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Abstract: The most potent and selective peroxisome pro-
liferator-activated receptor δ (PPARδ) agonist GW501516
(1) was synthesized in 4 steps and 78% overall yield starting
from o-cresol by using a one-pot regiocontrolled dialkylation
of mercaptophenol 5 as the key step.

The peroxisome proliferator-activated receptors (PPARs)
are ligand-activated transcription factors belonging to the
nuclear receptor gene family that function as het-
erodimers with the 9-cis-retinoic acid receptor (RXR).1,2

Three closely related isoforms, PPARR, -γ, and -δ (or -â),
have been identified in organisms ranging from Xenopus
to humans. Each PPAR subtype appears to be differen-
tially expressed in a tissue-specific manner, with PPARR
and PPARγ predominating in the liver and adipocytes,
respectively, and PPARδ being ubiquitously expressed.
Since the first discovery of PPARR as an orphan recep-
tor,3 the biology of the PPARs has been driven, in large
part, by the availability of potent and selective ligands
for the receptors.1 PPARR, which was recognized to be
the target receptor for the fibrate class of anti-hyperlipi-
demic drugs, regulates the expression of genes involved
in lipid metabolism. PPARγ, which was shown to function
as the cellular receptor of the thiazolidinedione (TZD)
class of insulin-sensitizing drugs, is an important regula-
tor of adipogenesis, lipid metabolism, and glucose ho-
meostasis. In contrast to PPARR and -γ, there are no
marketed drugs that target PPARδ, and the physiological
role of PPARδ remains largely mysterious due, in part,
to the lack of selective ligands as chemical tools to study
its pharmacology.4 Thus, identification of potent and

selective ligands for use as chemical tools is essential to
elucidating the function of PPARδ. However, all of the
ligands published to date either have low affinity for
PPARδ or lack selectivity over the other PPAR isoforms,5
except GW501516 (1) and its analogue GW0742 (2) which
were recently discovered by combinatorial chemistry and
structure-based drug design.6 These two compounds were
shown to be the most potent and selective PPARδ
agonists known with an EC50 of 1.1 nM against PPARδ
and 1000-fold selectivity over the other human subtypes,
PPARR and -γ. Thus, these two ligands could be used as
ideal chemical tools to study the function of the ubiqui-
tously expressed PPARδ.7

However, the reported synthesis of 1 and 2 involved
more than eight steps with about 7% overall yield,
respectively.6 Thus, a more efficient synthesis of these
compounds is needed. Herein, we present a short and
efficient method to synthesize GW501516 (1).

Our synthesis of 1 is illustrated in Scheme 1. Treat-
ment of o-cresol (3) with NaSCN and bromine afforded
the thiocyanate 4 in 97% yield,8 which was reduced to
the mercaptophenol 5 with LiAlH4.9 Treatment of 5 with
Cs2CO3 and chloromethyl thiazole 66 in acetonitrile at
room temperature for 4 h followed by adding more Cs2-
CO3 and methyl bromoacetate (7) provided 8 in 96% yield.
The ester 8 was saponified with aqueous LiOH to give
GW501516 (1) in 98% yield.
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In summary, a practical synthesis of 1 was accom-
plished in 78% overall yield by using a one-pot regiocon-
trolled dialkylation of mercaptophenol 5 as the key step.
Our synthetic route not only is short and efficient but
also provides an alternative strategy to procure the
mercaptophenol core structure, thus enabling the prepa-
ration of additional analogues for further structure-
activity relationship studies.

Experimental Section

General Methods. All reactions were performed under an
inert atmosphere (Ar or N2) unless otherwise noted. 1H, 13C, and
19F NMR spectra were obtained at 300, 75, and 282 MHz,
respectively. 1H chemical shifts (δ) were reported in ppm with
Me4Si (δ 0.00 ppm) or CHCl3 (δ 7.26 ppm) as internal standards,
13C chemical shifts with CDCl3 (δ 77.0 ppm) or TMS (δ 0.0 ppm)
as internal standards, and 19F chemical shifts with CFCl3 (δ 0.0
ppm) as an external standard. Melting points are uncorrected.
TLC analysis was performed on silica gel sheets containing a
fluorescent indicator. Column chromatography was carried out
on silica gel (35-75 mesh).

2-Methyl-4-thiocyanatophenol (4). To a stirred solution of
o-cresol (3) (10.8 g, 0.10 mmol), sodium thiocyanate (26.0 g, 0.32
mmol), and methanol (70 mL) at 0 °C was added a solution of
sodium bromide (10.3 g, 0.10 mmol) and bromine (5.3 mL, 0.10
mmol) in methanol (100 mL). The mixture was stirred for 3 h
and then diluted with saturated NaHCO3 solution. The mixture
was extracted with CH2Cl2 (3 × 120 mL), and the organic phases
were combined, washed with brine, dried (Na2SO4), and con-
centrated. The residue was purified by column chromatography
on silica gel with hexane/ethyl acetate (4:1) to give 3 as a light
yellow solid (16.0 g, 97%). Mp 70-71 °C (lit.10 mp 70.5-71 °C);
1H NMR (CDCl3) δ 7.33 (d, 1H, J ) 2.4 Hz), 7.26 (dd, 1H, J )
8.4, 2.4 Hz), 6.79 (d, 1H, J ) 8.4 Hz), 6.00 (br s, 1H), 2.23 (s,
3H); 13C NMR (CDCl3) δ 156.3, 135.1, 131.5, 126.9, 116.6, 112.6,
112.5, 15.8.

4-Mercapto-2-methylphenol (5). A solution of 4 (6.0 g, 36.3
mmol) in anhydrous THF (100 mL) was added cautiously to a
mixture of LiAlH4 (1.4 g, 36.8 mmol) and anhydrous THF (200
mL) at 0 °C. The reaction mixture was stirred at room temper-
ature for 4 h. After that time, unreacted LiAlH4 was destroyed

by adding moist THF, water, and 1.0 M HCl. The mixture was
extracted with EtOAc (3 × 100 mL). The organic layers were
combined, washed with brine, dried (MgSO4), and concentrated.
The residue was purified by column chromatography on silica
gel with hexane/ethyl acetate (4:1) to give 5 as a white solid (4.4
g, 86%). Mp 41-42 °C (lit.11 mp 39-42 °C); 1H NMR (CDCl3) δ
7.12 (d, 1H, J ) 2.1 Hz), 7.05 (dd, 1H, J ) 8.1, 2.1 Hz), 6.66 (d,
1H, J ) 8.1 Hz), 4.89 (s, 1H), 3.33 (s, 1H), 2.20 (s, 3H); 13C NMR
(CDCl3) δ 152.7, 133.8, 129.9, 124.9, 119.6, 115.6, 15.6.

Methyl [2-Methyl-4-[[[4-methyl-2-[4-(trifluoromethyl)-
phenyl]thiazol-5-yl]methyl]sulfanyl]phenoxy]acetate (8).
To a stirred solution of 5 (1.40 g, 10.0 mmol) in CH3CN (80 mL)
was added Cs2CO3 (3.25 g, 10.0 mmol), followed by the chlo-
romethylthiazole 6 (2.60 g, 8.91 mmol).6 The reaction mixture
was stirred at room temperature for 4 h. Then additional Cs2-
CO3 (4.89 g, 15.0 mmol) was added, followed by methyl bro-
moacetate (1.23 mL, 13.0 mmol). The reaction mixture was
stirred at room temperature for a further 5 h. After that time,
the mixture was poured into water and extracted with EtOAc
(3 × 100 mL). The organic layers were combined, washed with
brine, dried (Na2SO4), and concentrated. The residue was
purified by column chromatography on silica gel with hexane/
ethyl acetate (5:1) to give 8 as a white solid (4.0 g, 96% relative
to 6). 1H NMR (CDCl3) δ 7.97 (d, 2H, J ) 8.4 Hz), 7.65 (d, 2H,
J ) 8.4 Hz), 7.21 (d, 1H, J ) 2.4 Hz), 7.13 (dd, 1H, J ) 8.4, 2.4
Hz), 6.58 (d, 1H, J ) 8.4 Hz), 4.63 (s, 2H), 4.11 (s, 2H), 3.78 (s,
3H), 2.24 (s, 3H), 2.20 (s, 3H); 13C NMR (CDCl3) δ 169.2, 163.0,
156.3, 151.3, 136.8, 136.1, 132.1, 131.2 (q, J ) 32 Hz), 130.6,
128.4, 126.3, 125.8 (q, J ) 4 Hz), 125.3, 122.1, 111.4, 65.4, 52.2,
32.4, 16.1, 14.8; 19F NMR (CDCl3) δ 115.5 (s).

[2-Methyl-4-[[[4-methyl-2-[4-(trifluoromethyl)phenyl]-
thiazol-5-yl]methyl]sulfanyl]phenoxy]acetic Acid (1). To a
stirred solution of 8 (4.5 g, 9.63 mmol) in 150 mL of THF and
100 mL of H2O at 0 °C was added slowly 6.0 mL (12.0 mmol) of
2.0 M LiOH. The reaction mixture was stirred at 0 °C until TLC
indicated the completion of the reaction (about 1 h), diluted with
water (100 mL), acidified with 0.5 M NaHSO4 (25 mL), and
extracted with a mixed solvent of EtOAc and THF (3:1, 4 × 150
mL). The organic layers were combined, dried (Na2SO4), and
concentrated. The residue was purified by column chromatog-
raphy on silica gel with CH2Cl2/MeOH (10:1) to give 1 as a white
solid (4.3 g, 98%). Mp 133-134 °C dec; 1H NMR (DMSO-d6) δ
8.02 (d, 2H, J ) 8.4 Hz), 7.79 (d, 2H, J ) 8.4 Hz), 7.20 (s, 1H),
7.13 (d, 1H, J ) 8.1 Hz), 6.70 (d, 1H, J ) 8.1 Hz), 4.46 (s, 2H),
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4.31 (s, 2H), 2.20 (s, 3H), 2.13 (s, 3H); 13C NMR (DMSO-d6) δ
171.3, 161.6, 156.4, 150.9, 136.4, 134.1, 131.6, 130.7, 129.5 (q,
J ) 32 Hz), 126.7, 126.2, 126.0 (q, J ) 4 Hz), 123.4, 111.9, 66.2,
30.6, 15.9, 14.6; 19F NMR (DMSO-d6) δ 115.5 (s).
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