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ABSTRACT
Multicomponent reactions have been successfully adopted by the chemists for the synthesis of a library of
biologically active molecules. A one-pot practical synthesis of 3, 4-dihydro-pyrimidin-2(1H)-ones has
been developed using silica nanoparticles (SiO,- NPs) as reusable catalyst. The advantages of using SiO,-
NPs are: ease to synthesize from readily available and inexpensive materials and stability at elevated
temperatures.
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INTRODUCTION

Dihydropyrimidinones (DHPMs) have a wide range of biological activities, acting as calcium channel
antagonists, anti-hypertensive, anti-bacterial, and anti-inflammatory agents, while also possessing
cytotoxic activity. For example, the anti-cancer agent Monastrol (Figure 1) has been shown to specifically
affect mitosis via a new mechanism consisting of the specific and reversible inhibition of the motility of
the motor protein, mitotic kinesin. At the same time, (R)-SQ 32926 has been found to have potent anti-
hypertensive activity. It has also been indicated that alkaloids isolated from marine sources containing
dihydropyrimidine unit demonstrate interesting biological activity (Roberts and Strauss, 2005; Domling et
al., 2000; Vedachalam et al., 2010; Lorpitthaya et al., 2008; Gorityala et al., 2009).
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Figure 1: Biologically Active Dihydropyrimidinones

The ‘greening’ of global chemical manufacturing by minimizing energy consumption and waste
production has become a major concern to organic chemists in present years, A robust, efficient, and cost
effective chemical process is normally considered important in pharmaceutical synthesis (Hota et al.,
2009). Currently, one-pot, multi-component synthesis are practiced extensively due to their prowess to
minimize reaction time, the number of steps, energy consumption, waste production, and to maximize
synthetic efficiency and environmental benignity (Khazaei et al., 2013). One of the major industrial
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disadvantages of performing homogeneously catalyzed reactions is the difficulty of separating the catalyst
from the product and reusing the expensive catalyst (Hota et al., 2009; Khazaei et al., 2013). These
problems are of significant environmental and economic concerns in organic syntheses. Heterogeneity of
the existing homogeneous catalysts by immaobilization of the catalyst on insoluble surfaces can provide a
simple solution to this problem (Mamani et al., 2010; Davarpanah et al., 2013). Multicomponent
reactions (MCRs) are important in organic a medicinal chemistry. Also in combinatorial chemistry, they
are predicted to exhibit negative activation volumes owing to the condensation of several molecules into a
single reactive intermediate and product, thus avoiding complicated purification operations and allowing
savings of both solvents and reagents (Kiasat and Davarpanah, 2010). An important class of heterocyclic
compounds in the pharmaceutical is 3, 4-dihydro-pyrimidin-2(1H)-ones (Salehi et al., 2003; Niknam et
al., 2007; Zeng et al., 2012; Nasr-esfahani et al., 2011; Rafiee and Shahebrahimi, 2012; Tayebee et al.,
2012; Quan et al., 2009; Kolosov et al., 2009; Tajbakhsh et al., 2012; Xu et al., 2007; Timoshenko et al.,
2011; Biginelli, 1893; Sedova et al., 2009). They are very well known for their wide range of biological
activities as calcium channel blockers, (Kalita and Phukan, 2007; Singh et al., 2008) antihypertensive
agents and neuropeptide Y antagonists. Therefore, the development of a high throughput method for the
synthesis of DHPMs is a topic of current interest for organic and medicinal chemists. A wide variety of
reaction conditions have been published for the synthesis of DHPMsin solution and under solvent-free
conditions (Davarpanah et al., 2013; Kiasat and Davarpanah, 2010; Salehi et al., 2003; Niknam et al.,
2007; Zeng et al., 2012). However, there are still some drawbacks to the reported catalytic systems
including the requirement for large amounts of catalyst, long reaction times, and low yields of product,
drastic reaction conditions, and generation of large amount of toxic waste. This finding prompted us
towards further investigation in search for a new catalyst, which will carry out the synthesis of DHPMs
under simpler experimental set up and eco-friendly conditions.In this paper, we report SiO,- NPs -
catalyzed synthesis of DHPMs via a one-pot three component condensation of aldehydes,-ketoester such
as methyl or ethyl acetoacetate and ureaunder solvent free condition (Scheme 1).
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MATERIALS AND METHODS

General:

The chemicals were purchased from Merck, Fluka and Aldrich chemical companies. The reactions were
monitored by TLC (silica-gel 60 F254, n-hexane:ethyl acetate). IR spectra were recorded on an FT-IR
Shimadzu- 470 Spectrometer and the "HNMR spectra were obtained on a Bruker-Instrument DPX-400
Avance 2 model. Mass spectra were recorded on a Shimadzu GC-MS QP 100 Ex spectrometer. All of the
products (except novel compounds) were characterized by comparison of their spectra and physical data,
with those reported in the literature.

Typical procedure for the preparation of 3, 4-dihydropyrimidin-2(1H)-ones/thiones:

A mixture of aromatic aldehyde (1.0mmol), ethyl acetoacetate (1.0mmol), urea or thiourea (2mmol), and
SiO,- NPs (5% mole) was heated at 80 °C for the time shown in Table 3. After complete consumption of
aromatic aldehyde as judged by TLC (using n-hexane—ethyl acetate as eluent), the mixture was washed
with distilled water toseparate the excess of urea or thiourea. The crude product was dissolved in hot
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ethanol. The hot solution was separated by filtration and allows reaching to room temperature. All
isolated products gave satisfactory spectral data (‘H NMR and ®C NMR) and compared with those
reported in literature.

RESULTS AND DISCUSSION

A solvent-free or solid state reaction obviously reduces pollution, and brings down handling costs due to
simplification of experimental procedure, work up technique and saving in labour. These would be
especially important during industrial production. Interest in the environmental control of chemical
processes has increased remarkably during three decades ago (Over the past three decades) as a response
to public concern about the use of hazardous chemicals. Therefore, to improve the effectiveness of this
method in preventing chemical waste, it is important to investigate its optimal conditions. For establishing
the simple and suitable conditions to prepare DHPMs using SiO,-NPs as a solid catalyst, upon treatment
of benzaldehyde (1mmol), ethyl acetoacetate (Immol) and urea (2mmol) was chosen as a model reaction.
At first, we found that in the absence of the catalyst, the reaction did not proceed even at a high
temperature (Tablel).

Table 1: Catalyst Optimized with Various Amounts of SiO,- NPs under Solvent-Free Conditions at
80T

Entry Catalyst mol% Time/min Yield® (%)
1 - 300 10°

2 1 180 65

3 2 120 75

4 4 50 81

5 5 30 92

6 6 30 92

Isolated Yields.” Not Completed

After examining the various amounts of SiO,-NPs according to Table 1 and a wide range of temperatures
(Table 2), it was found that the condensation reaction can be efficiently carried out by adding 5mol% of

the catalyst at 80 ‘C under solvent-free conditions in a short time span of 40 min. The use of excessive
amounts of the catalyst does not increase the yield and reaction rate.

Table 2: Temperature Optimized At Several Thermal Conditions Using SiO,- NPs (5 Mol %)

Entry Temperature °C Time/min Yield® (%)
1 30 300 65

2 60 70 75

3 70 45 87

4 80 30 92

5 100 30 80

% Isolated Yields.

In order to evaluate the generality of this model reaction, we prepared a range of DHPMs under optimized
reaction conditions. In all case aromatic aldehydes with substituents carrying either electron-donating or
electron-withdrawing groups reacted successfully and gave the expected products in high yields and short
reaction times. As shown in Table 3, the type of aromatic aldehyde had no significant effect on the
reaction. The structure of the products was established from their IR spectral data and comparison of their
melting points with those of authentic samples. Also, the structure of some products was confirmed by 'H
NMR spectral data.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech) 122



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm
2014 \ol. 4 (2) April-June, pp.120-124/Monjezi et al.

Research Article

Table 3: Solvent-Free Synthesis of DHPMs Using SiO,- NPs (5 Mol %) At 80 C

Entry R X R, Time (min)  Yield * (%) M.P.(°C)°
1 Ph- o) OFt 30 92 203-205
2 Ph- S OFt 30 90 206-208
3 4-O,N-Ph- O OFt 30 85 209-211
4 4-O,N-Ph- S OFt 30 85 200-203
5 3-O,N-Ph- O Et 40 78 227-229
6 3-O,N-Ph- S Et 40 78 205-207
7 4-CI-Ph- 0 OFt 30 94 210-212
8 2-Cl-Ph- 0 OFt 35 89 214-216
9 4-CI-Ph- 0 Me 30 90 205-207
10 4-CH,0Ph o) OFt 40 83 201-203
11 4-CH,0Ph 0 Me 40 78 191-193
12 4-CH,0Ph S Me 60 85 152-153
13 Ph- S Me 35 87 220-222
14 4-F-Ph- 0 OFt 35 88 181-183

* Isolated Yields, " Products were characterized by comparison of their spectroscopic data (NMR and IR)
and melting points with those reported in the literature.

CONCLUSION

In this study, we presented a simple, powerful and clean method for the one-pot synthesis of 34-
dihydropyrimidin-2(1H)-ones/thiones via three-component coupling reactions, under solvent free
conditions at 80 °C was investigated. This environmentally friendly route offers several advantages
including high yield, short reaction time, simple work-up procedure, and ease of separation as well as the
ability to tolerate a wide variety of substitutions in the reagents.
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