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ABSTRACT. A convenient and efficient method has been developed for the one-pot synthesis of dihydropyrimidinones (DHPMs)

compounds. Dihydropyrimidinone derivatives were synthesized in good yields using ethyl acetoacetate, aldehyde (aromatic

and aliphatic) and urea or thiourea in the presence of ZnO nanoparticles as a catalyst in H2O as solvent at 80
oC. This green

chemistry procedure applied to the Biginelli reaction using ZnO nanoparticles as catalyst and illustrated as a rapid preparation

of DHPMs in water as solvent. The products were identified by physical data (mp) by comparison with those reported in the

literatures.
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INTRODUCTION

During the past decade, multicomponent reactions (MCRs)

gained significant interest within the scientific community as

an efficient, convenient, time-saving, and atom-economical

approach to a variety of drug-like small heterocyclic mol-

ecules.1 The combination of an aldehyde, enolizable ketones,

and urea under acid catalysis to give a DHPMs was first

reported by Pietro Biginelli in 1893.2 DHPMs compounds

have a variety of pharmaceutical properties including cal-

cium channel modulation, mitotic kinesin Eg5 inhibition,

antiviral and antibacterial properties.2 Because of the above

mentioned properties of DHPMs, various synthetic meth-

ods with different catalyst have been reported by different

research groups such as using of Brønsted acids,3 Lewis

acids,4 microwave variants,5 Mn(OAc)3,6 LiBr,7 ammonium

salt,8 solid support,9 on reagents like CAN10 and clay.11 But

some of the methods have their own limitations in terms of

yields, catalyst load, stability of promoters, etc.

ZnO nanoparticles, is a very inexpensive and easily avail-

able Lewis acid catalyst. This catalyst has been widely used

in organic reactions, but it has not been carefully studied

as a catalyst in the Biginelli condensation in water as solvent

until now.12 Adsorption of the starting materials on the ZnO

surface with the coordination of accessible zinc cation to

functional groups led to the activation of substrates which

enhanced the reactions rates and yields.13−16 Due to the

importance of Biginelli reaction products, the discovery

and introduction of mild, economic and faster conditions

using new catalytic methods are required. 

We are interested in studying Biginelli reaction with the

aim to develop an operationally simple method for the syn-

thesis of a large range of DHPMs. During the course of our

studies toward the development of new routes to the syn-

thesis of organic compounds using green reaction mediums,

herein, we report a novel approach for synthesis of 3,4-dihy-

dropyrimidin-2(1H)- (thio)ones (4) via a one-pot conden-

sation reaction between ethyl acetoacetate (1), aldehyde

(aromatic and aliphatic) (2) and urea or thiourea (3) in the

presence of ZnO nanoparticles as a non-toxic nanocata-

lyst in terms of green chemistry (Scheme 1).

EXPERIMENTAL

General Considerations

All the reagent and solvents were obtained from Merck

(Germany) and were used without further purification.

Scheme 1. Synthesis of dihydropyrimidinones/thiones catalyzed
by ZnO nanoparticles in H2O as solvent.
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Melting points were measured on an Electro Thermal

9100 apparatus.

Preparation of ZnO Nanoparticles

Nano ZnO was prepared through the previously reported

procedures.12 In a typical procedure, 0.44 g (2.00 mmol)

of Zn(CH3CO2)2. 2H2O was suspended in 220 mL of 2-

propanol under vigorous stirring at 50 oC. A sodium hydrox-

ide alcoholic solution was prepared by adding 0.16 g (4.00

mmol) NaOH to 60 mL of 2-propanol under vigorous stir-

ring at 50 oC. The flasks containing Zn(CH3CO2)2. 2H2O

and NaOH alcoholic solution were cooled in an ice-water

bath. The sodium hydroxide solution was then added to

zinc acetate solution under vigorous stirring to give a total

volume of 300 mL. Final solution was heated in a con-

trolled microwave cavity for 5 min. During the microwave

irradiation the temperature of the solution reached up 80 oC.

After 5 min, the transparent solution was obtained. The

centrifugation of transparent solution yields white products,

which were washed twice with absolute ethanol and dried

at 70 oC for 4 h. Then white powders were calcined at 600 oC

for 1 h. The results obtained from XRD pattern and SEM

micrograph of the ZnO nanoparticles show that the mean

particle size is 30 nm.

General Procedure for the Preparation of 3,4-Dihy-

dropyrimidin-2(1H)-(thio)ones 4a−w

General procedure for one-pot preparation of 3,4-dihy-

dropyrimidin-2(1H)-(thio)ones using ZnO nanoparticle

as a catalyst is that to a stirred suspension of ZnO nanopar-

ticles (4 mol%) in water (5 ml) were added an aldehyde

(1.00 mmol), ethyl acetoacetate (1.10 mmol), urea or thiourea

(3.00 mmol), and then heated in water as solvent at 80 oC

while being stirred for 20–40 min. The completion of the

reaction was monitored by TLC. After completion of the

reaction, which resulted in precipitation of the desired 3,4-

dihydropyrimidin-2(1H)-(thio)ones 4a−w. The precipitated

solid was filtered, dried, washed with petroleum ether to

remove any residual starting material and then recrystallized

from ethanol to afford the pure product. The catalyst could

be recovered after evaporation of the aqueous layer, the

reused in subsequent reaction without losing any significant

activity. The products were identified by physical data (mp)

by comparison with those reported in the literatures.

RESULTS AND DISCUSSION

ZnO nanoparticles is easily prepared from Zn(CH3CO2)2·

2H2O.12 In a model reaction, benzaldehyde, ethyl aceto-

acetate and urea were stirred in H2O as solvent at 80 oC.

It is important to note this point that this reaction does

not proceed in the absence of catalyst. Stirring benzalde-

hyde, ethyl acetoacetate and urea at 80 oC for 28 h in H2O

gave a trace amount of the desired product (4f), while

good results were obtained in the presence of ZnO nanopar-

ticles after 30 min in H2O as solvent at 80 oC (Table 1,

entries 3–5).

At this point, we started to investigate different amount

of catalysts for this reaction (Table 1). In order to obtain

the best conditions, on the optimized of amount of cata-

lyst, we found that 4 mol% of ZnO nanoparticles could

effectively catalyze the reaction for synthesis of the desired

product. With inclusion of 2 mol% of ZnO nanoparticles

the reaction took longer time (Table 1, entry 2). Using more

than 4 mol% ZnO nanoparticles has less effect on the yield

and time of the reaction (Table 1, entry 4). 

The effect of temperature was studied by carrying out the

model reaction in the presence of ZnO nanoparticles (4 mol%)

at 50 oC and 80 oC. It was observed (Table 1, entries 5 and 6)

that the yield was not increased as the reaction temperature

was raised. Commercially available ZnO bulk also was eval-

uated for the synthesis of DHPMs. Clearly, the reaction time

using ZnO nanoparticles has been reduced by six times

with higher yield than ZnO bulk (91% versus 55%, Table 1,

entries 3 and 7).

As results show, among the verified metal oxides, 4 mol%

of ZnO were highly effective catalysts. The oxophilicity

of zinc cation, amphoteric nature of ZnO together with the

ability of the zinc cation for nearing of the activated start-

ing materials via an extra template affect supports the effi-

ciency of ZnO catalysts.

In order to explore the range of this extension, we sub-

jected a series of various aldehydes 2 with urea at 80 oC in

H2O. As a results show, electron-releasing substituents as

well as electron-withdrawing for the synthesis of corresponding

DHPM under the optimized reaction conditions. As indi-

Table 1. Optimization of the ZnO nanoparticles catalyzed model
reaction for synthesis of DHPMs

Entry Catalyst (mol%) Time (min) Yields (%)a

1

2

3

4

5

6

7

No catalyst

ZnO nano (2%)

ZnO nano (4%)

ZnO nano (7%)

ZnO nano (4%)

ZnO nano (4%)

ZnO bulk (4%)

28 h

90

30

30

30

30

180

12

67

91

94

90 b

90 c

55
aIsolated yield. bReaction was carried out at 80 oC. cReaction was

carried out at 50 oC.
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cated in Table 2, the reaction proceeds very efficiently and

led to afford the corresponding DHPM 4a−w in fairly good

yields.

In general, electron-donating substituents furnished higher

reaction rates, affording DHPM in good yields. On the other

hand, electron-withdrawing substituents decreased the rate of

the reaction and moderate yields of DHPM were obtained

(Table 2).

Recyclability of the catalyst was examined, too. For this

reason, catalyst which was recovered from reaction between

3-methoxy-4-hydroxy-benzaldehyde, ethyl acetoacetate and

urea by filtration; after drying the catalyst, it was reused Nano

ZnO was regenerated by washing with EtOAc and drying

at 300 oC or microwave irradiation and reused for three

consecutive times in Biginelli reactions with no significant

decreasing in reaction yields. This procedure was carried

out for three times. Results of these successive reactions

are shown in Figure 1. It is clear that by successive use of

catalyst no decrease in reactivity or performance can be

seen (Figure 1). After the fourth run the turnover number

(TON) was 96.

The mechanism of the Biginelli reaction established by

Kappe proposed that the key step in this cyclocondensa-

Table 2. ZnO nanoparticles catalyzed one-pot synthesis of DHPMs in H2O as solvent
a

Product                      R X Time (min) Yieldsb (%) Found mp (°C) Reported (Ref.)

4a 4-MeO−C6H4 O 25 94 201−203 202−20417

4b 3-MeO−4-HO−C6H3 O 20 98 233−235 231−23318

4c 4-HO−C6H4 O 20 93 226−228 226−22819

4d 4-CH3−C6H4 O 30 92 215−217 215−21617

4e 4-Cl−C6H4 O 25 90 210−213 209−21117

4f C6H5 O 30 91 199−201 200−20317

4g C3H7 O 40 85 179−181 178−18020

4h C6H5CH= CH O 30 80 234−236 237−23919

4i 3-NO2−C6H4 O 30 79 231−233 230−23217

4j 4-NO2−C6H4 O 30 78 206−208 207−20917

4k 2-Furyl O 40 85 206−208 208−20917

4l Cyclohexyl O 40 74 237−239 236−23820

4m CH3 O 40 65 192−194 193−19520

4n C2H5 O 40 70 179−181 179−18120

4o 4-MeO−C6H4 S 25 94 150−153 152−15417

4p 3-MeO−4-HO−C6H3 S 20 98 147−149 147−14918

4q 4-HO−C6H4 S 25 91 199−201 198−20019

4r 4-Cl−C6H4 S 25 92 192−194 190−19217

4s C6H5 S 30 90 206−208 205−20717

4t C6H5CH=CH S 30 78 243−245 244−24619

4u 3-NO2−C6H4 S 30 77 203−205 201−20317

4v 4-NO2−C6H4 S 30 75 108−110 107−10917

4w 2-Furyl S 40 80 183(dec.) 184(dec.)17

aReaction conditions: aldehyde (1.00 mmol), ethyl acetoacetate (1.10 mmol), urea or thiourea (3.00 mmol), ZnO nanoparticles (4 mol%),

80 oC. bIsolated yield.

 

Figure 1. Recycle of the catalyst.
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tion process should involve the formation of N-acylimin-

ium ion intermediate.21 

A proposed reaction mechanism of Biginelli conden-

sation via acyl imine intermediate is presented in Scheme 2.

It seems that ZnO may stabilize the acylimine interme-

diate due to the presence of vacant d-orbital. This interme-

diate is formed by the reaction of the aldehyde and urea or

thiourea and then stabilized by ZnO nanoparticles. Sub-

sequent addition of ethyl acetoacetate enolate to the acyli-

mine, followed by cyclization and dehydration, afforded the

corresponding 3,4-dihydropyrimidin-2(1H)-(thio)ones.

Many of the pharmacological relevant substitution pat-

terns on the aromatic ring could be introduced with high

efficiency. Aromatic aldehydes carrying either electron

donating or withdrawing substituents afforded high yields

of products in high purity. Acid sensitive aldehyde such as

furfural (4k and 4w) is also worked well without the for-

mation of any side products, which are normally observed

either in the presence of protic or Lewis acids. In addition

to its simplicity and milder reaction conditions, this method

is effective even with aliphatic and unsaturated aldehydes

which are normally produce poor yields in the presence of

either protic or Lewis acids due to their decomposition or

polymerization under acidic conditions. Also, water is a

medium that is fully compatible with green chemistry.

CONCLUSIONS

In conclusion, we have reported an efficient procedure

for the synthesis of DHPMs using ZnO nanoparticles as a

reusable, non-toxic and inexpensive nanocatalyst. Moderate

to good yields of the corresponding DHPMs were obtained

from readily available starting materials. The major advantage

of this method is the ease of the work-up; i.e., the products

can be isolated without chromatography. The method also

offers some other advantages such as clean reaction, low

loading of catalyst, high yields of products, short reaction

times and use of various substrates and it an attractive

approach for the generation of different compounds with

potential properties for medicinal chemistry programs.
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