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Abstract

Palladium/P(t-Bu)3 catalyzed the coupling of aryl halides with azoles such as pyrrole, indole, and carbazole,
effectively. K2CO3 and Rb2CO3 worked very well as bases, whereas Cs2CO3 andt-BuONa gave only trace yields
of products. Triazolyl compounds such as TCTA were also synthesized. © 2000 Elsevier Science Ltd. All rights
reserved.

Keywords:amination; palladium catalysts; phosphine; azoles; arylation.

N-Aryl azoles have attracted attention as hole transport molecules for organic light-emitting diodes
(LEDs)1 and biologically active compounds.2 N-Arylation of azole compounds was carried out by metal-
mediated reactions such as the Ullmann coupling,1,3 aromatic nucleophilic substitution using KF/Al2O3,4

Cr(CO)3 complexed haloarenes as substrates,2 and Pd- and Cu-catalyzed arylation.5 However, the
employment of aprotic polar solvents such as DMF and a stoichiometric amount of Cr(CO)3, and harsh
reaction conditions diminish the applicability of these methods, especially for large-scale production.
On the other hand, palladium/DPPF-catalyzedN-arylation of azoles with aryl bromides using Cs2CO3

or t-BuONa was recently reported.6 The reaction with electron-poor aryl bromides took place in the
presence of 1 mol% of Pd(OAc)2, whereas catalytic activity was low on reaction with bromobenzene and
electron-rich aryl bromides requiring 5 mol% of palladium.

We showed that palladium/P(t-Bu)3 was highly active and selective inN-arylation of amines with aryl
halides.7 We also disclosed tin-mediated synthesis ofN-aryl azoles using the same catalyst.8 Although
high catalytic activity (0.25 mol% of Pd per halogen atom of aryl halides) and the synthesis of elaborate
N-aryl azoles were attained, the employment of a stoichiometric amount of a tin compound is a drawback.
We herein report highly efficient tin-freeN-arylation of azoles with aryl halides using palladium and P(t-
Bu)3.
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Table 1
Palladium-catalyzed synthesis ofN-aryl azolesa

Palladium-catalyzed synthesis ofN-aryl azoles is summarized in Eq. (1) and Table 1. Reaction of
bromobenzene with carbazole was examined with various kinds of bases.N-Phenylation proceeded using
carbonates, and the yields increased in the order of increase of basicity (runs 1–3). However, use of
Cs2CO3 gave no substantial amount of the product, nor didt-BuONa (runs 4 and 5). This outcome shows
a sharp contrast to DPPF-ligated palladium catalyst, which allows the use of Cs2CO3 and t-BuONa.6

In our catalytic system, K2CO3 and Rb2CO3 worked very well. The reason is still unclear but the



483

employment of the stronger bases may cause formation of a significant amount of metal carbazolyl,
which is assumed to deactivate the palladium catalyst. Although employing 1 equivalent of a base gave
an acceptable yield, the reaction was accelerated by using 3 equivalents of the base.N-Phenylation of
indole and pyrrole proceeded similarly (runs 6 and 7). Reactions of aryl halides bearing substituents with
azoles were investigated. Both electron-poor and -rich aryl halides were converted intoN-aryl azoles in
good to high yields (runs 8–11). This electron-rich catalyst can also couplep-chlorobenzaldehyde with
carbazole (run 12).

As described above, K2CO3 and Rb2CO3 promoted good activity in this reaction and the use of K2CO3

is more preferable practically. Therefore, we examined the synthesis of triazole derivatives such as TCTA
in the presence of 3 mol% of Pd(OAc)2 and 9 equivalents of K2CO3 to aryl trihalide. Reactions of
3 equivalents of pyrrole and carbazole with tri(4-bromophenyl)amine were carried out ino-xylene at
120°C for 24 h to afford 4,40,400-tris(N-pyrrolyl)triphenylamine (TPTA,1)9 in 65% yield and 4,40,400-
tris(N-carbazolyl)triphenylamine (TCTA,2)1a,10 in 59% yield, respectively. Thus, the catalytic system
consisting of palladium and P(t-Bu)3 can provide a more efficient and practical synthetic method of
N-aryl azoles.
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