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Abstract—A task-specific basic ionic liquid, [Bmim]OH, has been introduced as a catalyst for the aza-Michael addition of aromatic
amines and N-heterocycles to cyclic or acyclic ketones under neat conditions. The catalyst can be recycled for subsequent reactions
without any appreciable loss of efficiency.
� 2006 Elsevier Ltd. All rights reserved.
Due to their prevalence and wide utility in organic syn-
thesis, the development of novel synthetic methods lead-
ing to b-amino ketones or their derivatives has attracted
much attention in recent years, and the approach based
on conjugate addition of amines to a,b-unsaturated car-
bonyl compounds is one of the most widely used meth-
ods for preparing b-amino carbonyl compounds due to
its atom economy and simplicity.1–3

Different methods to be carried out in the conjugate
addition of amines to a,b-unsaturated carbonyl com-
pounds are described, and in particular, various Lewis
acid induced reactions have been reported.4 Reagents
like heterogeneous solid acid, ionic liquid, elevated tem-
perature without solvents have also been utilized to pro-
mote this reaction.5 Recently, there were also some
reports of this reaction conducted in Cu(acac)2/ionic
liquid,6 boric acid in water,7 b-CD in water,8 ZrOCl2Æ
8H2O on montmorillonite K10 under solvent-free condi-
tions,9 [HP(HNCH2CH2)3N]NO3 in CH3CN10 and
intramolecular aza-Michael addition catalyzed by InBr3

or Silica gel supported TaBr5.11 Unfortunately, many of
these procedures often require an excess of reagents,
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long reaction times, using expensive heavy metal salts
and drastic reaction conditions in CH3CN or CH2Cl2,
which are toxic organic solvents. Additionally, most of
the reported methods are only successful with aliphatic
amines and failed to work with aromatic amines.6–12,27

So the development of a simpler, greener and more effi-
cient catalyst for the aza-Michael reaction of aromatic
amines and N-heterocycles to a,b-unsaturated carbonyl
compounds is highly desirable.

Recently, there has been considerable interest in the use
of ionic liquids as an environmentally benign reaction
media due to its unique properties such as a wide liquid
range, good solvating ability, tunable polarity, high
thermal stability, negligible vapor pressure, and ease of
recyclability.13 Numerous chemical reactions, such as
polymerization,14 hydrogenation,15 regioselective alkyl-
ation,16 Friedel–Crafts reactions,17 dimerization of alk-
enes,18 Diels–Alder reactions,19 Michael reactions,20

cross-coupling reactions21 and some enzymic reactions22

can be carried out in ionic liquids. Basic ionic liquids
have also aroused unprecedented interest because they
showed more advantages such as the catalytic efficiency
and recycling of the ionic liquid than the combination of
inorganic base and ionic liquid for some base-catalyzed
processes.23 A basic ionic liquid [Bmim]OH has been
successfully applied to catalyze the Michael addition
of active methylene compounds to a,b-unsaturated
ketones, esters and nitriles.24 And [Bmim]OH has also
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Scheme 1.

Table 1. Aza-Michael reaction of aniline catalyzed by imidazolium
salt-based basic ILs

Entrya Catalyst Time (h) Yieldb (%)

1 [Emim]OHc 9 63
2 [Emim]OH 9 68
3 [Emim]OHd 9 65
4 [Emim]OH 26 90
8 K2CO3 24 9
9 KOH 24 NR

10 KF/Al2O3 24 11
11 NaOH/[Bmim]BF4 (1:1) 24 NR
12 PPh3 24 62
13 DMAP 24 42
14 —e 36 70

a All reactions were carried out (except entry 14) catalyst (30 mol %),
cyclohexenone 1.5 mmol, aniline 1.0 mmol, rt.

b GC yield.
c Using 10 mol % of catalyst.
d Using 50 mol % of catalyst.
e No addition of catalyst.
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been introduced as a catalyst and reaction medium for
the Markovnikov addition of N-heterocycles to vinyl es-
Table 2. Aza-Michael reactions of various aromatic amines to a,b-unsatura
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Cat. ion

Solven

ArNH2

O

cat. ion

n

Eq.1

Eq.2

Entrya Amines R1

1 PhNH2 CH3

2 PhNH2 Et
3 PhNH2 n = 0
4 p-Cl–C6H4NH2 n = 0
5 p-Cl–C6H4NH2 CH3

6 p-Cl–C6H4NH2 Et
7 p-CH3–C6H4NH2 n = 1
8 p-CH3–C6H4NH2 n = 0
9 p-CH3–C6H4NH2 Et

10 p-OCH3–C6H4NH2 n = 1
11 PhNHCH3 CH3

12 PhNHCH3 Et
13 PhNH2 OEt
14 HN(n-Pr)2 n = 1
15 PhCH2NH2 n = 1

a All reactions were carried out using a catalytic basic ionic liquid, [Bmim]O
b GC yield using an initial standard.
c Isolated yield.
ters under mild conditions.25 However, the ability of an
ionic liquid as a clean catalyst and reagent has not been
explored to any great extent although it is of much
importance in the context of the green synthesis.26 In
our search for an economical, environmentally friendly
route to b-amino carbonyl compounds,27 and with our
continuous research in the organic transformation using
ionic liquid as both a catalyst and green solvent,28 herein
we first reported a simple and environmentally benign
methodology for the conjugate addition of aromatic
amines and N-heterocycles to a,b-unsaturated ketones
using ionic liquid as catalyst with neat conditions.

In a model reaction, cyclohexanone (1.5 mmol) was used
as a representative of a,b-unsaturated ketones. This was
treated with aniline (1 mmol) in the presence of various
organic or inorganic bases under neat conditions with
stirring (Scheme 1). A summary of the results obtained
is provided in Table 1. As shown in Table 1, the base
catalyst has a significant effect on the yield of the reac-
tion, and no desired or trace aza-Michael adduct was
obtained in the presence of KOH, K2CO3, or the combi-
nation of NaOH and [Bmim]BF4. Using KF/Al2O3

which is highly efficient in the conjugate addition be-
tween oxazolidinone and a,b-unsaturated compounds
as catalyst,27a only a low yield of aza-Michael product
was obtained. An organic base such as DMAP or
PPh3 gave a moderate yield for a long time of 24 h. Sur-
prisingly, however, when we used the basic ionic liquid
[Emim]OH29 (10 mol %) as catalyst, a 63% yield was
obtained only for 9 h. Increasing the amount of the cat-
ted compounds catalyzed by [Bmim]OH at room temperature30
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R2 Time (h) Yieldb (%)

CH3 8 96(90c)
H 8 98
n = 0 24 72
n = 0 24 84
CH3 10 91
H 8 97
n = 1 24 71
n = 0 24 68
H 8 98
n = 1 24 67
CH3 10 20
H 8 96
H 24 42
n = 1 6 86
n = 1 6 84

H (30 mol %), acceptors (1.5 mmol), amines (1.0 mmol), rt.
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alyst to 30 mol %, the yield of the adduct could be in-
creased to 68% within the same time. 90% yield of the
adduct was obtained after a long reaction time (26 h).
From the above, the amount of the catalyst
(30 mol %) was the best choice.

The catalysis was then applied to various a,b-unsatu-
rated compounds and aromatic amines as summarized
in Table 2. All the reactions were able to undergo the
corresponding conjugate addition well within 6–24 h
and the yields of the desired Michael adducts were good
to excellent. The acyclic enones reacted smoothly; how-
ever, as cyclohexanone and cyclopentanone showed,
cyclic enones decreased the reactivity and required a
longer reaction time. The corresponding amine also
has an effect on the reaction: whereas 1� aromatic
amines reacted smoothly in these conditions, N-methyl
aniline (2� amine) formed the corresponding product
in lower yields. We could get a moderate yield with
methyl acrylate as an acceptor. Excellent yields were
also obtained when using aliphatic amines as nitrogen
sources within a short reaction time. Unfortunately,
no desired compound was found when chalcone was
used as a substrate under our reaction conditions.

We also attempted to study the addition of aromatic N-
heterocycles (imidazole or pyrazole) to a,b-unsaturated
Table 4. Recycling and reusability of the catalyst [Bmim]OH

Runa Time (h) Yieldb (%) Time (h) Yieldb (%)

1 8 96 8 96
2 8 92 12 94
3 8 91 13 95

a All reactions were carried out using a catalytic basic ionic liquid,
[Bmim]OH (30 mol %), a,b-enones (1.5 mmol), amines (1.0 mmol),
rt.

b GC yield using an initial standard.

Table 3. Aza-Michael reactions of aromatic N-heterocycles to a,b-
unsaturated compounds catalyzed by [Bmim]OH

EWG
Cat. ionic  liquid

Solvent-free, rt
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EWGNu-H

Entrya Substrate Acceptor Time (h) Yieldb (%)

1
N
H

N

CN 6 90

2
N
H

N

CO2Me 6 96

3 N
H

N
CN 6 80

4 N
H

N
CO2Me 6 84

a All reactions were carried out using a catalytic basic ionic liquid,
[Bmim]OH (30 mol %), acceptor (1.5 mmol), substrate (1.0 mmol), rt.

b GC yield using an initial standard.
compounds (Table 3). Fortunately, moderate to good
yields of the Michael adducts were obtained in a short
reaction time. In other words, this catalyst system was
also a good choice for the addition of N-heterocycles
to a,b-unsaturated compounds.

Next, we also investigated the reusability and the recy-
cling of the basic ionic liquid [Bmim]OH, and found that
the catalyst could be easily recovered after completion of
the reaction and reused in subsequent reactions. The
reaction of 3-penten-2-one with aniline at room temper-
ature as a model reaction was again studied. When the
reaction was completed, the reaction mixture was ex-
tracted with ethyl acetate–ether = 1:1, the ionic liquid
left in the reaction vessel was rinsed with ether and dried
under vacuum at 90 �C for 8 h to eliminate any water
trapped from moisture and reused for subsequent reac-
tions. The activity of the catalyst did not show any sig-
nificant decrease after 3 runs (Table 4).

In conclusion, a highly efficient [Bmim]OH catalyzed the
aza-Michael reaction of aromatic amines and N-hetero-
cycles to a,b-unsaturated cyclic and acyclic ketones un-
der solvent-free conditions to produce the desired
Michael adducts smoothly. The process was simple
and generated a diverse range of aromatic amino car-
bonyl derivatives in excellent yields. Furthermore, it is
remarkable that the use of an easily accessible and recy-
clable basic ionic liquid makes this procedure quite sim-
ple, more convenient and environmentally benign.
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