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Ionic liquid as catalyst and solvent: the remarkable effect
of a basic ionic liquid, [bmIm]OH on Michael addition

and alkylation of active methylene compounds
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Abstract—A basic ionic liquid, 1-methyl-3-butylimidazolium hydroxide, [bmIm]OH, catalyzes the Michael addition of active methylene
compounds to conjugated ketones, carboxylic esters and nitriles. It further catalyzes the addition of thiols to a,b-acetylenic ketones and
alkylation of 1,3-dicarbonyl and -dicyano compounds. The Michael addition to a,b-unsaturated ketones proceeds in the usual way, giving
the monoaddition products, whereas addition to a,b-unsaturated esters and nitriles leads exclusively to the bis-addition products. The
a,b-acetylenic ketones undergo double conjugate addition with thiols producing b-keto 1,3-dithio-derivatives. In the alkylation reaction
the acyclic 1,3-diketones are monoalkylated, whereas cyclic ketones undergo dialkylation under identical conditions. All these reactions
were carried out without any organic solvent. The ionic liquid can also be recycled.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Ionic liquids have been the subject of considerable interest in
the context of green synthesis because of their wide accept-
ability as alternative green reaction media.1 Recently, the
ionic liquids have been found to act as catalysts for several
reactions.2 As a part of our continued efforts to design new
task specific ionic liquids for chemical transformations,3 we
previously introduced a basic ionic liquid, 1-methyl-3-butyl-
imidazolium hydroxide [bmIm]OH, as an efficient catalyst
for Michael addition.4 This ionic liquid showed a remarkable
influence on the reaction by directing the addition of conju-
gated esters and nitriles to 1,3-dicarbonyl compounds to give
bis-adducts.4 This interesting observation prompted us to ex-
plore the potential of this ionic liquid for other related reac-
tions. In the meantime another group5 used our ionic liquid
for Markovnikov addition of N-heterocycles to vinyl esters.
Very recently, we disclosed the efficiency of [bmIm]OH for
catalyzing Knoevenagel condensation.6 Here its application
in the Michael addition of thiols to a,b-acetylenic ketones
and alkylation of 1,3-dicarbonyl compounds, together with
the detailed and additional results of Michael additions
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disclosed in our preliminary communication4 are reported
(Scheme 1).
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2. Results and discussion

The experimental procedures for all these reactions are
straightforward. For carbon–carbon bond formation (Mi-
chael addition), a mixture of active methylene compound
(malononitrile, entry 21, Table 1) and conjugated alkene
(methyl acrylate, entry 21, Table 1) was stirred at room
temperature without any organic solvent in the presence of
[bmIm]OH. In the case of C–S Michael addition [bmIm]OH
was diluted with another neutral ionic liquid, [bmIm]Br, to
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Table 1. Michael addition catalyzed by [bmIm]OH

Entry Michael donor Michael acceptor Product Time (h) Yielda (%) Ref.

1
MeOC

MeOC
COMe

COMeMeOC

COMe
0.5 95 4

2
MeOC

MeOC
CO2Me

MeOC

MeOC

CO2Me

CO2Me
2.0 95 4

3
MeOC

MeOC
CN

MeOC

MeOC

CN

CN
2.0 85 4

4
EtO2C
MeOC

COMe
COMeMeOC

CO2Et
0.75 90 4

5
EtO2C
MeOC

O
O

EtO2C
COMe

3.5 90 4

6
EtO2C
MeOC

CO2Me MeOC

CO2Me

CO2Me

EtO2C

2.5 95 4

7
EtO2C

EtO2C
COMe

COMeEtO2C

CO2Et
1.5 95 4

8
EtO2C

EtO2C

O
O

EtO2C
CO2Et

4.0 90 4

9
EtO2C

EtO2C
Ph

O

Ph

O(EtO2C)CH

2.5 95 4

10
EtO2C

EtO2C
Cl

Ph

O

Cl

Ph

O(EtO2C)CH

3.0 90 4

11
EtO2C

EtO2C Me

Ph

O

Me

Ph

O(EtO2C)CH

3.0 90 4

12
EtO2C

EtO2C MeO

Ph

O

MeO

Ph

O(EtO2C)2CH

3.0 85 4

13
MeO2C

MeO2C
CO2Me

MeO2C

MeO2C

CO2Me

CO2Me
2.5 85 4

14
MeO2C

MeO2C
CN

MeO2C

MeO2C

CN

CN
3.0 82 4

15
NC

EtO2C
COMe

COMeNC

CO2Et
0.5 96 4

(continued)
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Table 1. (continued)

Entry Michael donor Michael acceptor Product Time (h) Yielda (%) Ref.

16
NC

EtO2C
CO2Me

NC

EtO2C

CO2Me

CO2Me
2.5 92 4

17
NC

EtO2C
CO2Bun

NC

EtO2C

CO2Bun

CO2Bun
2.0 90 —

18
NC

EtO2C
CN

NC

EtO2C

CN

CN
2.5 92 4

19
NC

EtO2C Ph Ph

O

Ph Ph

CH O
CN

EtO2C
2.5 92 4

20
NC

NC
COMe

COMeNC

CN
0.5 95 7

21
NC

NC
CO2Me

CO2Me

CO2Me

MeOC

MeOC
1.5 95 7

22
NC

NC
CO2Bun

CO2Bun

CO2Bun

NC

NC
2.0 92 —

23
NC

NC
CN

NC

NC

CN

CN
1.0 96 —

24
CO2Et

O

COMe
CO2Et

O
COMe

0.5 96 4

25
CO2Et

O

CO2Me CO2Me
CO2Et

O

2.0 90 4

26
CO2Et

O

CO2Bun

CO2Et
CO2Bun

O

2.5 85 —

27
CO2Et

O

CN
CO2Et

O
CN

2.0 92 4

28

O
CO2Me

COMe

O

CO2Me
COMe

1.0 90 4

29

O
CO2Me

CO2Me

O

CO2Me
CO2Me

2.0 92 4

30 CH3CH2NO2 COMe
COMe

NO2
0.5 90 4

31 CH3CH2NO2 CO2Me
CO2Me

NO2
3.0 90 4

(continued)
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Table 1. (continued)

Entry Michael donor Michael acceptor Product Time (h) Yielda (%) Ref.

32 CH3CH2NO2 CN
CN

NO2
3.0 90 4

33 CO2Et
O

COMe
O

CO2Et

2.5b 80 4

a Yields refer to those of pure isolated products characterized by IR, 1H and 13C NMR spectroscopic data.
b The reaction was carried out at 110 �C.
get the best results. For alkylation of active methylene com-
pounds the reactions were carried out under microwave irra-
diation. In general, the products were isolated by direct
distillation. However, when the reaction was carried out in
small scale (less than 1 mmol) the product was isolated by
extraction with ethyl acetate.

A wide range of structurally diverse active methylene com-
pounds underwent Michael additions with several conju-
gated alkenes such as a,b-unsaturated ketones, carboxylic
esters and nitriles affording the corresponding products in
high yields (Table 1). Very interestingly, acetyl acetone, ethyl
acetoacetate, diethyl malonate, ethyl cyanoacetate and
malononitrile reacted with conjugated ketones such as
methyl vinyl ketone, cyclohexenone and chalcones to pro-
duce the usual monoaddition products (entries 1, 4, 5, 7–12,
15, 19 and 20), whereas the same substrates behaved differ-
ently with acrylic esters and acrylonitrile (entries 2, 3, 6, 13,
14, 16–18 and 21–23) giving bis-addition products. The use
of 0.5 equiv or less of methyl acrylate or acrylonitrile in
these reactions did not produce any monoaddition product;
only the bis-addition products were isolated in proportionate
yields. On the other hand, the use of excess methyl vinyl
ketone did not furnish the bis-addition product under identi-
cal reaction conditions. However, very surprisingly, the reac-
tion of nitroethane with methyl vinyl ketone, methyl acrylate
and acrylonitrile proceeded in the usual way giving mono-
addition products (entries 30–32). In Michael addition,
although monoadduct was obtained with all conventional
acidic and basic reagents,7 the formation of bis-adducts in
one step with methyl acrylate and acrylonitrile is not unprec-
edented; reported to be possible using a ruthenium(II) com-
plex.7j However, the disadvantages of this specific procedure
are long reaction times (48–96 h) and relatively low yields
(60–89%). Nevertheless, the great significance of this rather
unusual bis-addition is the formation of two C–C bonds in
one step; moreover, these adducts have some synthetic
potential, as they contain several important functional
groups. The cyclic b-keto esters also underwent facile addi-
tions by this procedure (entries 24–29). However, the reac-
tion of cyclopentanone carboxylate (entry 33) with methyl
vinyl ketone at 110 �C furnished the annulated bicyclic
conjugated ketone by a tandem reaction of Michael addition
followed by aldol condensation.

Several thiols and dithiols underwent double conjugate
addition with conjugated terminal acetylenic ketones in the
presence of this ionic liquid, [bmIm]OH, to produce the cor-
responding b-keto 1,3-dithane derivatives. These com-
pounds are of much importance in organic synthesis.8 The
results are reported in Table 2. The internal acetylenic di-
ketone provided trans-vicinal dithia-derivatives (entry 7)
as indicated by the coupling constants (J¼11.6 Hz) in
1H NMR spectra, using this procedure.

The active methylene compounds such as 1,3-diketones, 1,3-
keto carboxylic esters, malononitrile and ethyl cyanoacetate
were alkylated by alkyl halides catalyzed by this ionic liquid
under microwave irradiation (Table 3). The alkyl halides in-
cluded allyl, benzyl, methyl and butyl bromides/iodides. The
open chain 1,3-ketones (entries 1–3) produced the mono-
alkylated products, whereas the cyclic diketones (entries
4–6 and 8) provided the dialkylated products in one stroke.
Controlled experiments also did not produce any mono-
alkylated product. Similarly, malononitrile and ethyl cyano-
acetate also furnished the dialkylated products (entries 9 and
10). Conventional heating at 80–100 �C for more than 12 h
did not give satisfactory results. In a few reactions, the yields
are 20–30% and no reaction was observed with many of these
substrates. The b-keto ester (entry 11) during the process of

Table 2. Michael addition of thiols to conjugated acetylenic ketones cata-
lyzed by [bmIm]OH

Entry Acetylenic
ketone

Thiol Product Time
(min)

Yielda

(%)
Ref.

1 Ph

O

EtSH
Ph SEt

O SEt
20 98 8a

2 Ph

O

n-BuSH
Ph SBun

O SBun

20 95 10

3 Ph

O

BnSH
Ph SBn

O SBn
20 95 8a

4 Ph

O SH

SH Ph

O

S

S

15 98 8a

5 Ph

O SH

SH
Ph

O S

S 20 95 8a

6 Ph

O

PhSH
Ph SPh

O SPh
15 98 11

7

Ph

O
S

O

EtSH
Ph

O

O

SEt

SEtS

20 95 —

a Yields refer to those of pure isolated products characterized by IR, 1H and
13C NMR spectroscopic data.
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alkylation by this procedure underwent decarboxylation to
give the corresponding alkylated ketone.

In general, all the reactions are clean and fast. During thia-
Michael addition another ionic liquid [bmIm]Br was used as
the reaction medium together with [bmIm]OH (10 mol %) to
get better results. Without [bmIm]Br the reactions became
vigorous and led to polymerization. In relatively larger scale
(3 mmol and greater) reactions, the products were distilled
directly from the reaction vessel, thus avoiding organic sol-
vents totally in the process. The products were obtained in
high purity. The ionic liquid has been reused for up to six runs
without any loss of activity. Possibly, the reactions are going
through the same course as in base catalyzed Michael addi-
tions and alkylations and the ionic liquid works here as base
(Scheme 2). However, the reasons for bis-Michael additions
with methyl acrylate and acrylonitrile (Table 1) and dialkyl-
ation on cyclic 1,3-diketones (Table 3) with this ionic liquid
are not clear.

Table 3. Alkylation of active methylene compounds catalyzed by
[bmIm]OH

Entry Substrate Alkyl
halide

Product Time
(min)

Yielda

(%)
Ref.

1
PhOC
PhOC

PhCH2Br
PhOC Ph

COPh
5 87 12

2
PhOC
PhOC

nBuI

PhOC Bun

COPh 4 89 —

3
PhOC
MeOC

PhCH2Br
PhOC Ph

COMe
6 85 13

4

O

O
MeI

O

O
6 83 14

5

O

O
Br

O

O
7 65 15

6

O

O
Br

O

O
6 62 16

7

O

O
PhCH2Br

O

O
Ph 4 95 9d

8

O

O
PhCH2Br

O

O
Ph
Ph

5 81 17

9
NC

NC
PhCH2Br

NC
NC

Ph
Ph

5 82 18

10
NC

EtO2C
PhCH2Br

NC
EtO2C

Ph
Ph

6 85 9a

11 CO2Et
O

PhCH2Br

O

Ph 5 92 19

a Yields refer to those of pure isolated products characterized by IR, 1H and
13C NMR spectroscopic data.
3. Conclusion

In conclusion, the procedure reported herein employed a ba-
sic and easily accessible ionic liquid, [bmIm]OH, which is ef-
ficient for Michael addition of active methylene compounds
to conjugated alkenes, double conjugate addition of thiols to
acetylenic ketones, and alkylation of 1,3-dicarbonyl and -di-
cyano compounds with alkyl halides, without a requirement
for any other catalyst and organic solvent. This method offers
marked improvements with regard to operational simplicity,
reaction time, high isolated yields of products, greenness
of the procedure, avoiding hazardous organic solvents and
toxic catalysts. It thus provides a better and practical alterna-
tive to the existing procedures for these reactions.7–9

4. Experimental

4.1. General

The ionic liquid [bmIm]OH was prepared according to the
procedure described in our earlier communication.4 IR spec-
tra were taken as thin films for liquid compounds and as KBr
pellets for solids on a Shimadzu 8300 FTIR spectrophoto-
meter. 1H and 13C NMR spectra were recorded in CDCl3
solution at 300 and 75 MHz, respectively (Bruker 300 DPX
instrument).

4.2. General experimental procedure. Representative
one for Michael addition of methyl acrylate with
malononitrile (entry 21, Table 1)

Methyl acrylate (602 mg, 7.0 mmol) was added dropwise to
a well stirred mixture of malononitrile (198 mg, 3.0 mmol)
in [bmIm]OH (235 mg, 1.5 mmol) and the reaction mixture
was stirred for 1.5 h until completion of the reaction (TLC).
The product was then directly distilled out from the reaction
mixture to provide pure Michael adduct (678 mg, 95%) as a
colourless liquid. The compound was identified by good
agreement of its spectroscopic data (IR, 1H and 13C NMR)
with those reported.7i

This procedure was followed for all the reactions listed in
Table 1. The products are mostly known compounds except
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four products (entries 17, 22, 23 and 26, Table 1) and were
easily identified by comparison of their spectroscopic data
with those reported (Refs. in Table 1). The unknown prod-
ucts were characterized by their spectroscopic (IR, 1H and
13C NMR) data and elemental analysis. These data are pro-
vided below.

4.2.1. 4-Cyano-4-ethoxycarbonyl-heptanedioic acid
dibutyl ester (entry 17, Table 1). Colourless liquid, IR
(neat) 2260, 1739, 1452 cm�1; 1H NMR (300 MHz, CDCl3)
d 0.90 (t, J¼7.3 Hz, 6H), 1.24–1.39 (m, 7H), 1.54–1.63 (m,
4H), 2.29 (t, J¼8.5 Hz, 4H), 2.66 (t, J¼8.5 Hz, 4H), 4.08 (t,
J¼6.7 Hz, 4H), 4.26 (q, J¼7.1 Hz, 2H); 13C NMR (75 MHz,
CDCl3) d 13.9, 19.0 (2C), 24.8 (2C), 30.1 (2C), 30.5 (2C),
32.0 (2C), 36.4, 63.1, 64.8 (2C), 117.9, 164.8, 171.4 (2C).
Anal. Calcd for C19H31O6N: C, 61.77; H, 8.46; N, 3.79.
Found: C, 61.51; H, 8.21; N, 3.89.

4.2.2. 4,4-Dicyano-heptanedioic acid dibutyl ester (entry
22, Table 1). Colourless liquid, IR (neat) 2265, 1735,
1454 cm�1; 1H NMR d 0.89 (t, J¼7.3 Hz, 6H), 1.31–1.38
(m, 4H), 1.53–1.62 (m, 4H), 2.29 (t, J¼8.5 Hz, 4H), 2.65 (t,
J¼8.5 Hz, 4H), 4.08 (t, J¼6.7 Hz, 4H); 13C NMR d 15.0
(2C), 18.9 (2C), 30.2 (2C), 30.4 (2C), 32.6 (2C), 36.2, 65.1
(2C), 114.3 (2C), 117.4 (2C). Anal. Calcd for C17H26O4N2:
C, 66.33; H, 8.13; N, 8.69. Found: C, 66.04; H, 8.02; N, 8.50.

4.2.3. 4,4-Dicyano-heptanedinitrile (entry 23, Table 1).
Pale brown solid, mp 90–92 �C; IR (KBr) 2251, 2240,
1444 cm�1; 1H NMR d 2.30 (t, J¼4.3 Hz, 4H), 2.60 (t,
J¼4.3 Hz, 4H); 13C NMR d 13.5 (2C), 31.7 (2C), 35.4,
112.6 (2C), 116.3 (2C). Anal. Calcd for C9H8N4: C, 55.05;
H, 16.42; N, 28.53. Found: C, 54.82; H, 16.20; N, 28.44.

4.2.4. 1-(2-Butoxycarbonyl-ethyl)-2-oxo-cyclopentane-
carboxylic acid ethyl ester (entry 26, Table 1). Colourless
liquid, IR (neat) 1742, 1740, 1710 cm�1; 1H NMR d 0.89 (t,
J¼7.4 Hz, 3H), 1.22 (t, J¼7.1 Hz, 3H), 1.25–1.37 (m, 2H),
1.54–1.59 (m, 2H), 1.90–1.98 (m, 4H), 2.19–2.48 (m, 6H),
4.03 (t, J¼6.6 Hz, 2H), 4.13 (q, J¼7.1 Hz, 2H); 13C NMR
d 13.4, 13.9, 19.0, 19.5, 28.3, 29.7, 30.5, 33.5, 37.8, 59.1,
61.4, 64.3, 170.2, 172.9, 214.3. Anal. Calcd for C15H24O5:
C, 63.36; H, 8.51. Found: C, 63.09; H, 8.48.

4.3. General experimental procedure. Representative
one for Michael addition of ethane dithiol to phenyl
acetylenic ketone (entry 1, Table 2)

The ionic liquid [bmIm]OH (15 mg, 10 mol %) was added
dropwise to a well stirred mixture of phenyl acetylenic
ketone (130 mg, 1 mmol), ethane dithiol (94 mg, 1 mmol)
and [bmIm]Br (220 mg, 1 mmol), and the reaction mixture
was stirred for 15 min till completion of reaction (TLC).
The reaction mixture was extracted with ethyl acetate,
washed with brine, dried (Na2SO4) and evaporated to leave
the crude product, which was purified by short silica gel col-
umn chromatography to provide the pure adduct (219 mg,
98%) as a white solid. The product was identified by com-
parison of its IR, 1H and 13C NMR spectroscopic data with
those reported.8a All the Michael addition products, except
the one in entry 7, Table 2, are known compounds (Ref. in
Table 2) and were characterized by good agreement of their
spectroscopic (IR, 1H and 13C NMR) data with those
reported. The product in entry 7 was characterized by its
spectroscopic (IR, 1H and 13C NMR) data and elemental
analysis. These data are provided below.

4.3.1. 2,3-Bis-ethylsulfanyl-1-phenyl-4-thiophene-2-yl-
butane-1,4-dione (entry 7, Table 2). Brown solid, mp 80–
82 �C; IR (KBr): 1435, 1690, 1702 cm�1; 1H NMR (CDCl3,
300 MHz) d 1.08 (t, J¼7.4 Hz, 3H), 1.20 (t, J¼7.4 Hz, 3H),
2.53–2.70 (m, 4H), 4.78 (d, J¼11.6 Hz, 1H), 4.96 (d,
J¼11.6 Hz, 1H), 7.18–7.74 (m, 5H), 7.89–8.17 (m, 3H);
13C NMR (75 MHz, CDCl3) d 14.0 (2C), 25.2, 25.9, 46.6,
48.4, 128.2, 128.4 (2C), 128.6 (2C), 132.1, 133.3, 134.3,
136.0, 143.1, 186.9, 193.1. Anal. Calcd for C18H20O2S2:
C, 65.02; H, 6.06. Found: C, 64.88; H, 5.92.

4.4. General experimental procedure. Representative
one for alkylation of dibenzoyl methane with benzyl
bromide (entry 1, Table 3)

A mixture of dibenzoyl methane (224 mg, 1 mmol), benzyl
bromide (171 mg, 1 mmol) and [bmIm]OH (250 mg) was
subjected to microwave irradiation (CEM microwave reac-
tor, 100 �C, 1.00 psi) for 5 min (TLC). The product was
extracted with ethyl acetate (2�10 ml), washed with brine,
dried (Na2SO4) and evaporated to leave a crude product,
which was purified by a short column chromatography
over silica gel (ethyl acetate/pet ether, 20:80) to provide
the pure product, 2-benzyl-1,3-diphenyl-propane-1,3-dione
(273 mg, 87%), as a white solid. The spectroscopic (IR, 1H
and 13C NMR) data are in good agreement with those
reported.12 The remaining ionic liquid was dried under vac-
uum and reused for five reactions without any loss of effi-
ciency. After five runs 50% of fresh ionic liquid was added
to it and this was used again. This procedure was followed
for all the reactions listed in Table 3. The products, except
the one in entry 2, Table 3, are all known compounds and
were identified by comparison of their spectroscopic data
with those reported (Refs. in Table 3). The unknown com-
pound (entry 2) was characterized by its spectroscopic (IR,
1H and 13C NMR) data and elemental analysis. These data
were provided below.

4.4.1. 2-Butyl-1,3-diphenyl-propane-1,3-dione (entry 2,
Table 3). Viscous liquid, IR (neat) 1693, 1664,
1446 cm�1; 1H NMR d 0.87 (t, J¼6.8 Hz, 3H), 1.32–1.43
(m, 4H), 2.09–2.16 (m, 2H), 5.25 (t, J¼6.6 Hz, 1H), 7.38–
7.43 (m, 4H), 7.47–7.54 (m, 2H), 7.96–7.99 (m, 4H); 13C
NMR d 13.6, 22.5, 29.1, 30.2, 56.7, 126.9, 128.3 (4C),
128.6 (4C), 133.2 (2C), 135.9, 196.0 (2C). Anal. Calcd for
C19H20O2: C, 81.40; H, 7.19. Found: C, 81.32; H, 7.21.
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