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The synthesis of a new series of phenylpropanoic acid derivatives incorporating an heteroaryl group at
the a-position and their evaluation for binding and activation of PPARa and PPARc are presented in this
report. Among the new compounds, (S)-3-{4-[3-(5-methyl-2-phenyl-oxazol-4-yl)-propyl]-phenyl}-2-
1,2,3-triazol-2-yl-propionic acid (17j), was identified as a potent human PPARa/c dual agonist
(EC50 = 0.013 and 0.061 lM, respectively) with demonstrated oral bioavailability in rat and dog. 17j
was shown to decrease insulin levels, plasma glucose, and triglycerides in the ZDF female rat model. In
the human apolipoprotein A-1/CETP transgenic mouse model 17j produced increases in hApoA1 and
HDL-C and decreases in plasma triglycerides. The increased potency for binding and activation of both
PPAR subtypes observed with 17j when compared to previous analogs in this series was explained based
on results derived from crystallographic and modeling studies.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The peroxisome-proliferator activated receptors (PPARs) are li-
gand-activated transcription factors that constitute a subfamily
of nuclear receptors.1,2 PPARs have a central role in regulating
the storage and catabolism of lipids in both humans and animals.
PPARa is a modulator of fatty acid catabolism that regulates the
expression of genes involved in lipid and lipoprotein metabolism.3

PPARa activation mediates the lipid-lowering activity of the fi-
brates, a class of agents used clinically to treat dyslipidemias. This
class of agents, which includes the marketed drugs gemfibrozil (1)
and fenofibrate (2), shown in Figure 1, can produce a significant
reduction of serum triglycerides and a modest increase of high-
density lipoprotein (HDL) cholesterol levels. In addition, activation
of PPARa has been reported to produce insulin sensitizing effects
and to improve glucose tolerance in type 2 diabetic patients.4–6

PPARc is a critical modulator of adipocyte differentiation and
function.1,2 PPARc activation also leads to modulation of genes in-
volved in lipid metabolism and hormones that affect whole body
energy metabolism. PPARc was identified as the primary molecular
target responsible for the glucose lowering activity of the thiazo-
ll rights reserved.

: +1 860 715 4483.
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lidinedione (TZD) class of antihyperglycemic agents.7 The two TZDs
currently on the market, rosiglitazone (3) and pioglitazone (4)
(structures presented in Fig. 1), have been shown to increase insu-
lin sensitivity in target tissues and reduce glucose, triglyceride, and
insulin levels in animal models of type 2 diabetes and in humans.
Unfortunately, along with their beneficial effects, they also pro-
duce undesirable side effects including weight gain and edema.8

The desire to positively impact both dyslipidemic and diabetic end-
points through simultaneous activation of both PPARa and PPARc
has spurred a search for safe PPARa/c dual agonists.9–12

In recent years, a large number of PPARa/c dual agonists have
been characterized in vitro and in different animal models of type
2 diabetes and dyslipidemia. In addition, several of these agents
reached clinical evaluation, including farglitazar (5),13 ragaglitazar
(6),14 tesaglitazar (7),15 KRP-297/MK-767 (8),16 and muraglitzar
(9).17 Although these compounds had to be withdrawn from devel-
opment at advanced stages due to different limitations and side ef-
fects including cardiovascular events and carcinogenicity in
rodents, the clinical data generated with these compounds support
the utility of PPARa/c dual agonists for improving the pathological
lipid profiles and hyperglycemia observed in type 2 diabetes and
the metabolic syndrome.18 Results from clinical studies with dual
agonists 5–9 that display significantly higher PPARc affinity than
PPARa affinity have shown a profile in which the PPARc-mediated

http://dx.doi.org/10.1016/j.bmc.2009.09.001
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Figure 1. Chemical structures of marketed fibrates and glitazones and selected PPARa/c dual agonists.
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Figure 2. Schematic representation of the structure of phenylpropanoic acid based
dual PPARa/c agonists.
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undesired effects were still observed.9 Therefore, we hypothesized
that a better profile might be obtained with dual agonists possess-
ing a more balanced activity pattern. Based on this, further inves-
tigation of new PPARa/c dual agonists with novel profiles
remains an important area of research.

Our group recently reported a new series of phenylpropanoic
acid derivatives that was designed with two objectives in mind:19

(a) modulation of activity at each PPAR receptor subtype, and (b)
identification of novel chemical space within the phenylpropanoic
acid-based class of PPARa/c dual agonists.9a,10,12 Our strategies to
accomplish these goals were to pursue modifications in the com-
position and nature of the linker that joins the central phenyl ring
and the lipophilic tail (Fig. 2) and to change the group at the a-po-
sition of the phenylpropanoic acid scaffold. In these compounds,
the commonly encountered ether linker was replaced with acety-
lene-, ethylene-, propyl-, or nitrogen-derived linkers. Results from
this study indicated that changes in the linker region of the mole-
cule led to noticeable effects in the binding and activation of PPARa
and PPARc. Of particular interest was the observation that these
modifications caused a reduction in the potency for binding and
activation of PPARc, while maintaining similar activity on PPARa,
when compared with compounds containing the ether linker. It
was hypothesized that this may provide an opportunity to obtain
compounds with either a balanced profile or greater selectivity
for PPARa. It was also demonstrated that compounds with a propyl
linker had in vitro profiles in line with our objectives, including in-
creased binding and activation of PPARa and a more balanced c:a
ratio based on EC50 values derived from transactivation assays
(CH2CH2CH2: 4:1; NHCH2CH2: 5:1; C„CCH2: 6:1; OCH2CH2:
26:1; CH@CHCH2: 27:1), than compounds with other moieties.
Among them, 10 demonstrated plasma glucose lowering activity
comparable to rosiglitazone, but superior effects on the reduction
of triglycerides, insulin, and free fatty acids in the Zucker diabetic
fatty (ZDF) male rat, an obese rodent model of type 2 diabetes.
The interactions of 10 with the ligand binding domain (LBD) of hu-
man PPARc and PPARa were characterized by crystallography and
modeling studies, respectively. They showed, as illustrated in Fig-
ure 3 for PPARc, that 10 binds to the activated PPARc receptor with



Figure 3. Three-dimensional surface representation of 10 (gold) bound in the ligand binding pocket of human PPARc (gray). The figure shows the carboxylate head group of
10 forming a hydrogen bond network involving the ‘charge clamp’ residues His323 and Tyr327 from helix 6, His449 from helix 11, and Tyr473 from the activation helix 12.19
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its carboxylate head group forming a hydrogen bond network
involving the ‘charge clamp’ residues His323 and Tyr327 from he-
lix 6, His449 from helix 11, and Tyr473 from the activation helix
12.20

As discussed above, our second strategy to modulate activity at
each PPAR receptor subtype and identify novel chemical space was
to modify the group at the a-position of the phenylpropanoic acid
scaffold. However, the scope of our investigation in this region of
the scaffold in the previous report was limited and it only included
pyrrole, phenyl, biphenyl and 3-pyridinyl groups, with pyrrole
being significantly better in terms of potency than the other moie-
ties. Further studies with crystallography and modeling results
suggested a variety of five-membered ring heterocycles at the a-
position of the scaffold as suitable replacements for the pyrrole
of 10. We decided to embark upon a new investigation to identify
novel PPARa/c dual agonists with: (a) PPARc potency similar to
that of 10, but with increased PPARa potency in binding and acti-
vation assays, and thus looking for a more balanced agonist; (b)
pharmacokinetic properties suitable for oral administration. The
modulation of activity at each PPAR subtype was planned to be
achieved with two design elements: incorporation of the propyl
linker and a five-membered ring heterocycle at the a-position of
the scaffold. A description of the results of this investigation and
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Scheme 1. Synthesis of new PPARa/c dual agonists. Reagents and conditions: (a) (i) LHM
(c) (i) LHMDS, THF, �40 �C, (ii) 4-bromobenzyl bromide, THF, �40 �C to rt; (d) (i) 13, 9-
the discovery of 17j, a potent human PPARa/c dual agonist, are
presented in this report.

2. Chemistry

The synthesis of the new compounds was performed using an
efficient and general method that utilizes the B-alkyl Suzuki–Miya-
ura cross-coupling between oxazole derivative 13 and bromides 15
(Scheme 1).21,22 Oxazole 13 was prepared in two steps from ben-
zamidoacetone (11). Deprotonation of 11 with lithium bis(trimeth-
ylsilyl)amide at low temperature,23 followed by treatment of the
resulting enolate with allyl bromide, provided the C-alkylated
product 12. Cyclization of this intermediate using trifluoroacetic
acid/trifluoroacetic anhydride provided 13. The aryl bromides uti-
lized for the synthesis of the new compounds were obtained by
first performing the deprotonation of 2-substituted acetates 14
with lithium bis(trimethylsilyl)amide or lithium diisopropylamide
at low temperature, followed by alkylation of the resulting enolate
with 4-bromobenzyl bromide to afford bromides 15. Hydrobora-
tion of alkene 13 with a solution of 9-BBN in THF for 20 h at room
temperature provided the B-alkyl-9-borabicyclo[3.3.1]nonane
intermediate, which was then cross-coupled with bromides 15 un-
der the conditions reported by Ohba and co-workers,24 that consist
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DS, THF, �78 �C; (ii) allyl bromide, THF, �78 �C, 78%; (b) TFA, TFAA, 35–40 �C, 95%;
BBN, THF, rt; (ii) 15, PdCl2(dppf), Cs2CO3, Ph3As, DMF–H2O, rt; (e) LiOH, THF–H2O.
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in a mixture of PdCl2(dppf) (10 mol %), triphenyl arsine (10 mol %)
and cesium carbonate (1.8 equiv) in DMF–water at room tempera-
ture. In this manner, esters 16 (R1 = methyl or ethyl) were obtained
and were subsequently hydrolyzed utilizing lithium hydroxide in
THF/water mixture to provide propanoic acid derivatives 17. In
some instances, pure enantiomers of specific compounds were re-
quired and the separation was achieved using chiral chromatogra-
phy with a Chiralcel AD column. The assignment of the
stereochemistry for these compounds was based on their biological
activity and the well precedented higher binding affinity and po-
tency to PPARc of the S-enantiomer among pairs of enantiomers
of TZDs, phenylpropanoic acid derivatives, and other PPARc ago-
nists including the series of compounds previously described by
our group.13,19,25–27

3. Results and discussion

The new compounds were evaluated for their PPAR a and c ago-
nist activity in both cell-based and biochemical assays. The PPAR-
GAL4 chimeric transactivation assays were performed in HepG2
cells and the results are expressed as EC50 values, defined as the
concentration of test compound that produces 50% of maximal re-
porter activity. Additionally, selected compounds were also evalu-
ated for their affinity for PPARa and PPARc using scintillation
proximity assays (SPA) and the results are reported as IC50 values
for displacement of radiolabeled reference compound. The results
of these assays are summarized in Table 1.

As stated earlier, further studies with crystallography and model-
ing results suggested that a variety of five-membered ring heterocy-
cles at the a-position of the scaffold might provide suitable
replacements for the pyrrole of 10. Therefore, a number of com-
pounds were synthesized. Initially, heterocyclic rings attached to
the phenylpropanoic acid scaffold through a non-nitrogen link were
evaluated. Comparison of 10 (a, EC50 = 0.623 lM; c, EC50 =
0.140 lM) with 17a (a, EC50 = 0.685 lM; c, EC50 = 0.399 lM)
showed that introduction of a more lipophilic heterocycle, a thio-
phen-3-yl group was well tolerated with limited impact on the po-
tency for both PPAR subtypes, as determined from transactivation
assays. It is interesting to point out that 17l with a phenyl group,
usually considered as bioisostere of thiophene, was found to be sig-
nificantly less potent than 10 for both PPAR subtypes in our previous
study.19 This seems to suggest a preference for a smaller substituent
Table 1
In vitro PPAR binding and transactivation activity of new propanoic acid derivatives

Compd R Stereoc

h-PPARc (%max)d

Rosi (3) 0.223 (84)
10 Pyrrole S 0.140 (94)
17a Thiophene-3-yl rac 0.399 (82)
17b 5-Methyl-isoxazol-3-yl rac 1.9 (42)
17c 3-Methyl-isoxazol-5-yl rac 3.8 (56)
17d Pyrazol-1-yl rac 0.228 (80)
17e Pyrazol-1-yl S 0.065 (91)
17f Pyrazol-1-yl R >20 (NA)
17g 1,2,4-Triazol-1-yl rac >30 (NA)
17h 1,2,3-Triazol-1-yl rac >30 (NA)
17i 1,2,3-Triazol-2-yl rac 0.015 (88)
17j 1,2,3-Triazol-2-yl S 0.013 (103)
17k 1,2,3-Triazol-2-yl R >20 (NA)
17lg Phenyl rac 3.9 (57)

a TA (transactivation assay). Mean value of two determinations.
b Mean value of three determinations using scintillation proximity assay (SPA).
c Stereochemistry of the chiral center.
d The maximum efficacy of PPARc activation of darglitazone was defined as 100%.
e The maximum efficacy of PPARa activation of GW9578 was defined as 100%.
f Inhibition at 10 lM.
g Values for 17l taken from Ref. 19. NT = not tested. NA = no activation up to the conc
at this position. Incorporation of the polar isoxazolyl group led to a
decrease in potency as observed with 17b and 17c which incorpo-
rate an isoxazol-3-yl, or isoxazol-5-yl moiety, respectively, as the
a-substituent. Both of these compounds exhibited greater than
10-fold reduction in activation for PPARa and c, as determined from
their EC50 values. In both compounds, additional steric bulk may
have contributed to the drop in potency due to the presence of a
methyl group attached to the heterocycle. We decided to evaluate
other unsubstituted five-membered ring heterocycles attached to
the phenylpropanoic scaffold through a nitrogen link. Introduction
of pyrazole at the a-position of the scaffold led to 17d. In transacti-
vation assays, 17d showed diminished potency for both PPAR sub-
types, with larger decrease on PPARa (>4-fold), when compared to
10. In order to investigate the activity of the active enantiomer of
17d, this compound was subjected to resolution via chiral chroma-
tography under the conditions mentioned above to provide 17e
and 17f. The significantly higher potency of 17e over 17f in both
binding (PPARc: >200-fold) and activation (PPARa: >20-fold;
PPARc: >300-fold) assays led to the assignment of 17e as the S-enan-
tiomer. From a comparison between 10 and 17e (a, EC50 = 0.874 lM;
c, EC50 = 0.065 lM), it was observed that in the S-enantiomer series
incorporation of pyrazole as the a-substituent led to a two-fold in-
crease in PPARcpotency without altering PPARa activity and agonist
efficacy (17e: a: 65%; c: 91%; 10: a: 52%; c: 94%), as assessed from
transactivation assays. Unfortunately, this also showed that pyra-
zole in 17e led to higher selectivity for PPARc than for PPARa (c:a
ratio 13:1).

Incorporation of triazole at the a-position of the scaffold led to
analogs derived from either 1,2,3-triazole or 1,2,4-triazole and this
set of compounds led to particularly interesting results. Incorpora-
tion of a 1,2,4-triazol-1-yl ring in 17g, or a 1,2,3-triazol-1-yl group
in 17h, was found to eliminate the binding and agonist activity for
both PPAR subtypes. A completely opposite effect was observed
when a 1,2,3-triazole ring derivatized at N-2 was incorporated in
17i. This compound was significantly more potent than 10 in both
binding and transactivation assays. Specifically, 17i exhibited a 38-
fold and 40-fold increase in binding potency for PPARa and PPARc
(IC50 = 0.024 lM and IC50 = 0.005 lM, respectively), when com-
pared to 10 (a: IC50 = 0.912 lM; c: IC50 = 0.185 lM). In transactiva-
tion assays, 17i also exhibited increased potency, predominantly
for PPARc (17i, EC50 = 0.015 lM; 10, EC50 = 0.140 lM). With the
remarkable profile obtained with this compound, the separation
TA EC50
a (lM) Binding IC50

b (lM)

h-PPARa (%max)e c:a Ratio h-PPARc h-PPARa

>12 (23) >54:1 0.274 21%f

0.623 (52) 4:1 0.185 0.912
0.685 (59) 2:1 1.6 0.676
5.7 (49) 3:1 14 NT
8.5 (48) 2:1 1.6 NT
2.6 (70) 11:1 0.327 0.877
0.874 (65) 13:1 0.145 0.899
>20 (NA) 1:1 33 NT
>100 (NA) 3:1 18 NT
>100 (NA) 3:1 14 NT
0.182 (64) 12:1 0.005 0.024
0.061 (90) 5:1 0.003 0.034
>20 (NA) 1:1 >70 >3.30
5 (28) 1:1 4 >3.30

entration shown.
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of enantiomers of 17i was then pursued using the chiral chroma-
tography conditions referred to previously. From this resolution,
17j and 17k were obtained and evaluated. The markedly different
profile of these compounds enabled the identification of 17j as the
active enantiomer with the assumed S-configuration. Later X-ray
crystallography studies of the complex of 17j bound to the human
PPAR-ligand binding domain determined to 2.30 Å resolution (see
Section 3.1.) further supported the S-configuration assignment. In
binding assays, 17j showed a 26-fold and 61-fold increase in po-
tency for PPARa and PPARc (IC50 = 0.034 lM and IC50 = 0.003 lM,
respectively), when compared to 10. Also, 17j exhibited an approx-
imately 10-fold increase in potency for both PPAR subtypes in
transactivation assays, while it retained similar agonist efficacy
for PPARc, but higher agonist efficacy for the a subtype (a,
EC50 = 0.061 lM, %max = 90; c, EC50 = 0.013 lM, %max = 103) than
10 (a, EC50 = 0.623 lM, %max = 52; c, EC50 = 0.140 lM, %max = 94).

We also determined selectivity data over PPARd for selected
compounds 17d, 17e, and 17j in transactivation assays. PPARd is
another member of the PPAR superfamily that is expressed in sev-
eral tissues and plays an important role in the regulation of lipid
metabolism and energy homeostasis.1,2 No activity was observed
for 17d and 17e, while 17j showed only weak activity
(EC50 = 19 lM) at this PPAR subtype.

As we intended to evaluate selected compounds in vivo using
rodent models of type 2 diabetes and dyslipidemia, and since we
anticipated a decrease in potency in the transactivation assay
when going from human to rodent PPARa based on our experience
with 10 (>16-fold decrease),19 and on several other reports with a
variety of agonists,28–34 17d, 17i, and 17j were selected for evalu-
ation in transactivation assays using rat PPARa and mouse PPARc.
No activation of rat PPARa was observed with 17d, while 17i and
17j showed weak activation (EC50 = 4.1 lM and EC50 = 2.6 lM,
respectively). These results confirmed our expectation that a de-
crease in potency would occur when going from human to rat
PPARa, with the most significant drop observed with 17j (43-fold).
Results obtained with mouse PPARc for 17d, 17i, and 17j
(EC50 = 0.233 lM, EC50 = 0.003 lM, and EC50 = 0.003 lM, respec-
tively) were closer to the values observed with human PPARc (Ta-
ble 1: 17d, EC50 = 0.228 lM; 17i, EC50 = 0.015 lM; 17j,
EC50 = 0.013 lM). These results were in agreement with data from
our first report and confirmed that this series of compounds exhi-
bit high selectivity for human PPARa over rat PPARa, while there is
hardly any difference between human and mouse PPARc.

3.1. X-ray crystallography and computational studies

An approximately 10-fold increase in potency for activation of
both PPAR a and c was observed with the replacement of the pyr-
role of 10 with the 1,2,3-triazol-2-yl of 17j. In an attempt to better
Figure 4. Three-dimensional representation of 17j (gold ball and stick) bound in the liga
17j forming H-bond interactions with the charge clamp residues His323, Tyr473, His449
triazole ring of 17j and His449 (3.1 ÅA

0

distance) was observed from the crystal structure
rationalize this difference in potency through structural informa-
tion, the structure of the complex of 17j bound to the human
PPARc-ligand binding domain (LBD) (residues Glu207 to Tyr477)
was determined by X-ray crystallography following conditions
previously described.19 The complex structure was determined to
2.30 Å resolution with an R-factor of 24.1% and R-free of 29.7%
(see Supplementary data for X-ray data collection and structure
refinement statistics). The interactions between 17j and the PPARc
LBD highly resemble those previously observed with 10. Triazole
17j binds to the activated PPARc receptor with its carboxylate head
group forming a network of hydrogen bonds involving the ‘charge
clamp’ residues His323 and Tyr327 from helix 6, His449 from helix
11, Tyr473 from the activation helix 12 and Ser289 from helix 3
(Fig. 4). The interactions between the central hydrophobic linker
and the 5-methyl-2-phenyloxazole tail group of 17j with PPARc
were also similar to those previously observed with 10. The linker
of 17j is positioned on top of Cys285 from helix 3 and Met364 from
helix 7 and encounters additional hydrophobic residues including
Ile326 and Leu330. The phenyloxazole tail reaches the hydropho-
bic pocket formed by Val339, Ile341, Met348, Ile281 and Leu353.
Further examination of the mode of binding of 17j with the PPARc
LBD revealed a new interaction that was not possible to obtain
with 10. In a unique mode for 17j, the formation of an additional
hydrogen bond between N-2 of the triazole ring of 17j and the
imidazole residue of His449 in PPARc (3.1 Å distance) was
observed.

As we did not have access to a crystal structure of our com-
pounds with PPARa, we decided to build a model to gain additional
understanding of the interactions of 17j with PPARa. The complex
of 17j with PPARc-LBD was superimposed onto the co-crystal
structure of the potent, full agonist GW409544 complexed with
human PPARa-LBD (Fig. 5).35 From this model, and as expected
for this class of compounds, the carboxylate head group of the li-
gand engaged in a hydrogen bond network with the charge clamp
residues, including Ser280, Tyr314, Tyr464, and His440. Similarly
to the interaction with PPARc, the model showed that an addi-
tional hydrogen bond between N-2 of the triazole ring of 17j and
the imidazole residue of His440 in PPARa (3.6 Å distance) might
be formed. It has been reported that a neutral–neutral hydrogen
bond is worth up to 1.5 kcal/mol, which represents a maximum
15-fold increase in binding.36,37 Taken this into consideration, the
binding energy gain with the additional hydrogen bond obtained
with the triazole as observed from the crystal structure and pre-
dicted from modeling studies provides a plausible explanation
for the potency difference between 17j and 10 for their interaction
with both PPARa and PPARc.

The results obtained with pyrazole 17e and triazole analogs 17g
and 17h were intriguing to us. Although all these compounds in-
cluded a five-membered ring heterocycle at the a-position of the
nd binding pocket of human PPARc. The figure shows the carboxylate head group of
, and Ser289 (gray stick). Formation of an additional H-bond between N-2 of the a-
.



Figure 5. The crystal structure of 17j (gold stick) bound to human PPARc (not shown) was superimposed onto the crystal structure of GW409544 (magenta stick) bound to
human PPARa (ribbons and b-sheets).35 The figure shows the carboxylate head group of 17j forming H-bond interactions (blue dotted lines) with the charge clamp residues
Ser280, Tyr314, Tyr464, and His440 (gray sticks). Similarly to the interaction with PPARc, an additional H-bond (orange dotted line) between N-2 of the a-triazole ring of 17j
and His440 of PPARa may form as observed from the distance (3.6 ÅA

0

) determined from this model.
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scaffold that is relatively similar to that in 17j, and that might be
capable of forming the additional hydrogen bond, they all showed
a decrease in potency. Both 17g and 17h showed drastically lower
potency than 17j, while this compound was approximately five-
fold more potent than 17e (based on EC50 values for PPARc). It
was then interesting to attempt to rationalize these findings. The
results obtained with isoxazole analogs 17b and 17c and triazole
analogs 17g and 17h suggested that polar five-membered hetero-
cycles with a heteroatom at positions 3 or 4 are not tolerated at
the a-position of the scaffold. A high penalty for desolvation of het-
eroatoms at positions 3 or 4, as well as differences in electron den-
sity of the heterocycle that may alter the potential for forming the
additional hydrogen bond were considered as plausible explana-
tions for the reduction in potency. In order to further evaluate
the latter, electrostatic potential calculations were performed. For
simplicity, calculations were performed utilizing 1-methylpyrrole,
Figure 6. Electrostatic potential maps of five-membered ring heterocycles. Red repres
methylpyrrole, (b) 1-methylpyrazole, (c) 1-methyl-1,2,4-triazole, (d) 1-methyl-1,2,3-tria
1-methylpyrazole, 1-methyl-1,2,4-triazole, 1-methyl-1,2,3-tria-
zole, and 2-methyl-1,2,3-triazole. The electrostatic potential maps
of these compounds are graphically displayed in Figure 6. These
calculations showed all heterocycles, with the exception of pyrrole,
with high negative electrostatic potential at position 2 of the het-
erocyclic ring that suggests that all may have the potential to form
the additional hydrogen bond. Therefore, other possible explana-
tions for the difference in activity were contemplated. As
mentioned above, it was observed that heterocycles with a hetero-
atom at positions 3 or 4 are not tolerated at the a-position of the
scaffold. This led us to consider that the bottom end of the hetero-
cycle (positions 3 and 4) might interact with a region of both PPAR
subtypes that prefers non-polar groups in this part of the molecule.
Examination of the structure of the complex of 17j bound to hu-
man PPARc-LBD revealed that the bottom end of the triazole ring
interacts with Phe282 and Phe363 of PPARc. Therefore, the drastic
ents negative potential values and blue indicates positive potential values: (a) 1-
zole, (e) 2-methyl-1,2,3-triazole.



Table 3
Evaluation of 17j in ob/ob mice for four daysa

Treatment Dose
(mg/kg/day)

Glucose
(mg/dL)

Insulin
(ng/mL)

Triglycerides
(mg/dL)

Vehicle 476 ± 27c 21.28 ± 7.5c 344 ± 31c

Rosiglitazone 20d 330 ± 42b 5.87 ± 2.1b 107 ± 20b

17j 0.01 371 ± 34b 16.93 ± 5.0 247 ± 47
0.03 388 ± 44 12.56 ± 4.6 271 ± 55
0.1d 375 ± 43b 16.04 ± 2.4 131 ± 21b

0.3 268 ± 17b 8.3 ± 1.8b 117 ± 25b

1 325 ± 35b 3.6 ± 0.6b 122 ± 21b

a All data mean ± SEM, n = 6/group.
b Significantly different from Vehicle group, p <0.05.
c Significantly different from rosiglitazone, p <0.05.
d n = 5/Group.
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difference in activity between 17j and analogs with heterocyclic
rings with polar heteroatoms at positions 3 and 4 might be ex-
plained by repulsive interactions between the bottom end of the
heterocycle and hydrophobic residues in both PPAR subtypes. In
the case of 17e, other explanations were considered. It was already
pointed out that although the heterocycle at the a-position of the
scaffold in 17e might be capable of forming the additional hydro-
gen bond, this compound showed an approximately five-fold
change in potency compared to 17j. This drop in potency might
be derived from conformational entropy penalty differences. Due
to the symmetry of the triazole ring of 17j, there are two nitrogens
capable of hydrogen-bonding. Then, 17j might have a lower con-
formational entropy penalty to form the additional hydrogen bond
than 17e that has only one nitrogen capable of engaging in this
interaction.

3.2. Pharmacokinetic and in vivo evaluation

As the next step in this investigation was to perform studies in
animal models of diabetes and dyslipidemia, the pharmacokinetic
properties of 17j were evaluated in rat and dog (Table 2) to deter-
mine if this compound would be suitable for oral administration.
Bioavailability was moderate in rat (42%), while it was high in
dog (>95%). Compound 17j had moderate plasma clearance and
volume of distribution in both species (rat: Cl = 18 mL/min/kg,
Vss = 2.9 L/kg; dog: Cl = 4.4 mL/min/kg, Vss = 0.82 L/kg). The mea-
sured half-life values for 17j were 7.5 h in rat and and 5.8 h in
dog. Although an increase in plasma clearance and volume of dis-
tribution was observed when 17j was compared to 10 (rat:
Cl = 5.3 mL/min/kg, Vss = 1.06 L/kg, %F = 50), the profile of 17j
was considered appropriate to continue with our research.

A short four-day study with 17j in the ob/ob mice, a leptin defi-
cient model of insulin resistance and diabetes,38 was used to char-
acterize the effects of this compound at low doses (0.01, 0.03, 0.1,
0.3 and 1 mg/kg/day) and to compare its effects to the actions of
rosiglitazone at 20 mg/kg/day. This dose selection was based on
preliminary studies carried out with the racemic analog 17i which
exhibited lowering of plasma glucose, insulin, and triglycerides
levels even at low doses (2 mg/kg/day). At both 0.3 and 1 mg/kg,
17j demonstrated blood glucose lowering effects similar to those
observed with rosiglitazone (Table 3). In addition, treatment with
17j significantly reduced plasma triglycerides at doses down to
0.1 mg/kg.

To further characterize the effects of 17j, this compound was
then evaluated in the ZDF female rat,39 a widely used model that
has been utilized to demonstrate insulin sensitization. Animals
were administered 17j at a dose of 0.1, 0.3, 1 and 3 mg/kg/day
(n = 6 animals/group), or rosiglitazone at 3 mg/kg/day for 2 weeks.
The results of this study are described in Table 4. Treatment with
17j at 0.1–3 mg/kg/day normalized glucose and insulin, with max-
imal reductions present after one week of treatment. Additionally,
insulin levels were significantly lowered as compared to the rosig-
litazone treated animals (17j at 0.3–3 mg/kg/day compared to ros-
iglitazone at 3 mg/kg/day). As in the ob/ob mouse model, 17j
significantly lowered triglycerides in the ZDF rat at all dose levels.
Additionally, 17j significantly lowered triglycerides by more than
Table 2
Pharmacokinetic properties of 17j in rat and dog

Species Route Dose
(mg/kg)

AUC
(ng h/mL)

t1/2

(h)
F
(%)

Cl (mL/
min/kg)

Vss
(L/Kg)

Rat IV 1 928 7.5 18 2.9
PO 3 1170 42

Dog IV 1 3970 5.8 4.4 0.82
PO 3 13,000 >95
70% as compared to rosiglitazone (17j at 0.3–3 mg/kg/day vs rosig-
litazone at 3 mg/kg/day). A decrease in hematocrit, which served as
a marker of hemodilution (indicator of plasma volume expansion
resulting from fluid retention),40 was observed in a dose propor-
tional manner upon treatment with 17j (Table 4). In addition, an
approximately 20% increase in body weight was observed upon
treatment with 17j (Table 4) at all doses when compared to the
vehicle control. We have previously observed body weight in-
creases with 10 when compared to control (31% at a dose of
10 mg/kg/day for 4 weeks) in this preclinical model. While body
weight gain is a well known side effect of PPARc activation, body
weight reduction in rodents has been reported with the PPARa
agonists fenofibrate,41 and oleoylethanolamide and its deriva-
tives.42 We have previously hypothesized that 10 does not possess
the PPARa activity sufficient to counterbalance the PPARc-medi-
ated body weight gain. The profile observed with 17j allowed us
to assess if higher agonist efficacy for human PPARa with respect
to 10, would provide an improvement in reducing body weight
gain. Due to the approximately equal increases in potency for both
human PPARa and PPARc obtained with 17j, we could not assess if
selectively increasing potency for the a-subtype would provide
benefits for ameliorating body weight gain. In addition, the lower
potency of 17j for rat PPARa (43-fold drop in potency versus hu-
man PPARa) might alter the balance of activity between the two
PPAR subtypes in rat. Based on our results, the profile obtained
with 17j did not have an effect in reducing body weight gain. It
is likely that the effects observed in the ZDF rat model are mainly
mediated by PPARc activation with little or no beneficial effects
from PPARa activation.

We next sought to evaluate changes in HDL cholesterol (HDL-C)
and serum triglycerides derived from PPAR-mediated effects of 17j
using the human apolipoprotein A-1/CETP transgenic mouse mod-
el. Compounds that activate PPARa significantly increase ApoA1
and HDL-C in this model. In a dose ranging study, 17j produced
dose-dependent increase in HDL-C and decrease in plasma triglyc-
erides, while hApoA1 was only increased at the highest dose (Table
5). HDL-C was elevated by 90% at a dose of 3 mg/kg, while triglyc-
erides were decreased by approximately 40% at the same dose. Ef-
fects on hApoA1 were only evident at the highest dose of 17j
(10 mg/kg).

A lack of correlation was identified between the effective doses
for the in vivo effects of 17j in the ZDF rat and in the hApoA1
mouse which might be rationalized by taking into account the
above discussed species-specific differences for transactivation of
PPARa27–30 among other possible reasons: 17j exhibits high selec-
tivity (43-fold) for human PPARa over rat PPARa. Pivotal species-
specific structural variations within the PPARa-LBD have been
used to explain these discrepancies by other groups and are likely
responsible for the lack of correlation observed with 17j.29,30 The
apparent discrepancy in triglyceride lowering is likely due to dif-



Table 4
Evaluation of 17j in female ZDF ratsa

Treatment Dose (mg/kg/day) Glucose (mg/dL) Insulin (ng/mL) Triglycerides (mg/dL) BW changeb (%) Hematocrit changeb (%)

Vehicle 433 ± 37c 20 ± 3c 1579 ± 244c — —
Rosiglitazone 3 154 ± 5b 4 ± 0.39b 931 ± 107b +14 �5.8
17j 0.1 188 ± 32b 3 ± 0.64b 846 ± 85b,c +21 �11.6

0.3 171 ± 11b 1.26 ± 0.05b,c 252 ± 22b,c +17 �11.1
1 148 ± 10b 1.38 ± 0.28b,c 170 ± 13b,c +16 �20
3 163 ± 8b 1.18 ± 0.13b,c 191 ± 17b,c +20 �23.7

a All data mean ± sem, n = 6/group. Tested compounds were administered orally once a day for 2 weeks.
b Significantly different from Vehicle group, p <0.05.
c Significantly different from rosiglitazone, p <0.05.

Table 5
Evaluation of 17j in hApoA1 micea

Treatment Dose
(mg/kg/
day)

hApoA1
(mg/dL)

HDL-C
(mg/dL)

Triglycerides
(mg/dL)

Vehicle 700 ± 69 204 ± 7 91 ± 8.2
17j 0.1 713 ± 66 (2) 199 ± 14 (�2) 95 ± 6.2 (4)

0.3 700 ± 44 (0) 233 ± 9.8 (14) 77 ± 10 (�15)
1.0 716 ± 52 (2) 283 ± 11

(28)b
72 ± 10 (�21)

3.0 758 ± 60 (8) 388 ± 9.3
(90)b

56 ± 4.9
(�39)b

10.0 1018 ± 120
(45)b

395 ± 13
(94)b

29 ± 4.0
(�69)b

a All data mean ± SEM (% from control), n = 6/group. Tested compounds were
administered orally once a day for 14 days.

b Significantly different from within study Vehicle group, p <0.05.
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ferences in baseline lipids between the hyperlipidemic ZDF rat and
the normolipidemic ApoA1 transgenic mouse. Greater hypolipi-
demic activity is often observed with PPAR modulators using
in vivo models that exhibit extreme elevations in their circulating
lipid context.

4. Conclusions

This investigation was focused at the identification of novel
PPARa/c dual agonists possessing PPARc potency similar to that
of 10, a compound recognized as the most potent in our previous
series, but endowed with increased PPARa potency in binding
and activation assays. Thus, we intended to obtain compounds
with a c:a ratio similar, or even more balanced compared to 10.
We also sought to identify compounds with pharmacokinetic prop-
erties suitable for oral administration. Two key elements were
used in the design of the new compounds: the incorporation of a
propyl linker between the central phenyl ring and the lipophilic
tail, and a five-membered ring heterocycle at the a-position of
the phenylpropanoic acid scaffold. From these efforts, 17j contain-
ing a 1,2,3-triazol-2-yl moiety at the a-position was identified. This
compound showed an approximately 10-fold improvement in po-
tency for activation of PPARa and higher agonist efficacy when
compared to 10, although potency was also increased for PPARc.
Thus, 17j maintained a similar c:a ratio to that of 10. The increased
potency obtained with 17j was rationalized based on crystallogra-
phy and modeling studies, and was ascribed to the formation of a
hydrogen bond between N-2 of the triazole ring and the imidazole
residue of His449 in PPARc, or His440 in PPARa, respectively. The
pharmacokinetic profile of 17j in rat was found to be suitable for
oral adminstration. 17j was shown to decrease insulin levels, plas-
ma glucose, and triglycerides in the ZDF female rat model. In the
human apolipoprotein A-1/CETP transgenic mouse model 17j pro-
duced dose-dependent increase in HDL-C and decrease in plasma
triglycerides, while hApoA1 was only increased at the highest dose.
As such, 17j represented an improvement in this series of phenyl-
propanoic acids.
5. Experimental section

5.1. General chemistry

All chemicals, reagents and solvents were purchased from com-
mercial sources (e.g., Aldrich Chemical Co., Inc., Milwaukee, WI;
Mallinckrodt Baker, Inc., Paris, KY, etc.) where available and used
without further purification. All intermediates were characterized
by proton nuclear magnetic resonance spectroscopy (1H NMR)
and mass spectrometry (MS) using atmospheric pressure chemical
ionization (CI) sources. All final compounds were determined to be
consistent with the proposed structure by 1H NMR, MS. Elemental
analysis was obtained for all final compounds and values were
within ±0.4% of the calculated composition. Melting points were
determined in capillary tubes and are uncorrected.

5.1.1. N-(1-Acetylbut-3-enyl)benzamide (12)
Amide 11 (2.098 g, 11.839 mmol) was dissolved in THF

(120 mL) and cooled to �78 �C under nitrogen. A 1.0 M solution
of LHMDS in THF (11.9 mL, 11.9 mmol) was added and the mixture
stirred for 40 min. A solution of allyl bromide (1.33 mL,
15.39 mmol) in THF (10 mL) was added. The mixture was allowed
to warm to rt and stirred overnight. The mixture was diluted with
brine and the phases were separated. The aqueous phase was ex-
tracted with ethyl acetate (3 � 50 mL) and the combined organic
extracts were dried over MgSO4, filtered, and the solvent removed.
Purification by flash chromatography on silica gel eluting with hex-
ane/ethyl acetate (2:1–1:1) gave amide 12 (2.02 g, 78%): 1H NMR
(CDCl3, 400 MHz) d 7.79 (d, J = 7.1 Hz, 2H), 7.51–7.41 (m, 3H),
6.95 (br d, J = 5.4 Hz, 1H), 5.74–5.64 (m, 1H), 5.17–5.12 (m, 2H),
4.88 (dt, J = 6.8, 5.4 Hz, 1H), 2.85–2.78 (m, 1H), 2.61–2.54 (m,
1H), 2.28 (s, 3H); CIMS m/z 218 (M+H)+. Anal. Calcd for
C13H15NO2: C, 71.87; H, 6.96; N, 6.45. Found: C, 71.91; H, 7.03;
N, 6.52.

5.1.2. 5-Methyl-2-phenyl-4-prop-2-enyloxazole (13)
Amide 12 (2.00 g, 9.205 mmol) was dissolved in TFA (16 mL)

and TFAA (8 mL) was added. The mixture was heated at 35–40 �C
for 16 h. The mixture was allowed to cool and the solvents re-
moved under reduced pressure. The residue was diluted with sat-
urated NaHCO3 (50 mL) and solid NaHCO3 was added to neutralize
the mixture. It then was extracted with ethyl acetate (3 � 60 mL).
The combined organic extracts were washed with brine, dried over
MgSO4, filtered and the solvent removed. Purification by flash
chromatography on silica gel eluting with hexane/ethyl acetate
(15:1) gave oxazole 13 (1.75 g, 95%): 1H NMR (CDCl3, 400 MHz) d
7.98 (d, J = 7.8 Hz, 2H), 7.43–7.35 (m, 3H), 6.03–5.93 (m, 1H),
5.13 (dq, J = 16.9, 1.7 Hz, 1H), 5.09 (dq, J = 10.0 and 1.5 Hz, 1H),
3.29 (d, J = 6.3 Hz, 2H), 2.32 (s, 3H); CIMS m/z 200 (M+H)+.
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5.1.3. 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-pyridin-3-yl-propionic acid (17a)
5.1.3.1. Step 1: 3-(4-Bromo-phenyl)-2-thiophen-3-yl-propionic
acid ethyl ester (15a). Generalmethod I: Thiophen-3-yl-acetic acid
ethyl ester (1.5 mL, 9.986 mmol) was dissolved in dry THF (15 mL)
and cooled to �78 �C under a nitrogen atmosphere. A 1.0 M solu-
tion of LHMDS in THF (11 mL, 11 mmol) was added. The mixture
was stirred at �78 to �40 �C for 1.25 h. A solution of 4-chloroben-
zyl bromide (2.46 g, 11.983 mmol) in THF (5 mL) was added. The
reaction was allowed to reach room temperature overnight. The
mixture was quenched with water (40 mL) and diluted with EtOAc
(30 mL). The phases were separated and the aqueous phase was
extracted with EtOAc (3 � 35 mL). The combined organic extracts
were washed with brine, dried over magnesium sulfate and the
solvent removed. Purification by column chromatography on silica
gel eluting with ethyl acetate in hexanes (0–5%) afforded bromide
15a as an oil (3.195 g, 94%): 1H NMR (CDCl3, 400 MHz) d 7.35 (d,
J = 8.3 Hz, 2H), 7.30–7.25 (m, 1H), 7.09 (d, J = 3.9 Hz, 1H), 7.04 (d,
J = 4.9 Hz, 1H), 6.98 (d, J = 8.5 Hz, 2H), 4.12–4.04 (m, 2H), 3.92
(dd, J = 8.5, 6.8 Hz, 1H), 3.27 (dd, J = 13.7, 8.5 Hz, 1H), 2.98 (dd,
J = 13.7, 6.8 Hz, 1H), 1.15 (t, J = 7.1 Hz, 3H); CIMS m/z 339.0 (M)+.

5.1.3.2. Step 2: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-pro-
pyl]-phenyl}-2-thiophen-3-yl-propionic acid ethyl ester
(16a). General method II: A solution of 5-methyl-2-phenyl-4-
prop-2-enyloxazole (13) (0.40 g, 2.007 mmol) in dry THF (6 mL)
was added to a solution of 9-BBN in THF (0.5 M, 8.03 mL,
4.015 mmol) at 0 �C under a nitrogen atmosphere. The ice bath
was removed and the mixture was stirred at room temperature
overnight. The 9-BBN adduct was then added to a flask containing
bromide 15a (0.523 g, 1.544 mmol), PdCl2(dppf) (0.112 g,
0.154 mmol), Cs2CO3 (0.905 g, 2.779 mmol), Ph3As (0.047 g,
0.154 mmol), water (0.333 mL, 18.528 mmol) and DMF (6 mL).
The reaction mixture was stirred at room temperature under a
nitrogen atmosphere overnight. The mixture was cooled in an ice
bath and 3 M NaOAc (12 mL) was added followed by 30% hydrogen
peroxide (6 mL). Stirring was continued for 2 h, allowing the reac-
tion to warm to room temperature slowly. Water (50 mL) was
added followed by diethyl ether (35 mL). The phases were sepa-
rated and the aqueous phase was extracted with diethyl ether–
ethyl acetate (30:5 mL � 4). The combined organic extracts were
washed with brine, dried over magnesium sulfate and the solvent
removed. Purification by column chromatography on silica gel
eluting with ethyl acetate in hexanes (0–14%) afforded ester 16a
as a thick oil (0.555 g, 78%): 1H NMR (CDCl3, 400 MHz) d 7.91 (d,
J = 8.3 Hz, 2H), 7.35–7.33 (m, 3H), 7.09 (d, J = 8.0 Hz, 1H), 7.04–
6.94 (m, 6H), 4.04–3.98 (m, 2H), 3.88 (dd, J = 8.8, 6.6 Hz, 1H),
3.22 (dd, J = 13.7, 9.0 Hz, 1H), 2.96 (dd, J = 13.7, 6.8 Hz, 1H), 2.55
(t, J = 7.6 Hz, 2H), 2.42 (t, J = 7.6 Hz, 2H), 2.20 (s, 3H), 1.90 (qn,
J = 7.8 Hz, 2H), 1.07 (t, J = 7.1 Hz, 3H); CIMS m/z 460.2 (M+1).

5.1.3.3. Step 3: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-pro-
pyl]-phenyl}-2-pyridin-3-yl-propionic acid (17a). General meth-
od III: Ester 16a (0.356 g, 0.774 mmol) was dissolved in THF
(25 mL) and water was added (8 mL) followed by LiOH monohydrate
(0.162 g, 3.87 mmol). The mixture was stirred for 5 h at room tem-
perature. The solvent was removed and the residue diluted with
water and acidified with 10% HCl. The product was extracted with
chloroform (4 � 30 mL). The combined organic extracts were
washed, dried over magnesium sulfate and the solvent removed.
Purification by chromatography on silica gel eluting with ethyl ace-
tate in hexanes (0–45%) gave acid 17a as a solid (0.193 g, 58%): mp
112–114 �C; 1H NMR (CDCl3, 400 MHz) d 7.74–7.72 (m, 2H), 7.47–
7.32 (m, 3H), 7.21 (d, J = 8.0 Hz, 1H), 7.09–6.93 (m, 6H), 3.92 (dd,
J = 8.8, 6.6 Hz, 1H), 3.24 (dd, J = 13.9, 8.8 Hz, 1H), 2.97 (dd, J = 13.9,
6.8 Hz, 1H), 2.52 (t, J = 6.6 Hz, 2H), 2.41 (t, J = 6.6 Hz, 2H), 1.86 (qn,
J = 8.0 Hz, 2H); CIMS m/z 432.1 (M+1). Anal. Calcd for C26H25NO3S:
C, 72.36; H, 5.84; N, 3.25. Found: C, 72.18; H, 5.97; N, 3.04.

5.1.4. 2-(5-Methyl-isoxazol-3-yl)-3-{4-[3-(5-methyl-2-phenyl-
oxazol-4-yl)-propyl]-phenyl}-propionic acid (17b)
5.1.4.1. Step 1: 3-(4-Bromo-phenyl)-2-(5-methyl-isoxazol-3-yl)-
propionic acid ethyl ester (15b). Prepared from (5-methyl-iso-
xazol-3-yl)-acetic acid ethyl ester (2.0 g, 11.82 mmol) following
the general method I. Purification by column chromatography on
silica gel eluting with ethyl acetate in hexanes (0–10%) gave ester
15b as a thick oil (3.39 g, 56%): 1H NMR (CDCl3, 400 MHz) d 7.37 (d,
J = 8.3 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 6.00 (s, 1H), 4.13–4.06 (m,
2H), 4.03 (t, J = 7.1 Hz, 1H), 3.27 (dd, J = 13.9, 8.8 Hz, 1H), 3.07
(dd, J = 13.9, 7.1 Hz, 1H), 2.39 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H); CIMS
m/z 338.0 (M)+.

5.1.4.2. Step 2: 2-(5-Methyl-isoxazol-3-yl)-3-{4-[3-(5-methyl-2-
phenyl-oxazol-4-yl)-propyl]-phenyl}-propionic acid ethyl ester
(16b). Prepared from bromide 15b (1.0 g, 2.956 mmol) following
general method II. Purification by column chromatography on sil-
ica gel eluting with ethyl acetate in hexanes (0–16%) afforded ester
16b as a thick oil (1.14 g, 84%): 1H NMR (CDCl3, 400 MHz) d 8.03–
7.98 (m, 2H), 7.45–7.40 (m, 3H), 7.07 (d, J = 7.6 Hz, 2H), 7.06 (d,
J = 7.8 Hz, 2H), 6.00 (s, 1H), 4.10–4.03 (m, 3H), 3.26 (dd, J = 13.9,
8.8 Hz, 1H), 3.06 (dd, J = 13.7, 6.8 Hz, 1H), 2.61 (t, J = 7.6 Hz, 2H),
2.51 (t, J = 7.6 Hz, 2H), 2.37 (s, 3H), 2.26 (s, 3H), 1.98 (qn,
J = 7.8 Hz, 2H), 1.12 (t, J = 7.1 Hz, 3H); CIMS m/z 459.3 (M+1).

5.1.4.3. Step 3: 2-(5-Methyl-isoxazol-3-yl)-3-{4-[3-(5-methyl-2-
phenyl-oxazol-4-yl)-propyl]-phenyl}-propionic acid (17b). Pre-
pared from ester 16b (1.093 g, 2.384 mmol) following general
method III. Purification by chromatography on silica gel eluting
with methanol in chloroform (0–3%) provided acid 17b as a solid
(0.950 g, 93%): mp 130–133 �C; 1H NMR (CDCl3, 400 MHz) d
7.97–7.94 (m, 2H), 7.41–7.38 (m, 3H), 7.09 (d, J = 8.0 Hz, 2H),
7.04 (d, J = 8.3 Hz, 2H), 6.00 (s, 1H), 4.11 (dd, J = 8.5, 6.8 Hz, 1H),
3.30 (dd, J = 13.9, 8.8 Hz, 1H), 3.10 (dd, J = 13.9, 6.8 Hz, 1H), 2.56
(t, J = 7.6 Hz, 2H), 2.47 (t, J = 7.6 Hz, 2H), 2.36 (s, 3H), 2.25 (s, 3H),
1.91 (qn, J = 7.6 Hz, 2H); CIMS m/z 431.2 (M+1). Anal. Calcd for
C26H26N2O4: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.42; H, 6.29;
N, 6.33.

5.1.5. 2-(3-Methyl-isoxazol-5-yl)-3-{4-[3-(5-methyl-2-phenyl-
oxazol-4-yl)-propyl]-phenyl}-propionic acid (17c)
5.1.5.1. Step 1: 3-(4-Bromo-phenyl)-2-(3-methyl-isoxazol-5-yl)-
propionic acid ethyl ester (15c). This compound was prepared
from 3-methyl-isoxazol-5-yl-acetic acid methyl ester following
the general method I. Bromide 15c was obtained as a thick oil in
34% yield: 1H NMR (CDCl3, 400 MHz) d 7.37 (d, J = 8.5 Hz, 2H),
6.99 (d, J = 8.5 Hz, 2H), 5.96 (s, 1H), 4.06 (t, J = 7.6 Hz, 1H), 3.67
(s, 3H), 3.28 (dd, J = 13.9, 8.0 Hz, 1H), 3.16 (dd, J = 13.7, 7.3 Hz,
1H), 2.25 (s, 3H); CIMS m/z 324.0 (M)+.

5.1.5.2. Step 2: 2-(3-Methyl-isoxazol-5-yl)-3-{4-[3-(5-methyl-2-
phenyl-oxazol-4-yl)-propyl]-phenyl}-propionic acid methyl
ester (16c). This compound was prepared following the general
method II using bromide 15c for the Suzuki coupling. Ester 16c
was obtained as thick oil in 60% yield: 1H NMR (CDCl3, 400 MHz)
d 8.02–7.99 (m, 2H), 7.44–7.40 (m, 3H), 7.08 (d, J = 8.3 Hz, 2H),
7.01 (d, J = 8.1 Hz, 2H), 5.96 (s, 1H), 4.06 (t, J = 7.6 Hz, 1H), 3.64
(s, 3H), 3.28 (dd, J = 13.7, 8.1 Hz, 1H), 3.15 (dd, J = 13.9, 7.3 Hz,
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1H), 2.61 (t, J = 7.3 Hz, 2H), 2.51 (t, J = 7.3 Hz, 2H), 2.26 (s, 3H), 2.24
(s, 3H), 1.98 (qn, J = 7.6 Hz, 2H); CIMS m/z 459.3 (M+1).
5.1.5.3. Step 3: 2-(3-Methyl-isoxazol-5-yl)-3-{4-[3-(5-methyl-2-
phenyl-oxazol-4-yl)-propyl]-phenyl}-propionic acid (17c). This
compound was prepared from ester 16c following Method III.
The purification was carried out by chromatography on silica gel
eluting with methanol in chloroform (0–5%). Acid 17c was ob-
tained as an off-white solid in 85% yield: mp 133–135 �C; 1H
NMR (CDCl3, 400 MHz) d 7.98–7.95 (m, 2H), 7.42–7.39 (m, 3H),
7.07 (d, J = 8.3 Hz, 2H), 7.04 (d, J = 8.3 Hz, 2H), 6.01 (s, 1H), 4.11
(t, J = 8.1 Hz, 1H), 3.30 (dd, J = 13.9, 8.5 Hz, 1H), 3.18 (dd, J = 13.9,
7.1 Hz, 1H), 2.56 (t, J = 7.6 Hz, 2H), 2.48 (t, J = 7.6 Hz, 2H), 2.26 (s,
3H), 2.24 (s, 3H), 1.90 (qn, J = 7.6 Hz, 2H); CIMS m/z 431.2 (M+1).
Anal. Calcd for C26H26N2O4: C, 72.54; H, 6.09; N, 6.51. Found: C,
72.32; H, 6.28; N, 6.41.

5.1.6. 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-phenyl}-
2-pyrazol-1-yl-propionic acid (17d)
5.1.6.1. Step 1: Ethyl 3-(4-bromophenyl)-2-(1H-pyrazol-1-yl)pro-
panoate (15d). Prepared from pyrazol-1-yl acetic acid ethyl ester
(10.0 g, 64.86 mmol) following general method I. Bromide 15d
was obtained as a clear, thick oil (9.73 g, 46%): 1H NMR (CDCl3,
400 MHz) d 7.53 (d, J = 1.7 Hz, 1H), 7.36 (d, J = 2.0 Hz, 1H), 7.33 (d,
J = 8.5 Hz, 2H), 6.88 (d, J = 8.3 Hz, 2H), 5.05 (dd, J = 8.8, 6.6 Hz, 1H),
4.18 (dd, J = 14.2, 7.1 Hz, 2H), 3.49–3.39 (m, 2H), 1.20 (t, J = 7.1 Hz,
3H); CIMS m/z 323 (M)+.

5.1.6.2. Step 2: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-pyrazol-1-yl-propionic acid ethyl ester (16d). Pre-
pared from bromide 15d (0.760 g, 2.351 mmol) by the general
method II. Purification by column chromatography afforded 16d
(0.735 g, 70%): 1H NMR (CDCl3, 400 MHz) d 7.98–7.95 (m, 2H),
7.52 (d, J = 1.5 Hz, 1H), 7.44–7.38 (m, 4H), 7.05 (d, J = 8.0 Hz, 2H),
6.94 (d, J = 8.0 Hz, 2H), 6.22 (t, J = 2.1 Hz, 1H), 5.11 (t, J = 7.7 Hz,
1H), 4.16 (q, J = 7.1 Hz, 2H), 3.43 (d, J = 7.8 Hz, 2H), 2.60 (t,
J = 7.6 Hz, 2H), 2.47 (t, J = 7.3 Hz, 2H), 2.26 (s, 3H), 1.95 (qn,
J = 7.8 Hz, 2H), 1.18 (t, J = 7.1 Hz, 3H); CIMS m/z 444 (M+1).
5.1.6.3. Step 3: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-pyrazol-1-yl-propionic acid (17d). Prepared from es-
ter 16d (0.735 g, 1.657 mmol) by the general method III. Acid
17d was obtained as a yellowish solid (0.602 g, 87%): mp 75–
77 �C; 1H NMR (CDCl3, 400 MHz) d 7.96 (m, 2H), 7.61 (d,
J = 2.0 Hz, 1H), 7.40 (m, 3H), 7.09 (d, J = 2.0 Hz, 1H), 7.02 (d,
J = 8.0 Hz, 2H), 6.80 (d, J = 8.0 Hz, 2H), 6.19 (t, J = 2.2 Hz, 1H),
5.02 (dd, J = 10.0, 4.6 Hz, 1H), 3.42 (dd, J = 13.9, 4.6 Hz, 1H), 3.27
(dd, J = 13.9, 10.0 Hz, 1H), 2.59 (t, J = 7.6 Hz, 2H), 2.47 (t,
J = 7.6 Hz, 2H), 2.27 (s, 3H), 1.93 (m, 2H); CIMS m/z 416 (M+1).
Anal. Calcd for C25H25N3O3�0.4H2O: C, 71.04; H, 6.15; N, 9.94.
Found: C, 70.76; H, 6.08; N, 9.91.
5.1.7. (S)-3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-pyrazol-1-yl-propionic acid (17e)

The enantiomers of acid 17d (10.1 g) were separated by pre-
parative chiral HPLC: chiralpak AD column, 4.6 � 250 mm; mobile
phase A: 75% hexanes with 0.1% trifluoroacetic acid; mobile phase
B; 25% ethanol; flow rate: 1 mL/min; detection at 280 nm. Com-
pound 17e was obtained as a pale yellowish solid (4.06 g): mp
115–117 �C; ½a�25

D ¼ �57:0 (c 1.47, THF); 1H NMR and MS were
identical to racemate. Enantiomer purity: 98.1%, retention
time = 6.48 min. Anal. Calcd for C25H25N3O3�0.29CHCl3: C, 67.48;
H, 5.66; N, 9.34. Found: C, 67.09; H, 5.63; N, 9.19.
5.1.8. (R)-3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-pyrazol-1-yl-propionic acid (17f)

This compound was obtained from the above purification. Acid
17f was obtained as a pale yellow solid (4.17 g): ½a�25

D ¼ þ61:0
(c = 1.22, THF); mp 124–127 �C; 1H NMR and MS were identical
to racemate. Enantiomer purity: 98.35%, retention time = 8.12 min.

5.1.9. 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-phenyl}-
2-1,2,4-triazol-1-yl-propionic acid (17g)
5.1.9.1. Step 1: Ethyl 3-(4-bromophenyl)-2-(1H-1,2,4-triazol-1-
yl)propanoate (15g). General method IV. A solution of diisopropyl
amine (1.0 mL, 7.089 mmol) in dry diethyl ether (10 mL) was cooled
to�20 �C under a nitrogen atmosphere. A solution of n-BuLi in hex-
anes (1.6 M, 4.8 mL, 7.734 mmol) was added. Mixture stirred for
20 min. A solution of ethyl 2-1,2,4-triazol-1-yl acetate (1.0 g,
6.445 mmol) in diethyl ether (10 mL) was added and this was fol-
lowed by the addition of a solution of 4-bromobenzyl bromide
(1.61 g, 6.445 mmol) in diethyl ether (20 mL). The mixture was stir-
red at �20 �C for 4 h, then allowed to reach room temperature and
stirred overnight. Mixture was quenched with water and the phases
were separated. Aqueous phase was acidified with 10% HCl and ex-
tracted with ethyl acetate (3 � 35 mL). The combined organic ex-
tracts were washed with water, brine, dried over MgSO4, filtered,
and the solvent removed. Purification by flash chromatography on
silica gel eluting with ethyl acetate in hexanes (0–45%) gave bromide
15g as a thick oil (0.447 g, 21%): 1H NMR (CDCl3, 400 MHz) d 8.10 (s,
1H), 7.98 (s, 1H), 7.35 (d, J = 8.3 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 5.16
(dd, J = 8.1, 6.7 Hz, 1H), 4.22 (q, J = 7.1 Hz, 2H), 3.46 (d, J = 7.6 Hz, 2H),
1.23 (t, J = 7.1 Hz, 3H); CIMS m/z 324 (M)+.

5.1.9.2. Step 2: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-1,2,4-triazol-1-yl-propionic acid ethyl ester (16g). Pre-
pared from bromide 15g (0.440 g, 1.357 mmol) following general
method II. Ester 16g was obtained as a thick oil (0.492 g, 82%): 1H
NMR (CDCl3, 400 MHz) d 8.09–8.07 (m, 2H), 8.00 (s, 1H), 7.94 (s,
1H), 7.48–7.41 (m, 3H), 7.06 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.0 Hz,
2H), 5.17 (dd, J = 8.0, 6.6 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 3.43 (d,
J = 7.3 Hz, 2H), 2.62 (t, J = 7.6 Hz, 2H), 2.53 (t, J = 7.3 Hz, 2H), 2.28
(s, 3H), 1.99 (qn, J = 7.8 Hz, 2H), 1.23 (t, J = 7.1 Hz, 3H); CIMS m/z
445 (M+1).

5.1.9.3. Step 3: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-1,2,4-triazol-1-yl-propionic acid (17g). Prepared from
ester 16g (0.492 g, 1.106 mmol) following general method III. Acid
17g was obtained as a white solid (0.33 g, 72%): mp 169–171 �C;
1H NMR (CDCl3, 400 MHz) d 8.16 (s, 1H), 8.02-7.99 (m, 2H), 7.98
(s, 1H), 7.45–7.40 (m, 3H), 7.01 (d, J = 8.0 Hz, 2H), 6.87 (d,
J = 8.0 Hz, 2H), 5.24 (t, J = 7.1 Hz, 1H), 3.42 (d, J = 7.1 Hz, 2H), 2.57
(t, J = 7.6 Hz, 2H), 2.52 (t, J = 7.6 Hz, 1H), 3.42 (d, J = 7.1 Hz, 2H),
2.57 (t, J = 7.6 Hz, 2H), 2.51 (t, J = 7.6 Hz, 2H), 2.28 (s, 3H), 1.93
(qn, J = 7.6 Hz, 2H); CIMS m/z 417 (M+1). Anal. Calcd for
C24H24N4O3�0.2H2O: C, 68.62; H, 5.85; N, 13.34. Found: C, 68.51;
H, 5.85; N, 13.26.

5.1.10. 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-1,2,3-triazol-1-yl-propionic acid (17h)
5.1.10.1. Step 1: Ethyl 2-(1H-1,2,3-triazol-1-yl)acetate (14h). Pre-
pared following the procedure described by Kume et al.43 Following
this procedure, starting from 1H-1,2,3-triazole (18.17 g, 0.263 mol),
the N-1 alkylated product 14h was obtained as a liquid (26.45 g,
65%) after purification by column chromatography on silica gel elut-
ing with ethyl acetate in hexanes (0 to 55%): 1H NMR (CDCl3,
400 MHz) d 7.75 (d, J = 1.0 Hz, 1H), 7.71 (d, J = 1.0 Hz, 1H), 5.19 (s,
2H), 4.25 (q, J = 7.1 Hz, 2H), 1.28 (t, J = 7.1 Hz, 3H); CIMS m/z 156
(M+1).
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2-(2H-1,2,3-Triazol-2-yl)ethyl acetate (14i): From the same puri-
fication, ester 14i was obtained as a liquid (9.2 g, 22%): 1H NMR
(CDCl3, 400 MHz) d 7.68 (s, 2H), 5.23 (s, 2H), 4.24 (q, J = 7.1 Hz,
2H), 1.27 (t, J = 7.1 Hz, 3H); CIMS m/z 156 (M+1).

5.1.10.2. Step 2: Ethyl 3-(4-bromophenyl)-2-(1H-1,2,3-triazol-1-
yl)propanoate (15h). Prepared from ester 14h (2.0 g, 12.89 mmol)
following general method IV. Purification by column chromatogra-
phy afforded bromide 15h as a pale yellow oil (1.21 g, 29%): 1H
NMR (CDCl3, 400 MHz) d 7.67 (d, J = 1.0 Hz, 1H), 7.63 (d, J = 1.0 Hz,
1H), 7.35 (d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 5.54 (dd,
J = 8.7, 6.5 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 3.47 (dd, J = 14.1,
6.3 Hz, 1H), 3.42 (dd, J = 14.1, 8.5 Hz, 1H), 1.22 (t, J = 7.3 Hz, 3H);
CIMS m/z 324 (M)+.

5.1.10.3. Step 3: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-1,2,3-triazol-1-yl-propionic acid ethyl ester (16h). Pre-
pared from bromide 15h (1.2 g, 3.702 mmol) using the general meth-
od II. Ester 16h was obtained as a thick oil (1.00 g, 61%): 1H NMR
(CDCl3, 400 MHz) d 7.99–7.97 (m, 2H), 7.66 (d, J = 1.0 Hz, 1H), 7.63
(d, J = 1.0 Hz, 1H), 7.44–7.38 (m, 3H), 7.06 (d, J = 8.0 Hz, 2H), 6.93
(d, J = 8.0 Hz, 2H), 5.59 (dd, J = 8.3, 6.6 Hz, 1H), 4.19 (q, J = 7.3 Hz,
2H), 3.47 (dd, J = 14.1, 6.6 Hz, 1H), 3.41 (dd, J = 14.1, 8.5 Hz, 1H),
2.61 (t, J = 7.6 Hz, 2H), 2.48 (t, J = 7.3 Hz, 2H), 2.27 (s, 3H), 1.96 (qn,
J = 7.8 Hz, 2H), 1.21 (t, J = 7.1 Hz, 3H); CIMS m/z 445 (M+1).

5.1.10.4. Step 4: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-pro-
pyl]-phenyl}-2-1,2,3-triazol-1-yl-propionic acid (17h). Prepared
from ester 16h (1.0 g, 2.249 mmol) following the general method
III. Acid 17h was obtained as white solid (0.854 g, 91%): mp
162–163.5 �C; 1H NMR (CDCl3, 400 MHz) d 7.94–7.92 (m, 2H),
7.66 (s, 1H), 7.63 (s, 1H), 7.42–7.40 (m, 3H), 7.01 (d, J = 8.0 Hz,
2H), 6.92 (d, J = 8.0 Hz, 2H), 5.62 (dd, J = 8.3, 6.1 Hz, 1H), 3.43
(dd, J = 14.4, 6.1 Hz, 1H), 3.38 (dd, J = 14.1, 8.3 Hz, 1H), 2.56 (t,
J = 7.3 Hz, 2H), 2.48 (t, J = 7.3 Hz, 2H), 2.28 (s, 3H), 1.89 (qn,
J = 7.8 Hz, 2H); CIMS m/z 417 (M+1). Anal. Calcd for C24H24N4-
O3�0.26 formic acid: C, 68.01; H, 5.77; N, 13.08. Found: C, 68.31;
H, 5.88; N, 12.69.

5.1.11. 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-1,2,3-triazol-2-yl-propionic acid (17i)
5.1.11.1. Step 1: Ethyl 3-(4-bromophenyl)-2-(2H-1,2,3-triazol-2-
yl)propanoate (15i). Ester 14i (3.0 g, 19.336 mmol) was dissolved
in dry THF (60 mL) and cooled to �78 �C under a nitrogen atmo-
sphere. A 1.0 M solution of potassium tert-butoxide in THF
(20.3 mL, 20.3 mmol) was added. The mixture was stirred at
�78 �C for 45 min. A solution of 4-bromobenzyl bromide (5.56 g,
22.236 mmol) in THF (20 mL) was added. The reaction was allowed
to reach room temperature slowly and then stirred for 6 days. The
mixture was quenched with water (60 mL) and diluted with
diethyl ether and ethyl acetate. The phases were separated and
the aqueous phase was extracted with diethyl ether-ethyl acetate
(10:1, 55 mL � 3). The combined organic extracts were washed
with brine, dried over magnesium sulfate and the solvent removed.
Purification by column chromatography on silica gel eluting with
ethyl acetate in hexanes (0–16%) afforded bromide 15i as an oil
(1.668 g, 26%): 1H NMR (CDCl3, 400 MHz) d 7.62 (s, 2H), 7.32 (d,
J = 8.5 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 5.48 (dd, J = 10.4, 5.4 Hz,
1H), 4.19 (q, J = 7.1 Hz, 2H), 3.67 (dd, J = 14.4, 10.5 Hz, 1H), 3.57
(dd, J = 14.4, 5.1 Hz, 1H), 1.54 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H); CIMS
m/z 324 (M)+; Anal. Calcd for C13H14BrN3O2: C, 48.17; H, 4.35; N,
12.96. Found: C, 48.22; H, 4.06; N, 12.81.

5.1.11.2. Step 2: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-pro-
pyl]-phenyl}-2-1,2,3-triazol-2-yl-propionic acid ethyl ester
(16i). Prepared from bromide 15i (2.148 g, 6.626 mmol), follow-
ing general method II. Purification by column chromatography
afforded ester 16i as a thick oil (2.37 g, 80%): 1H NMR (CDCl3,
400 MHz) d 7.98–7.95 (m, 2H), 7.61 (s, 2H), 7.44–7.38 (m, 3H),
7.03 (d, J = 8.3 Hz, 2H), 7.00 (d, J = 8.3 Hz, 2H), 5.50 (dd, J = 10.2,
5.6 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.67 (dd, J = 14.4, 10.1 Hz,
1H), 3.58 (dd, J = 14.1, 5.4 Hz, 1H), 2.58 (t, J = 7.6 Hz, 2H), 2.46 (t,
J = 7.6 Hz, 2H), 2.24 (s, 3H), 1.93 (qn, J = 7.6 Hz, 2H), 1.19 (t,
J = 7.1 Hz, 3H); CIMS m/z 445 (M+1).

5.1.11.3. Step 3: 3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-pro-
pyl]-phenyl}-2-1,2,3-triazol-2-yl-propionic acid (17i). Prepared
from ester 16i (2.37 g, 5.331 mmol) following general method III.
Acid 17i was obtained as an off-white solid (2.11 g, 95%): mp
153–153.5 �C; 1H NMR (CDCl3, 400 MHz) d 7.98–7.96 (m, 2H), 7.62
(s, 2H), 7.43–7.40 (m, 3H), 7.03 (d, J = 8.1 Hz, 2H), 6.98 (d,
J = 8.1 Hz, 2H), 5.52 (dd, J = 10.4, 5.0 Hz, 1H), 3.62 (dd, J = 14.4,
10.2 Hz, 1H), 3.52 (dd, J = 14.4, 5.1 Hz, 1H), 2.58 (t, J = 7.6 Hz, 2H),
2.48 (t, J = 7.6 Hz, 2H), 2.27 (s, 3H), 1.93 (qn, J = 7.6 Hz, 2H); CIMS
m/z 417 (M+1); Anal. Calcd for C24H24N4O3�0.1H2O: C, 68.92; H,
5.83; N, 13.39. Found: C, 68.68; H, 5.75; N, 13.29.

5.1.12. (S)-3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-1,2,3-triazol-2-yl-propionic acid (17j)

The enantiomers of acid 17i (7.06 g) were separated by prepara-
tive chiral HPLC: chiralpak AD column, 4.6 � 250 mm; mobile
phase A: 70% hexanes with 0.1% TFA; mobile phase B: 30% ethanol;
flow rate: 1 mL/min; detection at 285 nm. Compound 17j was ob-
tained as a solid (3.24 g): mp 125 �C; ½a�25

D ¼ �89:8 (c 0.53, THF); 1H
NMR and MS were identical to racemate. Enantiomer purity: 100%,
retention time = 6.06 min. Anal. Calcd for C24H24N4O3�0.04H2O: C,
69.09; H, 5.82; N, 13.43. Found: C, 68.70; H, 5.87; N, 13.38.

5.1.13. (R)-3-{4-[3-(5-Methyl-2-phenyl-oxazol-4-yl)-propyl]-
phenyl}-2-1,2,3-triazol-2-yl-propionic acid (17k)

From the same purification, acid 17k was obtained as a solid
(0.797 g): ½a�25

D ¼ þ85:9 (c 0.54, THF); 1H NMR and MS were iden-
tical to racemate. Enantiomer purity: 99.06%, retention time =
9.44 min. Anal. Calcd for C24H24N4O3: C, 69.21; H, 5.81; N, 13.45.
Found: C, 68.86; H, 5.87; N, 13.30.

5.2. General biology

The PPARa scintillation proximity assay was carried out as re-
ported elsewhere.44 All other PPAR in vitro assays and the ob/ob
mouse study were carried out as previously reported.19

5.2.1. In vivo ZDF rat studies
Male Zucker Diabetic Fatty (ZDF/Crl-Leprfa) rats were obtained

from Charles River Laboratories (Wilmington, MA).39 The ZDF male
rat normally presents with NIDDM, transient hyperinsulinemia
and hypertriglyceridemia. Rats were pair housed under a 12-h
light/dark cycle with free access to water and Purina 5008 rat chow
(Protein 26.8%, fat 16.7%, carbohydrates 56.5% kcal/vol; Purina
Mills, Richmond, IN). Prior to the onset of diabetic hyperglycemia
(approximately 6 weeks of age, fed blood glucose <200 mg/dL), rats
were allocated into groups by following a post-prandial, conscious
tail venipuncture. Tail venipuncture in non-anesthetized, post-
prandial animals was performed weekly to determine blood glu-
cose, insulin, triglycerides, cholesterol and free fatty acid measure-
ments. Insulin was determined by ELISA (Alpco, Inc.) and lipids
determined enzymatically (Wako, Richmond) on a Cobas Mira Ana-
lyzer (Roche). Rats were administered a once daily oral dose for
2 weeks with suspensions of vehicle alone (1.5% carboxymethyl-
cellulose, 0.2% Tween-20), or vehicle plus test compound at the
specified dose. All experiments utilizing animals were reviewed
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and approved by Pfizer’s Institutional Animal Care and Use
Committee.

5.2.2. Human ApoA1/CETP mouse model
Human ApoA1/CETP mice were bred at the Pfizer colony main-

tained at Charles River Laboratories (Wilmington, MA). Eight week
old male mice were individually housed in solid bottom caging un-
der a 12-h light/dark cycle with free access to water and standard
Purina 5001 rodent chow (Purina Mills, Richmond, IN). Mice were
administered a once daily oral dose for 14 days with suspensions of
vehicle alone (1.5% carboxymethyl-cellulose, 0.2% Tween-20), or
vehicle plus 17j at 0.3, 1, 3, or 10 mg/kg/day compound. A terminal
cardiac puncture post CO2 inhalation provided blood sample for
ApoA1, triglycerides, cholesterol and cholesterol fraction measure-
ments. Lipids were determined by Cobas Mira Analyzer (Roche)
and cholesterol fractions were separated by FPLC.45 All experi-
ments utilizing animals were reviewed and approved by Pfizer’s
Institutional Animal Care and Use Committee.

5.3. Pharmacokinetic studies

The study in rat was performed as previously described.19

5.3.1. Pharmacokinetic studies in dog
A study was conducted to determine the single dose pharmaco-

kinetics and absolute oral bioavailability of 17j following intrave-
nous and oral administration to male beagle dogs. In a crossover
design, dogs (n = 3/group) were administered a single 3 mg/kg cap-
sule or a 1 mg/kg intravenous dose as a 5 min infusion. The intra-
venous dose was administered as a solution in 5% DMA/95% Tris
Base (50 mM) (v:v), and the oral dose was administered, in a cap-
sule, as a suspension in 5% PEG200/95% Methylcellulose (0.5% in
sterile water) (v:v). Serial blood samples (for plasma) were col-
lected from each dog over a 24-h period after dosing. Plasma con-
centrations of 17j were determined using a validated achiral LC/
MS/MS method. Pharmacokinetic parameters of 17j were deter-
mined from the plasma concentration–time data using noncom-
partmental methods.

5.4. X-ray crystallography

A truncated construct of human PPARc ligand binding domain
(PPARc-LBD) containing residues Glu207 to Tyr477 was recombi-
nantly expressed in E. coli and purified as previously described.20

A 12 mg/mL solution of apo human PPARc-LBD was crystallized
at 13 �C using the hanging drop vapor diffusion method over a
0.6 mL well solution consisting of 0.6–0.8 M tri-sodium citrate,
0.1 M imidazole pH 8 and 1 mM TCEP. Crystals were soaked over-
night in a 0.8 mM solution of 17j at room temperature prior to
flash-cooling in 25% glycerol. X-ray diffraction data were collected
at a wavelength of 1.00 Å at 100 K on the Industrial Macromolecu-
lar Crystallographer Association (IMCA) beam-line 17-ID at the Ad-
vanced Photon Source, Argonne National Labs. Diffraction data
were processed using Denzo and Scalepack in the HKL2000 program
suite.46 The space group was determined to be centered monoclinic
C2 with two molecules per asymmetric unit, corresponding to a
solvent content of 52.2%.47 The structure was determined by the
method of molecular replacement using a monomer of human
PPARc-LBD (1I7I) with the ligand and waters removed as a search
model with the program MOLREP in the CCP4i suite.48–51 Structural
refinement calculations and electron density maps were calculated
with the program REFMAC5 in the CCP4i suite using the complete
data with no resolution or sigma cutoff.51,52 Manual fitting and real
space refinement of the model was performed with the program
QUANTA-2000 (Accelrys Inc., San Diego, CA). The final model of
PPARc-LBD consists of two monomers of PPARc-LBD, 2 molecules
of 17j and 113 water molecules with the refinement statistics,
Rwork = 24.1%, Rfree = 29.7% (see Supplementary data). The coordi-
nates and structure factors may be found in the Protein Data Bank
under the ID codes: 3IA6.pdb and 3IA6.sf.

5.5. Electrostatic potential calculations

The electrostatic potential maps were generated using Jaguar
(version 7.5, Schrödinger, LLC, New York, NY, 2008). All structures
were optimized using the B3LYP functional and 6-31G** basis set.
The electrostatic potential and electron density surface were also
calculated along with the optimization. The electrostatic potentials
were superimposed on a constant electron density (0.002 e/a.u.3)
to mimic the Van de Waals surface of the molecule. The red repre-
sents negative electrostatic potential, and the blue indicates posi-
tive electrostatic potential.
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