For parenteral injection, liquid 
preparations can be formulated in solution in aqueous poly 
ethylene glycol solution. 

[0102] Aqueous solutions suitable for oral use can be 
prepared by dissolving the active component in Water and 
adding suitable colorants, ?avors, stabiliZers, and thickening 
agents as desired. Aqueous suspensions suitable for oral use 
can be made by dispersing the ?nely divided active com 
ponent in Water With viscous material, such as natural or 
synthetic gums, resins, methylcellulose, sodium carboxym 
ethylcellulose, and other Well-knoWn suspending agents. 

[0103] Also included are solid form preparations that are 
intended to be converted, shortly before use, to liquid form 
preparations for oral administration. Such liquid forms 
include solutions, suspensions, and emulsions. These prepa 
rations may contain, in addition to the active component, 
colorants, ?avors, stabiliZers, buffers, arti?cial and natural 
sWeeteners, dispersants, thickeners, solubiliZing agents, and 
the like. 

[0104] The pharmaceutical preparation is preferably in 
unit dosage form. In such form the preparation is subdivided 
into unit doses containing appropriate quantities of the 
active component. The unit dosage form can be a packaged 
preparation, the package containing discrete quantities of 
preparation, such as packeted tablets, capsules, and poWders 
in vials or ampoules. Also, the unit dosage form can be a 
capsule, tablet, cachet, or loZenge itself, or it can be the 
appropriate number of any of these in packaged form. 

[0105] The quantity of active component in a unit dose 
preparation may be varied or adjusted from 0.1 mg to 1000 
mg, preferably 1.0 mg to 100 mg according to the particular 
application and the potency of the active component. The 
composition can, if desired, also contain other compatible 
therapeutic agents. 

[0106] In therapeutic use for the treatment of obesity, 
NIDDM, or in?ammatory conditions, the compounds uti 
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liZed in the pharmaceutical method of the invention are 
administered at the initial dosage of about 0.001 mg/kg to 
about 100 mg/kg daily. A daily dose range of about 0.1 
mg/kg to about 10 mg/kg is preferred. The dosages, hoW 
ever, may be varied depending upon the requirements of the 
patient, the severity of the condition being treated, and the 
compound being employed. Determination of the proper 
dosage for a particular situation is Within the skill of the 
practitioner. Generally, treatment is initiated With smaller 
dosages that are less than the optimum dose of the com 
pound. Thereafter, the dosage is increased by small incre 
ments until the optimum effect under circumstances is 
reached. For convenience, the total daily dosage may be 
divided and administered in portions during the day, if 
desired. 

[0107] In therapeutic applications, the compounds of For 
mula I and antidiabetic agents of the present invention are 
administered to a patient in a combination amount suf?cient 
to elicit a response. An amount adequate to accomplish this 
is de?ned as “therapeutically effective combination dose.” 
The methods include the administration of the combination 
of compound of Formula I With antidiabetic agent Wherein 
the tWo components are delivered in a simultaneous manner, 
in combination therapy Wherein the compound of Formula I 
is administered ?rst, folloWed by the antidiabetic agent, as 
Well as Wherein the antidiabetic agent is delivered ?rst 
folloWed by the compound of Formula I. 

[0108] Since the present invention has an aspect that 
relates to a combination of active ingredients Which can be 
administered separately, the invention also relates to com 
bining separate pharmaceutical compositions in kit form. 
The kit comprises tWo separate pharmaceutical composi 
tions: a compound of Formula I, a prodrug thereof or a 
pharmaceutically acceptable salt and a second compound 
such as an antidiabetic agent as described above. The kit 
comprises a container for containing the separate compo 
nents such as a divided bottle or a divided foil packet, 

hoWever, the separate components can also be contained 
Within a single, undivided container. Typically, the kit com 
prises directions for the administration of the separate com 
ponents. The kit form is particularly advantageous When the 
separate components are preferably administered in different 
dosage forms (e.g., oral and parenteral), are administered at 
different dosage intervals, or When titration of the individual 
components of the combination is desired by the prescribing 
physician. 

[0109] Effective combination amounts for various uses 
Will depend on, for example, the particular antidiabetic 
agent, the compound of Formula I employed, the manner of 
administration, the Weight and general state of health of the 
patient, and the judgment of the prescribing physician. In 
one embodiment, composition or formulation to be admin 
istered Will contain a quantity of a compound(s) according 
to Formula I in an amount effective to treat the disease/ 
condition of the subject being treated, e.g., a glycogen 
phosphorylase dependent disease/condition. The amount of 
antidiabetic agent Will depend in part to the chemical class. 

[0110] In certain instances, administration of the com 
pounds of Formula I can be via any method Which provides 
systemic exposure to the compound of this invention, pref 
erably to the muscle and fatty tissue. These methods include 
oral routes, parenteral, intraduodenal routes, etc. Generally, 
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the compounds of the present invention are administered in 
single (e.g., once daily) or multiple doses. The compounds 
of the present invention are generally administered in the 
form of a pharmaceutical composition comprising at least 
one of the compounds of Formula I together With a phar 
maceutically acceptable carrier or diluent. Thus, the com 
pounds of this invention can be administered individually or 
together in any conventional oral, parenteral or transdermal 
dosage form. 

[0111] For oral administration, a pharmaceutical compo 
sition can take the form of solutions, suspensions, tablets, 
pills, capsules, poWders, and the like. Tablets containing 
various excipients such as sodium citrate, calcium carbonate 
and calcium phosphate are employed along With various 
binders such as starch and preferably potato or tapioca starch 
and certain complex silicates, together With binding agents 
such as polyvinylpyrrolidone, sucrose, gelatin and acacia. 
Additionally, lubricating agents such as magnesium stearate, 
sodium lauryl sulfate and talc are often very useful for 
tabletting purposes. Solid compositions of a similar type are 
also employed as ?llers in soft and hard-?lled gelatin 
capsules; preferred materials in this connection also include 
lactose or milk sugar as Well as high molecular Weight 
polyethylene glycols. When aqueous suspensions and/or 
elixirs are desired for oral administration, the compounds of 
this invention can be combined With various sWeetening 
agents, ?avoring agents, coloring agents, emulsifying agents 
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and/or suspending agents, as Well as such diluents as Water, 
ethanol, propylene glycol, glycerin and various like combi 
nations thereof. 

[0112] It Will be appreciated that the actual preferred 
course of therapy Will vary according to, inter alia, the mode 
of administration of the compound of Formula I, the par 
ticular formulation of the antidiabetic agent being utiliZed, 
the mode of administration of the compounds, the particular 
disease being treated and the particular host being treated. 
The optimal course of therapy for a given set of conditions 
can be ascertained by those skilled in the art using conven 
tional course of therapy determination tests and in vieW of 
the information set out herein. 

[0113] Additional Uses for Compounds of Formula I 

[0114] The compounds of Formula I have been recently 
shoWn to interact With PPARY from human and other spe 
cies. Some of the compounds of Formula I shoW various 
degrees of intrinsic activity toWards PPARY; that is, some of 
them display signi?cant PPARY activation, While others 
possess a distinct PPARY antagonist-like pro?le. As such, 
speci?c compounds of Formula I are Well suited for the 
treatment of the various conditions and diseases recently 
established to be mediated by, or linked to PPARY activity 
levels. Tables I, II, and III beloW outline other indications in 
Which the compositions of the present invention are useful. 

TABLE I 

Metabolic Conditions 

1. Diabetes and Conditions Secondary to Diabetes 
Hypertension 
Angina pectoris 
Dyslipidemia 

Hypertriglyceridemia 
Hyperlipoproteinemias 
Hypercholesterolemia 

Gout 
Nephropathy and other renal diseases secondary to diabetes 
Diabetic neuropathy. 

2. Other insulin-resistance-related diseases 
Polycystic ovarian syndrome, 
Glucocorticoid-induced insulin resistance 
3. Obesity 
PPARy agonists promote adipocyte differentiation and fat accumulation. PPARy 
antagonists block normal hormone-mediated differentiation of preadipocytes into 
adipocytes. (See, Wright et al., J. Biol. Chem. 275(3) 1873-1877 (2000).) 
PPARy agonists inhibit expression of ob gene (leptin production) in mature adipocytes. 
It folloWs that PPARy antagonists Will increase leptin production With ensuing decrease in 
appetite and food consumption. (See, Sinha et al., Metab. Clin. Exp, 48 (6) 786-791 
(1999).) 
Hyperleptinemia condition (Which can be induced With a PPARy antagonist) in rats 
results in doWnregulation of PPARy expression and upregulation of fatty acid-oxidizing 
enzymes. Also accompanied by a reversal of adipocyte differentiation. Suggests that 
relatively short-term treatment With high dose of PPARy antagonist Will have long-lasting 
effects on obesity (conventional treatments of obesity reduce fat content in mature 
adipocytes but leaves them With lipogenic enzymes capable of rapid resynthesis of fat, 
likely to be responsible for treatment failure). (See, Zhou et al., Proc. Natl. Acad. Sci. 
USA 96 (5) 2391-2395 (1999).) 
PPARy agonists upregulate UCP2 expression in adipocytes and skeletal muscle, 
resulting in increased energy expenditure. (See, Viguerie-Bascands et al., Biochem. 
Biophys. Res. Commun. 256 (1) 138-141 (1999) and Camirand et al., Endocrinology 139 
(1) 428-431 (1998).) 
PPARy is critical for controlling expression of UCP2 and UCP3 in adipose tissue. (See, 
Kelly et al., Endocrinology 139 (12) 4920-4927 (1998).) 
4. Hypertension 
PPARy agonists suppress endothelin-l secretion by vascular endothelial cells and result 
in decreased blood pressure. (See, Satoh et al., Biochem. Biophys. Res. Commun. 254 (3) 
757-763 (1999) and Itoh et al., Clin. Exp. Pharmacol. Physiol. 26 (7) 558-560 (1999).) 














