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Aldeídos aromáticos sofrem condensação aldólica cruzada com cetonas, na presença de sílica-
ácido sulfúrico, na ausência de solventes, tendo como produto o α,

 
β aldólico insaturado correspon-

dente, com excelente rendimento. O reagente pode ser reutilizado diversas vezes sem perda do
rendimento da reação.

Aromatic aldehydes undergo crossed-aldol condensation with ketones in the presence of silica
sulfuric acid under solvent-free conditions to afford the corresponding α,

 
β-unsaturated aldol products

in excellent yields. The reagent is reusable for several times without any decrease in the yield of the
reactions.
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Introduction

Aldol condensation is a powerful tool for the formation
of carbon-carbon bond in many classes of carbonyl
compounds.1 Due to the importance of methylene structural
unit, which is found in many naturally occurring
compounds and antibiotics, and the use of α,α’-
bis(substituted benzylidene)cycloalkanones as precursors
for the synthesis of bioactive pyrimidine derivatives,2

condensation of cycloalkanones with aldehydes and
ketones is of special interest and crossed-aldol conden-
sation is an effective pathway for these preparations.
However traditional acid- or base-catalyzed reactions suffer
from the reverse reaction,3 and also self-condensation of
starting materials.4

Different complexes of metal ions such as Mn(II), Fe(II),
Co(II), Ni(II), Cu(II), and Zn(II) with different ligands have
been used for aldol condensations.5 The use of Cp

2
ZrH

2
 in

combination with metal salts in autoclave (120 oC, 10h)
and under inert atmosphere have also been reported for
aldol condensation of cycloalkanones.6 Bis(p-methoxy-
phenyl)telluroxide and KF-Al

2
O

3
 have been used for

crossed-condensation of cycloalkanones with aromatic

aldehydes under microwave irradiation.6,7 Anhydrous
RuCl

3
 and TiCl

3
(SO

3
CF

3
) have also been used for this

purpose under solvent-free conditions.8,9 The use of
expensive and toxic reagents, long reaction times, low
yields, and formation of a mixture of products are among
the drawbacks of the reported methods. Recently, more
attention has been paid to the synthesis of α,α’-
bis(substituted benzylidene)cycloalkanones.10,11

In continuation of our studies on the application of silica
sulfuric acid as a versatile and stable solid acid in organic
synthesis,12,13 we wish to report an efficient and selective
method for condensation of cyclic and acyclic ketones with
aromatic aldehydes under solvent-free conditions.

Results and Discussion

Different types of ketones were subjected to condensation
with aromatic aldehydes, containing either electron-releasing
or electron-withdrawing groups, in the presence of the reagent
under solvent-free conditions (Scheme 1). The results are
summarized in the Table 1. The reactions were completed
within 2-3.5 h and high yields of α,α’-bis(substituted
benzylidene and cinnamylidene) cyclopentanones and
cyclohexanones were obtained (entries 1-12). Under these
conditions, no self-condensation of the starting materials was
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Table 1. Crossed-Aldol Condensation of Ketones with Aromatic Aldehydes in the Presence of Silica Sulfuric Acid under Solvent-free Conditions
at 80 oC

Entry Ketone Aldehyde time (h) Yield (%)a Productb  mp (ºC)
Found Reported

1

O

 PhCHO 2.5 91

O

115-118 1176

2

O

4-Cl-C
6
H

4
CHO 3 90

ClCl

O

146 147-1488

3

O

  4-MeO-C
6
H

4
CHO 3 89

OMeMeO

O

202-204 203-2046

4

O

  4-O
2
N-C

6
H

4
CHO 3.5 86

NO2O2N

O

160-161 1596

5

O

  4-Me-C
6
H

4
CHO 3 91

MeMe

O

168 1708

6

O

  PhCH=CH-CHO 3.5 86

O

182-184 1806

7

O

PhCHO 2 93

O

190-191 188-1916

8

O

4-Cl-C
6
H

4
CHO 2.5 94

ClCl

O

225 22510

9

O

4-MeO-C
6
H

4
CHO 2 95

OMeMeO

O

212-215 210-2116

10

O

4-O
2
N-C

6
H

4
CHO 3 92

NO2O2N

O

230 230-2316

11

O

4-Me-C
6
H

4
CHO 2.5 97

MeMe

O

218-219 22010

12

O

PhCH=CH-CHO 2.5 95

O

226-228 222-2246

13

o

4-Cl-C
6
H

4
CHO 2 94 4-Cl-C6H4CH=CH

O

163-165 163-16510

14

o

4-Me-C
6
H

4
CHO 2 96 4-Me-C6H4CH=CH

O

144-145 142-14310

15 PhCOCH
3

PhCHO 3 91 Ph-CH=CHCOPh 55-57 55-5814

16 PhCOCH
3

4-Cl-C
6
H

4
CHO 3 97 4-Cl-C

6
H

4
-CH=CHCOPh 109-111 107-10910

17 PhCOCH
3

4-MeO-C
6
H

4
CHO 3 95 4-MeO-C

6
H

4
-CH=CHCOPh 74-75 75-7714

18 PhCOCH
3

4-Me-C
6
H

4
CHO 3 96 4-Me-C

6
H

4
-CH=CHCOPh 96-97 97-9814

19

O

4-Me-C
6
H

4
CHO 24 20c

MeMe

O

168-170 1708

20

O

4-MeO-C
6
H

4
CHO 24 10c

O

OMeMeO

210-212 210-2116

21

O

PhCHO 3 91,92, 88,90d

O

115-117 1176

 aIsolated yield; bProducts were characterized by comparison of their spectroscopic data (1H-NMR and IR) and mps with those reported in the
literature; cThe reaction was performed in the absence of the reagent; dThe same reagent was used for each of the four runs.
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observed. Attempted monocondensation from one side of
cycloalkanones, in the presence of lower amounts of the
aldehydes, was not successful.

Reactions were also performed for acyclic ketones like
acetophenone and 2-acetylnaphthalene and the corres-
ponding products were obtained in excellent yields within
2-3 h (entries 13-18).

When similar reactions were conducted in different
organic solvents such as acetonitrile, dichloromethane, or
toluene, a mixture of products was obtained in poor yields.

The promoting effect of silica sulfuric acid in these
reactions was shown by performing some reactions in the
absence of the reagent (entries 19,20). Entry 21 describes
the yields of four consecutive condensations of cyclohe-
xanone and benzaldehyde. In these experiments the
product was isolated and the remaining catalyst was washed
and reloaded with fresh substrates for further runs. No
decrease in the yield was observed, demonstrating that
silica sulfuric acid can be reused in crossed-aldol
condensation, without any environmental discharge.

Experimental

General

Silica sulfuric acid was prepared according to the
reported procedure.12 Products were characterized by
comparison of their spectroscopic data (1HNMR, IR) and
physical properties with those reported in the literature.6,10,14

All yields refer to isolated products.

General procedure for crossed-aldol condensation of
ketones with aromatic aldehydes

Ketone (2 mmol), aromatic aldehyde (4.2 mmol) and
silica sulfuric acid (1.5 g, equal to 4 mmol of H+) were
mixed thoroughly, placed in a glass tube and capped. The
mixture was heated in an oven at 80 oC for 2-3.5 h (Table
1). After complete conversion of the ketone, as indicated
by TLC, the mixture was cooled to room temperature.
Dichloromethane (20-30 mL) was added and heated for
few minutes. The reagent was removed by filtration. The
filtrate was concentrated and the solid residue was
recrystallized from ethanol to afford the pure product.

The catalyst could be recycled by washing the solid
reagent remained on the filter by EtOAc (20 mL) followed
by drying in an oven (50 oC) for 2h.

Conclusions

In conclusion the present method is a very efficient
and selective protocol for crossed-aldol condensation of
ketones with aromatic aldehydes and high yield synthesis
of α,α’-bis(substituted benzylidene)cycloalkanones in the
presence of a reusable and environmentally benign
catalyst. Simple work-up procedure, including washing
the mixture followed by evaporation of the solvent, is
another advantage of this method.
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