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Abstract—A series of potent amide linked PPARY/6 dual agonists (1a) has been discovered through rational design. In the ZDF rat
model of type 2 diabetes, compound (R)-3-[4-(3-{1-[(5-chloro-1,3-dimethyl-1H-indole-2-carbonyl)-amino]-ethyl}-5-fluoro-phen-
oxy)-2-ethyl-phenyl]-propionic acid (42) from this series has demonstrated glucose lowering efficacy comparable to the marketed

PPARY agonist rosiglitazone with less weight gain.
© 2007 Elsevier Ltd. All rights reserved.

The peroxisome proliferator-activated receptors (PPARs)
belong to the nuclear receptor superfamily of ligand-mod-
ulated transcription factors. There are three PPAR sub-
types, namely PPARa, vy, and 8. PPARs play a central
role in regulating the storage and catabolism of dietary
fats.! PPARo agonists, such as fenofibrate, are effective
at lowering serum triglycerides and raising high-density
lipoprotein (HDL) cholesterol.!> The role of PPARY
has been extensively studied and is known to be involved
with glucose homeostasis, insulin sensitization, and fat
storage. PPARY agonists, such as rosiglitazone, 5-{4-[2-
(methyl-pyridin-2-yl-amino)-ethoxy]-benzyl} -thiazolidine-
2,4-dione, increase insulin sensitivity and have been ap-
proved for the treatment of type 2 diabetes.> While not
as extensively studied as the other subtypes, the role of
PPARS has become clearer recently with the generation
of potent, selective ligands for this PPAR subtype. As
exemplified in studies with GW501516, {2-methyl-4-[4-
methyl-2-(4-trifluoromethyl-phenyl)-thiazol-5-ylmethylsul-
fanyl]-phenoxy}-acetic acid, PPARS activation appears to
increase fatty acid p-oxidation, insulin sensitivity, and
HDL cholesterol.*>

The primary goals of the present work were to develop a
PPAR agonist to treat type 2 diabetes and to prevent
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associated cardiovascular disease while reducing the
weight gain typically observed with PPARY activation.
We hypothesized that a PPARY/3 dual agonist could
effectively lower glucose and hemoglobin Alc levels
while improving the dyslipidemia commonly seen in dia-
betic patients by simultaneously activating both receptor
subtypes.® In addition, we hypothesized that beneficial
effects could be achieved with a reduced weight gain pro-
file due to PPAR induced activation of fatty acid pB-oxi-
dation and a reduced need to drive efficacy solely
through PPARY activation. Recently, we reported the
design and synthesis of a series of novel ether linked
PPARY/3 dual agonists, analogs of compound 1b
(Fig. 1), and showed that a PPARY/d dual agonist with
a properly controlled y/ ratio can be efficacious on glu-
cose control while producing less weight gain than rosig-
litazone in animal models of diabetes.’

In an earlier effort to identify structurally novel PPAR
ligands, PPARy, &6 dual agonist 5 was discovered.
Through extensive SAR studies around 5, we identified
molecules with a wide range of PPARY/S in vitro activ-
ity. Herein, we report the design, synthesis, and biolog-
ical evaluation of these novel amide linked PPARY/5
dual agonists (1a, Fig. 1).

A general synthetic scheme is illustrated in Scheme 1.
Nitriles 2% were hydrogenated in the presence of 5%
Pd/C or Raney nickel to give the corresponding amines
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1a
X=Ar, heteroAr
R!=H, Me
R?=H, Me, F
R3=Me, Et
Y=CH,, O
R*=H, Me

Figure 1. Amide linked series 1a and ether linked compound 1b.

(3). Coupling 3 with a variety of aryl carboxylic acids
(4)® and subsequent hydrolyses afforded carboxylic acids
5-24. Indole derivatives 25-33 were prepared in an anal-
ogous fashion starting from 3 and various indole-2-car-
boxylic acids.?

Pure more active enantiomers of benzyl-substituted
compounds 42 and 43 were prepared as described in
Scheme 2. Commercially available 1,3-dibromo-5-flu-
oro-benzene 34 and 3-(2-ethyl-4-hydroxy-phenyl)-propi-
onic acid ethyl ester 35% were subjected to a 2,2,6,6,-
tetramethylheptane-3,5-dione accelerated Ullmann reac-
tion to give diaryl ether 36.° Stille coupling of 36 and
tributyl (1-ethoxyvinyl) tin in the presence of dichlorobis
(triphenylphosphine) palladium (II) and subsequent
hydrolysis provided ketone 37. The ketone was reduced
enantioselectively to the corresponding alcohol (38)
using N,N-diethylaniline-borane and a catalytic amount
of (R)-2-methyl-oxazaborolidine (MeCBS).!" Treatment
of alcohol 38 with diphenyl phosphorazidate (dppa) and
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) afforded a
mixture of the desired azide (39) and a phosphate inter-
mediate, which was also converted to azide 39 using tri-
methylsilyl azide in the presence of fluoride anion.
Reduction of azide yielded amine 40. This enatiomeri-
cally enriched compound (R configuration, 67-85% ee)
was purified by chiral chromatography with a Chiralcel
OD column (eluent: 0.2% DMEA in MeOH) to give 40
as a single enantiomer (100% ee). Coupling amine 40
with 5-chloro-1,3-dimethyl-1H-indole-2-carboxylic acid®
or commercially available 5-chloro-3-methyl-benzo
[b]thiophene-2-carboxylic acid 41 and subsequent
hydrolyses provided carboxylic acids 42 and 43,
respectively.

The final compounds were tested for PPAR binding
(ICsp)!!' and receptor transactivation (ECs)!? activities
(Tables 1-3). Based on the SAR results from our pre-
viously reported ether linked series (1b),>* we exam-
ined the effects of ortho substitution on the tailpiece
phenyl of 5 (Table 1). Substitutions of Me, Et, Cl, F,
Br, and OMe were all well tolerated for PPARY/6
activities (6-10 and 13). Fluorine (9) and methoxy
(13) substitution led to increased PPARa activities.
While a strong electron withdrawing group, CF;, was
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detrimental to all PPAR activity (11), the sterically
demanding phenoxy group (12) attenuated only
PPARY/S activities.

Compound 6 was identified as a potent and selective
PPARY/d dual agonist. Replacement of the CF3 substi-
tuent in 6 by Me, Cl, and OMe resulted in compounds
14, 15, and 17, which had significantly reduced PPARS
functional activities (ECs00 =286, 254, and 376 nM,
respectively). The OCF; analog (16) showed attenuated
PPAR'Y/S afﬁnlty (IC50'Y =47 nM, IC506 =54 nM)
Removing the CF; group from 6 was detrimental to
PPARS potency (18, EC5¢6 = 1878 nM).

Substitution on the spacer phenyl ring resulted in com-
pounds 19-23. Compared to parent compound 9
(ECs5006 =22 nM), PPARS functional activity was im-
proved by 5-Me substitution (20, EC50d =4 nM). The
5-F substituted compound (22) had comparable
PPARa, v, and & activities to 9. Substitution at C-4
and C-6 on the spacer phenyl ring (19, 21, and 23)
reduced PPARS functional activity.

Variation at the carboxylic acid headpiece influenced the
PPAR activity of these ligands. With the dihydrocin-
namic acid headpiece, 24 showed comparable PPARS
activity and reduced PPARa and vy activities versus
fibrate-based 6.

To further reduce PPAR«a activity and increase PPARS
activity, we examined the tailpiece SAR through a set of
substituted indoles (25-33) using the dihydrocinnamic
acid headpiece (Table 2). Among the monosubstituted
indoles, 5-Cl substitution afforded the most potent
and selective PPARY/6 dual agonist (26). The 5,6-di-
chloro-indole 30 showed attenuated PPARYy activity.
With 5-Cl substitution, N-methylation (31) tended to
further reduce PPARa and vy activity. Methylation at
C-3 (32) increased PPARa activity, maintained PPARYy
activity, and significantly improved PPARS functional
activity. The combined trisubstituted indole compound
(33) proved to be a potent and selective PPARY/3 dual
agonist as shown in Table 2, especially showed im-
proved & activity compared with substituted phenyl
compounds.
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5: X= 4-CF3-phenyl, R'=H, Y=0, R>=Me

6: X= 2-Me-4-CF3-phenyl, R'=H, Y=0, R>=Me

7: X= 2-Et-4-CF3-phenyl, R'=H, Y=0, R®=Me

8: X= 2-Cl-4-CF3-phenyl, R'=H, Y=0, R>=Me

9: X= 2-F-4-CF3-phenyl, R'=H, Y=0, R>=Me

10: X= 2-Br-4-CFz-phenyl, R'=H, Y=0, R?>=Me

11: X= 2-CF3-4-CF3-phenyl, R'=H, Y=0, R>=Me

12: X= 2-OPh-4-CF3-phenyl, R'=H, Y=0, R°=Me

13: X= 2-OMe-4-CF3-phenyl, R'=H, Y=0, R?=Me

14: X= 2-Me-4-Me-phenyl, R'=H, Y=0, R°=Me

15; X= 4-Cl-2-Me-phenyl, R'=H, Y=0, R?>=Me

16: X= 2-Me-4-OCF3-phenyl, R'=H, Y=0, R>=Me

17: X= 4-OMe-2-Me-phenyl, R'=H, Y=0, R?>=Me

18: X= 2-Me-phenyl, R'=H, Y=0, R>=Me

19: X= 2-F-4-CF3-phenyl, R'=6-Me, Y=0, R>=Me

20: X= 2-F-4-CF3-phenyl, R'=5-Me, Y=0, R>=Me

21: X= 2-F-4-CF3-phenyl, R'=4-Me, Y=0, R°>=Me

22: X= 2-F-4-CF3-phenyl, R'=5-F, Y=0, R?>=Me

23: X= 2-F-4-CF3-phenyl, R'=4-F, Y=0, R>=Me

24: X= 2-Me-4-CFz-phenyl, R'=H, Y=CH,, R?>=H
Scheme 1. Reagents and conditions: (i) H,, HOAc, 5% Pd/C, rt, 60 Psi,

overnight or Raney nickel, 2N NH; in MeOH, 40°C, 60 Psi,
overnight; (i) EDC, HOBT, DIEA; (iii) LiOH, H,O, 1,4-dioxane.

Further modifications included substitution at the ben-
zylic carbon of the linker and evaluation of the benzo-
thiophene tailpiece (Table 3). We used the ethyl instead
of methyl substituted dihydrocinnamic acid headpiece
to hinder B-oxidation.® Benzothiophene 43 exhibited a
similar in vitro profile compared with indole 42, both
being potent and selective PPARY/8 dual agonists with
more relaxed vy activity compared with compound 33.

Compound 42 (~99% ee) was studied for in vivo eval-
uation in the male ZDF rat, a model of type 2 diabe-
tes.® As shown in Figure 2, 42 dose-dependently
lowered plasma glucose levels in this model. Com-
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Scheme 2. Reagents and conditions: (i) 2,2,6,6-tetramethyl-3,5-hep-
tanedione, Cs,CO3/NMP, CuCl, 120 °C, overnight; (ii) tributyl (1-
ethoxyvinyl) tin, Pd (PPh;3),Cl,, toluene; (iii) 1 N HCL (iv) (R)-
MeCBS, N,N-diethylaniline-borane, toluene; (v) dppa, DBU, toluene;
(vi) TMSN;3, TBAF (1 M in THF), 40 °C; (vii) Ph3P, THF, H,O; (viii)
EDC, HOBT, DIEA; (ix) LiOH, H,0, dioxane.

pound 42 demonstrated 50% glucose normalization
(EDsp) at 0.82 mg/kg compared to 1 mg/kg for rosig-
litazone. Moreover, compound 42 showed significantly
(p <0.05) less weight gain than rosiglitazone at the
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Table 1. Binding ICso!! and receptor transactivation ECs,'? data'® on human PPARs of compounds 5-24
Compound hPPARa hPPARa hPPARYy hPPARYy hPPARS hPPARS
I1Cso (nM) ECsy (nM) 1C5o (nM) ECso (nM) ICso (nM) ECso (nM)
5 3487 1253 18 42 6 95
6 1763 921 9 24 3 38
7 1127 828 10 57 4 81
8 1230 836 15 49 3 59
9 640 466 12 24 4 22
10 1594 590 12 43 3 36
11 10,313 n.a. 203 1058 40 2870
12 1483 706 114 479 32 409
13 463 329 7 16 4 30
14 1749 1042 7 25 4 286
15 7154 2205 9 28 6 254
16 4850 420 47 10 54 50
17 4200 1504 8 26 12 376
18 n.b. 2727 20 125 64 1878
19 188 792 5 24 3 96
20 313 544 12 37 5 4
21 331 877 17 43 6 86
22 728 754 8 22 3 48
23 384 1053 8 28 3 119
24 n.b. 2888 126 345 5 33
Rosiglitazone n.b. n.a. 67 308 n.b. n.a.
Table 2. Binding ICso'! and receptor transactivation ECso'? data'> on human PPARs of compounds 25-33
(0]
OH
Compound R! R? R? hPPARGo hPPARa hPPARY hPPARY hPPARS hPPARS
IC50 (HM) EC50 (HM) IC50 (l’lM) EC50 (HM) IC50 (HM) EC50 (HM)
25 H H 4-Cl n.b 2997 258 1088 12 1300
26 H H 5-Cl 10,034 2459 13 25 3 47
27 H H 6-Cl 1132 588 233 348 3 80
28 H H 5-Br 7457 2770 8 32 4 93
29 H H 7-Br 4865 2404 37 158 9 527
30 H H 5,6-di-Cl 4352 1887 95 238 5 59
31 Me H 5-Cl n.b. 2735 98 135 3 87
32 H Me 5-Cl 2104 558 27 24 3 6
33 Me Me 5-Cl n.b. 2654 35 44 3 4
Table 3. Binding ICso!! and receptor transactivation ECs,'? data'® on human PPARs of compounds 42 and 43
Compound X hPPARa hPPARa hPPARY hPPARY hPPARS hPPARS
IC50 (HM) EC50 (l'lM) IC50 (HM) EC50 (I’IM) IC50 (l’lM) EC50 (HM)
42 MeN 10,257 2824 39 116 5 1
43 S 9336 n.a. 50 163 5 7

same doses (Fig. 3). Additionally, compound 42 signif-
icantly lowered plasma triglycerides and plasma free
fatty acids at 3 mg/kg dose compared with the control
group (Figs. 4 and 5).

In summary, we have presented the synthesis and
in vitro characterization of a novel series of potent
and selective PPARY/6 dual agonists. In the ZDF rat

model, 42 demonstrated efficacy in lowering plasma glu-
cose levels comparable to rosiglitazone with a signifi-
cantly reduced weight gain side effect at the same
doses. These results further supported our initial
hypothesis that a PPARY/3 dual agonist with a properly
controlled PPARY/d in vitro profile can reduce the
weight gain side effect associated with marketed PPARYy
agonists.
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Figure 2. Dose-response for effects of compound 42 and rosiglitazone
on glucose normalization in ZDF rats after 7 days of oral gavage
dosing.
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Figure 3. Dose-response for effects of compound 42 and rosiglitazone
on body weight in ZDF rats after 7 days of oral gavage dosing.
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Figure 4. Dose-response for effects of compound 42 on plasma
triglycerides in ZDF rats after 7 days of oral gavage dosing.
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Figure 5. Dose-response for effects of compound 42 on fatty acids in
ZDF rats after 7 days of oral gavage dosing.
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hPPARa was used to eliminate interference by endoge-
nous PPARY receptors in CV-1 cells; n.a.: ECs5o > 10 uM.
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