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An efficient cross coupling amination of arene with azodicarboxylate to afford hydrazides catalysed by
ruthenium chloride has been demonstrated. The catalyst was found to be effective across a spectrum
of arenes with a variety of functional groups. The yields are found to be modest to low depending on
the type of substrates. The catalyst can be recycled in ligand free conditions to afford the cross coupling
reaction.
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Derivatives of aromatic amines are known to be biologically
active and have found applications in antibiotics,1 analgesics2

and R-adrenergic blockers.3 Monosubstituted hydrazines are also
intermediates in the preparation of heterocyclic compounds
such as pyrazoles,4 indazoles,5 imidazolinones6 and cinnolines.7

Moreover, 2-heteroaryl hydrazines8 are interesting synthetic
targets due to their efficiency as ligands for a variety of metal
complexes.9–11 Traditionally, aryl hydrazides were prepared by
treating azodicarboxylates with either an aryl lithium or an aryl
magnesium halide.12 Diprotected aryl hydrazines are generally
prepared by electrophilic amination13 of electron-rich arenes using
dialkyl azodicarboxylates or via the reaction of tert-butyl carbazates
with boronic acids catalysed by cuprous chloride at room
temperature.14

Reactions of electron rich arenes with azodicarboxylate in
the presence of various acids and metal halides are well
known.15–18,13b,19–21 Taking a step forward, gold catalysed amina-
tion of electron rich as well as electron poor arenes with better
activities has been recently reported by Zhang and co-workers22

Gold complexes are air sensitive and expensive compared to many
other metal complexes. In this respect, there is still a need for
improved and more general catalytic processes for arene amination.

Although the reaction was efficiently promoted by the above re-
agents in the presence of catalysts, they suffer from one or more
disadvantages such as use of drastic reaction conditions, poor reac-
tivity of electron deficient arenes and in many cases, the formation
ll rights reserved.

. Mandal).
of several by-products. In addition, these catalysts are moisture
sensitive and cannot be regenerated. This makes the process less
environmentally friendly and unattractive for commercialization.
Thus, there is still a need of cheaper, recyclable and environmen-
tally friendly catalysts for the direct amination of arenes. Herein,
we report a new ruthenium (III) chloride catalysed direct amina-
tion of electron rich as well as electron deficient arenes with azo-
dicarboxylates under mild reaction conditions (scheme 1).
Catalyst recyclability, recovery and performance of RuCl3 in direct
amination of anisole with diisopropyl azodicarboxylate were
evaluated.

Initially, the amination reaction between anisole and diisopro-
pyl azodicarboxylate was selected as a model reaction to optimize
the reaction conditions using RuCl3 as the catalyst.23 A preliminary
solvent screening indicated that dichloroethane could be the most
suitable solvent for the amination reaction (Table 1) among the
solvents studied.

In order to understand the effect of catalyst loading, the cross
coupling reactions were carried out at different catalyst loading
and the data are presented in Table 1. The results show that
2 mol % of RuCl3 loading gives excellent result as compared to
R= Me, OMe, OH, halogen, etc

Scheme 1. RuCl3 catalysed direct amination of arenes with azodicaboxylate.
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Table 2
RuCl3 catalysed direct amination of arenesa
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Table 1
Effect of solvent on amination reaction of anisole catalysed by RuCl3
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Solvent, 60 oC+

RuCl3

Entry Solvent Catalyst loading in mol % Yieldb (%)

1 Dichloroethane 1 54
2 Dichloroethane 2 93
3 Dichloroethane 5 91
4 Dichloroethane 10 92
5 Dichloromethane 2 46c

6 Methanol 2 73
7 Chloroform 2 70
8 THF 2 64
9 Toluene 2 58
10 Dioxane 2 55
11 CH3CN 2 76

a Reaction conditions: diisopropyl azodicaboxylate (1 mmol), anisole (1.2 mmol),
RuCl3 catalyst, solvent (5 ml), 4 h, 60 �C.

b Isolated yields.
c Reaction perform at room temperature.
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1 mol % within the experimental error. There was no improvement
in the yield when the catalyst loading was more than 2 mol %.

Electronic factors play an important role in the reaction. In or-
der to understand the electronic factors the study was extended
to alternatively substituted arenes. Table 2 presents the relevant
data. Amination of anisole, phenol and 3-methyl phenol is achieved
in excellent yields in the presence of 2 mol % RuCl3 catalyst (Table
2, entries a–c). However, the reaction of 2,3,6-trimethylphenol and
2,3-dimethylphenol (Table 2, entries d–e) amination was achieved
in good yields with long reaction time. In case of 3-amino phenol,
durene and mesitylene (Table 2, entries f–h) the yield of amination
product was moderate even after a longer reaction time and excess
amount of catalyst (5 mol %). This low yield probably is due to the
crowding on the ring. Electron deficient halo-arenes such as 2-
chlorophenol, 3-bromophenol, fluorobenzene, chlorobenzene and
1,3-difluorobenzene (Table 2, entries i–m) provided poor yields
in long reaction times with 2 mol % RuCl3 catalyst. The results
show that the arenes with electron rich substituents give better
yields compared to arenes with electron deficient substituents.

In order to understand the mechanism of the reaction, we per-
formed a series of experiments with anisole and diisopropyl azodi-
carboxylate using stoichiometric amounts of RuCl3 in deuterated
chloroform under dry conditions. In the absence of arene, the 1H
NMR shifts of azodicarboxylates remained unchanged on addition
of RuCl3. However, change in 1H chemical shift was observed from
d 5.16–5.29 ppm to d 4.85–4.98 ppm when azodicarboxylate was
added to the system in the presence of both RuCl3 and arenes. De-
tailed mechanistic study is in progress.

The reusability of RuCl3 catalyst was studied for the direct ami-
nation reaction between anisole with diisopropyl azodicarboxylate
in dichloroethane solvent at 60 �C. The results are summarized in
Table 3. The catalyst was allowed to settle down in the reaction
mixture and subsequently recovered near quantitatively by decan-
tation and reused (Table 3, entries 2–3) with a little loss of catalytic
activity compared to the fresh catalyst. The above results indicate
that the synthesis can be carried out with a minimal loss of the cat-
alyst making the method more advantageous and economic. The
gradual loss of yield in Table 3 could be due to the loss of catalyst
during recovery process in a small scale.

In conclusion, we have developed an inexpensive and efficient
method catalysed by RuCl3 for the direct amination across a spec-



Table 2 (continued)

Entry Arenes Product Time (h) Yieldb
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a Reaction conditions: diisopropyl azodicaboxylate (1 mmol), arene (1.2 mmol),
RuCl3 (2 mol %), DCE (5 ml), 60 �C.

b Isolated yields.
c RuCl3�3H2O was used as catalyst.

Table 3
RuCl3 catalyst reusability study for the amination reactiona
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Entry Time (h) Yieldb

1 4 93
2 5 90
3 5 88

a Reaction conditions: diisopropyl azodicaboxylate(1 mmol), anisole (1.2 mmol),
RuCl3 (2 mol %), DCE (5 ml), 60 �C.

b Isolated yields.
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trum of arenes with azodicarboxylates in a modest to low yields.
The effects of solvent, catalyst loading and the substituents of are-
nes are studied. The choice of arene is paramount in the selectivity
of the reaction. The method of catalyst recovery and its re-use is
provided. The protocol used in the synthesis may have a significant
advantage over other routes for the synthesis of biologically active
heterocyclic compounds.
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