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Indanylacetic acid derivatives carrying aryl-pyridyl and
aryl-pyrimidinyl tail groups—new classes of PPAR c/d
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Abstract—Modulation of PPAR activities represents an attractive approach for the treatment of diabetes with associated cardiovas-
cular complications. The indanylacetic acid structural motif has proven useful in the generation of potent and tunable PPAR
ligands. Modification of the substituents on the linker and the heterocycle tail group allowed for the modulation of the selectivity
at the different receptor subtypes. Compound 33 was evaluated in vivo, where it displayed the desired reduction of glucose levels and
increase in HDL levels in various animal models.
� 2006 Elsevier Ltd. All rights reserved.
Diabetes, together with its complications, was responsi-
ble for 1 in 5 deaths in the US in 2002.1 The World
Health Organization is now forecasting that by the
year 2030, 366 million people will suffer from diabetes
worldwide,2 with 90% of these cases due to non-insu-
lin-dependent (or Type II) diabetes.1 As the disease
progresses, numerous complications gradually erode
the quality of life of patients. The greater prevalence
of cardiovascular complications2 in diabetics under-
scores the need to develop antidiabetic agents capable
of lowering HbA1c levels while improving the lipid
profile of patients. Such multi-action agents may hold
promise for delaying the progression of the disease,
as suggested by the increasing evidence identifying
obesity as a cause factor of Type II diabetes and con-
comitant cardiovascular complications.
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Correction of the elevated glucose levels in patients with
Type II diabetes is typically achieved through modula-
tion of insulin production, of glucose neogenesis, or by
improving glucose uptake by muscle tissues in response
to insulin.3 The gradual increase in skeletal muscle tissue
resistance to insulin has also been linked to a cascade of
events leading to Type II diabetes and eventually to b-
cell failure. Physicians have attempted to slow the pro-
gression of insulin resistance by the use of insulin sensi-
tizers such as PPAR (peroxizome proliferator-activated
receptor) gamma agonists. This class of agents, typified
by the glitazones, has received significant attention from
the pharmaceutical industry leading to the successful
development of two agents, rosiglitazone and pioglitaz-
one, currently used for the management of elevated glu-
cose levels.4 The sustained research interest in these
agents is due to the various roles that PPARs can play
in controlling glucose homeostasis, as well as triglycer-
ide (TG) and cholesterol levels.5 Indeed, PPARa ago-
nists, such as fibrates, have played a long-standing role
in modulation of triglyceride levels,6 and there is now
increasing evidence that PPARd agonists can improve
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Scheme 1. Reagents and conditions: (a) Zn, ethyl bromoacetate, THF,

40 �C; (b) H2 (40 psi), 5% Pd/C, EtOH, 99% yield (two steps); (c)

NaOH, H2O, EtOH, reflux, 80% yield; (d) (S)-(�)-a-methylbenzyl-

amine, acetone; recrystallization; 1 N HCl, EtOAc, 35% yield, 99% ee;

(e) TMSCl, EtOH, 98% yield; (f) AlCl3, EtSH, CH2Cl2, 5–10 �C, 96%

yield.
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Scheme 2. Reagents and conditions: (a) 1,3-propanolamine, NaHCO3,

EtOH, 95% yield; (b) 6, ADDP, PPh3, THF, 95% yield; (c) NaH, MeI,

DMF, 60% yield; (d) Ar–B(OH)2, PdCl2(dppf)ÆCH2Cl2, Na2CO3, H2O,

1,4-dioxane, toluene; (e) LiOH, H2O, THF, EtOH, 40–60% yield (two

steps).
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high-density lipoprotein (HDL)/low-density lipoprotein
(LDL) profiles in animals.7

A previous report from our laboratories disclosed
PPARa/c agonists incorporating a novel indanylacetic
acid head-group.8 This work led to the identification
of compounds capable of correcting glucose levels, as
well as modulating TG levels. Herein, we report on fur-
ther modifications to indanylacetic acid, which lead to
PPAR agonists that incorporate PPARd activity.

Starting from our first generation agonists (1, Fig. 1), we
hypothesized that linking an unsubstituted indanylacetic
acid with six-membered heteroaryl group using a flexible
linker could provide us with a dual or triple agonist (2,
Fig. 1).

The synthesis of the indane fragment (Scheme 1) started
from indanone 3 which was converted to the corre-
sponding enoate under Reformatsky-type conditions.9

Subsequent reduction and hydrolysis provided acid 4,
which underwent chemical resolution using (S)-(�)-a-
methylbenzylamine to provide 5 in good yield and high
enantiomeric excess. With 5 in hand, esterification of 5
followed by demethylation provided the right-hand
fragment 6 of the target compounds.

The synthesis of the left-hand moiety of the target com-
pounds was achieved starting from an appropriately
substituted 2,4-dichloropyridine (7) onto which the ami-
no alcohol linker was introduced chemoselectively at the
C4 position using sodium carbonate in ethanol (Scheme
2). Subsequent etherification using a modified Mitsun-
obu protocol allowed for the introduction of the indane
6 in good yield, followed by treatment with NaH and
methyl iodide to provide the key intermediate 8. Finally,
Suzuki cross-coupling, followed by saponification, pro-
vided compound 9.

We began our optimization work by exploring the SAR
at the C2 position of the pyrimidine. The task of opti-
mizing for all three activities was simplified since most
variations at C2 led to potent PPARd ligands (Table
1). With our attention focused on improving PPARa
and PPARc potencies, we began by introducing lipo-
philic groups at the para-position of the C2 phenyl ring
(11–14, Table 2), which provided increased potency at
PPARc and PPARa. Introduction of both electron-do-
Figure 1.

Compound R IRBA

(EC50, nM)

PPARa
FRET

(EC50, nM)

PPARd
FRET

(EC50, nM)

10 H 678 6610 24

11 4-Me 780 1150 9

12 4-Et 145 200 10

13 4-iPr 29 990 34

14 4-t-Bu 156 641 28

15 4-EtO 161 3090 58

16 4-MeO 7010 1390 12

17 4-Ac 237 6550 83

18 4-F 860 2120 7

19 4-Cl 2800 1130 7

20 3-Me 670 4390 41

21 3-EtO 6930 3540 7

22 3-Cl 582 2370 23



Figure 2.

Table 2.

N

N N O

CO2H

Me

(R1/R2)
5

6

Compound R1/R2 IRBA10

(EC50, nM)

PPARa11

FRET

(EC50, nM)

PPARd11

FRET

(EC50, nM)

23 H 800 565 25

24 5-F 360 425 16

12 5-Me 145 200 10

25 5-Et 950 120 2

26 6-Me 600 920 11
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Scheme 3. Reagents and coinditions: (a) 1,3-propanediol, NaH, DMF,

83% yield; (b) 6, ADDP, PPh3, THF, 67% yield; (c) H2S, Et2NH,

DMF, 86% yield; (d) 2-haloketones, EtOH, 70 �C; (e) LiOH, H2O,

THF, EtOH, 60–80% yield (two steps).
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nating (15 and 16) and withdrawing groups (17–19)
tended to decrease the PPARa potency relative to lipo-
philic substituents. Migration of the substituent to the
meta-position of the phenyl ring caused a loss in potency
at PPARa and PPARd as exemplified by compounds 20
and 22. In contrast, a 3-EtO group (21) caused a signif-
icant increase in potency at PPARd over the corre-
sponding 4-EtO (15), while the PPARa potency
remained unaffected. These group migrations caused dif-
ferent effects on PPARc potency where the 3-EtO (21)
showed decreased potency and the 3-Cl (22) provided
a moderate (4- to 5-fold) increase in potency vs its
4-Cl analog (19). Further substitution at the ortho-posi-
tion, or introduction of two substituents (2,4 or 3,4),
led to compounds with decreased potency at one or
more receptor subtypes.

Turning our attention to the effects of the substituents
on the pyrimidine ring, it rapidly became apparent that
the size and location of the substituent was critical for
retaining the activity (Table 2). Indeed, while the 5-
methyl group (12) was optimal, the 5-ethyl and 6-methyl
groups (25 and 26) decreased potency at either PPARa
or PPARc. In addition, introduction of a fluorine atom
at position 5 (24) was tolerated by all three receptor
subtypes.

Having completed the initial optimization, several com-
pounds were selected for further pharmacological profil-
ing. Cell assays12 performed on compound 12 confirmed
its potent agonist activity at PPARa and d13 with a 10-
fold decrease in potency from the human receptor to the
mouse receptor. Surprisingly, compound 13 proved to
be more potent than expected as a PPARa agonist in
CV-1 cells, while maintaining the same species prefer-
ence for the human receptor.13

Having identified compounds with the targeted activity
profile, we evaluated the pharmacokinetic profile of sev-
eral analogs. An initial screen using rodent and human
microsomes revealed that the compounds were rapidly
metabolized. Subsequent in vivo experiments confirmed
an overall trend toward low plasma exposure when
either compound 12 or 13 was dosed orally in rodents
(mice and rats). Although establishing a direct correla-
tion between microsomal stability and oral exposure is
often difficult, we sought nonetheless to identify the ma-
jor metabolites to help guide our optimization work. We
suspected that the N-methyl group might be the origin
of this instability (Fig. 2), which was confirmed by
in vitro metabolite identification studies. Although we
observed other less prevalent metabolites, the N-de-
methylated products were consistently the major metab-
olites observed.

Compound 27 was found to be a weak ligand for all
receptors except PPARd (56 nM). Modifications of the
linker in an attempt to block metabolism revealed that
this area of the molecule was critical for maintaining
the potency at all three receptor subtypes. Indeed, intro-
duction of sterically hindered groups or cyclization led
to a decrease in potency (data not shown). However,
exchanging the N–Me group for an oxygen atom to re-
move the site of metabolism was better tolerated (IRBA:
1600 nM, PPARa FRET: 900 nM, PPARd FRET:
5 nM). The activity profile of the ether-linked agonists
was optimized by incorporating our findings with those
of a related project,14 where a phenyl ring bearing a thi-
azole in the para-position to the linker was beneficial.

Using the 2,4-substituted pyrimidines did not offer the
opportunity to introduce a substituent in the para-posi-
tion to the linker. Additionally, we had previously deter-
mined that the other pyrimidine isomers were less
favored. We therefore opted to change the heterocycle
to a pyridine, which allowed for the desired substituent
orientation and was expected to provide similar physico-
chemical properties to the pyrimidines.



Table 3.

CO2H

OON

R4

Compound R4 IRBA10 (EC50, nM) PPARa11 FRET (EC50, nM) PPARd11 FRET (EC50, nM)

31
S

N
264 421 3

32 S

N

511 6780 5

33 S

N

O

35 1390 9

34
S

N
EtO 411 807 3

0 5 10 15 20 25 30

-75

-50

-25

0

25

Compound 33

ED50~6.7mpk***

***

mpk Compound

B
lo

o
d

 G
lu

co
se

%
 C

h
an

g
e 

d
u

e 
to

 d
ru

g

Figure 3. Effects of 33 on blood glucose levels in db/db mice after 7

days of treatment.
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Figure 4. Effects of 33 on glucose tolerance in Zucker fa/fa rats after 10

days of treatment.
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A series of O-linked pyridines bearing a thiazole substi-
tuent were synthesized as described in Scheme 3. Addi-
tion of 1,3-propane diol to 5-chloronicotinonitrile (28),
followed by Mitsunobu etherification with indane 6,
provided intermediate 29. Conversion of the nitrile
group to the corresponding thioamide was achieved by
exposure to H2S in DMF at 40 �C. Subsequent Han-
tzsch-type condensation of diversely substituted haloke-
tones, followed by basic hydrolysis, provided the target
compound 30.

A series of thiazoles were prepared, from which com-
pound 33 emerged as a compound of potential interest
(Table 3). Although the potency at PPARa was weaker
than anticipated, the potent PPARc and d activities
prompted us to further profile this compound. The
activity profile translated well to human cell assays,15

however compound 33 showed a significant decrease in
potency (>20-fold) in mouse PPARd cell assay (human
PPARd in CV-1 cells (IC50) 56 nM; mouse PPARd in
CV-1 cells (IC50) 1390 nM).

Pleasingly, compound 33 provided the desired improve-
ment in pharmacokinetic profile in rodents [e.g., rats
(PO and IV, 3 mpk) PO AUC 26 lM h, Cmax 2.8 lM; F
48%, t1/2 = 5 h]. This improved exposure profile, which
was found to be similar in mice, allowed us to evaluate
compound 33 in diabetic animal models. Compound 33
reduced plasma glucose levels in db/db mice in a dose-de-
pendent manner with an estimated ED50 value of 6.7 mpk
after 7 days of dosing (Fig. 3).16 At a dose of 10 mpk, com-
pound 33 proved to be as efficacious in lowering glucose as
the maximally effective dose of rosiglitazone in this model
(not shown). Similarly, when administered for 10 days at a
dose of 10 mpk, compound 33 normalized glucose toler-
ance in Zucker fa/fa rats (Fig. 4).16

The ability of compound 33 to modulate TG and HDL-
cholesterol levels through its effects on PPARd was
assessed using hApoA1 mice. Oral administration of
33 to hApoA1 mice at 30 mpk (to account for the weaker
cell potency at murine PPARd) for 10 days16 reduced
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plasma triglycerides [�32 ± 7% (p < 0.05)] and raised
HDL-cholesterol [22 ± 7% (p < 0.05)].

In summary, we have shown that the indanylacetic acid
group is a versatile head-group, which can be combined
to diverse tail groups to generate PPAR agonists with
different receptor subtype selectivity. The optimization
of the tail group allowed for the identification of both
PPARc/d dual and PPARa/c/d triple agonists. The anti-
diabetic properties of this scaffold were demonstrated,
together with added benefits of correcting TG and
HDL levels associated with agonism of PPARd.17
Acknowledgments

We thank Jefferson Chin, László Musza, and Anthony
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