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Abstract: A general and practical route for the synthesis of 3, 4-dihydropyrimidinones by one pot cyclocondensation of aldehydes and 
β-ketoesters and urea is described using EPIC as catalyst in eco-friendly solvent, water under microwave irradiation. Use of alternate 
energy source such as microwave accelerates the rate of formation of the Biginelli product. Excellent yields, wide applicability, short 
reaction time and environmentally benign reaction conditions are important features of this method. The present method provides a 
novel and improved protocol for synthesis of 3, 4-dihydropyrimidinones.  
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1. Introduction  

In the past decayed dihydropyrimidines has been the 
focus of considerable due to their biological activities 
and pharmacological profile [1-2]. A wide range of 
biological effect in the areas of antimicrobial, antiviral, 
anti-tumor, anti-inflammatory and cardiovascular 
activities has been established for Biginelli compounds. 
For example, several functionalized derivatives are 
used as calcium channel modulators, antihypertensive 
agents and αantagonist [3-6]. A number of marine 
alkaloids with broad spectrum of biological activities 
contain dihydropyrimidines as a part of their structures 
[7-9]. The most simple and straightforward procedure, 
first reported by Biginelli, involves the one-pot 
cyclocondensation of β- ketoester with an aldehyde, 
and urea under strongly acidic conditions [10].  

Within the past few years several groups developed 
new methods using Lewis acids BF3-OEt2, FeCl2, 
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LaCl3, La(OTf)3, Yb(OTf)3, InX3, ZrCl4,BiCl3 
Mn(Oac)3, LiClO4 or a combination of Lewis acids 
with transition metal salts, clays, etc. have been 
reported [11]. More recently one-pot synthesis of 
Biginelli compounds have been reported and claimed 
to effective yield of process [12-14]. Shalehi et al. had 
introduced silica-sulfuric acid as an efficient and 
reusable catalyst for the one-pot synthesis of 
3,4-dihydropyrimidinones [15], Hu [16] and Kappe 
[17] reported the use of BF3·OEt2/CuCl and PPE 
(polyphosphate ester) mediated variations of the 
Biginelli reaction giving high yields of 
dihydropyrimidines, but the reaction requires long 
reaction time. In addition, there are some other 
methods such as using dodecyl sulfonic acid [18], 
solid-phase synthesis [19-20] and microwave-assisted 
[21] synthesis of Biginelli compounds. However, 
despite the potential utility of these catalysts, many of 
these methodologies for the synthesis of 
dihydropyrimidinones associated with several 
shortcomings such as long reaction time, high 
temperature, low yields, occurrence of several side 
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products, high sensitivity to ambient air and moisture, 
use of organic solvents and toxic and hazardous 
transition metals. Recently N, N′-dichlorobis (2, 4, 
6-trichlorophenyl) urea (CC-2) also reported as a new 
reagent for Biginelli reaction in place of urea [22]. 

Now a days Development of non-hazardous 
synthetic methodologies for organic reactions are one 
of the latest challenge to the organic chemists. Recently, 
organic reactions conducted in aqueous media have 
received much attention [23-26], because water is 
non-toxic, cheap, abundantly available and being to the 
environment. Because of our interest in envirocats, 
new solid-supported catalysts which is a part of our 
continual efforts to develop green strategies, herein we 
wish to report the use of envirocat EPIC [27], along 
with microwave irradiation in an aqueous media. This 
protocol offers a simple, green, economic and 
environmentally benign route for the three component 
condensation synthesis of dihydropyrimidinones  
using EPIC catalyst in an aqueous media under 
microwave irradiation. 

2. Experiment 

A mixture of benzaldehyde (5 mmol), ethyl 
acetoacetate or methyl acetoacetate (5 mmol), urea 
(11mmol) and EPIC (300 mg) in 5 ml water was taken 
in beaker and heated in a microwave oven at power 
50% for appropriate time (Table 1). After completion 
(monitored by TLC), the reaction mixture was poured 
in to hot ethanol and catalyst is recovered by filtration 
and the solvent was removed under vacuum to collect 
the crude product. Further, the product is washed with 
water (2 × 5ml) and filtered, and then residue is 
recrystallized in ethanol which gives pure product. 

3. Results and Discussion 

The reaction of benzaldehyde (entry a) gives high 
yield (85%) and needs shorter reaction time. Even for 
aliphatic aldehydes (entry g, h) the present method 
gives good yields as compared to the reported method 
which gave poor yields in standard Biginelli reaction. 
Aromatic aldehydes carrying electron withdrawing 
substitutions also afforded excellent yields of products 
(entry c,e,f,j). The method is also effective for aldehyde 
such as furfural aldehyde which generally create 
problem in highly acidic condition. 

The advantage of use of EPIC for this reaction lies in 
the fact that various functional groups like, nitro, 
methoxy, remained intact under the given reaction 
conditions. 

Compounds were characterized by 1H NMR and IR 
spectral analysis and physical constant with reported 
literature. 
Ethyl 1,2,3,4-tetrahydro-6-methyl-2 

2-oxo-4-phenylpyrimidine-5-carboxylate  
M.P. 201 °C, KBr: v = 3240, 

3120,2950,2925,1720,1702,1641,1589 cm-1, 1HNMR 
(DMSO) δ=1.17 (t, 3H, J=6.7 Hz) 4.05 (q, 2H, J=6.61 
Hz ), 5.20 (s, 1H), 7.15-7.35(m, 6H), 8.95 (br., s, NH), 
m/z = 260 (M+), 232, 182, 155, 137, 43. 
Ethyl 1,2,3,4-tetrahydro-6-methyl- 
-4-(4-nitrophenyl)-2-oxopyrimidine-5-carboxylate

M.P. 204 °C, KBr:v = 3235, 3109, 2970, 1701, 1645, 
1558 cm-1, 1HNMR (DMSO) δ =  1.20 (t,3H, J=6.9 Hz), 
2.28 (s, 3H), 4.05 (q, 2H J = 7 Hz), 5.39 (d. 1H,J = 2.4 
Hz), 7.50 (d, 2H, J = 8.7Hz),7.35 (br. s, NH), 8.20 (d, 
2H, J = 8.7 Hz), 9.30(br., s, NH) m/z = 306 (M+), 
276,232,183,151,138. 
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Scheme. 1. 
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Table 1  Synthesis of dihydropyrimidinones. 

Entry Aldehydes β-Dicarbonyls Time/min Yield(%)a mp(°C)b 

a 

CHO

 OEt

O O

5 85 201 

b 

CHO

Me  
OEt

O O

6 80 197 

c 

CHO

NO2  

OEt

O O

.

5.5 81 204 

d 

CHO

OMe  
OEt

O O

6 80 191 

e 

CHO

OH  
OEt

O O

6.5 82 226 

f 

CHO

Cl  
OEt

O O

6 82 213 

g CHO  
OEt

O O

6 80 154 

h CHO
 

OEt

O O

5 81 152 

i 

CHO

 OMe

O O

6 84 234 

j 

CHO

Cl  
OMe

O O

5 82 191 

k 

CHO

OMe  
OMe

O O

4.5 81 193 

a Yields are of pure isolated products; b Products are characterized by their physical constants (mp with their authentic compounds 
reported in literature.) and by spectral analysis.  
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Ethyl 1,2,3,4-tetrahydro-6-methyl 
-2-oxo-4-p-tolylpyrimidine-5-carboxylate  

M.P. 197 °C, KBr:v = 3240, 3110, 1691,1664,1560 
cm-1, 1HNMR (DMSO) δ = 2.23 (s, 3H) 2.28 (s.3H ), 
4.10 (q, 2H, J = 6.9 Hz), 5.40 (d, 1H, J = 2.2 Hz), 6.95 
(m, 4H), 7.61(br. s, NH), 9.10 (br. s, NH), m/z = 
274(M+), 244, 228, 201, 155, 137, 91. 

4. Conclusions  

In summary, the present procedure demonstrates the 
synthesis of dihydropyrimidinones in excellent yield 
with no side reaction. The use of green catalyst, high 
yield, general applicability to a variety of aldehydes 
makes this method an attractive to the existing 
methods.  
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