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environmentally friendly processes whereby DHPMs may be formed under milder and 
practicable conditions. 
 In recent years, the interest of our research group has focused on the development of 
applications of silica gel and its new derivatives in organic chemistry. In the course of our 
studies, we have reported that these reagents can be used efficiently in many organic reactions.17–

20 In continuation of these studies we have found that silica gel reacts with 
trifluoromethylsulfonyl chloride to give silica triflate (I) as a white powder. It is interesting to 
note that the reaction is easy and clean. Because of the immediate evolution of HCl gas from the 
reaction vessel, the method does not need any work-up procedure (Scheme 1). 
 We hoped that silica triflate, as a new silica based reagent, might be able to accelerate many 
organic reactions, as do the other reported triflates. Herein, we wish to report the abilities of this 
reagent for the one-pot synthesis of 3,4-dihydropyrimidin-2-(1H)-ones and -thiones in high 
yields (Scheme 2).  
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 Optimization of the reaction conditions is carried out by the condensation of benzaldehyde, 
ethyl acetoacetate and urea under solvent-free conditions. The best result was achieved by 
carrying out the reaction of benzaldehyde, ethyl acetoacetate and urea (with 1:1:1.5 mol ratio) in 
the presence of 0.03 g of silica triflate at 90ºC for 5 min under solvent-free conditions (Table 1 , 
entry 1).   
 Aliphatic and several aromatic aldehydes carrying either electron-releasing or electron-
withdrawing substituents were also afforded high yields of the products (Table 1). Methyl 
acetoacetate and thiourea were also used with similar success, to provide the corresponding 3,4-
dihydropyrimidin-2-(1H)-thiones.21  
 We have found that silica triflate is a reusable catalyst and, even after five runs, the catalytic 
activity of the reagent was almost the same as that of the freshly used catalyst. The same IR 



General Papers                                                                                                                     ARKIVOC 2007 (i) 51-57 

ISSN 1424-6376                                                       Page 53                                                         ©ARKAT USA, Inc. 

spectra are used for the demonstration of the stability of the composition of the reagent before 
and after the reactions. 
 A plausible mechanism for the synthesis of 3,4-dihydropyrimidin-2-(1H)-ones and -thiones 
using this method is shown in Scheme 3, based on the literature,22 our own observations and the 
obtained results. 
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Scheme 3 
 
 In order to show the efficiency of the present method, Table 2 compares some of the results 
with some of those reported in the literature using silica-based reagents. 23–-25 

 In conclusion, the present procedure demonstrates the preparation of a new triflate derivative 
based on silica gel and its application in the solvent-free synthesis of 3,4-dihydropyrimidin-
2(1H)-ones and -thiones. Based on our studies, this method offers several advantages including 
mild reaction conditions, good to high yields of the products, shorter reaction times, facile 
purification, solvent-free reaction conditions and a simple experimental procedure. 
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Table 1. Solvent-free synthesis of 3,4-dihydropyrimidin-2(1H)-ones and -thiones in the presence 
of silica triflatea 

Entry R1 R2 X Yield % b  mp ( 0C ) Lit. mp 0C, and ref.
1 C6H5 Et O 95 204-206 202-204 7 
2 4-ClC6H4 Et O 92 208-210 213-215 7  
3 3-NO2C6H4   Et O 85 229-230  226-227 7    
4 2-NO2C6H4 Et O 70 205-207 206-208 7 
5 4-MeOC6H4  Et O 82 198-200 201-203 7 
6 2-MeOC6H4    Et O 70 260-262 262 7 
7 4-NMe2C6H4 Et O 80 257-258  256-257 26   
8 C6H5CH=CH Et O 70 231-232  232-235 7   
9 2-furyl Et O 95 207-209  209-211 27  
10 n-Bu Et O 85 156-158  157-158 12   
11 C6H5 Et S 95 208-209  208-210 7   
12 4-ClC6H4 Et S 85 191-192  192-195 26  
13 4-MeOC6H4 Et S 87 153-156  150-152 7  
14 3-NO2C6H4 Et S 70 203-205  206-207 7 
15 C6H5 Me O 85 229-231  233-236 7   
16 4-Cl-C6H4 Me O 85 203-205  204-207 7 
17 4-MeOC6H4 Me O 70 189-192  192-194 7   
18 2-furyl Me O 95 208-209  210-212 6  

a Products were characterized by their physical constants, comparison with authentic samples, 
and IR and NMR spectroscopy. b Isolated yield.  
 
Table 2. Comparison of some of the results obtained by our method (1), with some of those 
reported for KAl(SO4)2.12H2O -supported silica gel (2),23 sulfonic acid covalently anchored onto 
silica (3) 24 and silica-supported heteropoly acids (4) 25  

Time (h) / Yield (%) Entry Product 
(1) (2) (3) (4) 

1 Table 1, entry 1 5 (min)/ 95 4 / 92 8 / 90 1 / 95 
2 Table 1, entry 5 5 (min)/ 82 4 / 91 7 / 92 1 / 95 
3 Table 1, entry 12 5 (min)/ 85 - 8 / 95 1.1 / 87 
4 Table 1, entry 15 5 (min)/ 85 4 / 91 - 1 / 92 
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