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a b s t r a c t

This paper presents an improved synthesis of trans-chalcones and a,a0-bis(arylmethylidene) cycloalka- 
nones under ultrasound irradi ation in the presence of commercial acid-resins as catalysts in solvent free 
condit ions. Several trans-chalcones and a,a0-bis(arylmethylidene) cycloalka nones were synthesized in
good yields and excellent selectivity in a short reaction time.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction 

The 1,3-diaryl-2-prop enones are generally synthesized by Clais- 
en–Schmidt reaction between the aromatic aldehydes and aryl 
methyl ketones. These compound s are of high interest due to their 
use as intermedi ates in the synthesis of a series of heterocycl ic
compounds [1]. Some chalcone s are used due to their antineoplas- 
tic, antispasmod ic, antibiotic, bacterios tatic propertie s or because 
of their chemical flexibility as synthons for the synthesis of polycy- 
clic compounds [2] or for the testing of their pharmac ological 
activity [3]. Recent studies evaluating the biological activity of
chalcones have showed that these compounds have several anti- 
cancer, anti-inflammatory, antimitotic, anti-tubercul ar, cardiovas- 
cular, anti-hyperglyc emic [4], antimicrobi al, anti-invasive [5],
antileishmani al, anti-malaria l activities and can be used in the 
inhibition of tyrosine [6].

trans-Chalcones are also key precursor s in the synthesis of
many biologically important heterocycles, such as benzothi aze- 
pines [7], the pyrazolines , and flavones [6]. Some chalcone s are 
used as sweetene rs, medications, sunscreen agents, varnishe s,
and sensitive photographic emulsions [8]; others have antifungal 
and anti-ulcer properties [9].

The cross-aldol condensation is an efficient synthesis of a,a0-
bis(arylmethylidene) cycloalkano nes. These compounds are the 
precursors for the synthesis of bioactive substances, such as pyrim- 
idine derivatives [10].

The bis(arylmethylidene) cycloalkano nes are compounds with 
multiple biologica l activities such as inhibition of HIV-1 integrase 
[11], cytotoxic properties [12], cancer chemo preventive [13] and
antioxidant properties [14].

Due to their important biologica l and pharmacolo gical proper- 
ties, the bis(arylmethylidene) cycloalkano nes have drawn atten- 
tion in organic synthesis and in medical research [15].

Traditional ly, chalcones can be obtained by Claisen–Schmidt 
condensati on performed in acidic or basic medium under homoge- 
neous conditions [16]. Some reagents such as sodium hydroxide,
potassium hydroxide, the telluroxide (bis(p-methox yphenyl)),
Ba(OH)2 and 2,2-bipyridine complex of Co(OAc)2 were used as ba- 
sic catalysts [9]. When KOH or NaOH are used as catalysts, the 
reaction time is sometimes very long (2–4 days), with a strong pos- 
sibility of side reactions, such as Cannizzaro reaction and aldol con- 
densation [4]. The acid-catalysed methodol ogies involve the use of
AlCl3, anhydrou s HCl, TiCl 4, RuCl 3 [4], BF3, B2O3, p-toluenesulf onic 
acid [1]. All these reactions are performed in the presence of organ- 
ic solvents and required high temperature s, which were responsi- 
ble for generating side products.

Under homogeneous condition s, several basic and acid catalysts 
have been used in the synthesis of a,a0-bis(arylmethylidene) cyclo- 
alkanones such as (EtO)4Si/CsF or KF, Cp2ZrH2–NiCl2, Rh(III)-por-
phyrin, Cp2TiPh2, BMPTO under microwave irradiation, RuCl 3,
TiCl3OTf, LiOH.H 2O, FeCl 3-[bmim][BF4], KF–Al2O3 under ultrasoun d
irradiation, TMSCl–NaI, H2SO4–SiO2, Yb(OTf)3, Et2NTMS–LPDE and 
LiClO4–TMSNEt2 [16–23].

In general, organic synthesis catalyzed with homogeneous 
basic or acid medium has various disadvantag es, such as catalyst 
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recovery and generation of secondar y products [24]. In addition,
most organic syntheses catalyzed under homogeneous conditions 
involve the use of hazardous solvents, expensive and toxic re- 
agents, and special efforts needed to prepare catalysts and starting 
materials [25].

Recently, the solvent-f ree condition and the use of heteroge- 
neous catalysts has emerged as an eco-friendly alternativ e of great 
importance within organic synthesis, as it reduces environmental 
pollution and brings down handling costs due to simplification of
work up technique [6].

Different heterogeneous acid or basic catalysts have been inves- 
tigated in the synthesis of trans-chalcones , such as commercial 
acid-clays [3], potassium hydroxide impregnated silica gel [3],
Bamboo char sulfonic acid [5], amino grafted zeolites [24], and 
Amberlyst-15 under solvent-f ree condition, but severe, conditions 
(at 120 �C for 24 h) [5] and in the synthesis of a,a0-bis(arylmethyl-
idene) cycloalkano nes such as carbon-based solid acid [26], silica 
sulfuric acid [20] and SiO 2-OK [27]. The developmen t of ion ex- 
change resins with strong acid sites and large specific area made 
this kind of catalyst even more attractive. These acid-resins have 
been used in many organic synthese s such as etherification [28],
acylation [29], aza-michael addition [30], isomerisation [31] and
aldol condensation [5].

We purpose in this work the synthesis of trans-chalcones and 
a,a0-bis(arylmethylidene) cycloalkanones catalyzed with acid-res- 
ins under ultrasoun d irradiation and solvent-f ree conditions. This 
method allows for high yield in a short time and at moderate tem- 
peratures reaction. Herein we report a reusable, easily separable,
eco-friendly and highly effective resin-cataly st.

2. Experimental 

2.1. Materials 

Two acid-resins (Amberlyst-15 and Amberlite-200C) were 
used as catalysts for the preliminary reactions between benzal- 
dehyde and acetophenone. Amberly st-15, Amberlit e-200C, aryl- 
benzaldehyd es (98–99%) and aryl-acetophen ones (98–99%) were 
purchased from Fluka and used as received. The cationic resin 
(Na+) A-200C was activated by hydrochlori c acid. All other re- 
agents (cyclohexanone, cyclopen tanone) were also pure products 
(P97%).

2.2. General procedure for the synthesis of trans-chalc ones 

For a typical synthesis , 0.4 g of resin, 0.02 mol of aryl-benzal- 
dehyde and 0.02 mol of methyl aryl-ketone were charged in a
10 mL glass reactor. The reaction mixture was heated in an oil 
bath at 60 ± 2 �C. The ultrasound probe was immersed directly 
in the reactor. An ultrasonic generator (Bioblock Scientific
750 W) emits the sound vibration into the reaction mixture. Son- 
ification was achieved at low frequencies of 20 kHz (amplitude
of 30%). The reaction time was fixed at 1 h. After cooling to room 
temperature , dichlorometha ne (50 mL) was added, the reaction 
mixture was filtered, and the catalyst washed with hot ethanol 
(50 mL). Solvent was then evaporated and the dried crude prod- 
ucts were crystallized from 95% ethanol, except for nitro-chal- 
cones, which were crystallized from acetone, filtrated and 
finally dried under vacuum for 48 h. The melting points of the 
isolated products were measured on a Reichert–Heizbank appa- 
ratus. The yields of the reactions were determined by gas chro- 
matography on a Shimadzu 2014-GC apparatus using chloroform 
as solvent. The capillary column was DB-5 and the carrier gas 
was nitrogen.

2.3. General procedure for the synthesis of a,a0-bis(arylmethylidene)
cycloalka nones 

For a typical synthesis, 0.5 g of resin, 0.02 mol of aryl-benzalde- 
hyde and 0.01 mol of cycloalkano ne were charged in a 10 mL glass 
reactor. The reactor was placed in a water bath and the reactions 
were performed with water cooling at 20–30 �C. The ultrasoun d
probe was immersed directly in the reactor. The ultrasonic gener- 
ator (Bioblock Scientific 750 W) emits the sound vibration into the 
reaction mixture. Sonification was achieved at low frequencies of
20 kHz (amplitude of 30%). The reaction time was fixed at
90 min. After this time, dichlorometha ne (50 mL) was added, the 
reaction mixture was filtered, and the catalyst washed with hot 
ethanol (50 mL). Solvent was then evaporated and the dried crude 
products were crystallized from a mixture of 95% ethanol and ethyl 
acetate (50/50), filtrated and finally dried under vacuum for 48 h.
The melting points of the isolated products were measured on a
Reichert–Heizbank apparatus. The yields of the reactions were cal- 
culated from the mass of the isolated pure product.

2.4. Spectrosco pic analysis 

The IR analysis was performed using a spectromete r type Perkin 
Elmer Spectrum version 10.

The NMR spectra of the isolated products were recorded in solu- 
tion in CDCl 3 on a spectromete r type AC Bruker (1H at 400 MHz and 
13C at 75 MHz). The internal reference was CDCl 3.

The spectral data of some isolated compound s, taken as repre- 
sentative examples, are summarized below.

2.4.1. 1,3-Diphenyl-p ropenone (3ab)
IR [m, cm�1] 3052 (C@C–H, Ar–H), 1662.3 (C@O), 1604.3 (C@C,

Ar), 1575.2; 1H NMR [d, ppm] 8.03 (2H, d, J = 6.9 Hz) , 7.82 (1H,
d, JHa–Hb = 15.9 Hz), 7.54 (1H, d, JHa–Hb = 15.9 Hz), 7.52 (2H, t,
J = 6.9 Hz et J = 7.5 Hz), and 6H between 7.42 and 7.66 ppm; 13C
NMR [d, ppm] 190.6, 144.9, 138.3, 134.9, 133.1, 132.8, 130.6,
129.0, 128.7 (2C), 128.5, 128.5, 128.2, 127.5, 122.2.

2.4.2. 3-(2-Chlorophenyl)-1-(4-nitrophenyl)-propenone (3ec)
IR[m, cm�1] 3083.29 (C@C–H, Ar–H), 1660.54 (C@O), 1588.81 

(C@C, Ar), 1344.12 (NO2); 1H NMR [d, ppm] 8.36 (d, 2H, JH–H = 8.2 
Hz), 8.14 (d, 2H, JH–H = 8.2 Hz), 8.21 (d, 1H, JHa–Hb = 15.9 Hz), 7.76 
(dd, 1H, JH–H = 7.2 Hz), 7.43 (d, 1H, JHa–Hb = 15.9 Hz), 7.47 (dd, 1H,
JH–H = 9.3 Hz), 7.37 (m, 1H, JH–H = 9.3 Hz), 7.36 (m, 2H, JH–H = 7.2 
Hz); 13C NMR [d, ppm] 189.2, 150.3, 143.1, 142.8, 135.9, 132.9,
132.0, 130.7, 129.9 (2C), 128.1, 127.6, 124.3, 124.0 (2C).

2.4.3. 3-(2-Methoxyphenyl)-1-(4-nitrophenyl)-propenone (3fc)
IR [m, cm�1] 3076.67 (C@C–H, Ar–H), 2968.9, 2839.96, 1655.18 

(C@O), 1592.55 (C@C, Ar), 1337.86 (NO2); 1H NMR [d, ppm] 3.93 
(3H, s), 8.34 (2H, d, JH–H = 8,7 Hz), 8.12(1H, d, JHa–Hb = 15.6 Hz),
8.02 (2H, d, JH–H = 9 Hz), 7.57(d, 1H, JHa–Hb = 15.6 Hz), and 4H be- 
tween 6.95 and 7.63 ppm; 13C NMR [d, ppm] 189.1, 162.4, 150.0,
146.8, 143.5, 131.0, 130.7, 129.4 (2C), 127.1, 123.9, 123.9, 114.7,
114.4, 119.0, 55.6.

2.4.4. 2,5-Bis(4-methoxybenzylide ne) cyclopentano ne (5cf)
IR [m, cm�1] 2940.35, 2842.95, 1695.89 (C@O), 1594.16 (C@C,

Ar); 1H NMR [d, ppm] 7.58 (2H, s), 7.56 (4H, d, JH–H = 8.7 Hz),
6.96 (4H, d, JH–H = 8.7 Hz), 3.85 (6H, s), 3.07 (4H, s); 13C NMR [d,
ppm] 196.4, 160.5 (2C), 135.2 (2C), 133.3 (2C), 132.5 (2C), 128.7 
(4C), 114.3 (4C), 55.4 (2C), 26.5 (2C).

2.4.5. 2,6-Bis(benzylidene) cyclohexanon e (5ag)
IR [m, cm�1] 2933.21, 2863.15, 2845.62, 1661.00 (C@O), 1572.04 

(C@C, Ar); 1H NMR [d, ppm] 7.75 (2H, s), 10H between 7.25 and 
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