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Abstract A zeolite catalyzed, single step and environ-

mentally friendly process for synthesis of classical

Biginelli reaction was investigated. For this reaction

Transition metal/Y zeolites were prepared by microwave

solid-state and aqueous solution ion-exchange methods.

The yield of reactions was increased in order of CuY [
CoY [ NiY [ MnY & FeY [ VY [ CrY [ ZnY for the

solid-state zeolite ion-exchange and CuY [ CoY [
NiY [ MnY [ CrY [ VY [ ZnY [ FeY for the aqueous

solution ion-exchange. The solid-state ion-exchange zeolite

by microwave irradiation showed higher activity compared

to the aqueous solution exchange. The yield of the product

in the present of CuY zeolite was in order of 22–50%.

Keywords Tetrahydropyrimidinones � Zeolite �
Acid sites � Biginelli

Introduction

3,4-Dihydropyrimidin-2(1H)-ones (DHPMs) have received

significant attentions due to their diverse range of thera-

peutic and pharmacological activities [1–9] such as

antiviral [5], antimitotic [6], anticarcinogenic [7], antihy-

pertensive [8, 9] and calcium channel modulators [10].

Moreover, several natural marine alkaloids with interesting

biological activities contain the dihydropyrimidine-5-car-

boxylate moiety [11, 12]. The original method for the

synthesis of 3,4-Dihydropyrimidin-2(1H)-ones, which was

firstly reported by Biginelli in 1893, involves one-pot

reaction of b-ketoester or b-diketone, arylaldehyde and

urea [13]. This has led to the recent development of several

improved reaction protocols by using different acid cata-

lysts including inorganic solid acids such as nafion-H [14],

HEU [15], zeolite [16], MCM-41 [17] and heterogeneous

catalytic method [18]. However the most of these protocols

seem to be mainly concerned with the enhancing of the

yields reaction. Very rarely attention has paid to the role of

different used inorganic solid acids as catalyst in the

mechanism of the Biginelli reaction.

Recently, there has been interested in the use of inor-

ganic solid acids in the organic synthesis [19–21]. Among

the various solid acid catalysts, zeolites have received an

increasing attention because of their suitable acidity, ther-

mal stability and low cost.

The acidity of zeolite could be due to the Bronsted and

Lewis acid sites [22]. Exchange of monovalent cations with

polyvalent ion creates strong Bronsted centers by the

hydrolysis phenomena [23], which is useful for some of

acid catalyst reactions such as alcohol dehydration, acyla-

tion [24], estrification [25], and Diels–Alder reaction [26].

We can decrease the number of proton sites and increase

the number of Lewis sites by dehydration reaction, which is

carried out above 875 K� [27]. The time of the cation

exchange process can be reduced under microwave irra-

diation [28].

The Lewis sites can be increased when the metal/zeolite

is prepared in the solid state phase ion-exchange under

microwave irradiation [29, 30]. Interestingly, in some

reactions, including intramolecular acylation [25], isom-

erization [31] and conversion of acids to benzimidazoles

[32], the Lewis sites are the active centers.

In view of these reports, effort have been made to carry

out the Biginelli reaction by different zeolite catalysts in
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order to find the role of zeolite in the mechanism of the

reaction.

Experimental

1H-NMR and 13C-NMR were recorded on Bruker

(300 MHz) spectrometer. TMS was used as an internal

standard. Microanalyses were performed by the Elemental

Analyzer (Elemental, Vario EL III). The IR spectra were

recorded by Galaxy Series FT-IR 5000 spectrometer. All

products were characterized by NMR and IR spectra, and

elemental analysis.

Zeolite NaY was prepared and activated according to the

procedure described previously [33]. Two different routes

were used for preparation of metal/Y zeolites.

Method A

About 200 mL of 0.01 M solution of metal salts (VCl3,

CrCl3 � 6H2O, FeCl3 � 4H2O, MnCl2 � 4H2O, CoCl2 �
H2O, NiCl2 � 6H2O, CuCl2 � 2H2O and ZnCl2) was added

to 2.0 g of NaY zeolite in a 250-mL flask. The mixture was

stirred for 24 h and then filtered. The obtained solid was

washed with water until a colorless filtrate observed. The

final zeolite products were dried at room temperature.

Method B

A mixture of 2.0 g of NaY zeolite and 2 mmol of each

metal salts listed above was mechanically mixed, ground

and heated in microwave oven for 10–20 min at 900 W

powers. Recently study in our laboratory showed that metal

salts are completely dispersed and ion exchanged onto

zeolite [32].

General preparation of 3,4-Dihydropyrimidin-2(1H)-

ones 4(a-c)

To a solution of urea (0.02 mol) and ethyl acetoacetate

(0.02 mol) in ethanol (10 mL), appropriate aldehyde

(0.02 mol) and metal/Y zeolite (0.25 g) was added. The

reaction mixture was refluxed for 12 h. The used catalyst

was collected by filtration and then washed with ethanol.

The crude product was recrystallized from ethanol.

Results

3,4-Dihydropyrimidin-2(1H)-ones 4(a-c) were prepared by

reaction of appropriate aldehyde, ethyl acetoacetate and

urea in the present of the zeolite as shown in Scheme 1.

Tables 1, 2 and 3 show the results of the Biginelli

reaction with benzaldehyde, 2-methoxy benzaldehyde and

2-chloro benzaldehyde, respectively. The zeolite, which

was used as catalyst in these reactions, was ion exchanged

by microwave in the solid state and in the aqueous solution.

The catalyst activated for 2 h and reactions were carried

out to 3–4 times. In each case, yield was decreased about

5–6%. The results for concentration of cations in metal/
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Table 1 The yield (%) of Biginelli reaction for benzaldehyde, urea and ethyl acetoacetate

VY CrY FeY MnY CoY NiY CuY ZnY NaY HY NaA

Aqa 14.3 20.0 5.3 23.8 24.2 21.7 34.2 13.0 48.2 19.4 17.2

MWb 28.2 25.1 32.5 32.5 37.0 34.2 38.1 20.3 – – –

a Aqueous solution
b Solid state

Table 2 The yield (%) of Biginelli reaction for 2-methoxy benzaldehyde, urea and ethyl acetoacetate

VY CrY FeY MnY CoY NiY CuY ZnY NaY HY NaA

Aqa 16.4 25.2 10.0 26.1 28.4 28.3 30.2 15.8 62.5 27.2 18.0

MWb 55.7 31.8 40.5 40.8 43.0 41.2 48.2 24.8 – – –

a Aqueous solution
b Solid state
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zeolite after reaction were also similar to those reported

before [34].

Ethyl-6-methyl-2-oxo-4-phenyl-1, 2, 3, 4-

tetrahydropyrimidine-5-carboxylate (4a)

Mp 205–207 �C. IR (KBr): m = 3238, 3113, 2980, 1724,

1649, 1465, 1290 cm-1. 1H-NMR (DMSO-d6): d
(ppm) = 1.09 (t, 3H, CH3), 2.24 (s, 3H, CH3), 3.99 (q, 2H,

CH2), 5.13 (d, 1H, H-4), 7.21–7.34 (m, 5H, Harom), 7.73 (s,

1H, NH), 9.19 (s, 1H, NH). 13C-NMR (DMSO-d6): d
(ppm) = 14.5, 18.2, 54.5, 59.7, 99.8, 126.7, 127.7, 128.8,

145.3, 148.8, 152.8, 165.8. Anal. cald. for C14H16N2O3: C,

64.60; H, 6.20; N, 10.76%. Found: C, 64.25; H, 6.51; N,

10.62%.

Ethyl-6-methyl-4-(2-methoxyphenyl)-2-oxo-1, 2, 3, 4-

tetrahydropyrimidine-5-carboxylate (4b)

Mp 258–259 �C. IR (KBr):m = 3267, 3109, 2958, 1726,

1703, 1639, 1487, 1286 cm-1. 1H-NMR (DMSO-d6): d
(ppm) = 1.04 (t, 3H, CH3), 2.27 (s, 3H, CH3), 3.789 (s,

3H, CH3), 3.93 (q, 2H, CH2), 5.50 (d, 1H, H-4), 6.87–7.28

(m, 4H, Harom, 1H, NH), 9.1 (s, 1H, NH). 13C-NMR

(DMSO-d6): d (ppm) = 14.5, 18.2, 49.3, 55.8, 59.4, 98.0,

111.6, 120.6, 127.5, 129.1, 132.1, 149.3, 152.7, 157.0,

165.8. Anal. cald. for C15H18N2O4: C, 62.06; H, 6.25; N,

9.65%. Found: C, 62.29; H, 6.45; N, 9.60%.

Ethyl-6-methyl-4-(2-chlorophenyl)-2-oxo-1, 2, 3, 4-

tetrahydropyrimidine-5-carboxylate (4c)

Mp 221–222 �C. IR (KBr): m = 3354, 3236, 3111, 2978,

1693, 1641, 1226, 1095 cm-1. 1H-NMR (DMSO-d6): d
(ppm) = 0.99 (t, 3H, CH3), 2.30 (s, 3H, CH3), 3.90 (q, 2H,

CH2), 5.63 (d, 1H, H-4), 7.25–7.41 (m, 4H, Harom), 7.71 (s,

1H, NH), 9.27 (s, 1H, NH). 13C-NMR (DMSO-d6): d
(ppm) = 14.4, 18.1, 51.9, 59.5, 98.3, 128.2, 129.2, 129.5,

129.8, 132.1, 142.2, 149.8, 151.8, 165.4. Anal. cald. for

C14H15ClN2O3: C, 57.05; H, 5.13; N, 9.50%. Found: C,

57.10; H, 5.44; N, 9.54%.

Discussion

With note to Tables 1, 2 and 3 we have seen the following

catalytic activity for exchange zeolite in aqueous solution:

CuY [ CoY [ NiY[ MnY[ CrY[ VY[ ZnY[ FeY.

Hence, the yield of the reaction with zeolite, which is ion

exchanged under microwave irradiation increased in the

order of CuY [ CoY [ NiY[ MnY[ FeY[ VY[
CrY [ ZnY. The CuY zeolite shows the highest yield and

activity for two sets of catalysts.

The yield of these reactions was high when solid ion-

exchanged metal zeolite under microwave irradiation was

used. Since these reactions catalyzed by an acid, the acidity

is strongly linked with the type of cation and so will vary

with the degree of cation exchange. On the other hand the

water molecule bonded to the zeolite decreases at high

temperature and consequently the number of Lewis acid

sites increase. Therefore, the nature of the acid sites is

related to the type of metal centers in addition to thermal

pretreatment. The ion exchange in solid state under

microwave irradiation increases the Lewis sites [35], which

may be formed through the following mechanism:

Scheme 2

Condensation of aldehyde, urea and ethyl acetoacetate

forms an intermediate which is stabilized by framework M

and all Lewis sites zeolite. The intermediate cylices with

zeolite and forms product. It seems that created hydrogen

bond between OMe group of 2-methoxy benzaldehyde and

the framework zeolite is a factor, which causes the yield of

reaction increased.

Table 3 The yield (%) of Biginelli reaction for 2-chloro benzaldehyde, urea and ethyl acetoacetate

VY CrY FeY MnY CoY NiY CuY ZnY NaY HY NaA

Aqa 13.5 15.7 5.4 17.4 19.0 18.0 22.4 8.0 36.1 19.3 15.3

MWb 23.3 22.0 26.0 25.0 29.1 26.8 32.1 11.3 – – –

a Aqueous solution
b Solid state

Scheme2
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Further more, pervious work showed a synergy between

the Bronsted and Lewis sites. The number of Bronsted sites

is increased by adsorption of water molecules on Y zeolite

[34]. Interestingly, in the present study, we found that by

using hydrated zeolite ion-exchange under microwave

condition, the yield of the reaction decreased by 10–11%.

Hence, as the Bronsted sites in HY zeolite is increased, the

yield is decreased. This shows that the establishing Lewis

sites is better sites for this reaction.

The results indicated that CuY zeolite shows the highest

activity for the Biginelli reaction using a set of catalysts in

three reactions. It seems that small ions, such as Cu2+, have

high degrees of ion exchange and CuCl2 has dispersed

completely onto the NaY zeolite under microwave irradi-

ation. Also some of these dispersed ions reacted with the

oxygen ions of zeolite to form –O–M–Cl under microwave

irradiation, which are as new Lewis acid sites [36].

Conclusion

We consider the nature of cation and method of exchange

on the catalytic activities of transition metal cation-

exchange zeolite. The good correlation between the yields

of Biginelli reaction in presence of transition metal/zeolite

cation exchange in aqueous solution suggests that the

active centers are mostly Lewis sites.
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