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Abstract

A highly efficient and simple method for the preparation of α,α´-bis(arylidene)cycloalkanones

under solvent-free conditions has been developed. The crossed-aldol condensation of

cycloalkanones (Eq. 1) with arylaldehydes (Eq. 2) in the presence of 2.5 mol% of ionic liquid

1,3-disulfonic acid imidazolium hydrogen sulfate {[Dsim]HSO4} afforded the title compounds in

high yields and short reaction times. The catalyst has dual-functions and it is so because of

possessing three acidic functional groups with different Brønsted acidic and basic sites. High

catalytic activity and low loading of the catalyst can be attributed to its dual-functions.

Keywords: α,α´-Bis(arylidene)cycloalkanone; 1,3-disulfonic acid imidazolium hydrogen sulfate

{[Dsim]HSO4}; acidic ionic liquid; crossed-aldol condensation; cycloalkanone; arylaldehyde.

Introduction

α,α´-Bis(arylidene)cycloalkanones are of

importance as they have different biological

activities, such as quinine reductase inducer

[1], cholesterol-lowering [2], antiangiogenic

[3], and cytotoxic [4] properties. The use of

these compounds as precursor for synthesis

of pyrimidine derivatives has been also

reported [5]. The crossed-aldol condensation

reaction of cycloalkanones (Eq. 1) with

arylaldehydes (Eq. 2) has been applied as the

best synthetic route toward α,α´-
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bis(arylidene)cycloalkanone derivatives.

Several catalysts have been used to promote

this transformation [6-16]; nevertheless, most

of these methods are associated with some

disadvantages, including the use of

expensive, unavailable and toxic catalysts,

application of sealed ampoules or tubes,

moderate yields, performing unwanted side

reactions, long reaction times, the use of

volatile organic solvents, application of an

additional energy (microwave or ultrasonic),

harsh conditions, and poor agreement with

the green chemistry protocols. Thus, it is

desirable to develope a highly efficient

catalyst for the preparation of α,α´-

bis(arylidene)cycloalkanones not

accompanied by the above drawbacks.

In recent years, ionic liquids (ILs) have

emerged as useful alternatives for

conventional organic solvents or catalysts;

because they have various particular

properties, such as low vapor pressure,

chemical and thermal stability, non-

flammability, controlled miscibility, high

boiling point, ability to solve a wide range of

organic and inorganic compounds, and

recyclability. Moreover, their polarity can be

varied in wide range depending on the nature

of both anions and cations; thus, they can be

used as preferable solvents or catalysts for

organic transformations [17-27]. Among the

various kinds of ILs, Brønsted acidic ones

have been especially applied as efficient,

green, recyclable and selective catalysts in

organic synthesis [21-27].

In many organic reactions, the use of

volatile and toxic organic solvents as reaction

media is unavoidable, and this subject is

environmentally unacceptable from green

chemistry view point. One of the most

efficient techniques to solve this problem is

solvent-free conditions, which makes

synthesis simpler, saves energy and prevents

solvent waste, hazards, and toxicity [28-30].

Consequently, it is noteworthy that the

combination of safe catalysts accompanied

by the application of solvent-free technique

represents a suitable way toward the so-

called “ideal synthesis” [28-30].

In this work, we report a highly efficient,

green and recyclable catalyst with dual-

functions, namely 1,3-disulfonic acid

imidazolium hydrogen sulfate

{[Dsim]HSO4} for the solvent-free synthesis

of α,α´-bis(arylidene)cycloalkanones by the

crossed-aldol condensation reaction between

cycloalkanones (Eq. 1) and arylaldehydes

(Eq. 2). It is noteworthy that this method has

none of the above-mentioned drawbacks at

all.
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Experimental

General

All chemicals were purchased from Merck or

Fluka Chemical Companies. All known

compounds were identified by comparison of

their melting points and spectral data with

those reported in the literature. Progress of

the reactions was monitored by TLC using

silica gel SIL G/UV 254 plates. The 1H NMR

(500 MHz) and 13C NMR (125 MHz) were

run on a Bruker Avance DPX, FT-NMR

spectrometer. Melting points were recorded

on a Büchi B-545 apparatus in open capillary

tubes.

Preparation of [Dsim]HSO4

To a round-bottomed flask (100 mL)

containing imidazole (0.340 g, 5 mmol) in

dry CH2Cl2 (50 mL), chlorosulfonic acid

(1.1885 g, 10.2 mmol) was added dropwise

over a period of 20 min at room temperature.

After the addition was completed, the

reaction mixture was stirred for 12 h under

pressure of nitrogen gas, then stood for 5

min, and finally the CH2Cl2 was decanted.

The residue was washed with dry CH2Cl2

(3×50 mL), and dried under vacuum to give

1,3-disulfonic acid imidazolium chloride

{[Dsim]Cl} as a viscous pale yellow oil in

95% yield. Then, sulfuric acid (99.99%)

(0.49 g, 5 mmol) was added dropwise to

[Dsim]Cl (1.63 g, 5 mmol) over a period of 5

min at room temperature under pressure of

nitrogen gas (to remove the produced HCl

during the reaction). The resulting mixture

was stirred for 24 h at 60 °C under

continuous flow of nitrogen gas to give

[Dsim]HSO4 as a viscous yellow oil in 99%

yield [25-27].

General procedure for the synthesis of

α,α´-bis(arylidene)cycloalkanones

A mixture of cycloalkanone (2 mmol),

arylaldehyde (4.2 mmol) and [Dsim]HSO4

(0.016 g, 2.5 mol%) in a test tube, was stirred

magnetically at 80 °C, and after solidification

of the reaction mixture, it was stirred with a

small rod at the same temperature. After

completion of the reaction, as monitored by

TLC, the reaction mixture was cooled to

room temperature, CHCl3 (50 mL) was

added, heated and stirred for 2 min, and stood

for 2 min. The product was separated from

the catalyst by decanting (the product is

soluble in warm CHCl3, but the catalyst isn't

soluble in this solvent). Then, the CHCl3 was

evaporated, and the solid residue was

recrystallized from ethanol (95%) to afford

the pure product. The recovered catalyst was

washed with CHCl3 (10 mL), and used for

next run. [Dsim]HSO4 was re-used for two

times without significant loss of its catalytic

activity.
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Selected spectral data of the products 2,6-

Bis(3-chlorobenzylidene)cyclohexanone (3)
1H NMR (CDCl3, 500 MHz): δ 1.69 (quintet,

J = 5.7 Hz, 2H), 2.78 (t, J = 5.7 Hz, 4H),

7.30-7.37 (m, 6H), 7.41 (s, 2H), 7.62 (t, J =

1.2 Hz, 2H); 13C NMR (CDCl3, 125 MHz): δ

23.7, 27.9, 126.3, 127.9, 129.3, 130.4, 130.9,

133.2, 135.8, 137.8, 188.9.

2,6-Bis(2

chlorobenzylidene)cyclohexanone (4)
1H NMR (CDCl3, 500 MHz): δ 1.75 (quintet,

J = 5.8 Hz, 2H), 2.78 (t, J = 5.8 Hz, 4H), 7.28

(m, 4H), 7.34 (d, J = 3.4, 2H), 7.45 (d, J =

3.3 Hz, 2H), 7.89 (t, J = 1.2 Hz, 2H); 13C

NMR (CDCl3, 125 MHz): δ 23.2, 28.7,

126.8, 130.8, 130.9, 131.0, 134.5, 135.0,

135.5, 138.3, 189.2.

2,5-Bis(3-

chlorobenzylidene)cyclopentanone (12)
1H NMR (CDCl3, 500 MHz): δ 3.01 (s, 4H),

7.29-7.33 (m, 4H), 7.39-7.42 (m, 2H), 7.43

(s, 2H), 7.51 (t, J = 1.2 Hz, 2H); 13C NMR

(CDCl3, 125 MHz): δ 27.0, 128.6, 129.6,

130.5, 130.7, 132.5, 135.3, 137.1, 138.6,

196.0.

Results and discussion

In this work, 1,3-disulfonic acid

imidazolium hydrogen sulfate was used as a

highly efficient, green, inexpensive and

recyclable catalyst for the preparation of α,α'-

bis(arylidene)cycloalkanones via the

condensation of arylaldehydes (Eq. 2) with

cycloalkanones (Eq. 1) at 80 °C in the

absence of solvent (Scheme 1).

+
[Dsim]HSO4 (2.5 mol%)

Solvent-free, 80 °C

O

( )n

O

( )n ArAr

n = 1, 2

2 ArCHO

1-12

[Dsim]HSO4 = NN
HO3S SO3H HSO4

+

Scheme 1. The synthesis of α,α'-

bis(arylidene)cycloalkanones.

At first, the solvent-free condensation of

3-nitrobenzaldehyde (4.2 mmol) with

cyclohexanone (2 mmol) was selected as a

model reaction, and studied in the presence

of different molar ratios of [Dsim]HSO4 at

range of 70-85 °C (Scheme 1). The results

are summarized in Table 1. As the data in

Table 1 show, 2.5 mol% of the catalyst was

sufficient to catalyze the reaction efficiently.

Moreover, the optimal temperature for the

reaction was 80 °C. Increasing the amount of

[Dsim]HSO4 or the temperature didn’t

improve the results.

Table 1. Effect of the catalyst amount and

temperature on the reaction of 3-

nitrobenzaldehide with cyclohexanone

Entry Mol% of
[Dsim]HSO4

Temp.
(ºC)

Time
(min)

Yielda

(%)

1 - 80 60 Trace

2 1.5 80 15 72

3 2.5 80 15 87

4 4 80 15 87

5 2.5 70 20 83

6 2.5 85 15 87
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aIsolated yield

After optimization of the reaction

conditions, the generality and the efficacy of

the method were explored by studying the

reaction of different arylaldehydes with

cycloalkanones; the corresponding results are

summarized in Table 2. As Table 2 indicates,

all arylaldehydes (bearing halogens, electron-

withdrawing and electron-releasing

substituents on their aromatic rings) afforded

the desired α,α'-bis(arylidene)cycloalkanones

in high to excellent yields and in short

reaction times. Thus, the method was highly

efficient and general.

Table 2. The synthesis of α,α'-

bis(arylidene)cycloalkanones using [Dsim]HSO4

Product
Timea/
Yieldb

M.p. °C
(Lit.)

O

(1)

20/92
115-117

(113-115)
[7]

O

(2)
Cl Cl

20/97
144-146

(143-145)
[7]

O

(3)

Cl Cl
20/95

106-108
(108-110)

[8]

O

(4)

Cl Cl

20/93
103-105

(103-105)
[8]

O

(5)

BrBr
20/92

118-120
(119-120)

[12]

O

(6)
Me Me

20/95
172-174

(169-171)
[8]

O

(7)
MeO OMe

20/93
161-163

(160-162)
[14]

O

(8)
MeO OMe

MeO OMe

20/97
164-166

(162-164)
[8]

O

(9)
O2N NO2

15/93
155-157

(156-158)
[8]

O

(10)

O2N NO2

15/87
183-185

(184-186)
[7]

O

(11)

20/89
187-189

(188-189)
[14]

O

(12)

ClCl 20/93
174-176

(174-176)
[7]

aReaction time in min
bIsolated yield in %

[Dsim]HSO4 has three acidic groups

with different Brønsted acidic and basic sites

(Fig. 1); thus, a few amount of it (2.5 mol%)

was sufficient to promote the crossed-aldol

reaction efficiently.

N

N

S

SO
O

O
O

O

O H

H

S
O

O

O

H

O Basic site

Acidic site

Basic site

Basic site

Acidic site

Acidic site

H Acidic site

Substrate recognition site

Substrate recognition site

Dual function by the three-functional IL

Figure 1. The structure of [Dsim]HSO4
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In a plausible mechanism (Scheme 2), we

suggest that at first cycloalkanone is

converted to its enol form using

[Dsim]HSO4. On the other hand, the acidic

site of the catalyst activates the carbonyl

group of aldehyde to accept nucleophilic

attack. Afterward, the activated enol (by the

basic site of the catalyst) reacts with the

activated aldehyde to afford intermediate I.

Removing one molecule H2O from I using

[Dsim]HSO4, gives intermediate II. The same

steps are applied to afford the desired α,α´-

bis(arylidene)cycloalkanone. The mechanism

is confirmed by the literature [7,9,12]. In

fact, the catalyst not only activates the

carbonyl group of aldehyde and the hydroxyl

group of enol form of cycloalkanone, it also

can collect and arrange two molecules of

each starting materials by forming hydrogen-

bond via its different acidic and basic sites.

For these reasons, a few amount of

[Dsim]HSO4 (2.5 mol%) was sufficient to

catalyze the reaction efficiently.

Conclusion

In summary, we have showed that 1,3-

disulfonic acid imidazolium hydrogen sulfate

could efficiently catalyze the crossed-aldol

condensation of arylaldehydes with

cycloalkanones. The promising points for the

presented protocol are simple and clean

reaction profile, efficiency, generality, low

catalyst loading, high yields, performing the

reaction in solvent-free media without side

reactions, non-toxicity as well as low cost of

the catalyst, and good compliance with the

green chemistry protocols, which makes it an

attractive procedure for the synthesis of α,α´-

bis(arylidene)cycloalkanones as an important

class of organic compounds.

N NS S
O

O
O O
H

O
C Ar

H

H

S
OO

O
O

O

O

H

[Dsim]HSO4

O O
H

[Dsim]HSO4

OO
H

O
CAr H

H

O

Ar

OH O

Ar

OH

[Dsim]HSO4

O

Ar

O

Ar

(I) (I)

(II) (II)

[Dsim]HSO4

O

Ar Ar

O

Ar Ar

'-Bis(arylidene)cycloalkanone

Scheme 2. The mechanism for the synthesis of

α,α´-bis(arylidene)cycloalkanones
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