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Remarkably efficient oxidative coupling of N,N-dialkylarylamines
in water mediated by cerium(IV) ammonium nitrate
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Abstract—A highly effective, economical, and environmentally friendly method using of CAN as oxidant and water as solvent for
oxidative coupling of N,N-dialkylarylamines was reported.
� 2005 Elsevier Ltd. All rights reserved.
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N,N,N 0,N 0-tetraalkylbenzidine derivatives have received
growing interest in their tunable electric conductivity,
which admits to diverse applications such as organic
light-emitting diodes,1 organic field-effect transistors,2

organic solar cells,3 and organic photoconductors.4 Oxi-
dative coupling of aniline derivatives provides an effi-
cient access to benzidine derivatives. Although several
methods for the coupling reaction have been reported,
most of them are low yielding processes.5–7 Recently,
TiCl4-mediated oxidative coupling appeared to be the
most practical method for benzidines,8 despite the
requirement of a large excess of starting anilines and uti-
lization of dichloromethane as solvent. More recently,
an alternative coupling of N,N-dialkylanilines in higher
yield has been developed by using organic oxidant such
as 1,8-bis(diphenyl-methylium)-naphthalenediyl dica-
tions.9 However, to get such organic oxidant could be
troublesome.

In light of the current interest to develop more efficient
and environmentally friendly methods for chemical syn-
theses, the use of water as the solvent clearly has both
economical and environmental advantages because it is
inexpensive, abundant, nontoxic, and readily separated
from organic compounds.10 Accordingly, it is highly
desirable to develop a direct oxidative coupling of
aniline derivatives in water by using a readily available,
water-soluble oxidant.
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Cerium(IV) ammonium nitrate (CAN) has emerged as a
versatile one-electron oxidant for carbon–carbon bond
formation reactions.11 The advantages of good solubil-
ity in water, low cost, low toxicity, commercial avail-
able, easy handling, and profound reactivity give rise
to the possibility for development of more practical
reactions in aqueous medium. To the best of our knowl-
edge, CAN-mediated oxidative coupling of aniline
derivatives is rather rare.12 Herein, we would like to
report a remarkable efficient coupling of N,N-dialkyl-
aniline in water mediated by CAN (Scheme 1).
CAN is well known as one electron-transfer oxidant and
theoretically one equivalent of CAN is required for
mediating this coupling reaction. At first, we tested the
coupling of N,N-diethylaniline 1a in water using 1 equiv
of CAN. However, nearly half of the N,N-dialkylaniline
remained after quenched by an aqueous solution of
K2CO3. When the amount of CAN was increased to
1.5 equiv, some N,N-diethylaniline still remained even
after two days. The best yield of the coupling product
was obtained when the N,N-diethylaniline:CAN was
1:2 ratio at room temperature for 2 h (Scheme 2).13

N,N,N 0,N 0-Tetraethylbenzidine 2a was obtained in 81%
isolated yield with excellent regioselectivity. It is
noteworthy that neither product nor remaining
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N,N-diethylaniline was observed without quenching the
reaction mixture with aq K2CO3 solution. This pheno-
menon implies that product and starting material
coordinate to CAN. In other words, 2 equiv of CAN
is required to achieve the reaction.

The transformation was found to be general for various
aniline derivatives under the optimized condition. Rep-
resentative examples are shown in Table 1. In most
cases, the reaction gave high regioselectivity to para-
coupled bisaniline with exceptions of entries 2 and 4.
In the cases of entry 2 and entry 4, small amount of
ortho–para-coupled bisanilines was isolated in 10% and
6% yields, respectively. The use of N,N-dibutylaniline
1f diminished the yield of product 2f. In this case, the
reaction gave a polymer-like mixture after the addition
Table 1. The reaction of N,N-dialkylarylamines with CAN in watera

Entry Substrate Time (h)

1 N
Et

Et
1a 2

2 N
Me

Me
1b 2

3 N
Me

Et
1c 2

4 N
Me

Bu
1d 2

5 N
i-Pr

Bu
1e 2

6 N
Bu

Bu
1f 0.25

7 N
1g

2

8
N

Et

Et

Me

1h
2

9
N

Et

Et
1i

2

a Conditions: N,N-dialkylarylamines (1 equiv), CAN (2 equiv), room temper
b The products were identified using 1H NMR, 13C NMR, mass spectra ana
c Isolated yield.
of N,N-dibutylaniline 1f in 5 min and it made further
stirring become impossible. The scope of this method
could be extended to the substituted N,N-dialkylaniline.
When ortho-methyl substituted N,N-diethylaniline 1h
was treated, para-coupled benzidine was exclusively
formed in good yield (Table 1, entry 9), while N-dealkyl-
ation reaction occurred in the reported method using
TiCl4.

8 The reaction of diethyl-naphthalen-1-yl-amine
1i also gave naphthidines 2i in good yields.

A mechanistic rationale for this coupling reaction is pre-
sented in Scheme 3. Firstly, the N,N-dialkylaniline 1 is
coordinated to CAN to form complex 3, which under-
goes oxidative electron transfer with second CAN to
afford the radical cation 4. Secondly, the radical cation 4
directly dimerizes to give diiminium ions intermediate 5,
which is converted to dimer 6 after deprotonation.
Finally, product 2 forms after the workup procedure.
This is consistent with the fact that 2 equiv of CAN is
required for efficient reaction. It is noteworthy that no
other reduction product was observed from radical cat-
ion 4 abstracting H from water in the experiment, so we
Productb Yield (%)c

N N
Et

EtEt

Et
2a 81

NN
Me

MeMe

Me
2b 81

NN
Me

EtEt

Me
2c 71

NN
Me

BuBu

Me
2d 78

N
i-Pr

BuBu

i-Pr
N 2e 85

N N
Bu

BuBu

Bu
2f 53

NN
2g

72

N N
Et

EtEt

Et
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2h
73

N
Et

Et
N

Et
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62

ature.

lysis, and comparison with reported data.
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excluded the possibility that the radical intermediate 4
abstracts H from water, which would lead to a relatively
unstable ÆOH radical.

In summary, a method using CAN as oxidant and water
as solvent for oxidative coupling of N,N-dialkylaryl-
amines was developed. This method has several advant-
ages, including easy handling, high efficiency, low cost,
and friendly to the environment. The synthetic applica-
tions of this reaction are currently under investigation.
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