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PPAR ACTIVE COMPOUNDS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the field of modulators for the family of nuclear

receptors identified as peroxisome proliferator-activated receptors.

[0002] The following description is provided solely to assist the understanding of the
reader. None of the references cited or information provided is admitted to be prior art to
the present invention. Each of the references cited herein is incorporated by reterence 1n
its entirety, to the same extent as if each reference were individually indicated to be

incorporated herein in 1ts entirety.

[0003] The peroxisome proliferator-activated receptors (PPARs) form a subfamily in the

nuclear receptor superfamily. Three isoforms, encoded by separate genes, have been

identified thus far: PPARY, PPARa, and PPARO.

[0004] There are two PPARyisoforms expressed at the protein level in mouse and
human, Yl and 42. They differ only in that the latter has 30 additional amino acids at its N
terminus due to differential promoter usage within the same gene, and subsequent
alternative RNA processing. PPARA2 is expressed primarily in adipose tissue, while

PPAR"1 is expressed in a broad range of tissues.

[0005] Murine PPAR« was the first member of this nuclear receptor subclass to be
cloned; it has since been cloned from humans. PPAR«a is expressed in numerous
metabolically active tissues, including liver, kidney, heart, skeletal muscle, and brown fat.
[t is also present in monocytes, vascular endothelium, and vascular smooth muscle cells.
Activation of PPAR« induces hepatic peroxisome proliferation, hepatomegaly, and
hepatocarcinogenesis in rodents. These toxic effects are not observed in humans, although

the same compounds activate PPARx across species.

[0006] Human PPARS was cloned in the early 1990s and subsequently cloned from

rodents. PPARS is expressed in a wide range of tissues and cells with the highest levels of
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expression found in digestive tract, heart, kidney, liver, adipose, and brain. Thus far, no

PPARG&-specific gene targets have been identified.

[0007] The PPARs are ligand-dependent transcription factors that regulate target gene
expression by binding to specific peroxisome proliferator response elements (PPRESs) in
enhancer sites of regulated genes. PPARs possess a modular structure composed of
functional domains that include a DNA binding domain (DBD) and a ligand binding
domain (LBD). The DBD specifically binds PPREs in the regulatory region of PPAR-
responsive genes. The DBD, located in the C-terminal half of the receptor, contains the
ligand-dependent activation domain, AF-2. Each receptor binds to its PPRE as a
heterodimer with a retinoid X receptor (RXR). Upon binding an agonist, the conformation
of a PPAR is altered and stabilized such that a binding cleft, made up in part of the AF-2
domain, is created and recruitment of transcriptional coactivators occurs. Coactivators
augment the ability of nuclear receptors to initiate the transcription process. The result of
the agonist-induced PPAR-coactivator interaction at the PPRE 1s an increase in gene

transcription. Downregulation of gene expression by PPARSs appears to occur through

indirect mechanisms. (Bergen & Wagner, 2002, Diabetes Tech. & Ther., 4:163-174).

[0008] The first cloning of a PPAR (PPAR@) occurred in the course of the search for the
molecular target of rodent hepatic peroxisome proliferating agents. Since then, numerous
fatty acids and their derivatives, including a variety of eicosanoids and prostaglandins,
have been shown to serve as ligands of the PPARs. Thus, these receptors may play a
central role in the sensing of nutrient levels and in the modulation of their metabolism. In
addition, PPARs are the primary targets of selected classes of synthetic compounds that
have been used in the successful treatment of diabetes and dyslipidemia. As such, an
understanding of the molecular and physiological characteristics of these receptors has
become extremely important to the development and utilization of drugs used to treat

metabolic disorders.

[0009] Kota et al., 2005, Pharmacological Research 51: 85-94, provides a review ot
biological mechanisms involving PPARs that includes a discussion of the possibility of
using PPAR modulators for treating a variety of conditions, including chronic

" inflammatory disorders such as atherosclerosis, arthritis and inflammatory bowel
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syndrome, retinal disorders associated with angiogenesis, increased fertility, and

neurodegenerative diseases.

[0010] Yousef et al., 2004, Journal of Biomedicine and Biotechnology 2004(3):156-166,
discusses the anti-inflammatory effects of PPAR a, y and 0 agonists, suggesting that
PPAR agonists may have a role in treating neuronal diseases such as Alzheimer’s disease,
and autoimmune diseases such as inflammatory bowel disease and multiple sclerosis. A
potential role for PPAR agonists in the treatment of Alzheimer’s disease has been
described in Combs et al., 2000 , Journal of Neuroscience 20(2): 558, and such a role for
PPAR agonists in Parkinson’s disease is discussed in Breidert et al. 2002, Journal of
Neurochemistry, 82: 615. A potential related function of PPAR agonists 1n treatment of
Alzheimer’s disease, that of regulation of the APP-processing enzyme BACE, has been
“discussed in Sastre et al. 2003, Journal of Neuroscience 23(30):9796. These studies
collectively indicate PPAR agonists may provide advantages in treating a variety of

neurodegenerative diseases by acting through complementary mechanisms.

[0011] Discussion of the anti-inflammatory effects of PPAR agonists 1s also available 1n
Feinstein, 2004, Drug Discovery Today: Therapeutic Strategies 1(1):29-34 1n relation to
multiple sclerosis and Alzheimer’s disease; Patel et al., 2003, The Journal of Immunology,
170:2663-2669 in relation to chronic obstructive pulmonary disease (COPD) and asthma;
Lovett-Racke et al., 2004, The Journal of Immunology, 172:5790-5798 1n relation to
autoimmune disease; Malhotra et al., 2005, Expert Opinions in Pharmacotherapy,
6(9):1455-1461 in relation to psoriasis; and Storer et al., 2005, Journal of

Neuroimmunology, 161:113-122 in relation to multiple sclerosis.

[0012] This wide range of roles for the PPARs that have been discovered suggest that
PPARco, PPAR7yand PPARS may play a role in a wide range of events involving the

vasculature, including atherosclerotic plaque formation and stability, thrombosis, vascular
tone, angiogenesis, cancer, pregnancy, pulmonary disease, autoimmune disease, and

neurological disorders.

[0013] Among the synthetic ligands identified for PPARs are Thiazolidinediones
(TZDs). These compounds were originally developed on the basis of their insulin-

sensitizing effects in animal pharmacology studies. Subsequently, it was found that TZDs
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induced adipocyte differentiation and increased expression of adipocyte genes, including
the adipocyte fatty acid-binding protein aP2. Independently, it was discovered that
PPAR<yinteracted with a regulatory element of the aP2 gene that controlled 1ts adipocyte-
specific expression. On the basis of these seminal observations, experiments were
performed that determined that TZDs were PPAR+y ligands and agonists and demonstrate a
definite correlation between their in vitro PPARYy activities and their in vivo insulin-

‘sensitizing actions. (Bergen & Wagner,supra).

[0014] Several TZDs, including troglitazone, rosiglitazone, and pioglitazone, have
insulin-sensitizing and anti-diabetic activity in humans with type 2 diabetes and impaired
glucose tolerance. Farglitazar is a very potent non-TZD PPAR-7-selective agonist that
was recently shown to have antidiabetic as well as lipid-altering efficacy in humans. In
addition to these potent PPAR"y ligands, a subset of the non-steroidal antiinflammatory
drugs (NSAIDs), including indomethacin, fenoprofen, and ibuprofen, have displayed weak
PPAR~yand PPARw activities. (Bergen & Wagner, supra).

[0015] The fibrates, amphipathic carboxylic acids that have been proven usetul 1n the
treatment of hypertriglyceridemia, are PPARa ligands. The prototypical member of this
compound class, clofibrate, was developed prior to the identification of PPARS, using in

vivo assays in rodents to assess lipid-lowering etficacy. (Bergen & Wagner, supra).

[0016] Fu et al., Nature, 2003, 425:9093, demonstrated that the PPARa binding

compound, oleylethanolamide, produces satiety and reduces body weight gain 1n mice.

[0017] Clofibrate and fenofibrate have been shown to activate PPAR« with a 10-fold
selectivity over PPAR7Y. Bezafibrate acted as a pan-agonist that showed similar potency
on all three PPAR isoforms. Wy-14643, the 2-arylthioacetic acid analogue of clofibrate,
was a potent murine PPAR agonist as well as a weak PPARy agonist. In humans, all of
the fibrates must be used at high doses (200-1,200 mg/day) to achieve efficacious lipid-

lowering activity.

[0018] TZDs and non-TZDs have also been identified that are dual PPARY/« agonists.
By virtue of the additional PPAR agonist activity, this class of compounds has potent

lipid-altering efficacy in addition to antihyperglycemic activity in animal models of

diabetes and lipid disorders. KRP-297 is an example of a TZD dual PPARY/ « agonist
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(Fajas, J. Biol. Chem., 1997,272:18779-18789); furthermofe, DRF-2725 and AZ-242 are
non-TZD dual PPARY/« agonists. (Lohray, et al., J. Med. Chem., 2001, 44:2675-2678,
Cronet, et al., Structure (Camb.), 2001, 9:699-706).

[0019] In order to define the physiological role of PPARJ, efforts have been made to
develop novel compounds that activate this receptor in a selective manner. Amongst the
a-substituted carboxylic acids previously described, the potent PPARG6 ligand L-165041

demonstrated approximately 30-fold agonist selectivity for this receptor over PPARY; 1t
was inactive on murine PPAR« (Liebowitz, et al., FEBS Lett., 2000, 473:333-336). This

compound was found to increase high-density lipoprotein levels in rodents. It was also
reported that GW501516 was a potent, highly-selective PPARS agonist that produced

beneficial changes in serum lipid parameters in obese, insulin-resistant rhesus monkeys.

(Oliver et al., Proc. Natl. Acad. Sci., 2001, 98:5306-5311).

[0020] In addition to the compounds discussed above, certain thiazole derivatives active
on PPARs have been described. (Cadilla et al., Internat. Appl. PCT/US01/149320,
Internat. Publ. WO 02/062774, incorporated herein by reference 1n its entirety.)

[0021] Some tricyclic-a-alkyloxyphenylpropionic acids were described as dual

PPARo/y agonists in Sauerberg et al., J. Med. Chem. 2002, 45:789-804.

[0022] A group of compounds that were stated to have equal activity on PPARo/y/0 was
described in Morgensen et al., Bioorg. & Med. Chem. Lett. 2002, 13:257-260.

[0023] Oliver et al., described a selective PPARO agonist that promotes reverse

cholesterol transport. (Oliver et al., supra.)

[0024] Yamamoto et al., U.S. Patent 3,489,767 describes 1-(phenylsulfonyl)-indolyl
aliphatic acid derivatives that are stated to have “antiphlogistic, analgesic and antipyretic

actions.” (Col. 1, lines 16-19.)

[0025] Kato et al., European patent application 94101551.3, Publication No. 0 610 793
A1, describes the use of 3-(5-methoxy-1-p-toluenesulfonylindol-3-yl)propionic acid (page
6) and 1-(2,3,6-triisopropylphenylsulfonyl)-indole-3-propionic acid (page 9) as
intermediates in the synthesis of particular tetracyclic morpholine derivatives usetul as

analgesics.
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[0026] Accordingly, there is a need for safer, more effective PPAR agonists for the
treatment of a variety of diseases, including PPARa, PPARy or PPARGS selective agonists

as well agonists selective for any two or all three of PPARa, PPARY and PPAROJ.

[0027] This application incorporates herein by reference and for all purposes the entire
disclosures of each of the following applications: U.S. App. No. 10/937,791, filed
September 8, 2004, U.S. App. No. 10/893,134, filed July 16, 2004, U.S. Provisional App.
No. 60/488,523, filed July 17, 2003, U.S. Provisional App. No. 60/552,994, filed March
12, 2004, U.S. Provisional App. No. 60/631,893, filed November 11, 2004, and U.S.
Provisional App. No. 60/715,258, filed September 7, 20035, all entitled PPAR Active

Compounds.
SUMMARY OF THE INVENTION

[0028] The present invention involves compounds active on PPARs, which are usetful

for therapeutic and/or prophylactic methods involving modulation of at least one of
PPARa, PPARS, and PPARY. Included are compounds that have pan-activity across the

PPAR family (i.e., PPARa, PPARS, and PPARY), as well as compounds that have
significant specificity (at least 5-, 10-, 20-, 50-, or 100-fold greater activity) on a single
PPAR, or on two of the three PPARs.

[0029] In one aspect, the invention provides compounds of Formula I as follows:

R] R3
/U

\Y; X \

| )
W\  a N
' \

R2

Formula I

wherein:
U, V, W, X, and Y are independently N or CR’, wherein at most two of U, V, W, and
Y are N, and preferably no more than two of U, V, W, X, and Y are N;
Q is —O-, -S-, or —-NR”'-;
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R' is selected from the group consisting of optionally substituted carboxyl and a
carboxylic acid isostere;

R” is selected from the group consisting of hydrogen, optionally substituted lower
alkyl, optionally substituted lower alkenyl, optionally substituted lower alkynyl,
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally
substituted heterocycloalkyl, optionally substituted heterocycloalkylalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, -C(Z)NR°R’, ~C(Z)R®,
-S(0);NR®R’, and -S(O),R’;

R’ and R* are independently selected from the group consisting of hydrogen,

| optionally substituted lower alkyl, optionally substituted cycloalkyl, optionally
substituted cycloalkylalkyl, optionally substituted heterocycloalkyl, optionally
substituted heterocycloalkylalkyl, optionally substituted aryl, optionally substituted
aralkyl, optionally substituted heteroaryl, and optionally substituted heteroaralkyl,
or R’ and R* may combine to form a 3-7 membered optionally substituted mono-
cycloalkyl or 3-7 membered optionally substituted mono-heterocycloalkyl;

R’ at each occurrence is independently selected from the group consistihg of hydrogen,
halo, optionally substituted lower alkyl, optionally substituted lower alkenyl,
optionally substituted lower alkynyl, optionally substituted cycloalkyl, optionally
substituted cycloalkylalkyl, optionally substituted heterocycloalkyl, optionally
substituted heterocycloalkylalkyl, optionally substituted aryl, optionally substituted
aralkyl, optionally substituted heteroaryl, optionally substituted heteroaralkyl,
_OR'?, _SR!" _.NR"R", -C(Z)NRR’, -C(Z)R?, -S(0),NR°R’, and —-S(O).R”;

R® and R’ at each occurrence are independently selected from the group consisting of
hydrogen, optionally substituted lower alkyl, optionally substituted lower alkenyl,
provided, however, that when R® and/or R’ are optionally substituted lower
alkenyl, no alkene carbon thereof is bound to nitrogen, optionally substituted lower
alkynyl, provided, however, that when R® and/or R’ are optionally substituted
lower alkynyl, no alkyne carbon thereof is bound to nitrogen, optionally substituted
cycloalkyl, optionally substituted cycloalkylalkyl, optionally substituted
heterocycloalkyl, optionally substituted heterocycloalkylalkyl, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted heteroaryl,
and optionally substituted heteroaralkyl, or R®and R’ together with the nitrogen to
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which they are attached form a 5-7 membered optionally substituted
heterocycloalkyl or 5-7 membered optionally substituted heteroaryl;

R® at each occurrence is independently selected from the group consisting of optionally
substituted lower alkyl, optionally substituted lower alkenyl, provided, however,
that when R® is optionally substituted lower alkenyl, no alkene carbon thereof is
bound to —C(Z)-, optionally substituted lower alkynyl, provided, however, that
when R® is optionally substituted lower alkynyl, no alkyne carbon thereof is bound
to —C(Z)-, optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl,
optionally substituted heterocycloalkyl, optionally substituted
heterocycloalkylalkyl, optionally substituted aryl, optionally substituted aralkyl,
optionally substituted heteroaryl, optionally substituted heteroaralkyl, and -OR'":

R’ at each occurrence is independently selected from the group consisting of
optionally substituted lowerlalkyl, optionally substituted lower alkenyl, provided,
however, that when R’ is optionally substituted lower alkenyl, no alkene carbon
thereof is bound to —S(O),-, optionally substituted lower alkynyl, provided,
however, that when R’ is optionally substituted lower alkynyl, no alkyne carbon
thereof is bound to —S(O),-, optionally substituted cycloalkyl, optionally
substituted cycloalkylalkyl, optionally substituted heterocycloalkyl, optionally
substituted heterocycloalkylalkyl, optionally substituted aryl, optionally substituted
aralkyl, optionally substituted heteroaryl, and optionally substituted heteroaralkyl;

- R'at each occurrence is independently selected from the group consisting of
hydrogen, optionally substituted lower alkyl, optionally substituted lower alkenyl,
provided, however, that when R' is optionally substituted lower alkenyl, no alkene
carbon thereof is bound to oxygen, optionally substituted lower alkynyl, provided,
however, that when R'® is optionally substituted lower alkynyl, no alkyne carbon
thereof is bound to oxygen, optionally substituted cycloalkyl, optionally substituted
cycloalkylalkyl, optionally substituted heterocycloalkyl, optionally substituted
heterocycloalkylalkyl, optionally substituted aryl, optionally substituted aralkyl,
optionally substituted heteroaryl, optionally substituted heteroaralkyl, -C(Z)R?, and
-C(Z)NR°R’;

R'! at each occurrence is independently selected from the group consisting of
hydrogen, optionally substituted lower alkyl, optionally substituted lower alkenyl,

provided, however, that when R'' is optionally substituted lower alkenyl, no alkene
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carbon thereof is bound to S or O, optionally substituted lower alkynyl, provided,
however, that when R'' is optionally substituted lower alkynyl, no alkyne carbon

- thereof is bound to S or O, optionally substituted cycloalkyl, optionally substituted
cycloalkylalkyl, optionally substituted heterocycloalkyl, optionally substituted
heterocycloalkylalkyl, optionally substituted aryl, optionally substituted aralkyl,
optionally substituted heteroaryl, and optionally substituted heteroaralkyl;

R'? and R" at each occurrence are independently selected from the group consisting of
hydrogen, optionally substituted lower alkyl, optionally substituted lower alkenyl,
provided, however, that when R'* and/or R are optionally substituted lower
alkenyl, no alkene carbon thereof is bound to nitrogen, optionally substituted lower
alkynyl, provided, however, that when R'* and/or R are optionally substituted
lower alkynyl, no alkyne carbon thereof is bound to nitrogen, optionally substituted
cycloalkyl, optionally substituted cycloalkylalkyl, optionally substituted
heterocycloalkyl, optionally substituted heterocycloalkylalkyl, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted heteroaryl,
optionally substituted heteroaralkyl, -C(Z)R®, -C(Z)NR°R’, -S(0),R’, and
-S(0),NR°R’, or R'*and R" together with the nitrogen to which they are attached
form a 5-7 membered optionally substituted heterocycloalkyl or 5-7 membered
optionally substituted heteroaryi;

R’ is selected from the group consisting of hydrogen, optionally substituted lower
alkyl, optionally substituted lower alkenyl, provided, however, that when R’ is
optionally substituted lower alkenyl, no alkene carbon thereot 1s bound to nitrogen,
optionally substituted lower alkynyl, provided, however, that when R’ is
optionally substituted lower alkynyl, no alkyne carbon thereof is bound to nitrogen,
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally
substituted heterocycloalkyl, optionally substituted heterocycloalkylalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, ~C(Z)NR°R’, -C(Z)R®,
-S(0),NR°R’, and -S(O),R’;

nis 1 or2;

Z1s O or S; and

all salts, prodrugs, tautomers and stereoisomers thereof.
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[0030] In one embodiment of compounds of Formula I, R’ is selected from the group
consisting of hydrogen, halo, optionally fluoro substituted lower alkyl, optionally tluoro
substituted lower alkylthio, and optionally fluoro substituted lower alkoxy. In one
embodiment, when Q is -NR”'-, then R”' is hydrogen or optionally substituted lower
alkyl, where lower alkyl is preferably optionally substituted with halo, hydroxyl, lower
alkoxy, thiol, or lower alkylthio, provided that hydroxy, lower alkoxy, thiol, or lower
alkylthio are not substituted at the carbon that is bound to the nitrogen of ~NR’'-. In one

3 embodiment, U, W, X and Y are CH, and V 1s CR’. In one embodiment, U, W, X and Y

are CH, and V is CR’, where R’ is selected from the group consisting of hydrogen, halo,
optionally fluoro substituted lower alkyl, optionally fluoro substituted lower alkylthio, and

optionally fluoro substituted lower alkoxy.

[0031] In certain embodiments involving compounds of Formula I, the compounds have

a structure of Formula I in which the bicyclic core shown for Formula I has one of the

following structures:

gw,

N

N

\W4

\ N \
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[0032] Thus, in particular embodiments involving compounds of Formula I, the
compound includes a bicyclic core as shown above. Such compounds can include
substitutents as described for Formula I, with the understanding that ring nitrogens other
than thé nitrogen corresponding to position 1 of the indole structure are unsubstituted. In
particular embodiments, the compounds have one of the bicyclic cores shown above and
substitution pattern as shown herein for compounds having an indolyl or other bicyclic

COrc.

[0033] In certain embodiments, compounds of Formula I have a structure of Formula Ia

as shown below:

\ X
/
\,

Formula Ia

wherein:
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X, Y, Q, R' R’ ,and R are as defined in Formula I above;

R* is selected from the group consisting of —~CR"R*? R —C(Z)NR6R7, ——C(Z)Rg,
-S(0),NR°R’, and -S(O),R’;

R' is selected from the group consisting of optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally substituted aryl and optionally
substituted heteroaryl;

R>* and R* are independently selected from the group consisting of hydrogen, halo,
lower alkyl, hydroxyl, lower alkoxy, thiol, and lower alkylthio, wherein lower
alkyl and the lower alkyl chains of lower alkoxy and lower alkylthio are optionally
substituted with fluoro, hydroxyl, lower alkoxy, thiol, lower alkylthio or -NR>*R>’,
provided, however, that the substitution of lower alkoxy or lower alkylthio does
not result in O, N, or S bound to the carbon that is bound to the lower alkoxy
oxygen or the lower alkylthio sulfur;

R>* and R* are independently lower alkyl, or R** and R’ combine with the nitrogen to
which they are attached to form a 5-7 membered heterocycloalkyl or 5-7
membered heterocycloalkyl substituted with halo, hydroxyl, lower alkoxy, or

lower alkyl;

R**, R* and R* are independently selected from the group consisting of hydrogen,
halo, optionally substituted lower alkyl, optionally substituted lower alkenyl,
optionally substituted lower alkynyl, optionally substituted cycloalkyl, optionally
substituted cycloalkylalkyl, optionally substituted heterocycloalkyl, optionally
substituted heterocycloalkylalkyl, optionally substituted aryl, optionally substituted
aralkyl, optionally substituted heteroaryl, optionally substituted heteroaralkyl,
-OR", -SR'", -NR""R", -C(Z)NR®R’, -C(Z)R?, -S(0),NR°R’, and —S(O),R’:

n,Z, R6, R’ R8, R9, RIO, R”, R'% and R' are as defined for Formula I above; and

all salts, prodrugs, tautomers and stereoisomers thereof.

[0034] In one embodiment of compounds of Formula Ia, R* is -S(O),R’. In another
embodiment, X and Y are CH, and R** and R are hydrogen. In another embodiment, X
and Y are CH, and R** and R® are hydrogen. In another embodiment, X and Y are CH,
and R* and R*® are hydrogen. In another embodiment, R**, R**, and R?® are
independently selected from the group consisting of hyarogen, halo, optionally fluoro

substituted lower alkyl, optionally fluoro substituted lower alkylthio, and optionally fluoro

M ARAD NDT70NA4AN 4
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substituted lower alkoxy. In another embodiment, X and Y are CH, R** and R* are
hydrogen, and R* is selected from the group consisting of hydrogen, halo, optionally
fluoro substituted lower alkyl, optionally fluoro substituted lower alkylthio, and optionally
fluoro substituted lower alkoxy. In another emobodiment, when Q is -NR”'-, R is
hydrogen or optionally substituted lower alkyl, where lower alkyl is preferably optionally
substituted with halo, hydroxyl, lower alkoxy, thiol, or lower alkylthio, provided that
hydroxy, alkoxy, thiol, or alkylthio are not substituted at the carbon that is bound to the
nitrogen of ~NR"'-.

[0035] In certain embodiments, compounds of Formula I have a structure of Formula Ib

as shown below:

Formula Ib

wherein n, R', R®>, R*, R®, R®, R”, R®, R?, R'"", R"!, R"*, R", Z, and Q are as defined in
Formula I above. In one embodiment of compounds of Formula Ib, R is selected from
the group consisting of halo, optionally fluoro substituted lower alkyl, optionally tluoro
substituted lower alkylthio, and optionally fluoro substituted lower alkoxy. In another
embodiment, R® and R* are H, Q is O, and R’ is selected from the group consisting of
halo, optionally fluoro substituted lower alkyl, optionally fluoro substituted lower
alkylthio, and optionally fluoro substituted lower alkoxy. In another embodiment, when Q
is —O-, then R” is halo, preferably Br. In another embodiment, when Q .is —S-, then R° is
optionally fluoro substituted lower alkoxy, also lower alkoxy, preterably methoxy. In

another embodiment, when Q is -NR’'-, then R’' is hydrogen or optionally substituted
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lower alkyl, where lower alkyl is preferably optionally substituted with halo, hydroxyl,
lower alkoxy, thiol, or lower alkylthio, provided that hydroxy, alkoxy, thiol, or alkylthio

are not substituted at the carbon that is bound to the nitrogen of -NR’'-.

[0036] In certain embodiments, compounds of Formula I have a structure of Formula Ic

as shown below:

R1 R3
Q R
R5
. (R),
\ L R1 )
Formula Ic

wherein:

R'. R’, R% R’ and Q are as defined in Formula I above;

A is a monocyclic or bicyclic ring selected from the group consisting of cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

L is selected from the group consisting of ~CR>*R”>- —C(Z)NR§ °-, —C(2)-,
-S(0),;NR°-; and —S(O),- attached to A at any available atom to produce a stable
compound;

R R, R>* and R are as defined for Formula Ib above;

R>° is selected from the group consisting of hydrogen, optionally substituted lower
alkyl, optionally substituted lower alkenyl, provided, however, that when R is
optionally substituted lower alkenyl, no alkene carbon thereof 1s bound to nitrogen,
optionally substituted lower alkynyl, provided, however, that when R is
optionally substituted lower alkynyl, no alkyne carbon thereof is bound to nitrogen,
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally
substituted heterocycloalkyl, optionally substituted heterocycloalkylalkyl,
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optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, and optionally substituted heteroaralkyl;

R" is selected from the group consisting of hydrogen, halo, cyano, nitro, optionally
substituted lower alkyl, optionally substituted lower alkenyl, optionally substituted
lower alkynyl, optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, optionally substituted heteroaryl,
—OR'’, -SR'", -NR"’R", -C(Z)NR°R’, -C(Z)R?, -S(O);NR°R’, and -S(O).R’,
attached to A at any available atom to produce a stable compound,;

n, Z, R°, R’ R® R’ R', R R'z, and R'° are as defined in Formula I above;

R'® at each occurrence is independently selected from the group consisting of halo,
lower alkyl, hydroxyl, lower alkoxy, thiol, and lower alkylthio, wherein lower
alkyl and the lower alkyl chains of lower alkoxy and lower alkylthio are optionally
substituted with fluoro, hydroxyl, lower alkoxy, thiol, or lower alkylthio, provided,
however, that any substitution on lower alkoxy or lower alkylthio does not result 1n
O or S bound to the carbon that is bound to the alkoxy oxygen of substituted lower
alkoxy or the alkylthio sulfur of substituted lower alkylthio;

mis O, 1, or 2; and

all salts, prodrugs, tautomers and stereoisomers thereof.

[0037] In one embodiment of compounds of Formula Ic, A 1s a monocyclic aryl or
monocyclic heteroaryl. In one embodiment, A is a monocyclic heteroaryl. In one
embodiment, R" is selected from the group consisting of optionally substituted cycloalkyl,
optionally substituted hetérocycloalkyl, optionally substituted aryl, optionally substituted
heteroaryl, ~OR'®, -SR'!, -NR'?R"3, ~-C(Z)NR®R’, —C(Z)R?®, -S(0),NR°R’, and

-S(O)nRg, further wherein one of R® and R’, one of R, and R", R® R, R and R' are
selected from the group consisting of optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted aryl, and optionally substituted
heteroaryl. In one embodiment, R” is selected from the group consisting of halo,
optionally fluoro substituted lower alkyl, optionally fluoro substituted lower alkylthio, and
optionally fluoro substituted lower alkoxy. In another embodiment, R’ and R* are H, Q is
0O, and R’ is selected from the group consisting of halo, optionally fluoro substituted lower
alkyl, optionally fluoro substituted lower alkylthio, and optionally fluoro substituted lower

alkoxy. In another embodiment, when Q 1s —O-, then R’ is halo, preferably Br. In another
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embodiment, when Q is —S-, then R’ is optionally fluoro substituteci lower alkoxy, also
lower alkoxy, preferably methoxy. In another embodiment, when Q 1s _NR®'- thenR”' is
hydrogen or optionally substituted lower alkyl, where lower alkyl is preferably optionally
substituted with halo, hydroxyl, lower alkoxy, thiol, or lower alkylthio, provided that
hydroxy, alkoxy, thiol, or alkylthio are not substituted at the carbon that is bound to the
nitrogen of -NR”'-.

[0038] In specifying a compound or compounds of Formula I, Ia, Ib, or Ic, unless clearly
indicated to the contrary, specification of such compound(s) includes pharmaceutically

acceptable salts of the compound(s).

[0039] In certain embodiments of the above compounds, compounds are excluded where
N, O, S or C(Z) would be bound to a carbon that is also bound to N, O, S, or C(Z) or1s
bound to an alkene carbon atom of an alkenyl group or bound to an alkyne atom ot an
alkynyl group. Accordingly, in certain embodiments compounds are excluded from the
present invention in which there are included linkages such as -NR-CH,-NR-,
-O-CH,-NR-, -S(0)y.2-CH;-NR-, —C(Z)-CH,-NR-, -O-CH>-0-, -S(0O)p-2-CH;-0O-,
-C(Z)-CH;-0-, -S(0)p.2-CH»-8(0)p.2-, -C(Z)-CH2-S(QO)o-2-, -C(Z)-CH,-C(4)-,
~NR-CH=CH-, -NR-C =C-, -O-CH=CH-, —-O-C =£-, -S(0)(.,-CH=CH-, —S(0O)0.2-C =-,
—C(Z)-CH=CH-, or -C(2)-C =_-.

'[00401 Reference to compounds of Formula [, Ia, Ib, or Ic herein includes specific
reference to sub-groups and species of compounds of Formula I, Ia, Ib, or Ic described

herein (e.g., particular embodiments as described above) unless indicated to the contrary.

[0041] Another aspect of the invention concerns novel use of compounds ot Formula I,
Ia, Ib, or Ic for the treatment of diseases associated with PPARs. Another aspect of the

invention concerns novel compounds of Formula I, Ia, Ib, or Ic.

[0042] Another aspect of this invention provides compositioﬁs that include a
therapeutically effective amount of a compound of Formula 1, Ia, Ib, or Ic and at least one
pharmaceutically acceptable carrier, excipient, and/or diluent. The composition can
include a plurality of different pharmacalogically active compounds, including one or
more compounds of Formula I, Ia, Ib, or Ic. An "effective amount” of a compound or

composition, as used herein, includes within its meaning a non-toxic but sufficient amount

™l AAMY NT70NAN 41
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of the particular compound or composition to which it is referring to provide the desired

therapeutic effect.

[0043] In another aspect, compounds of Formula I, Ia, Ib, or Ic can be used in the
preparation of a medicament for the treatment of a PPAR-mediated disease or condition or

a disease or condition in which modulation of a PPAR provides a therapeutic benetit.

[0044] In another aspect, the invention provides kits that include a composition as
described herein. In particular embodiments, the composition is packaged, €.g., 1n a vial,
bottle, flask, which may be further packaged, ¢.g., within a box, envelope, or bag; the
composition is approved by the U.S. Food and Drug Administration or similar regulatory
agency for administration to a mammal, e.g., a human; the composition is approved for
administration to a mammal, e.g., a human, for a PPAR-mediated disease or condition; the
kit includes written instructions or other indication that the composition is suitable or
approved for administration to a mammal, e.g., a human, for a PPAR-mediated disease or
condition; the composition is packaged in unit dose or single dose form, e.g., single dose

pills, capsules, or the like.

[0045] In another aspect, the invention provides a method of treating or prophylaxis of a
disease or condition in a mammal, e.g., a PPAR-mediated disease or condition or a disease
or condition in which modulation of a PPAR provides a therapeutic benefit, by
administering to the mammal a therapeutically effective amount of a compound of
Formula I, Ia, Ib, or Ic, a prodrug of such compound, or a pharmaceutically acceptable salt
of such compound or prodrug. The compound can be administered alone or can be part of

a pharmaceutical composition.

[0046] In aspects and embodiments involving treatment or prophylaxis of a disease or
condition, the disease or condition is selected from the group consisting ot obesity,
overweight condition, hyperlipidemia, dyslipidemia including associated diabetic
dyslipidemia and mixed dyslipidemia, hypoalphalipoproteinemia, Syndrome X, Type 11
diabetes mellitus, Type I diabetes, hyperinsulinemia, impaired glucose tolerance, insulin
resistance, a diabetic complication (e.g., neuropathy, nephropathy, retinopathy or
cataracts), hypertension, coronary heart disease, heart failure, hypercholesterolemia,
inflammation, thrombosis, congestive heart failure, cardiovascular disease (including

atherosclerosis, arteriosclerosis, and hypertriglyceridemia), epithelial hyperproliferative
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diseases (such as eczema and psoriasis), cancer, neuropathic or inflammatory pain,
conditions associated with the lung and gut, regulation of appetite and food intake in
subjects suffering from disorders such as obesity, anorexia bulimia and anorexia nervosa,
neurodegenerative diseases, such as Alzheimer’s disease, Parkinson’s disease, and
amyotrophic lateral sclerosis, autoimmune diseases such as Type-1 diabetes mellitus,
vitiligo, uveitis, Sjogren’s disease, pemphigus foliaceus, inclusion body myositis,
polymyositis, dermatomyositis, scleroderma, Grave’s disease, Hashimoto’s disease,
chronic graﬁ-versus host disease, rheumatoid arthritis, inflammatory bowel syndrome,
Crohn’s disease and multiple sclerosis, pregnancy (e.g. fertility), diseases involving
airway smooth muscle cells such as asthma and COPD, and angiogenesis related

conditions, such as macular degeneration.

[0047] In certain embodiments of aspects involving compounds of Formula I, Ia, Ib, or
Ic, the compound is specific for any one or any two of PPARa, PPARy and PPARO, e.g.
specific for PPARa; specific for PPARS; specific for PPARY; specitic for PPARa and
PPARS; specific for PPARa and PPARY; specific for PPARO and PPARy. Such

specificity means that the compound has at least 5-fold greater activity (preterably at least
5-, 10-, 20-, 50-, or 100-fold or more greater activity) on the specific PPAR(s) than on the
other PPAR(s), where the activity 1s determined using a biochemical assay suitable for

determining PPAR activity, e.g., any assay known to one skilled in the art or as described

herein. In another embodiment, compounds have significant activity on all three of

PPARa, PPARS, and PPARY.

[0048] In certain embodiments, a compound of the invention has an ECs of less than

100 nM, less than 50 nM, less than 20 nM, less than 10 nM, less than 5 nM, or less than 1
nM with respect to at least one of PPARa, PPARy and PPARO as determined 1n a

generally accepted PPAR activity assay. In one embodiment, a compound of Formula I,

[a, Ib, or Ic will have an ECsg of less than 100 nM, less than 50 nM, less than 20 nM, less
than 10 nM, less than 5 nM, or less than 1 nM with respect to at least any two of PPARa,
PPARy and PPARS. In one embodiment, a compound of Formula I, Ia, Ib, or Ic will have
an ECsy of less than 100 nM, less than 50 nM, less than 20 nM, less than 10 nM, less than
5 nM, or less than 1 nM with respect to all three of PPARa, PPARY and PPARO. Further

to any of the above embodiments, a compound of the invention will be a specific agonist
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of any one of PPARa, PPARYy and PPARS, or any two of PPARa, PPARy and PPARo. A
specific agonist of one of PPARa, PPARy and PPARGS is such that the ECsq for one of
PPARa, PPARY and PPARS will be at least about 5-fold, also 10-fold, also 20-fold, also
50-fold, or at least about 100-fold less than the ECs for the other two of PPARa, PPARY
and PPARS. A specific agonist of two of PPARa, PPARy and PPARG is such that the
ECs, for each of two of PPARa, PPARy and PPARY will be at least about 5-fold, also 10-
fold, also 20-fold, also 50-fold, or at least about 100-fold less than the ECs for the other
of PPARa, PPARy and PPAROo.

[0049] In certain embodiments of the invention, the compounds of Formula I, Ia, Ib, or
Ic active on PPARSs also have desireable pharmacologic properties. In particular

embodiments the desired pharmacologic property is PPAR pan-activity, PPAR selectivity
for any individual PPAR (PPARa, PPARO, or PPARY), selectivity on any two PPARS

(PPARa and PPARS, PPARa and PPARY, or PPARS and PPARY), or any one or more of

serum half-life longer than 2 hr, also longer than 4 hr, also longer than 8 hr, aqueous

solubility, and oral bioavailability more than 10%, also more than 20%.

[0050] Additional embodiments will be apparent from the Detailed Description and from

the claims.
DETAILED DESCRIPTION OF THE INVENTION

[0051] As indicated in the Summary above, the present invention concerns the
peroxisome proliferator-activated receptors (PPARs), which have been identified 1n
humans and other mamméls. A group of compounds have been 1dentitied, corresponding
to Formula I, Ia, Ib, or Ic, that are active on one or more of the PPARs, 1n particular
compounds that are active on one or more human PPARs. The identification of these

compounds provides compounds that can be used as modulators on PPARs, including

agonists of at least one of PPARa, PPARS, and PPARY, as well as dual PPAR agonists
and pan-agonist, such as agonists of both PPARa and PPARYy, both PPARa and PPAROo,
both PPARY and PPARS, or agonists of PPARa, PPARy and PPAROo.

[0052] As used herein the following definitions apply unless otherwise indicated:
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[0053] “Halo” or “Halogen” - alone or in combination means all halogens, that 1s, chloro

(Cl), fluoro (F), bromo (Br), or iodo (I).
[0054] “Hydroxyl” refers to the group -OH.
[0055] “Thiol” or “mercapto” refers to the group -SH.

[0056] “Alkyl” - alone or in combination means an alkane-derived radical containing
from 1 to 20, preferably 1 to 15, carbon atoms (unless specifically defined). It is a straight
chain alkyl or branched alkyl, and includes a straight chain or branched alkyl group that
optionally contains or is interrupted by a cycloalkyl portion. The straight chain or
branched alkyl group is attached at any available atom to produce a stable compound.
Examples of this include, but are not limited to, 4-(isopropyl)-cyclohexylethyl or 2-
methyl-cyclopropylpentyl. In many embodiments, an alkyl is a straight or branched alkyl
group containing from 1-15, 1-8, 1-6, 1-4, or 1-2, carbon atoms, such as methyl, ethyl,
propyl, isopropyl, butyl, t-butyl and the like. “Optionally substituted alkyl” denotes
unsubstituted alkyl or alkyl that is independently substituted with 1 to 3 groups or
substituents selected from the group consisting of halo, hydroxy, optionally substituted
lower alkoxy, optionally substituted acyloxy, optionally substituted aryloxy, optionally
substituted heteroaryloxy, optionally substituted cycloalkyloxy, optionally substituted
heterocycloalkyloxy, thiol, optionally substituted lower alkylthio, optionally substituted
arylthio, optionally substituted heteroarylthio, optionally substituted cycloalkylthio,
optionally substituted heterocycloalkylthio, optionally substituted alkylsulfinyl, optionally
substituted arylsulfinyl, optionally substituted heteroarylsulfinyl, optionally substituted
cycloalkylsulfinyl, optionally substituted heterocycloalkylsulfinyl, optionally substituted
alkylsulfonyl, optionally substituted arylsulfonyl, optionally substituted
heteroarylsulfonyl, optionally substituted cycloalkylsulfonyl, optionally substituted
heterocycloalkylsulfonyl, optionally substituted amino, optionally substituted amido,
optionally substituted amidino, optionally substituted urea, optionally substituted
aminosulfonyl, optionally substituted alkylsulfonylamino, optionally substituted
arylsulfonylamino, optionally substituted heteroarylsulfonylamino, optionally substituted
cycloalkylsulfonylamino, optionally substituted heterocycloalkylsulfonylamino, optionally
substituted alkylcarbonylamino, optionally substituted arylcarbonylamino, optionally

substituted heteroarylcarbonylamino, optionally substituted cycloalkylcarbonylamino,
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optionally substituted heterocycloalkylcarbonylamino, optionally substituted carboxyl,
optionally substituted acyl, optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, optionally substituted heteroaryl, nitro, and

cyano, attached at any available atom to produce a stable compound.

[0057] “Lower alkyl” refers to an alkyl group having 1-6 carbon atoms. "Optionally
substituted lower alkyl" denotes lower alkyl or lower alkyl that is independently
substituted with 1 to 3 groups or substituents as defined in [0056] attached at any available

atom to produce a stable compound.

[0058] "Lower alkylene" refers to a divalent alkane-derived radical containing 1-6
carbon atoms, straight chain or branched, from which two hydrogen atoms are taken from

the same carbon atom or from different carbon atoms. Examples of alkylene include, but

are not limited to, -CH,—, -CH,CH,—, and -CH,CH(CH3)-.

[0059] “Alkenyl” - alone or in combination means a straight, branched, or cyclic
hydrocarbon containing 2-20, preferably 2-17, more preferably 2-10, even more preterably
2-8, most preferably 2-4, carbon atoms and at least one, preferably 1-3, more preferably 1-
2, most preferably one, carbon to carbon double bond. In the case of a cycloalkenyl
group, conjugation of more than one carbon to carbon double bond 1s not such as to confer
aromaticity to the ring. Carbon to carbon double bonds may be either contained within a
cycloalkyl portion, with the exception of cyclopropyl, or within a straight chain or
branched portion. Examples of alkenyl groups include ethenyl, propenyl, 1sopropenyl,
butenyl, cyclohexenyl, cyclohexenylalkyl and the like. “Optionally substituted alkenyl™
denotes alkenyl or alkenyl that is independently substituted with 1 to 3 groups or
substituents as defined in [0056] attached at any available atom to produce a stable

compound.

[0060] “Lower alkenyl” refers to an alkenyl group having 2-6 carbon atoms.
"Optionally substituted lower alkenyl" denotes lower alkenyl or lower alkenyl that 1s
substituted with 1 to 3 groups or substituents as defined in [0056] attached at any available

atom to produce a stable compound.

[0061] “Alkynyl” - alone or in combination means a straight or branched hydrocarbon

containing 2-20, preferably 2-17, more preferably 2-10, even more preferably 2-8, most
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preferably 2-4, carbon atoms containing at least one, preferably one, carbon to carbon

triple bond. Examples of alkynyl groups include ethynyl, propynyl, butynyl, and the like.

"Optionally substituted alkynyl” denotes alkynyl or alkynyl that is independently
substituted with 1 to 3 groups or substituents as defined in [0056] attached at any available

atom to produce a stable compound.

[0062] “Lower alkynyl” refers to an alkynyl group having 2-6 carbon atoms.

"Optionally substituted lower alkynyl" denotes lower alkynyl or lower alkynyl that 1s
substituted with 1 to 3 groups or substituents as defined in [0056] attached at any available

atom to produce a stable compound.

[0063] “Lower alkoxy” denotes the group -OR", where R" is lower alkyl. "Optionally

substituted lower alkoxy” denotes lower alkoxy in which R” is optionally substituted lower

alkyl.

[0064] ‘“‘Acyloxy” denotes the group -OC(O)Rf, where R' is hydro gen, lower alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl. "Optionally substituted acyloxy” denotes
acyloxy in which R' is hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryl; or

optionally substituted heteroaryl.

[0065] “Aryloxy” denotes the group —OR®, where R is aryl. "Optionally substituted
aryloxy” denotes aryloxy in which RF is optionally substituted aryl.

[0066] ‘“Heteroaryloxy’ denotes the group ~OR", where R" is heteroaryl. "Optionally
substituted heteroaryloxy” denotes heteroaryloxy in which R" is optionally substituted

heteroaryl.

10067] “Cycloalkyloxy” denotes the group -OR’, where R'is cycloalkyl. "Optionally
substituted cycloalkyloxy” denotes cycloalkyloxy in which R' is optionally substituted

cycloalkyl.

[0068] ‘“Heterocycloalkyloxy’ denotes the group —OR/, where R is heterocycloalkyl.
"Optionally substituted heterocycloalkyloxy” denotes heterocycloalkyloxy in which R is

optionally substituted heterocycloalkyl.
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[0069] “Lower alkylthio” denotes the group -SR*, where R¥ is lower alkyl. "Optionally
substituted lower alkylthio” denotes lower alkylthio in which R is optionally substituted

lower alkyl.

[0070] “Arylthio” denotes the group -SR", where R" is aryl. "Optionally substituted
arylthio” denotes arylthio in which R" is optionally substituted aryl.

[0071] “Heteroarylthio” denotes the group —SR™, where R™ is heteroaryl. "Optionally
substituted heteroarylthio” denotes heteroarylthio in which R™ is optionally substituted

heteroaryl.

[0072] “Cycloalkylthio” denotes the group —SR", where R" is cycloalkyl. "Optionally
substituted cycloalkylthio” denotes cycloalkylthio in which R" is optionally substituted

cycloalkyl.

[0073] “Heterocycloalkylthio” denotes the group —SR®, where R” is heterocycloalkyl.
"Optionally substituted heterocycloalkylthio” denotes heterocycloalkylthio in which R” is

optionally substituted heterocycloalkyl.

[0074] “Acyl” denotes groups -C(O)RP, where RP is hydrogen, lower alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl. "Optionally substituted acyl” denotes acyl in which
RP is hydrogen, optionally substituted lower alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally substituted aryl, or optionally
substituted heteroaryl.

[0075] “Optionally substituted amino” denotes the group -NR“R’, where R" and R" may
independently be hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted acyl or optionally substituted sulfonyl, or R*
and R’ together with the nitrogen to which they are attached can form a 5-7 membered

optionally substituted heterocycloalkyl or 5-7 membered optionally substituted heteroaryl.

[0076] ““Optionally substituted amido” denotes the group -C(O)NR®R', where R® and R’
may independently be hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryl, or
optionally substituted heteroaryl, or R® and R' together with the nitrogen to which they are
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attached can form a 5-7 membered optionally substituted heterocycloalkyl or 5-7

membered optionally substituted heteroaryl.

[0077] “Optionally substituted amidino” denotes the group -C(=NR")NR'R", wherein
R" RY, and R" are independently hydrogen or optionally substituted lower alkyl.

[0078] “Optionally substituted urea” denotes the group -NR*C(O)NRR*, wherein R is
hydrogen or optionally substituted lower alkyl, and R” and R* are independently selected
from hydrogen, optionally substituted lower alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally substituted aryl or optionally
substituted heteroaryl, or R” and R” together with the nitrogen to which they are attached
can form a 5-7 membered optionally substituted heterocycloalkyl or 5-7 membered

optionally substituted heteroaryl.

[0079] “Optionally substituted sulfonyl” denotes the group —S(O),R™, wherein R* is
optionally substituted lower alkyl, optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, or optionally substituted heteroaryl.

[0080] ““Optionally substituted aminosulfonyl” denotes the group -S(0),NR""R®, where
R and R° may independently be hydrogen, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryl,

or optionally substituted heteroaryl, or R" and R together with the nitrogen to which |
they are attached can form a 5-7 membered optionally substituted heterocycloalkyl or 5-7

membered optionally substituted heteroaryl.

[0081] “‘Carboxyl” denotes the group -C(O)OR%, where R% is hydrogen, lower alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl. "Optionally substituted carboxyl”
denotes carboxyl wherein R% is hydrogen, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryl,
or optionally substituted heteroaryl.

[0082] <“Carboxylic acid isostere” refers to a group selected from thiazolidine dione,
hydroxamic acid, acyl-cyanamide, tetrazole, isoxazole, sulphonate, and sulfonamide. In
functional terms, carboxylic acid isosteres mimic carboxylic acids by virtue of similar

physical properties, including but not limited to molecular size or molecular shape.
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[soxazole may be optionally substituted with lower alkyl, lower alkyl substituted with 1-3
fluoro, aryl or heteroaryl, and wherein aryl or heteroaryl may be optionally substituted
with 1-3 groups or substituents selected from halo, lower alkyl, fluoro substituted lower
alkyl, lower alkoxy, fluoro substituted lower alkoxy, lower alkylthio, and fluoro
substituted lower alkylthio. Sulfonamide may be optionally substituted with lower alkyl,
fluoro substituted lower alkyl, acyl, aryl and heteroaryl, wherein aryl or heteroaryl may be
optionally substituted with 1-3 groups or substituents selected from halo, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, fluoro substituted lower alkoxy, lower

alkylthio, and fluoro substituted lower alkylthio.

[0083] ““Aryl” refers to a ring system containing aromatic hydrocarbons such as phenyl
or naphthyl, which may be optionally fused with a cycloalkyl of preferably 5-7, more
preferably 5-6, ring members. "Optionally substituted aryl” denotes aryl or aryl that 1s
substituted with with 1 to 3 groups or substituents as defined in [00S56], or optionally
substituted lower alkyl, optionally substituted lower alkenyl, or optionally substituted

lower alkynyl, attached at any available atom to produce a stable compound.

[0084] “Aralkyl” refers to the group -R®°-Ar where Ar is an aryl group and R™ is lower
alkylene. "Optionally substituted aralkyl” denotes aralkyl or aralkyl in which the alkylene
. group is optionally substituted with 1‘ to 3 groups or substituents as defined in [0056],
attached at any available atom to produce a stable compound, and in which the aryl group
is optionally substituted with 1 to 3 groups or substituents as detined 1n [0056], or
optionally substituted lower alkyl, optionally substituted lower alkenyl, or optionally

substituted lower alkynyl, attached at any available atom to produce a stable compound.

[0085] ‘Heteroaryl” - alone or in combination means a monocyclic aromatic ring
structure containing 5 or 6 ring atoms, or a bicyclic aromatic group having 8 to 10 atoms,
containing one or more, preferably 1-4, more preferably 1-3, even more preferably 1-2,
heteroatoms independently selected from the group O, S, and N. Heteroaryl 1s also
intended to include oxidized S or N, such as sulfinyl, sulfonyl and N-oxide of a tertiary
ring nitrogen. A carbon or nitrogen atom is the point of attachment of the heteroaryl ring
structure such that a stable aromatic ring is retained. Examples ot heteroaryl groups
include, but are not limited to, pyridinyl, pyridazinyl, pyrazinyl, quinaoxalyl, indolizinyl,
benzo[b]thienyl, quinazolinyl, purinyl, indolyl, quinolinyl, pyrimidinyl, pyrrolyl, oxazolyl,
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thiazolyl, thienyl, isoxazolyl, oxathiadiazolyl, isothiazolyl, tetrazolyl, imidazolyl, triazinyl,
furanyl, benzofuryl, and indolyl. "Optionally substituted heteroaryl”” denotes heteroaryl or
heteroaryl that is substituted with with 1 to 3 groups or substituents as defined 1n [0056],
or optionally substituted lower alkyl, optionally substituted lower alkenyl, or optionally
substituted lower alkynyl, attached at any available carbon or nitrogen to produce a stable

compound.

[0086] ‘‘Heteroaralkyl” refers to the group —R"-HetAr where HetAr is a heteroaryl
group and R" is lower alkylene. "Optionally substituted heteroaralkyl” denotes
heteroaralkyl or heteroaralkyl in which the lower alkylene group is optionally substituted
with 1 to 3 groups or substituents as defined in [0056], attached at any available atom to
produce a stable compound, and in which the heteroaryl group' is optionally substituted
with 1 to 3 groups or substituents as defined in [0056], or optionally substituted lower
alkyl, optionally substituted lower alkenyl, or optionally substituted lower alkynyl,

attached at any available carbon or nitrogen to produce a stable compound.

[0087] “Cycloalkyl” refers to saturated or unsaturated, non-aromatic monocyclic,
bicyclic or tricyclic carbon ring systems of 3-8, more preferably 3-6, ring members per
ring, such as cyclopropyl, cyclopentyl, cyclohexyl, adamantyl, and the like. "Optionally
substituted cycloalkyl” denotes cycloalkyl or cycloalkyl that is substituted with with 1 to 3
groups or substituents as defined in [0056], or optionally substituted lower alkyl,
optionally substituted lower alkenyl, or optionally substituted lower alkynyl, attached at

any available atom to produce a stable compound.

[0088] “Cycloalkylalkyl” refers to the group -R*-Cyc where Cyc is a cycloalkyl group
and R® is a lower alkylene group. "Optionally substituted cycloalkylalkyl” denotes
cycloalkylalkyl or cycloalkylalkyl in which the alkylene group is optionally substituted
with 1 to 3 groups or substituents as defined in [0056], attached at any available atom to
produce a stable compound, and in which the cycloalkyl group is optionally substituted
with 1 to 3 groups or substituents as defined in [0056], or optionally substituted lower
alkyl, optionally substituted lower alkenyl, or optionally substituted lower alkynyl,

attached at any available atom to produce a stable compound.

[0089] “Heterocycloalkyl” means a saturated or unsaturated non-aromatic cycloalkyl

group having from 5 to 10 atoms in which from 1 to 3 carbon atoms 1in the ring are
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replaced by heteroatoms of O, S or N, and are optionally fused with benzo or heteroaryl of
5-6 ring members. Heterocycloalkyl is also intended to include oxidized S or N, such as
sulfinyl, sulfonyl and N-oxide of a tertiary ring nitrogen. The point of attachment of the
heterocycloalkyl ring is at a carbon or nitrogen atom such that a stable ring is retained.
Examples of heterocycloalkyl groups include, but are not limited to, morpholino,
tetrahydrofuranyl, dihydropyridinyl, piperidinyl, pyrrolidinyl, piperazinyl,
dihydrobenzofuryl, and dihydroindolyl. "Optionally substituted heterocycloalkyl” denotes
heterocycloalkyl or heterocycloalkyl that 1s substituted with with 1 to 3 groups or
substituents as defined in [0056], or optionally substituted lower alkyl, optionally
substituted lower alkenyl, or optionally substituted lower alkynyl, attached at any

available carbon or nitrogen to produce a stable compound.

[0090] "Heterocycloalkylalkyl” refers to the group -R"-Het where Het is a
heterocycloalkyl group and R™ is a lower alkylene group. "Optionally substituted
heterocycloalkylalkyl” denotes heterocycloalkylalkyl or heterocycloalkylalkyl in which
the alkylene group is optionally substituted with 1 to 3 groups or substituents as defined in
[0056], attached at any available atom to produce a stable compound, and 1n which the
heterocycloalkyl group is optionally substituted with 1 to 3 groups or substituents as
defined in [0056], or optionally substituted lower alkyl, optionally substituted lower
alkenyl, or optionally substituted lower alkynyl, attached at any available carbon or

nitrogen to produce a stable compound.

[0091] “Optionally substituted alkylsulfinyl”” denotes the group -S(O)R", wherein R" is
optionally substituted lower alkyl.

[0092] “‘Optionally substituted arylsulfinyl” denotes the group -S(O)R”, wherein RY is
optionally substituted aryl.

[0093] “‘Optionally substituted heteroarylsulfinyl” denotes the group -S(O)R*, wherein
R** is optionally substituted heteroaryl.

[0094] “Optionally substituted cycloalkylsulfinyl” denotes the group -S(O)R™", wherein
R~ is optionally substituted cycloalkyl.
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[0095] “Optionally substituted heterocycloalkylsulfinyl” denotes the group -S(O)R™,
wherein R™" is optionally substituted heterocycloalkyl.

[0096] “Optionally substituted alkylsulfonyl” denotes the group -S(O),R™, wherein R™
is optionally substituted lower alkyl.

[0097] “Optionally substituted arylsulfonyl” denotes the group -S(O),R*, wherein R™ is
optionally substituted aryl.

[0098] “Optionally substituted heteroarylsulfonyl” denotes the group -S(O),R™, wherein
R is optionally substituted heteroaryl.

[0099] “Optionally substituted cycloalkylsulfonyl” denotes the group -S(O);R™, wherein
R% is optionally substituted cycloalkyl.

[0100] “Optionally substituted heterocycloalkylsulfonyl” denotes the group -S(O),R",
wherein R is optionally substituted heterocycloalkyl.

[0101] “Optionally substituted alkylsulfonylamino” denotes the group ~-NR*S(O),R",
wherein R" is optionally substituted lower alkyl, and R* is hydrogen or optionally
substituted lower alkyl.

[0102] “Optionally substituted arylsulfonylamino” denotes the group -NR"™S(O);R",
wherein R"" is optionally substituted aryl, and R™ is hydrogen or optionally substituted
lower alkyl.

[0103] “Optionally substituted heteroarylsulfonylamino” denotes the group
-NR""S(0),R™*, wherein R™ is optionally substituted heteroaryl, and R"" is hydrogen or
optionally substituted lower alkyl.

[0104] “Optionally substituted cycloalkylsulfonylamino” denotes the group
-NRY'S(0),R?*, wherein R* is optionally substituted cycloalkyl, and R*” is hydrogen or
optionally substituted lower alkyl.

[0105] “Optionally substituted heterocycloalkylsulfonylamino” denotes the group
-NR"S(0),R", wherein R is optionally substituted heterocycloalkyl, and R" is hydrogen
or optionally substituted lower alkyl.
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[0106] “Optionally substituted alkylcarbonylamino” denotes the group ~NR™C(O)R",
wherein R is optionally substituted lower alkyl, and R is hydrogen or optionally

substituted lower alkyl.

[0107]) “Optionally substituted arylcarbonylamino” denotes the group —NRbe(O)Rbg,
wherein R is optionally substituted aryl, and R is hydrogen or optionally substituted
lower alkyl.

[0108] “Optionally substituted heteroarylcarbonylamino’ denotes the group
-NR°"C(O)R™, wherein R® is optionally substituted heteroaryl, and R®" is hydrogen or
optionally substituted lower alkyl.

[0109] “Optionally substituted cycloalkylcarbonylamino” denotes the group
-NR”C(O)R®*, wherein R is optionally substituted cycloalkyl, and RY is hydrogen or
optionally substituted lower alkyl.

[0110] “Optionally substituted heterocycloalkylcarbonylamino” denotes the group
-NR"'C(O)R"™, wherein R°™ is optionally substituted heterocycloalkyl, and R™ is hydrogen
or optionally substituted lower alkyl.

[0111] As used herein, the terms “ligand” and “modulator” are used equivalently to
refer to a compound that changes the activity of a target biomolecule, e.g., a PPAR.
Generally a ligand or modulator will be a small molecule, where “small molecule” reters
to a compound with a molecular weight of 1500 daltons or less, or preterably 1000 daltons
or less, 800 daltons or less, or 600 daltons or less. The effects of a PPAR may be
modulated by a compound, for example, by increasing or decreasing the binding to
transcriptional coactivators or transcriptional corepressors, resulting in changes 1n the
expression levels of various target proteins or the activity of other transcription factors. In
one instance, a PPAR agonist might function by enhancing the binding to coactivators, 1n
another an antagonist could result in an increase in the binding to corepressors. In other
cases, modulation might occur through the interference or enhancement of the binding of
an agonist (natural or unnatural) to the PPAR. Upon binding an agonist, the conformation
of a PPAR is altered and stabilized such that a binding cleft, made up in part of the AF-2
domain, is created and recruitment of transcriptional coactivators can occur. Coactivators

enable nuclear receptors to initiate the transcription process. The result of the agonist-
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induced PPAR-coactivator interaction at the PPRE is an increase in gene transcription.
Further, in connection with ligands and modulators of PPAR, the term “specific for
PPAR” and terms of like import mean that a particular compound binds to a PPAR to a
statistically greater extent than to other biomolecules that may be present in or originally
isolated from a particular organism, e.g., at least 2, 3, 4, 5, 10, 20, 50, 100, or 1000-told.
Also, where biological activity other than binding is indicated, the term “specific for
PPAR” indicates that a particular compound has greater biological effect on PPAR than do
other biomolecules (e.g., at a level as indicated for binding specificity). Similarly, the
specificity can be for a specific PPAR isoform with respect to other PPAR isoforms that
may be present in or originally isolated from a particular organism. In the context of
ligands interacting with PPARs, the terms "activity on", "activity toward," and like terms
mean that such ligands have ECs; or ICsg less than 10 mM, less than 1 mM, less than 100
nM, less than 50 nM, less than 20 nM, less than 10 nM, less than 5 nM, or less than 1 nM
with respect to at least one PPAR as determined in a generally accepted PPAR activity

assay.

[0112] Also in the context of compounds binding to a biomolecular target, the term
“greater specificity” indicates that a compound binds to a specified target to a greater
extent than to another biomolecule or biomolecules that may be present under relevant
binding conditions, where binding to such other biomolecules produces a difterent
biological activity than binding to the specified target. In some cases, the specificity 1s
with reference to a limited set of other biomolecules, e.g., in the case ot PPARSs, 1n some
cases the reference may be to other receptors, or for a particular PPAR, it may be other
PPARs. In particular embodiments, the greater specificity 1s at least 2, 3, 4, 5, 8, 10, 50,
100, 200, 400, 500, or 1000-fold greater specificity.

[0113] The term “pharmaceutical composition” refers to a preparation that includes a
therapeutically significant quantity of an active agent, which 1s prepared in a form adapted
for administration to a subject. Thus, the preparation is “pharmaceutically acceptable”,
indicating that it does not have properties that would cause a reasonably prudent medical
practitioner to avoid administration of the material to a patient, taking into consideration
the disease or conditions to be treated and the respective route of administration. In many

cases, such a pharmaceutical composition is a sterile preparation, e.g. for injectibles.
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[0114] The term “PPAR-mediated” disease or condition and like terms refer to a disease
or condition in which the biological function of a PPAR affects the development and/or
course of the disease or condition, and/or in which modulation of PPAR alters the
development, course, and/or symptoms of the disease or condition. Similarly, the phrase
“PPAR modulation provides a therapeutic benefit” indicates that modulation of the level
of activity of PPAR in a subject indicates that such modulation reduces the severity and/or
duration of the disease, reduces the likelihood or delays the onset of the disease or
condition, and/or causes an improvement in one or more symptoms of the disease or

condition. In some cases the disease or condition may be mediated by any one or more of

the PPAR isoforms, e.g., PPARy, PPARa, PPARO, PPARY and PPARa, PPARY and
PPARO, PPARa and PPARD, or PPARY, PPARa, and PPARO.

[0115] The term “composition” refers to a formulation suitable for administration to an
intended animal subject for therapeutic purposes that contains at least one

pharmaceutically active compound.

[0116] The term “therapeutically effective” indicates that the materials or amount of
material is effective to prevent, alleviate, or ameliorate one or more symptoms of a disease

or medical condition, and/or to prolong the survival of the subject being treated.

[0117] A “pharmaceutically acceptable salt” is intended to mean a salt that retains the
biological effectiveness of the free acid and base forms of the specified compound and that
is not biologically or otherwise unacceptable. A compound of the invention may possess a
sufficiently acidic, a sufficiently basic, or both functional groups, and accordingly react
with any of a number of inorganic or organic bases, and inorganic and organic acids, to
form a pharmaceutically acceptable salt. Exemplary pharmaceutically acceptable salts
include those salts prepared by reaction of the compounds of the present invention with a
mineral or organic acid or base, such as salts including sodium, chloride, sulfates,
pyrosulfates, bisulfates, sulfites, bisulfites, phosphates, monohydrogenphosphates,
dihydrogenphosphates, metaphosphates, pyrophosphates, chlorides, bromides, 10dides,
acetates, propionates, decanoates, caprylates, acrylates, formates, 1sobutyrates, caproates,
heptanoates, propiolates, oxalates, malonates, succinates, suberates, sebacates, fumarates,
maleates, butyne-1,4 dioates, hexyne-1,6-dioates, benzoates, chlorobenzoates,

methylbenzoates, dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthalates,

Nl AR 27010 1
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sulfonates, xylenesulfonates, phenylacetates, phenylpropionates, phenylbutyrates, citrates,
lactates, .gamma.-hydroxybutyrates, glycollates, tartrates, methane-sulfonates,

propanesulfonates, naphthalene-1-sulfonates, naphthalene-2-sulfonates, and mandelates.

[0118] The term “pharmaceutically acceptable metabolite refers to a pharmacologically
acceptable product, which may be an active product, produced through metabolism of a
specified compound (or salt thereof) in the body of a subject or patient. Metabolites of a
compound may be identified using routine techniques known in the art, and their activities
determined using tests such as those described herein. For example, in some compounds,
one or more alkoxy groups can be metabolized to hydroxyl groups while retaining
pharmacologic activity and/or carboxyl groups can be esterified, e.g., glucuronidation. In
some cases, there can be more than one metabolite, where an intermediate metabolite(s) is
further metabolized to provide an active metabolite. For example, in some cases a
derivative compound resulting from metabolic glucuronidation may be inactive or of low

activity, and can be further metabolized to provide an active metabolite.

[0119] The term “PPAR” refers to a peroxisome proliferator-activated receptor as

recognized in the art. As indicated above, the PPAR family includes PPARa (also
referred to as PPARa or PPARalpha), PPARS (also referred to as PPARdA or PPARdelta),
and PPARYy (also referred to as PPARg or PPARgamma). The individual PPARSs can be

identified by their sequences, where exemplary reference sequence accession numbers are:
NM_005036 (cDNA sequence for hPPARa) SEQ ID NO: |, NP 005027 (protein
sequence for hPPARa) SEQ ID NO:  , NM 015869 (cDNA sequence for hPPARg
1soform 2) SEQ ID NO: , NP 056953 (protein sequence for hPPARg 1soform 2) SEQ
ID NO:  ,NM 006238 (cDNA sequence for hPPARd) SEQ ID NO: , and

NP 006229 (protein sequence for hPPARd) SEQ ID NO: . One of ordinary skill in the

art will recognize that sequence differences will exist due to allelic vanation, and will also
recognize that other animals, particularly other mammals, have corresponding PPARsS,
which have been identified or can be readily identified using sequence alignment and
confirmation of activity, can also be used. One of ordinary skill in the art will also
recognize that modifications can be introduced in a PPAR sequence without destroying

PPAR activity. Such modified PPARSs can also be used in the present invention, e.g., if

™I AAD N70NAN A4
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the modifications do not alter the binding site conformation to the extent that the moditfied

PPAR lacks substantially normal ligand binding.

[0120] As used herein in connection with the design or development of ligands, the term
“bind” and “binding” and like terms refer to a non-covalent energetically favorable
association between the specified molecules (i.e., the bound state has a lower free energy
than the separated state, which can be measured calorimetrically). For binding to a target,
the binding is at least selective, that is, the compound binds preferentially to a particular
target or to members of a target family at a binding site, as compared to non-specific
binding to unrelated proteins not having a similar binding site. For example, BSA 1s often
used for evaluating or controlling for non-specific binding. In addition, for an association
to be regarded as binding, the decrease in free energy going from a separated state to the
bound state must be sufficient so that the association is detectable in a biochemical assay

suitable for the molecules involved.

[0121] By “assaying” is meant the creation of experimental conditions and the gathering
of data regarding a particular result of the experimental conditions. For example, enzymes
can be assayed based on their ability to act upon a detectable substrate. Likewise, for
example, a compound or ligand can be assayed based on its ability to bind to a particular

target molecule or molecules and/or to modulate an activity of a target molecule.

[0122] By “background signal” in reference to a binding assay 1s meant the signal that 1s
recorded under standard conditions for the particular assay in the absence of a test
compound, molecular scaffold, or ligand that binds to the target molecule. Persons of
ordinary skill in the art will realize that accepted methods exist and are widely available

for determining background signal.

[0123] By “binding site” is meant an area of a target molecule to which a ligand can
bind non-covalently. Binding sites embody particular shapes and often contain multiple
binding pockets present within the binding site. The particular shapes are often conserved
within a class of molecules, such as a molecular family. Binding sites within a class also
can contain conserved structures such as, for example, chemical moieties, the presence of
a binding pocket, and/or an electrostatic charge at the binding site or some portion of the

binding site, all of which can influence the shape of the binding site.
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[0124] By “binding pocket” is meant a specific volume within a binding site. A binding
pocket is a particular space within a binding site at least partially bounded by target
molecule atoms. Thus a binding pocket is a particular shape, indentation, or cavity 1n the
binding site. Binding pockets can contain particular chemical groups or structures that are
important in the non-covalent binding of another molecule such as, for example, groups
that contribute to ionic, hydrogen bonding, van der Waals, or hydrophobic interactions

between the molecules.

[0125] By “chemical structure” or “chemical substructure” is meant any definable atom
or group of atoms that constitute a part of a molecule. Normally, chemical substructures
of a scaffold or ligand can have a role in binding of the scaffold or ligand to a target
molecule, or can influence the three-dimensional shape, electrostatic charge, and/or

conformational properties of the scaffold or ligand.

[0126] By “orientation”, in reference to a binding compound bound to a target molecule
is meant the spatial relationship of the binding compound and at least some of 1ts
consitituent atoms to the binding pocket and/or atoms of the target molecule at least

partially defining the binding pocket.

[0127] By “clog P” is meant the calculated log P of a compound, “P” referring to the
partition coefficient of the compound between a lipophilic and an aqueous phase, usually

between octanol and water.

[0128] In the context of compdunds binding to a target, the term “greater atfinity”
indicates that the compound binds more tightly than a reference compound, or than the
same compound in a reference condition, i.e., with a lower dissociation constant. In
particular embodiments, the greater affinity 1s at least 2, 3, 4, 5, 8, 10, 50, 100, 200, 400,
500, 1000, or 10,000-fold greater attinity.

[0129] By binding with “moderate affinity” is meant binding with a K, of from about
200 nM to about 1 uM under standard conditions. By “moderately high atfinity” 1s meant
binding at a K, of from about 1 nM to about 200 nM. By binding at “high atfinity” is
meant binding at a K, of below about 1 nM under standard conditions. The standard
conditions for binding are at pH 7.2 at 37°C for one hour. For example, typical binding

conditions in a volume of 100 ul/well would comprise a PPAR, a test compound, HEPES
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50 mM buftter at pH 7.2, NaCl 15 mM, ATP 2 uM, and bovine serum albumin (1 ug/well),

at 37 °C tor one hour.

[0130] Binding compounds can also be characterized by their effect on the activity of the
target molecule. Thus, a “low activity” compound has an inhibitory concentration (1Cs)
(for inhibitors or antagonists) or effective concentration (ECsg) (applicable to agonists) of
greater than 1 uM under standard conditions. By “moderate activity”” is meant an [Cso or
ECso of 200 nM to 1 uM under standard conditions. By “moderately high activity” is
meant an ICsy or ECsp of 1 nM to 200 nM. By “high activity’”’ 1s meant an ICsq or ECs of
below 1 nM under standard conditions. The ICsy (or ECsg) 1s defined as the concentration
of compound at which 50% of the activity of the target molecule (e.g., enzyme or other
protein) activity being measured 1s lost (or gained) relative to activity when no compound
1s present. Activity can be measured using methods known to those of ordinary skill in the
art, e.g., by measuring any detectable product or signal produced by occurrence of an
enzymatic reaction, or other activity by a protein being measured. For PPAR agonists,
activities can be determined as described in the Examples, or using other such assay

methods known 1n the art.

[0131] By “protein-ligand complex™ or “co-complex” is meant a protein and ligand

bound non-covalently together.

[0132] By “protein” is meant a polymer of amino acids. The amino acids can be
naturally or non-naturally occurring. Proteins can also contain modifications, such as

being glycosylated, phosphorylated, or other common modifications.

[0133] By “protein family” is meant a classification of proteins based on structural
and/or functional similarities. For example, kinases, phosphatases, proteases, and similar
groupings of proteins are protein families. Proteins can be grouped into a protein family
based on having one or more protein folds in common, a substantial similarity in shape
among folds of the proteins, homology, or based on having a common function. In many

cases, smaller families will be specified, e.g., the PPAR family.

[0134] By “specific biochemical effect” is meant a therapeutically significant
biochemical change in a biological system causing a detectable result. This specific

biochemical effect can be, for example, the inhibition or activation ot an enzyme, the



CA 02588953 2007-05-30

WO 2006/060456 PCT/US2005/043271
36

inhibition or activation of a protein that binds to a desired target, or similar types of
changes in the body’s biochemistry. The specific biochemical effect can cause alleviation
of symptoms of a disease or condition or another desirable effect. The detectable result

can also be detected through an intermediate step.

[0135] By “standard conditions” is meant conditions under which an assay 1s performed
to obtain scientifically meaningful data. Standard conditions are dependent on the
particular assay, and can be generally subjective. Normally the standard conditions of an
assay will be those conditions that are optimal for obtaining useful data from the particular
assay. The standard conditions will generally minimize background signal and maximize

the signal sought to be detected.

[0136] By “standard deviation” is meant the square root of the variance. The variance 1s
a measure of how spread out a distribution is. It is computed as the average squared
deviation of each number from its mean. For example, for the numbers 1, 2, and 3, the

mean 1s 2 and the variance 1s:

o= (1-2)> + (2-2)* + (3-2)* =0.667 .
3

[0137] In the context of this invention, by “target molecule” is meant a molecule that a
compound, molecular scaffold, or ligand is being assayed for binding to. The target
molecule has an activity that binding of the molecular scaffold or ligand to the target
molecule will alter or change. The binding bf the compound, scaffold, or ligand to the
target molecule can preferably cause a specific biochemical effect when it occurs in a
biological system. A “biological system” includes, but is not limited to, a living system
such as a human, animal, plant, or insect. In most but not all cases, the target molecule

will be a protein or nucleic acid molecule.

[0138] By “pharmacophore” is meant a representation of molecular features that are
considered to be responsible for a desired activity, such as interacting or binding with a
receptor. A pharmacophore can include 3-dimensional (hydrophobic groups,
charged/ionizable groups, hydrogen bond donors/acceptors), 2D (substructures), and 1D
(physical or biological) properties.

[0139] As used herein in connection with numerical values, the terms “approximately”™

and “about’” mean +10% of the indicated value.
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I. Applications of PPAR Agonists

[0140] The PPARs have been recognized as suitable targets for a number of ditferent
diseases and conditions. Some of those applications are described briefly below.
Additional applications are known and the present compounds can also be used for those

diseases and conditions.

[0141] (a) Insulin resistance and diabetes: In connection with insulin resistance and
diabetes, PPARy is necessary and sufficient for the difterentia<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>