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Abstract 
In this work, we report the results obtained during the condensation of various benzaldehydes 
with ethyl acetoacetate and urea or thiourea, in the presence of a bentonitic clay as catalyst. 
These reactions were performed under solventless conditions with infrared radiation as the 
energy source. Both Biginelli and Hantzsch esters were synthesized, with the Biginelli 
compounds being the main products. Finally, the obtained compounds were characterized by 
comparison of the corresponding melting points with those reported in the literature, together 
with the EIMS data and the elemental composition obtained by high resolution MS. 
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Introduction 
 
It is well known in the protocol of green chemistry that its main objective is to perform reactions 
under solventless conditions using heterogeneous catalysts, in order to generate eco-friendly 
chemical transformations.1 In addition, it is important to note that an ideal synthesis has been 
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established as one in which a target molecule is produced quantitatively in one step, from 
available and inexpensive raw materials, under environmentally harmless processes.2

The one-pot acid-catalyzed Biginelli condensation3 is the most commonly used reaction to 
produce dihydropyrimidines (DHPMs); this very simple method involves three component 
condensation of (thio)ureas, aldehydes and β-oxoesters or 1,3-dicarbonyl compounds, using 
ethanol as the solvent, and catalytic amounts of HCl, AcOH or H2SO4 among others acids.4-6 In 
this way are obtained with low to moderate yields the desired molecules.7-9 Also, some other 
improved reactions have been performed for the synthesis of DHPMs, either by modification of 
the classical one-pot Biginelli or by means of complex multistep strategies.10 On the other hand, 
the Hantzsch reaction, discussed more than 120 years ago,11 the main way to obtain 
dihydropyridines (DHPs), is also commonly carried out as a one-pot condensation of β-
dicarbonyl compounds with aldehydes but with ammonia, using ethanol as the solvent under 
reflux. Furthermore, in relation to the previously mentioned protocols, it is worth noting that few 
papers have informed that the Hantzsch type molecules may be side products under standard 
Biginelli conditions.12-16 These two classes of molecules represent heterocyclic systems of 
remarkable pharmacological activity. For example, a broad number of biological effects, 
including antiviral, antitumor, antibacterial, and anti-inflammatory activities, have been ascribed 
to them.17 Moreover, some of these heterocyclic compounds have emerged as orally active 
antihypertensive agents or  α-1A-adrenoceptor-selective antagonists.18

It is also appropriate to mention, that the revision of fundamental synthetic reactions under 
heterogeneous catalysis, using TAFF a commercial bentonitic clay,19 represents the main subject 
of our research group.20  Thus, the aim of this paper is to highlight a competition between the 
Biginelli and the Hantzsch reactions in the presence of TAFF (Scheme 1), using infrared 
radiation as the energy source without solvent. In this sense, a contribution to the green-
chemistry protocol is offered. 
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In Table 1, various results of the performed experiments have been summarized. As it can be 
observed, both DHPMs 1-8 and the corresponding DHPs 9-12 were obtained. In general, the 
molecules 1-8 were the main products. It is worth noting, that our initial attempts were focused 
on the use of neat TAFF as the reaction mediator (i.e. solvent). Although the yields of crude 
dihydropyrimidone were suitable (ca 50%), a side-reaction leading to an unwanted by-product 
(Hantzsch) was carried out simultaneously. 

After varying the experimental conditions in terms of the molar ratio of reactants, 
temperature, time and quantities of the catalyst, we found a set of conditions that consistently 
produced the best yields of dihydropyrimidones 1-8. The presence of TAFF as the reaction 
mediator (150 mg, per 8 mmol of reactants) provided the highest yields and lower time of 
reaction (2 h), as encountered by a simple optimization study. Once the reaction was completed, 
the mixture was purified by chromatography. In all the studied cases, the TAFF/irradiation 
method produced competitive yields of DHPMs (45-62 %) in comparison to the classical 
Biginelli procedure (vide supra). Therefore, the formation of 1-8 can be explained only by the 
reaction of benzaldehyde with one of the early intermediates in the Biginelli condensation 
process.21 No attempts were made to clarify this point. Moreover, 9-12 were probably promoted 
by the ammonia produced by decomposition of urea (thiourea).  
 
Table 1. Competitive formation of Biginelli and Hantzsch Esters, under infrared radiation, 
solventless conditions and presence of TAFF 

 DHPMs DHPs 
  m/z (%)  m/z (%) 
G / X  mpa,b Yieldc M+•· [M-R]+  mpa,b Yieldc M+•· [M-R]+

H / O 1 206-207 55 260 (75) 183 (100) 9 156-157 11 329 (44) 252 (100) 
H / S 2 208-209 45 276 (73) 199 (100) 9 157-159 09 329 (44) 252 (100) 
p-CH3 / O 3 203-204 50 274 (45) 183 (100) 10 130-132 08 343 (12) 252 (100) 
p-CH3 / S 4 195-197 53 286 (41) 199 (100) 10 131-133 06 343 (12) 252 (100) 
p-CH3O/O 5 202-204 62 290 (35) 183 (100) 11 152-154 11 359 (17) 252 (100) 
p-CH3O/S 6 152-153 58 306 (43) 199 (100) 11 151-152 10 359 (17) 252 (100) 
o-Cl / O 7 214-215 60 294 (22) 183 (100) 12 122-123 11 363 (10) 252 (100) 
o-Cl / S 8 185-187 50 310 (75) 199 (100) 12 122-123 08 363 (10) 252 (100) 

a Experimental (°C). b Lit-(refs 21-23); c of isolated pure products (%). 
 

This technique offers an easy method for the preparation of both classes of molecules. In 
addition, it provided a particular eco-advantage since it was carried out employing TAFF, as 
catalyst in the absence of solvent. These results demonstrate that infrared irradiation is a valuable 
means for the activation of organic compounds. Moreover, the lack of organic solvents along 
with the use of a bentonitic clay as reaction mediator is a topic of great concern for the 
environment. Thus, the use of TAFF, as well as solventless conditions in cyclization reactions, is 
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currently underway in our laboratories and will be reported in due course.  Finally, the products 
1-12, were identified by physical and spectral correlation (EIMS and HRMS), i.e. all the 
molecular ions (Table 1) as well as their corresponding exact mass data, together with the 
elemental composition, were in agreement with the structure of a Biginelli or a Hantzsch esters, 
in addition to the general presence of a very abundant fragment [M-R]+ in the MS spectra of both 
classes of molecules. 
 
 
Experimental Section 
 
General Procedures. The aldehydes were purchased from Aldrich Chemical Co. and were 
employed without further purification. All the reactions were monitored by tlc (n-hexane-AcOEt, 
9:1), performed on precoated (0.25mm) Merck silica-gel 60-G254 aluminum sheets. The product 
visualization was carried out using a 254 and 365 nm UV lamp. Melting points were not 
corrected and were determined on a Fischer-Johns apparatus. The EIMS and the HRMS data 
were obtained using a JEOL (Peabody, MA, USA) JMS-SX 102 and a JEOL JMS AX 505 HA 
spectrometers. Polyethylene glycol (400, 800, 1000) was used as internal reference in the high-
resolution studies. The limits of the mass measurement were set so in order to cover the last two 
standard peaks which encompassed the sample peak. The mass resolution and scanning speed 
used were 10,000 and 120 s/decade respectively. The accurate mass was given as the mean value 
of the masses observed after 5-10 scans of mass-spectra and determined from the mass centroids 
of [M+H]+ peaks. Elemental compositions were calculated within an error of 10 ppb by using the 
program installed in the system. 
 
General preparative procedure. A mixture of aldehyde, urea (thiourea) and ethyl acetoacetate 
(8.226 mmol of each one) and 150 mg of activated TAFF were placed in a round-bottomed flask 
(50 mL) equipped with a condenser. It was irradiated, by means of an infrared lamp (Osram, 250 
watts, 125 volts),24 and monitored by tlc for 2 h. After cooling, the reaction mixture was directly 
purified by chromatography (SiO2 / n-hexane-AcOEt, 9:1). Finally, 1-12 were identified by 
comparison of their corresponding melting points in addition to their mass spectra data. 
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