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 A simple and efficient procedure for the synthesis of 3, 4-dihydropyrimidin-2(1H)-ones under 
solvent-free condition using non-toxic and mild acid mesoporous SBA-15 nanoparticles as a 
catalyst has been investigated. This method has the advantages of the excellent yield, short 
reaction time, environmentally friendly conditions and simple experimental procedure. 
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1. Introduction     

       In recent decades there was an exponential growth in the application of inorganic solid acid 
catalysts in order to carry out organic synthesis because of its importance in terms hazardous 
chemicals in the present industrial scenario1. Inorganic solid catalysts such as SBA-15 are interesting 
for organic synthesis since they are environmental protection2. Mesoporous SBA-15 nanoparticles 
have a highly ordered hexagonal structure, large pore, high surface area, high thermal stability and 
thicker walls in comparison with Mobile composition of matter number 41 (MCM-41)3. Green 
chemistry approaches hold out significant potential not only for save energy, prevent solvent wastes, 
hazards and toxicity but also in development of new methodologies towards previous unobtainable 
materials, using existing technologies4. The elimination of volatile organic solvents in green 
chemistry is desirable in order to reduce the amount of residual solvent and atmospheric pollution. 
However using solvent-free organic reactions can reduce waste products and energy costs of 
synthesis5. 
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       Biginelli reaction, discovered in 1893, for the synthesis of multi-functionalized 3, 4-
dihydropyrimidin-2(1H)-one (DHPMs) by 1, 3-dicarbonyl compounds, benzaldehyde, and urea in 
ethanol solution with a catalytic amount of HCl at reflux6. DHPMs and their derivatives have 
attracted considerable interest because of their therapeutic and pharmacological properties such as 
antiviral, antibacterial, antihypertensive and antitumor effects7-10. In recently years, in order to 
prepare DHPMs, due to importance of this compounds, several synthetic procedures have been 
investigated including classical conditions, using Lewis acids as well as protic acid promoters such as 
concd HCl11, concd H2SO4

12, p-sulfonic acid calixarenes13, zeolites like HZSM-5, Hy, MCM–4114, 
zeolites Na-beta15, natural HEU type zeolite2 and functionalized SBA-15 in different organic 
solvents16, 17. 
 
       However, some of these methods have drawbacks such as the need of strong and protic acids11, 12, 
toxic solvent15, longer reaction time, tedious workup, environmental disposal problems13, 16-17 and 
lower yields of the products2. Therefore, the utilization of a simple and environmentally friendly 
method for the preparation of 3, 4-dihydropyrimidin-2-(1H)-ones is of prime importance. Cause of 
emerging importance of mesoporous SBA-15 nanoparticles as a catalyst that is related to our research 
for reactions proceeding in solvent-free condition18, 19, we would report a simple and facile synthesis 
of dihydropyrimidiones by using mesoporous SBA-15 nanoparticles as a heterogeneous and eco-
friendly catalyst under solvent-free conditions in high yields.  
 
2 Experimental 
 
2.1 Catalyst preparation 
 
      Amorphous Silica was extracted from Stem Sweep Ash (SSA) by a suitable alkali solution with 
approximately 80% purity, converted to silicate solution with SiO2/Na2O=2.88 and used as silica 
source for the synthesis of mesoporous SBA-15 nanoparticles by a sol–gel method in the presence of 
non-ionic block co-polymer (P123) as co-template20. Mesoporous SBA-15 nanoparticles was 
acidified by ammonium chloride (1M) then calcined at 550 oC for 5h. 
2.2 Synthesis of dihydropyrimidiones derivatives  
 
      A mixture of aldehyde (1mmol), 1, 3-dicarbonyl (1.5mmol), urea or thiourea (1.5mmol) and 
mesoporous SBA-15 nanoparticles (0.1gr) was heated at 100 oC under stirring. The reaction was 
monitored by TLC using ethyl acetate: hexane (4:6) as eluent. After completion, the reaction mixture 
was cooled, poured into cold water and stirred for 5 min. The solid was suction filtered and the 
filtrate was evaporated and the residual solid was washed with cold water (20mL×2mL) then 
recrystallized in ethyl acetate or ethanol to afford pure product. 
 
       Dimethyl     2-(4-(5-(ethoxycarbonyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidin-4-
yl)phenoxy)maleate (Entry 14): 1H NMR (400MHz, DMSO-d6): δ=1.10 (t, J=6.8Hz, 3H, CH3), 2.24 
(s, 3H, CH3), 3.61 (s, 3H, CH3), 3.70 (s, 3H, CH3), 4.01(m , 2H, CH2) 5.15 (d, J=3.2Hz, 1H, CH), 
6.63 (s, 1H, CH), 6.90(d, J=8.6Hz, 2H, CHAr), 7.18 (d, J= 8.6, 2H, CHAr), 7.73 (br s, 1H, NH), 
9.20(br s, 1H, NH). 13CNMR (100MHz, DMSO-d6): δ=14.5, 18.2, 52.3, 53.6, 53.8, 59.7, 99.7, 116.0, 
128.2, 140.2, 148.8, 148.9, 152.5, 155.8, 162.3, 163.6, 165.8. IR (KBr): υ=3310, 1720, 1678, 1657, 
1439, 1376 cm-1. 
 
        Dimethyl 2- (2- (5- acetyl- 6- methyl- 2- oxo- 1, 2, 3, 4- tetrahydropyrimidin- 4- yl) phenoxy) 
maleate (Entry 16): 1H NMR (400MHz, DMSO-d6): δ=2.06 (s, 3H, CH3), 2.32 (s, 3H, CH3), 3.66 
(s,3H, CH3), 3.71 (s, 3H, CH3), 5.68 (d, J= 3.2, 1H, CH), 6.68 ( s, 1H, CH), 6.76 (m, 1H, CHAr), 6.85 
(br s, 1H, NH) 7.06(m, 1H, CHAr), 7.13 (m, 1H, , CHAr) 7.24 (m, 1H, CHAr) 9.27 (br s, 1H, NH) 
13CNMR (100 MHz, DMSO-d6): δ=19.2, 30.1, 50.0, 52.5, 53.7, 106.9, 114.5, 116.3, 123.8, 127.9, 
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129.6, 131.2, 148.9, 149.5, 152.4, 154.0, 162.4, 163.8, 194.7. IR (KBr): υ=3348, 1715, 1699, 1613, 
1340, 1325 cm-1. 

 
 3. Results and Discussion 
 
        At first, mesoporous SBA-15 nanoparticles with rod like pore structure was synthesized from 
rice husk (RiH) using the SSA as silicon source and sol-gel method. We began to extract. The crystal 
like external morphology of the particle, determined by SEM. crystallite size observed from this 
technique is 82nm. The SEM image reveals agglomeration of rod-like shape SBA-15 particles20.  
 
        The approach involved the use of synthesized mesoporous SBA-15 nanoparticles from RHA for 
synthesis of dihydropyrimidiones under solvent-free conditions. Therefore, this method provides an 
efficient route for synthesis of dihydropyrimidiones which saves energy, and prevents from solvent 
wasting, hazards, and toxicity. The reaction conditions were initially optimized by considering three 
component condensations of a variety of aromatic aldehydes carrying electron donating or electron-
withdrawing substituents, ethyl acetoacetate and urea to afford the corresponding product as a model 
reaction under various reaction conditions. The best results were obtained using 0.04gr of 
mesoporous SBA-15 nanoparticles, 1.5mmol of urea, ethylaceto acetate and 1mmol of aldehyde, at 
100oC and under solvent free conditions Scheme 1. To illustrate the efficiency of the catalyst in this 
reaction, when the same reagents and conditions were used to carry out the reaction without catalyst, 
the reaction failed to give the desired product, even after a long reaction time (Table 1, entry 1). 

 

Scheme 1. Synthesis of 3, 4- dihydropyrimidin- 2 (1H)- ones using mesoporous SBA-15 
nanoparticles 
 
Table 1. Synthesis of 3, 4-dihydropyrimidin- 2(1H)- ones using mesoporous SBA-15 nanoparticles under 
solvent- free conditions at 100oC 
                  mp (ºC) 
Entry R1 R2 X T(min) Yield (%) Found                      ref 
1 4-CH3-C6H4 OEt O 20 88 205-206 205-20621 
2 C6H5 OEt O 20 94 210-211 209-21022 
3 3-Br- C6H4 OMe S 50 65 185-188 185-18723 
4 2,4-CH3- C6H4 OMe O 38 70 245-246 245-24724 
5 C6H5 OEt S 42 92 204-205 205-20625 
6 4-OCH3-C6H4 OEt O 65 88 209-210 205-20726 
7 4-OCH3-C6H4 Me O 60 90 178-179 178-1807 
8 C6H5 Me O 20 83 230-231 229-23126 
9 4-OCH3-C6H4 OEt S 65 90 140-141 14027 
10 4-Cl-C6H4 OEt O 60 87 218-219 216-21722 
11 4-F-C6H4 OEt O 60 89 180-181 18226 
12 3-OCH3-C6H4 OEt O 50 91 210-211 20828 
13 4-Br-C6H4 Me O 22 82 232-233 232-23329 
14 4-C2H(CO2CH3)2-C6H4 OEt O 60 88 222-223 - 
15 3-Cl-C6H4 OEt O 20 67 195-196 193-19530 
16 2-C2H(CO2CH3)2-C6H4 Me O 75 65 163-165 - 
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4 Conclusions 
 
      In summary, we have developed a simple, rapid and efficient procedure for the synthesis of 3, 4-
dihydropyrimidine-2(1H)-one derivatives by using mesoporous SBA-15 nanoparticles as catalyst 
under solvent free condition. This method offers several advantages such as green reaction 
conditions, short reaction time, high yields and simple work-up procedure use of environmental 
friendly catalyst. 
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