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Preparation of diarylamines by the addition of
4-(N,N-dimethylamino)phenyllithium to nitroarenes
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Abstract—The addition of 4-(N,N-dimethylamino)phenyllithium to nitroarenes in THF (−78°C) affords the corresponding
diarylamines in one-pot and the reaction appears to be general in scope. A ‘nitroso’-based mechanism is proposed for this novel
nitroreductive N-arylation reaction.
© 2003 Elsevier Ltd. All rights reserved.

We have recently developed1 a general method for the
preparation of N-desmethylated metabolites of mala-
chite green, a potentially genotoxic dye.2 We
envisioned1 that an addition of 4-(N,N-dimethyl-
amino)phenyllithium (1) to 4-nitrobenzophenone
should give the didesmethyl leuco derivative 2 after the
usual acid-catalyzed dehydration and reduction
(Scheme 1). Interestingly, however, the sequence

afforded a 1:7 ratio of the desired 2 and a tandem
addition adduct 3, whose structures have been thor-
oughly characterized.1 The major product was initially
thought to be the isomeric adduct 4; however, the
identity of 3 was confirmed by NMR.3 Clearly, the
formation of the diarylamine 3 can be rationalized in
terms of simultaneous addition of 1 to both the ketone
and nitro groups of 4-nitrobenzophenone.

Scheme 1.
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Diarylamines belong to an important class of func-
tional groups that are accessible mostly via metal-cata-
lyzed cross-coupling reactions using aromatic amines
(collectively known as Buchwald–Hartwig reaction) as
precursors.4 While the reaction of nitroarenes with
Grignard reagents has been studied extensively,5 sur-
prisingly little is known about analogous reactions with
organolithium agents. Buck and Kobrich6 have
reported that nitrobenzene, or nitrosobenzene, reacts
with excess phenyllithium to give diphenylamine and
azobenzene as well as phenol. The phenol formation
reaction, which utilizes nitrobenzene as a novel aro-
matic hydroxylating agent, has been employed for the
preparation of certain phenolic substances that are
otherwise difficult to obtain.7 However, the use of
nitroarenes as precursors for the preparation of diaryl-
amines has not been explored. We have investigated the
reactions of various nitroarenes with 1 and found that
the corresponding diarylamines8 can be prepared in a
simple, one-step process.

A series of nitroarenes have been employed to give the
N,N-dimethylated diarylamines in moderate yields
(Table 1).9 The use of excess (at least 3 equiv.) aryl-
lithium is required to complete the nitroreductive N-
arylation (Scheme 2). All the reactions were conducted
under nitrogen with exclusion of oxygen. Although
yields are generally lower than the existing Grignard-
based5b and metal-catalyzed reactions,4 the new reac-
tion is simple and is complementary to existing
procedures. It offers a valuable alternative of using
nitroarenes as a starting material for aromatic car-
bon�nitrogen bond formation.

While the mechanisms of the nitroreductive N-arylation
with Grignard reagents have been studied,5 little is
known regarding the reactions with aryllithium. Reac-
tion of nitroarenes with aryl Grignard reagents is
shown to produce a coupled product diaryl hydroxyl-
amine via a nitroso intermediate. The resulting hydrox-
ylamine could be further reduced to diarylamine by an
additional Grignard reagent,5d,e but Sapountzis and
Knochel5b have reported that a reductive workup pro-
cedure (NaBH4/FeCl2 or Zn) is required for its prepara-
tive application. The general validity of this mechanism
had been substantiated by isolation of the highly air
sensitive hydroxylamine intermediate and the corre-
sponding phenol.

A similar mechanism can be applied for reactions with
aryllithium. Thus, the first equivalent of 1 attacks the
oxygen atom of the nitro group via either a radical or
a polar mechanism to produce an adduct 6 (Scheme 2).
Decomposition of 6 furnishes 8 and 4-(N,N-dimethyl-
amino)phenol (7).12 Like the Grignard case, the nitroso
intermediate 8 may react with the second equivalent of
1 to form a ‘hydroxylamine’ intermediate (9). Alterna-
tively, a novel ‘nitrenoid’ (10) intermediate can be
formed if addition occurs at the oxygen atom of the
nitroso group of 8.6a,13 These species can then react
with the third equivalent of 1 to produce diarylamine 5
and 7 upon protonation. Support for these mechanisms
comes from the fact that the phenol 7 is isolated as a
main product and that reaction yields increase with the
use of 3 equivalents of 1 (Table 1). We have shown that
nitrosobenzene reacts with 3 equivalents of 1 to give 5a

Table 1. Reactions of 4-(N,N-dimethylamino)phenyllithium (1) with nitroarenesa
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Scheme 2.

as the sole product (44%). This is contrasted with the
analogous reaction with arylmagnesium chloride,
which required a reductive work up. It appears that
the hardness of aryllithium reagent is an important
factor in determining the relative propensity for phe-
nol formation. Also, it may be that the lithiated 5 is
sufficiently electron-rich to compete with 1 for reduc-
ing the hydroxylamine 9, thereby decreasing the over-
all yield. Colored reaction mixtures indicate that some
byproducts might be formed from the radical,
Me2NC6H4

�, produced in reactions involving single
electron transfers via charge transfer complexes.

In summary, we have described a novel aryl car-
bon�nitrogen bond formation involving nitroarenes
and aryllithium. The reaction of aryllithium 1 with
nitroarenes provides direct access to N,N-dimethyl-
ated diarylamines in one-pot without any additional
reduction steps and appears to be general in scope.
Efforts to elucidate the reaction mechanism and to
expand nitroarenes to prepare a variety of diaryl-
amines including arylamine-nucleoside adducts are
currently underway.
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