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Abstract 
One of the most prominent multicomponent reactions 

(MCRs), Biginelli reaction has been utilized for the 

synthesis of 3,4-dihydropyrimidin-2-(1H)-ones 

catalyzed one-pot condensation of aldehyde, β-

ketoester and urea in presence of ethanol. The present 

study deals with synthesis of biologically active 3, 4-

dihydropyrimidin-2(1H)-ones using nano crystalline 

CeO2. 
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Introduction 
As one of the most prominent multicomponent reactions 

(MCRs), Biginelli reaction has been utilized for the 

synthesis of 3,4-dihydropyrimidin-2-(1H)-ones catalyzed 

one-pot condensation of aldehyde, beta-ketoester and urea in 

presence of ethanol. 3, 4-dihydropyrimidin-2(1H)-ones 

constituting an important class of heterocyclic organic 

compounds which possess therapeutic and pharmacological 

properties such as anti-tumor agent, anti-inflammatory, anti-

viral and anti-malarial activities.4,8,18  

 

These compounds also serve as calcium channel blockers 

and neuropeptides Y (NPY) antagonists.16 These compounds 

can be synthesized using the classical Biginelli reaction. 

Apart from original reaction condition, various new reaction 

conditions have been introduced for the classical Biginelli 

reaction which include  use of  Lewis acid catalysts such as 

Al(NO3)3⋅9H2O10, Iron (III) tosylate20, SbCl3, Cr 

III(NO3)3·9H2O11 and LaCl3/ClCH2COOH.9 Calix arene 

sulfonic acid under ultrasonic irradiation was successfully 

investigated for the Biginelli reaction.22  

 

The use of ionic liquid systems such as Brønsted acidic ionic 

liquid [Btto][p-TSA],19N-(4-sulfonic A), butyl triethyl 

ammonium hydrogen sulphate2 and [Et3N–SO3H]Cl7, nano-

BF3.SiO2
13, nano alumina21 found them to be efficient 

catalysts. The present study deals with synthesis of 

biologically active 3, 4-dihydropyrimidin-2(1H)-ones using 

bulk and nano crystalline CeO2.    

Material and Methods 
All chemicals were of AR grade and used without further 

purification. The reactions were monitored by thin-layer 

chromatography (TLC) using 0.25 mm E-Merck Silica Gel 

60F254 precoated plates and were observed with U.V. light. 

1HNMR spectra of synthesized compounds were recorded 

on Varian Mercury plus 300 MHz NMR spectrometer.  

 

The values of all the chemical shifts were expressed in terms 

of δ with reference to tetramethylsilane (TMS, δ=0) as an 

internal standard and expressed as ppm. All IR spectra were 

recorded on Perkin Elmer FT-IR spectrometer as KBr 

pellets. Melting points were determined by open capillary 

method and used without correction. 

 

General procedure for synthesis of 3, 4-
dihydropyrimidin-2(1H)-ones: A reaction mixture was 

prepared by dissolving aromatic aldehyde (1a) (1.0 mmol), 

ethyl acetoacetate (2b) (1.0 mmol) and urea or thiourea  (3) 

(1.0 mmol) in C2H5OH (1.5 ml) followed by addition of nano 

catalyst (0.1mmol).  

 

The reaction mixture was stirred magnetically at room 

temperature and progress of reaction mixture was studied by 

using TLC.  

 

The reaction mixture was filtered and catalyst was separated 

and washed thoroughly with ethyl acetate and reused for the 

next round of same set of reaction. The catalyst was found 

to be active to form corresponding product with considerable 

yield for at least three rounds. The purification of product 

was done using hot ethyl alcohol. 
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Table 1 

Investigation of solvent effects for the synthesis of 5-Ethoxycarbonyl -6-methyl-4-phenyl-3, 4-dihydropyrimidin-

2(1H)-one (2a) at room temperature 
 

Entry Solvent Bulk CeO2 Nano-CeO2 

Time (min.) Yieldc (%) Time (min.) Yieldc (%) 

1 CH2Cl2 75 35 75 50 

2 CHCl3 75 36 75 55 

3 CH3CN 60 40 60 60 

4 C2H5OH 60 50 10 94 
aAldehyde (1.0 mmol) was reacted with ethylacetoacetate(1.0 mmol) & urea(1.0 mmol) in presence of bulk and Nano CeO2- in 

solvent C2H5OH at room temperature 
cc’Isolated Yields 
 

Table 2 

Investigation of catalytic effect of bulk and Nano CeO2 on synthesis of 5- Ethoxycarbonyl-6-methyl-4-phenyl-3, 4-

dihydropyrimidin-2(1H)-one (2a) 
 

Entry Amount of 

Catalyst (mmol) 

aBulk  CeO2 aNano CeO2 

Time (min.) Yield b(%) Time (min.) Yield b (%) 

1 0.02 75 30 40 52 

2 0.04 75 32 45 58 

3 0.06 60 35 47 65 

4 0.08 60 40 52 66 

5 0.1 60 50 10 94 

6 0.2 20 50 20 94 
aAldehyde(1.0 mmol) was  reacted with ethylaceto acetate (1.0 mmol) & urea(1.0 mmol) in presence of bulk and Nano-CeO2 in 

C2H5OH as catalyst at room temperature. 
bIsolated Yields 

 

Synthesis and characterization of nanocrystalline CeO2: 

CAN (3.65 gm.) as source of metal ion and 0.5 gm. of 

glycine along with   L-Ascorbic Acid (1.117 gm.) are taken 

in given amount in de- ionized water. Mixture is heated on 

hot plate at 80oC in order to get homogenized and gel is 

formed after removal of excess of amount of the water. After 

removal of the water, gel get swallowed and then big bloom 

of gases comes out for 2-3 seconds. Finally, yellowish 

powder get formed this powder is further heated at 600oC in 

the Muffle furnace for 30 minutes to get fine CeO2 

nanoparticles having size (70.5-82.3) nm 

 

Results and Discussion 
Study of synthesis of 3, 4-dihydropyrimidin-2(1H)-ones: 

The suitable reaction conditions were established by 

selecting condensation between benzaldehyde (0.101 ml, 1 

mmol), ethylaceto acetate (0.127 ml, 1 mmol) and urea 

(0.065 gm., 1 mmol) as model reaction. 

 

Selection of Solvent: The model reaction was performed in 

presence of bulk and nano crystalized CeO2. When model 

reaction was performed in polar and non-polar solvents, it 

was observed that maximum yield of corresponding product 

was obtained in short reaction time when reaction was 

performed in C2H5OH, a polar solvent (Table 1, Entry 4). 

 

Selection of Catalyst Loading: The catalytic activity of 

both bulk and nano CeO2 was studied with respect to loading 

amount in reaction mixture (Table 2). Thus nano CeO2 were 

effective in small amount that is 0.1mmol (Table 2, Entry 5). 

Even if the amount of catalyst was increased to 0.2 mmol, 

hardly any improvement in terms of yield and reaction time 

was observed. 

 

Study of the scope of reaction: The use of 0.1 mmol of bulk 

and nano CeO2 in C2H5OH was found to an optimum 

condition for the scheme 1. The scope and general nature of 

the scheme 1 thus established are studied by using various 

aromatic aldehydes. Further, the effectiveness of both 

catalysts was studied by performing scheme 1 in presence of 

nano CeO2 separately and the results were compared (Table 

3). 
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Table 3 

Synthesis of 3, 4-dihydropyrimidin-2(1H)-ones derivatives with urea and thiourea using bulk CeO2  

and nano CeO2 separately in C2H5OH at room temperature. 
 

Entry Ra Productb 

 

CeO2 (bulk) Nano CeO2 M.P. 

(oC ) 

Observed 

(Literature ) 

Time 

(min) 

Yieldc 

(%) 

Time 

(min.) 

Yieldc’ 

(%) 

1 CHO

 
N

NH
5
C

2
O

O

CH
3

O

H

H

 

60 50 10 94 207 

(206-208)22a 

2 CHO

CH
3  

N

NH
5
C

2
O

O

CH
3

CH
3

O

H

H

 

60 35 15 92 170 

(169-171)24 

 

3 CHO

OMe  
N

NH
5
C

2
O

O

CH
3

OMe

O

H

H

 

60 37 20 93 204 

(202-204)22d 

4 CHO

Cl  N

NH
5
C

2
O

O

CH
3

Cl

O

H

H

 

60 40 15 92 215 

(213-215)22d 

5 CHO

Cl

 
N

NH
5
C

2
O

O

CH
3

Cl

O

H

H

 

60 35 20 90 223 

(222-224)23 

6 CHO

NO
2  

N

NH
5
C

2
O

O

CH
3
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2

O

H

H

 

40 38 10 94 211 

(211-213)22b 

7 CHO

NO
2
 N

NH
5
C

2
O

O

CH
3

NO
2

O

H

H

 

50 42 10 91 230 

(229-231)22d 

aAldehydes(1.0 mmol) were reacted with ethylacetoacetate or methyl acetate (1.0 mmol) & urea or thiourea (1.0 mmol) in presence 

of bulk and Nano-CeO2  in C2H5OH 
bAll products were identified by comparing their spectral data and melting points with data from literature 
cc’Isolated Yields. 
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Table 4 

Study of reusability of heterogeneous bulk and nano crystalline CeO2 (Entry 1, Table 4) 
 

Run Nano-CeO2 

Time (min.) Yield c’ (%) 

1 10 94 

2 20 92 

3 30 90 

                                *Aldehyde (1.0 mmol) was reacted with ethylacetoacetate(1.0 mmol) & urea(1.0 mmol)  

                                 in presence of Nano-CeO2 in C2H5OH as catalyst at room temperature. c’Isolated yields. 

 

Spectral Data of the Products of Scheme 1 (Table 3) 

 

Entry Products Spectral Data 
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5-Ethoxycarbonyl-4-phenyl-6-methyl-3,4-dihydropyrimidin-2(1H)-one 

M.P.- 2070C 

I.R.(KBr) cm-1:710, 1092, 1222, 1652, 1720, 2981, 3117, 3247 

H1NMR(300MHz,CDCl3): δ=1.2(t,3H,J=6.8Hz), 2.17(s,3H), 

4.5(m,2H,J=6.8Hz), 5.06(s,1H), 7.24(m,5H,Ar-H), 8.22(s,NH), 8.7(s,NH) 

 

 

 

2 

N
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5
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2
O

O

CH
3
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H

 
 

5-Ethoxycarbonyl-4-tolyl-6-methyl-3,4-dihydropyrimidin-2(1H)-one 

M.P.- 1700C 

I.R.(KBr) cm-1:475, 480, 1087,1225,1649, 1707, 2981, 3115, 3245 

H1NMR(300MHz,CDCl3): δ=1.2(t,3H,J=6.7Hz), 2.21(s,3H), 3.0(s,3H), 

4.2(m,2H, J=6.7Hz), 5.3(s,1H), 7.3(m,4H), 8.05(s,NH), 8.46(s,NH) 

 

 

 

3 

N

NH
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2
O

O

CH
3

Cl

H

H

 
 

5-Ethoxycarbonyl-4-(2-chlorophenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-

one 

M.P.: 2230C 

I.R.(KBr) cm-1:760, 1082, 1223, 1445, 1641, 1702, 2982, 3097, 3237 

H1NMR(300MHz,CDCl3): δ=1.2(t,3H,J=6.7Hz), 2.3(s,3H), 4.0(m, 2H, 

J=6.7Hz), 5.5(s,1H), 7.2-7.4(m,4H,Ar-H), 8.4(s,NH), 9.1(s,NH) 
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N
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3
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5-Ethoxycarbonyl-4-(4-nitrophenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-

one 

M.P.: 2110C 

I.R.(KBr) cm-1: 452, 777, 1092, 1347, 

1521, 1649, 1702, 1732, 2924, 3117,3235 

H1NMR(300MHz,CDCl3): δ=1.25(t,3H,J=6.8Hz), 2.6(s,3H), 4.3(m,2H, 

J=6.8Hz), 5.02(s,1H),8.0-8.12(m,2H,Ar-H,J=7.3Hz), 8.21(d,2H,Ar-H, 

J=7.3Hz), 8.8(s,NH), 9.3(s,NH) 
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As summarized in table 3, aromatic aldehydes having 

electron withdrawing group in presence of ethylacetoacetate 

or methylacetoacetate and urea or thiourea using catalyst 

bulk and nanocrystaline CeO2 get reacted and resulted into 

3,4-dihydropyrimidin-2(1H)-ones with excellent yields. A 

broad range of structurally diverse aromatic compound have 

shown selective reactivity to give 3, 4-dihydropyrimidinones 

with high yields. 

 

During synthesis of 3, 4-dihydropyrimidinones nano CeO2 

was found to be more effective than bulk in carrying out 

conversions in terms of reaction time and yields (Table 3, 

Entries 1-6). 

 

Study of recyclability of nano CeO2: Nano CeO2 catalysts 

were found to be heterogeneous in reaction mixtures during 

synthesis. Moreover, it was easy to recover catalysts from 

reaction mixtures which encouraged checking their 

reusability. It was observed that catalysts could afford 

corresponding products for at least three times without much 

loss in catalytic activity as shown in table 4. 

 

The Proposed Mechanism: We propose the possible 

mechanism supported by data from literature involving the 

nano crystalline CeO2 given in fig. 3. 

 

Conclusion 
Recent work help to pramote the high yield, optimum use of 

catalyst, recycling of catalyst, use of green solvent, 

minimum work, time saving which all promote the principle 

of green chemistry for sustainability. 

 

 
Figure 1: XRD of Ceria Nanoparticle 

 

 
Figure 2: SEM of Ceria Nanoparticle. 
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