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Abstract—PPARy-activating thiazolidinediones and carboxylic acids such as farglitazar exert their anti-diabetic effects in part in
PPARY rich adipose. Both pro- and anti-adipogenic PPARY ligands promote glucose and lipid lowering in animal models of dia-
betes. Herein, we disclose representatives of an array of 160 farglitazar analogues with atypical inverse agonism of PPARY in mature

adipocytes.
© 2007 Elsevier Ltd. All rights reserved.

Peroxisome  proliferator-activated  receptor-gamma
(PPARY) agonists such as the thiazolidinedione (TZD)
drugs and related carboxylic acids such as farglitazar
(GI262570) are effective insulin sensitizers in patients with
type 2 diabetes mellitus.!?> Insulin resistance is an early
marker of this type of adult onset diabetes. Oral adminis-
tration of PPARYy agonists to these patients reverses
hyperglycemia and hyperinsulinemia by increasing glu-
cose metabolism in muscle and reducing glucose biosyn-
thesis in the liver. PPARY also plays a critical role in
adipocyte function. PPARYy agonists promote differentia-
tion of pre-adipocytes to mature adipocytes as measured
by lipid accumulation, changes in cell morphology, and
the expression of adipocyte-specific genes.?
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Adipogenesis involves a complex interplay between
PPARY and a variety of genes, notably fatty acid bind-
ing protein-4 (FABP4).* Gene knockout studies have
demonstrated that PPARY is essential for adipocyte dif-
ferentiation in vivo.>® Paradoxically, the PPARY anta-
gonist GW9662 exerts a modest insulin sensitizing
effect but, unlike agonists, decreases weight gain in obese
mice.” These results are consistent with knockout of
adipocytic PPARYy in a mouse study.® Despite these
reports, little is known about the interruption of
PPARy-induced target gene expression.
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To date, ligands have been identified primarily for their
propensity to stimulate or inhibit adipogenesis, or re-
cruit co-activators to PPARy.2? TZDs and carboxylic
acids (e.g., farglitazar) form a network of hydrogen
bonds with Tyr-473, His-323, His-449, and Ser-289 adja-
cent to the AF2 helix.!'!° Herein, we have devised and
synthesized a mini-library of 160 diverse analogues 2
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of the PPARY agonist farglitazar to attempt to exert dif-
ferential effects at the AF-2 helix domain, thus leading
to some atypical cofactor peptide interactions.'!:1?
These compounds differentially recruited a set of 49
coactivator or corepressor-derived peptides to PPARYy
ligand binding domain (LBD) in a multiplexed fluores-
cent microsphere based binding assay.''"!> We deter-
mined the functional profiles of these PPARYy ligands
in both a GAL4-based reporter assay and mature adipo-
cytes. The synthetic approaches to these ligands and bio-
logical results are revealed below.

Amide 2t (R' = Me) was prepared as a singleton to aid
in design of the array. Following X-ray co-crystal anal-
ysis of 2t, amides 2 were prepared as described below. '
Optically pure farglitazar was converted to its corre-
sponding activated ester with isobutyl chloroformate
and reduced to the alcohol with sodium borohydride.
This alcohol was treated with diphenylphosphoryl azide
and subsequently reduced to its corresponding amine by
hydrogenation over 10% palladium-on-carbon; the
amine was protected in situ using di-zerz-butyl-dicarbon-
ate to afford shelf-stable 1. N-Boc-protected amine 1 was
treated with hydrochloric acid and then quickly acylated
with a variety of polystyrene-bound activated hydrox-
ybenzotriazole esters of carboxylic acids to furnish an
array of 160 farglitazar inverse amide products 2. For
products containing terminal carboxylic acids or
amines, t-butyl ester or N-fert-butoxycarbonyl protec-
tion, respectively, was employed and cleaved as a final
step in a hydrochloric acid/dioxane medium.

Farglitazar analogues 2 were tested in PPAR scintilla-
tion proximity assay (SPA) binding and a transiently
transfected PPARy CV-1 cell GAL4 reporter assay (Ta-
bles 1 and 2).!> Approximately two-thirds of the array
members exhibited PPARy pK;> 6.0 (102/160). All
compounds exhibited >5-fold binding selectivity for
PPARYy (PPARa, PPARS data not shown). Small
hydrophobic amides furnished high PPARYy affinity
(2p-t). Carboxylic acids exhibited somewhat lower affin-
ity (2k-o0). Small hydrophobic amides were devised to

Table 2. PPARy CV-1 cell GAL4 reporter activity of representative
amides

GAL4 PPARY
Compound pECsy* %max pICSOb Y% max
2g <5.0 — 5.2 55
2i <5.0 — 5.2 48
2n <5.0 — 5.7 80
20 <5.0 — 6.0 92
2q 6.2 29 5.6 59
2s 6.2 27 5.6 57
2t 6.0 37 5.8 54
GW7845 9.2 92 <5.0 —

% Assay measures transactivation of human PPARy in CV-1 cells
(n>2,8SD=0.10).""

® Assay measures the inhibition of BRL-49653 stimulated (100 nM)
transactivation of human PPARY in CV-1 cells (n > 2, SD =0.15).°

occupy minimal AF2 domain space. Thus, partial intrin-
sic efficacy was observed for this class of amides in the
GAL4 reporter assay. Conversely, larger hydrogen-
bonding amines and carboxylic acids were designed to
displace the AF2 helix and occupy the coactivator cleft
to interrupt coactivator binding (2g, 2i, 2n, and 2o0).
Herein, these amides exhibited antagonist GAL4 activ-

ity (Fig. 1).

We also examined the co-regulator affinity signatures of
the 102 array members with pK;> 6.0 using a multi-
plexed interaction assay to determine PPARy LBD
interactions with 49 peptides derived from the binding
motifs of known co-regulator proteins.'"!3 In the assay,
mean fluorescence intensity units (MFI) correlate with
affinity of peptide binding. TRAP-220 is a co-activator
that plays a central role in PPARy-mediated adipocyte
gene expression pathways. While the farglitazar/PPARYy
complex bound tightly to the TRAP-220 derived peptide
(MFI = 499),'3 amide analogues 2i (MFI = —99) and 2n
(MFI = —296) exhibited markedly reduced, atypical co-
activator peptide binding relative to apo-PPARY
(MFI = 0) and a neutral effect on corepressor binding.!!
Based on these unusual PPARYy/co-regulator interaction

Table 1. Monomer examples (R'CO,H) selected from co-crystal structure analysis for acylation® of a primary amine analogue of farglitazar that

furnished amides 2a—t with PPARy pK; > 6°

R! Groups
Alcohols pK; Amines pK;
a CH,NHCO-3-C¢H,CH,OH 7.00 f 3-piperidinyl 7.29
b CH,OH 6.95 g 3-C¢H4-O(CH,)>NMe, 7.00
¢ 4-C¢H4,CH,OH 6.80 h 2-pyridyl 6.78
d CH,NHCO-4-C¢H,OH 6.76 i CH,0-3-C¢H4NH, 6.72
€ 4-C-C6H100H 6.51 j 4-C-C6H10CH2NH2 6.71
Carboxylic acids pK;* Hydrophobes pK;*
k 2-C¢H4,CO,H 6.94 p 4-CcH,OMe 7.32
1 CH(Me)CH,CH(Me)CO,H 6.84 q ¢-C;H;s 7.26
m (CH,),CO,H 6.57 r (CH,)sMe 7.21
n (CH2)2-4-C(,H4SC(MC)2COQH 6.60 S (CHz)zMe 7.06
o CH,CH(Me)CO,H 6.04 t Me 6.86

#See conversion of 1-2 in Scheme 1.

® Listed in descending order of PPARY affinity for each of the four functional classifications, n = 2.
¢ The scintillation proximity assay measures compound interaction with the ligand binding domain of PPARYy by displacement of tritiated BRL-

49653 (n = 2, SD =0.15)."°
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Figure 1. X-ray co-crystal structure of farglitazar bound to the PPARYy
LBD overlaid on the co-crystal structure of 2t (R' = Me) bound to the
PPARYy LBD.'* Whereas the farglitazar carboxylate forms a network
of hydrogen bonds with His-323, His-449 (side chain above/behind
label), and the AF2 helix’s Tyr-473, the amide of 2t merely approaches
His-323 and Tyr-473, without actually making any strong hydrogen
bonds. The AF2 helix is modestly unwound (not shown) consistent
with some destabilization of the activated conformation of the AF2
helix.

profiles,!? the phenotypes of these ligands and other
array members in Table 2 were characterized in a ma-
ture 3T3L1 adipocyte gene expression assay to compare
them to ligands with known activities. The highly effica-
cious agonist GW7845 positively regulated six of seven
marker genes of fatty acid synthesis, transport, storage,
and oxidation (Fig. 2). !7 Partial activators regulated
these same genes less efficaciously.!! By contrast, inverse
agonists GSK5737 (2n) and GSKS5775 (2i) exhibited
atypical activity in that genes were driven to expression
levels below basal PPARYy.!! For example, the PEPCK
and FABP4 genes were down-regulated significantly
(Scheme 1).

In summary, a synthetic array of farglitazar analogues
was synthesized with guidance from X-ray co-crystal
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Figure 2. Gene expression by PPARY agonist GW7845, partial agonist
GWO0072,° and inverse agonists GSK5737 (2n) and GSK5775 (2i) in
mature 3T3L1 adipocytes.'

structures. These amides were evaluated in PPARY bind-
ing and GAL4 reporter assays, and a mature 3T3L1 adi-
pocyte gene expression assay. Strikingly, sterically bulky
members of this array (2i, 2n), designed to repress coac-
tivator binding in the AF2 helix domain, suppressed
induction of adipogenic genes relative to basal
expression levels.!! Low efficacy partial agonists
(e.g., GWO0072)° and antagonists (e.g., GW9662,7
T0070907,'° PD-068235)%° of PPARY transcription that
inhibit PPARY agonist-induced adipogenesis yet do not
invert the PPARY phenotype in adipocytes have been
disclosed in the literature. In our adipocyte assay, the
competitive antagonist GW9662 exhibited a neutral,
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Scheme 1. Synthesis of inverse amide analogues of farglitazar.
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basal-like effect on PPARY target gene expression. Thus,
inverse agonists of PPARy-mediated activity (e.g., 2n)
herein appear to be uncommon. These amides are repre-
sentatives of a new class of ligands that are available to
evaluate co-activator destabilization and inverse agon-
ism at PPARY in biological models of diabetes, obesity,
and other diseases.?!
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