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ABSTRACT
Aromatic aldehydes are efficiently condensed with 2'-hydroxyacetophenone by polymer-supported basic ionic liquid as an
excellent heterogeneous catalyst utilizing the Claisen–Schmidt reaction. Microwave irradiation has been employed, providing
flavanone in good yield and short reaction time.
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1. Introduction
Over the past decade, ionic liquids (ILs) have drawn
considerable interest for their roles as catalyst or
reaction medium in various organic reactions [1,2].
Among acidic, neutral and basic type ionic liquids, the
latter has been utilized efficiently in many basecatalyzed processes such as Michael addition, Heck
reaction, Knoevenagel condensation, Henry reaction,
Mannich reaction, synthesis of heterocyclic
compounds and etc [3]. From the view point of green
chemistry, the use of basic ILs to replace conventional
basic catalysts such as NaOH, KOH and K2CO3 in
organic synthesis could eliminate numerous
disadvantages such as waste production, corrosion and
no catalyst recovery [4].
On the other hand, supported ionic liquid catalysis
combines the advantages of ionic liquids with those of
heterogeneous supported materials. It has been
reported that supported ILs led to more improvements
in efficiency than homogenous ionic liquids.
Otherwise, the required amount of the ionic phase can
be significantly reduced and it opens the possibility to
use fixed-bed reactor systems [5-8].
Flavanones and its derivatives are a class of natural
products that have been characterized as “privileged
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structures,” due to their ability to interact with a
number of different receptors in the body, thereby
precipitating a wide range of biological responses [9].
Several beneficial biological effects of these
compounds
including
anticancer,
antitumor,
antibacterial, antimicrobial, antioxidant, estrogenic and
anti-estrogenic properties have been ascertained in
several previous studies [10-14].
The straightforward method for the synthesis of
flavanone is via the Claisen–Schmidt condensation of
benzaldehyde and 2′-hydroxyacetophenone and the
subsequent
isomerization
of
the
produced
2′-hydroxychalcone intermediates under homogeneous
or heterogeneous conditions (Scheme 1) [15-20].
Recently, many useful methods have been proposed for
the synthesis of flavanone, but some of these suffer
from disadvantages such as low yield, long reaction
time, strong acidic medium leading to environmental
pollution, use of expensive catalysts, no catalyst
recovery and reusability. Furthermore, in some cases a
mixture of products is obtained [21]. Consequently,
development of efficient methods for rapid synthesis of
flavanone has stimulated considerable interest.
In this study, our interest in developing an
environmentally benign and heterogeneous catalytic
system [22-25] leads us to investigate use of
polystyrene-supported basic imidazolium-based ionic
liquid (PSBIL, Scheme 2) in synthesis of flavanone.
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Scheme 1.

2. Experimental
2.1. General
Merrifield resin (Mesh 200-400, 2% cross-linked with
divinylbenzene, 2-4 mol capacity) was purchased from
Alfa Aesar chemical company. Other compounds were
purchased from Merck chemical company and was
used as received without further purification. The
purity of the products and reaction monitoring were
followed by thin layer chromatography on Merck DCAlufolien plates pre-coated with silica gel F254. The
microwave reactions were performed in a Milestone
MW apparatus model MicroSynth (2500 W) equipped
with a condenser. Products were characterized by
comparison of their physical data, IR and 1H NMR
spectra with known samples. NMR spectra were
recorded in CDCl3 on a Bruker Advance DPX 400
MHz instrument spectrometer using TMS as an
internal standard. IR spectra were recorded on a
Perkin-Elmer RX1 FTIR spectrometer. SEM images
were obtained from a Philips XL30 instrument.
2.2.
Preparation
of
polystyrene-supported
1-methylimidazolium hydroxide
A mixture of commercial Merrifield resin (2.0 g) and
1-methylimidazole (120 mL, 1.5 mol) was refluxed for
36 h. After cooling to room temperature, the reaction
mixture was filtered and the solid was washed
successively with dichloromethane, methanol, and
finally acetone, followed by drying under reduced
pressure. Then, the resin was added to 100 mL solution
of KOH (0.5 M) and stirred vigorously at room
temperature for 48 h. After that, the mixture was
filtrated and washed with distilled water (3×25 mL).
This was followed by drying under reduced pressure to
give the pale brown Polystyrene-Supported basic ionic
liquid; anal. (%) found: N 5.72 (2.06 mmol of the ionic
liquid portion per gram of PS[MIm]OH).

dried over Mg2SO4. Then, the organic solvent
evaporated in vacuum to give the products in 60-90%
isolated yields. Further purification was achieved by
preparative TLC or by silica gel column
chromatography.
3. Results and Discussion
PS[MIm]Cl was prepared using the method reported by
Chi et al. with some changes [8]. A further treatment of
the resin with KOH solution afforded PS[MIm]OH.
The concentration of hydroxide ions was estimated to
be 0.70 mmol/g from acid-base titration. In
heterogeneous reactions, using organic polymersupported catalysts, it is crucial to find an appropriate
solvent due to the influence on the resin swelling and
reaction rate [26-27]. The solvent absorbance of a resin
is a fundamental property of polymeric beads with
1-2% cross-link of divinylbenzene.
FT‐IR spectroscopy was employed to confirm the
successful functionalization of the resin. The spectrum
of the catalyst showed a broad peak at ~3430 cm−1,
which could be related to OH vibration. The weak
bands located at ~2830-2950 cm-1 correspond to C-H
asymmetric and symmetric stretching vibration modes.
The strong peak ~1630 cm-1 is mainly from the
bending vibration of adsorbed H2O. Moreover, the two
peaks observed at ~1560 cm−1 and ~1641
cm−1correspond to the C=C and C=N vibrations of the
imidazole moiety (Fig. 1).
Scanning electron microscopy (SEM) has been used to
characterize the structure and morphology of the
catalyst. These images show Merrifield resin had
spherical structures, but the polystyrene microspheres
have been destroyed when the imidazole ring
supported on resins (Fig. 2).

2.3. General experimental procedure for the synthesis
of flavanones
A mixture of aldehyde (1.0 mmol), 2'-hydroxy
acetophenone (1.0 mmol) and PS[MIm]OH (0.05/ or
0.1 g) in dichloromethane (5.0 mL) was magnetically
stirred and heated by microwave radiation (300W)
under reflux condition for the time shown in Table 2.
The reaction was monitored by TLC. After completion,
the insoluble resin was filtered off and the filtrate was

Scheme 2. Structure of the polystyrene-supported basic
imidazolium-based ionic liquid (PS[MIm]OH).
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Fig. 1. FT-IR spectra of Merrifield resin and PS[MIm]OH.

Fig. 2. SEM images of Merrifield resin (left) and PS[MIm]OH (right).

In order to seek the optimal condition and to
investigate the catalytic activity of PS[MIm]OH,
equimolar mixture of benzaldehyde (1 mmol) and
2'-hydroxyacetophenone (1 mmol) was chosen as
model, and was subjected to microwave irradiation in
different solvents such as methanol, water, acetonitrile
and dichloromethane. As outlined in Table 1,
comparatively high yields (91%) were obtained by
carrying out the reaction in the presence of
PS[MIm]OH (0.05 g) and refluxing in CH2Cl2, giving
turn over number and frequency up to 26 and 780 h-1,
respectively (Table 1, Entry 5). It is worth noting that
the results are consistent with the swelling behavior of
Merrifield resin [28].
Encouraged by the observation of high efficiency of
the procedure and to enlarge the application of this
method for synthesis of different flavanones, reactions
of a verity of aromatic benzaldehyde bearing electrondonating or electron-withdrawing substituent were
surveyed. In all cases, condensation reactions afforded
the corresponding product in good to relatively high
yield in short time under optimization condition

(Table 2). It should be noted that in this reaction the
resins do not suffer from extensive mechanical
degradation after operating. After completion of the
reaction, the catalyst was separated by filtration,
washed with CH2Cl2, CH3OH and dried. The recycled
catalyst was then used for at least up to four times.
Although a decrease of activity is observed upon
recycling, by increasing the reaction time (from 5 min
to 7 min), this limitation is compensated in fifth cycle.
Table 1. Optimization of the reaction conditions.

Entry

Solvent

Cat (g)

Time (min)

Result

1

CH3OH

0.1

15

Trace

2

H2O

0.1

15

15% Yield

3

CH3CN

0.1

15

26% Yield

4

CH2Cl2

0.1

5

Completed

5

CH2Cl2

0.05

2

Completed

6

CH2Cl2

-

15

Trace
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Table 2. Synthesis of Flavanones catalyzed by PS[MIm]OH.

Time (min)

Yield (%)b

1

2

2

Entry

Aldehyde

Producta

m.p. ( ̊C)
Found

Reported

91

74-75

76-77

10

79

147-148

147-148

3

4

84

113-114

113-114

4

6

81c

78-80

78-79

5

84

96-98

96-98

12

71c

93-94

95-97

5

70c

95-96

93-95

O

5
O
F

6

O

7
O
Cl
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Table 2. (Continued).

8

6

78c

82-83

77-78

9

6

60c

156-157

156-157

10

6

73c

118-120

118-119

11

6

61c

117-118

117-118

a

All products are known and were identified by comparison of their physical and spectral data with those of authentic samples; the reported
data are from refs. [18,20,29].
bIsolated yield.
c
The reaction was carried out by 0.1 g of catalyst.

To compare the efficiency of our catalyst
with the reported catalysts for the synthesis
of flavanones, we compared our results obtained
from
the
reaction
of
benzaldehyde
with
2'-hydroxyacetophenone
in
the
presence
of
PS[MIm]OH as a heterogeneous catalyst with
the results reported in literature. The catalyst
amount, reaction times or product yield values
showed that our catalyst is more effective than those
reported for other catalytic systems (Table 3).

4. Conclusions
In summary, we have shown that polystyrenesupported 1-methylimidazolium hydroxide can be used
as an efficient and reusable heterogeneous catalyst for
the synthesis of flavanone analogues via
straightforward Claisen–Schmidt condensation.
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Table 3. Comparison of PS[MIm]OH with other reported catalysts in the reaction of benzaldehyde with
2'-hydroxyacetophenone.

Entry

Catalyst, conditions

Time

Yield (%)

Ref.

1
2
3
4
5

Iodine, Aniline, CH3OH
Nanocrystalline MgO, EtOH
Zn–Al (6) CHTlc, 140 ̊C
[LiAl2(OH)6](CO3)0.5·nH2O
PS[MIm]OH, CH2Cl2, MW

15 min
12 h
6h
60 min
2 min

88
90a
28.2
56a
91

[18]
[30]
[31]
[15]
This work

aConversion.
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