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ABSTRACT  

Sulfonic acid functionalized nanoporous silica (SBA-Pr-SO3H) with a pore size of 6 nm catalyzed three component coupling of 
aromatic aldehydes, urea and ethyl acetoacetate to afford the corresponding dihydropyrimidinones under solvent free 
conditions. This new protocol for the Biginelli reaction has important advantages such as green synthesis, short reaction time, 
high yields of the products and easy isolation and reusability of the catalyst. SBA-Pr-SO3H was proved to be an efficient 
heterogeneous nanoporous solid acid catalyst which could be easily handled and removed from the reaction mixture by simple 
filtration and can be recovered and reused for several times without any loss of activity. 

Keywords: Biginelli reaction, SBA-Pr-SO3H, Dihydropyrimidinone, Green synthesis. 

1. Introduction

Pietro Biginelli for the first time synthesized 
dihydropyrimidin-2(1H)-one (DHPM) 1 through a one 
pot reaction of benzaldehyde 2, ethylacetoacetate 3 and 
urea 4 in 1893 [1]. Since 1970’s, Biginelli reaction has 
attracted significant attention, which has led to the 
synthesis of various derivatives of DHPM with broad 
biological activities [2]; for example, Monastrol 5 
inhibits cell proliferation via arrest of mitosis [3], 
compounds 6 and 7 have calcium channel blocking 
activities [4] and Fasudil 8 is a Rho kinase (ROCK1) 
inhibitor that has potential therapeutic properties for 
the treatment of cardiovascular diseases [5]. 
Additionally, Biginelli reaction is beneficial for the 
synthesis of natural products [6]. In this regard, highly 
potent neurotoxin saxitoxin 9, isolated from 
Panamanian golden frog Atelopus zeteki, was produced 
through an enantioselective Biginelli condensation 
(Fig. 1) [7,8]. Synthesis of MCM-41 by Mobil 
Corporation scientists in 1992 [9] and then SBA-15 by 
Zhao et al. in 1994 [10] were the first approaches to 
achieve mesoporous molecular sieves.  

*Corresponding author emails: gmohammadi@alzahra.ac.ir;
gmziarani@hotmail.com
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Surface modification of mesoporous compounds can 
be accomplished using different organic-inorganic 
materials. For this purpose, sulfonic acid 
functionalized nanoporous silica (SBA-Pr-SO3H) was 
synthesized via modification of SBA-15 surface with 
mercaptopropyl trimethoxysilane following oxidation 
of thiol to sulfonic acid [11]. SBA-Pr-SO3H 
is a hexagonally solid acid nanoreactor with a high 
surface area, reusability, high selectivity, 
non-corrosiveness and ease of isolation from the 
products [12]. In continuation of our previous works 
[13-20], we decided to apply this catalyst in the 
Biginelli reaction. 

2. Experimental

2.1. General

The chemicals employed in this work were obtained 
from Merck Company and were used with no 
purification. FT-IR spectra were recorded from KBr 
disks using a FT-IR Bruker Tensor 27 instrument. 
Melting points were measured by using the capillary 
tube method with an Electrothermal 9200 apparatus. 
1HNMR (250 MHz) and 13CNMR (60 MHz) were run 
on a Bruker DPX using TMS as internal standard. 
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Fig. 1. Structure of some biologically active DHPM which synthesized through Biginelli reaction. 

GC-Mass analysis was performed on a model 
5973/6890 network mass-selective detector (Agilent). 
Scanning electron microscope (SEM) analysis was 
performed on a PhilipsXL-30 field-emission SEM 
operated at 16 kV, while TEM was carried out on a 
Tecnai G2 F30 at 300 kV. Weight change curve in 
nitrogen was measured on a TA instrument of TGA 
Q50 V6.3 with the maximum heating rate of 20 
oC/min. Low-angle X-ray scattering measurements 
were accomplished on X’Pert Pro MPD diffractometer 
using Cu Kα radiation (λ=1.5418 Å).  

2.2. Synthesis and functionalization of SBA-15 

The nanoporous compound SBA-15 was synthesized 
and functionalized according to our previous report 
[15] and the modified SBA-Pr-SO3H was used as 
nanoporous solid acid catalyst in the following 
reaction. For this aim, in a typical synthesis batch, 
triblock copolymer surfactant as a template (P123= 
EO20PO70EO20, Mac =5800) (4.0 g) was completely 
dissolved in water (30 ml) and HCl solution (120 g, 2 
M). Then, TEOS (tetraethylorthosilicate) (8.50 g) was 
added to it and stirred for 8 h at 40 oC. The resulting 
mixture was poured into a Teflon-lined stainless steel 
autoclave and kept at 100oC for about 20 h without 
stirring. The composition of P123:HCl:H2O:TEOS gel 
was 0.0168:5.854:162.681:1 in molar ratio. After 
cooling down to room temperature, the product was 
filtered, washed with distilled water and dried 
overnight at 60oC in air. The synthesized sample was 
calcinated at 550oC for 6 h in air atmosphere to remove 
the template. 
In order to functionalize SBA-15, the calcined SBA-15 
(2 g) and (3-mercaptopropyl)trimethoxysilane (10 mL) 
were refluxed in dry toluene (20 mL) for 24 h. The 
product was filtered and washed with CH2Cl2 for 6 h 
using a soxhlet apparatus, then dried under vacuum. 
The solid product (SBA-Pr-SH) was oxidized with 

H2O2 (excess) and one drop of H2SO4 in methanol  
(20 mL) for 24 h at ambient temperature. Afterwards, 
the mixture was filtered and washed with H2O, and 
acetone. The modified SBA-Pr-SO3H was dried and 
characterized using TGA, SEM, TEM and back-
titration. It was then used as mesoporous solid acid 
catalyst in the following reactions. 

2.2. General procedure for the preparation of DHPMs 

The SBA-Pr-SO3H was firstly activated in vacuum at 
100ºC for 10 min, and then, after cooling of the 
catalyst to room temperature, aryl aldehydes 2  
(1 mmol), ethyl acetoacetate 3 (0.13 ml, 1 mmol) and 
urea 4 (0.09 gr, 1.5 mmol) were added to it. The 
mixture was heated in an oil bath (80°C) in appropriate 
time as shown in Table 2. After completion of the 
reaction, which was monitored by TLC, the crude 
product was dissolved in hot ethanol and then filtered 
to remove the solid catalyst. Filtrate was cooled to 
room temperature to give the pure product. The solid 
acid catalyst subsequently was washed with diluted 
acid solution, distilled water and then acetone, dried 
under vacuum, which can be used for several times 
without a loss of significant activity. 

Selected spectral data 

5- (Ethoxycarbonyl)-6- methyl- 4- phenyl- 3,4-dihydro 
pyrimidin-(1H)-one (1a): 

FT-IR (KBr): ̅ߥ ൌ 3244, 3116, 1726, 1701 cm-1. 
1HNMR (250 MHz, DMSO-d6): δ= 1.07-1.12 (t, 3H, 
CH3CH2O), 2.25 (s, 3H, CH3), 3.97-4.04 (q, 2H, 
CH3CH2O), 5.14-5.15 (d, 1H, CH), 5.41 (s, 1H, NH), 
7.21-7.35 (m, 5 CH, arom), 7.74 (s, 1H, NH) ppm. 
13CNMR (62.5 MHz, DMSO-d6): δ= 14.10, 17.80, 
53.98, 59.21, 99.28, 126.27, 127.29, 128.41, 144.89, 
148.38, 152.16, 165.36 ppm. MS (m/e)= 260 [M+·], 
245, 231, 215, 183, 169, 155. 
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5-(Ethoxycarbonyl)-6-methyl-4-(2-methylphenyl)-3,4-
dihydropyrimidin-(1H)-one (1f): 

FT-IR (KBr): ̅ߥ ൌ 3370, 3104, 2931, 1702, 1642 cm-1. 
1HNMR (250 MHz, DMSO-d6): δ= 0.95-1.00 (t, 3H, 
CH3CH2O), 2.28 (s, 3H, CH3), 2.40 (s, 3H, CH3), 3.84-
3.90 (q, 2H, CH3CH2O), 5.39-5.40 (d, 1H, CH), 7.09-
7.16 (m, 4CH, arom), 7.61 (s, 1H, NH), 9.14 (s, 1H, 
NH) ppm. 13CNMR (62.5 MHz, DMSO-d6): δ= 13.90, 
17.66, 18.63, 54.42, 59.04, 99.15, 126.50, 127.13, 
130.07, 134.64, 143.23, 148.41, 151.53, 165.22 ppm. 
MS (m/e)= 274 [M+·], 259, 245, 229, 201, 183, 155, 
91. 

5-(Ethoxycarbonyl)-6- methyl-4- (4-methylphenyl)-3,4-
dihydropyrimidin-(1H)-one (1g): 

FT-IR (KBr): ̅ߥ ൌ 3245, 3116, 1705, 1647 cm-1. 
1HNMR (250 MHz, DMSO-d6): δ= 1.14-1.20 (t, 3H, 
CH3CH2O), 2.31 (s, 3H, CH3), 2.45 (s, 3H, CH3), 4.02-
4.10 (q, 2H, CH3CH2O), 5.32-53.4 (d, 1H, CH), 6.02 
(s, 1H, NH), 7.08-7.11 (d, 2CH, arom), 7.20-7.23 (d, 
2CH, arom), 8.05 (s, 1H, NH) ppm. MS (m/e)= 274 
[M+·], 259, 245, 229, 215, 201, 215, 183, 155, 91. 

5-(Ethoxycarbonyl)-6-methyl-4-(2-methoxyphenyl)-3,4-
dihydropyrimidin-(1H)-one (1h): 

FT-IR (KBr): ̅ߥ ൌ 3272, 3109, 2935, 1702, 1641 cm-1. 
1HNMR (250 MHz, DMSO-d6): δ= 1.07-1.13 (t, 3H, 
CH3CH2O), 2.42 (s, 3H, CH3), 3.89 (s, 3H, CH3), 3.99-
4.08 (q, 2H, CH3CH2O), 5.67-5.68 (d, 1H, CH), 5.89 
(s, 1H, NH), 6.84-7.79 (m, 4CH, arom), 8.46 (s, 1H, 
NH) ppm. 

4- (4- N,N- Dimethylaniline)- 5- (Ethoxycarbonyl)- 6-
methyl)-3,4-dihydropyrimidin-(1H)-one (1k): 

FT-IR (KBr): ̅ߥ ൌ 3242, 3113, 1704, 1648 cm-1. 
1HNMR (250 MHz, DMSO-d6): δ= 1.15-1.21 (t, 3H, 
CH3CH2O), 2.32 (s, 3H, CH3), 2.92 (s, 6H, 2 CH3), 
4.01-4.09 (q, 2H, CH3CH2O), 5.25 (d, 1H, CH), 6.19 
(s, 1H, NH), 6.63-6.66 (d, 2CH, arom), 7.16-7.44  
(d, 2CH, arom), 8.27 (s, 1H, NH) ppm. 

5-(Ethoxycarbonyl)-6-methyl-4-(2,4-dimethoxyphenyl)-
3,4-dihydropyrimidin-(1H)-one (1l): 

FT-IR (KBr): ̅ߥ ൌ 3232, 3104, 2940, 2839, 1705, 1645 
cm-1. 1HNMR (250 MHz, DMSO-d6): δ= 1.08-1.14 (t, 
3H, CH3CH2O), 2.41 (s, 3H, CH3), 3.78 (s, 3H, CH3), 
3.84 (s, 3H, CH3), 4.02-4.10 (q, 2H, CH3CH2O), 5.65 
(s, 1H, CH), 6.35-6.39 (d, 1H, NH), 6.45-6.46 (d, 1H, 
CH), 6.92-6.96 (d, 1H, CH), 7.26 (s, 1H, NH) ppm. 

3. Results and Discussion 

3.1. Preparation and characterization of SBA-Pr-SO3H 

In this work, SBA-Pr-SO3H was prepared as 
mentioned before, and then, characterized. The TGA 
analysis of SBA-Pr-SO3H (Fig. 2) proved that the 
 

organic functional groups (propyl sulfonic acid) were 
grafted onto the pores of SBA-15. The weight 
reduction in TGA analysis in the temperature range 
between 200-600°C indicates that the amount of propyl 
sulfonic acid groups is 1.2 mmol/g. Additionally, 
concentration of the sulfonic acid groups onto the 
modified SBA-15 was also evaluated through a back 
titration method by adding a known strength of NaOH 
solution. To avoid hydrolysis of SBA-15 framework, a 
very dilute standardized NaOH solution (0.1 M) was 
applied. The excess amount of NaOH was back titrated 
with a standardized HCl. This titrimetric experimental 
data exhibited that each gram of SBA-Pr-SO3H 
contained 1.28 mmol sulfonic acid groups. Good 
agreement between both values of back titration and 
TGA is clear evidence that the sulfonic groups 
incorporated onto the pores of SBA-15, where they are 
accessible for catalytic reaction processes. 
The small angle powder XRD pattern of both SBA-15 
and SBA-Pr-SO3H is shown in Fig. 3. As it is clear, 
both of them (SBA-15 and SBA-Pr-SO3H) display the 
three characteristic peaks at the 2θ (°) values of 1.00, 
1.69 and 1.93, which are related to the 100 (strong), 
110 (weak) and 200 (weak) reflections, respectively, 
corresponding to the 2D-hexagonal mesoporous. 
However, a considerable decrease is observed in the 
intensity of SBA-Pr-SO3H, which reveals that propyl 
sulfonic acid groups were successfully incorporated 
onto the pores of SBA-15.  

3.2. Biginelli reaction by the use of SBA-Pr-SO3H 

In this step, preparation of DHPMs 1a-k was studied 
using Biginelli condensation of benzaldehyde 
derivatives 2, ethylacetoacetate 3 and urea 4 in the 
presence of heterogeneous nano solid acid catalyst 
(SBA-Pr-SO3H) under solvent free conditions  
(Scheme 1). In this reaction, various DHPMs were 
prepared and their results are summarized in Table 1. 

 
Fig. 2. TGA analysis of SBA-Pr-SO3H. 
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Fig. 3. The small angle powder XRD pattern of both SBA-
15 and SBA-Pr-SO3H. 

The reaction time offering high yields of the products 
which are attributed to the effect of nanopore size 
about 6 nm of nano solid acid catalyst (Fig. 4).  

After the reaction was completed (monitored by TLC), 
the mixture reaction was dissolved in hot EtOH, and 
the catalyst was separated by simple filtration, and 
reactivated by simple washing subsequently with 
diluted acid solution, water, and acetone, to reuse 
without noticeable loss of reactivity. Some new and 
known products were characterized by FT-IR and 
NMR spectroscopy data. Melting points of the known 
products were compared with reported values in the 
literature as shown in Table 1. 
SEM image of SBA-Pr-SO3H (Fig. 5a) shows uniform 
particles about 1μm. The same morphology was 
previously detected in SBA-15. It can be concluded 
that the morphology of modified SBA-15 was saved 
without change during the modification procedure. 
Besides this, the TEM image (Fig. 5b) reveals the 
parallel channels, which resemble the pores 
configuration of SBA-15. This indicates that the pores 
of SBA-Pr-SO3H was not collapsed during two steps 
reactions.  
The most probable mechanism for this reaction is 
shown in Scheme 2. Initially, SBA-Pr-SO3H as an acid 
catalyst protonates the carbonyl group of the  
aldehyde 2.  

 
Scheme 1. Biginelli condensation of benzaldehyde derivatives, ethylacetoacetate and urea in the presence of SBA-Pr-SO3H. 

Table 1. SBA-Pr-SO3H catalyzed the synthesis of DHPMs under solvent free condition. 

Entry Product Ra Time (min) Yield (%) 
m.p. (ºC) 

Ref. 
Found Reported 

1 1a H 15 90 203-204 200-201  [21] 

2 1b 2,3-(Cl)2 12 95 238-240 244-246 [22] 

3 1c 4-Cl 20 95 206-208 208-211  [23] 

4 1d 2,6-(Cl)2 10 98 229-231 226-227 [24] 

5 1e 2-F 15 98 230-232 233-235  [23] 

6 1f 2-Me 12 70 202-203 201-203  [4] 

7 1g 4-Me 10 80 212-214 214-215  [25] 

8 1h 2-OMe 10 70 257-259 262-265  [23] 

9 1i 4-OMe 30 60 209-210 206-208  [23] 

10 1j 2,3-(OMe)2 30 50 201-202 185-186 [26] 

11 1k 4-NMe2 15 75 248-250 253-254  [27] 
aAll products were characterized by IR, 1HNMR, 13CNMR Mass and comparison of physical characteristics with authentic samples. 
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Fig. 4. SBA-Pr-SO3H acts as a nano-reactor. 

Then, urea 4 attacks to the protonated carbonyl groups 
followed by dehydration to give intermediate 6. 
Afterwards, the enol form of ethyl acetoacetate 5 is 
added to the intermediate 6 to produce 7. Furthermore, 
an intra-cyclisation occurs through addition of the 
amino group of urea moiety to the carbonyl group 
which affords cyclization product 8 and after 
dehydration results in the formation of the desired 
product 1.  
The recyclability of the catalyst was also investigated 
under optimized conditions for the synthesis of the 
model compound 1a. In this regard, the reaction was 
accomplished in the first run for four times to recover 
about 0.07 gr SBA-Pr-SO3H. Subsequently, the 
catalyst was washed and reactivated as mentioned 
before and then reused. The process of recycling was 
repeated for four times and the yields were 90, 83, 80 
and 81%. It was found that the catalytic activity drops 
slightly from the first use to the second use due to 
some leaching of sulfonic acid groups which were 
grafted on the outer surface of SBA-15. Additionally, 
no significant decrease in catalytic activity was 
observed for the third and fourth cycles, which means 
the leaching groups were separated from the catalyst in 
the first stage of the recovery. In fact, this catalyst is 
completely recoverable. 
The Biginelli reaction has been studied in several 
conditions in the literatures as presented in Table 2. In 
comparison with other existing methods, the present 
non-microwave methodology is one of the best 
methods because of several advantages in term of a 
greener conditions, short reaction time and easy work-
up, reusable catalyst and excellent yields with high 
purity of the products. 

4. Conclusions 

In conclusion, our work presents a new application of 
SBA-Pr-SO3H as a nano and green solid acid catalyst 
for the synthesis of DHPMs in solvent-free conditions, 
which makes the present catalytic reaction as an 
environmentally friendly method for the Biginelli 
reaction. 
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Fig. 5. SEM (a) and TEM (b) images of SBA-Pr-SO3H. 
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Scheme 2. The proposed mechanism for Biginelli reaction in the presence of SBA-Pr-SO3H. 

Table 2. Comparison of different conditions in the synthesis of 1a. 

Entry Catalyst Solvent Condition Yield (%) Time Ref. 

1 SBA-Pr-SO3H - 80ºC 90 15 min This work 

2 H5PW10V2O40/Pip-SBA-15a - 100ºC 90 20 min [28] 

3 Fe3O4@SBA-15 - 90ºC 85 6 h [29] 

4 Aluminium-planted MCM-41b Octane 110ºC 94 10 h [30] 

5 Mg(NO3)2.6H2O - 80ºC 90 90 min [31] 

6 HClO4-SiO2 - 110 ºC 98 20 min [32] 

7 SbCl3 MeCN Reflux 75 22 h [33] 

8 TCCAc EtOH Reflux 94 12 h [25] 

9 ZrO2/SO4
-2 - 100ºC 94 4 h [34] 

10 Chloro acetic acid - 90 C 92 3 h [35] 

11 TMSCl/NaI MeCN r.t. 98 30 min [36] 

12 InBr3 EtOH Reflux 98 7 h [37] 

13 Cu(OTf)2 EtOH MW 75 1 h [38] 

14 TCCA EtOH MW 92 3 min [25] 

15 LaCl3 - MW 85 8 min [39] 

16 - CH3COOH MW 86 2 min [40] 

aH5PW10V2O40 immobilized on SBA-Pr-Piperazine. 
bMobil Composition of Matter. 
cTrichloroisocyanuric acid. 
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