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Selective PPARc modulators with improved
pharmacological profiles
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Abstract—A series of metabolically robust N-benzyl-indole selective PPARc modulators with either a 3-benzoyl or 3-benzisoxazoyl
moiety have been identified. In vitro, these compounds are partial agonists and exhibit reduced adipogenesis in human adipocytes.
In vivo, these SPPARcMs result in potent glucose lowering in db/db mice and attenuate increases in heart weight and brown adipose
tissue that is typically observed in rats upon treatment with PPARc full agonists.
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1. In vivo loss of the N-benzoyl group.
The peroxisome proliferator-activated receptor gamma
(PPARc) is member of a large family of ligand activated
nuclear transcription factors. Both rosiglitazone and
pioglitazone are full agonists that specifically activate
PPARc and are used to treat type 2 diabetes
(T2DM).1 However, their efficacy is limited due to
mechanism-based adverse events (AEs). In humans,
AE�s associated with PPARc activation include weight
gain, edema, and anemia, while in rodents cardiac
hypertrophy is also observed.2 Although the underlying
causes for these AEs are poorly understood, a PPARc
ligand that ameliorates these AEs would be desirable.
In search of PPAR ligands devoid of these AEs, new
classes of selective PPARc modulators (SPPARcMs)3

have been reported.4 We recently reported the discovery
of SPPARcMs that exhibit potent glucose lowering in
the db/db mouse model for T2DM.5 Interestingly, these
indole derived SPPARcMs did not cause cardiac hyper-
trophy (CH) and attenuated brown adipose tissue
(BAT) increases in S–D rats.

During preclinical evaluation of 1 in rats, loss of the p-
anisoyl group was observed (Fig. 1). Although the
unsubstituted indole 1a was inactive on all three PPAR
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isoforms (a,d,c) in vitro, it was a major circulating
metabolite in plasma which accumulated on multiple
dosing (10% of parent). Unfortunately, 1a was a potent
inhibitor of CYP2C9 (IC50 = 50 nM), a liability which
precluded further studies. Herein, we describe the identi-
fication and evaluation of second generation indole-
based SPPARcMs with improved metabolic profiles
that are inactive on the a and d PPAR isoforms.

Alternative replacements for the N-benzoyl group that
would be less susceptible to metabolism were investi-
gated. Considering the importance of the benzoyl car-
bonyl for activity, both pyridyl and quinolyl analogs
(2–4) with a nitrogen positioned to replace the carbonyl
of the p-anisoyl group were appended onto the nitrogen
of the indole. Unfortunately, these derivatives exhibited
diminished in vitro potency (Table 1).
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Table 1. Human PPARc binding (SPA) IC50s and transactivation
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Compds Y SPA

IC50, nM
a

Transactivation

EC50, nM
b

% Max

activation

Rosiglitazone — 250 20 100

1 — 1 3 21

2 — 466 — —

3 — 135 — —

4 — 29 49 32

5 H 33 195 26

6 2-nPr 641 — —

7 4-Cl 5 3 31

8 5-Cl 109 114 24

9 6-nPr 20 39 33

10 6-Cl 1 3 21

11 — 2 1 28

12 — 2 3 24

13 — 42 16 22

14 — 62 31 19

15 — >50,000 >3000 —

a IC50 is measured by the complete displacement of a radio-labeled full

agonist indicating competitive binding to the receptor.
b EC50 is the compound concentration at which 50% of a given com-

pound�s intrinsic maximal response has been reached.

Figure 2. Visualization of lipid accumulation in human adipocytes by

oil red O staining.
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However, the use of an N-(1-benzisoxazole, BZX) to mi-
mic the carbonyl group yielded analogs with the desired
activity but with slightly reduced potency in vitro. It was
possible to regain potency comparable to the N-benzoyl
indoles, if appropriate substitution was introduced onto
the aromatic ring at the indole 3-position. The most po-
tent derivatives were those substituted in either the 4- or
6-position of this aromatic ring, while substitution at the
2-position afforded a reduction in binding potency
(compounds 5–10, Table 1). Like the N-benzoyl analogs,
loss of the N-(1-BZX) group occurred in vivo in rats and
the parent indole was detected in plasma, albeit at signifi-
cantly reduced levels (1–3% of parent). In this case, in
vitro studies suggested that loss of the N-(1-BZX) oc-
curred via reductive metabolism at the BZX moiety.7

Despite the improved metabolic stability of the N-(1-
BZX) indole analogs, given the potent CYP2C9 inhibi-
tion and the propensity for the unsubstituted indole
metabolite to accumulate on multiple dosing in rat, ana-
logs completely devoid of this liability were desired.

To this end, metabolically more stable analogs were pre-
pared by repositioning the substituents on the indole nu-
cleus. Transposing the attachment of the benzyl moiety
from the 3-position to the nitrogen of the indole pro-
vided compounds with the desired features. With these
transposed N-benzyl indoles attaching the benzoyl or
the 1-BZX to the indole 3-position returned analogs that
were potent SPPARcMs (11, 12, Table 1). The SAR of
the transposed indole analogs tracked identically with
the N-benzoyl indoles reported previously.

Given the unique differences in the transactivation assay
with these SPPARcMs relative to full agonists, further
investigation of these SPPARcMs was undertaken.
The acidic TZD head group present in rosiglitazone is
crucial for its binding and functional activity. For exam-
ple, N-methyl rosiglitazone (15) was devoid of both
binding and functional activity. An X-ray co-crystal
structure with rosiglitazone bound to PPARc has shown
that the acidic TZD moiety interacts with Tyr-473 on
helix 12 (AF-2).8 However, the carboxylic acid in the in-
dole SPPARcMs could be replaced by a nitrile (13) and,
most surprisingly, an acetylenic group (14). Unlike full
agonists, both of these analogs retained in vitro activity
despite the absence of an acidic group in the molecule
(Table 1).9

Compound 12 was selected to examine the effects of
these SPPARcMs on adipocyte differentiation. The level
of adipose fatty acid binding protein (aP2) mRNA
expression was measured in differentiating human pre-
adipocytes.10 SPPARcM 12 was found to induce only
15% of the maximal level of aP2 mRNA, a marker of
adipogenesis as compared to rosiglitazone treatment.
Attenuated lipid accumulation was observed in human
adipocytes upon treatment with 12 versus rosiglitazone
at similar concentrations as judged by oil red O staining
(Fig. 2).11

Based upon its in vitro profile, compound 12 was se-
lected for evaluation in vivo. This analog was metaboli-
cally stable and no metabolites were produced in
detectable quantities in rodents that were inhibitors of
CYP2C9. In db/db mice, SPPARcM 12 afforded
dose dependent glucose lowering comparable to that



Table 2. Comparison of 12 and rosiglitazone in male db/db mice and Sprague–Dawley rats

Compds Db/db mice S–D rata

Dose (mpk) Gluc. Corr. (%) Dose (mpk) HWc (g) BAT (g)

Rosiglitazone 10 77 150 1.26 ± 0.06b 1027 ± 466b

12 10 62 100 1.04 ± 0.05 462 ± 45

12 30 78

Vehicle — — — 1.04 ± 0.08 316 ± 40

a Values are means of six animals/group ± standard deviation.
b For italics values P < 0.05 compared to vehicle (Dunnett�s t-test).
c HW = heart weight.
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of rosiglitazone (Table 2) after once daily oral dosing for
11 days.12 Similar plasma exposures were obtained for
compound 12 at 30 mg/kg and rosiglitazone at 10 mg/
kg (AUC = 660 and 250–700 lM h,13 respectively).
Compound 12 was also studied in male Sprague–Daw-
ley rats. After once daily dosing for two weeks, 12
(AUC = 1030 lM h, �1.6–10· efficacy exposure) re-
sulted in less CH and BAT increases as compared to that
of rosiglitazone (AUC = 2700 lM h, �4–10· efficacy
exposure), which was included as an internal positive
control (Table 2).14
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Scheme 1. Indole syntheses.
The preparation of the indole core (16) for compounds
1–10 (Scheme 1) was accomplished via Fischer�s method
from commercially available starting materials and has
been described previously.5 N-Arylation of 16 was
achieved by either of two complementary methods:
method one utilized a Pd(0) catalyzed reaction with a
heteroaryl halide15 while method two involved a base
mediated reaction with a 1-chlorobenzisoxazole (1-Cl
BZX)16 (compds 2–10, Scheme 1). Preparation of the
3-benzoyl (11) and 3-(1-BZX) (12) indole analogs was
accomplished in the following manner. Sequential treat-
ment of commercially available 3-trifluoromethoxy ani-
line 17 with t-butyl hypochlorite, thiomethyl acetone,
and triethyl amine in methylene chloride at 0 �C pro-
vided a 3:1 mixture of isomeric 3-thiomethyl indoles.17

The crude mixture was treated with RaNi in ethanol
to afford the desired 6-trifluoromethoxy indole 18 in
50–60% yield after separation of the isomers. Reaction
of 18 and ZnCl2 with EtMgBr in THF followed by the
addition of a benzoyl chloride resulted in the selective
aroylation at the indole 3-position to give 19 and 20 in
75–85% yield.18 The 3-(1-BZX) indole 21 was synthe-
sized from 20 in five steps and 10–15% overall yield.
N-Benzylation of the indole nitrogen with the appropri-
ate benzyl bromide was achieved in high yields with
Cs2CO3 in DMF to afford 13 and 14. After N-benzyla-
tion, base hydrolysis provided 11 and 12 (Scheme 1).
The requisite benzyl bromides were readily accessible
from commercially available starting materials.19

In summary, repositioning the 3-benzyl moiety to the in-
dole nitrogen has resulted in a metabolically stable series
of indole SPPARcMs. Interestingly, these compounds
do not require an acidic head group which is integral
for activity with traditional full agonists. This difference
suggests that these SPPARcMs possibly bind to the
receptor in a functionally active conformation distinct
from full agonists. It may be the case that a unique bind-
ing conformation leads to an altered expression of
genes. This may explain the attenuated adipogenic activ-
ity as compared to rosiglitazone in human adipocytes.
While these SPPARcMs afforded reductions in glucose
in db/db mice equal to that of rosiglitazone, in rats the
SPPARcMs elicit reduced heart and BAT weight in-
creases relative to rosiglitazone. Gratifyingly, these
SPPARcMs have demonstrated an improvement in the
AEs commonly observed in preclinical species. Further
characterization of these SPPARcMs continues in an ef-
fort to explore the possibility that compounds with these
features may afford beneficial glycaemic control in hu-
mans with reduced AEs.
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