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ABSTRACT

Direct arylation of aryl(azaaryl)methanes with aryl halides takes place at the benzylic position in the presence of a hydroxide base under
palladium catalysis to yield triarylmethanes.

Transition-metal-catalyzed cross-coupling reactions are among
the most important reactions in organic synthesis.1 The
conventional cross-coupling procedure requires preparation
of organometallic reagents in advance of the reaction. Recent
progress in this area has allowed for direct use of organic
compounds bearing no metallic atoms as nucleophilic
coupling partners. Among them, direct conversion of sp2C-H
bonds into sp2C-sp2C bonds of biaryls is widely investi-

gated.2-5 On the other hand, examples of direct arylation of
sp3C-H bonds are relatively less pronounced.6-14 Here we
report a new repertoire of direct arylation of sp3C-H bonds,
direct arylation of diarylmethanes providing triarylmethanes.
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We focused on aryl(azaaryl)methanes as substrates to
achieve our project. On the basis of the structural similarity
between imines and azaarenes as well as the fact that direct
R-arylation of carbonyl compounds proceeds efficiently,6 it
would be feasible that aryl(azaaryl)methanes undergo direct
arylation at the benzylic position. This was indeed the case,
and treatment of chlorobenzene (2a) with 2-benzylpyrimidine
(1a) in the presence of cesium hydroxide15 under PdCl2/
tricyclohexylphosphine (PCy3) catalysis16 in refluxing xylene
provided 2-(diphenylmethyl)pyrimidine (3a) in high yield
(Table 1, entry 1). A plausible reaction mechanism includes

oxidative addition, deprotonation of1a with cesium hydrox-
ide, transmetalation of phenyl(2-pyrimidyl)methylcesium
with an arylpalladium chloride (or hydroxide) intermediate,
and reductive elimination.

A variety of aryl chlorides underwent the arylation
reaction. Aryl chloride2c having a methyl group at the 2
position participated in the reaction similarly (entry 3).

Electron-rich 4-chloroanisole (2d) reacted with the aid of
PCy3 to yield the corresponding triarylmethane in excellent
yield (entry 4). The reaction of 4-chloro-N,N-dimethylaniline
(2e) required prolonged reaction time and an excess of the
base to proceed to completion (entry 5). The reaction of
4-chlorostyrene (2f) provided the desired product3f (entry
6), although2f can alternatively undergo self-contained
Mizoroki-Heck reactions which lead to oligo(4-phenyl-
enevinylene).17 Unfortunately, attempted reactions of electron-
deficient2g resulted in incomplete conversion. The highest
yield was obtained when di(tert-butyl)(2-phenylphenyl)-
phosphine was used as a ligand (entry 7). The reaction of
2gwould proceed via [4-(tert-butoxycarbonyl)phenyl][phen-
yl(pyrimidyl)methyl]palladium, which would suffer from
slow reductive elimination because of the electron-withdraw-
ing nature of the carbonyl group. In addition, cleavage of
the ester bond was observed.

Other aryl(azaaryl)methanes were subjected to the aryl-
ation reaction (Table 2). The reaction of 2- or 4-benzylpy-

ridine proceeded smoothly (entries 1 and 2). It is worth noting
that we could obtain tetraarylmethane, triphenyl(4-pyridyl)-
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Table 1. Pd-Catalyzed Arylation of 2-Benzylpyrimidinea

entry R 2 time/h 3 yield/%

1 H 2a 3 3a 86
2 (1-naphthyl) 2b 2 3b 96
3 2-Me 2c 2 3c 94
4 4-OMe 2d 8 3d 86
5 4-NMe2 2e 18 3e 63b

6 4-CHdCH2 2f 5 3f 62
7 4-CO2

tBu 2g 24 3g 29c

a A mixture of 1a (0.50 mmol),2 (0.60 mmol), PdCl2(MeCN)2 (0.025
mmol), PCy3 (0.075 mmol), and CsOH‚H2O (1.0 mmol) was boiled in
xylene (1.0 mL).b CsOH‚H2O (1.5 mmol) was used.c Di(tert-butyl)(2-
phenylphenyl)phosphine was used. 30% of1a was recovered.t-Butyl
benzoate (4%) and2g (6%) were detected. The yields are based on1H
NMR.

Table 2. Pd-Catalyzed Phenylation of Aryl(azaaryl)methanesa

a A mixture of1 (0.50 mmol), chlorobenzene (0.60 mmol), PdCl2(MeCN)2
(0.025 mmol), PCy3 (0.075 mmol), and CsOH‚H2O (1.0 mmol) was boiled in
xylene (1.0 mL).b Triphenyl(4-pyridyl)methane (8%) was obtained.c Iodo-
benzene and KOH were used instead of chlorobenzene and CsOH‚H2O,
respectively.
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methane, in 8% yield, in the reaction of1c. Further
optimization of the reaction conditions will allow us to
prepare tetraarylmethane through a cross-coupling methodol-
ogy.18 Unfortunately, 3-benzylpyridine (1d) resisted the
reaction (entry 3). Di(2-pyridyl)methane (1e) and 2-ben-
zylquinoline (1f) readily reacted to proceed to completion
within 6 h (entries 4 and 5). The reactions of 2-benzylben-
zoxazole and -benzothiazole were successful by using KOH19

as a base, albeit with prolonged reaction times (entries 6 and
7). The reactions of 2-picoline and of diphenylmethane
resulted in no conversion. The acidity of the protons to be
substituted by an aryl group is probably a decisive factor
for the success of the reaction. The pKa values of the acidic
protons of1b, 1c,1d, diphenylmethane, and water in DMSO
were reported to be 28.2, 26.7, 30.15, 32.2, and 32,
respectively.20 A hydroxide ion would fail to deprotonate
1d and diphenylmethane under the reaction conditions. An
attempted reaction of 4-benzylbenzonitrile resulted in hy-
drolysis of the nitrile group to yield 4-benzylbenzoic acid
(83%).

The present method is concise and reliable enough to offer
a straightforward route to highly azaarylated structures in
one pot. The reactions of 1,4-dibromobenzene (5a) and 1,3,5-
tribromobenzene (5b) with 1eafforded new multicoordinat-
ing molecular structures6a and6b (eqs 1 and 2). They are
potentially useful in constructing supramolecular architecture
not only as they are21 but also as their anionic forms upon
deprotonation of the methyne protons.22

Azaarenes can find many applications in various fields of
chemical science. We have found a new method to synthesize
triarylmethanes23 having at least one azaaryl group through
the palladium-catalyzed direct benzylic arylation of aryl-
(azaaryl)methanes.
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