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ABSTRACT

An efficient synthesis route < to 1,4-dihydropyrimidine
derivatives from reaction ‘of divergent aldehydes with ethylacetoacetate
and urea under solvent-free conditions by ZnO nanoparticles as a relative
in expansive, eco-friendly, easy available, non-volatile, non-explosion,
thermally robust, recyclable and easy to handle catalyst at 90°C with
excellent yields is described. Unenhanced reaction times, simple reaction
protocol and work-up, have been improved synthesis of these materials in
the presence of this heterogeneous catalyst.

Keywords: 1,4-Dihydropyrimidinones; ZnO nanoparticles; Solvent-free
conditions; Heterogeneous catalyst; H-NMR.

INTRODUCTION

Recently, the use of solid-supported reagent has also
received considerable important in organic synthesis because of their
ease of handling, enhanced reaction rates, grater selectivity, simple
work-up and reusability of catalyst [1]. The efficiency of
heterogeneous catalysis has been improved by employing nano-sized
catalyst [2] because of their extremely small size, high surface area,
and reactive morphologies. Furthermore, the nano-catalyzed reactions
provide the advantages of high atom efficiency, simplified isolation of
product, and easy recovery and recyclability of the catalysts. In view of
recent surge in the use of heterogeneous catalysis we have developed
ZnO nano-particles employing. ZnO nano-particles as an inexpensive,
non-volatile, recyclable, non-expensive, ease to handle and eco-
friendly catalyst [3]. In the past decade, dihydropyrimidinones
(DHPMs) have exhibited important pharmacological and biological
properties [4-14]. So the synthesis of DHPMg has been revalued. The
classical synthesis of dihydropyrimidinone was the Biginelli reaction
of aldehyde, ethylacetoacetate, and urea or thiourea under acidic
conditions [15].

Submit your manuscript to www.ijnd.ir 99


www.sid.ir

Int. ].Nano Dimens. 6(1): 99-104, Winter 2015

Pourshamsian

The method, however, requires harash
conditions leading often to low yields despite long
reaction times. In order to circumvent these
drawbacks many improvements and modifications
have been developed, including microwave
promotion [16-18], ultrasound irradiation [19-20],
ionic liquids [21-22] and the use of Lewis acid
catalyst, such as NpCis/QN-NH, [23, 24],
BF;OEt,/CuCl [25], formic acid [26], Yb(OTy)s
[27], InCl; [28], NH,CI [29], Cu(OTy), [30],
Cu(ClQy),. 6H,0 [31], Trichloro acetic acid [32],
Fe(OTs)s [33], Zn((L)-proline),[34], MnO,-
MWCNT [35], etc.

Chiral DHPMgs via Biginelli condensation
reaction have been realized [36-42]. A variety of
substituent including N-substituted urea [43] and -
acylpyruvates [44] in the components have been
investigated to produce differently substituted
DHPM;s for however most of these procedures have
significant drawbacks such as high temperature,
long reaction times, and low yields of products,
harsh reaction conditions and difficult workup.
Therefore, the development of simple, green,
efficient, clean, high yielding and environmentally
friendly have been approaches for the synthesis of
these compounds in an important task for organic
chemist.

In this research we want to report a new
and efficient synthesis of 1,4-dihydropyrimidinones
the presence of ZnO nano-particles as a Lewis acid
catalyst under solvent-free conditions (Scheme 1).

EXPERIMENTAL
All reagents were purchased from Merck

and used without further purification. The progress
of reaction was monitored by TLC using 0.2 mm

Merck Silicagel 60 F 254 pre-coated plates.
Melting points were measured on an Electrothermal
9100s apparatus and uncorrected. The IR spectra
were recorded on FT-IR Shimadzu IR-470
spectrophotometer. The 'H-NMR spectra were
determined on a Bruker Avance DRX-400 MHz
instrument using TMS as the internal standard.

General procedure for the preparation of 1, 4-
dihydropyrimidinones (4a-j)

A mixture of aromatic aldehyde (Immol),
ethylacetoacetate (1 mmol), urea (1.3 mmol) and
ZnO nano-particles (0.25 mmol) was heated in oil
bath at 90 °C. The  progress of reaction was
monitored by TLC. After completion the reaction
after 50 min, the mixture was cooled to room
temperature, water was added and the mixture
stirred for 30 min. The precipitate was filtered off
and recrystallized from ethanol to give compound
4a-j in high yields. (See Table 1)

RESULTS AND DISCUSSION

In this paper, we report a new, simple, mild
and effective procedure for the one-pot, three
component reaction of aromatic aldehyde, and urea,
ethylacetoacetate and ZnO nano-particles as a
recyclable catalyst. The catalyst is safe, easy to
handle, mild, environmentally favorable. The
optimization of the reaction with different amounts
of catalyst was carried out and was found that at 25
mol% the yield was good (Table 1, entry 7). The
result of the synthesis of 1,4-dihydropyrimidin -
ones are summerized in Table 2.

The effect of solvent and reusability of
catalyst in synthesis has been explored. The results
are summerized in Table 3.
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Scheme 1. Synthesis of 1,4-dihydropyrimidinones the presence of ZnO nano-particles as a Lewis acid catalyst
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Table 1. Effect of ZnO-NPs catalyst amount on the model reaction®

1 None 80 100 trace
2 5 80 80 45
3 15 85 70 76
4 20 80 70 80
5 20 90 70 82
6 25 80 70 84
7 25 90 50 92
8 25 100 50 90
9 30 90 50 91

a) Reaction condition: Benzaldehyde (1mmol), ethylacetoacetate (lmmol), urea (1.3 mmol) and ZnO-NPs

(different amount) under solvent-free conditions at different temperature.

b) Isolated yields

Table 2. Synthesis of 1,4-dihydropyrimidinones 4a-j 2

1 CsHsCHO 4a 92 207-209 207 [40]
2 4-CICsH,CHO 4b 95 214-216 212 [24]
3 4-MeOC¢H,CHO 4c 88 203-204 202 [24]
4 4-NO,CsH,CHO 4d 96 208-210 207 [30]
5 3- NO,C4H,CHO 4e 93 225-226 226-228 [30]
6 3- CICsH,CHO 4f 93 196-198 200-201 [31]
7 3-MeOC¢H,CHO 4g 88 202 203-204 [31]
8 4(CH3),NC4H,CHO | 4h 84 256-257 256-258 [31]
9 3-HOC¢H,CHO 4 92 164-165 167-170 [31]
10 Salicylaldehyde 4 88 205 201-203 [31]

a) Reaction condition: Aromatic aldehyde (1mmol), ethylacetoacetate (mmol), urea (1.3 mmol) and ZnO-NPs (0.25 mmol)
under solvent-free conditions at 90 °C.

b) Isolated yields

Table 3. The effect of solvent on model reaction at refluxing

conditions?

1 CH,CI, 180 trace
2 CHCl; 150 trace
3 CH;0H 100 70
4 CH5;CH,OH 100 46
5 CH5CN 80 66
6 Toluene 80 70
7 Solvent-free 50 92

a) Reaction condition: Benzaldehyde (1mmol), ethylacetoacetate
(2mmol), urea (1.3 mmol) and ZnO-NPs (0.25 mmol)

b) Isolated yields

¢) Uncorrected

In order to ascertain the effect of solvent on
reaction, the reaction was carried out using
different solvents of varied dielectric constants. The
result summarized (Table 3) which suggested that
solvents with high dielectric constant produced
high yield of 4a products as in EtOH (Table 3, entry
4) and that with low dielectric constant formed low
yield of 4a product as in the case of CH,Cl,. It is
observed that the excellent results were obtained in
solvent-free conditions at 90 °C using ZnO-NPs as
catalyst. (Table 3, entry 7). Thus, the EtOH or
MeOH stabilized ZnO nano-particles may facilitate
the  deprotonation/enolate  equilibrium of
ethylacetoacetate, thereby reactive enolate is
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formed which later reacts with aromatic aldehyde
and complete the catalytic cycle by reductive
elimination of the product 4a. The efficiency of the
recovered catalyst in this reaction has been
explored. To evaluate the catalytic activity and the
potential of recycling, we completed several
catalytic cycle. In each cycle, ZnO nanoparticles
was washed with ethanol and dried under vacuum
to remove the residual solvent. The catalyst could
be reused for four times with a minimal loss of
activity. These experimental observations suggest
the eco-friendly and environmentally benign nature
of the reusable ZnO nano-catalyst.

CONCLUSIONS

In conclusion we have demonstrated that
nano-ZnO is a new, efficient and green catalyst for
the synthesis of 1,4-dihydropyrimidinones. The
one-pot three component condensation of
aldehydes, urea and ethylacetoacetate in the
presence of ZnO-NPs afforded 1,4-
dihydropyrimidinones under thermal solvent-free
conditions. Salient feature of this method are mild
reaction conditions, environmentally compatibility,
easy of isolation of product, and excellent
reusability of the catalyst. The present procedure
gave the products in excellent yields at reduced
reaction time, which might be due to the increased
reactivity of the reactants on high surface area of
ZnO nanoparticles.
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