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Abstract. The reaction of a set of five aldehydes, ethyl acetoacetate
and urea or thiourea (Biginelli reaction) has been performed over a
bentonitic clay as the catalyst, under solventless conditions using
infrared irradiation as the energy source, obtaining the corresponding
dihydropyrimidones .
Keywords: Biginelli esters, green chemistry, tonsil, bentonitic clay.

Resumen. Se realizó la reacción entre una serie de cinco aldehídos,
con acetoacetato de etilo y urea o tiourea (reacción de Biginelli)
empleando una arcilla bentonítica como catalizador en ausencia de
disolvente y utilizando irradiación infrarroja como fuente de energía,
obteniéndose las correspondientes dihidropirimidonas.
Palabras clave: Ésteres de Biginelli, tonsil, arcilla bentonítica. 

Introduction

Some of the main objectives of green chemistry is to carry out
reactions under solventless conditions with natural heteroge-
neous catalysts in order to be innocuous to the environment
[1]. Complementary, it is worth mentioning that an ideal syn-
thesis has been established as one in which a target molecule
is produced in one step quantitatively, from available and
inexpensive starting compounds, in an environmentally accep-
table process [2].

Since the revision of fundamental synthetic reactions
under heterogeneous catalysis represents the principal subject
of continuos investigation of our research group [3], we now
examine the Biginelli reaction with clay catalysis. The Bigi-
nelli reaction [4], described more than a hundred years ago
and reviewed by Kappe [5], consists of the one-pot condensa-
tion of β-dicarbonyl compounds with aldehydes and ureas or
thioureas affording dihydropyrimidine moieties (Scheme 1),
some of them showing important pharmacological properties
(i.e. calcium channel blockers, anti-hypertensive agents,
alpha1-a-antagonists) [6]. The reaction is commonly perfor-
med in EtOH or THF under strong protic acid catalysis and
combinations of Lewis acids with transition metal salts have

been also used; in addition, a polyphosphate ester was recently
employed improving the yield of the process [7].

Related to our research program [8-9] on the use of
TAFF, a commercial bentonitic clay [10] as a Lewis catalyst,
we wish to notify that the aim of this paper is to report the cor-
responding results in order to obtain a set of dihydropyrimi-
dones (DHPMs) (1-8) promoted by TAFF, under solventless
conditions, using infrared irradiation as the energy source
[11]. Moreover a contribution to green chemistry is offered
since this new method is environmentally benign as well as
economically feasible [10].
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Discussion

In Table 1 have been summarized the experiments performed
by this new method to prepare the DHPMs 1-8. These com-
pounds were obtained with acceptable yields in an adequate
reaction time [12].

This novel technique offers a clean and easy method for the
preparation of the target molecules. The reaction provided addi-
tional advantages such as an easy work-up and is carried out in
absence of solvent. However, most reactions described in the
Table showed no further progress after 4 h, as evidenced by
TLC.

Our results also demonstrate that infrared irradiation can
be used as a valuable means for activating organic com-
pounds. To our knowledge, this is the first time that this ener-
gy source has been used for the promotion of this one-pot cy-
clocondensation. This environmental-friendly clay afforded a
valuable alternative to promote a numerous efficient catalytic
systems that have already been proposed for the achievement
of DHPMs.

Experimental section

All aldehydes are commercially available (Aldrich Chemical
Co.) and were employed without further purification. The
reactions were monitored by TLC (n-hexane-AcOEt, 7:3) per-
formed on percoated (0.25 mm) Merck silica-gel 60-F254 alu-
minum sheets, the product visualization was done using a 254
nm UV lamp. Melting points are uncorrected and were deter-
mined on a Fisher-Johns apparatus. The EIMS were per-
formed on a JEOL JMS-SX 102 instrument.

General procedure for the preparation of 1-8. A mixture of
aldehyde, urea and ethyl acetoacetate (8.226 mmol) was
mixed with 500 mg of TAFF, and placed in a round-bottomed
flask (50mL) equipped with a condenser, then it was irradiat-
ed by means of an infrared lamp and monitored by TLC dur-
ing 4 h. After cooling, the product was extracted with Me2CO
(20 mL) and the solvent evaporated under vacuum. The solid
obtained was chromatographied (n-hexane-AcOEt, 7:3) and/or
recristallyzed from EtOH, affording 1-8.
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DHPMa EIMS m/z (%)
R / X Entry Yield (%)b M+· [M-R]+

Me / S 1 45 214 (63) 199 (100)
Me / O 2 60 198 (70) 183 (100)
C6H5 / O 3 55 260 (75) 183 (100)
C6H5 / S 4 45 276 (73) 199 (100)
α-Naf / O 5 50 310 (72) 183 (53)
C7H8 / O 6 50 274 (45) 183 (100)
o-ClC6H4 / O 7 60 294 (22) 183 (100)
o-ClC6H4 / S 8 50 310 (75) 199 (100)

a These products have been previously reported [5]; 
b After purification by column chromatography and/or recrystallization.

Table 1. TAFF-promoter of Biginelli esthers, under IR radiation.




