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ABSTRACT

Regioselective palladium-catalyzed monoarylation of azoles was achieved using iodobenzoate immobilized on an insoluble polymer support.
The positional selectivity for the coupling reaction was dramatically influenced by the presence of CuI. No diarylation was observed in either
case. Unsymmetrical diarylation was also obtained with the polymer support using sequential coupling reactions.

Recently, solid-phase organic chemistry has been regarded
as one of the important new fields in synthetic organic
chemistry.1 Solid-phase organic synthesis has drawn the
attention of many chemists, as it is a powerful method for
accelerating the process of drug discovery, owing to a faster
and increased production of compounds than allowed by
conventional solution-phase synthesis. The products of solid-
phase synthesis can be easily purified with a simple wash

of the insoluble resin, making this method interesting in both
technical and practical terms.2 In 1970, H. Rapoport intro-
duced the concept of high dilution effect in solid-supported
chemistry.3 There are also a number of reports on this effect
in the literature.4 However, more examples should be
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provided to further support the advantages of the particular
environment in polymer matrix-based reactions. In connec-
tion with our recent studies on polymer-supported organo-
metallic chemistry,5 we initiated the investigation on the
regioselective arylation of azoles catalyzed by palladium, in
a media for polymer matrix-assisted reaction. Many biologi-
cally active compounds contain azole moieties, and some
examples of solid-phase azole synthesis have been reported.6

Still, the selective functionalization of azoles at the desired
position is one of the many important subjects in azole
chemistry.

Direct arylation of azoles employing palladium-catalyzed
solution-phase chemistry has been reported by Miura et al.7

However, the selectivity for monoarylation is not satisfactory,
leading to the formation of 2,5-diarylated products as well
(Scheme 1). In this study, we focused our interest in applying

solid-phase chemistry to the arylation of azoles, expecting
that the pseudodilution effect provided by the polymer matrix
would improve the selectivity of monoarylation.

We first examined the palladium-catalyzed coupling reac-
tion of immobilized iodobenzoate withN-methylimidazole
and thiazole. The immobilized iodobenzoate was prepared
using conventional methods, i.e., by the reaction in DMF of
chloromethylated polystyrene with iodobenzoic acid, Cs2CO3,
and KI. The loading was estimated from the yield of methyl
iodobenzoate after cleavage of the resin with NaOMe in
THF-MeOH.5a The cross coupling reaction ofN-methyl-
imidazole with the immobilized iodobenzoate was carried
out in the presence of Pd(OAc)2, PPh3, and Cs2CO3 in DMF
at 120°C for 16 h. After cleavage with NaOMe in THF-
MeOH, the 5-arylatedN-methylimidazole was obtained with
a yield of 67%. The suitable amount of Pd(OAc)2 was found
to be 10 mmol %. The coupling reaction of thiazole with
the immobilized iodobenzoate under the same reaction
conditions also produced the 5-arylated thiazole, with a yield
of 54% after cleavage (Scheme 2).8

On the other hand, in the presence of CuI as an additive,
the cross coupling reaction was found to proceed exclusively
at position 2, as it is the case for the reaction in solution-
phase chemistry. The 2-arylatedN-methylimidazole and the
2-arylated thiazole were obtained with respective yields of
49% and 65% after cleavage (Scheme 3).9

Synthesis of the unsymmetrical 2,5-diarylated azoles was
also investigated using sequential palladium-catalyzed cou-
pling reactions. The immobilized 5-arylated azoles described
in Scheme 2 were reacted with iodobenzene in the presence
of Pd(OAc)2, PPh3, Cs2CO3, and CuI as an additive, in DMF
at 120°C for 16 h. After cleavage of the azoles from the
polymer support, the desired unsymmetrical 2,5-diarylated
azoles were obtained (Scheme 4).

The present study indicates that the palladium-catalyzed
coupling reaction of azoles proceeds more selectively when
employed in solid-phase synthesis than in solution-phase
synthesis. The pseudodilution effect of the polymer matrix
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mL, 1.63 mmol) and DMF (4 mL) were then added, and the resulting
mixture was stirred under argon at 120°C for 16 h. After cooling, the
mixture was filtered and washed with THF and MeOH for several cycles.
The resin was treated with NaOMe in MeOH (0.4 mL, 2.0 mmol) and THF-
MeOH (2:1, 12 mL), and the mixture was stirred at room temperature for
6 h. Methyl 4-(1-methyl-1H-imidazol-5-yl)benzoate (47.9 mg, 67%) was
then obtained.
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is considered to work advantageously to selectively mono-
functionalize the substrate, providing an ideal reaction
environment to minimize undesired diarylation (Figure 1).

In summary, positionally selective palladium-catalyzed

monoarylation of azoles was achieved using iodobenzoate
immobilized on an insoluble polymer support. The positional
selectivity for the coupling reaction was dramatically influ-
enced by the presence of CuI, and no diarylation was
observed in both cases. Further application of the selective
coupling reaction in solid-phase synthesis is underway.
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(9) Typical procedure for Scheme 3: Immobilized iodobenzoate (1.0
g, 0.53 mmol), Pd(OAc)2 (11.6 mg, 0.053 mmol), PPh3 (27.7 mg, 0.106
mmol), Cs2CO3 (172.8 mg, 0.53 mmol), and CuI (609.7 mg, 3.2 mmol)
were placed in a 50 mL round-bottom flask and then dried in vacuo for 1
h. N-Methylimidazole (0.13 mL, 1.63 mmol) and DMF (6 mL) were then
added, and the resulting mixture was stirred under argon at 120°C for 16
h. After cooling, the mixture was filtered and washed with THF and MeOH
for several cycles. The resin was treated with NaOMe in MeOH (0.4 mL,
2.0 mmol) and THF-MeOH (2:1, 12 mL), and the mixture was stirred at
room temperature for 6 h. Methyl 4-(1-methyl-1H-imidazol-2-yl)benzoate
(56.3 mg, 49%) was then obtained.

Figure 1. Dilution Effect for Selective Monoarylation.
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