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Abstract: Simple and improved conditions have been found to carry out the Biginelli reaction for the synthesis of 
3, 4-dihydropyrimidin-2(1H) - one derivatives. This synthesis was performed in the presence of 12-molybdophos-
phoric acid (H3PMo12O40) as catalyst. These reactions were performed under solvent free conditions with microwave  
irradiation as the energy source. Compared with the classical Biginelli reaction conditions, this new method has 
the advantage of excellent yields (76–96%). The advantages of this novel protocol include the excellent yield,  
operational simplicity, short time, and the avoidance of the use of organic solvents and friendly preparation. Products were  
identified using physical and spectroscopic data.
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Introduction
   Evolution of organic synthesis involving envi-

ronmentally clean protocols under solvent free 
conditions has emerged as an area of great interest 
from both environmental and economical points of 
view [1-3]. 3,4-Dihydropyrimidin- 2(1H)-ones are 
highly important heterocyclic units in the realm of  
natural and synthetic organic chemistry that possess  
diverse therapeutic and pharmacological properties  

including antiviral, antitumor, antibacterial and  
anti-inflammatory activities [4-6]. Other biologi-
cal activities of these compounds include the α1a-  
adrenergic receptor antagonists as drug candidates 
for the treatment of benign prostatic hyperplasia [7].  
Owing to their widespread biological applications, 
the synthesis of 3, 4-dihydropyrimidin-2(1H) - ones 
has become an area of tremendous importance in  
current years. Pietro Biginelli reported on the  
acid-catalyzed cyclocondensation reaction of an  
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aldehyde, a β-ketoester and urea or thiourea, a pro-
cedure known as the Biginelli reaction, is receiving 
increased attention [8], (Scheme 1). 

Scheme 1 Biginelli Reaction

Many new techniques, such as microwave-assist-
ed synthesis technique [9], ionic liquids [10], ul-
tra sound  irradiation[11], solvent-free techniques 
[12], and many new catalysts, such as InBr3[13],  
ZrCl4[14],  CdCl2 [15],  BiCl3 [16], MgBr2 [17], silica  
supported heteropoly acid [18], Si-MCM-41 supor-
ted FeCl3 [19], heteropoly acid [20], polyoxometallates 
[21], propane phosphonic acid [22] for accomplishing this 
transformation. However, in spite of their potential 
utility, many of the existing methods involve the 
use of expensive reagents, strong acidic conditions,  
longer reaction times, tedious work-up, multi-step 
preparation of catalyst, environmental disposal prob-
lems, the use of volatile and toxic organic solvents as  
reaction media. Very recently, Gupta et al [23] reported an  
efficient method for the synthesis of 3,4-dihydro-
pyrimidinones using covalently anchored sulfonic 
acid onto silica as a recoverable interphase catalyst.  
However, in this method reaction times remained 
higher, i.e., 8–12 h to provide better yields of the 
products, making its utility limited from synthetic 
viewpoints [25].
Microwave reaction under solvent-free conditions 
and/or in the presence of a catalyst, resulting in 
shorter reaction time and higher product yields than 
those obtained by using conventional heating offer 
low cost together with simplicity in processing and  
handling [26]. Recently, Wang et al. reported an  
efficient Biginelli-type reaction for the synthesis of 
3,4–Dihydropyrimidinones by using PEG-SO3H as 
catalyst under microwave irradiation [27]. As our 

continuous investigation on the methodology of 
green synthesis [28], we report herein the synthesis of  
various DHPM compounds 4 by one-pot conden-
sation of aldehydes, ethyl acetoacetate and urea or  
thiourea in the presence of 12-molybdophosphoric 
acid as a catalyst under microwave irradiation and 
solvent free condition. The synthesized compound 
has been fully characterized by NMR (1H and 13C), 
IR, Mass spectrometry, and elemental analysis. 

Experimental
   Melting points of the samples were determined by 
a TG/DTA system under static air at a heating rate of 
5 ºC.min-1 and Rheometric Scientific STA 1500 ap-
paratus. Microwave irradiation was carried out with 
a microwave oven Antonpaar (3000MHz, 1000w). 
1H-NMR and 13C-NMR (Bruker) spectra were  
recorded on 300 and 75 MHz, for Methanol-d4  
solution with TMS as an internal standard. Mass  
spectra were acquired using a Mass spectrom-
eter (Trio 1000-Sison instruments). IR spectra were  
obtained by a Fourier transform-infrared spectros-
copy system (FT-IR, Bruker Victor 22) using the KBr 
pellet technique. All reactants were obtained from 
commercial sources and freshly distilled prior to use.

General procedure for the H3PMo12O40 cata-
lyzed synthesis of dihydropyrimidinones
   In our work, benzaldehyde (1 mmol), methyl ace-

toacetate (1 mmol), urea or thiourea (1.5 mmol) and 
only 2 mol% (0.03 g) of H3PMo12O40 as a catalyst 
were placed in a glass sample vial (HQ-20) without 
any solvent and irradiated in a microwave (600 W) at 
80 °C for 5 min under neat conditions (scheme 2) and 
monitored by TLC. After completing the reaction, 50 
g was added to the system crushed ice (50g) and the 
mixture stirred for 5-10 min. The separated solid was 
filtered under suction, washed twice with cold wa-
ter (30 mL) and then recrystallized using ethanol to  
afford the pure yellow crystals in a yield of 80%, m.p. 
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207°C 4a. Moreover, our investigation showed that 
the best results were observed when the molar ratio of 
aldehyde, acetoacetate derivative and urea was 1:1:5.

Scheme 2 Optimized Reaction conditions

Entry 1 (4a) 5-Ethoxycarbonyl-6-methyl-4-phe-
nyl-3,4-dihydropyrimidin-2(1H)-one 
   Melting point 207°C. IR (KBr, cm–1): 3233, 3125, 
2971, 2965, 1727, 1704, 1655, 1599. 1H-NMR  
(Methanol-d4, 300 MHz)δ: 0.98 (t, J = 7.2 Hz, 3H, 
CH3), 2.13 (s, 3H, CH3), 3.98 (q, J = 7.2 Hz, 2H, 
CH2), 5.22 (d, J = 2.7 Hz, CH2), 7.37–7.46 (m, 5H, 
H-Ar), 7.78 (d, J =2.7 Hz, 1H, H-Ar), 9.25 (s, 1H, 
NH). 13C NMR (Methanol-d4, 75 MHz) δ:13.8, 17.5, 
56.1, 60.2, 103.1, 127.7, 128.7, 129.6, 144.9, 148.2, 
167.2. Mass (70 ev) m/z (%): 263(M+, 26) ,234(78) 
,189(73.4) ,184(100) ,173(38.0) ,156(62.3) ,139(48) 
,78(34) ,52(37) ,44(71.2).
It was showed that no desirable product could be 
detected when a mixture react in the absence of  
H3PMo12O40, Which indicated that the catalyst 
should be necessary for Biginelli reactions. Then  
three-component Biginelli condensation was in-
vestigated with different amounts of H3PMo12O40  
(0-5 mol%). Yields of the reaction in different  
conditions were shown in Table 1.
We found that most of the Lewis acids could  
promote the reaction, but the yields were not so high. 
In comparison with other catalysts, the use of 2 mol% 
of H3PMo12O40 could make the yield 79% under the 
microwave power of 600 W and the irradiation time 
of 7 min. It could be seen that 2 mol% of H3PMo12O40 
gave the best result of this reaction, although other  
factors could not yet be optimized. Based on the above  

optimized results, i.e., 2 mol% amount of  
H3PMo12O40 as a catalyst, we further examined the ef-
fects of the microwave power and the irradiation time 
on the Biginelli reaction, involving benzaldehyde,  
ethylacetoacetate and urea to afford 4a, as shown in 
Scheme 2. The results are listed in Table 2. It could 
be found that with the increase of the microwave  
power from 250 W to 900 W, the yield of 4a showed a  
linear increase from 47% to 83% when the  
irradiation time was 4 min. However, with the micro 
wave power of 900 W, when we increased the micro 
wave irradiation time, the yield of 4a increased first, 
but a slight decrease was observed for more than 7 
min. So the optimized microwave power and the ir-
radiation time were 900 W and 7 min, respectively.
In order to study the substrate scope of this  
Biginelli reaction, various aldehyde with different  
substituent were used under the above-optimized re-
action conditions (Scheme 2). The results are shown in  
Table 3. From these results, we could see that all  
reactions proceeded smoothly to afford the corre-
sponding DHPMs in moderate to high yields. We 
also found that all aromatic aldehydes carrying ei-
ther electron-donating or electron-withdrawing sub-
stituent reacted efficiently to give improved yields  
compared to the classical Biginelli reaction. Further 
more, the use of just 2 mol % of H3PMo12O40 is suf-
ficient to promote the reaction.

(%) Yields

Reaction 
time(min) / 

Temperature
(°C)

 Amount of
catalyst
(% mol)

327.800
667.801
797.802
767.803

727.804

707.805

Table 1 Yields of the reaction in different conditions
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Yields
(%)

Power
(W)

Time
(min)Entry

4725041
5230042
5540043
5850044
6360045
6970046
7175047
7480048
8390049
36900210
62900311
88900512
97900713
94900814
92900915

Table 2 Effects of the microwave power and the 
irradiation time on the formation of 4a

Reaction conditions: benzaldehyde 1.0 mmol; 
ethylacetoacetate 1.0mmol; urea 1.5 mmol; 
H3PMo12O40 2 mol%; temperature 80°C

Table 3 The different synthesis conditions of DHPMs catalyzed by H3PMo12O40

Entry Product R1CHO X
Microwave Melting Point ºC

Time
(min)

yield 
(%)a Obs Lit

1 4a Benzaldehyde O 5 80 207 206-207 9

2 4b 4-methoxy- benzal-
dehyde O 6 95 201 203-204 9

3 4c Furfural O 5 82 204 206-208 17

4 4d Cinnamaldehyde O 6 96 240 240-242 17

5 4f 4-N,N-dimethylami-
no Benzaldehyde O 7 86 256 256-258 33

6 4g salicylaldehyde O 8 78 204 201-203 30

7 4h 4-chloro benzal-
dehyde O 7 92 212 213-215 29

8 4i 3-Hydroxy benzal-
dehyde O 6 94 164 167-170 31

9 4j α-Hexyl benzal-
dehyde O 13 87 236 237-238 30

10 4k Benzaldehyde S 7 78 203 206-208 27

11 4l 4-methoxy- benzal-
dehyde S 4 91 153 150-152 27

12 4m Furfural S 9 80 186 185 28

13 4n Cinnamaldehyde S 7 91 248 244-246 28

14 4p 4-N,N-dimethylami-
no Benzaldehyde S 7 83 208 209-210 17

15 4q Salicylaldehyde S 10 76 243 240-24132

16 4r 4-chloro benzal-
dehyde S 9 93 193 190-192 27

17 4s 3-Hydroxy benzal-
dehyde S 7 91 181 183-185 31

Many of the pharmacologically relevant substitution 
patterns on the aromatic ring were introduced with 
high efficiency. Thiourea has been used with similar 
success to provide the corresponding dihydropyrimi-
din -2-(1H)-thiones in high yields, which are also of 
much interest with regard to biological activity. An 
acid sensitive aldehyde (4c) worked well without for-
mation of any side product. Especially noteworthy is 
the survival of a variety of functional groups, such as 
hydroxy, halides, amine, double bond, etc., under the 
reaction conditions. 
Recently, Kappe [29] proposed that the first step of 
the Biginelli reaction, the acid catalyzed formation 
of acyl imine intermediate 5 formed by the reaction 
of aldehyde with urea, is the rate-determining step. 
Further reaction of the iminium ion by acetoacetate 
gives an ureido 7 which subsequently cyclizes to  
Dihydropyrimidinones 8 with expulsion of water. 
The catalytic effect of H3PMo12O40 probably arises 

from acidity of H3PMo12O40 catalyzing the slow step 
as well as the activation of 2, thus facilitating the  
addition of ethylacetoacetate to the more electrophilic 
iminium carbon center. The suggested mechanism is  
illustrated in Scheme 3. In order to show the merit of the  
present work in comparison with some reported  
protocols, we compared the results of the synthesis 
of 5-ethoxycarbonyl-4-phenyl-6- methyl-3, 4-di-
hydropyrimidin-2(1H)-one (entry1 in Table 3) The 
yield of the product in the presence of H3PMo12O40 is  
comparable with these catalysts. However, reaction 
in the presence of these catalysts required longer  
reaction times than that of H3PMo12O40.
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Scheme 3  Proposed mechanism for the synthesis of 4a 
(M= H3PMo12O40)

Conclusion
  We have found that H3PMo12O40 is extremely  

useful and highly efficient homogeneous acid catalyst 
for the synthesis of biologically potent aryl 3,4-dihy-
dropyrimidinones by means of MCRs three-compo-
nent condensations of an aldehyde, 1,3-dicarbonyl  
compound, and urea or thiourea in a one-pot  
operation. H3PMo12O40 is non-corrosive and  
environmentally benign and presents fewer disposal  
problems.
  This method is applicable to a wide range of  
substrates, including aromatic, aliphatic, a,b-unsat-
urated, and heterocyclic aldehyde, and provides a  
variety of biologically relevant dihydropyrimidi-
nones in high-to-quantitative yields in short reaction 
times under microwave irradiation.

References
[1] Kochi, M.; Green Reaction Media for Organic  
Synthesis, Blackwell; 2005.

[2] Seddon, K.R.; Nature; 2 , 363; 2003.
[3] Sheldon, R.A.; Bekkum, H.; Van. Fine Chemicals 
through Heterogeneous Catalysis, Wiely-VCH, 2002.
[4] Kappe, C.O.; Tetrahedron; 43, 6937;1993.
[5] Kappe, C.O.; Acc. Chem. Res.; 33, 879; 2000.
[6] Kappe, C.O.; Eur. J. Med. Chem.; 35, 1043; 2000.
[7] Pourjavadi, A. ; Salimi, H.; Barzegar, Sh.; Eftekhari, B.; 
Acta Chim. Slov.; 54, 140-143; 2007. 
[8] Biginelli, P.; Gazz. Chim. Ital.; 23, 360  ;1893.
[9] Zumpe, F.L.; Fluss, M.; Schmitz, K.; Lender, A.  ; 
Tetrahedron Lett.; 48, 1421-1423; 2007.
[10] Zhang, M.  ; Li, Y.-Q.; Zhou, M.-Y.  ; Chin. J. Chem.; 
24, 282-284; 2006.
[11] Zhidovinova, M.S.; Fedorova, O.V.; Rusinov, G.L.; 
Ovchinnikova, I.G.; Russian Chem. Bull.; 52, 2527-2528; 
2003.
[12] Alessandro, D.; Alessandro, M.  ;Tetrahedron Lett.; 42, 
7975-7978; 2001.
[13] Han, X.; Xu, F. ; Luo, Y.; Shen, Q. ; J. Org. Chem.; 28, 
1500-1503; 2005.
[14] Reddy, C.V.; Mahesh, M.; Raju, P.V.K.; Babu, T.R.; 
Reddy, V.V.N.; Tetrahedron Lett.; 43, 2657-2659; 2002. 
[15] Narsaiah, A.V.  ; Basak, A.K.; Synthesis; 35, 1253–
1256; 2004,.
[16] Shao, G.; Hecheng Huaxue,; 12, 325 -328; 2004.
[17] Salehi, H.H.; Guo, Q.-X.; Synth Commun.; 34,  
171–179; 2004.
[18] Rafiee, E.; Shahbazi, F.; J. Mol. Catal. A: Chem.; 250, 
57; 2006.
[19] Choudhary, VR.; Tillu, VH.; Narkhede, VS.; Borate, 
HB.;  Warkharkar, RD.; Catal.commun.; 4, 499-453; 2009 
[20] Meradur, S.P.; Gokavi, G.S.; Catal. Commun.; 8 , 279; 
2007.
[21] (a) Fazaeli, R.; Tangestaninejad, S.; Aliyan, H.; Mogh-
adam, M.; Appl. Catal. A: Gen.; 4, 309; 2006. (b) Heravi, 
M.M.; Sadjadi, S.; J. Iran. Chem. Soc.; 6, 1-54, 2009.
[22] Zumpe, F.L.; Flub, M.; Schmitz, K.; Lender, A.;  
Tetrahedron Lett. ; 48, 1421; 2007.
[23] Gupta, R.; Paul, S.  ; Gupta, R.  ;J. Mol. Catal. A: 
Chem.; 266, 50; 2007.
[24] Desai, B. ; Dallinger, D. ; Kappe, C.O. ; Tetrahedron; 

Journal of Applied Chemical Researches9Summer 2010, Vol. 4, No. 14

Green procedure for synthesis...

H

O

+ H2N NH2

O N
H

OH

H
NH2

O

NH
O

H2N

R2

O

Me O

N NH2

OH

- H2O

M

Me R2

OO

M

NH

ON
H

Me
HO

R2

O - H2O

NHR2

O

N
H

Me O



62, 4651-4664; 2006.
[25] Katritzky, A.R.; Singh, S.K.; Arkivoc.; xiii, 68-76; 
2003.
[26] Zhu, Y.; Pan, Y.; Huang, S.; Synth. Commun.; 34, 
3167-3174; 2004.
[27] Wang, Z.; Xu, L.; Xia, C.; Wang, H. Tetrahedron Lett.; 
45,7951–7953;2004.
[28] Salehi, H.; Guo, Q.-X.  ; Synth. Commun.; 34,  
4349-4356; 2004.

[29] Kappe, C.O.; J. Org. Chem.; 62, 7201-7208; 1997.
[30] Folkers, K.; Johnson, T.B.; J. Am. Chem. Soc.; 55, 
3784 -3791; 1933.
[31] Reddy, Y.T.; Rajitha, B.; Reddy, P.N.; Kumar, B.S.; 
Rao, V.P.; Synth. Commun.; 34, 3821-3825.; 2004.
[32] Salehi, H.; Guo, Q.-X. ; Chin. J. Chem.; 23, 1, 91-97; 
2005.
[33] Lu, J.; Bai, Y. Synthesis; 466-470, 2002.

Summer 2010, Vol. 4, No. 1410Journal of Applied Chemical Researches

H. Salehi et al.



 روشی سبز برای سنتز 3 ,4- دی هیدروپیریمیدینون ها با استفاده از 12-مولیبدو
فسفریک اسید به عنوان کاتالیست ، بدون حلال و تحت تابش ریزموج

Green procedure for synthesis of 3, 4 dihydropyrimidinones using 12-molybdophosphoric acid, as a catalyst and 

solvent free condition under microwave irradiation

  حجت الله صالحی1، سعید کاکایی1*، سید جواد احمدی1، محمد علی فیروز زارع1، سید محمود سادات کیایی2، حمید رضا پاکویان1و
حسین تاجیک احمدی1

معرفی  بیگینلی  روش  به  ها  هیدروپیریمیدینون  دی   -4,  3 مشتقات  سنتز  ساده جهت  و  کارآمد  روش  یک  مقاله  این  در   چکیده: 
می شود این واکنش ها در مجاورت 12- مولیبدو فسفریک اسید )H3PMo12O40( به عنوان کاتالیست و بدون وجود هیچ گونه حلالی 
و تحت تابش ریزموج به عنوان یک منبع گرمایی انجام می شود. در مقایسه با شرایط ابتدایی واکنش بیگینلی ، در روش جدید به طور 
قابل ملاحظه ای بهره ی واکنش افزایش داده شد )%96-76(. مزایای این روش افزایش بازده ی واکنش، سادگی روش، کاهش زمان 
واکنش وعدم استفاده از حلال های آلی و سازگاری با محیط زیست است. بیشتر فراورده ها به وسیله ی روش های فیزیکی و طیفی 

شناسایی و ثابت شده اند.

واژگان کلیدی: واکنش بیگینلی، بدون حلال، تابش ریزموج، سنتز تک مرحله ای، دی هیدرو پیریمیدینون ها، 12 مولیبدو فسفریک اسید
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